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Introduction:  Shock effects in rock-forming 

minerals allow to quantify the shock pressure affecting 

the whole meteorite [1]. In contrast, the formation and 

preservation of most high-pressure polymorphs is re-

stricted to locally occurring shock veins and melt pock-

ets reflecting local shock-pressure and -temperature 

excursions [2,3]. During the last years a great variety of 

high-pressure phases of the major rock-forming miner-

als was discovered in highly shocked L6-type ordinary 

chondrites and Martian meteorites. More recently, two 

high-pressure polymorphs of chromite (hp-chromite) 

with an orthorhombic CaFe2O4- and a CaTi2O4-

structure (named Xieite [6]) were found closely associ-

ated with shock melt in the L6-chondrite Suizhou [4] 

and in the martian meteorite Chassigny [7]. Associated 

mineral assemblages and experimental data suggest 

that the two chromite high-pressure polymorphs 

formed at temperatures of 1800-1950°C and pressures 

in excess of 12.5 and 20 GPa, respectively [4-6].  

In a comparative study of chromites and their 

high-pressure polymorphs in L6-chondrites and chro-

mite-bearing martian meteorites we studied their occur-

rence and discuss their formation history.   

 Materials and Methods:  In this study we 

investigated thin sections from the martian meteorites 

DaG 476 and SAU 005 (both olivine-phyric shergot-

tites) and the lherzolithic shergottite ALH 77005 as 

well as from the ringwoodite-bearing L6-chondrites 

NWA 463, NWA 1662, NWA 3049, and NWA 3065. 

All sections were studied using backscattered electron 

imaging (BSE), electron microprobe analysis and Ra-

man spectroscopy. BSE images and quantitative min-

eral analysis were obtained with a scanning Jeol JXA 

8500F field emission electron microprobe using a 10-

15 kV accelerating voltage, a 15 nA beam current, and 

approximately 1 µm beam size. Micro-Raman spec-

troscopy was carried out using a notch filter based 

Dilor LabRam operating with a HeNe Laser of 632 nm 

wave length. It should be noted, that Raman spectra 

only allow two distinguish between (low-pressure) 

chromite and hp-chromite and not between the two hp-

polymorphs [4]. 

Results:   All thin sections from martian me-

teorites studied here contain chromites, which are lo-

cated within or at the margins of differently sized melt 

pockets. As the size of the melt pockets directly relates 

to their cooling times we selected 50 to 300 µm sized 

melt pockets to cover a broad range of cooling times. 

In contrast to similar textural settings in Chassigny 

where hp-chromite was found, none the melt pockets of 

the martian meteorites studied here contains hp-

chromite. Figure 1 shows a typical chromite at the 

margin of a melt pocket in DaG 476. Chromite was 

identified by Raman spectroscopy (Fig. 2) and electron 

microprobe analysis (Tab. 1). The chemical analysis 

reflects the variable compositions of chromites:    

(Fe0.9-1.6,Mg0.2-0.4)(Cr0.5-1.2,Al0.2-0.3,Ti0.2-0.6)2O4.  

 

 
Figure 1. (a) Back scattered electron (BSE) image of a melt pocket 

in DaG 476. A chromite is located at the margin of the pocket.  

(b) Close-up view of the chromite with different contrast.  

 

 
 

Figure 2. Raman spectra of chromite and hp-chromite. (1) Chromite 

from DaG 476 (Fig. 1).  (2) Dark chromite, and (3) bright hp-

chromite from NWA 3049 (Fig. 3a, b). 

 

All L6-type chondrites studied contain purple 

ringwoodite associated with melt veins attesting local 

high pressure and temperature conditions. High-

pressure phases of chromite were unambiguously iden-

tified in two of the four studied chondrites: NWA 1662 
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and NWA 3049. Hp-chromite was identified by Raman 

spectroscopy (Fig. 2, spectrum 3; [5]) and correlates 

with the bright areas in Figure 3b. While all completely 

transformed chromite grains are located within the melt 

veins, grains located at the vein margins are only par-

tially transformed into hp-chromite. Often the hp-

chromite in the latter grains occurs along certain crys-

tallographic orientations of the parent chromite (Fig. 

3). In general all chromites in the studied L6-

chondrites show little variation in their chemical com-

position (Fe0.9,Mg0.1-0.2)(Cr1.4-1.6,Al0.2-0.3,Ti0.1)2O4. Dark 

and bright areas in the BSE images of chromite are due 

to differences in density and not in chemical composi-

tion (Tab. 1).  

In the studied thin section of NWA 3065 the 

melt veins contain only very few chromites none of 

which was transformed into hp-chromite. In the NWA 

463 section chromite is very abundant in ringwoodite-

bearing melt veins. However, no hp-chromite was en-

countered.  

 
Table 1: Chemical composition in wt% as determined by electron 

microprobe analysis. DaG 476 = the grain imaged in Fig. 1, NWA 

3049-dark = the dark parts of the grain imaged in Fig. 3, NWA 

3049-bright = the bright parts of the grain imaged in Fig. 3. B.d.: 

below detection limit. 
 DaG 476 NWA 3049-dark NWA 3049-bright 

SiO2 2.43 0.17 0.31 
TiO2 11.1 3.34 3.36 
Al2O3 7.2 5.6 5.5 
Cr2O3 31.5 55.3 55.4 
V2O3 0.52 0.63 0.7 
FeO 40.9 31.6 31.3 
MnO 0.65 0.74 0.78 
MgO 4.75 2.44 2.63 
CaO 0.37 b.d. b.d. 
Na2O b.d. b.d. b.d. 
Total 99.42 99.82 99.98 

 

Discussion: No high-pressure chromites are 

observed in melt pockets of the martian meteorites 

DaG 476, SaU 005, and ALH 77005, although these 

regions experienced high pressures and temperatures 

[8]. This finding indicates that either (1) the duration of 

the shock compression was too short to allow forma-

tion of high-pressure chromite or (2) after decompres-

sion,  temperatures remained high enough allowing 

back reaction of hp-chromite to chromite. Case (1) 

would indicate a short shock duration compared to the 

martian meteorite Chassigny which contains ring-

woodite and hp-chromite [7].   

All of the L6 chondrites studied contain ring-

woodite attesting to p-T conditions sufficient for trans-

forming olivine into its high-pressure polymorph. 

These p-T conditions should also be appropriate for the 

formation of hp-chromite [4-6]. However, in the stud-

ied chondrites ringwoodite is not always associated 

with high-pressure chromite indicating differences in 

their shock and/or cooling histories. The post-shock 

temperatures of NWA 1662 and NWA 3049 were low 

enough for hp-chromite to remain preserved. Possibly, 

NWA 3065 and NWA 463 were exposed to higher 

post-shock temperatures as indicated by the absence of 

high-pressure chromite. Alternatively, hp-chromite free 

chondrites may have been heated up during a later 

thermal event, so that hp-chromite commuted back to 

chromite.  
 

 
 

 
Figure 3. Back scattered electron (BSE) image of a melt vein in 

NWA 3049. (a) High brightness image shows chromite partly in 

direct contact with a melt vein. (b)  Low brightness, high contrast 

image shows that the chromite (Chr) is partly transformed into 

brighter hp-chromite (hp-Chr). 
 

As ringwoodite becomes instable above 

900°C [9], its presence in the L6 chondrites studied 

shows that the post shock temperature of these meteor-

ites was below this value. Therefore, the commuting 

temperature of hp-chromite is most likely below 

900°C, which could be tested in annealing experiments.   
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