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abstRact

Studies in mineral ecology exploit mineralogical databases to document diversity-distribution rela-
tionships of minerals—relationships that are integral to characterizing “Earth-like” planets. As carbon 
is the most crucial element to life on Earth, as well as one of the defining constituents of a planet’s 
near-surface mineralogy, we focus here on the diversity and distribution of carbon-bearing minerals. 
We applied a Large Number of Rare Events (LNRE) model to the 403 known minerals of carbon, 
using 82 922 mineral species/locality data tabulated in http://mindat.org (as of 1 January 2015). We 
find that all carbon-bearing minerals, as well as subsets containing C with O, H, Ca, or Na, conform 
to LNRE distributions. 

Our model predicts that at least 548 C minerals exist on Earth today, indicating that at least 145 
carbon-bearing mineral species have yet to be discovered. Furthermore, by analyzing subsets of the 
most common additional elements in carbon-bearing minerals (i.e., 378 C + O species; 282 C + H 
species; 133 C + Ca species; and 100 C + Na species), we predict that approximately 129 of these 
missing carbon minerals contain oxygen, 118 contain hydrogen, 52 contain calcium, and more than 
60 contain sodium. The majority of these as yet undescribed minerals are predicted to be hydrous 
carbonates, many of which may have been overlooked because they are colorless, poorly crystalized, 
and/or water-soluble. 

We tabulate 432 chemical formulas of plausible as yet undiscovered carbon minerals, some of 
which will be natural examples of known synthetic compounds, including carbides such as calcium 
carbide (CaC2), crystalline hydrocarbons such as pyrene (C16H10), and numerous oxalates, formates, 
anhydrous carbonates, and hydrous carbonates. Many other missing carbon minerals will be isomorphs 
of known carbon minerals, notably of the more than 100 different hydrous carbonate structures. Surveys 
of mineral localities with the greatest diversity of carbon minerals, coupled with information on varied 
C mineral occurrences, point to promising locations for the discovery of as yet undescribed minerals.
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intRoDuction

A fascinating focus of research in astrobiology and space sci-
ence is the search for, and characterization of, Earth-like planets. 
However, a universally accepted definition of “Earth-like” has 
not been forthcoming. Astronomical factors, most importantly 
a planetary radius and density similar to Earth’s, coupled with 
a stable orbit within the star’s habitable zone (i.e., the torroidal 
volume in which liquid water is stable), are often cited and dis-
coveries of such extrasolar bodies are justifiably newsworthy, 
including Kepler 186f (Quintana et al. 2014), Kepler 438b and 
442b (Torres et al. 2015), and Kepler 452b (Jenkins et al. 2015). 
These characteristics, which can be deduced from astronomical 
observations, are presumably important for the emergence of 
life. Size, density, and orbital parameters, however, are not by 
themselves sufficient for life’s origins. In particular, geodynamic, 

geochemical, and mineralogical criteria that promote liquid water 
and a dynamic carbon cycle must also be present for life as we 
know it to emerge.

Carbon-bearing minerals, which have diversified significantly 
over Earth history, are important indicators of a planet’s carbon 
and water cycles, and thus its ability to initiate and sustain life. 
Given the importance of a few key mineral-forming elements 
in stars—notably C, O, Si, Mg, and Fe—the parsimonious pri-
mordial mineralogy of all stellar nebulae is likely to be similar. 
Four carbon-bearing nanophases—diamond and graphite (both 
allotropes of C), cohenite (Fe3C), and moissanite (SiC)—occur 
commonly in pre-solar grains (Hazen et al. 2008, 2013a), and are 
plausible mineralogical starting points for all terrestrial planets. A 
dozen additional C minerals that appear in chondrite meteorites 
may also be deterministic features of most planetary systems. 
However, more varied carbon minerals, including extensive car-
bonate formations precipitated by microbial communities (Walter 
et al. 1980; Sumner 1997; Grotzinger and Knoll 1999; Allwood et 
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