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INTRODUCTION

The amount of water in martian magmas has signiÞ cant 
implications for the evolution of Mars through geologic time. 
Volatile species in martian magmas could potentially inß uence 
the planet�s atmosphere-hydrosphere cycle during volcanic 
outgassing (McSween and Harvey 1993). The abundance of 
volatile phases in extruded basalts affects the development of 
acid-sulfate and neutral-chloride hydrothermal systems with 
possibly signiÞ cant consequences on prebiotic chemistry (Hu-
ber and Wächtershäuser 1998). The abundance of magmatic 
water affects physical properties of magmas, such as density 
and viscosity, which in turn shape mantle dynamics and styles 
of planetary volcanism (Mysen et al. 1998). Furthermore, the 
extent of water in martian magmas can affect the composition 
of the martian crust (Mysen et al. 1998). Basaltic magmas with 
low water contents typically do not produce a broad spectrum of 
diverse magmas through fractional crystallization; they instead 
generate predominantly basaltic crustal compositions. Alterna-
tively, basaltic magmas with high water contents can evolve 
to greater extents and produce rocks of greater compositional 

variety, including more SiO2-rich, andesitic crust (Morse 1994; 
Hess 1989; Minitti and Rutherford 2000). 

The amount and distribution of water in martian basalts is 
a topic of debate among researchers (Dann et al. 2001; Foley 
et al. 2003a, 2003b; Johnson et al. 1991; McSween et al. 2001, 
2003; McSween and Harvey 1993; Mysen et al. 1998). Data from 
orbital missions, such as PathÞ nder and Global Surveyor, suggest 
that andesites or basaltic andesites may exist on Mars, thereby 
implying an important role for magmatic water (Minitti and Ruth-
erford 2000; Foley et al. 2003a, 2003b; McSween et al. 2003). 
However, spectral signatures attributed to andesites or basaltic 
andesites may instead reß ect weathering of basalts (McSween et 
al. 2003). Some martian basalts are characterized by melt inclu-
sions containing biotite, apatite, and amphibole�phases typi-
cally associated with hydrous magmas on Earth (Johnson et al. 
1991; Mysen et al. 1998; McSween and Harvey 1993). However, 
the H contents of melt inclusions from these basalts are low, the 
individual phases are generally anhydrous, and bulk rock water 
contents are a meager 0.013 to 0.035 wt% in Shergotty (Dann 
et al. 2001). Righter et al. (1997) determined that there was 0.1 
wt% H2O in glass in the melt inclusions in Chassigny. Watson 
et al. (1994) determined that there was approximately 0.5 wt% 
H2O in biotite from melt inclusions in Chassigny. Nonetheless, 
researchers note that low present-day water contents do not 
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ABSTRACT

Late-stage rims of magmatic pyroxenes from some martian basalts show decreases in Li and B 
contents relative to earlier-formed pyroxene cores. This behavior is different than expected from their 
documented incompatible element behavior. Previous workers interpreted such depletions to reß ect 
the loss of several wt% magmatic water during basalt crystallization. This interpretation has profound 
implications for the nature of the martian mantle and recent exchange of volatiles between the martian 
mantle and atmosphere. To assess alternative mechanisms that may inß uence the behavior of Li and B 
in the absence of aqueous ß uid activity, the effects of changing pyroxene composition during crystal-
lization, shock pressure, and shock-associated thermal metamorphism were studied. Lithium and B 
depletions are documented in late-stage rims of pyroxenes from anhydrous lunar basalts indicating that 
mechanisms other than aqueous ß uid activity must have inß uenced Li and B partitioning in these py-
roxenes. Depletions of Li and B are most likely associated with changing pyroxene composition during 
crystallization, and occur in lunar and martian pyroxenes with late-stage Fe-enrichment. It is interesting 
that pyroxenes without late-stage Fe-enrichment show no concomitant Li and B increases. Lithium 
loss may occur during breakdown of metastable pyroxferroite. Additionally, changes in Cr content 
may inß uence the substitution mechanism involved for incorporating Li. Shock does not redistribute 
Li or B but may facilitate subsequent thermally driven diffusion by the introduction of mechanical 
defects in grains. Thermally metamorphosed pyroxenes exhibit higher Li and lower B contents rela-
tive to unheated pyroxenes. It is likely, therefore, that Li and B are redistributed through interactions 
between pyroxenes and surrounding zones of mesostasis during thermal metamorphism.
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