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Introduction: An understanding of the characteristics of primary nebular dust is important for establishing the 

types of fine-grained materials that may have been the precursors to chondrules and CAIs, and constraining the reser-

voirs and formation processes that may have formed different fine-grained materials. Unfortunately, there are very 

few chondrites that preserve pristine fine-grained dust, because most chondrites have experienced aqueous alteration 

and thermal metamorphism. Recently, some CM2 chondrites, such as Paris [1] and TIL 91722 [2], have been recog-

nized which contain regions with lower degrees of aqueous alteration than is typical of CM2 chondrites. We are 

investigating the matrices of two comparatively weakly altered CM chondrites, TIL 91722 and QUE 97990 [3] to 

determine if they locally preserve regions of more pristine matrix. Both meteorites have comparatively high metal 

abundances [2,3], a relatively robust indicator of the degree of aqueous alteration of CM chondrites. In this study, we 

report on the mineralogy of a fine-grained rim in QUE 97990 using SEM and FIB-TEM techniques. 

Results: Full spectral X-ray maps of a thin section of QUE 97990 were obtained using EDS spectroscopy. These 

maps show that preservation of metal in QUE 97990 is heterogeneous and varies from region to region. Two serial 

FIB sections were extracted from a fine-grained rim around a metal-rich AOA, adjacent to a minimally-altered metal 

grain. The dominant component of the rim is an amorphous silicate containing nanosulfides, but lacking phyllosili-

cates. However, texturally distinct regions containing very fine-grained phyllosilicates are also present. The FIB sec-

tions contain a notably high abundance (5-10 vol%) of crystalline anhydrous silicates including olivine, and low-Ca 

and high-Ca pyroxenes. Olivine occurs as both isolated, subhedral grains and as aggregates of grains with close to 

equilibrium grain boundary structures (Fig. 1). Olivine grain sizes range from 0.5-0.9 µm. Rare enstatite crystals occur 

as angular or irregular-shaped isolated grains, showing minor evidence of alteration. The most surprising feature of 

the rim is the high abundance of high-Ca pyroxene that typically occurs as aggregates of grains with variable grain 

sizes and partially annealed textures. Mineral compositions were determined by TEM-EDS spectroscopy using acqui-

sition times of 1000 seconds in order to obtain high quality minor element data. Olivine shows a range of Fo contents 

from Fo86-99 with a reasonably well-defined positive correla-

tion between Fo content and MnO. No LIME olivines have 

yet been found. All the olivines contain measureable Cr2O3 

contents (0.1-0.4 wt%). With the exception of very-low FeO 

olivines, there is a positive correlation between Mn and Cr 

contents in the population of olivines analyzed thus far.  The 

high-Ca pyroxenes are mostly diopsides, but augitic pyrox-

enes are also present. Several grains are Al-Ti-bearing diop-

sides with Al2O3 contents from 0.2 to over 6 wt% and TiO2 

from 0.2 to ~4 wt%, but unlike diopsides in CAIs, these 

grains are FeO-bearing with up to 10 wt% FeO.  

Discussion: Although the fine-grained rim studied here 

shows evidence of aqueous alteration, the targeted regions 

are more pristine in character than has been previously ob-

served in CM chondrites. The abundance of anhydrous sili-

cates in QUE 97990 is similar to that in weakly altered CR2 

chondrites, such as MET 00426 [4]. The fine-grained rim in 

QUE 97990 preserves compositionally diverse fine-grained 

silicates, including Al- and Ti-bearing diopsides that appear 

to represent a unique population of grains that are Al-Ti-bearing, as well FeO-bearing. The aggregates of submicron 

grains appear to be a new component of fine-grained nebular dust which has not been widely recognized in chondrite 

matrices. These aggregates show variable degrees of annealing and provide insights into the condensation and thermal 

processing of the finest-grained dust component in chondrites. These preliminary results suggest that targeted studies 

of specific regions of the matrices of CM2 chondrites can provide new and unique insights into nebular processes.  
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Figure 1: Bright-field TEM image of an aggregate of sub-

micron forsteritic olivine (OL) and minor enstatite (EN) 

grains in a fine-grained rim in QUE 97990. Phyllosilicate 

(PHY) appears to have replaced an unknown phase in the 

aggregate. Amorphous silicate (AM) with nanosulfides 

surrounds the aggregate.  
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