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I n  a t tempts  t o  dec iphe r  t h e  p e t r o g e n e t i c  e v o l u t i o n  o f  l u n a r  b a s a l t s  t h e  
p a r t i t i o n i n g  o f  na  j o r  and t r a c e  elements among coex i  s t i  na m ine ra l  s  has been 
e x t e n s i v e l y  std i3- l  (e .g. 1,2) .  The e f f e c t s  o f  c r y s t a l  chemical c o n t r o l  over  
p a r t i t i o n i n g  a r e  ex t reme ly  s i g n i f i c a n t  b u t  commonly a r e  n o t  s t u d i e d  i n  i 4 e t a i l .  
T h i s  paper presents  c r y s t a l  l o g r a p h i c  and chemical da ta  on p a r t i  t i o n i n q  between 
two c o e x i s t i n g  m i n e r a l  p a i r s  where c r y s t a l  chemical c o n t r o l  can be c l e a r l y  de- 
1  i nea ted .  The c r y s t a l  s t r u c t u r e s  o f  h o s t  p i g e o n i t e  and exso lved a u g i t e  f rom 
SREEP b a s a l t  14310,90, and o f  co re  ch romi te  and r i m  u l v o s p i n e l  f rom mare ba- 
sa l  t 12052 ,I 09, have been r e f i n e d  by leas t -squares  techn iques us ing  x - ray  
i n t e n s i t i e s  measured w i t h  a  s i n g l e  c r y s t a l  d i f f r a c t o m e t e r .  C r y s t a l  chemical 
da ta  on t h e  p i g e o n i t e  and a u g i t e  f rom 12052 (3), t h e  01 i v i n e  f rom 12052 (0 
and t h e  or thopyroxene f rom 1431 0 (51,  have a l r e a d y  been pub1 i shed. Re f ine -  
ments were made employing a  nzw program system, MIrIEPAC, developed by  TSS on 
a  IiITAC 3803/8700 system a t  t h e  U n i v e r s i t y  o f  Tokyo. 
P igeon i  t e -aug i  t e  i n -  1431 0. 

The p i n k  t o  brownish i n t e r m e d i a t e  p i g z o n i t e  from 14310,90 has a u g i t e  ex- 
s o l u t i o n  l a m e l l a e  on (001) t h a t  a r e  coarse enough t o  o b t a i n  microprobe ana ly -  
ses (Table 1  ) .  N i t h i n  these cl iemical c o n s t r a i n t s  t h e  c a t i o n  d i s t r i b u t i o n  i n  
t h e  !41 an ? il? s i t e s  and t h e  atomic parameters o f  h o s t  p i g e o n i t e  and exso lved 
aug i  t e  , have been r e f i n e d  u s i n g  330 (p igeon i  t e )  and 340 (aug i  t e )  non-over1 ap- 
p i n g  r e f l e c t i o n s .  P r e l  i m i n a r y  1  east-squares re f inements  r e s u l  t e J  i n  R-val ues 
o f  0 . 9 4 h n d  0.056 r e s p e c t i v e l y .  The methods o f  i n t e n s i t y  measurement and 
r e f  i nenent a r e  g i ven  by  Takeda (3 ) .  

S i t e  popu la t i ons  and mean M-0 bond d i s tances  f o r  t h e  p i g e o n i t e  a r e  M1 
56 Mgt0.43 Fe), 2.103fi; !I2 (0.21 Mg+O.G8 Fe+O.ll Ca), 2.091 i01,2)  and 

b?i17 (03)  8. and f o r  t h e  a u g i t e  age t41 (0.64 r lgt0.36 Fe) 2.090 A; M2 (0.16 F e t  
0.34 Ca) 2.307 [01,2) 2.636 (031 A. The sma l le r  M1 s i z e  i n  t h e  a u g i t e  i s  
p a r t l y  due t o  t h e  presence o f  A l .  Thus Mg-Fe p a r t i t i o n i n g  between p i g e o n i t e  
and a u g i t e  may have taken p lace  e s s e n t i a l l y  between t h e  p i g e o n i t e  >I2 s i t e  and 
t h e  p i g e o n i t e  and aug i  t e  M I  s i t e s .  The s i t e  pre ference o f  Fe f o r  t h e  M2 s i t e  
on s low c o o l i n g  may then  be a  major  reason f o r  Fe-enrichment i n  t h e  h o s t  
p i g e o n i  t e .  
Tab le  1 .  C e l l  dimensions and chemical composi t ions o f  b u l k  p i g e o n i t e ,  p ipeon- 
i t e  hos t  and a u g i t e  1  amel l a e  f rom sample 1431 0,93. 

C e l l  Dimensions - a  - b  - c B 

Host p i g e o n i t e  9.715c1) 2.963c1) 5.239(1) 10S.C4(2) 
l u g i  t e  1  amel 1  ae 9.713(2) 8,964(2) 5.266(2) 105.93(2) 

Cat ions  p e r  G oxygens S i  A1 T i  F  e Fl !I Ca Y n  
Bul k  p i  geoni t e  1.984 0.025 0.021 0.941 0.731 0.278 0.992 
l i o s t  p igeon i  t e  1.993 2 0.015 1.092 0.767 0.105 0.091 
Augi t e  1  amel 1  ae 1.946 0,061 3.033 0.541 0.633 0.773 Q.984 
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Chromi te-Ul v6spi nel in 12052. 
Octahedral c rys ta l s  of spinel in a vug from rock 12052,109 consist  of 

chromite cores overgrown by and sharing crystallographic axes w i t h  ulvaspinel.  
One of the chromite c rys ta l s  (Cl) has v i r t u a l l y  no rim of ulv8spinel whereas 
the other crystal  studied ( ~ 2 )  has a thick ulv6spinel rim ( ~ 2 ) .  Chemical and 
crystallographic data on these spinels  and on a pink spinel (chromian pleonas- 
t e ,  FI.lSP2) from an Apollo 14 breccia (14321), are presented in Table 2. Dif- 
fract ion in tens i t i e s  were measured with a 4-circle s ingle crystal  d i f f rac to-  
meter, using Moka radiat ion w i t h  a graphite monochromator and a s c i n t i l l a t i o n  
detector .  3ata were corrected f o r  Lp fac tors  and fo r  absorption and reduced 
t o  s t ruc ture  fac tors .  Overlapping ref lec t ions  with 28 angles l e s s  than 39" 
for  the C2-U2 crystal  were not used i n  the refinements. S i t e  occupancy fac to r s ,  
u-parameters and anisotropic temperature fac tors  were refined by least-squares 
('Table 3 ) .  

The s i  te-occupancy refinements indicate tha t  ~r 3 f  and ~i 4+ show a strong 
preference for  the octahedral s i t e  (B-si te) ,  and f o r  the tetrahedral s i t e  
(A-site) . These s i t e  preferences a rc  in accord w i t h  crystal  f i e l d  theory pre- 
dict ions (6 ,7 ) .  The Mg-A1 subst i tut ion was considered but refinements were 
unsuccessful as the  difference in sca t ter ing  fac tors  i s  not large enough t o  be 
distinguished within the accuracy of our in tens i ty  measurements. The resu l t s  
indicate tha t  the poss ib i l i ty  of par t ia l  Mg-A1 disorder cannot be ruled out .  

The bond dfstances are  compatible with the refined s i t e  occupancies 
(Table 2 ) .  In chromian pleonaste the A-0 distance i s  s igni f icant ly  larger  
than the B-0 distance. The majority of the M must thus be present in the A- 
s i t e  s ince,  fo r  the oxygen positions (u=g.375 3 in an ideal gtructure with the 
c loses t  packing of oxygens, A-0 i s  1.757A and B-O i s  2.029 A .  

We note tha t  each of the A-0 and B-!I distances in both titanium chromite 
and chromian ulv8spinel are nearly ident ica l .  This s i n i l a r i t y  in s i ze  indi- 
cates t h a t ,  a t  l e a s t  as f a r  as  crystal  chemical data are  concerned, there may 
be continuous sol id solution between chromi t e  and ul v6spinel . However, in 
t i tanian  chromite A-0 i s  s l i g h t l y  larger  than B-0 whereas the reverse re la-  
tionship holds in chromian ul v8spinel. The s i ze  difference can be a t t r ibuted  
t o  the presence of minor A1 in the B-site,  consistent w i t h  tile high corrcla-  
t i  on between ( c r 3 + + ~ 1  ) an3 ~i "'(8). The s i ze  difference should become s igni -  
f icant  where substantial amounts of A1 a re  present in the B s i t e  supporting 
the concept of an immiscibility gap i n  the Al-rich portion of the sol id solu- 
tion se r i e s .  
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Table 2. Cell dimensions and chemical compositions of c o r e  chromite and rim 
ulvb'spinel from sample 12052, and of chromian pleonaste  from an Apollo 14 
b recc ia .  ............................................................................. 

Cell  Dimension Cations per  4 oxygens 
a A 1 Ti C r Fe Mg C a Mn 

Chromi t e  3.3314 ( 7 )  0.481 0.120 1.259 0.783 0.357 0.001 0.009 
Ulvospinel ( a )  6.479 ( 5 )  0.109 0.829 0.207 1.839 0.017 0.000 0.013 
Pl eonas t e  8.114 ( 3 )  1.846 0.005 0.143 0.166 0.841 0.000 0.000 

Table 3. U-parameters, s i t e  occupancy f a c t o r s  and bond d i s t a n c e s  f o r  chromite 
(C1 ) and ul vospinel  ( ~ 2 )  (1 2052) and chromi an pl eonas te  (FMSP2). .............................................. .............................. 

C 1 U 2 FMSP2 C1 U 2 FMSP2 
Oxygen 140.  o f  Ref 1 . 59 50 72 
u-param. 0.3879(3) 0.3868(6) 0.3888(3) R 0.028 0.056 0.044 

Tetrahedral  s i t e  (A) Octahedral s i t e  ( a )  
Mg 0.33 0.02 0.84 0.01d 0 .0  (0 .03)a  
Fe 0.67 0.93 0.16 0.06d 0.43 (0 .02)b 
A1 0 .0  0.0 (0 .06)a  0.24 0.05 0.92 
Cr 0.0  0 .  ob (0 .03)b 0.63 0.11 0.07 
Ti 0 .0  0.OC 0 . 0  0.06 0.41 0.005 
(A,B)-0,A 1.939(4) 2.010 (8) 1.952(4) 1.981 ( 2 )  2.024(4) 1 .923(3)  

a ,b , c  and d a r e  maximum values  when Mg/A1 , Fe/Cr, Fe/Ti and Fe/Mg were va r ied  
t o g e t h e r ,  r e s p e c t i v e l y .  
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