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Associatedwith the coupled land–ocean heating–cooling, seasonal reversal of monsoonwinds regulates hydrog-
raphy, precipitation, upwelling, fluvial influx and a host of biogeochemical processes. We evaluate the role of the
monsoon winds, fluvial discharge and currents on continental flux dynamics from advection magnitude of clays
over an anomalous high precipitation regime of the southeastern Arabian Sea. Coupledwith the intense rains and
a high fluvial discharge, we archived an elevated content of detrital clays (N41 mg l−1) during the southwest
monsoon over the b40 m water depth. The deeper waters (N40 m), however, had much reduced detrital clays
(b6 mg l−1) year round. Therefore, two distinct environments (high and low detrital clays) prevailed over the
shelf. Derived from the variations in the clays in the local riverine discharge and in the seawater loads, we
found a dominant role of the southwest monsoon winds and that of the winter and the southwest monsoon
(summer) coastal currents over the dispersal and sequestration processes. Over the inner shelf, an alongshore
(equatorward) advection and merging of several, small, fluvial plumes by the southwest monsoon winds had
sequestered most of the local fluvial discharge over the shallow region only. The outer-shelf received detritus
mostly as a result of (a) the high salinity Arabian Sea Water during the southwest monsoon, (b) through the
Bay of Bengal Water and (c) by way of aeolian supply from the Arabia and the Somalia.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Regulated by the coupled ocean–land heating–cooling, there is a
seasonal reversal in the winds over the northern Indian Ocean that is
termed as monsoon (Prell and Kutzbach, 1992). Being a regulator of
the magnitude of weathering, fluvial supply, ocean circulation and
winds, the monsoon plays a vital role upon yield, supply, dispersal and
sequestration of continental fluxes (Chauhan et al., 2006; Naqvi et al.,
2009; Rixen et al., 2009). Conventionally, the Arabian Sea has been con-
sidered to have a strong evaporation over precipitation regime (E≫ P),
and it is therefore deemed that it receives a low amount of fluvial dis-
charge (Vörösmarty et al., 1996; Yu and McCreary, 2004). The River
Indus is the only large river that debouches into the northern region
of the Arabian Sea (Fig. 1). However, because of the orographic influ-
ence by an elevated regional topographic high (the “Western Ghats”),
a narrow belt of the entire southwestern continental margin of India
has been found to receive incessant seasonal rains (2700–4800 mm)
during the southwest monsoon (SWM; Chauhan et al., 2010, 2011).
Aided by such a high precipitation and the existence of hilly terrain all
along the coast (average elevation ~2000 m), this rainfall is expected
to sustain a large fluvial discharge that carries anthropogenic load of
untreated sewage, fertilizers and insecticides from the littoral states

by way of fluvial route into the sea. Studies found elevated marine
productivity in the coastal region during the prevalence of the fluvial sup-
ply (Chauhan et al., 2011; Raghavan and Chauhan, 2012). The study of
Lückge et al. (2012) also found that marine productivity and carbon se-
questration were linked with the magnitude of detritus supply into the
Arabian Sea. There are, however, several climate regulated processes
that may supply detritus and nutrients into the Arabian Sea.

During the SWM, strong onshore winds are known to induce up-
welling over the shelf and it sustains high marine productivity (Naqvi
et al., 2009). The winter cooling is known also to supply a large amount
of nutrients (Madhupratap et al., 1996; Kumar et al., 2001). Aided by the
SWM climate, there is an intrusion of high salinity from the Arabian Sea
Water (ASW) into the Bay of Bengal by way of the West India Coastal
Current (equatorward summer coastal current; Kumar et al., 2004).
Upon the termination of the SWM, there is a reversal of winds and cur-
rent regime, and that leads to an advection of nutrient rich, low salinity
Bay of BengalWater (BBW) into the southeastern Arabian sea byway of
a poleward coastal current (known also as the East India Coastal Cur-
rent; Kumar et al., 2004). The winter coastal currents were found to
be carriers of nitrate and phosphate, and these have enhanced marine
productivity along the southeastern Arabian Sea (Kumar et al., 2004).
The southwestern continental margin of India is known to have anoxia
(Naqvi et al., 2000, 2009; Chauhan et al., 2011 and references therein).
There is a widespread use of fertilizers and insecticides in the hinter-
land, and that may enhance their import into the sea by way of the
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fluvial route. Any further augmentation in nutrient input froma distal or
a local source may therefore be a further cause of anoxia, and that may
lead to environmental degradation or fish mortality along the south-
eastern Arabian Sea. It remains pertinent, therefore, to determine detri-
tus contribution from each of the aforesaid sources to get an insight into
the processes that regulate marine biogeochemical cycle in the Arabian
Sea.

Source and dispersal pathways of continental fluxes over the Arabi-
an Sea have been investigated rather inadequately. The time series trap
data were the only archive that had estimated the role of climate on de-
trital flux dynamics over the Arabian Sea (Nair et al., 1989; Haake et al.,
1993; Rixen et al., 2009). These studies speculated that because of high
fluvial fluxes of the River Indus (aided by the seasonal rains in the hin-
terland) and seasonal upwelling, themagnitude of terrigenous flux into
the deeper regions of the Arabian Sea (N2000mwater depth) enhanced
many fold during the SWM. However, being point observations (three
traps), it is not known if the inferences drawn in these studies remain

valid for the shallow region of the continental shelf. Nor had these stud-
ies elucidated the specific source, dispersal and sequestration mecha-
nism of the detritus. Unlike the deeper regions of the Arabian Sea,
however, the continental shelf has: (a) several, closely-spaced, fluvial
discharge points, each with variable intensity; and (b) seasonal cur-
rents, upwelling, down-welling, etc. (Kumar et al., 2004 and reference
therein; Raghavan and Chauhan, 2012). Winds are known also to trans-
port aerosol dust into the Arabian Sea (Sirocko et al., 1991; Chauhan,
1996). No insight, however, has been acquired over the comprehensive
role of the monsoon specific morphodynamic agents such as rainfall,
fluvial influx, winds, and seasonal currents over dispersal or sequestra-
tion pathway of detritus that may carry micronutrients such as iron and
zinc into the shelf of the southeastern Arabian Sea.

The spatiotemporal variations in suspended particulate matter
(SPM) have been used as a proxy to estimate dispersal and sink path-
ways of fluvial fluxes in the northern Indian Ocean (Chauhan et al.,
2005, 2006, 2010, 2011; Raghavan and Chauhan, 2012). However, the

Fig. 1. Study area with sample location of the Bay of Bengal and the Arabian Sea. The mouths of the River Indus and the River Ganga–Brahmaputra are shown. BBW in the inset figure
denotes the low salinity Bay of Bengal Water (winter hydrographic coastal current), and ASW denotes the high salinity Arabian Sea Water (summer hydrographic coastal current). A
color version is available on the web.
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