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Introduction: Recently we studied shock-darken-
ing in ordinary chondrites [1] and determined the re-
quired shock pressure to be 40-50 GPa. To verify these
results experimentally, we will carry out shock-recov-
ery experiments [2,3] on real samples of ordinary chon-
drites.  Due  to  impedance  contrasts,  reflections  and
complex geometry, it is a complex task to estimate the
maximum  pressure  achieved  in  the  sample:  1.,  the
shock wave is generated upon impact of the iron flyer
plate on the iron casing surrounding the sample (see
Fig. 1); 2., the shock wave is transmitted from high im-

pedance iron into low impedance sample material after
eventually traversing a  thin layer  of  high impedance
tantalum  foil;  3.,  the  shock  pressure  in  sample  is
ramped  up  by reflections  from the  surrounding  iron

casing (reverberation) until the release wave comes in
and  unloads  the  sample  from  shock  pressure.  This
study aims at constraining the setup of such a reverber-
ation  experiment  to  approximate  the  thermodynamic
conditions as if the material was shocked by a single
shock wave (no reverberation). In fact, although gener-
ating high pressures, shock-recovery experiments can-
not achieve temperatures as high as single shock wave
scenarios and we address that issue in the study.

Methods: We used a model similar to [4] using the
shock physics code iSALE [5]. The model concept is
shown in Fig. 1. By pressure reflexions inside the sam-
ple we analyzed enhancements:

Esample = (PP/PN)  (1),
and peak impedances contrasts:
I = PP/PNSt  (2),
where PN and PP are nominal (initial pressure) and

peak shock pressure (final pressure) in sample (GPa).
PNSt is the pressure at contact between steel and sample.
The required shock pressure in steel  to complete en-
tropy equivalent to planar shock wave [1] is given by:

PNSt = ((αP + β)-β')/α'  (3),
where  P is the desired pressure from [1].  α/β and

α'/β'  are the slope and intercept of line functions that
are numerical experiment linear fits:

TN = f(PN)  (4),
and:
TP = f(PNSt)  (5),

Fig 1. Numerical setup. 1 mm = 34 cells.

Fig. 3. Peak impedance contrast ratios on input pressure in steel
and peak shock pressure in sample. Same parameters as Fig. 2.

Fig. 2. Enhancement of the peak shock pressures in olivine sam-
ple after impacting a 1 mm flyer-plate in a shock-recovery nu-
merical experiment setup. Sizes of samples are shown.
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where  TN and  TP are temperatures (K) at nominal
and peak shock pressure in the sample. We also defined
the dependencies:

(α,β,α',β') ~ f(DFP, DS, (DTa), I)  (6),
where DFP is the flyer plate thickness, DS is the sam-

ple thickness, DTa is tantalum thickness and considering
that  I is  dependent on sample material,  porosity and
presence of Ta foil or not. 

Results: Using the setup from Fig. 1, we ran differ-
ent  models with varying parameters:  DS, DTa,  sample
porosity and with or without Ta foil of varying thick-
ness  (fixed  at  0.05  mm in  real  experiments).  Fig.  2
shows the enhancement of the pressures inside the sam-
ple as a function of the nominal pressure in the sample.
The error bars are the standard deviations. Their large
error  may be  explained  by the geometry making the
distribution of pressures heterogeneous. Fig. 3 shows
the ratio (impedance) between PNSt and PP as a function
of PN. Fig. 4 depicts results of a specific scenario for
which parameters from (4) and (5) are shown. Finally
Fig. 5 shows the resulting values using (3) for each sce-
nario where an additional high-resolution test (higher
cell number per distance unit in the numerical model
mesh) can be observed (red line) showing only weak
variation in the final results.

Discussion:  Our results indicate that the pressures
are enhanced in cases for which the sample is thinner
and foiled in thick Ta. Fig. 4 suggests that peak temper-
atures at nominal pressures and peak shock pressures
are following linear trends but the line parameters (4)
and (5) are independent, which means that entropy, at
nominal and peak shock pressures of same values, are
not equal. This is due to peak shock pressures achieved

after a series of shock wave reflections causing lower
increase in entropy [1]. Fig. 5 shows the pressure re-
quired in steel to achieve entropy in the sample equal
to entropy as seen in [1], equivalent to non-reverberat-
ing shock waves. It is dependent on the setup parame-
ters shown in (6). 

Conclusion: Based on our results, it was possible
to estimate the pressures needed in the steel (contact
with sample) for shock-recovery experiments to study
shock-darkening and validating results from [1]. This
pressure is highly dependent of setup parameters such
as sample thickness, Ta foil and other parameters. We
also  discovered  that  the  increase  in entropy was the
critical parameter in this study as the peak pressures in
the sample equilibrating with the pressure in steel, en-
tropy increase will differ from non-reverberating shock
waves experiments.
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Fig. 5. Plots from (6) showing the required pressures needed in the
steel to attain the desired pressures regarding the entropy increase.

Fig. 4. Plots of the linear fits with line parameters (4) and (5) for a
specific scenario. We observe a deviation between these two lines
due to an independence between entropy increase at nominal pres-
sure and (ramped) peak shock pressure in sample.

1558.pdfLunar and Planetary Science XLVIII (2017)


