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Impact-induced vaporization of silicates could play an important role in differentiation of planetary 
matter during accretion. Experimental investigation of chemical effects during hyper-velocity impacts 
provide an important information about trends of chemical transformation of silicates. Here we present 
results of investigation of chemical composition of vapor which was produced by impact of a steel projectile 
into basalt target at  a speed of 7.4k0.2 km/s. In a previous research [I] we produced impact vaporization 
using two stage light gas gun technique with velocities of metals projectiles about 6 km/s. The general 
task was to raise up velocities of a projectile to provide better conditions of vaporization. In the present 
set of experiments we tried to use Titov explosive gun to gain higher impact velocities. The aim of 
the experiment was to collect condensate, analyze its chemical composition and compare with initial 
basalt sample. 

The experimental chamber was a hard steel cylinder 50 cm long and 20 cm in diameter which 
was mounted in an open air on a hard basement. The chamber and the basement were built to survive 
the explosion of Titov gun. The sample was mounted at the back side of the chamber. Basalt target 
was a mosaic of basalt blocks giving a plate 15 cm in diameter and 4-5 cm thick. At a distance of -10 
cm from a center of basalt target special Ni- foils were mounted for collection of condensate. Foils were 
covered with a system of metallic and nylon grids to protect condensed film from being abraded by 
ejecta. Ultra fine dust which have penetrated through holes of grids was removed by soft brush and 
air flow before analyses. In the front part of a chamber it was a window 15 cm in diameter. The window 
was covered by a thin plastic diaphragm and the inner volume of the chamber was vacuated by a mechanical 
for vacuum pump. The front window of a chamber was at  a distance of about 2 m from Titov gun tube. 
The projectile was a steel sphere 5 rnrn in diameter. After detonation of a gun the projectile was accelerated 
by gases in cumulative flow. At a distance of about 1.5 m from the gun the projectile crossed the front 
boundary of products of explosion which were decelerated by an air. At the entrance to the window 
of the chamber velocity of the projectile was measured by high-speed photo-camera. The projectile 
penetrated through the diaphragm and impacted the target. Vaporization of a target, spreading of the 
vapor cloud and precipitatign of a condensate have completed before air and products of explosion could 
deeply invade inside the chamber. Impact produced film of condensate was covered by products of explosion 
after their arrival to the target zone. 

Analyses of the condensed film was done using X-ray photo electron spectroscopy technique 
(XPS). Beginning from its upper side the condensed film was etched by argon icn beam layer after layer 
(with a step from 50 to 200 A) and for every layer XPS analyses were done providing information about 
the chemistry in the cross section of the film. 

The thickness of impact condensate was -850 k A simple estimation of the mass of vaporized 
matter can be made with an assumption of homogeneous spherical spreading of the vapor cloud. Resulting 
value of 25 mg of evaporat'ed matter is in agreement with earlier made estimates [I]. 

Data on chemical composition of initial basalt and of condensed film is presented in Tables 1. 
Chemical composition and charging state of elements in layers of condensed film is presented in Table 
2. Chemical composition of lnitial sample was analyzed by X-ray fluorescent spectroscopy (XFS) (raw 
1, Table 1) and by XPS (raw 2) techniques. Composition of condensed film is averaged from analyses 
in layers (raw 3). Comparison of chemical composition of condensate and of basalt target show noticeable 
enrichment in iron (more than factor 2) which was added by vaporization of steel projectile. Large quantity 
of added iron decreases values of other elements concentration. Nevertheless concentration of Si02, 
Na20 and K20 is enriched in the condensate and concentration of CaO, A1203 and especially of MgO 
is depleted. This result is in agreement with general behavior of K, Na, Si as volatiles and of Ca, Al, 
Mg as refractory components. The ratio K20/Na20 in the condensate is enriched for more than factor 
two. This result is also in agreement with an increase of K20/Na20 ratio during vaporization of mafic 
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rocks [I]. 
It is rather difficult to separate projectile iron from basalt iron. If we roughly assume that metallic 

(Fe9 part of iron in the d e n s a t e  mesM to projectile then we can recalculate approximate canposition 
of basalt vapor (raw 4 in Table 1). Concentration of Si02 in this case is -60% and corresponds to medium 
acidic rocks. After subtraction of FeO the concentration of Fe is still rather high in the condensate. I t  
can be two reasons: 1) high volatility of iron during impact vaporization of basalt melts; 2) oxidation 
of a part bf projectile Fe to FeO in the vapor cloud. The second reason has expimental and thermodynamical 
approval on the example of reaction: 2 FeO + Si02 - 2 FeO + siO [2]. The validity of this reaction is proved 
by presence of metallic Si in layers of condensate and evident anti-correlation between siO and F ~ O  

(Fig. 1). ?he increase of temperature shifts the mentioned reaction to the right and the measured increase 
of siO to the bottom parts of the condensed film (Table 2) can indicate higher temperatures in the front 
part of the spreading vapor cloud. 

REFERENCES: [I] Yakovlev 0.1. et al. (1988), LPSC XIX, p.1304. [2] Yakoviev 0.1. et al. (1992), Geochemistry 
International, v. 29, N 1, p. 39. 

Table 1. Chemical compositicn (wt.%) of target basalt: raw 1 -average from 3 XFS analyses, raw 2- 
average from 2 XPS analyses; and of condensed film: raw 3- average from XPS analyses in layers, raw 
4- average after subtraction of F ~ O .  
.................................................................................................... 
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Table 2. Chemical composition (at.%) and charging state of elements in layers of condensed film. 

Depth I Si Al Fe Mg Ca Na K 0 
inside I------------ ---- ---------- ---- ---- ---- ---- ---- 
the film I ~ i + ~  siO Fe+' FeO M ~ + ~  ~ a + ~  ~ a +  K+ o - ~  

Fig. 1. Negative axrelation between 
si0 and F ~ O  concentration in layers 
of the condensed film. 

I 2 3 5 
sP ,  at.% 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


