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Introduction: Eskolaite (Cr2O3) is a rare mineral 

on Earth, first discovered in metal-sulfide deposits and 
skarns in the Outokumpu mine in Finland [1], and then 
reported in other ore deposits or with grey-
wacke/alluvium (see [2-3]). Eskolaite has also been 
found in high-pressure rocks [4-6].   

In extraterrestrial materials, eskolaites, most of 
which are sub-μm to μm sized grains, are known from 
the lunar regolith, ureilites, carbonaceous chondrites, 
and in the fusion crusts of iron meteorites [7-14]. The 
only reported occurrence in a Martian meteorite is as 
~10 nm grains, coating silica glass in ALHA 84001, 
which was attributed to condensation following vapori-
zation of chromite in an impact [15].  

In our study of the ‘Black Beauty’ meteorite NWA 
7533 using a breadboard model of PIXL, the X-ray 
fluorescence spectrometer selected for Mars 2020 rov-
er, we detected high-Cr phases. Most of these are 
chromites, but one grain contains eskolaite. Further 
investigation of another NWA 7533 section and one 
NWA 7034 using EPMA X-ray mapping and SEM 
yielded one more eskolaite crystal enclosed in chromite 
in NWA 7533. Here we report the texture and mineral 
association of the eskolaite-bearing grains, preliminary 
compositions from SEM-EDS analysis, and consider 
possible formation mechanisms on Mars.   

Results: The eskolaite (Esk) grain encased in 
chromite (Chr)-magnetite (Mag) was observed in each 
of the two sections of NWA 7533 (Figs. 1 and 2). 
EBSD analysis confirmed the corundum structure of 
both grains. The eskolaite grains are single crystals 
~30-90 μm long and ~10-20 μm in the smallest dimen-
sion.  Both grains are embayed by the mantling chro-
mite, which is further rimmed by aggregates of magnet-
ite, augite (Aug), pigeonite (Pgt), and plagioclase (Pl) 
with a minor amount of chlorapatite (Cl-Ap) and il-
menite. One of the occurrences also contains merrillite 
(Mer)-chlorapatite (Fig. 1), which contacts with esko-
laite are separated by a thin selvage of chromite. 

The eskolaite grains are relatively uniform in com-
position, except for Fe2O3 (e.g., 0.9-1.4 wt% in the 
grain in Fig. 1). V2O3 concentrations are ~0.35 wt% 
(Fig. 1) and 1.29 wt% (Fig. 2), respectively. Both 
grains contain 96-98 wt% Cr2O3, <0.5 % Na2O, <0.5 % 
SiO2, <0.1 % MgO, and <0.1 % Al2O3. These composi-
tions correspond to a formula of Esk98Hem1Kar1 (Fig. 
1) and Esk97Hem1Kar2 (Fig. 2), where Hem refers to 
the hematite (Fe2O3) component and Kar to the  
 

 

 

 
Figure 1. Back-scattered electron (BSE) image (a) and 
X-ray maps (b, c) of eskolaite enclosed in chromite-
magnetite in NWA 7533.     

 

karelianite (V2O3) component. Terrestrial examples are 
higher in one or more cations of Al, V, Ti and Fe [1, 3-
5]. The mantling chromite-magnetite is polycrystalline 
based on preliminary EBSD and shows compositional 
zonation from nearly pure chromite in contact with 
eskolaite to Cr-magnetite (Fig. 4). The magnetite 
mixed with silicates in the rim varies from Cr-bearing 
magnetite to nearly pure magnetite (Fig. 4). Mg# of the 
chromite-magnetite varies from 4-16. 
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Figure 2. BSE image of a second eskolaite (Esk) grain 
in NWA 7533.   

 
Figure 3. Composite X-ray maps of an eskolaite-free 
chromite-magnetite grain in NWA 7533.  

 
Figure 4. Composition of chromite-magnetite in terms 
of the octahedral site occupancy. 

Most chromite-magnetite assemblages in our sam-
ples of NWA 7533 are eskolaite-free (e.g., Fig. 3); 
these grains also display increasing Fe and decreasing 
Cr from center-to-rim (Fig. 4) and are often bound by 
similar a rim of similar phase assemblage. 

Discussion: Eskolaite has never been reported as a 
primary igneous phase, and this reflects the enhanced 
stability of chromite-magnetite and other Cr-phases 
relative to sesquioxides in magmatic environments. 

Eskolaite in most natural samples is secondary in na-
ture. Eskolaite in ureilites is formed by high-T reduc-
tion of primary chromite through shock metamorphism 
[14], but we see no evidence for reduction agents (e.g., 
metals/carbides/graphite) in NWA 7533 that might 
facilitate such reactions. Moreover, eskolaite in NEW 
7533 is texturally earlier than the enclosing chromite-
magnetite, not a product of it. However, the formation 
of terrestrial eskolaite often involves fluids in meta-
morphic rocks (e.g., [3, 16-18]), or in metasomatized 
mantle rocks [4, 5].  

The anhedral shape of eskolaite and the zoned man-
tle of increasing Fe3+ contents toward the rim suggest 
that eskolaite reacted with or was replaced by an oxi-
dizing fluid. In low temperature aqueous fluids, Cr3+ is 
generally thought to be essentially insoluble except in 
contact with Mn oxides [e.g., 19]. At elevated tempera-
tures in alkali-, Cl-enriched fluids, however, Cr3+ be-
comes soluble [20-21] and, therefore, mobile. As the 
temperature or fluid composition is changed, either 
eskolaite or chromite may become the stable Cr-
bearing oxide. 

Summary: The unusual associate of eskolaite and 
chromite-magnetite in NWA 7533 suggests an active 
hydrothermal environment in the martian crust. In our 
previous studies of NWA 7034/7533, we suggested 
that REE-phosphates and REE-silicate reflect hydro-
thermal events in the martian crust [23-24]. Reaction of 
eskolaite to chromite-magnetite provides additional 
constraints on the nature of hydrothermal processing of 
the Martian crust. 

References:  [1] Kouvo, O. & Vuorelainen, Y. (1958). 
Am. Min., 43, 1098.  [2] Weiser, T.W., et al. (2008) Bull. 
Geol. Soc. Finland, 80, 5-18. [3] Alexandre, P., et al. (2014) 
Can. Min., 52, 61-75. [4] Logvinova, A. M., et al. (2008) 
Am. Min., 93, 685-690.  [5] Schulze, D.J., et al. (2014) Am. 
Min., 99, 1277-1283. [6] Yang, J., et al. (2015) Gondwana 
Res., 27, 459-485. [7] El Goresy, A. & Fechtig, H. (1967) 
Smithson. Contrib. Astrophys. 11:391-397. [8] Kumari, M. 
& Ikeda, K. (1992) Proc. NIPR Symp. Antarct. Meteorites, 5, 
74-119. [9] Bogatikov, O., et al. (2001) Doklady Earth Sci., 
379A, 679-681. [10] Sharygin, V.V., et al. (2006) 37th LPSC 
#1235. [11] Nazarov, M.A., et al. (2009) Petrology, 17, 101-
123. [12] Genge, M.J., et al. (2010) 73rd MetSoc #5019. [13] 
Ma, C., et al. 2011, Am Min, 96, 1905-1908. [14] Goodrich, 
C.A. et al. (2014) GCA, 135, 126-169. [15] Barber, D. J. & 
Scott, E. R. D. (2006) MAPS, 41, 643-662. [16] Treloar, P. J. 
(1987) Min. Mag. 51, 596–599. [17] Höller, W. & Stumpfl, 
E.F. (1995) Can. Min. 33, 745–752. [18] Koneva, A.A. 
(2002) Neues Jahrbuch fur Mineral. 12, 541–550. [19] 
Ivarsson M. et al. (2011) Geochem. Trans. 12:5; 10 pp. [20] 
Watenphul A. et al. (2014) GCA 126, 212-227. [21] Zhang 
M. et al. (2014) Ind. & Eng. Chem. 53, 18311-18315. [22] 
Secco, L., et al. (2008) Min. Mag. 72, 785–792. [23] Liu, Y. 
& Ma, C. (2015) 46th LPSC, #1287. [24] Liu, Y., et al. 
(2015) 78th MetSoc, #5051. 

Esk 

Mag 

20 μm 

NWA 7533 

Aug 

Pl 

40 μm Fe Cr P Ca 

Aug 

Pgt 

Pl 

Chr-Mag 

NWA 7533 

1127.pdf47th Lunar and Planetary Science Conference (2016)


