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INTRODUCTION

We have available a large database of laboratory-determined 
mineral dissolution rates that were collected with the intention 
of applying this information to understand chemical weathering 
in the Þ eld. However, application of these experimental results 
to predict weathering patterns has proved somewhat elusive. In 
this paper we show how to present these laboratory rate measure-
ments in a way that allows visualization of the effect of pertinent 
rate-controlling variables on the lifetime of mineral grains in 
the weathering environment. Because of the current interest in 
olivine weathering and its implication for the duration of liquid 
water on Mars, we use this as an example of how this mineral 
lifetime diagram can be applied.

One of the most compelling scientiÞ c questions of space 
exploration is whether we can Þ nd evidence of living organisms 
elsewhere in the solar system. Because its surface composition 
and climate overlap with terrestrial conditions, Mars provides 
an excellent prospect for Þ nding evidence for the independent 
development of life (Knoll and Grotzinger 2006). However, 
a key ingredient needed for the development of life is liquid 
water so the likelihood of Þ nding traces of life depends upon 
the sustained occurrence of liquid water in Martian history. 
Numerous observations, including aqueous alteration phases, 
cross lamination, hematite-rich concretions, thick weathering 
rinds on basalts, resistant siliciclastic fracture Þ lls, and polygonal 
crack systems (Christensen et al. 2000, 2004; Clark et al. 2005; 
Klingelhöfer et al. 2004; Squyres et al. 2004, 2006; Squyres and 
Knoll 2005; Yen et al. 2005) show that liquid water did exist 
on the Martian surface. However, most studies suggest that the 
amounts and duration of liquid water were limited (Christensen et 
al. 2004; Madden et al. 2004; Squyres et al. 2006). An important 
constraint on the duration of liquid water is the observed pres-
ence of olivine crystals on the Martian surface. Because olivine 
dissolves relatively quickly in the presence of liquid water, its 
continued presence on the Martian surface suggests that the 
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amount and duration of liquid water were limited. Stopar et al. 
(2006) produced a similar analysis of olivine lifetimes. However, 
our mineral lifetime diagram shows how olivine grain lifetimes 
relate to rate-controlling variables so that new estimates of grain 
lifetimes can be made as our knowledge of Martian surface 
conditions evolves.

Olivine is present on Mars in two distinct environments: 
within Surface Type 1 basalts consisting of primarily plagioclase 
and clinopyroxene with small amounts of olivine (BandÞ eld et al. 
2000; McSween et al. 2003) and in olivine-rich basalts (Bibring 
et al. 2005; Mustard et al. 2005; Rogers et al. 2005), which are 
generally present as small outcrops, often inside impact crators, 
but are exposed over 30 000 km2 at Nili Fossae (Hamilton and 
Christensen 2005). Although an understanding of Martian miner-
alogy is incomplete, no terrain containing signiÞ cant quantities of 
both olivine and aqueous alteration products has been observed. 
Because olivine is not reported in contact with any alteration 
products, it is difÞ cult to constrain the pH of an aqueous ß uid 
that might have reacted with olivine on Mars. However, based on 
the work of Madden et al. (2004) we expect the pH of a solution 
in contact with jarosite to range approximately from 2.5 to 4.5. 
Additionally, groundwater in high-olivine basalts in Iceland, a 
possible Earth analog for Martian basalts, has an average pH of 
7.5 at an average temperature of 277 K (Stefánsson and Gísla-
son 2001). We believe that these two end-members reasonably 
bracket the pH range of solutions that might have reacted with 
olivine on Mars.

METHODS
We have used the large body of published information about olivine dissolu-

tion rates along with a shrinking particle model for grain lifetimes to predict the 
maximum time that olivine grains could persist in an aqueous environment. Our 
goal is to systemically examine the effects of known or suspected rate-control-
ling variables. We have compiled laboratory dissolution rates and used them to 
construct a baseline model for the lifetime of a 1 mm grain in dilute solutions with 
pH between 0 and 12 at 298 K. Then we evaluate how changing other important 
rate controlling parameters affects this lifetime.

Data from eight olivine dissolution studies (Blum and Lasaga 1988; Grandstaff 
1986; Luce et al. 1972; Oelkers 2001; Pokrovsky and Schott 2000b; Rosso and 
Rimstidt 2000; Siegel and Pfannkuch 1984; Wogelius and Walther 1991) were * E-mail: jdr02@vt.edu


