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T h e  thesis em bod ie s  the  resul ts  of a  de ta i led  geochemical  a n d  minera log ica l  s t u d y  
of th e  P r e c a m b r i a n ,  Iron O re  Group  of sed im en ts  including s h a le s /  argi ll i tes,  m a n g a n e s e  
deposi ts  and  cher t s  f rom th e  Noainund i  bas in  (Lat  21° N to 22° N and  Long 85° E  to 
86 ° E) ,  eas t ern  India,  wi th  a  view to  d e te r m i n in g  m a in ly  th e  chem ica l  e n v i r o n m e n t  of 
deposi t io n  and genesis of t h e  m a n g a n e se  ores of t h e  basin .  For  th is  purpose ,  col la t ion 
and cr it ical  e x a m in a t io n  of extens ive  d a t a  on recent  m a r in e  and  l acu s t r in e  f e r r o m a n g a n e se  
deposi ts  and  cher t s  and  th e i r  compar i son  wi th  d a t a  on the i r  a n c ien t  analogues ,  i n c lu d ing  
those  f rom th e  eas t e rn  Ind ia n  shield have  b een  u n d e r t a k e n ,  in a d d i t io n  to  a  col lec t ion a n d  
s t u d y  of ( 1) sh a le /a rg i l l i t e  samples  f rom m o re  t h a n  six t r averses  in th e  N o a m u n d i  bas in ,  
(2) m a n g a n e se  ores f rom m o r e  t h a n  25 open c u t  mines  d i s t r i b u t e d  th r o u g h o u t  t h e  bas in ,  
and  (3) cherts.

Clay minera logy  of t h e  argi l laceous rocks of th e  I ron O re  G r o u p  ( I O G )  f ro m  th e  
N o a m u n d i  basin,  is r ep re sen te d  main ly  by kaol in i te  and  2M j i l l i te wi th  m i n o r  m o n t m o -  
r i l lonite.  P a u c i ty  of ch lor i te  and p o ta sh  fe ldspar,  absence  of p a ra g o n i t e ,  p y r o p h y l l i t e  a n d  
gibbs i te  in these  assemblages  are  conspicuous.  In genera l,  t h e  kao l i n i t e / i l l i te  ra t io ,  t h e  i l l i te 
crys ta l l in i ty  ( IC) an d  th e  d(060) peak  posi t ion and  ( 0 0 2 ) / ( 001) p e a k  he ight  r a t i o  of i l l i te 
change sy s t e m a t i c a l ly  f ro m  t h e  s t r a t ig rap h ic a l l y  h ighe r  u p p e r  shales  to  lower  shale s  a n d  
suggest  d iagene t i c  neo fo rm a t ion  of illite in th ese  rocks.  G ro w t h  of  i l l i te d u r in g  diagenes is  
a nd  p a u c i ty  of chlor i te  in d ic a te  t h a t  t h e  d e t r i t a l  s ed im en ts  which a c c u m u l a t e d  in t h e  bas in  
were  r ich  in kaol in i te  b u t  p oo r  in s m e c t i t e  g ro u p  of minera ls .

D o m i n a n c e  of 2M i p o l y t v p e  of il l i te in th e  IO G  argi l l i tes,  t h e  r a n g e  of  IC values  
and  th e  absence  of p y rophy l l i te  in th e  assemblages  in d ic at e  a  m a x i m u m  of ep iz o ne  c o n ­
di t ion of m e t a m o r p h i s m  ( ~  360 ° C / 2kb)  for t h ese  sed im en ts .  S i m i l a r  c lay m in e ra l o g y  of 
th e  sha le s /a rgi l l i te s  f rom t h e  marg in al  a n d  cen tr a l  p a r t s  of t h e  b a s in  a long w i t h  s im i l a r  
c rys ta l l i n i ty  and  p o l y ty p i s m  of illites in sa m p le s  f rom various  p a r t s ,  in c lu d ing  S i n g h b h u m  
G r a n i t e  c o n t a c t  a rou n d  C h a i b a s a  is difficult t o  reconcile  w i t h  t h e  id ea  t h a t  S i n g h b h u m  
G r a n i t e  phase -I I I  is in t r us ive  in to  th e  I ron O re  G r o u p  of rocks of t h e  N o a m u n d i  b as in .

W id e sp re a d  oc c u r re nc e  of well c ry s ta l l i ne  kaol in i te  a n d  a u th i g e n i c  i l l i te a n d  lack of 
m ix e d  layer  clays suggest  t h a t  these  s e d im e n t s  c a n n o t  r e p re s e n t  r e c e n t  w e a th e r in g  p ro d -
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ucts.  Sporadic  m o n tm o ro l l in i t e  is de e m ed  to  have re su l te d  f rom chem ica l  a l t e r a t io n  of local  
tuffaceous ma te r ia l  and  s tabi l i sed in th e  assemblages  th r o u g h  c losed sy s t e m  d o m a i n  t y p e  
equi libr ia.  Unlike  th e  clay minera l  assemblages  in P ro te rozo ic  shales  of t h e  Shie ld  a r eas  of 
d ifferent  cont inen ts ,  which a re  d o m i n a t e d  by ch lor i te  a n d  illite,  t h e  a b u n d a n c e  of kaol in i te ,  
2Mi-il I i te  and pers is tence  of sm ec t i te  b u t  absence  of pyrophy l l i te  a n d  gibbsi te  in t h e  Noa-  
m und i  argi ll i tes including  those  associa ted  w i t h  B IF s  suggest  logas,-02(07) a p p r o x i m a t e l y  
between -3.35 and  -4.25, an d  the  co rr es pond ing  log(a/v-+ / a / f + ) b e tw een  ~  2.0 a n d  5.0 in 
the  pore  water .  T h e se  t e n t a t i v e  range of ac t iv i t ies  and  th ei r  ra t ios a n d  the  a ssoc ia te d  c lay  
minera l  assemblages  s t r a d d le  the  average com pos i t ion  of r iver w a t e r  between  t h e m  whi le  
th e  av erage  compos i t ion  of sea  wate r  r e m a in  far removed.  T h e  ex is t in g  assemblages  of clay  
minera ls ,  therefore,  ca n no t  b e  reconciled wi th  an  init ial  a lkaline  s e a  w a te r  c o m po s i t io n .  A 
weakly ac idic to  n e u t ra l  p H  corresponding  to  r iv e r / l a k e  or s l ight ly  brack ish  w a t e r  c o m ­
posi t ion wi th  low T D S  a p p e a r s  to  have  been  t h e  m o s t  likely c a n d i d a t e  for t h e  b as in  a n d  
pore  wa te r ,  in equ i l i b r i um  wi th  which t h e  shales /a rg i l l te s ,  t h e  B I F s  a n d  t h e  a s so c i a t ed  
sed im e n t s  fo rmed  in th e  N o a m u n d i  basin.

T h e  geochem is t ry  of shales f rom th e  N o a m u n d i  basin  e x h i b i t  c e r ta in  u n u s u a l  f ea ­
tures.  W i t h  respec t  to A rch ean ,  Proterozo ic  a n d  even P h a n e roz o ic  shale  ave rages ,  t h e se  
are  im pover is hed  in C a O ,  M g O  and N a 20  b u t  en r i ched  in Fe203  ( t o t a l ) ,  A120 3 a n d  T i 0 2. 
T h e  conspicuously  low values  of C aO (and  pa r t ly ,  M g O )  in these  shales  in d i ca t e  low c a r ­
b o n a t e  co n t e n t s  in t h e m . T h e  en r i c hm en t  of Fe20 3 , an d  in K 20  r e la t i v e  to  M g O  a n d  C a O  
in t h e  N o a m u n d i  shales m a t c h e s  wi th  chemical  co m pos i t ion  of r e s id ua l  fluids d e r i ved  f ro m  
l a te- s t age  felsic m a g m a t i s m .  T h e  conc en tr a t io n  an d  d is t r ib u t io n  p a t t e r n  of Zr ,  Y,  a n d  B a  
in these  s e d im en t s  re la t ive  to  world shale  average also favour  a  g ra n i t i c  sou rce  for t h e se  
e lements .  A s t ro ng  posi t ive  corre la t ion ( r= 0 .8 7 )  be tw een  B a  a n d  K 20  in t h e  shale s  f ro m  
t h e  s o u th e r n  p a r t  of  t h e  N o a m u n d i  bas in ,  wher e  B IF s  occur ,  a n d  a  S r  h ike  w i t h  values  close 
to t h a t  of g ran i t es  in t h e  shales  as socia ted  w i t h  B IF s  suggest  a  felsic m a g m a t i c  (g ran i t ic )  
source  for these  c o m p o n e n t s .  T h e  d is t r ib u t i o n  p a t t e r n  of t h e  e l e m e n t s  Sc, Co,  Ni ,  Z n  a n d  
C u  a long w i t h  M n  a n d  so m e  i ron,  on t h e  o t h e r  h a n d ,  suggests  t h a t  u n d e r l y i n g  b a s a l t i c  
layer is t h e  source  for m o s t  of these  e le m e n t s  in t h e  shales.  T h e  d i s t r i b u t i o n  of m a n g a n e s e  
and  v a n a d i u m  in th ese  shales suggest  t h a t  t h e  r edox  p o t e n t i a l  of t h e  N o a m u n d i  b a s in  w a t e r  
r e m a in e d  high,  in general .
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D a t a  on recent  lacu st r ine  and  m a r in e  chemical  p re c ip i t a te s  reveal t h a t  t h e  s e d im e n t s  
f rom these  two e n v i ro n m e n t s  can be  d is t ingui shed in t e r m s  of t h e i r  c o m po s i t io n  in th e  
C a 0 - M g 0 - N a 20 - K 20  sy s t em  provided c a r b o n a te s  and  d c t r i t a l  c o m p o n e n t s  ass oci a ted  wi th  
th e m  are  t r ivial .  It is observed t h a t  lacust r ine  fe r ro - inanganese  p rec ip i t a te s  d isp la y  low 
Na20 - K 20  b u t  high C a O / ( C a O + M g O )  (> 0 .7 0 )  s imi lar  to th e  world  average r iver  w a te r ,  
and  g ro u n d  wa te r  com pos i t i on  f rom cer ta in  g ra n i t i c  ter ra ins .  In c o n t ra s t ,  m a t u r e  m a r i n e  
fcr r om a n g ane s e  p re c ip i t a te s  and  nodu les  show a  lower (< 0 .6 0 )  l ime ra t i o  a n d  var i ab le  
N a20  a n d  K 20 .  Recent  pelagic cher ts  reveal  average  C a O / ( C a O - f  M g O )  r a t i o  c o m p a r a b l e  
to t h a t  of ocean water ,  wherea s  those  af fi l iated to  ocean floor h y d r o t h e r m a l  ac t iv i ty  s p a n  
a wide range  of c om pos i t io n  in the  C a 0 - M g 0 - N a 20 - K 20  space  an d  m o s t ly  avoid  t h e  
la cu st r ine  field. Ex te ns io n  of the  observed re la t ions  to th e  anc ie n t  depos i ts  reveal  t h a t -  t h e  
m a jo r i t y  of the  B IF s  of t h e  A lo goma a n d  Lake Super io r  ty pes  f ro m  USA.,  C a n a d a ,  Afr ica,  
A u s t r a l i a  e tc. ,  an d  a  large n u m b e r  of P ro te rozo ic  Mn-deposi t s  a n d  cher t s  d i sp lay  m a r i n e  
s igna tu re .  However ,  c e r t a in  BIFs ,  Mn-ores  a n d  cher ts  of P ro te ro zo ic  age  f ro m  C a n a d a  
( R a p i t a n  F o rm a t io n ) ,  Afr ica  ( D a m a r a  Orogen)  and  Ind ia  ( S a u sa r  G ro u p )  revea l  f resh  to  
brack ish  wa te r  mi l ieu  for t h e i r  chemical  e n v i ro n m e n t  of deposi t io n .  F ro m  a  c o m p a r i s o n  of 
t h e  C a O / ( C a O + M g O )  r a t io  of th e  p re sen t  d a y  fer rom angan ese  nod u le s  a n d  ch e r t s  f ro m  
m a r in e  a n d  lacust r in e  e n v i ro n m e n t s  w i t h  those  of t h e  N o a m u n d i  bas in  it is obse reved  t h a t  
these  B IF s  and  cher t s  a p p e a r  to  have been  p re c ip i t a t e d  in fresh w a t e r  to  b rack i sh  w a t e r  
condi t ions .

M n-depos i t s  of th e  N o a m u n d i  basin  are  of two d is t in c t  ca tegor ie s  viz. ,  p r i m a r y ,  s e d ­
i m e n ta r y  a n d  secondary,  su p e rgen e  origin.  As m e t a m o r p h i s m  in th is  bas in  is of  ve ry  low 
intensi ty ,  th e  m in era logy  of th e  p r i m a r y  and  secondary  ores is m o r e  or less s im i la r .  D o m ­
in a n t  M n  m inera ls  in th ese  deposi ts,  as revealed by X R D ,  IR  a n d  mic roscopic  s t ud ie s ,  
inc lude  pyro lus i t e ,  c r y p to m e la n e ,  n su t i te ,  ram sde l l i te ,  t o d o ro k i t e ,  ho l la nd i t e ,  c o r o n a d i t e  
a n d  less c o m m o n ly  l i t h io phor i te ,  ps i lomelane,  woodruffi te ,  m a n j i o r i t e ,  m a n g a n i t e ,  chalco-  
p h a n i t e  a n d  h a u s m a n n i t e .

T h e  M n / F e  ra t io  of t h e  p r i m a r y  M n  ores ( 0 . 1 < x < 2 0 . 0 )  a n d  for  t h e  su p e r g e n e  ores 
1 . 0 < x < 6 0 . 0  of t h e  N o a m u n d i  bas in  are  h igh  a n d  over laps  co n s id e ra b ly  w i t h  f resh  w a t e r  
lake a n d  m a r i n e  depos i ts .  T h e  very low S i /A l  r a t io ,  a  s t ro n g  p os i t i v e  c o r re la t ion  b e t w e e n  
Ti  a n d  A1 a n d  a  s t ro n g  n e g a t iv e  co rr e la t ion  b e tw e e n  Si a n d  Fe,  u n l ik e  f e r r o m a n g a n e s e

Cop
yri

gh
t 

IIT
 K

ha
rag

pu
r



prec ip i t a te s  f rom h y d r o th e r m a l  exhala t ives ,  suggests  t h a t  these  depos i ts  could  n o t  b e  of 
typical  m ar in e  h y d r o th e r m a l  origin. In C a 0 - M g 0 - N a 20  a n d  C a O - M g O - K i O  d i a g r a m s  it 
is observed t h a t  the  su pe rgene  manganese  oxide  deposi ts  of m a r i n e  p a re n ta g e  f rom P i lb a ra ,  
western  Austra l ia ,  M ary  valley deposi ts  f rom Queensl and  and S a n d u r  basin ,  K a r n a t a k a ,  
all p lot  wi th in  th e  m a r in e  field, as defined ear l ier  f rom a  co m pi l a t io n  of d a t a  f rom all over  
th e  world.  T h e  m a jo r i t y  of t h e  d a t a  on th e  m a n g a n e se  deposi ts  f rom th e  N o a m u n d i  bas in  
p lot  in th ese  t e r n a ry  d i ag ra m s  in th e  fresh to  brack ish  wa te r  fields, wi th  a b o u t  ~  30% d a t a  
in the  m a r i n e  dom ain .

In s u m m a r y ,  therefore ,  bo th  c lay-minera logical  and  geochem ic al  s tud ie s  of t h e  i n t e r ­
layered Iron Ore  G ro up  of d e t r i t a l  and  chemica l  sed im en ts  in d ic a te  t h a t  t h e  m a j o r i t y  of  t h e  
oxi de - ty pe  Mn depos i ts ,  B IF s ,  cher ts  a n d  th e  argi l laceous  s e d im e n t s  in t h e  S O I O C  f o r m e d  
in d o m i n a n t l y  f r e sh /b ra ck is h  wa te r  la cust r ine  e n v i ro n m e n t .  However ,  a  smal l  p e r c e n t a g e  
of th e  Mn-ores  a p p e a r  to  ha ve  formed u n d e r  sal ine cond i t i ons  poss ibly  im p ly in g  occa s iona l  
influx of (?) sea  wa te r  in to  the  basin.  B o th  M n  a n d  Fe, a n d  a  n u m b e r  of t r a c e  e l e m e n t s  
in these  sed im en ts  seem to  have  been derived f rom diverse sources,  in c lud ing  u n d e r l y in g  
basal ts ,  felsic m a g m a t i s m  a n d  p robab ly  some volcanic / tu ffaceous  ex ha la t iv es .  L ea c h ing  of 
u p p e r  shales could have p rov id ed  some M n  for su pe rgene  e n r i c h m e n t  d u r in g  l a t e r i t i z a t io n .
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