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Some c i e n i c a i  reac t ions  occur ing dur ing  h igh-ve ioc i ty  ae teo r i t e  inpac ts  may have piayed i s p o r t a n t  r o i e  i n  
the accre t ice  o f  t e r r e s t r i a l  p ianets.  The reac t ions  occur ing a t  h igh  P i  cond i t ions  couid iead t o  mod i i i ca t l on  
o f  cheeical  cowposit ions of pr imary minerals i n  a t a r g e t  and i n  a p r o j e c t i l e .  tl metal - s i l i c a t e  i n te rac t i on ,  
where S i  i s  an ox id i ze r ,  beiongs t o  reac t ions  o f  t h i s  type. tl p o s s i b i l i t y  o f  such reac t i on  between a kamacite 
p r o j e ~ t i i e  and a quartz t a r g e t  has been demonstrated recen t i y  by experiments [ I , ? ]  . S i n i i a r  p e t a l - s i l i c a t e  
reac t ions  may a lso  occur a t  t he  nant ie icore  boundary being responsible f o r  the  dens i ty  d e f i c i t  o f  the Ea r th ' s  
core due t o  admixture o f  s i l i c o n  t o  the  core  eta; i3 l .The purpose o f  the study i s  t o  i nves t i ga te  i n t e r a c t i o n s  
o f  ~ e t a i  i r o n  w i t h  some s i l i c a t e  minerais by shock ioading. 

Studied saepies o f  a i b i t e  (Abi, j a d e i t e  i Jad i ,  z i rcon i i y r j ,  aiid e n s t a t i t e  (Enj  were shocked i n  
c y i i n d r i r a i  s t e e i  conta iners  surrounded by h igh  explosive.  Pre-shock po ros i t y  of  i 0 . 2 5  se powder s a ~ p i e s  
pressed i n  the containers was about ZSZ f o r  Ab and Jad and 152 f o r  i y r  and En. Shock wave pat te rns  i n  the  
sampies are very coapi icated,  and, hence, P i  paraaetres ;an be oniy estimated very roughly as about of 100 t o  
150 ;Pa w i t h  the peak teaperat t i re about a feu thcusands K. Cheaicai co8posi t ions ~i the sarp les  are  given i n  
Table. The containers were aade f r oa  stee! contain ing $8 i0 .5wtSXi,  S iD.05Xi , C iO.ZXi, and S i  iD.i5%1. 

Spheroidai metai i nc l us i ons  were found i n  the recovered meitea saapies. The i nc i us ions  tend t o  be 
concentrated i n  the giassy mat r ix  towards a center and a bottom o f  the cy i i nde r  saapies. i h e  metai spheroids 
#ere pickeC up f r o 8  a s i i g h t i y  crushed s i i i c a t e  ~ a t e r i a i ,  and, a i t e r  c ieaning and po l ish ing ,  were investigated 
by aicraprobe terhnique, Fig,  i i i ~ s t r a t e s  Fe - S i  concentrat ions i n  the  i n d i v i d u a l  r e t a i  inc ius ions .  A i l  
anaiyses were norffiaiised t o  l G O I  and the dev ia t i on  o f  the dots i r o n  the  s t r a i g h t  i i n e  i s  due t o  a presence of 
other cowponents i n  the spheruies. Highest S i  contents iup  t o  i3.8 wt21 were measured i n  the spheruies 
resu i ted  f r oa  the e x p e r i ~ e n i  w i t h  i y r .  i n  two cases the spheruies contain a lso  P (0.1 and 0.8Xj. The spheruies 
i r o n  Ab :re lower i n  S i  (up t o  7.4Xi and enriched i n  p iup  t o  12 , iZ i .  A phosphide pase w i t h  up t o  19.iZ was 
i d e n t i f i e d  i n  one :ase.Smailer S i  concentrat ions were found i n  the  a e t a i  spheruies f r o e  En and t ad  (up t o  1.4% 
2nd 2.32 r espec t i ve l y ) ,  Oniy 6QX and 252 o f  the s e t a i  spheruies from ;ad and En, respect ive iy ,  contain Si .  
A d ~ i x t u r e  o f  Cr up t o  0.72 (average O.22; i s  t y p i c a l  f o r  the spheruies from En. 

The $eta1 p a r t i t i e s  aay enter i n t o  s i i i c a t e  mat r ix  by two ways: l j s p a i i a t i a n  o f  r e t a i  pieces from 
conts iner ~ a i i s  dur ing  propagation o f  shock gave, and ?)contamination o f  the  saapies dur ing t h e i r  pressing i n t o  
?he containzr.  Aithcugh there  are  sowe unce r ta i n t i es  i n  o r i g i n  of  the ae ta l  ;pheruies, #e be i ieve  t h a t  a 
canposi t ion o f  t h e i r  i n i t i a i  r a t e r i a l  i s  the  sane as the conposi t ion o f  the  container se ta i .  The enrichment o f  
the spheruies i n  S i  occures i n  a l l  shock experiffients. The carbon content i0.2Z) i n  the s t e e i  container i s  too 
low i o  exp la in  the observed S i  content  i n  the a e t a i  spheruies, because oniy an 0.42 S i  concentrat ion couid be 
caused by t h i s  carbon reduct ion.  The most p l aus ib l e  process o f  the  S i  reduct ion i s  a red-ox reac t i on  between 
. - ; .  ..iicates and Fe metal which shouid be s i m i i a r  t o  the above-sentioned reac t i on  o f  s i i i c a  ~ i t h  i r o n  [!j where 
the reduct ion o f  S i  i; accorpanied by ox id i z i ng  o f  Fe. Behavior o f  P a t  the  shock cond i t i on  i s  probably o f  the 
s a w  nature a5 t h a t  o f  Si .  n i gh  Cr content i n  the metai spherules der ived i n  the En experiment could be due t o  
a p;esence c i  ch roa i t e  i nc l us ions  i n  e n s t a t i t e  and t h e i r  i n t e r a c t i o n  w i t h  the  ae ta i  phase. 

Thus, the p r e i i e i n a r y  i nves t i ga t i on  shows t h a t  there i s  an i n t e r a c t i o n  between s i l i c a t e s  and ae ta l  i r o n  
under shock ioading which leads t o  reduct ion  of  Si. This i n t e r a c t i o n  shouid be t a k m  i n t o  account f o r  
reccns t ruc t ion  o f  chea ica i  processes, which took piace dur ing accre t ion  o f  p lanetary bodies, 

?iiEfiiMZE2:[li aadjukov D.D., i1990], LPi  1x1, p.36; i?] Yakoviev C.i, e t  a i . ,  i i F S l i ,  Geochimia i i n  Russian, 
i n  pre;si) [33 Kuskov O.L. (19i51, Geochiaya, MS,p.i137 i i n  2ussiani  

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



SHOCK INDUCED INTERACTION: Badjukov D.D. and Petrova T.L. 
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FIG. Fe vs Si plot showin the compositional range 
of the spherules and con ? ainers steel. Analyses of 
the spherules without Si were excluded. 

Table. Chemical composition of shocked minerals. 

Sample Ab Jad En Z Y ~  

F4n0 .01 -01 .20 -- 
f4gO -- -65 32.77 -- 
FeO -07 -62 7.04 .37 

Cr203 
-- -01 -27 -- 

CaO -16 1.51 1.86 -- 

Na20 11.49 14.93 -- -- 

K2° -26 -20 .16 -- 

Zr02 -- -- -- 66.09 

Total 100.82 101.06 100.61 99.10 
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