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One of the more perplexing features of lunar
petrology is the array of Ni concentrations in olivine
from mare basalts and the Mg-suite. Despite the high
Mg’ values (0.85- to 0.92) of olivines from Mg-suite
rocks, Ni concentrations are significantly lower
(≤300 ppm ) than Ni concentrations in olivines with
lower Mg’ (< 0.80) from low-Ti mare basalts (450 to
500 ppm) [1]. Incorporation of Jones’ model of Ni
olivine/liquid partitioning [2] into a quantitative
model of magma ocean (MO) fractional
crystallization [3] predicts that Ni-ol/liq partitioning
starts out slightly incompatible near the liquidus of
the MO that eventually changes to the more familiar
compatible behavior as the MO fractionally
crystallizes. The change in Ni concentrations is
approximately the same as observed in lunar rocks
[1]. Ni and Co partition coefficients from very high
temperature designed to test the limits of the Jones’
partitioning model [2] agree with the model.

The pattern of Ni concentrations in lunar
rocks is a puzzlement. The lunar rocks with olivines
with the highest Mg’ (MgO/(MgO+FeO) – molar)
values are the Mg-suite dunites and troctolites (0.83-
0.92 [5].  Despite the high Mg’ values, olivines from
these rocks have Ni concentrations similar to the
KREEP and high-Ti basalts and distinctly lower Ni
concentrations than olivines from Apollo 12 (450-
500 ppm [1]). Given the normally compatible
partitioning behavior of Ni, higher Ni concentrations
are expected for the olivines from the Mg-suite.

In order to develop possible explanations for
the unexpected Ni concentrations, Jones’ model [2]
for Ni-partitioning was incorporated into the
MAGFOX/MAGPOX suite of programs adapted to
bottom-up crystallization of a magma ocean [3].
Results for a MO with initial depth ~700 km
corresponding to 30 kb and crystallizing from the
bottom up are shown in Fig. 1. For the first few
percent of crystallization Ni concentrations are lower
in olivine than in coexisting liquid, but as
crystallization proceeds Ni partitioning changes over
to compatible. The key parameter in Jones’ model,

D
ol-liq

NiO* = ADMgO* + B [2], is the cation ratio

DMgO* = MgO
ol

/MgO
liq

. At constant Mg’ DMgO*
decreases in value as normative olivine content
increases. Thus complete melting of a peridotite or
bulk planetary composition will yield the lowest

value of DMgO* and, hence, the lowest values of D
ol-

liq
NiO*.

In order to check the partitioning model for
accuracy, Ni- and Ni/Co-doped compositions were
prepared and several experiments have been run in
the range of 15 to 32.5 kb at temperatures from near
the peridotite solidus to the near-liquidus region.
Those runs closest to the liquidus have proved prone
to mechanical and chemical failures (contamination,
Fe-Ni-loss). Measured and predicted partition
coefficients are listed in Table 1 for those runs with
no obvious problems. Although we have not
succeeded yet in producing incompatible behavior in
Ni, the agreement between observation and
prediction is quite good, so we are confident of
achieving our goal. We have succeeded in producing
incompatible Co, in close agreement with the Jones’
model for Co partitioning.
Table 1. Ni and Co ol/liq partition coefficients
run DMg* DNiO*

meas
DNiO*
model

DCoO*
meas

DCo-l
calc

796-1 2.41 3.75 4.40
796-2 2.40 3.67 4.35
0305-3 2.14 2.76 3.49
0305-5 1.87 2.52 2.58 1.18 1.08
0305-6 2.11 3.17 3.41
0605-2 1.56 1.44 1.57 0.932 1.00

The implications of possible incompatible

behavior of Ni at low values of DMgO* is that the
nearly neutral partitioning of Ni occurs only near the
liquidus of magma oceans. This means that early
crystallizing olivine will have Ni concentrations that
are not only much lower than expected, but also
approximately equivalent to the bulk MO
concentration. Later crystallizing olivine will have
increasing lower Mg’ and higher Ni up to a point and
then Ni concentrations will drop with further
crystallization.  Since neither the Mg-suite nor the
mare basalts crystallized directly from the lunar MO,
the Ni-model applies to the source regions of the Mg-
suite and the mare basalts: the Mg-suite formed from
partial remelting of early olivine-cumulates, whereas
the mare basalts formed from remelting of later
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Fig. 1 Calculated Ni concentrations in olivine and liquid
for lunar magma ocean compositon [4].
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