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Introduction:  Shock pressure conditions recorded 
in meteorites and terrestrial impact rocks provide 
essential information for constraining their impact 
histories. The pressure thresholds for forming shock-
induced transformational and deformational features in 
meteoritical minerals are used to extract these shock 
conditions [1-2]. Nevertheless, common deformation 
features, e.g. fractures, undulatory extinction and 
mosaicism occur in a wide range of pressures and may 
not be indicative [1]. High-pressure transformations, in 
contrast, have well-defined pressure field but occur 
only in a small portion of shocked meteorites, 
depending strongly on the shock temperature and 
duration [2]. It is desirable to build a shock barometer 
that can accurately indicate progressive pressure 
increase and is applicable to most naturally shocked 
rocks. Previous studies proposed to use e.g. 
spectroscopic properties of feldspars, the orientations 
preference of fractures and width of shock lamellae in 
olivine as barometer. These methods also reply on the 
formation of specific shock features at certain pressure 
ranges. Ruzicka and Hugo (2018) studied the 
crystallographic misorientation of chondritic olivines 
to constrain the thermal condition of shocked 
chondrites and concluded positive correlation between 
olivine misorientation and shock stages S1-5 [3].  

In this study, we shocked Transvaal dunite with 
graded density impactor (GDI) up to ~30 GPa and 
investigated the shock deformation in olivine by 
measuring the crystallographic misorientation angle 
with backscattered electron diffraction (EBSD). The 
results indicate that the observed 2-10° misorientation 
angles are consistently correlated with shock pressures. 
Essentially, the first shock pressure for initial 
compression in the sample is a more important factor 
than the equilibrated pressure.  

Shock-recovery experiments: Two experiments, 
S1258 and S1259, were performed on Transvaal 
dunites, using Mg-Cu GDI and regular uniform flyers, 
respectively. The olivine in Transvaal dunite contents 
45-50% fayalite, selected here because shock 
metamorphism in Fe-rich olivine is relevant to 
achondrites such as shergottites but rarely studied. The 
sample is cored to a disk of 7.5 mm diameter and 3 
mm depth, cut diagonally into two wedges and sealed 
in two 304 stainless steel (SS304) chambers (Fig. 1-2). 
The wedge shape is for converting the different 
particle velocity across the sample-chamber interface 
to shear along the ramp and thus enhancing 

deformation. The Hugoniot of Transvaal dunite [4] is 
used to calculate the multiple pressures on loading path 
until, if occurs, pressure equilibrium between sample 
and chamber. 

  
Figure 1. Top: reflected light micrograph of shocked 
dunite S1258. Middle: IPF from EBSD mapping of the 
area in the white dash box. Color indicates the 
crystallographic orientations. Bottom: cumulative 
probability of olivine misorientation angles of the 
marked areas and the starting material. 

In S1258, the Mg-Cu GDI flyer is used to explore 
the effect of a ramp-loading path in contrast to a sharp 
pressure rise to its ultimate pressure. The flyer is 
accelerated at 1.56 km/s and the Mg front shocks the 
dunite sample to ~ 12 GPa. Subsequently, transition 
from Mg to Cu in the GDI shocks the sample up to 30 
GPa along a ramp loading path. The pulse above 12 
GPa is 1.2 µs. In S1259, the dunite wedge was soaked 
in water before being sealed in the steel chamber, to 
enhance local melting for studying its effects. The 
sample assembly was shocked by a 2 mm-thick SS304 
flyer at 1.3 km/s, generating a first shock of 20 GPa for 
500 µs and a reflected shock on the steel chamber of 
26 GPa for <100 µs. Because of the 3 mm depth of the 
dunite sample, equilibrium between sample and 
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chamber is not expected to be achieved. The recovered 
samples were cut open along the impact direction and 
polished for microscope and EBSD characterization. 

Deformation measurement of shocked dunite: 
FE-SEM and EBSD was used to investigate the 
deformation texture and map the crystallographic 
orientation of shocked olivine grains, with a spatial 
step of 5 µm. The orientations of the olivines are 
presented in the inverse pole figure (IPF, Fig. 1-2 
middle). Small color variation in grain indicates 
misorientation and sharp color change indicates grain 
boundary. Blank pixels are for zero solution. The 
misorientation angle of one spot in the mapped olivine 
is obtained by comparing to its adjacent spots. Overall 
misorientation of a grain is plotted into a cumulative 
density function diagram (CDF, Fig. 1-2 bottom), in 
which the add-up probability of all the misorientation 
angles is 100%. The starting dunite has grain size of ~1 
mm with average misorientation less than 0.3° (Fig. 1). 

Misorientation in S1258.  Figure 1 shows the 
deformations in S1258. Top-left and right corners of 
the sample are squeezed and flow horizontally. The 
IPF indicates mm-sized grains with 100 µm local 
domains of sharp color transition, appearing to be sub-
grains. The misorientation at sub-grain boundary is not 
considered in the CDF. The grain at bottom-left corner 
(area A in Fig. 1) has an average misorientation angle 
of 1.7°. Consistently, it has higher probability of 
significant misorientation, up to 8° (Fig. 1), than other 
areas in S1258. Area B and C in Fig. 1 have average 
misorientation of 1.0° and 1.4°, respectively. The 
probabilities of misorientation in CDF are consistent 
with A>B>C and all higher than the starting material. 

Misorientation in S1259. S1259 includes more 
shock melt, concentrated in the area D in Fig. 2. The 
overall deformation is stronger than S1258, indicated 
by the wedge being squeezed to an L-shape. The 
misorientation angles are also consistently greater, 
with average numbers of 2.5, 2.2 and 2.7° for areas on 
the side wal, center, and bottom (A, B and C, 
respectively). Although the bottom region C shows 
greater average misorientation, the upper bound in 
side-wall region A is greater at 10°. 
Discussion:  For both S1258 and S1259, all areas 
show significant misorientation compared to the 
starting dunite, with average angles between 1-3°. The 
upper bound of misorientation in each deformed area is 
approximately 4-10°, except in the melted region. 
Interestingly, the misorientation in S1259 is 
consistently greater than that of S1258, although the 
peak shock pressure of S1258 is 4 GPa higher. This is 
not a surprise because S1258 employs an Mg-Cu GDI 
flyer and the first shock pressure from Mg is only 12 
GPa. The subsequent shock loading to 30 GPa is on the 

already compressed sample. S1259, in contrast, has a 
first pressure of 20 GPa, which deposits significant 
energy by loading direction to that pressure. The lower 
second pressure of 26 GPa does not seem a key factor 
for the deformation in olivine. These phenomena 
suggest that reporting only final equilibrium pressure 
like many previous shock-experiment studies may not 
be the best practice to interpret the resulting features. 

 
Figure 2. Top: SEM micrograph of S1259. Middle: 
IPF of the areas in the white dash boxes. Bottom: 
cumulative probability of olivine misorientation angles 
of marked areas. 

Grains in the melt pockets (D in Fig. 2) has lower 
misorientation angle than the solid portion. It is likely 
because the surrounding melt cannot carry shear stress, 
which is important for deforming the olivine. Also the 
high local temperature of melt may further anneal out 
existing deformation in the entrained olivine grains. 

For the 12-30 GPa pressures in this study, the 
misorientation method is easy to measure (by EBSD) 
and consistent with the first shock pressure. More 
experiments with <12 and >20 GPa first-shock 
pressures can be used to complete the calibration of 
this barometer. At certain low shock pressure regime, 
the misorientation in olivine might be non-
distinguishable from the starting material. In this case, 
minerals with lower impedance, such as plagioclase, 
are good candidate to perform this method. 
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