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Manganese nodules on t h e  ocean f l o o r  grow by t h e  slow and a u t h i g e n i c  
p r e c i p i t a t i o n  of t h e  hydroxides  of i r o n  and manganese which cont inuously  
scavenge a  hos t  of t r a c e  e lements  from t h e  marine environment. The 
composit ions of t h e  nodules a r e  h i g h l y  in f luenced  by t h e  nearby sediments  but  
a r e  a l s o  in f luenced  by s e v e r a l  o t h e r  a c c r e t i o n a r y  p r o c e s s e s ( l , 2 ) .  The nodule, 
Zetes-3D, c o l l e c t e d  a t  3000m dep th  from P a c i f i c  Ocean (400 161N; 1700 201E), 
is  one of t h e  few manganese nodules t h a t  has  been c a r e f u l l y  da ted  by d i f f e r e n t  
r a d i o m e t r i c  methods(3 ,4) .  These d a t a  confirm i ts  slow and uniform 
accumulation r a t e  over  t h e  l a s t  15 my ( t h e  outermost 1.3 c e n t i m e t e r s ) .  A 
l i n e a r  e x t r a p o l a t i o n  of  t h e  growth r a t e  determined by l o ~ e  measurements 
through t h e  4000 cm3 bulk  of  t h e  nodule i n d i c a t e s  t h a t  it e x i s t e d  on t h e  ocean 
f l o o r  f o r  t h e  l a s t  100 my and,  i n  a l l  p r o b a b i l i t y ,  wi tnessed t h e  g l o b a l  
Cretaceous-Ter t iary .  

T h i s  nodule was c a r e f u l l y  sampled a t  d i f f e r e n t  i n t e r v a l s  from s u r f a c e  t o  
10cm depth.  Seven samples were c o l l e c t e d  f o r  chemical c h a r a c t e r i z a t i o n  t o  
s t u d y  t h e  temporal  v a r i a t i o n  of t h e  marine environment dur ing  t h e  l i f e  span of 
t h e  nodule. The apparen t  ages  (depth/growth r a t e )  of  our  samples #I through 
#7 correspond t o  0-1.5; 2.7-3.1; 15.4-19.2; 46.2-53.8; 53.8-61.5; 61.5-69; 
69.2-76.9 my r e s p e c t i v e l y .  I n  view of  t h e  10% u n c e r t a i n t y  r e p o r t e d  f o r  t h e  

method (31 ,  samples 4 ,  5  and 6  were c o l l e c t e d  at  c l o s e  i n t e r v a l s ,  i . e . ,  
cover ing approximate ly  20% on e i t h e r  s i d e  of probable C-T boundary reg ion .  

Fresh c h i p s  and p i e c e s  from each r e g i o n  were analyzed i n  t r i p l i c a t e  by 
I N A A  techniques .  Dupl ica te  samples of BCR, DTS, SARM-7 and Parsa  m e t e o r i t e ( 5 )  
were a l s o  i r r a d i a t e d  wi th  e lementa l  s t a n d a r d s  as c o n t r o l s  f o r  checking t h e  
p r e c i s i o n  and accuracy.  The es t ima ted  e r r o r s  ( 1  sigma) f o r  v a r i o u s  e lements  
a r e  b e t t e r  t h a n  1-25 f o r  Fe, Co, Sc ,  La and Sm, 3-5% f o r  N i ,  Ce and Eu, 5-85 
f o r  Mn, Mo, and Yb, 10-14% f o r  Tb and Lu, and 20-25% f o r  Nd. The v a l u e s  
ob ta ined  on d i f f e r e n t  a l i q u o t s  from each r e g i o n  were w e l l  w i t h i n  t h e  observed 
a n a l y t i c a l  u n c e r t a i n t y  f o r  each element.  

Our r e s u l t s  s o  f a r  i n d i c a t e  t h e  samples 4 ,  5  and 6 ,  t aken  from t h e  r e g i o n  
corresponding t o  t h e  C-T boundary r e g i o n ,  a r e  chemical ly  s i m i l a r  t o  each o t h e r  
but  are d i s t i n c t l v  d i f f e r e n t  from t h e  l a y e r s  depos i t ed  be fo re  and a f t e r  them. 

1.  They a r e  dep le ted  i n  Fe by 30%, i n  Sc and t h e  REE by 40-508 but  
en r iched  i n  Mn, Co, N i  and Mo by 20-402 ( f i g u r e  2 ) .  

2.  The p o s i t i v e  Ce anomaly t h a t  is observed throughout t h e  nodule n e a r l y  
doubles  (9x vs 5x)  through t h i s  r e g i o n  ( f i g u r e s  1 and 2 ) .  

3. The Mn/Fe r a t i o  is d i s t i n c t l y  h igher  (2 .7)  i n  t h i s  r e g i o n  than  i n  t h e  
r e s t  of t h e  nodule ( 1.8).  The sum of  Mn and Fe, however, remains cons tan t  (Fe  
+ Mn = 30)  ( f i g u r e  2 ) .  

We b e l i e v e  t h e s e  o b s e r v a t i o n s  s t r o n g l y  i n d i c a t e  t h a t ,  f o r  at  l e a s t  a s h o r t  
t ime dur ing  t h e  Cre taceous -Ter t i a ry  t r a n s i t i o n ,  t h e  oceans became more 
o x i d i z i n g .  T h i s  episode of o x i d i z i n g  c o n d i t i o n s  i n  t h e  oceans may be r e l a t e d  
t o  t h e  "sudden and s h o r t n  temperature  r i s e  dur ing  t h e  same per iod suggested by 
( 6 ) .  We base  t h i s  conc lus ion  p r i m a r i l y  on t h e  observed i n c r e a s e  i n  t h e  Ce 
c o n c e n t r a t i o n s  wi thout  a corresponding i n c r e a s e  i n  t h e  c o n c e n t r a t i o n s  of  t h e  
o t h e r  REE ( t h e  exaggerated Ce anomal ies) .  Ce is more e f f i c i e n t l y  scavenged a s  
c e r i c  oxide  t h u s  an i n c r e a s e  i n  o x i d a t i o n  p o t e n t i a l  w i l l  f a v o r  a  p o s i t i v e  Ce 
anomaly i n  t h e  sediments  which w i l l  i n  t u r n  be r e f l e c t e d  i n  t h e  nodules. 
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The observed d e p l e t i o n  of t h e  REE may be r e l a t e d  t o  t h e  reduced r i v e r  
d i scharge  i n t o  t h e  oceans  (7 )and /o r  t o  t h e  d i l u t i o n  o f  ocean wa te r  by p o l a r  
m e l t i n g  ( 8 )  t h a t  may have accompanied t h e  C-T t r a n s i t i o n .  The i n c r e a s e d  
c o n c e n t r a t i o n s  of Mn, Co, N i  and Mo may be due t o  t h e  inc reased  l o a d  of 
s u l f i d e  bea r ing  b iogen ic  d e t r i t u s  depos i t ed  dur ing  t h e  same per iod(9)  o r  may 
be a s s o c i a t e d  w i t h  t h e  a d d i t i o n  of m a t e r i a l  t o  t h e  oceans from an Earth- 
impact ing p r o j e c t i l e  (6 ,10) .  Our p r e s e n t  d a t a  cannot d i s t i n g u i s h  among t h e s e  
p o s s i b i l i t i e s .  The Ce d a t a  can b e s t  be expla ined by appea l ing  t o  an  o x i d i z i n g  
episode t h a t  decoup les  i ts  behavior  from t h e  o t h e r  REE. 
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