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SUMMARY

(3 B 2 o %)

[. Title

Quaternary paleoenvironmental reconstruction in the western Arctic Ocean using

novel chronostratigraphy

[l. Purpose and Necessity of R&D

Despite advancements in research, such as increased international cooperation
and the introduction of icebreakers since the 21st century, chronostratigraphic
studies of Quaternary Arctic Ocean sediments remain contentious. This is largely
due to the poor preservation of microfossils in deep-sea Arctic Ocean sediments
and the difficulty in establishing an age model using oxygen isotopes and
paleomagnetism-methods commonly employed in other oceanic sediments-because
of post-depositional diagenesis (Polyak et al., 2009). As a result, while radiocarbon
dating using planktonic foraminifera microfossils can accurately determine the age
of sediments within a few tens of centimeters of the surface, corresponding to the
Holocene and the last glacial period in deep-sea sediments of the Western Arctic
Ocean, the age estimation of older records has remained controversial until
recently (Park et al, 2020). Furthermore, interpreting sediment records is
challenging due to glacial erosion and disturbances on the continental shelf,
submarine plateaus, and mid-ocean ridge areas of the Arctic Ocean during
Quaternary glacial periods (Adler et al, 2009). Despite these difficulties, accurate
sediment dating is crucial for reconstructing paleoenvironmental changes.

A new age model spanning the past 1 million years has been proposed by
comparing manganese content variations in deep-sea sediments from the Makarov
Basin-a border area between the Beaufort Gyre and the Transpolar Drift, which
form the main surface current systems of the Arctic Ocean-with oxygen isotope
ratios, a key indicator of global climate (Park et al., 2020). This new dating
method, developed in the Makarov Basin, will be used to analyze
paleoenvironmental indicators in deep-sea sediments to reconstruct
paleoceanographic changes in the western Arctic Ocean during the Quaternary, as
well as the history of Northern Hemisphere glaciation. The new dating method is
highly versatile, as it relies on manganese fluctuations commonly found in Arctic
Ocean sediments, making it applicable not only to the western Arctic Ocean but to

other regions of the Arctic as well. Therefore, this method will be applied to
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adjacent sediments in the western Arctic Ocean for further verification and to
establish a chronostratigraphic comparison that spans the central and eastern
Arctic Oceans, ultimately providing a clearer understanding of Quaternary
high-latitude paleoenvironmental changes in the Northern Hemisphere.

[ll.  Objectives and contents of R&D

To understand the paleoenvironmental characteristics of the Quaternary, when
global glacial-interglacial climate changes intensified, a chronostratigraphy of
deep-sea sediments in the Western Arctic Ocean, an extreme region in the
Northern Hemisphere, will be established. The same dating method will then be
applied to other deep-sea sediments in the Arctic Ocean to reconstruct
paleooceanographic changes and the history of high-latitude glaciers in the
Northern Hemisphere, using various paleoceanographic proxies and comparing
these with global climate changes.

In the first year, the chronostratigraphic reconstruction of the Mendeleev Ridge
and the reconstruction of paleoceanographic changes in the Western Arctic
Ocean-initially planned for the second year-were completed ahead of schedule, and
the results were submitted to the international journal Scientific Reports, with
publication in the second year. During the second year, a research paper on the
chronostratigraphic reconstruction of the Makarov Basin in the Western Arctic
Ocean and the reconstruction of glacial history using a source indicator-originally
scheduled for the first year-was completed and submitted to Paleoceanography and
Paleoclimatology, with publication in the third year. In the third year, the planned
reconstruction of Arctic paleoceanography and glacial history through a
chronostratigraphic comparison of the western, central, and eastern Arctic Oceans
was altered. A researcher who was expected to provide sediment analysis data
opted instead to use published data from nearby regions. This data was then
utilized for stratigraphic comparison and paleoenvironmental reconstruction, some

of which was included in the paper published in the third year.

IV. R&D Results

The paper titled "Increased Terrigenous Input from North America to the
Northern Mendeleev Ridge (Western Arctic Ocean) Since the Mid-Brunhes Event,"
published as first author in Scientific Reports in September 2022, confirms that
the Mid-Brunhes Event (MBE), around 420,000 years ago, is evident in the
deep-sea sediment records of the western Arctic Ocean. This event marks one of
the most significant climate shifts during the Quaternary, when the
glacial-interglacial cycles became prominent in the 41,000-year cycle. Geochemical
and mineralogical paleoenvironmental indicators of the sediments show a stronger

glacial-interglacial contrast after the MBE compared to before. The high variability
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in these indicators post-MBE reflects the expansion of sea ice due to glacial
cooling in the Western Arctic Ocean, alongside an increased influx of terrestrial
material caused by the growth of the North American continental ice sheet. This
study confirms that the development of the Arctic ice sheet is closely linked to
global cooling and the positive feedback mechanisms of Earth's climate system
during the Quaternary.

The paper "Cryospheric and Oceanographic Evolution in the Arctic Makarov
Basin Since the Early Pleistocene Revealed by Bulk Mineral Assemblages,”
published as first author in Paleoceanography and Paleoclimatology in May 2024,
traces the origins of Makarov Basin sediments through mineral composition
analysis. It reconstructs the chronological changes of major minerals based on a
new age model and reveals that the Laurentide Ice Sheet began to develop in the
region adjacent to the Arctic Ocean approximately 150,000 years earlier than
previously thought, supplying terrestrial sediments to the Arctic Ocean. This study
also confirms a roughly 100,000-year cycle in this process, highlighting the critical
role of the North American continental ice sheet in driving global

glacial-interglacial climate changes during the Quaternary.

V. Application Plans of R&D Results

In future studies, we plan to apply the new dating method to sediment records
from other regions of the Arctic Ocean where conventional dating methods have
been used to reconstruct Quaternary climate changes in high-latitude Northern

Hemisphere through paleoenvironmental interpretation.
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