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i SO EH Post-glacial coral reef growth on Kodakara Island in the Northwest Pacific: the relationship
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between high-latitude reef growth and millennial-scale global climate change
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Recent studies have reported Holocene millennial-scale climate instability on a global scale. However, the relationship between
this climate variability and high-latitude coral reef growth is still unclear. This thesis describes detailed high-latitude reef growth
dynamics and their significant correlation to millennial-scale suborbital global climate variability during the Holocene, using field
observations and high-precision geologic data from three excavated trench walls and seven cores drilled on the raised reef on
Kodakara Island (29°13'N, 129°19'E). This island is located in the pathway of the Kuroshio Current in the Northwest Pacific.
Absolute accelerator mass spectrometry (AMS) radiocarbon dating was conducted on 88 fossil coral samples. Kodakara Island is
characterized by three Holocene raised reef terraces (Terraces I, II and III), approximately 9 m, 2 m, and 1 m above mean sea level,
which uplifted approximately 2.4 ka, 1-0.4 ka, and during the modern era, respectively. Three disconformities in the trenches on
Terrace I were identified, and the dating results indicate that disturbances with hiatuses in reef growth occurred at approximately 5.9
to 5.8, 4.4 to 4.0, and 3.3 to 3.2 cal yr BP. The timing of the disturbances corresponds well with the periods when the Kuroshio
Current was relatively weak and associated with a relatively cold sea surface temperature, which may have enhanced cold-winter
Asian monsoons, as well as with Holocene North Atlantic ice-rafting cold events. The coral composition clearly changed before and
after the disturbances, with gradually diminishing diversity, resulting in a reef dominated by acroporid coral. The second and third
events were associated with sea-level oscillations. The late-Holocene sea-level oscillation (LHSO) is characterized by two
oscillations: a 1.5 m fall and 0.7 m rise at 4.4—4.0 ka and a 0.8 m fall and 2.5 m rise at 3.3-3.2 ka, with relative low stand at 4-3.3 ka.
The timing of these oscillations corresponded well with the events of weakening of the Kuroshio Current and strong positive phases
of Pacific Decadal Oscillation (PDO), which is related to El Nifio Southern Oscillation (ENSO) activities. The results indicate that
the Holocene sea-level change may not have been as stable as previously estimated and may have had significant regional effects,
including affects on the pathways of major currents, such as the Kuroshio Current. The reef began to grow at least 8 ka, and it
experienced a relatively rapid vertical growth rate of 3.6-3.3 m kyr' between 8 and 6 ka, despite terrigenous sedimentation on the
reef slope. The reef started growing at landward sites and gradually extended seaward. Reef growth around the reef slope slowed
after 6 ka, which most likely correlates with the first and second hiatus events detected landward. The timing of the second hiatus
event corresponds to the onset of a period of weakening of the Kuroshio Current and to a period of increased ENSO variability. In
contrast with the reef flat, which resumed its growth after the third hiatus event, reef mound accretion on the reef slope ceased.
Terrace I was uplifted approximately 2.4 ka. Reef growth was reactivated approximately 1.3 ka, and the reef grew at a pace of 9.1 m
kyr! between 1.3 and 1 ka, the fastest growth rate recorded in this study. This period corresponds to the Medieval Climatic Anomaly.
The cause of the delayed reef growth between 2.4 and 1.4 ka remains unclear but may be attributable to a weaker Kuroshio Current
approximately 1.7 ka and to the strong ENSO activity detected for the eastern Pacific between 2 and 1.5 ka.

The results indicate that post-glacial, high-latitude reef growth was apparently affected by millennial-scale climate change. In
particular, the climate event approximately 4 ka caused the largest change in reef growth style and may have affected reefs
throughout the Pacific region.
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