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Introduction:  Carbonate-bearing deposits have 

been identified on Mars mainly within sub regions in 

the vicinity of Nili Fossae and the Isidis Basin and 

southwest towards Hellas basin using CRISM  VNIR 

reflectance spectra [1, 2, 3, 4].  

The detection of carbonate-bearing deposits within 

coherent stratigraphic units on the surface of Mars is 

significant because carbonate phases are important 

mineralogic indicators of geochemical condition(s) 

(e.g., fluid cation chemistry, pCO2, temperature) and 

alteration regime(s) (e.g., open system/closed system, 

hydrothermal grade) in which the carbonates formed.   

 The largest carbonate-bearing exposures occur 

near Nili Fossae and are dominated by Mg-carbonate 

(Fig 1) [1]. Leighton crater exposures have spectra that 

are more similar to Fe- and/or Ca-carbonates [2] (Fig 

1).Mg/Fe/Ca carbonates are broadly consistent with the 

carbonates (Mg-rich with appreciable Fe and less Ca) 

examined by the Spirit rover at the Columbia Hills [5].   

Nili Fossae carbonate-bearing deposits are posited 

to have formed in the shallow subsurface at low grade 

hydrothermal conditions or at the surface under surface 

ambient conditions [1] whereas carbonate-bearing ex-

posure to the south (Leighton crater central peak) are 

hypothesized to have formed at or been buried to 

greater depths (~6km) [2]. 

Robust determination of specific carbonate miner-

als using CRISM spectra is complicated because the 

carbonate-bearing deposits have spectral contribution 

from other alteration phases (e.g., phyllosilicates) that 

have absorption features that overlap with and obscure 

important diagnostic carbonate bands near 2300 and/or 

2500nm [1]. Intercomparison among deposits is made 

more challenging by the presence of atmospheric water 

vapor that also absorbs at 2500nm and impacts the 

apparent depth of the 2500nm carbonate band. 

This work seeks to further characterize the spectral 

diversity and geologic context of the carbonate bearing 

deposits on Mars at Nili Fossae, Leighton crater, and 

Huygens basin to refine our understanding of their 

formation environments. Here we focus on further ex-

amining Nili Fossae carbonate-bearing deposits be-

cause these exposures are quite extensive and relatively 

well exposed.  Small scale variation is evident.   

Carbonate Spectral Identification:  Characteriza-

tion of the carbonate phases has primarily focused on 

examination of carbonate related vibrational features 

that occur near 2300 and 2500nm because the exact 

wavelength center positions of these features allow 

determination of the dominant cation in the carbonate 

(Mg-carbonates have band minima at 2300/2500nm 

and Fe-carbonates have minima at 2330/2530nm [6])  

  
Figure 1. (left) Carbonate laboratory spectra (x-axis μm). 

(right) CRISM carbonate bearing ratioed spectra (x-axis μm). 

Identification of alteration phases on Mars using 

CRISM VNIR spectra is typically performed by com-

paring band centers of Martian spectra that occur near 

wavelengths of known vibrational features to band cen-

ters of similar features in spectra of well characterized 

laboratory samples. This procedure works well in cases 

where one alteration phase dominates the spectrum but 

is more difficult if multiple alteration phases with over-

lapping spectral features contribute to the spectrum, as 

is the case with carbonate exposures identified to date 

[1, 2, 3, 4]. The presence of other alteration phases 

(e.g., phyllosilicates) that also have absorption features 

that overlap with and obscure diagnostic carbonate 

bands near 2300 and/or 2500nm complicates the robust 

identification of carbonate phases present on Mars. 

Carbonate Formation at Nili Fossae:  Nili Fossae 

carbonate-bearing deposits are posited to have formed 

in the shallow subsurface at low grade hydrothermal 

conditions or at the surface under surface ambient con-

ditions and may be concentrated in veins [1]. The asso-

ciation of the olivine-bearing unit with the carbonates 

led to the hypothesis that the carbonate is a low tem-

perature alteration product of olivine. [7] proposed that 

the carbonate and Fe/Mg phyllosilicate (potentially 

talc) formed during the same alteration event and [8] 

suggested that the carbonate may have formed via car-

bonatization of serpentine [8].  

Intercomparison of Carbonate-bearing Depos-

its:  Rigorous intercomparison of CRISM spectra from 

different images is affected by variable aerosol, CO2 

and water vapor features left by the standard volcano 

scan empirical atmospheric correction [9]. While re-

sidual gas absorptions are commonly suppressed by 

ratioing, the appearance of spectral features in ratio 

spectra is impacted by choice of the dominator spectra, 

compromising detailed assessments of ratio spectra 
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derived from different images. DISORT [10, 11] radia-

tive transfer based atmospheric correction is particular-

ly important for interpreting carbonate spectra because 

the diagnostic 2500nm carbonate band overlaps with 

atmospheric water vapor absorptions.  

 
Figure 2.  Carbonate spectra from the same location but 

different images appear variable at 2500nm in volcano scan 

corrected spectra but overlap in DISORT corrected spectra. 

Small-scale Variability in Nili Fossae Carbonate 

Exposures:  Mg-carbonates are exposed in small but 

stratigraphically consistent deposits over 100s of km
2
 

[12] and are associated with both olivine and Fe/Mg 

phyllosilicates [1]. Carbonate-bearing spectra are well 

fit by a mixture of magnesite/hydromag, smectite, and 

olivine [1]. Kaolinite, chlorite, serpentine, and other 

phases occur in the vicinity of carbonates [12, 13, 14]. 

 
Figure 3.  (left) CRISM false color composite.  Olivine ap-

pears red. (right) parameter map with R=BD2500, 

G=BD2300, B=BD2200. Carbonates appear yellow and 

Fe/Mg phyllosilicates green. (right) DISORT radiative trans-

fer atmospherically corrected spectra of major units. 

Within and around individual carbonate-bearing 

deposits the band center and width of the 2300nm 

Fe/Mg-OH and/or carbonate absorption varies (Fig 

3,4). The depth of 1900nm hydration features also 

ranges from relatively shallow to deep (Fig 4).  

 
Figure 4.  (large) Subset of FRT CBE5 with parameter map 

overlain. Carbonates appear white (red arrows), Fe/Mg phyl-

losilicates green to cyan, and other hydrated phases blue.  

(small) Subsets showing various parameter maps. BD2500 

color ramp is 1-3%, BD2300 1-8.5%, BD1900 1-10%. 

Fig 4 shows a relatively large, continuous carbonate 

exposure. The carbonate-bearing deposits have spectral 

absorptions at 1900, 2300, and 2500nm and therefore 

appear white (indicated with red arrows) in the parame-

ter composite. Looking at individual parameter maps 

colorized based on value shows that the 2500nm ab-

sorption is strongest in the center of the deposit. Both 

carbonate rich and poor areas exhibit variable 1900nm 

hydration features. In Fig 4, the strongest 2300nm ab-

sorptions are associated with the 2500nm absorptions 

(carbonates), although other areas that lack 2500nm 

absorption (Fe/Mg phyllosilicates) also have substan-

tial 2300nm absorptions.  

Discussion:  Small scale variability in band centers, 

widths, and depths of the hydration feature at 1900nm, 

the Fe/Mg-OH and/or carbonate absorption at 2300nm, 

and the carbonate absorption at 2500nm seen at small 

spatial scales is difficult to identify using standard pa-

rameter map color composites. Assessing variability 

across images is made more challenging by variable 

amounts of atmospheric dust that biases the dynamic 

range of most parameter maps. Significant seasonal 

variability in atmospheric water vapor  further impacts 

the diagnostic 2500nm carbonate absorption.  We have 

shown that carbonate spectra extracted from the same 

location but from 2 different images (with different 

atmospheric conditions) appear to have different 

2500nm carbonate absorption details (Fig 2). The ap-

parent variability at 2500nm caused by incomplete 

atmospheric correction could be mistaken for real 

compositional or abundance variations and demon-

strates the need for DISORT radiative transfer atmos-

pheric correction of CIRSM images prior to rigorous 

intercomparison of carbonate-bearing deposits. 

Future Work:  We ultimately seek to characterize 

the variability of minerals within and around car-

bonate-bearing deposits and to intercompare the depos-

its at Nili Fossae [1], Leighton [2], and Huygens [3] 

and other areas using nonlinear endmember umixing of 

DISORT atmospherically corrected spectra to test the 

hypothesis that Mg-carbonates and Fe/Ca carbonates 

are the best spectral matches to Nili Fossae and Leigh-

ton carbonate-bearing deposits, respectively. 
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