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Introduction: Carbonates provide important clues 

toward understanding ancient Martian aqueous history 

and habitable environments. Only over the past ten 

years have carbonates been identified in specific geo-

logic units identified across the martian surface, thanks 

largely to the high spatial and spectral resolution of the 

Compact Reconnaissance Imaging Spectrometer for 

Mars (CRISM) instrument onboard the Mars Recon-

naissance Orbiter (MRO) spacecraft [1]. In the Nili Fos-

sae region, Mg-rich carbonate overlying olivine units 

has been observed in layered bedrock outcrops [2]. In 

the Libya Montes to the south of the Isidis basin, mix-

tures of Mg-carbonate and phyllosilicates have been re-

ported [3]. In Leighton crater, Fe/Ca-carbonates associ-

ated with phyllosilicates in layered deposits have been 

observed in the central uplift of the crater [4]. Fe/Ca-

carbonates have also been reported in the central uplifts 

of a handful of craters in Tyrrhena Terra [5, 6]. In a re-

cent work, more widespread Fe/Ca-carbonates have 

been observed in and around the Huygens basin and in 

western Noachis Terra [7]. In this study, we report the 

observation of large Fe/Ca-carbonate exposures on the 

floor of an unnamed crater in northeast Tyrrhena Terra 

and discuss their possible formation mechanisms and 

implications for the aqueous history of the region.  

Data Sets and Methodology: CRISM visible and 

near infrared (VNIR) hyperspectral data were used to 

identify carbonates and other hydrated phases in the 

study area. Carbonates can be identified based on the 

paired absorption features around 2.3 and 2.5 µm due to 

overtones and combination vibrations of CO3
2-. They 

also have strong absorptions around 3.4 and 3.9 µm, 

making them distinct from most phyllosilicate materi-

als, although using these bands is sometimes challeng-

ing due to low S/N and instrument artifacts between 3.0 

and 4.0 µm. CRISM parameter maps [8] were used to 

map the spatial distribution of hydrated phases. CTX 

mosaics at ∼6 m/pixel [9] and HiRISE images at 25 

cm/pixel [10] are used for coordinated analysis of sur-

face composition and morphology with CRISM data. 

Results and Discussion: We have identified large 

carbonate deposits on the floor of an unnamed crater lo-

cated in northeast Tyrrhena Terra and to the southeast 

of Isidis basin (Figure 1). This unnamed crater is about 

60 km wide in diameter and there are two smaller im-

pact craters on the northwest and southeast of the rim, 

respectively. CRISM Multispectral Survery (MSP) pa-

rameter maps (R=MIN2345_2537, G=BD2100_2, and 

B=BD1900R2) show enhanced MIN2345_2537 signa-

tures that fill the entire larger crater (Figure 1a). The 

MIN2345_2537 parameter maps Ca/Fe-carbonate that 

has paired absorption bands at 2.34 and 2.53 µm, the 

BD2100_2 maps monohydrated sulfates, and 

BD1900R2 maps hydrated mineals with 1.9 µm absorp-

tion feature [8]. There are four CRISM Full Resolution 

Target (FRT) observations available over the floors of 

the larger crater and the smaller craters on the rim (Fig-

ure 1b). Representative ratioed spectra from the ma-

genta areas from each of the four CRISM images to-

gether with library spectra are shown in Figure 2. The 

spectra clearly show paired absorption bands around 

2.34 and 2.53 µm, which are indicative of Fe/Ca-car-

bonates (Figure 2). The absorptions at 2.34 µm are usu-

ally stronger than that at 2.53 µm in these spectra, sim-

ilar to the observation of Fe/Ca-carbonates elsewhere on 

Mars [7]. The spectra also show a downturn at 3.9 µm 

and sometimes a 3.4 µm absorption band that are also 

indicative of the presence of carbonate-bearing materi-

als. Also, in the central uplifts of the small crater on the 

northeast rim of the bigger crater, a spectrum from the 

light blue area in the parameter map has a deep absorp-

tion band around 1.9 µm and an absorption band at 2.5 

µm, which is consistent with the presence of the zeolite 

analcime (Figure 2).  

Interestingly, examination of the 3-D perspective 

view of FRT0000CC93 false-color and parameter maps 

indicates that the carbonate-bearing materials seem to 

fill the crater floor (i.e., areas in magenta color in the 

CRISM parameter map) (Figure 3). There is a distinc-

tive compositional boundary between the crater floor 

and the wall, with no carbonate detections on the wall. 

Previous studies have shown that Fe/Ca-carbonates 

are mostly associated with craters [4, 7], which led to 

the hypothesis of impact-related exposures of previ-

ously buried carbonates. Similarly, the Fe/Ca-car-

bonates identified on the floor of this unnamed crater 

could have been excavated from subsurface during the 

impact. They could have been exposed during the im-

pact of the larger crater or exposed as ejecta during the 

impacts that formed the two smaller craters on the rim. 

For the latter case, an oblique impact would be expected 

as the carbonate exposures are mostly visible within the 

floor of the larger crater but they are not visible to the 

NW and SE portions of the crater (Figure 1).  

Alternatively, these Fe/Ca-carbonates could have 

formed due to impact-induced hydrothermal alteration. 

Hypervelocity impact events produce shock pressures 

and temperatures that can heat and/or melt target mate-

rials. The heated materials interacting with groundwater 
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can generate hydrothermal system on Mars. Previous 

work has suggested that local hydrothermal environ-

ments would have been sufficient to produce most of the 

carbonates found to date [11]. It is possible that the car-

bonate-bearing materials observed in the study area 

have formed by alteration of basaltic materials by hy-

drothermal circulation.  

Conclusions: We identified a large carbonate de-

posits on the floor of an unnamed crater in northeast 

Tyrrhena Terra. Analyses of CRISM spectra indicate 

these carbonate materials are consistent with Fe/Ca-car-

bonates. These Fe/Ca-carbonate-bearing materials 

could be impact-related exposures of previously buried 

carbonates. Alternatively, they could have formed by 

impact-induced hydrothermal alteration of a basaltic 

precursor. 
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Figure 2. CRISM spectra of Fe/Ca-carbonates and zeolite bearing materials. 

Top panel: Representative ratioed CRISM spectra from mageta and light area 

in Figure 1b. Bottom panel: Laboratory spectra of carbonates and zeolite anal-

cime for comparison. 

Figure 3. 3-D perspective view of CRISM image FRT0000CC93. Top panel: 
CRISM false color image showing Fe/Ca-carbonate-bearing materials in dark 

green. Bottom panel: CRISM parameter map showing Fe/Ca-carbonates in 

magenta. The red lines in both images indicate the boundary between crater 
wall materals with no Fe/Ca-carbonate signatures and crater floor filled with 

Fe/Ca-carbonates. 

Figure 1. (a) Thermal Emission Imaging System (THEMIS) daytime infrared mosaic with CRISM  Multispectral Survery (MSP) param-
eter maps overlain. The MSP parameter maps are colorized with paraemters maps (R=MIN2345_2537, G=BD2100_2, and B=BD1900R2) 

so Fe/Ca-carbonate-bearing materials are shown in mageta.Inset at lower left is the MOLA global false-color topographic map where the 

study area is indicated. North is up. (b) CTX mosaic with CRISM full resolution target (FRT) parameter maps (R=MIN2345_2537, 
G=BD2100_2, and B=BD1900R2) overlain, and Fe/Ca-carbonate-bearing materials are shown in magenta. 
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