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P a c i f i c ' B a s i n .

Me t a 11 geh a 1 te von Man g a n k n o  11 en aus dem S Lidwes tpaz i fi schen 

B e c k e n .

W a h r e n d  e i n e r  F o r s c h u n g s f a h r t  des n e u s e e l a n d i s c h e n  F o r s c h u n g s -  

sc hi ff es  T a n g a r o a  w a r e n  1974 qrofte M a n a a n k n o l 1e n f e l d e r  mit 

ho he r B e l e g u n g s d i c h t e  itn Siidwestpazifi schen Becken bei den 

C o o k - I n s e l n  e n t d e c k t  w o r d e n  (1).

Die i n z w i s c h e n  er f o l g t e  c h e m i s c h e  A n a l y s e  der Kn ol le n eraab 

D u r c h s c h n i t t s g e h a l t e  von 16,7 % Mn; 21,1 % Fe; o,22 % C u ; 

o,4o % Ni und o,38 % Co.

Die h o c h s t e n  Kupf er-  und N i c k e l - G e h a l t e  liegen bei 1 % und 

damit u n t e r h a l b  der G r e n z e  von 3 %, die he ut e im a l l g e m e i n e n  

U b e r s c h r i t t e n  sein mu [3, we nn das Erz als o k o n o m i s c h  in teres - 

sant a n g e s e n e n  w e r d e n  soil. V e r g l e i c h e  von A n a l y s e n  v e r s c h i e -  

dene K n o l l e n g r o O e n f r a k t i o n e n  ze i g t e n ,  da3 hi er wen i g Un te r- 

s c h i e d e  in den c h e m i s c h e n  Z u s a m m e n s e t z u n g  best ehe n.  Auch sind 

die W e r t m e t a l 1ge hal te  in den noch gut e r h a l t e n e n  v u l k a n o g e n e n  

K n o l 1 e n k e r n e n  heute v e r g l e i c h b a r  denen in den Ri nd en zo ne n.
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Du ri ng  a re ce nt  cr ui se  of the New Z e a l a n d  O c e a n o 

gr a p h i c  I n s t i t u t e  r e s e a r c h  vessel T a n g a r o a  to the S o u t h 

w e s t e r n  P a c i f i c  Basin, an e x t e n s i v e  field of m a n g a n e s e  

no du le s was r e c o r d e d  in the regi on S.W. of R a r o t o n g a  (in

the Cook Isla nd s Group) w h e r e  d e n s i t i e s  in ex ce ss  of
2

2 o g / m of se d i m e n t  s u r f a c e  w e r e  d i s c o v e r e d .  Most no dul es  

r e p r e s e n t  a s p h e r o i d i c  type wi th  large nuclei (fig. 1). 

No du le s w e r e  also fo und in the re gi on  south of R a r o t o n g a  

but d i s p l a y e d  a wi de range of m o r p h o l o g i e s  and we re  g e n e 

rally p r e s e n t  in lower a b u n da nc e.

In o r d e r  for m a n g a n e s e  no d u l e s  to be c o n s i d e r e d  of 

e c o n o m i c  grade, two b a s i c  c r i t e r i a  ne ed  to be s a t i sf ie d;  

high s u r f a c e  d e n s i t i e s  of the no d u l e s  on the sea flo or 

and high metal co nte nts . In this case, the first c r i t e 

rion has been s a ti sf ie d.  Here, we r e p o r t  data on the 

metal c o n t e n t s  of the nodule s.

R e p r e s e n t a t i v e  sa mp le s of no du le s fr om  each d r e d g e  

haul were an a l y z e d  for a range of me ta ls  using at omi c 

a b s o r p t i o n  t e c h n i q u e s ;  SiC^ was d e t e r m i n e d  g r a v i m e t r i c a l l y .  

P r e c i s i o n  of the an a l y t i c a l  m e t h o d  was of the o r d e r  ± 1 

to 5 % . In each case, bulk n o d u l e  sa m p l e s  w e r e  a n a l y z e d  

af te r g r i n d i n g  them, i n c l u d i n g  the nu c l e u s  and af te r dry- 

ing at llo° C.

The results p r e s e n t e d  in ta bl e 1 i n d i c a t e  a total 

v a r i a t i o n  in c o m p o s i t i o n  of a f a c t o r  of 1.6 to 3.5 for 

each el e m e n t ,  whi c h is not e x c e e d i n g l y  high. This ex cl ud es 

sa mp le  37 D T , m a n g a n e s e  crust s taken i m m e d i a t e l y  south of 

R a r o t o n g a  in r e l a t i v e l y  s h a l l o w  w a t e r ,  w h i c h  are c h a r a c 

te r i z e d  by lower c o n t e n t s  of M n , Cu, N i , Zn and. Mo and 

h i g h e r  co n t e n t s  of ^10^ and CaO and o b v i o u s l y  co ntain 

high p r o p o r t i o n  of de tr it al  m i n e r a l s .  C o m p a r e d  with n o 

dules f r o m  the e n t i r e  So ut h P a c i f i c  (T ab le  2), no dules
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from the S o u t h w e s t e r n  P a c i f i c  Basin are on a v e r a g e  

hi gh er  in Mn , Fe and Co and lower in Cu and Ni. In g e n e 

ral, the Mn/ F e ratio of the no d u l e s  is less than one but 

ex ce ed s uni t y in some sa mp le s south of R a r o t o n g a .  The 

Ni/Cu rat i o is of the o r d e r  of a f a c t o r  of 2 and the c o 

balt c o n t e n t  is r e l a t i v e l y  high, e x c e e d i n g  the c o pp er  

values in mo st cases.

The  chemical a n a l y s e s  show c e r t a i n  r e l a t i o n s  b e t w e e n  

the el em en ts . Si, A1 and Ca are g e n e r a l l y  r e p r e s e n t a t i v e  

of the de t r i t a l  c o m p o n e n t s  of the no du le s.  In this case, 

ho we ve r,  the c h a r a c t e r  of Ca as a de tr it al  guide e l e m e n t  

is not very clear. The e c o n o m i c a l l y  i n t e r e s t i n g  e l e m e n t s  

Ni, Cu, Zn, Mo and Co are f o l l o w i n g  the m a n g a n e s e .  In 

some cases co ba lt  is mo re  c l o s e l y  r e l a t e d  to the iron.

N o d u l e s  of d i f f e r e n t  size fr om  6 s t a t i o n s  were  

a n a l y z e d  s e p a r a t e l y .  In spi t e of the r e l a t i v e l y  large 

nuclei o f . v o l c a n i c  or i g i n ,  the metal c o n t e n t s  do not d i f 

fer very much. In 4 cases n o d u l e  nuclei and ex te rn al 

layers w e r e  a n a l y z e d  s e p a r a t e l y .  Even here the d i f f e r e n c e s  

are not i m p o r t a n t  e s p e c i a l l y  c o n c e r n i n g  nickel and co pper, 

thus i n d i c a t i n g  a p o s t d e p o s i t i o n a l  t r a n s f o r m a t i o n  and 

e 1ement e x c h a n g e .

Tw o m o r p h o l o g i c a l l y  d i f f e r i n g  n o d u l e  types from s t a 

tion 63 sh ow ed  d i f f e r e n c e s  in t h e i r  ch em ic al  c o m p o s i t i o n ,  

an o b s e r v a t i o n s  w h i c h  cou l d be ma de also in the Nor th  

Pacific. T h e r e  is no r e l a t i o n  b e t w e e n  w a t e r  depth and 

no du le  c o m p o s i t i o n  w i t h i n  the S o u t h w e s t e r n  P a c i f i c  Basin.

Fr om an e c o n o m i c  s t a n d p o i n t ,  the mo st  i m p o r t a n t  p a 

ra m e t e r  is the c o m b i n e d  c o n t e n t s  of the ore me ta ls  Cu +

Ni in the no dul es . Here, the Cu + Ni c o n t e n t s  sum to a
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m a x i m u m  of 1. o2 % (Fig. 2)* p a r t i c u l a r  no d u l e s  from

the regi on S.W. of R a r o t o n g a  (where the h i g h e s t  s u rf ac e 

d e n s i t i e s  are e n c o u n t e r e d )  are lo we r than this value in 

the range o.35 - o.7o %. Si nc e a c o m b i n e d  Cu + Ni c o n 

tent of 3 % is r e q u i r e d  for the nodu les  to be of e c o n o 

mic in te res t, it can be i n f e r r e d  that no du le s fr om  this 

region are not of e c o n o m i c  grade. F u t u r e  cr ui se s of 

the Mew Z e a l a n d  O c e a n o g r a p h i c  I n s t i t u t e  to i n v e s t i g a t e  

no du le  o c c u r r e n c e s  will be d i r e c t e d  to the re gi on  of 

the Sa mo an  Pa s s a g e ,  n o r t h  of the regi on s t u d i e d  here.
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Nr.
H~0 
110°C % 51 Op *  Mn % Fe <% ALpO^ % O O % Cu % N1 % Co % Zn % Mo

S t a t io n ,  fra c -  
L 10 n ( I, u 0 /' 
Noclui CL. u s rd )

1 29,9 16,81 15,7 23.1 7 ,2 2,3o 0,21 0 , ?4
I

o ,?9  |
t

0,08 0, u2 18DT, 4o -6o (1 )
2 29,5 16,96 15,3 22,9 7,1 2, 18 0,19 0,32 0, ?4 | 0, 08 0, 0? lbDT, 2u -4o (5 )
3 27,8 2o,o9 16,9 22,6 7 ,o 2 , 1 1 0 , 2 o 0 , 38 0, ? ? 0 , 08 0, 0? 18d t ,C  2u (6 J
4 3 ° ,  ° 19.99 13,9 | 21,9 8,2 2 , 1 1 0,19 o ,?o o ,?9 0, 06 0 , o2 2oDT, h u-60(1 )
& 29,3 18 , oi 14,2 | 23,2 8,0 2 , o4 o ,21 0,32 o, ?9 0,07 0 , o2 2oDT, 2o-4u(fc)
6 27,1 15,71 14,8 26,2 7 ,o 2 , o4 o ,22 0,34 o,?7 0,06 0 , o2 2oDT, <2o ( I ? )  j
7 3o , 6 16 ,o ? 14,6 ! 29,8 6,9 2,14 o,17 o ,28 0,41 0 , 08 0 , o? 21DT, 2o - 4c ( b )
8 28,7 15,33 14,4 : 26,7 7 ,o 2,28 0.19 0,26 £>,37 0,08 j 0 , o2 21 DT, <2o (22 )
9 3o,6 19, OO 14,7 1 22,6 7,9 2,49 o,17 0,26 o,46 - i 0,00 ; 0, o2 28CBY, 40-60 ( ? )
1 o 32,4 25,88 16,0 j 23,7 6,6 2 , 2 2 0 ,16 0,29 o,46 0,07 | 0, 0? 2bGbY,2o-4u(7)
11 29,7 14,79 19,6 | 24,2 6,6 2 , 1 8  i* t 0 , 2 o 0 , ?o 0,41 0,08 J 0 , 0? 28CBY,<2o (19)
12 41,9 14,46 15,9 I 26,9 5,2 2 , 6?  | 0,1  2 o , 2 ? o,94 0, 07 0 , o2 2bG15Y, O .L .

2o-*.o ( A )
13 3o,5 14,9o 17,9  i 2 1 , 8 5,9 2,24 I o , 2 ? o,41 0 ,48 0 , 08 0, 0? 29DT, 0 (17)
14 32,9 12,51 17,8 1 23,9 5,4 2,35 0,29 o,44 0,98 0,08 0, 0? 29DT, O .L . (2 )
15 31,5 17,86 15,2  j 2 1 , 9 7,1 2.89 o ,22 34 o ,4 ? 0 , 07 0, 0? ?oDT, 6o-8o ( l )
16 3o,9 16,65 15,3 1 22,0 6,7 2 , 9o o ,21 o,34 0,44 0 , 09 0 , 0? ?oDT,4o-6o (2 )
17 29,8 1 5,66 16,0 j 2 2 ,o 6,2 2,75 0,21 0 , 4o 0,49 0, 08 0 , 0? ?oDT, 2o-4o(7)
18 27,2 14,36 1 7 ,o  | 21 ,8 6 ,3 2,48 0,25 0 ,4 ? 0,46 0,08 0, 0? ?o D T ,< 2 o  (19 )
19 29,4 13,66 19,6  , 2o, 0 6,0 2,99 0 , 2 ? 0,47 o,52 | o,o7 0, o4 ?2GbD, 0 (4 )

'  @ ^8 , ^ 2 5 , o2 8 ,9 2o , 2 7 ,o 4,82 0 , 06 o , 1 ? 0 , ?o 0, 05 0, o 1 ??D T , 0 ( 2o)
21 21.3 14,89 19,8 17,6 7 ,o 2,29 o , ? 2 0,70 o,42

!
0, 09 0, o4 ? 8DT, sm a ll r..

(9 )
(22 25,9 27,21 12,9 14,1 10 ,4 1,84 0.27 0 ,64 I 0, 2oI

j

0, 08 | * 0 , 0? ? 8DT, In f .ro c k
(7 )

23 j 28,2 15,87 17,5 19,1 7 ,o 2,21 o , ? 1 0,94 I o ,4 ? j 0,09 0, o4 ?9DT, 0 ( ? 8 )
24 28,2 i3 ,9 o 21 ,2 17 ,6 6 ,3 2,87 0 , ?2 0,70 | o,49

1
j u, o9 
|

j o, o4 42GUL,0<8w
( 1 2 )

25 31 ,8 17,31 19 ,o 17,1 7 ,4 2 ,39 o ,?7 o,97 ! o ,?8 i 0,09 0, o4 4?DT, 80-80( 1 )
26 29,6 19,34 16,4 18,4 7 ,9 2 ,19 o ,26 0 , 9? o ,?7 1 0,07 0, 0? 4 9DT, 0 (11)
27 29,0 22,38 13,8 ■3,9 8 ,5 1,97 0 , 2o o ,?9 o ,?9

1
i 0,07 0, o2 4CD7.0 2T4o (2 o )

28 38,8 14,66 16,0 26,4 4 ,6 2 ,9o 0, 1 1 0,26 o,97 j 0,07 0, o2 46DT, O .L . (1o )
29 27.1 15.72 ! 16 , 3 2 2 ,o 7,1 2 , o1 0,27 o,44 0 , ?8 I 0,08 0, o ? 47DT, 0 ( ? o )
3 ° 28,8 16,30 j 15,2 23,2 6.7 2,09 0.19 o ,3^ o,37 j 0 , 08 0, 0? 48DT, 0 '4 o (29)

-  '3 l \ ; j' 47,1
I

19,60 j 14,6 23,3 l 2,31 - o , 2o o,42 ! O, 08 
!

- 92DT, 0 c ru L t-  
( l o )

32 i 26,1 21 ,89 ! 19,9 I 12,9 8,0 2,57 0 , 34 0,66 o ,22 j 0,10 0, 0? 62D T,0 "''4o ( 13)

33 i 26,1 ; 19,49 I 18,1 ! 17,61 7 ,6 2, 4o o , 2 ? 0,47 o,27 j u, oti 0, 0? 63UT, po ly 1 .)
3^ j 3o,o | 18,62 i 18,3 ! 20,7 6 ,5 2,27 o , 10 o, ?2 o ,?1 j 0,07 0, u2 63OT, 2o-4u(3)
35 1 3o,5 j 19 , 4o i 19,11 1 2 1 , 4 6,4 2,1  0 o , 1 ? 0, 26 ' o ,?2 ! 0,07 ■ 0, -j? 63DT, ^o-6o ( 3 )
36 j 3i ,2 

1
18 , 12 i 15,9 i 22,4i

j
5 ,8 2,51 0 , 1 ? o , ? 1 0 , ?6

|
1 u , 07 
1

I 0, o2
ii

63BT, O .L .
2o-8o (3 )

37 29,6 20,27 j 1 5 ,o ; 2 1 , 7 ! 7,1
i

2 ,24
|

o,14 0,24 I 0,29 j 0,06 j 0 , 0? 63DT, uore
2o-ho( t )

38 27,1 19 , 8- j 18,1 ; n . i ! 7 ,8 j 2 , ? 1 o , ? 2 0,69 j 0,19 I 0,1 0 j 0 ,0 ? 63DT, 0 (1 c )
39 -28 ,ot 21 ,78 ' 19,0 ! 14,4

j\

1 6 ,8
1

j 2 , 2o o , ? 1 0,61 ' 0,18 io , 12
1

0, 0? 6 6 d t , 0 ( 8 )
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Tabl e  1



Ta bl e 2

S.W. P a c i f i c  Bas i n S o u t h  P a c i f i c

Mn 16.7 15.9

Fe 21.1 14.2

Cu o,22 o.29

N i o ,4o 0.55

Co 0.38 0.28



Fi gu re  c a p t i o n s

Fig.l S p h e r o i d i c - b o t r y o i d a l  no d u l e s  from the S o u t h 

w e s t e r n  Pa c i f i c  Bas i n r e c o v e r e d  du ri ng  the

T a n q a r o a  cr ui se  22, S t a t i o n  TA22 - 63 DT, 545o m 

w a t e r  d e p t h .

D i a m e t e r  of the la rg es t n o d u l e  is 55 mm.

F i g . 2 L o c a t i o n  of the a n a l y z e d  n o d u l e s  and regional

d i s t r i b u t i o n  of the c o m b i n e d  c o p p e r  and nickel 

content. Full ci rc le  = m a x i m u m  co n t e n t  at 

s t a t i o n  42 (l,o2 % Ni + Cu).

T a b l e  1 A n a l y s e s  of no d u l e s  ( P R E U S S A G  l a b o r a t o r y  Berk- 

hopen). A n a l y s e s  made of dr ie d p o w d e r e d  w h o l e  

no du le s (total d i s s o l u t i o n ) .  S i 0  ̂ d e t e r m i n e d  

g r a v i m e t r i c a l l y ,  the o t h e r  c o m p o n e n t s  by a t om ic  

a b so rp ti on . Size f r a c t i o n s  in mm; O.L. = o u t e r  

layer. 0 = av e r a g e ;  n. = no d u l e s ;  inf. = i n 

fi lt r a t e d ;  poly = p o l y n u c l e a t e  nodules).

Table 2 C o m p a r i s o n  of me an  a n a l y s i s  of m a n g a n e s e  n o du le s 

from the S o u t h w e s t e r n  P a c i f i c  Basin (this study) 

and of the e n t i r e  So ut n P a c i f i c ,  c a l c u l a t e d  from


