










































































































































































































































































































































































































































































Plates 1 and 2

Quartz grains from the surficial sediments. Note the

sharp edges and conchoidal fractures indicating
least chemical action.

Plates 3 and 4

Feldspar grains from the surficial sediments showing
sharp edges indicating less chemical action.
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Plate 4

Plate 3



Plates 5 and 6

Quartz grains from a depth of 75 cm. Note the
reaction structures (etch features, pitted surfaces,
and other un-oriented etch pits) indicating of
strong diagenesis at depth. Also note an authigenic
feldspar precipitation (box in Plate 6) over quartz
grain (with a composition of Si and Al. See Fig. 27c
- EDX spectrum).

Plates 7 and 8

Feldspar grains from a depth of 75 cm with reaction
structures.
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Plate 5 Plate 6

Plate 7 Plate 8



Plate 9

Authigenic crystals from the surficial sediments
with calcium and sulphur as composition (Calcium
sulphate).

Plate 10

Authigenic crystals at a depth of 45 cm. Composition
same as plate 9. See Fig. 27c - EDX spectrum)



Plate 9
Plate 10



Chapter 6
Summary and Conclusion

The Geochemistry of interstitial water-sediment from three
environment$ namely river, estuary and marine has been studied
with the help of 18 core sediments in order to understand the
variations of chemical processes between environments as well as
with in the sediment column. Simultaneocus investigations on
various parameters and their role in the diagenesis of sediments
is rather 1limited. The study also throws light to a limited
extent on the chemical processes taking biéce at the sediment-
water interface.

The colour of sediments vary between brown and olive green.
Only the top 2 cm of the sediments are moderate brown in colour.
The sub bottom sediments of riverine sediments are grayish brown
in colour because of moderate reducing condition. On the other
hand the estuarine and marine sub-bottom sediments exhibit olive
gray colour due to intensive reducing condition. The sediments
composition reveals that silt and clay dominate in estuarine and
marine sediments. In estuarine area sandy clay predominates
while in marine area clayey sediments are abundant. Sand content
in riverine sediments are appreciable and therefore, sandyclay
and sandy mud are abundant.

The salinity of riverine interstitial waters is negligible.
The marine interstitial waters show similar salinity values as
that of the overlying waters. However, in the estuarine region,
because of dilution effect by fresh waters, low salinity values
are recorded at the top 20-25 cm level. As expected the pH of
the fresh water riverine sediments maintain a low value. The
relatively high values in the other two environments are due to
high anoxic condition. The existence of reducing condition just
below 2 to 15 cm of the sediment column is shown by very low
negative Eh values. The river sediments show moderate reducing
condition. However, high negative Eh are observed in estuarine
sediments.
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The reducing condition is due to the microbial degradation
of organic matter. The abundant organic matter is derived from
several sources such as hinterland drainage basin, coconut husk
retting, urban sewage pollution, abundant salvinia population,
high planktonic production due to high availability of nutrients
coupled with upwelling processes in estuarine and marine areas.
The microbial degradation of organic matter leads to a series of
reactions/ processes in the sediment column both at nutrient and
metal chemistry level as well as other related parameters. A
general decrease of Eh, pH, NO, , NO,” and SO,>" and an increase in
alkalinity , NH,*, PO,” and Si0O, are primarily microbially
controlled processes. Hence, a reduction in sediment organic
carbon, N and P content with depth of sediment.

Maximum utilization of O, at the sediment-water interface
or just below the top core is evidenced from very low positive
to low negative values at the surficial sediments itself. The
intensity of anoxic/ reducing condition is much severe below the
sediment column. Similarly the reducing conditions is prominent
in the estuarine region. The sharp decline of redox potential
from the top core is caused by primarily by oxidation of organic
matter first consuming O, and then reduction of NO,-,
oxihydroxides of Mn and Fe and SO,”. High alkalinity is caused
by the increase of bacterial SO, -reduction and NH,” build up.
Release of PO,’" and precipitation of CaCO, also have an effect on
alkalinity.

The sediment nitrogen shows a slight decreasing trend with
depth. Nitrogen contained in the sediments as amino acids and
organic forms on decomposition gives rise NH,", but in upper
oxidized zone NH,' is immediately converted to NO,” and NO, . Hence
invariably low values of NH,* are recorded 1in the top
interstitial waters of the cores. The intensive nitrification
process 1s revealed by high contents of NO,” and NO,” in
interstitial waters. The required O, for the nitrification
process 1is supplied by bioturbation and irrigation. The
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nitrification process is restricted to the top 10-15 cm level
only, below which denitrification process is very prominent and
therefore very high NH,” but very low NO,” at bottom interstitial
waters. The denitrification process right from the sediment-
water interface is also revealed in some estaurine and marine
cores. The denitrification process clearly indicates the
complete utilization O, in the sediment column for
remineralization of organic matter. Subsequent to
denitrification, SO, reduction takes place. so,’*- concentration
decreases rapidly with depth. However, just as nitrification,
oxidation of S takes place in some cores just below the top
layers and therefore SO,>” at this level is very high.

Sediment P 1is mainly derived from organic matter. The
relatively high p in marine and estuarine region is partly
related to increased productivity by upwelling. The sharp
increasing PO,*" concentration with depth is resulted from the
release of PO,*>” during mineralization of organic matter and
phosphorus bearing solid phases. Like PO,*" the concentration of
Si0, also increases with depth due to dissolution of diatoms.

The major and trace metals concentrations show significant
variations in accordance with the prevailing environmental
conditions. Si is relatively enriched in the river sediments due
to high sand content. In addition to detrital quartz other
contributing factors are silicate minerals and siliceous
skeleton materials. The interstitial Si is mainly originated
through the dissolution of amorphous and biogenic silica. Unlike
Si, sediment Al do not show any remarkable variations between
environments and also with depth. Alumino-silicate and clay
minerals are the controlling factors of sediment Al. Authigenic
precipitation with a feldspar composition is predicted. The
interstitial Al 1is mainly due to dissolution of detrital
feldspars.

Sediment Na and K decrease with depth. The depletion is due
to dissolution of feldspars and other silicates minerals in the
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highly reducing condition. However, in riverine core,
dissolution of Na and K are relatively less. K depletion in
interstitial water is related to adsorption onto clay minerals
and authigenic precipitation. Ca and Mg in sediments increases
with depth. Precipitation of CaCO, and the calcium sulphate are
the main causes for such a concentration at depth. Mg
concentrations at depth in the sediments are related to clay
mineral absorption.

Fe and Mn are relatively concentrated in the sediment at or
just below the sediment water interface than at depth. In
contrast, the interstitial concentration of Fe and Mn are more
in the bottom reduced zone and this build up is caused by
reduction processes of Fe and Mn. Released Fe and Mn get
oxidized at the top of the cores and reprecipitated as
oxyhydroxide phases. But in the reduced zones iron sulphides is
the prominent mode of enrichment followed by phosphates and
carbonates.

Trace metals like Cu, Co, Ni, Zn, Cd, Cr and Pb generally
follow the trends followed by Fe and Mn. Maximum dissolution of
metals takes place below the zone of 0O, maximum. But the
enrichment in the anoxic layers are attributed to their fixation
in sulphides and/or scavenging action of Fe sulphide. Contrary
to the above,Sr follows the Ca distribution pattern. Scavenging
of Sr by CaCO, and precipitation of Sr carbonate and Sr sulphide
are other possible mode of enrichment at the bottom layers of

sediment.

Partition analysis of a core reveals to a little extent the
overall mechanism of metal enrichment in different phases. Only
Mn and Zn show significant enrichment in carbonate and Fe-Mn
oxide phases. However, all the metals show relatively high
enrichment in sulphide phases. More than 50% of Cd enrichment
and about 35% of Zn are sulphide bounded. Except these two
metals other metals show a prominent lithogenic source.
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The diagenetic process operating in the sediment column as
well as at the sediment-water interface are discussed. A
generalised diagenetic model is presented. The preservation of
original surfaces of quartz and feldspar at the surficial level
indicate the least diagenesis whereas the reaction structures as
well as the precipitation of authigenic minerals having
composition of Ca and S (Calcium sulphate) and Si and Al
(Feldspar) are indications of severe diagenetic reactions at the
depth.

From the above studies it is clear that anoxic conditions
at the bottom layer of sediments and the moderately low oxic to
sub oxic nature at or below the sediment-water interface have
effected a lot in the mobilization of nutrients and sediment
geochemistry of sediments.



REFERENCES

Aller, R.C., 1980a. Diagenetic processes near the sed:iment-water
interface of Long island sound. I. Decompcsition and
nutrient element geochemistry (S,N,P). Ac-rances in
Geophysics., 22, PP 237-350.

Aller, R.C., 1980b. Diagenetic processes near the sediment-water
interface of Long island sound. II. Fe and Mn. Advances in
Geophysics., 22, PP 351-413.

Alongi, D.M., 1990. Effects of mangrove detrital outwelling on
nutrient regeneration and oxygen fluxes ia coastal
sediments of the Central Great Barrier Reef Lagocn. Estuar.
Coast. Shelf Sci., 31, pp 581-598.

Alvarez - Borrego, S., Aguiniga- Garcia,S. and Carmacho-Ibar,
V.F., 1988. A simple and inexpensive intertidzi sediment
pore water in situ sampler., Cienc.Mar.

Anirudhan,T.S., 1988. Studies on the nutrient chemistry of a
tropical estuary. Ph.D Thesis, Cochin Universi:ty of Sci.
and Tech.

Ansari, Z.A. and Rajagopal, M.D., 1974. Distribution of mud
phosphates in the Cochin Backwater. Mahasagar., 7, Nos.3&4

APHA. 1981. Standard Methods (15th ed.), American puktiic health
association, Washington., 1134p.

Arrhenius, G.0.S., 1963. In "The Sea" (M.N.Z111 ed.)
Interscience, New York., 3, 655p.

Barnes, H., 1959. Apparatus and methods of oceanogratay, Part I
Chemical. Interscience Publishers Inc., New York, 341p.

Barnes, R.D., 1974. An in situ interstitial water szmpler for
use inunconsolidated sediments. Deep-Sea Res., 2, pp 1125-
1128.

Barnes,R.D., Bertin, K.K., and Goldberg, E.D., 1975. N2/Ar,
nitrification and denitrification in southern Zalifornia
Borderland basin sediments. Limnol. Oceanogr., z2J, pp 962-
970.

Batley and Giles, 1979. Solvent displacement of sediment
interstitial waters before trace metal analysis. Water
Res., 13, pp 87¢9-886.

Becking, B.L.G.M., Kapaln, I.R., and Moore, V., 1960. Limits of
the natural environment in terms of pH and oxidation-
reduction potential. J. of Geol., 68, pp 243-224.

Belzile, N., 1988. The fate of arsenic in sedimeznzs of the



86

Laurentian trough. Geochim. Cosmochim acta., 52, pp 2293-
2382.

Bender, M.L., 1971. Does upward diffusion supply the excess
manganese in pelagic sediments?, Jour. Geophys. Res., 76,
pp 4212-4215.

Bender, M.L., and Heggie, D.T., 1984. Fate of organic carbon
reaching deep sea floor: A status report. Geochim.
Cosmochim acta., 48, pp 977-986.

Ben-Yaakov, S., 1973. pH buffering of pore water of recent
anoxic marine sediments. Limnol. Oceanogr., 18(1l), pp 86-
94 .

Berner, R.A., 1963. Electrode studies of hydrogen sulphide in

marine sediments. Geochim. Cosmochim. Acta., 27, pp 563-
575.

Berner, R.A., 1964. Distribution and diagenesis of sulfur in
some sediments from Gulf of California. Mar. Geol., 1,
pp 117-140.

Berner, R.A.,1966. Diagenesis of carbonate sediments:

interaction of Mg from seawater with mineral gains.
Science., 153, pp 188-191.

Berner,R.A., Scott, M.R. and Thomlinson, C
Oceanogra. 15., pp 544-549.

- 1970. Limnol.

Berner, R.A., 1971. Principles of chemical sedimentology.
Mcgraw-Hill., 280p

Berner, R.A., 1974. Kinetic models for the early diagenesis of

nitrogen, sulfur, Phosphorus and silicon in anoxic marine
sediments, In E.D. Goldberg (ed), The Sea, vol.5,
Wiley-interscience., pp 427-450.

Berner,R.A., 1977. Stoichiometric models for nutrients
regeneration in anoxic sediments. Limnol. Oceanogr., 22,
pp 781-786.

Berner, R.A., 1980. Early diagenesis. A theoretical approach,
Princeton University Press. Princeton, New Jersey, U.S.A.

Bertolin, A., Rudello, D and Ugo, P., 1995. A new device for in-
situ pore water sampling. Mar. Chem., 49, pp 233-239.

Billen, B. 1978. A budget of nitrogen recycling in North sea
sediments of the Belgian coast. Estuar. Coast .Mar. Sci.,
7, pp 127-146.



87

Bischoff, J.L., Greer, R.E. and Luistro, A.0., 1970. Composition
of interstitial water of marine sediments- Temperature of

squeezing effect. Science, 167, pPp 1245-1246.

Bischoff, J.L., and Ku, T.L., 1971. Pore fluids of recent marine
sediments : II. Anoxic sediments of 35 to 45 degree N
Gibraltar to mid-Atlantic ridge. J. sedim. Petrol., 41, pp
1008-1017.

Bischoff, J.L. and Sayles, F.L., 1972. Pore fluid and

minerological studies of recent marine sediments: bauer
depression region of East Pacific rise. J. Sedim. Petrol.,
42 pp 711-724.

Bonatti, E., D.E. Fisher, Joensuu Oliva and H.S. Rydell.H.S.,
1971. Post depositional mobility of some transition
elements, Phosphorus, Uranium and Thorium in deep sea
sediments, Geochimica et Cosmochimica Acta., 35, pp 189-
201.

*Bordovskiy, O.K., 1965. Mar. Geol., 3, 83p.

*Bouchard, G., 1983. Variations des parameters biogeochimiques
dans les sediments du chenal laurentien. M.Sc. Thesis.
Universite du Quebec a Rimouski., pp 161.

Bray, J.T., Bricker, O0.P. and Troup, B.N., 1973. Phosphate in
interstitial waters of anoxic sediments: Oxidation during
sampling procedure. Science, 180, pp 1362-1364.

Broocks, R.R., B.J. Presley and Kaplan,I.R., 1968. Trace elements
in the interstitial waters of marine sediments. Geochimica
et Cosmochimica Acta., 32, pp 397-414.

*Bruevich, sS.v., Pevzniak, R.M., Ponizovskaya, V.L. and
Sibiryakov, M. _
A., 1938. Compt. Rend. Acad. Sci. URSS., 21, 282p.

*Bruevich, S.V., and Vinogradova, E.G., 1940a. Dokl. Acad. Nauk
USSR., 27, 575p

*Bruevich, S.V., and Vinogradova, E.G., 1940a. Dokl. Acad. Nauk
USSR., 27, 579p

Brumsack,H.J., and Gieskes,G.M., 1983. Interstitial water trace
metal chemistry of laminated sediments from the Gulf of
California. Mar. Chem., 14, pp 86- 106

Burrows, K.C. and Hulbert, M.H., 1975. Release of heavy metals
from sediments : Preliminary comparison of laboratory and
field studies., 18, pp 382-393.



88

Calvart, S.E., and Price, N.B., 1972. Diffusion and reaction
profiles of dissolved Manganese in the pore waters of
marine sediments. Earth and planetary science letters.,
16, pp 245-249.

Chacko,T. Ravindrakumar, G.R., Meena.J.K. and Rogers, J.J.W.,
1988. Geochemistry of granulate facies- supracrustals of
Kerala Khondalite belt, south India. '‘Precambrian
Research.

Chakrapani, G.J., and Subramanian, V., 1990. Preliminary studies
on the geochemistry of the Mahanadi river basin, India,
Chem. Geol., 81, pp 241- 253.

Chen, R.F. and Bada, J.L., 1994. The fluorescence of dissolved
organic matter in pore waters of marine sediments. Mar.
Chem., 45, pp 31-42.

Chester, R. and Hughs, M.J. 1967. A chemical technique for the
separation of feromanganese minerals, carbonate minerals
and absorbed trace elements from pelagic sediments. Chem.
Geol., 2, pp 249-262.

Contreras, R., Fogg, T.R., Chasteen, N.D., Gaudette,H.E.,and
Lyons,W.B., 1978. Molybdenum in pore waters of anoxic
marine sediments by electron para magnetic resonance
spectroscopy. Mar. chem., 6, pp 365-373.

Cranston, R.E., 1983. Chromium in Casadia Basin, northeast
Pacific Ocean. Mar. Chem. Vol.13, pp 109-125.

Cronan, D.S., 1980. Underwater minerals. Academic Press, London,
pp 362.

Dalal, S.R. and Agrawal, Y.K., 1988. Trace metal studies in
extractable organic matter (EOM) and Rock samples of
Cambay basin. J. Indian chem. Soc., Vol.LXV pp 577-581

Davis, J.C., 1973. Statistics and data analysis in geology, John
Wiley and sons Inc. 550p.

de Lange, G.J., 1986. Early Diagenetic reactions in inetrbedded
pelagic and turbiditic sediments in the Nares Abyssal Plain
(Western North Atlantic): Consequences for the composition
of sediment and interstitial
water.Geochim.Cosmochim.Acta., 50, pp 2543- 2561.

de Lange, G.J., 1984a. Shipboard pressure-filtration system for
interstitial water extraction.Meded.Rijks Geol.Dienst., 3R
pp 209-214. '

de Lange, G.J., 1984b. Chemical composition of interstitial



89

water in cores from the Madeira Abyssal Plain (Eastern
North Atlantic). Meded. Rijks Geol.Dienst., 38, pp 119-207.

de Lange, G.J. Cransto24n, R.E., Hydes,D.H. and Boust, D. 1992.
Extraction of pore water from marine sediments: A review
of possible artifacts with pertinent examples from North
Atlantic. Mar. Geol., 109, pp 53-76.

de Lange, G.J., 1992. Shipboard routine and pressure-filtration
system for pore water extraction from suboxic sediments.
In:J.J.Middelburg and S .Nakashima (Editors), The
Geochemistry of North Atlantic Abyssal plains. Mar.Goel.,
109, pp 77-81.

Devassy, V.P. and Bhattathiri, P.M.A., 1979. Phytoplankton
ecology of the Cochin Backwaters. Ind. J. of Mar. Sci., 3,
pp 46-50.

Drever, J.I., 1971. Magnesium ion replacement in clay minerals
in anoxic marine sediments, Science., 172, pp 1334-1336.

Duchart, P., Calvert, S.E. and Price, N.B., 1973. Distribution
of trace metals in the pore waters of shallow marine
sediments. Limnol. Oceanogr. 18, pp 605-610.

Duff, L.G., 1981. The Loch Eil project: Effect of organic matter
input on interstitial water <chemistry of Loch Eil
sediments. J. of Exper. Mar. Bio. and Ecol., 55, pp 315-
328.

Duffy, S.J., Hay, G.W., Micklethwaite R.K.and Vanloon,
G.W., 1988. A method for determining metal species in @l
pore water, The Science of the Total Environment., 76, pp
203-215.

Dymond, J. Corliss,J.B. and Heath, G.R., Field C.W., Dasch, E.J.
and Veeh, H.H., 1973. Origin of metalliferous sediments
from sites, 319, 320B and 321. In Int. Rep. of Deep Sea
Drilling Project. 34. (Eds. R.S. Yeats and S.R. Hart).,
U.S. Govt. Printing Office.

Edmunds, W.M. and Bath, A.H., 1976. Centrifuge extraction and
chemical analysis of interstitial waters. Environ.
Sci.Tech., 10, pp 467-472.

Ehrlich, H.L., 1981. Geomicrobiology. Marcel Dekker, Newyork.,
393p.

Elwakeel, S.K., and Riley, J.P., 1957. The determination of
organic carbon in marine muds. Jour. Der. Cons. Inter.
Four. Explor. de. Mer., 22, pp 180-183.



90

Emerson, S., 1976. Early diagensis in anaerobic lakes sediments:
Chemical equilibria in interstitial waters. Geochim
Cosmochim Acta., 40, pp 925-934.

Emerson, S., Jahnke, R., Bender, M., Froelich, P., Klinkhammer,
G., Bowser, C. and Setlock, G., 1980. Early diagenesis in
sediments from the eastern equatorial Pacific I.Pore water
nutrient and carbonate results., Earth. Planet.Sci.Lett.,
49, pp 57-80.

Emerson, S.R., Grundmanis, V. and Graham, D., 1982. Carbonate
chemistry in marine pore waters-MANOP sites C and S.,
Earth. Planet. Sci. Lett., 61, PP 220- 232.

Emery, K. O. and Rittenberg. S.C., 1952. Early diagenesis in
California basin sediments in relation to origin of oil.
Bull. Of Am. Assoc. Pet. Geol., 36, pp 735-806.

Evans, R.L., Sullivan, W.T., and Li, S., 1973. Mercury in
public sewer systems. Water Sewage Works., 120 pp 74-76

Evans, D.W., Cutshall, N.H., Cross, F.A. and Wolfe, D.A., 1977.
Manganese cycling in the Newport river estuary, North
Carolina, Estuar. Coast. Mar. Sci. 5, pp 71-80.

Fanning, K.A. and Pilson, M.E.Q., 1971, Interstitial silica and
PH in marine sediment: Some effect of sampling
procedure. Science, 173, pp 1228-1231.

Fanning, K.A. and Maynard-Hensley, V.I., 1980. Oxidative changes
to nitrate and boron in marine pore waters. Nature, 287, pp
38-41.

Flanagan, F.J., 1976. Description and analysis of eight U.S.G.S.
rock standards. USGS Prof. Pap. No. 840, pp 192-220.

Friedman, G.M., Fabricant, B.P., Imbimbo, E.S., Brey, M.E. and
Sanders, J.E., 1968. Chemical changes in interstitial
waters from continental shelf sediments: Sedimentary
Petrology, 38, pp 1313-1319.

Friedman, G.M. and Gavish, E. 1970. Chemical changes in
interstitial waters from sediments of lagoonal, deltainc,

river, estuarine and salt water marsh and co
environment. J. of sedimentary petrology., 40 (3), pp 930-
953.

Froelich, P.N., Klinkhammer, G.P., Bender, M.L., Luedtke, N.A.
Heath, G.R., Cullen, D., Dauphin, P., Hammond, D., Hartman,
B. and Manard, V. 1979. Early oxidation of organic matter
in pelagic sediments of eastern equatorial Atlantic:
suboxic diagenesis. Geochim Cosmochim Acta., 43, pp



91

1075-1090.

Fuller, C.C., Davis, J.A, Cain, D.J., Lamothe, P.J. Fries, T.L.,
Fernadez, G, Vargas, J.A. and Murrillo, M.M., 1990.
Distribution and transport of sediment-bound metal
contaminants in the Riogrande de Tarcoles. Coasta Rica
(Central America). Water Research., 24, (7), pp 805-812.

Gaillard, J.F., Geandel, (., Michard, G., Nicolas, E. and
Renard, D 1986. Interstitial Water Chemistry of
Villeyfranche Bay sediments: Trace metal diagenesis.,
Marine Chemistry., 18, pp 233-247.

Gaillard, J.F., Sarazin, G., Pauwels, H., Philippe, L. and
Laveragne, D and Blake, G., 1987. Interstitial water and
sediment chemistries of lake Aiguebelette (Savoy, France).
Che. Geol., 63, pp 73-84.

Georgieve , V.M. and Stoffers, P., 1980. Surface microtextures
of quartz grains from late Pleistocene to Holocene
sediments of Persian Gulf/Gulf of Oman-an application of
scanning electron microscope. Mar. Geol., 36, pp 86-96.

Gieskes, J.M., 1973, Interstitial water studies 1leg 15 -
alkalinity, pH, Mg, Ca, Si, PO4 and NH4., Init. Rep. DSDP,
20, pp 813-829.

Gieskes, J.M., 1974. In " initial reports of the deep sea
drilling project", 20, U.S. Government printing office.
Washington D.C., pp 361.

Gieskes, J.M., 1975. Chemistry of interstitial waters of marine
sediments. Annual rev. of earth and planetary sci., pp
433-453.

Gieskes, J.M., 1983. The chemistry of the interstitial waters of
deep sea sediments : Interpretation of deep sea drilling
data. Chem. Oceano., 8, pp 222-255.

Gieskes, J.M., Blanc, G., Vrolijk, P., Elderfield, E and Barnes,
R., 1990, Interstitial water chemistry -Major elements.,
Proc.0ODP, Sci.Results., 110, pp 155-178.

Gilson, J.L., 1959. Sand deposits of Titanium minerals. Min.
Engg., 2,pp 421-429.

Goddard, E.N., Trask, P.D., De Ford, R.K., Rove, O.N.,
Singlewald, J.T. and Overbeck, R.M., 1970. Rock colour
chart. (Geol. Soc. Amer., Colorado).

Gopalan, U.K., Meenakshi Kunjamma, P.P. and Vengayil, D.T.,
1987. Macrobenthos of Vembanad estuary in relation to the



92

deposition of degraded water fern Salvinia and other
macrophytes. Proc. Natn. Semi. Estuar. Mangement .
Trivandrum., pp 410-418.

Goldhaber,M.B. and Kaplan, I.R., 1974. The sulfur cycle. In, The
Sea. vol. 5,
E.D. Goldberg, (Ed.) John Wiley and song, Newyork.

Goldhaber, M.B., Aller , R.C., Cochran, J.K., Rosenfeld, J.K.,
Martens, C.S. and Berner, R.A., 1977. Sulphate reduction,
diffusion and bioturbation in Long Island Sound sediments.
Amer.J. of Sci., 277, pp 193-237.

Goudie, A.S. and Bull, P.A. 1984. Slop process change and
colluvial deposition in Switzerland: and SEM analysis.
Earth surface processes and landform, 9, pp 289-299.

Gogate, S.S., Rao, S.R., and Shah, S.M., 1976. Elemental
concentrations in Bombay harbour sediments, IJMS., 5 pp 41-
45,

Goldberg, E. 1954. Marine Geochemistry. 1, Chemical scavengers
of the sea.,J. Geology., 62, pp 249-265.

Goldhaber, M.B., Aller,R.C., Cochran,J.K, Rossenfeld, J.K,
Martens,C.S. and Berner, R.A., 1977. Sulphate reduction,
diffusion and bioturbation in Long Island Sound sediments:
Report of the FOAM group. Am. J.Sci., 277,

pp 193-237.

Goldhaber,M.B. and Kaplan,I.R., 1974. The sulfur cycle. In The
Sea, 5 (Ed, Goldberqg).

Graham, W.F., Bender, M.L. and Klinkhammer,G.D., 1976.
Manganese in Narragansett Bay. Limnol. Oceanogr., 21, pp
665-673.

Grasshoff, K., Ehrhardt, M. and Kremling, K. 1983 Methods of sea
water analysis. Verlag Chemie, Nurnberg. 419pp.

Graybeal, A.L. and G.R. Heath, 1984. Remobilization of
transition metals in surficial pelagic sediments from the
eastern Pacific, Geochimica et Cosmochimica Acta., 48, pp
965-975.

Grundmanis, V and Murray J.W., 1977. Nitrification and
denitrification in marine sediments from Puget sound.
Limnol. Oceanogr., 22 (5) pp 804-813

Guptha, S.K. and Chen, K.Y., 1975. Partitioning of trace metals
in selective chemical fractions of nearshore sediments.
Environ. Lett., 10, pp 129-158.



93

Hammond, D.E., 1973. Interstitial water studies, Leg 15 - A
comparison of the major element and carbonate chemistry
data from sites. 147, 149 and 149. In: Heezen, B.C, and I
D MacGriger. (Eds) Initial reports of the deep sea
drilling project. vol. 20, Washington D.C., (U. S. Govt.
Printing Office)., pp 831-850

Hammond, D.E, Simpson, H.J.and Mathieu,  G. 1977. Radon
distribution and transport across the sediment water
interface in the Hudson river estuary. J. Geophys. Res.,
82, pp 3913-3920.

Hartmann, M., 1965. An apparatus for the recovery of
interstitial water from recent sediments., Deep-sea Res.,
12, pp 225-226.

Hartmann, M., Muller, E.J., Suess, E and Van Der Weijden, 1973.
Oxidation of organic matter in recent marine sediments -
" Meteor " forsch - ergeben. C, pp 74-86.

Hartmann, M., Muller, P.J., Suess,E. and Van Der Weijden, C.H.,
1976. Chemistry of Late Quaternary sediments and their

interstitial waters from the NW African continental
margin., "Meteor" Forsch. Ergebnisse., C24, 1967p.
Heggie, D., Kahn, D. and Fischer, K., 1986. Trace metals in

metalliferous sediments. MANOP Sites, M: interfacial pore
waters. Earth Planet. Sci. Lett., 80, pp 106-116.

Henrichs, S.M. and Farrington, J.W. 1980. Aminoacids in
interstitial waters of marine sediments: A comparison of
results from varied sedimentary environments. In Advances
in organic geochemistry., 1971p.

Hirst,D.M., 1962. The modern sediment from the Gulf of Paria,
Part I. The relationship between the mineralogy and
distribution of major elements. Geochim. Cosmochim. Acta.,
26, pp 309-334.

Holdren, G.R.Jr., Bricker, 0.P., III and Matisocff, G., 1975. A
model for the control of dissolved manganese in
interstitial waters of Chesapeake Bay. In:T.M.Church,
Marine Chemistry in the coastal environment.
Am.Chem.Soc.,pp 364-381.

Horowitz, R.M., Waterman, L.S. and Broecker, W.S, 1973.
Interstitial water studies leg 15, New Procedures and
equipment., Init. Rep., DSDP., 20, pp 757-763.

Hoshika, A., Takimura, O and Shiozawa, T., 1977. Determination
of Cadmium, Lead and Copper in interstitial water by anodic
stripping voltammetry, Journal of the Oceanographical



94
Society of Japan., 33, pp 161-164.

Hosomi, M and Sudo, R 1987. Nutrient concentrations in the
interstitial water of the sediments in lake Kasumigura.
Jpn. J. Limnol., 48, S$119-S129.

Imboden, D.M., 1975. Interstitial transport:of solute in non-
steady state accumulating and compacting sediments. Earth
and planetary science letters., 27, pp 221-228.

Jackson, M.L., 1958. Soil chemical analysis. Prentice Hall,
Englewood Cliffs, N.J., 495p.

Jahnke, R.A, Emerson, S.R and Murray, J.W., 1982, A model of
oxygen reduction, denitrification and organic matter
mineralization in marine sediments., Limnol.Oceanogr., 27,
pPp 610-623.

Jayasree,P and Nair, S.M., 1995. Spatial diversity of trace
metals in recent sediment of Cochin estuary (India).
Toxicological and environmental chemistry., 51, pp 243-254.

Jenne, E.A., 1968. Controls on Mn, Fe, Ni, Cu and 2Zn
concentrations in soils and water: The significant role
of hydrous Mn and Fe oxides. Adv. in chemist., 73, pp 337-
387.

Johnson, R.G., 1967, Salinity of interstitial water in a sandy
beach. Limnol. Oceanogr., 12, pp 1-7.

Josanto,V, 197l1a. The bottom salinity characteristics and
factors that influence the salt water penetration in the
Vembanad lake, Bull. Dept. Mar. Biol. Oceanogra
University Cochin., 5, pp 1-16.

Joseph, J., 1989. Studies on the Dynamics of Cochin Estuary.
Ph.D Thesis. Cochin University of Sci. and Tech.

Joseph,K.J., and Pillai, V.K. 1975. Seasonal and spatial
variation of phytoplankton. Bull. Dept. Mar. Sci. Univ.,
Cochin., VII, 1, pp 137-150.

Joseph, P.S., 1974. A preliminary survey of aquatic habitat in
the Periyar river - a tributary to the Cochin backwater
system, Jap. J. of Limnol., 35(1), pp 18-24.

Jordan, T.E. and Correll, D.L. 1985. Nutrient chemistry and
hydrology of interstitial water in brackish tidal marshes
of Chesapeake bay. Estuar. Coast. Shelf Science., 21, pp
45-55 '

Jorgensen, B.B., 1977 The sulphur cycle of a coastal marine



95

sediments (Limfjorden, Denmark) Limnol. and oceanogr., 22
(5) pp 814-832

Kalil, E.K and Goldhaber, M., 1973. A sediment squeezer for
removal of pore waters without air contact., J. Sediment.
Petrol., 43, pp 553-557.

Kamatani, A. and Takano, M., 1984. The behaviour of dissolved
silica during the mixing of river and sea waters in Tokyo
Bay. Estuar. Coast. and Shelf Sci., 19, pp 505-512.

Kastner, M. and Giesks, J.M., 1976. Interstitial water profiles
and sites of diagenetic reactions, Leg 35, DSDP,
Bellingshausen Abyssal Plain. Earth. Planet. Sci. Lett.,
331 pp 11‘20 .

Kawahata, H., Fujioka, K and Ishizuka, T. 1985. Initial reports
of the DSDP. Vol. 87. Washington (U.S.Govt. Printing
Office).

A

Klinkhammer,G.P., 1980. Early diagensis in sediments from the
eastern equatorial Pacific II. Pore water metal results.
Earth.Planet. Sci. Lett., 49, pp 81- 101.

Klinkhammer, G.P., Heggie, D.T.and Graham, D.T., 1982. Metal
diagenesis in oxic marine sediments. Earth Planet.Sci.
Lett., 61, pp 211-2109.

Klump, J.V. and Martens, C.S. 1981. Biogeochemical cycling in an
organic rich coastal marine basin- II. Nutrient sediment -
water exchange processes. Geochim. Cosmochim. Acta 45 (1) .,
pp 101-121

Klump, J.V. and Martens, C.S., 1987. Biogeochemical cycling in
an organic rich coastal marine basin. Sedimentary nitrogen
and phosphorus budgets based on kinetic models, mass
balances and stoichiometry of sediment regeneration.
Geochim. Cosmochim. Acta., 51.

Klump, J.V. and Martens , C.S. 1989. The seasonality of nutrient
regeneration in an organic - rich coastal sediment
Kinetic modelling of changing pore-water nutrient and
sulphate distributions. Limnol. Oceanogr., 34(3), pp B
577.

Koike, I. and Hattori, A., 1978. Simultaneous determination of
nitrification and nitrate reduction in coastal sediments
by a 15 N dilution technique. Appl. Environ. Microbiol.,
35, pp 853-857.

Krauskopf, K.B., 1956. Factors controlling the concentration of
thirteen rare metals 1in seawater. Geochim. Cosmochim



96

Acta., 9, pp 1-32.

Krinsley, D.H. and Donahau, J., 1968. Environmental
interpretation of sand grain surface textures by
electromicroscopy. Bull. Geol.Soc. America., 79, pp 743-
748. :

Krinsley, D.H. and Doornskamp, J.C., 1973. Atlas of quartz sand
surface textures. Cambridge University Press, Cambridge.,
91p.

Krom, M.D. and Berner, R.A., 1980. The experimental
determination of the diffusion coefficient of sulfate
ammonium and phosphate in anoxic marine sediments. Limnol.
Oceanogr., 25, pp 327-337.

Kunhikrishnan Nair, C., 1992. Chemical partitioning of trace
metals in sediments of a tropical estuary. Ph. D.,
Thesis, Cochin University of Sci. and Tech.

Lawrence, J.R., Drever, J}I., Anderson, T.F. and Brueckner, H.K,
1979. Importance of alteration of volcanic material in the
sediments of Deep Sea Drilling Site, 323. Geochim.
Cosmochim. Acta., 43, pp 573-588.

Laxmanan, P.T. Shynamma, C.S., Balchand, A.N., Kurup,P.G. and
Nambisan ,P.N.K., 1982. Distribution and seasonal variation
of temperature and salinity in Cochin backwaters.
Ind.J.Mar. Sci., 11, pp 170-172.

Lerman, A. and Weiler, R.R., 1970. Diffusion and accumulation of
chloride and sodium in lake Ontraio. Earth and Planetary
Sci., Letters, 10, pp 150-156.

Lerman, A., 1977. Migrational processes and chemical reactions
in interstitial waters. In The Sea (Ed. Goldberg)., 6, pp
695-738. Wiley.

Lewis, D.W., 1984. Practical sedimentology. Stroudsburg,
Pennsylvania, Hutchinson Ross., 229p.

Loder, T.C., Lyons, W.B., Murray, S. and McGuiness, H.D., 1978.
Silicate in anoxic pore waters: Oxidation effects during
sampling. Nature., 273, pp 373-379.

Lu, J.C.S. and Chen, K.Y., 1977. Migration of trace metals in
interfaces of seawater and polluted surficial sediments.
‘Environ. Sci. Technology., 11, pp 174-182.

Lynn, D.C. and Bonatti, E., 1965. Mobility of manganese in
diagenesis of deep sea sediments. Mar. Geol., 3, pp 457-
474 .



97

Lyons, WM.B., Wilson, K.M., Amstrong, P.B., Smith, G.M. and
Gaudette., 1980. Trace metal pore water geochemistry of
nearshore Bermuda carbonate sediments. Oceanologica
Acta., 3(3), pp 363-367.

Mackenzie, F.T. and Garrels, R.M., 1966. Chemical mass balance
between rivers and oceans. Am. J. Sci., 264, pp 507-525.

Malcolm, S.J., 1985. Early diagenesis of Molybdenum in estuarine
sediments, Marine chemistry., 16, pp 213-225.

Malcolm, S.J., Battersby, N.S., Stanley, S.0. and Brown, C.M.,
1986. Organic degradation, sulphate reduction and ammonia
production in the sediments of Loch Eil, Scotland.

Estuar. Coast. Shelf Science., 23, pp 689-670.

Mallik, T.XK, and Suchindan, G., 1984. Some sedimentological
aspects of Vembanad lake, Kerala, West coast of India. Ind.
J. Mar. Sci., 13, pp 159-163.

Mangelsdrof, P.C., Wiléon, T.R.S. and Daniell, E., 1969.
Potassium enrichment in interstitial waters of recent
marine sediments., Science, 165, pp 171-173.

Manheim, F.T and Sayles, F.L., 1974. Composition and origin of
interstitial waters of marine sediments, Based on deep sea
drilling cores., In:E.D.Goldberg (Editor), The sea, Wiley-
Interscience, New York, 5, pp 527 - 568.

Manheim, F.T., 1974. Comparative studies on extraction of
sediment interstitial waters: Discussion and comment on the
current state of interstitial water studies, Clays Clay
Miner., 22, pp 337-343.

Manheim, F.T., 1976. Interstitial waters of marine sediments.,
In:J.P.Riley and R.Chester (Editors) ., Chemical
Oceanography, Academic press, New York, pp 115-186.

Manheim, F.T., 1966. A hydraulic squeezer for obtaining
interstitial water from consolidated and unconsolidated
sediments., U.S.Geol.Surv., Ref.Pap.,550-c, pp 171-174.

Manheim, F.T., 1965. Manganese ion accumulations in the shallow
marine environment. Mar. Geochem., Proc. Symp.,
Narragansett Mar. Lab. Occas. Publ. 3, pp 217-276.

Manikoth, S. and Salih, K.Y.M., 1974. Distribution
characteristics of nutrients in the estuarine complex of
Cochin. Ind. J. Mar. Sci., 3(2), pp 125-130.

Maris, C.R.P. and Bender, M.L., 1982. Upwelling of hydrothermal
solutions through ridge flank sediments shown by pore



98
water profiles. Science., 216, 623-626.
Martens, C. S. and Klump, J.V. 1980. Biogeochemical cycling in

an organic rich coastal marine basin- I Methane sediment -
water exchange processes. Geochim. Cosmochim. Acta., 44, pp

471-49.

Marshall, J.R. 1987. Classic particles : Scanning Electron
Microscopy and shape analysis  of sedimentary and
volcanic clasts. Van Norstrand, Reinhold Company,

Neyork, 346p.

Martin. W.R., Bender, M., Leinen, M and Orchardo, J., 1991.
Benthic organic degradation and biogenic silica dissolution
in the central equatorial Pacific., Deep Sea Research., 38,
12, pp 1481-1516.

Masuzawa, T., Kato, Y., Nakashima, S. and Nagao, S., 1991. An
in-situ porewater squeezer for obtaining porewaters at
multi-depths in marine sediments., In: Proc. 3rd Int.
Symp. Adv. Nucl. Energy Res. Global environment and nuclear
energy. JAERI, Tokai, Japan, pp 258-261.

Masuzawa, T., Kanomori, S. and Kitano, Y., 1980. The reversible
effect of temperature on the chemical composition of
interstitial water of marine sediment. J. Oceanogr. Soc.
Japan., 36, pp 68-72.

Matisoff, G., Bricker 1III, O0.P., Holdren Jr., G.R. and
Kaerk,P., 1975. Spatial and temporal variations in
the interstitial water chemistry of Chesapeake Bay
sediments., Marine chemistry, pp 342-362.

Maxwell, J.A., 1968. Rock and Mineral Analysis, Interscience New
York, 584p

McMullen, E.D., 1973. Methylation of mercury in natural
sediments. Vanderbilt Univ. Environ. Water Resour. Eng.

Technol. Rep.32, pp 173-221

Morrell, J.M. and Corredor, J.E., 1993. Sediment nitrogen
trapping in a mangrove lagoon., Estuar. Coast. Shelf
Sci., 37, pp 203-212. '

Muller, G., 1969. Diagenetic changes in interstitial water of
Holocene Lake Constance sediments. Nature, 224.

Murphy, J. and Riley, J.P., 1962. A modified single solution
method for the determination of phosphate in natural
waters. Anal. Chim. Acta., 27, ‘

pp 31-36.



99

Murray, J.W. and Brever, P.G., 1977. Mechanisms of removal of
Mn, Fe and other trace metals from seawater. In Marine
Manganese Deposits. (G.P.Galsby Ed.) Pp 291-326.

Murray, J.W., Grundmanis, V. and Smethie, W., 1978. Interstitial
water chemistry in the sediments of Saanich inlet.
Geochem. Cosmochem. Acta, 42, pp 1011- " 1026.

Murray, J. and Irvine, R., 1895. On the chemical changes which
take place in the composition of sea water associated
with blue muds on the floor of the ocean. Trans. R.Soc
Edinburgh, 37, pp 481-507.

Murray, J.W., Emerson, S. and Jahnke, R., 1980. Carbonate
saturation and effect of pressure on the alkalinity of
interstitial water from the Guatemala Basin., Geochim.
Cosmochim. Acta, 44, pp 963-972.

Murthy, A.S.P and Ferrel, R.E., Jr., 1972. Comparative chemical
composition of .sediment interstitial waters. Clay
Miner, 20, pp 317-321.

Murty, P.S.N. and Veerayya, M., 1972a. Studies on the sediments

of Vembanad Lake, Kerala State, Part I, Distribution of
organic matter, Ind. J. Mar. Sci., 1, pp 45-51.

Murty, P.S.N. and Veerayya, M., 1972b. Studies on the sediments
of Vembanad Lake, Kerala State, Part II, Distribution of
phosphorous, Ind. J. Mar. Sci., 1, pp 106-115.

Murty, P.S.N. and Veerayya, M., 1981. Studies on the sediments
of Vembanad Lake, Kerala State, Part IV, Distribution of
trace elements, Ind. J. Mar. Sci., 10, pp 221-227.

Murty, P.S.N., Paropkari, A.L., Ch. Madhusudana Rao and Topgi,
R.S., 1978. Distributions o©f some elements in the
sediments of Gulf of Kutch, Ind. J. Mar.Sci., 7, pp 44-46.

Nair, P.V.R., Joseph, K.J., Balachandran, V.K. and Pillai, V.K.,
1975. A study of the primary production in the Vembanad
lake. Bull. Dept. Mar. Sci., Uni. Cochin, 7., pp 161-170.

Nair, S.M., Balchand, A.N. and Nambisan, P.N.K., 1990. Metal
concentrations in recently deposited sediments of Cochin
backwaters, India. The science of total environment.
97/98, pp 507-524.

Nakayama, E., Kuwamoto,T., Tsuruvo, S. and Fuginaga, T., 1981.
Chemical speciation of Cr in sea water, part II. Effects
of Manganese oxides and reducible organic materials on the
redox process of Cromium. Anal.Chim." Acta., 130, 401-
404 . )



100

Nath, N. B. and Madholkar, A.V., 1989. Early diagenetic
processes affecting nutrients in the pore waters of
the central Indian Ocean cores. Mar. Geol., 86, pp 57-66.

Nembrini, G., Capobianco, J.A., Garcia,J. and Jacquet,J.M.,
1982. Interaction between interstitial water and
sediments 1in two <cores of Lac Leman, Switzerland,
Hydrobiologia, 92, pp 363-375.

Nishio, T., Koike,I. and Hattori, A. 1982. Estimates of
denitrification and nitrification in coastal and
estuarine sediments. Applied and environmental
microbiology. 45 (2), pp 444-450

Nissenbaum, A., Presley,. B.J.and Kaplan, I.R., 1972. Early
diagenesis in a reducing fjord, Sanich inlet, British
Columbia- I. Chemical and isotopic changes in major

components of interstitial water. Geochemica Cosmochemica
Acta, 36, pp 1007-1027.

Nixon, S.W., Kelly, J.R., Furnas, B.N., Oviatt, C.A. and Hale,

S.S., 1980. Phosphorus regeneration and metabolism of
coastal marine bottom communities. In: K.R. Tenore and
B.C. Coull (Eds.), Marine Benthic Dynamics. University of

South California Press., Columbia, SC, pp 219-242.

*Odada, E. 0., 1986. Geochemical investigation on sediments from
the Romanche Fracture Zone, Equatorial Atlantic. Ph.D.,
Thesis., Univ. London.

Odada, E.O., 1990. Geochemistry of sediments from the Romanche
Fracture zone, Equatorial Atlantic. Marine Geology,
92, pp 291-312.

*Oppenheimmer, C.H., 1960. Geochim. Cosmochim. Acta., 19, 244.
Ouseph, P.P., 1990. Dissolved, particulate and sedimentary
mercury in the Cochin estuary, SW coast of India. In
Michaelis, W (Ed.), Estuarine Water Quality Management.

Springer Verlag, Berlin, pp 461-465.

Ovalle, A.R.C., Rezende, C.E., Lacerda, L.D. and Silva, C.A.R.
1990. Factors affecting hydrochemistry of a mangrove tidal
creek, Sepetiba Bay, Brazil. Estuar. Coast and Shelf Sci.,
31, pp 639-650.

Padmalal, D. 1992. Mineralogy and Geochemistry of the sediments
of Muvattupuzha River and Central Vembanad Estuary
Kerala, India., Ph.d Thesis, Cochin University of Sci.
and Tech. '



101

Padmalal, D. and Seralathan, P., 1991. Interstitial water
sediments geochemistry of P and Fe in sediments of
Vembanad Lake, West Coast of India. Ind. J.Mar. Sci., 20,

PP 263-266.
Padmalal, D. and Seralathan, P., 1995. prganic carbon and
phosphorus loading in recently deposited marine and

estuarine sediments- a granulometric approach. Ind. J.
Ear. Sci., 22, pp 21-28.

Painter, H.A., 1970. A review of 1literature on inorganic
nitrogen metabolism in microorganisms. Water Res., 4, pp
393-450.

Paropkari, A.L., Topgi, R.S., CH. Rao, M. and Murthy, P.S.N.,
1980. Distribution of Fe, Mn, Ni,,Co and 2n in non-
lithogenous fractions of sediments of Gulf of Kutch. Ind.
J. Mar. Sci. 9, pp 54-56.

Paropkari, A.L., 1990.. Geochemistry of sediments from the
Mangalore- Cochin shelf and upper slope of south west
India: Geological and environmental factors controlling
dispersal of elements. Chemical Geology, 81, pp 99-119.

Paul, A.C. and Pillai, K.C., 1983b. Trace metals in a tropical
river environment speciation and biological transfer.
Water, Air and Soil Pollut., 19, pp 75- 86.

Perrels, P.A.J. and Karelse, M., 1978. A two dimensional
numerical model for salt intrusion in estuaries,
hydrodynamics of estuaries and fjords, Edited by Jacques
C.J.Nihoul, Elsevier oceanography series., pp 207-215.

Perry, E.A.., Gieskes, J.M., and Lawrence, J.R., 1976. Mg,Ca and
018/016 in the sediment pore water system. Hole 149, DSDP.
Geochim. Cosmochim. Acta., 40, pPp 413-423.

Pillai, V.K., Joseph, K.J. and Keshavan Nair, A.K.K., 1975. The
plankton production in the Vembanad lake and the adjacent
waters in relation to the environmental parameters.
Bull. Dept. Mar. Sci., Cochin Univ., 7:1, pp 137- 150.

Ponnamperund, F.N., 1972. The chemistry of submerged soils. In,
advances in agronomy. 24., N.C.Brady (Ed.), Academic
Press, New York.

Poulose, K.V., and Narayanaswamy, S., 1968. The tertiaries of
Kerala coast. Mem. Geol. Soc. Ind., 3., pp 300-308.

Powers, M.C., 1957. Adjustment of land derived clays to the
marine environment., J. Sediment. petrol., 27: pp 355- 32



102

Presley, B.J. and Kaplan, I.R., 1968. Changes 1in dissolved

sulfate calcium and carbonate from interstitial water
of nearshore sediments. Geochim. Cosmochim. Acta. 32, pp
1037-1048.

*Presley, B.J., 1969. Chemistry of interstitial water from
marine sediments. Ph.D Thesis, University of California,
Los Angeles., 225p.

Presley, B.J., Brooks, R.R. and Kappel, H.M., 1967. A simple
squeezer for removal of interstitial water from ocean
sediments., J. Mar. Res., 25, pp 355-357.

Presley, B.J. and Kaplan,I.R., 1970. 1Interstitial water
chemistry in initial reports of the deep sea drilling
project, vol.4, pp 415-430.

Presley, B.J., Kolodny, Y., Nissenbaum , A. and Kaplan, I.R.,
1972. Early diagenesis in a reducing £jord, Saanich
Inlet, British Columbia - II. Trace e 1 e m e n t
distribution in interstitial water and sediment, Geochim.
Cosmochim. Acta., 36, pp 1073-1090.

Presley, B.J. and Trefry, J.H., 1980. Sediment - water
interactions and the geochemistry of interstitial
waters. Chemistry and biochemistry of estuaries edited by
E. Olausson and I. Cato., pp 187-232.

Pritchard, D.W, 1967. What is an estuary: physical view point.
Estuaries., Edited by G.H. Lauff, Amer. Ass. Adv. Sci.
Pub., Washington., 83, pp 37-44.

Purushan, K.S and Rao, T.S.S., 1974. Studies on upwelling of the
SW coast of India. Ind. J. Mar. Sci., 3, pp 81.

Qasim, S.Z. and Madhupratap, M., 1979. Changing ecology of
Cochin backwaters, contribution to marine sciences
dedicated to C.V. Kurien on the occasion o f h is
sixtieth birthday, edited by G.S. Sharma, A.Mohandas and A.
Antony., pp 137-142.

Qasim, S.Z. and Reddy, C.V.G., 1967. The estimation of plant
pigments of Cochin backwater during the monsoon months.
Bull. Mar. Sci., Gulf of Carribb., 17(1), pp 95-110.

Qasim, S.Z., Bhattathiri, P.M.A. and Abidi, S.A.H., 1968. Solar
radiation and its penetration in a tropical estuary.,
J. Exp. Mar. Ecol., 2, pp 87-103.

Qasim, S.Z. and Sankaranarayanan,V.N., 1972. Organic detritus of
a tropical estuary. Mar Biol., 15, pp 193-199.



103

Qasim, S.Z., 1979. Primary production in some tropical
environments. In marine Production mechanisms (E4.)
J.Dunbar, Cambridge University Press.

Radhakrishna, T., Thampi, P.K., Mitchell, J.G. and Balaram, V.
1989. Cretaceous Tertiary mafic dyke intrusions in
Kottayam region, South Western India, * Geochemical
implications for a continental magmatism and lithospheric
processes. Continental magmatism (Abs.) IAVCEI, New Mexico

Bureau of mines and mineral resources bulletin., 131,
pp 220-221.

Rajendran,S., Karthikeyan, P. and Seralathan,P., 1996. Heavy
mineralogical and geochemical studies of lower
Bharathapuzha sediments, Kerala, India. Jour. Geol.
Soc. of India., (In press).

Ramachandran, K.K., 1992. Texture, composition and provenance of
innershelf sediments between Narakkel and Purakkad,
Kerala with special, reference to the formation of

Mudbanks. Ph.D Thesis., Cochin Univ. Sci. and Tech.

Rantala, R.T.T. and Loring, D.H.,1975. Multi element analysis of
silicate rocks and marine sediments by atomic
absorption spectrophotometry. At. Absorb. News. Lett.,
14, pp 117-120.

Rao, C.M. and Setty, M.G.A.P., 1976. Distribution of Iron,
Manganese, Cobalt and Nickel in sediment cores of the
North eastern Arabian sea. Geol.Soc.India., 17, pp 252-261.

Ravindrakumar, G.R., Srikanthappa, C. and Hansen, E.C., 1985.
Charnockite formation at Ponmudi, Southern India.
Nature., 313, pp 207-209.

Reeburgh, W.S., 1967, An improved interstitial water sampler.,
Limnol. Oceanogr., 12, pp 163-165.

Remani, K.N., Venugopal,P., Sarala Devi, K. and Unnithan, R.V.,

1981. Sediments of retting yard. Ind. J. Mar. Sci., 10,
pp 41-44.

Ridout, P.S., 1981. A shipbourne system for extracting
interstitial water from deep ocean sediments., IOS. Rep.,
121, pp 13.

*Rittenberg, S.C., 1940. J. Mar.Res., 3, 191p.

Rittenberg, S.C., Emery, K.O. and Orr, W.L., 1955. regeneration
of nutrients in sediments of marine basins, Deep sea
research., 3, pp 23-45.



104

Rittenberg, S.C., Emery, K.O., Hulsemann, J., Degens, E.T., Fay,
R.C., Reuter, J.H., Grady, J.R., Richardson, S.H. and
Bray, E.E., 1963. Biogeochemistry of sediments in
experimental Mohole., J.Sediment.Petrol., 33, pp 140-172.

Robbins, J.A. and Gustinis, J., 1976. A squeezer for efficient
extraction of pore water from small volumes of anoxic
sediment., Limnol.Oceanogr., 21, pp 905- 90¢°.

Rosamma Philip, 1987. Studies on proteolytic bacteria in fish
spoilage. Ph.D Thesis, Cochin Univ. of Sci. and Tech.

Rozanov, A.G., Mischenoko, V.V. and Yahkichev, V.I., 1978, The
"pneumo-press” - a device for extracting interstitial
water., Oceanology., 18, pp 229-231.

Roychester., 1990. Marine Geochemistry , Unwin Evman Ltd.
London., 698p

Russel, K.L., 1970. Geochim. Cosmochim. Acta., 34. pp 893-907.

Sakata, M., Y. Kitano and E. Matsumoto, 1981. Diagenetic
behavior in Manganese in Tokyo Bay sediments, Journal of
the Oceanographical Society of Japan., 37, pp 212-218.

Sankaranarayanan, V.N., vVarma, P.U., Balachandran, K.K.,
Pylee,A. and Joseph, T., 1986. Estuarine characteristics
of the lower reaches of the river periyar (Cochin
backwater), Ind. J. Mar. Sci., 15(9), pp 166-170.

Sankaranarayanan, V.N. and Qasim, S.Z., 1969. Nutrieants of the
Cochin Backwater in relation to environmental
characteristics, Mar. Biol., 2, pp 236-247.

Sankranarayanan,V.N. and Panampunnayil, S$.U., 1979. Studies on
organic carbon, nitrogen and phosphorus in sediments of
the Cochin backwater. Ind.J. Mar.Sci., 8, pp 27-30.

Sankaranarayanan, V.N. Varma, P.U., Balchandran, K.K., Pylee, A.
and Joseph, T., 1986. Estuarine characteristics of the
lower reaches of river Periyar (Cochin backwater), Ind.
J. Mar. Sci., 15(9), pp 166-170.

Santhosh, M., 1987. Cordierite gneisses of South Kerzia, India;
Petrology, fluid inclusion and implication of uplift
history. Contrb. Min. Petrol., 97, pp 343-456.

Santhosh, M. and Drury,S.A., 1988. Alkaligranite with Pan
African affinities from kerala, S. India. J. Geol., 96, pp
616-626.

Santschi, P., Hohener, P., Binoit, G., and Brink,M.B., 1990.



105

Chemical processes at the sediment-water interface. Mar.
Chem., 30, pp 269-315.

Saraladevi, K., Jayalekshmi, K.V. and Venugopal, P., 1991.
Communities and coexistence of benthos in northern limb
of Cochin backwaters, Ind. J. Mar.Sci., 20., pp 249-254.

Saraladevi, K., 1989. Temporal and spatial wvariations in
particulate matter, particulate organic carbon and
attenuation coefficient in the Cochin backwaters. Ind. J.
Mar. Sci., 18, pp 242-245.

Sawlan , J.J. and Murray, J.W., 1983. Trace metal remobilization

in the interstitial waters of red clay and hemipelagic
marine sediments. Earth Planet. Sci. Lett., 64, pp 213-
230.

Sayles, F.L., Wilson, T.R.S., Hume, D.N. and Mangelsdorf, P.C.,
Jr., 1973a. In situ sampler for marine sedimentary
pore waters: evidence for potassium depletion and
Calcium enrichment., Science., 181, pp 154-156.

Sayles, F.L., Manheim, F.T. and Waterman, L.S., 1973b.
Interstitial water studies on small core samplers. Init.

Rep. DSDP., 20, pp 783-805.

Sayles, F.L., Mangelsdorf, P.C., Wilson, T.R.S. and Hume, D.N.,

1976. A sampler for the in situ collection of marine
sedimentary pore waters., Deep-sea Res., 23, pp 259-
264.

Sayles, F.L., and Mangelsdorf, P.C. Jr, 1976. The analysis of
S04 2- in seawater by difference chromatography.
Limnol.Oceanogr., 21, pp 899-905.

Sayles, F.L., 1979. The composition and diagenesis of
interstitial solutions. I. Fluxes across the seawater -
sediment interface in the Atlantic ocean. Geochemica et.

cosmochimica acta., 43, pp 527-545.

Sayles, F.L., 1981. The composition and diagenesis of
interstitial solutions. II. Fluxes and diagenesis at the
water - sediment interface in the high latitude North and
South Atlantic. Geochim. Cosmochim.Acta., 45, pp 1061-

1086.

Sayles, F.L., 1985. C(CaCO, solubility in marine sediments:
evidence for equilibrium and nonequilibrium behaviour.
Geochim. Cosmochim. Acta., 49, pp 877- 888

Scholl, D.W., 1963. Techniques for removing interstitial water
from coarse- grained sediments for chemical analysis.



106
Sedimentology., 2, pp 156-163.

Siever, R., Beck, K.C. and Berner, R.A., 1965. Composition of
interstitial waters of modern sediments. J. Geol., 73,
pp 39-73.

Seralathan, P., 1987. Trace element geochemistry of modern
deltaic sediments of the Cauvery river, East coast of
India. Ind. J. of Marine Sciences., 16, pp 235-239.

Seralathan, P. and Seetharamaswamy, A ., 1987. Geochemistry of
modern deltaic sediments of Cauvery River, East coast
of India, Ind. J. Mar. Sci., 16, pp 31-38.

Seralathan, P. and Hartmann, M., 1986. Molybdenum and Vanadium
in sediment cores from the NW African continental margin

and their relations to climatic and environmental
conditions. "Meteor" Forsch.-Ergebnisse., Reihe. C., No.40,
pp 1-17

Setty, M.G.A.P., and Rao, C.M., 1972. Phosphate, carbonate and
organic matter distribution 1in sediment cores off
Bombay-Saurashtra coast, India. 24th IGC, Section 8.

Sharma, G.D., 1970. Evolution of interstitial waters in recent

Alaskan marine sediments., J. Sed. Petrol., 40, pp
722-733.

Shaw, T.J., 1988. Early diagenesis of transition metals in
nearshore sediments. Ph.D. Dissertation., UCSD.

Shaw, T.J., Gieskes, J.M. and Jahnke, R.A., 1990. Early
diagenesis in differing depositional environments : the
response of transitional metals in pore water

Geochemica et Comochemica acta., 54, pp 1233-1246.

*Shishkina, O0.V., 1966. Osnovnoi sostav (General chemical
composition). In Khimiya Tikhogo Okeana, Ch.2 Khimiya
Gruntovykh rastvorov Tikhigo Okeana. Chemistry of the

Pacific Ocean. Pt.2 Chemistry of pore waters in the
Pacific Ocean) Eds, S.W. Brugewicz.

Shishkina, ©0.V. and Tsvetkov, G.A., 1978. Seperation of
interstitial waters using a cooling system.,
Oceanology., 18, pp 428-430.

Sholkovitz, E., 1973. Interstitial water chemistry of the Santa
Barbara Basin sediments. Geochim. Cosmochim. Acta., 37, pp
2043- 2073. '



107

Siever, R., Beck, K.C. and Berner, R.A., 1965. composition of
interstitial waters of modern sediments., J. Geol., 73,
pp 39-73.

Siever, R., 1962. A squeezer for extracting interstitial waters.
J. Sediment. Petrol., 32, pp 329-331.

Silverberg, N. and Sundby, B., 1990. Sediment-water interaction
and early diagenesis in the Lorentien Trough. Coastal and
Estuarine studies., 39.

*Sorokin,Y.I., 1962. Mikro Bioligiya., 3, 402p.

Stoffers, P., Glasby, G.P, Thijssen, Shrivastava, P.C. and
Melguen, M. 1981. The geochemistry of coexisting
manganese nodules, micronodules, sediments and pore
waters from five areas in the equatorial and S. W. Pacific.
Chem. Erde., 40, pp 273-297.

Strickland, J.D.H. and Parson, T.R., 1977. A practical handbook
for seawater analysis. Fisheries research board Canada
Bulletin No. 167. 2nd Edn. Ottawa., 310p.

Stumm, W. and Morgan, J.J., 1970. Aquatic chemistry. Wiley-
Interscience, New York., pp 583.

Subramanian, V., Van't Dack, L. and Van Gricken, R. 1985.
Chemical composition of river sediments from the Indian
subcontinent. Chemical. Geol., 49, pp 271-279.

Subramanian, V. and Mohanachandran, G.M., 1994. Deposition and
fluxes of heavy metal in the sediments of the
peninsular estuaries of India. Proc. heavy m e t a 1
conference, Plymouth, England.

Suess, E., Muller, P.J., Powel, H.S. and Reimers, C.E., 1980. A
closure look at nitrification in pelagic sediments.
Geochem. J., 14, pp 129-137.

Swarzenski, W.V., 1959. Determination of chloride in water from
core samples. Bull.Am.Assoc.Pet.Geol., 43, pp 1995-1998.

Tessier, A., Campbell, P.G.C. and Bisson, M., 1979. Sequential
extraction procedures for the speciation of particulate
trace metals. Anal. Chem., 51, pp 844-851

Thomson, E.A., Luoma, S.N., Caine, D.J. and Johnanson, C., 1980.
The effects of sample storage on the extraction of Cu,
Zn, Fe, Mn and organic matter from oxidized estuarine
sediments. Water Air Soil Pollut., 14, pp 215-233



108

Torstenson, D.C. and Mackenzie, F.T., 1971. Experimental
decomposition of algae in seawater and early diagenesis.
Nature., 234, pp 543-545.

Toth, D.J. and Lerman, A., 1977. Organic matter reactivity and
sedimentation rates in the ocean, A..J. Sci., 277, pp 465-
485.

Troup, B.N., Bricker, O.P. and Bray, J.T., 1974. Oxidation
effect on the analysis of Iron in the interstitial water
of recent anoxic sediments. Nature., 249, pPp 237-239.

Turner, F.T. and Patrick,Jr.,W.H., 1968. Chemical changes in
waterlogged soils as a result of oxygen depletion. Trans.
9th Int. Congr. Soil Science. (Adelaide, Austrlia.,

pp 53-65.

Vanderborght, J.P. and Billen, G., 1975. Vertical distribution
of nitrate concentration in interstitial water of
marine sediments with nitrification and denitrification.
Limnol. Oceanogr., 20: (6) pp 953- 961.

Vanderborght, J., Wollast, R and Billen, G., 1977. Kinetic
models of diagenesis in disturbed sediments. Part 1.
Mass transfer properties and silica diagenesis. Limmol.
and Oceanogr., 22 (5), pp 787-793

Vernet, J.P. and Favarger, P.Y., 1982. Climatic and
anthropogenic effects on the sedimentation and
geochemistry of lakes Bourget, Annecy and Leman.

Hydrobiologia., 92, pp 643-650.

Wakefield, S.J., 1982. Silica distribution in interstitial water
and sediments from the SE Pacific. Sed. Geol., 31,
pp 13-31.

Watson, P.G., Frickers, P.E. and Goodchild, C.M., 1985a. A
comparison of nutrients in the interstitial water of
reducing (Thamar estuary) and oxic (Carmarthen Dbay)
coastal sediments. Netherlands J. of sea research., 19

(3/4) pp 231-239.

Watson, P.G., Frickers, P.E. and Goodchild, C.M., 1985b. spatial
and seasonal variations in the chemistry of sediment
interstial waters in the Thamar estuary. Estuarine,
coastal and shelf Science., 21, pp 105-119.

Watson, P.G., Frickers, P.E. and Goodchild, C.M., 1985. Spatial
and seasonal variations in the chemistry of sediment
interstitial waters in the Tamar estuary. estuarine,
coastal and shelf science., 21, pp 105-109.



109

Waugh, B., 1965. Preliminary electron microscope study of the
development of the authigenic silica in Penrith Sandstone.
Proc. Yorkshire. Geol. Soc., 35, pp 59-69.

Waugh, B., 1970. Formation of quartz overgrowth in the penrith
sandstone (lower permian of NW England, as revealed by
scanning electron microscopy. Sedimentology., 309-320.

Weaver,C.E., 1967. The significance of clay minerals in
sediments. In: Fundamental Aspects of Petroleum
Geochemistry (B. Nagg and U. Colombo Eds.). Elsevier.,
pp 37-76.

Whitfield, M., 1969. Eh as an operational parameter in estuarine
studies. Limnol. Oceanogr., 14, pp 547-558.

Whitman, R.L. and Clark, W.J., 1982. Availability of dissolved
oxygen in interstitial waters of a sandy creek.
Hydrobiologia., 92, pp 651-658

Willey, J.D., 1978. Release and uptake of dissolved silica in
seawater by marine sediments. Mar. Chem., 7, pp 53-65.

Wilson, T.R.S., 1978. Evidence for the denitrification aerobic
pelagic sediments. Nature., 274, pp 354-356.

Wilson , T.R.S., Thomson,J. Colley, S., Hydes, D.J., Higgs, N.C.

and Sorensen, J., 1985. Early organic diagenesis, the
significance of progressive subsurface oxidation fronts
in pelagic sediments, Geochim. Cosmochim acta., 49, PP
811-822.

Yagi, A., 1990. Dissolved organic matters in the interstitial
waters of Lake Fukami-ike. Jpn. J.Limnol., 51, pp 269-
279.

Yoshida, T. and Allexander, M., 1970. Nitrous oxide formation by
Nitrosomonas europea and heterotrophic microorcanisms.
Soil Sci. Soc.Am. Proc., 34, pp 880-882

*Zobell, C.E., 1942. J. Sedi. Petrol., 12, pp 127.

Zwolsman, J.J.G., Berger, G.W. and Van Eck, G.T.M., 1993.
Sediment accumulation rate, historical input, post
depositional mobility and retention of major elements
and trace metals in salt marsh sediments of the Scheldt
estuary, S W Netherlands. Mar. Chem., 44, pp 73-94.

* not referred the original.



	Binder1_Page_001
	Binder1_Page_002
	Binder1_Page_003
	Binder1_Page_004
	Binder1_Page_005
	Binder1_Page_006
	Binder1_Page_007
	Binder1_Page_008
	Binder1_Page_009
	Binder1_Page_010
	Binder1_Page_011
	Binder1_Page_012
	Binder1_Page_013
	Binder1_Page_014
	Binder1_Page_015
	Binder1_Page_016
	Binder1_Page_017
	Binder1_Page_018
	Binder1_Page_019
	Binder1_Page_020
	Binder1_Page_021
	Binder1_Page_022
	Binder1_Page_023
	Binder1_Page_024
	Binder1_Page_025
	Binder1_Page_026
	Binder1_Page_027
	Binder1_Page_028
	Binder1_Page_029
	Binder1_Page_030
	Binder1_Page_031
	Binder1_Page_032
	Binder1_Page_033
	Binder1_Page_034
	Binder1_Page_035
	Binder1_Page_036
	Binder1_Page_037
	Binder1_Page_038
	Binder1_Page_039
	Binder1_Page_040
	Binder1_Page_041
	Binder1_Page_042
	Binder1_Page_043
	Binder1_Page_044
	Binder1_Page_045
	Binder1_Page_046
	Binder1_Page_047
	Binder1_Page_048
	Binder1_Page_049
	Binder1_Page_050
	Binder1_Page_051
	Binder1_Page_052
	Binder1_Page_053
	Binder1_Page_054
	Binder1_Page_055
	Binder1_Page_056
	Binder1_Page_057
	Binder1_Page_058
	Binder1_Page_059
	Binder1_Page_060
	Binder1_Page_061
	Binder1_Page_062
	Binder1_Page_063
	Binder1_Page_064
	Binder1_Page_065
	Binder1_Page_066
	Binder1_Page_067
	Binder1_Page_068
	Binder1_Page_069
	Binder1_Page_070
	Binder1_Page_071
	Binder1_Page_072
	Binder1_Page_073
	Binder1_Page_074
	Binder1_Page_075
	Binder1_Page_076
	Binder1_Page_077
	Binder1_Page_078
	Binder1_Page_079
	Binder1_Page_080
	Binder1_Page_081
	Binder1_Page_082
	Binder1_Page_083
	Binder1_Page_084
	Binder1_Page_085
	Binder1_Page_086
	Binder1_Page_087
	Binder1_Page_088
	Binder1_Page_089
	Binder1_Page_090
	Binder1_Page_091
	Binder1_Page_092
	Binder1_Page_093
	Binder1_Page_094
	Binder1_Page_095
	Binder1_Page_096
	Binder1_Page_097
	Binder1_Page_098
	Binder1_Page_099
	Binder1_Page_100
	Binder1_Page_101
	Binder1_Page_102
	Binder1_Page_103
	Binder1_Page_104
	Binder1_Page_105
	Binder1_Page_106
	Binder1_Page_107
	Binder1_Page_108
	Binder1_Page_109
	Binder1_Page_110
	Binder1_Page_111
	Binder1_Page_112
	Binder1_Page_113
	Binder1_Page_114
	Binder1_Page_115
	Binder1_Page_116
	Binder1_Page_117
	Binder1_Page_118
	Binder1_Page_119
	Binder1_Page_120
	Binder1_Page_121
	Binder1_Page_122
	Binder1_Page_123
	Binder1_Page_124
	Binder1_Page_125
	Binder1_Page_126
	Binder1_Page_127
	Binder1_Page_128
	Binder1_Page_129
	Binder1_Page_130
	Binder1_Page_131
	Binder1_Page_132
	Binder1_Page_133
	Binder1_Page_134
	Binder1_Page_135
	Binder1_Page_136
	Binder1_Page_137
	Binder1_Page_138
	Binder1_Page_139
	Binder1_Page_140
	Binder1_Page_141
	Binder1_Page_142
	Binder1_Page_143
	Binder1_Page_144
	Binder1_Page_145
	Binder1_Page_146
	Binder1_Page_147
	Binder1_Page_148
	Binder1_Page_149
	Binder1_Page_150
	Binder1_Page_151
	Binder1_Page_152
	Binder1_Page_153
	Binder1_Page_154
	Binder1_Page_155
	Binder1_Page_156
	Binder1_Page_157
	Binder1_Page_158
	Binder1_Page_159
	Binder1_Page_160
	Binder1_Page_161
	Binder1_Page_162
	Binder1_Page_163
	Binder1_Page_164
	Binder1_Page_165
	Binder1_Page_166
	Binder1_Page_167
	Binder1_Page_168
	Binder1_Page_169
	Binder1_Page_170
	Binder1_Page_171
	Binder1_Page_172
	Binder1_Page_173
	Binder1_Page_174
	Binder1_Page_175
	Binder1_Page_176
	Binder1_Page_177
	Binder1_Page_178
	Binder1_Page_179
	Binder1_Page_180
	Binder1_Page_181
	Binder1_Page_182
	Binder1_Page_183
	Binder1_Page_184
	Binder1_Page_185
	Binder1_Page_186
	Binder1_Page_187
	Binder1_Page_188
	Binder1_Page_189

