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Introduction:  The time-temperature history of 

unequilibrated chondrites is poorly known. Their poor 
mineralogy and the lack of thermodynamic equilibrium 
prevents from properly applying thermometric tech-
niques. This leads to a state of confusion, as a wide 
range of peak temperatures have been proposed in lit-
erature. A paththrough to investigate such geological 
contexts may be thermometric approaches based on the 
degree of structural order of the kerogen trapped in the 
rocks.  They have been widely developed since 2001, 
either  for terrestrial geological context [1,2] and chon-
drites [3,4]. 

The geothermometer proposed by [1] for tempera-
ture > 300 °C appears efficient, fairly independant 
from organic precursor, barometric history and possi-
bly fluids circulation. Ranges of temperature below 
300°C may be more tricky. It is not clear, whether or 
not, they could be explored using a single geother-
mometer [5]. 

In this study, we report series of Raman measure-
ments on both terrestrial carbonaceous rocks (20 coal, 
4 type II kerogens) and ~40 ordinary and carbonaceous 
chondrites covering a wide range of metamorphism. 
These measurements definitely evidence the control of 
the Raman spectra by the chemical structure of the 
organic precursor. They demonstrate that a universal 
cosmothermometer, suited to every kind of carbona-
ceous rocks, does not exist. However, it is demon-
strated that systematic measurements provide informa-
tion both on the type of precursor and the maturity. We 
also report the first 244 nm Raman measurements on 
extraterrestrial organic matter. 

Raman measurements:  Raman measurements 
were obtained using 514 and 244 nm wavelength exci-
tations. JOBIN-YVON Raman micro-spectrometers 
using Ar+ laser were used. Spot size was around 2-3 
µm (514 nm) and 4-5 µm (244 nm). Power onto sam-
ple ranged between 100-500 µW, and acquisition time 
between 30-90 s (514 nm) and 300s-15 minutes (244 
nm). Sample stability is a critical issues, in particular 
using 244 nm. Peculiar care was devoted to check the 
lack of sample alteration. Series of spectra at the same 
spot location were systematically recorded, and a rotat-
ing sample-holder was used to investigate damages 
induced by the 244 nm micro-beam. All spectra do 
contain the first-order carbon bands (G and D), in the 
region 700-2000 cm-1. 

The interpretation of Raman spectra has been the 
object of numerous studies. No theroretical back-
ground is definitely available. In the case of weakly 
mature kerogens, no empirical relationship like the 
Tuinstra-König’s connect the Raman spectra and some 
physical parameters. 

Raman spectra have been treated by Principal 
Component Analysis (PCA). This kind of analysis is 
powerful to point out similarity and systematic varia-
tions in a large set of data. As whole variations in the 
spectra are considered, the chemical control of the 
spectral distribution in the first-order carbon bands can 
studied. 

We present 3 sets of data. The first contains meta-
morphic series of coals and unequilibrated ordinary 
and carbonaceous chondrites (514 nm excitation). PCA 
analysis reveals clearly two metamorphic pathways 
(Fig. 1). The Raman spectra thus do contain informa-
tion on the maturity and on the chemical structure of 
the initial organic precursor. 

 
Fig. 1 : Blue : coal series. Red : chondrites series. Two distinct 

metamorphic pathways  are observed. This diagram evidences two 
distinct groups of organic precursors. 

The second set of data consists of UV 244 nm 
spectra acquired on weakly matured coals (diagenesis), 
type II kerogens, and kerogens extracted from un-
metamorphosed carbonaceous chondrites. PCA analy-
sis shows that samples plot along three distinct groups 
(Fig. 2). Raman spectroscopy is thus able to decipher 
between type II and type III kerogens. 

The third group contains spectra acquired with a 
514 nm excitation, from immature carbonaceous chon-
drites and coal samples. Though less clear than the 244 
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nm data set, consistent results are obtained regarding 
the discrimination between coals and carbonaceous 
chondrites (Fig. 3). The presence of a fluorescence 
background in the 514 nm spectra may partly explain 
the less clear discrimination. 

Discussion: PCA analysis evidence the ability of 
Raman spectroscopy to decifer distinct organic precur-
sors in metamorphic series. Distinct organic precursors 
between coals and chondrites are evidenced thanks to 
514 nm measurements. In both series, the organic pre-
cursors appear fairly similar, though they are not 
strictly (e.g. coals were collected in different deposits). 
Looking in details data within each series reveal over-
laps for less mature samples, and more or less poor 
correlations, which may reflect variations of structure 
and composition among initial precursors. 
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Fig. 2 : PCA analysis of 244 nm spectra of coals, type II kero-

gens and IOM of carbonaceous chondrites. 
244 nm Raman spectra of immature samples allow 

to decipher immature coals, type II kerogens and IOMs 
from unmetamorphosed carbonaceous chondrites. The 
use of a 244 nm excitation prevents from the huge 
fluorescence of type II kerogen. These measurements 
suggest that, in a range of low metamorphism (e.g. T < 
300 °C), no geothermometer can be used for all series 
of kerogens (I, II and III). Earlier and recent attempt of 
carbon thermometry in this temperature range should 
thus be considered with care [2, 6]. Furthermore, geo-
thermometers derived from compilation of large set of 
data from sedimentary bassins containing the same 
family of kerogen lack sensitivity (the correlation be-
tween a peak temperature and any maturity tracer does 
not exceed 0.7) [6]. They are consistent with our ob-
servations on coals, wherese data are rather scattered 
for samples of low maturity. In such a temperature 
range, catalytic effects from minerals, and possibly 
hydrous alteration, may play a key role in the matura-
tion process along with temperature. Slight chemical 
variations of the organic precursors may also explain 
these fluctuations. 
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Fig. 3 : PCA analysis of 514 nm Raman spectra of coals and 

unmetamorphosed carbonaceous chondrites. 
Last, both 514 and 244 nm measurements on im-

mature samples demonstrate that carbon thermometry 
based on Raman spectrometry is insensitive to very 
low metamorphism grades : roughly, for a coal series, 
vitrinite reflectance < 1 %. 

Conclusion: Carbon thermometry for low meta-
morphism grades appear more tricky than for higher 
ones. Raman spectra are controlled by both the compo-
sition of the initial organic precursor and by the matu-
ration grade. Co-factors as mineral catalysis or hydrous 
alteration may also play a role in the maturation proc-
ess. In any case, a cosmothermometer suitable for 
chondrites cannot be calibrated with terrestrial rocks. 
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