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Introduction: Matrix rims and interchondrule matrix in the 

primitive C chondrites, Acfer 094 and ALHA77307, consist mostly 
of µm- and nm-sized particles of amorphous Fe-Mg silicate 
material, forsterite, and enstatite [1, 2], with minor carbonaceous, 
refractory, and presolar materials. These matrices probably represent 
the precursors for all C chondrite matrices. Abundant fayalitic 
olivines and phyllosilicates in altered chondrite matrices appear to 
have formed (as in ALHA77307 [1]) by hydrothermal alteration of 
amorphous material. Evidence for crystalline, nebular, FeO-rich 
micrograins is lacking. Unaltered O and E chondrite matrices are 
poorly characterized. Matrix in Kakangari (and possibly E 
chondrites) may have formed from briefly heated amorphous 
material [3], which resembled the local chondrule precursor 
material. 

Enstatite and forsterite: Ubiquitous Fe-poor silicates (Fa<5, 
Fs<5) 10-300 nm in size occur in all unaltered chondrite matrices; 
some are Mn-rich as in IDPs [4].  Matrix enstatites commonly show 
ortho-clino intergrowths indicating quenching at ~103-4 °C/hr from 
the protoenstatite stability field >1000°C [1, 2].  Solar-like O 
isotopic compositions indicate local origin [5] by nebular 
condensation or annealing of amorphous material. Condensation 
appears more plausible as annealing above 1000°C may form Fe-
rich silicates, which are absent in Acfer 094 [2, 6]. Forsterite and 
enstatite micrograins, which are ubiquitous in comets and around 
young and evolved stars [e.g., 7, 8], are rare in the interstellar 
medium (<5%). Fe-poor silicate micrograins in matrices and most of 
those in IDPs probably formed close to the protosun prior to 
transport to cooler regions by bipolar outflows or turbulence [9, 10], 
or in shocks in cooler regions [11].   

Amorphous phase: Amorphous matrix grains in unaltered C 
chondrites [1, 2] resemble amorphous phases in IDPs [12] and are 1-
5 µm in size, non-igneous, heterogeneous with Al/Ca, Ni/Si and P/Si 
ratios above CI values.  Metallic Fe,Ni and pyrrhotite occur locally, 
as in GEMS [13], but are 10 x larger.  Most GEMS and virtually all 
matrix grains have solar-like oxygen isotopes [5, 14]. Since GEMS 
may have been isotopically homogenized in the interstellar medium 
[13], the O isotopic data do not preclude presolar origins.  
Amorphous dust occurs around young and evolved stars [7, 15] and 
may form by rapid condensation or amorphization by radiation.  
Since Fe-poor silicates in C and K chondrite matrices were clearly 
quenched from >1000°C like chondrules, some amorphous material 
and nearly all the crystalline matrix silicates may have formed in 
brief high temperature nebular events under conditions when melts 
were unstable.  

References: [1] Brearley A. J. (1993) GCA 57, 1521-1550. [2] 
Greshake A. GCA 61, 437-452. [3] Brearley A. J. (1989) GCA 53, 
2395-2411. [4] Klöck W. et al. (1989) Nature 339, 126-128. [5] 
Messenger S. and Bernatowicz T. J. (2000) MAPS 35, A109. [6] 
Nuth J. A. et al. (2002) MAPS 37, 1579-1590. [7] Hill H. G. M. et 
al. PNAS 98, 2182-2187. [8] Bouwman J. et al. A&A 401, 577-592. 
[9] Shu F. et al. ApJ 548, 1029-1050. [10] Bockelée-Morvan D. et 
al. A&A 384, 1107-1118. [11] Harker D. E. and Desch S. J. (2002) 
ApJ  565, L109-112. [12] Rietmeijer F. J. M. (2002) Chem. Erde 62, 
1-45. [13] Bradley J. P. et al. (1999) Science 265, 925-929. [14] 
Messenger S. et al. (2003) Science in press. [15] Bouwman J. et al. 
(2001), A&A 375, 950-962. 
 

66th Annual Meteoritical Society Meeting (2003) 5283.pdf


