
Fe-Mg ZONING IN FORSTERITE IN THE ACFER 094 

MATRIX: EVIDENCE FOR A PRE-ACCRETIONARY 

INTERDIFFUSION PROCESS.  

P. Cuvillier1, H. Leroux1 and D. Jacob1. 1UMET, Université Lille 

1 & CNRS, 59655-Villeneuve d’Ascq, France, E-mail: 

priscille.cuvillier@ed.univ-lille1.fr. 

 

Introduction: Acfer 094 is an ungrouped carbonaceous 

chondrite of type 3.0, considered as one of the most primitive 

chondrite. Its matrix is mainly constituted of a Fe-Si-Mg-rich 

amorphous silicate groundmass containing nano-particles of Fe-

Ni sulfides and isolated enstatites and forsterites (from nm to µm 

in size) [1-3]. The fine-grained matrix is supposed to be unpro-

cessed on the parent body and therefore can give an access to 

dust processing in the protosolar nebula, before accretion.  

A SEM survey showed that some forsterite grains in the ma-

trix are rimed by a thin Fe-rich layer. Samples at the interface 

forsterite/matrix were extracted by the FIB technique for analyti-

cal transmission electron microscopy (ATEM) examination. We 

focused the study on Fe-Mg zoning between isolated forsterite 

(chondrule fragments and micron-sized grains) and the surround-

ing Si-Fe-Mg-rich amorphous matrix material. The objective of 

the study is to decipher the origin of the zonation at the edge of 

the forsterite grains.  

Results: At the TEM scale, most forsterite (Fa0-5) grains 

within the matrix appear un-zoned, as shown by the sharp com-

position step between the forsterite grains and the FeO-rich ma-

trix. A few of them are surrounded by a thin layer (<1µm) filled 

by ferrihydrite, probably due to terrestrial weathering [1]. 

The zoned grains generally display a Fa-rich rim (typically 

Fa40-50). The Fe-Mg zonation extends (asymmetrically) both on 

the forsterite side (with decreasing Fe) and in the fayalite-rich rim 

(decreasing Mg), suggesting that Fe-Mg interdiffusion operated. 

In addition, frequent defects (dislocations and inclusions) are of-

ten present at the interface between forsterite and fayalite-rich 

rim. However, both phases exhibit a crystallographic continuity. 

Zoning extensions varies from one grain to another, lying be-

tween 200 nm and 900 nm. The observed profiles have been suc-

cessfully modeled by diffusion equation, except for one grain 

without rim. In this particular case chemical zoning is probably 

due to fractional crystallization.  

The Fe/(Fe+Mg) ratio at the forsterite edge is close to 0.4-0.5 

and appears un-equilibrated with the mean Fe/(Fe+Mg) ratio of 

the matrix close to 0.6-0.7, consistent with previous study [2 - 4]. 

Discussion: The heterogeneous zoning extension from one 

grain to another (up to zero for the un-zoned grains) and the un-

equilibrated interface with the surrounding matrix strongly sup-

port that the chemical zonings were not established on the Acfer 

094 parent body. These chemical zonings were inherited from 

pre-accretionary processes in the protosolar nebula. Using the Fe-

Mg interdiffusion properties in olivine, the associated couple 

time-temperature will be discussed in the context of a pre-

accretionary process in a FeO-rich environment.    
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