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~120 ha coceontricnty oyele, its vertfication requires a
hizh-resolution study because strength of monsoon 1s
strongly affected by the precession (23 Ka) and obhiquuty
(41 k) eveles™ than the ccecentricity cycle (100 ka,
range ~95-1353 Kay. Our results of ~120 ka orbital ce-
rentricity oyeles related monsoonal osciliation 1n the
LOTS hvdrographie front open an unorthodox view that
sven thouch the amplitude of inselation related to the
wrhital,  cocentricity cveles (100 ka) may be low
<0.1¢), compared to precession (23 ka) and  the
hlhiquity (41 Ka) cyclcs‘”‘ its modulating effect on the
\z1an monsoon svstem cannot be denied and 1gnored.
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Dark tan-coloured Fe, Mn-rich stiff layer was ob-
scrved at 45-50 cm and 40-42 cm levels in the Sagar
Kanya 72/1 and 100/6 sediment cores respectively,
which were collected from distal Bengal fan under
BOBCRUST programme. SK 72/1 and SK 100/6
cores were analysed for Fe, Mn, Ni, Co, Cr, CaCO;
and organic carbon (OC) contents. A remarkable
increase in Fe, Mn and drastic decrease in CaCQOs;,
OC, compared to overlying and underlying sediment
layers was observed at this stiff layer. Change of
these elements concentration correlates with the
change of fauna from the cold assemblage to warm
assemblage. Increase of Fe, Mn, Ni, Co and decrease
of Cr, CaCO,;, OC indicate that this layer 1s formed
due to post-depositional migration of these elements
during the Pleistocene/Holocene transitional pertod,
because of emasculated influence of terrestrial input
into these sites.

BENGAL fan is the world’s largest submarine fan, which
ts positioncd under the highest run-off receiving bay,
and 1t is built of terrigenous sediments carried from the
Himalayan region by the Ganges, Brahmaputra, Irrawaddy
and Salween river systems'”. Variations in the run-off are
dependent on the monsoons and the waning and waxing of
glaciers in the catchment region. The sediment 1nput is
mainly controlled by a number of factors such as turbid-
ity currents, sediment flow or fluvial input to the sea,
giving ris¢ to these thick fan sediments. Geochemical
character of the sediment column reveals such variations
and hclps in identifying mctal sources apart tfrom pro-
viding a clue to their removal mechanism from the
overlytng water column™®, Studies on Bengal fan deep
sca cores are very few '% published geochemical
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Figure 1. Core location map.

studies are still more scanty. Fe, Mn, enrichment is re-
ported in the Central Indian Ocean''™ and surface
sediments of the Bengal Fan®. The present work de-
scribes the occurrence of Fe, Mn-rich layer in two cores
collected from distal Bengal fan (Figure 1), with refer-
ence to variations in Ni, Co, Cr, CaCO,, OC and the
formation of this layer at Pleistocene/Holocene bound-
ary 1s emphasized.

The concentration of various elements in the bulk
sediments was determined by Phillips X-ray fluores-
cence spectrophotometer, precision and bias (+ 5%)
were monitored by replicate analyses of selected sam-
ples. Organic carbon'’ was estimated to a precision of
+0.01%. CaCO; was estimated by standard titration
method (% 0.5%)'®. Colour logs were prepared with
Munsell soil colour charts.

Dark tan-coloured, laminatcd and stiff layer is ob-
served In SK 72/1 and SK 100/6 at 45-50 cm and 40—
42 cm levels of the core sediments respectively. The
thickness and stiffness of this laycr, within the respec-
tive sub-sample, vary in both the sites. It is 4 mm in the
eastern core (SK 72/1) and 15 mm in the core from
Central part of the distal fan (SK 100/6, Figure 2 ). The
impenctrability and bent of the box corer was thought 1o
be due to this hard layer (on-board) observation SK 100
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Figure 2.a, Suff layer collected from SK 100/6; b, Bend in box
corer.

(Figure 2 b). However, this nceds to be confirmed after
contemplating other mechanical problems involved in it.
This hard layer separates the total core mainly into two
parts, i.e. light-coloured upper part [yellowish brown
(2.5Y/5/4); yellowish gray (5Y 7/2)] and dark-coloured
lower part [greenish black (5G/2/1/); olive gray
(5Y/5/2)]. It 1s sandwiched in between these two gco-
chemically different environments.

Iron concentrations in the core sediments vary from
2.5 to 9.9%, 2.78 to 10.27% in SK 72/1 and SK 100/6
respectively. In both the sites, the uppermost part of the
core represents Jower values, whereas the maximum
concentration is encountered at hard layer. Iron values
of this layer are 9.9% in SK 72/1, 10.27% in SK 100/6.
Along with iron values Mn, Ni and Co, concentrations at
these hard layers are conspicuously high. In contrast to
this, CaCO; and OC valucs are considerably low at this
depth. Average concentrations of CaCO; are 15.46%
and 6.27% in the upper and lower parts of the core in
SK 72/1 and similarly, 43.339, 6% in SK 100/6. On an
average, organic carbon shows lower values in the upper
part and higher values in the lower part in both the
cores. Whercas lowest values of CaCO,y (1%:; 0.5%) and
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lowest OC (0.4¢; 0.04%) in SK 72/1, SK 100/6 are no-
ticed respectively at the stlf layer. A few centimeters
above and below to this layer, abundancy of fragmented
foraminiferal shells are noticed.

The antipathetic relationship between CaCO; and OC
indicates that the deposition of these two 1s not con-
trolled by the same process. It is observed that >63 um
fracuon of the sediment consists mainly of foraminiferal
and radiolartan shells and their fragments. Hence the
coarse fraction is blogenic. It is well established that 1n
marine scdiments, CaCOi; being biogenic/authegenic
shows an inverse relationship with terreginous mate-
rial®¥'’. OC in the present site is mainly of terrestrial
origin®, hicher concentrations of this terrestrial OC and
low CaCQ; indicate the strength of terrestrial input. Up-
per part of these two core sediments depicts weakening
of the terrestrial influence. As an immediate response to
the last glacial maxima followed by strong aridity and
fast recession of the mouth of the rivers due to retreat of
the sea level, the resulting reduction was in the supply
of the terrigenous sediments in the Bay of Bengal. It is
reflected by the relative change in the CaCO5y and OC at
45-50 ¢cm and 40-42 cm 1n SK 72/1 and SK 100/6 re-
spectively. Increase in the relative abundance of Glo-
borotalia menardii, which i1s widely used to denote
Pleistocene/Holocene boundary, was observed from
these depths, substantiating the above argumcntlg‘lgi
Similar observations of Mn enrichment at surface and
subsurface levels of sediment cores from pelagic envi-
ronment have been documented earlier***'. It has been
suggested that in hemipelagic sediments, the onset of
green colouration corresponds to the point below which
solid phase Fc*’ is reduced and pore water Fe** is pres-
ent™, Depth position of this Fe, Mn-rich layer, clearly
indicates that this layer overlies the dark colour reduced
sediment column.

As early as 1895, 1t was suggested that post-
dcpositional remobilization and reprecipitation were
responsible for the higher values of Mn in deep sea
sediments®, Diagenctic processes, such as the post de-
positional migration of Fe, Mn and other trace elements
as a result of a moving redox front, are well known** ™%,
Mn 1s highly insoluble in oxic environments and is bur-
led as oxyhydroxide particles and coatings in the sedi-
ment. In hemipelagic environments, oxidation of labile
organic matter causes the scdiment to become anoxic at
depths and Mn™" is mobilized either by the reduction of
manganese hydroxides or as a result of solubility
equilibria. Manganese then diffuses along a pore water
concentration gradient from anoxic to oxic conditions
and is immobilized by the oxidation of Mn™ and the
precipitation of the manganese oxyhydroxides®*>. This
process can producc near-surface diagenetic mangancse
contents of several weight percent® ™!, The behaviour of
Fe in marine sediments is similar to that of Mn, with
iron hydroxides being mobilized as Fe'™, following the
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utilization of tabile manganese oxides™ ™. Mn responds

sensiively to paleo-oceanographic changes. Mn enrich-
ment duc to changes in the concentration of the overly-
ing water column mainly because of paleoclimatic
events Iike changes associated with phases of transition
from glacial to interglacial periods have been reported
for the sediments of the Atlantic and Pacific regions.

The behaviour of Co and Ni, during remobilization, is
closely related to that of Mn#3%323%  pore water data
from hemipelagic sediments” indicate that both Co and
Ni reach dissolved maxima in the Mn reduced
zone and arc prectpitated along with manganese oxide
zone’®™. Chromium is definitely depleted in the upper
oxidized section of the core, contrary to the case of Mn,
Ni, and Co. Cr probably exists in the oxidized mud
prevalently as CrO,f?’, which 1s highly soluble®®. In the
reduced down section of the core, Cr® will be reduced

to Cr** and Cr’* and precipitated.
Geochemical nature of the sediments in terms of the

above described elements clearly envisages (Figures 3,
4) that 1n the present study, the stiff layer is positioned
in between reduced dark colour and oxidized light col-
our sections of the core sediments.

Organic carbon minima 1is correlated with Mn
maxima, this inverse relationship 1n deep sea 1s well
established especially at glacial ends, where oxidation 1s
the main process responsible for this lower OC and
higher Mn concentrations. Oxidation of organic carbon
results in the dissolution of foraminifera®. In agreement
to this, lowest values of CaCQj; at this stiff layer are due
to CaCOj; dissolution at this depth. Fragmentation of
foraminiferal shells, slightly above and below this depth,
indicates the influence of the dissolution and complete
absence of foraminiferal shells at stiff layer 1s an indi-
cation of the intensified dissolution, presence of sili-
ctous fauna such as radiolarians conlirm the dissolution
of CaCO;. However, such enrichment of metals can also
be possible in volcanogenic sediments, but absence of
volcanic shards rules out the intuition of volcanic origin
of this layer and supports the dissolution phenomena. In
general, lamination 1s one of the sedimentary structures
indicatling the sedimentation pattern, while laminae in
the stiff layer could be considered as micro-level sedi-
mentation during the formation of the stiff layer.

Petrological and XRD investigations were conducted
to identify minerals of the above-said metals. As these
studies do not show any mineralogical form, this sample
is further subjected to SEM studies. These studies indi-
cate that the above-discussed metal concentrations 1n the
stiff layer are not in well-defined crystalline form, they
are either in cryptocrystalline form or in the oxide
coatings on the scdiment particles, which are deposited
carlier to the formation of this stiff layer.

Published results of textural and geochemical studies
on SK 31/11 core sediments indicate the Pleistocene/
Holocene Beundary at 40-45 cm bsf of the core’. In the
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Figurc 4. Vertical geochemical variations of SK 100/6.

present study a 7 mm thick Fe, Mn-rich layer 1s ob-
served in this core also, at the above boundary level.
Distributional pattern of geochemical elements tn the
Holocene and Pleistocene parts of the above core sedi-
ments, coincides with our data. It 1s observed that the
thickness of stiff Jayer increases 1n SK 100/6 (15 mm)
from SK 31/11 (7 mm) and SK 72 (4 mm), indicating
the prominence of metal concentration in the central part
compared to two other sites which are relatively near the
continental 1inpult.

Thus the conclusion is that the Fe, Mn-rich layer s
formed duc to post-depositional migration of these cle-
ments during the Pliestocene/Holocene transitional peyi-

CURRENT SCIENCE, VOL.. 72, NO. 12, 25 JUNE 1997

ods because of emasculated influence of terrestrial input
into these sites. Oxidation of labile organic matter pro-
vides the mechanism for the redox-related mobilization
in the distal Bengal Fan.,
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Erratum

Satellite data reveals pre-earthquake
thermal anomalies in Killari area,

Maharashtra

S. K. Srivastav, Manoj Dangwal, A. Bhattacharya
and P. R. Reddy
[Curr. Sci., 1997, 72, 880-884]

Figures 2 and 3 on pages 882 and 883 have been inter-
changed though not the captions, We regret the error.
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