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SPATIAL VARIATION I N  T H E  SEASONAL SOUTH P O L A R  C A P  O F  M A R S  AS 
OBSERVED BY M A R I N E R  7; Wendy M. Calvin U. S. Geological Survey, Flagstaff, AZ 86001, Terry 
2. Martin Jet Propulsion Lab, Pasadena, CA 91109 and Gary  B. Hansen Univ. of Washington/JPL 

Spatial variations in infrared spectra of the seasonal south polar cap of Mars were noted by the original 
Mariner 7 IRS instrument team [1,2] as well as in subsequent examinations of the Mariner 7 data set [3,4]. 
Up to now, however, there has been little effort to  synthesize this information to understand variations in 
the south seasonal cap as a function of position or latitude. We attempt to quantify the spectra by providing 
estimates of C 0 2  grain sizes as well as upper limits on the amount of water frost contained in the polar 
collar. 

In Fig. 1 we present the variation in brightness at two wavelengths as well as the band depth of a 
weak COz-ice feature at 2.28 pm as a function of spectrum number or subsequent location on the cap. 
Corresponding latitudes range monotonically from -62 to -77.5. The data set is fully described in [5]. Both 
intensity curves indicate a transition region from partial to full frost coverage. The brightness at 2.2 pm 
indicates that by spectrum number 130 the spectrometer footprint was completely within the cap. However, 
the brightness at 3.1 pm jumps significantly between spectra numbers 130 and 131, which led the instrument 
team to suggest the presence of water ice in a collar around the cap [2]. In addition, Fig. 1 shows the 
variation in band depth of a C 0 2  feature at 2.28 pm. This band is evident in laboratory measurements of 
CO2 ices but is weak in CO2 frost spectra [4,6,7,8] which implies that long path lengths are required before 
this absorption feature becomes apparent and that it can be a sensitive indicator of path length and/or grain 
size. 

Although previous researchers noted variation in the bands at 2.28 and 2.34 as well as 3.1 and 3.3 
pm, it is evident in Fig. 1 that the variation in band depth is slight until spectrum number 145, which 
displays a dramatic increase. In conjunction with this increase, the intensity level at 3.1 pm also drops. The 
intensity at 2.2 pm remains almost constant until after spectrum number 145, which suggests that the cap 
was most likely a C 0 2  frost on a COa-ice surface. A thin layer of fine frost will keep the reflectance level 
high and dominate areas of strong absorption. In areas of weak absorption, light penetrates farther into a 
more transparent ice layer, and the spectrum is dominated by characteristics of transmission through the 
ice. 

The spectra beyond number 145 are characterized by overall weaker intensities at all wavelengths and 
the virtual absence of characteristic C02-ice features at 2.28, 2.34, 3.0 and 3.3 pm. These conditions could 
be caused by continued increasing path lengths in C 0 2  ice or coverage by ice clouds. With further modeling 
we hope to discriminate between these contributing factors. 

In Fig. 2 we compare the full spectra, corrected only for the solar incidence angle, of three of the most 
significant areas. Spectrum number 130 is in the polar collar and number 134 is typical of spectra 131-142. 
The suppression of spectrum 130 beyond 3 pm we attribute to the strong absorption by water ice in this 
region. In the corrected spectra [5] there is evidence that water ice may exist throughout the cap, which 
would imply an increased concentration in the collar region. Spectrum number 145 shows the peak in the 
depths of absorption features at 2.28 and 2.34 and the near absence of C 0 2  features at 3.0 and 3.3 pm, 
which appear to be correlated with extremely long path lengths in C 0 2  ice. However, the presence of water 
ice can also contribute to the suppression beyond 2.9 pm. 

Model calculations of the reflectance of C 0 2  as a function of grain size, using COz absorption coefficients 
derived by [4,8], are useful for quantifying path lengths in the seasonal south cap. Estimates in [4] indicated 
equivalent grain sizes of millimeters to centimeters. More recent calculations suggest even larger grain sizes, 
on the order of several centimeters. In addition, calculated mixtures of water and C 0 2  ice provide limits 
on the amount of water ice in the polar collar. Preliminary calculations indicate an upper limit of 1 wt%. 
Models are being refined to further constrain this value. 
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Figure 1: Intensity variations as a function of position in the polar cap. 
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Figure 2: Raw spectra of three different positions in the cap. 
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