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Through study of the  lunar samples we have marshalled evidence t o  sup- 
por t  the  hypothesis t h a t  shock-induced adiabat ic  heating of ~ e + ~ - b e a r i n ~  
minerals, such a s  orthopyroxene, may r e s u l t  i n  the  development of meta l l ic  
i ron plus o ther  phases (1 ,2 ,3 ) .  Furthermore, we have proposed t h a t  the  
mechanism of shock-induced reduction involves e lec t ron t r ans fe r  between non- 
v o l a t i l e  species through reduction-oxidation react ions  such a s  3 ~ e + ~  -+ FeO + 
2 ~ e + ~  (3 ) .  In order t o  assess  the  v a l i d i t y  of the  shock-reduction hypoth- 
e s i s ,  we a r e  carrying out  a s e r i e s  of shock-recovery experiments on samples 
which have been equi l ibra ted  a t  elevated temperature (1150-1200C) and i n  a 
control led atmosphere ( f02)  which simulates the  lunar environment. After 
high-temperature equ i l ib ra t ion ,  the  samples a r e  sealed i n  s i l i c a  g lass  t o  
prevent contamination with the  t e r r e s t r i a l  atmosphere. The study of such 
equi l ibra ted ,  shocked, and recovered samples should provide a t e s t  of the  
hypothesis of shock-produced meta l l ic  i ron  on the  moon. 

I t  i s  d i f f i c u l t  t o  equ i l ib ra te  a sample a t  high temperatures a t  a known 
f02 and then s e a l  it off  f o r  subsequent shock experiments using a conven- 
t iona l  gas-mixing furnace assembly. We have redesigned the  apparatus of 
Williams ( 4 )  t o  meet these spec ia l  experimental requirements (Figure 1).  The 
assembly incorporates (1) a standard gas-mixing system with a horizontal  h 

high-teinperature tube furnace which i s  mounted on wheels and rails so t h a t  it 
can be moved l a t e r a l l y  a d is tance  of several  f e e t ,  (2) a long horizontal  
thick-walled s i l i c a  g lass  tube coaxial  with the  tube furnace which serves a s  
the  sample-equilibration chamber a t  high temperature, and ( 3 )  a solid-ceramic 
e l e c t r o l y t e  (Y-doped Zr02) which i s  used t o  monitor the  f02 of the  gas 
stream. The sample, i n  the  form of a p i l l ,  i s  placed between two shor t  
lengths of c lose - f i t t ing  s i l i ca -g lass  rod. Thin d i scs  of high-purity BN a r e  
used t o  separa te  the  f l a t  faces of the  sample from the  s i l i ca -g lass  rod i n  
order  t o  minimize chemical contamination and react ion .  After high-tempera- 
t u r e  equ i l ib ra t ion  i n  a stream of mixed gases (H2-C02) a t  a defined £02, the  
furnace is  moved l a t e r a l l y  while the  gas flow i s  maintained, the  sample 
chamber i s  then flushed with argon and evacuated with a vacuum pump, and the  
sample i s  sealed off  with a microtorch by fusing the  inner wall of the  
s i l i c a  g l a s s  tubing t o  the  s i l i c a  g lass  rod on e i t h e r  s ide .  The resu l t ing  
dimensions of the  sealed s i l i ca -g lass  cy l indr i ca l  capsules can be cont ro l led  
by varying the  O.D.  of the  s i l i ca -g lass  tube and the  height  of the sampl-e 
p e l l e t .  The terminal faces  of the  cy l indr ica l  capsules a r e  cu t  p a r a l l e l  t o  
each o ther  with a t h i n  diamond cut-off blade. This simple scheme i s  a com- 
binat ion of the  conventional high-temperature gas-mixing furnace apparatus 
with the  c l a s s i c a l  sealed s i l ica- tube  technique. 
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W e  have synthesized ulv$spinel ,  i lmeni te ,  ferropseudobrookite,  and 
a rma lco l i t e  i n  t h e  form of p e l l e t s  from high-purity r e a c t a n t s  (Feo,Fe203,Ti02, 
and MgO) by means of t h e  gas-mixing furnace a t  temperatures between 1 0 0 0 ~ ~  
and 1 2 0 0 ~ ~  and -log £02 between 11 and 12. Af te r  cha rac t e r i za t ion  f o r  
single-phase p u r i t y ,  t h e  synthesized samples were then equ i l i b ra t ed  a t  tem- 
pe ra tu re s  between 1150 and 1200C a t  a known f02 defined by Hz-C02 mixtures 
(-log £02 between 11 and 1 2 ) ,  f lushed with argon, degassed with a vacuum 
pump, and f i n a l l y  sea led  o f f  i n  s i l i c a  g l a s s .  Two s e t s  of samples (O.D. 
12 mm; he ight  + 12 mm) a r e  scheduled to  be shock-loaded with chemical explo- 
s i v e s  a t  peak p re s su res  of  10 and 30 GPa (100 and 200 Kb) i n  January, 1978. 
The r e s u l t s  of a microscopic study of t he  recovered samples w i l l  be reported 
a t  t h e  Ninth Lunar Science Conference. Miniaturized encapsulated samples 
which a r e  compatible wi th  t h e  geometrical c o n s t r a i n t s  of t h e  b a l l a s t i c  gun 
f a c i l i t y  a t  J.S.C. a r e  i n  prepara t ion .  Subsequent experiments w i l l  be 
ca r r i ed  o u t  on members of t h e  f o r s t e r i t e - f a y a l i t e  s e r i e s  and t h e  e n s t a t i t e -  
f e r r o s i l i t e  s e r i e s ,  i f  t h e  r e s u l t s  obtained with these  r e l a t i v e l y  simple 
i ron-t i tanium oxide samples a r e  encouraging. 
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Figure 1. Schematic diagram of gas-mixing furnace assembly f o r  encapsulat ion of  samples 
following equ i l i b ra t ion  a t  high temperature and a known f02. 


