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FERRIC MINERALOGY OF THE MARTIAN SOUTH POLAR REGION; James F. Bell Ill, 
Paul G. Lucey and Thomas B. McCord (Planetary Geosciences Division, SOEST, University of 
Hawaii, Honolulu 96822). 

Groundbased telescopic images and spectra of Mars were obtained during the 1988 and 1990 
oppositions in the visible and near-IR (VIS-NIR; 0.4-1.0 pm) [ I  ,2]. The 1988 data were 
obtained in late southern springlearly southern summer (L, = 259-280"; sub-earth latitude 
= -20") and include several hundred VIS-NIR spectra of the receding south polar cap (SPC). 
The spectral resolution of these data is R = UAh = 350, and the spatial resolution is roughly 
200-500 km. Calibration was performed relative to the G8III-class star q Psc (BS437). 

Most of the analysis of telescopic reflectance spectra of the martian polar caps has 
concentrated on determining volatile (ice) composition [e.g., 3,4]. Recent studies of the martian 
SPC and south polar layered terrains using Viking Orbiter and Mariner 9 color imaging data 
[7,8] have revealed a number of distinct surface color units besides C02  frost. Of particular 
interest to us is the interpretation of Herkenhoff and Murray [7] and others that the dark polar 
layered deposits are composed at least partially of magnetite (Fe304) or maghemite (y-Fe203) 
dust. Our data cover the wavelength region most diagnostic of ferric and ferrous iron-bearing 
minerals, which are known to be an important constituent of the optical surface of Mars at non- 
polar latitudes [5,6]. Even though our spatial resolution is up to 3 orders of magnitude worse, 
we seek to determine whether spectral features diagnostic of particular ferric-bearing 
minerals can be detected in high resolution groundbased SPC spectra. 

Figure (A) shows a subsample of integrated SPC spectra from 5 of our 14 VIS-NIR image 
cubes. Most of the high-frequency "jitter" in these spectra is not error but is due to telluric 
atmospheric absorptions and differences between the spectra of q Psc and the Sun. Figure (B) 
shows spectra taken from the same image cubes of representative bright regions of the planet. 
While the polar cap appears white in most color images, spectra such as those in (A) show that 
it is quite red (Ro.60/Ro.45 = 1.45-1.66) [see also 3,6], though certainly not as red as the 
bright regions (Ro.60/Ro.45 = 1.75-2.18). The absorption "shoulder" from 0.6-0.7 pm in the 
spectra in (B) has previously been ascribed to the 6A1-+4T2(4G) Fe3+ electronic transition, 
providing evidence for crystalline hematite (a-Fe203) on Mars [ I  ,6,12]. This band is also 
evident in the SPC spectra in (A); however it has a quite different character in spectra 1,3, and 
5 than in spectra 2 and 4. In the latter, the band is a gentle shoulder like that in (B); in the 
former there is a discrete band minimum near 0.67 pm. This narrow, discrete minimum is 
more consistent with the presence of goethite (a-FeOOH) or maghemite than hematite, although 
the band position does not precisely match any pure ferric oxide powder [ lo] .  In the spectra 
where the 0.67 pm band is strongest there is also evidence for a possible absorption feature in 
the 0.85-0.90 Fm region. Ratio spectra between the SPC and other surface regions show some 
evidence for a very minor increase in Fe3+ band strength in the SPC spectrum. 

The VIS-NIR spectra of pure C02 and H20 frosts are white to slightly blue [9]. The redness of 
the SPC is thus either due to intimate and/or areal mixing of white frost with a red ferric- 
bearing component, or to scattering in the dusty Mars atmosphere. Herkenhoff and Murray [A 
have considered (and removed the effect of) scattering for their spatially resolved images. We 
have not yet attempted this analysis/correction for our spectra, although multiple emission- 
angle observations of many polar and equatorial regions may allow us to derive an independent 
measure of the (synoptic-scale) dust opacity during the times our data were obtained. Relying 
on visual observations at the telescope, we have made the simplifying (though quantitatively 
unproven) assumption that the martian atmosphere was relatively dust-free at this time. 

Relative reflectance spectra between bright and dark surface regions and the integrated SPC 
show that bright regions are substantially redder than the SPC, while dark regions are less red 
or nearly equal in color. Assuming that the polar cap reddening is due to areal mixing of white 
frost and red dustlsand [ I  I ] ,  it would then appear that the ferric mineralogy of the non- 
volatile component of the polar cap is more like that of the dark regions than the bright regions. 
Our assumption of low atmospheric dust content may thus be somewhat validated, since airborne 
dust would tend to make the SPC spectra look as red as spectra of the classical bright regions 
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(A) Mars South Polar Cap, 1988 

spechum longitude 

(1) 88-931-12 307 
(2) 88-9278-9 119 
(3) 88-933-08 20 
(4) 88-843-12 51 
(5) 88840-10 45 

(B) Mars Bright Regions, 1988 
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(2) 88-9278-2 tharsis 
(3) 88-933-01 e tharsis 
(4) 8884341 candor 
(5) 88-840-02 w chryse 
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Fiaures; (A) Integrated SPC spectra and (B) Mars bright region spectra. Spectra are merged from two different 
measurements of 0.4-0.5 pm data and 0.5-0.96 pm data. All have been scaled to 1.0 at 0.55 pm to remove albedo 
changes and to facilitate color comparisons. In the unscaled data, the polar cap at certain longitudes is up to 50% 
brighter in the red than the brightest equatorial regions, and over 100% brighter in the blue. Wavelengths where 
prominent telluric H20 and O2 absorptions influence the spectral interpretations are indicated. 

[5,6]. As noted above, there is only minor evidence in the ratio spectra of variations in 
crystalline Fe3+ absorption bands, suggesting that the VIS-NIR spectral behavior is dominated 
by the same poorly crystalline or amorphous phase(s) that exist elsewhere on the planet. 

Summarv: The 1988 martian south polar cap VIS-NIR spectrum can be modeled as a linear 
mixture of frost and "dark region" materials [discussed in more detail in 111 that are 
substantially less red than the classical bright regions. Fractional abundance estimates are 
highly dependent on particle size. Apparently, fine-grained airborne dust and a surface dust 
mantling deposit did not contribute substantially to the SPC spectrum during the time these data 
were taken. There is some evidence in the spectra for the preferential occurrence of crystalline 
ferric oxides in the integrated SPC spectra. The observed bands for several cap longitudes are 
more consistent with features in goethite or maghemite than hematite; however at our spatial 
resolution it is not clear whether the contributions of individual ferric oxide phases can be 
uniquely discriminated. It is not possible to detect magnetite uniquely in our data, and thus the 
evidence for the presence of this mineral remains circumstantial. 
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