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Supplementary Figure 1. Geometry of the XFEL beam passing through the compressed 
target. The beam of ~15 m width at its waist (white arrow) was vertically focused to locate its 
centre at slightly (5 m) upper position than the interface of ablator / -Mg2SiO4, and was 
horizontally focused to locate its centre at the centre of the shock drive laser footprint. Therefore, 
the XFEL beam did not equally probe all the compressed volume, but was rather set to keep 
probing the most intensely compressed regime of -Mg2SiO4 and its surrounding area when the 
shock was first injected into the sample. We note that, because of the rarefaction effect coupled 
with the off-centered XFEL beam trajectory at the interface of -Mg2SiO4 / Al2O3, the beam 
probed extensively-decayed shock in Al2O3. We also note that, if the shock drive laser beam was 
not uniform in space to produce a localized strongly-shocked area, the observed maximum 
pressure would be much higher than the simulated pressure that is given in Supplementary Fig. 
2. 
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Supplementary Figure 2. A typical result of hydrodynamics simulation conducted using 
MULTI code1. The simulated target was consisted of polypropylene ablator of 30 m thickness 
and Mg2SiO4 of 50 m thickness. The laser power density was set at 1.5×1012 W/cm2 for this 
result. The color lines show pressure contours within the position and time window:  green for 
100 GPa, blue for 75 GPa, purple for 50 GPa, and light blue for 25 GPa. As shown by these 
contours, at each measured time by the XFEL beam pulse, there was a large spread of pressure as 
a function of position, which was detected simultaneously. 
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Supplementary Figure 3. The 2 coverage of the images in Fig. 3 and time evolution of the 
other reflections around g = 300 in the wider-area images. A. The 2 coverage as calibrated 
using the polypropylene-olivine-Al2O3 layered target before the compression. B. The wider-area 
images taken along the b direction. C. The wider-area images taken along the c direction. Numbers 
are the Laue indices of Bragg reflections from respective planes of single crystal olivine.  
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Supplementary Figure 4. Topologies of shear transformation mechanisms of Mg2SiO4
2,3. 

Polyhedra in yellow and blue are MgO6 octahedra and SiO4 tetrahedra, respectively. As described 
in Figure 4, The  structure is composed of hcp oxygen anions along with their interstitial cations, 
while the ,  and ε structures are composed of ccp oxygen anions along with their interstitial 
cations. The slip planes are indicated by grey broken lines. A. The  structure recrystallizes by 
slipping of the close-packed oxygen layers on (100) slip planes along the c-axis direction with bp 
= 1/12[013], which is one of the dissociated perfect dislocation with bt = [001]. The bt is 
dissociated into two partial dislocations by the following reaction: [001] → 

1/12[013]. The accompanying slight displacements of Mg and Si cations are 
indicated by the black and grey arrows, respectively. The total shearing process involving these 
cation’s displacements induces disordered spacings of the (001) plane which contribute to 
diffused diffraction spots along the direction normal to that plane (Fig. 3). 



 
 

6 
 

B. The  structure recrystallizes by slipping of the close-packed oxygen layers on (100) slip planes 
along the b-axis direction with bp = 1/3[010], which is one of the dissociated perfect dislocation 
with bt = [010].The bt is dissociated into two partial dislocations by the following reaction: [010] 

→ 1/3[010]The accompanying slight displacements of Mg and Si cations are 
indicated by the black and grey arrows, respectively. The total shearing process involving these 
cation’s displacements induces disordered spacings of the (010) plane which contribute to 
diffused diffraction spots along the direction normal to that plane (not observed by the 
experiments). Further topological consideration suggests that the wadsleyite structure can be 
formed by subsequent shearing on the (010)plane of the  structure2. The Burgers vector b of a 
dislocation is a crystal lattice vector that quantifies the difference between the distorted lattice 
around the dislocation (line defect) and the perfect lattice. It denotes the direction and magnitude 
of the atomic displacement that occurs when a dislocation moves4. 
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