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Introduction: Differences in stable-isotopic ratio anomalies are interpreted as reflecting two distinct formation 

reservoirs for carbonaceous and non-carbonacous chondrites (CCs and NCs, respectively) (e.g. [1]). The exact loca-

tions of these reservoirs, however, are not defined. The analysis of the post-accretion history of chondrites allows for 

further constraints on the formation regions. Indeed, as several meteorite groups from the CCs are hydrated [2], they 

most likely formed beyond the snow line. NCs on the other hand appear to be much less hydrated than CCs suggesting 

a formation region within the snow line (e.g. [1], [2]). Unequilibrated ordinary chondrites (UOCs) make up a small 

part of the the most abundant chondrites group in our meteorite collection (Meteoritical Bulletin Database). As such, 

studies on large sets of UOCs are less abundant than for their equilibrated ordinary chondrite (EOC) counterparts. As 

NCs, ordinary chondrites (OCs) have been characterized as being dry in the past. The hydration of a chondrite occurs 

on the asteroidal parent body through aqueous alteration and on Earth through weathering. These processes result in 

hydration and hydroxilation of minerals and the storage of -OH and -H2O molecules as interlayer and adsorbed water. 

Dehydration can occur due to thermal metamorphism, shock impact and solar heating. In the present work, an in-

depth study of the hydration of UOCs is performed to investigate i) if UOCs are hydrated or not, and ii) if the extent 

of hydration is controlled by the thermal metamorphism as it is observed in CV chondrites [3]. 

Samples and Methods: 45 UOCs are considered here, 35 of which are Antarctic finds and 10 non-Antarctic falls. 

For each sample, a range of measurements was done to constrain the experienced secondary processes. Firstly, an 

indepth petrographic study on thin sections was performed. To verify the classification (H, L vs LL) of each UOC, 

the magnetic susceptibility of bulk samples and the chondrule size in thin sections were measured. The matrix abun-

dance was determined by point counting and the shock stage and weathering grade was assessed. The thermal history 

was previously characterized based on Raman spectroscopy of polyaromatic carbonaceous matter [4]. Thermogravi-

metric analyses (TGA) of bulk powders were performed for all 45 UOCs, allowing for the quantification of hydration. 

Transmission NIR measurements of matrix grains are under progress. TGA and IR spectroscopy are complementary 

to each other as IR allows to identify hydrated minerals through e.g., the study of the 3 micron band (e.g. [5]). IR 

spectra were aquired under vacuum and at several temperatures to get rid of adsorbed terrestrial water and help in the 

identification of the water and -OH mineral carriers. The analysis of the IR spectra is in progress along the numerical 

method described in [5].  

Results and discussion: TGA measurements conclusively show that UOCs are hydrated. The magnetic measure-

ments and petrographic work show that 23 of the considered UOCs had been previously misclassified (wrong group). 

The hydration of UOCs seems to be independent of the chemical groups. Since the majority of the hydration is ex-

pected to be in the fine-grained and porous matrix, the mass-loss determined by TGA is normalized to the matrix 

abundance to ensure comparability between samples. The results show that UOCs are characterized by a similar hy-

dration to that of CCs once normalized to matrix abundance. Indeed, the matrix normalized mass-loss determined by 

TGA ranges from 0.46-24 vol.% (average: 10.46±5.12 vol.%) in the analytical temperature range of 200-900°C for 

UOCs, in comparison to 0.43-9.38 vol.% (average: 4.74±2.81 vol.%) for CVs [3]. In contrast to CVs, the Derivative 

Thermogravimetry (DTG) curves from UOCs are highly variable. Weathering products are identified in 29 of the 

UOCs with weathering degrees ranging from W1-W2. This, together with the low abundance of matrix increases the 

difficulty to interpret and compare TGA data between UOCs in contrast to CV chondrites. No obvious correlation 

between the hydration and metamorphic grade could be seen for UOCs based on TGA measurements of bulk samples. 

Additional TGA measurements of matrix-enriched samples are envisaged. Preliminary IR measurements of matrix 

grains of 14 UOCs (petrologic type from 3.0 to 3.6) exhibit the 3 micron band which reflects hydration. This is con-

sistent with TGA measurements of bulk samples. In contrast to our initial expectation and to the common idea present 

in the literature, UOCs show clear signs of hydration, reflecting asteroidal aqueous alteration. Interestingly this hy-

dration can be as high as in some CCs when thermal metamorphism and matrix abundances are taken into account. 

This has implication on the formation region of UOCs.  
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