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Introduction: Insoluble Organic Matter (IOM) makes up to ~2 

wt. % of carbonaceous chondrites (CCs) whereas less than 0.4 wt. % 

is found in unequilibrated ordinary chondrites (UOCs) [1]. Discrete, 

submicron-micron solid OM inclusions are randomly distributed in 

CC matrices with various morphologies, displaying mostly aro-

matic/olefinic (C=C) - carbonyl (C=O) - carboxylic (COOH) func-

tional chemistry [2]. XANES analyses of IOM from the UOCs show 

more distinctive 2-peak (C=C) – (COOH) spectra with additional 

graphization absorption features [3]. We have been performing in 

situ observations of OM in the matrices of the CR and UOC chon-

drites to determine the spatial context and chemical variation of dif-

ferent types of OM. This will enable us to compare the detailed re-

sponse of OM to low temperature aqueous alteration in the CRs with 

thermal metamorphism at higher temperatures in the UOCs [4]. 

Samples & Methods: Hand-picked fragments of matrix from a 

range of different petrologic type CR (from type 3 to 1) and UOC 

samples (from type 3.0 –  3.6) are listed in [5,6]. They were pressed 

into indium foil. Focused ion beam (FIB) sections were extracted 

from random fragment locations with a FEI Qunata 3D. Scanning 

transmission X-ray microscopy (STXM) was performed at Berkeley 

ALS and the Canadian Light Source, Beamlines 5.3.2 and10 ID-1, 

respectively. The morphologies of the OM particles and their rela-

tionship with surrounding matrix material were then characterized by 

S/TEM at UNM using a JEOL 2010F S/TEM and JEOL 2010 TEM. 

Results: Discrete sub-micron inclusions and more uniformly dis-

tributed diffuse OM were detected in both the CR and UOC FIB sec-

tions [6,7]. OM inclusions are typically less abundant in the UOC 

FIB sections compared to the CRs. The wide spread diffuse OM [7]  

is both aromatic poorer and carboxylic richer than the discrete inclu-

sions in the CCs and UOCs. The diffuse OM in the UOCs has car-

boxylic peak areas comparable to those in GRO 95577 that is higher 

than the type 2/3 CRs. C-XANES of OM inclusions in the UOCs are 

typically 2-peak C=C and COOH spectra [3]. In comparison, the 

CRs mostly display 3-peak C=C – C=O – COOH spectra, although 

2-peak inclusions are present in some of the CR2 chondrites. The 2-

peak spectra in the CRs always have a higher aromatic content (~30 

% higher) than the 3-peak OM inclusions and are lower (~30% low-

er) than the inclusions in the higher petrologic type UOCs. The C=O 

peaks of most inclusions in GRO 95577 CR1 were also lower than 

the CR3/2s. GRO 95577 and Renazzo (2-peak inclusions) contain 

some inclusions with aromaticity that is comparable to the most 

weakly metamorphosed UOC Semarkona. The aromatic peaks in the 

inclusions in the UOCs show an increase in intensity from the lowest 

to highest UOC petrologic types.  
Discussion: The more aromatic character of the OM inclusions 

in the UOCs is consistent with higher temperatures experienced by 

them when compared with the CRs. The increase in aromaticity in 

the UOCs appears to be accompanied by a decrease in carbonyl con-

tents, with the on-set of graphization [3]. This may also be consistent 

with the intermediate aromaticity of the 2-peak OM inclusions in the 

CRs. In addition, the carboxylic peaks in diffuse OM in the UOCs 

are more pronounced than the diffuse OM in the CR2/3s [6]. This 

observation suggests that the functional chemistry of diffuse OM is 

sensitive to the elevated temperatures experienced by the UOCs. 
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