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In  tr o p ic a l  a re a s  c h a m o s ite  d ev e lo p s  in  th e  re m a in s  o f  o rg a n ism s  a n d  in  faeca l 
p e lle ts  in  th e  m a r in e  e n v iro n m e n t sh a llo w er th a n  a b o u t  6 0  m , b u t  o c c a s io n a lly  d o w n  
to  a b o u t  150 m . G la u c o n ite , n o t  re s tr ic te d  to  t r o p ic a l  a re a s , d ev e lo p s  likew ise, b u t 
a t  g re a te r  d e p th s : in  la rg e r  a m o u n ts  g en e ra lly  b e tw e e n  30 a n d  2,000 m  a n d  in  tro p ic a l 
a re a s  in  la rg e r  a m o u n ts  d e e p e r  th a n  a b o u t  125 m . S o  fa r , k n o w n  o c c u rre n c e s  o f  R e c e n t 
c h a m o s ite  a re  re s tr ic te d  to  sh a llo w  m a r in e  e n v iro n m e n ts  in  th e  tro p ic s  a n d  th is  
m ay  in d ic a te  t h a t  w a rm  ( >  20 C ) b o tto m  w a te r  is e s s e n tia l fo r  its  fo rm a tio n . T e m p e r­
a tu re s  lo w er t h a n  a b o u t  15°C  te n d  to  be fa v o u ra b le  fo r th e  fo rm a tio n  o f  g lau co n ite .

INTRODUCTION

V a rio u s  iro n  m in e ra ls  c a n  d ev e lo p  in  th e  su r fa c e  la y e r  o f  b o tto m  se d im e n ts  in  
th e  m a r in e  e n v iro n m e n t. Is  h a s  lo n g  b een  re c o g n ise d  th a t  iro n -r ic h  se d im e n ts  th u s  
fo rm e d  in  th e  o p e n  m a r in e  e n v iro n m e n t o r  in  r e s tr ic te d  m a r in e  b a s in s  fa ll in to  fo u r 
m a jo r  fac ies g ro u p s  b a se d  o n  th e  d o m in a n c e  o f  o x id e , s ilica te , c a rb o n a te  o r  su lp h id e , 
e a c h  fac ies c o r re s p o n d in g  to  a  c e r ta in  level o f  o x y g e n  a v a ila b il ity  in  th e  b o tto m  
e n v iro n m e n t. N o  e x am p le  is k n o w n , h o w ev er, o f  a  co m p le te  a r r a y  o f  th e s e  m a jo r 
fac ies g ra d in g  la te ra l ly  o n e  in to  th e  o th e r  ( J a m e s , 1966), b u t  th e y  a re  a r r a n g e d  in  
h y p o th e tic a l se q u en ces  fro m  sh o re  to  in c re a s in g  d e p th s  by  B o r c h e r t  (1964), G o t t e s - 
m a n n  (1966) a n d  o th e rs .

I n  R e c e n t se d im e n ts  o f  th e  o p e n -m a rin e  e n v iro n m e n t,  th e  d e p th  b o u n d a r ie s  
a n d  o th e r  p h y s ic a l lim its  o f  fo rm a tio n  have  b een  in v e s tig a te d  o n ly  fo r  th e  i r o n  silica te  
g la u c o n ite  (C l o u d , 1955; a n d  o th e rs ) : a b u n d a n t  p r im a ry  g la u c o n ite  h a s  b e e n  fo u n d  
a t  d e p th s  b e tw een  30 a n d  2 ,000  m . I ts  in te r re la tio n s h ip  w ith  c h a m o s ite , th e  m o s t 
a b u n d a n t  p r im a ry  iro n  s ilic a te  o f  p o s t-P re c a m b r ia n  age , c o u ld  n o t  b e  e s ta b lish e d  
b e c a u se  c h a m o s ite  h a d  n e v e r  b e e n  reco g n ised  in  R e c e n t  e n v iro n m e n ts  ( H a l l a m , 

1966). W h e n  g la u c o n ite  h a s  b een  fo u n d  in  a n c ie n t ro c k s  i t  h a s  b e e n  in fe rre d  th a t  th is
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m in e ra l fo rm e d  b o th  a t  sh a llo w er d e p th s  (B o r c h e r t , 1964), a n d  a t  g re a te r  d e p th s  
th a n  c h a m o s ite  (R . E . H u n te r , 1960, u n p u b lis h e d , see: J a m e s , 1966).

A n  in v e s tig a tio n  o f  R ecen t m a r in e  s e d im e n ts  fro m  th re e  t ro p ic a l a re a s— th e  
N ig e r  d e lta , th e  g re a te r  O rin o c o  sh e lf  a n d  t h e  sh e lf  o ff S a ra w a k — h as  sh o w n  th a t  
a u th ig e n ic  c h a m o s ite  is w idely  d is tr ib u te d  in  re la tiv e ly  w a rm  ( >  20°C ) a n d  sh a llo w  
e n v iro n m e n ts , w h ile  au th ig en ic  g la u c o n ite  d e v e lo p s  in  re la tiv e ly  co o l (13°C ) a n d  deep  
e n v iro n m e n ts  (P o r r e n g a , 1965, 1 966). T h e  a im  o f  th is  p a p e r  is to  sh o w  th e  d e p th  
d is tr ib u t io n  o f  th ese  m in e ra ls  a n d  to  c o m p a re  t h e  re s u lts  w ith  p u b lish e d  d a ta .

M a in ly  g ra b  sam p les, co lle c ted  d u r in g  v a r io u s  ex p e d itio n s , w ere  u se d  fo r 
an a ly s is . T h e  sam p le s  f ro m  th e  O rin o c o  sh e lf  a n d  a d ja c e n t sh e lf  a re a s  w ere  co llec ted  
d u r in g  e x p e d itio n s  o rg a n ise d  b y  th e  N .V . B a ta a f s c h e  P e tro le u m  M a a tsc h a p p ij in  
1952 a n d  1953. S ea -b ed  sam p lin g  o n  th e  s h e lf  o ff  S a ra w a k  w as  c a r r ie d  o u t in  1955 
and. 1956 b y  T h e  B ru n e i S hell P e tro le u m  C o m p a n y , L td ., w h ile  in  1959, in  c o n n e c tio n  
w ith  a  s tu d y  o f  d e lta  fo rm a tio n , sam p les  o f  th e  N ig e r  d e lta  w ere  co lle c ted  d u rin g  th e  
R e c e n t S ed im en t S u rv ey  jo in tly  o rg a n ise d  b y  t h e  S hell In te rn a t io n a le  R e se a rc h  M a a t­
sch ap p ij N .V . a n d  th e  B ritish  P e tro le u m  C o m p a n y , L td .

r e s u l t s  a n d  d is c u s s io n

T h e  N ig er  d e lta , the O rinoco s h e l f  a n d  th e  s h e l f  o f f  S a ra w a k

X -ra y  d if fra c tio n  a n d  ch em ica l an a ly s is  o f  m in e ra lise d  g reen  to  b lack ish -g reen  
faeca l p e lle ts  a n d  fillings o f  F o ra m in ife ra  a n d  o th e r  o rg a n ism s , p re s e n t in  th e  R e c e n t 
m a r in e  se d im e n ts  o f  th e  N ig e r d e lta  in  q u a n ti t ie s  o f less th a n  1 to  m o re  th a n  60 % 
o f  th e  se d im e n t (A l l e n , 1965), sh o w ed  c h a m o s ite  to  b e  th e  m a in  c o n s t i tu e n t d ow n  
to  a  d e p th  o f  5 0 -6 0  m , a n d  sh o w ed  g la u c o n ite  to  b e  th e  m a in  c o n s t i tu e n t a t  d e p th s  
ra n g in g  f ro m  a b o u t  125 to  250 m  (F ig .l) .

T h e  c h a m o s ite  is p o o r ly  o rd e re d , h a s  a  f irs t-o rd e r  b a sa l re f le c tio n  o f  7 Â  
in d ic a tin g  a  k a o lin - ty p e  s tru c tu re  a n d  c o n ta in s  a b o u t  17%  F eO  a n d  8 %  M g O . T he 
g la u c o n ite  is a lso  p o o r ly  o rd e re d  a n d  c o n ta in s  a t  le a s t 70 % e x p a n d a b le  lay e rs  w h ich , 
o n  h e a tin g , c o lla p se  to  10 Â , in d ic a tin g  a  m o n tm o r il lo n ite - ty p e  s tru c tu re ;  it  c o n ta in s  
a b o u t  2 .7 %  K 2O , 3 %  F e O , 18%  F e -203 a n d  2 -2 .5 %  M gO . B o th  c o m p o s itio n s  
d iffe r  s t ro n g ly  fro m  th a t  o f  th e  c lay  m a tr ix  a n d  th e  g re y  p e lle ts , w h ic h  v isu a lly  d o  n o t 
sh o w  m in e ra lis a tio n  a n d  w h ich  m a y  o c c u r  a t  a l l  d e p th s ;  th e y  c o n ta in  n o t  m o re  th a n  
10%  iro n  o x id e s  a n d  less th a n  1 .5%  K 2O  a n d  M g O .

C lo se  to  th e  sh o re  a t  d e p th s  sh a llo w e r th a n  a b o u t  10 m  b ro w n  p e lle ts  a n d  
fillings a re  p re d o m in a n t ,  w h ich  c o n s is t o f  g o e th i te  a n d  o c c a s io n a lly  sm all a m o u n ts  
o f  ch a m o s ite .

T h e  m o d e  o f  o c c u rre n c e  o f  th e  g re e n ish  g ra in s  leaves n o  d o u b t  a b o u t  th e  a u th i ­
g en ic , p r im a ry  c h a ra c te r  o f  th e  c h a m o s ite  a n d  th e  g lau co n ite . E x c e p t fo r  a  m u c h  low er 
fe r ro u s  a n d  h ig h e r  fe r ric  i ro n  c o n te n t , th e  c h em ica l c o m p o s itio n  o f  th e  b ro w n  g o e th ite  
g ra in s  is so  s im ila r  to  th a t  o f  ch a m o s ite , t h a t  th e y  m a y  w ell r e p re s e n t th e  o x id a tio n  
p ro d u c t  o f  re w o rk e d  c h a m o s ite  g ra in s .
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O E P T H (m )

C H A M O S IT E
G O E T H IT E

T H E R M O C L1N E5 0

G L A U C O N IT E

[ N O T  TO S C A L E ]

Fig.2. Generalised p ictu re  showing for the N iger de lta  the dep th  o f the sea-floor, the occurrence of 
goethite, cham osite  and  glauconite, and the bo ttom -w ater tem pera tu re  as m easured in January- 
February  1959.

F ig .2  sh o w s sc h e m a tic a lly  th e  re la tio n  b e tw e e n  th e  d e p th  o f  o c c u rre n c e  o f  these 
iro n  m in e ra ls  a n d  th e  b o tto m -w a te r  te m p e ra tu re . T h e  z o n e  in  w h ich  th e  th e rm o c lin e  
is in  c o n ta c t  w ith  th e  se a  b o tto m  co in c id e s  w ith  th e  o u te r  b o u n d a ry  o f  ch am o s ite  
o ccu rren ce .

C h a m o s ite  h a s  a lso  b een  fo u n d  in  th e  o th e r  tw o  tro p ic a l a rea s . In  th e  O rin o c o  
d e lta  d o w n  to  a b o u t  150 m , a t  w h ich  d e p th  in  th e  re g io n  n o r th  o f  P a r ia  it  gives 
w ay  to  ra re  g la u c o n ite , a n d  d o w n  to  a b o u t  60  m  in  th e  R e c e n t se d im e n ts  o f  th e  she lf 
o ff  S a ra w a k , w h e re  i t  o c c u rs  in  fa ir ly  la rg e  q u a n ti t ie s  as fillings o f  o rg a n ism s . In  
a d d it io n , a t  a  d e p th  o f  50 m  lo ca lly  o n  th e  S a ra w a k  shelf, m a n y  tr a n s it io n s  f ro m  ch lo rite  
to  c h a m o s ite  h a v e  b een  n o tic e d . T h ese  a re  a n a lo g o u s  to  th e  t r a n s i t io n  f ro m  b io tite  
to  g la u c o n ite  d e sc r ib e d  b y  G a l l ih e r  (1935). N o  g la u c o n ite  h a s  b een  fo u n d , even  in  
so m e sam p les  d e r iv e d  fro m  th e  d e e p e r  p a r ts  o f  th e  S o u th  C h in a  Sea.

T h a t  c h a m o s ite  o c c u rs  d o w n  to  g re a te r  d e p th s  in  th e  O r in o c o - P a r ia  a re a  th a n  
in  th e  N ig e r  d e lta , m a y  be c o n n e c te d  w ith  th e  m a rk e d  d iffe rence  in  b o tto m -w a te r  
te m p e ra tu re . N o r th  o f  P a r ia ,  a t  150 m  d e p th ,  th e  te m p e ra tu re  is a b o u t  17°C  (V a n  

A n d e l  a n d  P o s t m a , 1 954), w h e re a s  in  th e  N ig e r  d e lta  th e  te m p e ra tu re  d ro p s  below  
th is  v a lu e  a t  d e p th s  as sh a llo w  as 5 0 -8 0  m .

O ther areas

B ro w n  g o e th i te  p e lle ts  h av e  b een  fo u n d  by  L e n e u f  (1 9 6 2 ) a lo n g  th e  Iv o ry
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C o a s t, b y  V o n  G a e r t n e r  a n d  S c h e l l m a n n  (1965) n e a r  th e  c o a s t o f  G u in e a  a n d  by 
G i r e s s e  (1965a, b) n e a r  th e  c o a s t  o f  G a b o n . I n  th e  tw o  la t te r  a rea s , c h a m o s ite  as 
w ell a s  g o e th i te  o ccu rs  in  p e lle ts  in  sh a llo w -m a rin e  se d im e n ta ry  en v iro n m e n ts . V on  
G a e r tn e r  a n d  S ch e llm an n  a re  o f  th e  o p in io n  th a t  th e  c h a m o s ite  is n o t  p r im a ry , b u t  
s e c o n d a ry  a f te r  g o e th ite , w h ile  G ire s se  c o n s id e re d  h is  m a te r ia l as a n  ea rly -s tag e  
g la u c o n ite . F in a lly , c h a m o s ite  h a s  b e e n  d e te c te d  in  se d im e n ts  o f  M a la c c a  S tra it  
b e tw e e n  M a la y s ia  and. S u m a tra  (G . H . K e lle r , 1966, p e rs o n a l co m m u n ic a tio n ) . 
F ig .3  show s th e  d is tr ib u tio n  o f  a ll so  f a r  k n o w n  c h a m o s ite  o ccu rren ces  in  R e c e n t 
se d im e n ts . T h is  d is tr ib u tio n , w h ic h  is w id e sp re a d  b u t p ro b a b ly  re s tr ic te d  to  th e  
tro p ic s , m a y  w ell be  re la te d  to  th e  w a rm  b o tto m  w a te rs  o c c u rr in g  in  th ese  a reas .

T h e  fo re g o in g  d a ta  d e m o n s tra te  th a t  g la u c o n ite  c a n  n o  lo n g e r  b e  co n sid e red  
a s  th e  o n ly  i r o n  silica te  fo rm e d  in  re a s o n a b le  q u a n ti t ie s  in  m o d e rn  seas a n d  o cean s 
( T r i p l e h o r n ,  1966).

M a n y  li te ra tu re  d a ta  a re  a v a ila b le  o n  th e  d is tr ib u t io n  o f  g la u c o n ite  in  R ecen t 
m a r in e  sed im en ts , b u t  o n ly  few  ( B u r s t ,  1958; E h l m a n n  e t a l., 1963; P r a t t ,  1963) 
c o n ta in  X -ra y  d iffrac tio n  a n d  c h e m ic a l d a ta .  T h e  fo llo w in g  p ic tu re  is o b ta in e d , if  
re c o rd s  o f  o th e rs , w h o  m ay  so m e tim es  h a v e  c o n fu se d  c h a m o s ite  w ith  g la u c o n ite , 
o w in g  to  th e  s tr ik in g  s im ila rity  in  a p p e a ra n c e  a n d  m o d e s  o f  o ccu rren ce , a re  a lso  
in c lu d e d . A p a r t  f ro m  a  few  e x c e p tio n s  d e m o n s tra t in g  th a t  i t  p o ss ib ly  a lso  fo rm s  in  
n o n -m a r in e  en v iro n m e n ts , g la u c o n ite  m ay  b e  c o n s id e re d , o n  th e  w h o le , as a  m a r in e  
c la y  m in e ra l. I t  is w idely  d is tr ib u te d  (F ig .4) a n d  o c c u rs  in  re g io n s  o f  li tt le  o r  n o  d e tr ita l

Fig.3. K now n cham osite occurrences in R ecent sediments.
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Fig.4. G lauconite occurrences in R ecent sediments. (A fter G a l l ih e r , 1935.)

se d im e n ta tio n  u n d e r  a  fa ir ly  w ide  b u t  n ev e rth e le ss  lim ite d  ra n g e  o f  te m p e ra tu re s  a n d  
d ep th s .

A c c o rd in g  to  a  rev iew  g iv en  b y  C l o u d  (1955) a n d  new  d a ta  o f  E h l m a n n  e t a l. 
(1963), P r a t t  (1963) a n d  L e c l a i r e  (1964) g la u c o n ite  is ra re  ab o v e  10 a n d  b e low  2,000 
m  a n d  is c o m m o n e s t a t  d e p th s  r a n g in g  f ro m  30 to  700 m . In  th e  tro p ic a l seas o f  
In d o n e s ia , h ow ever, g la u c o n ite  d o e s  n o t  o c c u r  sh a llo w er th a n  50 m  a n d  beco m es 
re a so n a b ly  a b u n d a n t  a t  a b o u t  250 m  (N e e b , 1943), w h ich  la rg e ly  ag rees  w ith  th e  
o b se rv a tio n s  f ro m  th e  N ig e r  a n d  O rin o c o  d e lta s . I t  is n o t  u n lik e ly  th a t  te m p e ra tu re s  
lo w er th a n  a b o u t  15°C  w o u ld  fa v o u r  th e  g e n e ra t io n  o f  g la u c o n ite . T o  ex p la in  th e  
r a th e r  scarce  o c c u rre n c e  o f  g la u c o n ite  in  th e  P a laeo z o ic  a n d  M eso zo ic  iro n -r ic h  
s e d im e n ta ry  ro ck s , B r a u n  (1962) a lso  a s su m e d  th a t  th e  fo rm a tio n  o f  g la u c o n ite  
need s  lo w er te m p e ra tu re s  th a n  th a t  o f  ch am o site .
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