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Abstract: Two grains containing the phosphides TiFeP, FeqCr2P3, and FegCrP3 were 
found in a fiagment of the Kaidun chondrite breccia. We propose that the phosphide formation 
involved the remelting of a selected phase assemblage fiom enstatite chondrite material, followed 
by aqueous alteration. 

Two elongate grains (grains 1 and 2, respectively measuring 190x90 pm and 300x90 pm) 
containing unusual phosphides were found during SEM study of a polished section of a fragment 
(#53.10) of the Kaidun chondritic breccia; the main part of the fragment is extremely brecciated C 
and E chondrite material, displaying varying stages of alteration, and has not yet been well 
characterized. Grains 1 &2 contain numerous laths of Fe-Cr-phosphides, measuring up to 1 .O- 1.5 
pm in width and up to 5 pm in length. The laths often form extended chains up to 100 pm length. 
Grain 1 also contains equant to lozenge-shaped crystals of a Fe-Ti-phosphide with a maximum 
dimension of 14 pm. 

Chemical compositions Electron microprobe analyses of all phases were obtained, with 
the use of the most appropriate standards available; these were troilite, Ni-Cr-Fe metal and 
schreibersite. Average compositions of the matrix of grains 1&2 and the enclosed phosphides are 
given in Tables 1 and 2, respectively. Matrix and Fe-Ti-phosphide grains were analyzed directly. 
However, the Fe-Cr phosphides were too small to permit single phase analyses by microprobe. 
Accordingly, the compositions of Fe-Cr-phosphides were calculated by subtraction of matrix 
compositions (from immediately adjacent regions) from the multiphase rnicroprobe analyses. We 
recognize the inherent dangers in this approach. 

Table 1. The chemical composition of the grain matrix (wt.%) 

FeO NiO COO Cr203 P205 S Si02 A1203 MgO Na20 Sum 
Grain 1 39.41 12.00 1.53 0.82 0.33 6.55 17.99 1.00 2.34 0.52 82.99 
Grain2 41.11 7.05 1.48 4.94 0.64 6.87 11.34 0.51 2.30 2.65 78.89 
....................................................................................................................................... 

Ti02, ~ a d  and V205 contents <O. lwt.% in both grains. 

Table 2. The chemical composition of phosphides (wt.%) 
----------------------------------------------------------------------------------------------------------------------------- 

Fe Ni Co Ti Cr V P Si Sum 
1 Grain1 41.32 5.17 0.55 30.82 0.76 0.81 22.10 0.28 101.81 
2 Grain 1 58.5 7.0 0.5 <O. 1 8.6 1.9 20.7 1.9 99.1 
3 Grain 2 49.8 4.4 0.5 3.1 16.7 2.0 20.7 1.1 98.3 

....................................................................................................................................... 

The phosphide compositions can be approximated by formulas: 
1 (Ti,V,Cr)o 95(Fe,Ni,Co)1.05P1 (direct analysis) 
2 (F~,N~,CO~~.~(C~,V)~(P,SI)~ (after matrix subtraction) 
3 (Fe ,Ni , c~)~ .  1(Cr,V,Ti)2(P,SI)3 (after matrix subtraction) 
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Fe-Cr-phosphides have already been reported in the ALH85085 "CH" chondrite [1&2]. 
The phosphides in ALH85085 are close in composition to the phosphide phase reported here fiom 
grain 2. The other two phosphides reported here have not been reported previously in nature. 

Discussion Chemical compositions of the matrix of host grains 1&2 (Table 1) are very 
similar to the observed products of aqueous alteration of Fe-Ni metal-containing material in the 
Kaidun III EH5 sample [3&4] and in some other Kaidun samples that we studied, and we suggest 
that the matrix here has experienced similar alteration. The precursor to the matrix in these host 
grains could be an impure metal, or a ferromagnesian silicate with metallic inclusions. The bulk 
composition of the host grain matrix, low totals, and comparisons to other Kaidun materials we 
have observed suggests that it now consists of an Fe-rich serpentine phase (such as greenalite) 
with sub-micrometer sized sulflde grains (principally pentlandite). The observed difference in the 
average matrix composition of the grains in Kaidun could reflect different precursor phases, or 
local variations in the alteration process. 

Synthetic TiFeP is fairly well known to steel makers, and is one of the ternary Co2P-type 
phosphides, which crystallize with the anti-PbC12-type structure [5]. In the synthetic systems it is 
common to find Zr, Nb and Ta substituting for Ti, rather than the V and Cr here, but the latter 
substitutions are logical. Substitution of Co and Ni for Fe has been observed in the synthetic 
TiFeP. The formation of the unusual phosphides in Kaidun can be explained by the remelting s f  
typical opaque assemblages observed for EH chondrites (Fe-Ni metal + sulfides + osbornite + 
schreibersite). The regular distribution of the Fe-Cr-phosphides in the Kaidun host grains 
suggests an exsolution process occurring during cooling. Both inferred processes - remelting 
(and subsequent exsolution) and aqueous alteration - are plausibly connected with shock events. 
The remelting (impact) process could have occurred during the "meeting" of the two E chondrite 
Kaidun lithologies (EL and EH). The alteration of the phosphide-containing grains occurred later, 
possibly during final accumulation of the Kaidun parent body. The varying degree of aqueous 
alteration exhibited by the various Kaidun clasts testiftes to the complex nature of the final 
accumulation and alteration history of this meteorite's parent body 
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Figure 1 The phosphide- 
containing grain 1 fiom Kaidun. 
The grain matrix is gray, TiFeP 
grains (white) are indicated by 
arrows, other phosphides are 
present as white linear arrays 
throughout the matrix. A dark 
electron beam contamination spot 
is present at upper right. 
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