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Cosmic-ray produced 53h (tl12 = 3 . 7 ~ 1 0 6  y) was measured i n  one 
i n d i v i d u a l  and s e v e r a l  groups of deep s e a  s tony spheru les  by h igh ly  s e n s i t i v e  
neutron a c t i v a t i o n  a n a l y s i s .  

One g i a n t  s tony p a r t i c l e  (KK-2) was provided by D.  Brownlee f o r  t h i s  
experiment. He pol ished one corner  of t h e  p a r t i c l e .  The o u t s i d e  of t h e  
sample was etched by s e a  water but  t h e  i n s i d e  was unetched.  Before d i s -  
s o l u t i o n ,  t h e  po l i shed  s u r f a c e  was examined by e l e c t r o n  microprobe a n a l y s i s .  
Five  d i f f e r e n t  p o s i t i o n s  were analyzed wi th  a 20 beam s p o t .  The chemical  
composit ions of a l l  f i v e  p o s i t i o n s  were q u i t e  s i m i l a r  t o  c h o n d r i t i c  composi- 
t i o n s ,  suggest ing a homogeneous m e l t .  The weight of t h e  po l i shed  s p h e r u l e  
is  1.077 mg. The o t h e r  t h r e e  groups of s tony spheru les  were s e l e c t e d  from 
t h e  Mil lard  c o l l e c t i o n ,  desc r ibed  by Murrel l  et a 1  [ I ] .  These spheru les  
were c o l l e c t e d  from P a c i f i c  Ocean r e d  c l a y  a t  4280 m depth .  A f t e r  an  SEM 
s tudy  of about 500 s tony  spheru les ,  t h r e e  groups were s e l e c t e d .  The f i r s t  
group inc ludes  22 spheru les  whose i n d i v i d u a l  weights were more than 30 ug 
and whose d e n s i t i e s  werg more than  2.8 g/cm3. The t o t a l  weight w a s  967 vg 
and average d e n s i t y  was 3.55 g/cm3. The second group inc ludes  23 spheru les  
whose i n d i v i d u a l  weights were more t h a n  30 pg and d e n s i t i e s  were between 2.0 

3 and 2.8 g/cm3. The t o t a l  weight was 911 pg and average d e n s i t y  was 2.49 g/cm . 
The l a s t  group i n c l u d e s  spheru les  whose i n d i v i d u a l  weights were l e s s  than  
20 ug. The t o t a l  wei h t  was 877 pg.  The chemical composit ions,  p re l iminary  
53Mn d a t a  a s  w e l l  a s  93Mn d a t a  p rev ious ly  repor ted  f o r  t h e  same Mi l la rd  
s tony spheru les  [2] are presented i n  Table 1. 

The p o s i t i v e  53Mn r e s u l t s  make it c l e a r  t h a t  t h e s e  deep sea s tony 
spheru les  a r e  of e x t r a t e r r e s t r i a l  o r i g i n .  The most s u r p r i s i n g  t h i n g  i s  t h a t  
a l l  samples have 200-300 d m 53Mn/kg Fe, even though t h e  samples a r e  d i f f e r e n t  
i n  s i z e  and d e n s i t y .  The F3Mn a c t i v i t y  l e v e l s  a r e  s l i g h t l y  lower than 
c h o n d r i t i c  v a l u e s  and a r e  shown i n  Table 1. 

Bodies i n  the . submi l l imete r  s i z e  range e n t e r i n g  t h e  e a r t h ' s  atmosphere 
e x h i b i t  a wide range of v e l o c i t i e s  and o r b i t s .  Some o r b i t s  must have been 
c i r c u l a r i z e d  by Poynting-Robertson and r e l a t e d  e f f e c t s ,  whi le  o t h e r s  (most 
shower meteors f o r  example) have h igh ly  e l l i p t i c a l  o r b i t s .  The 53Mn pro- 
duc t ion  r a t e  experienced by an  o b j e c t  i n  near -c i rcu la r  o r b i t s  is much g r e a t e r  
than 300 atoms/kg min (mainly due t o  s(~R),  whi le  f o r  a h igh ly  e l l i p t i c a l  o r b i t  
it must be much l e s s  (no secondary p a r t i c l e s  and low SCR f l u x ) .  The l i f e t i m e s  
i n  space must a l s o  va ry .  Hence we would p r e d i c t  a wide range of 53Mn v a l u e s  
i n  spheru les  o r i g i n a t i n g  i n  bodies  of comparable mass. 

I f  spheru les  o r i g i n a t e  mainly from l a r g e  bodies ,  probably much o r  
most of t h e  mass i s  i n  a s i z e  range  of 1-100 kg, t h e  s o c a l l e d  "small 
meteor i t e"  c l a s s  [3 ,4 ] .  Most of t h e s e  o b j e c t s  do not.  r e a c h  t h e  e a r t h ' s  
s u r f a c e  a t  a l l ,  and even t h o s e  which do l o s e  most of t h e i r  mass i n  a b l a t i o n .  
Hence, t h e  spheru les  must c o n s t i t u t e  a f a i r l y  re r e s e n t a t i v e  sample of t h e s e  
bodies.  Meteor i t e s  t y p i c a l l y  show 300-500 dpm 55Mn/kg Fe. Lower 53Mn 
c o n t e n t s  should be found i n  samples of l a r g e r  bodies  (because of s h i e l d i n g )  
o r  smaller bodies  ( l ack ,  of secondar ies ,  poss ib ly  s h o r t e r  exposure t imes) . 
There may be  o t h e r  exp lana t ions  a s  w e l l .  

I n  any case ,  t h e  approximate constancy observed,  i f  confirmed, may lead 
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t o  u s e f u l  i n s i g h t s  and a p p l i c a t i o n s .  This r e s u l t  s t r o n g l y  supports  Blanchard 
e t  a l ' s  work . [5 ] .  They concluded t h a t  s i l i c a t e  spheru les  a r e  der ived from 
a b l a t i o n  of s tony m e t e o r i t e s  based s u r f a c e  morphology, e lemental  composit ions 
and i n t e r n a l  t e x t u r e s .  

The measurements of cosmic-ray produced ' O B ~  ( t l12 = 1 . 6 ~ 1 0 ~  y) is  t h e  
same s tony spheru les  a r e  now i n  p rogress .  

We wish t o  thank D. E. Brownlee f o r  providing u s  t h e  g i a n t  spheru le  and 
J. N. Goswami f o r  he lp ing  us  w i t h  t h e  microprobe a n a l y s i s  and our co l l eagues  
M. T. Murrel l  and P. A. Davis f o r  t h e i r  c o n t r i b u t i o n s  t o  t h e  e a r l y  p a r t  
of t h i s  work. 
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Table 1 53Mn i n  Deep Sea Spherules  

dpm53Mn 
W t .  Mn F  e Ni /sample dpm53Mn 
(vg) (%I (2) (%I /kgFe 

Brownlee KK-2 

L.J. >30 ug, p >2.8 967 0.18 31.9 0.70 6.9+1.1 - 225+36 - 
L.J. >30 ug, 2 . 8 > ~ > 2 . 0  911 0.16 31.0 0.83 7.4+1.2 - 262+36 - 

L.J. <20 ug 877 0.20 35.7 0.97 6.6+1.2 - 210+37 - 

L. J. s tony spheru les  4477 0.21 27.2 0.62 3@2 243+18 - 

Chondrit e  0.2-0.3 20-30 1.1-1.9 ~300-560  

(1) Nishiizumi et a1 (1980) 
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