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Report: 

 

The end goal of this beamtime proposal was to assess the relations between non-hydrostatic stresses, 

phase change and seismic velocities. As a first step, it was decided to focus on the quartz - transition, a 

second order transition that has major geophysical implications [1]. This transition was chosen because the 

temperature at which it occurs at high pressure and its physical properties are still poorly constrained [2]. 

Notably, thermodynamics databases predict a dramatic increase in compression wave velocity, Vp in the  

field with depth, which results in the attribution of high velocity zones in seismic tomography data to the - 

transition [3]. However, the predicted Vp increase in the β field is not observed in preliminary experiments 

performed off-line at our home institution [4]. This discrepancy may reflect either a fading of mechanical 

contrast between α and β quartz with increasing pressure (resulting in a smoother transition) or a partial 

transformation. However, since β quartz cannot be quenched, it is impossible to observe the actual amount of 

reaction in recovered samples. 

Therefore, it was chosen to first use the ESRF beam to characterize the transition at high pressure 

before eventually measuring the associated velocity changes. These experiments are performed without direct 

temperature (i.e., thermocouple) and pressure measurement. One of the main goals during this first beamtime 

was therefore to calibrate the press load and furnace output needed to reach the PT conditions of the transition.  

The data collected over 4 experiment during ES-910 achieved that goal through sevral heating-cooling cycles 

at increasingly higher loads until coesite (the high pressure phase) was observed at ~ 3 GPa. Furthemore the 

data revealed that the full transition is sharp (it takes place over a temperature interval < 10°C), even at 

pressures of several GPa’s (figure 1), which had never been observed before. In addition, they suggest that the 

transition becomes indeed smoother toward high pressure, which may explain the lower Vp contrast observed 

in our previous experiments. 

In future experiments, the P-wave travel time inside the sample will be retrieved using a pulse-echo 

technique and by identifying the top and bottom sample reflections in the waveforms obtained. The evolution 



 

of Vp across the transition will then be retrieved by monitoring the sample length in x-ray absorption images. 

These data can be directly used for the interpretation of seismic tomography profiles. 

 

 
Figure 1. Results from ES-910. The main reflection of quartz (011) is observed as a function of scan number while the 
temperature was ramped up or down at constant rates. (a) shows a full temperature cycle at low pressure (~1 GPa). The 
transition is clearly identified (dashed lines) both on the up- and down-temperature paths by pronounced changes in 
peak position shifts. (b) shows a similar behavior at higher pressure (~2 GPa) during temperature ramping. In this case, 
however, the smoother nature of the transition may reflect a smaller contrast of cell parameters between the two phases 
at higher pressures. 
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