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SUMMARY

I. Title of the study

Marine Environment Changes and Basin Evolution in the East Sea of Korea

(MECBES-99)

II. Significance and Objectives of the Study

1. Completion of gravity and magnetic anomaly maps of the East Sea
comprising the Korcan coast to the centire Ullcung Basin

2. Interpretation of multichannel scismic data at the continental margin of
Korca in comjunction with crustal structure computed from ocean bottom
scismomcter data

3. Investigation of evolution of the Korean margin and the Ulleung Basin

4, To understand the sediment compositton through the geochemical analyscs
(major and minor elemental analysis, organic carbon and carbonate content
estimation).

5. Interpretation of palecenvieonmental changes in the East Sea based on
geochemical data.

- Linkage between the sediment composition and the climatic change
- Assessment of paleoproductivity based on organic carbon and carbonate
content variation.

6. Detailed sedimentary [acies analysis, indirect chronological decision,
paleoceanographic and paleoclimatic interpretation and sediment stability can
be understood by Automatic Multi-Sensor Core Logger (AMSCL).

7. Study of the paleoccanographic and paleoclimatic history in the East Sea

core sediment.



&.

9.

Study of the productivity and stability of watermass during the glacial and
interglacial times.

Study of the sedimentary environment in the Korea Plaleau, the Ulleung
Interplain Gap, and the southwestern continental shelf based on the analyses

of piston cores.

10. To identily cach marker tephras according to its pattern ol distribution,

mineralogy, and geochemical characteristics.

IT1I. Contents of the Study

j—

4.

Correction and collection of gravity and magnetic data of the East Sea
Interpretalion of mantle dynamics in East Asia and its affection on the
opening of the East Sea

Interpretation of the rift al the Korean conlinental margin in the East Sea
Proposition of an evolulionary model for the southwestern East Sea that is
more consistent with observations and new findings than those hitherto

To understand the linkage between sedimenl composition and climatic
change, terrigenous conservative elementls (Ti, Al ete)) and chemical mdex of
weathering (CIW?) are used.

To estimate the paleoproductivity variation during glacial and interglacial,
and assess the carbon budeet in the East Sea, organic carbon content,
carbonatc content, and organic carbon/carhonate carbon rain ratio arc uscd,
High resclution sedimentary environments of sedimentary sequences can be
recognized by Automatic  Multi-Sensor Core Logger (AMSCL) in  the
adjacent arca ol Ulleung  Basin  {continental margins, Korea Plateau,

Ullcung—Japan Basin Intcrgaps).

Quantitative analysis of planktonic and benthic foranomlera in the core
sediment.
Quantitative analysis of paleoclimatic indicator species ol specific plankionic

foraminmifera.



10.

11

Interpretation of palcoenvironment and paeloceanographic history based on
sediment facics and structurcs,
Classification of cruptional and transportational processes based on

thickness, grain size, and structures of murker tephra layers.

IV. Results of the Study

1.

Complction of gravity and magnetic anomaly maps . These maps were
completed by integrating the datd gcquired through (his study and these
from variable institutivnal sources.

A special seismic data processing technique based on full hyperbolic
statistics was implemented and applicd to scismic data to enhance signals
aned suppress noisc.

The continental margin of Korca i1s the area where conlinental rifting
occurred first and followed the opening of the Ulleung Basin by scafloor
spreading.

The Korea Plateau is divided into two parls by o central trough. The
western part  1s  charactenized Dby grabens and  half -grabens  indicaling
extensiond. crustal deformatien. The easterm basement high area is
interpreted to have been moved southward by a stnke-slip activity to the
present location.

In addition, considering that the Ulleung Dasin crust was formed in a region
of hotter than normal mantle temperature, the Korean margin may well be
interpreted as one of volcauic rifted margins,

The sedimenl chemical composition is quite differenl belween the Holocene
and the other parlt of sediments. Even (hough Lhe thickness of Holocene
sediment is different from location o location, the composilional difference is
commeoen phenomenon in lhe East Sea. The geochemical sediment difference

between Holocene and lasl glacial penied is inlerpreted as cause of difference

9_



in provenance of terrigenous and biogenic matenals.

7. The excursion of chemical index of weathering (CIW) is different in terms
of location with the same pattern in Holocene, This implies that the supply
of well weathered ternigenous matertals is different. from location to location.

8 Palcoproductivity variation based on organic carbon and carhonate contents
indicates glacial decrease and interglacial increase pattern and shows reverse
pattern with respect to mid latitude productivily pattern. This phenomenon
suggests that the paleoproductivity variation in the East Sea is tightly linked
with the geographic or geo-morphological conditions.

9, Six sedimentury lacies are recognized and correlated among core sediments
in detail by AMSCL.

10. Well-correlated  core  sediments, especially part of upper scdimentary
seqquences, are found from the continental margins,

11. Core sediments collected from the western Korean Plateau are more or less
stable, while those in the eastern Korean Plateau are formed in the unstable
conditions,

12. Core sediments from the Ulleung—Japan DBasin Intergap conlain thick and
several  thick  submarine volcanic layers. In this gap, well correlated
sedimentary facies show erosional processcs in the core sediments.

13. Holocene deposits are clearly identificd by AMSCI. if core sediments are
formed in the stable environments. Therefore, sedimentation rates of the
Holocene deposits range from 0.07 mm/yr to 0.60 mm/yr.

14. Cores MBY9PC-1 and MB99PC 2 are affected by dissolution.

15. Foramniferal productivity is  controlled by the increase of dissolved
silica in the water column and upwelling.

16. The corrosivencss of bottom water decreases from the core bottorn to the
middle of core. Then, it shows increasing  dissolution during  Lhe
deposition of the upper pot of core.

17. The abundance of N, pachvderrmna s partly controlled by upwelling.



18. ’me corc bottom to the core lop, there exist cold surface water, stable
surface  watcrmass  with  small  variations of water temperature, and
relatively warm watermass, respectively.

19. The scdiments mainly originated from the hemipelagic settling in the Korea
Plateau, and these are sometimes disturbed by strong bioturbation. The thick
debris flow deposils occur in the core sediment of the slope of seamount
during glacial period.

20. The reddish-brown colored scdiments occur in the topmost parls of cores
from the {Mleung Interplain Gap. The thickness of the oxic layers increases
from the channclized Ulleung basinplain to the Japan Basin.

21. The sheil or rock fragments bearing sedimenls are caused by reworked
palimpsest in the southwest continenlal shelf.

22, The thick -bedded lephra layvers are supposed to have been deposited under

syndeposilional reworking by bottom currents in the Ulleung Interplain Gap.

V. Suggestions for Applications

1. The investgation ol evolution of the Korean margin and the Ulleung Basin
can complement the opening model for the [Fast Sea that has long been
controversial.

2. The correct interpretation of basement stratigraphy will help establish
imaging techniques for the thick scdiment cover in the continental shelf
areas.

3. The results of this study arc cxpected to provide factors to investigate the
formation processes ol Dbasins and the temporal and spatial changes in
depocenters that are crucial for successful exploration of hydrocarben.

4. The sediment composition in lhe East Sea is tightly linked with climatic
change, i.c., the supply from the terrigenous malerial including atmospheric

dust.

-31-



Paleoproductivity changes are also related with climatic changes, but thev

!

show inverse productivity oxcursions, suggesting that the paleoproductivity
in Fast Sea reflect geographic condition.

6. The advantage of AMSCL is that sedimentary environments can be
identified beforce opening of cores. Therefore, undisturbed core sediments can
he sclected for further paleocenographic and palcoclimatic study.

7. 'Phe high resolution paleoceanographic and paleoclimatic conditions can be
recognized based on the detailed analysis {1 cm core interval) of core
sediments by AMSCLL,

8. Voleanic lavers and sedimentary structures can be identified by AMSCI.
before upening of cores.

9. Unslable sedimentary environments can be identified by AMSCL, so that
stable arcas [or the submarine construction such as cables can he selected,
10 Detailed correlation among  core sediments  provide information  of more
clarificd and high-resofved palecenvironments in order to intorpret detailed

palecoceunographic and paleoclimalic changes.

11. To use as an cssential data set 1o know the amount of the Kuroshio
Current influx and movement of polar front with Gme by comparing with
the data with the adjacent North Pacific Ocean, Yellow and South Seas.

12. To predict the alterations ol ecosysten in the Fast Sea caused by climatic
change

13. To as a data Lo predict the impact of sea level changes on the environment
{(productivity, water mass, and scdiment).

14. Interpretation of recent redox condition by distribution pattern and origin ot
the reddish- brown colored sediments in the Ulleung Interplain Gap.

15, Reconstruction of detailed tephrostratigraphy, this could define depositional
characteristics  such  as sedimentation  rate.  paleocurrent,  and  the

palenceanography.
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LisL of Figures
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Fig. 3-1-2. Shipborne gravity dala COVEFAGE. - 48
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Fig. 3 1 4. Shipborne magnctic data COVErage. - 51
Fig. 3-1-5. Magnetic anomaly contour map produced from crossover error

Fig.

adjustments. Yangsan fault, Tsushima fault, folds off SW Japan, and Tertiary
hasins offshore the Korean Peninsula are mapped from Minami (1979}, KIER
(1982), Park (1990), and Choi (1995). The Hupo fault is after Yoon (1994), - 652
3-1-6. The analytic signal map of magnetic anomalies. The analytic signal
reveals scattered circular featiires due to volcanic bodies over the basin.

Trangles denote possible magnetic sources. Reclangles arc a serles of

inferred volcanic intrusions emplaced along the fractires at both margins

of the central UHeung BASITL  orevrsmimss i it s 53
Fig. 3-1 7. Locations of seismic profilcs nsed in this study, - Y|
Fig. 3 1 8 A typical seismic profilc showing four major sedimentary unils

in the Ulleung Basin {Park, 1998). See Fig. 3 1 7 for the location. o o7
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show Dboundaries of the contral deep acoustic basemenl. oo, Gl
Fig. 3-2-1. Physiography of the East Sea and study area (framed). - o7
Fig. 3-2-2. Detailed bathymery of the Korea Plaleau and its surrounding arca. - 69
Fig. 3-2-3. Ship’s track in the study dres. oo 70
Fig. 3 2-4. Example of seismic reflection profile showing 3 sequences I, 11, and IIL

See Fig. 3-2-3 for the location of the profile, - 72
Fig. 3-2-5. Example of seismic reflection profile. See Fig, 3-2-3 for location. «oooeeeee 73

Fig.

3-2 6. Example of seismic reflection profile showing opal A/CT BSR at 0.5

see. See Fig. D2 for JOratIOnN.  corerrrm e e e e 75
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Fig. 3-2-7. Example of seismic reflection profile showing seafloor truncation in
- Seqquence I See Fig. 3-2-3 for locatinn. e 77

Fig. 3 2 8. Structural map Of the KoTea Plateall, - «rorrevorrirrrrarimremiaareereeeeeeeiaraernernsrsraens 79
Fig. 3-2-9. Example of seismic reflection profile showing the domino style-rotated

block faults in the Korea Plateau basement. See Fig. 3 2 3. for location. ---.----.-80
Fig. 3-2-10. Examplc of scismic reflection profile showing gentle folding structure

in sequence IIL Sce Fig. 3-2-3. for [0CAHON. «reeeeeecee e e, 81
Fig. 3-3-1. Tectonic map of the East Sca (Japan Sea) showing the discrirmnation

of crustal type (modified from Tamaki ct al, 1992): (1) continental crust, (2)

rifted continental crust, (3} extended continental crust, {(4) occanic crust, (5)

strike-slip faull, (6) Lhrusl, and (7) metallogenic belts (Sillitoe, 1977). JB, YB

and UB - Japan, Yamato and Ulleung Basing; (k)yb = (Kita) Yamato Bank,

n- and skp - north- and south Korea Plateau, ob = Oki Bank: TF and YF -

Tsushima and Yangsan [avlts; BTL, ISTL, MTL, and TTL = Butsuzon,

Median, and [togawa-Shizuoka, Tanakura Tectonic Lines. Bathymetry is shown

in meters. Inset shows distribution of rift basins at the inner margin of Korea.

Note that the Ulleung Basin is defined as “oceanic” after Kim et al. (1998). ... 84
Fig. 3-3-2. Bathymelry in the southwestern East Sea with locations of

multichannel and single channel seismic profiles. Insel shows OBS profiles in

Kttt ©f 8l (1000). oo bt sbt st em sttt e eae et e ettt 86
Fig. 3-3-3. Magnctic anomalics in the southwestern East Sea with locations

of multichanmel and single channel seismic profiics. The area of extrusive

volcanic rocks {(25-17 Ma) in the southeast Korcan Peninsula is shown by

hatching {(from Chough and Lee, 1992; Yoon and Chough, 1995). o 88
Fig. 3 3 4 MCS profiles combined with single channel profiles to delineate

geologic sections from the Hupo Bank (o the Ulleung Basin. (See Fig. 3 3 2

for location) (a) 97-2 and 6. (b) 97-4 and 19. The boxed regions give the

location of example reflection profiles in Fig. 3-3-6. 5
Fig. 3-3-5. (a)~ (d) Interpretive line drawings superposed on MCS profiles 94-1

to -4 (See Fig. 3-3-2 for location), i 91
Fig. 3-3 6. {a) Single channel profile 19. (h) and (c): MCS profile of 97-2 with

and without tau-g HVF. (d) MCS profile 97-4. Note that tau-g HVF

improved (he conlinuity of refleclions. - s, OO OO UUSTRORURSORUURUIOONS q7
Fig. 3-3-7. (a) MCS profile A (Sce Fig. 3-3-2 for location) and (b) its line

drawing inforpretation (from Kim et al., 1998). oo 100
Fig 3-3 8. Iree air gravity anomaly map of the southem East Sea computed from

_21_




Fig.

the integration of saiellite derived and shipborne gravity
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0 3-3-9 Structural map of the eastern Korean margin and the Ullenng Basin, - 107

~ 33910, Schematic diagram showing the evolution stages of the eastern

Korean margin from early Miocene to the present. {(a) Rifting at an inner

margin, (b) volcanic intrusion at a marginal high, {¢) breakup, (d} extrusive

volcanism generaling seaward dipping reflectors, (e} subsidence with sediment

accumulation, and (f) present geologic structure pertaining to Fig, db. oo 108
3-3-11. Initial 143Nd/144Nd vs. B7Sr/86Sr for Qualemary alkali volcanic rocks

from the Ulleingdo, Jeiudo, Jeongok and Yeong il arcas in South Korea.

Isotopie dala of basaltic rocks from northeast and southwest Japan

(From KIm e AL, 1O, or s eemrosirmnmes s ooebees s s 115
Fig. 34 1. Location map of pislon cores in the East Sca. Solid squares

represent the cores of his study; solid circles do the cores of previous study.

For location data, see Table 34 L o, 199
Tig. 3 4 2. Verlical core description and sedimentary facies of six piston

COTES, verieerarartressessessieaeasine aoeasirriereas TSSOSO U OO PO PO S USROS 123
Fig. 3-4-3. Vertical core description and mean grain size of MB98PC 13

T OO OU OSSO DO E DO USSR PPSITOUIT PRSP SROROS 130
Fig. 3-4 4. Sediment characteristics of MBISPC-13 core, v 131
Fig. 3 4 5. X radiographs of MBIBPC-13 core. o 132
Fig. 3-4-6. Vertical core description and mean grain size of MB98PC-14

R OO U TSP DSV TUUSTOPTUCTOUCO N SHOPPTPPIOTRPIPRORS 136
Fig. 3-4- 7. Sediment characteristics of MBOSPC-14 core. oo 137
Fig. 3-4-8. X-radiographs of MBORPU-14 €ore, v 138
Fig. 34 9. Vertical corc descriplion and mean grain size of MBI8PC 14

COL. -+ ereeeee o e oL et et e e 141
Fig. 3 4 10. Sedimenl characteristics of MBSSBPC-1D core. 112
Fig. 3-4-11. X-radiographs of MBIBPC- 15 core. e 143
Fig. 3-1-12. Vertical core description and mean grain size of MB99PC-1

TG, o oeeees e et et e e e 148
Fig. 3-4 13, Sediment characteristics of MBUPC -1 core, oo, 149
Tig. 3 4 14, X-radiographs of MBYIPC=T GOEC. wrererrmmeamesssimns s 150
Fig. 3-4-15 Vertical core description and mean grain size of MBY99PC-2

I CS. v erees e e e et e kL e s 155
Fig. 3-4 16, Sediment characteristics of MBY9PC-2 core. -ovveininin 156
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3-4-18. Vortical eorc description and mean grain size of MB9SPC 3

Lo ) - T OO 162
3-4-20. X---radiﬂgraphs Of MBOAPUC -3 COME. oo s ipd

3-4-21. Vertical core description and mean grain size of MB98PC 11
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3 4 23. X -radiographs of MBI8PC-11 core. o 169

3 4 24, Vertical core description and mean grain size of MB98P(C-12
CUOT@. «orerrmeeteeate et et or et s e es et a e es e e et et e e et st ettt et b OO 171
3-4-25. Sediment characteristics of MBUBPC-12 core. v 172
3-4-26. X-radiographs of MBYBPC 12 COTE. «rveomrormeermrmcommsimimmiamsnsicrssinsseniseenns 173
3-5-1. Down core variations of coarse fraction (%), number of planktonic,

benthic, and total foraminifera in 10 g of diied sediment of core MBQUPC-1, ----179
3-5-2. Down core variations of broken planktonic foraminifera (%),
planktonic/benthic foraminifera ratio (26), number of arenaceous foraminifera,

ancl left-and right-cotled N. pachyderma in 10 g of dried sediment of core
IVIBOGPC -1 crverreeereeemuessaessssseesssesssesesessssssses et esasssasssssassssssesssassssssssssnnssssesssnssssssmassosnsansenss 180
3 5 3. Relative abundance of N. pachyvderma in core MB9PC-1. N.

pachyderma (1) (%8)=percent of left-coiled N. pachyderma among 100 N.
pachydermia; N. pachyderma (r) {%6)=percent of right coiled N.

pachydermaamong 100 N. pachyderma, N. pachyderma (1) (w%)=percent of
left-coiled N, pachyderma among whole planktonic foraminifera; N. pachyderma
{r) (w%)=percent of right-coiled N. pachyderma among whole planktonic

3-5-4. Down core variations of coarse fraction (25), number of planktonic,

benthic, and total foraminifera in 10 g of dried sediment of core MBYIPC-2, ... 184
3 5 5. Down core variations of broken planktonic foraminifera (%),
planktonic/benthic foraminifera ratic (%), and left- and right-coiled N.
pachyderma in 10 g of dried sediment of core MBYIPC-2, o 187
3-5-6. Relative abundance of N. pachyderma in core MB9PC-2, N,

pachyderma (1) (%)-percent of left-coiled N. pachyderma among 100 N.
pachyderma; N. pachyderma (r) (%)=percent of righi-coiled N.

pachyderma among 100 N. pachyderma; N. pachyderma (1) (w%)-percent of
left-coiled N. pachyderma among whole planktonic foraminifera; N.
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pachyderma (1} (w%)=pcreent of right-coiled N. pachyderma among whole
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Fig. 3-57. Down core varalions of coarse fraction (%), number of planktonic,

benthic, and total foraminifera in 10 g of dried sediment of core MB9PC 3. -
Tig. 3 5 8 Down core variations of hroken planktonic foraminifera (%6),

planktonic/benthic foraminifera ratio (%6), and left and right-culed N.

1829

pachyderma in 10 g of dried sediment of core MBSPC-3. i 191
Fig. 3-5-9. Relative abundance of N. pachvderma in core MBYWPC-3. N.

pachyderma (1) (%8)=percent of left-coiled N. pachyderma among 100 N,

pachvderma: N. puchvderma {(r) (%a)=pcrcent of nght-coiled N.

pachyderma among 100 N. pachyderma: N. pachvderma (1) (w%)=percent of

left coiled N. puachyderma among whole planktonic foraminifera; N.

pachyderma (r) (w%)=pcrcent of right-coiled N. pachyderma among whole
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Fig. 3 -6-1. Vertical profiles of major elements at core 99PC-2. i 2
Fig. 3 6-2. Vertical profiles of the representative major elements ratios at core

GOPC 2, oo e ettt bR e 208
Fig. 3-6-3. Major clements ratios and total organic carbon, lolal carbon vertical

profiles at core O P P PP P PP STSRRIT g5
Fig. 3 6 4. Vertical profiles of major elements ratio at 96PC-4. oo 211
Fig. 3 6 5 Vertical profiles of major elements ratio, and chemical index (CIW)

of weathering at UDPC 4 i 213
Fig. 3 6-6. Vertical profiles of major elements at core 9oPC- 1 v 216
Fig. 3-6-7. Vertical profiles of major elements ratio at 94PC 2. e V16
Fig. 3-6-8. Total organic carbon and total carbon profiles at Uiree cores, Y8PC-4,

O5PC 1 and OBPC 7. o moeerreeeseieesesiets ettt vt 219
Tig. 3 6 9. C/N ralio varialion al three cores, 98PC -4, Y6PC-1 and 98PC-7. e 220
Fig. 3 6 10. Carbonate content at three cores, 98PC -4, WPC-1 and 98PC 7. oo 223
Fig. 3-6-11. TiO2/AI203 variation at five COTes. coomm 225
Fig. 3-6-12. Chemical index of weathering (CIW) variation at five cores. - 227
Fig. 3-6-13. Organic carbon/carbonate carbon ratio at three core, 98PC 4,

GEPC 1 and GBI 7. oottt e ettt e 930)
Fig. 3-7-1. A number of tephra layers in DSDP cores (320 sites) are acquired

from the whole world ocean (data from Kennet and Thunell, 1975}, e 235
Fig. 3-7-2. Flow chart for classification of tephra using the tephrosiratigraphic
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Fig. 3-7-3. The correlation belween oxygen isotope stages and volcanic cruption
ages of tephra in the cored sediment of the East Sed. o 240
Fig. 3 7 4. Summary column of textural variation and cruption cvents (ages) in
LTHEURE TSLANCL oottt b b e A1
Fig. 3-7 5. Backscallered electron images (BSEID) of the polished section of

pumice lapilli from the Ulleung tlephra showing microtexture of vesicles. {A)

Ulleung ~1I{ tephra. (B} and (C) Ulleuna-1I tephra. (D) Ulleung I tephra. .- 242
Fig. 3-7-6. Photomicrographs showing clast compositions of the tephra. (A)
Ul]eung t(\nhr;‘,l (R) SKF [’(‘Dh]‘a ................................................................................... 243

Fig. 3 7 7. Diagrams showing ratios of Si02 vs. other oxides of the SKP and
Ulleung tephras. Open squares represent the SKP tephra; smali open circles do
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Fig. 3-7-8. Backscallered electron image (BSED of polished section showing
microtexture of vesicles in purmice lapilli within the SKP tephra. (A) SKP-IV

tephra. (B) SKP-1II teplua. (C) SKP-1I tephra. (D) SKI 1 tephra. - oooveereeenens 246
Fig. 3-7-9, Momphology of glass shards in the tephras erupled [rom the Japan.

(A) Aso-3 tephra. (B) Aso-4 tephra, (C) AT tephra. oo 247
Fig. 3-7 10. Textural change of the Ulleung-1II tephra, oo 249
Fig. 3-7-11. Texture and grain size distnbution of the SKI* II tephra. - T 251
Fig. 3-7-12. Very thick-bedded deformed mud. It 1s inlercalaled with the

Ulleung-1 ftephra and AT tephra of MBYYPC-1 core, - 252
Fig. 3-7-13. Vertical change of texture and grain size distribution of the
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Fig. 3 7 14. Vertical change of texture and grain size distribution of the SKP-11

tephra of MBOODPC 3 COTE, - ericreermmeaemrnsaemsieerirereeseresseses s s sesses e st nees s resees s rees 255
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3-9-1. A) Physiographic map of the East Sea (Sea of Japan) and the
surrounding region. Note shallow sills and strarls connecling the East Sea

and the western Pacific. Box indicates study area expanded in B. Redrawn
from Ingcl, Suychiro, von Breymann et al. (1990). B) Bathymetry of the

study area (contours in metres) and locations of piston cores.

. 3 9 2 Sedimentlary logs of cores 95PC 7, 96EBP 6 and 96EBI™ 5. Sections
detailed 1n this study are indicated by arrow-headed lmes. M, S and G

denote mud, sand and gravel, respectively. The gravel mostly consists of
purmice lapilli. Arrowheads in core Y6EBP-6 denote sample location for
AMSTAC dAtING, «eererererrerrnerrenirssossmresessonsossossessessssmsarsscessossmssrasmenrsrsessosmesrssoesse J0
3-9-3. X-radiographs (A, B and C) and a photograph (D) of selected sections.
Symbols oni the right side represent sedimentary [acies: LM=laminated mud,
CLM=crudely laminated mud, HM-homogeneous mud and BM=bicturbated mud.

Thin units are collectively indicated in descending order. -, 303
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Fig. 39 4. A) Backscattered clectron image (BSED and B) electron microprobe
element line-scan of Mn-carbonate mud from core Y6EBP-I. The element
concentrations are given in relative intensity. The line-scan position is marked
on the BSEL The ek spacing along the profiles represents 1 mmm of scdiment.
In the BSEIL non-porous arcas with densely distribuled Mn carbonalc
parlicles appear brighter than porous arcas. Note in-phase varation of Mn
and Ca with higher peaks generally in the non-porous arcas. Al and Si

contents rarcly decrease to zere wilth higher peaks in hoth the non porous

and the PIOTORIS HTBAS, -rorer oo o o o 3

Fig. 3 9-5. Summary of sedimentary logs, AMSI4C dates, and correlation ol cores.
For location of cores, see Fig, 3010 e, -
Fig. 3 9 6. Depth profiles of aluminum, organic carbon, manganese, sultur, copper,
cadmium and molvhdenum in core 96EBI” 6. Concenlrations of copper,
cadinium and molvbdenum are normalized relative to the Al concentration.
Open dots indicate values in the Mn carbonate mud. Kor lithologic symbols,
Q00 FHE. 30 3 et
Fig. 3-10 1. Dredged samnpling sites of the granitic fragments in the Korea
PLALAL. errereeee, e . ORI :

Fig. 3-10- 2. Photomicrograph of microcline porphyroblast showing periclinic

twining (sample No. S1 2 9) (xb, cross), e e e s e 31

Fig. 3 10 3, Poikilitic microcline porphyroblast containing fine  grained plagioclase,

guartz and biotite (sample No.o S1-2-6) (X5, €ross), - a1

Fig. 3-10-1. Myrmekite ocourring between quariz and altered plagioclase

(SAMPlE NOST-372) (K10, CROSS). corrrrreirmmressie s s b s :
Fig. 3-10-7. Recrvstallized quartz showing unduraiory cxtinction

(sample NO. ST 3 1) (KB, CTOSS), crrororeesseremsimmemeemmemsssosisssisasiss s :
Tig. 3 10 6. Recrystallized, elongated quartz formmp schstosity

(summple No. SL-376) (K5, CIORS). crrrrrersormrsorssrs oo :

Fig. 3-10-7. Biotite altered to chlorite, muscovite and hematite

(sample No. 813 100 (X5, ODCIY. orrrermerermmirr i ioer it 215

Fig. 3-10-8. Fractured, deformed plagioclase {sample No, S1-2-3) (xD, cross). e :

Fig. 3-10 9. Recrystailized quarlz showing unduratory extinction

(sample No. S1-3-11) (x5, P 013 TR Ty P T DI OO PO O U PN PP T PP TTTPRO PR RTRTRORT 916

Fig. 3-10-10. Photomicrograph of phosphorite (scal bar = 0.2 mm), oo ;
Fig. 3-11- 1. General flow diagram for graphic simulation provess of scdimentary

SCQUENCE WILBITL ONE SLED. oot .



Tig. 3 11 2, Tectonic configuration for the Ulleung Basin and adjacent arca, and
location of the modeled seismic profile. Sedimentary basins are marked as
GOTEE AFBES. «rvemrererormsteremsteseseassessesesee e es e s eess s e sessessesese et esss st e ss e s ens e emee s e e 334
Fig. 3-11-3. Modcled scismic profile on the southern margin of the Ulleung Basin,
offshore Korea. For location, see Fig. 3-11-2, interpreted by Nester and
IMELCHUITE {1989).  eoeetier ittt ettt ettt et e ee st eeam e eren e 334
Fig. 3-11-41, Simulation of the nitial Sequence 1 of Ulleung Basin deposited
between 165 Ma and 154 Ma. The units are aggradational to slightly

PEOEIAGALIONAL - rereverrereeess ettt et e 337
Fig. 3-11-h. Simulation of the deposition of Sequence 2, 4 progradalional sequence,

which was deposited between 154 Ma and 138 Ma, o 338
Fig. 3-11-6. Simulation of the deposition of Sequence 3, showing further

progradation, which was deposited between 138 Ma and 125 Ma. oo 334

Fig. 3 11 7. Simulation of the deposition of Sequence 4, which is also
progradational, and was deposited belween 125 Ma and 10.4 Ma. Note the
thicknesses ol all four sequences deposited 1o (his point in time are
approximately equal despite a changing subsidence and sediment supply rate. .- 340
Fig. 3-11-8. Simulation of the deposition of Sequence 5 which is a backstepping
unit and was deposited between 10.4 Ma and 6.3 Ma. The subsidence and

secdiment supply rates were set very low to create this thin, retrogradational

Fig. 3-11-9. Simulation of the deposition of Sequence 6 which was deposiled
between 6.3 Ma and 38 Ma. A sca level rise increased accommodation and,
together with increased subsidence and sediment supply rates, and a thick
progradational SEqUENCE Was the TESUIL. - -wrweorremmeesssrirsieseeseeseeeseeseesereoer: 342
Fig. 3-11-10. Simulation of the deposition of the final Sequence 7 which shows
further progradation with deposition occurring from 3.8 Ma to the present. It is
the thickest sequence, crealed by increasing lhe subsidence and sediment supply
rales (o counteract the ellects of a lowstand of sea level, e 343
Fig. 3-11-11, Graph showing the varying rate of subsidence throughout the
simulation run at the northeastern side of the simulated section. e 4G
Fig. 3-11-12. Time-Tepth-Elevation plot showing the sca level history and hurial
path of the sediment surface for a fixed elevation datum at the shelf margin at
22.2 km (center of the seismic section) from the southwestern end of the
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Table 3 1 1. Range and

average of seismic velocities in cach,

r‘h““‘«. !

\ Unit T~ Velocity Range(km/sec) i Average(km/sec)
: T

|

' [Tt I 1.52-1.69 1.60

‘ Unit 11 204 2.38 217

‘ Umt 10 240350 3.03

| Cnit IV 382 467 420
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Fig. 3 1 8. A typical seismic profile showing four major sedimentary units
in the Ulleung DBazin (Park, 1998). See Fig. 3 1 7 for the location.
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Iig. 31 10. The contour map of total sediment thickness in meters.
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{ductile nature} BA0G ah=vhe 208 ®a|ahys Ao zaf sfoF« 7t g A Ars sl
SHFE-ERT Aode] M- Fakr|yle] of7h e S dAalan g
28 B/ AuS SRR Fokye)l Rl 8RN odiel A ppit [i: o Rp (e
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Fig. 3 1 11. The isobasc map. Contour inierval is 200 m. Thick dashed

lines show boundaries of the central deep acoustic basement.
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pagh whasl ARe oA oW AP TakeA B £ oot # 2d W %ol

3o B B sz Wk A4S RelErh Felelo] o4 X dtd
¥ ME AgAelel vehds A HH3E s FRUT s} Aneld HetE
An} o] AR ofA] Qi B0 A el X RE] FHEAL] Junz d5Ho
2 owgals gl ste® debgd olde @AW AR FEEAE AL 2
Wg ¢ 73 @2 deis fd2del A% ddast f43W HAEA Sl voleanic

sillsoli} flowol e afAf Aete|o] 7{9ebrbA § 782 X3d (Lee et al, IW)E_' '\-‘.ﬂ"]ol
Qul. $hH A0 TR unic M9 FE7IHFRT S8 GEde] 23, %
e}yl B o2 molArlr) LRE-Fx PR HEWAA g o7 PR
syold AN BE Aol FANstch olo] wia) SBRA Forolde Felele] o4
¥ AWHEoZ ofs} e TR A uehdoh $Awe] FEoi v Tt
Az & 2lxd, ey &FDA B4R B L BEFAA vehiss 2F2fdde] oy
s &akriRke] Ao A e F gk ol 2L nFgolake Yuk s Ay
Az ok Azke) Wk sk} EAE A Aelth ¥ F (1996)e] HAPA A
Zhgoh wbaby @Al o Ry AR g e dNUET] JRuARZEE Aol
=g Agate] FELNSES NG Ashe] wndw, HFY viiehde T dEFH0lA

ML
[

958 glom’, BYBIM 263 g/em'ZA WEEHAAM Hx yiw g7z gl W't 26
glem™ A 29 giem™ A WY Wl s stRA4 G4 qERC A F4 FEyRe d
wo gHel F7t AL vehan sled oy diERste] ¥AR LR N 1 ogdA s
Aol Mt L AAGL) o)zd Ho|X g EAL ¥Ao) FHRT g ¥she 433
olAttiol ol Yrhdi} $E Azbw Ave 43S §e e ol55Y $4 FA%
02 27 km o4 T3 ¥ A HU4%OoR 13 ki gAS grebdond FAFL 2o F
8 A whEstE GeplE 45 BEAY (9 5, 1996). L5 EA Y Fejdof ofd Fas
Az g 2u7)nh TA7 BE-dA W Hasd) 71 ARG g4ste g o
A BEulel polAul Byl gn FMuk Zog sio]Attivl FolAE EFEE e}

ik, o

£

=

il
e

& LEFRAW WEel vUN A7to] KFEA Y FAel e o] o}
Ht

Ueb $x Faptel s Uehty 3FHEE WG Zo] vk F1 ARY Adel 97
of Qlthi 7% WAIHTL of AL sxzrel EA M AAF A T (199Del A AN
# kB "Hel Aae Aelzt Ak
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EFEANH G Aslojd B FH| AR T HRAM ©L BT &
Bttt RER A9 Aro)de dxdiA, &5k, Zk EFH4AL AIFHAL F
siabe] it BHat, kel E&e o)A sAAYe] £l YAHAH X& Al A
gH o s es PYujsts) oA £¥E 7lA3 R} (Fig. 3-1-5). o|s} &
Z7)0)l 4 X EAL FAR HHFN @A 3] B2 REEH E4ER /e 3
AMetAlel @A) Aok ¢ &FEAY Ao GE EX 5 200 nT
o 4 -80 nT7HA] @rety AH AEE 21 Fxyedr ddaM GAdE 9
A el =29, viukgle) E&F A3 HARA L WHE §F-F AIlolAdel H K
wakoew wjdHe] v /e #FFsdet Ao, 30-50 km #33% 30-100 nT
o] AXNEL WA A Ho|x] ¥ REXHYE Bolv= EFRA FUF R 9
S99 42 AAE ol YT dEY EHF-EA Wi AIRv|old EXd, ¥
T 9N FL ESe-ddAd 33y gSAvoldol wMEse Yetde EFA
R A A, g on W3zt BAG ela @ dP B A Y T
550 Rger FERAG

Zp7)o)Ake] HMANE PR SFEA Xxel sHaetel EA40 7dEe A
AR olabo) % Ak AHQ 9189 5y olAkdizt F uehda flan (Fig. 3-1-6), 1
X EAA BAETL SFEAE B8 9% A9 W @tz A Q3 AE
Ay @gtefjr w} hAEHF Y AL AATG fgAE FEoM FEFE T3
& ¥Fahe gux wF 99 5% JA FY4E 7 AN odde 524
o) g Z7)o FxME ol Uoid ST e AL YAE G714 DAY B
o B&cte] TAE wFsith $EA TAN B4 £ FERA vEhte 49 A
ol A MAh wid-e FEA e F4a FAg AALAN A7k ddo] o
ofubs o] T8 ule} BAF IS Ee A A FEEY T ddgEel HHUS
2 AN gD, #A2 giel S5 FIRoAE 25 B FUAT A
o7 WER}S 9l drE, 48R SAMs 3E dAe dFdAME v 24
QA7 AgAes AN WA dehtn Qo iR BA FUYRe} T 8
A eje) A BEAolt A wA dzvdes AG AAse AeEM TEHEEA 9
oA VERE A TE R BatA] B X S EEA WsA ol AU FA
¥ TRA4E B0 e vEd, $5EAY AR Mgy &% sk F
ZAAE AAd npep o] sjok4iztal 5A4-g VEbATH EFFAY fFA o] &

'>-

Jﬂ_.r:i
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ANE zlolehe FAL GASETEY T (Kim et al, 1994, 1998; Lee el al, 1999), $# o4
el 44" M (A F, 1993, 28 2 e &w PR AT Ad4z 29
( 5, 1996), ¥4 s) @] A (Lee et al, 1999) SolA #7lE ab Aok z2eup 7iE

gipef o] oAkl BR Sae] b Eo] ol HH B¥ 4 BoFa B L9
Ao ejEsh Aojoiry,

b

=
ol
It

ALl ol hA ol RTINS SFRA B HETAM 24 AR uo)

= o] FuekAEE Aol Mot A Rell i FHZML ANFHA

EL

i

gy

etk ol AL Ha

Fol BAE CEFEA SR AW Y dr2

=

i

R FHANA @ee A H ATleld @ A AEA BelFi gu
BA FQY Ame) Agpri LA 4w pae] Y4d sugtAel

Go /81% Ae2A) oA GERAY ARG AAE A o) g e

me W S BTG A7 FAelA L 9ad Rtk BAWT A7

9 1 km kel A Ak 3.7 km/sell A 6.3 kmisw &S |4 e Eusl 209
Foaf R AbAbEby stoly o]t sReFR|7re] FER 4] S dalu] (3, 1999). & A

of A7bE SR &Z e 27 km ool TS o] EEM o 13 kmoh A ghob A At e

o] BER A7 MEshe b () %1906, RAU @ mel AAslely Fol
AAw ol AE S WA Warew ool ubA 131° 45T E Y iteA]

AvtM ERE wEe R s J Ay, oj A REI A s Aol At

1. ot

AoFH REBLR WM 120 kmZbA Wi Ay FHAE ool f g A

T

TEO 12

s gnse 5 ogx4ao) AEHNd £5E o B ghads o

0.|...

o

...... 1 [= B [=]
A7k WU RE A ARl
4.8 =
U7 Vel MEFe urA SV A9H MES AYHLE 2530
of Bz nEA el glor] olAe ofwiw B4 16 9 YLEAY 22 s Hib AR

FAE GHA/E S $ElA FASOE 2T W FADAE RE wad @

ke REA FpRAlM o 4000 m AL Polg Ho|Aul AR T AlZ Fwio)
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A Al 7500 mAH WolAT AAHeLE Y-y wgew DA AxdE Y4
ool 2wl A4Rel WYl HAZER JNTFRe JRoT WA BEEe FRE U
Btk 29 9 Aol ¥ XL Ak ARHola TAS AT L skl
19 RARAS At B4 AR 2g ARTR AR T dewh, $5E)
3R Rl AFHFEE FAS HYES Qb )RR § -
Aoj7 de] EAG wHIan, B3 7|NUTWE BT 2R TAHY A3} go| FAHo|
A @5 B%e] B0 HUAARE 2FEAY Gy FURE oy gsHon
Usta gvk BT AEAA A BARR UTEE HAAYREL} AT AFTE
AN tehts Aol WA T 7 AARS FHHL Qor of Adys A FGro)
nEFel 4l ANST Auk YL AT /e Aol Qs B4 £GP 1%
o ¥EE LERA A7 AUA wARS BT W EAB AHT 20T B4
Bh&w PHAME AN ek o] HFAzte] EASH BAT Gtk #A FURe nF
Y PE L e sleAde] 93 AANN A7l st AMUE] HWAREE A7
ITE Web FAH UG RS ANYTL GRS of A UFol yEw

o]

s
I

G HOE RolRH 1 REWMAE WAuelM T HEREZE22 7 Zo| 120 kmA
Yol Algd Kol xztel W& FATE FHo{A iz AL A o] dREE
2E¢ A $£8¥A U2 A58 tegonA Wyd Hex HAdn
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M2 H AU SE M P NFTx A

HEAA Hey (BFFA T4 fFAdITD)

1. M2

Tl A Aol HAT MEY B F ol A% Ntz FXo
dEARR Fe Ao gtk Fafy AA e &4 (YREZ], ol R 2] 283
FERANS 7F FRLE PR e 2 FEY (G309, obvbE W, e
ar el el A BAg dert (Fig 3-2-1). L F A ARy A
ot ehmtE R Tojm e7i@as @ ofrbRMla Sl ¢ AgAE 2 Atgad
A el A FREHEE vl Este] & 2AY 9 AUt ool H Y (Tamaki,
1988; Jolivet and Tamaki, 1992; Tamaki et al, 1992), fForafofal oA 53
o Ataed WAedTE 9E 105 TE 582 9 a4 sldgel s sy
Al g AT EHEARE AAN e w2 sl WA g A3
TAMES GArste] ok (jFdE B, 1995, 1996, 1997, 1998). ol T- AL 7E
ATHH*EE FYsA Fel™Q) Fae] ATFEHM6 7)o@ = qlA AT

T ela A 19996 i X ol A ohEAld Baa ARE f5eg
o (Fig. 3 2 1, #5873 4% fAg a3dqa)s AFEHoz g3 do} 9L
= o8 daz § oshvdel, Ay Hon YRR HFdL spgetE w3
Wl (structural high)elt}. mhebd FI A eA =4 chFAdad s 45- 8=
HA e AR R FERaE vreld A =g 9 Ao} GRdide ek A
BetA AHus Sl A #d" 722 A4 w4 9 A5 #ew

Aol

!-Fi
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Fig. 3-2-1. Physiography of the East Sea and study arca (framed).
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2. x| g

gradA Fusye SfAREL B8F A Wge] dEe (fault scamp)E
BAR NFe FAol 2 AR FEHe Aol &g nANE 7RIV (Fig.
3-2-2), HAY EAHGL -5 ko] f4F (trough) AF& o) ETh FHERE
A%ola 2moz ZAWAl oF 2000 molld 2900 m o] 4o @ HolAT Fu
A AT L7 BA F2 (interplain gap)ol2le] T 4@ Y AY A=
wRold, gharlA FHA T Al BF g vda o B Bge oA g A

% (ridge)ol @& vl AAAHQ AT FHRET ASH 559 uTE

gol efs) el oo g mel A B2E &a) faol Frbeh S BT
ARgAE AYHNoR UM% 490 1 SEHor g wobxis DA

WA welrh THI gRdAE @ A B% 34 349 AAF (ridges)d F
o vpRe Fadrh o) AA%A B A4H Pz A FrdonA Ad
o S4le] EL 4% A4%9 oF 800 m oldtel nAYN BRERoE Yo
2800 m o) 4 fojalch,

3 dFAE

gaoizia| e izl 19999 49 #F&FdFE T AT 2¥HAIE o8
se) 56 AW TAT AL ajstAnh @A A8 FEA NAARELE AN
248 &4 9Hg A4staot. GAAl AR SR 5 »EL FAEACH
BARAL 3G F-A B 109 RES-dEAM wEes 7HHAAY (Fig
3:2-3). S1AAAL GPS A2gg o] &atgich

4. A YH

A7 Qe gAdn AHaE TA MR TR d AR HAdAs HAS
Ao A, st d 3, 28 BEdACY Fo waAlET FTAYYeRNYYH £
o)} 29 de2ste= APHLE Feop TESIAT Mitchum 5, 1977). 3702] A
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Are A¥oA FRE2 JbdM AdA [ I 22la ez AT (Fig.
3-2-4). HatREl A #A e 7Ivddd 2% d3s e, 45 ¥4 99y
oM 2AGHew EHAIM Uedh. T AHA e ¥ A d2 19
Exddol A FgdAA FAF FAC Hdstn #32 FAAGNM gFHo
2 OUrhdrt (Fig. 3-2-4). 483 A9AA I: % A4 11 dgdijez 3
A g},

A7 HGe] g Alg2d dg E43 A3dde AFAR] A4z A8, A7
A 73 Ztatg obtE EXZi oiute EX A A2 AT 7979
7999 HuzxRg o]gdd ztyPHoez dudHct (Tamaki et al, 1992). ¢l 4
3 L FUARES FH, AR 2 F/ S0 d-A4], ANEA ITE T
opol g A -Z7] Zatol oA, Ti AHA I £7) olo] 24 -F7] mle|2 A2 7t
2t A stk

5. et IS M Y

7. A A I

71 9ol U FHRAM FFUAEAY NEXHH & HAF e ¥
IRl 4R FAARG FRALL &5 HAL Alo] SAAHAMT A HGHo
2 BRI ofF (A FE siuvbgte] Agd A (onlap)®eh, 2Elil M Fe] HHF
e AR wtAl&E| 7 E” Aol 4 (truncation)dtal Yok ol I 47 HAHE ¥
FA Aol UAUFE dvgt Hie] HAFo] d5Fd A3 WHPE Fol T
PEE & UG WA} EF HAA Al FA HAFL GxtY FF T2
Z g, 40 HH4Le g LS4 BFstn AFo] mhdeEd.
aelst WAl E (configuration)s #7718 EHHEAZE dwiAel EFolvt (Fig.
3-2-5). o] HHFY FAHLAL, AFARY HAZ I AY HAIL E7FSEY
ofulE A Fold FRjoIM HEg AeA FHATES ojgdted (ODP), &4 3
H 34 drdelady 8ol sbed FAstHch HEFA M= F2 7]AF Apal
HHEo] F33n A AFE PEA ABYAE vhd LY BAHHZ L HY
A EHHER FAHNE Aol or)d HHE d&40] BEFE I AFe w
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Fig. 3 2 5 Examplc of seismic reflection profile. Sec Fig, 3-2-3 for
location,



Abg el T Bd R Hol #Abehe] sillelu flow FHE 2l d& AoE ALt
o] AL A/ wdEtA #H3E W HHE wAE A=W HHEM (synrift
sequence) = M B FARA: ZEZWa A 8GI-Eo]l &7)HA] F7] vhele
AEqr grrstgd Aes wiaE R 99 (Jolivet & Tamaki, 1992), 571 who] Q.4
ol A F7] whol A 7S] Al A T S47F FAE Aoz yhviEg,

v Al A I

A2 IE ARl A O AgEPsly, H g $EHo HH e
g53ol Ao ae} oz A vrebdch B A E3A- THAl AES e AYH
L,

SRR A0 35 BHHTA @Ay HAHGE A FEee FHaA X
sy, 1eiv) AV oF 053 Zeldl AW FHMAIEE L d4H g g A
Xow g TaatA wagtt (Fig. 32 6). ©] A% opal A (amorphous silica)ell
4 CT (cnistobalite)2 2] <4 &8 o}st4 (diagenetic transformation)ol A 244 &}
vogkd s ebabr s M ey, ol g ppal A/CT ®EAREFE/L ofmtE 22 2
Loelmiy BT Pyl R Ao mudol v}l (Holler and Suyehiro,
1992; Kuramoto el al, 1992), F=8E 4 #4 (diatomaceous mud) 513 ol ¥ 3
= A& reE el Aol 218 opal Aol CTx el &4] 48 o] mbagdir)ar o}

A wh bR A A T AN S mdw o 7H9e] 7

- s
] CI;_ _;2'.‘1__‘1_7_5)]1_ AR ]

e
WE FgEen Ao o o v) (Kuramoto of al, 1992 wiala -7 =H 2] 23
Ahi- A A HA A glRInk ol %9 ekl Boolef o) ol A E Hal oy
& 68 Mak TRk Y Age] el RlAy kv TR owd w4
wol Wyl yYvshs] W sidglo fhagdriel et 3HNEFe EHHAA
Aof v giiad & $£L g Sl A5

Shonr Al Ale) AN RS L WA FAE Wews de] FAEFH. G
Mot gA e toedgtoly e AFX o FTAEY, A EiT hummocky WA
Wi (wavy) Rool T8N, Foee) sptgol SEl7t sk magk AR gow
9 W ] FMEol vl Aol Qe dxtHY, mel e FRER
S A o] AMEH T F 9o MY, g oep A g E T

HA Aol o3l HAEo] ol FddA dMdE Rew f{ I A
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Fig. 3-2 6. Example of seismic reflection profile showing opal A/CT
BSR at 0.5 sec. See Fig. 3-2-3 for location.




G AN F O Afge] gD WAFo] HY AW gbAGHe] HAHFO HE ®
FEo, sy e TYEeN Avel FEGE HAFos W FA R A Al
9 ohRAAAAE A AR A FNA A g e vy w s gl

b

A& (140 &vla)a2e v (post rift phasejoll A MAJE] HAed A Eel H

Ao A, 4275 §7] npol ol A 2] FEel o4 Eoheid F4
g},
oh AlE A ]

AN A T ARA e Aberd s, @A Al A el A A e

FZ A thE APET| AR E) A Zol PRI G HHgL ASHde] FEs

AE 27 oharsih, BA5 9 98 (external form) & FHE R ol gAY %
A (onlap-filD .2l o] Felth, o] BRp A ae AL AAged M 5 4
B el o3 FHFol ofdl] olwd %A ol AR A E A4 Aejrh &4

soll WEab- FAZAel M WAl 2 Bl WA} werey
of (Fig. 3 20, o)y SAAAS sl s19 Aol ARLF AA@Lh o] ¥
Hge AVadon o erde AV el gei wolul, HANAE §)

1.t

Fopo) o Alol A A47| 7R 2 F 4T,

6. AIWPxE 34

vl @ EAel Al vhelibiE R A - TINkgrel drbge] 9F Ay
(graben) = W] 4f (half graben}st X5 (horst)ideo] 23] wl-¢ s E243
vk = 8 gbagte] GEA s B AEe] Foli, AF e T FAAPe] e
AAT ek stoh gl el AFe] A A o ARGl B A& A2 g2
At Tl (structural high)/F 3ebdbed oad ghar)4) 524 (Korea Plateau Basin) 2}
o)« (Korea Dlateaw @ 212) R8st _celin o4 A @5l A
ol AUgh 554 yyds were] AwEF (NNW SSE trending normal fault) ol
ole] ity el ERl¥EA oy, o] WEE i wtF (Koreu Plateau Faull)

o2 oliFguh AdTRY WYEAE FANALA, FLUAYE, 29D 4F
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Tig. 3-2-7. Example of scismic reflection profile showing seafloor

lrunication in Sequence I See Fig. 3-2-3 for location.

_77_




thAe] 4 Ag9ea 183ty dgatfrt
BES-UEA Wty FEE dubgy 8] # A
vrohell ofell AAgch Zen XA YA gels &L WA Tep Ao 4§
(sub basimE 2 *HHT} (Fig. 3-2-8). &4 planar ¢35 0.3 o} o Hu.
Aagprds gedas, 9T B & gAR WA RETE ARR S AAD
Hu gATAde AE Ay 5HEE <As, HE-FA L HES ddA
el SMe Ao worgy (Fig 3-2-9). F3AREA] A&X9ed g 5
Ao wEgo] b sy, s FAHAl ofr] dgat@A, AlEs
e AdEgo] rhy ohdstnh ol g xelo] Ik Aj7|Felo] #4dd
A T8 (syn rifting) E43202 sfMdEr,
SdrgiAges AFA G Fro 74 2 AMEE AGEE (wesl-facing
normal fault) 22 BEAM-GdGE ake] Aoz A2y (Fig. 3-2-9). &5
AgkEel #gt (foot wal) ZohA]oln], 4HF (hanging wall)® FHoio)A 23 9

FEhiRolu), del AME R S gl A o3l (fault scarp) €

TR A A = M

217 A} (apparent dip)E 19-28° W Sje|ch AR 53Tl Gl 5 ©
F AMNT AAE dEREc o 38 Aoz J4dnh Hushd ool AN

o MA FAMEETG ol @utsEr] wEolvh I EFe| <dEAHAE oF
(antithetic fault)el ®8A @bg Wekon F=FRAGF I yebs] thdaisy, =
3t o] 5 = Ajolol Hd) 45 = oA AL AMAT (trough)o]l AA X2 Ay
B oapspo g v E g,

P AR w2 AHGoL planar FRFE] vk WEstATh E
Ho th2¥ 8 a2 gihZojr), A5 L Abdb (hanging walld] 237 oA
9] Zu|ln-® @A EE e (domino-style rotated block faults)Eeld (Fig.
go2-0). dEFAES fA Ao ddd wbd PR e {ARE SR e
dadel B5oda dake] ME Ao AbAEY vhaAle] sk g dd
bR RE&stel A sAaige] Wkt g 27 f4sglvh A w154
ool = A &5 AL (Ulleung Scamount) Abojol REZ[ R 2|74 b 3t
Tl o] BAx BEA-vIAE Zad0 gyl vhwl Ak §g sk vrelsES, ob
Ao B g akolvt (Kig. 3-2-10), o] ©&42) ek guei ) o] o

A& st AgstATh EAT W Al O HA g4 qeljos fag &
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Fig. 3-2-8, Structural map of the Koreca Plateau,
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st wdstdn (Fig 3-2-10). 7250 49 ddids ndsd 5
TN Aoz fddr

7.4 E

dead e wueded 3719 eAds Alds LI 3z UE
ot AldA e #sEe MR 7kt FEAAsn JET e A93es
FiAlei AT, dAs HA4E §718 A HY JEel fdE5He|n g
AHSE 7L Rl MG FAAAE dER T A HAFol HIEHAUY o
Al AT g FAY HZY HAZen, HIAs 27N §71 vl
eME FAIAT AlFE Iy F3302 Al¥e [ Adden, ya4de &
5o T wabEeiel ARel AL AT A FAL WAL S4A
otk o} Alfl el opal A/CT BSRe] ¥estal glud AFmdon §3d &
o] g yEol doid vhe #9d ¥ gay "Hyqzon s "t A

¥7] vhel Aol A &7l Eetolalz BohETh ARA [ HYgNFos A5

St A& e HALE Roin Al Ife] AA¥APEn. REXFL
B Az "ol A vy AFzgEe] FAd §7] FJagEde &7 =
Zeje Al Al AH47iol HAHUE Aoz iyt

FadlAY AR AAS AANSE 27 & FEA-EEF T AdEd &
HifiA ggel Mo wedny FuiAREFY e gyl z2en A
< BdATAR A BadALAE A JIZ A s 3 adE
deov, FEA2 Se-da WA BEE-dd A hakel §Ashd S A e A
T rEA AR, Buleg &5 Hd dETast g S A wed W

> RSEoda] wpgke] 4lETh BETHR| B M-I B wbA|F Fals Ea o)

Ay Tny FEaAetd ] FAAUESE AA T
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H 34

o
Hl
o
B
4»
p3

5o =SEX9 &3

HEAA AEE (AYIFL AGAADTD)

1.ME

dEdre] AFd e Fos A+2H A0 ol ®o] Fed Fdx
& (back-arc sea)e|tt (Fig. 3-3-1). 89 H&=2 gk dEEX 1323
Al AFH o2 dedie}d BolY A Fol4 (Seama and Isezaki, 1990)3} =) 2+
Z (Ludwig et al, 1975 Hirata et al, 1992)= &% A7} shAH &3 ola] ¥
AHATE AARE olol w3t Fae] Jd£e off 5P AY omERAY
22 A EAET obe) Fmh4), 272, 2]l opnlEE A8 ¢E A Yt
S17F B Eo] 2R AP S RATY.

salo} FRE dEA=/ FNEY S EoRFEH A9 HXR o] FEHdA
A gl RN gAE 2o AN Fetng JREE Alojo] YA EE SFFA
9] BF 1 A7he) EAe] AR ¢oAH AA FUH T A TR dye
o] Fhge 2le] FRijo] TRy Bk olyst FREA A o] HUEA A
ol &2 E BEFHaGTE A8 Sof, thF Zeo] T+ 7tA 9] dgrd
o] A4 AF AgH glth Otofuji F (19N FAYEILL SNEZRH A
Aoz zANEA FHoHrke FAE dYZdE AAsAcE W, Jolivet
and Tamaki (1992) FAAEIE7l FHelF s o3 X222 ojFscts
ALY 2L AA3YTE FAE dYRDAM T EFEAY A Zeo] HYAL
A% AR} FAEY 2ol E FTEAY Ado] dEEARY PFA Lo
goidt AL Y. A2ol AAAAVAALE WHF22 Kim et al. (199)
S EYEA] Aol ARG FAL SR Gol 2 SFETFIE HABHAA
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Fig. 3-3-1. Tectonic map of the Fast Sea (Japan Sea) showing the
discrimination of crustal type (modified from Tamaki el al.,
1992): (1) conunental crust, (2) rifted continental crust, (3)
extended continenlul crust, (4) occanic crust, () strike slip [ault,
(6) thrust, and (7) metallogenic belts {Sillitoe, 1977). JB. YB and
UY = Japan, Yamato and Ulleung Basins: (kiyvbh - (Kita) Yamato
Bank, n—- and skp - north- and south Korea Platcau, ob = Qki
Bank; TF and YF - Tsushima and Yangsan faults; BTL, ISTL,
MTL, and TTL - Butsuzon, Median, and Itogawa Shizuoka,
Tanakura Tectonic lLines. Bathymelry is shown in meters. Inset
shows distribulion of rift basins at the inner margin of Korea.

Note that the Ulleung Basin is defined as "oecanic” after Kim et
al. (1998},



ol 9129 DESEL) P dgite Pudryh =8 AdEANS sjxd &3
of dojit mAlFH dHys B
EpdAR e dge Adgelr) dell ATy dgs ARG AL ARAA

AAE RdEHE b Ao kel FF% wse] st dMde] Vaering

9 Eo ewsiel o a4 Er) FVIE (volcanic rifled margin)®] ) 3pENC
&) g ¢ Udsg ovsrh A SRR pAAeF vHA ol
SDRs (seaward dipping reflectors)?t 2 &} 41t} (Eldholm and Grue, 1994). H-5
zre] Az T HABPEG AF Z2 AFgAdA SFF4lo]l i/l =EH
Ay AsjelA gAEh ofr)ea BEHE £¢42 HYESI S5 HAAEFA
(igneous sequences)® 7HAIZ] Fizdl olWe] MCS w4 SDRE Yehdd
(Mutler el al, 1982 Fldholm ct al, 1989). wiebA i FRAFAA 7jwsie) A
Bt slA e B AT Ay elsE s vt g o] Al ks
o] flit FEp A 4 960 kmel MCS w2 o) &3ate] 7w i Ipef
ot o)e] gARAgE A gt

2. A A&

Zal2) AARA fe kAl AR Tamaki 5 (1992)o] 71A=H 2lvh
o7l £EB2 FEr) 93 FHutike FEEHREG S EAE FH2E (Fig
3-3-1) 71&8 i @oh gutze) & gfF%¥ 2 #o| 20 km Figas Fom 7
A7t G dHAd o A AR Bl g4 @A (FIA)Y 2
g, 3% 293 9EEASd 2 A AMEA I} sk Bt B}
(Fig. 3-3-2). Yoon and Chough (1995)o] 213t 3 ¥ 29t dYEAT dcl&
Azehgel A BAEG o™ o] 482 AT &FEAY dYom ofej gt

g2 Eale) dEWs FAAPEAS AAS] Y98 Joliver and Tamaki (1992)
oy SR okabviZol Fae] YHAATE B EPY FEFFLTE
o]zt ZAREAT SHEY FEEs dE FHFolE UL A} =3
shi=d olZ F A€zt o)A AT 250-300 kmeolt}h (Sillitoe, 1977). mekAM o] @
e sEnqe] FALYRDA FA Ao FHOZ o5t Held HFE Aol
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Fig. 3-3-2. Bathymetry in the southwestern East Sea with locations

of multichannel and single channel seismic profiles. Inset shows
OBS profiles in Kim el al. (1999),
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i},

LA oFutE P2 8 ODP Leg 127 and 12891 4] 7jylqte) 4 A=
Aol @ Aw7 £HHUY (Tamaki et al, 1992). oS3 AN QL A=
9 FAME AL 23-19 Ma B¢ HEEF o7 AP sojdd FAEEAE
2] &go| ity Fd ddo| IYEHAZFE HoBr) Pz FFH AR &
Aol wZYa olF A&y 3279 ddd AFA BHE RO PojA
T EREEol Aoyt A Yo|t} (Yoon and Chough, 1995). & £, 3ixe]
FoetE mat ANt g3te] daE RF¥IT Q= AN EEo B B4l
HFel F27F vt (Fig. 3-3-3). ol& #iets9 dAdies &2 u4 F7)oA nlo}
QM 7] (25-17 Ma)2A S 2e] ¥ S5EA9 99 278 Yehdit)

EFRAY TAFMEY F9 AT dYolrt, £FEAY Az AAHQ
AAzing FALY 1T SEFES A4HA g dd At (Kim et al,
1994). Kim et al. (1999)2 Fehe] the FXE3- g9 3229 A% 3 %A
7o) 54 Ft9 2C (Layer 20)7F A€ BAY 25L& W8 HA8c HE
E53 9 A8 T 9ol (thermal anomaly)2] Hpg3o]x dojd HAH &3
ols] HEEAZ ALY 71 A e FAs 10 km2 ARG FAE
AYE AAlEtATt 2 FEAWY V|t g gAds doe S48 =8 Fad
Qe shHvrd o] FAYFE viol A F7174A A L=t (Chough and Lee,
1992).

3. Xz = © X

1994, 1996, 22l 1997 gt FAER e FEFAM A7 2FdEE o
B2t dat 690 kme] MCSAEE HE&At (Fig. 3-3-2). 19944 2] 2AleAHE
690 in’2] oo wdd 96 A= E o] gEto} WIGF 25 mB FHE 48
ol ARE 54T, YA ZAdME S6AEE FAAE 1400 m Hole] AEZ
HE o|geta Wit 50 m2 FIHE 149 AEE 5399, 2319 94 14
A 94-43= 2+ oF 60 km2| Hol2M Sy EA A BSHAY Zaad %6e
LA A AlEElE 2BFAE BE oW wge s stRAgy, gy



7300 200 -100 0 100 200 300

Fig. 3-3-3. Magnetic ancmalies in the southwestern East Sea with
locationg of multichannel and single chamnel scismic profiles. The
area of extrusive volcanic rocks (2517 Ma) in the southeast
Korean Peninsula is shown by hatching (from Chough and Lee,
1992; Yoon and Chough, 1995).
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97-1904 97-4% 5 VA o% AH) Aom ofF 97-29 974 <4t o)W
of FxWael Qhaox] A2 wald T 6 19 (Yoon, 19959 AT, w
A olgA AWY TEHAED Al A ADRY (FTEA, FERA LER

= Eafe AEA9 gwe Yeig,

])E :,?:]"5]":5‘ 'l'lil_.‘E
FREE SWEE SR A SRR Ty Hade MCS Ataas

B
B VIRketel 3 3 shetefol ghtd o] A tEF AR SDRe) E4s) #
AERR I deld 4ol gl prrlsojol gt wpRE SR sidbehs
Hl w2 A7l Fatme oubgo s AREE MCS Ao sy & 7inek #3246
A48 spofalis dol GabAelA] Zalth @, MCS 488 A7) A8 AL of
o] Hal 42 600 in"2A o] A% WFFVLAA FAL HENe %o gi=
et} mapa] o] Aol Az MCD A 54 #Edol hyperbolic velocity filtering
B84 AT tau gW@F (1 g HVE) (Jou et al, 1996)2 o] &&tdth 1-g HVF

I
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o
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4
¥
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U:
ey
ok
>
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TOHRPEE S FrEAlA G ehyel &l Ao EFHQ) Zes 4HA )
=3

FT7HAQ) MCS A HEEAM, o] dqtollAE 24U AL ol8%d (Tig. 3 3 2)
(Kim et al, 1999). o] &l 19714 Prakla Seismos Inc.”) 1130 in*®] o<
A 48AE ~EYME ALREte TR 482 M gk GG Rl B8

A Mot
AFH A G = F 2 Isezaki and Shevaldin (199G)9) A4 1}& Zdolx]gl gulz9] 7}
T A el A= mAarl niyjatEsE h4o] & @alE el A48 2R (Han

et al., 19978 #7}a)lzlc)

Y|
[ o]

4. TRl

Jm

o7l Hqe ggdat z2arde] M e v (Figs. 3 3 4, 3 3 3) 7125 &t
T FHEe] AAFZo ha] HEFd, 53, LXF AN AL =z 199 6
S 7hzh =2 97 49 97 29 dAHE UG (Fig. 3-3-2). ol#gk 9442 &5 &4
o] dY7 daste 42 B shx TR A i FEYd FRE ATE
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Fig. 3 3 4. MCS profiles combined with single channet profiles to delineate geologic scctions from
the Hupo Bank to the Ulleung Basin. (See Fig. 3-3 2 for location) {&) 97-2 and 6. (b} 97-4
and 14. The boxed regions give the location of example reflection profiles in Fig. 3-3-6.
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Fig. 3-3-5. (a)- (d) Interpretive line drawings superposed on MCS
profiles 94-1 to 94-4 (See Fig. 3-3-2 for location).
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Hojrh, siAld vhAol Abgslt A T4@eHel AR Fig. 3-3-Go A|so)
slet,

7. 3 FA
FREXE F-B gaor A7 vfEd FA7 (frough)BM FEGEe gE

o gAY FIUBL Ftxe FE FHRAAM Fd vFen Ao AU @
ol (scarp)E oi& 4 (Fig. 3-3-1). Yoon and Chough (1995)% FTEXEX| A Y&
A G RER Y ¥ GEY A FHE Fo| % FUHe Ty &
Ag Azt eyt arleld e FRFAY HrERy s MM gri L2
d 19= IR FH4FHE EHao Xy 48 HALTE T RAFE
t} (Fig. 3-3-4). webA] o) ZFolals: 2x2vol 198 FTHes FEY o] Saddg
& AR

S ur AR e B AZA= & F (half-graben)dl A <12]d F= ol BA W
gle] A PAE mdFn) o]lE 4 GAl= #ZE 9] AlF (rift initiation), ¢jEE 4l
A7) (rift climax), 2¢lt ¢ L= F/] (post-rift) ZA] Kig. 3-3-68] &4 52, 83,
o) Sdelf G S2 A AnHe g M| Lo vehed I e
7= 7|t o n 2% (onlap)dt® Wto. R HE Grelld EARFY FA7 gt 9
g Ay gare HAgd i HHS-& HYis Prosser (1993)9) =¥
gxj @k P A M4 (S3HE BRG] ddd AR eE HaFen oA
& HAH FA dete] A9 7)ol (tilting)d #HEHAT AEAHel = F

Ake S3a FME U WA mdslel gomg FEH FME A

Bl & dxte] 5, EL 45T (debris)d BHR FAEH S AA T
grme §7] 24 (84 7 oolde) ARG W dddel F2 YT R wa
A5 Ao glu) S4+ 832 7EA 2WEd of AL EH ARG rlA A

M

T2A §o] #Hx GMAL onlsty 2ZE Fr|dAelM uvehbe @At &
239l 19% vrald (single channeD&acl2 2 $HAxM9 £5AH = Jd& + gl
t},

AZo] 2 o|F 42t (double Hehiy FH7ivhde vind Heso}
(Fig. 3-3 6a). AN ofdlel M= Tz e H7] (pre rift) A<} &7
Apo]l e A g ohibE QubAel thFald e gt Hla o #Fe ol
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of A% AR gAY @ddgAaty A dEos At Yesty 259
3 T E ALl JghEL e 5ag whet R A REH Ao Ml
Y (Yoon and Chough, 1993).

Klaus el al (1992)2 Mef# %9 [zu-Bonin island arc svstemo] A 48 g@Als
Aud ik FgEn] oA dojuiz gy T oA Msted§ ohEz
o] AAlarsich A o Rs= "9EAE (half graben)” sHAIF A L DAL T SAHE
A= AEdE gale]  AAz ukaiye] @Aelnh 5 WA e A
(full graben)” sFAlel 5748 Antel 2H9 wlaEd QallalA #Hal 4o vrAs
T Ao olple]l FHMAR #Ad sdes gyt FF LA 7 HH 2
9 FEE Ay Rofe gl gAY 199A] FERATE SR A
o] AAN &L AL 2y AHGE, I, FEvtTl #a] ojyeldag B 4 [tk
(Fig. 3-3-4). mats G s4diee] yoA dojus §rre] Haays
AR wA A AAEAEE o 4 AT FAHZ] RS FEHTS ue)

Al Al o ng 2.0 Foal FyulEo] glare] (listric)FS AAFT 2IE

E:

r'jl

T2} (SA) Eol d7o) o] e Ao nFa] pol FEFA: FE OANY
=& Ao pulElA] e A7ke] dae] ol FAYHUAEFS A4+ Ut =
olT w2 g ooty AE2X = ZAFd= rhomb praben® wedge graben2l F71HA
G o T dyelnid, FEERE FdEY A del fgstE 93 Fyde

o] ApololN &7 wEE Ao FEGEFwoLT AAQ WAFE o) Tuh EF

A 74 42 R BERECGSY Ak e] alakaie]l sl 1R s e
ks ApAl S S ¥R AT kAlThE Il TR Alejo A MHA S wedge graben

g A Mgk

I R Rl

MCS Z2ae 9 1Al M-47tA 2= & a B g3 JEwgtos ud=y
o] mAWA7L YL RAEY (Fig. 3-3-5). @y t3ls Frm=ae dolx
Jom Fywize AN HAe YA ok FERAY 5F L0 TEZHA 9119
Ao EHEol Wl whxl-+ = ek el (sp. 2600-2300, Fig. 3-3-5d). ¥ 38
F-E A} L EAE UG S5 o8 Fede] ok &yl EAle g
Aol wabs wbA PR Holdl 5 lxuk Feok¥el Aok ("A”in Fig. 3352 ¥

94 -



HEzol A A AAdE (-15 km) FEFWe HE FAE o Bt

EXLAY A slahe]l B Ao weh, X AR JPHE FTHo] 4
stm 2FHA e}, LRl RAAY Lo Ay vEagol e Aig

FslEg. T8 &5 s F FAAGEH T2 Yo FxFe dF e s
o] BAE NHASATE AA R moty SxIERE O REE AR
dangE ATt B ¢ vk 2o 91-241A] 944 S5Wgon de A
Aol “M*oE FAE THEU/F SX0E 442 AE3 golAy )ukate] Wy
ol FAHE Aol ofs EAYHULST RAF webd Ly2ER e @Yo
WEeke] o)y #HE R AT Wt

Tt g} 77 R R el MFels AH oz FTFo] 4 7uigto] ol
=H o] 72 otnte kg wiE k& H AN EFe dFWoZ HZFch olF dMS
AR oo}l Hetekdt nAY e HAHARJAW Fatsiola] wielse AJE B2l
o} #=Eel slth (KIER, 1981). & Faii-Ao g2tiuield A7t 2 R A9
GF el YIRS wAl EFASY. MCS Z20d T FHAGSol A
Y g Mae 8398 S RaEd FAAGSL doiAe whet Pt
MA) = )AL AFRFe] A AEAR @FAE (listric faulting)o 2 &) LA
Fors AAFG SEdidA e 1 23 (LwoTFAY HAEZE 98 gloiA
SRS A7 Terett shANE eI 3R ol R 2 T EE B il
ol dojupA Qgkvty sf4#ry (1) B3 stn FJ o] ¥ dAYYd T &
Tabal Ziwiqkel vzl BHE SAdrido] ohd g AAlgch (2) ©oF sl
o ettt ol2] AARAM FAHHE SAME HAE & 3le 1At %
("H", Fig. 3-3-5)Z2t £x° F3F& uot Wd=y A4 ool () 2 ZE A7E
¢t HAg Aoz AXRH: FH3F Y HAHTFT (unit 83, Fig. 3 3 52 HAAE st
HNE AT Wi AN TR E BT gt

MCS Zzabdod 2As= g3y 1, 2, 283 3& FHEHW A QA 5
o Z HAGHe 5L v ok 9y 19 duis ERAZ sNEE F)
I oFae PYARESE 7R 99 28 7ude] Ao A& 7)o R &
o] el FARAF (divergent pattern)§ R FX] Goog 2aE £7)2)
A4 vehiis e Bt oy 3L dAiFor Hrv|Eem HA M gled
YL EA 7] (syn-vift) Q] HAHE depdith v 3ddA = M2 FRET SRpEE
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¥ 5 glomy 7S A2 9% 3% 3as 3 rgdrh RRAon slugte

&7, $Fox 44d 99F, o

"
i

oI PFE Kzre] A {crustal
shortening) @] EA& R EY) (eg., s.p. 4200-5000 on profile 94-2). 9 Fo] H
Y 3¢ HARAA AR AP G925 WL WA skt ODP Leps 127
and 1289 HA# = w89 Aol ule| o4 4] BY el (ca 12 Ma) F4]5% 2
v oju S Ao] AN Aoz npPAUL S AT (Jolivet and
Tamaki, 1992). &4 02 Bonin Arc/t UEHAE 9] FHHE X Hoj& #
g sMEtt (Matsuda, 1979). of%l &5 Fnkxe] Fudbmibe] 3li= oy
B2 (Fig, 3-3-108 Azte| =4% oIt} (Yoon and Chough, 1939), 25%-7]
A A Hels ¢4 ME o) FEel og er A 5 vt ued
A A EA SR 2R AV e AR 20) @il mlel e Al Fv]ol ¥

= #)AEu 9l 3 mlol oA F71 R 7 o] ol @ lolrh.

L} ﬂﬂ}r’o] 1‘}_6_‘:11‘__' T

twe] wlERelA ofe] Aotz X ez o 230 Wol gf=d] &8
wAF o) Hr g Fblea gk Eth (Fig, 3-3-3). o] el ddi= e HF
TR HEolM B gl East Coast Magnetic Anomaly (ECMA} (Keen and Potter,
1995)8.0F =1 delzhk Ao} AW AY] (2400 n1)E ECMA (200~300 nT) Bu
o =t 1 ghiiz: JEPe fadAadeds a5 2 S3gd ge ¥E4
gt
Akgke]l AdlE 25 17 MaE deA lem 2 (Lee and Pouclet, 1988; Chough and
Lee, 1992), $hdt% S foaol 2l Xist =7 o ¢ ojut §E 829 B Y3

£
|

‘..

o) du} ¥Eeth (Kig. 3-3-3). K-Ar WAls S o3t o] &4 %

oA spae o4 QT

A HAE o|FE BEe] plong @i puHg AV #dHA goy
MCS Z=ajdiel stz A2 (S2), Bl=t e ¥ /] (83), »ei ¢TE o
F (SHE Yehl= s Hate] FEE (Fig. 3-3-7). 24 dojusl d9) 54
@ S27+e) AT GAsA vohAl gl ol RE elZRe z ) I BEEg
°| sheet flow?] HFHE HHHIT FYHGA HALAGE AN, ANFEL
AL S AR el & dohued Gzl 828 IR R L84 S3
o 98 FoAd A9 olHE wEdo] AlFE W =4le] A o Rol wEF] o

— 96‘-.
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Fig. 3-3-6. {a) Single channel profile 19. (b} and (¢); MCS profile of
97-2 with and without tau-g HVT. (d) MCS profile 97 4. Note
that tau-g HVF improved the continuity of reflections.

_97_



—_—

w

POy Time sesy
™

&

%] —_
] ]

2
1

Two-way Timz {sec)

=
L

Fig. 3 3 7. (a) MCS profile A (See Fig. 3 3 2 for location) and {b)
its line drawing interpretation {(from Kim ct al., 1998).
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(profile 97-22] s.p. 5300 Hebed ¥ 259 FHEEE A 9 2 kmdl 4
STl Thef s vpgAR 2] Haelq e ok (Fig. 3-3-4). 719b92] A5
T UAIREL £FEAFo e WA Aoz SRR A gy Geprp gk
H iz o] Fo]x 1&E A A FTE

efe] wpREFRom 7Petels: 2F 30 kme] Zleldl AA SDRe] WEIHL 1-g
HVFE A gk MCS dieiAe Il 2 & @2 ddd =3 SDRe] ¢f %
go] Jehdd (Figs. 3-3-5b and ¢). SDRe] £€d= A2 AFHA &5 (lava
flow)e] EAojetar 3 4 glov ol 97 49 yet 419 (Fig. 3 3 5d). 9
71l M &% 7igket ofglel A Kol SDRE H#HH SU4F 5EL T
ol AL BUFe HULHEI wobs zE wr o)Feolzl AYUE R
and Wright, 1987). SDRo} vrhibs 2 9& deolutd Ntehe] MALEGd 2 T 8§52
¥2] (hummocky) 3] =< LiElATE Thefe] ¥ Eol A Hole: Fib A el %
=X Jiter FARAE BAFEL AL 4D 8E T FEYFg
2 3 FEHE MAEME 1% 8909 & FF (ouflow)e]l Fhed TERAEAS
AAIFH B e w4 T Hols SDREY BEUlFEAAl UE
FagH e, )AL obnp AL ool (600 inY)2 AHEE 4RSS BE
3 T4 ALE AT A NE LAATA XY fiEek AlRgy &2 o%
oA o BGFol T i FAGA TEAEE P4 oj=4] FEAPE The
HE .

ot I FFURA FEqte] Wigtsl: FAE ddyEr] feaMdo dE T

22 Zone oA Zone 47FA Vi 4 A YEF (igneous zonation)E Al © o

>
o
o
o~
)
)

w0

(Skogseid and Eldholm, 1987; Eldholm and Grue, 1994); Zonc [ @i EH o F
A7to 2 A Zone [I# AHZ FERPS uzxddydi fAZoE Ehsterl] 7
Aoz £¢eo=2 93 Y. Zone II= Zune 1A ﬂ]“q‘é‘?‘ﬂi 9 =3=1d] SDR
o] EMat: NHo2A 7|ukH SHFolA itz SDRE 274 HHEE HFA
Zhfef] tlola-Bete] AAvIeR Mt Zone IVT ZIWkto] S dow
45 ZAolth

Sa7Ivkste] A4S VEhlle Yo #ERel met st dufEtg R
A& Zone 191A Zone IV7HA 4412 UE £ AW (Fig. 3 3-4). Zone [ HE
2] 5% dgbel] ¢lH® F Aol A (FEE A 2 EADE ol F9A 1oy
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AZE a9 A # uveldd Zone I MIE TR0 Fxd uxHg s
FR o sFFHd. Zone MIT: WiFEE Abd o] viofo) virpZo g P Eshis &3
Aty TPsize) SDRol P sl Aol Zone lI F& FEWas &%
wAel AAZA Heldvt AFHOR Zone IViz #4270 BRI S5 E Ae
FAFlY, Ftn Eiel wa Al Fabe n=gele] ZxzEE F Koo
&7 (Skogseid and Eldholm, 1987)#F oi§ 2lAl#ich &= Zone 1o} 819l §
ERACA AL @B Legde SgFe F7E waFA FeErh

Fig. dbiz FuRoln A2 ohe AZhae s Asold drse] Faw gty

L!

HolFrh FRE2AA] F ARo) gl w #aglel A gln dlii AR E A4
gtk Mige] Fxlzolr] JEubE 4o 48e]d2 REg kel % 7
o2 #HAAch LHER %o DRI uRrE ARG A 2ol Hrix 9}
ol Al ol A E NaFr) o|Axe] HA F2 SDRUHH 2] E3F fAgHH o] H
& ZE A ztgbg SDR Aol zpojabAa] shg @ 7l E sha QLES AT
thoolat o4 (s.p. 78O0-BO00)E 7luiel Fr)st BHEd Aow wlvh
Chough and Lec (1992)v= €43 ZRallg g L3Exe o2& Ao =
MFEEdA 5 o9k dirlstel H43E 49 I (el A IV)E LeATH
e Aol ¥A LS Chough and Lee (1802)e 21 4)3) e} glenz o 7]l A
oasel el olabx] gk B AR IAY Al g2 3o 7vas) /)
G 7 Atk G [eA Vs 232 mlel oM ol (162 (B 1 ojd) - 112
Ma), vtel Al F2] (112 53 Ma), Teloleal (5.3 1.6 Ma), 718l Zeto]l x5 4
oA EE M (< 16 Majelu), o} & vhg) [ sabgte s 2k ittt (Chough and
1992). Ludwig et al, (1975)2 bl wxjis} vzsed AR 2 5E Eae 7
Aol O-ak Wb e lef akqho] o] Baatn &L RTEERlom ol 34
hEE RBUIYGe] HA W o) §ol HAd" AYE FHFAuh Chough and Lee
(1992)= 5ol M e Bpabargo] npol @A) Fx17hA] 4R A-G& A A E A,

o{m

il

SRE A

.'l’

s tol A5 AHoict (Kim el al, 1998: Lee et al., 1999). m
2l A gk o] SRRl MCS ZESHYES A4 AR ) E xzke] PA]
ol WMt Mol T8% A¢zA FAM EANE FE4 4 Ad, vy, F¥
T 2lTE bagel s (7]9]) G WA ¥ dlip4l7)e] By z2dg
VERLE R AR R, g Abdlel A g EaRo R 44 2XabE thelir ) § ol
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=AY T ool Fel BAR AAW KA Aze Gk 2 Apoldl gl e
AlAW shael Alzsl7) 2 Hol #e dof wlol AP WuATA S AA G}

h. £9

7t 23¥EAS dAGdARA

Jolivet and Tamaki (1992)= #3l9] do] S| nA UAr|eA wlojea] %7
(32-20 Ma) 5 F39 #Z-¢ FATE v 18 F o E-B 4o $453
F ool ¥ Ad=edgAdn A AT 1EL s FEMA e Pt
@3 (Fig. 3-3-1)°l FALEHE ol dF9 FuFoz s 5 FAYL
gt R Aol FAdt) (metallogenic belt)?t M2 dulsy 924 2oz} =
A TAHE Sillitoe (1977)% stz A8 AT Aojo oF 250-300 kme| &
TRAZE ALHE AASACE (Fig. 3-3-1). o] §$4582 ojFe 714 &2 F4)
7k °F 46 Maol MW olF EalzAe} wpoleleet WSt #H, Jolivet
and Tamaki (1992)2] 7M1 33 de], A3 SANHARA A 44332 g
AR WM AS 35 km Wl olZA 2P S-S B FEo (Chang, 1990). whha]
=879 HAEY Z2E Re3s] 918 Yoon and Chough (1995)+ F ¥ W=
o] whgAlH-Z mt = Ulleung Escarpment?t ‘F2wHEke| 4338 Ao
(shear zone)Z A 2 AvlrZ7la] AZAx o] glon (Fig. 3-3-1) o] 7)o A nlo] @ A
F7) (23-18 Ma)y&¢t oz oldAg 215-265 kmoll s Fale £33 82X HAY
Heol TAYIT AT 15 of F AGEFol 23 Adgzy F¥xgE
S BARAAH 1 AARAM vlo]o A Fx7ld FXEX FAHADNT AR
GAHILHE LN EFEAe dELDE AU He s F45A T 4w,

stA g & EA e AZo] sgAZolerz AELE EFEAY FALYRA
“EFHe EAI 922 AT MCS T doa nol: 7iyiere] =4 3l
dbize] FRARAA] Ha§ AR Qo] ARNE T HATY, UKoz A dF
FERN PFAZe] Hojrhs 292 50-80 kmZ $HH ¥4 et (Mutter
ct al, 1988). Whitc and McKenzie (1989)& ©| A2 =A.$ FA Fgletal 23] =
Zho] &R 7 MEOFE EolHUct Y ¢Tle]l ATEHV] AFEHE o AL X



zhel wrzalsh A i Aol g A dasbx A Aol g EAE
Mgl 4R g SR A48 Z o200 km Ax dvh ovld ade A
x| zte] Fojublr HACAA ZPAA B2

27 A7he] FxY AL AESF GFstAM dFATe] FHHT RE=
B 7 A Awdrt (Kim et al, 1998). F49 3o EFA719 gk 914 Yoon
and Chough (1995)e] A 9let gkgisla] eghizgl a3 & =l F 719 rhyolitic

wff (447 Ma)E derals e vpol o F7je) AFal osf &8 Ak (F1F

=
=
AR g ool Wels gk &

%1990, whebA] FArgkE o] Fgkolys 2 HE olE F Al Alelol UouSE
o, Ay Al A 5 (19998 FAckZ o] Aol e Falddu 3t
oF 71%19] ulA (gouge)d AHE FAale] FAeriel Y] HEA7)7E 373 Ma
9-g AAF v gl o] Al FALY 2ol AAlde st gl FAed
o] gEolF Folel FATro]l €e-& usin @nlme] k& FlNolAM i)
glZelo] wAF & F ITE RAS0l Ay ¥ fHFe A7 ARH e Eiy
VA7 RS A AF

Fdolde (Fig. 3-3 8 fhitxe] FANE whi} 2Anp ghE7ba] A3
ol A YAS HalFA g, E P AN M g% A4 el Fogon
BRstA #4047 EAEH 7 9123 o9 A¥eld A (Fig 3-3-12F
ﬂﬂﬂ.%iiﬂéﬁé%%#ﬂwiﬁﬁﬂ%ﬂtsmw]éﬁﬂ%?ﬁﬁ%14ﬂ%
vl uwpebr] 24 4AE 2EHE Fabagoe] s @bl Wi dEde
A dlitRe] EEEAE wohtdm duEd gH2 7 AR & thrs AT
W AL BAEE Aon xnelvk MCS XEzte 97 29 97 4= SAuegaos
dojon g pop A oqpw el el wde] fxMas mgE S el R
2 EAQ st 2AE A Ao FHol glow 2o)g dEe) tieg BelE A
ojth spR|Br o) F w8 FAHALY] @ad 2l flower structurcest o] ko]

FUEs ddd £RF 5 uoinA ot

U FAE dged

ol M HERA BALY LHo] e BAE ALHRAY TYTh Otofuji
et al. (1985)0] A AIgE Ay A LdL X232 gF=rh Otofuji ot al. (1985)
dad g QuATe vhelo M HEL 608 Wy E RelFTh Wod aF e
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40 20 0 20 40 60 mGal

Fig 3-3-8. Free-ar gravily anomaly map of the southern East Sea
compuled from the integration of satellite-derived and shipborme
gravily (from Ilan et al,, 1997).
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vlo] 9. Al Z Vel A A@rAws} o gty Ttk HEFESEH AAYELR
A EA "ol g AAsiet shAR ghvtme] gg e BN vlo)
aA AFANE dAM dEdmoA Y el = 559 E72 AN

e (21914 1992) YA ded vyt St e s e wojd b Al Agiekere) 5
AstATHE Aol BAAD ol F ToM FAE dELS 48] HAE

Aok B glola Ak BEBUALS BGFE 4 ULE Utk FAE A9n
o m Thy B4R HBAA4 PAHE (G0 cm/yr)olTh

FHEe % FHVolA HZEY Ze ¥Xoz ZFF Frhuch 8 oy
FeAod] YER RBoz pUA BFYm gl Falo] rhdth Fulyel
N ool Wabe AMAE el ogFXoz WA PA¥E vrhis w
(Fig. 33 9). &3 MA%e) 242 AR dola] £35 Hag A0y wol3
39 AbEAel A BA ol&® RAW Tl I GNRY AF O
Zoso] $aa HEn Bl tislqr Y F otk $¥RA] WS o
SAW A9 Aol de] HE-GA PFos G WAH} AFL ¥ 5
o ol Ae £ERAL WEROR RS ovwch F, wube Fue g
o] A #%

A7 Rk o F @ Ao w siAl=T)

R <25

o FANT LFLAI} Fd%or dd wgo| HANow ¥

. @M JEFEN e Ased

g 4359 g4 A@aAA I $£0 34 gsaat
dEdeds 759 4 A Fig. 2 3 102 23 Ma &2 21 ol d e A7t A3
¥ dgAF ez g Zmoabd 199 97 4 (Fig. 3 3 4b)ell dehils 734
AFRY, Futng fEFEEdg 2EHE2 0] dHHa dHEd A PEEFT S ux
TAFEERDe AL ofvid mae oAl &4 Ajzmcl (Fig. 3-3-10a). )
AT AA @R AE (fxad)F o FAA 2tk Wernicke (1981)9) 24 o
Aol (brttle) 4FR el A dAshe Azbe) wv] AIZRHTAS 493k dof
@A HEH=d o Ede d9gAF) fR=EqERE HAe T
listric-detachment ¢35 EFHFTL Af W 27] 3t Zre] HMHA, 2e]x u
Y Al EFEEd A Al nu e 4 =y vk &, 3 ExEAE= v g
4 el A ARt HEXZhe) Rlary o siae o= gt
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— .
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Fig. 3-3-9. Structural map of thc eastern Korean margin and the

Ulleung Basin.
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(@ ~/TN volcanic
' "~ intrusion
n breakup

-—  seaward dipping
reflectors (SRDs}

sl LINE 4D = -+

Fig. 3 3 10. Schemnulic diagram showing the evolution stages ol the
castern Korean margin from early Miocene to the present. (a)
Rifting at an inner margin, (b) volcanic intrusion at a marginal
high, (c) breakup, (d} extrusive volcanism generating seaward
dipping reflectors, (e) subsidence with scdiment accumulation,

and (f) present geologic structure pertaining to Fig. 4b.




oo, ZEE el @dE el wAstdct (Fig. 3-3-10b). 2443
Gol ALF oL 1) A Bel wah JFAAL GHe) AT e g
o #AAH”Ael A AT (Fig. 3-3-10c). AT 3o 2o gldol &
e thrldl wEE BAHCNA EE25Y g7 AGAA SDRE FAEAY (Fig.
3-3-10d). o] WA T2 1 A MelA 4 FAN AT HFX L] UGE W
Folxm thAl HEE R ReA AT o] VHHYG MY HFAI HI
o] ALEE Ft HHE (£HFY P/ HAF R sMitetee] aiFA e
2] o] Fel = A FEUvt (Fig. 3-3-10e).

Frexe &g R sakdge] A e 4 4F FFL F2 A
ZHe) BE wFol 48 AJS AAFh 2FEEANE FELASG BFEL Y
dhebad s R #Hebsia 09 AFolgAE ReFRE HA sddgle] (AHe)) ¢
ojiizl e slog WY TN AdTEE (Fig 3-3-9¢ o5 A%

£ RojFrh Ly ERA7] FXFARY Fo] AT olg F 2AE W ZY4E
(convex) 7FAIN] HlAFE 7]uke; g 7i%d o8] 9d¥ . Rosendahl (1987) &
zEJxe 7|12 wye FAYHHIE Holz nkdgely ol F HELE H&F
% transfer zoneol 98 9AYNG T TSt mepAl FrEX e} YRR A
ole] e 7wl §71%E AR oE RS AEE LT HBAY (transfer
zone) S Rt A4 @t

S AT RFoR E golX i Bt go] ntole A FrshA) A&
F9rt Ao Bu¥E vl Yod (Chough and Lee, 1992). oj4l& A dELALET}

rr

Furse) dERERE PolA b F2A B EL wxe] s Ao =
#5902 o7 Kim el ol (1982 FEX7 sjvigael & 99 o

ZFZ EFR X8 ST e 9 H4g dojadde] ¥R AMRSS A
stgich mabs #ubirol tEFHFNA ALHT gE SRS of dojidd
o] W AAgrin Addrt WEZER] A4 wolo M F77A ASFHUE
Aolt], Mo (FFMRe gyrre] WE FFo] AL 1" (Miyashiro,
1987; Tatsumt and Kimura, 1991) 53 5539 shbA el d) Ha= 800-1500
km M2 HAEEE2S FAog AT ddlF @819 ¥9 2000 km (White
and McKenzie, 19898 dolAx @et HFHow sgigte] t] 2T HAHE
o) MolWa] M4 BEI L " T (Fig 3-3-1007 22 Fx£E ofF i
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Aot mz2dole] dFTEYAA A2e] 2AR AL el AfRE Wi
of Huirt gfebd RAY (Voring Aol #=8HA %% 718 &1 (Voring
Plateau)2] B2 2 Aldef] 9 2gkc}, (Skogseid and Eldholm, 1987). o]zl& ujst %
A ASFFRERCAX 22Zhe A AG el A Ho] ARG AgA ez o
AT g 522 A9l EAES 2] eE g (Mutter et al, 1988), ol
gk A ML B Algsd 98 ArA=E9e9 (eg., England, 1983) t &2
2y, ghold s A7t T FiHeg e MEol o kg &5 4L WAy

ogM AAMNLE A o E GUS FHU AL, ol FH oA )
AE e slvet §7)%0 sgehe Frgas] MR ARy 249 3
o &gt}

6. SotAlotel MENYF

v As

Fokrjotoll Al Ao mel sAREHE-E A4S AL Whitford Stark (1987
3 Zhou et al. (1983)0 o) &) Al wE ALY, ol % ¢Io} 7 Ldta] ofajol2] B4R S
= 7712l province {northeast Siberia, castern Russia, Baikal, Mongolia, castern
China, Indochina, 2] 37 Burma)® W Arth Fal2) South China Scad A%

[+

(post spreading) BN &% & Z}7h eastern Russia® Indochina provinced] ¥ %8

.

271 AlAe] BAgFE PR FE dSEERE odas s,
Paleoceneol A Oligocene §919] HAHR Ay F2AFF tholeiitic to  transitional
basaltsE eastern China province?] 2&wt 2 do M Al glon Paleocene

potassic basalts+> northeast Siberian province2i Aniuski range A 2@ g€} &}
219t Mongolian province® # A gro] 1 [Focene basalts?} 48 o s Zx sty
late Cretaceous (o Paleocene basalts?ld DBaikal provinced| ¥xst2 glvr 73 W
A7F WL a8 F5A 2 Miwened 4 #3744 &gt Burmast B3 2o &
Miocene tholeiite®t alkaline basalts/F 8 vt2A12] 7748 Zold B &g

nhE 7R R Baikal provineed] AT Miocene & 9 ¥4 3 2 2 tholeiitic, transitional,
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22]3  alkaline basalts?} Sayan 2 Vitim A HolA Wo] BEsigown
basalt-trachyte 5417} Utokan plateau® *#< 2t} Mongolian provinced] A= &
3k DPleistocene to recent ZpAEFo]  2Aeo)ydicd o 7oA trachybasalt
associalions’t TZ o] 5 it 5% Siberiacll Al £ hawaiites?F o] £ g}

R A Y FE A AFe] provinceto] A= = vl ¥ F gt (Bohai
Gulf) +99] basaltst- flood basalt province® vtttz 2HFE A9 o) =)
AMetE SHEFEL 1000 km'e) F& Ao =33 @=v} (Zhou et al, 1988),
e A Fell A Alzbe}l Agte] wpe} tholeiitic E-2 (ransitional basalt® 3-E
2l ThdE alkaline basalt2 A3 AT AT S Uk olP HEe
province®| 7|9 TAIgle]l deoldd; ol FAE HEF FMIL FEFT EL
Hainan IslandelA &) U3 ofo] B F&Fd dj&l, 12lz HA %ol 2 km® Ax
2l Tailand®] Denchai basalte] &iMz &J8d. AP0 Zegdgl
DUPAL OIB® #4817 incompatible element cnrichment®& EA d o2 ¥ oo}
THYL 2L basaltse] WA Al DUPAL components EM1# EM29] H&28 %
3 RoFd (Figs. 3, 4). EMIS FoFAlol2} Mongolia provinceo| A F& o} 3
™ whdo] EM2% Indochina®l Al F2 jvhepdcl v S Y Y2 =42 Hart (1984)9)
37 7]F4 (Northern Hemisphere Reference Line)®l Aol #A)8t0  Hart
(1988)e1 ~a8/4 > +60 71Ed wep YR'E DUPALEA 79 5 Aok a2
Eea olel @ AlEEo] YSr/FSr vl +AZ @bt el DUPAL beltol Al &5
Azgd 23 Fgats A= EFgdsinl oH g 2 53] Hart (1988)¢ 9]
Aoy 07060¥ Tk ¥ @& vlg Hol = Indochina provinced| A 12§l o},

rir

1} o} XoleA N YSAE] A%

# ) Siberian platform®) Y&l o A& craton® R7HE REEL w Y
Z7]e Gondwana % €L HEXe XEIDo|9th Sino-Korean 22 ¥ FHo

IR 27 MEE ¥T¥&E HFFE @ 5 ¥ AUtk EF 33 oy
22 Indochina?l Indoncsia®l T4 Australia®l 772 Xdol o ddr} &
Gondwanag] 9™+ North China 22| Wigs 37} carly Devoniand A]ZH
ALl Permian® Triassic ¥ AFH =0 olof Fyolrfel 2 Ho] Tethys&
7hE e o] Fatd o™ North China 1-%¢] & Y| Ordoviciani} CenozoicAt
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ol9] o= Aol A 120 km °14 9 dHWES FolHHSE BATh o2l B
L EdEe] 298 A F) F2 AAdel] A Ao g sty
o) £ okof] Wik Mahony et al (1989)2) B3} FApAd-L2 R HgEe] 4do] stxg]
e Falger SARIE e del vl 2 AE AAgEc B d AAS
{(detached thermal boundary layer)2 JeEl3# e Jhi sA#R T Qo3 A5
t} (Lewis and Smith, 1993).

ofAlob2] 42 Mongol Okhotsk 753 th®] massif’l Siberian platformol 13
A AR FA AEsde 7 o]l¢ Permiant TriassicE<t F&33 &322

ZEo] HAstAvt »1 % Faralln3} Tzanagi9hate] dz g8 Febr] ke
b7l 7)o DA otalete] FFH WEHEFILE upet NNWEEe] HYUS 7HA gt
A E7he obF obliquest E4 & Tan-Lu system®] @& 229 gilon AA
vl dvh. WNWEe] 48 Wy Frlel oAl AR Edes o d
Chukotki ‘Sikote -Alin belt/b AAAYG B2 oiiFiaRs oo 443 989
T Wice] T ATt ofAlo} obefeof A okl a1 % tupH T el F o
HEFHES e ded o e A dYdts 299 F4igd 9
ARG zlelvt stAR £ olAlel s} Indochinac] M= o] igh W2t g 37t ¢l
& AolEE oyl Zwrt FHA A AE Aleolvh Miyashiro (1986)o <z Al A
¥ E GE 292 hot celle] ol'xdlWA Helyis] WA, xefr T A
Hor fgled g4 5T oo fATrre Aow HL ol gloy Wity
7RI 2 Qe o] oprofe] ofefe eolFabflths AW (Hickey-Vargas,
1995) 7H5 Aol glel malrk
9 $% (mantle folw)e] AZEom olFste ¢ AAZL FaA = Yol

e A" v glon mebd S 99 Fel Ao Eaw vl Fela
ofe] Aol tigt ZE-2 ATk P AA i EAa 4o X
F-E el met ofplo]l 3AE Ao dE FUHAG 207 BRI o] [4Ye) G
Fol 2] st e nlelzR Fefolze] FHA B S F440 dude o
-HE WE AAClA Stdd AFE JFg T AAE olF F URL WFILET
of tEehR RE duu R GANA ALl a2, Falr] Ao WAz

i

il

g e QAR AZEE WEREHR Tz Fl Re AATRY weo

e A vk AW B4el sle Ao AERES oA dlnwd



(secondary onvection cel)E WA= «17]oA o 3Fte] flood basait® 474
A1 (King and Anderson, 1995). $5 39 g% & 433 §& S8 &

A9 FAEE APE deld RAeZ 4= Sino-Korean craton® 2% 3H
4 uper EF o9 vhAIIAE RF AluEleteliAle 548 FE Omolon &
Eo S MZE AAWS uel L4300 Bakal province®] X ®-E  Siberian
craton®] AAol FAYFo s DYHHY, o AHe Fxi GAY FAs
Siberian platform o}efielA e 150 kmeol? Mongol Okhotsk &=t o} 2o A
°F 100 kmg! Al gL A AT, Zonenshain and Savostin (1981)¢l 2] 8l o]
A)ge] olfeljA FER BF7|T e D gde 52 ¢d T oz
Wzte] WA FArl BakalE ol 5% e Vitim# Udokan 19 3852
oA % A A 93 FEHE UITPgAEFEH AAUE 4829 2dd
2 AR g

Smith (1998)% FTolrlole) WEU 9 FAstd G gol st 22 +4
Tal7t WEEF AFd Xt oty dFd FEEGFA 9 FHHAUS
2 AAsAT AP 28] fEE HFrdde ool grepzl hA-S AA3z AR
S @ Aot} TarnatA H:}t FF=¢] W3t xenolith geotherme H-42<l oF¢
{potential temperature 1280°C)e] 75w R 100 kme| <e]7t2} Absdt s R4 LAgh
th A FEE EM diEe] wEE A g ool YUAE §Ho] FAY 4 1
t}, Hydrous (EM2?) 2 carbonated (EM1?) nperidotite®] 3Z44£  anhydrous
lherzoniteo] & AMWCE 43Fs] ¥ 52 o|Fdd o AF ¢drte] 4
TXHEL BFE Frxdtrlol FEY Holth Flower et al. (1996)2 Indochina °}2l
4 hydrous® &&FHL M3t o AYolA anhydrousdt =& HEF Al
AbATHE oFE 9] potential temperatureo] 1480°CH AL AA s A £5Ede 2
& 8 vgddez Hy ga2e vy W ZoiAE &3 Hydrous® &&
2 g ¥9e gHd-&52] 4%+ potential temperature©l 1350°CQ1 ¥ *
S AR 2= AGeA] 1320°CRt Fg FHE AAUY, g0 o] wad
919 A1=40-70°C A Y 9l <] basalts?] o] et LEzlo]l = Fio] I
%%ﬂaﬁPﬂWCEﬁ}Qﬂ%ﬂ$°W}ﬂ§ﬁ3§,mwmdummmmwl&wc
F 7AW opaletst P2 el offe] Qv WEWEY ZAREH FFde EF
& A x e} anhydrous§t peridotite2 X EH 5 komatiiteE A4 AY 2o g ez
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ofAobell A EEE = A Fo LusaltE RGAI7) 7 el = B4 st

9. g5 A UL HA

°F1 9 polential temperature’F AR ol oF 20000 & 1480°C7HA) FZ7hgel
wel MgO2l percentuges ¢ 10%°1A1 18%714] AEHo 2 Z78Ew Nax)9)
percentage = FAlo] 7} 3§} 1480°Ce] % & b le] Ao A) glkyle] 2my
ZhEoAs A& Aol W AR ulet 9] @ gbell A FelololE FEgte
2 wWalal gAters #"Alalzioh, wala A 7o) Disko IslandolA #2F
= Mg0O2] #heke| ¥-& picritic hasalisy HAA4H o2 & afde] g A AIF
t} (White and McKenzie, 1989).

w8 2XE el 1A RAAEFS dSsFARaA ¥449 shdshee 944
3 R A Y ARnE BolAx LA e fNAEE 59 8%, 17
oL Ajoje] EyE At ¢t Eol MgO®) ghskol 109%4 ¥ picritic
basaltS ## 17 5% B il (Lee and John, 1985; S’edin and Sato, 1996).
olof] Whal], W P ofoiL R wE AL A, el ohulE 2]A e @#E F3
o og Jeld HET e 7hrr d @Al FAR FA HdlojolEg
island-arc F& 2l ¢H4jiFelrt, Nakamura et al. (1989)7) 83 T3y 8 Fe] o
Zre] HWEote] Fo4& 3 s FAANe gddwe) YYUar s e
T o[iF Aee] AN MEARA AR Rt dFS AW T3 Sl ¥R
HE92 F U ocean island®] 2Hde] FEFEGI Fabaim wbolol] GadRe] 3
T4 island arc® A EE sHA RoErh o2lF AMAEZ HE AT FEAR
obRz Alets FHol gt TR &AMl F3 AFE:EEol ofds v
=3

FHtztRo]l ZrE e I EFRLe Y2 Hyste dds T2 459
= ZhA o] ApEEI vk FHu 759 S8R Y (White and McKenzie,
19890 vpwiz] Sl i B Y 8§ (convective partial melting) (Mutter et

1988)0l 1}, &4 8H A2} HRFERE EAAzte] MEFRE FHE Y=
iAo ol ool FRF A HALULS SR L (Kim et al, 1999)
gty RN Y WA o w5 TSl 1 A slos 44

gk A Folaele]a WA HAHR S WETFo| ol DUPALAE
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Fig. 3-3-11. Initial "Nd/"*Nd vs. “Sr/®Sr for Quatcrnary alkali

volcanic rocks from the Ulleungdo, Jejudo, Jeongok and Yeong-il
areas in South Korea. Isotopic data of basaltic rocks from

northeast and southwest Japan (from Kim et al., 1999).
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AaA UEhbe 4T wAL e BAAA A4RE Ao fAFre &8
wale] sjgAzto] YW WAl FolAlold WFe] WEFFo BARUEA o
TAE oot Jeln RYEHT RNE qRFUTlM w4Y uds 23
dYe NETRY Yo} ARAA g5 NE FTRAU ek
Sl A AT sAee] B MO o) slel wide] ARy ¥A o =

Agor olre AL GALLE g obde] Aol o NGl B
i Smith (1989)) ol T3 YA @) YFolth %ol FHzel ArAne

Luw gAtete AsE A HAo) hot spatol €8] A1) Tristan da Kunha Island

7))

o] AW ofg- AAFE woEok (Kig 3-3-11) (Kim et al., 1999).
gaR 40 AL mlolo M Fr7A] A&y FMEFL 5FXFA ] o
&2 UAF £ v (Chough and Lee, 1992) olelgh vlif4 39l &4tzp&2 F

2 HENE FHoz b wAP MEUH JAUNE AN $F3¥AS

ZAox wug AFre] WEISE EYE AATG Wel digA BEES0
o] Mool BAYES 2Wetdrivl TR Acto] Aage] upe} gAAoR
Za)otae Aotk AT og LFEAAM FAFT vUFHY HUGEE )
BA RELSuTH: (25780 MEZEL] Gk o9 Ao Haych

7. 828

Fael 5 ¥R et Myt FHEAN ttFaAd dASAEE 5 A, o
£ Age] 27| vheloaEete] umpAdl fF RAME AFst7] A, vt
Aag A Y FEHAlmsl AFste] MR Pt FHKA Tivkde] ¢
Z= A¥ A g4 S FHE (volcanic margins)olA] BEEE FHAdEA0 2
Al HEE dYdd dised 4R FESCAAE A5 ol (nfting) W
syn-rift, rift climax, ZZ2€] 3 post-riftY H AW wel & vpeiuba glth Y FAPH
A= BAbTAlY o] dEwo glov ofgol BXIE ARE I A4HolddY
Aol vl BT 9EEl 58 dd I dA4 A7 JEHL U=
F A =d, = d-5 wEe] FALY (pull-apart opening)¥ FTHE AH

LS

F o= HuE AANE 24HA FAE T @

ri
na)

e’

{(fan-shapcd opening)
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= A, gEe) FARde F ol Faw ATLH AA7 EAsed ol
o A7 Fo weol 2A 2 A3, e Fo) BAEEF) Subd UF
o welol swath of AFoIAE FHAM W WFFERE FANYS
A ol @ WAL FFAYY YZY T ol F FFEAV A @A
AAW ol WEE FHE £ FYRT O =AL WEIGA AR Fo)
Aauvt ¥ FANZAGE 293 2.

oft du
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H 43 ANFEHE S43 HEHEZY

HEA A gHFE (Fxadd T4

1. 4 &

Fehy Al47] Fbel slERietel ddd BIHT e Gol ofsia] o s
Feol dua HAE 7|Ae A5g folgry Ad 73 Fete] U HHAE
ZALSE AAE A A W HH7A Qe oA FIY nAUY A7e
of2 gl HAHE ol FoAT) (FAE F, 1995 AT T, 1996, FAE T, 1997 ¢
T 5, 1998 s T, 1999).

o LA, YPEA, pAELAL THH] FoW, ERUF (RRAL
G PR (uaHe HE4 JPE w2 Ak EFRAE A4 2

< nHFHEA ] FR FHIFS ALHA AGE gon] oo nisja] R
A entghty das T2 wa gl o SHEL oy AR/ K HolE
ZHAH, A ol #He o5 S F¥edi JgX iow ALdd 4
rEaed: R olf 2 duEeRido]l A o)} AL Ho|wA
(Oba et al, 1991), T sikgAol T2l Aag zdar|s &g @8 S
AT o Azlel RIHF dgRel FAe] Eg4H02 nusUrt (Bahk ot al,
2000: Chough, 1984; Chun et al., 1997).

Tl AYHes fHEEA AATony vtddd 71de) st Eel o)
A thEke] dlaietrl FEEAL, A% el APH e YR Wl o
%2 MHTE (Chun, 2000). S| & A E2We] TR HEIGFZEL AEMUU Y T
NA gz #8E ¢ Awd, FFEA A ALY 12 m Hold AFHH Gl
10 Jle) R ZebEe] At (Chun, 2000). ©) Z3e] oajjx] 2t B HH
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kB lelelr & BV BE6B] I BOT FBB66T lrletolr 12 Le & B 47lra

2% he? Rivehkes &tbhivh 7ohks EAEE Shiklry® &

. flotr BHE TH
r REL W = Rt BvRfEE BRE t2RETle 3 ifhsle vtz
o hleklr FEkEEly ity Bkl BETR kKlotdhleT [clek ‘b
¥l 52l BE{x BEe 0% © Sklkir¥ & bt Tkl S&EER
haREL el felys Rile W3 BH [kixlodle ekl EEEENY RREE
B kel lairEd el izlr 13 Sidvin khée & Ri2l
[lo{y{%ta%tlx FEEL o ‘nehm Sl Badh RER LlaEE R
1 itleld Eew ERHl™ 2ERE Bllity ikl D3 et Sl
r¥ & 1l kEkg oSk bih ik EZ{F{ERE Sivlesd |z
=i ThrT hEERT [Exi+klE bd&h kit ldERT EFIvk $#
R ‘moBledl Toklidhla brs &Ll ok Pkl BRRE BRBW B
Z bl Slxh= ThT hit Tl SRS BhlE hlhid o kB
BEEE 14728 ¥ lcdlk Brb Bt bEX{vEAREL | Riviedih RE
6661 ‘& Wig) hEERR (03 lorkFBE kL tkd W0 L bBERER ik
g lhBEEEl ShikRilrsh 427 2E33F hB¥EDRE Kk S=EFE lo
BRELRT R [lrle 66661 'S Rle) Flckik Rkvicibdvih ledsin
"B =R MBEET Bkl FEkEEl BBEE 8 # bkl T2kl B
okl loTlhr 'MEKEBERE ERE lelx{iyE Blo ISy &

(8661 fWER) hitlrlr %F &2k o2 Bl bRlKKE
M RERE Bt EERThtE BI3BH ¢8kla o8 ieln PEEREL
lv Bkl kel Al 3ERERExl Bl rlemE<Lled (9661 G661 &
28 bidlr2 Ed bEL WEAREESEE T8l RTRBETHE AR
badlield lhEld SEEdSE (8661 T2 ke KB L R B¢k
b Rl RizAdkE Iz vtk kERTBEYE FERREEl Bl T@E



F 8 Mol AlF:HAR2 YA (Fig. 3-4-1; Table 3-4-1). SAHFFAA )
g MBYSPC-11 A& 5L 4 145 mel dlie sideda] A5, 2o
467 cme] R ! (Fig. 3 4 2). =% MBISPC-12 AREHFE 54
200 m9 ASE ldelM AFatgdes, do} 160 cm®l HHAEL HE U} (Fig.
3-4-2), BMRFAIEAA AW MBIBPC-13 A% H=E& 44 989 mY
g FAFRA A HFsten, deof 1,065 cm HAHEL &3Pt Fig. 3-4-2).
FadiAelA AFHE MBISPC-14 A FEHEL2 4 1,567 me) M5 h=ithA] 3]
Axbell A AqFAR2H, Hel % cme HYEE HS5&ado (Fig. 3 4 2.
MDBISPC 15 A FHAEL =4 1,796 me] A& F5F SxxAleis] 2y &
ol Mz HBFAAARAA AFHRACW, Ho] 608 cme HHAES YSHAT
(Fig. 3-4-2). MBY9PC-1 A &HAE & & ghmiA g s|A it 59U o,
Z1e] 948 cme] 2 E2 HSEET (Fig. 3 4 2. 5842 $2AA] AF"
MBAGPC-2 A8 A EE 41 2707 m2 siA Rl H4HAer, do] 931
cme B4 EL HEaQT (Fig. 3-4-2). ©3 MDBOOPC 3 A5 HE2 4 2435
me] HAFRAM AHHHYew, ZHel 910 cm® HAELT H5I}AYL (Fig.
3-4-2).

ol
ol
-z

NEEAE AH FHATA LFoZd dxd ZHe] 12 m WAEFH
(BenthosAh& Ab&-stRon, Al3d HAEL MAeld 3 m ¢4 (M3 +A)o2
Hestgdoh v 2ud A2HAR L o] WHs S dgelBe 3 Fo o
The Agdn HEAE APddAis AlREAHEE ARGA @ el A
H4E &48& MSCLE Ahgstel ZAgstt o5 ANFHYEE FEoh| &3t

= Hagx A4, 95 §8 Zlesida, H¥E 98 AFssth
HAM 9 MY 59 AEA oA HAHs], vgEs), A 248 g 4
7Zte] HAE ARE AFHFAAD. HH1E 2P viARATE 2 AEFLAG
7 HAAAEE] AAZ oorsty] R8sl HAE Sl i X 4 ARE
G A FE A E) HASAR T3-S w3l fEA oF 20 em®] TUALE ARE
Azt B ¢hrEs SASHU W, FAF HAMN WEsh AT AHAAN
voasbR EAEY. w18 AFHAE] AvEEE 20 cm®) SPAS® hand
vaner AHEdlod FAEH N,
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Table 3-4-1. Location of piston cores in the East Sea.

Core Location Water
Core Number Length Depth
(em) Latitude Longitude (m)
MBYSPC- 11 467 35 26546 130 2.624 145
MRBS8PC-12 160 35 26.170 130 2.478 200
MB98PC-13 1,055 37 39.325 129 32.852 989
MBUSPC-14 964 37 39.651 130 06.240 1,567
MB98PC 15 608 37 46.416 130 42.304 1,796
MB9SPC-1 948 38 12.077 131 23.207 1,712
MRBOSPC-2 931 38 09.706 132 20,893 2,707
MDBI99PC- 3 910 37 3BH.711 131 37.811 2,435
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Fig. 3 4 1. Location map of piston cores in the East Sea. Solid
squares represent the cores of this study; solid circles do the
cores of previous study. For location data, see Table 3-4-1.
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Fig. 3-4-2. Vertical core description and sedimentary facies of six

piston cores.
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.45 2 HAE 54 P4
7 AEEAEAA 20 cme] T4EAS HETebE W FWehe Mgl AN
AlREE 30%8 g 01 N 94S A2 9od 758 #$EE
AAFAG, ol MEEL AT g AN, dA FAADL 3 4 0
Fo8 WA AP AL FHHE a4 @ olste] £¥HA
SAE2 s29dwrie 30 Bd st fleds B4 HESE Ttk 4 @
nrp Agd HAE8L A HAE dasts 2 g & d9sto] 300 mie 0.1% Tt
#g% A7 A71WE7E HEE 4AE BN Fo AEE
BA7] (Sedigraph S000D)E QX E 2AsA) B4 A= FARATE L
AE ALE3te BAEom, o 9ERH WAL Folk (19519 &+ el & A3}

How, Hle PaE, HE, o u So] AAFHYY,
.

7t Ales 2 B 20 cmo) B34 Ly Flske H44 70 A4 HA4E
AR °F 30 g & AAIA, A0t MW7) e B A 110° CollA &% EQl

AFXAZ F HE0 2 Jrhaly] o) EAE S450 o ol gl 7H A2 o)
A - (WS el
Ww - Wy
W (%) = x 100
Wy
ol Hefl A W, aAddE ] RS A A5 LAY Wk dF Fo ¥

AE A7 FAeluh

7. X-4 AR

AaEH B HolAl A4 HAE &8 FEE Dol 30 em, FA 1 cmelH,
T otag e AleH A Ee] HEE FAGET 4F3Hc) o] HAE YL
AR A2 8 AEVEE wEstu, 2 HH4Ee] AAs debstizd o) & ¥
X A #%92& Softex M-1005 8 HdrlE AH8Es HA4 YrEAed nheps
wEA G Are mgatedol drh AWM HOR 70 kV, 4 mA, =% 8 sec, 4
40 cm®] ZAAAM #gstgien], R4 slee vhel dol B YD QR E G ue}
Al 2G4 D sty
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uf, AdgH

AN AEHHEANA A 2 cme] #EWQ (hand vane) & AFE&ho], ¥ &3
Bo) o Ak S SR A=l AHgAld IALE=E 60 /min2Z
A stgon, dHTe T4 HHEe 13 Ao BEA 2 cmolA 05 em
2 4y FAUY EARY AME A9EH g AdH W Eea ges
ol o} & Aol 2lafA] AGEFH (S)F 3P

T

r DY (H/2 + D/6)

3. 7Y W £9

7. BN

a7 maore 23 390 40 of HAst WEAHE ¥R (WHE F
1995; Huh et al, 1996)9) WA %o sjRaith o sjde gaoixs AAHE o
sehdse) olsg oA AT Wold Aoz ROHF} A4F gl
SAF Aoy, webd LEEAd @FURANN ANY AR Toe] thelof
Sl RAFE i AL nAFety AAg FEY 5

ll

(1) MB98PC-13

#7 Fa9te FT 7 GEurel gERo] daEo} glou, wRuAge A
ol WEAIE Fol WHFT MBIRPC-13 AS2HHTE % fHARY 54
089 m NANA AARYoM, 72 ABEAY WHYLH MW Fejst 229
WE Az TAuo Ut} (Fig. 34-3). AXEHNES ARTH EZo)d 265
em F2e HAZE FHMe METy #EEe] QAT 265~318 cm T3t
svle 227t wud MEMEL 1 mm oY P2 TASC] Utk W 340~
860 cm TN E QA GY 4203 FA (BY 5/1)9 AEDAE wWHHE A9
% medate] Bgelrt. HE ohAe HAg dRE g0 227} rad WHA
go] MEmHE WYATi} Mo¥el YREAE Rirh AFHHTY FRF
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ol A3s el el AE WYY BedEo] 544 FAlue] 3lvk MBISPC-13 A&
H48e £5 % SKP SR (Chun, 2000005580 A& os 4ug Ag
do| R Fol e By aki Fe] Bz ctddse] das]e] s, ole) 2
A TanzhF A F-e] AR 7hg st
MBOSPC-13 A8 4E2 HA449% dx L FFaol FRAAE F3lo] »y
Foh A FEAEe AV e g Mo Agudyd WEAE2 daest o 85
@ ol &L 150~200% Helelth (Figs. 3-1-4 and 3-4-5). o] “FIhyell Xji=
thdE] o] A Eo] FAg . oM gl AlEmdy wHA
Bite]l MESL FHS WETUTA O 8O @ oli B A2 80--1009% MR %
Pelx 3 e o] S48 ztrt) (Pigs. 3 4 4 and 34 5). olof tral ziol o
FT7lel i WAEts, AlE¥ AT 860 cm oldt Tkl @ doel thAl of 120%
2 F7tetis e Rol, 47kt o 85 @ 2 A YA (Fig. 3-4-4).
MBOSPC-13 Al 3s 488 A84ow oty FAHA 9alar} 2 s)5wdA 7]
Fobe) BRR) FF Aol WA & xow Mk ol vddkel AAE 3
el AlFHAE (MPC-H, 94PC-8, 94PC-9)el A BEAMY dEAIEME ARF

nu MJ 0_1 H A—] ,«1

o Aol wld Aty HzAel Adtolvh WHe] MBIBPC-13 Al FE H B A
% 60 cm 252 Avle Fsh dew WEHEe] Wg¥el AT (Fig 345)

wgt FHWANA RTE whsh Zol Mg ARWUEAI]o) el BT o
H9) weggel waPgel F wedo] gub o] wEHAYL nHIRA &

SAA MR EE AE HEH6) R FAFRY Anes SR

. @A
(1) MBY8PC- 14
HEHAE 4 oF 1500 m ofste] ThEe) aMAE] Y45l Qon, £F

FREe M WO wibd 40 2000 m ol4e] Zol A NEW $2e

2 A¥EHo 2 FRACL (Fig, 3-4-1). MBUSPC-14 Al E A& 2 & g =)
Aake] HEbgl Aol g £4) 1567 molA] xPEGr. AlEERHEL o

964 cm7} HTLYLN, Fr JETAY WHAEDH AU St wgw wHA

W TAE AT AR T A e ey FAde] FIY dxekEy sy A
NAAD LT AT golFevt vhvte WE AEo] f APt (Fig. 3-4-6).
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Table 3-4-2. Sediment characteristics of MBI8PC-13 core.

Composition (%%

)

Statistical Parameter

Depth Sediment Water | Shear
(em} |Gravel Sand Silt Clay| type (I:IIE) Sorting Skew. Kurt. |Content|Strength
0 0 0 3597 64.03 M 8.66 169 018 249 | 2069 0.76
20 0 0 3123 8377 C 87 156 -004 289 | 18485 162
40 0 0 3325 6675 C 8.68 148 024 285 1 1748 2.68
GO 0 0 3117 6883 C 8.65 1.40 001 287 | 1868 2.29
80 0 0 3522 6478 M 8.05 1.52 0 311 | 1858 2.87
100 - - - - - - - - 166.7 1.72
120 0 0 42.86 57.14 M 8.44 178 001 25 | 1765 | 382
140 0 0 3735 6260 M B.51 157 015 285 | 1664 4.59
160 0 0 3441 6558 M 8.61 157 002 282 | 1767 4.39
180 0 0 3742 6258 M 8.46 157 -002 287 | 1741 2.29
187 0 0 4154 5846 M 8.39 160 022 262 - -
200 0 0 4154 58.46 M 8.38 166 013 267 | 1248 2.68

. 212 0 0 4774 K226 M 8.12 1.42 019 2860 | 1535 -
220 0 0 4858 5142 M 821 164 046 262 | 1382 516
230 0 0 4952 50.48 M 8.00 149 019 281 | 1553 -
240 0 0 5BZ9 4171 M 7806 1.56 0nh3 291 101.4 -
250 - - - - - - - - - = 3.25
260 0 0 5026 45.74 M a.10 158 037 275 | 99 -
270 0 0 5379 46.21 M 8.03 1.69 045 266 817 3.82
280 0 0 5339 4661 M 8.02 166 048 266 | 924 -
285 0 0 5245 47.55 M 8.05 176 040 259 | 922 -
300 0 0 5481 4519 M 7.94 158 039 269 | 962 3.82
315 0 0 5411 4589 M 7.93 1.58 035 287 927 -
320 0 0 5Hb484 4516 M 7.92 157 038 278 | 927 401
340 0 0 5647 4353 M 7.91 1.68 051 283 | 90.01 478
360 0 0 5869 41.31 M 7.81 1.49 046 2.74 68.1 4.97
375 0 0 0609 439 M 7.92 1.67 038 279 | 1023 5.16
380 0 0 51,70 4830 M B.05 159 029 280 | 1060 -
390 | 039 621 5650 3689 (aM 7.34 2.18 -1.1 574 87.8 -
400 0 0 59.34 4066 M 7.74 146 032 256 | 974 4.78
420 0 0 5657 4343 M 7.89 158 045 276 | 846 516
440 0 ¢ 5081 49.19 M 8.1 166 038 269 | 1031 6.31
450 0 0 bH4.87 4613 M 7.98 1.47 044 294 84,7 -
465 0 Q0 5253 4747 M 8.06 161 042 275 | 1048 707
480 0 0 5455 4545 M 7.95 162 036 28681 1152 6.69
500 0 0 5541 4459 M 8.0 16 057 28 | 907 6.50
510 H] 0 5383 46.12 M 8.01 159 046 275 | 1035 -
520 - - - - - - - - - - 6.88
530 0 0 58.87 43.13 M 7.9 1o 058 308 832 -
038 | 302 126 5415 4158 (gM 7.52 239 -202 995 | &4 -
50 [ - - - - - - - - - - 6.69
557 { 0 557 443 M 7.94 155 048 285 | 796 -
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Table 3-41-2. Continued.

Composition (96)

Statistical Parameter

Depth Sediment Vi Water | Shear
{cm} |Gravel Sand Silt Clay| type ( hzi) Sorting Skew. Kurt. |Content|Strength
D
560 - - - - - - : - - - (.69
575 0 0 5558 44.42 M 7.98 156 06 282 | 730 -
580 - - - - - - - - - - 7.26

LU0 0 0 5496 45.04 M 7.98 162 048 28j 1.3

QUG - - : : - - - - - 7.26
605 0 0 5287 47.13 M 8.0 1.61 030 267 | 1064 -
620 0 0 53.24 4A.76 M 3.03 1.61 045 279 1 H3H 7.26
635 0 0 .49 405 M 792 1.61 0.3 264 | 110.6 -
640 - - - - - - - - - : 7.83
650 0 0 5442 4558 M 7.96 1.64 033 283 925 -
060 - - - - - - - - 7.45
665 0 0 p46 454 797 167 045 2058 | 1048 -
(30 0 0 D27 473 8.03 166 0397 271 | 1207 7.45
700 - - - - - - - - - - 8.98
702 ] 0 4627 53.73 825 161 031 269 | 1199 =
715 0 0 K225 4079 M 7.87 157 063 303 | 812 -
720 - - - - - - - - - - B.24
730 1 0 0 5468 45.32 g.01 168 046 266 | 995 -
?40 — - - - - . — 822
745 0 0 56 A4 7.88 L9 036 2731 1067 -
760 - - - - - - - - - - 8.19
765 0 0 3944 40.056 M 7.82 174 0Bl 276 | 948 -
780 { 8.24 62.07 29.68 Z 7.08 198 021 353 | 841 219
THG | 042 566 6164 3229 {(gM 7.2 198 -0.37 472 | 825

R00 0 (0 5396 46.04 M 8.01 172 048 26 992 737
810 0 0 0845 4055 M 7.81 166 001 281 827 -
520 - - - - - - - - - - 7.37
825 0 0 5109 4891 M B.05 162 035 267 980

835 0 0 51.03 4897 M 8.08 6 028 279 95.2 -
840 - - - - - - - - - - 737
50 9] 0  47.056 5285 M 822 1.59 031 276 | 5329 -
8460 - - - - - - - - - 7.64
B6H 0 43.03 5697 M 8.26 1.49 0.1 263 | 1225 :
820 - - - - - - - - - - 8.74
840 ( 0 3945 6055 M 844 157 007 282 1077 -
900 - - - - - - - - - - 8.46
910 0 0 37.02 6298 M 8952 196 006 286 ) 1222 -
a920 - - - - - - - - - - 0.55
930 - - 315 6BS C 8.68 1 =006 317 | 1202 -
940 - - - - - - - - - - 10,92
050 0 29.33 7067 C 878 143 011 282 1227 -
960 - - - - - - - - - - 12.56
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Table 3-4-2. Continued.

Coraposition (%)

Statistical PParameter

Depth Sediment A Water { Shear
{crm) [Gravel Sand  Silt Clay| type (phzi) Sorting Skew. Kurt. [Content| Strength
a70 0 ¢ 3043 6957 C 8.73 1.42 017 278 | 1223 -
980 - - - - - - - - - - 12.01
990 | 423 017 2029 8531 (g)M 82 271  -25H7 1138} 1306
1000 - - - - - - - - - - 11.74
1010 0 0 3423 6577 M 8.63 1.58 0.07 2.8 1316 -
1020 - - - - - - - - - - 124,83
1030 0 0 3868 61.32 M 8.54 1.73 013 249 | 1257 -
1020 0 0 3869 61.321 M 8.45 1.56 006 284 | 1293 13.64
1054 0 0 40,04 5996 M 8.41 158 015 264 | 1083 -
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Fig. 3-4-3. Vertical core description and mean grain size of
MB98I’C- 13 core.
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MBQBPC-13

Mean Grain Sze Textural Skawness & Wrtar Shear
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Fig. 3 4 4. Sediment characteristics of MBY8PC-13 core.

-131-



MB98PC-13

30cm @ 288 cm 595 cm

BM
<
Q
Q
&) CLM
o
Q
QO
CLM
BM
0
|
2
60 cm 318 cm 625 cm L3 {cm)

Fig. 3-4-5. X-radiographs of MB98PC-13 core.
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MBOSPC 14 AFHAEY HAMY Hodse 2 &S 9-HS FAZ =29l
o (Fig. 34 7). o AFHREY FgFo H3c AEudy WHHEL Had
w7F 8595 @ ofat #FFEL 160-210%2) AR, vy PR HHED
T el QY (g, 34 7 Table 3 4 3). &M< o3 27 998 AENE
T AE gy M AL wsE A} e HAYETE 7585 @ ola @&
2 85--120%2] WHoltt (Fig. 3 4 7: Table 3 4 3). o] A|FEAZo &5y F3
Mol BMEwYdE WHHTol Folxy, HRYYE7 F 85~89 ¢ o2 P&
125~185% % th4: S7HE AT (Fig. 3-4-7; Table 3-4-3).

MBY8PC-14 A8 HE0] H3d ¢4 €5 MBUWSPC-13 ¥rf & Ko|A|=t
HAF MY AMYESY ZdF G sir] BAY planclite AES] A ®BE
Hol Ut} (Fig. 3 4 8). A|FHHE o] 226~282 cm it Mz Fuldh ot
My WEAEe] gAFoil o Ao HelFelzt wdd wWEAEo] AN
AAR ST 7hael 9 (Fig. 3-4-8), AFHAE Zo] 290~650 cm FIkA =
ool Blng Zavh Hhde WEAL e ARuehE HEAR G BEw
G W FEo W wE HHFol Wit} (Fig. 3-4-8).

R el ME st FwelA AHRF MDISPC 14 AFHARS AFF &
oA Fe THA o HA4ER; whdgA By aged oF HAE FHA o
SANskA vieigkeh 2 B an #HEWatze]l AsiFEAvl s Uy Rt
ol HetFEe AT YLtk ol AR 58 A Adel @A ¥
I e BAL AGdFE3I SAHLZ tuE s HAY dohdd I82 85,
SKP #lAstat, 9 szl o) thee] glzup3So] & BEH flo], AIFHY
o) HAFAATEA #AE 5 2.

(2) MB9BPC-15

A& B9 FEAbAL $ A& MBISPC 15 AlFH M= +4 179 m
oA st on, o] 608 cmel HAES FS5dUY (Tig. 34 1 Table
3-4-1). MB98PC-15 A #52 E2| $& AL Agsart ©dd 23 2y
HE YJEody wEg4ge|r} (Fig. 3-4-9). ©o]F HAMBEY = Y58 o
FRo HEzadEayg YJETEEL WRFo| HELTE AHAH UY

MB98PC-15 A1 %&|H 82| EZoA 40 cm7HA o HTEY% 45~55 09 ¥4
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Table 3-4-3. Sediment characteristics of MBORPC-14 core.

Composition (%)

Statistical Parameter

Shear

Depth Sediment v Water
{cm) |Gravel Sand  Silt Clay| type (1)h{iz) Sorting Skew. Kurt. |Content{Strength
0 0 0 1927 R0.73 C 9.16 147 -022 314 | 1938 2.10
20 0 0 2222 7778 C 961 1.42 -03 229 | 1720 2.29
40 0 0 27.07 7293 C 366 123 011 379 | 2066 191
60 0 0 2818 71.82 C 8.86 141 042 274 | 1793 2.29
B0 0 0 2417 75.83 C 3.89 134 ~0.11 301 | 1928 248
100 0 0 2413 7587 C 9.01 149  -007 306 | 1795 3.25
120 0 0 2494 7506 C 895 1.6 -035 33 1835 2.87
140 0 0 2448 7552 C 9.02 149  -013 271§ 2053 191
150 0 0 3512 64.88 M 8.54 147 004 315 2106 -
159 0 0 41.19 bHB.EL M 3.43 164 0.22 2.6 1935 229
166 0 0 3861 61.39 M 851 162 014 206 161.7 -
180 0 0 413 587 M 8.36 16 015 262 | 1248 2.68
200 0 0 4145 HR.GO M 8.34 151 017 265 | 1066 248
210 0 0 46.06 53.94 M 8.29 1.61 035 2591 1021
220 - - - - - - - - - 287
225 0 465 6565 29.71 A 6.97 197 036 282 853 -
230 0 0 5281 47.19 M 8.06 186 024 25 1208 -
240 - - - - - - - - - - 191
252 0 0 4521 H4.79 M 8.22 163 0ld 25 LI15 -
260 - - - - - - - - - : 2.10
270 0 0 4174 5826 M 8.33 158 015 256 | 1067 -
280 0 0 4037 59.63 M 8.45 1.67 007 244 | 1234 2.68
282 0 0 46.74 53.26 M 8.21 1.54 033 276 | 108.0 -
290 - 929 49.29 41.42 M 7.44 222 -057 341 092.0 -
300 - - : - - - = - -~ - 2.10
310 0 0 3866 61.34 M B.48 159 013 252 130 -
320 - - - - - - - - - - 2.87
330 0 0 4922 50.78 M B.17 157 039 2066 | 1147 -
336 | 58329 247 2335 2088 mG 2.35 5.21 033 1311 1236 -
340 0 0 469 53.1 M 8.27 153 042 265 | 1132 3.2b
351 0 0 4686 53.14 M 8.2 151 03 264 | 1197 -
360 - - - - - - - - - 4.39
375 - - - - - - - - 116.8 -
320 - - - - - - - - Co- 3.82
390 - - - - - - - - 129.3 -
400 - - - - - - - - - - 382
420 - - - - - - - - 111.1 3.44
434 - - - - - - - - 854 -
440 - - - - - - - - - - 344
4560 0 0 52 458 M 7.98 157 042 296 | 1020 -
455 0 0 5254 4748 M 8.07 155 052 285 933 -
460 - - - - - - - - - - 3.82
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Table 3-4-3. Continued.

Depth Composition (95) Sediment Statistical Parameter Water | Shear
{cm) |Gravel Sand Silt Clay| type (II:;?) Sorting Skew. Kurt. [Content|Strength
470 0 11.95 4651 4154 sM 7.46 2.1 -041 2.99 96.1 -
480 - - - - - - - - - - 363
490 0 0 5426 4574 M 7.98 1569 045 284 G5.7 -
500 - - - - - - - - - - 3.44
506 0 0 48.24 bH1.76 M 817 1.62 28 271 131.3 -
520 | 0 5838 41.12 M 7.79 155 047 286 a1.7 3.06
540 0 0 4778 52.22 M 812 153 017 278 | 1354 516
555 0 0 5037 49.63 M 811 1.56 0.34 2.8 106.5 -
560 - - - - - - - - - - 478
57l 0 0 434 56,6 M 8.36 1.55 033 263 | 1357 -
580 - - - - - - - - - - h.35
590 0 0 3854 61.46 M 8.47 1.52 0.2 296 1 1617 -
em - - — — - — - - — 6.11
610 0 0 49,2 508 M 8.14 156 031 277 1110 -
617 0 63.70 21.35 149 mS 3.77 3.22 074 2056 - -
620 - - - - - - - - - - 4,39
h37 0 0 47.12 5288 M 817 1.53 021 286 | 1342 -
640 - - - - - - - - - - 6.11
a6hh 0 0 4592 5408 M 8.26 1.58 0.31 2.77 1200 -
660 - - - - - - - - - - 554
G678 0 0 42.38 5762 M 8.32 1.57 021 274 | 1215 -
680 - - - - - - - - - - 516
685 0 1454 4273 4273 sM 7.31 233 -053 28 119.2 -
700 | 2525 294 3529 3652 M 5.47 442 -075 198 | 1426 4.97
720 - - - - - - - - - - 459
725 0 0 4826 5l.74 M 818 15 033 284 107.5 -
740 0 0 4472 5528 M 8.26 1.55 022 278 | 1248 554
751 0 0 4843 5157 M 814 1.53 033 274 | 1055 -
760 - - - ~ - - - - - - 016
770 H 0 3857 61.43 M 847 151 0.2 277 | 1364 -
780 - - - - - - - - - - 554
785 0 0 379 6205 M 851 1.49 017 292 | 1467 -
go| - - - -] - - - - -] - | sm
85 | 0 0 3174682 C 873 146 025 279 | 168 | -
320 0 0 2852 7148 C 879 141 024 286 | 1262 6.69
840 0 0 2865 7135 C B77 149 -007 336 1278 363
860 0 0 2525 7475 C 8.91 1.4 016 283 | 1357 6.31
B30 - - - - - - - - - 161.3 7.64
886 0 0 2583 7417 C 8.86 1.36 016 286 - -
800 G 0 23.18 76.82 C 9 1.42 017 282 | 1702 K
920 1] 0 2541 7459 C 893 1.44 023 278 1 1769 6.30
940 0 0 2601 7399 C 8.80 1.38 024 283, 18716 6.69
94 - - - - - - - - - 163.0 6.11
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Fig. 3-4-G. Vertical core description and mean grain size of
MD98PC-14 core.
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MB®8BPC-14

Mean Graln Skze Tentural Skewness & Water Shear
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Fig. 3-4-7. Sediment characteristics of MB98PC-14 core.
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Fig. 3-4-8. X-radiographs of MB98IPC-141 core.



RAPAEER T ded, sELErl wdHd (Fig. 3 4-10; Table
34 4) AFEHME Zol 40 cm °j8te] T FIT YR 7787 09 Fald My
AE T WHAED PP, G582 o 160%904 o 125%FE HAHog 7t
28 (Fig. 3 4 10; Table 3 4 4). A8t A FHAE o] 440--460 cm e
Aol 1520 HZat (tephra) A o, FUEI o 65 0=
Tha g3 A7l g} (Fig. 3-4-10; Table 3-4-4).

AMEFE Ao g ddg AERert 22y 93 RAENEE 2 A
= FE3d7 AEHES ¥ Y] TEac (Fig. 3-4-11). o]l s
Haroaes ZagdRe] HAHesz Frigty. MBIOSPC-15 AT HAEA AE
+Z2E% Fo] &g - glon, A4 AAAC (pyrte filamen)E X FH AYE
TEFo] AN WA o] AR (Fig. 34 11, A% AL A7 1 WA 2
cm Frel HETLTO £3ide] BEeTol olajM FUH| HETL Fyol
T 7= gk (Fig. 3-4-11).

H& gFvlaye] AlgaAd AHEY MBIBPC-15 Al RHHEL2 A4H T34 F
AT et Aol EAo ofdld Dol HEF (bottom current) &
of efald A7 @A (winnowing)e] #2H¥tt, 12]al . Fit M AMAE

of clala HABEo CRE wgdss ¥ Ao MU

1
1

(3) MBY9IYPC-1

MBYYPC-1 AIFHAE > % dad Al 25t 4 1,712 m?) s A4 Al
ole] & (trough)ellA] AMFHFHY om, Zol= 948 cmeo)rt (Fig. 3-4-1, Table
3-4-1). MBY9PC-1 NS HHE 0 g HHLEE TS =, drg 27t @
Ul MENE AT werE WENE HATAL SdY ¥R HY ueln HA
W the EjhebE WE Aol Wgd (Fig. 34 12). 2@lx ae Hxes
Eeo] WelHE W HAxo] 2ty (Fig. 3-4-12). HXH Y27 94y BEAESLS
sSidz gAase dstte HAxsde Faw 427A€e 4:d (Fig
3-4-12). 21 HAQGHUEE Al WHARL RAME vdd g5 B
NE g Se] AAsle] sitt (Fig. 3-4-12),

MBIIPC-1 A28 H 22| 4% ¢3)i= go|e Saj7t dgd wedge By
EFE F 8 @ o] FFE2 ¢ 168% °|t (Fig. 3 4 13; Table 3-4-5). HAH¢g
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Table 3-4 4. Sediment characteristics of MB9RPC-15 core.

Composition (94)

Statistical Parameter

Depth Sediment ¥ Water {Shear
fem) |Gravel Sand Sit Clay| type (phj) Sorting Skew. Kurt. [Content{Strength
0 0 464 1846 2689 mS 5.05 331 046 171 7i.3 6.50
20 0 ROEE 14.01 2611 m3 4.87 352 057 182 { 1331 5.2
40 Q 50.23 1459 3519 cS b.hy 3.39 022 148 | 11b4 6.88
B0 0 0 3423 6577 M 8.69 16 023 2561 1704 1.04
a0 0 1543 28,33 56.21 sM 7.65 237 -095 31 1379 (.50
100 0 103 30.18 54.52 sM 7.83 22 =082 379 | 1640 611
120 0 958 2904 61.38 C 8.21 229  -~078 354 | 1631 6.88
140 0 6624 11.2 2256 cS 5.08 273 1.01 244 | 1639 092
160 0 648 30.32 63.19 C B.37 216  -088 43 159.3 917
180 0 896 28.06 6299 C B.21 233 114 47! 155.9 B79
200 - -~ - - - - - - : 154.3 879
220 8] 11.98 26.33 61.69 sC 8.1 2.41 -0.92 352} 1687 9.28
240 0 14.97 30.48 5450 sM 7.7 256  ~0.85 3.3} 1479 8.46
260 - - - : : - - - - 164.1 9.83
280 0 948 3153 53.99 MM 7.95 226 -105 411 158.1 10.9
300 0 1482 281 57.08 sC 18 242 -076 292 [ 1454 928
320 0 765 36.02 50.34 M 8.02 215 092 4.2 1534 874
342 0 13.84 2823 57.93 sC T.84 241 088 3.26 | 1330 9.83
360 0 10,76 23.23 6601 sC B3 234  -091 346 | 1560 846
350 0 954 2577 64.69 C 3.24 238 -1.16 48 1865 13.10
400 0 8.67 2877 61.56 C a.15 233 -099 418 | 1599 12,56
420 0 Q0 3214 67.86 C 871 1.78 009 264 | 1438 12.56
440 0 3065 2129 4806 sC G.8Y 307 -038 183 | 1236 2.46
460 0 35,97 1962 5359 sC 6.5 327 021 1634 1222 (.20
440 0 153 26.65 HR.O5 sC 7.76 2.66 ~09 312 ¢ 141.3 7.10
500 0 15,13 26 5587 sC 781 252  -101 3331 1115 5.46
512 - - - - - - - - - 0R.4 -
530 0 B8.81 3087 62.32 C 827 2.1 -1.01 464 1 1136 -
(5% 4] - - - - - - - - - - 7.37
550 0 10.16 19.79 70.05 sC 83 235 -131 454 | 1321 -
560 - - - - - - - - - - 6,28
570 0 4093 1867 404 50 6.14 328 -023 171 127.4 -
RO - - - - - - - - - 6.28
540 0 1812 18.45 63.43 sC 782 302 -104 3221 1289 -
600 - - - - - - - - - . 11.19
608 - - - - - - - - - 126.3 819
628 04  17.06 21.83 680.7L (g)sM 7.74 271 =098  3.27 - -
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Fig. 3-4-9. Vertical core description and mean grain size of
MBYEPC-14 core.
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Fig. 3-4-10. Sediment characteristics of MBY8PC 15 core.
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Fig. 3-4-11. X radiographs of MBO3PC-15 core.
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HEL ¥olds By dEY 29k Hdest o 82 ¢ oz $+&2 2} 110%
2, 237 @ FrE&S bk AREHE dol 240~800 em 7MWt
J=7t 7.3~85 @9 HAE 7R, gL 7E%eA 127713 dEe) o] I
A vbebdrl (Fig. 3-4-13; Table 3-4-5). 28l AFHAE Ho| 800 cm oj7#b)
oMz HuPEsh 79~89 02 tha AgHAor, TrES 83%elA 105% 2
Z7ve s A A (Fig, 34 13; Table 3-4-5).

MB9IPC 1 Al5EM&0] 45 AEusd BHAHEc] @31, SHY
30 cm &9 uje ezt BEd WEHEC o (Fig. 34 14). 3XLHE
EEsHE HEA TS Tz §5-1 HZe 3G AT g = g3 Aoldl d A
HGAE S AT Gy YT wdd EBEHHEDo FE o|Fo, AEL
Fast Y=g Zerh (Fig 3-4-14). 3 HAMH & X §ahs WEHAEER 1}
o 542 dPege] AAdEe] vehda, AFEAE Fde] 240 emol M 800 om
T e AEREE YEAHEY A vt Fejrt ddrd YE4E
gol Wiz megcl (Fig. 3-4-14).

2 b ]9 A A4 2ol #F e MBPC 1 AIFEAEL dheda EH A
BEY AAANE A R BHAEE AHor AtnEn, &
TASE PEEE Adagde) H48 oE Agdch 2ea FA4er Y
3ol sl HA el oldel WY WEHMEH dTapgo] AEw
ddsEE g4t Atk £ 4N HASER MEHY wuid o3 HAEF
Bo] A0 T Yoyt o] FAFHAW,

4

P

2A] BAE 8

|

O 2FFAL T2

&3 %A (Ulleung Basin}®t 9 &%A (Japan Basin)® &2 T4l2] 35
A (Korea Platea)®t 71 HE  (Oki Bank)Alelo] #HAdz L5827 =2
(Ulleung Interplain Gap)ell g#A A5 0] g, AAH e &858 el AEE
AZ ZPAA] 48 HAHoE F7hhd (Fig, 3-4 1) £5 844047 d49 A
HrZge] HAEP e, of FREL IFEAN 525 #FEd R 4L
RATh (b2 § 1995). 2ol3 EFHFEAT TR S¥IdHes A dApda s

et} (AT FO1999).
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Table 3-4-5. Sediment characteristics in MB99PC~1 core.

Depth Composition (%8) Sediment Statistical Parameter Water
{cm) |Gravel Sand Silt Clay| tvee (1:[;) Sorting Skew, Kurt. |Content
5 0 C 2817 71.83 C 8.78 15 -016 308 | 1699
0| - - - - - - - - - -
20 0 0 254 746 C 3.89 145 -005 268 | 1063
30 .. — — - - - - - - -
32 0 0 5142 4858 M 3.07 1.58 036 266 | 1687
40 - - - - - - - - - 102.5
50 0] 0 56222 4778 M 8.03 155 036 274 -
60 - - - - - - - - - 113.1
65 0.79 4937 2531 2453| (g)sM h.15 324 029 18] -
70 564 993 3073 447 gM 6.99 34 -1.39 463 -
™o~ - - - - - - - - -
30 0 0 4883 5117 M 817 164 033 261 -
& | - - - - - - - - - | w82
90 — - - - - - - - - -
L - - - - - ] 1196
105 0 0 4883 51.17 M 8.18 164 037 257 -
1ol - - - - - - - - - -
120 0 0 5471 45.29 M 7.63 1.67 03 272 -
| - - - - - - - - - | 1140
140 | 078 612 4333 4876 ()M 772 235 -122 56 -
5§ - - - - - - : - - | 81
160 0 0 4438 3562 M 8.32 168 026 245 -
170 | - - - - - - - - - | 1187
174 0 ¢ 387 613 M 8.48 162 01 251 -
190 - - - - - - - - 111.2
200 ¢ 161 4758 5081 M 8.04 193 -043 438 -
an | - - - - - - - - - | 107z
220 | 014 725 7652 1608 (M 6.26 195 -049 5L.04 -
230 - - - - - - - - - 108.0
240 - - - - - - - - - 56.7
242 0 2386 3754 386 sM 6.89 261 -033 218 -
250 0 0 4142 5858 M 842 1.59 017 24 -
260 | - - - - - - - - - | 150
270 Q 0 4969 5031 M 817 1.64 037 259 -
280 0 ¢ 4639 536! M 825 157 033 282 -
240 - - - - - - - - 1184
300 0 0 3761 6239 M H.6 1.71 002 239 -
310 ~ - - - - - - - - 90.1
320 0 0 4168 58.32 M 847 165 019 233 -
330 - - - - - - - - - 1536
340 ¢ 0 5031 4969 M 813 162 038 253 -
350 - - - - - - - - - 131.0
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Table 3-4-5. Continued.

Composition (%)

Statistical Parameter -

Depth Sediment Water | Shear
{cm) |Gravel Sand  Silt Clay| type (l:izi) Sorting Skew. Kurt. [Content| Strength
360 - - - - : : - 325
362 | 207 2749 37.02 3343 (gsM 59 3537 052 205 -
370 0 0 42,3 D7 M 8.42 1R 017 237 - -
380 - - - - - - = - - 0.4 -
390 {0 0 5274 47.26 M 8.03 154 042 284 - 287
400 - - - - - 878 -
404 4] 0 47.83 5217 M 822 1.61 041 281 -

410 0 0 4424 5576 M 8.29 1.6 028 26 - 2.87
420 : - - - - - - BY.0 -
430 - - - - : - - 8.7 3.06
437 0 0 3954 6046 M B.47 132 026 286 - -
440 - - - - - - - - - 1199 -
450 0 0 4453 5547 M 8.34 1.6 034 254 - 344
460 - - - - - - - 897 -
463 | 11.17 43.38 2519 2026| gM 42 381 006 207 - -
470 | 2347 4963 1369 132| omS 2.24 4 077 248

477 | 11.61 6319 1257 1264 gmS 2.37 358 097 277 -

480 - - - - - - - - - 773 -
AR7 | 1178 133 335 4142 gM G.08 417  -08 286 - -
490 - - - - - - - 108.2 7.64
498 | 754 11.96 35.89 4462 oM f.68 369 -113 348 - :
500 - - - - - - - - - 9.7 -
504 21 645 4618 4528 (@M 7.38 255 -166 721 - g.22
510 | 2075 12.26 31.27 3571 oM 5.15 4687 -063 1.92 - -
520 - - - - - : : - 955 -
230 - - - - - - - - - - 478
540 | 2462 1193 2877 3467 gM 4,76 483 -05 166 - -
515 . .. . .. — — - - - 912 -
565 - - - - - - - 1419 -
570 39,09 60.M M 8.4 152 017 258 - -
572 | 10.89 11.45 2989 4777 M 6.53 417 -099 279 ¢ 1121 478
580 | 425 425 3291 586 ()M .79 303 -179 67 - 6.50
590 | 1033 9757 3431 45861 gM 6o 393 -112 3186 - -
5455 - - - - - - - - 1098 -
606 - - - - - - - - - 5.35
610 .64 34863 5272 eM 1.27 340 -156 485 = -
f15 - - - - - - - - - 08.8 -
626 0 (0 2845 61355 M B.53 158 019 253 - 4,78
G30 - - - - - - - - : 127.5 -
035 | G388 099 30.06 4357 egM 7.23 326 ~153 516 . 5.16
650 0} 0 3675 6325 M R.O6 169 004 262 - 5.88
660 | 253 905 4061 478 (g)M 7.4 287 -132 498 | 4951 -
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Table 3 4 5. Continucd.

Depth Composition (%) Sediment Statistical Parameter Water | Shear
(cm} |Gravel Sand Silt Clay| type {I:z) Sorting Skew, Kurt, |Content|Strength
708 | 1256 574 3488 4682 gM 662 404 -128 36 - 478
710 = - - - - - - - - 101.0 -
718 0 1.36 4462 54.02 M 8.1h 177 034 423 - -
725 0 0 4746 5254 M 8.16 169 021 247 - 4.78
730 - - - - - - - - - 81.2 -
740} 0 0 5017 49.83 M 8.08 1.7 031 242 - 535
747 0 0 3862 51.38 M 852 164 Q12 247 - -
750 - - - - - ~ - - - 100.8 -
760 t] 0 3700 62.01 M 8.6 1.73 006 231 - 5.35
770 - - - - - - - - - 76.5 5.73
785 - - - - - - - - - 108.8 -
790 t] 0 4431 55.69 M 8.33 164 027 255 - 6.69
795 - - - - - - - - 100.9 -
800 0 0 3678 63.22 M 856 i59 Q016 254 - -
810 0 0 2854 71.46 C 8.83 151 008 269 - 6.69
B15 - - - - - - - - - 1553 -
820 0 0 2717 7283 C 8.8 14} -0.03 293 - -
#30 - - - - - - - - - 1394 7.26
840 0 0 4656 53.44 M 822 168 022 241 - -
845 - - - - - - - - - 836.8 -
850 0 3.24 5139 4537 M 79 192 -014 3864 - 8.22
860 - - - - - - - - - 67.3 -
870 0 G 4474 5526 M 8.3 159 027 257 - 6,88
880 - - - - - - - - - 100.3 -
890 0 0 3772 62.28 M 8.5 153 014 261 - 9,17
a00 - - - - - - - - - 107.7 -
905 0 ¢ 3469 6531 M 8.69 1.63 0.1 24 - -
910 - - - - - - - - - - 3.22
M5 - - - - - - : - B3.7 -
g20 | 168 271 4394 5168! (gIM 79 226 -145 803 - -
930 - - - - - - - - - 30.9 8.98
233 0 ¢ 381 619 M 8.51 161 0.1 251 - -
943 0 0 31.05 68495 C 8.85 168 -005 232 - -
948 - - - - - - - - - 98.2 7.64
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Fig. 3-4-12. Vertical corc deseription and mean grain size of
MBYPC-1 core.

-148-~



Core Depih {cm)

MBP9YPC-1

Mean Grain Size Textural Skewness & Water Shear
{phi) & Sorting Compasttion (%) Kuriosls Conlent (%) Shess (kPa)
z 4 6 B8O 30 60 90180 48 36 54 72 68 102 138 170 2 4 8
0 T T T T T v 1 L L L L L) v LAY AL L) 1 v 1 M 1 T
o
100 }- B |
%
200 | | B 1
300 | N i
L b~ !
400 B R
500 - S ; - " o 5 s
600 |- 7 | i
b L= 4
S,
700 b - L 3
80D [ . - |
— -
%00 - 0 ” L, u B

Fig. 34 13. Sediment characteristics of MB99PC-1 core.
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Fig. 3 4-14. X-radiographs of MBYYPC-1 corc.
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(1) MB99PC-2

MBUYIPC-2 Al FHAEL SF5a A7 §2oA] P8R dely o 74 2,707

ol 4 AAsE o™, doli= 931 cmelW (Fig. 3 4-1; Table 3-4-1). MB99PC-2
NEE A Fo HAde folyelzt 29 ¥HAEN 4Ty wHAY
el ¥4 me aaejeld sdus AR AEBE0Y (Fig 3-4-15). ¥

rE 4

HUAAES AL FolFasl duy W¥ARe AHHEY U U4 U

-d
-—

g uehur Ee spAC Ee

i)

Nratdo AL 2l 5 (density grading) 9
obv) 2} dF 5 (wavy bedding) EE AFEY (cross bedding) /b &3 @abdcl.
A7k FRo] HEvrel flAstE MBWPC -2 AFHAEE 4R 47
A (reddish hrown) ®E A Jo] o)y HMFYxrr: ¢F 92 @ ol 58 of
200%°) T} (Fig. 3 4-16; Table 3 4 6). o)W & LREA g STv)«o)a] 24
. *1%513‘1%011 slehe] DR YN HHgol YAHASE AAwY AF
EHAE e sRR Hr&d g4ares 7hA3s ATE oA g dR 3
72 Alg)sbd ok 140%°] S ¥58L A A%t (Fig. 3-4-16; Table 3-4-6). L
25 AlFEEREe " pIle)A HZeldS ARt WEHEE S HTUT 9F 8
Qo 9 ¢ W¥eie Hglda Ay el 2 (Fig. 3-4-16; Table 34 6),
MBYOPC 2 A8 2 ge] Aol 30 cm F{HAAE 74 w2 2o 5
ol 4EwetAE T F2]7 dddd of AdM @R AE FEAAT FE L
o) 3 AR HEEY Aol £ #AAHY, SFEANY AT o)
Ao Aly= #AEX ¢y dhde], AEREHME o FHAS H@AY wWEHE Y
deol slvk (gAE 4 1997). MBOOPC-2 AlE| M Eel A e Bt AL
Zhiz o)l rt byl WEMEe] A ke &3 Yeued, A4z £2
Aol i3tz FteiA e feolFevt EEyd #wWE4Eo] yaHY (Fig 3-4-17).

Eg HEYHIol SRRe TarlAr Ao FAst wid W8 AES HAH LR}
BEAA GE AYAE] ReFol HEANAAWE AN FA HHHA 9
U} (Fig. 3-4-17). 12|53t MBOOPC-2 A 35|22 SR AT FHelE

g7 gwd WHAE] WA WAV BHNon BEYY (Fig 3-4-17). 9%
dEdae s4902s B A9 g AA6 gaselg Y, urAee
c e = AT/t HEUTh o)He STl o HEad Field
of E£X714e ATel HF FHow ANAD, TEEAT T2l AT @
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Table 3-4-6, Sediment characteristics of MB9SPC 2 core.

Composition (%)

Statistical Parameter

Depth ~-{Sediment M Water
(cm) |Gravel Sand Silt Clay| type (Dh?] Sorting Skew. Kurt, [Content
01 0 1921 2348 5732 =C 740 208 <087 28l | -
5 - - - - Y
50 - - - - - . : | 2424
20 1 0 0 1989 8011 015 141 012 268 | -
% | - - - - - - - - - | o340
50 - - - - - = | 73
55 3321 6679 C 8g3 17 01 23| -
6 | - - - ) | 2651
0 - - - - - . -~ | 1403
75 | - - - - - - e
8 | 0 2273 77.27 94 14 015 27| -
83 | - - - - - - - s
W | - - - - - - - - - 1o
106 | 0 2527 2884 458 sM | 706 203 -022 193
e | - - - - - - - -~ | 2%
120 | - : - - . - - | 220
195 | 0 3537 6463 M 862 162 -003 278 | -
130 1 - - - - - ! - | 2044
1wl - - - - - - 283.3
w{ - - - - , . - . ~ 9010
5 | - - - - - . ~ 11806
sl - - - - - -~ | s
ws | - - - - - - - - s
168 2698 7302  C 5 154 013 244
170 oL - - _ - - 1 22023
76| 0 o 33 &7 874 151 013 o282 ] -
wo | - - - - - - - - 130
185 | 0 127 7679 1051 sz 606 165 077 472 -
203 | 0 8292 1451 257] 25 336 158 185 025 | -
om0 | - - - ) - - -~ | oms
29 | - - - - - - - - | 1457
2% | - - - - - - - - | 2149
235 | 0 0 3112 6888 867 157 026 3238
240 | - - - - - - - - 1 2001
250 | - - - - - - - - | 1582
957 1 - - - - - . - - 1104
962 | 0 5258 37.07 1034  4S 471 228 081 311 -
%65 | - - - - | 904
270 | 0 68 2175 1025 28 409 242 127 373 | -
20 | 0 0 3842 6158 M 855 16 024 2064| -
® | - - - - - - - - = lins
2 | - - - - - - _ - - b
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Table 3-4-6. Continued.

Composition (28)

Statistical Parameter

Depth Sediment i Water
(cm) |Gravel Sand Silt Clay| type (nhj) Sarting Skew. Kurt, [Content
%06 |0 0 4240 5751 M 837 156 024 2671 -
30| - - - - - - - R
o - - - - - | 993
23 - - - - - - - - - | 1580
330 5129 4871 M 795 181 013 249 | -
2 - - - - - | 1562
w | o~ - - - - - - - - | 1608
357 0 4245 5755] M 842 155 028 u75| -
| - - - - : - i - - | 1528
375 | 651 5388 3053 909! amS | 364 322 027 269 | -
| - - - - - - - - - | 1302
0 | - - - - - - - - - | 1408
402 4589 5411 M 83 145 045 287 | -
w05 | - - - - - - - - - | 1464
a5 - - - - - - - - | 1831
20 | 387 9026 372 216] (s | 101 184 27 7| -
434 | 17 9381 32 120| WS | 133 147 325 17.04| -
440 | 086 8672 581 6621 (@mS | 166 263 217 667 | -
465 | 0 0 6008 3092 M 752 201 028 224 | -
490 | 348 8855 539 257| ()8 1 208 26 1007

500 | 7.11 5868 2424 996| gmS | 32 334 049 252 | -
505 | 127 7695 1623 555| (omS | 238 28 118 373 -
514 | 006 G418 2662 9.16| (0mS | 38 271 075 28| -
517 | - - - - : - - ~ - | 1153
531 | 535 875! 535 18| gS 08 185 247 0988 | -
540 | 1002 7878 7.78 342| gmS | 08 286 212 708 | -
55 | - 0 o~ o~ - - - - - - | e
557 | 106 2533 37 366| (sM| 611 369 -067 22 | -
564 | - : - - : -- v TR
570 | 873 7439 1343 344| emS | 165 266 116 387 | -
51 - o~ - - - - - - - 1461
593 - - - - - - - - - x5
602 3959 6041 M 85 159 024 255 | -
609 | - - - - - - - = | 1422
621 - - - - - -~ | 831
60 | - - - - - - - - - | 1615
634 98.09 71.91 g81 157 -018 31 | -
640 - - - - - - ~ — | 1818
&6 - - - - - - -~ 1 i0s
660 | 0O 2241 7759 C 902 136 019 276 | -
670 | 5388 3571 551 51| msG | -015 306 218 686 -
685 | 3770 5196 676 349| msG | 018 281 202 664 | -
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Table 3-4-6. Continued.

Depth Composition {%4) Sediment Statisti?al FParameter Water
fcm) {Gravel Sand Silt Clay| type (N;:) Sorting Skew. Kurt. [Content
8]

697 | 17.43 6580 079 69 | amS 114 322 16 443 -
708 - - - - - - - - : 1566
718 - - - - - - : - - 1354
T25 416 8204 512 RB67| (gmS 1.87 2.94 174  hR31 -
730 : : - - - - - - - 1353
742 - - - - - - - - - 167.0
750 ( §] 38.34 61.66 M 8.49 1.52 0.17 265 :
706 - - - - - - - - - 187 4
765 0 0 6593 3407 M 7.21 181 031 226 -
718 | 2402 6655 529 414 gmS 08 2.76 1.69 634 -
790 | 29.13 59.09 566 613] pgmS 0.51 3.1 183 076 -
803 270 6234 463 513 gms 0.4 2.84 222 748 -
812 - - - - - - : - 83.0
820 - : : - - - - - 84.4
R28 0 0 33.86 66.14 M 8.68 1.52 0.1 259 -
835 - - - - - - - - - 93.1
80 | 571 T3 1152 747 Zms 1.57 3.19 157 437
870 51 9205 171 1.13 gs 072 1hl 349 2186 -
895 | 634 9187 112 086 gS 0.7 1.29 274 2074 -
922 - - - - - - - - - 1164
927 0 (0 334hH 6600 M 8.71 1.43 0.36 266 -
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Fig. 3-4-15. Vertical core description and mean grain size of
MBIOPC-2 core.
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Fig. 3-1-16. Sediment characteristics of MB9PC-2 core.
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Fig. 3-4-17. X-radiographs of MB99PC-Z core.
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G2 A s Zlos spAET

(2) MB99PC-3

MB9IPC-3 AlSEHHE & FF 227 FL2o| el §FEX o] A A Al
A AHatden], 4 243 mald 2ol 910 emo) HH2g ¥SaArt (Fig
3-4-1; Table 3-4-1). MBRPC-3 AI5EH &l Fa €34 HolFHrst vy
HEHEY HEHH WHIHEoD, gFE HIZsFel FAHS Ut (Fig.
3-4-18).

o] AFHNEe AMNFT HIUE7F 87-92 09 HHoln, Fr&e] H
281%o F8E n@r8e A HA HAEe YRt} (Fig. 3-4-19 Table 3-4-7).
ANFERAT go] 200 cm oletel MEARE WFYLT 8 184 Pol3 U8
135~145% 24 Uxi i 2@y T FE&e AW} (Fig, 3-4-19; Table
3-4-7),

MBMPC-3 Al 3= 5 &2 HA4NFNA Aol 10 cn7bA 9] Tl F2de) o
A Eo] Hao, o 80 cm TUAA = KA FHe] JEandd HEHEC] ¥
th (Fig. 3-4-20). MBWPC-2 A|FH A g9 Az "rHgof ujs]a] FF71 @A
& GkelEol #lhch Helderl wEd WEHED MBWPC-3 AFHHEY
FE FHg ol MBIPC-2 AFHHE PAg ARct NESY 2571 83
& ATt (Fig. 3-4-20). olol wts) HxelE3e 359 % Fof £33 F7t
delon, AR Fhe e LR FY FA Sl wde] ARHY

FEEAG R At AZFel o3 ARt Al HAJLo &EYAFAUA
G Al b dlr o] FIEA] F8le] AEY. e A FEHEL] A T

A glelgelrt mud Wy LB PARs Ae AFTO d¢ 40T IAS
g wrgshe H0E SMErh BE A% T HafFEAA BRHE 399

HEE HEFe AES AAMEGE Roez AsHY. Igo: F7EE MBYPC-2
Ales A 23 vwstd, geoldele g4 Yxsd dxekbazdial Fe dgo 7Ha
gggel  #asd, wihd  MBWPC-3 AFHAES  AHEHY Aol
MBY9PC-2 Rt} #HAs &S F3+8 & doh

& AR
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Table 3-4-7. Sediment characteristics of MB99I*C-3 core.

Depth Composition (25} Sediment Statistical Parameter wWater | Shear
{cm) [Gravel Sand Sitt Clay| tvpe (];Ifi) Sorting Skew. Kurt. [Content| Strength
3 0 G 2717 7283 C 3.87 1.56 -008 314 - -
10 - - - - - - - - - 281.0 -
20 0 0 2355 76.45 C 3.94 149 -027 3868 - -
30 - - - - - -~ - - - 236.0 -
40 0 0 266 734 C 8.72 16 -0.59 4.07 - -
50 - - - - - - - - - 260.3 -
60 0 0 2312 76.88 C 912 153 011 249 - -
70 - - - - - = - - - 2490 -
80 | 264 912 419 176 (2}S 161 182 218 1088 - -
a2 05 9378 246 126 (113 1.62 136 334 1802 - -
a0 - - - - - - - - - 39.8 -

100 | 092 9463 263 1.83 ()5 1.36 161 312 16.02 -

110 - - - - - - - - - 399 -

125 | 427 8713 443 416 ()5S 14 23 216 825 - -

130 - - - - - - - - - 49.5 -

140 07 4678 2122 313} (g)sM 4.97 381 011 145 - 1.15
150 - - - - - - - - - 780 -

153 | 233 1797 7114 856 (g)sM | 499 252 -053 393 - -

163 12 8833 7985 253 (@mS | 185 1.91 207 7TH - -

167 07 7191 2165 574! (g)mS 359 241 113 4.85 - -

170 | 1804 7061 846 289 agmS 1.54 267 06 403 | 608 -

190 | 10.39 7472 994 494 | gmS 16 282 147 488 | 414 -

195 | 27 6628 2234 867| (gmS | 3564 264 066 338 - -

200 | 1.31 46.06 39.15 13.47| (g)sM | 448 291 03 232 - -

210 - - - - - - - - - 774 -

220 13426 4935 997 642 msG 1.27 35 085 301 - -

228 | 3995 4958 7.28 319! msG 061 303 102 367 - -

230 - - - - - - - - 78.2 -

248 | 1988 3143 2758 21.12 oM 3.95 426 -0.01 1067 - -

250 - - - - - - - - - 1115

253 0 0 50.68 49.32 M a.15 1.6 044 279 ~ -

260 | 833 65.37 1343 1286 gmS 2.88 348 076 277 - -

270 0 0 5551 4449 M 795 1.71 044 264 | 1200 268
2490 G 0 4705 5295 M £.24 1.66 028 258 | 1446 3.25
310 0 0 40.86 58.14 M 844 1.59 024 273 - 363
315 - - - - - - - - - 138.0 -

330 0 0 5094 49.06 M 8.07 153 034 282 - 3.25
340 - - - - - - - - - 137.0 -

350 0 0 4729 5271 M 2.18 151 025 281 ~ 3.06
360 - - - - - - - : - 135.8 ~

368 - - - - - - - - - - 3.25
370 0 0 47.24 52.76 8.27 163 042 269 — -




Table 3-4-7. Continued.

Depth Composition (%) Sediment Statistical Parameter Water | Shear
(cm) |Gravel Sand Silt Clay| type (N:i Sorting Skew. Kurt. |Content | Strength
phi
376 0 0 6596 3404 M 7.41 1.78 063 266 - -
3i8 - - - - - - ~ - - 132.4 -
380 - - - - - 3.25
I - -] 1408
305 0 ] 46.2 538 M B.24 1.6 128 275 - -
400 - - - - - - - - - - 2.87
405 G 0 48.1 519 M 8.18 1.62 0.3 2.50 - -
410 - - : - 1301
417 {t 47.33 4193 10.69 87, 4,94 21 1.2 4.1% - -
420 - - - - - - - - - 1194 2.10)
4205 0HS 12775 46774 39.66| (gisM 6.94 2491 -1.28 431 - -
430 11785 7H71 403 231 g5 0.44 218 217 895 - -
435 | IR6GS 47.27 1543 IR6DH| gmS 2.5 432 0.62 1.38 - -
440 - - - - - - - - 1454 2.29
442 0 20,62 3584 37.64 aM 6.34 355 =067 243 - -
452 | 2985 0074 315 1.26 g9 -0.3 1.91 293 1347 - -
460 | 38608 2726 232 174 sk -0.44 1.99 3.19 1531 - -
465 - - - - - - - - - 227
468 | 4840 4776 202 178 s(r -0.67 2.07 304 1468 - -
g7 1 2874 4738 11.43 12451 gmB 1.1 4.0 1.21 2498 - -
480 : - - - - - - 26,6 -
490 | - SR - - - | 885 | 306
500 (} 0 A5T7 5"1.235 M B.2R 156 029 279 - -
5O | - ST . - - - - 12857 | 344
520 46.76 53.24i M 8.25 1.59 028 281 -
530 - - - - ~ - - 1144 478
540 41,3 hR7 M 841 1.56 012 286 - -
G50 - - - - - - - - - 134.4 363
560 4774 52,20 M 8.28 1.665 .4 2.5% - -
570 - - . - - - - - 127.6 4m
583 | 1173 41.49 22.75 24031 agM 381 43 024 151 - ~
59 - - - - - - - - 157.3 4.20
609 0 4D.38 5062 M 8.11 167 019 285 | 1231 -
612 - - - - - - - - - - 401
613 | 2329 437 19.22 138! gm$S 2.24 4.2 065 206 - -
625 0 41 6297 3293 M 7.12 2.1 015 308 - -
630 | 2595 6149 789 466 pmS 0.59 3.08 i84 571 - -
640 - - - - - - - - - 60.2 -
650 | 462 4322 521 537 msG 0.01 3.2 1.88 6.2 - -
660 - - . - _ — — — 9{10 —
668 175 A4 564 286 ms(G -0.29 28 186 6.67 - -
675 | 205 1983 306 47521 (m)sM | 676 36 -~092 276 -
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Tahle 3-4-7. Continued.

Composition (%)

Statistical Parameter

Depth Sediment ¥ Water | Shear
{cm) |Gravel Sand Silt Clay| type (Dh?;) Sorting Skew. Kurt. |Content| Strength
630 - - = - - - - - - 111.9 191
684 | 1267 8012 524 197 RS 1.07 225 159 69 - -
697 | 7.64 8576 423 237 a5 0.81 2.1 236 1023 - -
w | - - - - - - - - - | 4 -
710 704 6408 1453 1453 gmS 263 372 09 2.48 - 1.53
| - - - - - - - - - | 97 -
720 | 13.08 7019 42 1254 gmS 2.08 343 134 382 - -
730 | 245 937 235 15 (g)S 0.95 1.61 3214 17.27 - -
0 | - - - - - - - - | = -
742 458 875 133 354 ()5S 1.34 219 241 9.54 - -
755 383 1988 3051 3679 (gisM 6.21 3.59 -08 251 - 1.91
%900 - - - - - - - - - | @83 -
Y63 41262 8267 311 16 g5 0.41 19 255 117 - -
| - - - | - - R T Y
77l 123 8286 373 1.11 g3 0.32 1.82 256 1178 - -
| - - - - - - - - - | @\l -
™7 ) 783 8564 498 149 g5 09 2.04 1.81 7.03 - -
800 | 558 8662 558 223 g5 0.67 222 218 738 - -
810 | - -] - - - - - s -
815 226 2585 37.16 3473 (msM 6.02 361 -061 229 - -
g0 | - - - -] - - S - O
300 154 49463 23 1.4 ()8 1.08 161 424 2504 -

900 | 3.44 9445 097 1.5 {g)S 0.68 1.35 396 2632 - -
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Fig. 3-4-18. Verlical core description and mean grain size of
MBYSPC-3 coure.
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Fig. 3-4-19. Sediment characteristics of MB99PC-3 core.
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Fig. 3 4 20. X-raudiographs of MB9YPC 3 core.
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7 gt WA wad dE5S dsdd s AR £3EA GAERA d
AW A HAz e §EF @AAFETE AAHon AR HAAE PAstn
olt}, o] e NEEYHEFL YRE BIPHEIR pAFHA Qo g5 o
59 ¥eEly vk AR Ao EEHHEANE BPMLE (palimpsest)
HARE0] BEFHol 93, thREe] P ArH THALE HHAEZH Oy
A WMEFRZe) EEH veEdTH (HF ) 5, 1999).

(1) MB9SPC-11

SRR AR Y 559 +4 145 melA sH51E MBOSPC-11 A5
HAZ o Zo)7t 467 cmeolt} (Fig. 3 4 1; Table 3-4-1). MBYSPC-11 A& 4 E
] 2 HAAL ek yst e Bolt #AHE ¥t THEHEI =4
T2/ fasEA g ERHAE29 FAE A (Fig. 3-4-21).

MBO98PC-118] AR eA o] 190 cm7AA e HFYN/F AH22E 36 0
A 32 ¢z uFstA AT AMeddAE Boln, FFRS A%NA 6%2 Tha
sl A S welth (Fig. 3-4-22; Table 3-4-8). #7185 T dste L8 FH
Ro| wregiz prolAlE H ¥FEUxrt o 27 0o 294 (Fig. 3-4-22
Table 3 4 8). MBUSPC-11 A& & 2¢) std 49 A7t AdHA 8=
vHEAEL HdEs) SRERT 32 0dA 39 0=, AR & i A4
Hal Ik (Fig. 3-4-22; Table 3-4-8).

LEER P way PREAA M MBIBPC-11 AFEAEL H4H
¢ ¥¥atE FARARRYE HAYR P G LAHAER HFAES
Ade 240z #idh HZiHEL giFio] Fald HAsA MEse] ey,
Boneg ARg 52 g =77 7hAagd o) Re malv|e] st 2
F BPMAE EHAES AEA 2§ Aoz Mgt MBORPC-11 A FEH 45
A wE Mo Ao BAHA FE Ao WAGA HAZ Yol AL Ue|
U gron] He M HAR FF0] $A% #FPo2 HHH A

i)

1

211‘

1o

(2) MB98PC-12
MBOSPC 12 A &EHHEL £FEX dMSo dAE dHEe F4 200 molA
A=Y o Yol 160 cmold (Fig. 34 1; Table 3-4-1). MBS8PC-12 A14H
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Table 3-4-8. Sediment characteristics of MB98PC-11 core.

Composition (%)

Statistical Parameter

Depth Sediment Water
(cm) (Gravel Sand Sit Clay| type (1\:) Sorting Skew. Kurt. |Content
Dii
0 1.31 7866 1771 232| (g)mS 3.63 153 125 1486 | 41.0
20 0 85,08 13.27 165 25 351 1.13 328 1671] 285
40 0 92.11 689 1 5 3.27 062 37 2183 271
60 0 8607 1199 195 zS 3n 12 325 1695 | 289
80 0 877 1046 184 zS 3.32 1.28 306 1637 288
100 - - - - - : - - - 273
120 0 888G 957 147 zS 3.29 115 277 1425 266
110 0 B956 866 1.78 28 325 127 295 1655 | 157
160 0 29.17 975 108 25 3.14 1.16 201 1104| 238
180 0 8833 1026 142 z5 3.15 1.27 237 133 239
180 ¥] 86.39 12 161 z5 3.29 126 215 11.06] 259
210 133 7925 1703 239} (g5 342 1.59 1.1 1278 3210
230 0 854 1229 217 z5 327 1.48 18 523 27.2
240 0 86,16 113 255 z5 322 1.63 219 109 24.6
254 | 042 838 1199 379| (2dmS 325 1.75 215 937 26.5
270 0 808 659 403 mS 2.84 1.8 246 993 292
290 012 9599 285 105 (g)S 2.8 1.12 3.15 2254 314
310 016 954 328 115 (g)s 2.81 1.07 299 1934} 290
315 3117 8662 992 329 (amS .27 1.64 242 1063 309
323 0 7683 1919 397 zS 383 164 256 1062 298
334 | 572 8318 924 186! gmS 2.74 1.87 036 765 -
340 | 23 9749 Q22 ¢ (23S 2.73 093 -348 1902! 261
354 1.71 7436 1801 59Z| (@imS 3.85 2.3 1.43 6.82 317
360 0 7833 1693 474 5 3.89 1.67 2.28 8.3 31T
380 0 T84 172 496 zS 3.91 1.72 242 9 319
400 0 70,42 1865 503 S 38 1.99 1.86 631 314
412 0 7128 2433 4.38 z5 4.12 1.50 196 683 26.5
430 4] 7911 179 299 zS 3.73 1.44 255 1031 28.2
450 0 9097 783 1.2 5 3.43 1 352 18881 26.7
465 0 9644 356 0 S 3.22 072 38l 2091 | 274
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Fig. 3-4-21.
MBY8PC~11 core.
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Core Depth (cm)

MBPBPC-11

Mean Grain Size Textural Skewness & Water
(phl) & Sorting Composition (%) Kurtosis Content {%)
0 1 2 3 4 5 0 20 40 60 80 1004 O 4 B 12 18 20 18 24 30 36 42
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Fig. 3-4-22. Sediment characteristics of MBOSPC 11
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core.
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Fig. 3-1-23. X-radiographs of MB98PC-11 core.
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Table 3-1-9. Sediment characteristics of MB38PC-~12 core.

Depth Composition (%) Sediment Statistical Pammetgr | water
(cm) (Gravel Sand Silt Clay| tvpe (:Ihj) Sorting Skew. Kurt. [Content
0 0 8791 622 537 mS 331 198 22 8281 850
10 0 9444 377 1.7Y 5 293 1.36 292 16921 527
30 0 9595 219 086 5 278 0.96 369 29741 384
45 0 D971 0.29 0 5 247 0.5G 079 1213 273
50 0 9924 0L4 022 ) 2.26 069 295 2633 284
70 0 9945 033 022 g 1.7 079 339 3083 266
85 0 956 28 155 ) 1.94 143 315 164 | 279
100 0 9918 057 025 S 2.47 1 1.07 1169| 246
1156 0 98.42 098 0461 5 2.4 1 285 2364 28.0
123 0 9941 044 015 5 218 0.8l 175 1829 226
140 | 2002 7837 112 049 S 1.05 233 -07 39 25.2
135 0 9790 115 09 S 227 1.15 244 1808 221
170 [ 0.13 9942 039 (.06 (@)S 2.31 0.8 1.1 1736 29.2
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Fig. 3-4-24. Vertical

corc description and mean grain
MB98PC-12 core.
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Fig. 3-4-25. Sediment
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Fig. 3-4-26. X-radiographs ol MB38PC-12 core.
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Nge Fg 4L HHn 9ug ¥ishs A RYHYEYN ZAHAER
A F o (Fig. 3-4-24).

ANFHAE AR Qs g3 e AdAdd EREHEL FIjNEr)
27~33 09 HSZE A4 2 cméd FE& ¥l (Fig. 3-4-25; Table 3-4-0).
X FEHES] 2ol 40 cmel M 78 cnt Al A4 WES T3t R EHEC] 9
A e, AFZEE HAAE) 17 004 25 o2 FgMPs FNE FHI
HodFc}h (Fig. 3 4 25 Table 3 4 9. A FHHE o] 78 ¢m o3t #2733
cm WA 5 cmel H7HA gFH o] TFE gloy, ide) HIYPEE 1-25 0
o] 9o} &%t} (Fig. 3-4-25; Table 3-4-9).

MBISPC-12 A|F3H 452 gol 78 cm olste] P& Hu 5 cme H7HH =
T dHge] Fee Ao HEPAA voA gled, olgd YALE HYER J
At} (Fig. 3-4-26). 1 4% #aEHs JF48E @5t FREHBE L A5
AYESFYE Beoled, o] HHEE dFeyrle 2#lM ANYHoR HFH HA
2 At geA] £5EA AR PEFAE APMEE g HE AF
o3t EAHzGo] T dojit, o wbM A HAHEY I3 Q=7 ZA
Aol 7t gla-g st
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HEAZ - AYd (Fddd T2 fFAAAT)

FEES QAo 2 ojFoF glom BE I +F d AFo d¥Hoz
53 MAszn gty f3%2 £ R @S FAG e adddT AT =, H
HE gate) A7), dUdY ¢ Lx, 5, £ENLY G L ¥ YR {712
¥ F AT &RavE gl AR AAFFTE] ¥Xe 2, g5, 83449 G
oA BA ANUX= S BMo| §EF UEF L T XA NHF 2 o
g2 o)At} (Tolderlund and Be, 1971; Fairbanks and Wiebe, 1980; Arikawa,
1983; Park and Shin, 1998).

derd ez e S AP Pupgd = AH<S5  (Antarctic Bottom
Water)’} £A&tw 2 o] B} 434 (North Atlantic Deep Water)7} ¥
ek, AAFAQ] ¥ L AANUE G5 AFTY ¥ P 29 U F @
AEpe] ol Frhstd A AFY AFe MY gd2 35 A5 &
Jo| Eo)Tn FRMF AT s 271EHE JlF= oENAT AR Fae] A

2o T8 2R FH7F £ (Moriyasu, 1972).
B JFsAe] 2F 1,350 mol® HhPel °F 3700 m FEelvh &4 &
TEY EXE R259 B9 2 #HoAY SAd oA FAHA 33

Y AN F43 RE AT A5 B (L5, 9%, 34449 B 9
A 53 AgAn FHY FE3FE HBA HAY 232339 HE LT Y
(sill Zel7b 16 m oi3hHE& Fdle] o] o} Folx RejPFAe 20k Y (sill
Zlo] 55 m)& Eate] o] FolAY, Fe&lg ESFE RE/FHIE (sill 9] 130 mE
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S8l By GoR Wtk FRAe #Fel JHAE FE=E FEod oft 54

o] WA o FERE Hol2Th
obsty M A (Subarctic Front)o] oF 40 "N Fxell F=AHF. 248 &7 (%
<20 TH7F okt A A el 52 (North Korean Water Mass)ol 2181z yrdo] o}
S L ET (F »20 U oolkgkdl B9 % (Kuroshio Water Mass)ol 942 g
 {Bradshaw, 1959 Hirose et al, 19450

ool o) AR eEol A Algi gk AMel W AE stobs Atgoeba] Tl o 32
shar 278 wylo A vided walel A AV dojer v wd AT skl 9Et

S Rabs s st gl

2. 4y

=]

Poadyie] Abgd 3] wl2® aepel §Al 5 441 Figo 34 19 Table
34 19h Tk 9 510 g 4ol WA we ujelHe] ol oF 60 el oo 2
N g dadyl & ORAE sy, @R Auel ¥ yol Aol
OF L AGE N CHHT 63 pm AN AEHE A% B 65 am 9 it 94
of i FebaTh 63 wm ATk # wabel el @ de kel o
the F100% fatel adAEAEge] Awel & Oos vebdrh B ol
PR A Bds Zolv] Aakel 63 pm 2k T DAl Aa

Gl (Sen Gupla et al, 1987

e Wel FHe ANEHyr FRA TR N4 {FEEY ¥ Ouo
Microsplitter2 3y 3 7 ok A 10 g @& A2 EANSGHTE Ao A
HAEd §F359 7 150 gm M} & FAAM $#3Ud, F/73/A48 B F

o] Bl& (%) 63 pm Htt Z HAAEUAE ARRSHAT. o]l 5i{Fe] x| A
A2 ALRET 7 U Y /= Neogloboquadrina pachvderma®l A |EA &
stEeh HAHE 10 g @ right-coiled®t left-coiled N. pachydermasl 74 <, N.
pachyvderma 100 A ol A right- ¥ left-coiled N. pachvderma2! =2 <

(%) 2 F FHd BFF 100 A Rl M rdght 2 left coiled N. pachvderma®)
FdiAel oF (908 7y, 91gd AEEL Tables 351,352 3539 9
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LLT-

Depth{cm) ODW(g) | >63 um| CF(%) | PN} | Pbr(%)| B(N) © PAB(N) | P/B{%) “ Are | Ples - Pris Ple(%] Pri(%) Plew(%) Priw(%)
0-10 | 474 | 033 | 696 3 | na | 13 © 59 pa 13 6 27 | pa  ma i ma | na
5052 D427 loor o070 190l 4 9 © 1199 99 0 1 824 1970180 20 - 88 | 17
100-102 | 393 | 012 | 305 8224 | 2 41 | 8264 99 0 | 4030 814 | 92 ° 8 86 R
150-152 | 567 | 0.20 : 353 :19414) 1 1 O | 19414 100 | O | 13319 4063 77 ~ 23 | 67 | . 2
200202 | 310 | 003 097 1600| 3 {116 . 1715 3 0 | 1135 207080 20 | 7 20 |
250252 | 432 | 003 069 3093 8 0 1093 100 0 | 2278 519 82 18 | 77 {5
300302 | 5.63 | 009 160 3410 6 | 0 | 3410 100 0 | 2615 : 398 . B§ 12 80 o]
350-352 | 335 | 004 | 119 3820 2 0 | 3820 100 : 0 | 2699 621 8 15 | 71 14
400402 683 | 012 | 176 63251 5 0 | 4873 | 1078 85 15 82 15
450452 484 | 003 062 1008 4 L 818 [ 140 86 0 14 | 8l 14 |
500-502 : 7.79 131 1682 5587 . 4 0 - 4108 | 904 80 20 78 18
550552 547 | 074 - 1353 12168 11 0 9945 | 1755 85 . 15 81 15
600-602 | 560 074 1321 8343 4 0 7429 [914] 89 11 | 59 Y
650652 | 455 003 066 : 20 na 0 0 20 | O |nai na | na na
700-702 | 627 046 734 2118 7 0 ; 1735 | 357|835 . 17 | 82 17
750752 54 006 110 @ 6 - oma | 2 v 01 4 [ 2 [na ma | na | ma
800-802 | 585 003 051 0 : na | 154 154 ' ma 0 0 0 | na . na | na | na
850-852 | 1020 029 284 1678 30 | 235 1914 . 86 0 1098 [ 580 | 67 | 33 | 67 33
900-902 | 627 , 025 399 :21640; 3 | 1633 23273 95 0 , 16740 (4695 80 | 20 | 78 21

Table 3-5-1. Down core values of several environmental parameters in core MBSPC 1. The abbreviations are as follows: ODW
(g)-original dry weigh in grams; >63um=weigh (g) in >63um size fraction: P (N)=number of planktonic foram/1¢ g Pbr
(%)=percent of broken planktonic foram; B (N)=numbcr of benthic foram/10g; P+B (N)=number of planktonic plus benthic
foram/10g; P/B (%)=percent of planktonic/benthic ratio; Are=number of arenaceous foram/10g: Ples=number of left-colled N.
pachyderra/10g; Pris= number of right-coiled N. pachyderma/10g; Ple {%)=percent of left-coiled N pachyderrna among 100 N.
pachyderrm, Pri (%6)=percent of right-coiled N. pachyderrma among 100 N. pachyderma; Plew (%0)=percent of lefi-colled N
pachyderra among whole  planktonic foraminifera; Priw  (%)percent of right-coiled N, pachyderrma among whole planktonic
forarminifera



g, # A7l -8 AR F7hE 50 cmolth,

.88

7}. o} MBYWPC-1

E¥ 5 BF%d sl
3-4-1). 2945 HEe FF2 051-1682%0lv) THAHHZL FTol x| Y
o, AR, ¥ML @RI dow Fep AR 2 FAAEo)l vehdr z3
A H 2] Al 42 ol glo] 500 600 cmE AL Y& gE Hely &
Halx ¢t} (Fig. 3-5-! and Table 3-5-1). £3} o} Ze] 500 cmi> #1743 ¢ 5
mm F=e] FAe] wo] eyttt

HAE 10 g2 E/HA FFF 7 021640 HAelm AMAY HEFFY
0-2057 ZNAelch /4 HE%9 FdAA F %6 WAHeE Ho} o] 150
cm, 000 cm, 900 emE A&t F2 g & WEE Ho|A ¢t (Fig. 3-5-1).
49l % (99 Fok Lol 500-600 cm F4HE AL B
3}g Holx vl (Fig. 3-5-1). &Rt Zeopeo] 4% (0-400
(400 cm)oll E4E 10 g B AdHH 2L o B2 AHMA F

HAE 10 g AHAFTEY 5= 27 Ze)l HAAT (0-2 cm)of A LHEldT:
(Fig. 3-5-1 and Table 3-5-1).
A H/44 F+3FY A A el oo AAA YA fehdt (1-30%).

AdtH om ol - FIF (500 900 cmyel AT (0 500 cm) B Ao &
A REFH A F (260 A Hetdd (Rig. 3-5-2).
HRA/ MG FESA SR 3-100%0l o, F-RA/AAY FEFH L 2

o} -4 (500 900 cmje) AFF4F (0-500 cm)dl vl Hdid ez 2 S
Belt} (Fig. 3-5-2).

HHE OI0 g @ left coiled N pachydermasl! 3= 0-16,740 7§ A o]
right-coiled N. pachyderma2l T3 (-4,65% Al o]t} Right-coiled N. pachyderma
9} left coiled N. pachyderma= =o} o] 100-150 cm, 500-600 cm, K0 cm 73+
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Fig. 3-5-1, Down core variations of coarse fracton (%), number of
planktonic, benthic, and total foraminifera in 10 g of dried
sediment of core MB39PC-1.
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Fig. 3-5-2. Down corc variations of broken planktonic foraminifera
(%), planktonic/benthic foraminifera ratio (%), number of

arenaceous foraminifera, and left and right-coiled N. pachyvderma
in 10 g of dried sediment of core MBY9IPC-1.



ol A 8 4t7ko] B Aldldoer we ¢g Helw 19 WEENR A3 (Fig.
35 2).

N. pachyderma Wol A left-coiled N. pachvdermats 67 92%°]¥ right-coiled
N. pachydermas 59-86%¢it}. & {F3F% & left coiled N pachvderrna~ 59-86%
ol right-coiled N. pachydermai= 8-33%°}t} (Table 3-5-1).

N. pachvderrma % left-coiled N. pachvderma= Z°} 4°] 900 cm¥¥H 600 cm
AR T gt F/sh 600 em%H 150 cZbAE AA 8] Fadhs A¥el U
(Fig. 3-5-3).

Y. 5o} MB 99PC 2

—H‘i

9 4 2707 mel A AU (Table 3-4-1). £HASHAEL
Fop AFgre] AM gBL Aeld HAYE (0.21-9442%) (Table 3-5-2). #'8 3}
Fhell M whAkE, ~H A aug ke, 29 S stz Ao B =yd
o] PFo] M- & 3o} ol (200, 450, 500, 700, 800, 850, 900 cm)ol & B
ko] BA2 Ffstn Yrd. AL fleld AFT 99 Fo} FAAME viEtdTh
2 0] vpehia] e mel THE g 2o 2YIHHE F9e neltt (Fig
3-5-4).

HHE2 10 g @ ¥74 /%59 T8 =HZel Heold ®WE ACE Adw
(6-366943 A H) (Table 3-52). io} Qold H{A A&Es F& I} skt
TIF (0-500 cm)ell v)E - wAl JGEbdT (Fig.

o, =2 "
SR IL!;—

=l

(500-900 cm) Tep AR

3-5-4)
HAE 10 g 3 A4 §359) S 0-11467 AT (Table 3 5 2. AM4
FETY ¢ EY P

4 #3333 oAzt 2 =Zof 34 (500 900 cm)ol A
of 5 WA vebd et (Fig. 3-5-4).

Mold FFFe £ 1 15%2 WAl Jedrh (Table 3-5-2). Zeo} 39
850 cm¥E] 400 cm7tA 8] Ftel A Aol FEEE FAsH 400 cmFH 300
cm TS A9 Aeol@ FFFol dehdA g Zeol Heo] 300 emPE Fof 4
o] 100 cnZHA &= F7hete AES 29 (Fig. 3-5-5). AW K52 4
3} WA F2 Fof xlol F T WIS KolA 9o

oM/ FFE vES A Fmel 3ol 53-100%62 HflA et
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[Depthcm)] ODW(g) - >63 um ; CF(%) _ PQN)__Pbr(%)] B(N) - P+B{N) | P/B{%) _ Are . Ples | Pris Ple(%, Pri(%) Plew(%] Priw(%)
016 | 370 152 4108 (221405 3 | O 221405 100 . O 177124]35978[ 81 . 19 | 77 17
2729 269 001 037 | 8 . na | O 8 ' m 0 ;7L [ 1 | ma; ma | ma na
5-52 © 143 ;001 070 | 245  ma | 0 243 na - 0 | 203 | 35 |na na | na | ma
7678 308 007 227 | 506 11 | S8 565 - 89 : O i 399 | 8 | 85 15 | &5 14
100102 697 T 121 1736 | 25342 10 | 1836 27179 | 95 0 | 21468 | 3857 87 | 13 | & | 13 |
150-152 485 | 001 021 | 33 | na | 2 35 nz 0 . 29 0 | na: na | ma | ma
200-202 . 1204 | 8BS 7375 [229635| 6 | 3402 233037 . 99 0 182007(39123] 83 | 17 | 79 17
250-252 ) 485 : 001 | 021 6 ma | 9 . 6 o 00 4 |ma; ma | ma | .ma_.
300-302 | 557 003 | 054 | 1659 | 2 0 | 1659 100 | 0 . 1329 280 78 ! 22 | 73 22
304-305 | 4.82 022 | 456 | 89228 | 1 0 | 89228 . 100 | O . 65859 '18589] 80 | 20 | 75 20
350352 | S8 G 002 039 | 386 | 4 | 4 . 38 | 100 | 0 ; 324 | 39 | B8 12 B 1
375-377 | 8.93 264 2956 1366943 | 1 [11467! 378410 | 98 0 :259153184856] 75 © 25 | 73 | 22
400-402 | 838 . 031 . 370 | 64764 | 1 | 61l | 65375 | 99 0 53599 [9165 85 @ 15 | 83 15
450452 1888 | 1692 8962 132000 | 7 [3797 35797 | 87 | 0 25492 |SIS3[ 82 18 | 79 | 17
500-502 | 1068 | 705  €6.01 | 18217 | 12 | 479 | 18697 | 9 0 12464 |5753| 76 . 24 | T3 23
550552 | 6.32 043 | 680 | 2076 | 6 | 127 | 2203 94 0 | 1747 [ 278 [ 85 ; 15 | 83 15
600-602 | 3.8 009 234 { 62 | ma | & . 70 , wa | 0 42 |16 |ma, ma | m na
650-652 | 395 001 025 W | ma | 0 10 na 0 . 10 |0 [nmai nma | ma na
700702 | 6.34 417 6577 | 368 | 17 | 164 | 732 78 0 . 432 | 76 | 82 | 18 | 79 17
750752 | 559 0 025 447 f 16 | ma 2 M8 | ma 0 9 | 7 |ma: ma | m m
800-802 | 1450 © 1236 8524 | 193 | 13 | 138 | 331 53 D 154 [ 39 [ 79 21 | T8 20
850-852 | 9.26 711 7678 | 4596 | 15 | 242 | 4838 93 0 3940 SIB[93: 7 | 89 7
900-902 | 1236 | 1167 9442 | 78 | ma | 71 149 na 0 71 [ 6 [ na . na | m na

Table 3-5-2. Down core values of several environmental parameters in
core MB9SPC-2. All abbreviations are shown in Table 3-3-1.
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N. pachyderma(l){%) N. pachyderma(r}(%) N. pachyderma(l}{w%) N.pachyderma(riw%)
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Fig. 3-5-3. Relative abundance of N pachydermag in core MBPC-1. N. pachyderma (1) (%)=percent of left-coiled N
paclyderma among 100 N. pachyderma, N. pachyderrma (r) (%)=percent of right-coiled N pachydermaamong 100 N
packyderma, N. pachyderma (1) (w%)=percent of left-coiled N. pachyderrma among whole planktonic foraminifera; N.
pachyderma (r) (w%)=percent of right-coiled N. pachyderra among whole planktonic foraminifera.
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Fig. 3-5-4. Down corc variations of coarse fraclion (25), number of
planktonic, benthic, znd total foraminifera m 10 g of dried
sediment of core MBY9IPC-2.



(Table 3-5-2). ¥#A4/AXAQ F339 ¥&L aobe) 572 (700-850 cm)el
AFEFTLE (0-700 c)of vlEh wE g BT (Fig 3-5-5). B/HA/AAY 7EF
of ¥ &L Tote] AT (0700 cm)el M= & ¥HEEFE BeolA ¥ert

HAHE 10 g F 58 left-coiled N pachyderma® F 9-250153 Y Ao ™
right-coiled N. pachyderma$] S+ 0 84856 7ha|olt} (Table 3-5-2). Zol9] 3+
F7F (500-900 cm)e] AFzF (0-500 cm)ol 8|3 right coiled®} left-coiled N.
pachyderma®) <7} "% A Yepdo (Fig. 3 5 5.

N, pachyderma oA left-coiled N. pachydermat 75 93%2] 4 ¢ wWelA o}
B} right-coiled N. pachydermas= 7-20% HHE APt & ¥ /54 /5%
%= left-coiled N pachvderma= 73-89%<2] W€ =ztA31Y rght-coiled N
pachydermas: 7 23%% A&t} (Table 3-5-2). N. pachydermas= 3o} #Ho| 3
2 2o & weolA] ¥on 159 WIEE A7 @9 (Fig. 3-5-6).

t}. 3o MB99PC-3

G40l 2435 me) FF =9 LTE #HYdd AH UG (Fig. 3-4-1). =HAH
A9 e 033-9482% olth WatE, UL FE, gas, BY Fo| dF o}
F ol YERGU. ol Zo] 100, 150, 200, 450, 650 em TRRoll A 2 H AN A
A el gaFe] wLH, ol Age Zol FTAA dAAHE TR U7 o
Folvh, ¢4 HEE FREHA 2 A AkAAE b EE ZeAEAEe
e By (Fig. 35 7).

HHYE 10g F 34 FEFY 42 060441 AMHMelct (Table 3-5-3). Fols
AE BHA FTF2 2o geo| 200-250 cmell A Beol velun o Fitel A
A9 YA et (Fig. 3-5-7). H3E 10 g 3 AMAY #3359 o= 0711
Aa) o]t (Table 3-5-3). Fo} o] 200-250 c¢m, 450 cm, 650 cm F3ko} Y& F*
Zhell W& A o] webdtt (Fig. 3-5-7).

Az fE5e JoAd F (%S w% F2 fhg RAu (5-122%) (Table
3-5-3). 2o} o] 650 cm*H 250 cmZtA = A A8 Fadh: AH¥S Ho|n 230
cm¥E 150 em7HA = b A EE B} (Fig. 3-5-8).

BEM/ANNY SF2 v§L 70-100% ¢t} (Table 3-5-3). ¥-F4/AMH F
-Zol W 8L Fol Yol 650 emTH 30 cmAA MAE FrbstH 350 cmAH

ok
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Depth(cm)) ODW(g) | >63 um | CF(%) | PO} [Pbr(%)" BN} [ P+B(N) - P/B(%) | Are | Ples  Pris Pie(%] Prii%) Plew(%) Paw(%)
010 | 300 | 001 [033 0 | na__0 | 0 e | 0] 0 0 {na| na . na ! ma
(3052 | 280 ] 001 403 . 0 | oma 4 ' 4 [ ma | O] 0 0 I'ma| na | ma  na |
100-102 [ 7.92 | 751 [9482 |3636| 5 | 242 3879 92 | 0 13192 44ai 89| u | 8 |11
150-152 | 443 | 130 {2935 | 767 | 12 . 63 | 831 93 0 | 641 : 108] 851 15 | 83 15
200202 | 720 | 615 [8542 160444 9 | 711 | 61156 | 98 | 0 | 46222 (11378 77 © 23 | 72 . 21 |
250-252 1 931 | 042 | 451 i36571] 6 : 275 | 36846 | 9% 0 [ 30797 4950| 87 © 13 | 84 13
300-302 | S34 | 001 [ 019 | 8 | na 6 92 na 0 i S8 26 | ma ma | na na
(3003521 563 007 | 124 [ 194 | ma 0 | 194 | 100 | O ' 12 S0 172 28 | 66 Ho
400-402 | 483 005 104 | 112 | na | 6 | 11% na 0 8 23 pa. na | na  na
(450-452 | 1384 1265 9140 | 3168 6 | 277 | 3445 92 0 2428 509 . 8t 19 | 77 17
500-502 1 459 003 065 | 4 ma | 2 [ 7 ma 0 2 2 ma| ma | ma m
550-552 - 438 | 006 . 13 ! om0 2 na 0] 2 0 iva| pa | ma  ma |
600-602 337 | 001 [ 030 | 9 ¢ ma | 0 9 ma 0] 9 0 {na| na | m na
650-652 1 319 | 279 8746 | 903 | 11 S77 | 1480 70 0 [ 702 201 [ 711 20| 60 28

Table 3 5-3. Down core values of several environmental parameters in
core MB99PC -3, All abbreviations are shown in Table 3-5-1,
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Fig. 3-5-5. Down core vanations of broken planktonic foraminifera
(%), planktonic/benthic foraminifera ratio (%), and lefl.- and
right-coiled N. pachyderma in 10 g of dried sediment of core
MBIPC-2.
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N. pachvderma(l)(%} N.pachyderma(r){%) N.pachyderma(J{w% ) N. pachyderma(r)(w%)
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Fig. 3-5 6. Relative abundance of N. pachyderma in core MDY9PC-2. N. pachyderma (I} (96)=percent of left—coiled N

pachyderma among 100 N. pachyderma: N. pachyderma (r) {%%)=percent of right-coiled N pachyderma among 100 N
pachyderma; N. pachyderma (1} (w%)=percent of left-coiled N. pachyderma among whole planktonic foraminifera; N
pachyderma (r) (w%)=percent of right-coiled N. pachyderma among whole planktonic foraminifera.
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Fig. 3-5-7. Down core variations of coarse fraction (%), number of

planktonic, benthic, and total foraminifera in 10 g of dned

sediment of core MB99PC-3.
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100 c7bA & H2aH o & P4t A3g ¥t (Fig 3-5-3).

HAE 10 g W left-coiled N pachyderma®l iz 0-46222 QAejd
right-coiled N. pachyderma® <& 0-11378 JAojc} (Table 3-5-3). Feot o]
200-250 cmol X right coiled9} left coiled N. pachyderma’t 7F3% @e| LvlEbdc)
thE Fol kel E A JE A g (Fig, 3 58).

N. pachyderma UldlA left coiled N. pachyderma= 71 89% 5 &+ 3} v
right coiled N. pachydermat: 11-20%5 AA 80}, F F5F5F WA left- coiled
N. pachydermax: 66-89%5 A1A|& 9 right-coiled N. pachydermat 11-28%% a}
A gt (Table 3-5-3). Aok o] 650-250 cm7HA| = left-coiled N. pachyderma?}
Al F7FaE 250 cmBEE 200 cmZbA s A 28] 2 200 emEE 100 cmE B

TE MM Frtet @& BRIt (Fig. 3-5-9).

i

AFE 50 cm DACE ARE BAHQONL ABTA WRH 2 A9
872 2 2% H42 QG wHGRE 2 0¥ AFA 0A A
Fo HAge) % AYEA dns) BN RER Hel
A Vg Fe 4ol HRAG BE BACTRE olFHo HYHUAEA
MRy bR gel MA NdEcol g Awges YuEe oF (A4F F)
e ANH RTEA T T, RAWAMA KT S, 948 10 g ¢ U4
1M mel Aodel o Fow o 4 gk
QuH o AHFO AL e Ao HABL H4E 10 g T ANG FF
Fol wol uriyn Hajo) Haaks AMY $33 Fo| Urhin 2gURHR Y
Gel AuiHon wo Urhdt Y44 §EE0 440 oA B,
Wub oz 4ol o 2000 m oA AT LR FEZl 99%E AT 1
Mz AedRe dTe we Al RFA/AMY wEEe vEo yHHoR
Wil uthdtl me A4617 BdA HAol AN HAZ o%y AGe 4E
shgeitt Aafall MAshe ARG ol thadr) s Fok
A2 %ol wa vlsiade £ xR uHY DAFY A4 e FaeA
welsolof Wi} ol #AE WL NAR Y ARNA A% wHY Y

AME FEEY 7, F2ELE
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Fig. 3-5-8 Down core variations of broken planktonic foraminifera
(96), planktonic/benthic foraminifera ratio (%), and left-and
rght-coiled N. pachyderma in 10 g of dned sediment of core
MB9IPC-3.
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Br.pl foram (%} P/B(%) N. pachyderma(i}10g N. pachyderma(r)/10g
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Fig. 3-5-9. Relative abundance of N. pachyderma in core MB9IPC-3. N. pachvderma (1) {%)=percent of lcft-coiled AN
pachyderrmna among 100 N. pachyderma;, N. pachyderrma (r) {%)=percent of right-coiled N. pachyderra among 100 N
pachyderma. N. pachvderma (1) (w%)=percent of left-coiled N. pachyderma among whole planktonic foraminifera; N
pachvderma (1) (w2 )-percent of right ceiled N. pachyderrma among whole planktonic foraminifera.



2 Fa% #i e S /E HY F 37 wWEoIY UnkHo s Bal Pxi =HA
HAge A & FHA/AMY RTEA uE E AN L/ /K35 A
WA Yoz & 4 Qlvh &3;|E o] w2 HH Yo HYBAAME =dAH
HES 4RI go] FA vuhdoh £ ANY A550] £HA4 KTE v
Lol dl-¢ Aok 22z £37t A Ade] HYEL R{A/ANE FE P
o ulgel gom AolA N¥iAd FEPel @l vEhdch £3E el @€ ¥
2199 HAZANMNE F¥5Y FAcl =& ol vehlrlz & mHFdFA
Agtie) A% R A8 @A Fade /)E] A7vhEd oHAM wgel d+Ho
At

ATHE 3N} Zof BF YN dASAE #§/HE S ALEue Ay 9
& ZPAHHEL FHstm gk B dTofA A" 3 A9 @:ol A E HA
N (0-2 ecm)E FZeol MBIPC-1 (4 1711 myd AT A §5Fo] veptz
Fo} MBWPC-2 (54 2707 m)st Ao} MBIIPC-3 (F4 2435 midll A= AA4
T&Eel vetuals Feth ole £l RL Fd A% @Lel MBIYPC-29)
MB99PC-37} &8l & ®o] ©3tSE ov)dnt &aj& Bo] I e HYES
ZHAEHE o Al o] vt} (Peterson and Prell, 1985). B AT A YA
AHER Fol F Ae] P& F Fel (MBYYPC-2, MBWPC-2)= ZiHAEHE 9
ol ¢ W (Figs. 3-5-4 and 3-5-7). ol #818 LSS ofn st 30}
MBSSPC 1o 23t F 42 ¢ +%S Addtns B =HAFHAEe] &3
S Roj T Wan Ro|x k= (Fig. 3-5-1). ol H349 g0 fgen
ZFee W3s A4 fAUES U

HAE 10g F 74 ¥4 579 v 22 3o} Yo] U= E =
o} Zo] F7tol| Hla] W& 8 Ralt}l (Figs. 3-5-1, 3-5-4, and 3-5-7). §3] %
L FFF pds didoer g 49 £/54 KT F0) Yridrt oo gg
olf= dAAMEE & + fich FAD b pHe $Mo FiE Y7ot &4
Hoj Astw o] Fojd EHAE] WAASNIZRA olF HuAE F3F0 UAY
S sbeAdel duk FAe]l vEhte @e Ao ol Fhd: AudtE o Fo
FE7F JdEidr R sk #An oje] stdE FHa7] A e AuFte ol Fof
A 2, E 2 AE 2vge] Aol Yast

SHAGE BE 49 fEFde] FAo] viERhe PRt go] YEhde AL oy
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o FAo] w4 i Tt e BEA f %l el YEldyh {4 ¥
Fol ol Yo Fitel R&{A FE S Globigerina bulloides?t VHebdTh (G
bullvidesz &¢2He] dojubss Fold wol el (Curry et al, 1992
Thunell and Sautter, 1992). 1e{ 22 B{F {FFFo] @o] vjehpEs F7H0 84
Agor sty YRS wol F/Y FH57 EFEE sl B3l B4
irdEel WA FARE Aotk 7 Fof MBWPC-12 4o ¥ind g =
obofl Hiel W @AZ WE Dot el AAHA P HA FaEe] iy ga
Fop 7h& stote] s BHA fydel velub4] et ok Ak RAM
ol @olzp sreb AL of ArAle] PoiM L F AU wirela) Pa4E
HYE 10 g 3 UAE AMY RFFTL =20 Jold FES vohtz @a @

1Fu

R 3o} A A Fried dvid e RGA FTFo] Wel vehtd A
A FadE wol et A duyer v tdeld vEhe St 3

Ak 2 AgtellA AHEE A sl WAl Bgy {359 rok AXNAY ¥R

F7F HEsq e e 92 (Figs. 3-5-1, 3-5-4, and 3-5-7). A4 §%
o] ®ol vtz P Aol watrv] wEelch AT o) WE ke A
MY FEF 2 o) YEyeRE dAzdE & 5 gl ol 8 7w
AlE e AL ToM M ATE Sjopstoh

T HEEE Bale RFd &3 &) madsA e #o] Ud, Ak
2.2 Globigerina %+ o] 7] d&o) Zto] FH-& Globorotalia 2.t &8
7748t} (Arrhenius, 1952; Berger, 1967, Berger 1975). Y84 § 3 Eo) &8
W1 Alzrabd WA Aoz ARG LT Alojd KA KT S A
o FE AEae FHY ARE oHEed wWiE Fod ARE Aedg
{Berger, 1470; Thunell, 1976; Vincent and Berger, 1951).

Aol Al 4ol 2435 mol A F Fol MBIIPC-39] Aoid A REF

o 9 AAHY ol fiz B Fire] R AL THA FTES FEET
1A f5okAl 150 pm Mt 2 YA 100 AR o)A B4 §EFo| e

ST (Fig. 3 5 8), ®& 9 BRA F330] vhehha) @ olfy, B Ao}
b d e fidE A WA RRA Fa3o Bez wets) dRoelat Azt
gk

% oThe FbEA e TE) AN g9 ngdne et A AT



AT YntH oz Wty w wikd BAAAEe Yo7t HelArE (Oba et al,
1991). A2 o) o7z Bae) AFHel HEEAA FFFL o 30,000 dA
#2}0] 3000 mQl #oME vehdth B A7Agelr] A7 A mopel WAMY
2 59949 AzE YAT FZeopel st WG HALQedE L
StX| gk 42A0] 3000 m ©)Btgel e Bstn fFFel vehvA &= ofE & 4
FA o] Oba et al. (1991)e] AT AR} HFe) AT FAZ FAE w4
Aol 4lol7) e M= ANdHh FFEE AALETL

el g AFRA G §F Fol (MBYWPC-1, MBIPC-2) E A Z &8 Ao
noad G35 Al ol oJEA HEeo LA Pzl W 4Eina
#]. Fob MBOIPC-1e& Ho} H3R (850 em)FEl F 500 cm, 1]l o}
MB99PC 2= o} HBHE (850 cm)P & oF 400 em7tAl AN HF{HA FEFFe
A Aol oF (%ol AAHes HAshy: FA¥S BLAck (Figs. 3-5-2 and 3-5-5).
o= mol FHaHH (850 cm)7t BAE w¥E % 400-500 em7t B E A7A A5
o] RAy ARt HaAHon istd UFS ovgrh

o} MBOOPC-2= ot el o 300 em FIHFE ¢ 100 em T0A Aoz
Moy sFqzol NAB Z/¥T (Fig. 3-5-5). 1o AE5o] ¢fo] @A H
B Ao 7L oulFr} ;o MBISPC-1+ 350 250 cm, 283l 150-50 ecm
3ol Aoz RHA SFFol MM FbEch (Fig. 3 5-2). A3+ & W
Zwe] Wart AR A1F s A5 2R 8L vAST ArEn

BOR/AAN FEFE &S Dot HAES ofF 3 43 Y=g A4
s Az A8 o)z $tth (Parker and Berger, 1971; Berger, 1968, 1973).
MBIOPC-1 Fote] 50 cm Ao A% Ao oatw HHEo] olgd TS
whA ] 2] eriuh 53] 3ol ol 450 cmBFH Mol AAFAA T FHA/AMNAE A
229 Hgo] 99% A= vehled o AHAL KAFH HAEL FAY
(Fig. 3-5-2). Zot MBOIPC-10l4] FEE=HE ARL S ot FFF (900-500 cm)i=
AR (500-0 em)7t H A Boturt Rega/A8 f3E H&o] ok vt
Ay o)t (Fig. 3-5 2). ol olutx o} &7l HHAHE F¢ 457 HAHT
satwuch AB3el RAAo]l #AHy) WEo2 AzhA. ol st FitelA A
ofF Mg HTZol Wol vehtesd ol Hob s HAEE FoF ARt H

Mg W) Saye) 2RSS olvishe & ge FAcl
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o} MBUIPC 29} ¥jd 8w A2FT (500-0 cm)o] 3HE-3F (900-500 cmel
A3 FHA/AM f8Fe gl ' A et (Fig. 3-5-5) ol& AN 2
9 H¥Ee] olyHA 92 €Fd HHEYE AuTh Zo} MBWIPC-29 H3|
F %0 % 500 em @ob dolAlE FRA/ANYG FEFE HEol TSI =H

ol AFA B0l AR AR JUHOR RHY FTE WE Fw

OF

Fob VHA/AMY FFEe Hgo] FAsti: Ao H4Ah B FolelA) T
Aolz WA BEF e e TelAl Raeuy ol PN Aol 4%

o] Mol ke S oudtE e Frieith. mel MBYOPC 3% BHE B
o] Wror7) mhE-of sjAielrl Al Wi,

BHA RETE N pachvdermats 7150 o#iA) 1sia d%e ge Fojrh
53] left-colled N. puchvderma® right-coiled N. pachyderma®l W& A& o
o &7k &gl A A% (Jenkins, 1967; Kennett, 1968, 1970; Bandy, 1972
Ortiz and Mix, 1992; Thunell and Sautter, 1992; Park and Shin, 194%).

PoAgadel A BAHT 10 g 7 FRE N pachvderma2) A HEQ] 4 H Ay
ol AdiAeRr ArE #Fae] AAS: left coiled N pachyderma®l 47t
right-coiled N, pachvderma2l o M]3 Se] WEepiir} ofi= 2 oy 4ole] ¥4
F7b A e i g BERebE 2R Eo 790 $ARRE oulginy gt
Bods Adel EA Feol Fhvbis oWl Pybeliis feft- 91 right coiled N
pachyderma®] /b FR ol uls) 23] Fobaks Fe] sich o) b

gk Globigerina bulloides7t VIERG ), G budlnides® 4% *t4-0] dojupes 2
of F53 Yephbis Feoltd (Curry et al, 1992). ¥R Hdle|AH o N
pachyderma7t ol vtebbE 7R 5480 7 EA Ao dslowsr 47
i}

N. pachyderma®l “FdiAgl <F L& 3ol ol aeo]E wlct (Figs. 3 5-3,
356, and 3-5-9). FI¥tH e 3 Ae] me) B HIR PIRE FE o). ¥
b (Feb vitt Zeol7} GE A= lefl-colled N. pachvderma?® 2ol Al o] ok
b Frtete AEE MR ol BET/E Ados ArARS on)givy 2o}
o) F(HRE S MBOIPC 13 MBOUPC-2 xol7l 2 Wss) gloul matZiw gy
coHobe] FZREe HHE o XEFae) wgst Ao rAHE EEg A
R 82 2 g} Zole] HANRE leli-coiled N pachvderma® o2 ¢l el

R
e
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pa

g o]t X24vt WEAPE dndch AT o9 AFE 50 om HHe
2 BAY Amolth, Myl 44T HHL g Ave EA 1AL FA 7
Wl sHA T oA o)t

st

r1r

5. &

1 %4e] Qe Fol AT T Ik (MBIPC-2, MDIIPC 3)t Ba)& Bol 2
=
2. Aol Fobol @ AAAel Fhs BEAEol 5 B4 FAAG
3. Mase WAYE ol SR PNTH o} Fote FUYLAA} HIY F
ARE gast AR Wk smobe 4Tl H4d BR AEpe BAX
o Zrbeh: Awe R

P54 #TE N pachydemm/] ERF UGB s w78 §5A 80 Bt
5. moke] Mol HE 4RE FRLE AsE TEFE SARTHL E3ge W
s7 e b E ®E4vh EQSL 0 At ARAeD BEY ERE H
AT},

=
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M6 M KatstEsol o Sl nafe
i 5}

4

e

i A2 - AN (FAFHGAT A AR A AA )

T (grEE AT &)

8 AEA WIAEA (back-arc basin)Z, 4% &2 ¥ (Tsugary,
Korea (I'sushima), Soya, Tatarskiy)oZ ¥4 WHH A o} o]e} g
Fale] THYEAEAvEFE olgt T2 FEo AFEHA Wi Wr-7HY7
(glacial -interglacial) &<2te] &M % (sca-level change)¥ WHs A= Q)
Aow wmHo] Qrd (Oba et al, 1991, Tada et al, 1992). &, i3 E A ¥
e WErdol 100 m o8l &= P T FEAL Y A5 A W
8 Fh Rl met sFBHel DA A de] AHHJY FF FAS A A
AaB L glol WMF gaiM It oz Ry 7Y o] niwal fo|g

FYH iz e ew, HAEFe] fF7Y FdaAel WY-17E Fato] W

ﬂ?

S 3 (Dersch and Stein, 1994). webd Tz FA4AR HHEL 42714
=340 Yo 57149 F4, 3 A8 E (pyroclastic materials) & T35k A
HAHet wrsidkd ¥ AE (hemipelagic sediment)® A2 8ch ojn)sl §HE L €3
70 vt =7] wEo] E-E (high resolution)d B E 7lalm 9loiA
AAlet s A& maigstd AEE dFsted At

FREATL VEAFE R HYHd WES dHHoF 75 flev, ol
ol &%t V1T WE WAH @S d77 Ao f@r} (eg., Park et al, 1997;
Hyun ot al, 1998 St a)ekal~da, 1996, 1997, 1998). Fale] = ¥ea =4a 1
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71- vl B sied wEel 4, T HEYI s mTsh AET
9] £@o] 912 By Fe] £PN} el e Ao HAFH Tt (Yasui et
al., 1967; Keigwin and Gorbarenko, 1992). Y35 =43 WREH= HAgyg =8
MEg7o] Aa-AAFF S MEst FEFE AT (Bahk et al, 1997). o|# 7
gzt W A FHo sxuwEs dFPE BAsie] gSo] RaHUG (Oba et al,
1991; Tada et al., 1992; Hyun et al., 199R).

B APAE ol e T FYAY vAFFANHRE ATty 2
ol Astma s o] & $idte M GFAFT A AAYR “FHEAY HI
gAMele} ATx WA AlddAe] Y§ FolA HenR A7 AR
HAE 2 A0y 4ug THadch dA44x wEd nsFEy ARE T
Aoz naAgT tEo goxe A7 Fo tAE ESsA Tt

2 A7EH # MR

B AR M= @dA7A vre A 7| e s astd o AdstA serst
71 95ked 71& AR wWde £FEX F2M dojA 2R AF8E F7VE
of ZHAR % 2AARE FrEtAY. B FAbe AHEHE FAAA R 99PC-2,
98PC-4, 96PC 4, 95PC-4, 95PC-1 ¥ MPC-28 % 679 FAAN &7 FEAAM.
ol EAAR HALL $ERA, LR YRR, RTUALE THI FaH AX A
A dojA Aoz FIHAY HAE AL Fereta wBFAI}FE FHsted &
3o},

AExE Ao o #Hods (Fads D wFdae] BAL X-4 3354
ICPS o] 83 =727 APAes EA=Uch Alg® 20 40 cm NAL
2 HA oy 105°CalA] 2447 o] Axg S A ¥us} (powdered) 33
th X A @A og Faglie F4L 2 @ ARE ©A] 105°CA
Azl U8 2ade @ mEHAE PHIAD, d¥ FHAFE (99PC-29%
U8PC-4)¥= ICPE ol &3td » 23t g 24t ‘9Ol &49€
QOPC-2 A R A= B 27 hel AR de FadLs { vFdsst BHH
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, BPC 4 T4 8 HAH o Raixe dF-w0ed dg Fads 3 vldar)
2] 31 94PC-2, 95PC-40l A+ X-d W3 E e o8] Tagdir B
rol Eolef AbRHE {7194 R gAY S 9PC 49 71E AR a7t A
BHU 2™ o s CHN #47]9) (Leco CHN-1000)9) 8] -4 =9 o0, &3}
P ASE WYLE % 92 (total carbom)E A} ThE 1 N g4tes gk
(inorganic carbon)& A7 A7l ©}d R/-7]€t 4 (organic carbon)?t A= 9t} ghAl
9 FEE F D FrEAE AT Op FFad o&) Aageny Aabw
& TR IAT A (1988)4 n}gpd,

3. ¥4 3 ojzatel AN
Fafle ¥ et H48 Fo N9 HAL s gt ofF
9 FEFE WU F71E Fo) gPuse] o8 FAdAY Fads @ vdy

A5l v (ratin)E AES Bo2d HAHAHE T3 ¢ 7/EdEdel dAS
vterdt iy ¥ AFd Mz g Y] s AAse) A Mald T A
HA7A] Aol (e FANE HAHAE 20 Faolh @ oyl Ao 3t s

AL AES By el

7. 99PC 2 (&8 ¥-AN ¥2)

2 TAEARE Y Fads 9@ vkl ) Ao, Hag U YA
#%E Table 3-6-1°1 #Aa3ct Fadie] dAA ¥RE A 78t B
FARHHE L 4709} AFEH FAR FRED (Fig. 3-6-1). 729409 @vst
WohE wolis WAolA o} 150 cm7l4l, T3 FAG BUAE Bol: A% o
950 emZF AAZE drb I unity AAE F8i8 Ca (%9 FAE A x-% 5
At S, BECIdes AT aadae) T 98 Aed A7 7R
S SH4E mAgel 2t Mady gad i el Aol MY Y279
EAYE Aoy, dAH) w B 7[7he AUstH ME (events)7h 9oy
i dg Fhgateh 2y REAN REA 949 Al (%), Ti (%), Mg (%) =
A pENE e fAlHog HAdI WIGES nojm glo] B pAAR KR
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Table 3-6-1. Analvtical results of the major and minor elements
concentration.
99PC-2 Na Mg Al K Ca Ti Mn Fe Sr Ba Li P S SC V
Depthicm)l (%) | (%) 1 (%) 1 (%) [ (%) (%) (%) | 3%} | (ppm) | {ppm) | {ppm} | (ppm) | (ppm) | (ppm} | {ppm)
5 2.99 1.58 757 250 1.08 0374 0521 4.44 163 575 74.8 773 2084 14.0 107
15 3.04 1.74 789 315 0.54 0403 1.025 4.86 158 628 80.0 739 1186 141 112
25 3.24 1.70 7.38 265 051 0.4D5 008t 4.70 121 477 853 602 1807 14.9 109
50 3.20 171 758 288 0.69 0.419 0064 3.95 122 450 80.7 602 7912 14.0 102
75 3.56 169 780 277 052 0367 0207 3.83 126 608 787 524 6406 14.5 113
110 3.46 1.54 705 240 0.55 0.388 0.058 4.10 122 438 g2 .3 624 15670 13.4 140
136 3.87 1.62 6.51 2.22 t1t.66 0331 0.068 3.57 169 687 70.3 758 10091 131 213
140 3.2t 1.89 780 248 077 0.413 0084 409 137 487 791 620 6222 15.9 143
165 2.34 1.32 5.56 1.96 11.30 0.293 0.127 3.05 484 379 63.9 558 5275 10.4 76
170 3.50 192 797 289 1.03 0.422 0,120 4.72 150 500 85.4 538 6760 13.9 108
210 3.30 1.88 7.81 297 0.69 0.407 0,278 4.45 130 455 91.2 569 5620 14.6 104
230 3.36 1.86 7.51 249 056 0.403 0.240 4.75 128 428 88.3 592 7729 13.8 a7
250 2.87 1.80 7.83 298 061 0.437 0108 4.27 131 486 89.2 569 5727 15.2 111
283 3.11 1,95 7.57 304 1.40 0.414 1582 4.86 160 446 78.8 g28 12771 13.8 94
300 2.89 182 6.48 2.38 2717 0378 2965 450 206 512 70.4 966 19138 12.5 107
364 2.52 1.55 6.31 253 6.41 0.357 0115 4.61 294 546 54.2 606 24117 12.2 a5
446 2.67 1.46 7.06 277 3.68 0.407 0,081 427 266 539 64 1 640 17982 12.0 90
555 2.55 1.80 7.49 278 285 0.418 0.077 4.t1 213 531 70.0 592 7386 10.6 105
564 3.1 1.73 7.21 3.00 094 0394 0.054 5.4t 159 829 74.8 612 27009 11.7 2056
609 1.98 1.18 455 137 1191 0.243 0.081 5.02 524 202 48.8 569 34923 8.3 149
621 3.78 212 802 354 071 0.425 0.068 5.03 158 842 84.7 504 7353 15.1 145
640 3.13 1.81 7.70 298 055 0386 0080 434 138 927 849 415 5425 14.5 135
708 3.42 1.919 828 351 060 0.435 0.117 5.57 140 478 87.7 531 4701 14.2 107
730 2.63 1.82 769 278 049 0.437 0.118 4.83 124 512 B9.4 498 B740 10.7 113
756 2.78 222 496 189 277 0.282 7.280 4a.16 166 326 53.7 1242 11061 9.9 116
835 2.43 209 775 308 080 0.451 0.076 4.77 150 489 76.2 551 B674 10.7 128
92_2 3.04 179 B.24 3.36 074 0415 0.069 4.43 142 603 79.7 470 6220 13.1 113
kgt [ 387 222[ 824 336[11.911 0451 ] 7.280] 557 524 687 | 92.3| 1242 [ 34923 159 213
& A 1.98 1181 496 1.37 ) 0.49 | 0.243 ] 0.054 ] 3.05 121 202 48 .8 488 1186 8.3 76
o it 3.04 1.76F 7.25 ] 2721 2.1 0.39 0.58| 4.47 {184.48 533 | 76.91 639 | 10286 13.0 120




Cr Zn Zr Co Ni Cu Hb Y Nb Mo Cd Cs La Ce Pr
{oom) | {ppm} | (ppm) | (ppm) | {ppm) | (ppm) | (opm) | (ppm) | {ppm} | (opm} | {(ppm) | {ppm) | (ppr} § (ppm) | {ppm)
70 142 95 2223 54.12  47.07 11882 20.76 5.20 3.67 022 953 32980 6950 8.19
753 113 88 23.15 52.59 51.79 126.70 20.67 5.15 4.45 0.14 10.47 3265 70.20 8.14
69 120 80 10.92 40.55 39.45 12554 21.09 5.24 0 .89 0.20 955 34.18 67.78 B.47
71 116 91  13.40 50.75 38.8¢ 11419 19.58 5.24 6.32 D87 856 3201 6309 7.62
65 112 109 23.86 79.05 50.20 12866 20.25 6.27 5.69 038 979 3372 6880 8.02
72 103 101  12.70 45.85 4556 107.00 19.24 6.85 21.39 3.14 7.79 30.05 6118 7.32
73 141 119 21.01 58.91 B89.00 9850 2493 5.94 340 136 7.58 3043 6166  7.41
70 104 104 19.74 49.08 56.02 124.04 2481 6.18 2.83 1.60 9.84 3823 8055  9.51
17 70 79 20.54 3244 3589 8995 2296 4,77 114 p.25  7.07 3033 6150  7.38
65 108 158 1695 37.07 61.38 11891 2596 10.86 184 0.4% 9.06 4220 86.3%3 10.40
69 101 99 1453 3575 36.55 13022 2228 5.76 1.91 0.18 945 3529 70.42 .51
67 97 95 2117 4553 34.45 108.84 22.03 5.08 415 0.18 8.63 31.43 64.54 7.85
76 102 106 15.51 4152 43.46 8592 19.91 7.16 314 0.21 9.22 23.78 53.36 6.79
65 a0 97 1645 37.64 31.72 114.07 24.80 5.14 4.85 .33 8.46 3472 70.83  B.51
73 N 91 1828 47.94 3898 GR.9t 2570 540 14.25 1.24 742 37.88 7305 8.98
58 2 95 2277 40.33 40.74 101.58 23.35 4.95  36.26 129 7.65 3488 6830 8.52
61 87 143 1631 36.22 35.16 06.45 2160 10.089 3802 1.14 720 3848 71.36  8.81
67 89 133 1711 3926 41.33 11764 2439 8.49 6.94 0.34 893 3968 77.85 10.09
75 134 106 1598 58,97 70.39 80.74 18.49 565 83.38 13.14 7.55 26.52 5508 6.72
47 79 81 20.73 52.47 36.44 73.42 27.9% 3.45 5854 403 569 2436 52.36 6.05
72 110 99 2315 56.29 46.02 12718 22.83 5.23 4.78 0.50 10.09 3692 76.78 8.94
70 115 100 2+.94 63.04 5495 10579 19.42 519 2.20 0.17 961 29.27 63.16 7.43
68 95 164 17.54 3504 39.35 12751 2546 11.23 3.41 026 856 42.14 8312 10.25
76 100 100 19.52 4460 40.18 1556 21.08 5.94 5.49 0.27 895 3293 65.93 8.43
61 75 84 2253 43.43 39.01 B83.78 33.48 6.02 8.16 0.71 £.16 4409 84.44  9.92
76 99 118 2097 4561 46.26 12513 22.99 7.19 4.70 0.22 950 36.47 76.01 9.75
62 99 260 1051 32.38 3560 13889 2455 19.07 2.65 032 937 51.10 101.08 11.89
75 141 260 23.86] 72051 B8300)t38.89] 33.46] 19.07| 8338{ 13.14] 10471 51101 101081 11.89
47 70 6t | 205t] 32.38{ 31.72] 7342]| 18.49 3.45 0.89 014 569] 23.78] 52.36 6.72
67 103 111 | 850 46611 45601 111.26 | 22.98 6.77] 12.38 123 858] 34.69] 7031 8.52

Table 3 61 Contimued.
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Nd Sm Eu To Gd Dy Ho Er Tm Yb Lu Pb Th U
{opm) | (ppm) | (opm} [ (ppm) | (ppm) | (ppm) [ (ppm) | (ppm) | ppm) | (ppm) | (ppro) | (ppm} | (ppm) | (ppm)
27.33 5.57 1.29  0.80 477  4.41 073 226  0.33 198 031 36.19 118 2.3
27.98 5.40 1.22  0.85 469 456 075 226 030 203 032 3557 123 23
27.72 5.18 1.22  0.74 460  4.21 0.72 207 0.30 196 0.29 2876 11.4 2.0
25.91 4.81 1.06 0.75 426 403 0867 210 0.28 177 027 2401 115 54
26.81 5.26 1.18  0.78 455 415 072 218 0.28 200 0.30 3410 120 3.3
23.89 4.44 0.93  0.65 396 357 061 1.84  0.27 162 026 2178 105 6.8
24 88 5.25 1.17  0.79 459 470 084 2869 0.37 245 039 2768 103 6.5
32.36 6.49 137 0.89 553 512  0.86 2.43 0.3¢  2.11 032 3103 123 59
2511 5.02 1.11 0.82 4.82 461 082 244 032 200 031 2479 95 29
34.22 6.43 1.35  0.95 566 509 083 259 036 227 033 31.47 137 3.0
28.58 5.43 1.22  0.79 475  4.41 0.76  2.13 0.31 1.92 031 2624 115 29
26.90 5.17 1.23  0.76 460  4.21 0,75  2.27 0.3 1.80 028 2458 112 28
24.72 4.93 1.20  0.74 446 449 079 223 0.31 212 031 2783 101 3.1
29.31 5.50 1.24  0.81 497 446 074 228 032 215 032 2289 112 28
30.62 5.78 1.31 0.79 532 470 0.84 243 035 209 033 2204 109 52
28.64 5.35 1.21 0.79 484 438 076 2.2 0.31 198 029 2043 102 58
28,06 5.30 1.23  0.73 451 419 069 209  0.30 1.8t 028 2058 111 56
31.97 6.09 1.30  0.84 506 4.69  0.81 233 033 209 033 2454 118 48
22.60 4.58 1.1 0.66 369 357 062 186 0.27 1.69  0.25 2459 93 8.2
21.51 456 0.96 0.75 454 444 083 265 0.38 2.40 0.38 15.17 7.4 26.0
30.65 5 87 139  0.85 511 467 076 2.32 0.31 1.90 029 3379 119 4.7
25.54 5.22 133 0.78 481 450 0.79 2.13 0.30 1.4 0.29 37.07 11.0 3.4
32.77 6.23 1,24  0.87 537 488 0.83 250 0.36 217 0.34 2363 128 3.5
27.18 5.27 119 0.73 435 399 0.73 2.09 0.29 188 028 2422 110 3.4
33.00 5.89 129  0.93 567 515 0.96 288 0.39 2.40  0.37 16.69 85 3.9
31.30 5.96 1.28 084 5.0 4860 0.78 2.32 0.32 209 032 2769 120 3.1
36.15 6.35 1.25  0.87 525 492 0.85  2.33 034 228 033 2561 150 3.5
36.15 6.49 1.391 0.95 5671 515| 096} 288 038 245 0.39] 36.19] 15.0] 26.0
21.51 4.44 0.96 | 0.65 3.96| 3.57]| 062 1.84 0.27 1.62] 025 1517 741 2.3
28.36 5.46 1.22 | 0.80 4811 447 0.78] 2.29 032] 204] 031] 26.41] 112} 4.93

Table 3-6-1. Contimued.,
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staAmishs eIl Hgge] oo mhy Wl Aoz sAgct d A
AoofH T tiETISl Edel AR sE ek E gFv] wle] HoE RS YR
HAMEEAY sl e Rrh dda AEvh sk

AGA W/ (TIOw (26) and ALOy (2609 8] (ratio)i= Fig, 3-6-20f 1
ol R STe] vha ¥abeh dsbdE ®ojxm Qlrh zelvh o Fof WL HelwMn
2% AAe AR o) Ak AskE FAAR A QA e s Ax3y ot 3
SHA = unit [AlA S BHY % 00 R ORE ZRAEl i AL Weln) gl U unitk

oA T Ee] WG wol Utk H8 Ay Gekol A FAhe el

e

v FEAsel gn wela glrh Ak unit PEA S FEkAl E Ko/ CaO
of HAA T2, NaO/KO ¥ NaOFe:el 4740 Z7bi 53 x% 4+ glof
JJJ_l;] LS i_ji'f‘j']— L;Hﬁ}nc!_AL_O_ 113_0_| Z ?JT—%

4. 98PC 4 (X1 g FAHY)

Wr/lE 3R el BAAS (5 el 98PC 4% AR 00800 cmollA] S
B3k Moy {switching poin0¥ RelT it} (Fig. 3-6-3) o] fadslAg wsahs:
AdE FA AESA wers ) fstal of b Mol Rere] B4 gl e o)

Z Fafs % ARas) waent

HE

M2 Table, 3-6- 290 371514
thoags el ¥ME e 9 vl 4 FolEd o  FAd: W oo
A& o 2ol Ve (Fig. 3-6-3), REAA U470 ulel giif19 9472 0
(TIO/ALO) o8 Watel B4 o] ZAAA @@ Wb bty
660 cm @l4el Wb B30 cm ©lF Y AR AFEA Y4 FHe] offo]z]
A el Hrbskzlss ez flont A AT gLl el A HaE Ro
W2 Hdow vldHEvh ol ek TAARE AT HHY AHo] §Fywsie
HEAdoes =0 HHe g Aoz Yridop B S HHE Y o
adp Fabg AR A 41N 9F 706-723 emell Ad 9300 viBPY & 1 W
& Fol =AIgl: Aow nirdoe] gltl (FFEEGAT A, 1998). EFE B aA W
HAEL el 199 mel A dold AHDRow] -0 e} 58 AAR s
o) €T gdol oFgF Eeir Aoy RuEuk (kA 1088), vl A

G unite) HHZE FEA ok Hald lon gutes §a uaH sH)
& AlHelnil Hagol wA drhta vk Ty AR b 720 cmg AR
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Depth{cm) Nal%) Ma{%)} A%}  K(%) <Ca(%) Ti{%) Mnippm) Fe{%) Sricpm)
845 2.52 1.51 7.01 2.77 3.11 3982 349 3.86 237
G675 2.28 1.4 7.33 2.82 3.2 4134 348 4.03 234
705 2.4 1.5 7.37 2.758 3.27 4038 332 3.84 243
730 2.59 (.98 6.28 2.7 1.67 4108 314 3.24 184
760 2.41 1.05 7.05 3.03 2.08 4100 307 3.08 237
790 2.38 .88 6.44 111 (3.93 2218 285 2. 86 185
B10 219 .73 6.4 3.24 0.83 3116 233 2.18 169
B30 236 112 735 336 098 4088 297 391 195

Depthl{em) Balppm: Lilppm) Plppm} S{opm} Scippm) Vippm) Crippm) Znippm} Zrippm}
645 329 78.3 577 7664 1e.7 84 71 95 78
875 345 B1 613 9670 13 B4 63 a5 g2
705 360 801 815 7728 12.8 g2 B85 80 78
730 361 70.5 536 B5B6 B.A 69 54 76 Fis)
760 491 52 544 6985 10.2 64 48 58 99
790 512 41E.6 462 4922 9 21 44 53 g5
810 538 14.5 414 3089 7.9 49 39 49 80
830 539 X 5168 5§1 7 10,1 71 54 64 86

Depth{cm) Zofppm: Nilppm) Culppm) BRbippm) Y{ppm) Nb{ppm) Mo{ppm) Cd{ppm) Cs(ppm)
845 12.43 40.95 31.48 91.85 17.35 7.06 4.35 0.41 7.53
675 12.09 39.88 31.47 11499 17.97 4.87 4,29 0.4 7.84
705 12.42 10.04 33,82 11485 18.01 5.08 3.71 0.31 7.87
730 8.53 27.28 28.22 49.07 10.76 4 .98 2.07 0.36 3.9
760 7.96 20.84 24.26 110.22 17.43 512 1.34 0.3 502
790 6.42 18.88 17.94 110.32 18.44 3.04 0.7 0.22 4.23
810 542 1582 17.79 110,29 17.29 4.03 1.46 0.2 4.29
830807 204 2329 12566 2027 507 1B3 021 601

Depth{cm) Lalppm) Celppm) Pr{opm) Nd{ppm)3m{ppm.Eu(ppm} Tb{ppm) Gd{ppm) Dy{ppm)
845 27.34 54,92 6.93 23.01 4 51 (.96 0.62 3.az 3.52
68745 30.58 60.91 7.52 25.13 473 1.01 0.63 3.8 3.68
705 31.14 681.3 7.64 25.16 4.95 .93 0.686 3.8 3.48
730 14.64 31.74 4.07 14.3 3. 11 0.72 (.44 2.87 2.5
760 34,09 ©68.82 8.64 28.53 535 1.07 0.69 413 I N
790 38.16 76.13 9.76 31.48 596 1.1 0.75 4 55 3.83
B10 k8.5 77.66 10.29  32.37 6.12 1.04 0.74 4.8 3.74
B30 4135 8175 1053 3396 851 118 082 519 4.1

Depth{cm) Jo{ppm. Er{ppm} Tm{ppm}Yb{ppm} Lu{ppm) Pb{ppm) Thippm) U{ppm)
645 0.6 1.8 .24 1.681 024 18.74 108 4.2
675 0.61 1.69 0.24 1.57 024 1948 112 4.1
705 0.56 1.73 0.24 1.45 023 18.73  11.4 38
730 042 1.27 0.19 1.2 0.18 19.32 7.71 2.81
760 0.57 j.72 0.21 143 0.2t 17.3 11.4 3.2
790 0.61 .86 0.22 147 024 1916 135 32
810 0.5  1.64 0.23 1,38 0.29  21.47 14.4 3.2
830 066 1.88 0.26 159 026 2113 142 3.5

Table 3 6 2. Analylical results of major and minor elements at the core
of MB98PPC-4
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et ®HAy 24 W Fad A vle Wl Fsbx e HAE Frb F2 8
g7l Wity AN Aax MZrHCE o] AV oinie W U|e A 7 7] a9
#0] 7} (transitional period) i AWzZbE)e] slFHHE S5 F43 st de] dast

b A3 Fed4e T 4129 2AA W doltodd Jruct

t}. 96PC-4 (BdhA 9d)

B RAAL BHE d39A Fde r4 1413 me] A Bl A
gtk wepA EAZIER S #E oM mop AgE ool &F sHAEe AT
of ez mofgh Roq JYHir welrh aejmE B AAAHANE 99
4 AR ol At ol AR Ve R dEsn AE dAew A

¥y,

Fig. 4ol o5 o] Fafihe] 42l wish: A7 3784 unit2 -+ 7%
st 7tzbe] A AR A 350 cmeb Ax 550 cmell Al vERGa Qlth MEAH TR
2 (TIOYARO:YE] vl Xk oF 380-560 cm tekell A <Fa@ir} (Fig, 3-6-4). ©)
TR Y3 Fadael v ydtel glol M FEld AelE Molfa gy, daH
o Agst Mz =i 39 units®E PR o] ZhEsle, W T e die vk
Aot A E SAE A @y g #2020 0%7FA] T RL wiE
B Bolx gl (Wl A, 1997). 8l fho]l 8 IR {84 Tl &
R ZodAd o) T2 4l #dfgde Wz FAadv)
Aol gt AAFHALs- BAEA @ s Az B FAAAIR A
9300 yr BPE Aok &5 HZR S A X oF 60 cmelf A VT gl A
o Haselglty o2 AR E QIR EIE, AA4FEF BAY AR e EE
A JAER]E AA3t vk 30 (47 ulel FI b AN EY AlRgi
8 AT RBolim S ofeh 4 A2 Wty lr) S ofgl (Ho Al
Z TAA Ee S A o] g wEER o ¢ v Al oF 23,0000 2 A Al e AT
kAl FAE AW oF 100 emell YERGD e AL g L H45 L E A2
st v FAAI R AAHA o] Al 4& wolsve, 2 SgAne] 54
2 Y B/ date] vle folsh ARE AFetelel QAo w2e e v
& HHER KaO/CaO% DS ZATIT, AN 0F 400 emell b ggRs

ALEAUA stage 5F AW AEHE o)A # 4 gl Webd B 2y
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0 AxlskA (high resolution)® 3te] @4+d 9 g7 gl

Z}. 95PC-4 (2 8#3 T4

B OFAAE HATE S5 ERA F4y SO A 2197 mel Al 2ol =HH
E5A Aahebd i) delol TAst T 2709 unit® A Ee] rhesttt
(Fig. 3-6-5). T 234 M9 #AAE Ax oF 250 cmoll Yely . glond
ARe REGEA A7 shEXon dwat A Fiaty, Sh-3 ALl AAF W
it polul B FAAGRE AR 224 cmol &8 11 vkxzt Feo] ey, 2w
A% 250, 290 cmol Al BEAFS) A ArE 222 1486 ka, 15.09 kak <4 A0
i)l AN oF 593 cmoll AT FARAl (1 o 22 ka) TARTH (Fheickd Ay,
1996; Ilyun et al, 1998). wbebA] o W A4A7F el 7F 48k unit 12 &i2A)2] 5
ZAEajel Ao FAsY, A SHE4 F9 SAHY dejE FuAe fY
Wy Al A Erh 19 vhE o] H A Ee e Fio] AehA A st
of ol YT AR A HAEA oA ped o AR 286 emilkHl &
A B gk (bioturbation) ¥ AEZL A A g, SRS AlELY] Feol HRE
o] eyt deg Basdd (Fmaldd T, 1996). FElel deiM e §@AHER
AAIE = 2000 m ooldtE watE T gbE B OTAAAISL AFH"E AHE $d R A
A B} g)e o xsta vk @A # friekie] gho]l & Ko WMEle
R (ST 4, 1996)S 2l AT ol MAM: dox Aad
ok A Al siebd FEalae] TS5 WE (unit 18 4ADF 42 Feo] dns

oF @ g MEAE Aol Apmur

-

al, 95PC-1
WEHYY Fa429) W7 Fig 3-6 69 EAMUTE B FAAE: 2ERAe
Ageaal 1634 mel A AU o] 2de Frae HFel xFel &An}

# (Tsushima warm current)?F §9 5+ Z o v = v|a] 31 34 HE)

ol

B 7VEsED e Ages Atudth REA Yol Jludll il ela
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150 cmoll A ol o] WElvha Y (Fig 3-6-6) FAA e 7h4 whx 7 sl
A ererel Ml Uehda gdw dAH e 27he) A88E BT o) 7t
Fatth Fol AAY AL AW o 150 cmT $4 0%
sio] ABetd SAol WRE Aol WelFu gt
AEel ATA WA WANL SHAMC elsd ¥ FaA: AR 168
cmel 4 ATH7E 9 10430 yiDPS Uehd, oje® A2 wAdE, A%gA E
M7 FelaA wbahis Al oF 150 om woh 3Re] SARE B 57
of 7l HAsk Wolye Frdlel Axdelat BEHrh 7| A FANe] o
@ o} s1¥y: thabel 2PA Pl TSl Qo waAgdel wobxis
Age wolm Uk (FHAFAT A
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PG W3 Ropi A A

, 1996). FRU AT Y] (ratio) W sHE ¥ F el
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Wel WEd WA wAY G Ao nwEy

. 94APC 2 (2 3 A4)

2ol EAA HAsE TR dig Fadne] WMk Fig 3.6 79 ®A
Sty TR Mgl AR Ager A 4719 unil® ARl she stk
A% 250 cmel Aol WA E ATl 200 ka® lehibar glol #AH unit (4]
WooF 100 em)e] HAEL ERA gotd HAR e 248 e 1A
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HIE ehlis dd4dfEs Ay g2 HA0e 79 e dxe) At
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AT LA EAE A2 FRUseE AFo2REH #9098 F7IE2
&, AEA 23 QAR K/ 4 2T FUE F71EL BE Az o
¢t AP G (Stein, 1991). W HH FEHo] gAY F2 KU BEL] 749
eSS dAE AEre AA a9ld A AW Brv F, AFEAH] 4
g FabA&7 (anoxic condition)S A4 Ug wel= @idge) &7t £H5
o] EAFH o] 7HAS . AFs oM Hel= d#y {r18 @R e
o] BAIFEE EFEiA @2 HHEL olg 2 AR MY otk ZAl A
2% frleww ¥ SAGEEe FHe) AL AF#AAE g dow A
ZEich gadddy FriEegEvsE 2Yste © & #71A 8¢l 514
23 (siliciclastic material)®] 4ot Wty HHEFTH FE, L §Hge]
U i/ d 30 A2 A23s e 72 ler R 53 “three-component
system (TCS)*©o.2 A5 (Ricken, 1993), o1& Akol 2] fluxz HAZHo} 2
HFHAE FFF 5 A

HAHE Foli ols £4& TCS AN F4 &Asim, Zzte] 84+ che 4
g9l o) =AHE7) giof 15} #AHAAE FHINE AL TP HHA o
3] o)l APl L3 oE g0, HAEFY CAUF TE2 AIFAE 9
& FAE B LPolAT diF7]de @49 (detrital carbonate fraction)2
¥k B¢ FH T (iliciclastic fraction)®] 3-¢& ZelAl &wtd 37
Hie] o9& $wtd Edg gy e #gwHdsd NXHEel e YEE AT
gt F7189 49y dagabd el FFE T FF oA dE wrlEd
o ol o3 ZAEHY, 739 FZUAAFTEA oM E AAY, "M §ItA
aATA nPAL FAHI7= didE] oHE ZHdeln B ofF A agi7he]
A AR3 HEHor gl B deAs v e ¥ AT TCSY 84 &
Aol Fau @A BN B 38 FaAmd dE HEE & U=
o},

7t F2d A, f71d4 2 C/N ratio

(1) 95PC 1
BoEAAa HEEoA Wr]-yricke] & a4 (total carbon) R Fr7lTA
(ogranic carbon)®) @iz F8lshA vdeidar v (Fig. 3-6-8). @4 HYL

~217-



Aul= A% 168 cmel A °F 10430 yrBPe 2 webydvd, whebs {r|ekae] gae
HET W7 Y447 (LGM; last glacial maximum)?) #1315 22 Hdoj=i= o}y
(transitional period)oll F7F§hd. o] Al/][ir &l4Ho] F78) 5T A 72 «l2ig
R W ORISR SR SR Wh A dwAlYe Ados Alxd
chowel/ s Aejd W] r] Z)krE sl gt b (EEADel A tha
¥ A/ R AR S weln gl g« o)Al wolzl wald W &
gk} Fake]l A Fvbo) o AAR nEo] gEste vteid "AAdA = F
g EEAIRE @A ubebdh atgel Sl gehE, g rEetel okdh A Agh A Alalol
Hry Fa% e Addnt v AFAT JTW Eslel e oA &
o Qlall sfreof wgko] HILAH Agh Hojoja] MEAlsbo] HFAHA s5A o]
AA L Bh ek (b Al s, 1998), reiuh delzleliv abrky 9l sanp b
F7F A s anghe] shdbeld ARTEAAbol E UMl A ez wubglch

frlee rdT s S AAsh: ON Bl 4ls 9F 160 emel A A xR 109
A e (Fig. 3 6 9), aNkzioz /N H7F 10 )3t 4 $E s g2
ofs Adx #MAAAY G, 10 o) FL B AH{odli: HE7IHe w7 B &
NE Ro & AAZTE (Stein, 1991, wjelr] B FAA RS A 10 o)ate] & Hol
worhe ERAR, ol A niaA kgt sikabgel Au)qojglony dl&7)
Y HlEe) fYS ot Azdch v, HAojrlo e 10 o4 ot 10 o3
9 ge) FEE s Ao AW Eobdaw HFFAES AAEe, 10 ol4e] gho) ¢
H¥ I TRl 250-350 eme W71 Frrlgel AwiHolY & AAE 0 Yuf
o] A7l HEY 7| et FHoE AUH R wopzl #qme os) x| n}

o] Solo] MEHOo g zuld Az Sdzo

(2) 98rC 4

Fr7lgbs 3 FRAe] WIbE Fig. 3 6 8 ZAlEdc) 74 Feig deld g
HolE A HE 750 om B0 F o] RRL AAL FTe WMyl Rl AHZO
2z oAel A7E gle 2%, 26% FFe] AT e wolw sRZo: A%

°F 800 cmei M HAAF Wolckzt ekzb Hobebic AR Hoh) o] F =17 ¥z
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bRaEE el 2 Ekis B RSl TBIS lofhfd TRt
FRER TE /2 BUREDR katn (69 € BLD 1l Clo® S Isd2le 0T
ks leSly diel rlle®E HktE I ND FHelvlr 55 Ble 2R &
RlY Blie il lotiit SHrbE s llrk #TH 02T 3E |x(oir
E 2B 13 bRt bEF ShEeTRIYE & Bid el lo highE =
T Blilolr BEIGE Ill/ikh I2BE SlrhadlE Aol Tk Tl
el BB & Thlcd Bhidle EhE Tk lo it U 09 4o
TH 2Tl LV 2H2lviz B8 42 W 007 b ™ Sthewlk T-43 Selvle
Bd914 0086 Ihp RBiets foelye oFla (8-9-8 ) falolcly =kl =0k
BE2Y T loFRLle Raly |0 woizl WO Q0E-WO (51 & FR Fivd =
124c 2 fle {cFRleHd B FHE el Bd T kld =k B
4 W2 00E-0ST Ty K+ kel Tlow TRAoER MW b 2ERER BF
Hled B Th #F @l elo R kladaElk kidEs A8v&E =

L 2d86 (£)
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B 6-01 o TEmE @Dl bRlelr v+ & izln 2B - & 2+ B&R
=le® BE N Bile 01 &l BhRRT 6 SHlef & Tohafle
ol dclelor lehiz-lef T 'F 2hilkd bidrelh FHREL
lo Bzl EREETRLE & R Tl Sk okt ol
Fleglh SoktEhle 23U Th & S& Bble 3K Jod LB NO I
flo OT ot lo ‘l£lob tolefnit i BRAlEL NSk &8 3245
e 'mols Wil PoRlokBlle REW BT T% Sle® T Ilsi2le0l
BB Il && (G-9-€ ) {218 Tle® B ble 0T Sl T
T B elele 01 KIsER R=ogad Hofkd 3Lk lo hic2 ki
& Towdle Tk BWIOPL o TR MR NO =viah B3&& 6514
tale
BER RBRE {4k 2 ik BEkE 2kriel ldekle S5W949) ki
fafole #lrir AW MbERE ZE6E BbE SRS Sl 0L SR &
T kil ®G6l Tipdhlesi) AEETHE o2l 1§ kW 022 &



Wi 8 Eotal Eroy AbMd o psb o R e

oaad a3

(1) 95PC -1

B REANZ HHBA de SAGRFE R 209 FRoz el sbs
steh, A1% ok 100 cm olstell Atz Aol WMsE GledM 4% Wsdel gt g
ola glem 1 oopge]l MmelMy: AT Fo) wEE wolir flth @Ade) A
it 10%7h2 vz itk (Fig. 3-6-10). “7eyh #AFYold M 100 cm7HA
= e wiste] ¥g noli Aoz BEAAS F ok $78aTFA AFAR
ol 4% 100-200 cm 7k W7l)A rbvlse] Welrjol swiieh mkd gl
d e Erdd FL@g moln Weolr)E IR Yrlel B o] dHE
wolAwl tha Frhe WAL wAFEn vk 412 AAHEE 4% o 200 an
olghiz BR X0 WolHal Paw ¥Wolm b weba B AT @AY
Bulshis TRA 17hY) thh b L, Aol VbR @, celm Aol g
bl AW P4 e pol sbwaht o9 g GuAFF FHH

Wohs A4 WES RS AYRANES DATE oL HYUY

(2) 9BPC-4

TR &4y 5304 AE F 100 cmZHA = HelHQl F7h 4k 100 em
g ZAZ Weldel H A B0 cnZb Al e ghake e AR Aol WME} A9 gl
10% 3% ] ghE Woli At (Fig. 3-6-10). A% 700 cmT AAZ A Fos
g s Reojm vAl wIkAl ke ARE K9luh ZES] a7 A osy
el 2k 9300 yrBPE AAIE: &% I HXIE & A5 9F 720 emoll &3 s)ar
Aol AT ek Fa Az Fokel HAE AYE AAFT 2FEA
Hdd FGAE 9BPC 1¥ slwel Rokd o) olel e fh& 2.3u) Hx ¥
Z1 o2 hepur),

(3) 98PC-7
HMAH oz 5% Weel 7L Rolir 9oy A% oF 300 cmolM 40% o] 42
FA kg Kol 3lod (Fig. 3-6-10). A% ©F 200-400 ¢cm 74L& v)w® 2z
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Fig. 3-6-10. Carbonate contenl at three cores,
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o g4 Tdg Holi= Adew EAXSE 4 Ay 4% oF 200 emir & 910 H|
Zhrt Eashe Zond AREe] nluA bR 5% AFe] g TR B
gy gad gror ekt shay A4 W ogarARe] did AdEE
o} ol 2 x| gokvt kAol Wl 9l & W] Sl AdFRE M

2ok F0) A0 A5eA @R Bash,

5. Z4E 9

7. 9HE 249l #2348

HHEe 74 EAAN YA T e AT 2e 4 9
choas] B ool ol Al AR Bt Audel WG HHEZ WY
Aol BO % detu itk m& USVI4 HARS 7B B KU

oA E S 2o oA AlE (reworking) ¥ Ao v oholas AR &)

P

el

HodAhe fe BRE FIskma @ owis AE7IY flao i HA4ol das)
thoele] ¢k B flamel dier WA oR S8 BEY $149 AlE TE UhE EF
3} &= whe] 3 sholar QT (element/Al E/AD. B dFel s B4 flis
(Goldberg and Arrheinus., 1958y oA 2= Tigk Ale] ME AR wgtth (Fig.
36 11, wWEM TiO/ALO:Y Wiks FuAY WAL AZHEe EHAE 488
of tHEt H7LE 75l g

W7k 2 kel 12 ¢k 9] (ratio)yr Tig. 3 6 1ioll BAEHY. £ FHAIRE
A Tl TIOVALOsS| & At °F 0.11% 95PC- 4ol 1hehiba, H2ZE 9B5IC 1
of A ef 0042 vepdrh ShRRE MR 1 e 0.04 0.05 Ateld ExjEd,
ol Wolde F7|eks W wAdste aon o Feglae v yidtelA B
A oA dAdor dxata Aok TiOYALOel o8k Wzl g9PC- 20 A1 4w
o 200 cmell AL, oPC 1413z A X o 150 emelA] ZFAE S PR o A
Sor AtEle ERA g9EgeAlE ozl 2 g welil glvh KGPC-def A=
Hal 7)ol 2fF

J{i‘
.lo_

fhg shA sl er gAPC-2ol A S vel vha F7hobe-
dE2 Baoln o

iG
™
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SR A Ao s TIOYALO - S84 HAEAA - 2 212 7k
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o, HEYTIE EES QR AET "M e Z2rhEs Ags ol
atogdvt atAl e AA7EA dlai /)90 $1229] end memberel (353 Ti 2 Al A
w ATHA Fokvh Wi e oE end membery F& A4E p T o2
dainkel g4 PAL FHEE ] A dAselor & B #ay)

2 Aol ALgH FAMNE HARE Fd A Agoja) oA pomA K
A Ade Fa G-I dejd o]E 24 AR A] U L FH T A g
et EE oastcd $asith FHH48 L aige Jda a98 gsv)d P48
T O Beel ot Qew o3 W)l E Bao FAT 24 WA= F
gk aglel shtoltl Mersch and Stein, 1994). 4 &8s B2 Aq,
A S Xdstn glo] olg9 W HENoz G AL Mg, Ca $9 93
ke doh @A) B FAAGTE dE T dgvid Sde) g p
A ol Tl AR okt HAgd Tehd ARV Sish gE0Y Si9 R 9 of
T W7-H7IE A B Wl $=AE F4dein AL HAHZEgo WA

Sl e FTHQ olslel 8ol = Mox Wem

Y. fg8dd A™kE NFdE, TeAs

olul 714 wie}h gol yall FUNKo2NY BIPE BY AR B
N T ovhHE o) BV HEES ¥Edn vy uHoe HAE F4e

olF HE7Y HARY 2AXNE woalied £oe A9 $ AENE 9
A 489 542 olgelr] Yol P ARoA)E £33 (chemical index of
weathering}& ZABFQ G, 2 AT AMEF B SRS U TaArs
Fig, 3-6- 129 L A8 Htt

AAF & FRAF: 2N 2% raA s W3 2o A oF Ko Aol I u
°Ja itk 95PC 1, 99PC-2, Y5PC-4 Feloll My HAR A sl oe 2 okzh 7ha

b AR Mol: glom, 9IPC-2 FAMHEM MY ERAE AAD suXos

F7tete FRE Heldh FHAFT TYxde i Awy ousig (Harnouis,

1988), o152 ateli= immobile $1:290 TEHG (K0), A F (Ca0)o] E3Fapolo] o

ot FHA 7 A Hog AL e Holl= 9upC-2 95PC 49 FTAAlw B A

A QA gl d FRAAAR L oivlebn, wperal Eapx)fupe] vherhi

AL FitAz et AL 2ods T 358 delsis Zde] £349)
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Fig. 3-6-12. Chemical index of weathering (CIW) variation at five
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&2 olug. waEeliz A, B8] FHdFelt blkoal T $e
ool M2 el ZAE L vk whedA] FapA e Mgbi gfAlel Aelvt L& E
YA B el 2 QY.

MPC 2 FAFalsel Al oF 100 emell vheRd oA 3) shobal Fapaasss |
e @ Park ct al. (1997)e] 21§ Younger Dryas9 2712k fshe, 95PC-42]
e of 25 emol ekt 50 Aol F3hA9E Obu et al (1991)7F AlAl ¢k a1 <)
g9l 9% low salinity event9 STi™ o x| ghl, ®IF S5 RAY A4
woll Jafsta gly PC-1, AR el Ha[sk 96PC 40 FAA R 4
dog T WHAE weln glom oyl Amis FHA o) WET ANFEE

a7l W Tasd 2 Adstn sl

-

r}. &R DG A

AA L vpl WEAES vide] B ¥R HEH Al vl H AL RAd
gt olrjer Ak HAR (hemipelagic sediment) 8] X2 242 5719
B9 fi2t AE A4 oA FAd QB g, #7179 3 A (three
componenti system)oll A ZEAECEE & £ QIv ofE 3 AlASs Ay H XL Ko
=R Follkt dulrl BEo] Jedtrbel whet 3 fhedel dEkA S A e 243
ol A e Wi HAE vHATk Wi AEALE FAche e HAR
Aol Falegyl FAEE de] oy et 22 Ao KE Ay oot
/] whel lre] pdEbAl opvh vl 2 oAl A7el & 2atdgl 89l
Soagslize BAA a4 dE S HMEY density, age control point g,
71 Al Wi A & (background data)/F §1v1 wilell FAE Fo] g At

So greom ghebstal s A
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2ol 718] FEd g Reoln U F ols} B HAE FY|¥a ek 7]
Sk el AR shEREe] THES Svldth (Fig. 3-6-10) b en e
AL AAlehir #E T 9 organic carbon/carbonate carbon (Org.C/Carb.C) rain
ratioss F7lgabge] e Frieae] AdwE At vk B oA RAA e



Moj7|E FAoR sRmelMd A otz OrgC/CarbCy 2 4 v (Fig
3-6-13), WelA HEFAM T EFAMY daM4ite]l oA ZARE 7lsdel 4
th ey W] ZE1e) FHelrlel & Fo WEtE Roln o] o] Zlzlele A
TS 2HEE a%lel FEHoZ HIRWUE JbEAE AAELT v oig 7
2 Fdela mAFrhd, 98PC-4 FAA E HAF TN AR 9F 700 cm7h# dA
A okdE Tigte 2 QY FTEAZ Y7 ol ke de)rle] HokA
A7IReh AL Fdes a9l dAst A fASS Husig. xd
O8PC-72] FAA RS dojHe Ax 9 300 cme A7 F7bd Orp.C/Carb.CE
ALlstd Ao A WIE Hojz Urk o] A7l vz FAMd A End
HEFW/ NeE Azt 2T ot OrgC/Carb.CE <A drhd #F3AEA
2bE G& ER A vE AP S-S A # A dAHoEZE xS BEA
Abg]l A gL WMEE Wrle] A HAR AEE Rolm o] dANH F9x A Y
of Helts Ais s A4S Holu fdu. ol¢h o] Hvty F9x AFG Ae
A4 BEel dble] A4S Beln AL FEle AF&A w2 dite] = Ao
2 A7t w3k FaMe e 7] 72 AR Aolx Y4 vpE
S50 oo e AFE AT AFHAEE (mass accumulalion rale) &
Fo AdetA 2ArE Bavk Ard TF 07 Pvs i e FEAe] RebAl P
7t BEAAE FIHAZIZIY gAavlE adde] TR e watste AR AAle]
2 Zon WSS A48 51 Ut olgt e AL ofvtx V)FHE A 4
FHe) g5 T Ho|7le] BobA PN wHE dAH: o= dAddn
T ooE FAANNE HAHE FE o AEAAY AAA (tracenE 7HRI 2 HHE] A

T3 Hazt o

. FHHAEY dE HA5xe] 34 @3

A7 A R AgstEAe A FHEHES F3ld E2A 4AE 7=
Ao Buse] g} (Hyun et al, 1998). o2& ZzAste] Fald AA= HY
B 3 Aol AUy, HAE Z2AHLE oA A4S A dE|dEede
FTF Wsle dyo] st & FRAME 4AZ dsr|d B #9Y Ay
1 FAe] debESS gt ERAE AAR stuAM HAHLR 3o

o7l b AL FHAZNEY 2ol BE Feo aA7 dRIo I
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Fig. 3 6 13. Organic carbon/carbonate carbon ratio at three core,
9RIPC-4, 95PC-1 and 98PC 7.




Z] Al ket

HHEre] £713 ¥gE dothv] HEAAME g FAA R W AS Aol
gdygolp B ATy B7A Wi FHdL: I @ HEadN S o]fat
o AL F7H W3E a1ty @

TAANE MPC-200 & 3/H2) 2t4%F 9 W4 age control points?t g1t} o)l 7
bl T2 A e HAFE o 94 c/kyr2A W0 #gsts EHH& 20 ka
A 9] ¥ A i 17 cm/kyrd 24 kabA 9 74 em/kyr Hok oF 2-8w HE A4 o)
Elvtar oltd (Hyun et al, 1998). 93 95PC 49 #4AIR HHEA disira= T2
A2l B{AHa (24 c/kyn) S W 719] HA &4 083t FAAA R MUPC-2E 254
A gk i EANFC dojd Aol M THEF A U SAFAA X3
95PC-4 F4A 8 Brp 480 ¥A etz vk o2 d HA S aolw 4
Aol Yo Jgte Aon Addrt x£F WUrie] HHEe Irie HAE
Hrt g4 v gle] BriEdde R EREe Bt B HAFo| FFE

1 ASE AR FAAIE 98PC-4 HHES] B HEzSS (%511 9,300yne|
HE ek 720 cmoll vieEbdeh @Es At oSt 2 FAAIgA M= o]
et 52 E0] 774 emka B AToA trFojzl FAAE FelMd 7 FL M

5 Holxn il dtAgt o] FAA R & sti-o Azt VYA 54 5A]
FR TR W/-r) HAHES |zt 43St 2R BHPC-14dA =
A% 168 cmol Al ¥HAE919 4 AdiZh 10430 yr2 el Rlo] o] FTRA) &

A2 &2 1615 cm/kas ASPEHAG, E=I 9BPC-7 FAAE HEHZ i 2
Mol giZe} o] EAs A% °F 200 cmoll Al &I HZ2tt A= 450 emdll Al
AT sabA7 Esta gle) 7h7he] Ao 9,300 yrBP # 22300 yrBPE 7]Eo 2
AMFGA ANF4 HAEL F24 YHEA A4S <F 215 cm/kyr, 1Y HA

#2192 em/kyrelth

uh. 3F9 744 2 At

HAA7A Faol e A7 A Age] A4n FHHQ usgRg ¥
gho] g FEE sl=d FHe ¢ 3 4 dd FFY ATHAE 0T
A AWMEE Freh oy Al A4 d¥EHojop & ZAojn], B AoA
olof W3 FAE A7\ &AL ghri
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() 22983 37 Y& F4A (tracer) 2] AE
DAY A R HAd e R nAFAAbe] A4 7T EEN o gA
R0 gtira, walm ghe o AAHe @ AUzl ek AT Aldstel
AeiMiz 94 A Rasta e PAAE HAEERA g AgEy 2

ME &3] 3 war] g ol flsl A Feids B g 2 ALpAel A

e 2 (AOE)E AFA0 R A% Wasl g S84 pEE U AN
§EES o8 MAEANL THL N AT ArnALD Rl Hs

TR 7RSS g W Aol Bast HAlelr)

FAB e FEAois oln] A FEE A A2 (geochemical tracer)Zl AbE-
T oAk FrlE, g §o AE ARl X oo AR FHAE AU da
b vk olg Eol, biomarker Foll o) ¢h nAAE A2 242 Er) M U5 3L
e ko] FAo skl I biomarkerell €3 FU|SEHER] AL nAE
mah F oA A D AgEdn 2Rd g
AWMzt FAHs A fEsiihn Alagvh ev] FEe thR X el
biomarkersl 4§ T@&ZEWEE -3k Abellvh gdov, SofuvbibelM e # A7
ArE ol A g2 AAeluh R FoAE R (i o], WEVIY ¥F (Ba)
) AR ALAte] FE nAlE AR AT, gafela] dojut HWI-W T o
MEwrse] £AE oldfEan ARk ERE o] AAS PEE sH R el g

&4 a,

@) AFNES dAD Apay W
TEAS T FUT ADE FEL of Aelq AHYOM, £H T
N @B F59 FA MFAA] WA Fg L@FWae BAE oYA
ekl dle Aol Basth @ A4 Faa ARus s # k) 599
T FEHE ARt WAET: A0 A5 FAEY (verlical mixing) § 58]
sde4ol Fad Alem Agdch 55 449 @2 AHow wd 2 ¥
oAl f9l BgPe HANE Ao AZTY. daA4a dvddel 95
FHE W ATH HEH wEel WM 9 6000 yr ol 7o
galel s APz kobAvhs ode] duh ¥ Ads] wWE ok el



AALT A+ WEHA BAY FaAel DAFRAN B AFE T duke] sy
VRAVES olsoti-w Garel geloje Aztanh

(3) 7Z1¥N T FAQ AF8RA A

Fae 7|F g ofd] T Aug Gt Rolw gl=utel uld A7t B
a&rh HHE A9 A WEe HAEY 3 ARS @ AHE A=
719 BA@9 o vupdrh diFre 24 VIFEAEY AAH FE9 A
=g 98 @ Ao JidEHE 1E HA4EgxAde dist 7ixisne dA= §
Q¢ drHAE Al

AAlel drATAME W -7 HAERAFAN = "AY Ao|7t vEht
ot R gEE A Ee] vt HHEYE HAEtE RWF7|Y EdY &
Yol T 890z L UL FAT Aot ofv] 7]EY AT AT
olapd WY-A7E Fao E7Y 2] AFHALE (mass accunulation
ratc)& ZAMGEE A3 W7l Y| BAvk & 49 FHAE0 IHHL el g
#HZA}+ (Dersch and Stein, 1994). W7lolc tif el Ry A% Adoln E=F A
A Eo] ez B} 9L Fo] HAHEL AHR o)FAYIE 988 ¢ NeF gd
dvh wetd Hroh FEF FANES A9y oz dydte WI-TH7G B E
o B Axst 2 a9 W AWE g ALe #AS FHEE Re FO
e drAaAl Fo shtelth
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H 7 Hd stagx|el 2S82x7F E2 FHo|
H =2IA| 2S5 A

WEA 4 BER CFAMSHL A o)
shAb e (R apel okl 4

1. ME

FAol Al Wl Emelb etz 1980%TH] F U &apiie] 7ol £ ome AR HE
£ HEsHA] AR E Y (Machida and Arai, 1983 Furuta et al, 1986). o] § =
el Al Al ODP Leg 1289 798 site$} 799 site?] @oliiollal Fuivfe] ¢z}
FEo] #HAHACH (Pouclel and Scoll, 1992). T8 22X 219 s ajel =47)
71 Fotol LA o] Fof ot SIAFSE L} B b kEAM A Tis 4] AR
b Zel 12 mel A F FA Sl HREAAN BEH o o] R A HArt (e
F %, 19950 R G, 1996) Chun et al, 1997a; Chun et al, 19971 §HAbs %
1997, g3 5, 1998 $AF 5, 1998 &l 2000).

Her of-re] $84E HAAl oM 854 AlFHEAgAM AZEAM Y
Ble] el8Ed 4 9l FEAgagtEEe] HAdgdA AHUG (Kennet and
Thunell, 1975). o] A& rel olold MG F 2 Fo) ulolso A9 x19 7] T}
oleAdl ALl A AP R R Ee) AL, wM47le] HolTwid
&0l whAe] Frrdlgo] MuHAu (Fig, 3 7-1). o Al7]o) dl=o)e] M| Aa
< e+ " ] (lephrochronology: Thorarinsson, 1974)% A& o) o
U HA84E 8= H T (tnphmstratigraphy; Weslgale and
Fulton, 1975; Sigurdsson and Carey, 1981)2] ¥ %A w2 u g}

sololM AHE MNIFHAZ f T bEA AT 37 Lofo)l AT A ol
9 BMFEL AAAdez FHPY 4 Y ATIE rdEidon, 7 ARy
HAEAA e g ZhssiA dEd. AR e £ AR Y Qi E 2
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Fig. 3~7-1. A number of tephra lavers in DSDP cores {320 sites)

are acquired from the whole world ocean (data from Kennet and

Thunell, 19753).



5 FTPAAA] HAE AFHHES G LMEd 7 HEa e YRe 9
B¢ Adstd o 48738 At T AT SO &5 Y AT
T2 W EFEA GAF QF B AAQD AFHAES] HAlE 45 S 1A
A gt § 5k @ OSKP A M ER "gEEAES HANA g 714
M ZET FR®oT WEE P XA shdta waag ool M W)
Aol A H53 AFHAREE 7% A7 offgd ¢ 918 o2 goidv &
T REFAHEY @AY YT Y AFHAEAAME e g2

e To] HAabgo osiA AZIE em HAMdch wEbd AR Ex} gy
EEEALG B AHG NpH G anty BA A AEF g
7l H47)ae B ol ALR B8E Aelth ® Qv e derdn
of AMAl AR vhare} B sl A Galelale] AR HEehAlhE A o

Bl 7heA d Zlew AdiE

Fo) dRUAS STEAT T2 L diEEd 4FE AFHARS 24
s A X-H AR SE AR HEALe Fustgch AH Aol £

Ao HMEeHEFE S¢to s AYgE e L Falel MY, ot E RAE
= 2Felold A ¥ (pumice or scora lapill)i o) Folx glon, ARE FaA

3p4bAl (glass shard)Z =2 FAHe] gith BAE A FEHENNE 2 Hiebse
o g%, T, #ELY 5L BFAGon, REHATRY A5 HHge 7
AW Se d X-A Apzlel olalM BAsic

HEztds) $A4e JEuste B A5 4 qrese e 4 7
te] 3 A NEE HAste BAHEY. 1ely 7 HZuE Do) 48,

o

FAA&Y A (major clement) 2 T &9 4 (trace or rare carth clement), ©)A]T 253
e AP AR 40 A7 HEANRE AAT F9 237 WEVE AR
A R BAANA EBtAY. dlTetde 4RaAde WA A AP P&
Abgatel Bdstg o olE 9lEto wHE AHagry AEL AW (caldolix)
£ ARl A RE FEloll detad wAAZ] o 700 C L5 1 A7 30 B
b 7hd et 23l siZaby] 948 S gdto A #An A stel M ARE (glass or
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pumice shards) Y& d®3e] AntHE AReHct AL 1 gm diamond
pasteZt#} dAwtg Fo sz GAdd AT B4 @ EPMA (CAMECA SX-51 &
24N & AFREe] #AE Y. HLde] B EE4e Al Si, Na, Mg, K, Ca, Tj,
Mn, Fe'8 Mg, #7212 A4 16 keV, AiF 12 nAY beam diameter 15
gmelth Z4zre] 92 ZAANL 10 sec counting lime2 Tom™, AHLAE
F0]7] Hata] FUF Amel e 2 3] ool 4% AASFrh H Zetel T
Fdae YAFFHA o8lM ICP/AES (SHIMAZ ICPSIV =)t ICP/MS (VG
Elemental PQI" 2 €)& Ab8ste] BHatgler, ik #42 AHAHE #UE7
et vl NARAIAY TRAEE FE WEos EAste wastvh wlazs
o] 7189} & 2 =y L EPMAC] F 4% backscattered image G F A& Al
§-alo] HM o) HAFeo] HAE ABEME FAHALH

3. Ala7| ¥£7| E2lo|AEAM olF2 Falo FMES

TA Y] yEAY URAEY E2A3Y @33 A5 ggE 292 §5 @
iAo AHE AFHAREN PAY HZEbEe BEFel oA F 10 ofe
g TeTel &OHAG. o] RAHTAES F7) Etol2BA ojFd BEHE
Adog EMHed, 7 Hiagesd 7AEE, TR A@da MY TE
4% YA To FHE ol M IR HEZZELS MF L A2FA 9
A4 HHYEAHeZ AFAAY, ANYE) Tkl YN FAHA Tl UF
At} 2z HARESFA B AN Tde oHN HPH RIHLS J1A
NS @rh 2Bz Y gatEFE’ AR S0 gle] &g Hol
4 oAt E3 HFo|Fd HgRe F AFH wiLtoE oy XEHA
e, o] HEalEe AFHAE FAdHY 278 HE & U= 7540l
WSO 2 HjAAFH

AL EE S g HEay g, AR e o) 8d ¢ 3y B
Hzohe Eoyetg el R EAld iy = 7% Hatel 984 RtE AE0|
A& ZA st (Fig. 3-7-2). T89) AlFHAZA Fi73 dZetFodls 5=
AR FHapol fAstE S nREH /dE HESREL R7] Had M F
Hz THEYE Aoz gMed ) o A 3E SKP A LGS 2 2E
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F\AARKER TEPHRA,

i

HAWAILAN SUB-PLINLAN
STROMBOLLAN PLINLAN
A F 3
) || Expicsiveness
Dispearsal area
PAHOEHOE OR AA LAVA FALLS
FLOQD BASALTS REWORKED VOLCANICLASTS FLOWS
PLAINS BASALTS SURGES
F [ F Y
E Effusion rate E Mass wusﬂng
3 Physical properties = | Abrasion effect of waves [ Eruption mechanism
: |slope i | Moving mass Rows
[ wvarow | | Emclasnc 1 PYROCLASTIC
[ & F 3

iEFFUSIVE ERUPTION' |EXPLOSNE ERUPTIONl

.
A AMIRREERFIIFNEERERERANAIREENS

VOCANIC ERUPTION

Fig. 3-7-2. Flow chart for classification of tephra using the
tephrostratigraphic data in the East Sea.
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194 BZebie 55 wEe ey Fad AR S4EJG BT R b
Inte olefA FEYE HZde F I =} (ca. 16500 yr. BP), &5 1l H=
gt (ca. 9300 yr. BP), &F I HZ (ca 5600 yr. BP)= #2399 (Fig.
3-7-3). AAE AL @A MY 2§ HEZerZ e AFE f8tod Al B2
ofg] Aol 2lafi Fk HAtel ¥ EEHE F7] THo|AEA olF o By 3 1
o] dxzgtFe] BF U (Fig. 3-7-4, 3|4 %, 1997, Chun et al, 1997b; Chun,
2000). o] FE-UlxE2 E&7|2I e Ao]E Reli=H, Z7|dl= A
#2& (ash fountaining)ell 2Jg Algd s AQet e BAZF SHAYE T3 A
2T HMHUG. % HFAxTFoAM AP T vHZGF AHdade
{accretionary lapill; Fig. 3 7 5A)E ¥ 338 7 cm 7HAH Y HPFes e L3
S Btk 8- H=de 7F 38 A Ao E28 5 M2 dHelg gy
o] $AGE EHse SRS dgerde (Fig. 37 5C)8F b2 744
AR E TREh ol dHHE| S AR YEH viFo] dade=d (Fig.
3-7-6R), o)A & wiavke] AR wE FFHA s FEA M HEHEE
Wol FHYe| 7T Yalg oz MY} (Heiken and Wohletz, 1991). ¢]d
Blal A FF-1 oakelss B4 epdel2rt s e glon, Mard H¥8e 7)59
et} (Fig. 3-7-0D). S8 FFAAA A3 D AFEHHEW HAd EF-1
a3 AEIARE JaA FHHez 45 vopdr. @3] 9
23k SKP sfAshabe] Eograel spabR&o] oJE4 FEHE HEZ2EL SKP-IV
T2 (cu. 117,000 yr. B.P), SKP-LIl #l Xt (ca. 93,000 yr. B.P.), SKP-II =z}
(ca. 50,000 yr. BP.), SKP-I ¥]Z& (ca 27000 yr. BP)2 FEHUTH (Fig.
3-7-3). sl Hel A o] A = As)ojata ARAFEHAARL A &l
Holvk AFEHEWd Had N2y FEd HEIGEE FADE
894 ® gL, A ETE T M T3l FHEEY. SKP HZgES
Sto 2 @A EF-tlEetEo] Fae] Bod gzt A" Ao Rt
(Fig. 3-7-6A), &49 2 zg)olel dWUEE vhF x¥atw 9»1‘:‘]' (Fig. 3-7-6D). &
G FARHARZo| P HuIEL BEE JEEEE Bolk whid AR
Ao e slndgtgol ety PEFA QM AR FHEe ANt A
Sapelzh e ezl Yol g I EA SR HEtEn Ate]rt HAH FRH|
Hyo Q28 »o|A dr} (Fig. 3-7-6B; Cashman and Fiske, 1991). AF=9]
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I . s : _
sae|  voicanic Enption Aga Tophra Souree Voicans s icaek N 8" (Normalizad)
0 !
e 45600 |Ulleung-t| Nar caldera, Ulleung Island
16l | - -+ «5300 |Uleungll| Nov caldero, Ulleung Idand
————14 16,500 |Ulleung-ilt| Narl caldera, Wieung Island
20 |
. hul;jou i Al Alra caldera, Kyushu Japan
a0l T 27,000 | skpd ' Submarne SKP velcano

i(S0.00D ;. SKP-F | Submarine 5KF volcano

= 88,000 Asa-4 | Aso coldera, Kyushu Japan
<53 000 SKP-tl | Submarine SKP veicans

; B
110] ‘8
i - 14117000 SKP-IV | Submarine SKP volcona = 117 \\
1 20; 120000, Aso-2 | Aso caldera, Kyushu Japan 56 >
' |
| L ——
S B L1 =

{Martinson ef a/, 1987)

Fig. 3 7 3, The correlation between oxygen isotope stages and

volcanic eruption ages of tephra in the cored sediment of the
Ilast Sea.
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Fig. 3-7-4. Summary column of textural variation and cruption

cvents {ages) in Ulleung Island.



200 m 100 um

Fig. 3-7-b. Backscaltered electron images (BSEI) of the polished
section of pumice lapilli from the Ulleung tephra showing
microtexture of vesicles. (A) Ulleung III tephra. (B) and (C)
Ulleung 1I tephra. (D) Ulleung [ tephra.
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Fig. 3-7-6. Photomicrographs showing clast cormpositions of the
tephra. (A) Ulleung tcphra. (B} SKP tephra.
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FRYA EYA 9EAN SKP " SE -zl diulate) B2 T,
CaO, MgO 3+ & Fe(Q" gtoll 2l Py x|gl U= FH o] veldr)
(Fig. 3 7 7). 53] stoiohxjol A% SKP ajA a4l 3oy A3 ¢ A FEHAE
ol g AEA FHF (pyroclastic gravity flow; Fiske et al, 1989)9 ¢
of 2% &d4E (welding)o] REQ wzobFo] dadatn, rL g 209 H
aete]l iAol o) A oAl FAUXE G (verlical density current)?] &8 o =
ob 7§ %] SKP HEZdEoe] gl SKP HZetiRe 7EdHuEE Y
Atejel wo] off FRA WEstar, #WeM i gie) 23 (hydration crack)E
ol gt (Fig. 3 7 8), ol4& AL AU FTHF7E a5 oA 35
A FrEEA Y Aoz @Mt} (Heiken and Wohletz, 1991). Zi8]lz
Talel A ANE AFEHENME AP FeAYY K43 H0AHg F A
glafr FFE Aso 3 dlZd (ca 120000 o 110,000 yr. B (TL); Machida and
Arai, 1992), Aso-4 HZT (ca. 83,000 yr. BD. (K Ar); Machida and Arai, 1992),
AT theteh (ca. 24300 vr. BP. (AMS “C); Oba ct al, 1995)7e] #<lslglct. ol
Hzetld §8¢3 vhavt 4208 §3-dZele SKP H Tebebd: Feddl Fo
U Al7b vrhvzm, 7AEEEE iR E fefA Az TAlye] it (Fig
3-7-9).

Aol Al AAD AFHM =) HAE 10me] g4 MELE S JEAEN &

FTEAE Y, FAde) 5HR S HEEO of¢ A-pe o] 8 d A A
=
4. ATHTY

7 @A 9 B A0 TR} e E}pFA g

shaydi Aol 9118 1 MBISPC-14, MRIRPC 15, MBYIPC 1 4|44 2B 5.8
Aatat A d AE Gl M A E el (Kig. 3-4-10 Table 3 4-1). Al <=5 & 21 o)
HAd Btz S5 Uk, £33 58 A& B2 fTAd A Hi2 Aol s)A)
HERdTE @i g Aol HbAl AR ZE WAl wrlatg naE S& 7hH A
L2 AN AR o] &F $ o

M5 GadAdA g5 H MBISPC-14%F MBISPC 15 Al=¥ A E ol A1 B A ;

i,
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Fig. 3 7-7. Diagrams showing ratios ol Si0O: vs. other oxides of the

SKP and Ullcung tephras.

Open squares represent the SKP

tephra; small open circles do the Ulleung tephras.
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ébgum ; & 160 pxm

TFFig. 3 7 & Backscattered clectron image (BSED of polished section
showing microtexture of vesicles in pumice lapili within  the
SKP tephra. (A) SKI IV tephra. (B) SKI* HI tephra. (C) SKP 11
tephra, (D) SKP-1 tephra.
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200 pm

Fig. 3-7-9. Morphology of glass shards in the tephras erupted from
the Japan. (A) Aso-3 tephra. (B) Aso-4 tephra. (C) AT tephra.
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g8 5ol 4 cm FFE HAM, AFHAE A FhAA YRR DA e
t (Fig. 3 4-2). ze]la MBI8PC-15 AlFHAHEAA = A #3belA] A FiF Ei=
FEAG 9§ A5 das w2 AoF AP 4 FydiACdA f%
¥ MBIPC 1 AFH A& g AR HZATES M FodiAd A9 9=
el vl FEG Y45 Fol Frhghd | oA AFHoR &5 %9 SKP 3
Hopabg V|Eo R dte MERUE FFA Yo gL g2 HETepite] FF
HAEE A sl

LHRAT E200M gHE MBWPC-2¢ MBIIPC-3 Al FH H B A= &30
A} &g EAH A H BN ofF FAE g TebEo] FAgt (Fig. 3-1-2). ¢
Telg el EFE AdHoE FAYHo, HIEAEY YR SgiAed b EA]
axde 5AS @y, A 945 dis A ARE MBISPC 119
MBOSPC 12 AlF¥ MM T HZebdel fHA7 §9:A &= (Fig
3-4-2).

T £BEA S RFdAelA rhF WA ExsE 510 HEGFE )R
oF 9,300 Woll &8 <9 T4l F&o of#f4 A=A, fFE F4A oty
Yot Mg dBEr TAH Qltd (Chun, 2000, Machida and Arai, 1992). ¥
8 A& dFAIEI R, 2832 EEEAD F2 S AFd AFEHHEY
of A" £3-U LT Fd tidd HHTz2 A Aok (Fig. 3-7-10). A
Z gISAE (MBISPC-13; 198~215 cm)® o)A (MB98PC-14; 146~160 cm)
ol Az o) fA4 A etde o] Ao ey, & @adis (MBRPC L
60--71 cm)¥ &5 FA7 ¥2 (MBYPC-2: 258~274 cm)oll A= Mg HIZHE
o] Y F el T AMZElE et (Fig. 3-7-10). 1oz &8&8X% 294 §
5% MBOIPC 3 Al¥ X Ee] &8-11 g Z2t3-& 198~251.8 em el HAs ol
A (Fig. 3-7-10). HHE0] 3= A&7 2oy &4-1 Hxd 3 sty F
A FMAL 2 el el AAY 51 eEabEd Ao RS
HYFE A4 = AFe] ASF g AEE v zlog gy, adr &
Tok2 &8I A Z el of#AL AR 1A °F 9300 WAL e HHFEL B
R oA 7.6 cmvkyr®E WA vERIR Sy, B5 VL7 2o 295 ecm/kyr2 of
F wA drhdrl o)A & @dZgiAM A ® 96EBP 49 96LEBP 3 Al55 A Tel
A5 B8 HZet3E v1EeR & HAEEo A JdEd A das) dx9n

i
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MB9BPC-13 MBSBPC-14

MB2YPC-1

37 39.2M 37 3¢.7N A 121N

129 32.8E 130 06.2E 131 23.2E
WD P8P m WD 1,547 m

143 cm .. 40 cmi

-
tephra

£
cL
[
(]
o
O
Q <
U-H 3
tephra
205 em 173 cm

MBPQPC-2 MBY¥PC-3
A8 09.7N 37 38 7N

132 20.9€ 131 37.8E

wD 2,707 m WD 2435 m

228 cmg

U+

u-il
tephra

taphra

258 om

Fig. 3-7-10. Textural change of the Ulleung-11 tephra.
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o
ofl
e

FARE BRAA FF-T0 s AdE S48 £8P AN
ghaet A vhohdid, olAe MAGAE Y o §HFg Badohi, B
do &F-1 Haeh 9 9T Rex FHAdrct

& WA HAZ SKP sfA gt A e] o] B L@ sptgF
£ FNY ms 2aderd ctdee dHles Fudgdl o e RAow wEHn
(Chun, 2000). ¢=diA e} EFRAL FRAME SKP-UI HEXehEE ¥33hz
72 SKP dZetge] @A 093 (Figs. 342 and 3 7 11). =4 x4
SKP II H=# 22 A% ¢ 4 mme} F44d chdeliiz P e, A3y
&= Ao 431434 cm el HAETH (Figo 3-7-11). o)) ukE] £FEAN B
2ol A SKP-1 BlEeshze 24 oF 7 mme] T4 3 B A3eod 3y
2oh ks FAse] flod, A FRHE Aol oF 6635702 an XA R
o (Fig. 3-7-11). atiba SKp i) spade) A 5L 0 F2 dd 9%
ol Foll SiaiA T B2 g Wi el 3R =, o syl oF oy

SKP #lA2tds 402 AFZRGE 508 S48 Ao sMer,

aE

L HTREA o § @A N

Frop A 9 &g S w R H5F AR A Had 7t ’Zesn
2 HASE BAEY 5w dfF 9 n#EAL AaAlg 2FEAS
EA HA M E S5-I JfZebEa AT slaLgtsAlolo] HA" Agd A4d{H3e
gag & Ut (Chun ot al, 1997a). olo) w8 T3 A2 sfA4 2o
M AallrEazied FHE AFFIEY SdS #< 4 5 g (FE 5
1997, 1998). @AZAE F2 F4dldeA AqHA AFHAEES LefoFrdtse
Aol Aghgr AFiFel daol A 0% Row R HANAM AHE AT
olth. ol HarellAle AArel ApA (MBOIPC Dy d=uixiel Apd
(MBYSPC-15)oll Al A FHAEZL Astgry. sfdake) Aol 38
MB99PC-1 A FRHAZAM T 5 I ¥l Zele} AT dlZetdo] 2 nEso] i}
(Fig. 3-7-12), o1& H ™35 Alojolls Ux % Antrzo &4gdNa 547 g
ol BAE ol F TASL WLzt i WEHEo] Hasl (Fig. 3-7-12).
b S ANAE GRAF o 4 da) 7ol AlRs A Re) AEA 2% ok

—1—'

| 3

o5

-uos»Ao
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MBPAPC-14 (37 39.7W, 130 D6.2E) MBOPPC-2 [ 38 09.7N, 132 20.9E)
wD 1,567 m WD 2,707 m

417 cm 50 cm &80 cm)|

2024681012

rain Size (ph)
=
o
o
a{
o
o
a 497 cm
&)
470cm
20246 81312
Gt Size (i}
2024681012
Grain Sizo {phi)
447 cm

Fig. 3-7-11. Texture and grain size distribution of the SKP II
tephra.
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MBEIPC-1(38 12.1N, 131 23.2F)
wWD1,712m

B 143 cm

U-ll tephra
(ca. 9.300 yr.BP)

M

Core Depth

DM

Al tephra
(ca. 24,300 yr. BP)

f0cma 173 cm

Fig. 3-7-12. Very thick-bedded deformed mud. It is intercalated with
the Ulleung-1I tephra and AT tephra of MBSYPC-1 core.
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an:
e,
i
s
1

98 APH R A= Aot
A SR AHR AFHAEES 4 PP HZSGFE] vk &

i
o

e Ao YrSAol Ao yehA &=y (Fig. 3 7 13). MBIPC 3 A&
AR A9 25 10 892ess A% AF25H A582 71 HAHoR

Hej & ol 7h wradgtt (Fig. 3-7-13). 8 A|$¥AE o] 609~905 cm T3t H
AE SKP-T vhazot3e] A9k (o] AFAdzSEs 438 50 Fe
WaslA wde =4 =t (Fig. 3 7-14). £8EXT B2d4: 719A o
4300 U7AA % AFFel g "HactEe] 4Fo] FAsA dAsksE& AN drt
adlm AL ey SEEAH YA E dEzgEY AE5Fd o d4, ol

o]l F-MF whdd ZF AT FRAME AHFio o7 A @A o] AsjH el
+0] FR2HEr} A A AHAE MBIRPC 15 AF5 A0 HgFoMn A§
A wEetd Uy ES ] wEAST7 E43og vrhdt} (Fig. 3-7-15). 7
2 AR TeA = Ay detebio] A& Faeel A AER oo o
ehA Fafell A H "R A FFol o1 AHAd ’HZets o] fwo] HiWeE] 2
ol vt lgeo] WEHATE oL Alf¥ A E ] B ZAGES MR HE oY
& 842 gl

1|'

-253-



MBOPPC-3 (37 35.7N, 131 37.8E, WD 2,435 m)

_ 20 -
20 . 200 em 228 cmy - 228 cm

Weigh! %
L)

20246 81012
Grain Size (phi)

202486 81012
Grain 3lze {phi)

Core Depth

20 248 cm

Fyy "

-2 0246 81012
Grain Slze (phi)

228 cm

20246 81012
Grain size {phl)

Fig. 3-7-13. Vertical change of texturc and grain size distribution of
the Ullecung-II tephra of MB99PC~3 core.
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MBOQOPC-3 [ 37 35.7N, 131 37.8E, WD 2,435 m)

60¢ cm T 30 1! 413 cm B75 cm 40 - 480 em
o ) 30 -
K25 B
£, I e
1] o —_

202 46 81012
Grain Size (phi]

22024681012
Grain Size (ph)

30 625 cm

2 |
10 - I
0
2012 48 81012
Grain Skze (phi)

Core Depth

*

Weight %

30 430 ¢cm

Py 220
2. ﬁl ‘
0 .

2024681012 005 il
Grain Size (ph)

40 | 900 cm
0 4

0 - T

2024 6 B1012
@main 5ize jphi)

639 em

Fig. 3 7 14. Vertical change of lexture and grain size distribution of
the SKP II tephra of MBS9PPC 3 core.

255-

H

0
1

2
3 (cm)



MBP8PC-15 ( 37 45.4N, 130 42.3E)
WD 1,796m

30 cm 455 cm

£ BM/WLS
ol
O
o
o
3 . BM
0
1
M2
60 cm - 485 cm -3 em)

Fig. 3-7-15. Reworked tephra layers of MB98PC-15 core.
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X 8 ® Xs3otctEZAEZ (Automated
Multi-Sensor Core Logger: AMSCL)&
ol 28 el E|MHEY |7 R EAEE
obdE A4t

WA oA, A4y, HUF (BFAFATL, AP AATD)

1. &

el e FHEolw  AAHoT  3BHA  FUE A FdoldEA7)
(Automated Multi-Sensor Core Logger: AMSCL)Y P3F &% (P wave velocity),
ol @ z3}& (magnetic susceptibility; MS)S T Ao, iAo 2F4 4 9]
© FEE AYa doh A aetrhFA 19 ARE AT i) 2 FE A Egky
19703 ) ¢] F- (Whitmarsh, 1971), 3tol7ra]Y (gamma ray attenuation method)->
Abg-She] aielE W AI7IA] W2 A A&stAd UEE S Ao ofg AHEE
o] JArt.

1960 d ] FRERE] o] e i FEE dA57F sdsle] #2m (Evans,
1965; Preiss, 1968; Brier et al, 1969; Corcy and Hayes, 1970; Whitmarsh, 1971},
g At Ed A7 E ALEstd BAHES B4 B, po £k, 2= R A E
gt W 580 gt 97t Weber et al. (1997) 234 & HEHATH
M HE2 F53 AT S8 AFEHAEL 2ANE Ho] ey (3 T,
1991), Pd &%, Prpidx W AESES Ao} 2 cm HHLE ALF o g SAT
At s o] Fulzh F9d 1983 S e olth Ahs 2ot T A 7] (AMSCLYE &8¢
Hzxe BAxRZA S8 MNHE FH28FZoLE o2t 4 (1998), ¢ T (1999
o, B3l A MFH FAERME o F (1998, 1999)e] FM st w et

BAH AlFEAE0] A d a2 3 Fajo] FEG AHA oY dHE
(MBUSPC-3 3o}, MBISPC-4 Zo} 3 MB98PC-5 zeoh)a, t5AMA (MBBPC- 6
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Fo}), A AT fHEAe e flsiAE (MBARPC 13 7o), &5 &3 A Z-9] 7k
2] (MB98PC 7 o}, dkmd# M= (MBOSPC 14 #ot¢} MBISPC 15 =iof), d
shall ol FElF Foje v HWEE (MBRPC 11 ¥t MBYSPC 12 =io}), &k
A & (MBIPC-1 wop), &F-dEEA F5 (MBIYPC-2 s1ot9r MDBISPC 3
adop) Folw, ¥ & (34 4o g P Sk, grplx % AHE (MS)E &
Gl as

2. o7

A Fel b2 71 A 2] (Automated Multi Sensor Core Logger, AMSCL)&v}= P
b &, ZhAE R AsE S B e GHOE St Aol god,
ANF - BRI o aizbobrl 22 TR S48 WH (whole core logging)
FobE wro g sl

-, T

tlo

FAuhs Wiie] o of b S N
roabgabis Aol Fool gulel FAF oAl B Algbe} JEa, sy ekt
Mo Eado] Wol “leji glvy A A3 9] ska] whole core logging W
e rk 8T Aart SYsER o MHE FEel bRt 3tk AMSCLE
Atgatel SF el Agge B iEe] B4 (HIFSNE B ¥ s
WA s Ho] FES RkEtvl wbd M aielE At Aol stope] R4S ot
BhEzy vy oFel FhsEm, sobE d &, Zolr Y HA Y MR EE A4
TEd ¢ vk Hel Wiy FRECH E WY Zolg RO F e ¥4 (H
£ T IS o % AEE A+t B ARERY divlE gt dadd stol
& AEsior A A e 8.0 % 9 sy,

ol Aul: W Geotek®Abell A thdsk @Az s Hez (GEOTEK,
1998) #rjel ALY S A ddvixgel 2 28" 15 m Zole HAF st
HFEHE £458 5 29EH (stepper motor) & Q@AM P Ay Zhulgly W apg)
£ZE ANe M2 AAE EIANZY (Fig. 3-R-1). H3E89 8 HAEE (wet
bulk density)¥r "Csell Al W& sl zivpde] AR Az A4 293 ¥
Avre| AsE2 A4S AvrtgA A" B Ay HA8EF0ls 2 om
Ao e E4gsigent, HAANE 5 24 FQvh BE AAD UEL HIH2
WS ALz dojeatdz 27 50o), 6719 ghgo] (ZopFATAL py o
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Magnetic Susceptibility Loop sensor/ Point sensar

N,

i
1
7 3
% i
1
\

. P-wave veiocity
_Lore imaging

T
e w

o,
"

Core pusher

e

vl

Efectricai
Resistivity

Fig. 3-8-1. The schemalic diagram of AMSCL (Automated
Muiti-Sensor Core Logger).
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A pit Aied OE, ZHARAL, Ae W QA £%) AAges H

of I o dESL RASN) 2 AuE v THA Wi

3. Ao}

i)
[}
il
o
o
i
Jm

[ =]

199837 1999 2xdo] AAAM AAF 13719 FopH A8 PrhEl, {futas

9 abshgol HAnglon 1 SAET BT FA4 R AoldE manA @

HEh e miramsel molzE MROSPC-30l A MBISPC 7714 57cte] ¢t
B AMES @ Ad. o] molgd 234 % RIA (B F, 1998)0 A FiA
ghoo] ool & o AT AR MEZE FAc] ¥ U

o g ol ApEAtole] il ¢ E MRBOSPC 3ok Hol oF 1504 m,

2ol 527 emeld], B AR (massive sand)2 AL Ay wdle] 45

Aol
qg vasiy o) $a dAENAl BEEe 2y, 53] dde] A9 gl

s 4 AT sl wke W Aet®A F #%l (beach)l M &
48 Aox ARt Po) 4%, A% 9 Ashgel 2RATNE Fig 382004 u
Azt Rzt 8o M2 44 Pk £%9) glol A %ok WEL} AAEL

oW AL RHel § X glen, B3I &2 HAAHFY FriYE B Frh
2o}EHE AA E2M7IEQE 5] U g o debdd] AAG Aer B
olm g 4ol 150 mAtA WAE Hez FESH AN old dig AFo] do=
3 a &}

MBO8PC-4 ot Fopdol 1,150 cmel™ FH 19 meld AHRHY L
MB98PC-32t} ¢F 50 km W&o f3gch 5 FAR Aee] ulsle) o 44
M AHE #olEAE AL wig 2o & MBYBPC-4 FolEAE AR F7

& JAHAE, 37 2 dert v Ag HEEn 745 3lth Fig. 3-8-3
£ AgFoltE A/ (AMSCLIZE 33 P% £& Ivid= ¥ 23& (MS)e
A e Zloly o gEE TAZ oA AY HAHAZS v HAHAY 19 dd

2o EN YA stage [0 HFacl @8 HIY I~IVE B2 EA 53¢
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Cere Depth (m)

MB98PC-3

P-Wave Vel. (m/s) Gamma Denaity (g/cm’) Sust::%ig?l?; (8h)
600 1200 1800 2400 1.4 16 18 20 66 110 185
oé.llmmn .|:Pl_|1|.o .|__:,::_|
17 i | 5
3 B
P T ¥ '] _‘%'-f_ 1(181)
_5 i } | __;:- {Holocene}
- T
2 - : 2 - E‘——-—- 2 -~

4 - 4 - } 4 — Waal

_ [ S
. 3 o4
—E r— T &;__.-_"‘—t-—

Fig. 3-8-2. Curves from dala of p wave velocity, gamma density
and magnetic susceptibility of MBO8PC-3 core sediments.
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Core Depth (m)

MB98PC4

. Magnetic
3
P-Wavea Vel. {m/s} Gamma Density {g/cm?) Susceptibility (SI)
1400 1500 1600 1.2 14 18 18 2.0 80 120 160

SRR

R 3
P - 3
Q_L% * ]
S 1 ] ]
L
5”?&!:‘) 5_% 5-:

i
T — i T - T - ‘}H‘_ UL-11{9.3 ka)

-

‘ 1

Lo

T
8 T ™w,.. B E} B - =
P . I
= 31 2
{..P

1(151)
{Holoccne)

._"1“"'“_1'—..:—;';-—0
8 — = ki T T
; { i ] 2) m
10 10 - 10 - l
'_“".:'-'__'_::'___' ___L?
B S— 3 “!;.‘ . - T
11 ? i1 - p 11 — 3%
. % . f . —— |
12 12 - 12 -

Fig. 3 8-3. Curves from data of p wave velocity, gamma density
and magnetic susceptibility of MBY98PC 4 core sediments.
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Hdg Aolvk HAHA I, IO ® Ivel Frbdest 2a&ghg HZste] 2d 7o)
Mt Fd aolg molx ot Asgs F714<Q] Wate] AL uch 9
wlow Aol B e AVHL ol gD Ui %A} §o] Bo| @
b2 Wa7Y hsAel wrh mebd Say 17 AN O 2ok R
719 JhsAdol o H4AZ M9 IV 2 71¥d vhsAel jlo) 2 Ao
of g z:E<t - ny|FarHd d7vt Hastch AsER FvldEe Foly el
718 cmoll A A B A kel Frstd Al FR 380 U S RAEY &
% S iAY dEsTEs o MEEdd J9 Fade AA dHE fel <
9300 yr BIlol £&5XdM TEFFH 53Tl AT A5 giRERooh
MBORPC-4o1 M % ¢F 724 cmol Al 444 glaz]7z 2AAS (Fig. 3 8 3). 182
o] HioA 28tE (MS)e] Ael 70% ol F7IstR 2 FdE Tt EAHE 2}
Bh& kol A Fhepd 4 Qlvk B skl gt g9 F oldel e Asge] g
Az son F74¢ HHEFYg RoFrh MBIBPC-4 ilok= & Aol E73<)
AEJNFE HF ok UL-II dlZ23d 28 2 3176 RoFE AP Fau
7b RolA) &3 utE At Fo] vEbERA AREQl TR R A Zoles o}
Yok v F2AF0) i FHAA FeEs FEA d7d F2 sideE #
€ aote|vt. =st Fr&ahd AHE Aridega vustd g o 2 49
AL VEtd e (Fig. 3-8-4). 2x7 2o APE S0 $Asn Aehgo] s
L FEEL 5o o2 vt EE, JERE, Asts P Fega
o] FA% Wiz FordelRl 726 cm?t FEAMAY AT Adeltt o] HAe
Ay FFagess FRHA At AH A o]a % F3tr] Aol
olal }F e} FHHE dete] 7HFINE HolE A=Y W EF ] AU &
e @ doldde] #& BRE AFT 5 Y. G A oy ahEe] §A
& Wakye deldA #7 3 siFe] WEFel dowd e I &+ Ad.
MBUSPC-4 zololl A & 2M F9F 0.60 mm/yre] HAESE Rolx Uth
MBUBPC-5 Fol= 4 17556 mQl F o] 77t & Fo| YAy =ot4lo)
= oF 370 emZ2A1 &vh AF FAldl olv] A HA mRe] s HobHHE
AAMH o2 do] MY, FolHelzt Hol AFaelthFT A7 (AMSCLIE AHEE
Pup 2 dx 2 A& ghe] FAS wWalk®] @Fi= A olf7F HAw d¢FH<l
Aol 2 fYolel Ao n nelrt (Fig. 3-8-5). &8 AF&gL dikq oz Hakd
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Core Depth {m)

MB98PC4

Density {g/cm®) Textural MS {Sl} Water
GCompositian {%) Content (%)
160 22 48
| y T
1
|
I
S L
Fig. 3 B 4. Comparison of data curves between grain  textural
composition and  water contents and gamma density  and

magnetic  susceptibility

sediments.

from AMSCL

from MB98PC-4 core




o] F&H o FopehMiz B WS welR] Furh mEbd @ebE: d7] Aol ofv]
A4 weke] Ao} 4 R F AFacttiE P H 7] (AMSCLIE A3
shopshw Alzk 218 e dord 4 Uk

MDBY8PC-6 Foll= £¥ojAl $Zox o 200 km ¥ojzd Tox 44 931
W%4HWHiHﬁthHﬂ%ﬂ%]ﬁmcmﬂﬂdw}éi‘ﬁiglﬂﬂ%%
ZAZ ZAZF golAd 6782l #AAGS T (Fig. 3-8-6). HAY 1 2245
£ Folgel 498 cmztA| el HA{LE 042 mm/yrE2A MBISPC-4R T 53 &
o] 70% AEZ Wl AEuwdy Uzt gt 4% 498 cndiAE PR &2} st RS
a2t} BR 99 grgol HA VAN R EE A A%td §E ghee] AA
Aok, Fholg e £FsHbAzE B1A 7] el glel]l ¢F 466 cmolA FH A
Witz gk zpghsgtel}d Foptdel] sl LMot TeAEAS AAR It 4
o) oF 498 cm2 AT ol= LA G del efn] 7] HAHF o]
B &g A FT} FHolzlo] 416454 cmel X} 9300 yr BP.W| ¥&¢ UL-II &4t
A7 Sge] A Fopo EoiA uehdd UL-IL sab3elA #A7EA 2] A&
£ 050 mm/yrelth B U E Uy gy FelE Hole FE, "azkEh, AHAY
zo= ZAst&gte] BA Ged, AR Egedr A EAL o tnHEEMA A
e dEgel HAFY HAZ AAHNLE Fed Fag AU @yt ot
HA=ge ol 498 HAME2S WwE ngdws W 27| ER gt
AP ASEE RolFTh HZehdo] AFTFAEE A FHYH = At
doia HAZE o Eeolx vehd= Ase Agegelt Tutdxghel ATatel
st Jebvtt), Aira-Tanzawa (AT) 214 3R3kA 71 Yelubs Fobzol 548 om
2 680 cmZHAE BA4 Oieladds Fstda AskSde Ho 126 Slolth. mapA
s aAel EeAEA AAA ATZHA Y HA4&& 004 mm/yr? dsFRATeSe
A7 nAY A Ao HAZY F3o UGz ¥ £ Y. A4Sl AN
3 7AstTirt thAl Ertebe 3obo) 680 cmol A 808 emZHA| & HAAY VE A
st B84 Vo= partly laminated mud®3 AR @Y7t ebbAsE SR
by FEE He Told B4z gAZR ¥ As&gH fHrhdieae] F7)el

o] Bl M S aeldA ghel F7reittrt Zadte SAAFTE AT
2 gAMHES} (F %, 1998). o] EbsIE FHo]l = ¥ Aol MBISPC 4 otd
o] 1036 cm - 1156 cm®] E 2 Aba} wh$- Mg Bol FEY vtk 12t AA

F_.

e

265~



MB38PC-5

Magnatic
P-Wave Vel. (I'I"IIS] Gamma Density (gf'cm’) Suscep%b“ity (s”
1470 1480 1490 1500 1.3 14 10 15 20
0 N R RN R L 1 Lo
_ Ty i e e i
| = L E ]
| - . = ) -~
] = <

|

e,
1 4?- 1

Tﬂ
b

3

R
Aﬁfﬁﬁ N el
wﬁkm&

Core Depth {m)
|

Fig. 3 85 Curves from ddata of p-wave velocity, gamma density
and magnetic susceptibility of MB98PC -5 core sediments.
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Core Depth (m)

MB98PC-6

M ti
P-Wave Vel. (m/s) Gamma Density (g/cm?) Susca:gil?lilt; ()
1430 1500 1.26 1.44 162 40 80 120 160
I L l i I L l L J 1 I L I L l ]
0 — 1] 0
i -
1+ 1 1 -

3

=

1= ] N
b€ | A,

| } } LL~1{93 ka)

5 é_ - H— 15_\’3;“_““
— "'_’-.:- « Cim 13 (152}
) E— — AT{24.5 ka)

—%-
: ;‘f’ A

7 7 - 7 Call
«— 5T
’ 1 1 scattercfi Lnpulli v
5 — g B (puemice} "

9 — 9 - 9 -
- 3
1

7 A
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"':J 1 .Z%_ | é )
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Fig. 3-8-6. Curves from data of p-wave velocity, gamma densily

5.

and magnetic susceptibility of MB98PC-6 core sediments.
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Fig. 3-8-26. Comparison of magnetic susceptibility among
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Fig. 38 27. Comparison of magnetic  susceptibility  among
MDBISPC 13 and MBY98PC-11 cores.
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IVE MBYSPC-13 Aol o] 554 cmoll 4, MBISPC 14 Hotz el 436 cmelir =5
¢ Aad e Hm27 vepge A F e R AlRdnh o] F3dd4
v osolzhel #pstg TAHL ge zpeo]d gt HAHAY Vs 7 Fol ZFAA 7
e A3zt ZFRT 288 yehuisd ol Hu)E Feldeolvt gAY VIE
MBOSPC-13 @o}e] 716 cmst MBI8PC-14 ot2] 620 cmoll M #| A shatal Fe]
Bue H Aol R veE #Ze fasd g gy sdHud, H
A VIIE 5 aoleld % Ash&oly vbdxel Fd4 ko] wfg FAstn o]
= 4340 §AE e AR ARG E5EA-AdEEA F29 #Arn
Al A F Fmopel MBYIPC-2 =ofsl MBRPC 3 Feope] A3{ESAL {A

o] uf-¢ @Br} (Fig. 3-8-28). MBIOPC-2 o} H A4 [& ole] 424 ¢m
hAelA T MB99PC-3  &olel A= 82 cmZtR2 ¥ARel #lg ok
MBI9PC 2 =eolot E A4 [elA = zst&d] o) By Fo] F THloA F3is
A 48 dolE N2 e 25W @molo] 108 cmE UL-IQ o2 £8
g, ZapPo] 194-210 cmi UL 191 zle2 setgok MBYPC- 3 zobel A=
8L BEZEAAZo 7]EHo A ¥k F "ot BAY ([ AFFd F7
& #AFBANE (STIE F)e] vebdo, Ashg FHAE Hustd 2L A7)
gaE Hos Hrl MBIPC 2 zobe] A9 HAY 19 37 Fo fA12HEA
2 (ST1'E A o) viehA| g MBPC 3 siete] A5 dh-Ee dinde] B
E2VR 45l Utk AN e MBPC 2 Aol 762-882 cm TE,
MB99PC-3 Foh= 444-862 cm TU& sk, AH-So A4 H4T (ST2R2
HNghol A5 thulgy. HAAY 19 Z9-5 MBPC-3 Zote| ahpgel] T oA
A AN 2 (ST2'S A3Ho) €ASAT, MBIOPC-2 ZotdA= HHHA G
th E &4 [VeE T 3ol 5o g

5. 88

D B8 #2% FFER, $FEA AR, #adA 2 2FEA-LEER F
e AMHAY 1349 AFHAHEL AFRold5AR Y] (Automated Mult-Sensor
Core Logger: AMSCL)E o] £5ta] H2#7 Az 2 nsd . 271F, HHE IF
€ ot st T
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Fig. 3-8-28. Comparison of magnetic susceptibility among
MB®PC -2 and MBYIC 3 cores.
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2) AFZotFRY7) A AFsots 4r] Aol N7 SHY BRI, 4
BN Zolg dolA ARHHS A% AoldMo] FRY & .

3) AF ol T HP71E olgstel 23 Po &%, geldn R Algbgghel 4 7
sHggtel /1 F R BAWNE 7|2 73 AASA 71EH Au, dgo] Arids
olth. P3} =3 7159 a7t ol & dA-tolM= A9 o857 Rapsir).

4) AE AR FHY7E ol fato] BAE HAAL 6744 LR A5ago)

5) AFHHF3te] thinlx & A& gd AHEstgoy, §418 548 Roj=
MFEHHEL DFoE IS dFFE R 91X MBIPC-4 2o}, MBISPC-6
ol R MDBISPC-7 Zopzbe] ujv), = &= dlgAlde] ¢ x%¥ MBYRPC-13 o}
S TR Mol x| MBISPC-14 Folzbe] thu], SFEA-UBEx EF
ANHE MBIGPC-2 Fols} MBYIPC 3 +topstel] A= cfn] ).

6) To & tF Ao 9 A]d MBISPC-6 7ot} MBISPC-13 Hope] AR &
1 B A I-1IVE FAF H2 MBUSPC-13 o9 3R o] Al A& 9
A g MBSSPC-14 zeoto] 35 %3 dulE = Held, o MBISPC-13 zelrt &
ZAS EFetiEA FAA ARrFde 22 dgAldd 9118 MBISPC-6 2ol
H=g B34 HA"H HAez RAH 3L HEAPE Mo 92X
MBOEPC-14 Helsp 2 #AHAM A\ Hoer Ag ¢

D @I FSe0N AHAE MBIPC-1 Fols AN Lo #3Z Lato|yo] 3}
o™ ASHEY T WA BowA oW FFFAle] e A fhoba FAte
Hul 7k o2l s H A go) dfg Lok stAl FAls gl

B) 2] shbdlgge]l Agsoltsa Al s HY Asegtl M U@
sl gstue R Abesgou, 58 T2AFel ¥FY Adli UL-lov}
UL-I= 4470 sefel 7bed aol 9ok B2 SUAS5e & o JU8No) ¥
3 YRy AARIAFY e e wo,

9) E2AMZo] Fotd :olee HAFE Addg o, 1 HAHEES MBIBPC 4
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o= 060 mmfyr, MBORPC-6 3ol (142 mm/yr, MBOSPC-7 atels= (2]

mm/yr, MB98PC-13 3ol 019 mm/yr, MBO9SPC 14 IFob= 014 mm/vr,

MBYPC- 2 3ebi= 030 mm/yr @ MBYIPC 3 3oy 0.07 mm/yro] v}

10) AEZOIFZ AU S4W gmiUno AHIFS Ax W LA 4
g g ek,
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M9 #2 & Ao &zt FIRHolE ©AM 7|%

g
MO

tHE A2 0 g3 (G T A)

K
Tz WEAE dEFFHE ntgd g2 M Ae €3 FL 8F (4 12 140 m)
& §l HFe dAs QG Fig. 3-9-1). Fael 4 200 300 m ot

==
oY SR KO 52 € AFE 56 mL)2Z F4 A4 Sz 2
Zahz Aoz & vt (Gamo et al, 1986 Kim ct al, 1996). ©] A &FdE
TR AN AdAl A g WA EXAETY (Y4 43 @4 93 T
sr7t W7 Ee) 348 Aen ofAdu ( Kawamura and Wi, 1998). o] 434
of deg Fa 4 2000 m ofste] A EXEH= VEH HYSEL g
slof @48 g {718 Y (<19%)4 Y R (<1%)e] ¥ (Ninno et
al, 1969). 4 AWolel A A4 e HE °F 120 m 7HF SHAE ez »
w¥ 3 gletl (Shackleton, 1987), o1@]& syl &7+ &l £ ddte] o
T oRE Ak, Faf AF e 540 ddd 4% vHE Aot e
1A &oll gt x&srz], wAJEe A AT A o A7l FabaA e 3
HAHALE AASEL Ard (Odba et al, 1991; Oba ct al, 1995). 2t #9)4
A gl eIstd, of FALA A& ¥AL M4W sder ddd Fald 2
b FEe BESE] R0 steld AR o] At o) FEsty |
o2 A EUY (Oba et al, 1991; Keigwin und Gorbarenko, 1992).
LEFAANM e ArFH TN ik AFe 54 Bo ohviel AR 4R &

3 Arder Watid vl (Jee et al, 1996). €FEA A 58 A= 5 HE

.'/510
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e A7 A7, aMdeZRE -2 m otdoll A stte] F7) Edtoj2EA AHHF
HAYEZT AR E2A4 U Yot TEEol B AW (Chough et al, 1984
Chough and Bahk, 1984-1985). o|&]%t ¢tk Wl sl=W A&e] o Abhdg <k
g vdg Aoz s YUt (Lee et al, 1996). 8 A3 F2 (Ulleung
Interplain Gap, UIG)+= €% EX9F 42 EAE dAds 12 4 s2v) (74
oF 3000 m, £ < 70 km) (Fig. 1B). UIGE °] F &A1 439 B2 &
3o g7t o, UGS A3 542 F39 J35 8kl ¥ ods) 9%
RS Ao gAHA.

of At RIME UlGAA A 38 HAEe] qH dst7] olF2] HF3HH, A
e A 4o HelE s1Edta ok XA ARz @3S S5 A ER g A
B8t H-Mel Azt wi¢k ZERUle|E (Mn-carbonate) W &o] s 2z e} AF
B ASwd o Alojo] EdHe2 kg stAth 2 d 7 of2¥ 543
A el T LA gelet w3 FRvlelE A 74 ha elE

a3 o}

R~
2
4
b
all

o
0%
12

FTEHE A AIAE G UIGIA #Fs5E M A AFd (WBPC-7, 9BEBP-5,
96EBP-6)c] £ ditol AMEFHRY (Fig. 3-9-1B). ol& AFAH4EL dA Agad
¥ U2 ol FojH gley ¥Aog F Ys gAYR oo dEadHA
%2 Zo| AP (Fig. 3-9-2). A4 EFo2HH e v 452 A
P e shEe YEuTZ F& F Alel2 HAE VE AFEN BiW &
goj2BA GG HHFn Tah mAddd U Aloje 4 AAe dAs: A
o2 AR (Chough et al, 1984; Chough and Bahk, 1984-1985). A =317
olF o] Wale] MG BFY] A&, AT EH2 A4 EFo2EH HE U

T AMETTYA Fe Fo] EXxste Qol7tA o FAHT (Fig. 3 9 2)

ANH HAFZ BFL 1 om FAL HHZ o] ofwt XM A& T3t
o] AT HAEER e AR HEL ¥5 A=, YA F 2 Micromelrics
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96EBP-6

F S

LEGEND

Cisbined lanmaton:

Pumice lapit

T
Lee
Lt

. Z_[_SLG

M

3-9-2. Sedimentary logs of cores 95PC 7, 96EBP 6 and
S6EBP-5.  Scctions  detailed in this study are indicated by
arrow-headed lines, M, S und G denote mud, sand and gravel,
respectively. The gravel mostly consists of pumice lapilhi.
Amowheads in core 96EBP 6 denote  sample  location  for
AMSI1AC dating.
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SediGraph 5100DZ Z43tch ¥ dojd i oAy Fxe i Re £
Mo HAEL ZH dul gHE 4E §F old WiE HE "o @Ag Ha 4
o) #BAS ¥ o|Fo) Hrh A4 g Fiel e 4R BME dAnp HH
et #®A dul 2% F3 o)Fo gtk FelF uoiMe £AFH JE dste
Mn, Ca, Al, Si $49) 2d 33& Aoz Az A4S F A0S

Al, Mn, S, Cu, Cd, Mo 59 ¥4 =34 H7) B4 TF $42 A+4
9EBP-Gol A o] Fol A}, Algi oMbistE melse 2-30 cmd] A ez A3
HPon LG HAzE: A §E oblolE ReZoA puR weEnh FHsd
Ags AAHE e § d48%4e [CP-MS (VT Elemental PQIH)E, 171 T4 33

AA4E47) (CE instruments EA 111002 FA 844,

B2 A AL 9 ARE AlF4 96EBP-62] 373-375 cm%} 444 446 cm
Trhol A zh7E AHFAG (Fig. 3-9-2). 2 A& & dief 1000 WA 2000 vh&
FEE AAe w4 Ad AAH AHEEST Al FE2 MStHEw
FEF77IEAA o Fo A}

I

3. 443 3 £

R

YEot YAk HATE 42 £4 F Azdd Axdd AYY HHELS o
8 5708 HaAgoew vel Wrk #o W, Huiw 39 o, vl Y, 4ERB 4,
upek bl e W elsr B & U, HmE el o, @FY, 4ERY Y
ST FEE A pA Yl ARl waE s fAsh, 7
S AR M, Y aks ASRAAIMACl MGy v, 4 A A9E §
A AEggoAe] #agd B A4 Ui Do) (Bahk el al, 2000).
M UIGAA AR e der shallelu Fe) sl diaA Al v &e
A,

(1) 43 7R dolE 33 Y
o] BHAL 2-4 cm FAL Fe 2 g Hole DY YR ojFoH
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ehEl Yo almA EESE AL sbdvl Yubdd (Fig 3-9°3D) ol% B3 oy
o vbH Y v R fFE wy, o A oF 4 o) G vA AYE
= o]Fojx slvd, o]lF ulA HAT-L LA sHAl ¥ XS wmEIT AU
b A7 FHuld o] F a0 9t} (Fig. 3-9-4A). of® 7 §-of mAdl A AT 2ol
ekl en FAA vourle gvh (Figo 3 9-4A). Adst fodel S
01-1.5 mm HH dom, &5 2wato s FA7 Wkt uawAd Fae Z7
& uele] Holm el gae 47 gulgeol FF HAdrt (Fig. 3 U-4A).
A f4 S 2R (K 391808 Be 30 80 Al 94 FHatol &3 el
1Eol duld oz FAHA s F49 dyvlEd Ik v %
Tiel AEH Eue UFES AABTE | A AN A mA AAH e 4z}

A (Fig 39 3D) 2 HH G159 oz A0 Fdsh, ARl 4% B

=
L2
5
2
.

"o FA Ay (Table 3-9-1), ol wAAdA4due e+ @spseiyeS
(MngCapMa)COro. 5, W7t 7R ylo|E 5.8 =2y el RAle]|ER #as|qivh

A gl gk Bof (Fig. 3-9-48)8 B Mnd Cafl g W sk Mn/Ca B 7

o 2308 Sl e FAN: BB 7)EE nldh

L

Ak bR Y0y e afe] FANA: BE Holis R FA 5
EalA oz wzy oub o lvl (0 Suess, 1979 Jakobscn and Postma, 1989
Sternbeck and Sohlenius, 1997, Lepland and Stevens, 1998) F4k4 7 o) ¥ 3
EolA] 77 PR Aol =Ly g At R Geid Mn (1D ol &3 4k o] g
A Aol vE d@e]dF] (akalinity) St o1&l sdF fdez ddH Y
(Stermbeck and Sohlenius, 1997, Lepland and Stevens, 1998). 534t 1R ylolE 7
Futetow iAol £ Pl olFo] ety A BA T oMo &4 2t
folb ojgk Aol eprje}l, HAHE TwlelA FEHoaRH HAslo] AHASE A

A%t} (Sternbeck and Sohlenius, 1997, Lepland and Stevens, 1998) 44 4=

Dol R A AndlelE YR Hwel £71F A7 BadA g WA
o #19iel Zlo.x AR

v B Exe nH{G #A w3

A e HAGE o g F oY b B dyel 2 (D) AE e Y
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o 95PC-7 o 96EBP-5 om 96EBP-6 cm 96EBP-6
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Fig. 3-9-3. X-radiographs (A, B and C) and a phatograph (I} of selected sections. Symbols or the right side represent sedimentary facies:
LM=laminated mud, CI.M-=crudely laminated mud, HM=homogeneous mud and BM=bioturbated mud. Thin units are collectively
indicated In descending order,



Mn Ca \ Si
F F
o
|
|

ﬂ?

Fig. 3-%-4. A} Backscatiersd electron 1miage {BSED and B electron microprobe clement line-scan of Mn-carbonate mud from core
ERP 5. The clement concertrations are given in relative intensity. The line-scan position ‘s marked on the BSEL The tick spacing
atong the urofiles represerts | omm of scdiment. In the BSEL nen-porous arces with denselv disiributed Mn-carbonate parzicles appear
broighter than poroas arcas. Note in-phase variation of Mn and Ca with higher peaks generally in the non-porous areas. Al and Si
comtents rarely decrense (¢ zero with higher peaks in both the nor—porous and the porous areas,
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2 oolio)d AR b ©he] (Unit D, (2) wbEZHQ] F¢] Y, ¥a J, s &g

{AbF o olifolA 5 b w9 (Unit ID (Fig. 3 9 5. o7l st
o) AAel wzt el e vzb vtehd (Fig. 39 5). AlF4] 96EBP- 6
of 5 ol ¥ o7 kb4 ddl 3 Aasl ¢AddHEel oinlE F& Unit 119 53/
e T 173 145 kagl oz A v (Fig. 3-9-5).

(1) Unit II: A4 B8t A¥id HAAE3 dd3Y /843

Unit TIol+- eR2%d £ W, o2 4, 3V Fe UE o] FxE a3
o] MR Ao 7 lebrL (Fig. 3-9-3A, B, and 3 9 5. Z¢ Ju s F3 4
Fre}l Qe wakd s B vobdth dae ease ARd Aus HAE (Fe
el @ U)o 2 Abvel Faba AES A M A v HAS (3
b o) )= A giel (Bahk ot al, 2000). o b Welli: AL we EXo] g
o, Zu)g Fule & ] Aol vEE & Ay Sl 2Exe e, ol
AR AE AN MY @Ege] gdAVE A JAHUASE elvE
Al &4 9GEBP 69 Unit 19 94453 54 3t (Kig 3-9-6), S,
shel 373 ¢ HARE A Ao dey AT ¥d ¥ LF FU4L A4

24 B4e A8,

(2) Unit I: £24 9494 4

Unit [& AgH 5325 sabfdol Ao 2 HAste dd4d U=z oF9
A Qlt} (Fig. 3-9-5). Unit Iol &5 7] AlZg A7)z ¢ 12 kaoll dojd @&
How Aeroh o oFd Ao AUk (Fig. 39 5). Unit 12 ®é7] #7|
of o ZRA olTiz ¥oF Wiy PR AU FAL HSEAAH HHE A
o M dc},

AjZ=Al 96EDP 69 Unit IellAl:= A49a] & S, Cu, Cd #4 & 771 #
Aol 100-143 em koA RAAY (Fig. 3-9-6), F2 A44 35 4ES F4

aolyy= Ao izl Al §io]l of Frhela He) JdWsy) Wil Ftd &
& Z7bdE oA Ak 7)R1% Aoz AAAT {f71ESC] ElH WA
A4 TA4 §A9AM Cu Cdot ¢ A4S AT ES sty AHHUE
Ao} (Klinkhammer et al, 1982; Sawlan and Murray, 1983). Mn3 Moty #50

=
we
.-‘_ol_{;
oH
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.| Bioturbated mud

{lfE Crudely laminated mud
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Il Laminated mud

B Laminated sand and silt
TIH Mn-carbonate mud

wtyes Tephra

Fig. 3-9-L. Summary of sedimentary logs, AMSI4C dates, and

corrclation of cores. For location of cores, see Fig., 3-9- 1
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Fig. 3-9-6. Depth profiles of aluminum, organic carbon, mangancse, sulfur, copper, cadmium and molybdenum in core 96EBP-6.

Concentrations of copper, cadmium and molybdenum are normalized relative to the Al concentration. Open dots indicate values in the
Mn-carbonate mud. For hthologic symbols, see Fig. 3-9-5,



A k7l ¥ ke Bolied (Fig. 3-96), olt HAAL] {24 T4 FAHAAM
B A3 g2 £33 Mn-oxyhydroxidest o]} #sd¥ Mod Wedi: 7l

o8 oA 71}t (Shimmield and Price, 1986; Calvert and Pedersen, 1993).

(3) ¢t AAR A5 HE FIRYelE Y
Y7t ARUelE Uzt B 4oz Unit O 19] AAld vdepts AbdE 21 @
Aol A 7] Foke] AFge Ah e WER} dietAl we o) 9l
S8 AN ol &2 H w3t vhRUelE &4 Y]z gk eest
2] x)H 1} (Calvert and DPedersen, 1993, 1996, Sternbeck and Sohlenius, 1997).
Calvert9t Pedersen (1993, 1996)2 Y-Ab4 A-F&7 9 sk &4 &FE Mn (ID
o2 FE7L W ARVl ER _73!-'31 A 4ol FEAA EEehA v WE
of, Fabz AL HA A dr sluelEsE 4 A fElME 2 oo Hol
Fa A E S A SAE Edo ik Aghel HAE G glejob Ftn T
ATk & ot el FHAg WD AEEc] el AN thke| Mn (Do) &%
S Al AoF stk Zolch, o) g PR opvkel MY E A ME ] A Aol &
2A 4 Eel Ebbis grb FrEdellE dele] YL Hddod A8
(Huckride and Meischner, 1996; Sternbeck and Sohlenius, 1997). Sternbeck 9
Sohlenius (1997)+> F-ala 37 #2)9] ¢Fe] &Ko gy Mn (Dol #14t
A @At Felsl|A WA Alsislel &) S ¥E e Agkssith. 19
Refol mEA, FAb4 49 YHE #EoA o 2l AHAE] gl P e
| JEvE A3 Ho] U3 st elE fHelrl 8 H Ak
el A Ak HEF e AR ey ded dael B e}
gz gho]l Al ETA FASIY F Alelu. Wk JlRaflel o] Felm A
oRE RgdEE Gabka S B s o gl dor AR o]

b HelE W wxF@ e s, sHaA] 5 S FRAe] g el A

ek

1 TRA A gt (Bahk et al, 2000). Wb FREMel=TE UIG, & 288212 7
A 2 Slell ARk MbA s ol fris AR, ol RellA K714 Ak} AR Y 9
ol ¥ Feol uhrl wWiiel dmEes wrk FtEdle|rst Had £ 3ly) i)
thoNTh Fash 40w oW WA o83 UIGHE A& EXdys o

vk Helth 2 UIGAIM# A% 42 wwel Way 08 pod 2o 3743
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D& Aolx ol G AAFEY AT G - Y HEgS £

TTEAY AL BR UGN G5 Af4de) &4 A3, Fea U7

Fotel AEY WES s E WeE wdats e stRdelE WAt
wdy aska AASHHT HIOA A a9 H4E (Unir e w5
A e 0% 2 g5l wdPd UR o FeiA Atk AGF HAEL
F2 obRe]l E g 3 @l U olFojd glou, sjfde] @e A7)
B Aol Aty AtHl GollA]l TR AR ola HAAAT RdFd
= dud FUE Held, @3 A& MMk Q2o RH gle, Ty
sigos ool Ftd 75 dX A3 A P AFs 8AE AMs
At QG A4 Ykl Frl B2 A HaAad ¥AHE (Unit DS FEE
o AE WG Y& ol FolA glo o) dsd AdFolF fits HFF §A
Aol A3 AR ofs) HAHEAAG Unit 114 /718 &3Fe 79 g4
A A A4 GRY FIHE Role 772 o] A7]9] w2 YA A g
Aoz Az g4 @de FA ez 38 shrdelEs B 879
A Fata 8o R iAG A3y @A WHa Westa Qlrh
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A 10 H st=xdixlolA FHH 7|uretnl ol 5 Ao ot

So| JA s S

ok

WEAAL @ HA, ol g9, HT S (gt 7 L)

FAE 4N BFEL SR AR dgrzte] AL YL sy wd A
Folle A FA disov iy HojHguR dFde 4gs) TA
Azvger, welA Hal goe gyl s #HalEe] B RE & Akl
Wk dnd ojudel AF A 7o A el ol BE Hual, E oo Az

HeZ

L

iz

CorEuel B e o AT 845 ARE g WA 4ng davt
Ak St @AM AN FAUE e 9o b g g A9s
Fojzbdl Qlof Wl Fa Mgyt 9 Rew Jluag Fg 3-10-1). ey 2
Aol of ST A FAR VAE T QA DA% Aelsa,
offzel Feintutel ofe] AMFZ FANM B IFNEAY FAY R Ao
Holl thel wlw Hiza) muap grh

2. et X0l A HAHE F|utet

A A AHNE Asi Al ¥l $MA MARAEIE 474 10

em Welel stepd obde] aEts, Aol A 30 emell WEHe Ak 718 vl 9

AT FHLEe] gite]l £ LS e WA B4 Ele) mAde n
Shalnt Al A MY g B 2B g dMHo

Tow Folm, MURLBL Nojx, AN BFGANe] ASHTh o)A
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"y, =Y Fo} At

B¢ #HaadY (periclinic) A4 3 4% WAoludg uli}
Ao F& PAAR o 4AFHT (Fig. 3-10-2). AR WAL Aa4,
HY, EFLE F& TH&Ez e Xo|718l8 (poikilitic) 232 £33 H90 (Fig.
3-10-3). WA ol MRS FAHLEE R F)d AEFE Aoz Agdrt

ABRAZ 2 WA Ay o EE A9t S A gnlole ggo] &
AstAel FE duto]E-gavte AL Bolyn b MEst Hah REd 4
T P29 stolE (myrmekite)’t AHEH7ZIE o, v2¥gle|ge] BHENEE W
Aol Y- E FAsizitt (Fig. 3-10-4). ddg @ 9= A¥E = ANH
ow ALEZE .

Hege &3 A4 o B adE Bold ARAH] AAY FHHe AH
o fA3tAl2 A& (Fig. 3-10-0), el $Foz AFHo] Qe A7) &3 @
zHEt (Fig. 3-10-6).

FEE: Hdo] A diFEe] Mg ®£= ZUASH Y T W 9
T

A TR Agsel delE YASIE @ (Fig 3-107). MRt W
Feug wdard 94 WA ARe e 435/ e v oRBT
= 4zdd.

ERHEEE A9 AEHA FAW A5 A 5dA BREA (ilmenite)o] A&
H3, SR WA ERA HAMol TR Futs s A57) ot H48 B
S mabx] AN F:= el E (goethite) Fof AEH ol 2o o] 37}
dAEol BHAH HAsM FAFL epFANA D 3474 9F (shihara, 1977)
o #Fe-3 AATo. AYfelw AP AHoiFL HHEAHY FARAEL R
A& A 2] pleachroic halosd x.glc}

EE AMRESE HYE o} dgd WY AL B APEAME HANEY
(brittle deformation}& ol 4ol AF HAAUAY kink bandd Ho U4
(Fig. 3-10-8). A FE& mpe o]i} Aol e 7% 3ok HadL AFHL
g wHEgadge] Szt AFAHY A (Fig. 3-10-9). 4383 (ductile
deformation)e] H3 98] wgoez AFEHo = A7 3} (Fig. 3-10-6).
+25e AWE @A EIn FAHe FHE ALY A3E Mg @A
deE B4 et (Fig 3-10-7),
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129°

Fig. 3-10-1. Dredged sampling sites of the granitic fragments in the

Korea Plateau.



Fig. 3-10 2. Phowomicrograph of microchine porphyroblast showing
periclinic lwining (sample No. 81-2-9) (x5, cross).

Fig. 3-10-3. Poikilitic microcline porphyroblast  containing  fine-
grainced plagioclase, yuartz and bhiotite {sample No. 51-2-6) (x5,

CTOSS).
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Fig. 3 10-4. Myvrmmekite occurring botween quurtz  and  altered

plagiockase (sample No. S1-3-2) (x10, cross).

Fig. 3 10 5. Recrystallized quartz showing unduratory  extinction
{(sample No. 51 3 1) (x5, cross).
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Fig. 3-10-G. Recrystallized, elongated quartz forming schstosity

(sample No. $S1-3-6) (xb, cross).

Fig. 3-10 7. Biotite altered lo chlorite, muscovite and hematite
{sample No. $1-3-10) (x5, open).
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Fig. 3-10 8. Fraciured, deformed plagioclase (sammple No. $1 2 3)

(x5, cross).

Fig. 3 10-9. Recrystallized quarlz showing unduratory extinction
{sample No. S 3-11) (x5, cross).



3. elslsotel Hx g 54

P B 3820 FHHgd $4 600~1,500 m) $IR Ad) A nEH ol

Bad AHsHEd AFsget (Fig. 3 10 1). 94g FE9) mote 4=
1A (diatomite)o], o] FZA L hH o] A A F (phosphutized diatomite)
82 ¥Rkt (Fig. 3-10-10). S+ 389 & 2439 (P0;) d%e A 4
0—-60%¢°l 2als DEZ 1Y F5o| AABAE o 17%1 A7 4A
A A 7rA)7b 283 (Table 3-10-1).

Ag FEL 0N 20% o] FHatn Qs Aol »ojm, Ao i}
714, HAV 9 2 Fobmg TEdc A3e B2 Agueolrloa Ay
AAZIAA RIS [ AA o] A ARt 4 FEo AESAHE B4
SN T ARA wolth £ 49 #EL FR USE shgeide ¥z
THel Hin AHY HHEo] 79 gy WA (bank)d AYe] & Foja Bol
AHE A2 Byt a#x fFoja] de] Hold alF A (scamount) T
/1.8 (guyot) 8F QlAbS] #E 2] AAol HFEF Fiolt) AMFG HEo AulH o

2 &4 (upwelling)?} @3tz #H Aol HE L5 Mo o oluig #do
My PYEo] THI A 7l g ow Aasle, sfifH Rooa] g £
E7F Aeate] Ak (pH)7F S/4g o w2 ibgol AAATH Dok o)A & oo
SHEAE olg® HAE E¥e| dUojyA fow FHG QY FEof AW
oh 2@ FEs HEe W dde] xYPHon g o] glow P4 HAdo
& o8k,

ol AN AT AAE FES HEE FA 1520 cm 4xe] A
of Y Yot} BHo] & o] Tt IFUlAl M AHE QgAY FEL HFE
o AL 2 gAeA FoAel TR FY g AAT Ay
2 @Yeln dlFol =X ok VE AT 25t FaHdA AEE=
&

2

#E s
A FEEE FE AAY AN (F5E4Y T3, 2FL FH Y, of

sie, eZlfa)d F25e] Qlrf ol A4 melede A AY FxE
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Fig. 3-10-10. Photomicrograph of phosphorite {scal bar - 0.2 mm).
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Table 3-10-1. Elements of phosphorite in the Korea Plateau.

Sampic No. P (%) Ca (%) Al (%) Fe (%) Mn (ppm) Sr (ppm)

1 1304 3196 130 1.31 375 1750
2 1331 3189 106 2.51 428 1832
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2o oElEe] v} QlAbd SR <R gyl rlelpale] wlaAldg o)
(carbonate  ooze)ol Al 214k 8 F7IF skxiyk R Feo] HE-j7Z AUy

(clay-diatomaceous voze)oll Al AHEEH Y,
4 & 2

g iAol A gHE AaE SPAYHEE AaAdAerE B $-2itete
sttt - frAbstel. 3173 9h Al (Ishihara, 1977 Hine et al, 1978)0] A
THF avsddyis AAgMe @ o xtapety Bado)] o& TRIIA FE
Aol MAREAY. Jin (198002 W shd o FE et WR s (e
olopsi-Feb e ETARR GG F (Yekr] A137)e) K pstslH i T 9ka /]
AR 140 5 Hefsbdrch

FUE AAS A AFEAe] YA A EESE gRierehEs g W
AL WSk, ozt o w sejags MAE zhi: vlAldAMe] Ak dud ubd
bR Al WE gabet vt

A 9k, 9h7hE4M & 8 A9l TavhE (carlsbad) A S wolis Fdel 4

r“

o) wiel JArR Lo Fii BE¥as= B

LT
+.
>
X

<

a

o

2

I

T

Mol AbEHTE RAASAFIA HEHE T AFHE W] FHuo|r

mEle] flen) gFae] Mzeo] A A4 Hpede] WIS wel 42 Ao
Lelt} (Lee and Kusakabe, 1998). iR &7 et Eold M3 e a8 o] &z Ea5

8 AA-4dns)e] AEEA, s sHel 2-AF) (Lee and Tee, 19915 Lee ef dl,
1998). B=Abeb bl AL obzke] 4wl MA BEste] g Moy
AEEH, s A 28] weli: wgld AAWE 7= (Lee, 1992),

d4H 27 (nlergrowth texture)l A& holA) % okxle] H o)z IFEelart t}
A 2 RS8R Mgt Al Ayl vlErFtelE 2AE we
N, Haarasd

(micrographic lexture)& #+=Th tiE shdelsf oA 23 Woli= nau el zA

B>
n_'

o]

=2
F

gl
o)

rl‘

PR Aldat dgelgaie] d4del g xa

al

o Aol thalMi =W A7 @A o] Z4TE Az WE, WMae we

FACRA AHERILAE e Fog wite} oA Fel giglel o&] QAR o A

A W ETABT R e edRAe d4480 Sh8 Ly @9
A4 (solidus) o14el £wolA olzp A@ael mdyazt FoEn, ALY Y
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=9 undercooling E7E wopr HAHE Aoz RAACE (Lee, 1997).

BEYREe AL AN thRAdieg E5ARGGRE T 5L 9w
ch. fEEAAFE R MAAL] SAF W, BFAL AR AU AG e
PE3) FAE WIFASGGR FollAl AARR NN DEHFE e 2F AL
Agelm, Lol H AEsE AR 3G (B8 €9, LA A7 He
A Aol shetainl, ojwo] AFE +90A FAYHUEL ZF a4 2AHY o]
AEHAAR, B5EPLE] ¥ (<01 vol%)E vhe- 2 AEHA HREHAD
2] A7AgFA AP

T o|Wel XAHE HAYBVEL St SHNG GbF Ateld M dEdE

FgAgtl (Otoh and Yanai, 1996) F¥ol Aty R ae AE S84
= W$ FAlstth o= M Add ubsh 2ol AbgH el fAHo] HolAAU
kink bandshsje] lem, Mgde ol MPsEn Agsel gle 2R/ A4
dege) A 3ol FIAS F4Hm Aok ol FAE L HAH o2 A
B8 & (ductile shear deformation}®: Wol §4% og ¥¥ Y Hox o
& A2} 25 (middle crust)2t} 2 ojof Ftut,

Sahtae) gRedAFA BEAEAY Tl W 7 AYAeE S-S T EE
A ooldlel MY S AAYANSH vREHY, )L HEFHA rAFAF/L
s NARELSE BF RAFn Y8 o 4 vk oA o S ELS A
o5 s e 2 Bt Y& FolM wdd IAYFE AEAHE & B4
el BAFNA HAY OGBAAGDY AAgFA HEde AR Bo} oS
N E&2zte] AEH (remelting) AHEe|7v WEZIY wtavtt {27 #394 &
dso] WAE AoT FHHPT BE AR 94FGRE FEE Role e
Rel g4 F ojrAre e BYAES ¢ Ao2 MY,

o] A RSol i Azte) APEEES TAST AR oA

e gtmole galapry 12y of AR o ghzehf Eo] Egjojobrylel A FHezt
71 SR WHESAUFE) YR Foldne GAAE F U MEdeed ¥
Z3 = welsie] Sanyo I Rokyve #7shs= B@ @A D9 Heo| A8t L
olxz 7+ A4S wn 7] WEoluk (Ishihara, 1977). T2 FF o M
o] AAAly] 2 8RS THE) A ANdu3E R FAd: 24 A7 ¢
ghs]ojof Hrdgiz)e) SIXEB A= YFH2te] fetete] o &3 F o4
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A3 AT E2Hdor BA0] Q=Art BEA Ao L ArhET)

5. 8 &

7h AR Algs 7l diRte] $od whdSAUAAEER A 10 om Wele &
Ha erdel fAeta, Hu A 30 cmell @3 AN 7T Aok AR g e f
Mgge] dgol THH R FRAG WX s Eqkel wAol sidstAnt A
Aol G2 euld s Fdsd.

o FAELES GBPA, A9, ARA, BeR Fo

,-E
-z
ok,
g
o
i
!
r'E r
2
L
4

AR £ wAGHe R 2 owddgor AFAch dnjoln #Aol S AT
AGAL Ag WA dabg o AT E, A gebs L EolAL ojansjex
b AERAT W e Ba) Wge) o) A me wolnl A4 37|

v ol Alel A AEFck By Yagss A 2ol Ak
2, % (<01 volo9)x "i$- it}
oh B S ES 9EE ol thgd W 23S ¥l AAMe A4e
o 4AL kink bandstile] glom Al wWle MPHEa AR gty S
s A Mgl AR BT delE BAE e Y, oldd BEAEe M4
o2 AYHEAY (ductile shear deformation)2 o} HAlg 2o wm Azbsic)
eh F2bete] diRsbaehit et R ARSI AR Y slAGATE 58S 54
T s EES] 23 vRIE, o)L MY Hel yrsgdFr e
ZIANHERE EF Bofn 9o 4 4 gk mabA of g7dmEe Aoy
tHEA e TF Ko A2 P nAd #ddHe ABAAY F FUHQ
fastel A Bdd FAaAMNAAe fggFol sFsts Aow Nel o)EE WF
Pﬁlﬂ'wﬁmﬂm@’4OVU}ﬂéﬂHWJﬂﬂfhvzf%ﬂﬂéﬁﬂ
of Hdd e e 2E Agrl d4RERE 42 Bolir AoHE
Wd F ol=Al)el 749 HygAgg we gow wolrd,
Pl B AR AAY HehAEe] dF Azt AYLR L FAs: #FFol
A dolHvE GEYAL FHstth aEh obdatA] o) et Gol mi]o|o}ay
M Azrzlel i dinsdafel dRxd Acldme AL 5 gk wat
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A @F ool FHES AYA7] R BHL FUs 4@ oAy 2 5994
24 Q77 Futjolol I ARE AAs: WHALel Fetay o
%3 F ol" AT A TEYeg @de] YA WHA Ao YAk
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H 11 H ol 25559 MMASe XS
Simulationoll 2et Dl & HM oA

SRR B RCIE LRy
Ao, ol @7 (4T eha Ak ohi)

1.4 o

S o HAEA e EX¥En A A £ AHFo2AE g5y g
Ml HA} AR o8 3o HAEY vld LMo o) $ graphic simulation ¥ AL
HAlsjo] %% HAE AL A R shdAd HAge) 53 ol WE dEaty
F oA ek ol AT S fEE vl HAMNAE SF R AR @
Algkal 5o RFshs AAd F Aoy H5d gt B} 4y
T 2709l = (F Zol oF 80 kmyeld, iy o lpuaMeA i wwA 4
et A degH A5 oe AMEAN AME A HH xyie] § simulation 43}

= Faow v zatglo)

o
‘Z

AP 71 % graphic simulation€ $18] A& H softwarce Y2 South
Carolina Fyith g o8 /¥ SEDPAK simulation syslem < 24] 2 Ao ¢t
AFFER g4 AT deo] ulAEe] 3lE Microe Sun AP SparcStation 5
workstation®] SEDPAKS ##sti of& o] &5k gruphic simuations 8 A3 4
ool AT A8 FZhEet B FAe A A9 10999 69 2995 79 10
A7+#] v Sputh Carolina ¢ Columbia A A9} South Carolina 5 g 8 % z 3}
HE WEet 1 e AX o] 9lvl SEDPAKS ol 83 288X & dZ g
simulation w4 A 3+5 HA3Ea, o] F SEDPAK system2] 732 aielztel Sputh
Carolina T8t 4 Fe4e] Kendall w55 19993 89 2392el 9 2d 7]
25 Fr=ol] elste Fdietam A npsht BA of el AMaie] old Sun

T

workstation®] SEDPAK system T $8) FAI7 % k&9 ohds 2929 sediment
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simulation F<F A5 o] R§ SFEAL A4 Azt disty YE ELEHAUN
EFFA HAHS HE HF SA AHSGAE Y eAt

2. §I & A2 0|4 (Simulation of Sedimentary Sequences)2
FoHdale} oA

5] 2l & simulation+> Z3FE o] 43 o] 2+ simulation program2 o] &3l 3}
Ao HARAYAAN B F718 HAFe A} o ¢ A4 E Yo
M@t FAe] B 3 2 HA 3 EAHFe A F waAAL gado
2 #AstE AFE et

o]21 ¥t simulations ©| 8T HAF HBAQL BT 1980d W F o] o]
2 Mol vl M {3 AL Ao groupdl 9EiA A G Al=FHAn, @7t 2 7t
A mele] sy, A F ez w g FefE R Qe Adgelvh. /19 AIRZA
= 1984%] Watts®t Thorneoll 23} B2 ¥ passive margin A g A 234 H Q]
Reled A} 19863 Tetzleffoll <8l 7% ¥ STANSIM®2| SEDSIM R &% &,
Gulf Corp. Research Center?] DBurton, Kendall’} Lerche (1987)e <izjA] 7id¥
SEDFILe] i, ol ¥ Jervey (1989), Helland-Hansen (1988) %ol 2j&lx W
2 versione.z9] MM A)xrt gledoe™, Scaturo % (1989)3} Strobel T (1987,
1989 o 9] #] University of South Carolina®| 4t 7)%td SEDBSNe] 4| Zolt}, 3§
HAAZE AL el SEDPAK (Kendall 5 1989; Kendall %, 1993; Cheong

., 1999)3 Shell d-+3)A) d+2F2 Lawrence (1990) S0 93 28 F oz

%:_
ArEel 28 W A7t APE Ao HAAT Ut

7t. ¥ A% Simulation?] Fa ¥

B RN F450 ¥ FAL FAETL HAIAY o9 e B
T s AzpdAles Wstagite] AR HR oldF 2 A E olEHLE
AA 4 Aok HH 2] A4AAFE 54T 5 S Relth

olg} & olFH 718 712 computer graphic programa #8-3t @A ®
Z290 gl HHFe wdiry AEd HAS dade] AE «7xH Wi ¥
S P#Astz, o]& A FWAWEE (cach time step) TAAH FH & dANFoZH
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Ao 2%l RILE graphic A@dte] HH 3o H4 ofF HAEA YA
ZrAEQ e BAZIE ARLEE U A GdS AEFqoes FYstuA
7 0] sedimentary modeling (simulation) ¥ %2 e]t}.

Simulation ¥4 2 f1siA iz HAEAN HHFe] @A doss A4 b4 7

W -HAE (HEA HHRe AdaE e B "HA4EY AN AESE
%), B2 Fde] A 7Tex wdt (tectonic movement) Yol HAEol & 45 X
# 22 7AW %718 (initial basin surface) % 4] {(water depth), E 4%
F= HA ol% AdwE FxEA Wl (structural deformation), 4 FolA Y HAHE
oA M9l 28 (wave damping and reposc angle), H4 &5 m& FAH g
7+ o I x4 (subsidence and compaction} 52 W8 2 2lEs)] ¢=l oot

W Usty modeling S #A & 4= A goh

weba oluldt B W4T AR HEEA BAste] qHste AL A
o 712 ¥7H%E 3 modeling A4S FZEtHEA WHE3te 71E WeE AL 5
A, Jdgoss k@A pEsojdy HAN AR (o @ @A EARIE )9}

w38 HAY9AL graphice® SAHYsE ol $dFel FAeltt (Fig
3-11-1).

s AR 3" gREel P 20 5 4 JRHD 85T
A5 Zgo A7l Aoz #ME F e (Lawrence T, 1990), vz HAE
o] guixlo] AN & Y& T AT 2de dHd gaFoly, YHA 3
bz olel g Ehg AeE BEEe) A% P4 oD 58 AYde: 825
ol ¥7tY T|AY fAEE BA g olftE o3 AF W §7), HAE
o) iAol o1 HAzel Razia BAHRF g A AW 547, BE 3
seivigel] o8 HARA 54157 Tol gt el HH F AHA 4
olaf WY WAL Fie] o]F Aei IS Fuz gol FUHW HAEZ
progradation® Mdo|® E A& FFWEgAM HA U Ko oy FHEA E A
oln], Bl Hgo] HAE 3 g vsf ofF o FYHE Beg HAHL 9
17} | 5l retrogradation € oA ¥ Aol wela] QAF AR AO R
A ubga Ade] AT ESate] 23303 eE mE 3 es 24
& oubd, ol 3 b Ml W i xobel] BEW A& oY

(basin geometry} S A3 A H iz Aoy,
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. 2
DEFINE
~~mlp|  DEPOSITIONAL e [

TRIANGLES SAND  SHALE

SET \ sL

SEA LEVEL TR
,‘ Previot;c Surfoce

TECTONIC h SL

SUBSIDENCE

¥

LOCATE
SHORELINE

3

FPERFORM
ERQSION

¥

DEPOSIT CLASTICS
AND ALLUVIUM

\" Claslic.s

SET ] T

5L

NEXT TIME STEP

Alyvium

DEPOSIT Corbonote 5L
CARBONATES
Compaction
PERFORM . SL
COMPACTION

e

SUBSIDENCE BY
SEDIMENT LOADING

YES

Fig. 3-11-1. General flow diagram for graphic simulation process of

sedimentary sequencce within onc step.
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) dAly BA o HdZe Biys tbd oAl A 243 w@Abe)
well log ##ol A& ¥y gHyubdca ole) shepd 4 Qdav, simulation?
HE2H A= ol 3k HATWHES LH2 modeling A S oLzt el zed

£ 9l¥ gystern'd @A 8k Aot

1}, ¥ & Simulation® F8 A

Fig. 3-11 1elA R upe} 7o) simulationd ¥ &3 thdezfH A F
A 4 v FLUEFT (HF Awel B AjE = ©]99] compaction rate, ¥
AFoliael e ghal4f, v nkghe] sfiol OiF AR &g w7l A YUY
NAyD hed e sz Ade AAs Hod, Bde gl & H A
BA o] 2241 €= 2xAH FAUA AL FgdAqe AR B HEIT
FANE AR YHEI, o1F 7} time stepd R, @A R 7S HEAA dd
o] 43 oA e ¥l wkEEAA daol et 7] PGS A WY
sich 8 time stepol A2l F o Y parameterE 3 #H3leAE LAosiW Fig.
3 1113 g debHd o o 20 AR similatone] 218 ¥ 0L

(1) %= 714 (initial basin surface)? %14

B o] 2lonpr] A AN A AAd s wAsste] ldat oz
AAde FuE 200030070 Ao TSR AT =4VIF 8 FolE 43X

ZA] 919y Most AAA (interpolation) LWy} Simulation ¥ o ©el o}
2 deo] dojubal gon, ATl FHE T ok o d4FoAl: Tl
o] 4+e) thAF o] Yolipa] WL S HMA=2 #Hrh Teid 1 F Aol HH Ko
FRHAY w49y HAEBel H4xd I dn2M vldvel 3
(subsidence)d |1 (uplif)E dold F ¢glod, ZF 49 Halol 2 whdoly
TR doid v

2719 /1A Ee] B A CALE BAL W A& AEats, LT AR
ZHE Ao 4 o HAZ ol AR ovl 37 HAHAREe] ALY
AP AA4d FET 9Eg slo]s] uhfol ol HHz s Z HdHR 31
A oAl W sEA I A AAstd QA AC weps] G S A A
oA R BARrRst S g A el 90 v Aanniy 4 4
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Mg FEe] Mg WAFHE T0A B 3ol Aol

(2) sl W3} (custatic sea-level change) A= 2} ¢

e P A 48 HAFE HY GA T4 i) ot HAZe
A/t FSHEE A A4 B E simulation®] FREF F s EA
FHG A4A AFAGe dF fed ASe AF7A AAE @2 ey Wi
TH F AMYE £ gon FAY, UMY H4eH W fi#AE Hag,
Hardenbol 3 Vail (1987)el l8) AAld spedaTAdS, Qe s Vail &
(19708 o3 AA D e FHAE T2 FLUT HASL] HAFA 2F A o
AR FoAe fed dgSdE Exe] FAE HAGH A el FAHH=
A HH7ts TAS FAHESE 8BAZ FAEstedl Fol2 ARG A (Time step)
T EAT bR W sl o) F HAHE HASE Ay FAH %S 3t
A A

X
Gl

(3) F&8Y A (structural movement) ¢ ¥

HAFo) PP o o HX F WEHT T HHAEA %S o= A
2 W% gah 3A A AXNE dE 5 A AT P4 dAAe 9% o @
Ax 2x I} (regionat subsidence), A+ A 2] AXogl g3 Fi= AHH
B A A7) (hinged subsidence), A= ©E (fault)o)rh. ¥9 3y 22 J4& E44
A ZE AR W B2 Aol did) Ao F53 e dojvke AL =4
2 7AW &7te] slFdE 1z Heolvtd FIR doit: g A A= Aoz,
ol F ARE VAN dHo sy =& olE JA F4 (burial history curve)
oju}b )¢t W% T (crustal subsidence curve)2 T FojAm i @3 2
728 gt A} 7l e FHoz QYA "d, FEA P AR A
A F AR A9 HAZAN 9%E v 7IAHe HAE fuste Ao=A
HFsts X9 AL 4 AZYER EW AEE I (angloe2 #AEY Y H
g},

(4) 4494 #AN 28 (clastic deposition)ol] B 22 4
AdA HHAEe] HAH BEE BHE A 713 847 gHAG B FAdEHE
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HAAgol Fat )48 S5, 22l §A4%0 R385 Wl ole @ &%
o) AR WS WAl eds BedE Ane TUL B4 MY 2 9y 4
Do obs] siie ARE ol ERth AUHE H2ARe 240 B4 AN 3R
of 27t &2 2 AAY o TAHLTH, 4489 oy H& Ao Xx F
G Foer AFE ¢ de HAMAYE wgddth #2 gel fUHT ¥z
H¥zeol Fol 0 Ao fFUu Fol e AHSE Ad =1 A
she] Qb4 27k (angle of repose, slope stability)el =28 wj7hx] w253 243 2=
TY F2E olwdo xEg FA Aok ol B Hol vl ol Aoy wi=
of 2tz 4] Fel BT k& M HA S Aarg g @ Aol ¥ £o

=Fse] SAU B4R Aen we 7 Bel 448 nadaA Qo

(5) &g 53 A8 (carbonale accumulation)o] #F H1 ¢ ¥

Habg HAEEL A8y H4E29) S45= g MR v)glor Pgs|og
ARz A Wge] e d%e Wi = ARaly 43 Fee W 2 g
o Aol olulel: dwe] e galy] HHEo] mbeF it (wave damping) #o) W
s @eoleknl HAbal (build-up S reef) A HE ¥ 2 ¢l7] mo] 2240
Tk AFRE watd HA kAo Ao fodsli 2 AT ZolA g 2 uea 2
O R ARel A f9iEHE ddhe FEoh} galdele) WYL das o
T st AHA d48e (49 3 aguofel Bl BA wakelole] Zxq)
WIS A T A Hxe AWFLH o7t 42U, 1L Polur}d mupate] A
FEL WSS 2o R BAR 4 BE (ree)9) AW AAEO o Ew}
o MY HEEAY FHHAY kel gt #PE (platform)Ael A Es

2, dtee] Jeql Zolo EditA] Eels Tore e 438 ol w

i

EHE AoR bt wobd M I #He MYl e o9 A ae)
bR e R 7] ol Wad HAGAT dsued mgahe Aer A9 9l
ovh B utFon del gl uhdt £ gukncie AHA 4 %e] TR

GFa FE AL s FYA WA Wel SN HAHL Hald Taw

DHEA ZHEE wo] Mz #4d o) doz Haal: Wav Za s #c}.

6) 94 F2 Ao e }AAE (compaclion) B Zigre]l ® 2}



(subsidence)ol] W& ¥ A 3o g}

HAgol ALaiA g u} she HHZL 42 FI Lo Fadm 3
e 32242 2 @b ol oo} ¥ Fo] FAE HA FaEA Hid o] BE
of ¥¥F AT AEFE MAHo| glof, VE ARZNEH TEY dAH £AL E4
U AMAFIL o] ol&dte] AA HAEZY 3 ARE At F2 ojg3=

t}4& AAL4 (compaction equation)® 2= Baldwini} Butler (1983)0] <&}

& HZe] (km) = 37 In (04¥1-53) (S : Hz &9 135 Ax)

o] Ut

7lEe B2 RAEL g AAHY ol s12E T e Ade APe
T2 AR gont, Foe A2 AU dedt A gy u g Adn
E AFstr|Rve A4E ol ghael 9sty Ao ¢ AAMddle] we
YA = T (elastic) T bdA (viscoelastic) RS et EHZo) g3
of ote 279 1A Aststeie Axb w@e] glrd (Watt 2, 1982).

HA59 Fely HAER 2] AZd e 229 Astes #7139 Asg ¢
H glol Alguela Al ApAel o)n] JAH TH FAo wil A4HE 7] g E
of &AM 2L 7] HAE HA4F AT 2A) AP A% A2e g%
NS GrEste] ©AE 4S5 il D A HaTA #d,

ol#lg o dA A g™ N G 2zl 2§ AFo)H 49 Fot
A BolFe St doe HHFol 84, L3 sHol& A AAdA ] §
HE X4 vz ARE AANAT7 dEe Yo HAddoNs sasr] g
T BE AAAHLE AEd 2vh A MYy DA 2 JAYW ey LS
Aot HAF HA T A @Es: AZ7A F AL dAEE EHHE: g4
W ddEd Age 3He] o2 W ulEEo] dAlHo]op o)

—

. 533 simulation®] H§AFA 4 2 42 £4 ¢ FHolofAe
78 dx
HAZol HATAWAA A4, odiZd AL 7t A"AEE BA5 Y8 5
2 AREHAT AL Sleep (1971), Watts®t Ryan (1976), Sclater®} Christie
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(1980), Bond®} Kominz (1984)o & AAlE M2 H3Y (backstrippiglel <%
mf I Al 24l (burdal history curve) A eiuh ufE Al A2 K Ho Al 7}
ALl oiE AT 77 ALY B2 1AEH T fMEl AJEFE g4 =
E2M ZA8 #onx, FAES A olF wiEEWA Aol Alf:siA] ol
HAE7 Eo abgell elal) 22 2AAe] FA71 T 8 ool §F4 7akd
HAAZ 7 L steh wpeba] AAe] HAE dwlE o|Raba] b Zol AN FA
of 71 BHIEo] Fubh Hel viEE o] A=A E obd] YEMd AR S
T 2R Sl AAAAAM PR AE AdEtdel o

Simulationol 4 g HAH 230 ojejgh B4 AMgdofa] ¢ @A | violr) 23
AR s A A 0L HAGe] vg Ay @ os Agee A A F
welof FARTHE A A4 olFe] HA AlE delE ol F A b (time
steplis oA B¥®ake] 245k WA S 9Elcl wfiebd simulationd o $obw
o ALZD vttt Zb EldZo] falgdd wiE A RS dobd £ glon I A9y
o Ale]l = ¥-2P-§ (peothermul pradient)-® o] B&la] 2} ¥ FHZo] o]l Ao A]
A Hir AATEAY A G e deAE AT ¢ dx 1 e ¥ HEe
Mg uel A ARoF of S R RAE - AT AFEE Mgy on H
b 4 drh e Nakayama€lh Lerche (19R7)9] foll A 51 Aldvfol 4l Z 1o
olaf AL HAFO wlajel ghatel wpE AW G AE S A S AEE F AH
Al Zh B HEU G olgslr Al WAy A ¢ ogle] ol myp MR{ HE 7
Tl AT dEe £ loh

7t A2 el Ae] FAL o] F 2 Foba, 2y, R o] AXel sz
Aol AF AR 7 A off BRT W HF wfe] 4REoR o]F
stz ez obelR A, T5E&9] Aol 7]l ZAiwtet aolel o FFF
o9 AFE JteTE HeF vt

wak Algdeld @aE o 43 7 AEAUYE BMNGge FEFRWE, X
Wah, F71EE e U T s Arer FAde N5 W 4 vy
FAe olFAE W FAU FEA ANE Eishs Aukdel 4R A o
ALE 24 olsl g 5 gl

Wk 2 g7kt Algdeld AW S o] A3td RS2 MG olF A fd

Ao A gatHE Aerh B dRAT FF 3 olef 2 AT ¢E Z)



d Aol B ol MAP: ¥ W HAF I4 Aol AW AT 7@ o
2 RS 3] GWAO RN HEHY HHL T UG Gafe] e gnE

o AFHo s fAHNe2 HAEG Hopel MFAlFopd AP Aow 7|9k

o},

3. sl 282X HEEo st graphic simulation (SEDPAK)E 4
2 o|gst B2X| s @ HHE o2 F 3} &)

ZE S8 u A A4, A3 2 HAS VX

Tl S RAT AFo R M8 eotygt atAltle] e kel ¥
o A di Ax Alolo} K3l AW HAHEAZA Y plate
¢} A plateE overridingd 2 Y+ Amurian plate®] %2 ¥ Ey¥alm
Av R e AW Zvie EAld back-arc rift A8 shzA dEA i
(Fig. 3-11-2). &% 2F&FA+= 92 79 Ryukyu 372 € ¥ Nankai
Trough®}x A2l oz dAA Lol Art (Minami, 1979, Uveda and Kanamori, 1979,
Chough and Barg, 1987). Back-arc tifting< 20 Ma o] &l Amurian plate 35 2
Y plate B "eld plate’t AdstAA Alz2td A2 FAHEY Back-arc &
A viol el FA L AFH A st ¥ UMAN ulo]lf.Al F el o]= A
= 498 dx Fo95 A doA] Amurian plate’} Bonin arce 2EF#3M 57}
AAHoZ yiF wWEez olFdd ot back-are EAZF 23A HUG
(Matsuda, 1979). o]21§ F7] uvioje A o|F2] H3-F& sy s wa S5
WA ke g &EFA HAHF el thrustingy} wrenching 728 #A& A
I AR FHEE HHE Yol BATFE 97 HAT (Inoue, 1982, Chough and
Lee, 1992).

S5 EAY ME FAAS s FE-EA HEeE vdsin e dEd g F
FolF TWFE (FUDF Flol 2xstn vk e B39 EE HANE "y F
71 whel @Al ojZ7)7bA] WAl HAES AALE AAE 700 mymydl ©IEd
ol= HA th&E Ndo] B U= back-arc TR %7 rifting GANAM Y
gtk o g Az e A& FANG Ateltl (Chough and Barg, 1987, Scalter

—
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Fig. 5-11-2. Teclonic configuration for the Ulleung Basin and -
adjacent area, and location of the modeled scismic  profile.

Sedimentary basins are marked as dotted areas.

BW NE

Fig. 3 11 3. Modeled seismic profile on the southern margin of the

Ulleung DBasin, offshore Korea. For location, see Fig. 3-11-2
interpreted by Nester and Mitchum (1989).



et al, 1980). ol{% AHHEE T A SFHAT AY 279 mlo|2 A =7
of F7] Ftell= WA wWE HA4LEE st mtela A #o)e] EolAME= 87
2 Pliocene™ Pleistocene % <?telly= thA] vlwi3 «4vtgl 488 73
Aoz weHth B3 L8F AA 27le] W FFAEe vho|2A] Foto
2 odx gAve] AA wgend HYLEIE BdE 2 e Aoz 338
t} (Otofuji and Matsuda, 1983; Hayashida and Ito, 1984).
£5EA HHBRE AAEAAN HFAWNE AH WHRE BHo2 A
RHolg Ao FAHE =M, A simulation HAelA AFELF gHA 3 TRAME
A = HAEA g clinoformé HAAE WFEweld HAHFozm st

A 4A4dF YA A2 24P (Nester and Mitchum, 1989).

Y}, Graphic simulation ¥4 A#AE o| &% HAF W& A3 34

=3 €% HH A dol ¥ e A F7] HHForRE 54 €
Ao GAL Aag o &3 HAHF wjE £HAde) dig graphic simulation 24 &
dA st &% HHEAY Y R A HHF HF olF mjE FFHAA
L FAH Bt oyl d+E A #E8d A8 SAEEY £F HAEA ¢
Mg Sho] PR3 AW F/] HAFezH §58H B HA AR A
F 2709 =9 (F Ho] °F 80 km)old].

Graphic simulation?: #1&l A& ¥ softwarei= #|= South Carolina THdis @
Tl (G )z} Christopher G. St. C. Kendall w)ell o] & 19869458 Ho]
of A A5 7igd §F @A ole] HFHAtEed M HYHer ogsEn
AT SEDPAK simulation system.iA Rt o= [NIX systemE F3A 2
o} -8-3H= workststion computer) 42 &-8£8 <+ UxF AzHo| gl S 4
T Adew AF@ay B5HAT dAodd vAHe E Micro SunAte
SparcStation 52 workstationel SEDPAK-S #H43xz & o}&3te graphic
simuationg 4] &5 o},

ol AFE F& Simulation FAME VP =3 EFEXN HASZD
scquence boundaryol 2188 % 7702l sequence® i el A =u]l Nester and
Mitchum (19892 ¥ 2] ¥ % %<& highstand® transgressive system track 2

2 FAEe] glent AR X2 ol highstand system track® clinoform 29
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B R lowstand wedge?] =slope fang el gl Hor sfaigclt (Fig.
3-11-3).

Simulations 23 E A3 24 dAi= Sequence He ARE HERE BE
sequences - HAEF Aol clinoform®t onlapping transgressive =2 ¥ &
RoFa gl HWolvl (Figs 3-11-4, 5, 6, 7, 8 9, 10). ol#l¢t S4E2 vle]l Q|
Z7] ol & & A7 back-are WA AedAled ddohe 71EY vhe Ay EAE
Azt A Eold, Sequence 59 Aol A waAE - AR FAFE Sequence b
HH o] eyl abddt ntele A F2o S wel el A Ry v L

o

ol el thrusting 3 wrenching 74, 34 dAlH & A2 4904 of

A7)l A4 E incised valley?h B Aol 243 =we] B55 W (5F M)k
b ol HLE HALTS dAsAn olvld A4S E 63 Madl o) &

Aoz welch o)eld PAYWOE FE AW HHEY 2d FE ol
129 =2 dAdld ¥ A82E 4% ¢ ek et A oF MR
f
behel ol simulation A0 23 G E3 A LA

ol AMH W HHEEL Wy oFEA i AMA o} Ll dhipAm) 4

|-
!

=,
R
_g
2
il
o
A
Rl
b
o]
»
el
‘0
st
al"

ol9} o] simulation o477 HAL VA FA W o] Fof @ARFE A AE 0
HES Al A el A AR A AT ZEANE BAHe 4
WL AL R HeEl Y AT (e AE

ATE 2, HNT K

7h=FA )l Abdbabg-o) A

~al

U a3 WA R4 BEE 4T wlas] i
719} 4§ ol e FEsb AL olgal @k
SEDPAK S 9] ¢t simulation F&H oAl £25 2} sequencess o] Y S
B} Nester and Mitchurn (1989)of 218] #1415 WA a)} vid AaSa wS 24}
thg Holwd ol B AW HAEY Sawn 98 2 o#Aaw mst Ay
Atz FEo AR (MNY AFAERIEe] vwA AFHIE g 4L hapX o

2 HoF= 3lolu} (Tuble 3 11 1, Fig. 3 11 11)

'->

I

SEDPAK-E ©] 8% graphic simulation® F3F A7tz 2] nj8 &4 Alce B

AAZE U4 AANG F HARPEY TV mel A% (175 165 Ma)2 o
125 Ma Al /tell @ Ao Alo a5 &% < 3000 m Adol, 9F 6.3 Ma A7)

= 3200-3900 m A, °F 32 Ma Al 3500 4,200 m Al 4ol b ¢ x
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MM oA Al wAe) 7k A AL e vaA Waa wpeb g3 o g4
Fouw A Wi burial history& 2eolt 7t ol % viel 24 1R Y Al47)o Eoja
oA el ghvtel fBa R g Bolls H O tAe AteF 3 o] haghy Ea
bt el A GAE AHER XA 3ol

SEDPAKel 28 ®H 3% simulation 438 o]$6w H3- 7 A Z2AHA £
¥obw ol 7 AEW qE A} (hural history)E # & A fdlt 5 2 kg,
3-11-1del 9 viE AR S FAYE gAdm 45t dig FA S Bt
Aol sfdshs el AL 4l HH G gl A AAANEE fEE Fo)
w Mo F 3ol F 145 Mag AAE R 9l sequence boundary @& 105 Ma
Al7]el ek 600 m=l ol 6.3 Ma Al71ol 900 m @ojol, 3.8 Ma A7) 2F 1300
m Zlojd, A4 o 2100 m Aold )& PSS Tt Ba F3 o9 (Fig
3-11-12).

Ed Hal i HREFozYY Y T oA w9 ol #8 simulation
WA TS AE 285 Qe ol F A A" praphic simulation A2 ol A
WA Aot Hakel vde ZFNUA WASe] MY A AA-E AHoD #£¢

Ay A et
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Tahle 3-11-1. Clastic supply data.

Sedimentation Sedimentation

Sequence s Distance of
(km) Iime (Ma)  rule (m/ka) rate (m/ka) Transport
Sand Shale

1 16.5-15.5 0.012 0.055 45

2 15.4-13.8 0.0025 0.025 45

3 13.7-1256 0.0035 0.035 45

4 12.4-105 0.0040 0.040 45

5 10.4-6.3 0.0012 0.012 45

G 6.2-3.9 0.0025 0.025 15

7 3.8-0.0 0.0033 0.033 45
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throughout the simulation run at the northeastern side of the
simulated section.
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Abstract

The Ulleung Basin (Tsushima Basin) in the southwestern East Sea (Japan Sea) is floored by a crust whose affinity is
not known whether oceanic or thinned continental. This ambiguity resulted in unconstrained mechanisms of basin
evolution. The present work attempts to define the nature of the crust of the Ulleung Basin and its tectonic evolution
using seismic wide-angle reflection and refraction data recorded on ocean bottom seismometers (OBSs). Although
the thickness of (10 km) of the crust is greater than typical uceanic crust, tau-p analysis of OBS data and forward
modeling by 2-D ray tracing suggest that it is occanic in character: (1) the crust consists of laterally consistent upper
and lower layers that are typical of oceanic layers 2 and 3 in seismic velocity and gradient distribution and (2} layer
2C, the transition between layer 2 and layer 3 in oceanic crust, is manifested by a continuous velocity increase
from 5.7 to 6.3 km/s over the thickness interval of about 1 km between the upper and lower layers, Therefore
it is not likely that the Ulleung Basin was formed by the crustal extension of the southwestern Japan Arc where
crustal structure is typically continental. Instead, the thickness of the crust and its velocity structure suggest that
the Ulleung Basin was formed by seafloor spreading in a region of hotter than normal mantlc surrounding a distant
mantle plume. not directly above the core of the plume. It seems that the mantle plume was located in northeast
China. This suggestion is consistent with geochemical data that indicate the influence of a mantle plume on the
production of volcanic rucks in and around the Ulleung Basin. Thus we propose that the opening models of the
southwestern East Sea should incorporate seafloor spreading and the influence of 2 mantle plume rather than the
extension of the crust of the Japan Arc.

Introduction

The East Sca (Japan Sea) behind the Japan Arc is
in a region of complex boundaries of the Amurian,
Pacific, and Philippine plates (Figure 1). The mor-
phology of the East Sea characterized by three major
basins (Japan, Yamato, and Ulleung Basins) and topo-
graphic highs such as the Yamato Ridge is suggestive
of intricate back-arc opening tectonics (Figure 1).
Deep seismic experitnents using soncbuuys (Lud-
wig et al, 1975) and ocean bottom seismometers
(OBS) (Hirata et 4., 1989; Shinohara et al., 1992}
reveal that there is a wide range of back-arc basin crust
in the East Sea from typically oceanic to intermedi-
ate between oceanic and continental. The eastern part

of the Japan Basin is floored by crust with thickness
and velocities that may well be defined as oceanic.
In contrast, the crust underlying the Yamato Basin is
11 to 12 km thick. Ludwig et al. {1975) and Hirata
ct al. (1989) postulated this as thicker than typical
oceanic crust, while Shinohara et al. (1992) considered
it to be intermediate by delining it neither oceanic nor
continental due to the anomalous thickness.

The Ulleung Basin (Tsushima Basin) is a major
physiographic unit in the southwestern (SW) East Sea.
It is bounded by the Korean Peninsula to the west
and flanked to the east by the Yamato Ridge and the
OKki Bank east of which the Yamato Basin is located
(Figure 1). A number of models for the opening of the
Ulleung Basin have been proposed to explain the evu-
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Abstract

A study of the Ulleunp Basin in the southwestern East Sea (Sea of Japan}, based on single- and multichannel seismic
reflection profiles and ocean bottom seismometer (OBS) data, sugpests that the hasin formed largely by pull-apart opening
and the deep, northern basin is underlain by thicker-than-normal oceanic crust (10 km thick), probably formed during the
carliest stage of seaflloor spreading. Volcanic activity in association with basin opening occurred over much of the basin
but it ceased first in the south while st continued in the norh until recently. The principal evidence for pull-apart opening
includes: {1} an overall rhemboidal shape of the basin consisting of rwo basement lows and a median high, known to he
characteristic of putl-apart basins; (2) the location and orentation of the major volcanic sources suggesting more-or-less
N-8 opening; and (3) the strike-slip fault system along the western basin margin, which appears 1o have guided the
pull-spart opening. The lack of extensional deformation along the western basin margin, which would have been prevalent
if 5W Japan had rotated awuay {tom the Korecan Peninsvla ay suggested by palcomagnetic data, is also not in favor of
the aitermative, rotational opening of the basin. The absence of graben-and-rift topography in the acoustic basement in
the decp, northem Uileung Basin is indicative of the non-brittle ot ductile nature of the crust. Tau-p analysis of the
OBS data reveals that the igneous crust consists of upper and lower layers with velocities typical of oceanic layers, The
velocity—depth profiles with a two-gradient velocity structure is also characterisiic of oeeanic crust. However, the lower
layer is much thicker than oceanic layer 3 and the change of velocity gradient, which oceurs at around 6.5 km/s in typical
oceanic cmst, occurs at wbout § kmy/s, suggesting that the crust is not a typical oceanic crust. The meager basin size and
shon opening pericd may suggest that the basin opening did not iead to the formation of full-Redged oceanic crust but
instead resulied in embryonic or incipient oceanic crmst thickened by upper-mantle thermal pertrbations evoked by rifting.
© 1999 Elsevier Science B.Y. All rights reserved.
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Abstract

A detailed facies analysis of long piston-core scdiments from the Ulleung Basin reveals four mud facies: laminated mud.
crudely laminated mud, bioturbated mud, and homogenous mud. The laminated and homogeneous muds were most likely
deposited from turbidity currents, whereas the hioturbaled and crudely laminated muds were formed by hemipclagic /pelagic
sedimentation under well-oxygenated and poorly oxygenaled bottom-water conditions, respectively. A detailed analysis of
vertical distribution of the mud facies together with a chronostratigraphic framewotk decived from correlative tephra layers
with known cruption ages reveals palecenvironmental changes during Lhe late Quaternary. Durng the period hetwecn 49 and
23 ka, custatic lowering of sea Jevel facilitated frequent slope failure, resulling in repeated deposition of Mnc-grained
wirbidites on the basin Ooor. Normal hemipelagic sediments were intensively bioturbated under well-oxygenated bottom-waler
conditions. During Lhe perivd between 23 and ~ 13 to 11 ka, deposition from turbidity currents continued, but hemipelagic
sediments were non-bioturbated under poorly oxygenated hortom water conditions, The bottom-water deoxygenation is
atrributed to further lowering of sea level during the last glacial period and conscquent intensified stratitication in the water
column by treshwater supply (o the nearly isolated sea. Primary laminae prescrved in the crudely laminated mud generally
exhibir low compositionai bimudality in backscatiered electron images, which suggests low surface primary productivity and
presence of superficial micro-bioturbation. After rapid rise of sea level at ~ 13 to 11 ka, the slopes were stabilized and
pelagic sedimentation has prevailed under well-oxygenated bottom-waier conditions. 2000 Elsevier Science B.V. All
rights reserved.

Keywords: laminated muds; paleaceanagraphy; backscatiered clecron images, Ulleung Basin

1. Introduction (e.g., California Borderland basins), marginal seas
{e.g., Black Sea), or continental slope under high
primary productivity (e.g., Peru margin). Such lami-
nated sediments have been used as fine-scale paleo-
indicators because they record annual or inter-annual

variations of biogenic or terrigenous flux that reflect
T Comesponding author. Fax: +82-2-872-0311; changes of paleoctimatic conditions (Kemp, 1996).
E-mail: sedlab@snu.ac k1 Recently, seasonal-scale variation of particle influx

Depasition of deep-sea laminated sediments com-
monly results from periodic variations of hemipe-
lagic /pelagic sedimentation in anoxic silled basins

(025-3227 /00 #$ - see front matier © 2000 Elsevier Science BV Al rights reserved.
Pl SO075-3227(99)00079-1
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_Kim, Han-Jonn, 1999, Keismic study of the Ulleung Basin crust and its implications for the opening
of the East Sea, Journal of the Korean Geophysical Society, v. 2, n. 1, p. 9-26.

ABSTRACT: The Ulleung Basin {Tsushima Basin} in the southwestern East Sea (Fapan Sea) is floored
by a crust whose affinity is not known whether oceanic or thinned continental. This ambiguity resulied
in unconstrained mechanisms of basin evolution, The present work atempls w define the nawre of the
crust of the Ulleung Basin and its tectonic evolution using seisinic wide-angle reflection and relraction
data recorded un ocean bottom seistnometers (OBSs). Although the thickpess of {10 km) of the crust
is grealer than typical oceonic crust, tuu-p analysis of OBS data and forward modcling by 2-D ray macing
suggest that it is oceanic in character: (1) the crust consises of latcrally consistent upper and lower layers
that are typical of veeunis layers 2 and 3 in seismic veiocity and gradicnt distribution and (2) layer 2C,
the transition between layer 2 and layer 3 in oceanic crust, is mantfesied by a continuous velocity increasc
from 5.7 1o 6.3 kmfs over the thickness interval ol about | km between the upper and lower layers.
Therefore it is not likely that the Ulleung Basin was {funned by the crustal eatension of the southwestern
Japan Arc where crustal structure is typically continenial. Instead, the thickness of the crust and its velocity
structure suggest that the Ulleung Basin was formed by scafloor spreading in a region of hotter than
normal mantle surrounding a distant mantle plume, not directly above the core of the plume. It seems
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Hong, Jong Kuk, Kim, KI Young, and Kim, Han-Joon, 1999, Analysis of source characteristics for
high-resolution seismic surveys on a tidal flat. Journal of the Korean Geophysical Society, v.

2, n. 2, p. 100-110.

ABSTRACT: In order to find a pood seismic source for high-resolution reflection surveys on a tidal
flat, characteristic features of several sources were examincd through test recording by the walkaway
configuration. The sources comprise portable vibrator, 1.2 kg monkey spanner, 4.7 kg sledge hammer,
and weight drops with 2 30 kg and a 100 kg iron bail, respectively. We analyzed raw and filtered seismic
data for the resolution of individual events, then compared various seismic sources to define suitable one
for the high-rcsolution survey in terms of energy level and frequency cofitents. The smudy reveals that
the porwable vibrator is the mast suilable source for the detection of and imaging geologic structures less
than 20-30 m deep in a tidal flat. We ascribe this to the wide frequency band and high-frequency contents
of the portable vibrator. In contrast, the hammer may be an alternative where the target depth increases

up to 100 m.

Key words: high-resolution reflection survey, seismic source, tidal flat, walkaway, portable vibrator

(Hong, Jung Kuk and Kim, Ha.n-Joon. Marine Geology and Geophysics Division, Korea Ocean Research
and Development Institute, Ansan P.Q. Box 29, 425-600, Korea; Kim, Ki Young, Departmens of Geophysics,
Kangwon National University, 192-1 Hyeja-2-dong, Chunchon, 200-701, Korea. email: jkkong @kordi.re.kr)
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Jung, Mee-So0k, Kim, Ki Young, Huh, Sik and Kim, Han-Joon, 1999, Identification of Quuilernary

Fauits and shallow gus pockets through high-resol

ution reprocessing in the East Sea, Kores,

Journal of the Korean Geophysical Society, v. 2. n. 1, p. 39-44,

ABSTRACT: High-resolution images are drawn from existing seismic data which werc originally obtained
by Korea Ocean Research & Development Instilute (KORDI)Y during 1994-1997 for deep seismic studies
on the Enst Sea of Korca. These images are analyzed for mapping Quaternary faults and neat-bottorn
gas pockels. First 12 channels are selected {Tom shot gathers for reprocessing. The processing sequence
adopted for high-reselution seismic images comprises data copy, trace editing, mue amplitude rccovery,
common-midpoint sorting, initial muting, prestack deconvolution, bandpass filtering, swacking, highpass
fittering, poststack deconvolution, {-x migration, and automatic gain conrrol {AGC). Amony these processing
steps, predictive deconvolution, highpass filrering, and short window AGC are the most significant in
enhancement of resolntion. More than 200 Quaternanry [aults are interpreted on the migrated sections
in the shallow depths beneaih the seafloor. Although numerous fanlts are found mostly at the western
continental slope and boundarics of the Ulleung Basin, significant amount of the fauls are also indicated
within the basin. Many of these fanlts are believed to be formed with reactivation of hasement, from
geotectomic activities including voleanism, and ofien originated in Tertiary, indicating that the lectonic
regime of the East Sea might he unstable. Existence of shallow gas pockets casts real hazardous wamings
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Huh, S., Chun, J.-H., Han, 8.-J., Yoo, H.-5., Kim, $.-R., Kim, H.-J., Chai, D.-1.. and Lee, Y.-K.,
1999, Distriution, Characteristivs, and Depositional Envirominents of Gas-Charged Sediment in
the Southeastern Ulleung Busin, the Kast Sea. Journal of the Geological Society of Koreu, v.
35, no. 3, p. 201-212

ABSTRACT: Large scale surface pases are distributed in the southeastern par of the Ulleung Basin, the
Fast Sea. Higl-resolution seismic profiles show acoustic anomalies such as acoustic turbidity, acoustic
void, and pock mark which indicate the presence of gas-charged sediments. The parierns of horizontal
depassing cracks originated from free methane expansion are also the strong indicator of shallow gas-charged
sedituents in the 12 m piston core sumples. Submarine slides and slumps during fowstand sea-level are
observed in destabilizing sediments, Some samples tepresent the presence of concentrated rhodochrosite
nodules in the op of rurbidite. Pock marks, gas-charged sediments, and concenirated rhodochrosite nodules
muy be related 10 the existence of gas hvdrate zone in the study urea,

Key waords: Ulleung Basin, Surface gas, rhodochrasite, depussing crack, gas hydrate
tHuh, 5., Chun, £ H. Han, 5.-4., Yoo, H.-5., Kim, §. R, Kim, H.-4., Choi, D.-L. and lee, Y K, Marine

Geonlogy and Geophysics [hvision, Korea cean Research und Development Institute, Ansan P>0>Box
2%, Seoul 425-800, Korea)
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Sediment Characteristics of Waste Disposal Sites in the
Southwestern Ulleung Basin, the East Sea

JONG-Hwa CHUN, SIK HUH, SANG-JOON HAN, DONG-HYEOK SHIN
DAE-KYO CHEONG', KI-HOON HONG? AND SUK HYUN KM’

Marine Geo(og;u and Geophysics Division, Korea Ocean Researck & Development Instituie, Seout 425-600. Kureu
. Deparimeni of Geology, Kangwon National University, Chuncheon 200-701, Korea
“Chemical Oceanagraphy Division, Korea Ocean Research & Development Institute, Seoul 425-600, Karea
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We have studied both submarine morphology and sediment characteristics of waste disposal sites in the south-
westeris Ulleung Basin, East Sea, as part of a marine environimental preservation program. The Jung waste dis-
posal sitz tn the outer shelf 18 characterized by the thick accumutation of coarse-grained palimpsest sediments
and fine-grained sediments from vanous sources. The Byung waste disposal site in the continental slope is gen-
erally characierized by hemipelagic muds with intermittent sandy sediments originated from the ouater shelf and
upper slope. The hemipelagic sediments, draping the seatloor, consist of thndized muds. The core sediments
show numerous bioturbation structures which cause vertical mixing of sediments. The surtacz sediments can
be divided into four sand types {S-1, §-2, §-3, and $-4) and two mud types (M-1 and M-2) based on relative
contents of reworked coarse-grained palimpsest sediments and fine-grained sediments, sorting and heavy ndo-
eral contents. The sands are probably relict sediments reworked during high-energy conditions such as typoon
or storm. On the other hand, the muds were originated from various sources such ax recent input from the Nak-
dong River, reworked fine-grained sediment from the shelf or suspended particulare matter from the East Sea
Warm Current. '
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