
 

 

Figure 1: Photo of CeC 022 nakhlite after cutting out the type specimen. Note the dark green 

groundmass, with reddish spots (arrows) being the iddingsite-bearing olivine phenocrysts.  

Figure 2: BSE image showing pyroxene diversity. Note the irregular cores (Irg Core) with lighter 

(Fe-rich) euhedral rims (Px Rim) and thin, sharp Fe-richer overgrowths (Fe Ovgr). Olivine (Ol) is 

seen at the bottom right and low-Ca pyroxene (Low-Ca Px) is observed replacing augite next to 

the olivine. 

Figure 3: BSE image of an inclusion plane in olivine. Each inclusion contains pyroxene (Px) and 

Fe-oxides (Ox). 

Figure 4: BSE image of olivine (Ol) with Ti-magnetite (Ti-Mag) and pyroxene (Px) in the 

surroundings. Olivine shows no zonation. We also observed iddingsite (Idd) veins in the olivine 

with oxides (Ox) (and some sulfides) at center and a melt inclusion (Mlt Incl). Pyroxene crystals 

can be observed included in the olivine. The contact between olivine and pyroxene show no 

diffusion. 

Figure 5: BSE images of (Left) microscale ilmenite or ulvöspinel exsolution in Ti-magnetite 

(Blue dashed lines). FEG-SEM (Right) Nanoscale exsolution in (titano)magnetite, some 

enhanced by the yellow dashed lines. Blue dashed lines correspond to the microscale exsolutions 

observed on left image. Some scratches can be observed crosscutting all exsolutions due the 

polishing. 

Figure 6: Photomicrographs of CeC 022 sulfides. B, C, D, E: Plane polarized reflected light 

images; A; F: Back scattered electron-BSE images. A) intercumulus fractured pyrrhotite (1) 

between two Ca-pyroxene crystals. Note the discontinuous magnetite layer (2) separating 

pyrrhotite and pyroxene; B) intercumulus pyrrhotite (1) rimmed with magnetite (2). Note the 

residual pyrrhotite inclusion (1) inside magnetite (2); C) complex intercumulus pyrrhotite 

showing both enclosed and coarse granular magnetite (2), the pyrrhotite exhibits incipient 

alteration into goethite-like Fe oxyhydroxide phases (3); D) intercumulus pyrrhotite (1) 

containing chalcopyrite external granule (4) partly altered in goethite-like Fe oxyhydroxide 

phases; E) pyrrhotite stringer (1) within iddingstite veins (5) cross-cutting olivine; F) BSE image 

of a spheroidal goethite-like phase aggregates (3) replacing pyrrhotite. This altered pyrrhotite 

coexists with smectite-like phases (4) and is surrounded by iddingstite (5). 

Figure 7: Composite color chemical EDS maps. Top: Ca (red), Fe (green), Mg (Blue); around the 

olivine (Ol), the low-ca pyroxene (blue) are observed in rim around the augite (Px, in purple). 

Bottom: S (red), P (green), and Ca (blue); notice the elongated apatite (Ap, in light blue) present 

around the olivine (in association with low-Ca pyroxene) and sulfides (in bright red). 

Figure 8: Crystal size distribution profiles for augite grains in CeC 022, compared to other 

nakhlites. (a: Balta et al. 2017; b: Day et al., 2006; c: Udry and Day, 2018). 

Figure 9: Pyroxene quadrilateral composition of CeC 022 compared to other nakhlite pyroxenes 

compositions. Colored areas are from Sautter et al. (2002), Mikouchi et al. (2003), Day et al. 

(2006), Imae and Ikeda (2007), Treiman and Irving (2008), Balta et al. (2017), Jambon et al. 

(2016) and Udry and Day (2018). 



 

 

Figure 10: Olivine compositions of CeC 022 in comparison with other nakhlites (Sautter et 

al..2002; Treiman and Irving. 2008; Mikouchi et al., 2016; Udry and Day; 2018; Jambon et al., 

2016). 

Figure 11: Feldspars ternary diagram of CeC 022 and other nakhlites. Data from Bunch and Reid 

(1975), Irving et al. (2002), Sautter et al., (2002), Richter et al. (2016), Jambon et al. (2016). 

Figure 12 13: REE patterns of CeC 022 and other nakhlites for comparison. Data of other 

nakhlites from Udry and Day (2018), Sautter et al. (2002) and Jambon et al. (2016). 

Normalization values to CI from Anders and Grevesse, 1989 

Figure 13 14: Top: BSE image of an iddingsite vein inside an olivine grain. Bottom: Composite 

color chemical EDS map of Fe (red), Si (green), and Mg (blue). Notice the two different phases 

of the iddingsite, one richer in Fe at the margin of the vein (orange). and one richer in Si (green). 

Fe-oxides can be observed at the center of the iddingsite veins (red). 

Figure 14 15: Equilibrium temperature versus Mg# of melt (Jambon et al., 2016). olivine. and 

augite. derived from the experimental data of Toplis and Carroll (1995). Plain lines are the best 

fits and colored fields are data dispersion coming from Jambon et al., 2016. The dashed line 

shows the limit between cores and rim. This diagram indicates that augite cores are not in 

equilibrium with olivine. 

Figure 15 12: BSE image of CeC 022. Note the difference of intercumulus materials, with both 

coarse intercumulus plagioclase (Pl) and fine-grained mesostasis (Mes) composed of skeletal 

oxides, apatite, pyroxene and fine-grained feldspar. 

Figure 16: BSE images of mesostasis with dominant feldspars in CeC 022. Top: mesostasis 

showing no alteration. Bottom: mesostasis altered into iddingsite (Iddingsite with a phyllosilicate 

texture).  

Figure 17: Saturation remanent magnetization (MRS) versus magnetic susceptibility of CeC 022 

compared to other Nakhlites. The horizontal broken line is the minimum MRS necessary to 

account for the strong intensity of the martian magnetic anomalies. 


