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Introduction: Carbonaceous Chondrites are 

thought to have a solar composition except for the 
volatile components which are depleted [1]. We se-
lected CM2 chondrites since they are more common 
than CI chondrites and might provide us with a data set 
documenting their variability, as opposed to the study 
of the single CI chondrite Orgueil. CM2 chondrites 
exhibit traces of an aqueous alteration and no meta-
morphism. Their characteristic halogen composition 
(fluorine, chlorine, bromine and iodine) has been sel-
dom studied since the analysis of volatile elements 
requires specific analytical methods. 

Analytical techniques : We performed extraction 
of the halogens by pyrohydrolysis with a restricted 
sample mass (50 mg) compared to the regular protocol 
used previously [2]. 

Pyrohydrolysis is the high temperature extraction 
of halogens producing halogenous acids HX (X = F-, 
Cl-, Br-, I-): X-silicate + H2O → HX + OH-silicate. 

Extraction line. An induction furnace was used 
(Figure 1), allowing us to go from ambient tempera-
ture (20°C) to 1190°C almost instantaneously without 
heating the tube. The line is entirely made of silica 
glass (SiO2) to minimize cross sample contamination. 
Rock powder was placed in a platinum boat with water 
vapor circulating. The required sample mass is mixed 
with an equal amount of V2O5 in order to extract all 
halogens at 1190°C and then placed inside the tube [2]. 
Water is injected using a nebulizer and N2 as a vector 
gas.  

 
Figure 1: Extraction line 
The newly formed vapor acids are then trapped in a 

NaOH solution. 

The solution is subsequently analyzed for F- and 
Cl- by ion chromatography (IC) [2]. The resulting peak 
areas are converted into concentrations after calibra-
tion against standard solutions of 1 to 100 ppm of F- 
and Cl-. 

Setting up the extraction protocol. The extraction 
yield was determined from replicate analyses of the 
LIP glass, which is a halogen-rich obsidian glass from 
Lipari (Italy). We optimized the critical parameters: 
water flux and total amount (70 ml), temperature ho-
mogeneity of the platinum boat, sample mass (50-100 
mg), sample/V2O5 ratio, trap solution (10 ml of 25 
mmol/l NaOH). Secondary parameters are the water 
temperature (90°C), tube temperature (200°C) and 
vector gas (nitrogen). 

  

     

 
Figure 2: Reproducibility of F and Cl for the 

internal (LIP, Co-5 and LGM rhyolite glass) and 
international standards (BE-N, BHVO-2). 

Results. (Figure 2) This protocol allows a satisfac-
tory extraction yield of fluorine and chlorine from the 
glass LIP with a reproducibility of 9 and 6%, respec-
tively. Moreover, we monitored the kinetics of extrac-
tion which is complete after injection of 70 mL water. 

Confirming the validity of the method. (Figure 2) 
We first analyzed internal (LIP, LGM, Co-5) [2,3] and 
international standards (BHVO-2, BE-N). 
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Figure 2 shows that the reproducibility depends on 
the type of rock : a heterogeneous basaltic lava  
(BHVO-2) has a lower reproducibility (22% for F and 
26% for Cl) than a homogeneous rhyolite glass such as 
LIP or Co-5 (3% for F and 9% for Cl). The apparent 
low reproducibility of BHVO-2 is due to its 
heterogeneity resulting from a significant loss of its 
gaseous content. It is therefore a low quality standard 
for the study of halogens. 

 
 

Figure 3 : Concentration of Cl depending on the 
concentration of F in the CM2 chondrites samples and 
associated Cl/F ratio. The CM2 samples are Allan 
Hills 83100 and 83102, Dominion Range 03183, 
LaPaz Icefield 02333, Lonewolf Nunataks 94101, 
MacAlpine Hills 88100, and Wisconsin Range 91600. 

 
CM2 Carbonaceous Chondrites : We studied the 

F and Cl compositon of 8 Antarctica finds (Figure 3). 
Cl and F in our CM2 samples vary between 498 and 
1087 ppm and 72 and 138 ppm respectively. We can 
also see that 6 of our samples have a mean Cl/F ratio 
of 6.7, and 2 have a Cl/F of 11. We do not yet know if 
these ratios indicate 2 distinct compositions or a range 
of compositions. 

 
 
Figure 4 : Cl concentration depending on the F 

concentration in ordinary [5], CI [4,5,6] and CM2 
carbonaceous chondrites.  

By comparing our results to literature results [2, 4, 
5] for other chondrites we see that ordinary chondrites 
seem to be on the 6.67 ratio line and that carbonaceous 
chondrites seem to be on both ratio lines (Figure 4). 
The 3 CI data points however were obtained for the 
same meteorite (Orgueil) by different authors [4,5,6] 
on different sample fractions, which indicates either a 
discrepancy in litterature data, or an internal 
variability. 

Discussion: Our F and Cl results confirm the idea 
of an irregular aqueous alteration within the CM2 
population as well as within a single specimen. Meas-
urements in the aqueous alteration crystals of tochil-
inite and cronstedtite of the Paris CM [7] indicate a 
higher concentration of Cl in tochilinite (2490 ppm) 
compared to cronstedtite (120 ppm). However we are 
not yet able to discuss the Tochilinite/Cronstedtite 
distribution of Cl in a chondrite depending on its con-
centration. 

In order to know the extent of terrestrial weathering 
and to determine the asteroidal history of our samples, 
it would be interesting to compare our measurements 
of F and Cl in CM2 Antarctica chondrites to CM2 
found in warm deserts and eventually to falls. 

Furthermore, it seems that the CM2 with an intact 
fusion crust contain more Cl than the ones without it 
[8]. If this observation is confirmed by future studies, it 
might be hypothesized that the fusion crust acts as a 
shield against the environment and that Cl is leached 
out of the unprotected Antarctica meteorites as op-
posed to added by the aerosols [9]. 
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