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Abstract 

Stable isotopes of hydrogen, carbon and oxygen are used as a tool to study modern 

seawater hydrological dynamics (effect of runoff and large-scale ocean mixing) and 

to reconstruct past climate from ocean sediment cores. Significant variations in the 

Indian monsoon (IM), at intra-seasonal, annual, centennial to millennial time scales, 

are observed due to changes in the inter-hemispheric (northern and southern) 

dynamics, ice sheet extensions (glacial and interglacial) and short term climate 

processes. This thesis reports results on oceanic changes based on measurements of 

stable isotopic composition (δ18O, δD) carried out on modern seawater samples and 

inferences on IM from the stable isotopic composition (δ18O, δ13Corg, and δ15N) of 

three sediment cores over the last ~ 70 ka raised from the northern Indian Ocean 

(NIO).   

Isotopic compositions (δ18O and δD) of surface seawater samples from NIO show 

significant spatial and temporal variability. Seasonal variability in the linear δ18O ‒ 

S relation (slope and intercept) of surface waters of the NIO are observed with 

stronger δ18O ‒ S and δD ‒ δ18O relations during the winter than the spring time.     

During winter time, runoff effects dominated on the δ18O ‒ S. Substantial changes 

in the slope and intercept of δ18O-S relation for subsurface waters could be a 

characteristic of water mass dynamics in NIO. Reanalysis of large volume of 

recently published results on salinity and δ18O measurements of surface seawater 

suggests that variation in the δ18O of the eastern Arabian Sea is mainly controlled 

by the influx of low salinity water from relatively fresher Bay of Bengal through 

winter time boundary currents.  

Based on the sedimentary records from NIO, significantly strong and weak 

monsoon periods associated with the global climatic events during the last ~70 ka 

were observed. Record from the Andaman Sea sediment core shows an abrupt 

decrease in the ISM during the mid-Holocene (7-4.5 ka). During the Last Glacial 

Maximum, the Andaman Sea salinity was 2 (psu) higher than the early Holocene. 

δ18O analysis of mixed habitat planktonic foraminifera species shows significant 

variation in the stratification over the NIO during last ~ 70 ka. In contrary to the 

earlier inferences, the present work based on a compilation of high-resolution δ18O 
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foraminifera records from the eastern Arabian Sea provides evidence that the south 

Asian summer monsoon steadily declined during the Holocene. Abrupt variation in 

the δ18O values of G. ruber in response to short term climatic events were observed: 

with warm (cold) Dansgaard-Oeschger (Heinrich) events associated with relatively 

stronger (weaker) monsoon periods. The bulk sediment analysis for δ15N, δ13Corg, 

and N & Corg (wt %) infers a substantial variation in the productivity over the 

western Bay of Bengal, associated with the variability in the upper ocean 

stratification during the last ~ 16 ka. 

El-Niño Southern Oscillation (ENSO) is known to have affected IM: most of the 

severe droughts in India are associated with active ENSO periods. Given the 

heterogeneity in rainfall patterns over India, the ENSO influence on Indian summer 

monsoon has been revisited. During strong El-Niño events, the multiple isotopic 

(proxy-based) and satellite data set show a weaker summer monsoon over central 

India (CI) and relatively stronger summer monsoon over northeast India (NEI). The 

general circulation model derived δ18Orain variation over the CI during ENSO events 

mimic the weaker rainfall conditions. Since these observations were unprecedented 

and counterintuitive,  further verification from paleo-proxy records (speleothem 

cave deposits) showed a similar dipole nature of rainfall patterns over CI and NEI 

during ENSO periods, confirming observed ENSO’s role on rainfall. Both 

instrumental and paleoclimate proxy records showed a decadal variability in the 

ISM concurred with variation in the El-Niño strengths. Armed with this new 

“calibration” of δ18Orain and ENSO, we infer that the high-resolution speleothem 

records from CI an NEI based stronger (weaker) rainfall conditions over CI (NEI) 

during 1625 – 1715 AD, represents an absence of long term El-Niño or stronger La-

Niña like conditions over the central Pacific Ocean. 

Keywords: Indian Summer Monsoon, Stable isotopes, ENSO, LGM, Ocean 

stratification, Foraminifera, Deep-sea sediment, Speleothem, Bay of Bengal, 

Arabian Sea.  
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