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Geochemical Trends in the Sediments and Manganese Nodules
from a part of the Central Indian Basin

V.K.BANAKAR AND PRATIMA JAUHARI
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Abstract: Geochemical analyses of cighteen surface scdiment samples collected from an area between
1°-15° S latitudes and 73°-87° E longitudes exhibit significant variation in their chemical composition.
Distribution patterns of the major and minor elements suggest a probable remaoval of a portion of Fe,
Ti, Mg and Cr along with major portions of Mn, Ni. Cu and Zn as authigenic ferro-manganesc colloids
to the sediments.

The rarc carth elements (REE) exhibit nearly an order of magnitude cnrichment in the nodules -
compared to the surrounding sediments. The positive Ce anomaly in the Nodules ( ~ 0.25) is associated
with negative Ce anomaly (0.04) in the host sediment indicating its oxidative scavenging preferentially
by Fe- hydroxide colloidal flocs incorporating into the nodules. The shale (NASC) normalised patterns
and end member ratios of REE indicate middle REE(MREE) enrichment over light REE(LLREE)
and heavy REE(HREE) in both nodules and sediments. The prefcrential uptake sequence of REE in
the nodules could be given as MREE > LREF: > HREE.
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INTRODUCTION

Though the distribution of the major,
minor and REE eclements in manganesc
nodules and sediments from diffcrent areas
of the oceans is cxtensively available, the
knowledge of REE pattern in nodules and
scdiments from the Central Indian Basin
(CIB) is rathcr obscure. Extensive studies in
the basin in connection with identification of
the Indian Minc-Site have been carried out
(sce Nair and Jauhari, 1993). However, there
are limited publications describing REE be-
haviour pattern from thc CIB arca (Nath et
al., 1992 a&b, Pattan and Banpakar, 1993). A
number of publications in the past decadc
from this basin dealing with geochcmistry arc
mainly restricted to 5 elements (Fe, Mn, N,
Cu and Co) distribution in the nodules (Val-
sangkar and Khadge, 1991; Banakar, 1950,
Pattan and Mudholkar, 1990; Sudhakar,
1989; Jauhari, 1987).

In view of the above, we have expanded
our study to other major, minor and rare
carth elements in a fcw sclected nodules and

sediment samples from the CIB to under-
stand their distribution trends and the rela-
tion of nodules with coexisting sediments.

MATERIAL AND METHODS

Figure 1 illustrates the locations of the
cighteen surfacce sediments and four nodule
samples selected for the present study. The
samples form part of the repository of India’s
polymetallic nodules program. All these
samples were analysed for major and trace
clements while only six scdiments and all the
four nodules werc analysed for REE.

In case of scdiments, 0.5 gram of finely
powdered, oven dried (at 105°C overnight)
samples were taken in PTFE beakers. The
aliquots were digested twice on a sand bath
in a mixture of 10 ml HF + 2 ml HCIO4. The
incipiently dricd crystallinc paste was diluted
to 100 ml in IN HCL. 75 ml each from six
scdiment solutions were loaded on columns
filled with about 15 cm high settled DOWEX
50W-X8-200 mesh ion exchange resin for
REE separation {from the matrix elements.
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Fig.1. Locations of the samples studied.

The procedure adopted was according to
Jarvis and Jarvis (1985).

In case of nodules, 0.2 gram of oven dried
aliquots were leached in 6 M HCl at 40°C to
extract only hydrolysate fraction of the
nodules. The leachate was filtered through
Watman-40 filter paper and washed
thoroughly. The filtrates were made to 100 ml
in IN HCI and 75 ml from this was subjected
to REE separation as described above.

For sediments as well as the nodules, a
standard (USGS-A1 and MAG-1 respective-
ly), a synthetic REE standard and a reagent
blank were subjected to cation exchange
process. The major, trace and REE elements
were analysed on a Perkin-Elmer Plasma-400
ICP-AES. The accuracy of results were
within + 5%,

RESULTS AND DISCUSSION

The analytical results of major and trace
clements for sediments and nodules are
presented in Tables T and III respectively
whereas REE results are presented in Tables

JOUR.GEOL.SOC.INDIA VOL43MAY.19%4
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" IV and V. Table I provides the correlation

matrix of major and trace elements for the
sediments, while Table VI presents various
REE end member ratios in nodules and sedi-
ments,

Since open vessel HF digestion eliminates
the Si, Al was used here as the indicator of
lithogenous detritus in the sediments. Two
distinct trends in the Al variation could be

* seen from Table I wherein, >4.5 % Al in-

variably is associated with low Ca (< 1.5%)
and Sr (<250 ppm) while <45 % Al is
associated with high Ca (>8.0%) and Sr
(>400 ppm ). Ca and Sr in these scdiments
are in the carbonate fraction. Significant
negative correlation is noticed (>0.7; Table
I1) between Al and Ca and Sr. Fe varies be-
tween 0.95 % to 5.11 % and Ti ranges from
0.07 to 0.45 % (Table I) and these two ele-
ments cxhibit a strong positive association
with Al (> (0.8, Table II), indicating their in-
corporation into the sediments as detrital ele-
ments. This interpretation could be
substantiated by antithetic association of Ca
and Sr (carbonate fraction) with Fe and Ti
(Table II). On the other hand, Mn, Ni, Cu and
Zn do not associate with detrital indicator
(Al) and show moderately positive associa-
tion with Fe, Ti, Mg and Cr (Table II}. This
behaviour suggests an independent phase
carrying most of the Mn, Ni, Cu and Zn along
with small amounts of Fe, Ti, Mg and Cr as
ferro-manganese  oxihydroxide colloidal
precipitatc to the sediments. Though Ba
variation is quitc large (470 ppm to 5996 ppm,
Table I), it 1s insignificantly association with
all other elements (Table I1) probably due to
its association with siliceous btogenic detritus
(Dymond et al., 1992).

Thus two major fractions, lithogenous
detritus and calcium carbonate and two
minor fractions, authigenic Fe-Mn hydroxide
colloids and biogenic detritus constitute the
sediment in the studied arca with varying
degree of influence in space (Fig.2).

Area 3 (Fig.2) which is dominated by
siliceous sediment is the prime area for man-
ganese nodule occurrence. The abundance
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Fig.2. Tentative geochemical zones demarcated in the
studicd arca. (Zone-1: carbonate dominant scdi-
ment with low Mn(0.2%) and Fe(2.3%). Zonce 2:
Carbonate free siliccous sediment with high Al
{5.7%) and Ba(3000 ug/p). Zonec 3: Carbonate
free siliccous sediments with high abundance of
manganese nodules and low Al (3.8%) and T'c
(2.795). Zone 4: Carbonate ooze with very low Al
(1.5%), Fe (1.1%) and Ti (0.08%%). Zone S: Car
bonate dominant red clays (transition zone) with
high Mn (0.57%). Zone 6: Terrigenous dominant
sediment with very high Al (849%).Ti (0.4%) and
Te (5.6%). Station No. 210 is from Nath ¢! «l.
(1989).

and gradc of nodules diminish northwards
and southwards of this zone (PMN survey
data). High Ba content (av. ~ 3000 ppm) is
rccorded in Arcas 2 and 3. Morce than 20%
biogenic silica has been reported from these
arcas and attributed to high productivity sur-
face waters (Pattan ¢ al., 1992). The car-
bonate dominant arcas (1 and 4) are limited
to the less than 4600 m water depth in the
vicinity of seamount zones (Fig.1).

Above geochemical zonation provides a

preliminary idea of the clement distribution
trends m this basin. The occurrence of one
isolated patch (Arca 6 in Fig.2) dominated by
aluminosilicate  detritus  (Al=8.35%;
Fe =5.63% and T1 =0.43%, Table I) could be
duc to submarince alteration of the scamount
basalts in this region.

Though therc is no systematic variation
between major clements and REE, lowest
REE and 3+ REE concentrations are as-
sociated with highest Ca and vice versa (Table
I, 1T and VI) suggesting biogenic carbonate
as nefficient carrier of REEs (o the sedi-
ments in conformity with the findings of
Elderficld et al. (1981). All the six analysed
sediments exhibit very low positive or neghi-
gible ncgative Ce anomaly (Fig. 3) indicating
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Fig.3. Shalc normulised patterns of the riare cartly cle-
ments in manganese nodules and the scdiments
of the Central Indian Basin.

Table I'V. Rare Earth Element composition of the CIB scdiments (all values in qgig).

Sample code La Ce Nd v Dy . Lu Ce”
R-2537 272 604 26.6 5.98 [.65 5.50 .40 0.04
I-101 334 81.5 332 7.76 218 753 0.56 0.07
F-157 31.7 80.2 30.4 6.46 1.53 0.55 0.56 0.10
F-155 45.1 873 484 111 3.12 10.9 0.85 (.04
F-156 315 90.9 305 6.83 1.73 6.76 .57 015
S124 16.0 31.2 17.6 4.02 113 4.00 0.31 -0.04
MAG-1 43.0 88.0 347 590 1.42 5.03 0.35 -

Ce* = Cerium anomaly = log (Ce/2/3La + 1/3Nd): sample/shale normalised values are used (Elderficld of al,

1981).
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fairly oxidising bottom environments in the
study arca which may be due to Antarctic
Bottom Water (AABW) movement (Banakar
et al., 1991; Glasby et al., 1987; Johnson and
Nigrini, 1982; Warren, 1982).

Four nodule samples around 12° § latitude
(Table 1IT) exhibit Mn/Fe ratios around 2.5
suggesting their hydrogenous accretion (De
Carlo et al., 1987; Halbach et al., 1981). The
element concentration data (Table III) is in
good agreement wiih carlicr reported valucs
for the nodules of this basin (Valsangkar and
Khadge, 1991; Banakar, 1990; Pattan and
Mudholkar, 1990; Jauhari, 1987).

The REE concentration in the nodules are
presented in Table V. They exhibit nearly an

order of magnitude enrichment in the
nodules compared to the surrounding sedi-
ments. The REE concentration in both sedi-
ment and nodules (Table TV and V) are well
within the range reported for various ocean
basins (Pattan and Banakar, 1993; Nath et al.,
1992a & b; Elderficld et al., 1981; Piper,
1974a & b). The Ce anomalyin all the nodules
is moderately positive (~0.25), suggesting
accretion of the nodules under oxidising bot-
tom ecnvironment (Elderfield, 1988)
developed as a result of AABW movement.
The positive Ce anomaly in these nodules is
associated with the negative Cc anomaly in’
the sediment sample of the same location
(5-124, ~12° S latitude) indicating prefcren-

Table V. Rare Farth Element composition of the Fe-Mn nodules (all valucs in p1g/g).

Sample code La Ce Nd Sm Eu Dy Lu Ce*
S$-139 193 784 224 514 133 36.5 29 027
S§-122 181 745 213 47.0 12.1 33.0 2.6 0.27
F-81 152 460 191 433 112 294 25 0.12
S-183 156 713 188 439 11.2 30.4 2.6 0.32
USGS Al 120 701 29 233 52 24.0 21 -
Ce* = cerium anomaly (see Table 4)
Table V1. REE ratios in the noduies and sediments of the CIB
Sample code LLREE LLREE MRIE ZREE 23+ REE
MRELE HREE HREE
Scdiments:
R-2537 4.5 68.0 15.0 132.7 723
F-101 4.3 596 138 174.5 930
F-157 49 56.6 115 164.3 84.1
F-155 4.1 53.1 13.1 2175 130.2
F-156 4.6 553 12.0 176.2 85.3
S5-124 4.0 51.6 13.0 78.1 46.9
Avcrage 44 574 13.1 . -
Nodules:
$-139 38 66.6 17.7 1305 521
S-122 39 69.6 18.1 1234 489
F-81] 35 60.8 17.3 889 429
S-183 306 60.0 16.9 1145 432
Average 3.7 64.3 17.5 - -
Nod/Sed ~ 08 i.1 1.3 - -
NASC 55 672 123 1772 94.2

LREE - La; MREE = Sm; HRELE = Lu

NASC data is given to compare the various REE ratios in nodules and sediments with the reference

sample (NASC).

For Nodule/Sediment (Nod/Sed), the average ratios in nodules and sediments are used.

JOUR.GEOL.SOC.INDIA,VOLA3 MAY 1994
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tial removal of oxidised Ce to the nodules via
Fe-hydroxide colloidal flocs from the water
column (Elderficld er al, 1981; Glasby et a/.,
1987; Nath et al., 1992a).

Considering NASC ' (North American
Shale Composite-reference material) REE
values as the background we have calculated
REE end member ratios (LREE-La,
MREE-Sm and HREE-Lu) and presented in
Table V1. These ratios clearly reflect the
MREE enrichment over LREE and HREE
both in sediments and nodules. The MREE
enrichment is ~ 20% in sediments while
more pronounced ( ~ 35%) in nodules. This
observation is suggestive of preferential up-
take of Sm in sediments and noduless HREE
enrichment trend over LREE (Lu over La)
in sea water (Elderfield, 1988) has been

retained in the sediments of CIB while

- nodules exhibit marginal LREE earichment

over HREE (Table VI, Fig. 3). ,

When nodule to sediment ratio of
averaged end member REE ratios are con-
sidered, MREE is most preferred followed
by LREE and HREE in ferromanganese
nodules as compared to sediments (Table
VI). Based on this observation the preferen-
tial uptake sequence of REE in these nodules
could be giveun as MREE > LREE > HREE.
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