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Abstract

The occurrence of buried nodules is rae compared to surface nodule
abundance in the deep s Surface nodules are collected with freefdl grab,
vanveen /peterson grabs, dredges and sediment cores wheress buried nodules with
exact depth are recovered only by sediment cores. Despite, the dower growth rates
of nodules (fewv mm/Ma) compared to asociated sediment (few mm/ka), the
phenomenaof keeping nodules at the sediment surface ill remains an enigma

More than 60 sediment cores (spade and gravity) were collected from the
Centrd Indian Ocean Basin to understand the source of dements and paeodimetic
dudies. Twelve sediment cores showed presence of buried nodules a  different
depths and water depth in these cores varies from 4740 to 5800 m. Maximum of 15
buried nodules were recovered in one core ( AAS22/ GC-07) and maximum depth
where buried nodule recovered is a 5.35 m depth below sesfloor. In the present
sudy a totd of twenty buried nodules from four sediment cores were utilized. Of
these, 13 buried nodules are from two sediment cores in Sliceous ooze and seven
from two sediment cores in a red clay area Here, we have sudied morphology, Size,
aurface texture and chemica compostion of buried nodules from two different
sediment type.

The buried nodules are dliptica, dongated, rounded, sub rounded, irregular
and polynucleated . Magjority of these nodules are ~ 2 cm in diameter and have both
smooth and rough surface texture Manganese and Fe content of nodules from
siliceous ooze varies from 18.7 to 290.1%; 1.73 to 14.1% whereas from the red clay
they range from 174 to 209 % and 8.1 to 11.1% respectively. The Mn/Fe ratio
suggests that nodules from dliceous ooze ae hydrogenous, diagenetic and early
diagentic in naure where as nodules from red day aea ae formed by only
hydrogenetic process. Nickd is more enriched compared to Cu in the buried nodules.
The factors responsble for the dementa variations and geness of  these buried
nodules are discussed.



During the last two decades, Nationd Inditute of Oceanography Goa,
Under Depatment of Ocesn devdopment has caried out consderable amount of
research on polymetdlic  fferromanganese nodules from Centrd Indian Ocean Basin
(CIOB). Ferromanganese nodules occur as a thick carpet on the seefloor.  Their
abundance varies from traces to 20 kg/n?.  Surface nodules from the seefloor  are
recovered with free fdl/ VanVee/ Peaeason greb, dredges and sediment cores,
whereas subsurface or buried nodules are collected with ther exact depth only by
sediment cores.  Compared to surface nodules  buried nodules were  received less
atention in the CIOB may be due to ther occurrence a depths  Ferromanganese
nodules generdly grow a the sediment —waer interface despite the dower growth
raes (few mm/Ma) than the accumulation rates of associated sediment (few
mm/Ka). The possble mechanism for retaining the nodules a the sediment surface
could be due to reworking of sediment by benthic organisms (Glashy et d., 1982).
Alterndtively, due to smdl dendty difference between the nodules (1.96 g/cm3) and
asociated sediment (1.33 g/em3) only a smdl upward force is enough to maintain a
the sediment —water interface ( von Stackleberg, 1984) . The nodules that are left
behind during uplift are kept buried in the sediment. Usui and Ito (1994) suggested
that when the sedimentdion rate is greater than 5 m/Ma that time nodules get buried.
In the present study, we have collected buried nodules a different depths in a
sediment cores from dliceous and red clay area ae compared with the surface
nodules from the respective sediment type.

During Polymetalic Nodules Exploration program more than 60 sediment
cores of varying depth were collected (Fig.1).
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Fg. 1. Location of sediment cores in the Centrd Indian
Ocean bagin.

From Fig.1 it is observed that buried nodules were recovered only & S orwards and
in paticularly they are more abundant comparatively between 120 to 18° S, Out of



60 sediment cores only 12 cores showed presence of buried nodules a different
depths. Out of 12 sediment cores, 10 are from sliceous and two from red clay area
Depth wise digtribution of buried

where buried nodules have been recovered.

nodulesin dl the 12 sediment coresis showninFg.2.
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Fig.2. Occurrence of buried nodules & different depthsin

sediment cores from CIOB.




Maximum of 15 buried nodules were recovered in one sediment core (
AAS22/GC-07). The maximum depth of occurrence of buried nodule in the present
study is5.35 m below the segfloor.

The sze of surface nodules from CIOB varies from less than 1 cm to 12 cm
in diameter. The common mog Sze is 2-4 cm in diange. The dze of buried
nodules is mogtly ~ 2 cm in diameter. This suggests that larger Size nodules are not
undergoing any burid process. The buried nodules dso exhibit rough and smooth
suface texture smilar to surface nodules.  Similaly their morphology such as
dlipticd, dongated, rounded, sub rounded, irregular and polynuclested which are
aso amilar to surface nodules.

The chemicd compostion of buried nodules from dliceous and red clay
aea ae compared with surface nodules from their respective sediment type are
presented in Table 1 and 2 respectively..

Tablel Average concentration of trandtion dements (%) in the surface
and buried nodules from siliceous ooze of CIOB

Hemet Surface nodules # Buried nodules @
Mn 2734 2457
Fe 5.06 8.08
Co 011 0.128
Ni 105 0.87
Cu 1.00 0.87
Mn/Fe 5.40 3.04

#- Jauhari (1990). N=31
@ - Present study. N =13



Table2: Average concentration of trangtion elements (%) in the
surface and buried nodules from red clay areaof CIOB.

Element Surface nodules # Buried nodules @
Mn 21.58 1911

Fe 8.39 954

Co 0.175 0.187

Ni 071 0.79

Cu 053 041

Mn/Fe 257 2.00

#- Jauhari (1990). N=31
@- Present study. N =7

Buried nodules from sliceous ooze are rich in Mn (24.57%), Cu ( 0.87%)
and Ni (0.87%) content (Tablel) ae dmost smilar to surface nodules (Jauhari,
1990). The Mn/Fe ratio of these nodules suggest their formation by hydrogenetic,
diagenetic and early diagenetic processes.  The high content of Mn, Cu and Ni in
these nodules could be due to supply of metas by diageness from under laying
sediment through pore water. Buried nodules from red clay area ae rich in Fe
(954%) and Co (0.187 %) compared to sliceous nodules. The Mn/Fe ratio  (2.0) of
these nodules suggests their formation only by hydrogenetic process where metds
are supplied by the water column. The smilar chemicd compostion of buried and
surface nodules from both dliceous and red cday aea in CIOB may suggest that
buried nodules stop growing once they are buried in the sediment column.
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