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CARBONATES ON MARS?: REQUIREMENTS FOR DETECTION AND CHARACTERIZATION 
USING REFLECTANCE SPECTROSCOPY Susan J. Gaffey, Geology Department, West Hall, 
Rensselaer Polytechnic Institute, Troy, New York 12180-3590. 

Are there carbonates on Mars? If so, where do they occur, and in what forms and 
abundances? The existence or non-existence of carbonates on Mars is central to many 
problems dealing with the early geologic history of Mars, the evolution of the 
Martian atmosphere, water on Mars, weathering and the cycling of volatiles on Mars, 
the composition of the Martian surface, and life on Mars. Identification of 
carbonates on Mars, or determination of upper limits on their abundances should help 
resolve a number of controversies about Mars, and constrain models proposed to 
explain various phenomena observed from earth-based telescopes and the Mariner and 
Viking missions. 

VNIR reflectance spectroscopy which can aid in identifying minerals and 
determining their chemical composition provides a potentially powerful tool for 
obtaining answers to some of these problems. Although there are plans for eventual 
visits to the Martian surface, information on the majority of the Martian surface 
will have to be obtained remotely for the near future. 

VNIR (0.3-5.0um) spectra of the Martian surface, which continue to be obtained 
from Earth based telescopes and which may be obtained from future Mars orbiter 
missions, could provide valuable data which will aid in answering these questions. 
However, despite the intense interest in carbonates on Mars, despite ongoing efforts 
to obtain spectra of the Martian surface, and despite the wide potential 
applicability of information obtained from these spectra, an adequate data base for 
determining the mineralogy, chemical compositions, and abundances of carbonates from 
spectral data, or even of determining the presence or absence of carbonates on Mars 
does not exist. There is currently no adequate laboratory data base and no 
interpretive calibrations are available to properly analyze either existing or near- 
term telescopic spectra or future spacecraft spectra for the presence or nature of 
martian carbonates. 

Many workers believe that carbonates do occur on Mars, but the timing and modes 
of their proposed formation vary widely, with the result that the number of 
carbonate minerals which could occur on Mars, and the potential range in their 
chemical compositions are great (see Gaffey, this volume). However, detection and 
correct identification of carbonate minerals will be extremely helpful in 
determining which of the proposed models for carbonate formation are correct. Fig. 
1 illustrates how'very different carbonate minerals can appear .spectrally, and why 
spectra of a few endmembec phases do not constitute an adequate data base. 

Some workers suggest that carbonates will not be detected on Mars. It is 
suggested that martian soils are too acid for formation of carbonates and that 
sulfates are the dominant salts formed by weathering [1,2,31, that all "missingn C02 
occurs in the polar caps or is adsorbed on regolith particles [4,5,61 or that the 
hypothesized paleolakes were sites of siliciclastic rather than carbonate deposition 
[7,8,91. Testing of these theories necessitates spectral studies of mineral 
mixtures and determination of detection limits for possible carbonate mineral 
species in intimate mixtures with candidate regolith materials. 

Interpretation of remotely obtained spectra can only be as good as the 
calibrations and interpretative methodologies on which they are based. Such 
calibrations and methodologies are developed from laboratory data, acquired under 
optimum conditions in which mineralogy, chemical composition, mineral abundances, 
particle sizes, and viewing geometry can be controlled. It is extremely difficult 
to identify unknown minerals from spectral data unless the spectral properties of 
all the major candidate phases are known. 

Inadequacies of the existing data set include: 
1. The limited number of carbonate mineral species which have been studied in 

detail. . . 
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2. The lack of data on variations in spectral properties of the limited suite of 
studied carbonates with variations in chemical composition. Most studies to date 
have have dealt with pure end-member phases, and little work has been done on 
effects of cationic substitution within this highly variable group of minerals. 

3. Poor characterization or lack of characterization of mineralogy and chemical 
composition of mineral samples used in most studies. 

4. The limited number of studies on the effects of weathering on spectral 
properties of carbonates. 

5. The very limited selection of minerals, both carbonate and silicate, which 
have been used in studies of mineral mixtures. 

6. The number of studies which have focused on only one or two spectral 
features. 

7. The low spectral resolution of instruments used in most studies. 
8. Limited wavelength range of most studies. 
9. Lack of studies done on carbonate minerals or mineral mixtures at variable 

viewing geometries. 
10. Lack of studies done on carbonats mineral mixtures with varying grain sizes. 
11. The fact most spectral studies of carbonates for Martian applications, 

likemost studies carbonate spectra for terrestrial applications, have been carried 
out by investigators with very little or no background in carbonate mineralogy, 
chemistry, petrology, or sedimentology. 

It is critical to develop an 
adequate data base on the spectral 
properties of all relevant carbonate 
species and on their detection limits 
in mixtures with other mineral species 
which might occur on Mars. We will 
have difficulty detecting and 
characterizing or placing upper limits 
on the abundances of carbonate 
minerals on Mars, if we don't know a, 

what to look for. 2 
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Fig. 1. Reflectance spectra of a 
variety of hydrous and anhydrous 
carbonate minerals: A) witherite, 
B) f erroan dolomite, C) hydrozincite, 
D) hydrocerussite, (E) hydromagnesite. 
These can't be adequately modeled with 
reagent grade calcite or Iceland spar. 
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