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Introduction: Pyroxene compositional variations 

can be used to determine physical conditions such as 
temperature, pressure, and oxygen fugacity (fO2) that 
were present in a rock’s source region [e.g., 1]. Be-
cause pyroxene is a common mineral in extraterrestrial 
samples and on many planetary surfaces, the ability to 
recognize pyroxene and its many chemical variations 
via spectral means has been an important research top-
ic. Previous studies to characterize pyroxene reflec-
tance spectra as a function of composition [2] relied on 
samples experimentally grown and equilibrated under 
reducing conditions [3]. Spectra of natural samples are 
much more complicated to interpret due to shock and 
the presence of additional cations such as Fe3+, Al, etc.  

Previous work by our group documented oxidation 
in diopside pyroxenes via shock processes [4]. How-
ever, it was difficult to distinguish between spectral 
features related to shock and those arising from oxida-
tion because little data from oxidized pyroxenes were 
available. Here we present new VNIR and MIR data 
on additional shocked samples and a large range of 
oxidized clino- and orthopyroxenes from a variety of 
metasomatized mantle xenoliths collected at Dish Hill, 
CA [5]. The latter samples have not been subjected to 
shock and therefore can be used to constrain the ef-
fects of increasing oxidation state on pyroxene spectral 
features. We expect to add additional samples with 
more compositions and provenances going forward. 

Samples Studied: Spinel lherzolite xenoliths from 
Dish Hill, CA were crushed and hand sieved to avoid 
potential oxidation. Orthopyroxenes and clinopyrox-
enes were hand-picked to create mineral separates that 
were visually pure and their Fe3+/ΣFe was determined 
via Mössbauer spectroscopy (Table 1) [5-6]. In previ-
ous work, these highly oxidized pyroxenes were inter-
preted to be the result of metasomatic processes active 
in the upper mantle [5]. 

Analytical Methods: Visible to near-infrared bidi-
rectional reflectance spectra (0.3–2.6 µm, sampled at 5 
nm increments) were acquired relative to halon at 30° 
incident, 0° emergent angles using the Reflectance 
Experiment Laboratory (RELAB) bidirectional spec-
trometer. Data were then corrected for the properties 
of halon. The same samples (in the same dish) were 
measured using a Pike diffuse reflectance attachment 
(off-axis, biconical) with the Thermo Nexus 870 FTIR 
spectrometer (2–50 µm, 5000–200 cm-1) located at 
RELAB, using a diffuse gold standard. FTIR spectra 
were obtained in a purged environment (H2O and CO2 
free). Data were typically spliced to the near-infrared 
data at 2.5 µm to use the absolute reflectance of the 
bidirectional system. 

Results: VNIR data. In our study of shock oxidized 
diopside, we observed a general flattening of spectral 
features in the VNIR region, including a decrease in 
magnitude of the Fe2+ M2 band ca. 2.3 µm as the Fe2+ 
is oxidized (Figure 1A). There is no commensurate 
increase in band intensity for Fe3+ features because, 
although oxidized, they have very low intensities in 
the shocked pyroxenes. As noted by many workers, 
oxidized pyroxenes in general tend to have broad 
bands from spin-forbidden Fe3+ near 0.6 and 0.82 µm 
as well as Fe2+↔Fe3+ intervalence charge transfer 
bands near 0.8 µm [e.g., 7]; those bands also occur in 
the unshocked oxidized pyroxenes (Figure 1A). Alt-
hough both sets of pyroxenes are oxidized, those that 
experienced shock exhibit differences in VNIR spec-
tral features that overprint the oxidation features. 

Oxidation is recorded as a strong negative relation-
ship between spectral slope from 400 and 600 nm (ab-
sorption edge) and %Fe3+ in the shocked pyroxenes 
(Figure 1B). A similar relationship occurs in the oxi-
dized mantle samples, but is offset to higher slope val-
ues (Figure 1B). Orthopyroxenes, which have low 
Fe3+/ΣFe due to steric crystal chemical constraints [5], 
do not appear to have a similar correlation.  

In clinopyroxene, Mg# (Mg/Mg+Fe) also affects 

Table 1. Pyroxene compositions 
Sample name Mg# Type Fe3+/ΣFe 
Ba-1-61 0.92 CPX 16 
Ba-2-101-B 0.94 CPX 46 
Ba-2-101-E 0.93 CPX 32 
DH 201 0.85 CPX 35 
DH 207  0.71 CPX 40 
DH-208 0.73 CPX 36 
DH 210 0.87 CPX 21 
DH 211 0.83 CPX 34 
DH-213 0.84 CPX 35 
DH 217 0.83 CPX 37 
DH-218 0.82 CPX 33 
DH 231 0.82 CPX 35 
KI-5-235 0.96 CPX 16 
Ba-2-101-B 0.90 OPX 12 
Ba-2-101-C 0.94 OPX 39 
Ba-2-101-D 0.92 OPX 14 
DH-101-E 0.92 OPX 6 
3493 - shocked 0.95 CPX 31 
3494 - shocked 0.94 CPX 24 
3495 - shocked 0.95 CPX 27 
3496 - shocked 0.94 CPX 17 
Jaipur - unshocked 0.94 CPX 9 
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the amount of Fe3+ partitioning. At Mg# >90, Fe3+/ΣFe 
concentrations are low, <20% (Figure 1B). Clinopy-
roxenes with Mg# 80-90 are able to accommodate sig-
nificantly more Fe3+, perhaps because there is more Fe 
present to be oxidized. Overall, shock results in a flat-
tening of VNIR spectral features, while oxidation shal-
lows the spectral slope from 400 and 600 nm. Shocked 
pyroxenes combine both flattening and steepening, 
while the oxidized mantle pyroxenes only exhibit the 
change in the absorption edge. 

MIR data. All clinopyroxenes measured, both 
shocked and unshocked, exhibit the five critical ab-
sorptions denoted by Hamilton [8] in reduced synthetic 
samples (CA1 = 1102 cm-1; CA2 = 955 cm-1; CA3 = 
915 cm-1; CA4 = 543 cm-1; CA5 =477 cm-1) and the 
additional 515 cm-1 spectral absorption generally ob-
served in high Mg pyroxenes (Figure 2). However, in 
the MIR the shocked diopside samples are demonstra-
bly different from the unshocked samples. Most nota-
bly, there is a decrease in overall band depth (Figure 
2A) similar to that described in shocked orthopyrox-
enes [9]. No obvious correlation with band depth de-
crease and shock pressure was observed. 

Direct comparison between MIR features in the ox-
idized mantle clinopyroxenes and the shock oxidized 
clinopyroxenes is difficult because they have different 
compositions (shocked: Wo49En48Fs3; mantle: 

Wo44En43Fs13). However, no clear oxidation signature 
is observed (Figure 2B).  

Implications: The effects of shock on pyroxene 
spectra are most prevalent in the VNIR, causing an 
overall flattening of spectral features. Decreases in 
band depth due to shock are also observed in the MIR, 
but to a much smaller degree. The effect of oxidation 
on pyroxene spectra is observed in VNIR spectra of 
clinopyroxenes as a overall shallowing of slope from 
400 to 600 nm. This is observed in all oxidized sam-
ples, both shock oxidized and unshocked, and results 
from the charge transfer reactions at these wave-
lengths. Oxidation effects in the MIR were unclear. 
However, it is evident that when interpreting spectral 
data from materials which may contain pyroxene, the 
effects of shock and oxidation need to be considered. 

Acknowledgments: We thank Jeff Johnson for helpful 
discussions and Taki Hiroi for the RELAB data. Supported 
by NSF EAR-1754268 (MCM) and EAR-1754261 (MDD) 
and a NASA Solar System Workings grant (MCM). 

References: [1] Papike J.J. et al. (2016) Amer. Min., 
101, 907-918. [2] Klima R.L. et al. (2007) MaPS, 42, 235-
253. [3] Turnock A.C. et al. (1973) Amer. Min. 58, 50-59. [4] 
McCanta M.C. and Dyar M.D. (2017) MaPS, doi: 
10.1111/maps.12793. [5] McGuire A.V. et al. (1991) CMP, 
109, 252-264. [6] Dyar M.D. et al. (1989) Amer. Min., 74, 
969-980. [7] Straub D.W. et al. (1991) JGR, 96, 18819-
18830. [8] Hamilton V.E. (2000) JGR, 105, 9701-9716. [9] 
Johnson J.R. et al., (2002) JGR, 107, 
doi:10.1029/2001JE001517. 

 

 
Figure 2. Clinopyroxene MIR spectra. A) Experimentally 
shocked vs. unshocked. B) Oxidized mantle clinopyroxenes. 

 
Figure 1. A) VNIR spectra of experimentally shocked, 
unshocked, and oxidized mantle clinopyroxenes. B) Rela-
tionship between spectral slope from 0.4-0.6 µm (absorption 
edge) and %Fe3+. Blue = mantle orthopyroxene, red = man-
tle clinopyroxene, green = shocked clinopyroxene. 

1383.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


