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Abstract
Organic matter concentrations and organic carbon and nitrogen
isotopes are reported for sediments drilled during Integrated
Ocean Drilling Program Expedition 346. The Japan Sea/East Sea
sediments from Sites U1426 and U1427 feature a range of total or-
ganic carbon (%TOC) between 0.16% and 6.36%, total nitrogen
(%N) between 0.04% and 0.39%, δ13C values between –25.87‰
and –19.56‰, δ15N values between 3.33‰ and 13.08‰, and car-
bonate concentrations (%CaCO3) between 0% and 44.29%. The
East China Sea sediments from Site U1429 feature a range of
%TOC between 0.10% and 2.85%, %N between 0.02% and
1.22%, δ13C values between –24.74‰ and 17.73‰, δ15N values
between 3.59‰ and 13.40‰, and %CaCO3 between 0.70% and
42.84%. Both organic matter content and stable isotopes are well
correlated with b* sediment color reflectance values and infer de-
creased surface productivity and suboxic to anoxic environments
during glacial periods and increased productivity and deep-water
ventilation during interglacial periods in the Japan Sea/East Sea.

Introduction
To better understand how climatic and oceanic changes in the Ja-
pan Sea/East Sea and East China Sea affected primary production
in surface water, a high-resolution record of organic matter con-
tent is needed. Calcium carbonate (%CaCO3), total organic car-
bon (%TOC), total nitrogen (%N), carbon stable isotope (δ13C),
and nitrogen stable isotope (δ15N) contents of sediment samples
are all widely used proxies for primary productivity in surface wa-
ter as a result of paleoceanographic changes. These geochemical
proxies are functions of nutrient availability (Mahaffey et al.,
2003), primary productivity rates (Fry and Sherr, 1984), and dif-
fering organic matter source areas (O’Leary, 1981; Peterson and
Howarth, 1987).

However, degradation of organic matter in both the water column
and sediment surface can cause substantial alteration of organic
matter from its original composition (Canuel and Martens, 1996;
Lehmann et al., 2002), especially in the case of denitrification in
anoxic water columns (Cline and Kaplan, 1975; Mariotti et al.,
1981; Montoya et al., 1991; Altabet et al., 1999). Although the to-
tal amount of organic matter deposited in the sedimentary record
is only a small portion of the original organic matter produced, it
 doi:10.2204/iodp.proc.346.204.2018
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typically still contains accurate geochemical records
(Meyers and Eadie, 1993) and therefore can be used
as a proxy to determine past paleoceanographic and
paleoenvironmental conditions.

Paleoproductivity proxies such as %CaCO3, %TOC,
%N, δ13C, and δ15N are best used in conjunction with
other proxies such as benthic foraminifer assem-
blages, biogenic silica concentrations, and trace ele-
ment geochemistry. Therefore, these reported data
should be used as a complementary guide to paleo-
productivity levels using additional productivity
proxies.

Here, we evaluated the CaCO3, TOC, N, δ13C, and
δ15N concentrations in sediment cores retrieved from
Integrated Ocean Drilling Program (IODP) Expedi-
tion 346 in the Japan Sea/East Sea and East China
Sea. Expedition 346 drilling objectives were success-
fully completed with the retrieval of continuous sed-
imentary sequences at seven sampling sites in the Ja-
pan Sea/East Sea and two sampling sites in the East
China Sea during the summer of 2013 (Fig. F1; see
the “Expedition 346 summary” chapter [Tada et al.,
2015a]).

IODP Site U1426 is in the Yamato Basin near the top
of the Oki Ridge. It is located in the same location as
Ocean Drilling Program Site 798 (37°2.00′N,
134°48.00′E) at 903 meters below sea level (mbsl).
Four holes were drilled at this location. Hole U1426A
had the best recovery of 396.7 m, extending from
the Pliocene to the Holocene. IODP Site U1427 is
also in the Yamato Basin near the outer margin of
the continental shelf near the coast of Honshu Is-
land. It is located at 35°57.92′N, 134°26.06′E and is
the shallowest site at 330.3 mbsl. Three holes were
cored at Site U1427 with Hole U1427A recovering
548.6 m of sediment, extending from the lower Pleis-
tocene to the Holocene. IODP Site U1429 is located
in the northernmost part of the East China Sea in
the Okinawa Trough at 31°37.04′N, 128°59.85′E and
732 mbsl. Three holes were cored at Site U1429, with
Hole U1429A recovering the greatest amount (190.3
m) of sediment, extending from the middle Pleisto-
cene to the Holocene.

Sediments recovered during drilling were predomi-
nantly fine-grained biogenic siliceous and carbonate
oozes with distinct light–dark sedimentary cycles.
The dark layers were mostly laminated, whereas the
light layers were homogeneous to bioturbated. Me-
ter-scale alternations in the light and dark sedimen-
tary units record orbital-scale variations in surface
and deep-water circulations, whereas centimeter-
scale alternations in the light and dark sequences re-
cord millennial-scale climatic oscillations (see the
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“Expedition 346 summary” chapter [Tada et al.,
2015a]). Previous studies have demonstrated that the
light–dark sedimentary cycles were synchronous ba-
sin wide and that they can be correlated between
sites in the study area (Tada et al., 1992; Watanabe et
al., 2007).

The lowering of glacioeustatic sea level during glacial
periods limited influx of the Tsushima Warm Cur-
rent (TWC) into the Japan Sea/East Sea through the
Tsushima Strait. With less input from the TWC and
increased contribution from precipitation, the sea
became nearly isolated and a low-salinity surface
layer developed (Oba et al., 1991; Tada et al., 1999;
Kitamura et al., 2001; Khim et al., 2008). This low-sa-
linity layer limited deep-water ventilation resulting
from increased water column stratification (Oba et
al., 1991) and caused suboxic to anoxic bottom wa-
ter conditions, which are associated with organic-
rich, dark sedimentary layers (Watanabe et al., 2007;
Khim et al., 2008). Light layers are associated with
oxic conditions during interglacial and interstadial
periods when there was a significant influx of the
TWC through the Tsushima Strait (Tada et al., 1992,
1999).

The purpose of this research was to determine how
glacioeustatic sea level changes and the resulting
variation in the influx of water though the Tsushima
Strait affected primary productivity rates and organic
matter sources in the Japan Sea/East Sea on an or-
bital timescale. By comparing the Japan Sea/East Sea
sites to the East China Sea sites, a better understand-
ing of the timing and degree of isolation of the Japan
Sea/East Sea during glacial lowstands can be devel-
oped.

Methods and materials
All sedimentary organic matter samples were ana-
lyzed in the Southeast Environmental Research Cen-
ter’s Stable Isotope Laboratory (SERC SIL) at Florida
International University (USA). All samples were
dried and ground until fine before being homoge-
nized in a SPEX 8000M mixer/mill for 5 min. Sam-
ples prepared for carbon isotope analysis were decar-
bonated by acidifying ~0.1 g of ground sediment
sample in a 10% HCl bath for 24 h three times fol-
lowed by decantation in deionized water to rinse
away acid residue. An aliquot of 5 mg of decarbon-
ated sediment for %TOC and δ13C analysis and 10
mg of nondecarbonated sediment for %N and δ15N
analysis were compacted in 5 mm × 9 mm tin cap-
sules and analyzed in a NA 1500 elemental analyzer
coupled to a Thermo Delta C isotope ratio mass spec-
trometer.
2
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All isotope data are expressed as delta notation
(δ‰), using the following equation:

δR = [(Rsample – Rstandard)/Rstandard] × 1000,

where Rsample is the ratio of the heavy to light isotope
in the sample and Rstandard is the ratio of the heavy to
light isotope in the standard (Coplen, 2011). The
δ13C and δ15N data are reported in permil vs. Vienna
Peedee belemnite and air, respectively.

The procedure for processing inorganic carbon (%IC)
samples followed a similar method to shipboard
analyses (see the “Methods” chapter [Tada et al.,
2015b]). An aliquot of 15 mg of ground, homoge-
nized sample was acidified in 10 mL of 10% HClO4

in a UIC CM140 coulometer for %IC analysis. %Ca-
CO3 was calculated from %IC by multiplying by a
factor of 8.33 under the assumption that all inor-
ganic carbon acts as CaCO3.

All b* data were collected shipboard during Expedi-
tion 346 using an Ocean Optics USB4000 spectrome-
ter at 5 mm resolution (see the “Methods” chapter
[Tada et al., 2015b]).

Results
%CaCO3, %TOC, %N, δ13C, and δ15N concentrations
in sediment samples are plotted for Sites U1426,
U1427, and U1429 in Figures F2, F3, and F4, respec-
tively. These data are also recorded in Tables T1, T2,
and T3. Tada et al. (1999) indicated that sedimentary
units that were typically deeper blue and had rela-
tively less carbonate were deposited during glacial
periods. Sites U1426 and U1427 show decreased
%CaCO3, %TOC, and %N and relatively depleted
δ13C and δ15N values (approximately –26‰ to –24‰
and ~2‰–7‰, respectively) when compared with
other sediments deposited during the interglacials
(e.g., periods with higher carbonate content [δ13C
and δ15N values of approximately –20‰ to –23‰
and ~6‰–8‰, respectively]), corroborating previ-
ous studies in the area. Cyclic variation of these geo-
chemical proxies corresponds strongly to glacial–in-
terglacial cycles (Tada et al., 1999; Hyun et al., 2007).
Migration of the Yellow and Yangtze Rivers toward
the Japan Sea/East Sea and the exposure of the conti-
nental shelf during glacial periods likely caused an
increase in terrestrial input, leading to depleted δ13C
and δ15N (Khim et al., 2007).

Site U1429 (Fig. F4) does not share geochemical
trends similar to the other two sites because it is lo-
cated outside of the Japan Sea/East Sea and is not iso-
lated during glacioeustatic sea level changes. Site
U1429 in the East China Sea is also unique in that it
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lacks the dark–light sediment alternations found at
other Expedition 346 sites, likely caused by limited
variation in nutrient supply and resulting paleopro-
ductivity levels as well as oxic bottom water condi-
tions.

Glacial periods reduce the inflow of the TWC into
the restricted marginal sea, which in turn freshens
the surface water and increases stratification in the
water body while decreasing productivity (Khim et
al., 2007; Xing et al., 2011). Therefore, during inter-
glacial and interstadial periods, the influx of the
TWC brings warmer, more nutrient-rich water that
increases productivity in the water column. The in-
creased productivity is inferred by increased %Ca-
CO3, %TOC, and %N and enriched δ13C and δ15N
values during the interglacial periods.
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Figure F1. Locations of all nine Expedition 346 drilling sites in Japan Sea/East Sea and East China Sea (modified
from the “Expedition 346 summary” chapter [Tada et al., 2015a]). Blue dots = sites used in this study.
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Figure F2. Calcium carbonate (%CaCO3), total organic carbon (%TOC), total nitrogen (%N), δ13C, and δ15N
content of sediment samples and b* data, Site U1426. Shaded regions represent glacial periods.

Figure F3. Calcium carbonate (%CaCO3), total organic carbon (%TOC), total nitrogen (%N), δ13C, and δ15N
content of sediment samples and b* data, Site U1427. Shaded regions represent glacial periods.
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Figure F4. Calcium carbonate (%CaCO3), total organic carbon (%TOC), total nitrogen (%N), δ13C, and δ15N
content of sediment samples and b* data, Site U1429.
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Table T1. %CaCO3, %TOC, %N, δ13C, and δ15N content of sediment samples, Site U1426. This table is available
in CSV format.

Table T2. %CaCO3, %TOC, %N, δ13C, and δ15N content of sediment samples, Site U1427. This table is available
in CSV format.

Table T3. %CaCO3, %TOC, %N, δ13C, and δ15N content of sediment samples, Site U1429. This table is available
in CSV format.
Proc. IODP | Volume 346 9
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