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Summary. Laser shock experiments have been performed on quartz, diopside, and 
olivine in order to study the formation kinetics of shock effects. All three minerals failed in a 
brittle manner and, additionally, numerous screw dislocations could be activated in olivine. 
Nevertheless, the most prominent shock effects such as the formation of planar deformation 
features (PDFs) and the transformations to diaplectic glass or high-pressure polymorphs 
have not been produced. These results indicate that laser pulses are too short for the 
production of diagnostic shock effects. 

Introduction. An ultra-short laser pulse of high energy focused on a solid target produces 
plasma on the irradiated target surface. The explosive expansion of the plasma initiates a 
spherical shock wave in the target area, which rapidly decays with proceeding propagation. 
Laser pulses are typically on the order of nanoseconds and are thus extremely shorter than 
shock pulses produced in nature (up to a few second) and conventional shock experiments 
with gas guns or high-explosives (I 1 ps). Consequently, laser shock experiments are 
essential in gaining insights into the formation kinetics of shock effects. 

Preparation and Experimental Techniques. Laser shock experiments have been 
carried out on quartz, diopside, and olivine at LULl (Laboratoire pour I'Utilisation des Lasers 
Intenses, Ecole Polytechnique, Palaiseau, prance) with a Neodymium-glass laser. Prior to 
the experiments the silicate samples were cut into 1 - 2 mm thick plates with planar parallel 
surfaces. Front surfaces were polished and two Al foils were glued on them. The lower 0.5 
mm thick Al foil having a central hole with 3 mm diameter acted as spacing holder and was 
overlain by the 18 pm thin Al foil used as flyer plate. This flyer plate was driven by the laser 
beam and impacted the sample surface at high velocity. Laser pulses and energies were 2.5 
ns and 70 - 80 J, respectively. Peak pressures achieved at the sample surfaces were about 
40 GPa, as roughly estimated on the basis of laser energies. After recovery samples were 
first studied morphologically with scanning electron microscopy (SEM). For optical and 
transmission electron microscopy (TEM), the samples were embedded in resin and then cut 
perpendicular to the surface, allowing the observation of shock effects as function of depth. 

Results and discussion. In agreement with a previous study [ I ] ,  our laser shock 
experiments on quartz resulted in the ejection of surface material and the formation of small 
circular craters with 2 mm diameter. The remaining crater floor shows pervasive fracturing. 
Although craters have not been produced in diopside and olivine, numerous fractures 
oriented tangentially around the circular target area are also observed in these minerals. 

TEM observations on cross sections revealed additionally that fractures end in a depth < 
0.5 mm. The crystal lattice around the tips of such ending fractures is distinctly distorted, as 
is visible in high resolution images of diopside (Fig. 1). Besides the fractures, other shock 
effects expected to occur in the pressure regime of 40 GPa (e.g. planar deformation features 
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(PDFs), diaplectic glass, mechanical twins, and high-pressure phases) have neither been 
detected in quartz nor in diopside. Most of the typical shock effects are also lacking in 
olivine, except numerous screw dislocations with Burgers vector c (Fig. 2). These 
dislocations are known to be characteristic for naturally shocked olivine and have also been 
reproduced by conventional shock experiments [2, 31. They are only observed at the margins 
of fractures. Therefore, fracturing is interpreted as cause for dislocation formation, as has 
also been assumed for naturally shocked olivine [2]. 

Altogether, the results of this study imply that laser shock experiments are too short for the 
formation of most diagnostic shock effects. Neither time-consuming processes such as 
reconstructive transformations to high-pressure polymorphs nor the formation of PDFs and 
diaplectic glass, which are known to require extreme dynamic conditions, have been 
triggered during the short laser pulses. 

References: [ I ]  Cordier P. et al. (1 994) 111. ESF workshop, Limoges, abstract volume, 23; [2] 
Langenhorst F. et al. (1995) Geochim. Cosmochim. Acta, 59, 1835. [3] Langenhorst F. et al. (1994) 111. 
ESF workshop, Limoges, absfract volume, 43. 

Fig. 1. High Resolution TEM image of diopside Fig. 2. TEM dark field image of olivine 
showing the tips of planar fractures pervaded with numerous c screw 
with (1 10) orientation. dislocations. 
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