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Introduction: Martian breccias (so-called “Black 
Beauty” meteorite NWA7034 and its paired stones 
NWA7533 and NWA 7455) are unique pieces of the 
Martian surface, which display abundant evidence of 
aqueous alteration that occurred on their parent planet 
according to the oxygen isotope composition of water 
[1]. These dark stones are also unique in the fact that 
they arose from a near surface level in the Noachian 
southern hemisphere [2-4]. Here, we used IR spectros-
copy, Fe-XANES and petrography to identify the min-
eral hosts of water in NWA 7533 and compare them 
with observations of the Martian surface.  

Methods: A double polished thin slice of NWA 
7533 was prepared at MNHN. The section was pre-
pared using cyanoacrylate glue, which was subse-
quently removed with acetone. There was no detect-
able IR signature of residual glue in the prepared sec-
tion. The transmission spectra of the double polished 
thin section were measured with a Brucker Hyperion 
FTIR spectrometer in the 500-4000 cm-1 range with a 4 
cm-1 resolution. The spectra were obtained in an envi-
ronmental cell [5], equipped with a primary vacuum 
and a heating resistance (T=70°C) and purged to pi-
mary vacuum to ensure the lack of contamination by 
adsorbed water.  

Diffuse bidiretionnal reflectance spectra of NWA 
7533 were measured using the spectro-photo-
goniometer available at IPAG [6](Brissaud et al., 
2004). About 300 mg of NWA 7533 powder were 
manually deposited on a sample holder. The setup is 
located in a cold room (-10°C), and the air is dried 
using a cold trap in order to minimize signatures from 
atmospheric water. The spectra were normalized to 
spectralonTM and infragoldTM, and obtained under 
standard geometric conditions (incidence=0°, emer-
gence=30°). This setup enables us to measure reflec-
tance level accurately (+/- 0.5 %) in the 0.7-4.6 µm 
range. 

About 20 mg of powder were mixed with 100 
mg of boron nitride and pressed in order to obtain a 

compact pellet of 6 mm of diameter. This pellet was 
analyzed for Fe- K-edge XANES on MB30b (CRG-
FAME) beamline at the European Synchrotron Radia-
tion Facility. The spectrum of the pellet (Fig. 1) was 
measured in transmission mode with a typical energy 
resolution of 0.3 eV using Si(220) monochromator 
crystal. Energy calibration was achieved setting the 
first inflection point of an Fe metal foil K edge spec-
trum at 7112eV. The data were then reduced following 
the procedure of [7] in order to extract the Fe3+/Ftot 
ratio from the intensity and the energy position of the 
centroid of the pre-edge feature (Fig. 2). 

IR transmission spectra:  The two IR transmis-
sion spectra measured on a doubly polished section of 
NWA 7533 reveal the presence of an absorption fea-
ture between 2.6 and 3.6 µm, with a maximum at 2.8-
2.9 µm. This 3-µm band is due to the presence of –OH 
groups in the sample, confirming that NWA 7533 is 
significantly hydrated or hydroxylated. Because the 
oxygen isotope signature of water released from NWA 
7533 testifies to an extraterrestrial origin, this hydra-
tion phase is interpreted as an authentic Martian altera-
tion product. Some insights into this alteration phase 
can be gained from the shape and position of the ab-
sorption band. The vibration of Mg-bound hydroxyl 
groups (Mg-OH), within Mg-rich phyllosilicate [8] or 
in brucite (Mg(OH)2) always shows a maximum of 
absorption around 2.7 µm ruling out such phases as a 
potential host of water. Absorptions at higher wave-
length are found, however, for Fe-bonded hydroxyl 
(Fe-OH) whether in Fe-rich phyllosilicates or iron 
hydroxides and iron (oxy)-hydroxides [8]. Because Fe-
rich phyllosilicates were not observed in the meteorite, 
despite thorough SEM investigation on 5 polished 
sections, the 3-µm feature can be attributed to an iron 
(oxy)-hydroxide, and ferrihydrite resemble the band 
shape most, as observed by [9]. 

Reflectance spectra:  The reflectance spectra of 
NWA 7533 reveal that the shape and position of the 3-
µm band are similar to those of the Martian surface 
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measured from orbit. On Mars, this feature occurs 
ubiquitously on the surface and is systematically in-
tense (with a band depth typically above 35 %) [10-
11]. Of importance is the general absence of a signifi-
cant 1.9-µm feature in the reflectance spectra of Mars 
(except very locally where hydrous minerals, essen-
tially phyllosilicates and sulphates are detected [12], or 
under very specific climatic conditions [13]).  As a 
consequence, the ubiquitous 3-µm band of Mars and 
NWA 7533 likely originates from an –OH bearing 
phase.  

Fe-XANES measurements: The electronic and 
structural states of iron in NWA 7533 was determined 
by mean of XANES spectroscopy. These measure-
ments permit us to determine the bulk redox state of 
iron in NWA 7533, and show that about 50 % of Fe 
atoms in the meteorite are ferric iron (Fe3+), making 
NWA 7533 the most oxidized Martian meteorite so far 
(Fig. 1 and 2). This value is close to the average redox 
state of iron in Gusev soil dust end-member (Fe3+/FeT 
~ 40 %; [14]). Using a bulk Fe abundance of 10 wt % 
[1], and assuming that each Fe3+ atom is balanced by 
an OH-, a bulk equivalent content of about 0.8 wt % 
H2O is estimated for NWA 7533, in agreement with 
the bulk content measured by [1] (0.6 wt %). This is 
again suggesting that iron hydroxides or oxy-
hydroxides are likely mineral hosts of “water” in NWA 
7533. Still, some other Fe3+ phases are present in 
NWA 7533 (Maghemite, 3 vol. % according to [1], Ti-
magnetite, ilmenite and pyroxene), which, although 
nominally anhydrous, might also contribute to the 
hydrogen budget. In situ measurements of the Martian 
soil have shown a significant level of hydration at least 
locally [15-16]. 

Conclusions: We confirm that NWA 7533 presents 
some hydration in the form of an –OH bearing phase 
and that about half of the Fe is  present as Fe3+, making 
NWA 7533 the most oxidized Martian meteorite (con-
firming magnetic analysis of its paired meteorite NWA 
7034 [17]). The similarity of the 3-µm band between 
NWA 7533 and the Martian surface, together with the 
high oxidation state of this regolith breccia suggest that 
geological units similar to NWA 7533 might be at the 
core of the dust production mechanism on Mars. 
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Fig. 1 : Fe K-edge pre-edge XANES spectra of 
NWA 7533 and various terrestrial standard (Fe in 
Oh site). 

 
 
Fig. 2 : The pre-edge feature of NWA 7533 plotted 
in the Wilke et al. (2001) diagram. 
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