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Introduction: Dynamic shock loading of quartz 

produces diagnostic shock effects in the mineral [e.g., 

1-8]. These shock effects have been generally pressure-

calibrated by shock recovery experiments conducted at 

room temperature. The important shock deformation 

effects in quartz include planar deformation features 

(PDFs) and mosaicism that develop at pressures of 12-

36 GPa; in addition diaplectic quartz, with reduced, 

refractive indices, density and birefringence, develops 

at pressures of 24-36 GPa, between 30 and 50 GPa 

quartz transforms into a quasi-amorphous diaplectic 

glass with density and refractive indices intermediate 

between diaplectic quartz and thermal quartz glass, and 

above 50 GPa quartz is melted (formation of 

lechatelierite) [5 and refs. therein]. Here we report new 

results from shock experiments with single crystal 

quartz targets pre-cooled with liquid nitrogen to 77 K, 

and compare our data with literature data for shock 

experiments at room temperature and with pre-heated 

targets [4,5,7-9]. The combined data set allows to 

determine some constrains the influence of temperature 

on the shock effects in quartz single crystals.   

Methods: Single crystal quartz discs (cut parallel 

to {10-10}) were experimentally shocked at the Ernst 

Mach-Institute in Freiburg using the reverberation 

technique [5,9]. The experimental set up was pre-

cooled with liquid nitrogen to 77 K and then subjected 

to precisely (±3%)  defined shock pressures of 24, 28 

and 36 GPa. After recovery the samples were analysed 

by optical microscopy, and refractive indices were de-

termined using the immersion method [10]. Raman 

spectroscopy was carried out using a notch filter-based 

Dilor LabRam equipped with a 632 nm HeNe Laser.  
 

Table 1: Details of shock experiments using C4 explo-

sives. Shock pressure (P), thickness of driver (D) and cover 

(C) plate, and time of maximum shock compression (t).   

P [GPa] D [mm] C [mm] t [µs] 

24 4 11 0.40 

28 4 6.2 0.58 

36 3 6.5 0.15 
 
Results:   Macroscopically the quartz shocked to 

24 GPa appears fragmented, white and is lacking lus-

tre. In contrast, the samples shocked to 28 and 36 GPa 

were recovered as coherent, transparent and lustrous 

material. Transmitted light microscopy revealed the 

presence of PDFs in quartz shocked to 24 and 28 GPa. 

No PDFs are present in the sample shocked to 36 GPa.  

Transmitted light microscopy with crossed polaris-

ers of thin sections of identical thickness showed that 

quartz shocked to 24 GPa displays mosaicism, and 

interference colours of first order white to yellow, iden-

tical to those observed in the unshocked quartz. Quartz 

shocked to 28 GPa displays strong mosaicism and in-

terference colours of first order gray, indicating re-

duced birefringence. Applying shock pressures of 36 

GPa results in complete isotropisation.   
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Figure 1: Refractive index of shocked quartz vs. shock 

pressure. Experimental data for the pre-cooled experiment at 

77 K from this study, and data from experiments at 293, 548, 

813, and 903 K taken from literature [4-6].  
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Figure 2: Initial temperature of target quartz vs. shock 

effects in quartz single crystals [4-7]. PDF = Planar deforma-

tion feature; Qz = Quartz; diapl. = diaplectic.  This is not a 

phase diagram sensu stricto, because it shows initial tempera-

tures and not shock temperatures during compression.  
 

Independent of initial temperatures in the range of 

77 to 903 K, the birefringence and refractive indices of 

quartz remain unaffected at shock pressures <25 GPa 

(Fig. 1,2). At shock pressure >25 GPa the refractive 

indices of quartz decreases systematically (Fig. 1). In 
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the 28 GPa experiments the refractive indices of quartz 

pre-cooled to 77 K are higher compared to quartz pre-

heated to 813 and 903 K, but surprisingly are lower 

compared to those of quartz with initial temperatures of 

293 and 548 K. From the 28 GPa series with initial 

temperatures of 77-713, 813 and 903 K the quartz tar-

gets are recovered as diaplectic quartz, diaplectic glass 

and thermal glass, respectively (Fig. 1,2) [4-5,7]. Thus, 

initial temperatures of 800-900 K represent a critical 

threshold value for the development of shock effects in 

experimentally shocked quartz.     

Progressive deformation of the quartz crystal lattice 

with increasing shock pressure is illustrated by system-

atic variations in the collected Raman spectra (Fig. 3) 

[3]. The spectra demonstrate two different structural 

changes in the tetrahedral framework:  
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Figure 3: Raman spectra of quartz single crystal. Spectra 

arranged in order of increasing shock pressure (0, 24, 28 and 

36 GPa). Intensity given in arbitrary units (a. u.).   
 

1) Inflation of the α-quartz crystal lattice in the 24 

and 28 GPa samples results in a shift of the Raman 

band at 464 cm
-1

 to lower frequencies (Figure 3) [3]. 

The dominant Raman band of α-quartz at 464 cm
-1

 

relates to the vibration of the oxygen atom bridging the 

silica-oxygen tetrahedra. During static compression the 

angle between two tetrahedra decreases and the Raman 

band is shifted to higher frequencies [11]. In contrast, 

this Raman band is shifted to lower frequencies in 

quartz shocked to 24 and 28 GPa (Fig. 3) [3], indicat-

ing an increase in the angle spanning between the tet-

rahedra. Shock inflation of quartz as inferred from Ra-

man spectroscopy (Fig. 3) [3] is in agreement with a 

decrease in density of quartz shocked to 25 GPa [4].  

2) Breaching and reconstruction of bonding is 

documented in the Raman spectra for the 28 and 36 

GPa samples. The new bands at 493 and 603 cm
-1

 are 

characteristic for the D1 and D2 vibration modes of 

vitreous silica, and are commonly related to weakly 

puckered four-membered and planar three-membered 

rings of tetrahedra [12]. These tetrahedra rings are not 

part of the normal quartz crystal structure, thus indicat-

ing reconfigurations in the tetrahedral  framework. As a 

result of higher shock pressures.  

Discussion: This study provides the first results of 

shock experiments with pre-cooled quartz targets, in-

vestigating on the transformation of quartz to diaplectic 

quartz and then to diaplectic glass. Combining this data 

set with literature data for shock experiments at room 

temperature and with pre-heated quartz targets shows 

that shock metamorphism of quartz is dominated by 

pressure. Shock deformation of the quartz crystal lat-

tice can be interpreted as an increase in disorder and 

volume as a result of static failure of the crystal frame-

work due to overpressure >25 GPa. Above 36 GPa 

shock results in a diaplectic glass with density and 

structure similar to that of dense glass. As long as tem-

perature during dynamic shock loading and unloading 

remains below a certain threshold value the effects of 

temperature can be neglected. At initial temperatures of 

813 an 903 K (shock temperatures may be >1173 K) 

the crystal structure is thermally softened allowing 

complete amorphisation at pressures of 26 or 28 GPa, 

respectively. Thermal softening of the silica-oxygen 

bonds at temperatures >1173 K is indicated by anneal-

ing experiments with shocked quartz [6] and shocked 

vitreous silica [13]. In addition to pre-heating also po-

rosity can substantially increase the shock-induced 

temperature increase, leading to formation of shock 

effects at lower shock pressures than required for non-

porous targets shocked to lower temperatures [14].    
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