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abstract

Various approaches have been used to estimate when and how long liquid water was present at the 

surface of Mars. The olivine dissolution-lifetime application suggested by Stopar et al. (2006) and Olsen 

and Rimstidt (2007) is here adapted and tested at the scale of individual etch-pits using published data 

from an experimental system in which the volume of mineral removed and the duration of the mineral-
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result in surface-area estimates that vary by less than a factor of two from the simple hemispherical pit 

used in the calculations. Given that other sources of uncertainty in mass-time relationships of silicate-

mineral dissolution during natural weathering can be up to four orders of magnitude, the effects of 

differing geometric assumptions about the shapes and surface areas of the etch-pits are negligible.

Using compiled experimentally determined forsterite dissolution rates and the imaged etch-pit sizes 

from experiments recovers the duration of the experiment that produced the imaged etch-pits to within 

less than a factor of two. This suggests that extensively etched olivine surfaces imply a dominance of 

the etch-pit walls over the bulk surface between the etch-pits during olivine corrosion. The approach 

adopted here recovers the timescales of experimental etch-pit production on olivine at STP and extreme 

undersaturation of the solution with respect to olivine in experiments where pH is known. Continued 

progress in understanding the fundamentals of olivine dissolution kinetics will narrow the ranges of 

uncertainty in mineral-lifetime estimates at Mars’ surface in support of constraining the compositions 

and duration of potentially habitable aqueous solutions on Mars.
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introduction

Dissolution of rock-forming minerals is a major source of 

solutes to terrestrial natural waters (e.g., Berner and Berner 2012) 

and likely contributes similarly to such aqueous solutions as may 

have existed on Mars (e.g., Velbel 2012). Consequently, the rates, 

processes, and mechanisms of mineral dissolution are of broad 

significance to many disciplines within the Earth sciences, and 

are well studied (Brantley et al. 2008). Olivine, (Mg,Fe)2SiO4, 

is one of the major rock-forming minerals on Earth (Deer et 

al. 1992) and throughout the Solar System (Hutchison 2004). 

In Earth’s surface environment, olivine weathers more rapidly 

than any other common naturally occurring orthosilicate (Velbel 

1999) or other major rock-forming silicate mineral (Goldich 

1938; Wilson 2004). Consequently, olivine does not usually 

persist in most soils (even soils developed on olivine-bearing 

parent materials), sediments, or sedimentary rocks (Delvigne et 

al. 1979; Morton and Hallsworth 1999; Wilson 2004). Recent 

research (Velbel 2009) has brought understanding of dissolu-

tion features and their implications for reaction processes on 

naturally weathered olivine grains closer to the higher level of 

understanding of similar phenomena on other, more widespread 

and therefore better-studied rock-forming minerals in Earth 

surface environments.

Etch-pits, which are crystallographically distributed and 

oriented dissolution mineral-surface features of negative relief 

(e.g., Wilson 1975; Berner 1978) are widely recognized textural 

indicators of site-selective mineral-surface destruction during 

corrosive dissolution (etching). Experimental etching of olivine 

by strong acids, bases, and complexing agents has long been used 

to study defects, dislocations, rock and mineral deformation, 

and cosmic-ray exposure tracks in naturally occurring olivines 

and their synthetic counterparts (Young 1969; Grossman et al. 

1971; Wegner and Christie 1974, 1976; Kirby and Wegner 1978; 

Inoue et al. 1981; Tang and Dieckmann 2011, 2012). A variety 

of etch-pit (etch figure) morphologies have been experimentally 

produced on euhedral or cleaved single crystals or artificially 

polished surfaces of known low-index crystallographic orienta-

tion—usually (100) or (010), less commonly (001). Etch-pit 

shapes include rectangular pyramidal and square-based pyra-

midal pits on (010) and (100) that are elongate in the [001] and 

[010] directions, respectively (Wegner and Christie 1974, 1976; 

Kirby and Wegner 1978); oval- and diamond-shaped etch-pits on 

(001) surfaces elongate in the [010] direction and shorter in the 

[100] direction, and arrays of diamond-shaped pits aligned either 

in the [100] direction or in some other orientation in the x-y plane 
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