
QUARTZ-COESITE-STISHOVITE RELATIONS IN SHOCK VEINS FROM THE VREDEFORT IMPACT 

STRUCTURE. John G. Spray and Suporn Boonsue, Planetary and Space Science Centre, University of New 

Brunswick, 2 Bailey Drive, Fredericton, NB E3B 5A3, Canada. E-mail: jgs@unb.ca 

 

      Introduction:  We report on the results of a com-

bined micro-Raman spectroscopy and field emission - 

scanning electron microscopy (FE-SEM) investigation 

of SiO2 polymorphs developed in shocked Hospital 

Hill quartzite from the Vredefort impact structure of 

South Africa, originally described by Martini [1]. The 

FE-SEM was equipped with energy dispersive spec-

trometer (EDS), and electron back-scattered diffraction 

(EBSD) capabilities. The objective was to determine 

the occurrence, distribution and mutual relations of 

quartz, coesite and stishovite and to establish their 

temporal relations. All occur at the margins of, or with-

in, <2 mm wide anastomosing vein systems that show 

minimal offset (typically submillimetre). Coesite and 

stishovite do not occur beyond the veins. The presence 

of impact-generated high-pressure polymorphs in these 

fracture-fault systems indicates that they are the prod-

ucts of shock excursions akin to features developed in 

certain meteorites. 

     Micro-Raman Spectroscopy and Electron Mi-

croscopy: Spectra were collected from microcrystal-

line coesite aggregates inside quarz grains suspended 

in the matrix of a ~1.5 mm wide shock vein. Raman 

measurements in the range of 100-2000 cm
-1

 revealed 

sharp bands with frequencies and relative intensities 

that were reproducible throughout the sample. Excita-

tion was achieved using a 514.5-nm Ar-ion laser, fo-

cused through a ×50 objective lens (N.A=0.75) and 

filtered to give ~8 mW total laser energy at the sample 

surface. A sample bleaching mode was employed in the 

measurement setup to reduce the strong fluorescence 

effect from the epoxy mounting glue. The Raman spec-

tra of minerals in the shock veins contain well defined 

bands at 463-464, 520.897-521, 126-127, 204-206 and 

269-270 cm
-1

, whereas groups of less intense bands are 

found in the ranges 119-426, 694-800, and 1060-1160 

cm
-1

. It has been demonstrated that structures with 

four-member SiO4 rings, such as coesite and feldspar, 

have (T-O-T) vibration modes above 500 cm
-1

, whe-

reas structures with six-member rings, such as quartz, 

cristobalite, tridymite, and nepheline, have (T-O-T) 

vibration bands between 380 and 480 cm
-1

 [2]. The 

position of the band at 520-521 cm
-1

 in the Vredefort 

metaquartzite is consistent with the four member SiO4 

ring vibration mode of coesite. The Raman-shift at 521, 

117, 177, 270, 151, 205, 355, and 425 cm
-1

 are used 

for coesite characterization (Fig. 1). Typical identifica-

tion bands for alpha-quartz are at 464, 128, 207 cm
-1

, 

the other bands at 265, 355, 394, 697, 796, 808, and 

1069 are in less intense.  
 

 
Fig. 1. Raman spectrum of coesite before (top right) and after 

(larger image) subtracting quartz band. 

 

In addition to the peak at 521 cm
-1

, it is conspicuous 

that quartz bands at 464, 128 and 206 cm
-1

, with less 

intense spectra at 355 and 425cm
-1

, are always present 

in all analyzed coesite. Based on a number of Raman 

scans, as well as Raman mapping, it can be concluded 

that the principal quartz band present in all the ana-

lyzed coesites is due to the grain size and phase distri-

bution effects. The micron- to sub-micron  size of indi-

vidual crystals and microcrystalline aggregates of coe-

site relative to the laser spot size, as well as the partial 

decay of metastable coesite crystals to quartz, are re-

sponsible for the presence of quartz bands in the Ra-

man spectra of coesite. The SEM images of the micro-

crystalline textures confirm this conclusion (Fig. 2).  

Stishovite, occurs as submicrometer size (<0.5 m) 

crystals in significantly smaller amounts than coesite. 

With a high laser power and a long exposure time for 

spectral aquisition, low intensity Raman bands at 231, 

589 and 753 cm
–1

 can be detected. BSE images reval 

that the stishovite typically occurs as elongate prisms 

(needles) in voids close to the edges of metaquartzite 

clasts suspended in the shock vein matrix (Fig. 2). Be-

cause of its extremely fine grain size and restricted 

development, positive identification of stishovite is 

possible only by the electron back-scattered diffraction 

method. Stishovite, which in crustal rocks is regarded 

as an indicator of meteorite impact (forming at pres-

sures in excess of 7.5 GPa), was confirmed by using 

EBSD, as was coesite (Fig. 3). 
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Fig. 2. High-resolution back-scattered electron FE-

SEM images (BSE) reveal the texture characteristics of 

high pressure SiO2 polymorph of stishovite (bright 

contrast, prismatic shape), coesites (grey contrast) and 

quartz (dark grey contrast). 

 

 
 

Fig. 3. Electron back-scattered diffraction pattern of 

two stishovites (green) and coesite (yellow). 

 

   Results and Discussion: It has been indicated from a 

number of previous studies that stishovite and coesite 

are formed and metastably preserved in rocks that ex-

perience shock-induced metamorphism [1, 3]. At Vre-

defort, masses of microcrystalline coesite and stisho-

vite (<0.5 to 6 microns) occur in shocked metasedi-

mentary rocks. The high-pressure phases are restricted 

to shock veins (<2 mm wide) and do not occur in the 

bulk of the rock. Such P-T excursions are common in 

shock veins developed in meteorites [e.g., 4]. In the 

Vredefort sample, coesite and stishovite also do not 

occur in the shock vein matrix in the studied sample. 

Rather they occur within quartzite clasts suspended in 

the matrix or along the margins of the shock vein. Sti-

shovite is further restricted to the margins of clasts and 

vein walls The shock vein matrix comprises microcrys-

talline quartz and mica, which show indications of flow 

textures, set in a brown glassy medium. The matrix-

hosted clasts are rounded and comprise fragments of 

the host rock (metaquartzite). The high relief coesite 

crystals and microcrystalline aggregates of coesite in 

the quartzite clasts are set within a probable diaplectic 

or true melt glass matrix. The radiating form of micro-

crystalline coesites around the rim with quartz concen-

trated in the centre is common in this rock. This feature 

is an indicative of a large volume increase due to the 

differences of density between metastable coesite (den-

sity 2.91) and quartz (density 2.65). The coesite, which 

is a metastable phase within the stability field of quartz 

partly transforms to quartz with a consequent volume 

increase. The feature is similar to those reported from 

ultra-high pressure metamorphic rocks [5]. Sclar et al. 

[6] have shown that prismatic to tabular, or needle-like, 

stishovite crystals can form rapidly at high pressures 

(>7.5 Ga) and at high temperatures (> 900
o
C). Based 

on the occurrence of stishovite observed in this study, 

we believe that its formation is initiatied during the 

shock compression stage via the combined effect of 

conductive heating from the melted matrix (>900°C) 

and intra-vein shock reverberation (>10 GPa). Addi-

tional heat from the melt generated in the shock vein 

may have facilitated the continued growth of stishovite 

needles after the shock pulse.  
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