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Introduction: Carbonaceous chondritic meteorites contain 

abundant carbon up to a few wt%, which exists predominantly in 
the form of insoluble organic matter (IOM) [1].  Structural 
changes of IOM have been used to evaluate parent body thermal 
processes.  Recently, Cody et al. [2] demonstrated that the devel-
opment of graphene sheets observed using carbon X-ray absorp-
tion near edge structure (XANES) spectroscopy appeared to cor-
relate well with other estimated degrees of the thermal metamor-
phism of the chondrite parent bodies.  The kinetic expression de-
rived by Cody et al. [2] is most effective for the petrologic type 3 
chondrites.  Therefore kinetic studies for relatively lower tem-
peratures are needed to evaluate the type 1 and 2 chondrites. 

Experimental: In-situ heating experiments of bulk and IOM 
of the Murchison (CM2) meteorite were conducted under Fourier 
transform infrared (FTIR) micro-spectroscopy combined with a 
heating stage.  Bulk and IOM of Murchison grains are heated at 
240-300ºC isothermally in the heating stage under Ar gas flow 
for several hours.  Infrared spectra are collected in-situ during 
heating. 

Results and Discussions: Decreases of aliphatic C−H peak 
area with time at each temperature are well fitted with Ginstling-
Brounshtein’s three dimensional diffusion model, and the rate 
constants for decreases of aliphatic C−H were determined.  Acti-
vation energies and frequency factors are estimated from these 
rate constants at different temperatures using the Arrhenius equa-
tion.  Activation energy values of aliphatic C−H band area de-
crease are larger for IOM than bulk.  Hence, the mineral assem-
blage of the Murchison meteorite might have catalytic effects for 
the organic matter degradation.  Using obtained kinetic expres-
sions, the time scale for metamorphism can be estimated for a 
given temperature with aliphatic C−H band area, or the tempera-
ture of metamorphism can be estimated for a given time scale.  
Aliphatic C−H decrease profiles in a parent body are estimated 
using a time–temperature history model of Young [3].  The simu-
lation results suggest that aliphatic C−H survives within 2 km 
depth (maximum temperature of about 40ºC) from the surface of 
a parent body with a radius of 9 km. 

These in-situ heating experiments provide us a new insight 
into the thermal history of organic matter in carbonaceous chon-
drites.  The kinetic data will constrain temperature and time 
scales of low temperature or short heating processes for the petro-
logic type 1 and 2 chondrites. 
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