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Introduction: Interpretation of chemical data on 

meteorites must always be made in the context of un-
derstanding the effects of shock processes, as well as 
post-shock thermal histories. Understanding these ef-
fects is a particular challenge for two critical parame-
ters: H (and H isotope) contents and Fe3+/ΣFe, which is 
an indirect monitor of oxygen fugacity.   

It is known that the water content and H isotopic 
composition of geologic materials can be influenced 
via shock experienced in the impact process. Impact-
induced loss of water and enrichment of H isotopic 
composition at shock pressures comparable to those 
experienced by the kaersutite-bearing martian meteor-
ites (20-35 GPa) was demonstrated by [1]. If water 
contents and H isotopic compositions of martian wa-
ter-bearing minerals were affected by shock, such an 
effect could influence conclusions about the amounts 
of water present in and interactions between martian 
water reservoirs.  More recent work by [2] indicated 
that impact shock at shock pressures equivalent to 
those experienced by the kaersutite-bearing martian 
meteorites is capable of enriching the H isotopic com-
positions of amphibole.   

As for Fe3+/ΣFe, a few previous workers [3,4] have 
suggested that shock followed by thermal annealing 
can result in oxidation of olivine.  However, direct 
experimental evidence of the redox effects of shock 
has been hampered by the difficulties of Fe3+/ΣFe 
analyses, which are still best done on bulk samples. 
Our earlier microXANES study of shocked feldspar 
and pyroxenite [5] samples was inconclusive, largely 
because the starting materials were heterogeneous be-
fore shock was applied. 

Now, recent advances in technology of Mössbauer 
spectroscopy have made it possible to analyze ex-
tremely small samples of as little as 1 mg in mass.  
This has made it possible to analyze  run products 
from experimentally-shocked samples, including those 
produced by [2].  Thus, we present here the results of a 
Mössbauer study of experimentally-shocked amphi-
boles.  These results are part of the larger study by 
Minitti that examines crystal chemical and isotopic 
changes with shock [6]. 

Methods: Four kaersutitic megacryst amphiboles 
with initial water contents of 0.48-1.32 wt.% H2O 
were selected as starting materials (Table 1).  Cores of 

each kaersutite were drilled and doubly-polished discs 
with parallel faces were created. Each kaersutite was 
then encased in a vented stainless steel sample cham-
ber to allow escape of gases evolved during the shock 
experiment. Each sample chamber was evacuated to a 
vacuum of 40 µm prior to the experiment. 

A Ta flyer plate attached to a lexan sabot fired at 
1.18 km/s in the 20 mm powder gun in the Shock 
Wave Laboratory at Caltech imparted shock into the 
sample chamber. The peak pressure achieved in the 
samples via multiple reverberations was ~32 GPa, con-
sistent with the degree of shock experienced by the 
kaersutite-bearing martian meteorites. The shocked 
kaersutites were recovered from the sample chambers 
via machining and prepared for analysis. 

Room temperature Mössbauer spectra were ac-
quired to determine relative amounts of Fe2+ and Fe3+ 
in the shocked samples.  Samples were prepared by 
mixing 1-6 mg of sample powders with sugar (under 
acetone) and mounting in a sample holder confined by 
tape. A source of ~45 mCi 57Co in Rh was used on a 
WEB Research Co. model W100 spectrometer.  Run 
times ranged from 2-5 days.  Results were calibrated 
against α-Fe foil of 6 µm thickness and 99% purity. 
Errors on %Fe3+ are estimated to be ±3-5% absolute. 

Table 1.  Amphibole Compositions 
 Gore 

Mtn. 
AK-M3 Fr-11 84-BR 

SiO2 42.91 40.28 39.82 41.91 
Al2O3 13.62 14.82 14.53 14.46 
TiO2   1.10   5.32   4.30   3.23 
FeO   8.15   8.91   3.61   4.32 
Fe2O3   3.13   3.46   9.93   4.06 
MgO 14.42 12.22 12.12 15.16 
MnO   0.05   0.13   0.14   0.11 
Cr2O3   0.01   0.04   0.02   0.77 
CaO 10.96   9.79 10.82 10.74 
K2O   0.50   1.24   1.38   1.21 
Na2O   2.19   3.30   2.77   3.18 
H2O   2.00   0.96   0.48   1.32 
Total     
Un-
shocked 
%Fe3+ 

25.7% 25.9% 71.2% 45.8% 

Shocked 
%Fe3+ 

18.2% *19.6-
21.8% 

*50.9-
77.0% 

49.5% 
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*Two different size fractions of shocked material. 

 
Figure 1.  Mossbauer spectra of unshocked and shocked 

amphiboles.  In all but sample 84-BR, the oxidation state of 
Fe is significantly reduced.  In 84-BR, it is identical within 
errors. 

Results: Mössbauer spectra of unshocked vs. 
shocked samples are shown in Figure 1; fit parameters 
and conventional site assignments [7] are given in Ta-
ble 2.  In Gore Mountain, AK-M3, and FR-11, the Fe 
is significantly reduced with shock (by roughly 7%, 
6% and 20%, respectively).  In the fourth sample (84-
BR) there is no change within errors.  It is possible that 
the mg of recovered 84-BR happened to be from an 
area of the target that was not shocked.  Overall, the 
trend is toward reducing conditions upon shock.  
Table 2. Amphibole Mössbauer parameters, mm/s 

Γ (linewidth) 0.30 
∆ (quadrupole splitting) 2.88 

octahedral 
[M1]Fe2+ 

δ (isomer shift) 1.14 
Γ (linewidth) 0.26 
∆ (quadrupole splitting) 2.57 

octahedral 
[M3]Fe2+ 

δ (isomer shift) 1.14 
Γ (linewidth) 0.35 
∆ (quadrupole splitting) 2.05 

octahedral 
[M2]Fe2+ 

δ (isomer shift) 1.08 
Γ (linewidth) 0.25 
∆ (quadrupole splitting) 0.79 

octahedral 
[M1-M3]Fe3+ 

δ (isomer shift) 0.40 
Γ (linewidth) 0.43 
∆ (quadrupole splitting) 1.32 

octahedral 
[M1-M3]Fe3+ 

δ (isomer shift) 0.39 
Γ (linewidth) 0.25 
∆ (quadrupole splitting) 0.53 

tetrahedral 
Fe3+ 

δ (isomer shift) 0.11 
Conclusions:  This study suggest thats shock pres-

sures experienced by meteorites and rocks on planetary 
surfaces may be sufficient to either change Fe oxida-
tion state or render the samples susceptible to rapid 
changes without otherwise altering chemical composi-
tion. It is clear that additional studies on oher common 
meteoritic minerals such as olivine and pyroxene are 
needed. Furthermore, studies of the relation between 
redox exchanges and shock post-shock thermal history 
and environmental conditions (H2O, O2, CO2) need to 
be completed so that the results can be applied to a 
broad spectrum of meteoritic and planetary  materials. 
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