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Introduction: Carbonates have been detected on 

Mars by the Perseverance, Spirit and Curiosity rovers 

[1, 2, 3]. These minerals were also detected in Martian 

meteorites, for example in the Northwest Africa 

(NWA) 1950 [4] or in the Allan Hills (ALH) 84001 

[5]. Some of the carbonate minerals detected in 

meteorites are shocked altered phases that are 

identified easily with Raman spectroscopy and 

morphology observations [4]. 

Extreme conditions can alter carbonate minerals 

and here we explore whether new high-pressure 

polymorph phases may be formed. In this work, four 

carbonate minerals are considered: calcite (CaCO3), 

siderite (FeCO3), magnesite (MgCO3) and dolomite 

(CaMg(CO3)2). In Figure 1, the high pressure 

polymorphs of each carbonate and the pressure at 

which they are formed are represented. Depending on 

the carbonate, one to six different phases have been 

reported. 

 
Figure 1. High pressure polymorphs of calcite, 

siderite, magnesite and dolomite [6-10]   

 

Raman spectra of these four carbonates are well 

studied at ambient conditions, but the spectra of the 

high-pressure polymorphs are not known so well. In 

this work, calibration curves for the different high-

pressure phases of calcite, siderite, magnesite and 

dolomite were made combining literature data and 

representing the main Raman band position of each 

carbonate at different pressures.  

 

Methodology: To produce the calibration curves, 

data from literature were analyzed studying the 

position of the main Raman band for calcite, siderite, 

dolomite and magnesite at high pressures. With that 

dataset, a calibration curve for each type of high 

pressure polymorph was constructed, in the form: 

 

y = k0 + k1. x 

 

where y is the Raman wavenumber of the maximum 

for the most intense vibration carbonate band and x is 

the pressure in GPa units. For each calibration curve, 

the residual values on wavenumbers (difference 

between the observed maximum of the main Raman 

band of carbonate and the calculated one by the 

calibration plot) at each pressure were calculated and 

the Dixon’s Q test was used to evaluate the probable 

presence of outliers on such residuals. When outliers 

were detected, the observed data were rejected in order 

to improve the quality of the obtained calibration 

curves, based on the r2.   

 

Results and discussion: Figures 2, 3 and 4 

summarizes the calibration curves obtained. For 

calcite, data from calcite I [11, 12], calcite II [13, 14], 

calcite IIIb [15] and calcite III [12, 15] were available 

in the literature. Calcite I and II have only one main 

Raman band whereas in the case of calcite IIIb and 

calcite III the main Raman band is split in two bands. 

The Raman band position was found for the two high 

pressure polymorphs (High-Spin and Low-Spin) of 

siderite [16, 17, 18]. For magnesite, Raman 

wavenumbers positions were also found for magnesite 

I [19, 20, 12], magnesite Ib [19] and magnesite Ic [19]. 

In contrast, in the case of dolomite, only values for 

dolomite I were available on theexisting literature [21, 

22]. 

 

As seen in Figures 2-4, there are differences in the 

behavior of the calibration curves obtained for each 

high pressure polymorph as they have different slopes. 

Depending on the pressures at which carbonate was 

exposed, a different calibration curve has to be used.  
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Figure 2. Calibration curves for calcite I, calcite II, 

calcite IIIb, calcite III, LS siderite and HS siderite. 

 

 

Figure 3. Zoom in the region of 0 to 14 GPa of the 

previous Figure 2. 

 

 

Figure 4. Calibration curves of magnesite I, magnesite 

Ib, magnesite Ic, and dolomite. 

 

Perseverance will start in few sols (Martian days) 

the in-situ observations of the Jezero crater rim where 

the possibility to detect high pressure carbonate rocks 

is really high. The calibration curves proposed in this 

work will be tested, together with other SuperCam 

observations (RMI, LIBS and VISIR) to identify the 

presence and geochemical characteristics of possible 

shocked carbonates. Using the elemental values 

obtained by LIBS on targets that confirmed the 

presence of carbonate as seen by Raman and VISIR, 

and taking into account the other minerals detected by 

the analytical techniques onboard Perseverance, it is 

possible to identify which metal-carbonate(s) is(are) 

present calculating the amount of each element 

according to the stoichiometric modeling [23]. 

 

Conclusions: The high-pressure carbonates 

calibration curves obtained are very important for the 

near future in the Mars2020 mission, because of the 

possible identification of shocked carbonates in the 

Jezero crater rim. For this reason, it is very important 

to complete the calibration curves for the high-pressure 

polymorphs for which no literature values were found.  

For future work, laboratory analyses can provide data 

to complete these calibrations. 
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