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The Asian Monsoon and its Impact on Weathering and Erosion in the
Western Himalaya since the Miocene
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The Asian monsoon is controlled in part by the evolution of topography in Asia that has since the start of
collision of India with mainland Asia, likely around 50-60 Ma. Feedbacks between the solid Earth and
climate have been suggested to govern the structural and tectonic evolution of the mountains, and in
particular the exhumation of the Greater Himalayas and the formation of the Lesser Himalayan duplex.
New marine sediment cores from the Arabian Sea collected by IODP Expedition 355 now allow the
relationships between climate and erosion to be investigated since 11 Ma spanning the critical climatic
transition after 8 Ma. There is a coherent change in bulk sediment Nd isotopes to more primitive,
Karakoram-derived sediment between 20 and "9 Ma followed by a long term trend to more Himalayan
values from that time to the present. This may reflect the progressive exhumation of the Lesser Himalayan
Crystalline Series after weakening of summer monsoon rains, beginning at 8 Ma. This environmental
change is reconstructed from the carbon isotope character of plant waxes, consistent with similar data
from the foreland basin. Detrital zircon U-Pb data confirm the general shift of relative erosion away from
the Karakoram towards the Lesser Himalaya since the Miocene. Sands deposited on the submarine fan
since 2 Ma are very similar to those in the river mouth at the present time, but not during the LGM, which
instead is more similar to the older Miocene sediments. Hematite/goethite values derived from spectral
analysis of the core steadily increase after "8 Ma and especially after 6 Ma, suggestive of drying climate
with a reversal to wetter conditions starting “1.5 Ma.
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Variations in paleovegetation and transport of terrigenous matter
reconstructed by terrestrial plant biomarker compositions in
sediments from IODP Site U1423 over the last 4 Ma
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The objectives of our study are to reconstruct long time-scale variations in paleovegetation in the East
Asia and transport of terrigenous material to the East Asian marginal sea, and to evaluate long time-scale
biogeochemical cycles in the marginal sea during the Pliocene to Pleistocene (over the past 4 million
years). Sedimentary plant remains such as spore/pollen and plant mega-/mesofossils are commonly used
for reconstructing paleovegetation, and recently, plant-derived organic molecules, biomakers, are also
applied. In the present report, we focus on terrestrial plant biomarkers such as plant wax-derived n
-alkanes as well as terrestrial plant terpenoids, in which structures vary depending on taxonomic
differences. Moreover, we compare between the data for plant biomarkers and spore/pollen in the same
samples.

The sediment cores studied were recovered at Site U1423 in the eastern part of the Japan Basin at 412
41.95 N, 13924.98’ E by Integrated Ocean Drilling Program (IODP) Expedition 346. Lipids were
extracted with dichloromethane / methanol, and separated to aliphatic, aromatic and polar fractions.
Lipids were identified and quantified by GC/MS.

Concentrations of long chain n-alkanes increase from 1.7 Ma. This result implies that plant waxes were
more efficiently transported by eolian dust due to global cooling during the early Pleistocene.
Triterpenoids such as a-amyron, 8-amyron and friedelin, and diterpenoids such as sugiol and
dehydroabietic acid were mainly identified in all samples. The plant terpenoid concentrations were found
to increase from ~1.3 Ma. The sugiol is found to be consistently abundant, although the remarkable
decreasing spikes are observed during 3.5 - 3.3 Ma and 1.25 -1.05 Ma. The relative abundances of
ferrugiol is higher during ca. 3.5 - 3.0 Ma and ca. 1.3 - 0.6 Ma. The sugiol and ferrugiol are known to be
derived from Taxodiaceae and Cupressaceae. Thus, these families were possibly abundant in Hokkiado
and/or the Japan Sea side of northern Honshu Island over the 4 million years. The relative abundances of
dehydroabietic acid, which is typical conifer biomarker, frequently varied and several increasing peaks are
observed for 4 million years. Interestingly, the increasing peaks of dehydroabietic acid are found to be
correlated to those of the relative abundances of Taxodiaceae estimated by pollen analysis. Such
increasing peaks of pollen-based Taxodiaceae abundances are presumably related to Asian monsoonal
climate such as warm and humid conditions. From these results, it is suggested that the indicator using
dehydroabietic acid, rather than sugiol and ferrugiol, is more sensitively respond against the monsoonal
climatic changes. Gymnosperm / angiosperm ratios estimated by terpenoid / diterpenoid ratios increase
during 3.0 - 1.5 Ma, which is concordant with results of conifer / broad-leaf wood ratios based on pollen
compositions. Thus, gymnosperm-dominant paleovegetation in land areas around Site U1423 might be
distributed during the Pliocene to early Pleistocene.
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Evolution of the Japan Sea hydrographic system during Mio-Pliocene,
inferred from radiolarian data (IODP Exp. 346, Site U1425)
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The Middle Miocene (ca. 15 Ma), is a climatic transition from a warm to a colder phase promoting growth
and stabilization of an East Antarctic ice sheet. Cause of such cooling remain controversial; however, a
higher carbon sequestration and drawdown of CO, are likely the main contributors. Since then, the
climate of Earth record a progressive cooling, excepting the Pliocene warmth, which lead the
establishment of the Greenland Ice Sheet (ca. 2.7-3.2 Ma). During this interval, climate changes are
mainly paced by the obliquity cycle (41 kyr) until ca. T Ma, when a change in the dominant orbital
cyclicity occurred.

On the other hand, tectonic activity also has influences on local to regional climatic/oceanographic
system. The Northwest Pacific region is characterized by active tectonism, which drastically modified its
paleogeography. In this context, the Japan Sea, a back-arc basin opened by a continental rifting during
the Early to Middle Miocene (ca. 25-13 Ma) is one of the consequences of such activity. In modern
condition, it is known that the Japan Sea is connected to adjacent marginal seas and the Pacific Ocean by
four straits shallower than 130 m. The tectonic activity of this area drastically modified the Japan Sea
paleogeography for older time interval such as the sill depth of its key straits. Past studies show that
during the late Miocene and Pliocene, only the Tsugaru Strait connecting to the North Pacific was opened
and this strait was likely deeper during Mio-Pliocene. Therefore, by studying paleoeaconographic records
in the Japan Sea, a relative impact of tectonic and global climatic events on the local hydrographic system
could be evaluated.

In 2013 the IODP Expedition 346 retrieved sediment cores at different sites in the Japan Sea. In this
study, we have analyzed 138 core sediments samples collected at Site U1425. This site is situated in the
middle of the Yamato Bank. We selected this site because the past 10 Myr could be traced continuously
without hiatuses, enabling continuous data acquisition.

Radiolarians are one of the planktic micro-organism group bearing siliceous skeletons. Their species
comprise shallow to deep water dwellers, sensitive to changes in sea water physical/ecological properties
forced by climate changes. Their fossils are known for well preserved in the deep-sea sediments of the
North Pacific. Therefore, in this study we propose to reconstruct major changes in the Japan Sea
hydrography since the late Miocene, using radiolarian fossils as an environmental proxy.

As a result, shallow water radiolarians suggest relatively warm condition between ca. 7 and 9.5 Ma.
Because it has been thought that only the Tsugaru strait (northern strait) of the Japan Sea was open
during this period, our data infer northern shift of the subtropical front, or the presence of a shallow strait
in area south of Tsugaru Strait. The situation is also complex for the intermediate water radiolarians.
Indeed, our data suggest that the sill depth of the connecting strait likely control the exchanges of water
masses with the North Pacific, highlighting importance of regional tectonism, although the opening of the
Bering Strait seems also to influence the hydrography of the Japan Sea.
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An Indian Ocean record of the evolution of the South Asian Monsoon
circulation
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The South Asian Monson (SAM) is one of the most extreme features in Earth’ s climate system, yet its
initiation and variations are not well established. The SAM is a seasonal reversal of winds accompanied by
changes in precipitation with heavy rain during the summer monsoon. It is one of the most intense
annually recurring climatic elements and of immense importance in supplying moisture to the Indian
subcontinent thus affecting human population and vegetation, as well as marine biota in the surrounding
seas. The seasonal precipitation change is one of the SAM elements most noticed on land, whereas the
reversal of the wind regime is the dominating driver of circulation in the central and northern Indian
Ocean realm. International Ocean Discovery Program Expedition 359 aimed to resolve the evolution of
the South Asian Monsoon by tracing back in time its sedimentary signatures and by resolving changes in
the ocean circulation system in the archipelago of the Maldives.

Data from the Maldives Inner Sea provide an archive that reveals an abrupt onset of the SAM-linked ocean
circulation pattern and its relationship to the long term Neogene climate cooling. In particular it registers
ocean current fluctuations and changes of intermediate water mass properties for the last 25 myrs that
are directly related to the monsoon. Dating the deposits of SAM wind-driven currents yields an age of 12.9
Ma indicating an abrupt SAM onset, over a short period of 300 kyrs. This coincided with the Indian Ocean
Oxygen Minimum Zone expansion as revealed by geochemical tracers and the onset of upwelling
reflected by the sediment's content of sedimentary organic matter. The sedimentary signature of the dust
influx to the Maldives, the seismic stratigraphy of the carbonate platform, and the sediments recovered
indicate that there was a winter monsoon between 12.9 and 25 Ma, but that ocean currents were weaker.
Abrupt SAM initiation favors a strong influence of climate in addition to the tectonic control, and we
propose that the post Miocene Climate Optimum cooling, together with increased continentalization and
establishment of the bipolar ocean circulation, i.e. the beginning of the modern world, shifted the
monsoon over a threshold towards the modern system.
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Five million year record of summer monsoon winds and continental
aridity from The Maldives carbonate platform (IODP Site U1467)
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Strong winds and the proximity of arid source-areas result in a large flux of desert dust from the
continents to the Arabian Sea in summer. This research identifies the main controls on dust influx into the
northern Indian Ocean over the last 5 million years by analyzing the first high resolution marine sediment
record from The Maldives carbonate platform (IODP Expedition 359; Site U1467), an area strongly
affected by the monsoon seasons. Here we present variations in the concentration of specific normalized
elements (e.g. Fe/Al, Si/Al), from X-ray fluorescence spectrometry, reflecting variations in the dust flux. We
investigate the degree of coupling between the new dust record and Earth’ s climate in the northern
hemisphere. This research paves the way for understanding hominin migration pathways from Africa to
Asia.
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Tropical western Pacific hydrology during the last 6000 years based
on charcoal records from Borneo
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East Asian winter monsoon fluctuation revealed by ice-rafted debris
occurrence in the northern Japan Sea
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Japan Sea oxygen isotope stratigraphy and monsoon signals recorded
in sedimentary color variation of IODP Site U1427
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Oxygen isotope stratigraphy in the Japan Sea has not well been developed because the oxygen isotope
variation recorded in the Japan Sea sediments is distinct from the so-called “standard” isotope curve.
Owing to its semi-enclosed geographical setting, limitation of seawater exchange due to low sea level
during the glacial periods made surface environment and isotope record quite different from open ocean.
Another difficulty is discontinuous occurrence of fossil foraminifera in the deep sea sediments, which is
mainly due to drastically varied deep water oxygen and carbonate saturation levels. In this study, we have
tried to construct the Japan Sea oxygen isotope stratigraphy using shallow sedimentary sequence at Site
U1427 retrieved from 330 m water depth, which contains well-preserved fossil foraminifera. Comparison
of the benthic oxygen isotope records at Sites U1427 and U1429 (the East China Sea) using correlative
tephra layers as stratigraphic constraints revealed that negative peaks at U1427 correspond to positive
peaks at glacial maxima at U1429. Based on this comparison and microfossil data, we constructed isotope
stratigraphy at Site U1427 for the last 1 Myr. We also tried to correlate sedimentary color variations at
shallow and deep sites. Combined with correlative tephra layers, sedimentary color variations in shallow
and deep sites are well correlated in orbital- and millennial-scale. We will discuss sedimentary color
variations and relationship between shallow and deep sedimentary sequences.
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Variations in East Asian summer monsoon in the last 400 ky deduced

from results of Mg/Ca-sea surface temperature and oxygen isotope of
IODP Site U1429
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The East Asian summer monsoon (EASM) system involved in the hydrological cycle and in latent heat and
energy transport, and thus plays a crucial role in the regional and global climate system. Modern summer
sea surface salinity in the northern part of the East China Sea (ECS) is mainly controlled by the freshwater
discharge of the Yangtze River, which reflects East Asian summer monsoon (EASM) precipitation in South
China. Site U1429 was drilled by Integrated Ocean Drilling Program (IODP) Expedition 346 in the
northern ECS to reconstruct the Yangtze River discharge in high temporal resolution (100 year
resolution). A "200 m long sediment succession was recovered, which covers the last 400 ky based on a
benthic foraminiferal oxygen isotope record. A record of oxygen isotope of seawater (& 18OW), a proxy that
is related to salinity change and Yangtze River discharge, was reconstructed, based on high-resolution
Mg/Ca and oxygen isotope (& 18Opf) of the planktic foraminifera Globigerinoides ruber. As the surface
water in the northern ECS is formed by mixing salty Kuroshio water (high & 18OW) and freshwater from the
Yangrze River (low & 18OW), the & 18OW of U1429 is interpreted as reflecting mixing ratio between Kuroshio
water and freshwater.

The results of U1429 indicate that both & 18Opfand Mg/Ca are dominated by 100 ky (eccentlicty) cycle
with 41 ky (obliquity) and 23 ky (precession) cycles. The & 18OVV shows variations that have been in
concert with Chinese speleothem oxygen isotope records on millennial to orbital scales except for 100 ky
cycles that is not found in the Chinese speleothem record. As the the & 18OW of U1429 follows the global
mean & 18OVV on 100 ky cycles, this cyclicity originates from global ice volume change maybe through the
Kuroshio water. On the other hand, the prominent 23 ky cycles in U1429 § 18OW may reflect the variations
in the freshwater discharge, supporting that the EASM is reglated by summer insolation in the Northern
Hemisphere.
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Formation of the Holocene mud belt in the inner shelf of the East
China Sea: controlled by changes in sea level and climate

*Xiting Liu’
1. Key Laboratory of Marine Geology and Environment, Institute of Oceanology , Chinese Academy of Sciences

Mud sediments deposited on the shelf of the East China Sea (ECS) during the Holocene have been widely
linked to sea-level and climatic changes. Previous studies on the geochemical compositions and
geophysical properties of such mud sediments from the gravity cores drilled off the coast of
Zhejiang-Fujian, China, suggested that these fine-grained sediments in the ESC deposited continuously
with high sedimentation rates from the mid- to late Holocene. High-resolution paleoclimatic records have
been reconstructed based on multi-proxies, however the interpretation of these proxies are different from
site to site. For example, the changes in grain size of fine sediments, located in the north (Core PC-6; 292
34.92'N, 122237.92'E) and south (Core MZ01; 26232.82'N, 120250.94'E) of the mud belt have been used
to indicate the strength of the coastal currents that mainly controlled by the intensity of the East Asian
Winter Monsoon (EAWM); while the variation in the similar signals occurred in Core MD06-3040(272
43.36'N, 121246.88'E), located in the central zone, has been applied to demonstrate the fluctuations in
the intensity of East Asian Summer Monsoon (EASM). These ambiguities also been represented by the
discrepancy in sedimentary provenance: rare earth element signals of Core EC2005 (27°25.0036'N, 121°
20.0036'E) indicate that the mud sediments were dominantly transported by coastal currents (related to
the EAWM) and derived from the Yangtze River since “10 ka; whereas clay mineral records from Core
MZ02 (28210.13'N, 121253.40'E) indicate Taiwanese rivers contributed 60% sediments during 6.2-2.4 ka
via Taiwan currents (related to the EASM). In spite of these disputes, the mud deposits occurred during
the highstand in sea level when a low energy shelf environment developed since “7 ka. Furthermore,
when we compare the sedimentation rates of these mentioned sediment cores, we find that the
depocenter located in the central part of the mud belt (close to Core EC2005), thus we proposed that the
development of such mud belt is in response to the Zhejiang-Fujian coastal currents combined with
Taiwan currents. In summary, the formation of the Holocene mud belt in the ECS is more complex than
expected and future work on the sediment patterns of the modern and Holocene mud belt is in progress.

Keywords: Monsoon, East China Sea, Holocene, Mud belt
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Millennial-scale variability of East Asian summer monsoon
precipitation during the last 6 kys is caused by N-S oscillation of
precipitation front associated with westerly jet movement

i

"ZHEA. ET. OEERA . RS $HARE. MB YT RBEEX. WAER . AH
BAY )5 ZRA FES AT RS, RAK A

*Ryuji Tada', Ke WANG', Keita Saito", Hongbo Zheng6, Yoshiaki Suzuki', Saiko Sugisakiz, Kana
NagashimaS, Masao Uchida’, Tomohisa Irino®, Takeshi Nakagawag, Yoshimi Kubota®, Katsunori

*

Kimoto®, Takuya Itaki®

1. REAZARZREZRARBMKRERZER, 2. BIHRAREAERRMBETRM. 3. RIUTBUEABILMZEE
WEE, 4. BT RFEEAN LBEKRE, 5. BFMAREREEE,. 6. EmAZE. 7. BURIEMARM. 8 IMERFE

1. Department of Earth and Planetary Science, Graduate School of Science, The Univeristy of Tokyo, 2. Geological
Survey of Japan, AIST, 3. National Museum of Nature and Science, 4. Hokkaido University, 5. JAMSTEC, 6. Yunnan
University, 7. National Institute for Environmental Studies, 8. Ritsumeikan University

Precipitation by East Asian summer monsoon (EASM) plays a dominant role in the hydrological cycle of
the area and exerts significant impact on lives of people living there. Thus, it is important to understand
time-scale and magnitude of the variability and their controlling factors. Centennial- to millennial-scale
variability of EASM precipitation could have been especially significant judging from Chinese historical
records, but its magnitude, spatial distribution, and controlling factor(s) are largely unknown.

In this study, we estimated movement of EASM (precipitation) front in Yangtze River drainage basin during
the last "6 kys based on reconstruction of provenance changes of fine silt fraction of the sediments,
representing suspended particulate (SPM) from Yangtze River, using cores from Yangtze Delta and the
Mud Belt along the South China coast. The results show centennial- to millennial-scale NW-SE oscillation
of EASM front with NW ward penetration during 6-5.1, 3.5-1.8, and 0.2-0 ka, and SE ward retreat during
5.1-3.5 and 1.8-0.2 ka, respectively.

We compared the result with N-S oscillation of westerly jet over the Japan Sea during the Holocene by
Nagashima et al. (2013). The result suggests the oscillation of EASM front is in parallel with oscillation of
the westerly jet, supporting the idea that subtropical westerly jet bounds the northern limit of EASM
precipitation.

We also reconstructed flood and heavy precipitation record in SW Japan during the last 6 kyrs using
SG-12 cores from Lake Suigetsu, and compared the record with the provenance changes of SPM
discharged from Yangtze River. The comparison revealed a striking similarity between temporal changes
in flood and heavy rain frequencies in Lake Suigetsu, SW Japan and temporal changes in provenance of
SPM discharged from Yangtze River.

The observed relationships suggest that N-S movement of westerly jet has been controlling
millennial-scale changes in EASM intensity through modulating the position of EASM front, and southward
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shifts of westerly jet and EASM front have caused more rain and frequent floods in SE part of South China
and SW Japan.
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Holocene
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the Okhotsk Sea during the past 180,000 years

*Li Lo"?, Simon T. Belt?, Julie Lattaud®, Axel Timmermann®®, Christian Zeeden’, Stefan Schouten
48 | ukas Smik®, Tobias Friedrich®, Patricia Cabedo-Sanz®, Jyh-Jaan Huangg, Liping Zhou'®,
Tsong-Hua Ou'", Yuan-Ping Chang'?, Liang-Chi Wang'?, Yu-Min Chou®, Chuan-Chou Shen?,
Min-Te Chen'?, Kuo-Yen Wei®, Sheng-Rong Song®, Tien-Hsi Fang'*, Sergey A. Gorbarenko'®,
Wei-Lung Wang'®, Teh-Quei Lee'’, Henry Elderfield', David A. Hodell'

1. Godwin Laboratory for Palaeoclimate Research, Department of Earth Sciences, University of Cambridge, 2. State
Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochecmistry, Chinese Academy of Sciences, 3.
Biogeochemical Research Centre, School of Geography, Earth and Environmental Sciences, Plymouth University, 4.
NIOZ, Royal Netherlands Institute for Sea Research, Department of Marine Microbiology and Biogeochemistry, and
Utrecht University, 5. nstitute of Basic Science, Center for Climate Physics, Pusan National University, 6. International
Pacific Research Center, School of Ocean and Earth Science and Technology, University of Hawaii, 7. Lehrstuhl fur
Physische Geographie und Geodkologie, RWTH Aachen University, 8. Faculty of Geosciences, Department of Earth
Sciences, Utrecht University, 9. Department of Geosciences, National Taiwan University, 10. College of Urban and
Environmental Sciences, Peking University, 11. Institute of Applied Mechanics, National Taiwan University, 12.
Department of Oceanography, National Sun Yat-sen University, 13. Collection Management Department, National
Taiwan Museum, 14. Institute of Applied Geosciences, National Taiwan Ocean University, 15. V.I. Il'ichev Pacific
Oceanological Institute, Far East Branch Russian Academy of Science, 16. Department of Biology, National Changhua
University of Education, 17. Institute of Earth Sciences, Academia Sinica

Sea ice is a critical and sensitive component of the Earth’ s climate system, and has undergone dramatic
reductions in extent and thickness for much of the Arctic in the last few decades (Budikova, 2009; Bader
et al.,, 2011). However, studies covering orbital timescales are still lacking, largely due to the lack of a
reliable sea ice proxy in the subarctic regions, or marine sedimentary archives with sufficient age control
and temporal resolution. Here we reconstruct high-resolution subarctic Pacific sea ice and summer sea
surface temperature records for the past 180,000 years using novel organic geochemical proxies in the
central Okhotsk Sea. Our sea ice reconstruction shows significant precession (23-kyr) cycles, which are
coupled to local autumn insolation during intervals of low-mid atmospheric CO, concentrations (<260
ppm). We also find that the Okhotsk Sea was ice-free during the mid-late Holocene and throughout the
penultimate interglacial (Marine Isotope Stage 5e) when CO, concentration exceeded this threshold,
suggesting that both insolation and atmospheric CO, levels are responsible for controlling sea ice
variation in the Okhotsk Sea on orbital timescales. A proxy-model comparison reveals general agreement
between the two approaches.

Keywords: Sea ice, Seasonality, Orbital pacing, CO2 radiative forcing
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Radiolarian biostratigraphy from Middle Miocene to Late Pleistocene
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In the Integrated Ocean Drilling Program (IODP) Exp. 346, sampling by drilling was conducted at seven
sites (U1422-U1427 and U1430) in the Japan Sea. Radiolarians in moderately well preserved states were
found in most samples throughout the sequence in varying abundance. Forty-one radiolarian datum
events were identified in this study, and the radiolarian zonation that best divides the middle Miocene to
Pleistocene sequences with updated ages of radiolarian datum events estimated based on the
geomagnetic polarity time scale (GTS) 2012 was applied to the sedimentary sequences in the Japan Sea.
Here, four new radiolarian zones are proposed for the Quaternary of the Japan Sea, and one zone is
slightly revised to adjust for differences among other zones. The sequences collected at the sites
extended from the Pleistocene Ceratospyris borealis Zone to progressively deeper zones as follows: Site
U1427, four zones to the Pleistocene Schizodiscus japonicus; Site U1422, six zones to the late Pliocene
Hexacontium parviakitaense Zone; Sites U1423, U1424 and U1426, eight zones to the early Pliocene
Larcopyle pylomaticus Zone; and Sites U1425 and U1430, fourteen zones to the middle Miocene
Eucyrtidium inflatum Zone. The absence or extremely rare occurrence of Stylatractus universus and E.
matuyamai indicates that S. universus lived in the deep water of the northwestern Pacific and had not
been able to migrate into the Japan Sea across the Tsugaru Strait since the Pliocene.

F—U7— R BBREAERF. BAXB. KHEERERIETEEI46RINE
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Latitudinal changes of radiolarian assemblage in the Japan Sea during
Pliocene to Pleistocene
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The Japan Sea (3,700 m maximum water depth) is a marginal sea of the northwestern Pacific, connected
to adjacent marginal seas and the Pacific Ocean through four shallow straits (sill depth<130 m). The only
inflow of oceanic water is derived from the Tsushima Warm Current (TWC), which enters the Japan Sea
through the Tsushima Strait (130 m in depth) in the south.

Radiolarians are one group of the planktic Protista distributed in the world oceans and their fossil records
are widely used as a proxy for paleoceanographic study. In the summer 2013, IODP Exp. 346 drilled seven
sites in the Japan Sea and two sites in northern part of the East China Sea. We have analyzed radiolarian
fossils for all these sites. In this study, geographic distributions of radiolarian assemblage in the Japan Sea
during Pliocene to Pleistocene are discussed, such as their relation to global climatic changes and
topographic changes with local/regional tectonics.

Significant variations of the well-preserved radiolarian assemblage recorded in the drill sites imply unique
oceanic circulation changes in this sea through the examined period. The radiolarian species such as
Dictyocoryne spp. and Tetrapyle spp., which characterize the TWC water occurred commonly during
interglacial periods since 1.7 Ma suggesting a beginning of warm water inflow from the southern strait.
Relative abundance of these subtropical radiolarians tends to be much higher at the southern sites than
at northern sites, related to the relative contribution of the TWC. On the other hand, during the Pliocene
period, minor influence of subtropical water was only recognized at the southern site suggesting influence
of the TWC restricted to the southern coastal area.
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Paleoenvironmental changes of sea surface layer in the IODP Site
U1423 recorded by algal biomarkers over the last 4 Ma
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The oceanographic condition in the Japan Sea has significantly changed from its establishment in the
Miocene to present associated with global climate change, the intensification of the Asia monsoon
system, and local tectonics in the Japanese islands. These changes have been evaluated mainly on the
basis of microfossil compositions such as the foraminifera, radiolarian and diatom in marine sediments.
However, long-term and continuous variations in sea surface temperature (SST) and marine production
have been hardly reported by the biomarker investigations. In the present study, we conduct biomarker
analysis such as the long-chain alkenone and alkyl diols in the sediment samples recovered from the IODP
Site U1423 in the northeastern Japan Sea, which is under the direct influence of the Tsushima Warm
Current (TWC) at the present, to reconstruct the long-term and continuous paleoceanographic variations
over the last 4 Ma.

The SSTs estimated by long-chain alkenone unsaturation ratio (UKY 37) range 9-25 °C over the last 4.0 Ma.
The SSTs are generally higher than 20 °C during 4.5-3.0Ma, and gradually decrease during 3.0-1.6 Ma.
Subsequently, the alkenone-based SSTs show the large fluctuation with remarkably lower values since 1.6
Ma.

The SSTs estimated xx during 4.5-1.6 Ma are almost similar to those in the northern part of the
subtropical gyre (ODP site 1208; LaRiviere et al., 2012), which indicates substantial influence of the warm
water current in the study site. On the other hand, the SSTs since 1.6 Ma are obviously lower than those in
the ODP Site 1208 during several periods suggesting the restriction in the inflow of the warm currents into
the Japan Sea because of the shallowing and/or narrowing of the southern gateway. In addition, dark
color sediment layers are also observed in the horizons deposited from 1.6 Ma, and concentrations of
long-chain alkenones are remarkably higher in these layers. These results suggest the establishments of
anoxic bottom water probably caused by the restriction in the water exchanges.

The values of the diol index 2 (DI2), which is proposed as an indicator for diatom Proboscia production
estimated from the compositions of long-chain alkyl diols, are higher during 4.5-2.7 Ma. This result
suggests that diatom production was enhanced under eutrophic condition. The rapid decrease in the
values of DI2 is observed at 2.7 Ma, which is synchronous with the decline in the biogenic opal
sedimentation rate in the NW Pacific. In addition, no major local environmental changes were recorded in
the estimated SSTs in Site U1423. Thus, the decreasing the diatom production recorded by DI2 at 2.7 Ma
was possibly related to global paleoceanographic changes such as the northern hemisphere glaciation
(NHG).

F—O—R: 7T/ UEKER PA-IEE BRE HEF
Keywords: alkenone-based temperature, Diol index, Japan Sea, Paleoceanography
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Evolution of central Asian aridity since the middle Miocene: evidence
from sediment grain size record at IODP Site U1430 from the Japan
Sea
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236 samples from Integrated Ocean Drilling Program (IODP) Site U1430 of Expedition 346 in the Japan
Sea were analyzed for grain size distributions using end-member modeling algorithm (EMMA) in order to
investigate the Asian aridity history since about 15 Ma. Three independent grain-size end members (EMT,
EM2 and EM3) were identified with modal grain size of 2 um, 12 wm and 50 wm, respectively. The
proportion of end-member EM1 (finest) varies between 5% and 48% with an average of 27%. The EM2
(medium) content ranges from 14% to 84% with an average of 56%, whereas the EM3 (coarsest) has an
average of 17%. EM1 was interpreted as the mixture of eolian dust from central Asia transported by
westerly and suspended sediment from the Japan Arcs by rivers and ocean currents. EM2 was mainly
derived from eolian dust of central Asia by the near surface East Asian winter monsoon rather than the
westerly over 5000 m. The coarsest end member EM3 can be considered as mixture of volcanic clastic
and biogenic silica (i.e., diatom). We apply the ratio of EM2/EM1 as the proxy of intensity of the aridity of
central Asia. The variation of EM2/EM1 ratio implies the long-term and stepwise drying of central since
the Middle Miocene, especially at 11.8 Ma, 8.6 Ma, and since about 3.6 Ma. The phased uplift of Tibetan
Plateau and global cooling may have played a significant role in strengthening the Asian aridity since the
middle Miocene.

Keywords: Japan Sea, grain size, central Asian aridity, middle Miocene
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Cyclo-stratigraphy of the Pliocene-Miocene interval in the Japan Sea
sediments and timings of paleoceanographic changes
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Middle Miocene - Pliocene paleoceanographic changes have been reconstructed using deep-sea
sediments from Atlantic and southern Pacific at high-resolution [e.g., Westerhold et al., 2005]. The results
revealed a close linkage between changes in ice volume and changes in orbital parameters. However, an
orbitally-tuned continuous age model for the Middle Miocene to Pliocene has not been yet established in
the North Pacific. Therefore, high-resolution age model is necessary to correlate to other climate record
and reconstruct paleoceanographic change in this period.

Since the Middle Miocene the Japan Sea has been a semi-closed marginal sea. Because the sea has been
connected with the north Pacific by relatively shallow sills, its paleoceanographic condition has been
sensitive to glacio-eustatic sea-level changes.

In this study, we utilize Integrated Ocean Drilling Program cores recovered from Sites U1425 and U1430
during Exp. 346. We constructed continuous sedimentary records at these two sites by revising the
shipboard splices. Based on revised splices and a biostratigraphically-based age models [Kamikuri et al.,
in press], we converted GRA data from depth series to time series, extracted ca. 400- and 41-kyr
cyclicities. Then, we tuned them to 400-kyr eccentricity cycle and 41-kyr obliquity cycle, respectively, to
construct orbitally-tuned age models.

Based on this orbitally-tuned age model, we examined temporal changes in element composition of the
sediments analyzed by XRF core scanner (ITRAX) to explore its paleoceanographic implications.

In the presentation, we will discuss the timings of paleoceanographic events observed in the Japan Sea
and their relation with other paleoclimate events.

F—7— K : Miocene-Pliocene. B&E, Y4 ZJIVEF. XRFOF7 XF+F+—. IODP Exp.346
Keywords: Miocene-Pliocene, the Japan Sea, Cyclo-stratigraphy, XRF core scanner, IODP Exp.346
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Reconstruction of marine organic carbon content in the Japan Sea
sediments from Br variability measured by XRF core scanner
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BABEMCEREEHBEN I N RBEEOEE .2 L, ZOEEBEY VY AA—R-F¥aHd— Y40
EEPLTVWBZ IS TWS (Tadaetal, 1999) , EIBER20FFEMEERRE LEHAELIS, BEE
ISBHBEBICHRTEEMICET I LMo NTS Y., BN HBYOEAEC I 2FTERTH S I EHRS
NTW3 (Tadaetal, 1999; Algfth, 1998) , /. HBEMHPOERNEIERBRNOENMEECEILETT
REARMLTWBZEDD, RPVTEFTEVRA—VICLBBKEDZENERYESEEDFIHER &

RO TWBAREMERBEINTWS (Tadaetal, 1999; ZH. 2012) , /€>T. ESHICBEBEICH > THEXE
BN OEMMEDEE RARDIET, PVTEVRA—VDOEBESH &V LABHNRSELZEOFLH
UEBLNE I ENEFINS,
2013F E 17N 7=I0ODP Exp. 346 Asian Monsoon T3, BABROERMRICE W TEEKLOBREE
EEMEHBYAERNICELON, PR EHEBENISORERICODWTCEBEEBNEIET 2 2 EERIN
(Tadaetal,, 2015) ., COBAREBOAEMYE. FIOEERBEEMYMEL BT TSI LT, BEDOEKED
BETEEPESNMNITEIELEFINDN, BEISOFEBOBEABBIIHERICE LT, BEDOWRFET
EMYMBAETT ZDICIIRALEEE2ET %,

ZZTHAMETIE, HEYFORRELAVTELIEREBNELHET 2 L e28alc, RRITEETS
VO NVRICERETRYIAEFNS /= (Masuzawa et al., 1988) | B FHBYPOEHKRFE EBrEE L8
BaFOZEPMENTWS (Ziegleretal, 2008) . 5. BEREMMPOBrEE LB FRROEMYIC
X L TIEW=8 (Berg and Solomon, 2016) . BravEFREDEK KR (MOC: Marine Organic
Carbon) DIEEE R ZAREMMNRERINTWS (Ziegleretal, 2008) ., LA L. ZOIREIET+DICKRTTEH
TUWLARLY,

AHER TIE. |ODP Exp. 346 THREXE N 7zSite U1424 & Site U1425M A7 AW RIC. 2EMRZRE & KRR
PR B Lze kFRANMALL A RERIR & BRBEOERYDIEGICL > TELLT R #FIAL. BESH
TRRBRRN AL & 2 BRKRENOMOCEZETE L, £/, BAMAZEDOXRFA7 X ¥ v+ — (ITRAX) %#H
WTHBMFDORFREEZRE L7,

ZORR, A—BETHELNIEMOCEELREFEEIRRWEREAATRLZ, #£-T. BRBHEEMHEMICS
WTlE. ERHIPMOCOIEEE LTHERATZSEEZALN,

XRFA7 A F v F—%ZAVWTHS0FERTERMICAUES WA HBYHPOREIZ, RETHELSNAEBAAD
B REI A% (Chengetal, 2016) ERIKHAICEVWT LK PAEEFHETL T W, > T. BREE
ERAVWBRNBHEBYHOMOCERTER. RV VTEFEVA—VOEHEISHITBEICH > TERT BMKIC
BRARBREIDNY ERZZEIEBEZEINS,

F—D—K :XRFO7RF v F+—, BEKE. FOKLE. BFETEAEY. % (Br) . IODP Exp. 346

Keywords: XRF core scanner, the Japan Sea, the Quaternary, marine organic matter, bromine (Br), IODP
Exp. 346
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Redox history of deep water in the Japan Sea during late Pleistocene
based on trace elements
Redox history of deep water in the Japan Sea during late Pleistocene
based on trace elements
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The Japan Sea is a semi-closed marginal sea surrounded by Eurasia continent and Japanese and
Sakhalin islands and its oceanography has been sensitively affected by climate changes in the past. Redox
condition of the Japan Sea has been varied between oxygen-rich (oxic) and oxygen-poor (anoxic to
euxinic) conditions repeatedly, which resulted in deposition of light and dark layers. Possible
mechanism(s) of anoxic deep water developments in the Japan Sea has been discussed comprehensively
such as high surface productivity and density stratification of the water column caused by isolation due to
low sea levels during the glacial stages (Tada et al., 1999). This study aims to reconstruct redox history of
Japan Sea deep water during the last 150 ka. (MIS1-MIS6) when significant changes in the bottom water
redox condition have been previously reported (e.g. Watanabe et al., 2007). We used the sedimentary
cores recovered during IODP Exp. 346, from Sites U1423 and U1425 in the northeast and central parts of
the Japan Sea.

After acid digestions, about 100 samples were analyzed by ICP-MS and ICP-AES for major and trace
elemental compositions. Results indicate that studied samples from dark colored muddy layers are
enriched in redox sensitive elements such as Mo, U, and V, while these elements show low concentrations
in the light-colored layers. Highest Mo concentrations are found in dark layers in MIS2 (glacial stage) and
MIS5 (interglacial) that exceed 10 ppm, more than ten times higher than the average concentration in
mudstone inferred from AUCC values (Average of Upper Continental Crust, McLennan 2001). These high
Mo values consist with features of sulfidic oceanic conditions such as modern Cariaco Basin and Black
Sea where high burial flux of S-bonding Mo occurs, indicating that those dark layers of the Japan Sea
reflect euxinic depositional environment . To characterize anoxic-euxinic conditions in the Japan Sea, we
compared Mo /U ratios in each dark layer. The Mo/U ratios in the dark layers in MIS2 are high, meanwhile
the Mo/U ratios in MIS5 are relatively low. These high and high but relatively low Mo/U in MIS2 and MIS5
resemble to the pattern from similar to that from the restricted Cariaco Basin with sulfidic water column is
development and high productive open-ocean settings such as eastern tropical Pacific marginal region,
respectively. The difference of pattern of Mo and U enrichment in the euxinic dark layers in glacial and
interglacial stages could be due to oceanic setting condition in each stage. In the glacial stage with low
sea level, the Japan Sea was isolated from surrounding ocean that caused development of sulfidic water
column and enhanced Mo burial into sediment. On the other hand, euxinic depositional condition in
interglacial stage would have been formed below oxygen minimum zone developed by high organic
matter sink from high productive surface water depth.

F—7— KR : BFBE. BLETHREUTR
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Sulfur isotope geochemistry of the Japan Sea sediments (IODP Exp.
346) 30 ~ 220 kyr ago: Implications for the evolution of Asian
Monsoon climate system
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HS000 B ERNICE LA Y RKRBEEI—F VT REDERICLZEITVILRE FRY MSROFERIHE
W R7V7—HDORIEICHEEESZDEVRA—VREV AT LDER SN, ZOEYRA—VSIEDHEIC
LU BERBHEHEBRYICIIEcm~B+cmER TERKRFZDEDEWIL > TEL2PBEBIREET 5, 2D
EWE, —REEOTE., H2VIEERMOREDNROEH 2R L TWS, FIEDHSIXREEDIRE, %
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Z I TCERMETIL, HEEREEEY (IODP: Integrated Ocean Drilling Program) D 88346 X fiiEIC & > T
2013FDEICHABCTREISN/-BABEBOHEMHEN ZAWV T, BEETRKEOEILEANZZHIC, i
BHOWENGFEELRERMAHEKICE VBFRIESEBITL. EVA—VOEBAMIAT I AR M#T.

IR (2013) OEGHEEERWT, AR OMEEZBERMRE (AVS: Acid Volatile Sulfur). =&k (S
o F€S,). TRERIRSEM (S ). AMRRMREE (S, ). THRIRFER (S°) DEHEEICH T TER L, HBkIEE FRERE
S OMEDORZERAMAEEMKIE. FLINKFEDEA-IRMS (THROWE -4V 74 VEEIHEE) ZRAVWTAEL
oo BHIKSR (C,) PHFERIEF. SMAFEFITHRAEMALY I —DEATREL,

BEEETIRS, 8 (0.26~1.49wt.%) &, C B (1.16~3.38wth)H'EWMEEIR Y, BABETIES &
(0.03~0.25 wt.%) £C, & (0.34~1.10 wt.%) MELMEZEEX 5 7o, Sq,8(0.02~0.64 wt.%) 6. BABEETS
BLRAKOEEET L, S,/ C, Hid0.03~1.00DEE > 7z, FEKL & FRELIEIY O O R TE R AR E
(d*'s,, d¥Sso ) id. BILRECHEREICEAL (. TNEN-38%~-34%5 £ U-10%~0%TH >7.

spyitcorﬁ@@{%actzﬁd“spyﬁﬁb\a BRI KRR TOMEETIC & > TR S ik
HEUIENEALMIR -7, BRBHIFER TORIHAKIBOTBBRIIUTOEDONEZ OGNS, EE
EVR—VOREICLYRT7T D THETRISCEY., REENEFE INTWVWBRRIBRDMAIIKDRED
BRL, SEBRICE>THARBICRALTREBEREZLASE, BERELLEMEIRICSI >TEESI N
BEEMONRICEY . BHOBRERRENED L THESHE R, EFEVRA—VUIRELLEIZ. BEE
REDAINICE > TAFRREEOSVWARBEBKDLAAADNRE, FBICBRIBO LD IR T,

1. |IODP Exp. 346DHID CREHEALZ) fEHIMAN SR LAZABICEAL TRKO2H ATV, BX
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Phosphorus geochemistry of the central Japan Sea sediments (IODP
Exp. 346) 307220 kyr ago: Implications for the evolution of Asian
Monsoon climate system
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5000 FERNICE LA Y RRBEEI—F VT REDERICLZEITVILRE FRY FEBEREROERKICHE
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Z I CTAME TR, HEEBSEERYIETE (IODP: Integrated Ocean Drilling Program)® 58346, RfifiE I
& > T2013FDEICHAE CHEH S M7= AR E B O HEME Rl Site U1423 (JB-2A) D L& (37225 5T -
2.1713m). Site U1425 (YR-TA) ® EER (5711 HER: 2.174.7m) 2 BV TE{LETREDTIL A AR S /-
O, VVOREBNEEEICSVEFRIEEZETL. TEVRA—VOEBEZMBPT I 2R A7,
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Depositional history of terrigenous materials at ODP Site 797 based
on the revised stratigraphy projected from complete records of
sediment sequences obtained during IODP Exp. 346
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Detrital fraction contained in marine sediments have been widely used as climate proxies because
variations in provenance and mineralogy could be affected by the precipitation distribution and
weathering intensity. Element composition of marine sediment is essentially controlled by the mineral
composition that is also affected by sorting effect during their transport process. Therefore, these features
have been also applied to the variability of provenance and transport pathway of detrital fraction of the
sediments at ODP Site 797 in the abyssal part of the Yamato Basin in the Japan Sea. Detrital fraction in
this ODP "legacy" core has been regarded as the mixture of aeolian dust and the detritus derived from the
Japanese Islands (Irino and Tada, 2000; 2002). This knowledge was utilized to reconstruct the
millennial-scale aeolian dust variation in order to clarify the east Asian monsoon variability.

Although sediment sequence collected at ODP Site 797 could be potentially used for the reconstruction
of high temporal resolution and long history of Asian monsoon, the sediment sequence was not
continuously recovered because no splice record was established at the time of the drilling where the
Hole B was deepest and covered the sequence since the late Miocene. On the other hand, the Japan Sea
was revisited by IODP Exp. 346 cruise which aimed the long-term paleomonsoon reconstruction, and
more than triple APCs technique used during the cruise enabled us to establish nearly completely
continuous sediment records since Miocene. Site U1424 close to ODP Site 794 as well as U1425 on the
Yamato Rise especially provided excellent continuous records, and their 5 mm resolution brightness and
2.5 cm resolution GRA density profiles can be used to revise the stratigraphy of "legacy" cores collected
during the former ODP cruises in the Japan Sea.

In order to establish the detailed occurrence of the central to east Asian monsoon variability during the
last 800 kyr, we will re-examine the stratigraphy of Site 797 based on the precise correlation of physical
properties to U1424 and U1425. Using the element composition of Site 797 sediments, the temporal
variations of detrital subcomponents such as the Asian dust and the detritus derived from Japanese
Islands will be reconstructed, which could enable us to calculate the long-term flux variations of these
detrital subcomponents. We expect to demonstrate how "legacy" cores may become useful under the light
of newly drilled IODP cores, and deepen our understanding of the east Asian monsoon variability during
the Pleistocene.

F—7— K : ODP Site 797. IODP Exp. 346, HEIEF. BERE:EBY
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High resolution paleomagnetism, magnetic susceptibility, and core
color reflectance data from Site U1443 —preliminary results
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International Ocean Discovery Program Site U1443 is located at Ninety East Ridge in the southeastern
Indian Ocean. At Site U1443, the recovered cores date to "25 Ma. A high resolution chronostratigraphy
from this Site is needed to achieve better understanding of long-term climate evolution over the Indian
Ocean and subcontinent. Shipboard paleomagnetic measurements revealed reasonable polarity patterns
throughout the last "25 Ma; however limited demagnetization steps have left ambiguity in the age
assignment of the interval between “13 to "25 Ma. Shipboard rock magnetic data showed promising
variability that could be related to paleoenvironmental change. To build on these findings, u-channel and
discrete samples were taken for detailed measurements. Paleomagnetic measurements were successful in
recovering polarity patterns consistent with the shipboard measurements. Magnetic susceptibility and
color reflectance data revealed subtle but correlated changes, including the observation of "20-30 cm
cycles that were not identified from shipboard measurements. On the basis of sedimentation rate
estimates (70.8 cm/kyr), the observed cycles may be driven by the “41 kyr obliquity cycle. Rock magnetic
measurements on discrete samples indicate a mostly homogeneous magnetic mineralogy of oxidized
titanomagnetite. Thus, the cyclicity is likely to reflect changes in the concentration of this mineral
magnetic component. Integration of the magnetic stratigraphy with the cyclicity will provide a high
resolution chronostratigraphy.

F—7— K :Indian Ocean. Paleomagnetism. Expedition 353
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The change in the environment and tectonics from Late Paleocene to
Early Miocene in the Northeastern Tibetan Plateau
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Cenozoic is the time of global cooling from the early Eocene greenhouse to the Quaternary icehouse. The
Eocene-Oligocene Transition (EOT) is the first rapid cooling step in the Cenozoic that occurred around 34
Ma. One of the critical changes during the EOT is the emergence of the permanent Antarctic ice. DeConto
and Pollard (2003) suggested that the decrease of the percentage of carbon dioxide in the atmosphere
during Eocene-Oligocene was the probable cause of the abrupt cooling at the Eocene-Oligocene
Boundary (EOB), but exactly when and the reason why the reduction in the atmospheric occurred is not
clear. Raymo and Ruddiman (1992) hypothesized that the intensification of weathering associated with
the uplift of the Himalaya and Tibetan Plateau (HTP) caused atmospheric decrease. Although it is
essential to clarify when and how HTP evolved and how its evolution was related to the atmospheric
decrease, in order to test this hypothesis, the timing and mode of the HTP uplift is still under debate (Tada
et al., 2016). In the northeastern Tibetan Plateau, the aridification and cooling linked with the elevation
increase were suggested to have started before the EOB based on the pollen record (Dupont-Nivet et al.,
2008). However, clear evidence of the tectonic uplift event and its temporal relationship with EOB is
needed for further discussion. In this research, we examined the provenance of quartz in the terrestrial
sediments of the Lanzhou Basin, the northeastern Tibetan Plateau to detect the signal of uplift and
examine the temporal ralation between the uplift, cooling and the desertification.

We conducted field survey at the Duitinggou section in the northeastern edge of the Tibetan plateau,
make a route map and a columnar section, and collected samples for analyses. We correlated our
columnar section with a columnar section of Zhang (2015) constructed at the nearby section, and
projected their age model, which is constructed based on magnetostratigraphy to our columnar section.
We analyzed the grain size distribution of major lithologies to distinguish the sedimentary facies and
characterize the lithological units. We also measured Electron Spin Resonance (ESR) intensity of quartz in
the two grain size fractions to examine the provenance changes.

According to the result, Duitinggou section can be divided into six sedimentary units from 1 to 6 in
ascending order and based on the constructed age model, the age of Duitinggou section ranges from
about 57.6 Ma to 18.9 Ma, i.e. from Late Paleocene to Early Miocene.

Based on the result of the grain size analysis, we classify four patterns of the grain size distributions
interpreted as fluvial sediments, lacustrine sediments, aeolian deposits and mixed sediments, respectively.
The >63 wm sandstone samples were considered to have represented as mostly fluvial sediments. A
gradual increase in the ESR intensity of quartz from 50 Ma to 24 Ma is interpreted as the evidence of
unroofing in the source area. It seems that the uplift of the source area occurred before 50 Ma. A sudden
decrease in the ESR intensity around 24 Ma suggested a major tectonic uplift and exposure of low grade
metamorphic rocks occurred at that age, which might be related to the uplift of the northeastern Tibetan
Plateau that started around 24Ma.
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Paleoweathering condition in the middle Miocene to the early
Pliocene period in the Japanese Islands
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The middle Miocene to Pliocene is recognized as a period that has changed the East Asian monsoon. In
the Japanese Islands, the Middle Miocene to Pliocene fluvial formations include aluminous clayey
horizons with well-preserved pedogenic features and are known as pottery material. These formations,
therefore, can be a useful to reconstruct of weathering conditions. Description of paleosols and
geochemical and mineralogical research were carried out in the Middle Miocene (10-11 Ma) and the Early
Pliocene (3-4 Ma) sediments in the central Japan in order to illuminate the weathering condition in far
east Asian margin.

Each of the formation was mainly deposited in lacustrine environment. Paleosols can be divided into 11
pedotypes. In the Middle Miocene, the main pedotypes, which are characterized by thick soil horizons
with Bt horizons, gilgai microrelief and rich illuviated clay, are equivalent to vertisol and ultisol. In the Early
Pliocene, the main pedotypes, which are characterized by thinner soil horizons, prominent relict beds and
rarely illuviated clay, are correspond to ultisol and inceptisol. Hydromorphic paleosols, besides, are
developed in the Early Pliocene.

The major elemental geochemistry of the lake sediments shows that the Middle Miocene sediments were
supplied from severe weathered sources with CIA values of 80-94. The Pliocene sediments show the CIA
values of 72-90 suggesting the relatively weak weathering condition. Behavior of major and REE elements
within paleosol profiles shows a marked loss of Na,O without leaching of REE, which should inherit the
composition of source rocks, in the middle Miocene. In the early Pliocene, eluviation of Na,O are less
reconstructing the weakly developed paleosols. The clay mineral composition of the middle Miocene
sediments, additionally, shows higher kaolinite contents than that of the early Pliocene sediments.

The weathering condition in the middle Miocene to Pliocene in Japanese Islands may be affected by the
influence of warm water current and initiation of the Eastern Asian monsoon. The middle Miocene period
(10-11 Ma) is considered to have been under the intenser weathering condition than one in the early
Pliocene period (3-4 Ma), which corresponds with the initiation of drying in Asian interior and the invasion
of tropical sea water into the middle latitude in the northwest Pacific Ocean.
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Spatial property of heavy precipitaion and flood history during the Late
Holocene in central Japan and correlation with climate change in
surrounding region
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