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f The Chemical Composition and O r i g i n  of  Moldavi tes  

Department of Geology and Geophysics 
Massachuse t t s  I i l s t i z u t e  of Technology 

Cimbricgc :" asachuse:ts 

* 
J. A .  P h i l p o t t s  and W .  H. P inson ,  Jr. 

A b s t r a c t  : 

Twenty t h r e e  new ma,cr-eienm: ,nalyads or' moldavi tes  are repor t&.  I 

1 
1 The samples i n c l u d e  seve-nzean Bohe.Ai<-..i ar.d s ix  Moravian t e k t i t e s .  

r anges  i n  t h e  c o n t e n t s  05 t h e  v a r i o u s  oxicies are as fo l lows :  

75.5 - 80.6;  A1203,  9.62 - 12.64;  TLG 2 '  0.253 - 0.460;  Fe203, 0 .12 - 
0.31;  FeO, 1 . 4 2  - 2.36; M g O ,  1 .13  - 2.50; C a O ,  1.46 - 3.71; Na20, 0.31 - 

The 

S i 0 2 ,  

i 

1 
f 0.67; K 2 0 ,  3.26 - 3.81.' The Rb and Sr c o n t e n t s  and t h e  Rb/Sr r a t i o s  are 1 t 

I 
1 
1 

a l s o  r e p o r t e d  f o r  t h e  2 3  specimens; t he  r anges  are as fo l lows :  

120 - 160 ppm; Sr, 130 - 156 ppm; Rb/Sr, 0.82 - 1.20. 

R b ,  

The d e n s i t i e s  
i 

and r e f r a c t i v e  index  v a l u e s  range  from 2.3312 t o  2.3718 gm/cm3 and from 

1.486 t o  1 .495 ,  r e s p e c t i v e l y .  / ! 

I I n  c o n t r a s t  t o  t h e  a u s t r a l i t e s ,  the  mo1davit:s d i s p l a y  s i g n i f i c a n t  
1 

I negative c ~ r r e l a t l o n s  between the a l k a l i  metals ( N a  and Rb) and t h e  
I 

a l k a l i n e  . e a r t h s .  

would seem t o  be  u n l i k e  t h o s e  of sedimentary o r  igneous  rocks .  It i s  

sugges t ed  t h a t  t h e  observed v a r i a t i o n s  i n  composi t ion are l a r g e l y  due 

t o  f r a c t i o n a l  v o l a t i l i z a t i o n .  

i j u n c t i o n  w i t h  t h e  unifar ; rLty of t h e  Sr i s o t o p i c  composi t ion s u p p o r t s  i 
th i s  t h e o r y  . I 

The v a r i a t i o n s  i n  the  chemical composi t ion of moldav i t e s  
! 

b 

The wide range  of Rb/Sr r a t i o s  i n  con- i 

I 

I 
! 

I * 
P r e s e n t  addres s :  T h e o r e t i c a l  D iv i s ion ,  Nat iona l  Aeronaut ics  and Space 
A d m i n i s t r a t i o n ,  Goddard Space F l i g h t  C e n t e r ,  G r e e n b e l t ,  Maryland. 
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Publ ished a n a l y s e s  have s h o r n  x h t  t c k t i t e s  from a p a r t i c u l a r  

geographic  group are  q u l c e  sinniiar ii? chercical composi t ion and t h a t  

t h e r e  i s  some s i m i l a r i t y  between tg!;tltes Zron d i f f e r e n t  groups.  I n  

g e n e r a l ,  t e k t i t e s  are r e c o g n i z r b l e  2s such by L h e i r  chemical composi t ions.  

Compilations i n  t h e  l i t e r a t u r e ,  of o lder  a n a l y s e s  by v a r i o u s  i n v e s t i g a t o r s  

u s i n g  d i f f e r e n t  a n a l y t i c a l  t e c h n i q u e s ,  have tended t o  obscure  real 

v a r i a t i o n s  w i t h i n  and between t h e  t e k t i t e  groups .  There e x i s t e d  a need 

for p r e c i s e  a n a l y s e s  o f  r e p r e s e n t a t i v e  numbers of  samples by uniform 

t e c h n i q u e s ,  p r e f e r a b l y  u t i l i z i n g  accepted rock s t a n d a r d s  t o  moni tor  

accuracy.  T h i s  need has  been s a t i s f i e d  i n  t h e  case of  t h e  australites 

( T a y l o r ,  1960; Taylor  e t  a l ,  1961; Cherry and T a y l o r ,  1961; Taylor ,  

1962; Taylor  and Sachs ,  19641, t h e  b e d i a s i t e s  (Chao, 19631, and v a r i o u s  

, 
-- 

South East Asian t e k t i t e s  ( S c h n e t z l e r  and P i n s o n ,  1964a) .  The purpose 

of t h i s  paper  i s  t o  r e p o r t  a number o f j i n t e r n a l l y  c o n s i s t e n t  chemical 
I / 

a n a l y s e s  of .Czechoslovakian t e k t i t e s  and t o  d i s c u s s  t h e o r i e s  of o r i g i n  

of  t h e  moldavi tes  i n  t h e  l i g h t  of  t h i s  d a t a .  Seventeen moldavi tes  from 

t h e  Bohemian "strewn f i e l d "  and s i x  moldavi tes  from t h e  Moravian f i e l d  

were ana lyzed  f o r  major element c o n t e n t s .  The rock s t a n d a r d s  G-7 and 

W-1 were used as a n a l y t i c a l  moni tors .  Analyses  of t h e  t race e lements  

Rb and Sr were a l s o  perfoxlied. 

c 

\ 

&-&i t i 6  The r e f r a c t i v e  i n d i c e s  and sp++-+n- 
. .  

gJ%r=.&Se-s o f  t h e  23 tektites were also determined.  

P r e v i o u s  chemical a n a l y s e s  of moldavi tes  have been r e p o r t e d  by 

Barnes (19K)) ,  S c h n e t z l e r  and Pinson ( 1 9 6 3 ~  1964~1,  1964b) ,  and Bouska 

and PPyondra (1964). 
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Fur the r  d e t a i l s  concern ing  a l l  a s p e c t s  of t h i s  work have been g iven  

by P h i l p o t t s  (1965). 
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4 ,  ANALYTICAL TECIINI QUES 

R e f r a c t i v e  Index  and Dens i ty  Determinat ions - -- 
R e f r a c t i v e  index  va lues  f o r  t he  23 moldav i t e s  were obta ined  

on powders by theGrners ion  o i l  method. Most powders gave a range of 

r e f r a c t i v e  i n d i c e s  and t h e  r epor t ed  v a l u e s  are' an  estimate of t h e  

mean va lue  f o r  each  sample. Because of t h e  estimate involved i n  t h e  

d e t e r m i n a t i o n s ,  accuracy  is thought  t o  be abou t  N.002. 

The s p e c i f i c  g rav i t ies  o f  t h e  moldavi tes  were determined by 

weighing t h e  bulk  samples i n  a i r  and i n  d i s t i l l e d  water on a high-  

p r e c i s i o n  c h a i n  ba lance .  

samples;  t h e  mean d i f f e r e n c e  between d u p l i c a t e s  was 0.0004 gm/cm . 
Dupl ica te  d e t e r m i n a t i o n s  were made on s ix  

3 

The p r e c i s i o n  and accuracy  of t h e  d e n s i t y  de t e rmina t ions  are thought  

t o  be  S e t t e r  t han  30.001 gm/cm . 3 

SamDle PreDara t ion  

The moldavi tes  were prepared  f o r  chemical a n a l y s i s  i n  th'e 

fo l lowing  manner. The samples were washed i n  ace tone ,  i n  d i s t i l l e d  

w a t e r ,  and i n  h o t ,  s i x  normal HC1; t h e y  w e r e  broken on a steel  p l a t e  

and a p o r t i o n  o f  each t e k t i t e  w a s  crushed i n  a f l a t - s u r f a c e d ,  hardened 

steel', pe rcuss ion  mor t a r ;  a hand aagnet  w a s  passed ove r  t h e  crushed 

z 

f ragments  i n  o r d e r  t o  remove any incorpora ted  s teel ;  t h e  samples w e r e  

powdered i n  a boron c a r b i d e  n o r t a r  and homogenized. 

Rapid S i 1  icate Procedures  

Tota l  Fe,MgO, CaO, N a , O ,  K . 0 ,  T i 0  and P 0 were determined by 
,, L 2 2 25 

. t h e  r a p i d  s i l icate  procedLLLs of Shapirq and Brannock (1956) as 

d e s c r i b e 2  by S c h n e t z l e r  and ? inson  (1964a).  Two weighing3 of each  

/ 



- 6 -  
. I  r 

e t e k t i t e  sample ,  except  T 5296d, were used i n  t h e  de t e rmina t ions ;  a 

s i n g l e  weighing of T 5296d w a s  used. FeO w a s  determined by t h e  

spec t ropho tomet r i c  method of Shapiro (1960).  Only a f e w  d e t e r m i n a t i o n s  

of P 0 were made because t h e  method proved u n r e l i a b l e  a t  t h e  low 2 5  

c o n c e n t r a t i o n s  found i n  t h e  moldavi te  samples.  For t h e  same reason ,  

de t e rmina t ions  of  MnO, H 0 and CO were n o t  under taken .  

X-ray Fluorescence  

2 2 

I -- 
It w a s  decided t o  de te rmine  Si02 and A1 0 by X-ray f l u o r e s c e n c e  

t echn iques  because of t h e  number of d e t e r m i n a t i o n s  r equ i r ed  t o  o b t a i n  

2 3  

a r e l i a b l e  S i 0 2  v a l u e ,  and because of t h e  f r e q u e n t l y  anomalous A1203 i 
i 

4 resul ts  ob ta ined  by t h e  " r ap id  s i l i c a t e "  method. This  d e c i s i o n  was 

made i n  l i g h t  of  t h e  success fu l  X-ray f l u o r e s c e n c e  a n a l y s e s  f o r  l i g h t  

e lements  by Volborth (19631, Rose e t  a1 (1963) ,  S c h n e t z l e r  and Pinson  -- 
I 

I ! 
(1964a1, and Welday e t  a1 (1964) .  It w a s  f u r t h e r  dec ided  t o  f o r e g o  -- 
t h e  f u s i o n  t echn ique  of sample  p r e p a r a t i o n  because t e k t i t e s  are I 

r e l a t i v e l y  homogeneous g l a s s e s  produced by a n a t u r a l  f u s i o n  p r o c e s s ,  , 

I 

and because  t e k t i t e s  from t h e  same l o c a l i t y  ( i . e .  Czechoslovakia) 

are q u i t e  similar i n  chemical composition. 

5 

\ 

P,re l iminary  X-ray f luo rescence  i n v e s t i g a t i o n s  were done a t - t h e  

Hoffman Labora to ry ,  Harvard,  on a helium p a t h ,  P h i l l i p s  u n i t ,  under  

t h e  s u p e r v i s i o n  of Dr. J. W. Frondel.  I n  o r d e r  t o  de te rmine  t h e  

s u i t a b i l i t y  of t h e  moldavi te  powdered s a a p l e s  f o r  X-ray f l u o r e s c e n c e  

a n a l y s i s ,  t h e y  were f i r s t  analyzed f o r  K ;  f lame photometr ic  d a t a  on 

K were a v a i l a b l e  f o r  comparison. The moldavi te  powders were packed 

i n t o  l u c i t e  t r a y s  by p r e s s i n g  t h e  s u r f a c e  w i t h  a g lass  s l i d e .  The K Ko, , ,  

r a d i a t i o n  of each sarii;-k w a s  r a p i d l y  scanned (1 degree  p e r  minute)  

Tram 4 0 r -  t o  42O, us ing  a tungs t en  target and an  ADP c r y s t a l .  0 A 

_ _ _  _ _  _- -- ,-.----- -- ----I - * -.-.. - - .+7+7-->-- - --  
'\ 

.I - B -  

e .. .. 
*% .. 1 %.% \ *. .\ .1 i 
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* comparison of t h e  X-ray K r e s u l t s  (ob ta ined  from a leas t  squa res  f i t )  

and t h e  flame photometr ic  K r e s u l t s  f o r  t h e  same 23 moldav i t e s  is  

p resen ted  e l sewhere  (Pinson -- e t  a l ,  1965) ;  t h e  mean d i f f e r e n c e  between 

t h e  two sets o f  r e s u l t s  was 0.04% K,. It w a s  nex t  decided t o  a n a l y z e  

f o r  A1203. 

Unfo r tuna te ly  o n l y  a few samples could be run because of o t h e r  

demands upon t h e  X-ray u n i t  a t  t h e  t i n e .  

A tungs t en  t a r g e t  and a gypsum c r y s t a l  were used. 

The A 1 2 0 3  de te rmina t ions  were cont inued  on a General E lec t r ic ,  

vacuum, X-ray u n i t  i n  t h e  Geochemistry Labora tory  a t  t h e  Goddard 

Space F l i g h t  Center .  The moldavi te  samples were prepared f o r  a n a l y s i s  

by b r i q u e t t i n g  50% mix tu re  of sample powder and b o r i c  a c i d  a t  10,000 

p s i  f o r  one m i n u t e . :  A chromium t a r g e t ,  PET c r y s t a l  and p l e x i g l a s s  

sample h o l d e r s  w e r e  u s e d  i n  t h e  A 1  0 

100 second coun t s  were taken  a t  a background s e t t i n g  and on t h e  

A1K peak. Th i s  corresponded t o  a t o t a l  o f  about  7500 coun t s  on 

t h e  background and 75,000 coun t s  on t h e  A1KU peak f o r  each sample. 

Moldavi tes  p r e v i o u s l y  analyzed f o r  A1  0 spec t ropho tomet r i ca l ly  

were'*used as s t anda rds .  S i 0  w a s  determined u s i n g  a chromium target 

and a PET c r y s t a l .  Three sets  of 100 second coun t s  were made a t  

each  o f  t h e  two background s e t t i n g s ,  and t h r e e  20 second coun t s  were 

de te rmina t ions .  Three sets of 2 3  

/ 

Q 

2 3  c 

2 
\ 

made a t  t h e  SiK peak. This  corresponded t o  a t o t a l  of about  3000 

c o u n t s  on each  of  t h e  backgrounds and about  90,000 coun t s  on t h e  

SiK peak f o r  each  sample b r i q u e t t e .  Some samples gave anomalous 

a 

oc 

background coun t s .  Nost of t h e s e  anomalous coun t s  were ob ta ined  on 

Samples run i n  t h e  szxe --_....?le ho lde r .  

equa l  t o  t h e  average oackground count d i v i d e d  by t h e  observed 

An empir ica l  c o r r e c t i o n  f a c t o r ,  
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b2ckground counG, w a s  a p p l i e d  t o  t h e  peak c o u n t s  i n  t h e s e  cases. 

Moldavi tes  which had been analyzed f o r  S i 0  by t h e  " r a p i d - s i l i c a t e "  

method were used as s t a n d a r d s .  

I 

2 

Rb and S r  were determiried D : ~  t h e  2 : a r ~ k -  h e r i c a n  P h i l l i p s  X-ray 

f l u o r e s c e n c e  u n i t  a t  M.1.;'. u i i d i r  t h e  supkryT-sLori of P r o f e s s o r  H. W. 

F a i r b a i r n .  Powdered sas!.j:es 'iu'zre used.  .4 molybdenuz t a r g e t ,  t o p a z  

c r y s t a l ,  and s c i n t i 1 : a t i o n  countzr  .dere e m ~ - o y d .  Three sets of c o u n t s  

were r e g i s t e r e d  on - , t ree Lackgrcunc: set t i r , ;s ,  *:he R5R peak,  and t h e  

SrK peak. A t o t a l  of 6000 c o u f i ~ s  were taker, Z E  2;cn af r;he background 

CY 

o! 

s e t t i n g s  and a t o t a l  o f  12,090 cocn'cs tAyzre t cke r ,  ori s o t h  02 che p e a k s ,  ' 

f o r  each sample. Each run on f o u r  samples inc luded  a s t a n d a r d ;  t h e  1 

Rb and Sr c o n t e n t s  of t h e  t h r e e  "unknowns" were determined by comparison 

o f  peak h e i g h t s  w i t h  t h o s e  of t h e  s t a n d a r d  t h a t  w a s  run w i t h  them. 

The s t a n d a r d s  used w e r e  mo1davite.s f o r  which Rb and S r  c o n t e n t s  had 

been ( o r  were la ter)  determined by mass s p e c t r o m e t r i c  s table  i s o t o p e  
t 

d i l u t i o n  a n a l y s e s  ( S c h n e t z l e r  and Pinson 1964b; Pinson -- e t  a1 , 1965).  

Each m o l d a v i t e  sample w a s  packed and run  two o r  t h r e e  times i n  t h e  X-ray 

f l u o r e s c e n c e  a n a l y s e s  f o r  R b  and Sr. 
5 

P r e c i s i o n  and Accuracy of t h e  Chemical Analyses - -- I 

The p r e c i s i o n  and accuracy  of t h e  r a p i d  s i l i ca te  procedures  employed I 

i n  t h i s  i n v e s t i g a t i o n  havc been d i s c u s s e d  by S c h n e t z l e r  and Pinson 

(1964a).  The most mzaningr^ul e:i_?ressions of p r e c i s i o n  and accuracy  of 

t h e  a n a l y s e s  are  der ive;  Zrom T;he r e s u l t s  oE - a p l i c s t e  a n a l y s e s  of  t h e  

rock s t a n d a r d s  G-1 an2 1.4-1 which were prep:.:ed a?.;. r--& w i t h  t h e  t e k t i t e s .  

I 

R e s u l t s  of  t h e  analyses of  G-1 and W-1 arc: -,Lvsn Li .  2 c l e  1. Tne 

a c c e p t e d  values f o r  t h e  moni tors  are takeil  from F l e i s c h e r  and S t e v e n s  (1962). 
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The p r e c i s i o n  and t h e  accuracy  of t h e  t e k t i t e  a n a l y s e s  are be l i eved  

t o  be as good ( f o r  comparable concen t r a t ions )  as t h o s e  of t h e  a n a l y s e s  

of G-1 and W - 1 ,  i f  no t  b e t t e r ,  because of  t h e  ease w i t h  which t e k t i t e  

glass goes  i n t o  s o l u t i o n .  

2 The accuracy  of t h e  X-ray f luo rescence  d e t e r m i n a t i o n s  of S i 0  

 an^ Ai U 

minat ions  of  t h e s e  c o n s t i t u e n t s  i n  t h e  s t anda rd  moldav i t e s .  The 

average  d i f f e r e n c e  between t h e  sFZcirophotometr ic  va lues  and t h e  X-ray 

f l u o r e s c e n c e  v a l u e s  (ob ta ined  f r o n  3 l eas t  squa res  f i t )  for A 1  0 

i n  t h e  f o u r  s t anda rd  moldavi tes  n~as ' less  than  O . l % A l  0 The average 

d i f f e r e n c e  between t h e  s p e c ~ i - o ~ h o ~ ~ ~ r l ~ t r _ -  and t h e  X-ray f l u o r e s c e n c e  

values f o r  S i 0 2  i n  the ,  f i v e  s t anda rds  w2.s 0.5% S i 0 2 .  

aepends upon t h e  accuracy  of t h e  spec t ropho tomet r i c  d e t e r -  2 3  

2 3  

2 3' 

The Rb X-ray f l u o r e s c e n c e  ana lyses  o f  tile moldav i t e s  have a 

p r e c i s i o n  (c)  of  about  3~2%; t h e  S r  X-ray z n a l y s e s  have a p r e c i s i o n  o f  

about  3 ~ 3 % .  These conc lus ions  a r e  bzsed upon numerous rep l ica te  a n a l y s e s  ' 

of G-1 and W - 1  by P r o f e s s o r  H.  W .  F a i r b a i r n  ( M . I . T . ,  1964,  unpubl i shed) .  

The accu racy  of t h e  X-ray f luo rescence  a n a l y s e s  f o r  Rb and Sr depends 

upon ' t h e  accuracy  of  t h e  mass spec t rpmet r i c  de t e rmina t ions  o f  t h e s e  

c o n s t i t u e n t s  i n  t h e  s t anda rd  moldavi tes .  

- 
R e s u l t s  ob ta ined  on G-1 and 

W-1 i n  t h e  M.I.T. Geochronology Labora to ry ,  when compared w i t h  r e s u l t s  

ob ta ined  e l sewhere  by v a r i o u s  r e l i a b l e  methods of a n a l y s i s  ( F l e i s c h e r  

and S t e v e n s ,  1962), sugges t  an accuracy of b e t t e r  than  *5% f o r  t h e  mass 

s p e c t r o m e t r i c  de te rminzL -:I& d L  ,Pb and S r .  

Direct ev idence  0: .:.z o v e r a l l  accuracy of t h e  moldavi te  a n a l y s e s  

i s  g iven  by t h e  f a c t  t h h i  sunaatio.is  of t:A- v a l u e s  of t h e  c o n s t i t u e n t  

I 
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o x i d e s  f a l l  between 99% and 101% f o r  20 o u t  of  t h e  23 samples ana lyzed;  

it should be  noted t h a t  o n l y  the  CaO and Mg-0 and t h e  FeO and Fe 0 
2 3  

d e t e r m i n a t i o n s  are n o t  independent .  A c o n s e r v a t i v e  estimate of  the 

0 
o v e r a l l  p r e c i s i o n  (c  = - (100)) of t h e  a n a l y s e s  i s  a s  fo l lows:  X 

Si02,  *l%; A1203, f3%; T i 0 2 , ' i 3 % ;  M g O ,  *5%; CaO, ~54%; N a 2 0 ,  &15%; 

K 2 0 ,  12%;  t o t a i  Fe as FeO; *2%; Rb, &2%; S r ,  &3%. 

!: 

/ 

I 

. - 
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RESULTS 

The r e s u l t s  of t h e  chemical a n a l y s e s  of t h e  23 moldavi tes  are  
I < .< '2.1. 

given i n  Table  2 a long  w i t h  t h e  -spscif-id[?a.vity and r e f r a c t i v e  index  

values .  The r e s u l t s  are p r e s e n t e d  i n  o r d e r  of sample occurrence  from 

w e s t  t o  east  i n  t h e  "strewn f i e l d s " .  The n a j o r  e l e s m t  cor i t en t s  are 

r e p o r t e d  i n  Table  2 as weight  % of the  o x i d e s ;  a surmratio3 of the 

c o n s t i t u e n t  c o n t e n t s  i s  inc luded .  Tutal  Fe  c o n t e n t s ,  as % FeO, are 

given.  The c o n t e n t s  of Rb and S r  i n  p a r t s  p e r  m i l l i o n ,  are a l s o  

r e p o r t e d .  The r e s u l t s  of  t h e  P 0 a c a l y s e s  are n o t  given because  2 5  

these a n a l y s e s  proved t o  be of poor q u a l i t y ;  t h e  1 5  samples ana lyzed  

for P 0 

0.03. 

gave r e s u l t s  ranging  I'rom 0.00 t o  0.06 w i t h  a mean v a l u e  o f  2 5  

The v a l u e s  r e p o r t e d  i n  Table  2 f o r  t h e  v a r i o u s  c o n s t i t u e n t s  show 

t h e  f o l l o w i n g  ranges :  

0.268 - 0.460;  Fe203, 0.12 - 0.31; FeO, 1.42 - 2.36; MgO, 1.13 - 2.50; 

G O ,  1.46 - 3.71;  Na20, 0.31 - 0 . 6 7 ;  K20, 3.26 - 3.81; t o t a l  Fe as FeO, 

1 . 5 3  - 2.61; R b ,  120 - 160 ppm; S r ,  130 - 156 ppm. A l l  of  t h e s e  v a l u e s  

S i 0 2 ,  75.5 - 80.6; A 1 2 0 3 ,  9.62 - 12.64; T i 0 2 ,  

c 

I 

i, : 

I f a l l  w i t h i n  t h e  ranges  given i n  t h e  l i t e r a t u r e  (Barnes,  1940; S c h n e t z l e r  4 

and P i n s o n ,  1963,  1964a ,  1964b; Bouska and Povondra, 1964) w i t h  t h e  

e x c e p t i o n  of one K 2 0  a n a l y s i s  and f o u r  Rb a n a l y s e s .  

- t  

4 1  

1 
! 
b 

The K 2 0  a n a l y s e s  

a l l  fall in t k e  upper  regioi-. i,f xb.2 range r e p o r t e d  i n  t h e  l i t e r a t u r e .  
. .. 

' l <  . /  

The s@&=g--&vi.-ty and i e f r a c t i v e  index vai,c=s of zhz 23 m o l d a v i t e s  

range  from 2.3312 t o  2.3718 gm/crdd and erorn 1.486 t o  1 .495 ,  r e s p e c t i v e l y ,  
/ 

r .  
r 

! 
I 
! 
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Table 2 cont inued 

* 
spec t rophotometr ic  d e t e r m i n a t i o n  of Si02 

A m a s s  s p e c t r o m e t r i c  i s o t o p e  d i l u t i o n  a n a l y s i s  by P r o f e s s o r s  

W .  H.  P inson ,  Jr., and H. W .  F a i r b a i r n .  

Note: T e k t i t e s  bZY6a - 331Y are from Bohemia, t ek t i t e s  5320 - 5325  are Z r O m  - 
Moravia. 

Note: The weights and shapes o f  t h e  s m p l e s ,  and t h e  r e su l t s  of each  

d u p l i c a t e  a n a l y s i s  may be found e l sewhere  ( P h i l p o t t s ,  1965). 
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DISCUSSION 

The resul ts  r epor t ed  i n  Table 2 i n d i c a t e  v a r i a t i o n s  i n  t h e  

c o n t e n t s  of a l l  c o n s t i t u e n t s .  The observed s c a t t e r  of t h e  moldav i t e  

a n a l y s e s ,  expressed  i n  terms of t h e  same f u n c t i o n  C as w a s  used t o  

e v a l u a t e  p r e c i s i o i i ,  i s  as f o l l o w s :  

t o t a l  Fe as FeO, *13%; MgO, 123%; CaO, *29%; Na20, *19%; K20, 54%; 

Rb, f7%; S r ,  i4%. It i s  ev iden t  khat t h e  observed s c a t t e r  i s  g r e a t e r  

t h a n  t h e  a n a l y t i c a l  e r r o r  f o r  a l l  c o n s t i t u e n t s ,  and indeed ,  it i s  

c o n s i d e r a b l y  greater f o r  most c o n s t i t u e n t s .  

SiO,, f2%;  A 1 2 0 3 ,  i4%; T i 0 2 ,  *13%; L 

It i s  t h e r e f o r e  concluded 

t h a t  real d i f f e r e n c e s  i n  chemical composition e x i s t  between t h e  moldav i t e s  

ana lyzed  i n  t h i s  i n v e s t i g a t i o n .  4 

The Moravian t e k t i t e s  were found t o  have h i g h e r  average  c o n t e n t s  

Of S i 0 2 ,  A 1 2 0 3 ,  T i 0 2 ,  FeO and N a 2 G ,  and lower average c o n t e n t s  of 
.dc 4.5 f he s 

MgO , CaO , and S r ,  than  t h e  Bohemian t e k t i t e s .  The epe&5-kz=gzav-W 

of t h e  Moravian samples were l o w e r ,  i n  g e n e r a l ,  than t h o s e  of t h e  

/ 

' Bohemian samples;  t h i s  i s  i n  accord  wi th  t h e  recults of t h e  s p e c i f i c  

g r a v i t y  s tudy  by Chapman -- e t  a1 (1964).  

mo ldav i t e s  from t h e  t w o  l o c a l i t i e s  i s  t h a t  t h e  Moravian samples> have 

h i g h  and v a r i a b l e  FeO and TiG2 c o n t e n t s  w i t h  l o w  and r e l a t i v e l y  c o n s t a n t  

CaO,  M g O ,  and S r ,  whereas t h e  Bohemian samples  have h igh  and v a r i a b l e  

a l k a l i n e  e a r t h  c o n t e n t s  w i th  low and consKant FeO and T i 0 2 .  

d i f f e r e n c e  i s  L l l u s t i a t e d  f o r  the p a i r  C& - FcO i n  F igu re  1. The 

o v e r a l l  s i m i l a r i t y  between t e k t i t e s  from t h e  two groups ,  however, suggests 

t h a t  a common o r i g i n  i s  h i g h l y  probable .  

The major  d i s t i n c t i o n  between 

This  

I 
The d a t a  do no t  i n d i c a t e  any 
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c l e a r  r eg iona l  t r e n d s  i n  composi t ion wi th in  e i t h e r  of t h e  "s t rewn 

f i e l d s " .  Cons iderable  d i f f e r e n c e s  i n  chemical composi t ion were found 

between t e k t i t e s  from t h e  same l o c a l i t i e s .  T h i s . i s  no t  s u r p r i s i n g  i n  

view of t h e  f a c t s  t h a t  moldavi tes  of a i l  coioui.s  U C C U ~  Ln = v a t  l c c c l i t i e z  

(Faul  and Bouska, 1963)  and t h a t  . t ek t i t e s  from Habr i  showed a wide 

range  of  s p e c i f i c  g r a v i t i e s  (Chapman -- e t  a l l  1964) .  

Cer ta in  r e l a t ' i o n s h i p s  e x i s t  between t h e  v a r i o u s  c o n s t i t u e n t s  o f  

moldav i t e s .  I n  Table  3 ,  c o r r e l a t i o n  c o e f f i c i e n t s  and degree  of 

s i g n i f i c a n c e  are p resen ted  f o r  va r ious  p a i r s  of  c o n s t i t u e n t s .  The 

a l k a l i s  show p o s i t i v e  c o r r e l a t i o n s  amongst themselves ,  as do t h e  a l k a l i n e  

e a r t h s .  

e a r t h s .  S i 0  shows n e g a t i v e  c o r r e l a t i o n s  of v a r i o u s  s i g n i f i c a n c e s  

w i t h  t h e  a l k a l i n e  e a r t h s ,  A 1 2 0 3 ,  r e f r a c t i v e  index and speGi-f 

FeO ( a c t u a l l y  t o t a l  Fe as FeO) has  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

I 

N a  0 and Rb are i n v e r s e l y  c o r r e l a t e d  wi th  t h e  a l k a l i n e  2 d 

2 JtLij, $wry. 

w i t h  T i 0  and wi th .  Na20. 2 

The v a r i a t i o n s  i n  t h e  chemical composition of moldavi tes  r e f l e c t  

v a r i a t i o n s  i n  t h e  pa ren t  material and/or d i f f e r e n t i a l  ciiiiiiges L i i  

composi t ion brought about  du r ing  f u s i o n .  Taylor  (19621, p a r t l y  on 

t h e  basis of  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  of  aamost a l l  c o n s t i t u e n t s  

w i t h  S i 0 2 ,  concluded t h a t  t h e  aus t ra l i te  p a r e n t  material c o n s i s t e d  of  

a m i x t u r e  of 75% honogeneous s h a l e  and 25% q u a r t z .  Such a L-i ixture  i s  

no t  sugges ted  by t>.c rr,ol:,.cLze dara becacse S i0  

c o r r e l a t e d  wi th  t h e  a l k a l i s  o r  v i c h  FeO. 

i s  no t  i n v e r s e l y  2 

i n  f a c t ,  I t h e  n o n l i n e a r  

c o r r e l a t i o n s  of c e r t a i n  p a i r s  of c o n s t i t u e n t s  ( e .g .  CaO-FeG, F igu re  1; 

N a  0-FeO) cannot  be expla ined  i n  terms of any two-phase mixing p r o c e s s ,  2 
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Fig.  I C a O  vs. FeO for  2 3  m o l d a v i t e s .  



Table 3 

C o r r e l a t i o n  c o e f f i c i e n t s  (r) and l eve l s  of  s i g n i f i c a n c e ,  
f o r  v a r i o u s  p a i r s  o f  c o n s t i t u e n t s  i n  moldavi tes .  

Moravia Bo hem i a Combined d a t a  . 
r s i g n i -  r s i g n i -  r s i g n i -  

f i c a n c e  f ance f i c a n c e  

Na20 -K 2O 

N a  2O -Rb 

K20-Rb 

MgO-CaO 

MgO-Sr 

CaO-Sr 

Si02-A1 203 

S io 2-Mg0 

FeO x- Ti0 

FeOX-Na20 

N a 2 0 - M g 0  

Na20-CaO 

Rb-CaO 

Rb-Sr 

+0.96 

+o. 99 

+O .94 

+o .91 

+O .98 

+0.91 

Not. s i g .  

-0.93 

+0.99 

+O .83 

-0.91 

-0 -83 

-0.83 

-0.90 

<1% 

<o .1 

<1 

1 

a.1 

1 

<5" 

Q .1 

<5 

1 

<5 

<5 

<5 

+O .63 

+O . 6 i  

+O . 7 5  

+o -81 

+0 .72  

+O. 56 

-0.65 

-0.83 

+O - 8 5  

+O - 7 0  

n o t  s i g .  
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i n c l u d i n g  t h e  mixing of  immiscible  l i q u i d s .  

i n  terms of  a complicated mixing process  b u t  t h e  s i g n i f i c a n t  c o r r e l a t i o n s  

between many p a i r s  of  c o n s t i t u e n t s  i n d i c a t e  t h a t  a s imple cause  w a s  

r e s p o n s i b l e  f o r  t h e  observed v a r i a t i o n s  i n  chemical composition. I n  

ariy case, sedimentary p a r e n t  m a t e r i a l s  would seem t o  be r u l e d  o u t  by 

t h e  oxygen i s o t o p e  d a t a .  Taylor  anc 2psLei.n (1952,  1963)  concluded on 

t h e  b a s i s  of  t h e  oxygen d a t a  t h a t  t e k t i t z s  a re  e i t h e r  e x t r a t e r r e s t r i a l  

o r  t h e y  are fused  terrestr ia l  g r a n i r i c  rocks  w i t h  changed chemical 

The d a t a  could  be  expla ined  

compo s i t  i o n .  

S u p e r f i c i a l l y ,  t h e  v a r i a t i o n s  i n  chemical composi t ion of  t h e  

m o l d a v i t e s  resemble t h e  v a r i a t i o n s  i n  acLd igneous rock sequences.  I n  

such sequences ,  however, some of t h e  a l k a l i s  have p o s i t i v e  c o r r e i a t i o n s  

w i t h  S i02 ,  and i r o n  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  a l k a l i n e  e a r t h s  

and w i t h  A1203 .  

I n  a d d i t i o n ,  t h e r e  i s  no ev idence  f o r  t h c  e r s t w h i l e  e x i s t e n c e  of 

d i s c r e t e  phases  i n  t e k t i t e s ,  w i t h  t h e  excc?tio;i o? a SLG, phase.  

p r e s e n c e  o f  l e c h a t e l i e r i t e  i s  of LnLerest b e c a s e  melts of  moldavi te  

composi t ion would presumably l i e  within t h e  S i 0  f i e l d  and d i f f e r e n t i a t i c i n  

would o c c u r  by S i 0 2  phase s e p a r a t i o n .  

would e x h i b i t  i n v e r s e  c o r r e l a t i o n s  of a l l  c o n s t i t u e n t s  w i t h  S i 0  

T h i s  is n o t  t h e  case f o r  moldavi tes .  Another o b j e c t i o n  t o  t h e  o r i g i n  

' 

These c o r r e l a t i o n s  are n o t  d i s p l a y e d  by t h e  moldavi tes .  

Tne 
L 

2 

P r o d u c t s  o f  t h i s  Si0 s u b t r a c t i o n  2 

2 '  

o f  t h e  observed v a r i a t i o n s  i n  chemical composi t ion by igneous 

d i f f e r e n t i a t i o n  i s  t h e  f a c t  t h a t  t h e s e  varL~;:c;.s a l s o  occur  over  small 

d i s t a n c z s  w i t h i n  i n d i v i d u a l  i, L 13s. A 5 Lainary e l e c t r o n  microprobe 
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s t u d y  of  moldav i t e s  i n d i c a t e d  t h a t  v a r i a t i o n s  i n  composi t ion ,  comparable 

t o  t h o s e  between bu lk  samples ,  occur  over  d i s t a n c e s  of  1 0 0 ~  o r  s o ,  

w i t h i n  i n d i v i d u a l  samples.  Th i s  i s  supported by  t h e  r e f r a c t i v e  j-ndex 

d a t a  of t h i s  p r e s e n t  work and of  t h a t  ~y c;oherl <;;;2:. 

I n  view of t h e  f a i l u r e  of o t h e r  p rocesses  t o  s a t i s f a c t o r i l y  e x p l a i n  

t h e  v a r i a t i o n s  i n  chemical composi t ion of t h e  m o l d a v i t e s ,  it i s  sugges ted  

t h a t  t h e s e  v a r i a t i o n s  a r e ,  f o r  t h e  most p a r t ,  t h e  r e s u l t  o f  f r a c t i o n a l  

v o l a t i l i z a t i o n .  Many i n v e s t i g a t o r s  (e.g. Cohen, 1960;  Lover ing ,  1960; 

L o m a n ,  1962;  Greenland and Lover ing ,  1962;  Chao, 1963) have appea led  

t o  f r a c t i o n a l  v o l a t i l i z a t i o n  i n  o r d e r  t o  account  f o r  v a r i o u s  fea tures  

of t h e  chemical composi t ions  of  t e k t i t e s .  Other  ev idence  o f  extensive 

changes of  composi t ion by se4-ec%-ke- v o l a t i l i z a t i o n  i s  t h e  appa ren t  
4 . -  
+,<L4' ria .lc: ( 

d i s c r e p a n c y  between t h e  U-Pb and Rb-Sr ages ( S c h n e t z l e r  and P i n s o n ,  

1964b).  
+,\& t i  r ' . i  i 

Experimental  d a t a  concern ing  s&eet-iw+ v o l a t i l i z a t i o n  are meager. 

Experiments  by Lover ing  (19601, Friedman e t  a1 @ 9 6 0 ) ,  and Walter and -- 
Carron (1964) ~ and o p t i c a l  spec t rog raph ic  s t u d i e s  (tiiii-eiis aiid Tay lo r ,  

1961)  on s i l i c a t e  materials have i n d i c a t e d  t h e  f o i l o w i n g  o r d e r  of 

v o l a t i l i t y  m d e r  zest of t h e  experimental  c o n d i t i o n s ,  from most t o  

least  v o i a t i l e :  A l k a l i s  2 S i ,  Fe > A l ,  a l k a l i n e  e a r t h s .  It t h e r e f o r e  

seem probably  t h a t  sc;-zct-ii&c vc;. , ; i l ization o t  t e k t i t e  material would 
c. / , , . . L :, .i (L L -- . 

reduce  t h e  concec t r aL ions  of al:i-?Fs and i n c r e a s e   hose of t h e  a l k a l i n e  

earths.  

c o u l d  be used as an  index  of t h e  e x t e n t  of t h e  p r o c e s s '  a c t i o n .  There 

The c o n t e n t  of a p a r t i c u l a r  a l k a l i  o r  a i k a l i n e  e a r t h  c o n s t i t u e n t  

i s  t h e  p o s s i b i l i t y ,  however, t h a t  some of  t he  v a r i a t i o n  i n  c o n c e n t r a t i o n  



. 

of t h e  c o n s t i t u e n t  could  be  i n h e r i t e d  from t h e  pa ren t  material. For 

example, t h e  a d d i t i o n  o r  s u b t r a c t i o n  of S i0  

material would a f f e c t  t h e  concen t r a t ion  o f  a n o t h e r  c o n s t i t u e n t ;  it 

from an o the rwise  homogeneous 2 

would n o t ,  however, a f f e c t  t h e  Weight r a t i o  of a r ~ y  twv C G E S ~ L ~ Z ~ Z ~ S  

( exc lud ing  SiO,). A r a t i o  of two c o n s t i t u e n t s  would t h e r e f o r e  serve 

as a b e t t e r  i ndex  of v o l a t i l i z a t i o n .  

L 

The moldavi te  d a t a  w a s  i n t e r p r e t e d  i n  terms o f  Rb/Sr r a t i o  f o r  

t h e  fo l lowing  reasons :  1. Rb and Sr a r e  i n v e r s e l y  c o r r e l a t e d  and 

t h e r e f o r e  t h e i r  r a t i o  shows wide v a r i a t i o n ;  2 .  Rb and S r  were d e t e r -  

mined s e p a r a t e l y  from a l l  o t h e r  c o n s t i t u e n t s  and t h e r e f o r e  r e l a t i o n s h i p s  

between t h e  Rb/Sr r a t i o  and o t h e r  c o n s t i t u e n t s  cannot  be due t o  

a n a l y t i c a l  i d i o s y n c r a c i e s ;  3 .  The Rb/Sr r a t i o  is b e l i e v e d  t o  be  as 

good i f  n o t  b e t t e r  than t h e  i n d i v i d u a l  Rb and S r  de t e rmina t ions  w i t h  

r e s p e c t  t o  p r e c i s i v n  and accuracy .  I n  a d d i t i o n ,  even though t h e  Rb/Sr 

r a t i o  v a r i e s  from 0 . 7 7  t o  1 - 2 0 ,  e i g h t  o u t  of n i n e  Sr87/Sr86 a n a l y s e s  
I 

of moldav i t e s  f e l l  w i t h i n  a range  o f  only  O.OOll,-which i s  two s t anda rd  

d e v i a t i o n s  of a s i n g l e  a n a l y s i s  (Pinson e t  a i ,  i 9 6 5 j .  E L L S  sitcatis:: -- 
cannot  have long  e x i s t e d .  Within t h e  l as t  30 m.y. e i t h e r  Rb and S r  

have been f r a c t i o n a t e d  o r  S r  has  been i s o t o p i c a l l y  homogenized. It 

seems most p robab le  t h a t  t h e  change was e f f e c t e d  du r ing  t h e  thenna i  

event  d a t e d  by t h e  i(-A age .  

honogeneous,  chenica1; j  ..xi L s a c o i i c a l l y ,  o r  homogenization could  have 

occu-*red dci.-ing t h e  thermal  event .  Tne s u r v i v a l  of t h e  l e c h a t e l i e r i t e  

Tie pa ren t  material n i g h t  have beer, 

incl:?sions l e a d s  u s  t o  f a v o r  a homogeneous lparent .  ;n e i t h e r  case, 

t h e  r ange  of Rb/Sr r a t i o s  i s  b e s t  expla ined  i n  terms of f r a c t i o n a l  

v o l a t i l  i z a t i o n .  
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It i s  assumed t h a t  t h e  Rb/Sr ratio decreased  wi th  i n c r e a s i n g  temper- 

Bohemian t e k t i t e s  w i t h  lower Rb/Sr r a t i o s  a ture  and d u r a t i o n  of h e a t i n g .  

have lower S i 0  N a  0 ,  and Rb c o n t e n t s ,  and h i g h e r  a l k a l i n e  e a r t h  c o n t e n t s .  

A1203, T i 0 2 ,  FeO, and K 2 0  do not  vary apprec i ab ly  wi th  dec reas ing  Rb/Sr. 

Moravian t e k t i t e s  w i th  lower Rb/Sr r a t i o s  have lower S i 0  

a l k a l i  c o n t e n t s ,  and h i g h c r  a l k a l i n e  e a r t h  c o n t e n t s .  Sample 5324 i s  

excep t iona l  i n  t h a t  it has  t h e  h i g h e s t  IZb/Sr r a t i o  (1.20) and y e t  has  lower  

S i02  and h ighe r  A1 0 than  t h e  o t h e r  5 Moravian samples.  

made concern ing  f r a c t i o n a l  v o l a t i l i z a t i o n  are  v a l i d ,  t hen  i n t e r c e p t s  of 

t r e n d  l i n e s  i n  p l o t s  of p a i r s  of c o n s t i t u e n t s  i n d i c a t e  r e l a t i v e  v o l a t i l i t i e s .  

Thus i n  F igu re  2 t h e  t r e n d  l i n e  g i v e s  ar, i n t e r c e p t  of about  3% K 0 and t h i s  

i n d i c a t e s  t h a t  N a  0 w a s  more v o l a t i l e  t han  K 2 0 .  

mining r e l a t i v e  v o l a t i l i t i e s  i 3  Lyl examination of c o n s t i t u e n t  r a t i o  changes 

w i t h  changing Rb/Sr. 

( F i g u r e  3 ) ,  and t h i s  i n d i c a t e s  t h a t  Rb w a s  inore vola t i l : :  t han  K .  

r e l a t i v e  v o l a t i l i t i e s  of t h e  chemical c o n s t i t u e n t s ,  as i n d i c a t e d  by t h e  

c o r r e l a t i o n s ,  were as f o l l o w s ,  from m o s t  t o  least  v o l a t i l e :  

K20, S i 0 2 ,  A 1 2 0 3 ,  S r ,  M g O ,  and CaO. This  o r d e r  i s  i n  e s s e n t i a l  .agreement 

w i t h  t h e  a v a i l a b l e  experimental  evidence.  Tne r e l a t i o n s h i p s  of i r o n  w i t h  

o t h e r  c o n s t i t u e n t s  s q g e s t  cha t  i n i t i i a l l y  L r o n  w a s  t h e  most v o l a t i l e  

c o n s t i t u e n i  and w a s  r a p i d l y  l o s t  untll ap, e ~ ~ u i l l b i i u m  valae of about  1.7% 

t o r a l  Fa as FeO w a s  a t t a i n e d  (F ig .  L ,  Fig .  4). 

2 '  2 

T i02 ,  FeO, and 2 '  

' 

I f  t h e  assumpt ions  2 3  

2 

Another method of  deter- '  2 

K/Rb w a s  found t o  i n c r e a s e  w i t h  decreLs ing  Rb/Sr 

The 
/ 

- 
Na20, Rb, 

It  i s  d i f E i c u l t  t o  account  f o r  t he  r e l a t i o n s h i p s  among t h e  chemical 

c o n s t i t u e n t s  0 2  s o l d a v i t e s  by means o t h e r  then f r a c t i o n a l  v o l a t i l i z a t i o n .  

This p r o c e s s  might have masked p r e e x i s t i n g  v a r i a t i o n s .  

f ee l ,  however, t h a t  such i n i t i a l  v a r i a t i o n s  would invo lve  t h e  a d d i t i o n  

The a u t h o r s  

- -  
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t: 
t e k t i t e s  from o t h e r  geographica l  groups.  A b r i e f  d i s c u s s i o n  o f  : 

1 i 

t 
, I  

i 
p o s s i b l e  v o l a t i l i z a t i o n  e f f e c t s  i n  australites h a s  been presented  1 

e lsewhere  ( P h i l p o t t s  and P inson ,  1965) .  

Four major  t e k t i t e  groups are g e n e r a l l y  r ecogn ized ,  namely Nor th  
i 
i 
! American, Czechoslovakian,  Ivory  Coas t ,  and South East Asian.  The 

p r o b a b i l i t y  of f u s i n g  terrestr ia l  material t h a t  i s  similar t o  t e k t i t e s  
/ ! 

i 
i n  chemicai composi t ion ,  oxygen i s o t o p i c  composi t ion (Taylor  and 

E p s t e i n ,  1962,  1963) and s t ron t ium i s o t o p i c  composi t ion ( S c h e t z l e r  

i 
i 
i 

o r  s u b t r a c t i o n  of S i 0  The i n v e r s e  c o r r e l a t i o n s  of t h e  a l k a l i s  and 2 '  

a l k a l i n e  e a r t h s  i n  moldav i t e s  sugges t s  t h a t  v a r i a t i o n s  of  S i 0  

p a r e n t  material of moldavi tes  were very l i m i t e d .  The presence  of 

i n  t h e  2 
E 

I t  

l e c h a t e l i e r i t e  i n c l u s i o n s  might i n d i c a t e  r;nai the  p ; l r x t  mi+erinl I 
6 
i; 

1 
1' 

'*' 
i c o n s i s t e d  of an a p h a n i t i c  o r  g l a s s y  ma t r ix  c o n t a i n i n g  a few phenocrys t s  

of a pure  S i02  phase.  D i f f e rences  between t h e  Bohemian and t h e  

Moravian t e k t i t e s  probably  r e f l e c t  d i f f e r e n t  h i s t o r i e s  du r ing  t h e  thermal  
;' 

even t .  ! 
I. 

sa,: K-A i g e  (Zahr inge r , , l 963) ,  w i th in  t h e  experimental  e r r o r ,  as t h e  

Nordl ingen R i e s  impact crater,  which i s  about  300 km w e s t  of  t h e  strewn 

f i e l d .  "=his K-A d a t a  h a s  been i n t e r p r e t e d  t o  mean t h a t  t h e  moldav i t e s  
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were b l a s t e d  ou t  of  t h e  Ries crater (Cohen, 1963) .  The d i v e r s e  rock 

t y p e s  found rimming t h i s  crater (Shoemaker and Chao, 1961) ,  however, 

would seem t o  be  u n s u i t a b l e  p a r e n t s ,  chemical ly  and i s o t o p i c a l l y  

(Taylor  and E p s t e i n ,  1963) ,  for t h e  moldavices.  Ft=L->Lsps, C'Keefe  

(1963) has sugges ted  on t h e  b a s i s  o f  s t r a t i g r a p h i c  r e l a t i o n s ,  t h e  mold- 

a v i t e s  and t h e  Ries Srater a r e  no t  o f  i d e n t i c a l  age .  I f  t h e y  are of 

t h e  same age it could  be f o r t u i t o u s  but  t h i s  i s  u n l i k e l y  i n  view of 

t h e  s i m i l a r i t y  of ages of o t h e r  t e k t i t e  groups and v a r i o u s  i m p a c t i t e s  

( F l e i s c h e r , e t  a1 , 1965) .  Perhaps  t h e  R i e s  crater w a s  formed by t h e  

impact of t h e  moldavi te  parent-body. 

-- 
Such an o r i g i n  might b e s t  e x p l a i n  

\ 

t h e  al ignment  o f  t h e  moldavi te  s t rewn f i e l d  w i t h  t h e  R i e s  crater. In 

t h e  case of t h e  I v o r y  Coast t e k t i t e s ,  ,however, t h e r e  i s  a n c i l l a r y  

ev idence  t o  suppor t  a hypo thes i s  of terrestrial  o r i g i n .  Not. on ly  do 

t h e  I v o r y  Coast t e k t i t e s  have t h e  same K-A age  as t h e  Bosumtwi crater 

(Gentner e t  a l ,  1964) ,  bu t  t h e y  would a l s o  seem t o  have t h e  same 
I' 

-- 
Rb-Sr age as rocks i n  t h a t  p a r t  of A f r i c a  (Schnebzler  -- e t  a l ,  1965).  

The i n t e r p r e t a t i o n  of t h e  moldavi te  d a t a  i n  terms of f raz t izna?  

v o l a t i l i z a t i o n  throws no f u r t h e r  l i g h t  on t h e  problem of terrestrial  

or l u n a r  o q i g i n  of t e k t i t e s ,  a l though it does  n e c e s s i t a t e  some m o d i f i c a t i o n  

i n  t h e  exp lana t ion  of t h e  Rb-Sr ages of t e k t i t e s .  

d a t a  i n d i c a t e  t h a t  a c i d  igneous rocks are t h e  on ly  p o s s i b l e  terrestrial 

pa ren t -ma te r i a l  fo: t e k t i t e s  (Taylor  and E p s t e i n ,  1962,  1963) .  Such 

r o c k s ,  however, do not have c o n t e n t s  of t h e  rare e a r t h s  similar t o  

t h o s e  possessed  by t e k t i t e s  (Haskin and Geh l ,  1963) .  

cons t rued  as evidence  of t h e  e x t r a - t e r r e s t r i a l  o r i g i n  of t e k t i t e s .  

The oxygen i s o t o p e  

This might b e  

T l h .  ~ L u w c . - L ,  .ntro 7- t h e  o v e r a l l  s i m i l a r i t y  i n  chemical composi t ion ,  i nc lud ing  t h e  

rare e a r t h s ,  of t e k t i t e s  and t h e  "c rus t a l  average" i n d i c a t e s  terrestrial I 
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o r i g i n  (Taylor  and Sachs ,  1964).  

however, it would seem t h a t  i f  t e k t i t e s  are of  terrestrial  o r i g i n  then.: 

SEP fiindamental p o i n t  would so f a r  seem t o  have ,been  overlooked.  

I n  view of t h e  c o n f l i c t i n g  ev idence ,  

/' 

_ _ _  _ -  - 
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S W R Y  

New a n a l y s e s  f o r  n i n e  major  elements and for t h e  trace e lements  

, 

Rb and S r  i n  17 Bohemian and 6 Moravian moldav i t e s  have been r e p o r t e d .  
cfc~tis i tT; e s  

The r e f r a c t i v e  i n d i c e s  and bu lk  SnP_r-i-ic-grawi4&e6-of t h e  23 moldavi tes  

have a1 so been r epor t ed .  Real v a r i a t i o n s  i r i  c;ZazLc.zl cnm?osit ion and 

phys ica l  p r o p e r t i e s  were found. 

The Moravian t e k t i t e s  t h a t  were analyzed had h i g h e r  average  

c o n t e n t s  of S i 0 2 ,  A 1 2 0 3 ,  T i 0 2 ,  FeO and N a  2 0 ,  and lower average  c o n t e n t s  

of  M g O ,  CaO and Sr than had t h e  Bohemian t e k t i t e s .  The major  d i s t i n c t i o n  

between samples from t h e  two s t rewn f i e l d s  i s  t h a t  Moravian t e k t i t e s  
4 

have h igh  and v a r i a b l e  FeO and Ti02  c o n t e n t s  w i th  low and r e l a t i v e l y  

c o n s t a n t  MgO, CaO,  and S r ,  whereas Bohemian t e k t i t e s  have h igh  and 

v a r i a b l e  a l k a l i n e  e a r t h  c o n t e n t s ,  with low and c o n s t a n t  FeO and T i 0 2 .  

The o v e r a l l  s i m i l a r i t y  between t e k t i t e s  from t h e  two groups s u g g e s t s  / 

t h a t  a common o r i g i n  i s  h i g h l y  probably.  

i n  composi t ion w i t h i n  t h e  s t rewn f i e l d s  were found. 

No clear r e g i o n a l  t r e n d s  

'The r e l a t i o n s h i p s  between t h e  c o n c e n t r a t i a n s  of t h e  v a r i o u s .  

c o n s t i t u e n t s  were examined. It was concluded t ha t  t h e  v a r i a t i o n s  i n  

chemical  composi t ion w i t h i n  and between i n d i v i d u a l  mo ldav i t e s  are best 

exp la ined  i n  terms of f r a c t i o n a l  v o l a t i l i z a t i o n  t h a t  occu r red  dur ing  

t h e  b r i e f  thermal  event  da ted  by t h e  K-A age.  

r a t i o s  and t h e  un i fo rmi ty  of t h e  S r  i s o t o p i c  composi t ion suppor t  

The wide range  of Rb/Sr 

t h i s  conc lus ion .  The v a r i a t i o n s  i n  chemical composi t ion w e r e  re-examined. 

u s ing  ~ ~ . i i ?  Rb/Sr r a t i o  as an index of t h e  e x t e n t  of  t h e  proposed 

f r a c t i o n a l  vo la t i l ; iLx t ion  process .  

o r d e r  of v o l a t i l i t y  from most t o  least  volatile: 

The data i n d i a a t e  t h e  fo l lowing  

Na20, Rb, K 2 0 ,  S i 0 2 ,  
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The e f f i c a c y  of !the proposed f r a c t i o n a l  v o l a t i l i z a t i o n  p r o c e s s  

might be demonstrated i f  (1) t h e  occurrence  of c o e s i t e  (Walter, 1965) 

o r  t h e  d i f f u s i o n  g r a d i e n t  around l e c h a t e l i e r i t e  i n c l u s i o n s  or any o t h e r  

i n d i c a t o r  of thermal  h i s t o r y  could be related t o  bu lk  c u u t p U s l t L ~ :  cf 

t e k t i t e s ,  ( 2 )  U-Pb o r  Rb-Sr ages  of t e k t i t e s  from a s p e c i f i c  geographic  

group were found t o  b e  t h e  same as t h e  K-A o r  f i s s i o n  t r a c k  ages, o r  

(3)  t n e  observed v a r i a t i o n s  i n  chemical composi t ion were d u p l i c a t e d  

by experimental  v o l a t i l i z a t i o n  s t u d i e s .  

It i s  concluded t h a t  i f  t e k t i t e s  are of terrestr ia l  o r i g i n  then  

some fundamental  p o i n t  would so f a r  seem t o  have been overlooked.  
.; 

c 

\ 

\ 

/' 

I 
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