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abstraCt

Olivine is distinguished from all other minerals in providing a remarkable chemical narrative about 
magmatic processes that occurred in Earth’s crust, mantle, and core over the entire age of Earth history. 
Olivines in mantle peridotite have Ni contents and Mg numbers that were largely produced by equi-
librium crystallization in an early turbulently convecting magma ocean; subsequent stages of partial 
melting operated to slightly elevate Ni and Mg number in residual olivines. Olivines from Archean 
komatiites from the Abitibi greenstone belt have Ni contents and Mg numbers that are consistent with an 
extensively melted peridotite source at great depths in the mantle. Olivines from basaltic oceanic crust, 
the Icelandic mantle plume and other Phanerozoic occurrences have compositions that record magma 
chamber crystallization, recharge, mixing, and partial melting. Olivines from the present-day Icelandic 
mantle plume have compositions that are consistent the melting of a peridotite source; unlike Hawaii, 
the melting of recycled crust as a distinct pyroxenite lithology is not evident in the olivine chemistry of 
Iceland. Paleocene picrites from Baffin Island and West Greenland from the ancient Icelandic plume have 
olivines with Ni contents that are consistent with either Ni-rich peridotite that formed by core-mantle 
interaction or by low-pressure crystallization of hot and deep magmas. In general, hot magma oceans, 
mantle plumes, and ambient mantle magmatism form in ways that are captured by the compositions of 
the olivine crystals that they contain.
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introduCtion

Olivine crystals in andesites, basalts, picritic melts, kom-
atiites, and mantle peridotite have Ni contents that range from 
about 1000 to 5000 ppm (Sobolev et al. 2007; Straub et al. 2008; 
Herzberg et al. 2013). This variability is a mineralogical record of 
magmatic origins. Nickel is no different from any other element 
in having abundance levels that depend on how it is partitioned 
among phases, processes such as mixing and melt-rock reaction, 
T-P conditions of partial crystallization and melting, in addition 
to the Ni contents of the sources that undergo melting. But what 
distinguishes nickel is that it is concentrated in olivine relative to 
the magmas from which it crystallizes (Hart and Davis 1978; Beat-
tie et al. 1991; Matzen et al. 2013), and there is an abundance of 
data because it is easy to analyze. The problem is how to reliably 
extract information about origin from the Ni contents of olivine. 
We show that olivine chemistry provides a remarkable mineralogi-
cal narrative about magmatic processes in Earth’s crust, mantle, 
and possibly core over the entire age of the Earth.

The narrative that olivine provides relies heavily on under-
standing how Ni is partitioned between olivine and liquid (i.e., 
DNi

Ol/L), which depends on temperature, pressure, and composition 
of the melt (Hart and Davis 1978; Beattie et al. 1991; Wang and 
Gaetani 2008; Filiberto et al. 2009; Li and Ripley 2010; Putirka 
et al. 2011; Niu et al. 2011; Matzen et al. 2013). DNi

Ol/L decreases 
with increasing MgO content of the melt. But as increasing 

temperatures and pressures of melting yield melts with higher 
MgO contents (O’Hara 1968) it can be difficult to resolve the 
separate temperature-pressure-composition (T-P-X) effects. This 
problem has given rise to a plethora of parameterization models 
of experimental data that calibrate DNi

Ol/L as a function of T-P-X. It 
is an important problem to resolve because elevated Ni contents 
of olivine phenocrysts have been used to infer either pyroxenite 
melting in the source (Sobolev et al. 2005, 2007; Herzberg 2011), 
or elevated temperatures and pressures of melting of a peridotite 
source (Li and Ripley 2010; Niu et al. 2011; Putirka et al. 2011; 
Matzen et al. 2013).

We assume that nickel is partitioned between olivine and liquid 
as described by the empirical Beattie-Jones model, first formulated 
by Jones (1984) and later calibrated by Beattie et al. (1991). This 
model requires no independently adjustable temperature and pres-
sure terms to understand how Ni is partitioned between olivine 
and melt. We discuss the advantages and limitations of this model, 
and compare it with the model of Matzen et al. (2013), which 
has the advantage that it is a thermodynamic parameterization of 
experimental data. The Beattie-Jones model is used in conjunction 
with an Fe-Mg partitioning parameterization of experimental data 
for olivine and melt (Toplis 2005; Herzberg and O’Hara 2002) to 
fully describe a forward model of the compositions of peridotite 
partial melts and the olivines from which they crystallize. It is 
shown that this olivine model provides an excellent description of 
measured olivines with relatively low-Ni contents (i.e., < ~3500 
ppm), and it can deepen our understanding of the origin of mantle 
peridotite, Archean komatiites, and Phanerozoic magmatism from 
oceanic spreading centers and mantle plumes.
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