Mahaszgar—Bulletin of the National Institute of
‘Oceanography, 18(1), 1985, 1-25.

"GEOCHEMISTRY OF SEDIMENTS OF THE EASTERN CONTINENTAI.
SHELF OF INDIA

A. MASCARENHAS, A.L. PAROPKARI AND P.S.N. MURTY
National Institute of Oceanography, Dona Paula, Goua - 403 004,

ABSTRACT

The bulk and partition geochemistry of Al Fe, Ti, Mn. Zn and Cu have
been investigated in the rediments of the exstern continental shelf of India.
The results show that (1) the bulk geochemistry varies from one shelf unit
to the other. (2) all the elements studied have both lithogencus and non-
lithogenous components in the sediments, and (}) the percentage contri-
butions made by the lithogenous component to the concentrations in the
bulk samples are highest in respect of Al and Ti, fellowed next in order
by Fe, lowest in respect of Mn, while the values for other elements He in
between the percentage contributions for ‘Al and Ti on the one hand and
Mn on the other hand. The variations in the bulk geochemistry of the
sediments have been explained in terms of the variations in the percent-
age contributions made by the lithogenous and non-lithogenous com-
ponents to the concentrations of the elerments in the bulk samples, textu-
ral variations and dilution by the calcium carbonate phase of the sodi-
ments. In the non-lithogenous fraction, Fe hvdroxide rnd Mn hydroxide
appear to be the dominating constituents contributing to the concentra-
tions of these elements in this fraction and also other elements, through
their ability to absorb trace metals from the waters. The inter-relation-
ships obtained among the various elements support this conclusion,

Similarity in the metal/Al ratios computed for the olements in the
continental shelf region with those computed for the fluvial sediments from
the adjacent river svstems, suggest that colloids of Fe and Mn hydroxides
could have been formed in the river svstems, transported through the
estuaries along with their trace metal content without any medification
and deposited in the shelf region.

Key-words : Geochemistry, Sediments. Eastern shelf, India.

INTRODUCTION

A few papers appeared on some of the chemical aspects of the sedi-
ments of the eastern continental shelf and slope of India dealing with distri-
bution of calcium carbonate, organic matter, phosphate and trace elements.

(Subbarao, 1958; Naidu, Rao and Rao, 1967; Rao and Murty, 1968; Murty
and Reddi, 1968; Sectharamaswamy, 1968; Venkatarathnam and Tilak, 1968;

Rac and Rao, 1969, 1973: Sarin, Borok and Krishnaswami, 1979; Kalesha,
Rac and Somayajulu, 1980). However, it may be mentioned here, that the
investigations conducted on the elemental distributions were somewhat partial
in that (i) they were confined to a few small sectors of the shelf in most of
‘the cases and (ii) in the majority of the cases, the investigations were ean-
fined to clay fraction of the sediments only. Consequently, we do not hawe
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any information 'on the elemental concentrations associated with the bulk
samples and their fractionation among the different components of the sedi-
ments which can provide an insight into the different processes operaling in
the different regions of the sheli for the incorporation of the elements into
the sediments. Hence, detailed geochemical investigations have been under-
taken on the sediments of the eastern continental shelf and slope of India
and the results pertaining to the bulk and partition geochemistry of Al Fe,
Ti, Mn, Zn and Cu arz presented in this paper.

Description of the Area

The continental shelf along the east coast of India (Figs. 1A and 1B} is
about 40 km wide on an average except in the vicinity of large deltas where
it is either too wide (as off Ganges and Brahmaputra, 160 km) or 100 narrow
(as off Godavari, Krishna, Penner and Coleroon, 20 km). The shelf edge is
around 90 to 180 m except off the deltas where it shoals to 40 m (Shepard.
1967). The eastern continental shelf can be divided into four regional shelf
units : (1) The east-west Ganges-Brahmaputra shelf and the shelf region from
‘Swatch of No Ground’ to Chilka Lake, (2) Chilka Lake to Kakinada, (3)
Kakinada to Penner confluence, and (4) Penner confluence to Calimerc Point.
Environmentally, units (1) and (3) can be grouped together since they exisl
near river mouths. The shelf regions off Chilka Lake-Kakinada coast and
Penner confluence-Calimere Point are not influenced by discharge from major
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Fig. 1A. Map showing station locations in the Ganges-Brahmaputhra
shelf unit.
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Fig. 1B. Map showing staticn locations in the shelf
Vishakhapatnam and Calimere Pt.

region between

rivers, Only a number of small rivers are present in these two regions which
may be active in the monsoon period only and their sediment load supply to

the shelf may not be considerable.

The differences in the environmental settings of the four regional shelf
units mentioned in the preceding paragraph are well reflected in the nature of
bottom sediments encountered in these regions, The Ganges-Brahmaputra shelf
and the shelf region between ‘Swatch of.No Ground’ and Chilka Lake where
3 major rivers — Ganges, Brahmaputra and Mahanadi supply considerable

amounts of sedimentary material to the shelf region, are

carpeted by sediments
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which are mostly clayey in nature {except ncar the coast where fine sand bottom
is reported) and are light ash-grey -in colour when they are dry. They do
not contain more than 5% of calcium carbonate. The shelf regon between
Chilka Lake and Kakinada, on the other hand, consists of a variety of sedi-
ments ranging from coarse sands in the nearshore to clays in the continental
slope on the one hand and from highly calcareous to purely clastic on the other.
Detailed studies carried out off Vishakhapatnam revealed the presence of a
clearcut zonation of the sediments from the coast to the upper continental
slope: (1) sands from the coast to 27 m water depth with calcium carbonate
content upto 5%,; (2) clays from 27 to 54 m with 5 to 159, CaCO,: (3)
sand-silt-clay from 54 to 8} m with 15 to 50% CaCO.,; (4) shelly and oolitic
cands from 81 to 180 m with 50 to 80¢, CaCO.: and (5) clays beyond 180
m with 10 to 159 CaCO,. From Kakinada to Penner confluence, the shelf
is too narrow and mostly covered by brown and grezn muds with CaCO, con-
tent varying between 5 and 15%. Again the shelf begins to widen south of
Penner confluence and fine muds yield place to coarse sediments (Subba Rao,
1958). Detiled investigations conducted between Madras and Calimere Point
have revealed the shelf to be entirely covered by sands and as off Vishakha-
_patnam coast, the CaCO. content shows a progressive increase away from
the coast and the outer shelf sediments are characterised by the presence of
oolites and benthic foraminifera of shallow water origin (Rao and Murty,
1968). The highly calcareous sediments between 90 and 180 m off Chilka
Lake-Kakinada coast and those lying between 54 and 180 m off Madras-
Calimere Point coast have been described as relict sediments deposited during
lower strands of sea level on the outer shelf (Subbarao, 1958, 1964, Rao
and Murty, 1968). The relict band of sediments which have their maximum
spread off Vishakhapatnam are replaced by mixed clastics and finally by a
veneer of Godavari muds towards Kakinada. The point of location of sample
461 is roughly the northern most limit to which recent deltaic sediments of
Godavari River are dispersed (Naidu, 1968). Similarly, in the region north of
Vishakhapatnam, the zone of lime deposition pinches out under the silty clays
of Mahanadi River.

MATERIALS AND METHODS

The locations of the stations from ‘where samples of bottom sediments
were obtained are shown in Figs. 1A and 1B. The samples were collected
using La Fond-Dietz snapper and Phleger corer. In the present study the results

were oblained by analysing only surficial samples (0-4'") (collected by the
snapper) and top 4/ portions of the core samples.

The analyses done in this paper were performed using atomic absorp-
tion and colorimetric techniques. The bulk samples were digested with hydro-
fluoric acid and aqua regia in sealed teflon bombs. following the method of
Buckley and Cranston (1971). Mn, Zn and Cu were estimated using Perkin
Elmer Atomic Absorption Spectrophotometer Model 5000. Fe and Ti were
also estimated from the same solution colorimetrically following the method
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of Riley (1958). For the estimations of Al, ‘A’ solution (Shapiro and Bran-
nock, 1969) was prepared for each sample and the colorimetric method of
Rand, Greenberg and Taras (1975) was followed.

Following the bulk analyses for the elemental concentrations, selective
chemical attacks were made on the samples using adaption of the leach pro-
cedure evolved by Chester and Hughes (1967). Two accurately weighed re-
presentative subsamples about 1 g each were obtained from each sample.
The first subsample was leached with an excess of mixed acid-reducing re-
agent consisting of acetic acid and hydroxylamine hydrochloride, stirred for
4 hrs and filtered. The second subsample was leached with 509, hot HCl and
kept hot for 4 hrs prior to filtration. The dissolved materials were always
filtered through previously weighed filter papers (Whatman No. 42) and the
residues. were weighed. The leach solutions were analysed by atomic absorp-
tion spectrometry for Mn, Zn and Cu and by colorimetry for Al, Fe and
Ti. This procedure was followed to analyse (i) the total elemental con-
centrations present in the sediments as loosely sorbed ions and interstitial
water evaporates, and those associated with ferro-manganese oxide phases
reducible by hydroxylamine hydrochloride and (ii) everythine including iron
oxide minerals, except the most resistant silicates and aluminosilicates inso-
luble in hydrochloric acid. Because the chemical attacks were made on
different subsamples of each sample and not sequeatially on individual sam-
ples, the portion of each element soluble in hydrochloric acid but not in
mixed acid-reducing mixture and the portions associated with insoluble resi-
dues were obtained by subtraction.

The precision of the atomic obsorption and colorimetric analyses of
both bulk samples and leached fractions is better than 109 on the basis of
duplicate analysss. The accuracy was checked by analysis of U.S. Geological
Survey standard rocks.

Results

The concentrations of the various elements associated with the bulk
samples are given under Column ‘A’ of Table I along with station number
and water depth. The partition values of the elements in the leaches of acid-
reducing mixture, hot 509, HCI and acid insolubles expressed in terms of ¢
of the concentrations in the total samples, i.e. Column ‘A’ are given in Co-
lumns ‘B’, ‘C’ and ‘D’ respectively. The inter-relat’'onships obtained among
the elements studied are shown in the form of correlation matrix in Table
II. The scatter plots between aluminium and other elements are shown in
Figs. 2 to 6. The metal/Al ratios computed for the elements are given in Table
IV. The analysis of the data presented here is briefly given below separately
for the bulk and partition geochemistry of the sediments.

Bulk geochemistry: An analysis of the data allows us to make the following
generalisations in regard to the bulk geochemistry of the sedimeants:
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Table I: Partition Analyses

4 Aluminium (%) fron (%) Titanium (%)
£, us3
572 g&F
27 S8 A B C D A B C D A B C D

Ganges-Brahmaputra Shelf
421 18 5.22 0.75 36.50 62,75 2.46
422 81 7.09 1.38 44.37 54.25 3.93
423 81 8.02 0.98 49.5% 49.46 4.43
424 54 6.62 0,99 52,88 46.13 4.76
425 7 429 1.9 3961 58.43 2.719
427 360 7.84 I.58 58.44 39.98 4.76
428 720 8.21 1,79 53.53 4468 4.76
429 162 8.40 210 53.92 43.98 5.24
430 90 8.21 1.93 61.39 36.78 5.41

Vishakhapatnam-Kakinada Shelf

35 67.57 2468 0.36
47 T78.27 15.26 0.42
.47 78.90 14.63 0.49
100 BLL79 1211 9.45
.55 77.58 13.87 0.29
.02 82.31 11.17 0.48
.02 83.81 11.17 0.48
05 77.69 15.26 0.46
.25 77.84 1591 0.50

.01 28.26 70.73
1 23.05 75.24
.41 38.73 59.86
.61 48.72 49.67
.83 19.46 78.71
.09 30.24 67.67
66 31.96 66.38
95 32.56  66.49
09 31.22 67.69

fo (RS BRI e (s = e |
— ) rew B e et e o e

63 45 6.34 246 7424 23.30 4.59 8.64 83.34 8.00 0.43 2,33 3519 62.48
64 63 5.04 0.96 97.04 2.00 4.42 7.63 69.37 23.00 0.57 1.25 31.49 67.26
65 — 8.02 284 8.11 11.05 564 S.08 92.14 2.78 0.47 4.16 32.69 63.15
70 61 4.66 2.5 53.12 437 — —— — — 0.33 2.18 38.39 59.43
444 34 T.09 206 4598 51.96 4.92 6.87 83.52 9.61 0.5% 1.11 39.16 59.73
445 54 —— — — — 393 566 T9.08 15.26 0.54 1.11 36.00 62.89
446 75 6.16 228 68.84 28.88 4.92 4.61 90.30 5.09 0.42 1.65 137.73 60.62
447 104 1.87 2.61 40.85 56.54 1.97 10.50 72.36 17.14 0.11 16.67 39.18 44 15
448 130 2.05 2,15 68.96 28.80 1.80 3.97 74.09 21.%4 0.13 17.12 32.56 50.32
450 216 5.04 1.87 81.83 16.30 3.77 4.74 871.61 7.65 0.33 664 28.78 64.58
T2 35 6.9 246 53.93 43.61 4.75 7.50 8.00 6.5 0.56 1.1l 38.71 60.18
459 34 6.90 214 56.28 41.58 4.92 8.32 82.07 9.61 0.61 0.60 31.33 68.07
458 47 7.28 1.83 67.26 30.91 5.25 6.21 85.59 8.20 0.49 2.50 35.85 61.65
457 72 50 200 7526 22.74 4.43 4.76 7123 2401 (.48 O0.68 2907 70.25
76 276 T.46 3.30 Bl.44 1526 560 4.67 8969 S.64 0.58 4.04 31.63 64.33
454 162 6.7? 1.79 97.20 1.01 0.43 4.61 87.28 8.11 0.43 3.31 32.77 63.92
453 198 71.28 _— — — 574 4.7 83.09 12.20 0.50 1.79 33.02 6519
452 207 7.84 1.88 70.56 27.56 5.74 4.835 8295 1220 0.47 S5.83 31.03 63.14
75 103 3.54 321 79.14 17.65 3.44 9.B0 T76.28 13.92 0.29 4.33 3%.06 56.56
460 74 7.09 257 7520 22.23 4.92 —_ — —  0.50 1.23 36.56 62.21
461 126 7.65 3,48 81.3t 1520 6.40 7.56 B86.30 6.14 0.60 3.47 33.99 §£2.54
462 180 7.46 3,32 85.78 10.90 6.56 5.8 86.77 7.35 0D.62 1.76 34.38 61.86
73 22 3.08 3.59 64,90 31.51 3.28 10.91 68.18 20.91 0.56 1.48 37.10 61.42
463 72 7.46 314 B1.61 1525 6.58 679 77.95 1526 0.63 1.25 32.56 66.19
464 124 8.21 3.os 6017 36,78 6.39 5. 66 $2.41 11.93 0.62 3.19 IN.0R 6673
Kakinada-Penner Shelf
74 42 3.17 - — 7.2 6.17 92.43 1,40 0.78 2.3 33.99 a3.71
81 710 T.46 2.95 96 .65 0.40 7.38 —_ — — 0.7 1.41 36.02 62.57
82 52 746 262 T9.95 17.42 6.89 4.80 14.79 80.41 0.85 1.14 26.00 72.86
468 36 6.34 3.78 96.22 — 7.05 7.04 78.09 14.87 1. 0.79 37.13  62.08
466 198 — — — - — — _ —_ — _
469 36 6.9 2.86 72.44 24.82 6.56 4.11 87.41 8.48 0.949 0.04 39.45 60.51
472 36 7.28 2,92 %0.12 6.9 7.71 6.34 7443 1923 (.95 .10 36.37 62.49
83 35 3.08 3.13 94.94 1.93 7.05 — — —  0.82 1.32 36.61 62.07
473 146 7.28 3.14 83.78 13.08 7.38 4.48 90,93 4.59 (.81 1.76  36.94 61.42
87 96() 7.46 2.83 7975 17.42 7.22 3.8 B4.47 11,67 0.89 1.00 30.27 6B.73
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Manganese (ppm) Zinc (ppm) Copper (ppm)

A B C D A B C D A B C D
525 65,14 27.23 7.61 87 40.22 49.22 10. 56 41 5365 14.63  31.70
455 31.64 5912 9,23 126 23.01 62.69 14.28 67 5674 32,83  16.4)
633 — — 11.84 1 — — — 44 40.90 38,63  20.45
782 47.57  41.56 10.86 142 48.59 35,91 15.49 63 28.57 34,92  36.50
S58  56.27 30,10 13.62 62 56.45  33.87 9,68 42 42.85 26.19  30.95
588 — — — 126 30.95 63.49 5.55 52 65.38  7.69  26.92
590 42.00 22.54  35.42 125  26.40 68.00 5.60 55 3272 4181  25.45
615  40.65 27.31 32.00 117 5982 30.76 . 13.60 48 31.25 43,75 25.00
628  44.74 2929  26.27 130 53.84 23.84 22.32 62 29.03 ‘43,54  27.41
S31 50.4%  26.55 16,95 9% 40.62 479 14.58 63 28.57 25.39  46.03
488 41.80 40,36 17.82 B6 3372 43.02 23.25 35 22,85 42,85 3428
430 34.42 2488  40.69 149 24,83 5373 15.43 63 20,63  47.61 31.74
325 62.76 25.53  11.69 62 40.32  51.61 8.06 59 22,03 18.64  §9.32
522 7567 23.75 ¢.57 94 5319 3.9 14.89 60 30,00 28.33  41.66
418 76.31 10.28 13.39 71 §3.52  20.57 16.50 46 47.82 13,04  39.13
402 63.18  23.63 13.18 103 34,95 45.63 19.41 42 61,90  30.95 7.14
197 53.29 — — 8t 40,74 1.1t 48.14 242 61.15 20.66  17.88
100 54.00 33.006 13.00 122 45,90 16.41 47.79 30 56.66  13.33  30.00
321 59.19  13.08  20.00 117 19.65 65.81 14.52 80 17.5¢ 25.00  57.50
581 70,74 17.21 12.05 — — — — 67 19.40 31.34  49.25
572 54.89 26.39  18.70 102 30.3%  66.30 3.31 51 29.41 62.74 7.84
44z  80.09 13.57  13.33 129 27.13  42.63 30.23 68 19.11 70.58  10.29
464  41.37  29.95  28.66 75 44.00 44.00 12.00 35 48.57 25.71 25.71
418 43.77  31.81 24.40 123 — — — 102 — —
412 52.66  41.04 6.31 100 25.00 72.00 3.00 50 2372 4576  30.50
349 68.18 31.80 — 125 28.80 . 57.60 13.60 75 17.33  56.00  26.60
359 33.14 63.78 3.06 125 23.20 61.6 15.20 83 21.68 42.16  36.14
302 56.66 32.78  10.59 83 33.73  62.65 3.61 41 21,95 60.97  17.07
556 §2.69 38.84 8.45 134 21.64 47.01 31.34 53 30.18 27.74 5.66
613 58.56 28.87 12.5 163 17.79 60,12 22.08 84  47.61 1428  38.09
513 62.96 25.73  11.30 136 20.58 70.58 8.82 92 19.56 66.30  14.13
404 5495 37.37 7.67 92 20.65 38.04 41.30 59 22,03 3559 42,37
681 62.40 130.10 7.48 145 36.55 42.75 20.68 94 14.89 47.87  37.23
63 6587 24.12  10.00 — — — — 94 14.89 74.46  10.63
109 59.30 38.86 — 145 20.68 61.37 17.93 129 15,50 58.13 26,35
57¢ 58.04 31.2%  10.66 146  19.86 65.06 15.06 120 19,16 61,66 19,16
1162 78.48  9.81 11.70 4 15.78 — — 154 909 8571 5.19
953 63.48 24.65  11.85 169 37.28 43.19 20.71 129 — — —
— — — — 15 4102 28.84 30.12 147 23,12 39.45 3741
846 77.06 18.32 4,69 132 20.45  58.33 21.21 126 46.51 22,48  31.00
y76 71,00 24.30 4.61 114 24,56 — — 177 55.36  6.21  38.41
790 83.16 15.90 .88 163 18.40  65.64 15.95 146 2732 78.76 1410
892 74.66 17.15 8.18 13 48,09 — — 146 27.39  58.21 14.28
690 53.47 41.15 5.65 186 17.20 63.44 19.35 163 11.04 50.30  38.65
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Aluminiom ( %} Tron (% ) Titanium ( %)

a }<

€4 833 S e

Sz S gE .

L2 s A i C D A i3 C D A B C D

475 kiH 6.2 - - 1.38 1. 1.30  17.70  80.94

L% It

3.7 5003 6 0

476 48(; a.u) 3 7.22 501 86.40  £.59 0.93  0.77 33.69 65.54
86 504 765 1.6 BS. 11 9.93 7.05 4.23 90.36 541 .78 1.48 27.29 71.23
477 147 765 272 61.24 30.04 771 413 71568 20,19 1.00 0.72 37.20 62.08
84 35 6.72 — - — 1.0 - Lo 09 0750 3946 59079
478 144 728 300 88.38 862 7.05 3.8 8760 8.5 .81 0.99 3460 64.51
479 24 672 2.8 67.21 29.98 7.45 3.37 7328 23.35 1.18 0.53 3707 62.40
480 144 5.60 — - — k.49 - — — 0.81 111 3438 64.51
91A 350 128 - — —  7.38 - — — 1.7 —
481 153 6.90 — — 6.7 3.85 87.64 R.51 0.74 0.98 32.80 66.22
482 36 .6.53 — —~ 6.5 8.00 90.30 1.70 0.88 0.82 38.25 60.93
91 480 7.69 3.58 9250 3.92 6.8 376 S58.78 7.46 0.72 1,34 3568 62.98
96 201 7.0% — — —  6.95 — —_ — 0.77 L.55 3561 62.84
92 50 6.72 - — — 7.05 4.06 8843 7.51 0.76 0,93 3649 62.38
496 108 700 340 8810 8.50 640 516 91.02 3.82 0.79 1.13 3420 64.67
483 tH 7.09 — —_ — 6.8 6.47 B87.15 6.38 0.79 099 39.05 59.9
493 34 746 3.62 B83.30 13.08 6.40 S.16 9218 266 0.8t 1.11 3593 62.%
484 144 728 5.48 88.13 6.39 656 - — — 0.74 1.21 3594 62.85
492 — 298 1.85 19.88 78.27 — — — — — —
497 47 6.53 — —_ —  6.72 4.32 68.43 27.25 0.83 .77 3428 6495
491 — — — — — 295 8.47 61.83 29.70 0.39 0.94 33159 65.47
485 171 10.26 1.83 64.55 33.62 6.89 3.47 89.07 7.46 0.76 0.94 34.05 65.01
490 36 5.0 — - — 426 9.04 74.39 16.57 0.61 1.17 3544 63.39
494 40 — — em - — - — — — —_ — =
488 77 672 - — — 6.23 566 84.54 10.80 (.69 1.14 3377 65.09
487 126 7.09 2.35 9372 393 6.79 1.52 84.90 [1.58 0.76¢ 1.17 35.44 63.39
489 47 6.53 — — — 623 — — -~ 073 1.38 3609 62.53
95 3634 — — — 567 — — —  D.69 — —
498 41 448 203 37.81 60.16 295 7.14 49,10 43.76 0.68 —_ — —
Penner-Calimere Pt. Shelf

501 126 5.41 o o~ — 623 351 8212 14.37 0.68 1,16 34.46 64 38
502 306 6.53 — — 5.5 12.20 84.88 2.83 0.71 2.38 32.72 6490
499 54 6.90 — - — 5.76 — — . p.52 1.95 W.30 67.85
102 % 3.84 1.0 12.53 86.27 0.93 42.52 4477 12.71 0.06 830 14.05 77.65
o 250 2.2 — —  6.65 — —_ - D69 1,03 29.40 69.57
503 162 6.0 4.14 87.48 8.38 574 11.21 86.92 1.87 0.68 095 3192 67.12
504 549 373 — — . 6.13 10.56 86.11 3.33 0.64 229 32,93 64.78
505 210 5.2 — e _ 541 1014 81.62 824 061 1.92 34.49 63.59
105 — — — — — - — — _ — —

104 63 3.36 2.81 64.80 32.39 3.12 820 82.19 9.61 0.40 2.12 36.46 61.42
506 42  1.91 3.23 46.44 50.33 2.72 11.07 67.88 21.05 0.35 0.83 27.37 71.80
hliz) 144 2.05 — — — 1.97 7.07 75.79 17.14 0.19 11.02 33,72 55.26
112 46 317 277 S1.48 4375 2.30 11.24  67.52 21.24 0.34 1.42 3637 62.2
s11 63 0.37 — — — 2.69 6.3 73.56 20.08 0.4% 216 3528 62.36
510 13 1.31 — — . 19T 7.07 75.79 17.14 0.14 12.82 39.09 48.09
509 189  6.53 4.08 90.39 5.63 5.31 6.35 8§9.89 3176 0.5 3.54 3227 64.19
111 40 6.72 — — - 6.00 2.98 93.33 369 0.60 1.68 3474 63.58
09 27 3192 1.9t 10.51 §7.58 0.98 15.94 75.45 9.61 0.07 260 31.09 64 k)|




SEDIMENT GEOCHEMISIRY OF EASTERN SHELF

A
1022
976
734
892
822
27
939
1162
1000
1208
813
674
674
767
744
7%
697
743

790
451
679
442

517
593
672
567
52

Manganese (ppm)

B

70.90

66.
71
68.
1.
66,
67.
49,
74.
69.
63,
.02
66.
74.
57.
58.
80.

66

34
57
49
n
53
98
60
33
12
94

62
19
21
96
08

64.
82.
65.
68.

81
48
97
55

61.24

47.
45.
67.
15.

31,
61.
64.
81.
43,
64,
.
.46

56

59.
63
58.
62.
43,
60.
43,
39.

58

72
53
37
16

97
98
55
18
67
63
06

24

53
»
83
00
61
27

Zinc (ppm) Copper (ppm)
C D A B C D A B C D
- - 119 — — 132 — -
16,90 12.19 112 28.57 — — i16  28.44 39,93 13.62
7 34 11.30 173 17.91 5722 24 85 116  36.20 58.62 5.17
14.23 8.18 112 28.57 — — 128 33.53  32.81 33.59
26.64 4.86 — — — — 149 14.09 51.06 34.89
21.32 0.13 173 5375 14.45 31.79 150 25.33  59.33 15.33
18.53 15.02 92 33.69 — — 162 32.71 48.14 19.13
8.60 23 .41 128 21.09 69.53 9.37 146  43.83  35.61 20.54
2.48 23.18 124 5i.61 e — 153 41.17  50.32 3.49
28.04 7 83 105  22.85 70.47 6.66 120 27.13 62.79 10.07
22.70 13 .15 124 20.96 73.38 7.25 145 7.80 47.58  44.82
30.41 13.35 124  25.80 — - 152 9.20 71.05 19.73
25.42 7.94 126 21.42 T2.22 6.34 117 19.65 45,29 35.04
18.01 779 139 48.92  41.00 10.07 116 33.62 39,65 23.27
42.18 — 195  15.38 48.20 36.41 160 — — —
35.86 5.16 155 23.87 43.87 32.25 121 26.44 38.01 35.53
9.95 9 95 131 30.53  49.61 19.84 118 40.67 28.81 30. 50
21.26 13.92 126 52.38 25.39 22.22 120 15.00 47.50 17.50
13.08 4.43 68  39.70 — — 4 32.50  32.50 35.00
25.03 8.98 160 38.12 37.50 21.25 125 20.80 43.20 36.00
24 .88 6.58 98 26.53 28.57 44.89 62 33.87 51.61 14.51
— — 114  30.70 — - 104  30.76  46.15 23.07
27.16 11.59 — — — — — — —
50.25 2 83 115 18.26 70.43 11.30 126 28.57 53.96 17.46
51.34 31.12 115 16.96 80.86 2.60 98 — - —-
— — 105 — — — 18 — — —
58.34 26.48 120 52,50 37.50 1000 33 45.45 42,42 12.12
47.68 0.39 190 10.52  23.68 65.78 120  9.30  50.38 40.31
37.26 0.56 164 18.90 42.68 18 .41 o8 47.95 39.79 12.24
16.99 18.44 120 — — — 60 25.00 46.66 28.35
9.57 9.24 105 — — - 31 19.29 15.78 64.91
48.87 7.45 164 13,41 S6.09 30.48 113 11.50 83.18 5.30
19.84 15.52 165 18,18 43,63 38.18 06 70.75 1.88 27.35
20.47 8.45 164 27.43 32.31 40,24 107 — — —
2.1 11.42 194 18.04° 43.39 38.65 g8 23.46 40.81 35.71
9.11 31.83 82 —_ - — 36 27.71 44.44 27.17
38.48 2.87 196 — - - 35 2571 60.00 14.28
26.82 14.63 190 — — 39 41.02 38.46 20.51
26,40 11.22 80  36.14 36,25 26.25 34 318,23 4411 17.64
35.81 20.34 69  46.37  40.57 13.04 3§ 4285 5.1 51.42
13.10 26.89 94 32,97  22.34 44 .68 40  35.00 10.00 55.06
38.32 18.06 151 20.52 48.34 31.12 76 14.47  76.31 4.2
39.50 21.20 — — — — - — — —
— —_ —_ 11 — —_ -
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- e Aluminium ( %) frea (%) Titanium ( % )

8 . 5=z e

S92 5 5 E

a T FQ =z A B ¢ D A B ¢ D A B C D
708 45 410 1,82 2584 72.34 1.31 9.39 7535 1526 ©.14 — _
707 68 3.17 1.64 29.04 69.32 1.31 939 7535 1526 0.2 1.35 4040 38.25
114 210 429 5.54 9372 1.74 8.03 3.62 90.46 5.92 0.39 551 42.44 52.05
113 40 6.9 2.31 68.17 29.52 426 6.8 80.11 13.09 0.50 2.51 27.32 70.17
00 43 3.54 — 58.83 1.97 — —  14.83 0.15 3.47 4541 47.12
701 90 3.54 : — 8340 2.36  — — 1526 0.19 3.14 44.8% 52.03
119 15 2.05 2.85 2876 68.39 1.97 8.08 77.03 14.89 0.13 5.68 41.04 53.28
MR 160 6.90 2.21 52.% 15.43 5.08 4.69 8817 12.14 0.49 2,93 28.27 68.80
697 335 6.53 2.49 22.35 75.16 4.59 4.54 3472 60.74 0.42 1.14 2571 73.15
698 S18  6.72 2.76 8899 8.25 4.92 6.30 B87.10 6.60 G.15 7.66 87.17 517
693 475 7.09 3.94 73.83 22.23 5.41 3,31 80.23 16,46 0.43 3.99 3501 61.00
692 173 2.61 3126 89.87 6.87 3.28 11.73 S0.28 0.36  3.83  20.63 75.54
1H9A —  7.28 1.93 7162 26.45 4.50 6.07 84.32 961 0.43 872 3315 58.13
120 30 317 287 1292 64.21 2.53 12.59 60.78 25.6% 0.31  2.92 4589 51.19
691 14 205 269 1311 8420 1.31 1572  0.58 83.70 0.36  — — —
690 29 3.36 2.61 55.24 42.15 2.46 13.17 56.13 30.70 0.49  0.95 43.8¢ §55.25
689 54 1.31 5.97 81.95 13.08 1.64 ©.8 63.30 16.84 0.31 1.19 60.64 38.17
688 o¢  1.68 2.71 3592 61.37 3.44 3.23 48.42 48.35 1.84 0.25 52.25 47.50
687 324 3.17 1.65 80.16 18.19 2.30 5.19 73,57 21.24 0.23 313 4328 53.59
121 218  2.24 4.3 60.83 34.81 2.89 7.26 8418 7.5 011 — —
686 1058  6.53 2.44 96.90 0.66 5.90 3.91 88.99 T.10 0.47 2,49 3227 65.24
125 40 S.04 2.00 8170 16.30 3.34 5.35 8548 0.17 0.33  0.35 3327 5638

(1) The bulk geochemistry of the sediments exhibits considerable variations

-from unit to unit and also within the wunits sometimes. In the east-west

(Ganges-Brahmaputra shelf unit, lower concentrations of all the elements are
associaled with the sandy sediments and the higher concentrations with clayey
sediments and do not exhibit any specific distribution pattern either along or
across the shelf region. In the Vishakhapatnam-Kakinada shelf region, the
elemental concentrations follow closely the zonation of the sediments. High
concentrations of all the elements are associated with the nearshore and slope
clays. medium concentrations with the sand-silt-clay zone and the low con-
centrations with the relict band of sediments and the nearshore sands. As
between the nearshore clays and clays in the continental slope region, the
latter appear to be slightly enriched in their zinc and copper coatents and
depleted in their- manganese content relative to the nearshore clays. Towards
the southern end of this unit (south of station No. 461) the influence of
Godavari River can be clearly seen from the presence of the terrigenous
clayey sediments all over the shelf region and the high concentrations of the
elements associated with them.

In the Kakinada-Penner shelf region which is under the influence of the
major rivers — Godavari, Krishna and Penner is carpeted by brown and green
muds, uniformly high concentrations of all the elements are encountered both
in the shelf and slope regions. The concentrations of aluminium recorded im
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Manganese (ppm) Zinc (ppm) Copper {(ppm)

A B C D A B C D A B [ [B]
149  47.65 45.63 6.71 122 — —_ e 20 44.82 — -
163 37.42 57.05 5.52 70 — — — 42 47 .61 16.66 s
311 4244 3215 25.40 83 34.93 55.42 963 47 38.29 31.91 2978
449 69 69 26 .57 3.32 191 20.41 46 .17 33.50 72 18.05 48.11 —
240 62.91 24 .16 1.56 112 39,28 — — 20 50.00  50.00 33.33
255 0606.66 31.76 1.56 82 37.50 37.50 23.40 22 — -

186 89.24 T.52 1.22 103 24.27 52.42 23.30 28 316,28 32.14 28 .57
433 48.03 315.56 16.39 128 e — — 62 35.48 32,25 12.25
325 44,00 5.23 50.76 134 19,40  75.37 5.22 68 14,70 14,70 T0.58
383 46,21 44 .90 8.87 139 20.14 61,15 18.70 63 71.42 16 .17 11.11
348 44.25 37.06 18 .68 114 — —_ - 68 23.52 44 11 32.35
1746 74 .43 7.95 17.61 121 27.27 36.36 30 —— - — .
278 32.52 — — — — —_ - — e e —
278 43.52 4.3 2.15 62 38.70 46.77 14.51 29 62.06 30.76 10.34
325 3292 23.07 44 () 74 27.02 —_ — 42 28.57 19.04 4.7
349  36.38 31.23 32.37 83 42.16 57.83 13.69 38 55.26 5.26 39 47
242 65.28 28.92 5.78 83 42.16 13.25 44 .57 15 73.33 13.33 13.33
720 9.44 57.36 33,19 128 28.12 35.71 35.93 15 —_ — —
163 51.53 47.85 0.61 57 64.90 — e 46 54 .34 15.21 3R 43

70 —— —_ —_ 172 31.20 — 150 24 66  40.66 34 .66
314 35.66 38.21 26.11 135 34 .61 37.03 34 .0y7 96 18.75 32.29 48 .95
139 — e —_ 110 2909 65.45 5.45 51 35.29 29.41 1529

A — Butk sample. B = Acid reducing mixture. C= Hot 50% HC!l. D = Acid insolubles.
values in columns B, C. D are in 9 of the fotal samples A.

these sediments are on par, the concentrations of iron. manganese, tlitanium
and copper are far higher, and concentrations of zinc do not conspicuously
show any increase over those recorded in the clays of the two northern units.
Among the elements studied, only in the case of manganese, a conspicuous
depletion is noticed in the clays of the slope region relative to the nearhore
clays.

In the Penner-Calimere Point shelf unit, in the region between Penner
River and Pulicat Lake the sediment distribution is- somewhat patchy, in that,
hoth sands and muds occur all over the shelf region while muds only are
present in the slope region. Consequently, low as well as high concentrations
of the elements are present all over the shelf region. the former associatad
with the sands and the latter with clayey sediments. In the region south of
Pulicat Lake where the shelf is mostly carpeted by sands and the slope with
clayey sediments, uniformly low concentrations of the elements ure encountered
in the shelf region, while comparatively high concentrations are encountered
in the slope region. Even among the sands, the concentrations associated with
the nearshore sands are little higher than those associated with the sands in
the outershelf.
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{2) The inter-relationships obtaining among the elements (Table II) show
that there is covariance among all the elements,

(3) The scatter diagrams of the elements plotied against aluminium con-
tent show a positive correlation between the elements cencerned and aluminium,
which indicate that part of them are transported from land. Further, they also
show that there are significant intercepts between Fe-Al, Ti-Al, Mn-Al, Zn-Al
and Cu-Al suggesting that part of these elements have a non-lithogenous com-
ponent. .

Partition Geochemistry: As in the case of bulk geochemistry, the par-
tition geochemistry of the clements exhibits considerable variations from one
shelf region to the other and also between the different chemical fractions. The
partition patterns of the elements are described below element-wise,

Aluminium: More than 959, of Al is held together in the HCl soluble
and HCl insoluble fractions of the sediments (Cols. C and D of Table 1). In
the study area, in the sandy sediments, higher percentages of the element are
held in the HC! insoluble fraction of the sediments than in the HCl soluble
fractions while the reverse is true in the case of clayey sediments. The diffe-
rence in the percentages of the element held in these two fractions doss not
exceed 209, in the case of Ganges-Brahmaputra shelf unit. In the Visakhapat-
nam-Kakinada shelf unit, the percentages of the element held in the HC1 solu-
ble fraction are higher and exhibit an increasing trend away from the coast as
the percentages held in the HCI insoluble fraction show a reverse trend. The
difference in the percentages of the element held in the two fractions varies
very widely: 96 to 9%, In the Kakinada-Penner shelf unit, by and large most
of the Al is held in the HCI soluble fractions of the sediments with only minor
percentage of the element being present in the HCI insoluble fraction. In the
Pennper-Calimere Point shelf unit, where a major portion of the shelf is car-
peted by sands and slope region by silts and clays, higher percentages of the
element are associated with the HCl insoluble fractions of the sediments in the
shelf than in the HCl soluble fractions and in the reverse way in the slope
region, Along the sections off Madras and Karikal, it could be clearly seen
that the percentages of the element associated with the HCI soluble fractions
show an increasing trend away from the coast and reversing the trend observed
in the shelf region in the slope region.

Table 1I. Correlation Matrix (n = 105)*

Al Fe Ti Mn Cu Zn

Al . 1.00

Fe 0.69 1.00

Ti 0.40 0.70 1.00

Mn 0.52 074 0.79 1.00

Cu 0.42 070 0.5t 0.62 1.00

Zn 0.36 0.51 0.28 0.24 0.43 1.00

» Forr > 4 0.19, P < 0.05
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Insignificant amounts of Al are associated with the acetic acid-hydroxy-
lamine hydrochloride leaches of the sediments (1 to 5% of Al of the bulk
samples).

Irom: More than 909 of iron is held in the HCl soluble and insolubte
fractions of the sediments and invariably higher percentages of the element are
held in the HCl soluble fraction than in the insoluble fraction. The differences
in the percentages held in the HCl soluble and insoluble fractions vary from
one unit to the other. In the Ganges-Brahmaputra shelf, they vary from
72-43¢9, while in the other three units, i.e. Visakhapatnam-Kakinada shelf,
Kakinada-Penner shelf and Penner-Calimere Point shelf, they vary from 90-
479, 91-69%, and 90-09%, respectively. Further, the percentages of iron held
in the HC1 soluble fractions exhibit a decreasing trend away from the coast
in the shelf region and again show a slight increase in the slope region. This
is particularly true of Visakhapatnam-Kakinada shelf and to some extenl in
the Kakinada-Penner shelf and Penner-Calimere Point shelf. In the sandy sedi-
ments of the Penner-Calimere Point shelf, the percentages of the HCl soluble
iron in the shelf region are comparatively low as compared to the percentages
in the same fractions of other units and also in the same fraction of the
clayey sediments in this unit.

The percentage of iron held in the acetic acid-hydroxylamine
hydrochloride leaches of the sediments varies from 2.98 to 16.82%, and rela-
tively higher percentages of the element are associated with the leaches of
nearshore regions than that of the outershelf and slope sediments. While the
percentages of the element (associated with this leach) encountered all over
the study region are mote or less of the same order, a few anomalous values
are registered in the shelf region between Penner-Calimere Point (10-15%,).

Titanium : Between 84 to 999, of the element is housed in the HCI
soluble and insoluble fractions of the sediments. Invariably higher percentages
of the element are associated with the insoluble fractions of sediments and
the partitioned values are more or less similar in the different shelf units.

By and large, the percentages associated with the leaches of the acetic
acid-hydroxylamine hydrochloride mixture are meagre (less than 5% of the
bulk concentration in majority of the cases).

Manganese : in general, relatively high percentages of manganese are
held in the leaches of the acetic acid-hydroxylamine hydrochloride mixture
than in the HCI soluble and insoluble fractions of the sediments. The ranges
of percentages of manganese held in this leach in the different shelf units are
31 —659,; 33-—809,: 45 -83% and 9 899, for Ganges-Brahmaputra,
Visakhapatnam-Kakinada, Kakinada-Penner and Penner-Calimerc Point shelf
units respectively. Although the ranges of percentages exhibit some amount
of similarity among the threc units other than Ganges-Brahmaputra shelf, a
closer examimation of the data reveals some subtle differences among the
different shelf units. Tn the Kakinada-Penner shelf unit, uniformly more than
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609%, of manganese is held in this leach while only at a few locations man-
ganese in the ranges of 50-— 609, and less than 509 is encountered. In the
Visakhapatnam-Kakinada shelf unit, the leaches of the acid reducing mixture
are characterised by the presence of manganese in the higher two ranges, i.e.
greater than 609, and 50 — 609, predominantly. Manganese in the range of
less than 509, is encountered only at a few locations. In the Penner-Calimere
Point shelf, the leaches are characterised by the presence of high as well as
low percentages of manganese (greater than 609, and less than 50%) and both
the ranges are evenly distributed in the area. Leaches having manganese in
the range of 50 — 60%, are encountered only at a few places. In the Ganges-
Brahmaputra shelf. the manganese content of the leaches in general is less
than 509 of manganese held in the bulk samples. Further, the percentages
of the element associated with the leaches of the nearshore clays are rela-
tively high compared to those associated with the leaches of the clays in the
slope region. However, in the case of sandy sediments of the Penner-Calimere
Point shelf, the percentages of the element held in the leaches are compara-
tively low as compared to those in the leaches of the clayey sediments and
semetimes they arc either equal to or lower than those held in the HC
soluble/insoluble fractions.

As regards the partition between HCI soluble and insoluble fractions.
with a few exceptions here and there, manganese held in the insoluble frac-
tions is always less than 259 of the manganese content of the bulk samples.
In the HCI soluble leaches, the mangancse content shows differences from one
shelf vait to the other. In the Ganges-Brahmaputra shelf, in general the
leaches contain manganese between 15 and 509, In the Visakhapatnam-
Kakinada shelf unit, it occurs in two ranges 25— 509 and less than 259,
and both the ranges are evenly distributed im the area. In the Kakinada-
Penner shelf unit, the manganese content is predominantly below 259 of the
content of the bulk samples. At a few places, although manganese content in
the range of 25 —509%, is encountered, in the Penner-Calimere Point shelf
unit, the leaches are characterised by a higher content of manganese (25—50%)
although at a few locations lower percentages of the element (loss than 259;)
are registered,

Zinc and Copper: The ranges of percentage contributions' made by
different chemical fractions of the sediments in the different shelf units to the
bulk concentrations of Zn and Cu are given in Table 111. Apart from this,
the table also gives the number of samples which fall in each range to eva-
luate which particular range predominates in a given shelf unit. An analysis
of the table shows the following partition pattern for these two elements.

Zinc: As can be seen from the table, the percentage contribution
made by the HCI insoluble fraction to the bulk zinc concentrations is less
than 25% in the case of northern three units. In marked conmtrast, in the
Penner-Calimere point shelf unit the percentage contribution made by this
fraction are slightly higher (25 — 50%,) and followed next in decreasing erder
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by less than 25% range. In the HCI soluble fractions the percentage contri-
butions in the range of 25509 dominate over other ranges. As regards
the contributions made by the acetic acid-hydroxylamine hydrochloride leaches
the percentage contributions are evenly distributed beetween less than 259,
and 25 —509, ranges in the southern two units (Kakinada-Penmar and
Penner-Calimere Point shelf unit) while in the Visakhapatnam-Kakinada shelf
unit 25— 50% range dominate over other ranges. in the Ganges-Brahma-
putra shelf unit the percentage contribution show wide variations in that
the values are present in all the three ranges i.e. less than 259, 25 — 509,
and 50 — 609,

It could be seen from the above that the major contribution for Zinc
concentrations in  bulk samples mainly comes from HCI soluble and acetic
acid-hydroxylamine hydrochloride leaches.

Copper: The percentage contributions made by the HCE insoluble
fractions to the concentrations in the bulk samples are broadly within the
range of 25 —509, in the case of Ganges-Brahmaputra and Visakhapat-
nam-Kakinada sheif units followed next in the decreasing order by less than
259, range. In the southern two units the percentage contributions made hy
this fraction are evenly distributed between less than 259, and 25 - 50¢}. In
the HC1 soluble fractions the percentage contributions are nredominantly in
the range of 25— 509, in the northern two units while in the southsrn (wo
units although more than 50 per cent of the samples are contributing in the
range of 25--50%, an equal number of samples contribute in  the varying
ranges (less than 259, 50-607 and greater than 609%). In so far as acetic
acid-hydroxylamine hydrochloride leaches are concerned in the southern two
units and northem most unit the contributions are vredominantly in the range
of 25-509%, while in the Visakhapatnam-Kakinada shelf unit the pereentage
~contribution in the range of less than 259, predominate over the other ranges.

DISCUSSION

The results presented in the preceding section have clearly brought out
the following facts: (1) All the clements studied have a lithogenous and non-
lithogenous component in them; (2) the percentage contributions made by the
lithogenous component to the concentrations in the bulk samples are the
highest in respect of Al and Ti followed by Fe next in the order. Among
the other elements, the percentage contributions made by the tfithogenous
component to the concentrations in the bulk samples are the lowest in tespect
of Mn while the percentage contributions in respect of the other elements
{Zn and Cu} lie in between the values for Al, Ti and Fe on the one hand
and Mn on the other hand, and (3) within the lithogenous component which
<omprises of the detrital minerals and the clay minerals, the percentage con-
tributions made by the detrital minerals are invariably higher than those con-
tributions made by the clay minerals in respect of Ti while in the case of
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Al the percentage contributions made by the clay fraction are more than the
percentage contributions made by the detrital minerals to the concentrations
in the bulk samples in the case of clayey sediments and less in the case of
sandy sediments. In respect of all other elements (Fe, Mn, Zn, and Cu) the
percentage contributions made by the clay fractions (HC1 soluble fraction) to
the concentrations in the bulk samples are invariably far higher than those
contributed by the resistant minerals contained in the HCl insoluble residues.

The distribution pattern of the elements assoc’ated with the lithogenous
component of the sediments is to a great exlent controlled by the type and
relative amounts of the various detrital minerals present in them including the
clay minerals and their provenance. A survey of the available literature
{Mallik, 1968: Venkataratnam, 1968; Mallik, 1976) shows the presence of the
following detrital minerals in the shelf region:- the heavy mineral assemblage
in the Ganges-Brahmaputra shelf region is characterised by the presence of
hornblende. tremolite/actinolite. opaques (magnetite. ilmenite, hematite, hydro-
oxides of iron and pyrites), zircon, pyroxenes, garnet, sillimanite, chlorite.
muscovite, biotite, epidote, monazite, kyanite, staurolite, etc. which are mainly
derived from the crystalline and Pre-Cambrian comvlex of the Himalayas and
the Cenozoic sediments occurring in the drainage basin of Ganges and Brah-
maputra rivers and their tributaries. In the shelf region between Visakha-
patnam and Pulicat Lake. the heavy mineral assemblage consists of garnet.
sillimanite, zircon, monazite, epidote, hornblende, pyroxenes, rutile, tourma-
line, opaques (mainly magnetite) and glauconite. This assemblage indicates
that the sediments are mainly derived from metamorphic and igneous rocks
occurring in the catchment areas of Godavari. Krishna and Penner rivers. Thus
the sediments occurring in the region north of Godavary Delta are mainly
aerived from the high rank metamorphic rocks and as such the contribution
of gneissic rocks increases near the Godavari Delta. The minerals present in
the Krishna Delta are derived mainly from gneisses, charnockites and khon-
dalites occurring in the catchment area of the Krishna river south of Krishna
Delta; in the region between Krishna and Penner, khondalites and charno-
ckites appear to have contributed a major part of the sediments while in the
region between Penner river and Pulicat Lake, the mineralogy noints to the
derivation of sediments from hornblende bearing rocks namely homblende
schists, hornblende granites and gneisses.

As regards the distribution of clay minerals. the dominant clay mineral
present in the Ganges-Brahmaputra shelf unit is illite followed by chlorite and
montmorillonite with presence of minor amounts of kaolinite (Siddiquic. 1967
Goldberg and Griffin, 1970; Venkatarathnam and Biscaye, 1973: Ramamurty
and Srivastava, 1979). Almost similar assemblage consisting of illite and mont-
morillonite, mixed layer montmorillonite and illite, and also chlorite and
kaolinite was reported by Subba Rao (1963) in the sediments off Visakhapatnam.
However, in the region further south i.e. between Kakinada and Calimere
Point, the clay mineral assemblage shows a marked change in its composition
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in that dominant clay mineral is Na+ montmorillonite followed by minor
amounts of kaolinite and illite (Seetharamaswamy, 1968; Venkatarathnam,
1968).

From the mineral contents of the sediments of the different shelf units
it could be seen that the differences in the percentage contributions made by
the lithogenous fraction to the concentrations in the bulk samples from region
to region and also within the same region are to be attributed to the diffe-
rences in the mineral assemblages obtaining in the different .regions and to the
differences in the relative abundances of the minerals from station to station
within the same shelf unit.

As regards the percentage contributions made by the non-lithogenous
fractions to the concentrations in the bulk sample, in so far as Al and Ti are
concerned, they are very insignificant. It is due to the fact that these two
elements are geochemically very inactive. particularly aluminium (less than
19, exchangeable; Goldberg and Arrhenius, 1958). In respect of the other
ciements i.e. Fe, Mn. Zn and Cu, the percentage contributions made by this
fraction are very significant and require an explanation as to the manner in
which they are incorporated into the sediments and where the non-lithogenous
fraction could have been formed, whether in the marine environment or
fluvial environment.

The amounts of the elements associated with the non-lithogenous frac-
tion of the sediments represent those incorporated into the sediments in asso-
ciation with carbonate phase, Fe and Mn hydroxides of authigenic origin and
adsorption on the clay minerals. However, since all these processes cannot be
expected to operate with same intensity all over the shelf region. an effort is
made to evaluate the role of each of these processes.

Carbonate phase : Distribution pattern of caleium  carbonate in the
sediments shows that the sediments of the Ganges-Brahmaputra shelf region
and Kakinada-Penner shelf region are predominantly clastic sediments with
very low carbonate content, whereas off Chilka Lake-Kakinada coast and off
Madras-Calimere Point coast relict band of sediments with high calcium
carbonate conteni occur in the outer shelf regions. The bulk geochemistry of
sediments shows that the relict band of sediments are characterised by rela-
tively very low elemental contents as compared to the nearshore and slope
rediments. While small amounts of elemental associations with the carbonate
phase of these sediments cannot be precluded. the large differences occurring
between the clemental contents of these sediments and those with th:
nearshore and slope sediments sugeests that the carbonate phase of these sedi-
ments has only a dilution effect and is not a significant factor to be reckoned
with for the incorporation of the elements studied.

Adsorption on clays: The composition of the clay mineral assemblages,
particularly the presence of montmorillonite and illite in larger percentages is
favourable for adsorption of elements from water and their imcorporation into
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the sediments, However, 3 factors viz. (i) these clay minerals are detrital in
origin and are introduced into the marine environment through rivers/estuarine
systems, (i) they may be stripped of the trace elements adsorbed by them in
the fluvial environment to a greater or lesser extent on contact with sea water
(Xharkar. Turekian and Bertine, 1968); and (iii) high sedimentation rates
obtaining in the shelf region (Sarin, Borole and Krishnaswami, 1979; Kalesha.
Rao and Somayajulu, 1980) render them ineffective as good  adsorbers.
Studies on the concentrations of iron in the acetic acid leaches of these sedi-
ments have indicated that the iron content associated with these leaches
(which represent the amounts of the elements associated with the sediments
with carbonate phase and in adsorbed form) do not exceed 59, of the con-
centrations of iron present in the bulk samples. This supports our surmise
that the carbonate phase as well as adsorption on clays are not significant
factors for incorporation of elements into these sediments.

Iron and Manganese hydroxides: By the elimination of the above men-
tioned two factors, we are left with ferric and manganese hydroxides as the
dominant constituent of the non-lithogenous fraction contributing to the cle-
mental concentrations in the bulk samples. Colloids’ of these hydroxides can
be formed geochemically either in the marine environment or fluvial environ-
ment. In order to know where these are formed, metal/Al ratios have been
computed (Table 1V) for the elements studied in the shelf region. The ratios
obtained indicate that they vary from region to region. However, when they
are compared with the metal/Al ratios computed for the different elements

Table IV. Metal — Aluminium Ratios

St‘::)m Fe/Al Ti/Al Mn/Al Cu/Al Zn/Al

Ganges-Brahmaputra Shelf .
421 0.47 0.07 10.05 0.78 —
422 .55 0.06 6.47 0.94 1.66
423 0.55 0.06 7.89 0.55 1.77
424 0.72 0.07 11.81 0.95 1.38
425 0.65 0.07 13.00 0.98 1.44
427 0.58 0.06 7.50 0.66 1.60
428 0.58 0.06 7.18 0.67 1.52
429 0.63 0.05 7.32 0.57 2.10
430 0.66 0.06 7.65 0.75 1.58

Vishakhapatnam-Kakinada Shelf
63 0.72 0.07 §.37 0.99 1.5t
64 0.87 0.11 9.68 0.69 1.70
65 0.70 0.06 5.36 0.78 1.85
70 — 0.07 —_ 1.26 —
444 0.69 0.08 7.36 0.85 1.32
446 0.80 0.07 6.52 0.68 .67
447 1.05 0.06 10.53 12,94 4.33
448 0.88 0.06 4.88 1.46 5.95

450 0.75 0.06 6.34 1.59 2.32
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Station Fe/Al Ti/Al Mn/Al Cu/Al Zn/Al

No.

72 0.69 0.08 6.42 .97 —
459 0.71 0.09 §8.29 (.74 1.47
458 0.72 0.07 5.79 0.93 1.77
457 0.88 0.09 9.20 0.69 1.48

76 0.75 (.08 5.60 1.37 1.64
454 0.73 0,06 6.13 Q.88 1.48
453 0.79 0.07 4.79 1.03 i.71
452 0.73 0.06 4.57 1.06 1.59

75 0.97 0.08 8.53 1.16 2.34
460 (.69 .07 7.84 0.75 1.88
461 0.83 0.08 8.01 1.02 2.13
462 0.88 0.08 7.44 1.23 1.82

73 1.06 0.18 13.11 1.90 2.98
463 0.88 0.08 2.12 1.26 1.94
464 0.78 0.07 7.67 1.14 —

Kakinagda-Penner Shelf

14 2.27 0.25 34.57 4.07 4.57

81 0.99 0.10 7.66 1.61 1,95

82 0.92 0.11 15.57 2.06 1.52
468 1.11 0.16 15.03 2.03 2.66
466 1.10 0.11 13,61 2.10 222
469 0.95 0.14 12.26 1.83 1.9]
472 1.05 0.13 13.40 2.43 1.56

83 0.97 0.11 10.85 2.00 2.23
475 1.09 0.15 15.20 2.00 1.77

37 .96 0.12 9.24 2.18 2.49
476 1.05 0.13 14.14 1.68 1.62

86 0.92 0.10 9. 59 1.52 2.26
477 1.00 0.13 11.66 1.67 1.48

84 1.05 0.14 12.23 . 2.22 —
478 0.97 Q.11 .98 2.06 2.37
479 i.10 g.17 13.97 2.41 1.37
480 1.16 0.14 20.75 2.61 2.28
481 0.97 0.10 17.50 2.22 1.83
482 1.00 0.13 12.45 1.97 1.60

91 0.97 0.10 9.50 2.04 1.75

96 0.98 .11 : °.50 2.26 1.75

2 1.05 0.11 11.41 1.74 1.88
496 0.90 0.11 10.49 1.64 1.96
483 0.97 0.11 11.14 2.26 2.60
493 0.86 0. 10 9.34 1.62 2.08
484 .90 0.10 10. 20 1.62 1.80)
497 1.03 0.13 12.09 1.84 1.93
491 2.98 0.39 45.55 —_ 6.86
485 .67 0.07 6.61 1.22 1.56
490 0.84 0.12 8.76 1.23 1.94
488 0.93 .10 8.38 1.55 1.69
487 0.96 0.11 8.36 1.78 1.62
489 (.95 0.11 10.29 1.03 1.76

95 (.89 —_ 8.94 1.23 1.65

498 0.66 0.15 11.62 0.74 2.68%
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St‘;‘f[:f“ Fe/Al Ti/Al  Mn/Al Cu/Al Zn/Al
Penner-Calimere Point Shelf
501 1.15 0.12 10.77 2.38 3.51
502 1.00 0.11 8.17 1.50 2.51
499 1.27 0.14 14.82 1.60 3.22
102 0.26 0.02 8.55 1.61 2.9
101 2.97 0.30 25.75 5.04 7.32
503 0.83 0.10 7.37 1.54 2.39
504 1.64 0.17 18.07 2.87 4.31
505 1.04 0.12 8.88 1.88 3.72
103 0.7 0.09 — - —
104 0.93 0.12 11.10 1.07 2.44
506 0.69 0.17 7.11 0.92 5.01
507 0.9 0.09 8.00 1.90 9.27
12 0.72 0.10 5.56 1.07 2.52
si1 7.27 1.16 94.37 9.45 18.60
510 1.50 0.10 11.06 3.05 711
509 0.81 0.08 6.95 1.16 2.31
i 0.89 0.09 6.59 1.43 2.05
709 0.25 0.02 20.27 0.28 —
708 0.32 0.03 3.63 0.70 2.97
707 0.41 0.07 5.14 1.32 2.25
13 0.62 0.07 6.50 0.68 1.20
114 1.87 0.09 7.20 1.68 4.45
700 0.56 0.04 6.77 0.56 3.16
701 0.67 0.05 7.20 0.62 2.32
119 0.9 0.06 9.07 1.36 5.02
118 0.74 0.07 6.27 0.89 1.85
697 0.70 0.56 4.97 1.04 2.05
698 0.73 0.02 5.69 0.94 2.07
693 0.76 0.06 4.90 0.9 1.60
692 1.26 0.14 29.10 1.15 4.58
120 0.79 0.09 8.76 0.91 1.95
691 0.64 0.17 15.85 2.05 3.61
690 0.73 0.06 10.32 1.13 2.47
689 1.25 0.24 18.47 1.14 6.33
688 2.04 1.09 42.85 0.89 7.62
687 0.72 0.07 5 14 1.45 1.79
121 1.29 0.05 3.12 47.55 7.67
686 0.90 0.07 4.80 1.47 2.06
125 0.66 0.06 2.75 1.01 2.18

from the fluvial environment from the limited data available (Martin and
Meybeck, 1979; Sarin, Borole and Krishnaswami, 1979), the metal/Al ratios
of the different regions are found to be similar to the ratios obtaining in the
adjacent river systems. This clearly shows that the colloids of Fe and Mn
hydroxides which are capable of adsorbing the trace elements from the solu-
tions in the environment are formed in the fluvial environment, transported
through the estuarine systems without any modification along with their ad-
sorbed elements and are deposited in the marine environment. Subbarao
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(1962) established that mangancse is supplied to the shelf region from the land
in association with finer fractions of the sediments (silts and clays).

The bulk geochemistry of the sediments shows considerable variations
from region to tegion and also within the same region. These could be as-
cribed to (1) textural differences, (2) the relative contributions made by the
lithogenous and non-lithogenous fractions of the sedimenis to the elemental
concentrations in the bulk samples, (3} dilution by the calcium carbonate
content and (4) association of some of these elemems with important con-
stituents of sediments like organic matter. While this is so, the relatively low
concentrations of Mn encountered in the slope regions compared to those in
the nearshore regions could be attributed to the reduction of manganese from
higher valency state to the lower valency state due to the reducing environ-
ment obtaining in the slope region. At the same time, the higher concenira-
tions of other elements like Zn, and Cu in these sediments could be attri-
buted to the high organic matter content present in the slope sediments
(Subbarao, 1960). All the findings reporied here are supported to a large
extent by the inter-relationships obtaining among the elements Al Fe, Ti.
Mn, Zn and Cu.
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