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Introduction: Chlorine is a volatile and hydro-

phile element. The behavior of Cl and its presence in 

chondritic meteorites can be used to constrain second-

ary processes such as metamorphism and aqueous 

alteration on a chondrite parent body. Anomalously 

low abundance of Cl may indicate loss during meta-

morphism or leaching in aqueous alteration. Aqueous 

alteration can also introduce Cl and precipitate Cl-

bearing phases. Fractionation of Cl isotopes may occur 

during these processes, with the δ37Cl value of the 

least altered chondrites forming the benchmark to 

evaluate late isotope fractionation.  

Previous research on bulk chondrites have not 

agreed on δ37Cl values. Nakamura et al. [1] analyzed 

bulk chondrites using thermal ionization mass spec-

trometry (TIMS) and reported large variations be-

tween chondrite classes with ranges of -4.6 to +5‰ 

for ordinary chondrites, -0.6 to +4.4‰ for carbona-

ceous chondrites, and +3.0 to 5.2‰ for enstatite 

chondrites. They attributed the δ37Cl variation to mul-

tiple isotopic reservoirs in the solar nebula and sec-

ondary processing on a parent body. Magenheim et al. 

[2] have also measured the δ37Cl of bulk chondrites 

using TIMS and found similar values as [1]. Sharp et 

al. [3] analyzed carbonaceous chondrites using gas 

source isotope ratio mass spectrometry (IRMS) and 

obtained a more limited range of δ37Cl values, be-

tween -1 and 0‰. Sharp et al. [3] also analyzed Al-

lende sodalite grains in situ by secondary ion mass 

spectrometry (SIMS) and proposed that lower δ37Cl 

values of sodalite compared with the bulk (Fig. 1) may 

be related to low temperature fractionation rather than 

different reservoirs.  

We have measured the bulk Cl isotopic composi-

tions of several chondrites from different petrologic 

types in the ordinary and carbonaceous classes and are 

currently measuring chondrites from the enstatite 

class. The goal of this study is to establish δ37Cl values 

for chondrites in order to improve our understanding 

of the processes that may have fractionated Cl isotopes 

and the reservoirs of Cl isotopes in the early solar sys-

tem. 

Samples: We analyzed six carbonaceous chon-

drites, two ordinary chondrites, and are currently ana-

lyzing three enstatite chondrites. C chondrites include 

Orgueil (CI1), Murray (CM2), Vigarano (CV3), Al-

lende (CV3), Kainsaz (CO3.2), and Karoonda (CK4). 

O chondrites include Zag (H3-6) and Saint-Séverin 

(LL6). E chondrites include Abee (EH4), Eagle (EL6), 

and Yilmia (EL6). Zag, C chondrite, and E chondrite 

samples were obtained from the Institute of Meteorit-

ics at the University of New Mexico (UNM).  Saint-

Séverin was obtained from MNHN (Paris). All chon-

drites are falls with the exception of Yilmia. 

Analytical Methods: We used the bulk Cl concen-

tration of chondrite groups compiled by [4] to deter-

mine appropriate sample size. Each sample, about 200 

to 900 mg of material, was first rinsed with 18 MΩ 

deionized water to clean the surface of contamination. 

Samples were then crushed to a fine powder. The 

powder was leached with 18 MΩ deionized water and 

sonicated to remove any soluble salts from the sample. 

Chlorine was recovered from the rock powders using a 

pyrohydrolysis method [5]. Aqueous Cl- from both 

leachate and rock-derived chloride was converted to 

AgCl and ultimately CH3Cl gas using a modified pro-

cedure from [6]. CH3Cl gas was analyzed in the 

ThermoQuest Finnigan DeltaPlusXL mass spectrome-

ter at UNM using the continuous flow method as de-

scribed in [3]. A minimum of 20μg Cl is needed for 

detection in continuous flow. If enough sample ma-

terial was available, duplicates of the same chondrite 

were analyzed. Chlorine isotope compositions are re-

ported in the standard delta notation, given by δ37Cl = 

(37Cl/35Clsample/
37Cl/35Clstd-1) x 1000. Data are reported 

relative to Standard Mean Ocean Chloride (SMOC), 

which by definition is 0‰. Standard deviations for the 

standards in each run were ±0.5‰. 

Results: Results are presented in Fig. 1. The range 

of δ37ClSMOC for rock-bound chlorine is -2.0 to +0.5‰ 

with an average of -0.6‰. The range for rock-bound 

Cl in C chondrites is -2.0 (Orgueil) to +0.9‰ (Mur-

ray) with an average of -0.5‰. The two O chondrites 

have values of -0.8 (Saint-Séverin) and -0.6‰ (Zag). 

The leachates have an average δ37ClSMOC of -1.5‰ 

and range from -1.8 (Zag leachate) to +0.2‰ (Orgueil 

leachate). Of the leachates measured, three are isotop-

ically lighter than the rock-bound Cl, one is heavier, 

and the other is statistically the same.  

Discussion: We do not find the large range of iso-

tope values previously measured by [1,2], and attribute 

the difference to analytical errors in the TIMS method 

for measuring Cl from rocks. The range of δ37ClSMOC 

values for all chondrites measured is greater than the 

limited data set of [3], but still spans only 3‰.  

The samples most likely to represent the canonical 

Cl isotope ratio of the (inner) solar nebula reservoir 

are the least altered chondrites in each class, i.e. type 

2463.pdf42nd Lunar and Planetary Science Conference (2011)



3, or type 3.0 for O and CO chondrites. We have ana-

lyzed three chondrites that are type 3: Allende (CV3), 

Vigarano (CV3), and Kainsaz (CO3.2). Allende is 

oxidized and may have experienced aqueous alteration 

on the parent body [7] so we do not include it in our 

estimate of a nebular value. The δ37ClSMOC values of 

Vigarano and Kainsaz are -0.3 and -0.7‰. We pro-

pose that the δ37ClSMOC value for the solar nebula in 

the C chondrite forming region was -0.5‰. This cor-

responds to a 37Cl/35Cl value of 0.31947 [8]. Further 

analysis of type 3 O, E, and C chondrites will enable 

us to determine whether this is a uniform value for the 

whole nebula, or whether there were multiple isotopic 

reservoirs.  

The range of δ37ClSMOC in other petrologic types 

may represent fractionation of the Cl isotopes during 

secondary processing, by either heating and/or fluid 

alteration. During metamorphism, Cl may be volati-

lized causing a lower abundance of Cl in the chon-

drite. Volatilization may also fractionate the Cl iso-

topes with the gas phase preferentially incorporating 

the light isotope, leaving the chondrite isotopically 

heavy. We observe the opposite. The higher petrologic 

types measured in this study, Zag (H3-6), Karoonda 

(CK4), and Saint-Séverin (LL6), all have δ37ClSMOC 

values less than or equal to -0.5‰. These, of course, 

could be their initial values, or they could be the prod-

uct of alteration such as 37Cl being incorporated in the 

gas phase during metamorphism. Murray (CM2) and 

Orgueil (CI1) have both undergone aqueous alteration. 

Values for Orgueil measured in this study are variable 

and both fall below 0‰ while the value from [3] is 

positive. The variability in δ37Cl values of Orgueil 

may be the result of fractionation due to salt mobiliza-

tion from storage and interaction with the atmosphere, 

similar to sulfate vein growth seen in Orgueil [9]. 

Murray, however, is isotopically heavy, consistent 

with loss of the light isotope during devolatilization.    

Zag, Murray, and Kainsaz all have soluble chlo-

ride leachates that are isotopically lighter than their 

insoluble chloride, while Vigarano’s leachate is indis-

tinguishable from the insoluble chloride. Orgueil’s 

leachate is heavier than its insoluble chloride, which 

may be attributable to salt mobilization. Isotopically 

lighter leachate is consistent with silicates and phos-

phates preferentially incorporating the heavy isotope 

of Cl. For Zag, the leachate is likely halite [10]. For 

the other chondrites, no obvious water-soluble, Cl-

bearing salts have been identified.  

The δ37Cl value of CV3 and CO3.2 chondrites av-

erages -0.5‰. This is very similar to the bulk Earth 

(an average of evaporite + ocean + mantle Cl) and to 

the lowest δ37Cl values for the Moon, which are 

thought to represent the unmodified lunar mantle val-

ue [11]. It is also similar to the bulk martian sample 

value of -0.4‰ [12]. Deviations from this value most 

likely represent some type of post-formation 

processing.  
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Figure 1: δ37ClSMOC values for carbonaceous, 

ordinary, and enstatite chondrites. Data are 

divided according to the analytical method 

used for measuring δ37ClSMOC: thermal ioniza-

tion mass spectrometry (TIMS), secondary ion 

mass spectrometry (SIMS), and gas source 

isotope ratio mass spectrometry (IRMS). Un-

filled symbols represent soluble Cl- (the lea-

chate) and filled symbols represent insoluble 

Cl or bulk measurements. Triangles are data 

from this study. Squares represent analyses by 

[3]. Diamonds represent analyses by [13]. 

TIMS data are from the following: [1] solid 

lines, [2] filled circles, and [10] open circles.  
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