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Introduction: As part of a coordinated, multiple-analysis ap-
proach to understanding the structure and origin of the insoluble 
organic matter (IOM) in primitive meteorites, we have performed 
X-ray absorption near-edge spectroscopy (XANES) of matrix 
materials from two CR chondrites, QUE 99177 and GRA 95229. 
QUE 99177 is a very primitive CR3 chondrite with little evidence 
for parent-body alteration [1], whereas GRA 95229 is a more 
aqueous altered CR2. Previous nanoSIMS isotopic mapping of 
sections of QUE 99177 [2,3] revealed carbon to be largely dis-
tributed throughout the matrix as sub-⎧m sized particles with a 
wide range of H, C and N isotopic compositions. However, dur-
ing mapping, an unusually large (8.4 × 2.8 μm) carbon-rich vein 
was discovered. The vein was targeted for focussed ion-beam 
(FIB) lift-out with the Carnegie Zeiss Auriga FIB-SEM. For 
comparison, FIB lift-out sections were also extracted from a dif-
ferent (random) part of the QUE 99177 matrix and from a pol-
ished section of GRA95229. The FIB sections were taken to the 
scanning transmission X-ray microscope (STXM) on beamline 
5.3.2.2 at the Advanced Light Source in Berkeley for XANES 
mapping. 

Results and discussion: The carbon-rich vein in QUE 
99177, as measured by nanoSIMS from the top of the inclusion 
(i.e. before lift-out) was enriched in D (δD = +6000 ‰) and in 
15N (δ15N = +500 ‰), significantly higher than the bulk IOM 
composition for this meteorite (δD = +3139 ‰, δ15N = +187 
‰.[4]). The FIB section showed that the carbon-rich vein ex-
tended 5.5 μm into the meteorite. C-edge XANES mapping of the 
carbon-rich vein revealed three bands (aromatic or vinylic carbon 
bonds, carbonyl bonds, and carboxyl bonds) commonly seen in 
chondritic IOM, plus carbonate. Compared to other carbon in the 
FIB sections of QUE 99177 and GRA 95229, the C-XANES 
spectrum of the C-rich vein appears slightly different, both in the 
positions and ratios of the observed absorption features. Simi-
larly, the N-edge XANES spectra of the vein differs from the 
other studied materials in showing significantly more absorption 
due to imidyl and nitrile bonds. Planned TEM and nanoSIMS 
isotopic analysis of the FIB sections will allow detailed sub-⎧m 
correlation of chemical, mineralogical and isotopic data to better 
understand the nature of the organic matter and its relation to 
inorganic matrix materials. 
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