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I.

SUMMARY

Title

Construction of Interpretation system for the Fault

d

®)

®

d

®)

Distribution in the earthquake zone of
the East Sea

. Objectives and significances

To design an integrated submarine earthquake disaster analysis system by
finding the connection between earthquake activities and distribution of
faults in the East Sea ear thquake zone.
To draw fault distribution map of the East Sea and to establish the connection
between fault distribution and earthquake activities.
- To Analyze the characteristics of tectonic structures in the East Sea and to
produce a fault distribution map.
To analyze the effects of tectonic movement on the earth’ s cross section
ranging from deep strata to seafloor.
- To make a seismic cross section map and a 3D geological structure map
To design a submarine earthquake analysis system by surveying fault zones
before and after earthquakes and analyzing its characteristics.
- To develop an earthquake occurrence mechanism analysis method and site

response technology.

Contents

A study on the connection between earthquake activities and distribution of

faults in the East Sea earthquake zones

- Analysis of the current status of related researches (KNOC, KIGAM, KHOA,
KMA, Japan, and China)

- Multi-channel seismic survey in the East Sea ear thquake zones (if necessary)

- Analysis of seismic survey data acquired from earlier studies

— il —
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- Interpreting seismic stratigraphic sequence and analyzing characteristics
of tectonic structures

- Establishing the connections between fault distribution and earthquake
activities

- Understanding the characteristics of marine sediment distributed around the
fault zones

Design and utilization of a submarine earthquake analysis system

- A distribution map of faults in the East Sea’ s earthquake zones

- A 3D map of geological structures in the fault zones

Results

Target result: a distribution map of fault zones in the East Sea and an
integrated earthquake disaster analysis system

- To make a distribution map of faults in the East Sea ear thquake zones

- To find connections between faults and earthquake activities

- To make a seismic cross section map and 3D geological structure map
Suggestions for application

An efficient management of jurisdictional sea areas by drawing a distribution

map of fault zones in the East sea

- Establishing an ocean space planning by identifying areas prone to submarine
ear thquake disasters

- Management of the areas prone to marine disasters by sharing data with
associated agencies (MOF, KMA, MOIS, ROK NAVY, and KHNP)

Identifying the characteristics of fault distribution such as formation,

movement, and accumulation of marine resources due to formation and

development of faults
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DT SRl Shallow—water seismic survey data acquired from the southeastern coast of the
East sea
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Table 3-1-1. Parameters used in the multi-channel seismic surveys

2015 A} 20161 A}
Number of channels 120 120
Receiver interval 125 m 125 m
Source interval 25 m 25 m
Near offset 75 m 60 m
Sampling rate 1 ms 1 ms
Recording length 6 s 6 s
Source depth 5-6 m 5-6 m
Streamer depth 7 m 7 m
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D Bl Track lines of the seismic survey conducted to investigate the connection
between fault distribution and earthquakes
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Stacked seismic cross—section after applying NMO correction (Seismic profile
2016-102)

DT BRIl Migrated seismic cross—section (Seismic profile 2016—102)
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ISR Ble] Fault activity near Hupo basin. This figure shows the seismic survey line

extending from the continental slope (offshore Hupo) to Dokdo island. The
central part of Ulleung basin is characterized by volcano chain and normal faults

due to volcanic activities.
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DRl Earthquake activity in the Onnuri Basin

SRS ES The geological structure map of an area in Hupo earthquake zone occurred by an
earthquake with a magnitude of 4.0 or stronger
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e SRS The geological structure map of an area in Hupo earthquake zone occurred where
an earthquake with a magnitude of 4.0 or stronger occurred
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ISR The geological structure map of an area in Hupo earthquake zone where an
earthquake with a magnitude of 4.0 or stronger occurred
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IR Earthquake and extended fault structures offshore Ulsan
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ISR Submarine earthquake occurrence near the coast of Ulsan and its characteristics
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ISRl Seismic cross—section of an area near Ulleung Basin slope where the core was

acquired
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In recent decades, the Yellow Sea has experienced severe environmental deterioration due to increasing
input of anthropogenic pollutants and consequently accelerated eutrophication. Whilst there have been
significant advances in documenting historical records of metal pollution in the Yellow Sea region,
changes in phytoplankton community structures affected by eutrophication remain understudied. Here,
we present a new record of dinoflagellate cyst-based signals in age-dated sediment cores from the
Yellow Sea mud deposits to provide better insight into eutrophication history and identification of
associated responses of the regional phytoplankton community. It is worthy of note that there were
significant variations in abundances and community structures of dinoflagellate cysts in three historical
stages in association with increasing anthropogenic activity over the last 400 years. Pervasive effects of
human interference altering the Yellow Sea environments are recognized by: 1) an abrupt increase of
organic matter, including the diatom-produced biogenic opal concentrations (~1850); 2) a distinct shift
in phytoplankton composition towards dinoflagellate dominance (~1940), and 3) recent acceleration of
dinoflagellate cyst accumulation (~1990). Particularly in the central Yellow Sea shelf, the anomalously
high deposition of dinoflagellate cysts (especially Alexandrium species) is suggested to be a potentially
important source of inoculum cells serving as a seed population for localized and recurrent blooms in

coastal areas around the Yellow Sea.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The Yellow Sea, a typical Pacific epi-continental sea surrounded
by China and the Korean Peninsula (Fig. 1), is very productive and
supports substantial populations of fish, birds, mammals, in-
vertebrates, and a large human coastal population (Lin et al., 2005;
UNDP/GEF, 2007). Recently, this sea has been considered as one of
the most degraded marine areas and its ecosystem faces several
serious environmental problems (Wang et al., 2003, 2009; UNDP/
GEF, 2007; Liu et al, 2013a; Murray et al,, 2015). During recent
decades, rapidly increasing human activities have exerted a large

* Corresponding author. University of Science and Technology, Daejeon 34113,
Republic of Korea. Tel.: +82 639 8580; fax: +82 639 8429.
E-mail address: oceanlim@kiost.ackr (D. Lim).

https://doi.org/10.1016/j.ecss.2017.10.006
0272-7714/© 2017 Elsevier Ltd. All rights reserved.

influence on the Yellow Sea environment by altering the biological
and chemical dynamics of the region, and consequently have
caused severe deterioration in the ecosystems of the coastal and
shelf environments (Park et al., 1998; Lin et al., 2005; Song et al,,
2007; Son et al,, 2011). Particularly in the coastal regions of the
sea, there is growing concern over recurrent and spatially wide-
spread algal blooms caused by toxic and harmful cyst-forming
dinoflagellate species, which often result in large-scale damage to
coastal aquacultural areas (Lee, 2006; Tang et al.,, 2006; Chi, 2008;
Kim, 2010). In addition, an ocean-dumping site in the central part of
the Yellow Sea is a potential source of anthropogenic materials
(Park and Choi, 1993; Park et al., 1998; Son et al., 2011) (Fig. 1). To
understand effects of such drastic environmental changes on the
Yellow Sea ecosystem, especially for the last 100 years coupled with
the rapid economic development of Korea and China, numerous
studies have been conducted in several coastal areas, mostly based
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on the accumulation history of heavy metals (e.g., Qin et al., 2006;
Kim et al, 2009a; Lim et al, 2012; Zhang et al., 2012; Liu et al,,
2013b). However, there is a lack of retrospective data to identify
changes in phytoplankton community structure affected by eutro-
phication, especially in the shelf area of the Yellow Sea. Here,
eutrophication is regarded as the suite of adverse symptoms
resulting from anthropogenic nutrient loadings.

Marine plankton groups such as dinoflagellates, diatoms, fora-
minifers and coccoliths have been widely used to assess spatial and
temporal changes in marine environments due to its sensitivity to
hydrographic parameters. Notably, dinoflagellates constitute an
integral part of phytoplankton communities in coastal marine
waters and produce hypnozygotic cysts (dinoflagellate cysts) as a
part of the sexual reproduction cycle (e.g. Taylor, 1987; Kremp,
2013). Organic-walled dinoflagellate cysts are of particular inter-
est because they are extremely resistant to mechanical, chemical
and bacterial deterioration and, therefore, can be preserved in
bottom sediments for variable time scales (Harland, 1988; Head,
1996). Since assemblage composition of the dinoflagellates highly
depends on different physical, chemical and biological water mass
properties, their ecological preferences to environmental gradients
make them ideal to identify a range of environmental signals
(McKay et al., 2008; Marret and Kim, 2009; Zonneveld et al., 2013).
Thus in polluted marine environments, dinoflagellate cysts can
provide an integrated record over time of eutrophication (e.g.,
Anderson et al., 2005; Kim et al., 2009b; Liu et al., 2012, 2013b;
D'Silva et al., 2013). It is of note that previous studies on surface
sediments of the Yellow Sea revealed an intense sedimentation of
dinoflagellate cysts in the central shelf area (Cho and Matsuoka,
2001; Hwang et al.,, 2011), including the ocean dumping site (Shin
et al., 2013). However, the underlying details of such prominent
dinoflagellate cyst deposition, particularly for toxic or harmful
species, are still enigmatic and there has been no investigation on
the historical changes of the dinoflagellate cysts in the shelf area of
the Yellow Sea. The general paucity of adequate sedimentary
dinoflagellate cyst records to track changes in phytoplankton
community composition is an important factor limiting our un-
derstanding of past changes in marine environments of the Yellow
Sea in response to recent eutrophication.

39°NT

36°N

33°N

30°N

27°N
1M7°E

z 2500
120°E 123°E 126°E 129°E waterdeptn

Fig. 1. Map of the study area with locations of sediment samples (AB-1 and D-6), as
well as the Yellow Sea circulation system: BC, Bohai Current; YSCC, Yellow Sea Coastal
Current; YSWC, Yellow Sea Warm Current; KCC, Korean Coastal Current; TWC,
Tsushima Warm Current.

This study presents a new record of temporal-scale variations in
the palynological and biogeochemical properties of two sediment
cores from the central and southwestern Yellow Sea mud deposits.
This paper provides the first description of the composition,
abundance, and vertical distribution of dinoflagellate cysts in core
sediments from Yellow Sea mud deposits with the aim of identi-
fying trends in major phytoplankton shifts and, thus, tracking the
eutrophication history of Yellow Sea marine environments in
response to increased anthropogenic activities over recent decades.

2. Materials and methods

Two sediment core samples were collected with a box corer
from the mud deposits of the central Yellow Sea (core AB-1:
35°49.861'N, 124°30.016'W; water depth: 84 m; 40 cm in length)
and the southeastern Yellow Sea (core D-6: 35°00.019'N,
125°20.129'W; water depth: 72.5 m; 60 cm in length) (Fig. 1). For
dinoflagellate cyst and geochemical composition analyses, core AB-
1 was subsampled at 0.5—5 cm intervals (n = 19), and core D-6 was
subsampled at intervals between 1 and 5 cm (n = 25). Each sub-
samples was initially prepared for palynological analysis using the
following procedure. After adding a marker spore tablet (Lycopo-
dium clavatum spore) to each subsample in order to calculate the
concentration of dinoflagellate cysts based on sediment dry weight
(g), the samples were treated with 10% hydrochloric acid (HCI) and
40% hydrofluoric acid (HF) to remove calcium carbonate and silicate
materials. The samples were passed through a mesh sieve of pore
size 10 um to remove particles smaller than this size. The final
residues were mounted between a slide and cover slip in glycerin
jelly and sealed with paraffin wax. Where possible, a minimum of
300 dinoflagellate cysts were counted using a Nikon (Eclipse 55i)
microscope at 250 x and 400 x magnifications. All round, brown
protoperidinioid cysts with an opening were grouped together as
Brigantedinium spp. as the shape of the archaeopyle was not
recognizable.

Total carbon (TC) and total inorganic carbon (TIC) concentra-
tions of the subsamples were measured using a CHN elemental
analyzer (FLASH 2000; Thermo Fisher Scientific, Waltham, MA,
USA) and a CO, coulometer {(model CM5014; UIC, Joliet, IL, USA),
respectively. The analytical accuracies and precisions of these ele-
ments were within 5%, based on an analysis of standard reference
materials (L-cysteine in TC analysis and calcium carbonate with
12.00 C% in TIC analysis) and replicate samples. The TOC concen-
tration was calculated from the difference between TC and TIC
concentrations. The biogenic silica (BSi) concentration was
analyzed using a wet alkaline extraction method modified from
Mortlock and Froelich (1989) and Miiller and Schneider (1993). The
relative error of BSi concentration in this study was less than 10%,
based on an analysis of standard reference materials and replicate
samples. BSi concentrations were converted to biogenic opal con-
centrations based on a weight percentage, using a multiplication
factor of 2.14.

To reconstruct the chronologies of the two cores, sedimentation
rates were determined using excess 2'°Pb (21°Pbey) activity values,
which is equivalent to the total 21°Pb activity (*'°Pbyo) minus the
supported 210py, activity that is in equilibrium with sedimentary
226Ra. The analytical and calculation methods used to determine
210pp, activity were described in detail in previous studies of Yellow
Sea core sediments (e.g., Lim et al., 2007, 2012). The 2'Pb-derived
linear sedimentation rates calculated from the gradient of Zml’bex
activity in each core were estimated to be 0.09 cm/yr and 1.68 cm/
yr in cores AB-1 and D-6, respectively. These rates are similar to
those reported previously in these areas (Lim et al., 2007, and ref-
erences therein). The sedimentation rates yielded estimated dates
of ca. 1570 and 1980 at the end of cores AB-1 and D-6, respectively.

_88_



4z

Bl

S.-Y. Kim et al. / Estuarine, Coastal and Shelf Science 200 (2018) 51-98 93

3. Results and discussion

3.1. Characteristics of dinoflagellate cyst assemblages and
elemental compositions

The dinoflagellate cyst assemblages and elemental composi-
tions of the age-constructed cores showed significant down-core
variations (Figs. 2—4). Concentrations of the dincflagellate cysts
in core AB-1 and D-6 ranged from approx. 1400—20,000 and
2802200 cysts/g, respectively (Fig. 2). In core AB-1, the dominant
species were Spiniferites bulloides (8—92%), Alexandrium tamarense/
catenella (0—51%), Operculodinium centrocarpum (0—43%), and
Brigantedinium spp. (4—31%) (Fig. 3). Vertical variations in dino-
flagellate cysts in core AB-1 showed a dominance of Spiniferites
species in the lower section of the core {25—40 cm), reaching up to
approx. 6886 cysts/g at 30 cm, followed by a sharp decline. The
upper section of the core (above 6 cm) was characterized by a
notable increase in A. tamarense/catenella type, O. centrocarpum,
and Brigantedinium species. Of particular note was the remarkable
occurrence of O. centrocarpum and A. tamarense/catenella type in
the surface samples, in which both taxa reached up to approx. 8000
cystsfg. In core D-6, the most common species included
A. tamarense/catenella type {(0—74%), Spiniferites bulloides (15—65%),
Brigantedinium spp. (0—47%), and O. centrocarpum (0—25%) (Fig. 3).
The cyst assemblages showed large fluctuations throughout the
core: the lower section below a core depth of 22 cm showed a
higher occurrence of Spiniferites species and A. tamarense/catenelia
type, while the upper section was characterized by notable in-
creases in Brigantedinium species and 0. centrocarpum.

In core AB-1, TOC and TN concentrations exhibited a distinctive
upward-increasing trend, fluctuating from 0.30% to 1.84% (average:
0.75% + 0.33%) and 0.05%—0.19% {average: 0.11% + 0.04%), respec-
tively (Fig. 4}. Biogenic opal concentration varied from 4.4% to 12.1%
{average: 6.5% + 1.7%), with an abrupt increase at approx. 13 cm: the
concentraticn was low (4—5%) in the lower sediments below 13 cm,
but increased markedly to »6% in the upper sediments of the core.
Similar trends in down-core variations of these elemental compo-
sitions imply a significant environmental change in the Yellow Sea
over the last 400 years. In contrast, there was no apparent down-
core variation in core D-6 from the southeastern Yellow Sea mud
deposits. TOC and TN concentrations ranged from 0.59% to 0.88%
{0.75% + 0.07%) and 0.09%—-0.14% (0.11% + 0.01%), respectively.
Bicgenic opal concentrations were between 6.6% and 9.9% (average:
7.5% + 0.8%).

In general, down-core variations of dinoflagellate cyst assem-
blages in sediments are mainly controlled by a combination of
biological and sedimentclogical factors. In this context, the inter-
pretation of the dinoflagellate cyst record must consider not only
the cyst preductien, but also changes in sediment accumulations of
the depositional system. Nevertheless, considering asynchronous
trends in the curves of the major dinoflagellate cyst concentrations
and their percentages as well as biogeochemical properties as
shown in Figs. 3 and 4, an influence of sedimentation changes was
unlikely significant. This suggests that the dinoflagellate cyst
assemblage changes observed in the present study may primarily
reflect a marine plankton community response to environmental
changes in the Yellow Sea water masses during the last 400 years.

3.2. Decadal-scale variations in dinoflagellate cyst records and their
implications

As dinoflagellate cysts are a useful proxy of environmental
changes, including anthropogenic activity (e.g., Matsuocka et al.,
2003; Pospelova et al,, 2005; Dale, 2009), their sedimentary re-
cords can provide retrospective data over time in marine

environments where long-term monitering data are insufficient. In
this study, temporal variations in the dinoflagellate cyst records of
the Yellow Sea shelf core sediments imply significant environ-
mental changes over the last 400 years, which can be divided into
three stages (Stages A, B, and C in ascending order} in association
with population growth and industrial development in China and
Korea (Fig. 5).

3.2.1. Stage A (before ca. 1850)

This stage represents a period when the regions along the Yel-
low Sea coastline were free from anthropogenic pollution with a
sparse population and little industrial development. The dinofla-
gellate cyst concentration, as well as the organic matter and
biogenic silica concentrations, remain relatively low during this
pericd, which probably reflects the earlier environmental condi-
tions of the Yellow Sea. Of particular interest is a relatively high
occurrence of Spiniferites species dominating the dinoflagellate cyst
assemblage at up to 90—92% until ca. 1700, followed by a sharp
decrease. As strong nutrient supplies from human activity are un-
likely during this period, the preferential occurrence of Spiniferites
species may be associated with other environmental andjor cli-
matic factors. Further studies are required te determine the cause of
such high production and/or deposition of this particular dinofla-
gellate cyst group.

3.2.2. Stage B (ca. 1850—1940)

This stage is characterized by rapid increases in TOC, TN, and
biogenic opal concentration, while the dinoflagellate cyst concen-
tration remains low (Fig. 5). As sediment burial of organic matter in
the shelf is mostly derived from phytoplankton detritus, such large-
scale increases in TOC and biogenic opal are indicative of increased
local primary production in the central Yellow Sea stimulated by
nutrient enrichment. It is noteworthy that a direct influence of
nutrient input from the Yellow River to the study area is not likely
because the Yellow River shifted its course from the south to the
north at the beginning of this pericd, emptying into the Bohai Sea
since 1855 (Saito et al,, 2001; Liu et al., 2004). Therefore, the abrupt
increase in the organic matter during this period may be closely
related to anthropogenic impacts, particularly eutrophication
around the Yellow Sea, rather than changes in the natural envi-
ronment. This suggestion is well supported by eutrophication sig-
nals reported from coastal areas around the Yellow Sea {e.g., Lim
et al, 2012, and reference therein) that correspond in time with
the signals from the central offshore Yellow Sea presented in this
study. Such coastal eutrophication, owing to the continuous
discharge of industrial effluent and domestic sewage, would have
enhanced nutrient availability in the entire Yellow Sea region,
stimulating primary production accompanied by relatively dense
and strong phytoplankton bloems offshere.

Of particular note is the pronounced increase of biogenic opal
concentration from 1866, which indicates a very large increase of
diatoms in phytoplankton assemblages resulting from enhanced
nutrient supply. Changes in dincflagellate cyst abundance, how-
ever, are relatively subtle or even negligible compared with the
biogenic opal signal, implying that the improved nutrient con-
ditions of the Yellow Sea did not yet censiderably benefit in situ
dinoflagellate productivity in the study area (Fig. 5). This result
also points to preferential growth of diatoms over dinoflagellates
at a given time, since they are at a competitive advantage among
primary producers and thus have growth rates much higher than
dinoflagellates (c.f., Chan, 1978; Falkowski et al., 1985; Furnas,
1990; Tang, 1995; Andren, 1999). The disparity between the
timings of increases in the organic matter and dinoflagellate cysts
in response to nutrient enrichment further suggests that obser-
vations of dinoflagellate cyst signals should be used critically in
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Fig. 2. Vertical variations in concentrations (cysts/g of dry sediment) of selected dinoflagellate cysts identified in core AB-1 (closed circle) and D-6 (open circle).
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Fig. 3. Vertical variations in relative abundances (%) of selected dinoflagellate cysts identified in core AB-1 (closed circle) and D-6 (open circle).
support of other parameters that verify the accuracy of phyto- of dinoflagellate cysts (especially Alexandrium species) as well as
plankton biomass estimates. TOC concentration, while the biogenic opal signal remains rather
constant. Owing to the continuous increase of organic matter burial
3.2.3. Stage C (1940—present) associated with heavy nutrient supply, TOC, TN, and biogenic opal
This stage is marked by a pronounced increase in the abundance concentrations represent maximum values during this period and
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in core AB-1 (closed circle) and D-6 (open circle) from the Yellow Sea.
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Fig. 5. Temporal variations of the organic matter concentrations and major dinoflagellate cyst groups divided into three major historical stages.

the dinoflagellate cyst signal begins to increase sharply from 1940,
reaching its highest concentration at ca. 2000 (~20,000 cysts/g).
Variations in the organic matter and dinoflagellate cyst signatures
of this period can be divided into two sub-stages, namely, from the
1940s to the 1980s and from the 1990s to the present.

Early 1940s to late 1980s: In contrast to a constant or somewhat
decreasing trend in the diatom-produced biogenic opal concen-
tration, an abrupt increase in the dinoflagellate cyst concentration
along with continued increase in TOC concentration is noteworthy.
Such discrepancy can be explained to some extent by the fact that

excessive nutrient enrichment can cause a shift in dominant
phytoplankton composition from diatoms to dinoflagellates
(Wasmund, 2002; Lin et al., 2005; Lopes et al., 2007; Marshall et al.,
2009). This suggests fundamental changes in the species compo-
sition of the plankton, rather than an increase in overall production,
due to a pervasive effect of eutrophication altering the ecosystem of
the Yellow Sea aquatic environment. Of particular interest is an
abrupt and rapid increase in the accumulation of toxic or harmful
dinoflagellate cyst species, such as Alexandrium species and
0. centrocarpum, during this stage. High concentrations of
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Alexandrium species in the central Yellow Sea sediments may be
associated with the intrusion of the Yellow Sea Warm Current {a
branch of the Tsushima Warm Current} as previously suggested in
Shin et al. (2011, 2013), although 0. cenfrocarpum has a very broad
tolerance in terms of water temperature and salinity and therefore
has a cosmopolitan distribution (Zonneveld et al., 2013}, Alexan-
drium species are responsible for paralytic shellfish poisoning (PSP)
(Hallegraeff, 1998} and O. centrocarpum is a toxic dinoflagellate that
produces yessotoxins, which are associated with diarrhetic shell-
fish poisoning (DSP) (Satake et al, 1997). The sudden and large
occurrence of these particular toxic dinoflagellate cyst species since
1940 raises a question of whether this signal can be fully explained
by in situ dinoflagellate bloom populations only. Although there is a
high possibility of endogenous origins for the very large dinofla-
gellate cyst accumulations caused by excessive nutrient loading to
the central offshore Yellow Sea, we tentatively suggest that sub-
stantial amounts of dinoflagellate cysts can also be considered to
have exogenous origins. Supporting this suggestion, some of the
major circulatory currents travelling along the Bohai Sea and the
Chinese and Korean coasts merge into a large cyclonic eddy in the
central Yellow Sea shelf, forming the largest fine-grained muddy
deposits in this region (Park and Khim, 1992; Uehara and Saite,
2003; Shi et al, 2004). As dinoflagellate cysts behave like fine-
grained silt particles in hydrodynamic systems, and are trans-
ported and accumulated with this fraction in the sedimentary
regime (Dale, 1983}, we speculate that the major dinoflagellate cyst
species deposited in the central Yellow Sea sediments since 1940
are newly introduced, at least in part, from coastal environments of
the Yellow Sea (i.e., Bohai Sea). In support of this hypothesis, the
dinoflagellate cyst and organic matter variations in core AB-1
correspond well to organic matter and metal accumulation data
from Korean coastal regions (Lim et al, 2012, and references
therein), which are relatively low during the “preindustrial stage”
(before 1930), followed by a sharp rise during the “industrialization
stage” (1940s—1970s). Furthermore, harmful algal blecom events in
Chinese coastal waters have trebled in each 10-year period since
the 1970s (Zhou et al., 2001). In particular, blooms of Alexandrium
species have increased significantly in coastal waters of the
northern Yellow Sea, such as the Dalian region {Song et al., 2009;
Wwang and Wu, 2009}, and also in southern and western coastal
areas of Korea (Han et al,, 1992; Kim, 1997; Kim et al,, 2002). Such
continuous outbreaks of harmful dinoflagellate blocms in wide
coastal areas of the Yellow Sea would have resulted in substantial
amounts of dinoflagellate cyst production around the region (c.f.
Lee and Matsuoka, 1996; Liu et al., 2012). This is also confirmed by
the clear-cut increase in Alexandrium species since 1965 seen in
Sishili Bay, a heavily polluted coastal region of China (Liu et al,
2013b}, which corresponds well with the Alexandrium species
curve of this study (Fig. 5). The marked decreases in major ele-
ments, such as biogenic opal concentraticn and dinoflagellate cyst
abundance, since the 1980s are probably attributable to govern-
mental control in surrounding countries over marine pollution by
the regulation of peint sources that discharge pollutants into the
coastal waters of the Yellow Sea (c.f, Shi et al., 2007, 2010).

Early 1990s to kate 2000s: The increasing trends in organic
matter concentration and dinoflagellate cyst concentration accel-
erated and reached their highest values in this period. A steepening
of these signatures coincides well with the time of initiation of
ocean dumping in the central Yellow Sea (~1988). Several studies
havereported marked changes in biological and chemical dynamics
of the Yellow Sea since the commencement of ocean dumping (Park
et al,, 1998; Lin et al., 2005; Song et al,, 2007; Son et al., 2011). For
example, a significantly high chlorophyll-a patch has consistently
been observed in the middle of the Yellow Sea, corresponding to a
Korean dump site, while no such patch was observed in the

historical ocean color satellite imagery of the late 1970s to early
1980s {Son et al., 2011). Therefore, we speculate that the recent
acceleration of dinoflagellate cyst accumulation in core AB-1 is
primarily attributable to: 1) in situ productivity of dinoflagellate
flora due to excessive nutrient supplies from the ocean dumped
materials and 2) exogenous dinoflagellate cyst supplies from
coastal areas, which may have co-occurred at the given time. In
contrast, core D-6 from the southeastern Yellow Sea mud depesit,
which represents changes in the major elements since 1995, does
not match the overall patterns identified in core AB-1. The con-
centrations of total dinoflagellate cysts as well as Alexandrium
species and O. centrocarpum remain very low compared with those
of core AB-1. Such dissimilarity between these two fine-grained
sedimentary deposits of the Yellow Sea indicates much higher
production of dinoflagellates in the central Yellow Sea under the
direct influence of ocean dumping in recent years, which can also
be partly attributable to differences in the hydrodynamic regimes
affecting sediment deposition at each site.

The rich deposit of harmful dinoflagellate cysts in the central
offshore Yellow Sea is consistent with previous studies on dino-
flagellate cyst distribution in Yellow Sea surface sediments {(Cho
and Matsuoka, 2001; Hwang et al, 2011; Shin et al., 2013). In
particular, Alexandrium species are known to cause large algal
blooms in the coastal area, forming a high offshore reservoir after
migration along the sedimentary regime (Anderson et al., 2005;
Aretxabaleta et al,, 2014; Butman et al., 2014). As some dinofla-
gellate cyst taxa accumulating in sediments have the potential to
germinate after several years (McQuoid et al,, 2002; Mizuchima and
Matsuoka, 2004}, the dinoflagellate cyst deposit in the central
Yellow Sea sediment may tentatively supply seed populations for
future harmful dinoflagellate bloom outbreaks in different loca-
tions (e.g., adjacent coastal areas). This study supports the hy-
pothesis that the reported PSP outbreak events along with an
increase in ellipsoidal Alexandrium cysts in Korean and Japanese
coastal areas are likely to have originated from offshore regions
{e.g., central East China Sea), being transported by oceanic circu-
lation (Shin et al., 2010).

4. Conclusions

This study demonstrated that dinoflagellate cyst signals in age-
dated core sediments from the central offshore Yellow Sea reflect
progressive marine environmental changes in accordance with
gradients of anthropogenic pollution and eutrophication over the
past decades. Severe deterioration of the Yellow Sea ecosystem can
be identified by: 1} a sharp increase in organic matter signals,
including diatom-produced biogenic opal concentration (~1850), 2}
a distinct shift in phytoplankton composition towards dinoflagel-
late dominance together with a sudden increase of harmful dino-
flagellate species (~1940), and 3) escalating accumulation of
dinoflagellate cysts after the late 1990s. This study also highlights
the potential threat of a dinoflagellate cyst deposit in the central
Yellow Sea sediments, which may be an important source of inoc-
ulum cells to the coastal regions and serve as a seed populatien for
localized and recurrent blooms (Anderson et al., 2005; Shin et al.,
2010; Aretxabaleta et al., 2014; Butman et al., 2014). Nevertheless,
owing to limited long-term and continuous observational data, itis
difficult to identify the extent and magnitude of dinoflagellate cyst
transport between the bloom area and the ultimate location of their
deposition. A great deal of fundamental work with improved
spatial and temporal frequencies is still required to clarify the
sediment dynamics of dinoflagellate cyst dispersal and population
dynamics in the Yellow Sea.
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Study on the characteristics of earthquake with fault distribution in the western area of
the Ulleung Basin, East Sea (Japan Sea)

Sik Huh', Jin-Kyoung Kim', Taekhyun Kwon'
'KIOST(Korea Institute of Ocean Science & Technology), 787 Haeanro, Ansan 426-744,
KOREA, sikhuh@kiost.ac

We performed a comprehensive research on fault characteristics, tectonic environment and
evolution, earthquake generation mechanism, and characteristics of earthquakes with
magnitudes, by analyzing geophysical data, especially seismic data, on the Korean peninsula
and surrounding seas subsequently drawing a fault distribution map.

The tectonic lines associated with the past tectonic motions are linked to recent earthquake
events. Earthquakes caused by strike slip faults and reverse faults are densely distributed
along the steep slope of the eastern and southern part of Ulleung basin in N-S direction or
NE-SW direction. The earthquake activities in this region are linked to the compression of
the crust. As a result of the local compressive force, the southern part of Ulleng Basin is
characterized by uplifts and thrust faults along Dolgorae trap in the Late Miocene.

According to the epicenter distribution from the KMA (Korea Meteorological
Administration), earthquakes were widely and diffusely distributed over the inland area of the
Korean peninsula. However, several earthquake swarms have occurred in the specific areas
of surrounding seas. The epicenters of earthquakes with magnitude greater than 3 tended to
be located along the existing fault zones in both time and space.

A study on seismic characteristics utilizing the seismic data, along with an identification of
fault zones using the epicenter distributions of past and current earthquakes, will provide a
vital clue in understanding the earthquake occurrence mechanism and predicting the location
and magnitude of possible earthquakes in the Korean peninsula and its neighboring seas. In
the areas of Hupo fault, Yangsan fault, and Ulsan fault, many earthquakes have oceurred in
the regions where faults were suspected of being active. The pattern of epicenters on the
coastal area of the East Sea is similar to that of the fault distribution map of the Korean
Peninsula and its neighboring seas that is currently under development. The eastern coastal
basins of the East Sea show a series of graben or half-graben structures having the northeast
axis and consist of normal faults with the NE direction and dextral strike-slip faults with the
NNW direction.

We will analyze the distribution of the faults to make predictions on location and magnitude
of possible earthquakes as well as its correlation with tectonic motions to understand the
carthquake generation mechanism.

Keywords: fault, earthquake, seismic data, Ulleung Basin, East Sea
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A study on the seasonality of prehistoric shell collecting activities, using analysis
of shells from the shell mound relics in Okbuk-ri, Yellow Sea coast of South
Korea

Jin-Kyoung Kim"', Myung Jin Kim?, Kyung Sik Woo?®, Sik Huh'
'Korea Institute of Ocean Sdience and Technology
2Korea Institute of Nucdlear Safety
*Kangwon National University

A shell mound of the Bronze Age was discovered in Okbuk-ri, Yellow Sea coast of South
Korea. According to radiocarbon age dating for two entities of bivalve shell, Cycling sinensis that
were obtained in the shell mound, those were formed in the Bronze Age in 760~410 BC and
710~360 BC, respectively. According to oxygen isotope analyses of bivalve shell, the value ranges
from -10.2~-4.8% and -9.8~-3.3% with 3.5 and 4.5 seasonal periods, respectively. Therefore the
bivalve is though to have been spawned in the summer, lived during the winter and summer for
a total of 3 years, and collected in early winter of its fourth winter. The other bivalve is thought
to have lived during the winter and summer for a total of 4 years, and collected during its fifth
winter, The research about various shell mounds distributed across the west coast also reported
that shellfish gathering was concentrated in the winter and springtime during the year, and the
results of this study corroborate the results of existing studies. Assuming isotopic equilibrium
precipitation of the specimens, bivalves at the time inhabited and formed its shell in -6~-5% of
water. Therefore, it is evaluated that shellfish gathering at the time mainly took place in the
estuary of Geum River, where the water was a mixture of seawater and fresh water, instead of
at the west coast, where there is little influence of freshwater.

- 187 -

_98_



4z

Bl

AR A Pt EATte D

CHE et = ALY O|AIRES AlEEEE &8l & S8 21 m
FMEHZ: 172Hde] 7| Fol o od|H =t
The 21 m giant piston cores in Ulleung Basin and continental
slope during R/V ISABU test cruise: Recovering 170 kyr
environmental records

AL 20, FRV, YA, 4 AL 29RL F7B o) 8=,
5 42 A9,
B AGTR 29 8P DT A8 (cho@Kkiost.ac kr)
g waldHey)2d BRNAATAY
et ed A INATE
ABSTRACT

After a decade of planning and three years of construction, multidisciplinary research
vessel {(R/V) ISABU (100 x 18 m, 5,900 ton) has finally started to test the geophysical
and geological equipments in East Sea. At the end of June 2016, acoustic pre-site
survey (seafloor mapping (EM122) and sub-bottom seismic survey (ParaSound P70)}
was performed to find the target area that Is gas free and well identifled sedimentary
layers in Ulleung Basin and southeastern continental slope. Geophysical survey
provided a good cppertunity tc select appropriate coring sites and to understand
depositional patterns. Glant Piston Corer System (GPC, OSIL), installed on the
starboard of the R/V ISABU, retrieved up to 11.6, 20.7 and 19 m long sediment cores
in southern Ulleung Basin (2,100 m water depth) and southwestern Continental Slope
(1,400 m water depth) of East Sea, respectively. Although coring system has to be
improved that narrow gap between barrel and liner, toc much thickness of liner, it is
useful equipment. Long sediment cores have been analyzed to understand the
high-resolution paleoenvironmental reconstruction and paleoproductivity using
nondestructive parameters (magnetic susceptibility, X-ray, XRF etc.), sedimentary
textures and geochemical parameters. The preliminary results have been prepared for
publication on characteristics of sedimentary facies, palecproductivity of surface water
during 170 kyr and paleoenvironment recovery using redox—sensitive elements.
Keyword : RN ISABU, Test Cruise, Gaint Piston Core, Ulleung Basin, Paleoenvironmental
raconstruction
F20] : O|AIRE, AlHESH, EEEX, ZHEFLEHEAF7], DEd =8
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1 U= AFol|ch efEegre oloke| FeksiEe WEXA BAE JIEAOAM Y5t U=
sl tErAlOl X U= AFo|ch HA Z=2 20159 UNo| 7| £33t O 8, sigketd 2™ &
X758t LS e1RE52 = E(Sustainable Development Goals, 2016™2030)2 M HSIHAM
M S FEFAL AlCHZE 223 51 ACHUN, 2015). whabM Bl T ek e A 2fo| SobslE Alsigds
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Biefgeta elrgg S felutzid AFel dES nlA= HE, dels, 22 59 ¢
Aol cHEk Z=ol 37t "ast AFo|cHUN, 2014).
2 o7 2ZE digeslE diolste] tHEFSEATF M o|lARE(RNV ISABU)S| Ciebst o
THEFH|E HYUFMEF FH|, X SEAIEH 2 FAEEE MHE 2B giant piston corer
(GPC) Zd[2] ool 2ES 25l AEHFHE St1HM A F s FTHEHES 2451 53 =
47I 719 EEHEEE chekst W

2 &3l S57| fiEs Suel YoM 25K ¢

-

ch
2. B2

FAEINE HFHE et sHHEA HEE FHES5T| sl CrEUSSESAMI(EMI22,
Kongsberg) 2 si®®e| AE|E =elam SAlol XIS Re| SA4E Zelst?| s MEXSE
AtZ|{ParaSound P70, Teledyne Reson}& 2&stEHAM EE Sl 7j271 £X =0 UA| 22 A
Hg #1xt stach M3™st A=EoA Giant Piston Core (GPC, OSILIE &8 2SE£AI($4,
20680~2232 m)et SAMCHSAIH(1,4368 mollA 116~210 m Z0[2 FHEXHES AF 5t
(Fig. 1; Table 1). EIME A|R= 2t2F 6 m Zol2| subcore2] HEl(EA, 125 cm)E M4 A|7HA|
dzhE 3 skt

L | 1 . :
128.5 1290 1295 1300 1305 131.0 131.5 132.0 1325

Fig. 1. Map showing the lccations of Giant Piston Core (GPC) in the
East Sea, Korea.

- 100 -



4z

Bl

AR A Pt EATte D

HEEo S4

ISA-16ESUB-2B FAE[HE9| AE E[Mx2 MEDEe| £80| UAAHLHbioturbated mud), &2
&t E|&ZZ(homogenous mud2E T4 50 A2, 250 cm 0|5t £E{ = &2/ (lamination)7t L+
Et-t2] AlEpetct S5 &4 2ol 1.9, 4.1, 11.7, 17 mollA] 4uf2| el =2t&(tephra layer)o| AIEE
9| sMfFE el f e =RIEL F4(pumice)el HENZIR] chbstA| LEHEtCt BH5 el El=a2tE
(170 m)e| &5t ZololAM= 2o|s gellel SY9 At FHEF H2l(aminan7t ZEstHA &
get=o] At

Table 1. Summary of sediment cores recovered from Ulleung Basin and sw continental slope using
giant piston core (GPC)

) ) Recovery | Surface
) ) Latitude Longitude | Water depth )
Station Location length sediment
(DDD) {DDD} (m)
(m) type
ISA-16ESUB-2 )
" Ulleung Basin 36.63342 130.74987 2,232 1.6 Mud
ISA-16ESUB-2 )
5 Ulleung Basin 36.63345 130.75007 2,060 21.0 Mud
SW Continental
|SA-16ESUB-5 Stope 36.07680 130.07501 1,436 20.4 Mud

HEYEAN ¥ AYAE

RO EHE Yo LEItE & 4 59 Bl =Z2HE(U-Ok, AT, Aso4, Aso-3)& 0[E3stH 2} Zo]
o (i E MAsict 2 Bl=2l59 et ol E & Zol LIEN= &2 Table 28 ZCh =
Ol ISA-16ESUB-2A0l M= U-Oki, AT, Aso-4 E|Z2{7F HEH-t13, 30 ISA-16ESUB-2Bol M =
U-Oki, AT, Aso—4, Aso-3 HI =2}, J2|11 I3 ISA-16ESUB-50 A = U-Cki, AT HIZ2}7} IEH
c} (Tada et al,, 1999; Chun et al., 2007).

Table 2. Tephra occurrences in three sediment cores

Core depth (cm)
Tephra Age (kyn
ISA-16ESUB-2A ISA-16ESUB-2B ISA-16ESUB-5

U-Oki 10.7 139 183 456

AT 294 295 404 844
Aso—4 88.0 774 1153 -
As0—3 133.0 - 1700 -
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E=258 0/831 Zt :ole HfE HFE Hal, 30| ISA-16ESUB-2A2] EHEHEX = 9
87 cmyrE 71E W2 A2 LIEjH, 3o ®pziol i Y S22 S5 At 71
B, soje] H5t%el 1,159 cmel i oF 140 kyroll S &St 2122 & = Aok =0l
ISA-16ESUB-2B2] dfalE E& 5Tt 128 cmkwrE BN & 512l 2006 cm2] g & F
170 kyrell 3 &3tn, 20| ISA-16ESUB-5= HE5T7| 287 cmior2 71 =1 &5 2l 2,042
cme] HiE o 75 kyrel =22 Liepdo (Fg 2).

ISA-16ESUB-2A ISA-16ESUB-2B ISA-16ESUB-5

U-Oki {(10.7 ka)
TL 1 (11.1 ka)

AT (29.4 ka)

Aso-4 (88 ka)

HH‘HIIJHH‘\\H|IHI‘H\\‘HH‘WI‘HHlHHjIIH‘HII‘\H\l\tHlIIH‘\HI!HII‘HH]IIHIHH‘HH‘

Fig. 2 Columnar seclicns of recovered three sediment cores from Ullleung Basin
and sw continental slope. Color bars indicate bicturbated mud, crudely laminated
mud, homegencus mud, laminated mud and tephra layers (U-Oki, Ulleung—Cki:
AT, Aira-Tanzawa; Aso—4, and Asc-3).

ZEHE A4

=8t "|BF Aol W2(140 m 0l5) 4712 B2 SSHMH A7 ool Hat7|-2HZ|
of 28 siHEE HEs & Ugsn Uk dfudE, dfel TS50 YE4 M| Wl
opt &L BEMA B2 A2 dton, HESo M Ma-ga)E FRUAMACHOba
et al, 1991; Tada et al, 1999 Watanabe et al, 2007). =32l ®47| EHEUS M X|={color
index] Xto|7} & vrEE EEFolo, Mx|F {78 &2 242 S olF &elsixokFg. 3.
B3 Mal-shejol| 2lzbEt 214 redox-sensilive elements) S X128t EM® b mEle] 51X &0
Heotxto|zl gt E nEHS s AME oFolck
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Fig. 3. Down-core profiles of the sediment surface image, color reflectances (L, a*, b+
and magnetic susceplibility values in ISA-16ESUB-2B core. Anomaly of magnetic
susceplibility {11.7 m in depth) indicates Aso-3 {133 kyr)
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Sedimentary facies characteristics and age
determination of giant piston cores from the Ulleung
Basin and continental slope in the East Sea

Jin-Kyoung Kim!, Sik Huh!, Jin Hyung Cho!, Dong-Hyeck Shin!, Sangmin
Hyun!, Kyu-Cheul Yoo? Yong Kuk Lee'

Korea Institute of Ocean Science and Technology
’Korea Polar Research Institute

Three giant piston cores, ISA-16ESUB-2A, -2B, and -5 were obtained from the Ulleung
Basin and continental slope in the East Sea during the R/V ISABU test cruise in 2016.
The cores consist of four mud facies (bioturbated mud, crudely laminated mud,
homogenecus mud, and laminated mud) and include four distinctive tephra layers (U-Oki,
AT, Aso-4, and Aso-3 tephras). The ages of the cores were primarily constrained by
accelerator mass spectrometry (AMS) “C dates, using planktonic foraminifera (6. bulloides)
and organic matters, and the four well-known tephra layers. The sediment lightness (L#)
values were correlated with those for core MDO01-2407, whose age was constrained up to
640 kyr BP. As a result of the age determination, the ages of the bases of the cores were found to
be 140 kyr, 170 kyr, and 75 kyr, respectively. The longest core of these cores records
paleoceanographic variations from Marine Isotope Stage (MIS) 6 to the present day.
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