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Textural and physico-chemical studies of innershelf sediments off Gangolli,
west coast of India
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Textural and physico-chemical studies such as grain size, organic carbon, Ca and magnetic susceptibility
of sediments of the innershelf off Gangolli have been carried out. The sediments are clayeysilt and siltyclay in
texture. They are well-sorted, negatively skewed and leptokurtic. Multigroup descrimination analysis sugg-
ests that these sediments are derived from shallow marine origin by saitation and suspension. The amount of
organic carbon and Ca ihcreases with the depth. Organic carbon has positive correlation with Ca. The
magnetic susceptibility(Xm) shows high values and has the positive correlation with mean size (Mz).

Study of sediment characters like texture, magnetic
susceptibility, organic carbon and Ca content gives
an important information on depositional environ-
ments. Some of these sediment characteristics do also
play an important role in the diagenesis of sediments.
Textural, physico-chemical and geochemical aspects
of the shelf sediments along the west coast have been
studied! ~¢. The sediments in the (nearshore) area
adjacent to the Gangolli estuary (the confluence of
Haladi, Chakra and Kolluru rivers at Gangolli
village is called as the Gangolli river/estuary) are
studied to know their depositional environs and the
behaviour of physico-chemical conditions in this
shallow marine domain.

Materials and Methods

Twenty seven surface sediment samples were
collected in March 1989 (premonsoon period) at
depths of 10, 20 and 30 m along the coast off Gangolli
(Coondapur) using a peterson grab. The samples
were also collected in November 1989 (postmonsoon
period) to know the textural variations. The interval
between each sample station along a particular depth
profile is 5 km (Fig. 1). Samples were washed free of
salts with distilled water and oven-dried at 60°-70°C
for over-night. Size analysis of samples was carried
out and graphic measures of sand fractions® were
calculated. Multigroup discriminant analysis® is
used to know the depositional conditions. The
organic carbon was determined!®, and organic matter
was computed by multiplying with a factor!? of 1.724.
CaCO; content was determined by treating 0.1 g of
well powdered sample (after removing the shells) with
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1N HCI. After filtering the residue, the filtrate was
made up to volume. Following Vogel'2, Mg was
precipitated with 8 M KOH and the interfering
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Fig. 1—Sample locations and bathymetry of the study area
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elements were masked with triethenolamine and
hydroxylamine hydrochloride, so that they could no
longer react with Patton and Reeders indicator or
with EDTA salt used for titration. Ca was computed
by multiplying CaCO; with a factor!? 0.4, Magnetic
susceptibility was estimated'* using a susceptibility
and hysteresis apparatus (Model RMSH-III).

Results and Discussion

Textural parameters—Average sand, siit and clay
ratios of the sediments are 14.71, 49.76 and 35.53
respectively. Most of the samples exhibit clayey-silt
texture (Table 1, Fig. 2). Most of the sand fraction that
the samples contain is distributed in 3-4 ¢ size grades.
The deposition of sand (26-70% sand content) as a
strip is in SW direction from the Gangolli river mouth
(Fig. 2A). The direction of currents is SW during this
period (March)!#15 and these currents might have

influenced the development of the sand patch. It may
be understood that the input of coarser material in to
the nearshore areca by the Gangolli river is
transported in SW direction by the bottom currents
and these coarse particles form as a sand strip away
from the river mouth as the currénts are weakened.
During the same season, another sand patch is
noticed at the NW of river mouth in the shallow
marine region. But the sand percentage in this patch is
less, and amounts only to 12-20%.

Postmonsoon textural data reveal the presence of
the sand patch in SW diréction of the river mouth in
this season (November) also but comparatively with
less sand percentage (20-43%). However, the sand
patch of the northern part has higher sand percentage
during postmonsoon period (26 to 40%) as compared
to premonsoon season (Fig. 2B). This might be due to
the effect of the currents in this season!*!5. The

Table 1—Textural parameters and eigen vectors (V,, V;) of inner shelf sediments off Gangolli

St.No. March 1989 Nov. 1989 Grain-size parameters Eigen Vectors
(depth m) Sand  Silt Clay Sand Silt  Clay M, My oy SK, K¢ \Z Vv,
"""" (Yo)======  —mmm %) m s mmmmmm e e (P)m e e
1 (30) 337 5476 4187 840 3850 5310 3.59 3.62 061 —0.64 096 21263 1.4147
2 (20) 17.50  56.10 2640 13.60 40.00 46.40 3.53 3.56 045 —032 1.41 2.3202  1.9058
3(10) 2212 61.78 16.10 10.10 50.20 39.70 3.48 3.55 052  -0.31 1.22 22587 1.7045
4 (30) 16.91 4830 3470 20.60 54.70 2530 3.71 3.70 017  -0.17 1.55 24202 2.1708
5(20) 40.86 4227 1687 28.62 4020 31.18 3.7t 3.70 0.13 0.06 1.32 2.4038 2.0194
6 (10) 6.45 6050 33.05 16.62 41.20 4218 — — — — — — —
7 (30) 9.21 4478 46.00 10.62 5500 3436 3.58 3.62 027 -041 2.15 2.5545 2.5845
8 (20) 70.18 16.69 13.12 42.60 3200 2540 348 3.57 031  —0.49 122 20754 1.7562
9 (103 4589 3571 18.40 4040 31.00 28.60 3.50 3.57 028 —042 1.46 2.2091  1.9817
10 (30) 421 44.06 51.73 10.50 5830 31.20 — - — o — — —
11 (20) 10.74 4939 39.89 20.62 4500 3438 3.64 3.65 023 -035 292 29371  3.2641
12 (10) 26.11 4630 27.59 28.60 46.40 25.00 3.43 3.57 038 —0.58 120  2.0366 1.6909
13 (30) 356 50.79 4565 6.60 56.00 3740 — — — — — — —
14 (20) 9.17 5359 3724 742 35280 39.78 3.58 3.62 027 -041 2.15 2.5545  2.5845
15 (10) 2.84 5894 3822 432 359.60 36.08 — — — — — — —
16 (30) 1.24 4872 50.04 842 59.00 3258 — — - — — — —
17 (20) 19.62 4474 3564 2642 4210 31.48 3.52 3.60 0.57 —0.63 1.41 2.2667 1.7985
18 (10) 1347 5249 3404 3960 42.00 18.40 3.70 3.70 0.14 -0.10 1.64 24779 2.2591
19 (30) 540 58.65 3595 446 68.00 2754 — — — — — — —
20 (20) 18.31 4564 3605 2662 5423 19.15 3.71 371 018 —0.14 1.82  2.5545 2.4005
21 (10) 1595 5043 33.62 30.12 4230 27.58 3.64 3.65 020 -032 232 26746 27712
22 (30) 17.29  40.69 42.02 11.62 6423 2415 13.51 3.67 0.66 —0.76 1.48 23100 1.7835
23 (20) 12.04 48.08 3988 4.62 5230 43.08 3.64 3.65 028 —0.37 3.77 3.3226  3.9627
24 (10) 1.04  62.67 3629 16.60 4526 38.14 — — — — — — —
25 (30) 0.36 5248 47.16 1142 68.00 2058 — — — — — — —_
26 (20) 131 5592 4277 992 5420 3588 — - — — — — —
27 (10) 1.96 59.15 3889 660 6500 2840 — — — — — — —
Mean 14.71 49.76 3553 17.24 5028 3248 3.59 3.63 033 -0.37 1.76 — —

119



INDIAN J MAR SCI, VOL. 20, JUNE 1991

74°l 25’ 71.°-I as’

45
7X
40’
=
35’
30’
SAND-SILT-
CLAY

ElsiLTy sanp

"= cLavey st
SILTY CLAY
SANDY SILT

3

&
\
,

\

7z.°| 25’ 30

4°L25 !

Fig. 2—Sediment distribution in the study area—(A) March 1989 and (B) November 1989

direction of currents is N-NNE in this season and the
sediment input of the Gangolli river is carried out by
currents in this direction and developed into a sand
strip. Though these sand strips are present in both the
seasons, their sand percentages vary seasonally, may
be because of the effect of transportation by currents.
The clayeysilt and siltyclay nature of the most of the
nearshore sediments also indicates the limited input
of the coarser material by Gangolli river to the
adjacent marine environment and whatever the
coarser material that is carried by rivers is largely
trapped in the estuary. The function of estuaries as
filters has been widely recognised. During the filtering
process, the estuaries trap coarse-size particles and
allow only fine particles to escape into the innershelf
area. The deposition of fine particles on the innershelf
of SW coast of India has been attributed to the
filtering efficiency of the west coast estuaries'®.
Most of the sands are moderately well-sorted to
well-sorted. Skewness values vary between —0.76
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and 0.06 ¢. All the sediments are negatively skewed
(coarse to moderate) except one sample. Kurtosis
values vary between 3.77 and 0.96 ¢ and are of
leptokurtic. The multigroup discriminant analysis
(Fig. 3) reveals that the samples were deposited in
shallow marine environment by saltation and
suspension processes.

Physico-chemical characters—Ca content varies
from 3.2 to 6.52% (Table 2). The shells, varying in
concentration from 0.1 to 6.1% (by weight), may also
be contributing to the Ca content of sediments. Ca
content increases as depth of sediment increases and
this may be due to the decrease in rate of
sedimentation at higher depths®. Ca might have been
derived into sediments from a biogenous source. Ca
shows positive correlation with organic carbon of
sediments. Organic matter varies from 3.45-8.45 %.
This is much higher than the reported!’ world
average of 2-4% and also much higher than the
average values of 1.33 % and 2.55 % for marine
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sediments off east!'® and west coasts* of India
respectively. The organic carbon content also
increases with increase in depth in the Gangolli area.
The high organic carbon content in the study area
indicates the high biological activity and low
oxygenated water that are incapable of decomposing
the organic matter!®.

Organic carbon shows positive correlation (0.31)
with ¢ mean size of the sediment which suggests the
enrichment of organic carbon in fine grained
sediments. Several investigators have noted that the
fine grained sediments generally contain higher
amount of organic carbon than the coarser ones*'5:2°.
This enrichment of organic carbon in fine grained
sediments is due to the similarity in sinking and
behaviour of finer particles and organic matter?!-22,
The positive correlation (0.27) exhibited by Ca and
organic carbon suggests the production of organic
carbon from the calcareous plankton and benthos??
Correns?? has obtained a linear relationship between
organic matter and CaCOj; and concluded that the
calcareous material contained about 0.2% organic
matter.

Magnetic  susceptibility - (Xm}—Xm of the
sediment varies from 35.623 to 74.916x107¢
emu.g . These values are higher than the reported
Xm values for surficial sediments off the west coast of
India?#25, Karbassi?> has reported an average of
10x107% emu.g™ ! for the marine sediments off
Mulki, west coast of India. Xm shows a positive
correlation (0.35) with mean size (Mz) of the
sediments suggesting the concentration of magnetic
minerals in finer sizes.

Table 2—Physico-chemical parameters of sediments off

Gangolli
St Shells CaCO; (%) Organic Magnetic
No. (wt%) (values in carbon (%) susceptibility
paranthesis (values in (Xm)
are of Ca %) paranthesis (x107¢
are of organic emu.g™!)
matter %)
1 1.20 1538 (6.15)  3.05(5.26) 52.9770
2 0.96 14.55 (5.82) 2.80 (4.83) 36.1200
3 0.85 13.10 (5.24) 2.10 (3.62) 55.1630
4 0.72 15.15 (6.06) 3.69 (6.36) 55.0924
5 0.85 13.00 (5.20) , 2.20(3.79) 56.9663
6 0.89 9.55 (3.82) 3.02 (5.21) 57.2160
7 0.87 16.00 (6.40) 4.90 (8.45) 51.7579
8 0.69 15.00 (6.00) 2.0 (3.45) 47.0526
9 0.65 13.10 (5.24) 2.26 (3.90) 42.5714
10 0.12 12.75 (5.10) 4.28 (7.38) 41.2327
11 1.25 13.50 (5.40) 3.20 (5.52) 45.6268
12 5.93 10.25 (4.10) 2.10 (3.62) 50.0880
13 0.35 12.95 (5.18) 3.06 (5.28) 51.2688
14 0.58 12.25 (4.90) 2.90 (5.00) 58.7362
15 0.12 8.00 (3.20) 2.62 (4.52) 74.9162
16 0.12 16.00 (6.40) 3.80 (6.55) 59.2599
17 9.95 13.65 (5.46) 2.69 (4.64) 53.0398
18 0.65 14.38 (5.75) 2.46 (4.24) 61.4632
19 0.10 16.00 (6.40) 3.00 (5.17) 57.4458
20 0.57 16.55 (6.62) 2.70 (4.65) 50.8894
21 2.02 14.00 (5.60) 2.98 (5.14) ~51.5900
22 6.12 14.38 (5.75) 2.68 (4.62) 48.9863
23 3.13 16.15 (6.46) 2.52 (4.34) 35.6230
24 0.11 12.80 (5.12) 2.64 (4.55) 36.5547
25 0.10 15.75 (6.30) 3.10 (5.34) 49.2110
26 0.10 11.00 (4.4) 2.68 (4.62) 45.9725
27 0.12 14.50 (5.80) 2.48 (4.28) 36.9931
Mean  1.45 13.70 (5.48) 2.89 (4.98) 50.5100

The sand patches in the study area, developed in
SW and NW directions of Gangolli river mouth, are
due to transportation of river sediments by
monsoonal currents, The study reveals high content
of organic carbon, Ca and Xm. The concentration of
organic carbon and Ca also increases as depth does,
and this can be attributed to benthic biological
productivity.
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