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The zoning o f  ma jo r  e lements i n  t h e  m ine ra l  phases o f  t h e  s h e r g o t t i t e s  
appears t o  i m p l y  t h a t  these m e t e o r i t e s  have s u f f e r e d  l i t t l e  or  no r e s e t -  
t i n g  o f  r e f r a c t o r y  i s o t o p i c  sys tems  s i n c e  t h e i r  c r y s t a l l i z a t i o n  f r o m  
b a s a l t i c  magma [I]. However, t h e  1 8 0  m.y. Rb-Sr and Sm-Nd i s o c h r o n s  of 
Zagami have been i n t e r p r e t e d  as due t o  the  shock r e s e t t i n g  o f  these chron- 
ometers i n  a  rock  which c r y s t a l 1  i z e d  a t  1300 m.y. [2]. I t appeared t o  us 
t h a t  the  o n l y  means o f  r e c o n c i l i n g  these two observat ions was i f  t h e  t r a c e  
e l e m e n t s  i n  Zagami were a b l e  t o  d i f f u s e  a t  much f a s t e r  r a t e s  t h a n  t h e  
major  elements. T h i s  hypothesis,  wh ich perhaps endows t r a c e  elements w i t h  
improbable p r o p e r t i e s ,  i s  tes tab le .  I f  t r a c e  elements d i f f u s e  a t  f a s t e r  
ra tes ,  t r a c e  elements i n  s h e r g o t t i t e  m ine ra l  phases should be unzoned - i n  
c o n t r a s t  t o  the  ma jo r  elements. 

Accordingly,  we have performed t r a c e  element analyses on Zagami maskel- 
y n i t e  ( the  phase i n  Zagami i n  which d i f f u s i o n  should be most r a p i d )  u s i n g  
t h e  Los Alamos p r o t o n  m i c r o p r o b e .  The p r o t o n s  g e n e r a t e  x - r a y s  whose 
i n t e n s i t i e s  are p r o p o r t i o n a l  t o  e lementa l  abundances i n  t h e  sample; these 
x - r a y s  i n  t u r n  a r e  measured by  an e n e r g y  d i s p e r s i v e  S i ( L i )  d e t e c t o r .  
D e t a i l s  o f  t h e  a n a l y t i c a l  t e c h n i q u e  have been r e p o r t e d  e l s e w h e r e  [3,4], 
The maske lyn i te  g r a i n  on which these analyses were performed i s  n o r m a l l y  
zoned ( e l e c t r o n  p r o b e  a n a l y s i s )  w i t h  a  c o r e  o f  An55 and r i m s  as s o d i c  as 
~ A n 4 5 .  These a n a l y s e s  a r e  v e r y  c o n s i s t e n t  w i t h  t h e  e l e c t r o n  p robe  
analyses o f  o the rs  [ 5 ]  and i n d i c a t e  a  modest bu t  c o n s i s t e n t  d i f f e r e n c e  i n  
major  element c h e m i s t r y  between core and r i m .  

Our p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  f i v e  minor  and t r a c e  elements a r e  
d e t e c t a b l e  i n  Zagami maske lyn i te :  Fe, Sr, Mn, Ga and Zn. Our p r e l i m i n a r y  
maske lyn i te  core concen t ra t  ions f o r  these elements are: Fe, 5500ppm; Sr, 
240ppm; Mn, 96ppm; Ga, 55ppm; and Zn, 6ppm. The Fe and S r  concen t ra t i ons  
a r e  i n  a c c e p t a b l e  ag reement  w i t h  o t h e r  t e c h n i q u e s .  Our e l e c t r o n  p r o b e  
measurements i n d i c a t e  t h a t  4000-5000ppm FeO e x i s t s  i n  the maskelyni t e  core 
and Shih e t  a l .  measured 19lppm S r  i n  a  m a s k e l y n i t e - r i c h  m i n e r a l  separate 
f rom Zagami by i s o t o p e  d i l u t i o n  [2]. We take  t h i s  agreement t o  i n d i c a t e  
t h a t  t h e  t h e r m a l  e f f e c t s  o f  t h e  p r o t o n  beam have n o t  s e r i o u s l y  a f f e c t e d  
our  analyses, even though the d i f f i c u l t y  o f  measuring a l k a l i s  i n  maskel- 
y n i t e  i s  w e l l  known [5]. A l l  e lements except Zn have coun t ing  s t a t i s t i c s  
e r r o r s  o f  3% ( r e l a t i v e )  o r  less;  t h e  e r r o r  f o r  Zn i s  7-10%. 

A l l  t h e  e l e m e n t s  f o r  w h i c h  we have d a t a  show n o r m a l  i gneous  z o n i n g  
t rends  - except Sr, whose concen t ra t i on  remains r a t h e r  constant. Ga i n -  
c r e a s e s  b y  ~ 2 5 %  as more a l b i t i c  r e g i o n s  a r e  approached, Zn i n c r e a s e s  b y  
g r e a t e r  than 50%, and Fe and Mn increase by n e a r l y  a  f a c t o r  o f  two, Th is  
l a r g e  change i n  Fe c o n c e n t r a t i o n  has been c o n f  i r m e d  b y  e l e c t r o n  p r o b e  
analyses where spat  i a1 r e s o l u t i o n  (and the concomitant  problem o f  analy-  
z i n g  i n c l u s i o n s  a n d / o r  a d j a c e n t  g r a i n s )  i s  n o t  an i ssue .  F i g u r e  1 sum- 
m a r i  zes t h e  r a w  Ga and Mn da ta .  These d a t a  a re  n o r m a l i z e d  t o  S r ,  w h i c h  
appears  t o  be r a t h e r  c o n s t a n t .  The change i n  Ga and Mn c o u n t  r a t e s  i s  
obvious.  
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We i n t e r p r e t  t h e s e  z o n i n g  t r e n d s  t o  be t h e  p r e s e r v e d  p r o d u c t s  of ig -  
neous c r y s t a l l i z a t i o n  r a t h e r  than a r t i f a c t s  of d i f f e r e n t  d i f f u s i o n  r a t e s .  
Indeed, t h e  s i m i l a r i t y  of the  Zagami f r a c t i o n a t i o n  sequence ( i n f e r r e d  from 
t h e  maskelyni te  zoning) t o  we l l -documented  i n s t a n c e s  of b a s a l t i c  f r a c -  
t i o n a l  c r y s t a l l i z a t i o n  s t reng thens  t h i s  i n t e r p r e t a t i o n .  I n  t h e  Skaergaard 
i n t r u s i o n ,  f o r  example, Fe and Mn a r e  enriched i n  t h e  f i n a l  l i q u i d s ,  Ga i s  
enriched-but l e s s  so, and S r  remains e s s e n t i a l l y  cons tan t  [5 ]  - e x a c t l y  
t h e  sequence which we observe i n  Zagami maskelynite. 

Because S r  i s  not zoned, one could conceivably s t i l l  make the  argument 
t h a t  S r  d i f f u s e s  much f a s t e r  t h a n  a l l  o t h e r  d i v a l e n t  c a t i o n s  - m a j o r ,  
minor and t r a c e .  Such a model would thus  a l low Sr i s o t o p i c  e q u i l i b r a t i o n  
whi le  a l l  o t h e r  e lements  remain zoned. This type of model must a l s o  (1) 
r e q u i r e  t h a t  Nd have s p e c i a l  p r o p e r t i e s  too s i n c e  t h e  Rb-Sr and Sm-Nd ages 
of Zagami a r e  i n d i s t i n g u i s h a b l e  and (2) exp la in  why d i v a l e n t  Sr,  which i s  
l a r g e r  than d i v a l e n t  Ca, Mn, Zn and Fe, is  apparen t ly  a b l e  t o  d i f f u s e  much 
f a s t e r  than t h e s e  elements.  Thus, a t  present  we q u e s t i o n  t h e  v i a b i l i t y  of 
models which a t t r i b u t e  s p e c i a l  d i f f u s i v e  p r o p e r t i e s  t o  Sr. Elements a t  
a l l  concen t ra t ion  l e v e l s  i n  Zagami r e t a i n  t h e i r  o r i g i n a l  i g n e o u s  z o n i n g  
p a t t e r n s .  Aga in ,  t h i s  i m p l i e s  a v e r y  young 180 m.y. i g n e o u s  a g e  f o r  
Zagami and t h e  o t h e r  s h e r g o t t i t e s .  
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Figure  1. V a r i a t i o n  i n  Ga and 
Mn i n  Zagami maskelyni te .  Data 
a r e  normalized t o  Sr which i s  
e s s e n t i a l l y  cons tan t .  The 1.20- 
G a / ~ r  r a t i o  i n c r e a s e s  from 1 . 0  
t o  1.25 (core  , to  rim) whi le  
t h e  Mn/Sr r a t i o  i n c r e a s e s  from 
1.75 t o  g r e a t e r  than  3 . 0 .  
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