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Introduction: Ca-Fe-rich pyroxenes are ubiquitous compo-

nents in the matrices of the oxidized subgroup of the CV3 chon-
drites and are inferred to have formed during low grade, fluid-
assisted metamorphism on their parent bodies [1, 2]. Oxygen iso-
topic measurements of individual hedenbergite (Hd)-rich inclu-
sions in Allende matrix are isotopically heavy, consistent with 
interaction with a 16O-depleted reservoir [2].  The precursors of 
the Hd-bearing assemblages are unknown, although [1] has sug-
gested the precursors were similar to the anhydrous matrix mate-
rials present in the reduced CV3 chondrites.  We are using elec-
tron microscopy to investigate the nm-scale mineralogy and pe-
trography of the Hd-rich inclusions in the matrix of a type 3 clast 
in the PRE 95404 R chondrite and in ALH 85006 CV3 chondrite 
matrix. 

Experimental: X-ray mapping and SEM imaging show that 
the Hd-rich inclusions are typically 10-50 μm rounded to amoe-
boid objects with a central void.  We prepared a cross section of 
one of these objects from PRE 95404 using a FEI Quanta 600 3D 
dual-beam focused ion beam (FIB) instrument.  Transmission 
electron microscopy (TEM) and quantitative x-ray mapping data 
were obtained from the FIB section using the JEOL 2500SE 
field-emission STEM equipped with a thin window, energy-
dispersive x-ray (EDX) spectrometer. 

Results and Discussion: The Hd-rich inclusion is highly po-
rous and consists of μm-sized grains of Ca-rich pyroxene with 
minor pentlandite.  EDX analyses show that the pyroxenes are 
either Hd100 or Di90Hd10 that share sharp compositional 
boundaries at the sub-μm scale.  The crystal size coarsens toward 
the central void and many of the crystals show euhedral termina-
tions into the void.  The Hd grains typically contain nanophase 
inclusions of pentlandite, while the Di-rich grains only contain 
numerous sub-μm voids throughout their volume.  X-ray map-
ping reveals that the Di-rich domains are elongate and lath-
shaped with high aspect ratios.  Some of the Hd domains are also 
lath-shaped, but most are larger, more rounded and equant.    

The abundant voids within the Di-rich domains in these in-
clusions are consistent with volatile (H2O) loss during their for-
mation from a Mg-rich precursor, probably phyllosilicates.  The 
Hd precursor may also have been phyllosilicates or more likely 
Fe-sulfides.  In the latter case, the pentlandite inclusions in Hd 
are remnants of originally low-Ni Fe sulfides.  The Ca source is 
less clear.  Krot et al. [1] suggested that Ca was lost from chon-
drules and Ca- and Al-rich inclusions and re-precipitated in ma-
trix during metasomatic alteration. Alternatively, CaCO3 may 
have been part of the precursor assemblage in which case some 
of the porosity and void space in the inclusions resulted from de-
carbonation reactions. 

The precursors to the Hd-rich inclusions in the oxidized CV3 
and R chondrites were hydrated phases formed at low tempera-
tures and subsequently metamorphosed on the parent body. 
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