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Partition Patterns of Copper in the Sediments of the
Western Continental Shelf of India
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Fig. 1 - Map showing station locations
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computed and are given in Table 1 along with the
depth of sampling. In order to understand the re
lationship copper bears to other important consti-'
tuents of the sedim~nts such as calcium carbonate,
organic matter, iron and manganese, scatter dia
grams have been draWl1(Fig. 3). Values of calcium
carbonate, are taken from Nair et at.3, organic
matter from Murty et at.6 and manganese and iron
from Murty et aP for this purpose.

Analysis of the data permits the following gene
ralizations to be made in regard to the distribution
pattem of copper in the sediments under study:

(i) Fine-grained sediments in the innersheH region
(less than 20 fm depth) with low carbonate content
are characterized by higher concentrations of copper
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Copper has both a lithogenous and non-lithogenous component in the sediments of the
stern continental shelf of India. The overall distribution pattern of the element (on the total

simPle basis) and its partition patterns between the two components are described. The proc sses leading to the incorporation of the element in the bottom sediments are discussed.

PAR ITION pattems of iron: manganese, nickel
an cobalt 111the shelf sedIments off the West
co st of India (between Bombay and Quilon)

have be n described!. In continuation, the parti.
tion pat erns of copper have been studied and the
results r ported in this communication. It may be
mention d that except for the studies carried out
by Gog e et al.2 in a limited wayan the sediment
samples .collected from the shelf aCld slope regions
off Bo bay and Ratnagiri, there is nO in
formatio On the distribution pattern of copper in
the sedi ents of the western continental shelf of
India.

Materi s and Methods

Fig. 1 ives the locations of the statiDns from where
the bot •m sediment samples Were collected. In
the area under study, the bottom sediments exhibit
texturall and chemically certain well-defined dis
tributio patterns. The inner shelf (up to 20 fm)
is cover d by silty clays or clayey silts with very
low carb nate content and this is followed seaward
by a zon of silty or clayey sands on the rest of the
shelf an slope regions characterized by a high car
bonate ontent3• This is particularly so betweeu
Quilon d Karwar whilp off Bombay the shelf is
covered r a greater part by fine grained sediments.
Represe ative s:::diment samples Were washed chlo
ride free nd estimations of copper were carried out
(i) in the bulk sample, to determine the concentra
tions in he total sediment samples (TSS) and the
overall stribution patterns; and (ii) in the acidic
sediment leaches obtained by the method of Chester
and Hu es4, to get an idea of the contributions
made by the lithogenous and non-lithogenous frac
tions (L and NLF) to TSS. The method followed
for the e . imation of copper was that of Chester and
Hughes6 and the analyses Were carried out using
Unicam pectrophotometer SP 500.

nd Discussion
rations of copper associated with the TSS

and the 10ntribUtions made by the LF and NLF

of the se iments to the concentrations in the TSS
are depi ed in Fig. 2. Further, as the quantity
of acid soluble fraction varies from sample to
sample, f r purposes of comparison, the concentra
tions in he NLF of the sediments have also been
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(Hi) NLF qf the sediments of the irui.ershelfte~
are characterized by higher concentrations -ofoopper'
than those of the outershelf· and slope sedim<mtlf;

(iv) Sedinients off Karwar and Mangalore have
relatively higher concentrations of copper than the
sediments in the other· three sections (on the· total
sample basis). The same trend is maintained On
the carbonate-free basis· also.

(v) NLF of the sediments off Mangalore and'
Cochin are characterized by higher concentrations
of copper than the NLF in the other three sections.

(vi) Copper co-varies with both iron and man
ganese in both TSS and NLF of the sediments. The
cJrrelation betw0en iron a::ld copper is significant
at levels 0·01 and 0·001 in TSS and NLF respectively
while the correlation between manganese and copper
is significant at 0·001· level in both the fractions~
With calcium carbonate, it has a strong negative
correlation significant at 0·01 level. It "does not
show any significant relationship with the org~nic
matter content of the sediments.

The trends mentioned under observations (i) and
(ii) in the· preceding para clearly establish the fact .
that there is a substantial supply of the element
from land to the innershelfregion through copper.
held in the lattice structure of the detrital minerals~
With a few exceptions here and there, theperc~nt.
age contributions made by the LF to the COll1:en·
trations in TSS (values not given in the paper) also.
indicate that the contribution by the LF. is substaIl
tial all over the shelf region. Hence, the differ~nces
observed in the concentrations of copper (on the
total sample basis) along the different sections may
be attributed to the differences in the source rocks
present along the different parts of :thewest coast
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Fig. 3 - Scatter diagram showing the relationship between copper and other elements of the seditnents
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than the silty or c1ay~ysands of the outershelf a~d
slope regio:ls with higher carbonate content.

(ii) Contributions made by LF of the fine grained
sediments (in the innersheU region) to the conc~ntra
tions in TSS are relatively higher tha:J. the contribu
tions made by the correspoHding fractions of the
outer shelf sediments. This is particularly true along
all the sections except off Mangalore and Cochin
where the values do not show similar relation.

Fig. 2 - Concentrations of copper in the total sediment
samples and the contributions made by the lithogenous and

non-lithogenous components of the sediments to them
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Range and mean of copper cone.: *Clay fraetion- 1S
to 98, 64; non-lithogenous fraetion-4 to 415, 76. tClay
fraetion- 9 to 49, 31; non-lithogenous fraction- 11 to.
314, 110.
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TABLE 1 - CONCENTRATIONS OF COPPER IN THE

CLAY AND NON-LITHOGENOUS FRACTIONS QF THE
SEDIMENTS
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copper in this fraction along the different sections:
and the divergence between the trends observed in
the clay fractions and the NLF in regard to the
mean values in area 'B' may be attributed to the
differences in the intensities of different processes
operating in different regions and the concentra
tions of the element available in the waters in
different regions. Gogate et al.2 reported that the
trace elements in the sediments studied by them
are associated with the clay mineral illite, through
adsorption. Sankaranarayanan and ReddylO, re
ported very high concentrations of copper in the
inshore waters along the Goa coast which they
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of Indi and to the corresponding differences in the
minera gical composition of the sediments in the
differe regions. While this is so, the uniformly
high v ues of copper present in the sediments along
the se ion off Karwar appear to be due to an
additio al factol - the presence of discrete copper
minera along this coast?,

It is vident from the foregoing that the element
has be fixed to a large extent in the sediments in
a solid state through the detrital minerals supplied
from t e land. Apart from this mode of fixation
of the lement in the sediments, relatively higher
COncen.ations of non-lithogenous copper in the
innersh If region indicates that the element is being Off Bombay

remove more effectively from the overlying waters
in the nershelf region and fixed in the sediments 638
throug other processes also. Among the various 640

process s suggested by Krauskopf8 for the removal 641

of tra .metals from the overlying waters and their ~1~
incorpoation in the sediments, the fixation of copper
in the ediments through precipitation as an ll1S0- Off Karwar
luble co pound or through precipitation by sulphide
ion can be ruled out for the reasons stated earlier
by the uthorsl in respect of nickel and cobalt. The
signifi t negative correlation between the car
bonate ontent and the concentrations of copper
in the ediments suggests that the. contributions Off Mangalore
from th carbonate phase of the sedIments to the
concentations in the NLF of the sediments is
negligib e. The absence of any significant corre
lation tween the organic matter content of the
sedimen s and the concentrations of copper indi
cates tat copper is not bound with the organic
matter 0 any considerable extent. Murty et aU
reporte higher concentrations of iron and man- Off Cochin
ganese the NLF of the sediments of the inner-
shelf re'on and attributed them to the flocculation 671

of the lloids of iron and manganese brought by ~~g
the riv s. It is quite likely that adsorption by 668
hydrate ferric oxide and manganese hydroxide 667
may be responsible for higher concentrations of 666

copper sodated with the NLF of the fine grained Off A b I h
. Th"fi l' be m a apuz asedlIDen. e Slglll cant corre atlOn tween

copper d iron and manganese (both on the total 673
sample asis as well as in the NLF) supports this 672
. f 674
111 erenc . 675

With view to determining the concentrations 676
of cop associated with the clay fractions of the 677
sedimen and the pattern of distribution they ex
hibit, cl Y fractions separated from some of the
samples long the different sections were analysed
for their opper content, The values (Table 1) show
that hig er concentrations of copper are confined
to the reas characterized by the presence of
predomi antly montmorillonite and illite (area A
of the able) while lower concentrations are con
fined to the areas having predominantly kaolinite
(area Bothe Table) group of minerals9, The differ
ences ob rved in the ranges of values and the means
between he three northern sections and the two
southern ections also lends support to this conclusion.
This sug sts that part of the copper in the NLF has
been fixe through adsorption by the clay minerals.
The COncntrations associated with the NLF of the
sediment . thus appear to be due to two processes:
(i) adsor tion by the hydrated oxides of iron and
mangane and(ii) adsorption by the clay minerals.
But the ifferences found in the concentrations of
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attributed to the influence of the land run off from
the ore-bearing terrain.
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