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Chemical weathering of basaltic rocks in the high altitude, ice-free areas of Victoria 
Land, Antarctica produces etch pits and secondary minerals including illite and quartz. This 
occurs under some of the driest and coldest conditions encountered on earth. Weathering 
under cold, arid conditions was investigated as a possible source of the pitted rocks and clay 
minerals at the Viking landing sites on Mars. 

Antarctica Fine-grained, non-vesicular cobbles derived from dolerite (basalt) 
intrusives are a distinctive feature of the Allan Hills nunatek, Beacon Valley, the Olympus 
and Asgaard Ranges, and most other high altitude, ice-free areas of Victoria Land, Antarctica. 
Ubiquitous etch pits in these cobbles range from mm to several cm in diameter (Fig. 1). 
They are formed by dissolution of the rock by infrequent snow meltwater during the austral 
summer. Snowfall contributes an undetermined amount of water per year, 1-10 mm 
maximum, confined to a few storms. Moisture in the etch pits lasts for tens of hours before 
evaporation. Wind erosion removes weathered material from the pits. Rocks exhibiting etch 
pits have been exposed to weathering up to 690,000 years (1). 

A yellow precipitate lines the upper interior walls and a very thin zone of active 
weathering underlies the pit bottoms. Infrared spectroscopy indicates a combination of 
quartz and clays in the illite/montmorillonite series (2). The 0 -H  stretch for structural 
hydroxyl at 3624 cm-I  and the Si-0 stretches at 1033 cm-I and 750 cm-I positively 
identify the clay as non-mixed layer illite ( ~ 1 0 %  montmorillonite). The yellow precipitate 
consists of 65% illite, 30% quartz and ~ 5 %  soluble salts in an intimate mixture. 

The presence of well-crystalline, discrete illite was confirmed by transmission 
electron microscopy. Typical illite particles are subhedral flakes 1-2 microns in width 
(Fig. 2). Electron diffraction patterns are well-developed and show no evidence of mixed- 
layering. However, the quartz was very poorly crystalline. The AI/(K+Mg) in the 
precipitate was 4.6 - 4.7 which is very close to the 4.2 of idealized discrete illite. The illite 
has the composition K0.4Mg0.1 A12.1 Si3.301 0(OH)2. 

lllite has never before been described as a surface weathering deposit precipitated 
directly from solution, although it can occur as a subsurface weathering product of primary 
micas (3,4). Previous experimental investigations of etch pit solution chemistry during 
wetting show that the aqueous chemistry is exotic with fluoride, ammonium, sulfate, sodium 
and nitrate ions occurring in high concentrations of 10 to 30 ppm, buffered by the 
preexisting secondary minerals (5). However, the FICI ration in solution is 2, the same as 
the basalt substrate. During evaporation-induced precipitation, most of the cations enter 
soluble salts. NHq+ and ca2+ precipitate from solution first along with NO3- and ~ 0 4 ~ - ,  

followed by Na+, K+ and ~ g * +  along with F- and CI-. After complete evaporation, Si, K, Mg 
and Al are left in a gel that eventually crystallizes as illite and quartz in a nearly constant 
ratio of 2.2:1. The crystallization takes place at near-freezing temperatures when the rock 
surface is heated to above 0°C by solar illumination. The occurrence of illite indicates that 
Na, Ca and Mg are efficiently removed by precipitation in salt phases, and not incorporated 
into silicates during cold crystallization from solution. Elsewhere in the basalt, 
montmorillonite and vermiculite clays occur as alteration products of the primary minerals 
under conditions separated from the etch pit solutions. Therefore, extremely low moisture 
fluxes together with cold temperatures cause a variety of metastable conditions to occur over 
small distances. 
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Fig. 1. Basalt cobble with etch pits formed Fig. 2. lllite flake from yellow precipitate. 
by chemical weathering Particle width is 2 microns. 

Most of the rocks at the Viking landing sites are coarsely pitted, with pit 
diameters of 0.3 - 1 cm. They are generally identified as vesicular lavas, though 
preferential etching of softer minerals in coarse-grained rocks has also been suggested (6). 

The surface fines at the two landing sites are thought to be secondary weathering 
products, predominantly clay minerals. On earth, clays generally form in moist, temperate 
environments far different from the extreme cold and aridity of the present martian surface. 
Proposed mechanisms for clay formation on Mars include hydrothermal interactions of 
water and rock, heated by volcanism or impact (7). 

The present investigation of chemical weathering in Antarctica shows that pitting 
and clay formation can occur in extremely cold and arid climates as a result of mechanisms 
not operable at higher temperatures under relatively wet conditions. In less than 690,000 
years non-vesicular, fine-grained basalt becomes strikingly pitted by exposure to minimal 
snowfall and wind erosion. lllite and quartz are produced by infrequent, short-term 
weathering events. Mars, with colder more arid conditions but a much older surface, has 
also experienced infrequent catastrophic wetting events and occasional surface fog 
condensation. Such mechanisms may have played a part in forming the striking landscapes at 
the Viking landing sites. 
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