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Sediment samples collected from different parts of the lake between Cochin and Alleppey have
been studied for their organic matter content in relation to the distribution pattern of the sedi-
ments and the hydrographical features of the lake. The organic matter content varies from
0-1 to 6-09 (av. 2-559,). It follows broadly the distribution pattern of the sediments in that the
fine-grained sediments (silty clays and clayey silts) have higher organic matter content than
the sands and silty sands. While this is broadly so, the fine-grained sediments in the estuarine
region have relatively higher organic matter content than their counterparts in the other parts

of the lake.
organic production of the waters.

that are present along the Kerala coast,

Vembanad Lake, extending from Crangannore
in the north to Alleppey in the south in the central
part of the Kerala coast, is the largest. In recent
years, considerable amount of work has been car-
ried out on the waters of this lake between Cochin
and Alleppey and a good amount of information is
available on the physical, chemical and biological
aspects of these waters. But no information is
available on the nature of the bottom sediments,
their mineralogy, and chemistry. Hence, a com-
prehensive study of the sediments of this lake be-
twecn Cochin and Alleppey has been initiated and
the present paper gives a brief account of the
organic matter content of the sediments in relation
to the distribution pattern of the sediments and the
hydrographical factors.

AMONG the numerous lagoons and estuaries

Description of the Area

Vembanad Lake is a coastal lagoon bordered on
its west by the Arabian Sea and separated from it
by a barrier beach. In the area under study, it is
about 65 km long and has an area of 20461 hect-
ares. It has a perrnanent connection with the sea
at Cochin. Three major rivers, viz. Pamba, Mani-
mala and Achankoil, debouch into the lake at its
southern end at different points (not shown in the
map). Another major river Muvattipuzha with
its branch Ittupuzha joins it midway between
Cochin and Alleppey. Apart from these major rivers,
a number of small rivers flow into the lake at diffe-
rent points. In the northern half of the lake (north
of Vaikam), there are a number of subsidiary channels
which are separated from one another by sand bars
which have been described by Vaidyanathan! as
ancient beach ridees. The barrier beach and these
sand bars (ridges) have rcughly the same trend—
NNW-SSE.

The depth as well as the width of the lake varies
from region to region. In the channels on either
side of Willingdon Island on which the harbour is
situated, a depth of about 12 m is maintained by

This has been traced to the differences

in the hydrographical features and the

dredging for the passage of the ships. In al other
areas of the lake, the depth varies between 1-5 and
6 m

The presence of the harbour and the influence of
land make the region around Willingdon Island
highly polluted. In the south where the lake
attains its maximum width, the eastern half has been
reclaimed for irrigation purposes and bunds have
been constructed. This region which appears as
a single sheet of water in the map is now traversed
by a network of canals passing through the different
blocks of the reclamed area. At Tannirmukham
where the lake has its minimum width, a barrage is
being constructed to prevent the incursion of salt
water into the southern region so that more area
could be brought under reclamation. Dredging is
done at a number of places for the exploitation of
subsurface shell deposits.

M ethods

During November-December 1969, bottom  sedi-
ment samples were collected from the different parts
of the lake and Muvattipuzha and Ittupuzha rivers
at close intervals using a Van Veen grab. |n 4l
about 2.50 samples were collected and the locations
of the stations are shown in Fig. 1. Observations
regarding cclour, odour, etc., of the sediments were
made immediately after collection.

In the laboratory, each sample was thoroughly
mixed and representative sample taken and dried
in the hot air oven arcund 70°C. Then a portion
of the sample was taken for grain size analysis and
the other portion pulverized for chemical analysis.
The portion used for the chemical anaysis was
wasted with distilled water repeatedly to remove
salts.

All the samples collected were subjected to grain
size analysis. After separating the samples into
sand and silt-clay fractions, the former was sieved
and the latter subjected to pipette apnalysis follow-
ing the method of Krumbein and Pettijchn2 From
the data, cumulative frequency curves were drawn
and the median diameter computed. The ratios
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* Fig. 1 — Sample locations in the area of study




f sand, silt and clay were caculated from the
& eight percentages and the texture of the sediments
determined based on proportions of sand, silt and
Eclay, as suygested by Shepards.

¢ Organic carbon was determined by the direct
‘method of El Waked and Riley4 and the organic
‘matter computed using a factor of [-723.

?Results and Discussion

- Grain size and texture of the sedim:nts — The
‘median diameter of each sample as obtained from
the cumulative weight frequency curve was plotted
at the corresponding sampel location on the chart
and isopleths of 4 and 8 phi were drawn (Fig. 2).

The median diameter ranges from coarser than 4
phi to finer than 8 phi. Sediments finer than 8 phi
as their median diameter (clays) are met with in the
channels on either side of Willingdon Island and
there too they have little spread. Sediments having
their median diameter in the silt range have a larger
spreading.  One zone starting frcm the southern end
of the lake extends up to a little rorth of Munro
Island. While this zone occupies the entire width
of the lake at its southern end, towards north its
width decreases and it is flanked on either side by
a zone of sand. A second zone starting from Tiru-
navankulam extends northward up to Pallipurattus-
seri, Thisis aso surrounded on all sides by a sand
zone. The third zone occurs in the subsidiary
channel west of Kumbal an?i and occupies the entire
channel except for a small portion on the eastern
margin. Another zone is associated with the clay
Zone in the channels on either side of Willingdon
Island and in the western half of the channel south
of the Island. In the rest of the lake, the floor’ is
carpeted by sediments having their median diameter
in the sand range.

The areal extent of the different sediment units
based on their texture is shown in Fig. 3. In
terms of texture, sediments having a considerable
spreading fall mainly under feur categories, viz.
sands, silty sands, silty clays and clayey silts. In
the southern half of the lake, sands are confined to
the western margin of the lake as a narrow band,
running almost all along the length of the lake. In
the northern half (north of Vaikam), starting from
a little south of Ittupuzha river mouth, sands con-
gtitute the dominant sediment unit up to the
southern end of Kumbalam Idand. They aso
occupa/ al the subsidiary channels. In contrast to
this distribution of sands, silty sands occupy a
reater area in the southern half of the lake and
ave a restricted spread in the northern half.  Silty
clays are mostly confined to the channels on either
side of Willingdon Island in association with the
clavey dilts. The last-named sediment unit has a
considerable spread in the southern end of the lake
and is surrounded by sandy silts. The other sedi-
ment units met with, namely sand-silt-clavs, sandy
silts and clayey sands, do not have any significant
spreading. The factors giving rise to this pattern
of distribution of sediments in the lake will be dedt

with elaborately ekewhere.

Organic matter --The organic matter content of
these sediments ranges from 0:10 to 6-00% (av.
2:559,). The range of values obtained for the four
major sediment units, sands, silty sands, clayey
slts and silty clays, are 0-10-2:809%,, 1-38-4-289,
2:90-6-009, and 3-30-6-009, respectively.
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Although there is a certain amount of overlap-
ﬁing of values it can be seen that finer sediments
ave higher values than coarser sediments. In
general, a decrease in median diameter was accom-
nanied by an increase in the organic matter content.
This is in agreement with the findings of several
workers*‘. The average values of organic content
for sands, silts and clays of this area are 1:42, 3-55
and 4-809/, respectively while the average values re-
ported for sand, silt” and clay for the nearshore
sediments of many parts of the world are 1, 2 and
49/, respectively®,

Fig. 4 is an isopleth map of organic matter in the
sediments of the lake. In Muvattipuzha and Ittu-
puzha rivers and some subsidiary channels where
samples were collected from the centre only, the
values of organic matter obtained are recorded at
those station locations. It can be seen from this
fifgure that in the northern half of the lake (north
of Vaikam) values between 4 and 69/, are confined
to (i) the channels on either side of the Willingdon
Island, (ii) the western half cf the channel west of
Kumbalangi. Values below 199 and between 1 and
2907 are mostly confined to (i) Ittupuzha and Muvat-
tipuzha rivers, (ii) al the subsidiary channels other
than the one west of Kumbaangi, (iii) the region
starting from a little south of Ittupuzha river and
extending up to southern end of Kumbalam and
(iv) western half of the lake east of Perumbalam
Island. In the rest of the area, values between 2
and 49/, occur with a little amount of overlapping.
In the southern half of the lake values between 3
and 4% and 2 and 39, are mostly confined to the
southern end of the lake. Values between 2 and
39/, are also met with in the region starting from a
little west of Kari river mouth and extending for
afew miles northward. Vaues below 19 are con-
fined to the sand zone running along the western
margin of the lake north of Tanuirmukham. In
the rest of the area, values between 1 and 29/
occur. It should, however, be mentioned here that
in the sand zone running along the western margin
of the lake south of Tannirmukham aso, values
more than 1:509, are not recorded.

A comparison of Fig. 4 with Fig. 3 will show that
the organic matter distribution of the lake sediments
follows broadly the sediment distribution pattern
in that the finer sediments, silty clays and clayey
sits, have higher organic matter content and the
sands have a lower organic content with the other
types of sediments sharing values in between.
While this is broadly so, a careful examination of
the data shows that clayey silts in the northern re-
gion (around Willigndon Idand) exhibit a higher
content of organic matter than their counternarts
in the southern end of {he lake

The organic matter content of the estuarine or
lagoonal sediments is dependent upon sources like
(i) from land through run off and (ii) from the
overlving waters through organic productivity and
the influence of the sea in the estuarine part. With
the presence of several rivers joining at different
points, the source from the land is evident. How-
ever, in order to understand the differences
observed in the organic matter content of the
fine-grained sediments in the estuarine region and
their counterparts in the southern end of the lake,
a discussion of the hydrographical and hydro-
boilogical features of the lake is necessary. Our
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‘krowledge of the h{drographical features of the lake
g mainly derived fom the works of Ramamirtham
and  Jayaraman?, Murty'® and Sankaranarayanan
and Qasim™. While Murty carried out his studies
up to the southern end of the lake, investigations
x carried out by other workers were confined to the
¢ estuarine part of the lake only, i.e, between Cochin
 Harbour entrance and Arakutti. These studies
indicate that from January to April/May stable
- marine conditions exist in the estuarine area with
practically no vertical gradients in the various
parameters like salinity, temperature, oxygen
etc. In the rest of the lake, there is a progressive
increase in the salinity of waters both at surface and
“bottom from month to mentt; from Janaary
to April/May the conditions change from fresh water
(in January} to marine even at the southernend of
the lake. By April/lMay ‘complete mixing takes
place. With the unset of monsoon in May/Tune,
m the estudrine part, fresh to brackish water con-
ditions exist at the surface while marine conditions
continue to prevail at the bottom with -cold and
dense high salinity water-with low oxygen content
being present. These bottom waters have been re-
cognized by Ramamirtham and Jayaraman® as up-
welled waters from the Arabian Sea, In the rest
of the lake, fresh water conditions exist at the
bottom also. With the termination of the monsoon
season (in October) and’ the decrease in the
fresh water flow, marine conditions begin to
develop quickly: in the estuarine part even at the
surface and slowly in the rest of the lake, Produc-
tivity studies in the estuarine part indicate that
phytoplankton production is uniform throughout
the vear and it far exceeds the zooplankton pro-
duction®®, Typical marine conditions being pre-
sent in the rest of the lake-for a month or two only,
it is conceivable that the area may be much less pro-
ductive than the estuarine region. Hydrebiological
surveys conducted by Devassy and Gopinathan??
up to Alleppey before and during monsoon support
this conclusion. . ) o
In view of the conditions mentioned above, it is
understandable that the fine-grained sediments in
the estuarine region have a higher content of organic
matter. Although fine-grained sediments are also
present in the southern end of the lake and there
Is a good supply of material from the land,. the shal-
lowness of the lake, the hi%h dissolved oxygen con-
tent of the waters throughout the }/ear and high
water temperatures (27° to 32°C) 'of both the sur-
faceand bottom waters may aid in the destruction
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of organic matter by oxidation rather than preserva-
tion of it in these sediments. The brown colotix, of
these sediments in contrast to the greenish black
colour of the estuarine sediments lends support to
this conclusion.

A comparative study of the organic matter con-
tent of these sediments with that of the adjacent
shelf and slope regions4 indicate that they compare
favourably. .with them. A comparison made with
the sediments of the Chilka Lake on the east coast
of India shcws that, in general, the sediments of
Vembanad Lake have a higher Percentage of organic
matter than the sediments of Chilka Lake. The
average organic meatter content of Chilka Lake is
1389 (ref. 15) which is much lower than the aver-
age Tor Vembanad Lake (2-55%,).

Acknowledgement

The authors wish to express their deep gratitude
to Dr N. K. Panikkar, Director, for his encourage-
ment. They also wish to express their thanks to
Shri R. Jayaraman, Head of Planning and Data
Division, for his helpful suggestions in the prepara-
tion of the paper.

References

1. VAIDYANATHAN, R., Inde o sixty topographic maps ilkus-
o trating specified physiographic features from India
(Andhra "University Press, Waltair), 1968, 1.

2. KRUMBEIN, W. C. & PETTIIOHN, F. ]., Manual of sedie
mentary petrography (Appleton Century-Crofts Inc.,
New York), 1938; 549.

. SHEPARD, F. P.. 7, sedim. Petrol.. 24 (1954). 151.

EL WaKEEL, S. K. & RiLEY, J. P., J. Cons. perm. int.
Explor. Mer., 22 {1957), 180: ‘

. KrRuMBEIN, W. C. & CoLDbweLL, C. T., Bull. Am. Ass
Petrol. Geol.. 23 (1939). 582.

. EMERY, K. Q. & RITTENBERG, S. C., Bull. Am. Ass

Petrol. Geol., 36 (1952). 735.

. BADER, R. G., J. mar. Res, 13 (1954), 32.

. EL WAKEEL, S. K. & WaHBY, S. D., J. sedim. Petrol., 40

(1970), 480. )

. RAMAMIRTHAN, C. P. & Javaramaw, R., J. mar. biok
Ass. India, 5 (1963), 170. _

10. Murty, P. S. N., J. Indian Geophy. Union, 2 (1965);

bk b .

11. SANKARANARAYANAN. V. N. & QasiM, S. Z., Mar. Biol.,
2 (1969), 236. .

12. QasIM, S. Z., in Marine food chains, edited by J. H. Steele
(University of California Press, Berkely and Lgs
Angeles), 1970, 45.

13. DEvaAssy, V. P. & GoprinaTHAN, C. K., Fish. Tech., 7
(1970), 190.

14. Murry, P. S. N., Reppy, C. V. G. & VARADACHARY,
V. V. R., Proc. natn. \nst. Sei. INdia, 35 (1969), 377.

15. VENKATARATNAY, K., studies on seme aspects of the sedi-
ments of Chilka Lake, 4 coastal. lagoon, D.Sec. thesis.
Andhra University, Waltair, 1967.

o om0 o PWw

51



