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The e n s t a t i t e  achondri tes  a r e  coarse-grained monomict b recc ias  cons is t ing  
of l a rge  (up t o  s eve ra l  cm) angular fragments set i n  a groundmass of smaller  
g ra ins  (1). One way t o  look a t  such rocks i s  t o  analyze a l a rge  number of 
small samples. Trends i n  chemical v a r i a t i o n s  between the  many samples should 
revea l  information about t h e  homogeneity of t he  meteor i te .  Bishopvi l le ,  a 
r e l a t i v e l y  low metal ,  high p lag ioc lase  e n s t a t i t e  achondri te ,  was used t o  
evaluate  t h i s  approach. Twenty-two separa te  samples ranging i n  weight from 
0.25 t o  3.2 g were taken from the  specimen of Bishopvi l le  i n  t h e  Arizona S t a t e  
University meteori te  c o l l e c t i o n .  Sampling was done t o  cover r ep re sen t a t i ve ly  
t h e  sur face  of t h e  meteor i te :  nine samples of t h e  l a rge  white e n s t a t i t e  
c r y s t a l s  ( c l a s t )  and t h i r t e e n  samples of t he  gray mater ia l  t h a t  composes t h e  
bulk of  t h e  meteori te  (matrix) were co l l ec t ed .  

The samples were analyzed using t h e  instrumental neutron a c t i v a t i o n  
ana lys i s  f a c i l i t i e s  a t  NASA/Johnson Space Center. Results obtained f o r  Fe, Na, 
C r ,  Co, N i ,  Sc and REE abundances f o r  t h e  c l a s t  and matrix samples were 
examined (Table I) . Al l  of  these  elements show wide va r i a t i ons  i n  abundance, 
i nd i ca t i ng  t h a t  t h e  meteori te  i s  very inhomogeneous a t  t he  s c a l e  sampled. 
S t a r t i n g  with t h e  WE, t h e  da ta  was examined f o r  co r r e l a t i ons  between p a t t e r n  
shape and t h e  type of sample ( c l a s t /ma t r ix ) .  Next, t h e  type of p a t t e r n  and 
t h e  type of sample were both co r r e l a t ed  with t h e  abundance l e v e l s  of t h e  o the r  
elements determined. F ina l ly ,  t he  amount of mixing between t h e  components was 
determined. 

The REE p a t t e r n s  divided i n t o  two groups. One, Group 1, was f a i r l y  
homogeneous, cons i s t i ng  of  r e l a t i v e l y  f l a t  pa t t e rns  a t  abundances between 0.3 
and 0.9 x chondri tes  (Fig.  1). A second, Group 2, had i r r e g u l a r l y  shaped 
pa t t e rns  with abundances ranging from 0 . 0 1 t o  0.5 x chondri tes  (Fig.  2 ) .  The 
two p a t t e r n  groups corresponded roughly t o  matr ix  and c l a s t  respec t ive ly .  

Looking a t  t h e  o t h e r  elements determined, it was found t h a t  they a l l  
divided roughly i n t o  t h e  same two groups a s  t h e  WE. Sodium showed the  b e s t  
c o r r e l a t i o n  of abundance with p a t t e r n  type.  Samples with Na abundances >0.95% 
were Group 1 and <0.7% were Group 2 .  I n t e r e s t i n g l y ,  t he  one p a t t e r n  with a 
negat ive Eu anomaly (E i n  Fig.  2 )  has t h e  lowest Na abundance. A l l  of t h e  
Group 1 samples had i r o n  contents  >0.3% and t h e  majori ty  of t he  Group 2 samples 
were low Fe (<0 .3%) .  One notable  exception was the  sample with t h e  h ighes t  Fe 
content  (6 .3%) ,  which i s  seen a s  p a t t e r n  W i n  Figure 2.  Nickel,  Co and C r  a l s o  
divided i n t o  t he  two ca t ego r i e s ,  with high abundances i n  Group 1 and low 
abundances i n  Group 2 .  However, t h e  d iv i s ion  was no t  a s  c l e a r  c u t  a s  f o r  i r on  
and sodium. 

Using t h e  major element ana lys i s  done on a few of t he  samples, a norm was 
determined and from t h i s  t h e  amount of mixing t h a t  occurred was ca lcu la ted .  
The ca l cu l a t i on  determined t h a t  t h e  Fe component var ied from 0% t o  2% i n  t h e  
samples, with one a t  9% Fe. The Fe component was p r inc ipa l ly  kamacite, a s  
shown by a s t rong  c o r r e l a t i o n  of N i  with Fe, bu t  t r a c e s  of t h r ee  o the r  opaque 
phases seen pe t rographica l ly  (2,3) can be i d e n t i f i e d  by chemical v a r i a t i o n s  i n  
t h e  abundances of  C r  ( d a u b r e e l i t e ) ,  Co ( s ch re ibe r s i t e )  , and excess Fe ( t r o i l i t e )  
Since p lag ioc lase  occurs a s  o l igoc lase  (2)  and i s  t h e  only major Na-carrying 
phase, Na i s  co r r e l a t ed  with p lag ioc lase  content .  The samples vary from 4% t o  
58% plag ioc lase .  

Sodium, Fe and t h e  WE's occur pr imar i ly  i n  t h e  matrix,  and a s  a r e s u l t ,  
purely chemical means can be used t o  d iv ide  t h e  e n s t a t i t e  achondri tes  i n t o  t h e  
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t e x t u r a l  c las t /mat r ix  d iv is ion ,  and t o  determine the  amount of mixing between 
the  various components. The c l a s t s  have low abundances of Fe (opaques), Na 
(plagioclase)  and REE, bu t  a r e  inhomogeneous because of minute opaque 
inc lus ions  i n  t he  e n s t a t i t e  c r y s t a l s  (1) and/or b i t s  of matrix included a s  a  
p a r t  of t he  sample. The REE i n  t he  matrix a r e  surpr i s ingly  homogeneous, 
desp i te  wide va r i a t i ons  i n  t he  o ther  elements i n  t h i s  groups and p a r t i c u l a r l y  
i n  comparison t o  c l a s t  REE. The REE carrying phase i s  apparently present  i n  
t he  matrix and occurs a s  a  component t h a t  has mixed with the  matrix mater ia l  
only. I f  t he  matrix formed from broken up c l a s t  ma te r i a l ,  t he  matrix should 
have REE pa t t e rns  s imi l a r  t o  those of the  c l a s t ,  which it does not .  What 
t h i s  phase could be i s  y e t  t o  be determined. Recent work on oldhamite, the  
bes t  candidate f o r  t h i s  phase, has shown the  l eve l s  of Ce and Nd t o  be insuf-  
f i c i e n t  t o  account f o r  t he  va r i a t i pns  i n  t h e  REE between c l a s t  and matrix ( 4 ) .  

Table I. Neutron Activation 
Analysis da ta  f o r  Bishopvil le .  
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Figure 1. REE range f o r  the  
12 samples in '  Group 1. 

Figure 2. REE range f o r  t he  
10 samples in Group 2. 
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