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The Ma jor-Element Composition of 82 Bjurbgle  Chondrules 

Lau i s  S.  Walter 
P lane ta logy  Branch 

Goddard Space F1 i g h t  Center  
Greenbel t  ~ Maryland 

. 
This  work p r e s e n t s  t he  maj3r-element a n a l y s i s  3f 8 2  i n d i v i d u a l  Bjurb' j le 

' chondrules .  These chondrules  were f i r s t  fused i n  a mixture  3f l i t h i u m  

t e t r a b a r a t e  and lanthanum axide .  P rocess  C chandru les  were fused  i n  c losed  

gold tubes  under p re s su re  s o  t h a t  sulphurwould be r e t a i n e d  and could be 
1 -  

analyzed.  P r a c e s s  0 chondrules  w e r e  fused i n  open ga ld  c r u c i b l e s .  

The h3mDgenized ch3ndrules  were analyzed 3n t h e  e l e c t r m  micr3prabe.  

R e s u l t s  p resented  he re  a r e  the  averages  3f f i v e  a n a l y s e s  f 3 r  each  element .  

Fu r the r  d e t a i l s  r ega rd ing  sample p repa ra t ion  and a n a l y s i s  are presented  

elsewhere (Wal te r ,  1968) .  

R e s u l t s  f o r  5 3  Process  C chondrules  a r e  given on the  f i r s t  5 3  pages,  

3 
f3 l lowed by the r e s u l t s  f 3 r  29 P rocess  0 chondrules .  The d e n s i t y  (D i n  g/cm 

and weight  ( W  i n  mg.) of each  chondrule  is  g iven  a t  t h e  heading  a f  each  page. 

I n  t h e  c a l c u l a t i o n s ,  an  a t t empt  i s  made t3 determine the amaunt 3f metal  p re sen t  

i n  each  chDndrule,  u s ing  t h e  a n a l y t i c a l  value ab ta ined  f 3 r  N i O .  Twa fac tDrs  

f o r  t h e  r a t i o  Fe/Ni w e r e  used:  6.2 and 8.8.  Thus, each  a n a l y s i s  i s  sh3wn 

3n each page w i t h  t w 3  c3r respanding  sets  3f c a l c u l a t i o n s .  

C a l c u l a t i o n s  

The f i r s t  l i n e  of each  s e t  p r e s e n t s  t he  i n i t i a l ,  averaged a n a l y s i s  of 

t h e  chondrule  i n  weight  pe r  c e n t .  The number of d i g i t s  a f t e r  t he  decimal 

p o i n t  d a e s  n o t  r e f l e c t  t he  praposed p r e c i s i o n  3r accuracy  a f  t hese  a n a l y s e s  - 

t h e y a r e  mere ly  the  r e s u l t  af  t h e  fa rmat  s ta tements  i n  t h e  computer pr3gram. 
. 



- 2 -  - 
The second l i n e  (CSIM) p r e s e n t s  the sum of t h i s  a n a l y s i s .  I n  t h e  t h i r d  

l i n e ,  t he  o r i g i n a l  a n a l y s i s  i s  normalized t o  100%. 

I n  t h e  fDur th  l i n e ,  t h e  removal af FeO cor responding  t o  t h e  Fe/Ni r a t i o  

of 6 . 2  o r  8.8,  a s  a p p l i c a b l e ,  has  been e f f e c t e d .  The weight  o f  FeO i s  added 

t o  the  N i O  column. 

t o  t he  number of moles of S i n  the  a n a l y s i s  has  a l s o  been s u b t r a c t e d  from the  

8 

b 

I n  P rocess  C ana lyses ,  an FeO mole e q u i v a l e n t  corresponding * 

FeO and added t o  S a t  t h i s  s t a g e .  The sum (CSUM) which f o l l o w s  i n  l i n e  f i v e  

i s  the  sum of the  c o n s t i t u e n t s  o t h e r  than N i O  (+  FeO) - i n  o t h e r  words, t he  

s i l i c a t e  f r a c t i o n  of the  a n a l y s i s .  This s i l i c a t e  f r a c t i o n  i s  shown, normalized 

t o  loo%, i n  the  s i x t h  l i n e .  Th i s  is fol lowed,  i n  the  seventh  l i n e ,  by the  

normat ive  comE n s i  t ion  of t he  si1 i c a  t e  f r a c t i o n .  

Norm C a l c u l a t i o n  - 
The abbrev ia t ed  norm c a l c u l a t i o n  used i n  t h e s e  c a l c u l a t i m s  can be braken 

down int:, seven s t e p s :  

1. A11 c a n s t i t u e n t s  a r e  r e c a l c u l a t e d  t o  mole r a t i o s .  K 0 i s  combined 2 

w i t h  Na20; T i 0  is cambined wi th  S i 0  2 2 '  Then, a l b i t e  i s  determined. 

2 .  Na20, A1 0 CaOand Si0  a r e  balanced t o  determine a n o r t h i t e ,  corundum 2 3' 2 

and disadium s i l i c a t e .  

3 .  Excess CaO i s  combined t o  form diDpside.  

4. The remaining MgO i s  cDmbined wi th  FeO; t h e  r a t i o  of a v a i l a b l e  

FeO/FeO + MgO i s  determined and normative o l i v i n e  and pyroxene a r e  determined. 

5 .  Res idua l  SiOz i s  ass igned  t a  qua r t z ;  r e s i d u a l  (FeO + MgO) i s  

a s s igned  t o  magnesio-wxst i te .  

6 .  I f  magnesio-wfistite appea r s ,  it i s  assumed t h a t  it o r i g i n a l l y  x c u r r e d  l.r 

i n  t h e  me ta l  phase.  Therefore ,  
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7 .  FeO i s  sub t r ac t ed  from the  s i l i c a t e  pDrt ion o f  t he  a n a l y s i s ,  .. 
e q u i v a l e n t  t o  the  number of  moles o f  (FeO + MgO) appear ing  as magnesiD-wbstite. 

The norm c a l c u l a t i o n  i s  then performed on t h i s  new a n a l y s i s .  

The seventh  l i n e ,  i f  i t  appea r s ,  t h e r e f o r e ,  g i v e s  the amount of irDn 

(FE = ) which has  been added t o  the  metal phase and i n d i c a t e s  t h e  amount o f  

FeO which h a s  been sub t r ac t ed  from the  s i l i c a t e  phase.  The next  l i n e  g i v e s  

1- - 
* 

t he  new sum (CSUII) of  the  s i l i c a t e  phase.  T h i s  i s  fa l l3wed by t h e  new 

s i l i c a t e - p h a s e  a n a l y s i s  which has  been normalized t a  100%. F i n a l l y ,  a 

r e c a l c u l a t e d  norm appears  i n  the  l a s t  l i n e .  

. 

S p b o l s  Used i n  P r e s e n t a t i o n  o f  N o r m  C a l c u l a t i m  -- -- 
There a r e  t h i r t e e n  calumns used i n  the p r e s e n t a t i o n  of  the norm c a l c u l a t i o n  

d a t a .  These a r e  expla ined  below, i n  order ,  r e a d i n g  from l e f t  t a  r i g h t :  

1, 2 and 3 .  The bulk cDmposition of the phases  i n  the system S i 0  -FeO-MgO 2 

(Dl iv ine  + pyroxene -+ q u a r t z  o r  G s t i t e ) .  T h i s  camposi t ian has  been 

normal i zed  t o  100%. 

4. Ab = A l b i t e  (weighted r a t i o  a f  a l b i t e  + Drthoc la se )  

5. D i  = Diopside 

6 .  Py = Pyroxene (weighted r a t i o  of e n s t a t i t e  + f e r r D s i l i t e )  

7 .  01 = Ol iv ine  (weighted r a t i o  D f  f o r s t e r i t e  + F a y a l i t e )  

8 .  Q = Quartz 

9. An = A n a r t h i t e  

IC. y~ = =p2~~.ui-il ~.&ii~~t~ (w-e~gkLte3 rsti3 sf nl- L Y ~  diiu ---I n r 7  t z L i u - i i i t z t t i u t z L a j  --J ---L---\ 

11. Wu = Magnesio-wzsti te (weighted r a t i o  of p e r i c l a s e  and w c s t i t e )  

1 2 .  Ca = Corundum 

MFeO’MFeo + sgo i n  o l i -v ine ,  pyroxene and magnesiD-wiistite 
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