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Introduction: Shock deformation processes are 

known to affect many mechanical, mineralogical, and 
chemical parameters of the impacted material. Mechani-
cal effects include fracturing and microscopic planar 
deformation features [e.g., 1]. Mineralogic effects in-
clude the transition of plagioclase into amorphous 
diaplectic glass at pressures >30 GPa [e.g., 2], transfor-
mation of quartz to higher pressure polymorphs such as 
coesite or stishovite [3], and partial to complete mineral 
melting. Observed chemical effects of shock include 
enrichment of H isotopic composition in amphibole [4], 
mobilization of light lithophile elements in pyroxene [5], 
and oxidation of olivine [6]. 

The redox ratio (Fe3+/Fe2+) in melts and minerals is 
often used as an indicator of the crystallization oxygen 
fugacity (fO2) of a system. For this to be true, the redox 
ratio must remain unchanged from the time of crystalli-
zation. This condition holds for many terrestrial igneous 
rocks [e.g., 7]. However, as shown in [6], shock proc-
esses can cause oxidation in olivine, thereby altering the 
redox ratio to a value not representative of the conditions 
during crystallization. For meteorite samples, many of 
which have undergone significant shock events, under-
standing the effects of shock on mineral chemistry is 
vital. 

Pyroxene is a common meteorite constituent and one 
in which redox ratio has been calibrated for use as an 
oxybarometer [8]. In order to determine whether this 
oxybarometer records crystallization fO2 conditions or 
post-crystallization processes in shocked samples, the 
effects of shock on pyroxene redox ratio must be under-
stood. The purpose of this study is to measure the effects 
of a range of shock pressures on pyroxene redox ratios 
through a series of laboratory experiments.  

Experimental Methods: The target sample used in 
these experiments was a diopside from Jaipur, India 
(Wo49En48Fs3). All shock experiments were performed at 
Johnson Space Center utilizing a 20 mm flat plate accel-
erator [9]. Samples were prepared either as (1) particu-
late material sieved to a grain size of 150-250 µm or (2) 
single crystals cored into discs 5 mm in diameter and 
polished to a thickness of 40 µm. The prepared targets 
were encased in stainless steel containers. Projectiles 
were composed of polyethylene mounted with metal 
flyer plates of varying composition (stainless steel (SS 
304), Fansteel 77, tungsten) determined by the desired 
shock pressure. Experiments were run over a range of 
shock pressures from 21 to 59 GPa (Table 1). All ex-

perimental shocks took place under vacuum, at relatively 
high pO2 conditions ~10-4 atm. 

Table 1. Experimental parameters. 
Exp. 

# 
Target 

Material 
Flyer 
Plate 

P (GPa) 
(±3%) 

3493 particulate Fansteel 77 36 
3494 particulate Fansteel 77 43 
3496 particulate Fansteel 77 52 
3495 particulate tungsten 59 
3499 single crystal SS 304 21 
3501 single crystal Fansteel 77 31 
3502 single crystal Fansteel 77 32 

Analytical Methods: Room temperature Mössbauer 
spectra were acquired to determine Fe2+ and Fe3+ content 
in the Mineral Spectroscopy Laboratory at Mount Holy-
oke College. A source of 100 mCi 57Co in Rh was used 
on a WEB Research Co. spectrometer. Run time was 24-
48 hours. Results were calibrated against an α-Fe foil of 
6 µm thickness and 99% purity. The spectra were fit 
using an implementation of the quadrupole splitting dis-
tribution method [10]. Isomer shifts and quadrupole 
splittings were unconstrained. 

 
Figure 1. Photomicrographs of unshocked (A) and shocked (B) 
pyroxene under cross polarized light at 10X.  The shocked 
grain is 100 µm in length. 

Results: All shocked samples exhibited mechanical 
shock effects including highly fractured grains and mi-
croscopic deformation features (Figure 1). No evidence 
of color change was observed in any of the shocked sam-
ples. 

Particulate samples subjected to all shock pressures 
were oxidized (Table 2, Figure 2). The degree of oxida-
tion as recorded by the change in Fe3+ content is similar 
throughout the range of shock pressures investigated. 
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Single crystal samples also exhibited strong degrees of 
oxidation, greater than that in the particulate material 
(Table 2). The changing shape of the Mössbauer spectra 
with respect to the amount of Fe3+ is shown in Figure 2. 
Note the appearance of the Fe3+ doublet as Fe3+ content 
increases. 

Table 2. Redox State of Fe in Pyroxene. 
 P (GPa) (±3%) % Fe3+ (±5%) 

diopside unshocked 9 
3493 36 31 
3494 43 24 
3496 52 17 
3495 59 27 
3499 21 41 
3501 31 54 
3502 32 NM* 

*NM: was not measured 

 
Figure 2. Mössbauer spectra of pyroxenes. The spectra were 
scaled and offset to illustrate their variations.  The percentages 
are the %Fe3+ values listed in Table 2. 

Implications: Shock processes are capable of oxidiz-
ing iron in clinopyroxene. This is a thermal, not me-
chanical, effect resulting from the high post-shock tem-
perature regime. Particulate samples show significant 
oxidation over a wide range of shock pressures. This 
may result from several reasons: (1) the presence of oxy-
gen in the pore space between the pyroxene grains read-
ily available for oxidation, (2) the shock took place un-
der relatively high pO2 conditions, or (3) a combination 

of the two previous explanations. Regardless of the exact 
formation mechanism, shock oxidation of particulate 
pyroxene is prevalent and its influence on redox ratio is 
significant. 

Single crystal samples show even more oxidation 
over the range of shock pressures studied. In order to 
determine if the oxidation is a function of the high pO2 
environment that the shots took place in, experiments 
under lower fO2 conditions, pO2 <10-9 atm, are being run. 
In olivine shock experiments, [6] found that oxidation 
took place in all runs above a certain pressure unless 
shock-loading was done under low pO2 conditions. Color 
change or brown coloration, often seen as proof of oxi-
dation, was not evident in any samples although large 
degrees of oxidation were present in all. Olivines are 
especially susceptible to browning through shock oxida-
tion processes [6]. It appears that clinopyroxenes may 
also be subject to shock oxidation, but may only exhibit 
this chemically (redox ratio changes), without visible 
color changes. 

To understand the effect that changes in pyroxene re-
dox ratio may have on calculated fO2, a relationship be-
tween the two parameters is necessary. An oxybarometer 
using the Fe3+ content of clinopyroxene was calibrated 
by [8]. A Fe3+ content of 9%, as seen in the unshocked 
diopside, corresponds to an fO2 of approximately iron-
wustite (IW)+3, a value slightly below the quartz-
fayalite-magnetite (QFM) buffer. In contrast, clinopy-
roxenes with Fe3+ of ~30% are thought to have crystal-
lized at fO2 values several log units above QFM [11,12]. 
As fO2 values are commonly viewed as crystallization fO2 
values, thereby recording some information on the inte-
rior conditions of the planet they crystallized on 
[7,13,14], this ~3 orders of magnitude difference in fO2’s 
in shocked and unshocked rocks would lead to signifi-
cantly different interpretations in proposed magma stor-
age region conditions. It is evident that common shock 
pressures have the ability to greatly influence fO2 values 
calculated from redox ratios resulting in misleading 
quantities. Therefore oxybarometers that utilize redox 
ratio should be applied with caution to samples which 
have been shocked. Ideally, an oxybarometer more resis-
tant to shock resetting should be used for fO2 measure-
ments of meteorite samples. 
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