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Introduction:  Compared to terrestrial basalts, the martian 

shergottite meteorites have an extraordinary range in Sr and Nd 
isotopic signatures.  In addition, the S isotopic compositions of 
many shergottites show evidence of interaction with the martian 
surface/atmosphere through mass-independent isotopic fraction-
ations (MIF, non-zero ∆33S) that must have originated in the mar-
tian atmosphere, yet ultimately were incorporated into igneous 
sulfides (acid-volatile sulfur; Franz et al., 2014). 

There are two current explanations for the large spread in 
shergottite Sr and Nd isotopic compositions.  The first model as-
sumes that this isotopic diversity represents a martian mantle het-
erogeneity with respect to a KREEP-like component produced 
from the crystallization of a martian magma ocean.  The second 
model assumes that all shergottites originated from a very de-
pleted mantle and that the observed Nd and Sr isotopic dispersion 
results from the assimilation of an ancient basaltic crust.  

Newly acquired S isotopic data, coupled with REE whole-
rock analyses, serve to constrain these two disparate models. Pos-
itive ∆33S analyses are a signature of photochemical processes in 
the martian atmosphere.  We introduce here a parameter La/Sm* 
[(La/Sm)wr/(La/Sm)QUE], a proxy for crustal assimilation, where 
QUE refers to QUE 94201. 

∆33S vs. La/Sm*:  Fig. 1 shows that there are at least two dis-
tinct S-La/Sm* isotopic trends reflected in martian basalts.  First, 
there is a trend of extremely variable La/Sm* with no obvious 
change in ∆33S ~0.  A second trend shows a positive correlation 
between ∆33S and La/Sm*.  These trends constrain, for an indi-
vidual shergottite, the amount of surficial MIF S that the rock has 
incorporated. 
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 Some shergottites with large amounts of lithophile crustal 
assimilants (high La/Sm*) may have no ∆33S anomaly, but no 
shergottites analyzed to date have yielded low La/Sm* and high 
∆33S.  The latter observation is most consistent with a crustal as-
similation model. 
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