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Introduction & Results: We measured the chlorine 
isotope composition of selected martian meteorites 
using gas source mass spectrometer on bulk samples 
and in situ secondary ion microprobe analysis on apa-
tite grains. The measurements range from -3.8 to 
+8.6‰. The following observations can be made (Fig. 
1): 
1. The range of 37Cl values from this small set of data 

is larger than that seen for all terrestrial basalts and 
ultramafic samples (-1 to 0.5‰).  

2. The shergottites all have negative 37Cl values.  
3. The cumulates (chassignites, nakhlites and 

orthopyroxenite) all have positive 37Cl values, as 
does the breccia sample NWA 7034. The latter has 
individual apatite grain with a 37Cl value over 8‰.  

4. The augite basalt (NWA 8159) has a similar 37Cl 
value to the related nakhlite NWA 5790. 

5. The olivine-phyric shergottites all have negative 
37Cl values. The most negative values (down to 
~-4‰) are lower than any terrestrial mantle-derived 
sample measured to date. Excluding Tissint and one 
analysis of Dhofar 019, the olivine-phyric 
shergottites have 37Cl values lower than all but one 
basaltic shergottite (Shergotty). 

6. Basaltic shergottites (except Shergotty) have 37Cl 
values between -1 and 0‰, similar to bulk Earth and 
chondrites.  

7. There is no trend in the relationship between water-
soluble and structurally-bound Cl. NWA 5790 and 
Los Angeles have positive37Clsilicate – water soluble val-
ues and Zagami has a negative37Clsilicate – water soluble 
value. 

8. There is no apparent correlation between 37Cl 
value and age.  

      
     Discussion: We interpret these data as mixing in a 
two component system. The first component is the 
unmodified mantle value of -4 to -3‰, represented by 
the olivine-phyric shergottites. The olivine-phyric 
shergottites are generally thought to represent the clos-
est approximation of crystallization products of near-
primary melts from the martian mantle [1-3]. In gen-
eral, these are the lightest samples, mostly ranging 
from -4 to -2‰. Tissint, an olivine-phyric shergottite 
with clear petrologic evidence for a crust impact melt 
impact melt component [4] has a higher 37Cl value of 
-0.6‰ due to crustal contamination.  

 The other endmember is the 37Cl-enriched crustal 
component. The cumulates, including nakhlites, 
chassignites and ALH84001, an augite basalt NWA 
8159, and basaltic breccia NWA7034 all have petro-
graphic and/or geochemical evidence of crustal con-
tamination [5-11]. All of these samples have positive 
37Cl values, with an extreme value of 8.6‰ for an 
apatite grain in NWA 7034. Preferential loss of 35Cl to 
space has resulted in a high 37Cl value for the martian 
surface, similar to what is seen in other volatile sys-
tems [12-15].   
 The basaltic shergottites are a mixture of the two 
endmembers. The basaltic shergottites generally have 
37Cl values of -1 to 0‰,  intermediate to the other two 
groups. Of these, only Shergotty has an anomalously 
low 37Cl value, similar to the olivine-phyric 
shergottites. It appears to have escaped Cl contamina-
tion. Due to the high Cl content of crustal material, 
only 1 to 2% crustal contamination will raise the 37Cl 
value of a martian basalt from the pristine value of ~-3 
to 0‰ (Fig. 2). As a result, Cl isotope geochemistry is 
a very sensitive indicator of crustal contamination. 
 The low 37Cl value of primitive Mars is very dif-
ferent from Earth and most chondrites, both of which 
are close to 0‰ [16]. Nearly all conceivable processes 
that could alter the 37Cl value of a mantle-derived 
sample should lead to higher, not lower values. Prefer-
ential degassing of 35Cl should raise the 37Cl value of 

 
 
Fig. 1. Chlorine isotope composition of selected martian 
meteorites. The mantle value is ~-3 to -4‰, whereas crus-
tal contamination raises the 37Cl values to >0‰. The 
bulk Earth is the shaded grey bar. 
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the residual melt, as would exchange with the heavy 
crustal component or introduction of chondritic mate-
rial. On Earth, some marine sediments and volcanic 
materials that have incorporated subducted sediments 
have negative 37Cl values, but we have no evidence 
of low 37Cl surficial materials on Mars. Furthermore, 
why the negative 37Cl products of low temperature 
alteration would be found only in the olivine-phyric 
shergottites (and Shergotty) is not clear. In lieu of a 
viable process to lower the 37Cl values of the most 
primitive mantle-derived samples, we conclude that 
the 37Cl of the unmodified mantle is less than -3‰. 
 If the low 37Cl values of the martian mantle are 
not the result of a parent-body process, then Mars must 
have inherited its unique 37Cl value during accretion. 
Mars formed very early after the collapse of the solar 
nebula in the outer periphery of the inner protoplanety 
disk [17-19]. Mars, but not Earth, may have acquired 
its light Cl from an exotic source, such as comets. Un-
fortunately, no Cl isotope data for comets exists to test 
this idea. Alternatively, fractionation may have oc-
curred during condensation of Cl from the cooling 
solar nebula. If Mars formed near the temperature limit 
of Cl condensation (i.e. the Cl 'ice line'), then a poten-
tially large isotope fractionation could have occurred 
[20]. The ordinary chondrites Parnallee, Zag and 
Plains also have anomalously low Cl isotope values 
[16, 21]. These are Cl-rich chondrites, but any  isotop-
ic connection with Mars is unclear. 
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Fig. 2. Calculated mixing curve between mantle and 
crust. Assumed endmembers are the following: mantle -- 
20 ppm Cl, 37Cl = -3‰; crust -- 1000 ppm, +2‰. Only 
1-2% of crustal contamination will raise the 37Cl value 
of a mixed sample (basaltic shergottites) from -3‰ to 
between -1 and 0‰. 
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