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SEEING THROUGH THE DUST AND ALTERATION PRODUCTS OF 
MARS Carle M. Pieters, Geological Sciences, Brown University, Providence RI 02912 

It has been known from all telescopic observations since the late 1960's that the surface of Mars is oxidized 
and contains iron in the ferric state (1). It is also well known that the surface frequently experiences dust 
storms (that may become global in nature). The elemental compositions of fine grained soil at the two Viking 
landing sites are almost identical (2) in spite of the great distance separating the sites. Except for minor 
scattering effects in the blue, spectral reflectance properties of a dust storm are apparently the same as those 
for areally extensive high albedo regions on Mars (3), which in turn also exhibit low thermal inertia (4). 
These characteristics taken together led to the concept of a fine grained "global dust" that has a high albedo and 
blankets the entire planet to varying degrees. Since remote spectral reflectance observations see only the 
uppermost millimeter or two of a surface, it has been suggested that visible to near-infrared measurements, 
intended to measure variations in surface mineralogy, will simply observe more and more dust. Such a 
suggestion is fundamentally flawed. The purpose of this discussion is to correct this misconception so that a 
scientifically sound exploration strategy can be developed that includes global assessment of martian surface 
composition and leads h the return of appropriate martian samples. 

Mars Surface as a multicomponent mixture: implications of albedo. For almost a century, several large-scale 
(hundreds of krn) albedo features (both high and low albedo) on Mars have remained roughly constant, while over the same 
extended peaiod only approximately 25% of the equatorial region has exhibited significantly variable albedo (5). In spite of 
the frequent dust storms, most regions on the surface of Mars thus appears to have relatively constant long-term bulk 
properties indicative of an equilibrium balance between dust cover and surface exposure. As estimated both telescopically 
(6) and with the Viking IRTM instrument (4), the magnitude of the albedo difference between high and low albedo regions 
is about a factor of two. The IRTM results in fact show a distinct bi-modal distribution of surface albedo during the Viking. 

Strictly speaking, all surfaces are mixtures of several materials and remotely acquired reflectance data are a 
combination of the reflectance characteristics of each component. If the mixing occurs on the macro-scale (eg. dust vs rock 
spatial mixtures) the resulting reflectance is a linear m u  of the characteristics of each component according to their relative 
portion in a spatial context (eg. 7). Since the martian dust is relative homogeneous and exhibits a high albedo, in the dust- 
cover concept for the Martian surface, any variation in observed bulk reflectance properties of the surface would necessarily 
have to be due primarily to proportion of the surface not covered by dust. Since the general properties of high albedo areas 
have been shown to be representative of this dust (and are most likely largely dust covered) the extensive areas exhibiting 
lower albedo (by a factor of two) must have signifiant exposure of low albedo materials (rocks, pebbles, or non-duty soil) 
and must have less than 505% of their surface spatially covered by dust. If the spectral reflectance properties of the high 
albedo dust are accurately obtained. a linear mixing model can easily extract the spectral reflectance properties of the 
exposed nondust component from bulk reflectance data. 

If mixing occurs at the microscopic scale (an intimate mixture such as occurs for most rock types where neighboring 
grains are of a different composition). the resulting reflectance is affected by the characteristics of each component in a very 
non-linear manner (absorbing materials have a larger effect). In this intimate mixture case, separation of individual 
components and estimating their abundance is achieved using theoretical modeling (8) which has been tested in the 
laboratory (9). Effects of particle size, microstructure, and viewing geometry are now relatively well understood for reflected 
radiation, and such modeling produces abundance estimates sufficiently accurate (-5%) for most geological problems. In 
either the macro- or the micro- scale of mixing, deconvolving the spectrum of a complex mixture into its individual 
components can be readily achieved when accurate reflectance data are acquired for the surface and possibleJprobable 
components of the mixture can be estimated. 

Alteration of surface material and dust abundance. Alteration of surface material has occurred on Mars, and various 
amounts of " global dust" exist almost everywhere on the surface. These are two separate. issues and should not be confused. 
Neither of these complications, however, detract from the expected return from a carefully planned spectroscopic analysis of 
the martian surface at high spatial resolution. 

The alteration processes that transformed martian rocks (presumed mafic) into the obviously fenic-bearing soil are not 
clearly known. Alteration may be ongoing today and/or occurred extensively early in the history of Mars. Experience with 
terrestrial materials involved in ongoing weathering effects that cause alteration (to femc bearing phases and clays) 
indicates that alteration normally affects the outermost surface (which eventually flakes off and the process starts anew). 
As shown in the examples of Figures 2 and 3 the spectral character of such alteration is dominated by the ferric phases in 
the visible, but manylmost of the diagnostic absorption bands of the host rock in the near-infrared nevertheless remain 
readily detectable. In some cases the diagnostic nearIR bands are easier to detect in the altered surface (Figure 3), 
apparently because the alteration affects the surface structure and allows a deeper penetration of radiation. On the other 
hand, a process that cause more extensive alteration (metamorphism) generally affects the whole rock and transform 
original minerals of the material (pyroxene, olivine, etc) into other species which have equally diagnostic absorption bands 
(amphibole, serpentine, etc.). If this latter form of alteration is more common, such mineral species should also be readily 
detectable in near-infrared reflectance spectra. Identification of their existence would in fact help identify the major 
alteration processes affecting the surface of Mars. 

The dust storms observed on a global scale indicate that dust must exist in some proportion almost everywhere. The 
origin of the dust is linked to alteration processes, but because of its long-term mobility (and presumed homogenizationj, it is 
unlikely that a single rock type is the source. Even within the poor spatial resolution of earth-based measurements (Figure 
I), 1ov;er albedo regions exRibit a range of variations beyond 0.8 pm in the ne*xIR where mafic :ninerals begin to become 
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detectable (3,lO). From the above albedo discussion concerning mixing, the lower albedo of these martian areas is totally 
inconsistent with dust dominating the spectrum in the near-infrared. Although dust exists, it is only a componenb 
sometimes a minor one, of martian surface units. The remaining components are likely to be compositionally very 
heterogeneous and spatially variable and exhibit different degrees of alteration. [Note that we would infer the geology of 
the Earth and the Moon to be bland if we looked at spectra for these bodies with the terriily low spatial resolution of current 
earth-based spectra for Mars.] 

Conclusions Several direct results of this discussion are relevant to measurement strategy: 
1. Alteration and dust deposition are two separate processes affecting the surface of Mars. Alteration is 
local. Ongoing alteration processes are surficial and often only f leet the visible, allowing local lithology to 
be identified in the near-IR. Metamorphic alteration processes (impact, volcanic, etc) can transform, but not 
destroy, local lithology. Global dust, on the other hand, is likely to have resulted horn several processes 
acting on a variety of lithologies over an extended period of time (ie. it has no singular origin). It is 
apparently homogeneous and forms a regular pattern of regional deposits resulting in different degrees of 
surface exposure. 
2. The visible part of the spectrum is strongly affected by both alteration and dust cover, and does not contain 
adequate information to characterize the composition of local material (other than ferric components). Any 
spectral variations in the visible can nevertheless be wed to map the extent of surface units and help estimate 
dust cover. 
3. Only about 25% of the martian surface (high albedo) is expected to contain a sufficient thickness of dust 
cover to make compositional studies of local lithology difficult without data of the highest spatial resolution. 
Observations of these regions are scientifically very important nevertheless since they provide the best data on 
the nature (and homogeneity) of global dust. 
4. The remaining regions (intermediate and low albedo) contain varying amounts of dust cover. A typical low 
albedo area must have more than 50% of its surface exposed without dust cover. Given high quality near- 
infrared reflectance data (0.8 to -4 pm) of such areas and accurate reflectance data characterizing the dust 
component (# 3 above), mixing models can readily extract the spectral reflectance properties of local 
materials, the desired first step in deriving compositional information about surface units. Depending on the 
local geology, these local materials may be pristine or metamorphosed outcrops, lag deposits, non-mobile soil. 

Summary. Although Mars presents measurement and analysis challenges, all current information indicates 
advanced sensors will provide an excellent assessment of the compositional nature and diversity of materials. 
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Figure 3. Spectra of a dolomite from Kings-Kaweah 
ophiolite melange (J.F. Mustard, unpublished). A 
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freshly exposed surface exhibits the diagnostic features 
of carbonate as well as Fe+2 features. The exposed 
(natural) exterior exhibits ferric alteration in the 
visible, but the carbonate features of the host rock are 
readily apparent in the nearIR. The strong carbonate 
bands between 3.3 and 3.5 are more easily detected 

LT in the altered surface. 
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