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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. 



Plate I Plate 2. 

Plate 3 Plate 4 



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) indicatinq of 
strong diagenesis at depth. Also note an authiqenic 
feldspar precipitation (box in Plate 6) over quartz 
grain (with a composition of Si and Al. See Fiq. 27c 
- EDX spectrum). 

Plates 7 and 8 

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



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. Simultaneous investigations on 
various parameters and their role in the diagenesis of sediments 
is rather limited. The study also throws light to a limited 
extent on the chemical processes taking place 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 sa~vinia 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;, N03 - and SO/- and an increase in 

alkalinity NH4+, PO/- and Si02 are primarily microbially 

controlled processes. Hence, a reduction in sediment organic 

carbon, Nand P content with depth of sediment. 

Maximum utilization of O2 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 O2 and then reduction of N03 - , 

oxihydroxides of Mn and Fe and SO/-. High alkalinity is caused 

by the increase of bacterial S04 2- -reduction and NH3 + build up. 

Release of P04
3

- and precipitation of CaC03 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 NH4 +, but in upper 

oxidized zone NH4 + is inunediately converted to N02 - and N03 -. Hence 

invariably low values of NH4• are recorded in the top 

interstitial waters of the cores. The intensive nitrification 

process is revealed by high contents of N02 - and N03 - in 

interstitial waters. The required O2 for the nitrification 

process is 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 NH4+ but very low N02- 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 O2 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 S042- at this level is very high. 

Sediment P is 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 P043
- the concentration of 

Si02 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 is 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 CaC03 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 O2 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 CaC03 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 react~on 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. 
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