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Partition Studies in the Sediments of Deep Sea Drilling Project
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Partition patterns of Al, Fe, Mn, Ni, Co and Cu have been studied in sediments. These
studies have revealed that all the elements have both acid insoluple and non-lithogenous
components in these sediments and exhibit differences in their distribution pattern in the
sedimentary column. While the concentrations of different elements associated with the acid
insoluble fractions are fixed in sediments in a solid state and the differences found can be
attributed to differences in the nature of the material the site received during different periods,
the concentrations associated with the non-lithogenous component of sediments appear to have
been fixed in a number of ways. While Al, Fe and Mn seem to be associated with the clays and
carbonate phase, Ni, Co and Cu in sediments appear to have been fixed through adsorption on
clays and organic matter and by ferric and manganese hydroxides. Considering the deposi-
tional history of the site, rates of sedimentation during different geological periods and the
nature of the material deposited, it is tentatively suggested that the differences found in the
concentrations of different elements in the nonlithogenous fraction are related to a large extent
to differences in rates of sedimentation and to the character of the material in the different

lithological units.

sediments of site 220 have been described!.
In continuation, partition patterns of Al, Fe,
Mn, Ni, Co and Cu are studied in these sec_hmt?nts
and the results reported in this communication.
The need for the present studies stems from the
fact that the information available so far on the
distribution patterns of various elements? do not
throw any light on the partition of elements among
different components of sediments and the processes
leading to their incorporation in the sediments.
Details of location of site and lithology are
reported earlier?. Lithologic summary of site 220 is
given in Table 1 (ref. 2).

Methods

The methods adopted for the digestion of bulk
samples and preparation of acid sediment leaches
are the same as describedl. Concentrations of AL,
Fe and Mn?, and Ni, Co and Cu® were estimated in
different fractions of cediments.

DISTRIBUTION patterns of Fe, Mn and Ti in

Results

lemental analyses of both the total sediment
saxl;:lples and the aZid sediment leaches together with
the total carbonate content and organic carbon con-
tent of the sediments are given in Tables 2 and 3.
Distribution patterns of Fe and Mn in the total sedi-
ment samples are not discussed in the paper and
are used only for calculating component contri-
butions.

Overall distribution patterns of elements — On bulk
sample basis, sediments of unit T are charaqterlzed by
higher concentrations of aluminium, nickel and
copper than the sediments of units II to IV. Cobalt
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does not exhibit any conspicuous trend in regard to-
its distribution pattern. »

Contribution made by acid-insoli:ble fraction to total
contents of bulk sediment samples — Contributions.
made by AIF (acid-insoluble fraction) to the contents
of Fe, Ni, and Alin the TSS (bulk sediment sample) of
unit I are higher than those of units II to IV. In
terms of percentage contributions made by AIF to
the concentrations in TSS, they range from 86 to 98,.
11 to 93 and 95 to 999, for Fe, Ni and Al respec-
tively. Inthe case of Mn, contributions made by AIF
to concentrations in TSS broadly follow the overall
distribution pattern of the element and the percen-
tage contributions range from 34 to 989,. In res-
pect of Co, except for a few random high values,
contributions are uniformly low throughout the
sedimentary column and percentage contributions
range from 7 to 789%,. Fer Cu, contributions

TaBLE 1 — LITHOLOGIC SUMMARY, SITE 220

Lithologic units Thick-  Sub- Cores.
ness bottom
(m) depth
(m)
I Orange to brown nanno-detrital
clay and detrital clay nanno
ooze; few foram sand beds c. 69 0-69 1-5
II White nanno ooze and chalk ¢ 151 69-220  6-11
II1 Light orange rad spicule rich
nanno ooze/chalk with thin
ash beds ¢. 70 220-290 12-16-
IV Light orange micarb-rich nanno
chalk with thin chert beds 39  290-329 16-18
V Basalt flows with thin inter-
bedded sediment layers 21 329-350 18-21
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TABLE 3 — CoNCENTRATIONS OF Ni, Co, Cu, OrcaNIC CARBON AND CArcluM CARBONATE IN
DiIFFERENT FRACTIONS OF SEDIMENTS

(Sample designation, depth and details of fractions same as in Table 2)

S Ni, ppm Co, PPm Cu, ppm Organic  CaCO,
No. carbon %
A B C D E A B C D E A B C D E %
1 43 35 8 13 814 15 4 11 10 264 133 109 24 - 39 819 0-51 58-7
2 45 35 10 24 778 15 2 13 31 133 149 120 29 70 805 0-53 37
3 32 21 11 20 656 21 8 13 23 381 167 115 42 75 689 048 53
4 68 56 12 20 823 20 6 14 23 30 144 81 63 105 562 0-50 52-8
5 42 39 3 6 928 23 14 9 18 609 182 155 27 49 852 0-36 442
6 67 — — —  — 41 27 14 21 658 154 —_ - — — 0-23 63-6
7 17 10 7 7 588 7 3 4 4 4285 127 105 32 34 827 0:06 92-6
8 10 5 5 6 30 7 1 6 7 143 97 87 10 11 897 0-22 80-2
9 8 3 5 5 375 8 2 6 6 25 97 93 4 4 959 0-16 92-8
10 14 11 13 3 786 18 4 14 15 222 107 100 7 8 934 0-23 89-4
11 12 5 7 8 417 10 3 7 8§ 30 112 104 8 9 928 022 866
12 19 13 6 7 684 36 28 8 10 778 123 116 7 9 943 015 76-8
13 14 11 3 3 785 18 11 7 7 611 112 105 7 8 937 0-18 89-8
14 9 1 g8 11 111 8 2 6 8 25 105 102 3 4 971 0-25 70-4
15 13 — — — — 7 2 5 7 286 107 104 3 4 972 022 674
16 13 9 4 6 692 26 18 8 11 692 127 119 8 11 937 0-25 707
17 8 6 2 3 75 20 12 8 11 60 109 106 3 4 972 022 69-3
18 13 10 3 4 769 20 5 15 20 25 101 96 5 7 95 015 70
19 24 14 10 14 583 42 12 30 45 286 192 102 90 134 531 02 62-2
20 13 6 7 10 461 13 1 12 17 77 105 102 3 4 971 0-22 693
21 12 9 3 4 75 16 4 12 18 25 114 111 3 4 974 018 65-4
22 12 8 4 6 667 15 — — — —_ 129 124 5 7 961 0-22 669
23 15 12 3 4 80 20 8§ 12 17 40 72 68 4 6 944 019 68-2
24 29 21 8 12 724 18 4 16 21 222 147 118 29 43 802 0-22 68

made by AIF to concentrations in TSS are uniformly
‘high throughout the sedimentary column and the per-
centage contributions range from 56 to 979%,.

Contributions made by non-lithogenous fraction to
total condents of bulk sediment sample and the contents
assoctated with the non-lithogenous fractions of sediments
— Contributions made by NLF (non-lithogenous
fraction) of sediments to the concentrations in TSS as
well as the concentrations associated with NLF of
sediments are higher for Fe, Ni, Cu and Al in sedi-
ments of unit I than in other units. Except for 2
high values in unit ITI, higher values are encountered
for Mn in sediments of units I and II than of units
JIT and IV. In the case of Co, sediments of units
Iand IV and the lower half of unit IIT are charac-
terized by higher values by way of contributions as
well as the concentrations associated with NLF of
the sediments than in sediments of the rest of the
sedimentary column.

Discussion

All clay minerals contain Al in their crystal
lattices and much of Al in deep sea sediments is locat-
ed in these positions. Goldberg and Arrhenius® have
found that Al content of Pacific pelagic sediments
show a small variation with the igneous rock average
and they have suggested that the main occurrence
of Al 1s in alumino-silicate minerals and that
<19% is exchangeable. It has been used as an
index of inorganic or argillaceous fraction of the
sediments. Partition patterns of Al indicate that
most of the Al in the sediments is associated with
the acid-insoluble fractions of the sediments and
that the contribution from the non-lithogenous
sources is negligible. Consideration of these data
in conjunction with the depositional history of
the site? clearly indicates the mixed nature of the
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sediments of unit I and the non-lithogenic nature of
the sediments of units II to IV. Thus, the dif-
ferences found in different units can be attributed
to the difference in the character of sediments and
their mineralogy including clay minerals and their
relative abundances®. Very low percentage of Al asso-
ciated with the NLF of sediments throughout the sedi-
mentary column could perhaps be due to its associa~
tion with the biogenic phase of the cediments.

Partition patterns of Fe and Mn support the
earlier findings? that a major portion of these elements
are associated with the acid-insoluble fractions of the
sediments and are fixed in the sediments in a solid
state. While it is so in regard to the concentrations
associated with the AIF of the sediments, the con-
centrations of these 2 elements associated with the
NLF of sediments suggest that they could have been
derived from other sources. Considering the fact
that oxidizing conditions prevailed throughout the
period of sedimentation at the site and clay minerals
like montmorillonite appear only in units I, II and
1V, it is considered possible that part of Fe and Mn
associated with the NLF of the sediments may be
tied up with the clay minerals by adsorption and in
part with the biogenic phase of the sediments.
Higher concentrations of these elments associated
with the NLF of sediments of unit I in the case of
Fe and of units I and II in the case of Mn than with
sediments of other units coupled with their differ-
ences in sedimentation rates support this surmise,
However, the possibility of some portion of Mn
being associated with the authigenic Mn minerals can
not be precluded, although there is no information
on this aspect.

Partition patterns of Ni, Co and Cu imdicate that
they have both an acid-insoluble and a non-lithogen-
ous component in these sediments. In the absence of
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any discrete minerals of Ni, Co and Cu in the sedimen-
tary column, concentrations of these elements asso-
ciated with the acid-insoluble fractions of sediments
(by way of contributions from AIF to concentrations
in the TSS) can be regarded as those in the crystal
lattices of various detrital minerals and other
acid-insoluble materials that were introduced into
the sedimentary column in a particulate state.
Thus, differences found in the concentrations of these
elements in sediments of different units are related
to differences in the nature of the acid-insolutle
material present in different units and their rela-
tive abundances. While this is so in regard to the
concentrations associated with the acid insoluble

fraction of sediments, the concentrations of these

elements associated with the NLF of sediments may
have been fixed in a number of ways. Krauskopff®
made an extensive study of factors controlling the
concentrations of several trace elements in sea water.
He investigated in detail 4 processes, viz. (i) preci-
pitation as insoluble compounds with anions normally
present in sea water, (ii) precipitation by sulphide
ion in local regions of low oxidation potentials, (iii)
adsorption by materials such as ferrous sulphide,
hydrated ferric oxide, hydrated manganese dioxide
and clay and (iv) removal by metabolic action of
organisms. According to Nicholls and Loring and
Hirst! organic carbon can act as an adsorbant for
fixing elements like Ni, Co, Cu, etc. in sediments.
In the present case, removal of elements through
processes (i) and (ii) could be eliminated for obvious
reasons. In order to understand the manner of fixa-
tion of these elements in other ways, interrelation-
ships obtained between each of these elements and
the other constitutents of sediments such as calcium
carbonate, organic carbon, Fe, Mn, etc. have been
attempted and the 7 values obtained are given in
Table 4.

Consideration of the data shows that (i) the 3 ele-
ments covary with each other on the total sample
basis, (i) they all show an inverse relationship with
the calcium carbonate content, (iii) on the total
sample basis, Cu and Ni bear a significant relation-
ship to Fe content of sediments while Co does not ex-
hibit the same trend, (iv) all the 3 elements exhibit
a significant correlation with Fe content of the NLF
of sediments, (v) conspicuously all the 3 elements
do not exhibit any significant relationship with Mn
content on the total sample basis while they exbibit
a significant relationship with the same element in
the NLF of sediments and (vi) Ni and Cu show a
significant correlation with the organic carbon con-
tent of sediments while Co does not. The manner
of fixation of all the 3 elements appear to ke same
to a large extent in that they are all to a significant
measure associated with Fe and Mn of non-litho-
genous origin. Apart from this association, another
factor contributing to the concentrations asscciated
with the NLF of sediments is by adsorption of these
elements on the clays. Thus while more than one
process is responsible for the concentrations of the
elements associated with the NLF of sediments, the
higher concentrations encountered in sediments of
unit I than in the other units (with the exception of
cobalt) may be attributed to differences in the
rates of sedimentation and consequently the rates

TABLE 4 — CORRELATION COEFFICIENT VALUES BETWEEN
Various ELEMENTS IN BULkK SAMPLES AND
NoN-LITHOGENOUS FRACTIONS OF SEDIMENTS

Correlation y in Level of 7 in the Levelof
between bulk signi- non-litho-  signi-
samples ficance genous ficance:
% fraction %
Ni and Co +0-43 0-05 — _
Ni and Cu +0-63 0-001 —_ -_—
Cu and Co +0-56 0-01 — —
Cu and CaCO, . —0-59 001 —_ -—
Cu and Organic C 4046 0-02 — —
Cu and Mn +0-08 NS +0-63 0-001
Cu and Fe +0-6 0001 +0-58 001
Ni and CaCO, —0-42 0-05 — —_
Ni and Orgapic C  4-0-68 0-001 — —
Ni and Mn —0-05 NS +042 0-05
Ni and Fe +0-77 0-001 +0-62 0-001
Co and CaCO4 —0-29 NS — —
Co and OrganicC  —009 NS — —_
Co and Mn +0-25 NS +0-64 0-001
Co and Fe +0-22 NS +0-35 01

NS = not significant.

of adsorption. Significant correlation obtained be-
tween organic carbon and Ni and Cu (in the bulk
samples) indicates that part of the concentrations of
these elements are associated with the organic matter
of cediments perhaps through adsorption.

Though, further partitioning to determine the ex-
tent to which the elements are associated with (i}
carbonate phase; (ii) clays by adsorption; (iii)
moderately reducible phase; and (iv) organic phase
is possible, it could not be done due to the paucity of
the samples.
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