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Introduction:  Lherzolitic shergottite is one of the 

major groups of shergottites showing similar mineral-

ogy and ages within the group [e.g., 1,2]. Lherzolitic 

shergottite is believed to have originated from the geo-

chemically-intermediate reservoir having distinct oxy-

gen fugacity and rare earth element (REE) composition 

[e.g., 3]. RBT04262, NWA4468 and NWA4797 are 

recently discovered new shergottites that contain py-

roxene oikocrysts enclosing olivine, and petrographi-

cally similar to lherzolitic shergottites [e.g., 1,4]. How-

ever, their geochemical studies revealed that they 

originated from the geochemically-enriched reservoir 

distinct from known lherzolitic shergottites [4,5]. In 

our previous study, we estimated redox states of both 

geochemically-intermediate and enriched “lherzolitic” 

shergottites by using synchrotron radiation (SR) Fe 

XANES measurement of maskelynite and ulvöspinel 

[6]. The obtained Fe
3+
/ΣFe ratios in maskelynite from 

different samples showed some variations, but the ac-

curacy was not enough mainly because of low counting 

signals due to low abundance of Fe in maskelynite. In 

this study, we reanalyzed maskelynite in shergottites by 

SR XANES with longer counting times to compare 

with the redox states of shergottites derived from both 

geochemically-intermediate and enriched reservoirs. 

We especially paid attention to “lherzolitic” shergot-

tites with two distinct geochemical subgroups. 

Samples and Method:  We analyzed one geo-

chemically-depleted (Dhofar 019), four intermediate 

(EETA79001 lith. A, ALH77005, NWA5029 and 

LEW88516) and four enriched (NWA1068, RBT04262, 

NWA4468 and Zagami) shergottites. ALH77005, 

RBT04262 and NWA4468 are “lherzolitic” shergottites. 

We first carefully observed them by optical and scan-

ning electron microscopes, and analyzed them by elec-

tron microprobe in order to find Fe concentration in 

maskelynite. SR Fe-XANES analysis was performed at 

BL-4A, Photon Factory, KEK, Tsukuba, Japan, to 

measure the Fe
3+
/ΣFe ratio of maskelynite. Maskelynite 

is useful for the XANES measurement because we do 

not need to consider crystal orientation which affects 

XANES results [7]. The XANES analysis for standard 

kaersutites with known Fe
3+
/ΣFe ratios shows a linear 

relationship between centroid energy position of 

XANES pre-edge spectra and the Fe
3+
/ΣFe ratio. Based 

on the linear relationship, we estimated the Fe
3+
/ΣFe 

ratio of samples [7]. The error of the estimated 

Fe
3+
/ΣFe ratio is about +/-0.1 [7]. We analyzed a few 

points in the same grains and compared the Fe
3+
/ΣFe 

ratios in terms of Fe zoning in maskelynite for some 

samples.  

Results:  Optical and scanning electron microscope 

observations show that maskelynite is present in all 

shergottites studied. The maskelynite abundance in the 

analyzed samples is generally 10-30%. The FeO abun-

dance in analyzed maskelynite shows some variations 

ranging from 0.2 to 0.5 wt% (Fig. 1). As Figs. 2 and 3 

show, all samples have pre-edge peaks in the obtained 

XANES spectra. Although we analyzed Fe
3+
/ΣFe ratios 

of core and rim in each sample of ALH77005 and 

NWA4468, we did not find obvious difference (Table 

1). We analyzed two different grains in Zagami, 

NWA4468, NWA5029, ALH77005, and Dhofar 019, 

but all show no difference of the Fe
3+
/ΣFe ratio be-

tween two grains, respectively. The Fe
3+
/ΣFe ratio of 

Dhofar 019, the only geochemically-depleted maske-

lynite analyzed, is estimated to be 0.17-0.21. The 

Fe
3+
/ΣFe ratios of maskelynite in geochemically-

intermediate samples are close to that of Dhofar 019 

and range 0.08-0.33. In contrast, the pre-edge peak 

positions of maskelynite in geochemically-enriched 

samples are located at clearly higher energy positions, 

and the estimated Fe
3+
/ΣFe ratios are about 0.6-0.9 

(Table1 and Figs. 2 and 3).  

Discussion and Conclusion:  The Fe
3+
/ΣFe ratio of 

all shergottites that we analyzed shows a wide range 

from about 0.1 to 0.9. Our result is generally consistent 

with [8] that reported Fe
3+
/ΣFe ratios of maskelynite in 

some shergottites. No difference of the Fe
3+
/ΣFe ratio 

was observed between two portions in the same grains 

having different Fe content. This result probably sug-

gests no change of redox state during plagioclase crys-

tallizations. Thus, Fe XANES measurement of maske-

lynitedoes not need to consider difference of Fe con-

tents in maskelynite. We found that there is distinct 

difference of the Fe
3+
/ΣFe ratios of the samples crystal-

lized from the geochemically-enriched reservoirs com-

pared with those from geochemically-intermediate and 

geochemically-depleted reservoirs. Because maske-

lynites in NWA4468 and RBT04262 have high 

Fe
3+
/ΣFe ratios, they were derived from an oxidizing 

reservoir distinct from geochemically-intermediate 

lherzolitic shergottites. Thus, our result further supports 

the geochemical-redox state relationship that geo-

chemically-enriched samples show higher redox states 

[e.g., 3]. It is pointed out that both reduction and coor-

dination change are observed in shocked feldspar from 

meteorites and other shocked materials [9]. However, 

we found no correlation between the Fe
3+
/ΣFe ratio and 
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shock degree, and Fe
3+
/ΣFe ratios of maskelynite in 

Martian meteorites are consistent with the redox record 

of their primary crystallization. It is unclear why there 

was no clear difference in Fe
3+
/ΣFe ratio between geo-

chemically-depleted and intermediate samples, al-

though the redox state might be different. In order to 

clarify this issue, we are planning further measure-

ments with even longer counting time and analysis on 

additional shergottite samples. 
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Table1. The results of micro Fe XANES analysis of 

maskelynite in shergotties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2, SR Fe-XANES spectra of maskelynite in NWA1068, 

Zagami, NWA4468, RBT04262, NWA5029, EETA79001 

lith. A, ALH77005 and Dhofar 019, and standard amphiboles 

(KST: kaersutite from Kaersut, Greenland (Fe3+/∑Fe=0.01) 

and IKI: kaersutite from Iki, Japan (Fe2+/∑Fe=0.93) ). The 

SR beam size was about 5 µm in diameter. 

 

 
Fig. 3. Enlarged portion of Fig. 2 in the energy range of 

7110-7120 eV, corrsponding to the pre-edge peaks. The pre-

edge peak position was used to estimate the Fe3+/ΣFe ratios. 

The pre-edge peak shifts to higher energy in the order of 

Dhofar 019, ALH77005, EETA79001 lith. A, NWA5029, 

NWA4468, Zagami NWA1068, and RBT04262. 

Fig. 1 Fe X-ray 

map of 

NWA4468 mas-

kelynite. Red-

yellow-colored 

part shows the 

high Fe area, 

and blue-colored 

part shows the 

low Fe area. 
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