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Introduction:  Hydrated asteroid represent a sig-

nificant water reservoir, that could have contributed to 
the volatile buget of terrestrial planets [1-2]. Carbona-
ceous chondrites are volatile-rich stones, that are usu-
ally associated with hydrated asteroids based on their 
NIR spectra. They both show both low albedo and ab-
sorption features at 0.7 µm and 3 µm that have been 
related to –OH bearing minerals [3-4]. Our  objective 
here, following [5] and [6], is to quantify the amount 
of water in carbonaceous chondrites and to correlate 
itwith water related signatures observed in infrared 
transmission and reflectance spectra of meteorites. 

Method:  We combine transmission spectra of ma-
trix samples (see [7]), reflectance spectra under con-
trolled atmosphere following [8], as well as thermo-
gravimetric analysis (TGA). TGA was performed with 
TGA/SDTA 851e Mettler Toledo under the following 
conditions: alumina crucible of 150 µl with a pinhole, 
heating rate of 10 °C min-1, and inert N2 atmosphere of 
50 mL min-1. 

Samples: Transmission IR spectroscopy was per-
formed on a total of 9 CM, one CI and 5 CR chon-
drites. TGA was performed on 5 distinct meteorites, 
that are Allende (CV), Orgueil (CI), Tagish Lake (Un-
grouped C2), Murchison (CM) and EET 92159 (CR). 
10 mg chuncks of bulk rock were crushed and ana-
lyzed by TGA. In the case of the CR, we obtained a 
matrix-enriched portion of the sample that we also 
analysed for TGA. Reflectance spectra were acquired 
for Allende, Orgueil, Tagish Lake and Murchison on 
the same samples used for TGA.  

TGA results: All samples show distinct mass 
losses that can be attributed to different types of vola-
tiles release. Mass releases below 200°C is always 
observed and is explained by the presence of adsorbed 
water (released at 80°C) together with a more tightly 
bonded type of water (released at 130°C). Mass losses 
are observed at higher temperature, occurring at 300°C 
(only seen in the case of Orgueil, that we attribute to 
ferryhydrite), between 400°C and 750°C (dehydration 
of phyllosilicate) and at around 830°C (decarbonation 
of Ca and Ca-Mg carbonates). The amount of adsorbed 
and mesoporic water we derive are 2.8, 5.6 and 7.5 wt 
% for Murchison, Tagish Lake and Orgueil respec-
tively, while that of structural water we obtain are 6.2, 

11.3 and 17.8 wt % respectively. Finally, the amount 
of carbonates we derive is 10 wt % for Tagish Lake, 
4.4 wt % for Orgueil, and 5.0 wt % for Muchison. 

Discussion 
Correlation of H2O wt % with the 3 micron band 

We observe a fair correlation between the amount 
of structural water we derive from TGA with the band 
depth at 2.9 µm (with the continuum taken at 2.38 
µm). The 2.9 µm band depth has been proven to be a 
good proxy for the integrated area of the 3 micron 
band [9]. A polynomial fit to the H2O wt % versus 
band depth (BD) relation: 

[H2O] = 13.318(±0.252) BD+ (32.504±0.508)*BD2 
The ubiquity of aqueous alteration in CC 
       In this study we mostly considered meteorites that 
escaped long thermal metamorphism (with the excep-
tion of Allende). In all the samples we studied, hydra-
tion signatures are clearly detected in the IR transmis-
sion spectra of the matrix. This includes the CR chon-
drites, for which the presence of an aqueously altered 
matrix was confirmed the TGA of the enriched matrix 
portion.  
What type of hydration on an asteroid? 

The presence of adsorbed water has a first order 
impact on the NIR spectra [5,7]. The quantifiation of 
the amount of exchangeable water in carbonaceous 
chondrites reaveals strong adsorption capacities. The 
presence of this type of water on an asteroidal surface 
is possible, depending on the presence of an internal 
water source (i.e. H2O ice). 
An “amorphous” 10 micron band 

All transmission spectra measured reveal that the 
10 µm silicate band is mostly unstructured, and that 
their overall shape is closer to MIR spectra of amor-
phous silicate. This can be explained if the matrices are 
dominated by poorly crystallized phyllosilicates. 

References: [1] F. Albarède, 2009, Nature, 461,  
1227-2333. [2] A. Morbidelli et al., 2000, MAPS, 35, 
1309-1320 [3] F. Vilas et al., 1994, Icarus, 109, 274-
283 [4] A.S. Rivkin et al., 2002, in Asteroids III [5] M. 
Miyamoto and M.E. Zolensky, 1994, MAPS 29, 849-
853 [6] A. S. Rivkin et al., 2003, MAPS 38, 1383-1398 
[7] P. Beck et al., 2010, GCA 74, 4881-4892. [8] A. 
Pommerol et al., 2009, Icarus, 204, 114-136 [9]  K. 
Sato et al., 1997, MAPS 32, 503-507. 

6139.pdfAsteroids, Comets, Meteors (2012)


