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Ocean-atmosphere interactions in the tropical Indo-Pacific Warm Pool are 
fundamental drivers of the global meridional Hadley and zonal Walker 
circulations. Recent research indicates that changes in sea surface temperatures 
and atmospheric convection in this region play important roles in modulating 
global climate on interannual, decadal, millennial, and even glacial-interglacial 
time-scales. Knowing the natural bounds of past ocean-atmosphere variability in 
the Warm Pool region will enhance our ability to predict the climate in the future. 
Massive, long-lived corals are one of the only paleoclimate archives capable of 
providing high resolution records (weekly to monthly) for periods when climate 
boundary conditions were different from those of the present day. Here we 
report a 28-year-long high resolution δ18O record for a sea-level highstand during 
the penultimate deglaciation (140 to 130 ka) reconstructed from a massive 
Porites coral from the Mondu raised reefs, located southwest of Cape Laundi on 
the island of Sumba, eastern Indonesia. 
 

 
 
Fig.1 A   1.2 metre long fossil Porites coral core MV03-A-2c has been drilled from the 
Mondu V-A raised reef, 1.5 km inland from the sea. The coral is now 39 m above 
modern sea level. This coral has an average annual skeletal extention rate of 16 
mm/yr, which is typical for modern and Holocene Sumba Porites corals 
 

 



 
 
Fig.2  The present elevation of past sea level indicators in study area is shown by 
the blue curve based on a constant uplift rate of 0.49 m/ka (Pirazzoli et al. 1991). Sea 
level change (red curve) is based on data from John Chappell (Pers. Comm.) and 
Thompson and Goldstein (2005). The closed-system U/Th age for coral MV03-A-2 is 
136 ± 1.5 ka. However, because the δ234Ui is slightly high (158.8‰), we believe that 
the open-system age of 131 ka is more correct (Thompson et al. 2003). Both ages are 
in the penultimate deglatiation and are consistant with topographic surveys and 
stratigraphic analysis. 
 

 
Fig.3 A modern coral was drilled from a nearby fringing reef to establish the basis of
the coral climate reconstruction. The coral δ18O mostly reflects SST, with 
superimposition of a salinity (rainfall) signal. The Mondu coral δ18O records ENSO 
events very well, especially the winter values. During El Nino events, the winter is 
relatively dry and cool, reflected by higher δ18O values; in contrast, during La Nina 
events, the warmer/wetter winter climate is reflected by lower δ18O values. 

 

 



 
Fig.4 Coral record of the penultimate deglaciation: This coral MV03-A-2c 
δ18O record covers a 28-year period of the penultimate deglaciation climate signal, 
showing good preservation of annual cycles, and, in many years, a double peak 
indicating the seasonal development of the wet/warm summer monsoon. The double 
peak reflects the cross-equatorial movement of the Inter-Tropical Convergence Zone, 
presumably during years when monsoon rainfall is strong. 5 El Nino events are 
recognized in this record according to the drier and cooler winters. 
 

 
Fig.5 Comparison of penultimate deglaciation and Holocene coral 
records:  
a. The average δ18O for the penultimate deglaciation coral is -4.4‰, which is 0.6‰
higher than the average value of the mid-late Holocene coral and 1.0‰ higher than 
the modern coral on the Mondu reefs. Taking into account the ice volume effect, and 
assuming constant surface salinity, the shift in δ18O indicates that the SST during this 
period of the penultimate deglaciation at 131 ka was 2 oC cooler than it is today. 
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b. The average annual range in δ18O between summer and winter of this penultimate
deglaciation coral record is smaller than that in the Holocene and modern corals. This
change might result from reduction of seasonal difference in insolation or monsoon 
during that time. 
c. The fossil coral record also shows that the frequency of cooler/drier years, 
indicative o  El Nino events, was lower than today. 
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