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aBStract

Here we apply the relatively new analytical technique of atom probe tomography (APT) to a 

naturally occurring isoferroplatinum grain (Pt3Fe) from northern California to constrain its origin and 

the nanoscale distribution of trace elements within the grain. Each analysis detected the positions of 

10 million atoms in three dimensions with sub-nanometer spatial resolution. The (111) atomic planes 

DUH�FOHDUO\�UHVROYHG�DQG�WKHLU�RULHQWDWLRQ�ZDV�FRQ¿UPHG�E\�HOHFWURQ�EDFNVFDWWHU�GLIIUDFWLRQ��(%6'���
The elemental concentrations of all elements (Pt, Fe, Ir, Ni, Rh, Ru, and Cu) determined from the 

APT mass/charge spectra are within 2 standard deviations of electron microprobe analysis (EMPA) 

of the grain. The isotopic abundances determined by APT matches NIST standard compositions over 

a wide range of concentrations, down to 100 ppmw. Nanoscale areas free of minor and trace elements 

are present throughout the sample. These could be due to the random distribution of atoms. Alter-

natively, the Pt-Fe phase diagram indicates that order-disorder precipitates of an L12 structure could 

have formed as the isoferroplatinum cooled from magmatic temperatures (Nose et al. 2003). The trace 

element free areas could be such precipitates, which would support a high-temperature igneous origin 

for the isoferroplatinum, rather than formation during low-temperature serpentinization. The results 

KLJKOLJKW�WKH�XQLTXH�FDSDELOLWLHV�RI�$37�DQG�WKH�SRWHQWLDO�XWLOLW\�RI�NQRZLQJ�WKH�ORFDWLRQ�DQG�LGHQWLW\�
of atoms in nanometric volumes.
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introDuction

Naturally occurring alloys of Fe with platinum group ele-

ments (PGE = Pt, Re, Ru, Rh, Os, and Ir) are collectively named 

platinum group alloys (PGA) and are formed in a range of geo-

logical environments (Cabri et al. 1996; Harris and Cabri 1991). 

One of the most common localities of PGA is in ophiolites, where 

WKH\�DUH�W\SLFDOO\�IRXQG�LQ�SODFHU�FKURPLWH��EODFN�VDQG��GHSRVLWV��
GHULYHG�IURP�ZHDWKHULQJ�RI�WKH�VXUURXQGLQJ�XOWUDPDILF�URFNV��
The high melting temperatures of PGA (>2000 °C) and reduced 

compositions led some researchers to conclude these metals were 

derived from the Earth’s core (Bird and Bassett 1980; Bird et al. 

1999). Subsequent studies have suggested PGA are formed in the 

upper mantle or crust and are ultimately derived from sulfides, 

which have high PGE concentrations. One hypothesis is that 

they are formed during weathering of sulfides at low P and T. 

Extremely reducing conditions are produced during serpentiniza-

tion of peridotite and could plausibly form metallic PGE phases 

�'LFN�������'LFN�DQG�*LOOHWH��������7KH�VDPH�SURFHVV�KDV�EHHQ�
hypothesized to form FeNi nuggets (awaruite/josephenite) found 

in many ophiolites. Alternatively, PGA have been hypothesized 

WR�IRUP�GXULQJ�PHOWLQJ�SURFHVVHV��%UHQNHU�HW�DO��������+DWWRUL�
DQG�&DEUL�������2NUXJLQ�������3ULFKDUG�DQG�/RUG�������3ULFKDUG�
et al. 2008). In this mechanism, the PGE are primarily hosted 

in sulfides and sulfide melts. Sulfur is soluble in silicate melts 

and so is mobilized by melting processes. However, the PGE 

are largely insoluble in silicate melts and remain in the sulfides, 

eventually reaching saturation as the sulfide volume decreases. 

This view is supported by inclusions of refractory olivine and 

RUWKRS\UR[HQH� IRXQG� LQ�3*$� �%UHQNHU� HW� DO�� ������3HFN�DQG�
.HD\V�������3HFN�HW�DO���������+RZHYHU��IHZ�3*$�KDYH�EHHQ�
found in situ in mantle samples (e.g., Prichard et al. 2008), and 

where they have been found, they are micrometer-sized, much 

smaller than the detrital grains.

Better constraints on the formation of PGA are important 

for both economic and scientific reasons. Economically, placer 

PGA are an important source of PGE (Stribrny et al. 2000). Sci-

entifically, the high concentrations of PGE in PGA grains allow 

several non-traditional isotopic systems to be measured (Bird 

et al. 1999; Hattori and Cabri 1992; Luguet et al. 2008; Malitch 

DQG�0HUNOH�������0DOLWFK�DQG�7KDOKDPPHU�������0HLERP�DQG�
)UHL�������0HLERP�HW�DO��������3HDUVRQ�HW�DO��������:DONHU�HW�
al. 2005). The Re-Os system has been used to evaluate the Os 

isotopic heterogeneity in the mantle, which constrains mantle 

mixing efficiency (Luguet et al. 2008; Meibom et al. 2002) 

and potentially the episodic growth of the continental crust 

�3HDUVRQ�HW�DO���������7KH�3W�2V�V\VWHP�KDV�EHHQ�XVHG�WR�GDWH�
the formation of layered intrusions and ophiolites (Coggon et 

al. 2011, 2012; Nowell et al. 2008). Interestingly, the Pt/Os ratio 

in individual Pt3Fe grains has been found to vary during laser-

ablation, allowing single grains to be dated by multicollector 

ICPMS. It is presumed that the variation during laser-ablation 
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