
HAL Id: hal-04788745
https://hal.science/hal-04788745v1

Submitted on 18 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

AQUEOUS ALTERATION FINGERPRINTS IN THE
MOLECULAR COMPLEXITY OF CARBONACEOUS

CHONDRITES
Francois-Regis Orthous-Daunay, Junko Isa, L. Flandinet, Véronique Vuitton

To cite this version:
Francois-Regis Orthous-Daunay, Junko Isa, L. Flandinet, Véronique Vuitton. AQUEOUS ALTER-
ATION FINGERPRINTS IN THE MOLECULAR COMPLEXITY OF CARBONACEOUS CHON-
DRITES. 86th Annual Meeting of the Meteoritical Society, Jul 2024, Bruxelles, Belgium. �hal-
04788745�

https://hal.science/hal-04788745v1
https://hal.archives-ouvertes.fr


AQUEOUS ALTERATION FINGERPRINTS IN THE MOLECULAR COMPLEXITY OF 

CARBONACEOUS CHONDRITES. 

F.-R. Orthous-Daunay1, J. Isa2,3, L. Flandinet1 and V. Vuitton1 1Univ. Grenoble Alpes, CNRS, IPAG, 38000 Greno-

ble, France (CS 40700 38058 Grenoble Cedex 9, France (francois-regis.orthous-daunay@univ-grenoble-alpes.fr), 
2Cold Pine Observatory (Chigasaki-shi Kanagawa, Japan jisa@cpo.org), 3ELSI, Tokyo Institute of Technology (2-

12-1-IE-1 Ookayama, Meguro-ku Tokyo 152-8550, JAPAN, jisa@elsi.jp). 

 

Introduction: The use of High Resolution Mass Spectrometry has yield a remarkable insight on the organic com-

position of carbonaceous chondrites and extraterrestrial samples [1]–[4]. The capability of counting every single mass 

in a given range came with the description of the sample mixture as a whole. In this new data, all the planetary pro-

cesses affecting the minerals and the organic matter may have left their fingerprints. As far as carbonaceous chondrites 

are concerned, the origin and the survivability of organic matter are always interpreted with the asteroidal processes 

taking place and modifying or creating molecules. 

The finding of polymerization patterns in pristine meteorites [5] and laboratory proxies [6] helps understanding 

the molecular mixture because of chemical selection. As a synthesis pattern can be isolated, any other feature in the 

chemical complexity can be interpreted as a modification or an alternative synthetic pathway. This way, the effect of 

UV irradiation has been measured [5] and more recently, the chemical modification due to asteroidal aqueous altera-

tion has been highlighted [7]. 

The canonical synthesis pattern in a bell shape mass distribution due to geometrical growth of the molecules. This 

pattern is seen in artificial polymers as well as in carbonaceous chondrites. It is described by fitting a model [7], [8] 

among the measured distributions. One parameter, the broadness of the distributions, is systematically higher in the 

carbenaceous chondrites. One exception to the typically extraterrestrial broadness has been found in altered part of 

Tagish Lake [7]. We present here an augmented series of data and its implication in the quantification of the aqueous 

alteration. 

Results: Tagish Lake lithologies known as TL11i and TL5b, respectively the most altered and the most pristine 

[9] were prepared for Orbitrap analysis following protocol in [7]. Sub-spectra were isolated and fitted with a Wesslau 

geometrical growth model. On top of these two samples, a large variety of artificial synthetic samples have been 

treated the same way. Mixtures like in [10] and [11] are standards to monitor aqueously synthesized complex mixtures. 

The altered parts of Tagish Lake are systematically narrower than the pristine part in good agreement with the 

lower entropy described in [7]. The artificial samples seem to have the same narrow distributions. This can be inter-

preted as a common chemical selection process leading to a limitation of the diversity in mass. One remarkable fact 

is the discrpency between Orgueil and the most altered part of Tagish Lake. Orgueil seems to be on the canonical 

pristine trend. This may be paradoxal since Orgeuil is thought to have undergone extensive aqueous alteration. We 

will discuss the implication of Orgueil having « normal » organics. 
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