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Introduction:  Previous studies revealed that pallasite phos-

phates exhibit distinct REE patterns with highly variable abundances 
[1,2].  Interpretations for this diversity include REE equilibrium 
partitioning between olivine and phosphates under subsolidus condi-
tions, crystallization of phosphates from interstitial residue melts, 
and the late-stage products during crystallization [1].  We report 
here an ion probe study of REE distributions in phosphates from 
Albin, Eagle Station, Imilac and Springwater, with a goal to better 
understand the process(es) that led to the formation of pallasites. 

Results:  In Albin, we found four whitlockite grains, ranging 
from 100 to 500 µm.  One whitlockite grain and eight stanfieldite 
grains were found in Eagle Station; and they are generally small (30 
to 100 µm) and in irregular shapes.  Three whitlockite grains (200 to 
500 µm) found in Imilac are extensively fractured with numerous 
iron oxide veins.  Springwater farringtonite is relatively large (up to 
1.5 mm).  The round boundary of farringtonite grains indicates that 
this mineral was initially present as molten droplets.  Phosphates 
tend to occur interstitially between olivine and metal. 

Four whitlockite grains in Albin have essentially the same REE 
pattern that is highly enriched in Sm, Eu, and HREEs (~ 50×CI), but 
relatively depleted in La to Nd (~ 1×CI).  In Eagle Station, the whit-
lockite grain has a flat LREEs with depleted abundances (~ 0.1×CI), 
a large positive Eu anomaly, and a sharp increase from Gd (0.1×CI) 
to Lu (70×CI).  The other five stanfieldite grains analyzed have a 
similar REE pattern to that of whitlockite but with much lower REE 
abundances by a factor of 10 - 100.  Whitlockite in Imilac is en-
riched in HREEs (10 to 80×CI) and relatively depleted in LREEs 
(0.1 to 1×CI).  Springwater farringtonite grains have relatively low 
REEs (0.001 to 1×CI) with a highly fractionated HREE-enriched 
pattern (CI-normalized Lu/La ~ 100).  Although phosphates display 
distinct REE abundances and patterns among pallasites studied, they 
tend to have the same REE pattern within a given meteorite. REEs 
are homogeneous in a given grain but vary significantly from grain 
to grain by a factor of up to 100.  

Discussions:  Pallasite olivine commonly displays minor ele-
ment zoning (e.g., Ca, Ti) [3].  This indicates that minor elements 
such as Ca did not fully equilibrate between olivine and phosphates 
under subsolidus conditions.  REEs are expected to have much 
lower diffusion rates than Ca in olivine.  Thus, equilibrium partition-
ing of REEs between olivine and phosphates under these conditions 
may be ruled out to account for the HREE-enriched pattern observed 
in pallasite phosphates.  It is also hard to see any of igneous proc-
esses which could have fractionated REEs in the phosphates. 

The metallic phase of pallasites is chemically related to IIIAB 
irons.  It was even suggested that pallasites might have formed 
through mixing of IIIAB-like molten metal with an olivine layer [4].  
IIIAB irons usually contain small amounts of phosphates [5].  
Therefore, it is possible that pallasite phosphates were incorporated 
into pallasites from IIIAB-like molten metal during mixing with an 
olivine layer.  Once mixed, phosphate grains remained isolated from 
one another during the subsequent rapid cooling period.  Each phos-
phate grain would have distinctive REE abundances and pattern 
which reflect characteristics of a previous history. 
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