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Introduction:  We report the spectroscopic fea-

tures of both whole rock and mineral separates from 
the lherzolitic shergottite Y-984028, in order to place 
them in the mineralogic context we have established 
previously through studies of other SNC meteorites. 
We integrate results from six different laboratories, 
and report UV-, visible-, near-, and mid-IR reflectance 
spectra, thermal (mid-IR) emission spectra, attenuated 
total reflectance (ATR) spectra, transmission FTIR and 
Raman spectra, and detailed Mössbauer results.  This 
work provides spectroscopic insights that will be use-
ful to geochemists studying other aspects of this mete-
orite and other SNCs.  Moreover, we seek to improve 
our understanding of the spectroscopic features of key 
minerals and facilitate recognition and interpretation of 
similar spectroscopic signatures in remotely-sensed 
data from Mars. 

Background and Methodology: We received 
two samples of the meteorite for study: one from the 
interior, Y984028,45 (64 mg), and one from the exte-
rior including fusion crust, Y984028,74 (87 mg). A 
carefully-sequenced series of measurements was un-
dertaken to gain the maximum data return from these 
precious samples, as described in [1].  

UV, visible and near to mid-IR spectra of the min-
eral separates and whole rock particulates were meas-
ured at RELAB at Brown Univ. Thermal (mid-IR) 
emission spectra of the initial meteorite chips were 
acquired at Arizona State Univ. (ASU), and emissivity 
spectra of the mineral separates (olivine and pyroxene) 
and the particulate whole rock were measured at Stony 
Brook Univ. Attenuated Total Reflectance (ATR) 
spectra were also acquired at Stony Brook Univ. 
Transmission FTIR spectra were acquired at the Univ. 
of Massachusetts. Traditional Raman microprobe spec-
tra were recorded at Washington Univ. in St. Louis.  
Mössbauer spectra were acquired at Mount Holyoke 
College. 

Results: This multi-wavelength study elucidates 
many aspects of the chemistry and mineralogy of this 
sample.  For example, ATR, Raman, and transmission 
FTIR spectra include peaks at 2930 cm-1 that represent 
the C-H stretching mode due to minor organics.   

Pyroxene composition. The various spectral analys-
es of the pyroxene separates raise two hypotheses 

about how best to interpret the spectra. Mössbauer 
spectra of pyroxenes from the interior and exterior 
chips both include a doublet with  = 1.14 m/s and  = 
2.83 mm/s that could equally well be assigned to either 
pyroxene or olivine.  However, ATR data of the same 
pyroxene separate show no diagnostic olivine band at 
~600 cm-1, favoring the interpretation that olivine con-
tamination in the pyroxene separate is less than a few 
%.  Finally, the pyroxene sample emissivity deconvo-
lutions can also be modeled either by a combination of 
pyroxenes or by pyroxene plus olivine; however, the 
pyroxene-plus-olivine model produces a much better 
fit to the spectral data than the no-olivine model. 

Olivine composition. One of the most impressive 
outcomes of this study is the fact that five of the dif-
ferent analytical techniques used here accurately de-
termined the ~Fo65 composition of the olivine within 
±10 mol%.  This compares quite favorably with the 
electron microprobe results of previous workers who 
report inter-grain variations in olivine composition 
ranging from Fo69 to Fo 76 [2-4].  

Chromite. Our multispectral approach also proves 
useful in resolving the possible identification of chro-
mite. This phase does not show up in the Mössbauer 
spectra of any of our samples (Figure 1), despite the 
fact that chromite has very distinctive doublets that 
should be easily resolved even in samples containing 
olivine and pyroxene, and these are simply not present. 
Chromite does not show up in the thermal emission 
deconvolutions, either, though this could be due to the 
fact that chromite apparently tends to occur as fine-
grained particles in the interiors of pyroxene grains, 
which might not result in significant characteristic 
bands in our spectra of coarse particulates.  On the 
other hand, VNIR spectra of fine-grained samples do 
show a possible chromite signature at ~2 m, which 
could also be interpreted to be a second pyroxene 
band.  Finally, some Raman spectra show a very broad  
weak peak that could be due to either magnetite, 
chromite, or ilmenite. So the presence or absence of 
chromite in this meteorite could not yet be proven or 
disproven, even with the plethora of analytical tech-
niques available.   

Evidence for hydrothermal alteration. Both the 
transmission FTIR and the ATR data show broad fea-
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tures near 3500 cm-1 indicating the presence of 
OH/H2O. Because we exclude surface water adsorp-
tion, the best interpretation of this result would be the 
presence of some type of phyllosilicate in the exterior 
portions of the sample.  This interpretation is sup-
ported by the higher amounts of Fe3+ in minerals in the 
exterior of the meteorite (with Mössbauer parameters 
corresponding to those of clay minerals) and by the 
fact that the 3 µm band is largest in the exterior miner-
als (8500 and 1800 ppm in exterior olivine and pyrox-
ene, respectively, vs. 3500 and 3500 ppm in the inte-
riors, respectively).  Furthermore, deconvolution mod-
els of portions of the meteorite and ATR data in the 3 
µm region are also consistentwith the presence of mi-
nor phyllosilicates. 

Brown olivine. Given the presence of brown oli-
vines in this sample, it may well have much in com-
mon with another martian meteorite, the heavily-
shocked dunite, NWA 2737. The olivines in the latter 
are also very dark and visually brown, and in [5] their  
unusual color and spectral properties (that extend from 
the visible through the near-infrared part of the spec-
trum) were shown/explained to be due to nanophase 
metallic iron particles (npFe0) dispersed throughout the 
olivine during a shock event on Mars. Given the do-
cumented shock history of Y-984028, it is possible 
that this explanation applies to its brown olivine as 
well.   

 

 
Figure 1.  Mössbauer spectra of crushed whole rock, py-

roxene separate, and olivine separate from the exterior and 
interiorof the Y-984028 meteorite. Fe3+ peaks are shown as 
long dashed lines, confirmed olivine Fe2+ peaks are shown as 
dotted lines, and pyroxene and undifferentiated pyrox-
ene/olivine Fe2+ peaks are shown as black lines.  Data points 
are shown with standard error in the y direction. The fit 
envelope is a thin gray line running through the data points. 

 

The most oxidized shergottite? The olivine in Y-
984028 contains significantly more Fe3+ than was ob-
served in NWA 2737: 16-42% of the total iron in the 
former vs. ca. 3% in the latter.  Much of this Fe3+ in Y-
984028 is probably present in Fe3+-rich clay minerals 
or glass. Y-984028 pyroxenes are also oxidized, with 
Fe3+ contents of 26% in the exterior chip and 12% in 
the interior chip.  This is similar to what was observed 
in pyroxene separates from the MIL03346 augite cli-
nopyroxenite [6], which contained 24% of the total Fe 
in clinopyroxene as Fe3+.  The highest known Fe3+ 
contents in all the other SNC meteorites that have been 
studied is 4.5% in ALHA 84001 [7]. Thus Y-984028 
and MIL03346 are the most oxidized of the SNC’s by 
this measure, and Y-984028 is by far the most oxi-
dized of the shergottites.  If this signature is represent-
ative of true Fe3+ in equilibrium with the pyroxene 
(rather than a signature of Fe3+ in phyllosilicate), then 
it is consistent with high-temperature equilibration of 
Y-984028 near the QFM oxygen buffer [8].   

Although it has been hypothesized [6] that this lev-
el of oxidation may be common in nakhlites, our new 
data require that this hypothesis be expanded to in-
clude shergottites as well. In addition to the MIL03346 
results, [6] showed that the NWA817 and Lafayette 
meteorites also have significant calculated Fe3+ in au-
gite.  In [9],  a calculated Fe3+ content of 17% in 
NWA998 is reported.  It is unfortunate that aliquots of 
sufficient size for handpicking of a Mössbauer quanti-
ty clinopyroxene separate are unavailable for these 
other meteorites. But it is apparent that oxidation is 
persistent in SNC meteorites.   

Finally, this study clearly demonstrates the value of 
using multispectral, integrated methods for under-
standing the complex character and history of samples. 
These studies will further elucidate the chemistry, pa-
ragenesis, and history of Y-984028. 
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