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INTRODUCTION 
Two major elements analyzed by the Viking lander XRF experiment [ l ]  that are most vulnerable to 

atmospheric oxidation are iron and sulfur. However, the mineralogy of the phases in these Martian soils is still a 
matter of speculation. Iron and sulfur probably occurred as ~ e ~ + - b e a r i n ~  silicate and sulfide minerals in basaltic 
rocks on the surface of Mars [2]. A possible oxidative weathering product of such sulfide minerals is jarosite. 
Jarosite could be formed by the acid sulfate weathering conditions brought about by oxidation of sulfides and acid 
dissolution of basaltic rocks liberating the elements Fe, S, K, and Na required for the jarosite formation. The 
reflectance spectra of jarosite also share some of the features of remotely observed Martian spectra. Spectral data 
from Phobos-2 spacecraft [3] confirm the -860 nm band minimum and also show for certain regions that the 
shallow band minimum is located near 900 nm. The reflectance spectra of jarosite as reported here and elsewhere 
14, 5, 61 exhibit a shallow band minimum near 910 nm. Jarosite is not a mineral of fixed composition and hence 
may show spectral shifts with changes in composition. Compositional changes ranging from potassium jarosite to 
natrojarosite and hydronium jarosite may affect the spectral signatures of this mineral. Therefore, the study of 
jarosites of diverse compositions are important in terms of understanding terrestrial and planetary reflectance 
features. The objective of this paper is to characterize and relate the spectral features and composition of a unique 
titanium-bearing jarosite collected from Hawaii. 
SAMPLES AND METHODS 

Sample HWMK 515 was collected from a -8 meter vertical wall formed during the excavation for the 
foundation of the Gemini telescope on the second highest summit cone of Mauna Kea volcano. Sample HWMK 
26 was collected from a road cut on the northwest flanks of the unnamed summit cone of Mauna Kea volcano upon 
which the Japan National Subaru telescope is located. In both locations only the <1 mm fraction was collected and 
the samples were later fractionated in the laboratory to obtain the <5 pm fraction by ultrasonic dispersion and 
water sedimentation. 

A Cary-14 spectrophotometer configured with a 14-cm diameter integrating sphere was used to obtain 
visible and near IR reflectance spectra. Fourier transform infrared (FTIR) spectra were obtained by using a Biorad 
FTIR spectrometer. A Scintag XDS2000 X-ray diffractometer using CuKa radiation was employed to obtain 
powder X-ray diffraction patterns. A JEOL JSM-35CF scanning electron microscope equipped with PGT EDS was 
employed for SEM imaging and chemical analysis. Quantitative microprobe analysis of the polished sections of 
HWMK26 sample was performed by using a Cameca FXlOO scanning electron microprobe operating at 15 kV and 
20 nA beam current. 
RESULTS AND DISCUSSION 

XRD analysis revealed the presence of jarosite and plagioclase feldspar in sample HWMK 26 and jarosite 
alone in the sample HWMK 515. The jarosite in -515 contained Fe, S, K, Na, and Ti. The morphology of 
HWMK515 and HWMK 26 jarosites was thin square plates. The elemental distribution in the sectioned HWMK 
26 sample showed some heterogeneity in the distribution of Fe and Ti. But the Fe and S showed a linear 
correlation. Ti analytical values fall into two groups, one with a linear correlation with S and other varying 
independently of S and Fe (Figure 1). The latter is the contribution from the phases other than jarosite and the 
former Ti values correspond to those substituted in jarosite. The distribution of elements Fe, S, K, Ti and Si for 
polished HWMK26 sample showed that Ti is present along with jarosite and also as some other Fe-Ti rich phases 
(Figure 2). The data in Figure 1 suggests approximately 10 mole % substitution of Ti for Fe. Scanning electro 
micrographs of HWMK26 show Ti-jarosite with impurity phases; Ti-jarosite is present as a square plat, 
morphology and an Fe-Ti-phosphate phase occurs as framboids of cubic crystals (not shown). The sample HWPdK 
515 mainly consists of Ti -jarosite. The reflectance spectra of -515 and pure jarosite (see Moms et al. 1996 
e.g., HWMK24 ) both had ferric absorption bands at or near 430 nm and 910 nm, but the difference being that 
HWMK 515 had a shoulder extending to the lower wavelength region 500 to 600 nm. Also the hydroxyl 
absorptions near 1480 and 1840 nm were absent in the titanium-bearing jarosite sample HWMK 515. However, in 
the Fourier transform infrared spectrum of HWMK515 a hydroxyl stretching band was present at 2.98 pm (not 
shown). 
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Electron microscopy of sectioned samples provided evidence for possible dissolution of glass to provide 
Fe, Ti, and K necessary for jarosite formation. Titanium also may come from dissolution of titanomagnetite. 
Sulfur however comes mainly from vent gasses. The evidence for sulfur not coming from primary igneous minerals 
comes from the fact that jarosite forms rinds around basaltic tephra samples and it appears to have no relationship 
to primary sulfides, which we were unable to detect. The gas composition of the Kilauea volcano was in the 
decreasing order H20, C02, SO2, H2S, HC1 and S [7]. Therefore, SO2 and H2S appear to be the major S-bearing 
vapor phases in volcanic vent gases. Formation of jarosite at a volcanic vent can take place by direct reaction of 
SO2 with basaltic rocks or via formation of sulfides which later oxidized to form jarosite. The chemical 
composition, reflectance properties, and the simple mode of formation directly from volcanic processes are 
consistent with the possible presence of titanojarosite as a Martian mineral. 

Figure 1. h 

Figure 2. Elemental distribution of Si, S, K, Ti, and Fe in Sample HWMK 26. The elemental distribution (a 
through f) suggests titanojarosite and other Fe and Ti bearing phases in addition to jarosite (see Figure 1). 
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