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Introduction:   

Shock products and alteration result after bodies have 

experienced high shock pressures relating to shock 

metamorphism from an impact event. On earth, such 

shock features include fracturing, planar deformation 

features (PDFs), twinning of minerals, the formation of 

high-pressure polymorphs, shatter cones and impact 

melt and breccia from the heat of the impact (e.g. see 

recent reviews in [1,2] and references therein). The 

same impact features are expected to occur on other 

bodies in the solar system that are impacted, and shock 

features such as PDFs, alteration and the formation of 

polymorphs have been observed in meteorites. Such 

polymorphs include Ringwoodite, Wadsleyite, Jadites, 

Majorite, Coesite, Stichovite to name a few [3]. Such 

features and alterations as a result of impact cratering 

have been occurring throughout the solar system since 

its formation, and so the more that is known about the 

mechanism of shock alteration during these high speed, 

high energy and high shock events, the more we can 

understand about the evolution and shock history of a 

meteorite or planetary body.    

This work aims to take a step towards understanding 

the mechanism that produces the shock alteration and 

products that are observed in meteorites, by recreating 

the impact scenarios that form them in a controlled 

laboratory environment. The effect of different shock 

pressures on various mineral compositions and textures 

can then be examined. This aids in the understanding of 

the manner in which high peak shocked pressure events 

influence the development of the associated shock fea-

tures that are observed. This builds upon previous work 

[4]. The aim is to take a mineral of known composition 

and expose it to high shock pressure using the light gas 

gun (LGG) facility at the University of Kent. The min-

erals are exposed to a range of shock pressure and the 

resulting residues, craters and material are then ana-

lysed using a variety of techniques to investigate the 

features that have been formed and the accompanying 

alterations to the structure and composition of the min-

eral.   

 

Methods:   

Powdered and whole grains of common geological 

minerals found in chondrites, including orthopyroxene, 

clinopyroxene powders and olivine (peridot), were fired 

at speeds between 1 and 7 kms-1 (6 – 105 GPa) into Al 

foil (1080) and Stainless Steel (304) using the LGG at 

the University of Kent [5]. As well as separate materi-

als, a mineral mixture of olivine + diopside and olivine 

+ enstatite was also used as a projectile. In addition, a 

large target of olivine grains and feldspar (labradorite) 

is to be impacted by a 3 mm stainless steel ball bearing 

and the resulting shock features will be analysed later.  

The residues in the resulting craters and shock features 

on the target minerals were analyzed using Raman 

spectroscopy (532 nm illuminating wavelength), SEM 

and FEGSEM analysis and compared to the composi-

tion and structure of the un-shot minerals.  

Results: 

These initial results show that as expected, a significant 

change in the composition of the mineral can occur 

when experiencing different shock pressures, depending 

on the structure of the mineral. In this abstract, we fo-

cus on the results of the Raman analysis.   

 

  Enstatite and Diopside 

The diopside mineral investigated had a composition of 

Wo49En48Fs3 (from Jaipur, India supplied by M. 

McCanta, University of Tennessee [6]). The craters 

formed by the diopside impacts range from craters 

which have the projectile material embedded in the 

floor (1 kms-1), to craters that have material on the 

crater floor along the crater walls (6 and 7 kms-1) this 

change appears to occur with increased impact speed. 

The peak position of 3 major peaks of the Raman spec-

tra (1012 cm-1, 665 cm-1 and 390 cm -1) are compared 

with the peaks position of the unshocked material. It 

was observed that there is little to no significant shift (< 

2 cm-1 difference) in the three wave numbers until a 

shock pressure of >100 GPa was reached (Fig 1). This 

indicates that no permanent significant alteration of the 

structures has occurred below 100 GPa (Fig 1).  

 

The Enstatite material used had a composition of 

En86Fs13Wo1 (supplied by Anton Kearsley) and pro-

duced similar craters to that observed by diopside. At a 

shock pressure of 6 GPa, the spectra resemble the un-

shock material with no substantial shift in peak position 

indicating that there is little to no shock effect. At 

shock pressures greater than 6 GPa the residues show 

very few peaks when analysed by Raman and many 

peaks are lost into the background. One peak shows a 

broadening effect between 650 and 750 cm-1. This fea-

ture is observed in the 3.1 km s-1 and 7.0 km s-1 impacts 
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which suggest that shock effects change the Raman 

signal of Enstatite at a much lower shock pressure then 

olivine, at about 29.6 GPa [4].  

 

Peridot 

To investigate if the size of the projectile has an effect 

on the shock alteration we investigated the shock alter-

ation of peridot to compare to the results from [4]. This 

also allowed an investigation of shock alteration across 

the impact crater. The craters range from imprints with 

powered projectile material within to deep circular cra-

ters with residue covering the entire base of the crater. 

The Raman spectra were taken along the horizontal 

diameter of each crater and the spectra show little to no 

shift in wave number. The average peak positions of the 

two major Ramen spectra peaks observed at each shock 

pressure were compared to the unshocked peak posi-

tions and showed no significant shift in peak position 

(Fig. 2) as observed in [4].    

 

Conclusions 

The analysis of the samples is continuing using a variety 

of techniques. This preliminary report shows that small 

irreversible shifts in Raman peaks do not occur in 

diopside or peridot samples shocked up to 100 GPa, 

but that enstatite is sensitive to change above 6 GPa.  
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Figure 1: Scatter graph showing the variation in wave num-

ber for 3 characteristic peaks of diopside (1012 cm-1, 665 

cm-1 and 390 cm-1) as peak shot pressure increases. All fall 

within the 2 cm-1 thresholds (black box) except for 665 cm-1 

peaks at 140 GPa. 
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Figure 2: Scatter graph showing the variation in aver-

age wave number for the P1 defining peak for Peridot 

(822 cm-1). Increasing shock pressure show no shift 

larger than 2 cm-1 indicating no significant shift has 

occurred.  
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