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Studies on the distribution patterns of various elements coupled with the distribution pattern
of calcium carbonate have revealed that (i) along any given section across the shelf, relatively
high concentrations of all the elements are associated with the terrigenous sediments than those
with the relict sediments of the outer shelf, (if) elements like titanium, manganese and copper
exhibit regional differences from north to south and (ill) manganese, nickel and copper (on car­
bonate-free basis) tend to be enriched in clays and silty clays of the outer shelf region. While
variations across the shelf are attributed to the association of elements with the terrigenous
material to a large extent, variations along the shelf (from north to south) are attributed to the
differences in the mineralogical composition of sediments. These studies have also revealed
that the effect of Indus river system is profound on the shelf between Indus canyon and Gulf of
Kutch, marginal between Gulf of Kutch and Gulf of Cambay and least in the rest of the region.

•

PARTITION patterns of iron in the surficialsedi,ments of northern half of the western
continental shelf of India have been reported1.

In continuation, the overall distribution patterns
of several other elements have been studied in these
sediments and the results pertaining to aluminium,
titanium, manganese, nickel and copper are presented
in this paper. It may be mentioned here that except
for brief investigations2-7 there is practically no
information on the distribution patterns of these
elements from this part of the continental shelf.
An attempt has also been made to demarcate the
limit of influence of the Indus system on this shelf.

Fig. 1 shows the area from which the sea floor
sediments were collected. In all about 90 stations
were occupied for sampling during the I,NS Darshak
cruises from December 1973 to May 1974 and they
were distributed along 14 sedions normal to the
coast between Indus canyon in the north and Port
Dabol in the south. Samples were collected using
La Fond~Dietz snapper. Along most of the sections,
samples were collected between 20 and 100 m water
depths on the coastal and seaward sides respec­
tively while along a few sections, sampling on the
seaward side was extended up to 150-250 m water
depth.

In the region under study, the continental shelf
is characterized by certain well-defined features
in regard to its bottom topography8, sediment dis­
tribution and texture' and sediment chemistry1G-12.

Materials and Methods

Representative samples were obtained from the
collections made at each station and suitable aliquots
were digested with hydrofluoric and perchloric acids
foHowing the method of Chester and Hughesl3•
Aluminium, titanium and manganese were estimated
colorimetrically, aluminium and titanium by the

methods prescribed by Rileyl« and manganese by
the method of Sandell15. Copper and nickel were
determined on Hilger and Watts Atomspeck H
1550.

Results and Discussion

Distribution patterns obtained for the various
elements along with the distribution of calcium
carbonatel' are shown in Fig. 2a-f.

The texture of sediments ard depth of sampling
leads to the following inferences in regard to the
distribution patterns of c21cium carbof!ate al:d other
elements:

Fig. 1 - Study area
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Fig. 2 - Distribution of calcium (b), titanium (c), manganese (d), nickel (e)
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The region under study can be di.vided into 5
zones on the basis of calcium carbonate (Fig. 2a).
The 1st zone (<10%) occupies the entire shelf
region between the Indus canyon and Gulf of Kutch,
while in the shelf region between Gulf of Kutch
and Port Da b0l it extends from the coast up to
40-50 m water depth. Zones 2 and 3 (10-25 and
25-50%) which are also mostly associated with the
fine-grained sediments are encountered in the shelf
region between Port Dabol and Gulf of Kutch and
not beyond. Z?nes 4 .and 5 (50-75 and > 75%)
are mostly assoCIated with coarse-grained sediments­
silty sands/sands of the outer shelf region. Zone
4 is encountered between water depths 60 and 80 m
approxi,mately and is found to extend from Port
Dabol in the south to Gulf of Kutch in the north.
Zone 5 which is the outermost zone is encountered
beyond 80 m water depth and is confined to the
outer shelf region between Gulf of Cambay and
Port Dabol.

Concentrations of the elements exhibit a decre2s­
ing trend away from the C02St. This is conspicuous
in the case of elements in the shelf region between
the southern end of Gu1f of Kutch and Port Dabol
while it is not so conspicuous in the region further
north in respect of certain elements such as titanium,
manganese aod copper.

Concentrations of the elements broadly follow
the texture of the sediments. The higher ranges
of concentrations of all the elements > 10 and
5-10% for alumina; >0,75, 0·5-0·75 and 0·25­
0·5% for titanium; >1000, 750-1000 and 500-750
ppm for manganese; > 100, 75-100 and 50-75 ppm
for nickel are associated with the fine-grained sedi­
ments while the lower ranges of concentrations are
associated with the coarse-grained sediments. In
the case of copper, while no doubt, the higher ranges
of concentrations are associated with the fine­
grained sediments in the shelf region between the
southern end of Gulf of Kutch and Port Dabol,
the fine-grained sediments in the shelf region fur­
ther north form an exception by the lowest concen­
trations of copper associated with them ~.t par
with the outer shelf sediments in the south.

Even among the fine-grained sediments, the
sediments in the shelf region between Gulf of Kutch
and Indus canyon are characterized by lower
concentrations of titanium and copper than the
sediments of the shelf region south of Gulf of Kutch.

With a certain amount of overlapping here and
there, the lowest ranges of the concentrations of
all the elements are met with in the sediments of
the outer shelf region between Gulf of Cambay and
Port Dabol.

A comparative study of the distribution patterns
of the elements under reference and the calcium
carbonate shows that the higher ranges of concen­
trations of the elements are associated with the
first 3 zones of calcium carbonate while the lower
ranges of concentrations are associated with .the
last 2 zones of calcium carbonate. In order to
understand whether the decreasing trend away
from the coast exhibited by the elements is due to
dilution by calcium carbonate or to some other
reason, scatter plots have been drawn between the
percentages of non-carbonate fractions and the

concentrations of the elements (Fig. 3) for a few
sections. Further, concentrations of the elements
have also been recalculated on carbonate-free basis.
The scatter plots broadly indicate a linear relation­
ship between the parameters implymg thereby that
the concentrations of various elements are associated
with the non-carbonate fractions of the sediments
and the decreasing trend is due to the decreasing
percentages of the non-carbonate fractions away
from the coast. Elemental concentrations calcu­
lated on the carbonate-free basis have brought out
the following features: (1) along any given section,
the concentrations of each of the elements asso­
ciated with the fine-grained sediments of the inner
shelf region are more or less the same; (ii) concen­
trations of aluminium and titanium associated with
the inner shelf sediments are higher than those
associated with the outer shelf sediments; (iii) fine­
grained sediments met with in certain regions of
the outer shelf (between Gulf of Cambay and Indus
canyon) tend to be enriched in manganese, nickel
and copper; and (iv) differences between the sedi­
ments of the shelf region north of Gulf of Kutch
and south of it, as stated above in regard to tita·
nium and copper, are still maintained. In addition
the concentrations of manganese in the inner shelf
sediments of the region between Gulf of Kutch and
Gulf of Cambay occupy an intermediate pgsition
between the concentrations of the shelf sediments
nor,th of Gulf of Kutch and the Gulf of Cambay
regIOn.

On the basis of heavy mineral assemblages,
4 distinct provinces have been recognized17. They
are: (a) Indus province characterized by muscovite,
biotite and chlorite, (b) offshore provinoe charac·
terized by clinopyroxenes, hornblende and some
garnet, (c) Cambay province characterized by opa­
ques, pyroxene, zircon and gamet, and (d) Bombay­
Daman province characterized by epidote, monazite,
pyroxene and some muscovite. Clay mineral assem­
blages also exhibit certain differences in the study
area. In the areas south of Gulf of Kutch, the
general order of .concentration of clay minerals is
montmorillonite (50-70%), illite (0-20%), chlorite
(0-10%) and kaolinite (0-10%) wherea.s in the Gulf
of Kutch region and north of it the general order
of clay mineral concentration is illite (40-50%),
montmorilloni~e (30-50%), chlorite (20-30%) and
kaolinite (0-10%)18. It is seen that the shelf sedi­
ments exhibit regional differences mineralogically
which could be related to the geology of the adja­
cent areas and the major river systems present in
the area. The present chemical studies also indi­
cate certain regional differences in regard to the
distribution patterns of the elements along and
across the shelf.

All clay minerals contain aluminium in their
crystal lattices and much of the aluminium in deep
sea sediments is located in these positions. Geo­
chemically, aluminium is not a very. active element
in the sense that <1% is exchangeable and for
this reason it is used as an index of the inorganic
or argillaceous fraction of the sediments19. Viewed
from this angle, distribution pattern of aluminium
in the present study indicates that the fine-grained
sediments of the inner shelf region with their high
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aluminium content are terrigenous in nature and
their deposition is confined up to approximately
60-65 m wa~er depth (between Daman and Port
Dabol particulady). Lower concentrations asso­
ciated with the relict sediments of the outer shelf
region are due to the very low percentage of terri­
genous material present in them. Thus, while the
distribution pattern of aluminium across the shelf
could be explained on the basis of i~s association
with the inorganic fraction of the sediments, absence
of any regional differences along the shelf from
north to south especially among fine-grained sedi­
ments could be attributed to the presence of clay
minerals and other aluminosilicate minerals in the
whole inner shelf region in significant amounts.
In the case of other elements, while their distribu­
tion patterns across the shelf indicate their associa­
tion with the temgenous material to a large extent
(this is also supported by the partition studies20),
the differences exhibited by them from north to
south could be attributed to the differences in the
mineralogy of the sediments. Higher concentra­
tions of manganese, nickel and copper associated
with the fine-grained sediments of the outer shelf
region of certain areas such as between Gulf of
Cambay and Indus canyon (on carbonate-free basis)
appear to be due to the adsorption of these elements
from sea water by the clays because of increasing
duration of the clay mineral transport.

From the similarity found between the sediments
of the Gulf of Kutch with those from the adjacent
shelf region north of Gulf in their chemistry. Murty
et al.21 indicated that the sediments coming from
the north are brought into the gulf and are not
carried further south to a large extent. The inter­
mediate values of titanium, manganese and copper
met with in the sediments of the shelf region be­
tween Gulf of Kutch and Gulf of Cambay (on carbo-

. nate-free basis) appear to be the result of the inter­
mingling of part of the sediments transported north
from the Gulf of Cambay region and a portion of
the sediments transported south from the Indus
region. It is, therefore, tentatively suggested that
while the effect of Indus is profound in the shelf
region between Indus canyon and Gulf of Kutch,
it appears to be marginal in the shelf region be­
tween Gulf of Kutch and Gulf of Cambay and least

in the regions off Gulf of Cambay and further south
which are dominated by river systems like the
Narmada and the Tapti.
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