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CALIBRATION AND MINERALOGIC ANALYSIS OF HST IMAGES OF MARS OBTAINED DURING 
1994-1995; J. F. Bell 111 (Cornell University, Ithaca NY), M.J. Wolff (Space Sciences Institute, 
Boulder CO), P.B. James (Univ. of Toledo, Toledo OH), R.T. Clancy (SSI, Boulder CO), S.W. 
Lee (Univ. Colorado, Boulder CO), and L.J. Martin (Lowell Obs., Flagstaff AZ) 

Between August 1994 and August 1995 we obtained images of Mars using the Hubble Space 
Telescope (HST) Wide FieldPlanetary Camera-2 (WFPC2), with P.B. James as the PI of our 
General Observer proposal team [1,2]. Most of the images were obtained in 5 filters (F255W, 
F336W, F410M, F502N, F673N) approximately once per month during the times when Mars was 
greater than 50" from the Sun. More frequent coverage was obtained in these five filters around the 
time of opposition in February 1995, and four additional wavelengths (LRF7400, LRF8600, 
F953N, F1042M) were added for the imaging performed in July and August 1995. The primary 
goal of this HST observing campaign is synoptic monitoring of Mars atmospheric and surface 
phenomena. Initial results from these observations have recently been reported [3]. The primary 
focus of the work reported here is on the continuing analysis and interpretation of the images with 
emphasis on determining and mapping Mars surface mineralogy. 

Spectroscopic observations have shown that the Martian surface is at least partially covered by 
minerals containing oxidized ( ~ e ~ ' :  "ferric") and relatively unoxidized (~e'': "ferrous") iron [e.g., 
4-71. More recent imaging spectroscopic measurements [8-111 have revealed spatial variations in 
the surface iron mineralogy, but detailed analysis of the identification of the minerals responsible 
and of their global spatial distribution has been limited because of either calibration uncertainties in 
the data, limitations in spatial and spectral coverage, or both. Nonetheless, the available data do 
indicate that the Martian surface is detectably spectrally heterogeneous at visible to near-IR 
wavelengths. Specific evidence for the occurrence of the iron-bearing minerals hematite and 
pyroxene has been presented, and strong inferences regarding the presence of other iron-bearing 
phases like goethite have been made. The goal of the research reported here is to search for 
evidence of these and other phases on Mars using the HST images, and to map the distribution of 
any spectral variability detected in the data in order to constrain the mineralogy and geochemical 
weathering history of the surface. 

Because of their relatively high signal-to-noise ratio and the absence of any telluric 
contamination effects, the HST data can be accurately calibrated to absolute flux units. This is an 
important step in the reduction of this data set, as an absolute calibration of these multispectral 
images will allow: (a) accurate determination of absolute surface reflectance, for comparison with 
terrestrial laboratory spectra of minerals, mixtures, and analogs; (b) derivation of dust and cloud 
opacities through comparisons with the expected flux from Mars derived via radiative transfer 
modeling [e.g., 12,131; and (c) more accurate determination of certain photometric parameters l~ke  
limb darkening and surface phase function via the analysis of images obtained over a wide variety 
of viewing geometries. 

The images were processed using the procedures discussed by Lauer [14] and Holtzman et al. 
[15], employing calibration files constructed from data near in time to the individual Mars 
observations. We remove cosmic rays through a combination of automated (low and high-pass 
filters) and manual processes. Individual and small groups of undefined pixels are repaired by 
performing an iterated fourth-order polynomial least-squares fit to the neighboring pixels. For 
larger groups of "bad" pixels, the order of the polynomial is dependent upon the location on the 
planetary image: disk or limb. 

The absolute photometric calibration of WFPC2 data must take into account both the time- 
variable nature of the system throughput, as well as the extended and inhomogeneous nature 
(surface features) of Mars. For the first component, we utilize the extensive standard star 
observation and monitoring programs carried out by STScI. All WFPC2 observations of Mars are 
bracketed by nearly-coeval calibration data. The photometric errors are conservatively in the range 
of 5-lo%, with errors below 5% often seen for the visible and near-infrared passbands. The 
second aspect of the process requires a correction for the shape of the point spread function (PSF). 
We accomplish this with the well-known Richardson-Lucy deconvolution method, including a 
modification by White [15] which "damps" the propagation of noise artifacts. Our numerical 
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FIGURE 1: Laboratory reflectance spectra of iron-bearing minerals convolved over the bandpasses 
of the HST filters used in our 1994-95 Mars imaging campaign. 

simulations show that, with a judicious choice of a PSF, one is able to recover the "truth" image to 
within 5% (to within about 4 pixels from the edge of the Martian disk). Allowing for uncertainties 
in the PSF (usually due to spacecraft jitter) introduces errors of the order 5-10% for particularly 
dark or bright surface features (i.e. 2-4 times the brightness of the surrounding pixels). 

Figure 1 presents spectra of laboratory minerals convolved over the transmission functions of 
the filters used in our HST data set. The first four wavelengths are part of the routine 5-color 
monitoring filter set [2]; the last four wavelengths were added for our extended visible to near-IR 
imaging program in July and August 1995. Convolved spectra of two ferric oxides (hematite and 
goethite) and two ferrous-bearing basalts (pigeonite and diopside) show that the extended filter set 
is capable of detecting and discriminating between several different kinds of iron-bearing minerals. 
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