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Introduction:  Systematic variations in rare earth ele-

ment partitioning, oxidation state, and Nd and Sr isotopic 
ratios suggest basaltic shergottites represent either various 
degrees of crustal assimilation or sample a heterogeneous 
mantle [1-5]. The apparently oxidized nature of the enriched 
(i.e. “crust-like”) component could indicate interaction with 
an ancient ocean or other long-lived water source on Mars. 
On Earth, low-temperature hydrothermal alteration of oce-
anic crust results in elevated concentrations of B and Li, and 
high δ7Li and δ11B whereas Be contents are unaffected [6, 7]. 
As altered crust is subducted, dewatering reactions transport 
fluid-mobile B and Li from the slab (heavy isotopes pre-
ferred), but leave Be relatively unchanged. The different 
partitioning behaviors of these light lithophile elements pro-
vide a means to track the presence of altered oceanic crust or 
fluids derived from altered oceanic crust in the source re-
gions of subduction-related lavas. If similar hydrothermal 
processes occurred on Mars, these elements may be useful 
tracers of assimilated crust or crust-derived fluids in the 
source regions of basaltic shergottites. We measured Li and 
Be abundances and Li isotopes in selected basaltic shergot-
tites and Chassigny to determine whether the enriched Mar-
tian component appears to have experienced low-
temperature hydrothermal alteration.  

Sample Selection and Analytical Methods:  Ba-
saltic shergottite samples were selected to represent the ob-
served geochemical range in oxidation state and radiogenic 
isotopes. The enriched endmember is represented by Los 
Angeles, Shergotty, and Zagami, and the depleted end-
member is represented by Dhofar 019. EET 79001 lithology 
A represents an intermediate composition. Chassigny was 
also analyzed as a possible Martian mantle composition. 

Rock chips were ground to powders using an agate mor-
tar and pestle and prepared for analysis using traditional HF-
HNO3 digestion methods described by [8, 9]. Li and Be 
abundances were measured using a single collector detector 
inductively coupled plasma mass spectrometer (ICP-MS) and 
Li isotopes were measured using a multi-collector ICP-MS at 
the University of Maryland.  

Results and Discussion:  The correlation between Li 
and Be, two incompatible elements, suggests igneous com-
positions are preserved in all of the shergottites except Dho-
far 019 (Figure 1). Chassigny contains the lowest Li (1.8 
ppm) and Be (0.04 ppm) abundances, which are similar to 
values for chondrites and the terrestrial mantle, and may 
represent a Martian mantle composition. The sample of Dho-
far 019 examined in this study contained significant amounts 

of terrestrially-derived caliche (i.e. carbonate), which may 
have influenced the igneous signature. Generally, meteorites 
at the enriched end of the trend contain more Li and Be than 
meteorites at the depleted end, suggesting the enriched com-
ponent contains greater proportions of these elements. If the 
enrichment in Li were due to hydrothermal alteration alone, 
a concommittant increase in Be would not be expected be-
cause Li is soluble in water but Be is not. Therefore, igneous 
fractionation is the most reasonable explanation for the simi-
lar increases in Li and Be abundances.  

Li isotopes can be used to assess hydrothermal alteration 
of the enriched endmember. Results from this study indicate 
that Shergotty (+3.6‰), Zagami (+4.0‰), and EET 79001 
lithology A (+4.4‰) have identical δ7Li values, within ana-
lytical error of 1‰. However, Los Angeles (+5.4‰) and 
Dhofar 019 (+1.2‰), the most oxidized and reduced compo-
sitions analyzed in this study, have the highest and lowest 
7δLi values, respectively. When compared to other “crustal” 
indicators such as La/Yb ratios and ε143Nd values (Figures 2 
and 3), δ7Li values suggest the enriched component contains 
a higher δ7Li signature, possibly as a result of low-
temperature alteration. Presumably, the range of δ7Li values 
reflects assimilation, in different proportions, of material 
with a high δ7Li signature. These results suggest the enriched 
component observed in basaltic shergottites is crustal mate-
rial that was altered at low temperatures prior to assimilation. 
If the enriched component were metasomatised mantle, the 
Li isotope signature would be reversed because high tem-
perature alteration results in lower δ7Li  values. 

Although the δ7Li value for Dhofar 019 is lower than the 
other shergottites analyzed in this study, and correlates with 
other properties of the depleted endmember, it is unclear 
what role terrestrial alteration may have played. Recent work 
by [10] suggests hot desert weathering does not affect the 
primary (i.e. igneous) Li isotopic composition of meteorites, 
but the δ7Li composition of the caliche associated with Dho-
far 019 is unknown. Therefore, we are in the process of ana-
lyzing the most reduced shergottite, QUE 94201, to tie down 
the δ7Li value for the depleted endmember of the shergottite 
trend. If the current trend is reinforced by additional data, the 
implications are that assimilation took place during magma 
ascent through the shallowest portions of the crust. This is 
because low-temperature alteration is limited to the upper 1-
2 km of oceanic crust, based on studies of terrestrial ophio-
lite complexes. The actual depth to which the Martian crust 
may have been altered is unknown. 
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Although this study examines bulk Li and Be composi-
tions, previous studies of Li (and Be and B) in Martian me-
teorites focused on in-situ abundance or isotopic variations 
within pyroxenes. Pyroxenes in Shergotty and Zagami ap-
pear to be zoned with respect to Li, Be, and B abundances, 
and magmatic degassing during ascent was used to explain 
the observed decrease in Li and B from pyroxene cores to 
rims [11, 12]. Magmatic degassing was also invoked to ex-
plain Li isotopic zonation observed within a single pyroxene 
in NWA 480, although Li abundances remained constant 
[13]. It is difficult to resolve the in-situ and bulk data using 
one magmatic scenario, and we suggest that the process(es) 
responsible for forming the bulk trend may differ from those 
that formed the observed in-situ variations.  
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Figure 1. Li vs. Be for samples analyzed in this study.   
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Figure 2. La/Yb vs. δ7Li for samples analyzed in this study.  
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Figure 3. ε143Nd vs. δ7Li for samples analyzed in this study. 
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