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Introduction:  The Bishunpur (LL3.1) meteorite 

has experienced minimal aqueous alteration and ther-
mal metamorphism [1–2], thereby allowing examina-
tion of the early effects of these processes. Understand-
ing the chemical and physical mechanisms behind 
these processes is necessary for reconstructing the his-
tories of such primitive rocks. 

The diverse crystal chemistry of meteoritic P min-
erals can be used to constrain the conditions of such 
alteration processes. We have been studying the com-
position, structure and distribution of P minerals in 
Bishunpur [3]. The fine-grained nature of these phases 
requires transmission electron microscopy (TEM) for 
detailed study. Here we present TEM data for a P-
bearing metal grain in Bishunpur.  

Analytical Methods:  After locating and imaging 
areas of interest in a petrographic thin section of 
Bishunpur, samples were extracted for TEM investiga-
tion. They were thinned using a GATAN precision ion 
polis hing system. A JEOL 2000FX TEM equipped 
with a thin-window KEVEX energy dispersive spec-
trometer (EDS) was used to obtain bright-field (BF) 
images, high-resolution TEM (HRTEM) images, se-
lected-area electron diffraction (SAED) patterns, and 
chemical analyses.  

Results:  We identified small (0.3–1 µm) phos-
phate inclusions in a tetrataenite grain from the matrix 
of Bishunpur (Fig. 1a). The phosphate grains have a 
round, drop-like morphology. Their composition corre-
sponds to maricite (Fe:Na:P = 1:1:1). SAED patterns 
of the phosphate are consistent with terrestrial maricite 
[4], and HRTEM images have the (010) interplanar 
spacings expected for maricite (Fig. 1b).  

Discussion:  Na-bearing phosphates have been re-
ported in Bishunpur and other unequilibrated chon-
drites [3,5–8], however, their origin remains unclear. 
One model suggests corrosion of P-bearing metal by a 
Na-rich gas during chondrule formation [5]. Another 
proposes that Na-rich phosphates crystallized after 
shock melting [7]. The maricite we observed has a 
rounded morphology and occurs encased in metal. This 
suggests that the maricite formed in the liquid state as 
an immiscible component of a metal-rich melt. More 
detailed chemical and structural characterization of 
meteoritic phosphates and their relationships with ad-
jacent minerals is underway. These data are required to 
more accurately constrain the conditions of phosphate 
formation.  
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Fig. 1.  (a) BF TEM image showing the rounded 

maricite inclusions (indicated by arrows) in the 
tetrataenite metal (dark area). The scale bar is 1 µm. 
(b) [101] HRTEM image (background subtracted) of 
the maricite with inset SAED pattern.  
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