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The role of H2O in Martian magmatic systems
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ABSTRACT

We have estimated the water content of Mars’ interior by using analyzed water contents
of kaersutite inclusions from shergottites nakhlites chassignites (SNC) meteorites in con-
junction with an experimentally-derived crystal-chemical model of kaersutite amphibole.
This model predicts quantitatively the relationships between iron oxidation and hydrogen
deficiency in the kaersutite. The H2O content of the magma from which the kaersutites in
SNC meteorites could have crystallized is in the 100–1000 ppm range. That H2O content
leads to an estimated water content of 1–35 ppm for a Martian mantle that could have
been the source rock for such magmas.

INTRODUCTION

Information on the H2O abundance in the Martian in-
terior is required to characterize the accretional and de-
gassing history of the planet (McSween and Harvey
1993; Carr and Wänke 1992; Dreibus and Wänke 1985,
1987). The H2O abundance also affects the composition
of partial melts (Kushiro 1972; Stolper 1980; Treiman
1985; Longhi and Pan 1989; Johnson et al. 1991) and the
physical properties of the magma [density, compressibil-
ity, and viscosity (Lange 1994; Schulze et al. 1996; Ku-
shiro 1976)]. Those properties, in turn, govern the dy-
namics of magma ascent and the style of eruption.

Previous estimates of H2O contents of the Martian in-
terior vary widely, ranging from several tens of ppm
(Dreibus and Wänke 1985) to perhaps 2000–3000 ppm
(Reid and Bunch 1975; McSween and Harvey 1993;
Harvey and McSween 1992). The lower estimates are
based on solar element abundances and abundance ratios
in shergottites nakhlites chassignites (SNC) meteorites
and in carbonaceous chondrites. The SNC meteorites
most likely are of Martian origin (Bogard and Johnson
1983; Becker and Pepin 1984; McSween 1985). The
high estimates derive from the existence of hydrous
minerals, such as kaersutitic amphibole, coexisting with
glass as inclusions in olivine and pyroxene in SNC me-
teorites (Harvey and McSween 1992; Treiman 1985;
Johnson et al. 1991) coupled with the assumption of H2O
saturation of the kaersutite [2(OH) pfu]. Kaersutite is a
Ti-rich amphibole with the formula, Ca2 (Na,K)
(Mg,Fe21,Fe31 )4(Ti,Al)(Si6 Al2O22(O,OH,F)2 (Deer et al.
1963). In its structure there are two tetrahedral sites (T1
and T2) containing Si and Al, and five octahedral sites
(two M1, two M2, and one M3 site) containing Fe31,
Fe21, and Mg in the M1 and M3 sites and Ti and Al in
the M2 site. There are three O sites (O1, O2, and O3)
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with 2(OH,O,F) in the O3 site associated with the M3
octahedral site (Pechar et al. 1989).

Amphiboles that are water-saturated [that is 2(OH) pfu
;2 wt% H2O in these kaersutites] most likely would crys-
tallize from a magma that contains several weight percent
H2O. A Martian mantle source of such magma would
probably contain several thousand ppm H2O (Harvey and
McSween 1992) or several times the concentration esti-
mated for the interior of the Earth (Jambon and Zimmer-
mann 1990).

The H2O contents of kaersutite in Chassigny and Za-
gami SNC meteorites are, however, 0.1–0.2 wt% (Watson
et al. 1994), or only 5–10% of the H2O content of kaer-
sutite with 2(OH) pfu (Table 1). These analyzed H2O con-
tents can be used to derive realistic H2O contents of the
magma with which the kaersutites were in equilibrium by
using experimentally established quantitative relation-
ships between H2O content, redox ratio of Fe, and Ti con-
tent of kaersutite as a function of T, P, and ƒ .O2

The calculation of H2O content of the parental magma
relies on the assumption that the amphiboles did not suf-
fer H2O-loss subsequent to crystallization. Despite sug-
gestions that post-crystallization processes may affect the
crystal chemistry of amphibole in terrestrial magmatic
systems, the only study that incorporated data on hydro-
gen diffusion in minerals (Dyar et al. 1993) concluded
that the OH content of kaersutite does not change signif-
icantly during transport from the Earth’s mantle to the
surface. In the Martian environment, the amphiboles may
also have been shocked during the impact that led to their
transport from Mars to Earth. Amphiboles shocked ex-
perimentally to ;30 GPa (Minitti and Rutherford 1998)
yield ambiguous results as to whether such exposure may
have affected their H content.

METHOD

The initial step in the procedure is to compute, from
the experimental calibration data, the fugacity of H2, ƒ ,H2


