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ACID WEATHERING ON MARS: SPECTROSCOPIC INVESTIGATIONS 
OF SULFURIC ACID-DEGRADED OLIVINES AND SULFIDES 
Duncan S. Fisher and Roger G. Burns, Dept. of Earth, Atmospheric & Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139. 

t r o d u c t i o n .  Komatiitic lavas derived from partial melting of the martian mantle 
may have transported significant concentrations of sulfur to the surface of Mars to 
be deposited there as massive and disseminated iron sulfides (1). Oxidative 
weathering reactions have been proposed {2,3) in which supergene alteration of 
these primary pyrrhotite-pentlandite deposits by dissolved Fe3+ ions percolating 
from the regolith has generated secondary sulfides (pyrite, marcasite, violarite), 
producing acidic groundwater with high concentrations of iron and sulfate ions that 
initiated chemical weathering of igneous silicates and formed gossaniferous ferric 
oxide, sulfate and phyllosilicate phases {2 ,3) .  To test this model of oxidative 
weathering of basalts on Mars, spectroscopic measurements described here were 
made on acid-degraded Fe2+-bearing olivines and sulfides. 

t a l  DetailS, Powdered samples of two olivines (hortonolite Fa49 and 
synthetic fayalite) and two sulfides (troilite and pyrrhotite) were reacted with 
sulfuric acid (pH 2 or 4) at 60°C or 80°C dissolved ferric sulfate added) for time 
periods ranging from 7 to 30 days. Reaction products were measured by Mossbauer 
spectroscopy at ambient (29S°K) and liquid helium (4.2OK) temperatures to 
characterize x-ray amorphous Fe3+-bearing phases. Reflectance spectral 
measurements in the 0.4-1.8 pm region were also made on the reaction products using 
the RELAB facility at Brown University (4). 

M- The 29S°C spectrum of each olivine after its reaction 
with sulfuric acid contains a ferric doublet (in addition to the olivine Fe2+ doublet), 
the relative intensity of which is greater for fayalite and highest when catalytic Fe3+ 
ions are present. In 4.2OK spectra, sextets appear with magnetic hyperfine splitting 
parameters resembling those of goethite (see Fig. Id in the accompanying abstract 
(5)). The goethite peaks are more intense in the presence of Fe3+ ions, hydrolysis of 
which is unlikely in these acidic solutions. Indeed, the appearance of goethite in 
solutions initially free of catalytic Fe3+ ions demonstrates that oxidation of structural 
Fe2+ ions in the olivines had occurred. Similar results were obtained for troilite and 
pyrrhotite. However, the 4.20K spectra of each H2S04-degraded sulfide reveal the 
presence of diamagnetic pyrite or marcasite in addition to goethite, the relative 
proportion of the FeS2 phase being highest in Fe3+-catalysed reactions. This 
observation suggests that sulfuric acid (in the presence and absence of Fe3+) had 
induced pyrrhotite + pyrite -, FeOOH reactions, in support of our model for 
supergene reactions involving iron sulfides {2,3). 

ts: R e f l e c m c e  S ~ e c t r a ,  The degradation of olivine to goethite has drastic 
effects on Fe2+ crystal field spectra shown in Figure 1. Not only does the absorption 
edge extend further into the visible region with the appearance of goethite, but the 
diagnostic olivine-Fe2+ crystal field bands at -0.85 pm (MI site) and 1.05 pm (M2 site) 
become obscured, particularly in products of reactions catalysed by Fe3+ ions. These 
effects are caused by increased contributions to the reflectance spectra from 
goe th i t e -~e3+  crystal field transitions at 0.65 pm and 0.92 pm, which appear also in the 
reflectance spectra of opaque troilite and pyrrhotite (Figure 2). 

to The presence of -3 wt.% sulfur in the martian regolith, 
deduced to be present there as sulfate-bearing minerals (e.g. anhydrite, jarosite, 
scapolite), indicates that large quantities of sulfur was brought to the surface of 
Mars, either as sulfide mineralization associated with komatiite magmas { I ) ,  or as 
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exhalates of SO2 or H2S (6 ) .  Sulfuric acid must have been produced, either by 
precipiation or condensation of volcanic gases (71, or by oxidative weathering of the 
massive or accessory iron sulfide minerals {2,3), resulting in acidic groundwater 
and permafrost on Mars. Chemical weathering of primary silicate and sulfide 
minerals in olivine-rich basalts by such acidic groundwater has produced Fe(II1) 
oxide phases, which now may contribute to remote-sensed spectral profiles of the 
martian surface, particularly "dark-region" spectra (8) .  
w e r e - ( 1 )  R.G.Burns & D.S.Fisher, MEVTVILPI Wkshp "Early Tectonic and 
Volcanic Evolution of Mars", in press; (2) R.G.Burns, Proc. 18th LPSC, p.713 (1988); 
(3) R.G.Burns & D.S.Fisher, MEVTVILPI Tech. Rept. 88-05, 34 (1988); (4) C.Pieters, 
JGR, 88,  9534 (1983); (5) R.G.Bums, this vol.; (6) B.C.Clark & A.K.Baird, JGR, 84, 8395 
(1979); (7) M. Settle, JGR, 84, 8343 (1979); (8) R.B.Singer, Adv. Space Res., 5, 59 (1985); 
(9) Research supported by NASA grants NAGW-1078 & NSG-7604. We thank Steve 
Pratt for the reflectance spectral measurements. 
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Pyrrhotite Series : FIGURE 2 

[I] pH 4 for 7 days with Fe3+ 

[2] pH 2 for 35 days with Fe3+ 

[3] pH 2 for 35 days without Fe3+ 

[4] pH 4 for 7 days without Fe3+ - 
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Reflectance spectra 
of olivine (Fa49) before and after 
reaction with sulfuric acid in 
the presence and absence of 
ferric sulfate. Note the loss of 
resolution of the characteristic 
olivine ~ e ~ +  band at 1.05 pm . 

e 2. Reflectance spectra 
of pyrrhotite after reactions 
with sulfuric acid (f ferric 
su l fa te  added). Note the  
appearance of goethite spectral 
features at 0.65 and 0.92 pm 
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