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Introduction: The region at the intersection of the 

late Noachian Isidis Basin, the Hesperian-aged Syrtis 
Major volcanic province and the Noachian highlands 
NE of Syrtis (Figure 1) has exceptionally well-exposed, 
in place mineral-bearing strata containing both unal-
tered and altered rocks (reactants and products) in close 
proximity, and where the timeline of geologic processes 
is well understood [1-6]. Of particular significance for 
understanding early habitability is the occurrence and 
character of carbonate-bearing strata, when, how and if 
they were altered from olivine to magnesite, and their 
relationship to phyllosilicate-bearing rocks.  

In Nili Fossae, carbonate is intimately associated 
with an olivine-rich unit [7]. Near-surface weathering 
by small amounts of water, serpentinizing hydrothermal 
systems, deep hydrothermal convection cells, metamor-
phic, and sedimentary/lacustrine deposits within ultra-
mafic catchments have been proposed to explain these 
atypical (at least in comparison to Earth) Mg-
carbonates [7-12].  To advance our understanding of the 
environments of formation of carbonate here, we are 
pursuing four key outstanding questions: (1) How does 
the association of olivine and carbonate vary across the 
region from the northern highlands to the lowest eleva-
tions associated with the post-Syrtis fluvial system? (2) 
How do the carbonate and olivine absorption bands 
(and by inference mineralogy) vary across the region 
and with geologic context? (3) What is the relationship 
between exposures of clay mineral-bearing outcrops 
and the olivine-carbonate unit? (4) How does the char-
acter of the clay-olivine-carbonate association change 
across the region? Here we focus on a regional charac-
terization of carbonate and phyllosilicate occurrences 
with CRISM data (Figure 1).   

Methods: Carbonate is recognized by the presence 
of distinct paired 2.3 and 2.5 µm absorptions (Figure 2), 
while phyllosilicates on Mars typically have a 2.3 but 
no 2.5 µm absorption. We developed a new parameter 
to isolate carbonate occurrences: CARB = (BD2500/ 
(BD2300 + BD2500) (Figure 2) where BD refers to 
Band Depth [13-15] and 2300 and 2500 refer to the 
wavelength of the measurement in nanometers. Typical 
martian phyllosilicates will have a CARB value ≈0.0. 
We ran the parameter on all carbonate and carbonate-
clay mixtures from the RELAB spectral library and 
found that carbonates typically have a CARB value 
≈0.6 and mixtures <0.6 (Figure 2).   

All CRISM observations in the region 15-24° N and 
75-80°E have been processed using the most up-to-date 

data from the CRISM archive (TRR3).  We applied the 
systematic processing steps to convert the I/F data to 
apparent surface reflectance using the most current vol-
cano-scan correction [e.g. 3,15].  

 
Figure 1. MOLA color coded topography on THEMIS 
day IR map. CRISM footprints are color coded accord-
ing to the mapping of carbonate absorptions (see Meth-
ods). Red indicates the most “pure” carbonate signa-
tures scaling to blue where few carbonate signatures are 
detected and grey where none are detected.  

We analyzed all CRISM observations shown in the 
white box in Figure 1. The CARB parameter was deter-
mined for each pixel having a BD2500 value of > 1%. For 
each image, the maximum CARB values for pixels covering 
at least 2km2 (100 pixels for FRTs) is shown in Figure 1. 
Each CRISM observation was then color coded by their 
binned values. For example, red outlines indicate that over 
2km2 of exposed material has a CARB value of > 0.6.  The 
higher the CARB value the more “pure” the strongest 
carbonate signatures are. We also calculated the 
strength of the phyllosilicate absorptions and character-
ized the CRISM observations by the number of pixels 
with a measureable 2.3 µm band but no 2.5 µm band. 
Similar to the CARB mapping, the phyllosilicate map-

 

75E,	  15N 80E,	  15N 

75E,	  24N 80E,	  24N 

Isidis	   
Basin 

None 

<2	  km
2

 

>0.3 

>0.4 

>0.5 

>0.6 

 

 

 

 

 

 

1344.pdfEighth International Conference on Mars (2014)



ping only included pixels with BD2300 >1%, and we 
then binned the images similar to the CARB mapping.  
These results are discussed here due but not shown due 
to space limitations. 

Results:  Carbonate presence and purity as defined 
by the CARB parameters is broadly distributed in the 
region but the level of purity in the spectral signatures 
(CARB>0.5) shows two important areas of concentra-
tion.  One is in the northeastern region and the other is 
in a topographic low in the southwest, between the 
Jezero crater paleolake [5,6] and the edge of Syrtis Ma-
jor flows. Phyllosilicate mapping shows similar areas of 
concentration but is also more widely distributed 
throughout the region. There are some CRISM observa-
tions with significant phyllosilicate occurrences but no 
carbonate. This may be a function of the presence of 
olivine that appears to be always associated with car-
bonate in this region. One follow up analysis is to map 
pure olivine outcrops and assess their relationship to 
phyllosilicate and carbonate.   
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Figure 2. (upper) Carbonate spectra from RELAB da-
tabase showing ~2.3 and 2.5 µm absorptions, and 
schematic of calculated band depths. (lower) CARB 
parameter versus BD2500 parameter values for RELAB 
carbonate spectra. Note the most CARB values fall at 
~0.6, regardless of the BD2500 value. 

We consider the concentration of high CARB values 
in the topographic low associated with a proposed re-
gion of ponding of water associated with a post-Syrtis 
fluvial system [16] particularly important. Relationships 
between the rock units, alteration signatures, and the 

fluvial features show a distinct trend.  This suggests that 
among our hypotheses for carbonate formation, altera-
tion of olivine to carbonate in a surface or near-surface 
environment may be favored. 

In the simplest reaction of olivine to carbonate: 
 Mg2SiO4 + 2CO2 ! 2MgCO3 + SiO2   

This reaction, involving water and the dissolution of 
olivine and re-precipitation of magnesite, is one path-
way.  However this pathway predicts that SiO2 is liber-
ated by the reaction. Opal or hydrated silicates are not 
yet detected in these outcrops, but may be present and 
obscured by mineral mixing, or the silica was transport-
ed away. The problem of missing salts, as may be the 
case here, has been noted by others [e.g., 17]. Other 
reaction pathways are equally viable and predict that 
precursor and intermediate mineral assemblages should 
be presented such talc, serpentine, and brucite. Serpen-
tine has been detected in the region [4,10,15] and we 
are actively examining the data for other phases. 

Implications: The overall goal of this work is to as-
sess possible environments of carbonate formation from 
subsurface serpentinizing systems to near-surface or 
surface weathering environments. The correlation of 
carbonate absorption band strength with apparent densi-
ty of fluvial features and proposed ponding of water 
shown here would suggest a near surface or surface 
environment with surface water playing a role.  The 
role of the regional subsurface hydrology and hydroth-
eral system proposed by [18] has not yet been examined 
but will be more thoroughly investigated here. 
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