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I n t r o d u c t i o n  

Chain p e r i o d i c i t y  f a u l t s  (CPFs) have been discovered r e c e n t l y  i n  v a r i o u s  
n a t u r a l  and s y n t h e t i c  pyroxenoids ( 1  t o  7 ) .  Pyroxenoids a r e  cha in  s i l i c a t e s  
of t h e  genera l  formula ~ [ s ~ ~ o ~ ~ ~ ,  w i t h  chain  p ' e r i o d i c i t i e s  p = 3 , 5 , 7 , 9 , . . . .  
The kind and frequency of CPFs I n  pyroxenoid c r y s t a l s  a r e  c o r r e l a t e d  wi th  
t h e i r  chemical composit ion,  i n  p a r t i c u l a r  wi th  t h e  r a d i i  o f  t h e i r  c a t i o n s  on 
t h e  one s i d e  and wi th  thermal and b a r i c  h i s t o r y  on t h e  o t h e r  ( 2 ) .  I n  n a t u r a l  
t e r r e s t r i a l  rhodoni tes  (p=5) a s  we l l  a s  pyroxmangites (p=7) t h e  CPF concen- 
t r a t i o n s  a r e  r e l a t i v e l y  low and no s i g n i f i c a n t  d i f f e r e n c e s  between c r y s t a l s  
from d i f f e r e n t  l o c a l i t i e s  have been found ( 2 ) .  I n  comparison, i n  s y n t h e t i c  
pyroxenoids t h e  CPF concen t ra t ion  v a r i e s  considerably  ( 1 , 3 , 5 , 6 , 7 ) ,  C r y s t a l s  
of s y n t h e t i c  rhodoni te  ( M I - I ~ [ S ~ ~ O ~ ~ , ] , ~ = ~ )  and f e r r o s i l i t e  I11 Fe [ ~ i ~ 0 ~ ~ ] ~  
p = 9 ) ,  which were grown a t  P, T c o n d i t i o n s  wi thin  t h e  s t a b i l i t y  E ie ld  of t h e s e  
phases  were a lmost  f r e e  of CPFs ( 5 , 6 , 7 ) .  However, c r y s t a l s  grown o u t s i d e  o f  
t h e  s t a b i l i t y  f i e l d ,  o r  i n  a  ve ry  s h o r t  t ime,  show a  higher  CPF concen t ra t ion .  
The CPF concen t ra t ion  can be diminished by tempering t h e  c r y s t a l s  wi th in  t h e  
s t a b i l i t y  f i e l d  ( 6 , 7 ) .  Therefore ,  we assume t h a t ,  a t  l e a s t  i n  t h e  c a s e  o f  
pure  one-cation pyroxenoids such a s  MnSi03 and FeSi03, t h e  presence of CPFs 
i n d i c a t e  a  s h o r t  annea l ing  per iod  which, i n  a  c r y s t a l l i z i n g  magma, i s  equi-  
v a l e n t  t o  r a p i d  coo l ing .  

Since  f o r  t h e  pyroxfe r ro i t e -bear ing  lunar  b a s a l t  12021 r e l a t i v e l y  r a p i d  
coo l ing  has  been e s t a b l i s h e d  (8)  and s i n c e  p y r o m a n g i t e  and p y r o x f e r r o i t e  
d i f f e r  cons iderab ly  i n  t h e i r  chemical composition a  s e a r c h  f o r  CPFs i n  l u n a r  
p y r o x f e r r o i t e  was undertaken.  
Experimental 

15 hand-picked p y r o x f e r r o i t e  c r y s t a l s  ( ~ 1 0 0  p i n  s i z e ;  sample number: 
12021,252) were a v a i l a b l e  f o r  our  s t u d i e s .  To o d t a i n  a  genera l  view of  t h e  
s t r u c t u r a l  imper fec t ions ,  a l l  c r y s t a l s  were examined by X-ray p recess ion  
methods. Since  i n  genera l  CPFs a r e  p l a n a r  f a u l t s  p a r a l l e l  (OOl), it i s  impor- 
t a n t  f o r  t h e  EM s tudy  t o  p repare  t h e  c r y s t a l s  i n  such an o r i e n t a t i o n  t h a t  
(001) l a t t i c e  imaging can be obtained. .  Therefore ,  5 c r y s t a l s  were prepared 
by g r ind ing  t o  f i n e  powder, which was depos i t ed  on a  carbon support ing f i lm.  
Some of  t h e  g r a i n s  could  then  be o r i e n t e d  i n  t h e  r i g h t  way. 

An energy-dispers ive  ana lys ing  u n i t  on t h e  EM was used f o r  q u a l i t a t i v e  
chemical ana lyses .  
R e s u l t s  

For a l l  15 c r y s t a l s  t h e  cha in  p e r i o d i c i t y  p=7 has  been confirmed by X-ray 
d i f f r a c t i o n .  No d i f f u s e n e s s  p a r a l l e l  c" of r e f l e c t i o n s  was observed on any 
of t h e  s i n g l e  c r y s t a l  X-ray diagrams. That means, t h a t  no high CPF concen- 
t r a t i o n  could  be expected.  I n  f a c t ,  from t h e  EM-studies a  CPF concen t ra t ion  
of e 0 . 5  % was d e t e c t e d .  Most o f  t h e  CPFs observed had Ap=pf -p=+2, i . e .  
they  c o n s i s t e d  of c h a i n  u n i t s  wi th  9  t e t r a h e d r a  ( p 1 = 9 )  which a r e  i n t e r -  
spersed i n t o  t h e  r e g u l a r  sequence of s i ebener  chain  u n i t s  (p=7) of t h e  
p y r o x f e r r o i t e  c r y s t a l s  (Fig .  1 ) .  Although CPFs wi th  p t = 9  were t h e  most abun- 
d a n t ,  o t h e r  CPFs having Ap=-2,+4 and +6 have been observed.  Note, t h a t  
wi th in  t h e  same c r y s t a l  g r a i n  CPFs wi th  Ap=-2 a s  we l l  a s  w i t h  ApA+2 occur 
(F ig .  1 ) .  Only one non-planar CPF was observed. 

I n  Fig .  2  t h e  frequency d i s t r i b u t i o n  of t h e  v a r i o u s  CPFs i s  presen ted  a s  
obta ined by count ing t h e  l a t t i c e  f r i n g e s  observed.  A l l  t o g e t h e r ,  c r y s t a l  
g r a i n s  wi th  ca .  280000 8 i n  l e n g t h  p a r a l l e l  r001] were surveyed. 

The q u a l i t a t i v e  chemical ana lyses  o f  a  r e p r e s e n t a t i v e  p a r t  of one c r y s t a l  
g r a i n  i s  given i n  Fig .  3. It seems t h a t  t h e  p y r o x f e r r o i t e s  we s tud ied  con ta in  
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more Mg and Mn b u t  s i g n i f i c a n t l y  l e s s  A 1  than t h e  s t a r t i n g  g l a s s e s  used by 
Grove and L inds ley  ( 9 )  i n  a t t empts  t o  c r y s t a l l i z e  p y r o x f e r r o i t e .  
Conclusion 

From t h e  r e s u l t s  a t  d a t e  t h e  following sugges t ions  can be made. ( i)  The a l -  
most complete absence of non-planar CPFs i n d i c a t e s  t h a t  t h e  c r y s t a l s  have no t  
been exposed t o  cons ide rab le  s t r e s s .  ( i i)  The f a c t  t h a t  t h e  l a r g e  m a j o r i t y  of 
c h a m  u n i t s  have p=7 and t h a t  wi th in  t h e  same c r y s t a l  g r a i n  CPFs wi th  ~ p 2 + 2  
a s  we l l  a s  wi thLp=-2  have been observed i n d i c a t e s  t h a t  t h e  p y r o x f e r r o i t e  
c r y s t a l s  were formed r a t h e r  r a p i d l y  r i g h t  i n  t h e  s t a b i l i t y  f i e l d  of pyrox- 
f e r r o i t e  ( p = 7 ) .  (iii) I t  can be assumed t h a t  t h e  c r y s t a l s  have been cooled 
r a t h e r  r a p i d l y  s i n c e  t h e  CPFs, i n  p a r t i c u l a r  t h o s e  wi th  Lip=-2 and wi th  OpAt4, 
have n o t  d isappeared due t o  e q u i l i b r a t i o n .  
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- 4  -2 + 2  + L  +6 + 8  A P 
D i s t r i b u t i o n  of CPFs i n  p y r o x f e r r o i t e .  
p '  i s  t h e  number of t e t r a h e d r a  of a  
wrong cha in  u n i t  wi th in  a  cha in  of  i d e a l  
p e r i o d i c i t y  p. Ap=pl-p. 

EDS spectrum from a  p y r o x f e r r o i t e  c r y s t a l  g r a i n .  b)  i s  an enlarged p a r t  of a ) .  
(Cu comes from suppor t ing  g r i d . )  
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