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SUMMARY 

I. Title of the study 

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

(MECRES-99) 

II. Significance and Objectives of the Study 

1. Completion of gravity and magnetic anomaly maps of the East Sea 

comprising the Korean coast to the entire Ullcung Basin 

2. Intcrl)rctation of multichannel scicsmic data at. the continental margin of 

Korea in conjunction with cmstal structure computed from ocean bottom 

seismometer data 

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

4. To understand the sediment composition through the geochemical analyses 

(major and minor elemental analysis, organic carbon and carbonate content 

estimation). 

5. Interpretation of paleoenvieonmental changes m 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 facies analysis, indirect chronological decision, 

paleuceanographic 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. 
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8. Study of the productivity and stability of walerrnass during the glacial anrl 

interglacial times. 

9. Study nf the sedimentary environment m the Korea Plateau, the Ulleung 

J ntcrplnin Cnp, and the southwestern continental shelf based on lhe analyses 

of piston cores. 

10. To irlcntir,; each marker tephras according to its pattern of distriliution, 

mineralogy, and geochemical c:harm:teristics. 

III. Contents of the Study 

1. Correction and colledion of gravity and magnetic data of the East Sea 

2. Inlervrelalion of mantle dynamics in East Asia and its Affection on the 

opening of the East Sea 

3. InteJ1)rctation of the rift al lhe Korean continental margin in the East Sea 

4. Proposition of an evolutionary model for the southwe::::tern East Sea that 1s 

more consistent with observations and new findings than those hitherto 

5. To understand the linkage between sediment composition and dimalic 

change, terrigenous conservative elements (Ti, Al elc.) and chemical index of 

weathering (CIW) are used. 

6. To estimate the paleoproductivity variation during glacial and interglacial, 

and assess the carbon budget in the East Sea, organic carbon content, 

cnrbonatc content, imd orgrn1ic carbon/carbonate carbon n1in ratio arc u::;cd. 

7. High resolution sedimentary environments of sedimentary sequences can be 

recognized by Automatic Multi-Sensor Core Logger (AMSCL) m the 

adjacent area of Ullcung Basin (continental margms, Korea Plateau, 

Ullcung-japan Basin Jntcrgaps). 

8. Quantitative analysis of planktonic and benthic foram.inifera m thf:' core 

sediment. 

D. Quantitative amdysis of paleoclimatie indicator species uf specific planktonic 

forn.rninifcra. 
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10. Int.crprd.<1tion of palcocnv1ronment and µaeluceanugraµhic hislory based on 

sediment fac1cs and structures. 

11. Cl8ssification of cniptional and transportational processes based on 

thickness, grain size, and structures of marker Lephra layers. 

IV. Results of the Study 

1. Completion of gravity and magnetic anomaly maps : These maps were 

completed by integrating the data acquired through this study and those 

from variable institutional sources. 

2. A special seismic data processing techniriue hased on foll hyperbolic 

statistics was implementecl and applier! to seismic data to enhance signals 

and suppress noise. 

::3. The connncnt.al mr1rgin of Korea is the area where continental rifting 

occurred first ;md follower! the opening of I.he Ullcung Rasin by seafloor 

sprcarling. 

4. The Korea Plateau is divided into two parts by a central trough. The 

western :part 1s characterized by graben:::; and half grabens indicating 

extensiona: crustal deformation. The eastern basement high area 1s 

interpreted to have been moved southward by a strike-slip activity to the 

present location. 

:'7. In addition, considering that the Ulleung Ilasin crust was formed in a region 

of hotter than normal mantle temperature, the Korean margin may well be 

interpreted as one of volcanic rifted margins. 

6. The sedimenL chemical comµusition is quite different between the Holocene 

and the other part of sediments. Even though the thickness of Holocene 

sediment is different from location to location, the compositional difference is 

common phenomenon in the East Sea. The geochemical :,,,ediment difference 

between Holocene and last glacial period is interpreted as cau::-;e of difference 

9-



m provenance of Lenigcnous and hiogcrnc muterials. 

7. The excursion of chemical mdex of weathering (Cl\V) ts different in terms 

of location with thl' same pattern in Holocene. This implies that the supply 

of well weathered terrigenous materials is diffcn:nt. from location to location. 

8. P,1koprod11ct.ivity variation based on organic carbon and carhorn:ite contents 

indiu1tcs p:]cict;:il decrease and interglacial increase pattern and shows reverse 

pattern wit.h n~'.:;pect to mid latitude productivity pattern. This phenomenon 

suggests that t.he palcoprnrluctivity variation in the East Sea is tightly !inked 

with the geographic or geo-momhologir:.:il conditions. 

9. Six sedimentary fo.cies are recognized anrl r:orrclat.ed among core sediments 

in rletnil by A:\!SCL. 

10. Wr.11 r:om:latcd core sediments, especially µart of upper scdimcnt.:iry 

SC'.t"Jtlcnccs, arc found from the continental margins. 

11. Core :c.;r:rlimcnts collected from the western Korean Plateau are more' or less 

stable, while those in the eastern Korean Plalcau are formed in the unstable 

conditions. 

1~. Core sediments from the Ullcung- Japan I3asin Intergap conlain thick and 

several thick submarine volcanic layers. In this gap, well correlated 

sedimentary facies show erosional processes m th<~ core sediments. 

13. Holocene deposits are dearly identificrl hy J\l\.·1SCL if core sediments are 

formed in the stable environments. Thereforr:, s;criimcnt.at.ion rates of the 

Holocene deposits range from 0.07 mm/yr tu 0.60 nun/yr. 

14. Con~s MB99PC-·l and MI399PC 2 arc affected by dissolution. 

1, 
J. Foram1nifnal prorluct.iviry ts controlled by the increase of dissolved 

silic::i in the \Vatc-r column .:inrl upwelling. 

16. The corrosiveness of bottom wnkr rlccrcascs from the core bottom to the 

middle of mr-e. Then, it shows mcrcasmg dissolution during the 

deposition of the 11ppcr p;:1i. of corc. 

17. The abu11dancc of .:.V. pachyderma is par11y rnntrollcrl hy upwelling. 

10-



18. From core bottom to the core toµ, there exist cold surface water, stable 

su1facc watcrmass with c:,rnall variations of water temperature, and 

relatively warm watermasc;;, resµectively. 

19. The sediments mainly originated from the hemipelagic settling in the Korea 

Plateau, and these are sometimes disturbed by strong bioturbation. The thick 

debris flo'N deposits occur in the core sediment of the slope of seamount 

<luring gh:1cial period. 

20. The reddish-brown colorCO sediment;:; occur in the topmost µarts of cores 

from the '[Jlleung lntcnJlain Gap. The thickness of the oxic layers increases 

from the ch;:mnclizcd Ullcung basinplain to the Javan Basin. 

21. The she:l or rock fragments bearing ;:,e<liments are caused by reworked 

palimpsest in the southwe;:;t continental shelf. 

22. The thick bedded tephra layers are supposed to have been deposited under 

syndepositional reworking by bottom currents in the Ulleung Interplain Gap. 

V. Suggestions for Applications 

1. The investigation of evolution of the Korean margm and the Ulleung Basin 

can complement the opening model for the East Sea that has long been 

controversial. 

2. The correct interpretation of basement stratigraphy will help establish 

imagmg techniques for the thick sediment cover in the continental shelf 

areas. 

3. The results of this study arc cx~cted to provide factors to investigate the 

fonnation processes of basins and the temporal and spatial changes m 

depocenters that are crucial for successful exploration of hydrocarbon. 

4. The sediment composition in Lhe East Sea is lightly linked with climatic 

change, i.c, the supply from the terrigenous material including atmospheric 

dust. 
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:=.i. Puleoprodunivily chm1W"" arc also related with clirnatJC changes. but Lhcy 

show inverc:c prnduct1vitv excursions, suggesting that the paleoproc\uctivily 

in Easl Sec, re1kct geographic condition. 

6. The advantage of i\MSCL ts thal sedimentarv environments can he 

identified before 01Jening of cores. Therefore, undisturbed core sediments can 

he sclectecl for further µ,1lcoccnof.rn1phic and pa\codim~1lic ::-:tucly 

7. The high resolution pakocem1ograph1C and paleoclimatic conditions um he 

recogni;,o:crl based on the detailed a11c1lysis (1 cm core interval) of core 

sedinwnh hy Al'vISCL. 

8. Vnlcanit· lavcrs and sedinwnlary· strudurcc-: can he identified by l\;\-ISCL 

before upelllnr, of cores. 

9. l 'nslablc sedimentary cnvironments can be identified by /\!\TSCL, so thal 

stab.le an.'as ror the c-:11hmannc construction ~,uch as cables can he selected. 

10 Detailed correlation am1111i~ core sediments provide information nf more 

clarified and hwh resolved paleoenvironmenls in order to intcqirct detailed 

µakocva1101~rnphic and palcoclirnatic change~;. 

11. To u~;c a:o ,rn l':00:~c'.ntrnl (bta set to know the amour1t of' the Kurnshio 

Currcnl inOux and moVt'.mcnt of polar fronl with Lime by comparing with 

the data wilh the adjacent l\rnih Pacific: Ocean, Yellow and South Seas. 

12. To predict the allerations or ecosystem in the East Sea caused by climatic 

r:hangc 

1:3. To as a data Lo predict the impact of sea kw'.I changes on the environment 

(productivity, water rna~;s. und sediment). 

14. lntcrpn•tmion of recent rcdox condiLion by dislribution pattern and ongm of 

the 1-cdrhsh brown colored sediments in the Clleung lriterphun Cap. 

lfi. Heconstrud.ion of dctmlcd tcphroslratigraphy, Lhi~; could define deµo~itional 

characteristics s11r:l1 ;1s sedimeniat.ion rate. p.:deocurrent. and the 

palcocrant,gn1phy. 
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Fig. 3-1--1. Study area and topography of the Ulleung Basin. 'l'he 

conlour interval is 100 m. DH=Donghae, JB=Jukbyeun, HP-Hupo, 

PH=Pohang, KP=Kuiyong-po, US=Ullsan, and PS=Pusan. 

-47 -

38 N 

37 

36 

35 



38 N 

37 

36 

35 

129 130 131 132 133 E 

0 100 

km 

2. Shipborne gravity data coVt!nige. 
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ct al., 1993). tifl~{-_L¢::_Qj ~-~,'°~- zj-AJi11 z}~,,J.'LS!I {l~A -fl-7:j],1]- %).t~-- ,.1.},1]0]".:} 

21 s)l~~l~ -~l~ 2 ?1;!! zr-,,11°11.+ ;,;j-AJ~11~~ ::i:j-§f- 11{~.i'} lj'-fi_-iS"j-71] Aj-~~Aj 7-l-Jl­

Lt-r:.}lt·Y'- 7J:'l]~ rrl-i:'} :i]rR~1-~~ o]~-tj- (Kabigian, 1972; J\tchuta et al., 198ll. uj-

4-"i ;;r,Ji:B9-1 tH,s:j{!§.t:- rR.in_;;_ Al-,,rPl1~l 73/41~ ttl-4 L}-Ej-tli:t (Roest et al., 

199~). o]i']lf~ ~ 'cl¥ o]--§--Oj-1{1 oTI"'i';l~,t.9-J 7;:\rl]:>:]_~Al :;,;j-Aji~].9~ zj-~l.)}"8"JoJ1 r::B~-
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-'r~n]¥--7-l§!1f-E~ {!,'~-g ll]"J-1:>j-oj 3}"j~} tl],ij~ft21 ~YC Fig. 3-1-6~ 1ft:}-. 

B'i:J:wt ;;i;j-!}!;::- t}-=r;-~ Pr-1G~-§-A}o1]Ai 1987\! ~~-~ ll7TI ~~-{i ';'.l ~-7L"t] 0J-~T~o1]Al 

19341.J ~~t} !11Hs.l ~Jj ;' l:J1H ~~Jl.B...P Aj-f\-151-9}4 (Fig. ~-H-7). %~~z]1.B l57HS>1 
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Fig. :1-1 :--'i. Magnetic anomaly contour map produced from crossover 

error adjustments. Yangsan fault, Tsushirna faull, folds off SW 

Japan, ,mJ Tertiary basins offshore the Korean Peninsula are mapJxxl 

from :\1immri 09791, KIER (1982), Park (1990), and Choi (J99;'i). The 

Hupo foull is after Yoon (HIM) 

52 



--•• 
-38. N 

-37 

I 

129 131 
0 

km 

nT/km 

-8 

132 
100 

-36 

-35 

I . 

133° E 
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Table :=J l 1. Range and average of se1sm1c vclocilies in each. 

~--.......... __ 
Unit ----...._ _ _y elocity 

------ Hange(km/st'Cl Average(km/sec) 

lJni1 I 1.:)'.~--1.fl9 I 1.m 
I ' ...... + -1 Unit I] 2.0•1 2.38 2.17 

Unit ill 2.:10 :mo :rn:1 
r--

Cnit IV 3.82 4.67 4.20 
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Lfl (structural high) 01r+. rrj-c}-'-i 'l!-~Cl1A]oJ]A-j ~~~ r:}*;<H¾J.T.r}AjA ,,z}SH:::- '{l"l-~ 

r~]z]?~ A]-$l ~ -=?-2-l;t\f~ ')i-·8"j~c.r~] 3.i!] £%0] ~- :~]o]tj-_ f~C:-'(r~JA]oJ] r~'{l"l- _;,;] 

-,g-11-~ ./4,j_l_,!_~- -'i;'-6H "°d-",.P't -¥!:-tHB A]T~:~~ tH6loJ1 uH-7- .1}~1 9.l.t:- -~]£ __ ,; ~%~J 

->lo] L.j-_ 
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Fig. ::i-:~-1. Physiography of the East Sea and study area (framed). 
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~~clt<l ~~5H~21 t.HAlAJ~.g.. ~-.:;:--'&- \J\)·Ai BJOJ9~ t;-±¾ 0H (fault sn1111)~ 

7,.JJ:j].£.. A]~2j ?{Jo] ~,° A-jA]~HS>} ~~9i ~-:~o] ~.g. .:i:1A]r-J1£ T{t-Bi:} (Fig. 

:-3 2-2). z1 A] 4l ~-z1 iiH ~ ,° \J-* 1aJ-t>JYl i5TI A-j ~ (trough) Al~ g o] ~- t+, "r1l ~ ¥­

t:- ';i~oJlA1 *q_n_~ ?}1(!A1 '42,000 m 01P•i 2,900 m o]"g_~I;!_ ;I~z-11:.}. {}7L1-J1 

x] o}]A-Jtf.f': %2- -~z1z}- -'-'r2Z. (int.crplain gap) 0191S>I g_ rf~ il~t-,1.]Q_j- '?! 7J~~~ 

-;.,c_.;?_0]1~-. ~}-i;-q]Al ii~z]~- iiH~2 .),;-~ ~OJoJI tiJ\=tt}- '-;t -~- tiJ&,}9-1 o}~l~ oHz-j 

% (ridge)"11 !'.'i"6TI ,-t-{(-~9-. Z-1~1~~ tTIA]~-sq "r{J~~~--:- A-j-s";~.i'} ~i~9l ,.L:.{,'1= 

11'J AJ g .!.!.1_P=l ~7. ~ j]_ ~-~ tW·"l ~ ~ 7TI £ii ~- 6- 1--J Ai io- ~ct~ iiH z-J ¾ (ridgcsP} tf 

01 Li.;:,~ 6I cl • .u: -a-1 r+ "I_,---,_ sJ AJ ':c=-.:,tf ;u.. "'l xj ,s---l "!-1 t>l f11 '= 7.j ?,J 7 i :;,-_ A~ c ,;-, p t;-116.j "1 f,_ ,:_r_...,__ , __ • ,• ·1" 2- cl ·--·1 o -fl'-- '-'- _._ ,_ __ _.__ ., ~ '---'-

-C}. "T{J.91 ,¥-±1c~: 'rfA-j~ <5TI/.-J';;9i 0:J= 800 m 0]"6}~] .:i:1::>:]4lol]A-j *%~.Q..~ "3'J=tH 

2,800 m ()]'cf <!0,,;<,lt+. 

~s:'Cil"i'l"loJI cJISl 1999',o 4'!! ~s:'•l"J\'1-r~ 'l:W '/17'-{I -2'rel:'>-:S 0 1§­

ii}°I fifi ~Hlj BAjE} \[,'-}~ ~A]<'>}~r-J-. 1fH:IIi} AHt9~ J[fi:Ai'{! ;;t~~~-~--1~ 7-l~ 

~-::!~ BAj:ii} le:-~% A1]¢/'6~5:tr+. i:g-;.~J.] 3:/}{:!!>i 4.;'-5::.t:- 5 ',-_P_-~ ff-z]li~9Jc}. 

~A},'.7~-f:- 31B~ %-J.i ~t;J=:il} 11H£l **%-'JtJAi UJTI'J.~-~ 7-Ad!i]Sit+ (Fig. 

3 2-3). ~l~f~'ii-~ GPS A]6~;:;;. o] §-li}~c}. 

A-j~ AJ-t>J=~~. O}n"J-;;i"{J, .=1212 5..itJ.Jl]o]~ %9] ~A}¾~ ¾{i 0J~.Q...£.!f-E~ .lf-'d 

1}1?:'!o]L} .=i~} qJgo}~ ::-:j~l?:'!% ~o} =r~o}~-ct (Mitchum 'g, 1977). ~7~91 A] 
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11:"'-'i':~ AJ-¥-,~1,,_i ii}¥-§. 7t\'.P·i A]1:1_!': I, II, _LC].Jl 111_2__§. A]1j~}~r+ (Fig. 

3-2-4). :il~l-¥-%--'tJ A]'r~!-: mt 7J1t}~~on %~ ~{l~}.J!, AJ-%-¥-::: ¥-A] '?:!¥!4'­

"ilAi -"]"PL~-"' E'11'1] 0],;-1°] LfE}\l-cf. ·";l'{f¾'<i A]\'lc"' 11::: -/if.!/- A]i'I"- IIl"i] 

*"l'l'll'!oJIAi -"J'1H,'ll"f\'!Ai .!/-"JW 7<171171 ':)-~-af:;i #--"I '6'-?l-"l"loJIAi i!W"i-"­

~ Lfi3l-\!-t:f- (Fig. ~-2-4). AJ--¥-¾'i.! AJ=f:16 IC° B}-¥- A]"C!:'.'::: IloJ] ~tt):~{I~~ 1 

:,J] '<! cf_ 

'1l T "I "I •I z]- A I 'i'l A "II qJ ~ 'l]---)l--"f "i ¾ '1l qJ ::: A] -'i' >I li .21 .,. "I .£ '11 '11 ' '1l T 

z] "I "II Aj 7H} 7}771¾ 6 f"l .s .s efe".-"f ofuf .s *"I "ii Aj 11 '11 i'c"r A] '?i' 797-"f 

799.21 ;/_:;i;,f ii;, 0 ]-§--afoj ,Hl "I 2-.sc tjJ "I "I'll cf (Tamaki et al., 1992). 0 1 ~ '1'! 

:,,j- 'al 1'-\'!Aii:S g_ ¾W-/if"l, A]'i'Jh He Cf;] ~r]- 0].9J~->il4ll, A]'i'JA 111= 'f7] 

ufo]_9_;J]-£J] -l,-efo].2."ll, .::rs]:,, A],'1!o III~ 3'7] ufo].2_,<J]--.'7] ufo].2_,<J]-". Zr 
z]- -1l 'll -/if 'l1 cf. 

7f. AJ'l[~ III: 

7f~ i;f~"i] w'<i ,laAj.s'cAi ~l's'cJl-"l-ir·"i-21 Ai~"i"l"1 %~- 'll"l'ir ::.i.e]:;i ~} 

's'cJl-"l.21 'll.!/- #--"l-"l"l-"f ~'s'CA-"191- ·&'if '11>11! Afo] -lr>'];<]"f"il-'i'l! >']"j;,j_o_ 

.s'. 1"-.l'.~cf. 0 1·¥-- "1"1¾~ 7]~}'/l-"il 'al-"Js!{l (onlap)~cf . .:::i.,].il Aj";.Qj "i"i·~ 

Ai c 'al-.!/- \'!-'1¾"171 "'"1 '11 °1-l'! (tnmcation)-/if jl 'U cf. 0 1 t- III ,laAj 7f "i "l '<! Cf 

~¢.J~% 6 l 91~%¾ 9-Jnl~t:l-- i:-J~~ ~~¾ 6 1 t.t-¾¾-'ti-ofl ~~ ¥!aa-£- W- 0 1 ~ 
;\(g ~ ~ "r° ~tj-. ~~1:JlA19f- ¾¾ ii~A-j0 A}o]{f-Aj sJ~¾.2:- @-J?}~ (i-~Ta:7} 

c,1- ',I- 'if-/if 9/ rf. lfr-\l .rrf "1 "I --))- t- I'! A I¾ "1 .21 '1l 4r AJ 6 I '1c 'lt "I 2 Cs! -11- 0 l cf 0J 4 cf . 

.::r,]:il ~fAJ'i!Eil (configuration)::: "1171'11 "1"1%Ai7f 'l!'l!"l'<i >f'll 0]cf (Fig. 

3-2-5). 0J s1J;<jc;;·<1 ','-AJ-:;-~'.'. A]-')';<f,l_9.J 7,alojs'. "1'11 "111 ~]'11<' ,l:7f';;"iifLf 

0tuf§_ •l"itt0i'-1 lc-'l"il'i ~I~~ 11•!>1 ,t4;,fiU½% 01%•1"1 (ODP), 'i!:-'8-"I 

£1-~i_.._J ~ 1~:l-~1"?}".i!]- r=,~o-] 7}';~ f'r?f,-,s-}9jc:}- . .sl¢:J¾,,_l III~: 'T"& 7J~4'-6ll ?-}-:] 

~PH~_- 0 ] -lt-;-~~}j]_ ~-*} ~-if-_£. 7}~?-j 1.~~'1.]::i:}¾ tl'lr ~~~ ~{;!5j-3j-~-.Q] ~ 0J 

-'a 1']>1%"'- 'i'oJS1'<\~ 7,1°14 oj7]oJI "1"1%'11 '1l4c-'80] '!l:'lt~ 7J~ 's)'1j-S] ~} 
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A}~tcl~!>~ ~~.?- .!,!_o} ~tH} 0 1 sill 0 ]Y- flow ~f~1~ 711°'1 91g :;.l~S.. A}_li-'tJ.c}. 

0] ~Pi~~•J..H:- {{-A]/} fHl-~}lll ~~~ uJl ~l~-'8 %A]Aj ?l~ . .Fcl ~~-!-Ai (synrift 

sequence)£ tll~i-¥14. -6-tll~-/.l~ C]_:IT_lf~~- tnAl~}~-5'_--!g-o] c1'-7]ot]Al %7] ri}o]_2._ 

A~]%-<tl- ~~-t}S!!Ji-l ;].Q.~ . .!,!__:i 1.!rlll V.~ (Jolivet & Tamaki, 1992), ~:Jl 0} 0].Q_J.71 

o]1Al ¾7] n}o].£.A!\A]7]oj] A]'H!-- III ¾Al7l- "S-"J-¥l 3:)_0_~_ ?ht'flt~--

'-J-. A]'l[~ II: 

AHl"-' lit° A]1'1"-' IIHl -',l-~J{l'iJSft'J, ,! 'i:i-7,J"l"il l;'-.1'.tlcf. >1"i¾J.i<I ~} 

tg-~1°1 ::i:lQcJoJl n:1-4 c}~Jll i..+Ef-\:!-ct. ~~i¾A~~ i:"f-A] AJ--'g'-;,:ij- 0}45".Q.~ A!l¥--'fl 

~}~rRz]~_A1.0• ~1{;· :s:Pi~"AlSq ~l,.T.j:i~- !i'j?q-"J--8: 7-]~ f-a-g-i:'•~ -";'~~t.}Jll ~-:If 

1!!-tj-. 7X]l.f <SBAj~_-8"} <?f 0.5& ~o]oJ] °5\lA~~ sr_1c1J~~J.+~i:'• 7l- ~A;:-~_<?.._~ 7J-t} ~ 

¥,-2_£ nHf- T~o]-111 1:11'0-~-tj- (Fig. 3 2 6). 0 111-:'.- opal A (amorphous silica)ot1 

Ai CT (cristobalite)£_9J ~ -"lj 4% l.;11_ op•j-AJ (diagenctic transformation) otl Al ~--\I] <5]­

{: l{l--'8:u} ,,1~;.1~~-,;q~_ .sB,,_i-'f~'-l. o].Qf ~,:'_ opal A/CT ~,"]-'~-i:'J7} ofu]-r;c_ 1-A] ~ 

HJ· •'>lnl 1--_ Jt-.~~l "11
1 J..~ o-1 -,, ',,.] , r-'-'- , ' I '•' '-

?', _:vl..S- .•_ I--_ -dl,, c,_] ,I ~'.i (r-1 01 -;', ,-', Q.
0 

_,_;: !.'J- Ai, -
0
·'.- c,J , _ f <·C \c'. .L '-ff -'- , '. ; : ~1 _, I ' 0 ~ 

--~· 1 ;,;)- _fi ~ -_ 

._,:i- r,·.u ~1.,;., ~-7:~.!,:Ji·J- ,:-,t.u_ AJ-~ol .l;!. _ _,,.~cJ i;;J!-1.'-.I-'"'- .,:7J.1-7f 2,-r_t!_-,5~ u_ui-,.1 .!.,J•I 
--7 - 0 l' Ci-•- I O , __ • . I I O -- , 0 · "1 0 , - , ·'- -'· u I ,_ ,,_ '---0 , 

Al.:/. oJ 1.--l _q_ (rj t,, .,_j .. 6 - -">L,_ }~_ t'l} AJ- ,z_ i:.:J ;:;, ..:;,u". ,,-1_ L]. 
, _ -, A •- 1. l <' , - t> ,.. \ _ () • - i", 

~I#--~""- _o 
' 0 •• 

0 1 = ·1 ~. -· ','.'_.9 ,_ 
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Fig. 3--2 6. Example of seismic reflection profile showing opal A/CT 

llSR at 0.5 sec. See Fig. 3-2-3 for location. 
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_',T_~}!~-- "6]-Ii1 SJ 170-nJ:~oJ1A-1 -"J-.!~9] %~J 0J~ 1=-]?;j_;-€,7·2-~- ¥1~~:- ~t~i;r~]7,]J3.-z1"11A1 

5ij- pl-~ 7 l- :;,; l ~;_ l i .:r.: Z-'i .\c:] ,::;-J * ,.,11 ;, 1 f·H ~P-d !r.j:'-' h;- ~ _r;. H l '1'-1 / l u1J ~J~ O_ ~ 15)1 -~i !fl t:l 

.i-1-"J.i..t" .Al-fl,,____ H-:: -'-1~f~"'2 11"11 -',.}•J-~Z-.]Bl-\9/1, tl:?,-L~A] ~=-7j.A]9cj9-) 7--jA]r1j9]­

~l~t:Jl.AI \~i"- Aj- \fl_ 7] ,.;7 ¥- 6l] A-j ~-oJl ;7.-Y_ ~c]-_ !fH:J :rr} ~P4-"J--;'1. 1?'! 4,c-AJ oj 'bi'~Oj- jl 

"G'.oJ] ~.~_:if:J)H-- ~1-s1-t-1,j0] i'ifl?:-jl,11,0 _ t~AloJ1 91~l- !-"C<n1H 0 ]-1.l \'.U-l--t-?17]- ~f\tt-l-~ 

cj- (Fig. :1- ~--'/) 0 1';-'- 5)1.;;;-j;:,;-p~.,_ i'ifl*oJI 9]'{>1- cNA1:;,;j•-~- 0 1 1JS1-:::-:i- ,.-qAH}t:]- 01 ,;;1 

\~Hi>It li11?!~c"c)-oJl"'l 1.-}E}Ll-~ zl~Fi1~~- 71tt.1-'?-}21 A,Hl-~611 211} ;<Ff 

(graben) ~Q J1}z]-l (half grnben)-'4 ::-<]-'f (hnrst)~,¼ 0 11 9:j"5fl i 1H-'t- 1:- 11-J<';]-J-JI -E,~~;:,;]oj 

{_lL]-. ,;l-f ~ t;'.}7.]-f.Q] '?J--~-::-<]cA-t:- ~~%0] .-.gco].J.l, Ajif-9-] _:;i-.(1~~-c_ ~-A]A]-<'>191 

7fl1~1,11 9:11]_-~_:,~ ~lt:l-_ 1-)-;l;,1,]S'joJH:- '-]-1<?-l ;.(11-21~--~<'- -,q;i:1t:Jl<?! -~l"i-~X]9~ 0t;-.;:~•S'I 

0 2 _, __ :r::. 

>.-] l--l <,-._ 
U CJ (J 11} 6J ~-1 ~ i.;J ~~ (NN\\T SSE trending nom1al fault) DJ] 
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Fig. 3 -:)-7. Example of sc1sm1c reflection profile showing sea floor 

tnmcation in Sequence I. See Fig. 3-2-3 for location. 
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\t~i--i::RoJl !>l6TI 7cl;~j~t}. :Ii'~jl 't}--~i:.JlA1~A]t-B 0 lJ+-:- 4~ \!_~.Al7-9} ,A1·7-!.)j S{t-7:] 

(sub basin)~-~ T·\;J"t]t} (Fig. 3-2-8). 78B"¾-?-±{~- planar 1rh~"2.S". 0 ]-'f'-<>Hjtj-_ 

AJ'rt~TS:~l_~~ ~lg"l:lJ-"O"J~-. U]"';- r'J'Al ?J-.g.. 1B-AJIIj- VfJ.H,tlfl AL\17]- A}.§-s:19i,(11tl-

UJ-TIJo] J?-1'1]~1- '.".,12 Y ~tt}!t!L} (Fig. 3-2-9). <t}-~q1;;i:J,:f_-:;i;] Ai~-:;,;1 ~oJI ~~t._=±~} 1:] 

~¾oJ] ~J:"~~6] t:-+T t:1~1;¾"5}9jL1, l[}Adli)- --~AJ~1oJ]J.j o]Pj ~-J-1:i}~,:;,;juJ, A]¥1~­

lllLtloJ1 .AJ'i:l-t~ 6] rtT ~1-Jo}:ni:-t. 6]-:"i-~ t!]IT_FJo] :ij-1h:!- Aj.7]%'tl-oJ1 flJAJ~ 

-'o'-Ali'~-~FJ (~yn rifting) !iiJ-5J¾E...!£. t.TI~8't-l-. 

~-:.r;·r:.11.AJtJ:¾~ ~-=?-.A1Q;J,.,11Ai l]-Y.7]- 7]-AJ- ~- Ai'S't;"! A,f't!"°} (we~L-facing 

normal faulL)-2.£ ~*Ai - 1-J\t% UJ--.S-J~l •j ~Q.£. 1-fSl_·t,]-~ 1~- (Fig. 3-2-9). ~~ t:J1 

A1\f-~Sl 15"]-ifr (foot wall)& ~}-~qjA] 0]n.1, -"Jlfr (hanging wall).g. ~}~r1]z1~-zj9~ 

-'1,-~·';'1V'l_~o]11-. 't!ToJl A}-2-il \fl-AJ:rrl- Tj~£-"J-oJ1Ai -tTI-~i1.':! ~J¾ 0TI (fault scarp)£>~ 

7,JQ.71 7<1,q (apparent dip):::: 19--28° 1{].$1°]t:f. ~~11!2- £]~-f.;-oJ] ~'.~S'J.'c:- 1:i]ly-- Tj­

~;· 7c}A]-~- tnAi1S tja~OB_t;1_-c]- cj -J-~ -J!_s>_s':, "'~l.f~'tf_ 9~'-f"6l-~. \-J',5-oqt::- ~]A~ol] 

2p,~ -,:,];;{]] 7cj),}i:;'.!1i_l~- 1:'J- 01 st}-tt!15B{l7\ u:]~~Ojt::}. ·1}~~.A11cl-¾£] ~!:oJJ,1]J;c~ \V-;a 

~sq ~J%-~,0- 1+-'i-1{1 ;"ij\--l-.g°·o]r}. AJ\h~"<~.g. 7}1tt (hanging wall)~~ %:.r17} ~icl. 

Qj S:_n].\:1?] 3"] ~-1 ~--~- \}{,"'- (dommo style rota!.ed block faults)~- 0 11~- (Fig. 

Q;Jol]~:- ~~-1--!1:z].Q-} -$r~ *~::<:• -'J- (Ulleung Scamount) J..}o],.,11 \!}-.:z]-7- f,-L.:z]7~ 1:1-~-:f.5]-

9)_-c}. 01 ~-AH:-_::- -~--Ji;-Ai-LJ'J-',5- -t:',--'j~ F._1AJ4 i,:}~_'-c_AJol] !f,5J_Oj-;tl) tfEj-\+L--J-. \t;:;-­

~j~ ~-% 1.-J-"]1}-~}o]t::l- (Fig. ~-2-10). o] ~l-*~·1~-1 UJ-UJ_'t. -'$j';'~·6lA~.7-]~0] 1;1-f1;ct 0J 

,,,J-;'1 2~0]-61 3H:Jsl-'x'tr}. 1tl-:;:h11..B J..]f~!': III .\icj-3)-;;-1.1:::: oJ]9J-Aj_o_~_ ~J-•,'.t'i~ ii 
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~I 3 ~ 

1. A-j ~ 

'll 1'-'ll .'r. <l '11:ef ofl -'11 >J s-f c: % "11 c: "i ,'-'l'o "I \'! 'i'-7} ufl f- ll!- 0 I 4' o.l ¥! cr-'l! £ 

isl] (back-arc sea) 0 ]t:} (Fig. 3-3-1). ¥"8ll9.l *~.g_ ql~{f- ~~~.A17} ,:}x]"5}.:il 

'.U<>1A1 "i'1F12-.£ 'i:h?S-ft:1-. ,:}~1¥1_ ;<]"1°1% (Seama and Isezaki, 1990)'~ 7']Zr·r 

:'tc (Ludwig el al., 1975; Hirata et al., 1992) tc 'll-l'-,' ,] 7} •I Aj 'I! >:}'l)-oJI •I •I '{l 

'11"1'.llg g "]A]~t:1-. o]oJI ,;!-S-foj -'l/-<11"1 ';:r"?-:'. uflf· %%1,',c]-'4 °)0 }.S:.1/-.<]-"t 

1'!2 {1"8\l~A]~1tl- o}Yi:'} ~}~rR,,;1, _2__1;Jll~3..' i-cj_il oFa}.£.e-1.A]S!} :Q-.g. j1A]~1c:" 

~17} ,'-'1:S-1°1 ".'lJ-~l ,']'IJ~c .!!."liccJ. 

¥Bll9.J ia-~.:s:. ~~iL1r_J} ~ittx~ 7}77]-1- j(_O __ .;?_ly--Ei ~;tij!'~ ~Jj;],?_ o]~-ii}\1 

Ai ~-ic:l ¾~ ~~_isij ~~c.}. ii}x]'tl ~~lS:.9t" ~¥-'f!S:. ,'-} 0]oJ] ~P-]<5}~ -½~½!-Al 

.Qj ~q.. _7- ;,.jZf,Qj ~Ad 01 ~lt~.£_ ,U-i;;j~ '.llAI f'_J-5:kr-}. :-1 ~31} %<S~\:f4'-2i 'fl~£ 

•!! 0 1 7HJ'll "i•I '1'>'"1"1 t:1- 0J~ '!I''<! 0 fycf %',-{!'-;<jej "14°1 <j 0J';<]Zj-',);<] 

of q '1! cJI .;,. , I 4 '<! "i £ * {!'- 'll isf '.l! cf. oil ~ ;a 0 1, cf g :ilf :,, o I 'i'- ,, "i "1 '<!. 'll £ <.! 

o] 'TIAH x}'T ~%£].Jl ;Uc}. Otofuji % (1991)"~ 1.-JAi~~~X.7} {!-ttJ-££.-'1--E~ A] 

7-l]t:1J-i5"J~ii:.. ~~<'>}'(!Al ~~~c};: ~~»~ ~'il.2.~~ hl]A]<5}~c}. 1il1B, Jolivet 

and Tamaki (1992) c: ';]- A] 'l) ,'-',l .'r.7} 'r ~.} 01 %.£-%"ii "1 "11 ',J-Cef 2-5'. 01 %"1-'.cl cf::: 

'if 7j '!! \'l 'i'. ,1 g >I] A I S-f '.l! 9-. 'I- ,j 1>' '<!. 'll !i'. '.! "ii Aj ;: % % 1,'- z] .<) ?,j zJ- o I "ii 0j :<] zj-

~ I ~c ,p;js-fil2-Lf ';l:,j',l_\'J .'i'.'.!~l•lc ¾s-:/co<]!lj o<]zJ- 01 'llB-'l!.'r..Q) cJl'to<]zj-oJ 

~0,\_f ~-6-~~ "5fl~t-l-~4- &l-2-C!l "8Jl?.·P~zl~!~]?.}li~ e}Ea·-2..£ Kim et al. (1999) 

~- ¾'o'{E-,] <I "i 4°1 'lJ ')/-,; 9- -'f-'9 ¾ sj 0J:<] zJ- 019 J 4/.'r. 'r'l'o :C "ii :<j '1! tt'ir-'I 
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Fig. ::::--:)- l. Tectonic rnap nf the EasL Sea (Japan Sea) showing the: 

discrimination of crustal r,yne (modified from Tamaki el al.. 

E)(l?): ( 1) continental cn1st, (2) rifled continental crust, U) 

extcnrlcd continental crnst, (4) oceanic crust, (~i) strike slip fault, 

(6) thrust, and (7) metallogc:nic bells (Sillitoe, ln77). JD. YI3 and 

llB O Japan, Yamalo and Ullc11ng Basins: (k)yb - (Kita) Yamato 

Bank, n-- and skµ 

Bank; TF and YF -

no1th- ~md south Korea Plateau, ob :..- Oki 

Tsushimn and Yang~an faults; llTL, ISTL, 

MTL, and TTL - Hut suzon, Median, and Itogawa Shizuoka, 

Tnnakura Tectonic Lines. Dathymelry is shown in meters. Inset 

shows distribulion of rift hasins at the inner margin of Korea. 

Note that Lhe Ulleung Basin is defined as "oceanic" after Kim et 

al. (1998) 
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q1:;-oi1 ~p:1~ i:m~~-~21 ca~J rrJ1~oi1 1J"<-f~.1-:t .<:£77~~AJ i:ffi~-;!-JoJJAi iiBAilf! ~·~ 

0 l ~ o-j \} .2.11! S.. M] -ti~ ~ -i _cl S1 c} . 

. T-i,j\l..-l-;.,JJ--1,.ol 0-1,,.12 ..._.lpl;.,L7\ Ol<,J p~_F. __ '!'_~_ol (>.],5):_Q_ Al-:x.'Jo·~ 7:J_Q_ A\=•f;<j u u I '1 2. 'i'J E ~ 0 r Tl L , ' i2 ._. -1 -d er '2. 0 . 0 '-- A '-- 11 ,, 

-~1]A]~i ~r~t:ilt~ t:}-c'_ .3!.Q..5~ ~1l!-XS>] ~-~ ~t;!!lt-9~ {1§}7}, t:JlAi 0J~ V0ring 

'34 ~-u] ---;" 1~1i!_~ ~~ §},aAj '{i7B ~r,,~--¥- (volcanic rifled rnargin)QJ {l~:t_tc.J1oJ] 

2]6B 'i'~ 1B~ ~r" 9Jg¾ Qju]~i:+. ~{!->-d 4-¥l_Jil-oJ1'c -';-.1)~-2...S.. 7J1::1JtB. 0 PlloJI 

SDRs (seaward diµµing reflectors)?} ~1-JiiB ~lr+ (Eldholm and Grue, 1994). t!l~ 

Ajz-[ 6] Y 7H ,-I 3/'- '11 '1 'll l!j-')f Si 'I'll .>,-;'. A] "l'i±~I oJ\Aj .,-AJ-6'1I 0 1 rH /] "ii i½"i 

~1.+ ;:J?iB 0l]A-j •tP·d,8rf. ~7]oJ]),i ~½~~ %~~ ~~¥;,,} t-;;i:B.s=]O-j :§:i--'-j-~A-1 

(igneous sequences)~ 7}.7-]711 !r]~ril 0 ]~ 0 1 MCS t!-~AJoJ1 SDR~ Yc:l\:r4 

(Mutler et al., 1Y82; F.ldholrn ct al., 1989). 1-LJ-t>lAi tl-tt!-~ 'T~-1oJ]A-j 7]1fr~9.j AJ 

:;}~} ~n~t- %~TI9.1 A17'±31 c.::l'f:1-~- o]zB-t\-C ~S~7} Bt::}. 0 1 ~-:-{ 011-"'i~: ~~}:Y_ 

91 r1l-~} T1l-1~-oJlA-J ~$-- 960 km9.l MCS i,11;i1g 0 1 §-t.}u] 7]'(}~9.] -?-±~ .Il}':'f 

-8"}_,~ o]9~ i§";]:i!l-1Hl- A-J]A]~c}. 

Af7f ;,~ t11;,.1-f\'L6 . .;, \s's!-<14. yj"s-,f'l!"il~ %~I -l)-,1 c]x] (:i/''1.•fl,3.)sj- -&¥ 

el~-£, =z.2J2 ~~¥-_;,.154- {fe ~~~ ~1B~:i:J7} iiTI~{:!oJl lljt.~-otlll -~:V:tlt:l­

(Fig. '.l-3-2). Yoon and Chough (19951~1 "1~f'l! -9-'1.{\'-;<]9f ':l'sli-"li' 1' 0J0I% 

;.j~~J.Jt-HoJ]A-j ~~£1~.£.nj o] 4%.g. ~-~ -&-i-~zl~ ~l':1.£.£ oJ6i:$rl. 

3~~~~-A]!'.1--1 iJ*uJ-"t>"J: "'J-7i'1'tl!l.~{- ;IJ]A]-8}/] ~4-811 Jolivct and Tamaki (1992) 

~fcr1] 0 ]l,- i- x]01'(} 0 ]:Z,7]cj; 250-300 km 0 l4 (Sillitoe, 1877). rr\-'f>i 0 1 ii.I; 

f -i--ig--*.Al9~ '3-74~~.£.~oJ].1.-j \fA-j 9J_.g.o] \t&,.£.~ o]%~ 7-ic'.joJ] 6]1~~ ~o] 
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130' 131 • 132" l33'E 

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). 

-86 -



9-. 

'l),'-{i'-e<]Sf o)of<;c_{;'o<]oflAi 'ri\11¥1. ODP Leg 127 and 128ofl•j 7]'/!'l]-.oj <,j7.,!:a]­

\9_r~oJ] '<!vi -"fl"Uf 'r'll>'l'.llcJ- (Tamaki et al., 1992). 0 ]~34 ~-',J-oflAj 'l!-l'c -"fll. 

·~-?.- ~~i~ ~~ 23-19 Ma%~ 1i:!¾~%oJl ~~ ;-i;Jzt!i! ~~W~ ~~.£~;,;]~ 

$>J 4}1-o] T'fl-~ ?~ ~'ao] ~~£j'.(ig% ll~¾t:l-. ~tfl-.£.'ij %~ ?1t!J1-:::::- ~ 

')1~£1 e1E:',1.of, 0 i'f 7114/-<l %%;\'-e<]_oj 'l!~:a]- 'll'!JaJ-;,Jl 1'!\'!B ;io_;;, 'l_lojx] 

;: :ofo!-lf%o] 'c!oJ'<l ,]QJ 0]cf (Yoon and Chough, 1995). ofl* ii<>l, ~f'fr_S:C.oj \t 

%i5Jl~t% Ul-i:-}- ~J¥-~:;zl- ¾~~o] lg~ ~¥_%}.TI. 'il::= 7>!oJ1Ai 1,!_-~o] ~-*11 ~,::t 

i:%gl ~7171 '.lief (Fig. 3-3-3). o]a; ..J-,a'(]~.oj \9-Iil~ -?caj~cl"i] ~7]oflsj of 0] 

_9_,.,.l] 1:7] (25-17 Ma)~Ai c1-~"E[~ ~ %¾~_;,;]Qj ~~ A]7]~ 4El-t,!!r+. 

-N·-~~.Xl-t: -%-~H1jfA·P~-.9l T~ -~17-3::. ia-$-l 0!rt. ¾½~A]gJ A]Zf,':'._ 78~~~ 

•! 0,}<JZ}.!l_,:j ¥-4.</-'-l --, 4/£¥-.l'.;: 'll--'d-31'11 •! 0,}:<]434 'll~l~cJ- (Kim et al., 

1994). Kim et al. (1999).g. %iiH2l tj-~ *A1~·:i!l-:: 1[i'..] ¾¾iE"A]gJ 14- ~H 0JA] 

7 191 C:'>1'11 ~,+~ 2C (Layer 2C)7f '.l/%¾ .!l.'l!c}. ::I~{: '-H"t<>ll ~~l•f;:: uJ,; 

"i'f-~ <>11~1"'1-t \'! 0 ]-)J-rH (thermal anomaly)&! "f'>i-~"il"l 'lloJ'c! "il"i'l! ~'l)-oJI 

ej 'ii !<-¾"'7 1 7 I 'IF.l "i '.11-"'-9 Cl. ;:l ,f ,q 4 gJ -'f- •n 7f IO km~ 78 -'If .!I. q -'f--4 ¾ 

;! 'll .'i lll --' I "f 'l! cJ-. -i ¾ ;l'- -"I '-11-'1 7 I '1! 'll' % ,g 'a "f ;:: ,11 oil ;:: 9f-a-l1-% ,1c ~ ¾ .8. ~ 

"l'lt¾ Sf'l!~•rj] 0 1 9}-ol-11-%? nf 0 ].2.-'I] ¾7]~}"1 "141'1'.llcf (Chough and Lee, 

1992). 

1994, 1996, .:..l~_:il 1997\::! V~~s:_ -?\!!1f.9.}- %~-~..-,;]of]Ai ~T11 .&-¥~~~ 0 ] 

%<Sfaj {l,f 690 km9I MCS,cfR;" ~S:-"f~cf (Fig. 3-3-2). 1994\'lgl ;<>foJl>j;:: 

690 in'"I "1]61{! "H'°1"+ 96>!\'l A_>oe1nJ;" 0 1%"1-"1 '1I<f{!-zj 25 m~ ~it~ 48 

SI ,<fJl.;" ~c;"f~cJ-. '-lnJe<l ;<<foj]Ai;:: 56>l'ii~ -?->J-,1 1400 m 7,l 0 ]91 .'c.s'-cl 

oj;s 0 1%•}'" ~f:of,lzj 50 m-"'- -';l'~j-5'. 14gl ,cf_ii~- ~~-i;f~cJ-. "'-"-"I~ 94 !<>II 

>i 94-4i-° 44 "f 60 km"I i/ 0 l-"'-'i i"-'fcl¥-•loJl>i ~"f"i'.llcJ-. "--"-"t~ 96-& 

~7°"-t:.j~A]~],~i Aj3t-t}9 -i·¾#-A];"; -!;\--% 'rfJ.i »Jf{l=~-~- 7}~ _ _;,q-e-cl-_ ~~-lft~ 
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Fig, :-,-:1--:1. Magnetic anomalies in the southwestern East Sea with 

locations of multichannel and single c:hanncl seismic profiles. The 

area of extrusive volcanic rocks (2:=i 17 Ma) in the southeast 

Korean Peninsula is shown by hatching (from Chough and Lee, 

H¥-J~; Yoon and Chough, 1995). 
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97-loJlAi 97-,t-C ¾-'i-\i:-"-1 ,no_;:;:_ '?i_.AJS:lo.J S'.}.9.1:lj 0 1-6 97-29t 97-41~ 44 °1~ 

oJI ~\'•~3.,a0 'l!'s'oJl"I "1-2 \±sA',J "S'_,j'lJ 6, 19 !Yoon, 1995l"t \'l'!i'/lq, rrf 

~Ai 6]FJ/i1 ~~~ TI:_<E_!iJ.'U#-::'.- A-j] 1B9~ "-]-$l\!~l (~~t-xl, +.¥_U~'-i, i-¾#­

z])-~ :v:.'tJ-i>}-~:- ~}~S:_ ?l;!!lt-9~ ~-J.~_AHl \JTfl_-f 1+c:}1.-,_Hr--l-. 

~}t.fr_t;=_ -fl!!1f-;;]- ~-{-}-"d'?]A] 1:1]~<-}-~j~.A]~ 7-~0l7] -$JtBAi~ MCS A}Ji.~-¥­

E-1 ;;] 1n'iJ-9~ -TS.-~--~ ll}<?f6B 6 l- ~}i::+. 01 7,,1-9-, rB~Y\1-¥-oJIAi STJR.Zl ~~B~l- ~l 

-~~%J.'} -fl-~1¥1 ~,,.:dr:- 6 ] ~Bl!<'>] 7-~5:.J~c~ '(}-cf. ti]-~* 'Tl;!!-"1--oJ1Ai 7]11!-~-t-

1:l]-11'¢.J ~-"l-7]- ~6}E-£ ~~012-~ A}¾:<i:J-C- MCS A}li~7r~1:1<f1t3~- 7]tt,.!~J- -f~-~ 

-3~<..!<'>] :V}'2.fO]·"i~ r-j]ol) Ji..i'}/2:j 0p<] *f,-}1:.-}. S':.~, MCS A}li~ ~7] .'?~i5B A}-§-~ oJ] 

6 I -Z:i.9-l %~,'~ G90 in3 ~Ai 0 1 114- ~-&-'T~1j1-o1lAl T7,1-J-[t- sq~-~oil *oj 'U-C ;;] 

'{1;~9.] o}r~11]-z] ~-!TI]-~- ,.,.r 'V_g_ ~7_1r_~ 7Jic:"Jt} ~t-"d4 ¥L-'~-¥;_- 1;1J-A~Al-1]7]7} -~·7} 

'o "6]- tj. rr/-i'-l-Ai 0] <;=! -+oJl Ai '.:- MCD ~1 5;_ 9~ -ti' "it {i oJl hyperbolic velocity filtering 

"1"1<1) 0'1 ·r</l~e tau g~-,1 (1 g HVF) (Jou et al., 1996Hs· 0l%o)s:1<t. 1-g HVF 

{--7}~'{} MCS A}ii_~Al, 0 1 'i:!-f'->l]AlC .TC_Q,tj-~ A-~ o]_g-tl-Lf- (fig. 3 3 2) 

(Kim et al., [999). 0 1 ?'..5-,'.!.»i~~ 1971;---J Prakla Scismos Inc.7] 1130 in3-Z1 oJloJ 

fl_.1'} 48.'I~~ J':Ci:-1°1~- Aj--§--E;to:J -6-"9-f.7:i:_ 48£-¼j ~- 1l):-X 'rt-%t:lJ~*oj]A-j ~::;6}0] 

~~ c] 'l!- ~ 0 11-+. 

A}~A}.rt.~--=- 'T:i. Iscrnki and Shcvnldin (199filoJ].1..-j q.--,9:" :;t 0 ]A11li ~lfl5:.~ 7]­

-1/'}¾ .A]~oj]/<j~--=- A}..\f.7} n]l:l]f,"}E_..'£ n,qo] *'° ~/,j-~{:!t:1J<>l]-"i ~;_' A}.E. (Han 

°171"1l'ic: ,HJ:uf "'"'"l'l-1<1 •B'1¥i_ ,IV! !Figs. 3 3 4, 3 3 5h~- 7l£c.?- '1:~• 

£ T¥'1¥-£>~ ~z]~-=?-S.oJl IR6~ ¾l. 1°B~i-tj-, ~--8"1, -"f~~x]olJAi ~-!: -~-~iil-~ 19~ 6 

-g 71 2 1 ".? sf',l g) 4"1- 97 2'4 \'l :;I -.)'.l/ 4 (Fig. 3-3-2). 0 1 <1 ~ \'l :;!-& %·\Hi'-><! 

21 'l!'il:af \'lt!:-.foj '1!":' ':l1 of'.!:'i' 'r'/l'/·"1 :c!~foil "1tl ¾-§-tl "1-"-¾ -<Iii'~ 
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9Jcf. 

7} _ -:V-~ ~.:.tl 
+~~Al ~ ·B'-* l{fTIJS>_.£ 4-lll tJff~f! ~;y:}7] (trough)£.Ai ~¥.13-¾Sl '?.I-~ 

oJl -?1-z:l~c.}. ~¥-12¾,<:_ ~tfr£9-l %~ Tit!-¥-oJJ.1.i T.'fl. vt~~si.~. ~9~ -"'r--~~~ 1;:r-

01 (scarp)~ 0 ],','cj (Fig. 3-3-1). Yoon and Chough (199fi);: -~!1:¥>'1"11>1 '!l-& 

,,.a g i»6J-&-t;j,2_t+ C1.J7loJl"'i~ ~!f-f( ..1.J.?~ i::'j:iT_FJ:i!J-11 g t;»~.s}.:il.A} ~ct·. A5'..lit 

'1J 19-C ~:"v=-~:2;191 ~~%-{] g 18-j!fci}E-~ ~,PI~J.'t- fl-~~ .5']~,Z.?,:-J- ~ ll-o:1~ 

9- (Fig. 3-3-1). uj-2.}Ai oj -3-oJ]A-j ~: ~~31}'1 19~ 06--~_Q_§_ +~~~-A]Sq 1l·'g--"J-~ 

-~- ,>..1 pc1 -},-l 
;=<_ o'r.'--f. 

%t.J:7]~} -"'J--¥-E~ !c]Ai~Ai-C it!-zff (half--graben)oJ1Ai ~A]~ T 5!C~ ~A] ~ 

§}~ A11 B-71]~ &9¾r..l-. 0 1~ A-J1 ~:!A-C '2prc::~ A]~ (rift initiation), c.J~~'- 1l 

137] (rift climax), -=ii:!-1.il t=l:.Ct::_ +/] (µust-rift)S..A] Fig. 3-3-09.j ¾-'-i S2, S3, 

:.L?~jl S4°1) 3~\f~-rt. S2 ~~--hp;:- 1-l_it!'~ 6 __ ~ ~7]-2.. 0J~S.. t-lE-t'--t~ i:11 :J_ i...»-¥- -7-

3':.::::: 7]~-~2..S. *~ (onlap)<5}~ <5)~_o __ ~1f-Fi -fj-?~B ~Pi%QJ ~-7i7l- file}. 0 ] 

r.~{!- J.-}~J-~ 2.j~~gl ~"'doJ1 cB~} S]---4lfr-~-?~ 1:J.~"61-'.::: Prosser Ollil3)~ .!i:'..'1P1l­

~-7;]trc-l-. i'.P:'-!~ 1!~7] %Ai (SJ)~ ~-~&J!.~~ ~-~-?.~ ~\--~~-2..£ _1:i!_O:J'T~rl] o]?;! 

.g. ~Pi 13A] )JlfrQJ Alk~<?J 7]% 0 11! (tilting)j_'l- t4-~_s:]9J-~- Jl-~-"jo] 3..c}. "6} 

tfr~t 7}771-¾ S3a 'ri'"Ai-C t.H-1l'- 't]:A}~o] JIL~-s.J6i ',U.Q..E..-5'.. AJ"?:-¥1 ,C~aJ.7-~- /}A].7.] 

!i;-O}-~ -~,0 0~P:J-9] -~, ~2 11lii-fr (debris)~ *~S.. 77 "'JS1"i ~g g_ .A]A]V}Y. 

i'~E~ ~71 %"i (S4)1-:- _7_ 0 ]~9l taJ.i.1:i!_t~- i-1 ~0~Ajo] ~~ I"0t~~ ~-¥- tfrJ.1-

'i:!~-~ ·-f"j£jo-j '.Ut:l. S4Y-:- S:1.£ 7J"6}7ll .g.~-t]-t;-r~] 0 1-31-t:.- ~PPJ-%oJ] D\~1:: .A] 

T'i"l ~o] \'l~} epj'(Ja; "]n]',fnj "-I"" .\'-71,tll]o\1>1 LfF}Lf:C 'l'!'e} 0]tf." 

~:iil-~ 19t \!~ll\i (single channel)A}-E.. 0 1£.£ ~~¾Ai9l -?;"~_.AJ.!i!_-C ~~ 'T ~ 

-z!~o] ~ o]~ 14-~-B..~ (doublct)S.. L}Et,..+:: gt.J7]!fr\'.L': Uliil~ 1filrfr"6}-c}­

(Fig. J-3 6a). -~-~J7]~\'l 0}eiloJ],j'.: cl"" '(17I (pre rift) 'iUll"f {!-'e!'i.! "1-\'-\'t 

A}-1?10] Y-tj-L-}A1 t'j~r~] o}-i1}-£ iun-~~ r+-~-"B~ fFdA~Al-oJl 1:t]i3"Jl t:i .3f,°_ .-.11 
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q (Yoon and Chough, 1995), 

Klaus et al (1992)--?: Air.Jl~J 0J=~ Izu Bonin island arc systcm 011Al ~,0- i:;:-!Ad}Jt 

At.fr~~ 7]?.'::.5~ s..-~~S"_.9] "?]oiJAl ~°iY·i...: i:] 17 L_9~ 'f- 13-Al ~§t£~% t:}%Ill­

~0] ~1-"]--49:J.i::t. 11 1-tl~H~-:- "1t~AI"?- (half graben)" i,:t7'1]_,;_Ai ~ i,--?l~ ;'.'.~ -2_-AJ}~ 

L 

T 

2] ~7J)7t •?~ ¾AJ}-S- /}T:- A,_=p,l-.c-~-, -~-. -='f"Y_\f7,-oJl ~~-811 °] 0i'-o-Jll{}g_ -lt -'T 'V_t:} 

(Fig. :~--3-4J. ll]-~tA-J f2f_~A]T:- S..·'t';';t;ic:_.9] 0,'-JoJIA-J '?:loJY-t- -2..1rr .. !=_9~ ~~:cl---11~ 

~ t!l~ 12·1l1oJl'-l i>dAJ~':Ug% ir y ~t:l. ~:".Al{PJSI t~-¥-¥--f.: ~~~1t~---~- 1ij-r.]­

A] ~A~Sl-;?i..Q...:i::i_.£. ii.'"':- XoJlA] -f'l_~·-¾ 01 ~l!.::!...:.';q (listric)Wg Al]A]~-c+. ~1~g_ 

+71 (S,1) ~-'?l ~7J-o] ~01t-l-Al u-~ -;l_6_~i. 111-f-6] .!J.Ol- r-~~-7)~-:- T.~ t}~~ 

0 1-%- i:;J{}-?~ a:J-'1--"i rl.-~:<.r-]C 7]Ttll-C- rhomb gn1ben:i!l- wedge grahen.9! T7~.7.:l 

",,-°'1oQ ,1 7c.l<>l71'-1. ~-y\l .. ;:,:1-'= o}A}t:} .. ~-Ql 9--l;:>;]-A~.....il tiltc"l-,:;-1.'--- -c.J--~J.1.f -o-ut:-]-.3. 
r, -- -- -- '--1"" 1- L-j • 7 -- l'.... '- 6 L.'.. L O .. 1 ,. t) '----' ~I ~ 0 r '- '----' 0 7 _,-::_ '----' 0 

<I s•ol~IA-1 .f.c.;11 t!}"C:)"311 0M101.:i _fsTTe--}-=,--Y>-O ½'"} ;1,0A);;>.:l l'l}7.1......1..~ Oi-'}-c.f ri:-il-_ r ~1 · 1 ~ ,, , __ ,-_ n -- ~1 ·r ..::L ,_ , , - - ,__ , '---'- '----' 1 • .. "--- . ~ • 

-r,1- 7.:] t-B 71 ?f <} .f-:- ~~-;,; tB 7} ¥.¥.. !;-l-=i-Yl- t~{}-1,t=;- !!j '?l --7:r.~1 o] /\ '{} 711 -?] ~p;j -::- Kol] 

':Uc:t~~~ "l--~,o.. -f-~~<1.)1)-- 0J{!~}{'-:u} f-!t.tl·"&'- "~,.,loJIAl 1"1J-l1tl- wedge graben'i:l 

% AlA]i;,_l-t::}-_ 

'l -•-'c-i!J '/- ~1 ....... <- I <-

-"-]~oJ] l§PHi 0 l ~J'i'.! ~}-:.-;1--f~ t..l-Fl1..--} 'V_cl- (s.µ. 2600---2300, Fig. 3-<)-5d). :0'.-~151 

-t- ¥ . .g. 7 ] 2} ..,Q.-\- ;:1 "~AH=- 71 itl ~ % 7 1 -1-oJ1 QJ oB ~-?-1 r;:i 0, ~ ct. -~7'- ?-1 ~:<,;l s~i :;::pt] 
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-~% 0 1 /};,:J- ~-~7l] ~-°i'V,t:- (-1.5 km) T¥J-¥,-tjjgJ Ai~ ~711~ 01~tl 

~Yt-,,.1s•~ 7cl-i'- 7] 1frlf1°1 ~¥:!-~ ;;.-JoJ] \1tt -P:-~-i:!.j~A]$>J 7]1il-~,': ~~o] ~ 

,3-}_ll ~TI"3J~o]~-. -P:-Tt!]~--7;Joj]A·H: c]:.tcs,} .VS~~ B-¾~%0] -"-JJil-gJ Jt~~ 

~ 'M-iil 51 t:-1. si:. ~t ~- ~oJl S!l ~~ T 7.:1 711 ia¾i!l- ~ .~ 4f-6J E..£ ~ ¥.. i>l-:: tr¾~ '8'} it!­

$>] %.:i!l£ J"!tA~iil-~%¾ A]-"]~t:l-. uti:t-"i -&Ti!.l~A]?;: t:i-ft ~~~~ ~7~~7;191 

~LJ.:i!}78% :.;:J'.f.lt+jl ¾ "r V,t:}_ ll~:rr}~ 91-2oJ]Al 94-4~ -1il-%liJ6J:_O_i7_ 9:1..g. 3:l 

0Jtl] "M"E..-5~ If.Alt! Ttl-%r-R7l- *~-~-?- ~~c_~ AJl:gi>] '€iJC>iA]aj 7]1;1}'{1-$>] i;!!fg 

'J-4 '<lJ-"6'J=9.] -"~ 6J-o] -'o=-:cJ ~H-1_ ,¥! 3:J ~ A] t- ~r+. 

~}~}!.=.9} 7}ll}.g. .g.~-c]#-A]2] Ai~oJl'.: -?Jtjj1E..£ ~~ol ~~ 7]liJ<?:}-o] };:l_o] 

: : t1J O I ~ ~- 0 f nf-"' •l '<!% ucf "1- so½-<! 'll-'l :, "1 '1! 'll--2-_sc •~ z} '11 cJ-; o I :, 'll-'1 c' 

{!•J;!_2j 0 f 1~Pf'lf-"I- :il-"~'11"1 "1'1'll-"1°1I 'f""1-1J~l•i •1°1-;JoJI •~'iJ-l1 ~ 7J-'l1-oJI 

"1'll -\'!-'ll"1"1 9Jcj- (KIER, 1981)_ -2-'reJ{;',Jej ~-ll-tl11loJl<i '/l~7f ¥ 'l! 11-"I 

ia~ ll!l*o!l /]1il-'U-,': ¥A] ¾iT~]'6}c-l. MCS il~;utirr:~.g.. T7a711B-¾oJ -fi':,A]~~ 

-.3"11:z.H::-t~l 0 ]?~{~- ~?J-¾% 0 1 i!-1~£~~} t!="}~}"8- Oistric faulting)ot] 913" ~,.,~·8'} 

~-e-1" -~l•Jvl1cj_ %-l;-tl~JAi 7J~l'l{," 1 23' (t.w.t)'/'"1I-"I "iaJa:-_sc 1?,!-.J '.l!"1'-i 

-=.i 7-}AJ?- 4'-;;,J°8'}7]7]- -C'("t°6}[-+. °8'}A]Y} r+g.i'r {!-:"_ O]¾.£ t:,p::t.s_9t ~ii~~ :g}{! 

~%0] ~~q-A] ?J·~r+jl ii~~7}r+; (1) ¥--'i7-zjfi}-_ll. ~~o] '.U,~ Jil-A} 0J~oJ].£ ~ 

Ti5}Jl 7]tlJ~J-gJ 1-1fl.::i~]¾ Jf.1?1~ t'},.,J7]~o] o}~g A]-"]~c}_ (2) ~<4= 9}{}-t!-~ 

oj 'l/"1;;1:cf<,'j oJ"1 :,!-"f's'.J.i 'il'a"i::: .>f~~J_sc •1-'l'l! "r '.l!'.: 7J'l!'lf %11-'/­

("H", Fig. 3-3··5)3'::J;} {E-A]gJ '7"-i>J=g ttj-?-} ufl~£j~ 9).A] ~9-. (3) ;:r~u:t:c A]7l% 

\'l:- !i'JAi!tl ,:;.!_o_y_ {J~fs:lt:- ~lt-}lj!-Q~ sJ71~~ (unit S3, Fig. 3 3 5)2 1l~i~ ~i!­

i:!-c:J~=- .A]AJtflT~ L~,¥- in-A}-r±~ &9TA] ~~:r+. 

MCS E.ea.lif "1 "ii >i >J-'l.! "I ,-c- "I "I 'i!-'/1 I, 2, .:I "1 :il ~,<>. 'r ~% tl 111 ~I .kj 'l.! "i "1 

~ zt ~~B--1121 ~~,': t:}g.$}- {ft:}. B-11 1~ ~41~ ¾~Al1~ "3ll~£J~i::l] 7Jt.l­

jl 1@6J~ JilA}-~~% 7}-"{lt:l-. ia-$-l 2;: 7]tlJ-~gJ -"-J-lfl-!?.J lll~~~: 7]¾~~:it}- ~ 

?"d~ 6l L}E-}Ll-~: ~{!- 0J-"-J (divergent pattern)¾ .!l~TA] ~..Q.E..£ ~ :u E -f7]$>J 

q]AJ.gr Lf-E}L1T~ 'il~-.£ &~]-rt. 1tl$-l 3~ ~jj]~E..~ ~7)?./sE...£ ~~~l°l 9)::=r~] 

~A.!:J]7] (:~yn-1ift)$>J -$jAJ% qq.1--,nr-}_ B"-$1 3L~oJ1Ai:: Ai.£ -~-W-s']t JtlAl-\:!~-
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% 7J' (crustal 

short.cning)2l ~-7-J~ .t!.oi~t:l- (e.g., s.p. 4~00-5000 on profile 94-:J.). ~r.:!¾ 0 1 1J. 

f~ 321 t,],,.J-1-JJj-;-.i;] ~ ~-~o-J 9)71~ 'd-~~ 2';::: 1~ ~ ~ \11·7-l ?J9}-c}. ODP Legs 127 

and 128~1 ~:Jj-C *tfl~l ~'<,'Jo] u]-oj-9_1.i] i'-/1 it--1(~<>11 (ca 12 Ma) --t-'-lS:17:l.6 . 

uj o]ull .g-~?}-o] {l?f'8oJP.7 '%J,~AjS>~ lij-J?1~%-?- :-:.],',]tl-r+ (Jolivet and 

Tamaki, 1992). -g-?cj-7:}-9~ tl]fl ::'. Bonin Arc7] 'tJ.¥';1£21 6' 0J--¥-i.'. 3.:]~, 1- ~;~~~-=-- T~ 

i'+£ "B'"i-'Elrj- (Matsuda, 1979). ()lcitl -8::%,Q. tlit!-:ii.21 %'J~f'-i,!!_,.Y..oJI '.U~-=- 0di,:.I 

,~A1 (Fig-. 3- 3--1).9~ 7]<:l.9.J *~~1 tJf:1]0}5:J,r]- (Yoon and Chough, 10!:b). ~7-?~ 

~7loJ1Ai _1c1_01~ ~~"'d ~'E)-;~- 0]27~ -it"-%-"11 2•~ }!2 __ 'i.. oB6j-'g 'T 9Jr}_ rrj-c>} 

A-] x]-f~~-c __ ;;cc_ lf~+'-~} A]/l:-~- Y-c1q]~- S1-,:ii.--l-¥] 2.t:>l ~_rJ1-:_:- u]o].2._,.;-l] -?i'":J1°]-V­

~- t~"'-iS:]u:j 1;·r-;i1 3~ uj-0]_9_1.7] 6'-7] ':¾ -,_ n]~zi'°'l ~ ~i()]r}. 

-1- 't! -¥-oJl"'l * T 9..H~ East Coast "'.\1agnctic J\nomalv (ECi\-1 /\ l (Keen and Potter, 
- -

1990)_,l_cf Cl J 0J7f -oJ-_<:,_,f "1'11 >IJ7J (>400 nTHc ECMA (c00-300 nT) )!cf 

~~'fro] 1jl~ ~¥.~}-r:} (Fig. 3···3· 3). K-Ar 1-tJ-,q~ 0~•.Aji:tJoJ] 9.]"6}~ o] 1';:'.'~"j ~ 

{1-~Qj <?! 1:Jl'C'" 25 17 I\la.£ '?1·?:l ~ 9J 6- n_.Q_ (Lee and Pouclct, 1988; Chough and 

MCS ;:'5'c-"f'll';J- 01l-'i "-12'~<-"l >]<} (S2), ajrr"'•I 'll1I/I (S3), -'-lei,,_ apse oJ 

+ (S4)~- 1-fE/-LH~~ ~~AJo] .7,g.!f!r:t (Fig. 3·3··7). 2p1:~7t ~o-JY·/] 1i9~ ;;-,).1 

,;,l s2.n~q ~7'11'c· ~-~1"6~:;il] l..j.E~i..-)-:;i;1 '0t~_cn, 0 13;];~- 2.Ju:FdQ.J ~7]0!1 ~Hh7..½'it 

01 sheet flow!?1 ~fB.£. S'~?f~ii.:il :.g-ci1:)i'-li:>f"J11 t~6l"tl9J-8-g AjA]~}1+. tl'-J-3}%,~ 

',-i;] iiTI1l- 7]77},$- ~oJlhj -j i.tr.}'1..}t::-tl] L'r]7l0!1Al S2'C'" /]~.!!-'ai'].V_ i'~\~.~J;,;J•.1.t S3 

oJl Q.JiiTI ;g.t:'j:{.j :Utt. 0]~.g.. Gj=iL~ 6] A]3faj irJj 4'?.,Jo] /t;j· ~-°..- ro] t¾.<clo-J 
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I 

Fig. 3-3-t:i. (a) Single channel profile 19. (b) and (c); MCS profile of 

97-2 with and without tau-g HVF. (d) MCS profile 97 4. Note 

that tau-g HVF improved the continuity of reflections. 
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(profile 97-29] s.p. S300)<>1I •Jsf::r1] "i"J;;'9I 7'{!4i'.£;" .iieli\"fVi "f 2 km<>ll AJ 

g ~<I. \J: 0 ),- "f'il>l\':l•I ,i>ll<>il•i ~·i•H Wr+ (Fig. 3-3-4). 71\ll-'lJ-9I 1/~l•t ,H 

5f- Jil-,"}li:!~,':: %~~A]~.Q.~ '#~] At2.J.:a-? %irJ7]~J?:!JJ}-A] ~t-Jtt, 1i10~7}- ~{!­

~]~ o]f-o];tj ~g~ A]J.j~t:}. 

\J:<•)-"I "l'lf'c2--"' 7]'/l'll' 0 lli-, "f :io km-"I 7]"1<>11 ,Pl SDR0I <ti:fld-<f. 1-g 

HVF-'sc >1e1~f MCS 'il:\':l"il>i:C 'll'1!-'l~l >1e1 f ~.g_ 'il:\':1<>11 "i<li SDR 0 1 ti'/' 

~ 0 1 1+El\:!-9- (Figs. 3-3-51.J and c). SDRo] -2:-~-t}-';:: S,H: .. ~"I§~<?.} %~ir (lava 

flow)<! ";')1°]4:,c H ",' '.U-6.uj rr.,;_i,f9,J 97 4<>11 '-)sf'-) '.liq (Fig. 3 3 5d). "I 

7]011Al g~J7\1{!-~ 0}-iQloi]J.l Q 0]~- SDR.g. ~-~J<~i'?J %cB"*!>1 -8"~-g- 1!.~4-t-r'l] 

o] -'i! ~- %'il-ti-~ ~{1-~:i.7}- 1:,to}-Ai ~$- B.'fl ~ o] fe>i ~ 3;l ~ ¾ A] A]~~-\- (Cas 

and W1ight, 1987). SDR 6] q.qq~ 7]~¾ ~<:>iL-l-'r1 7]~~2-] Jt!-,"}~Aj,0_ =;7-¾_!r_ 

0J~ (hummocky) t.B 0J7]4% 1-f-E}-\Rtl. ~}- 0~~ 1:l}~~oJ]Ai .!i!. 0]Y_;. ~{1~]21-, ¾¾ 

~Al~ 7]1t!-~}.Q.5£. ~~Al';: %*-fr~{'=- 7J-~~ ~}'8-~%~ ~~~t:}-_ "r~l'IJ-irJ.Q. 

_i:;_ -:a- T{t-S'j-C ~Aja&'A1-C ~~ -fl-~-~~ -f~ ·*½ (uutflow)o] 7}'; ~ -!f:-½-¥!-7a g 

;i;p,]~}tj-_ "8°]-7]UJ- t}~S:..gj %~ -?~l{oJ],q !,I_O]~ SDR~~- 1J%LH4-%oJ]},] ttl.g­

~f-<M t"] z] ?£9-. o] ,7;-.1 .g o]-u} A}-t'; oJ] o-] Z:! (690 in~) g A}-§-5"]-~ §j-'-j 7] 't!-'il- g %~ 

<5"] ~AiJ 1:~.?- 7J~l lft-"dlll·-~- 1~P~-"]7].A] ¾:-~;;] u]l{c_O _ _Q_ .A}_\i_!t}tj-_ ~,'.:'_ o]j;­

oJ]Ai!?l ~-~~--w-01 ';:]-Z"- (~-~-'6-,,;1~oJlAi tl-%S~C .Aj_''.C_t/]-A] 0]2,,;1 -X-'6}'.?j,g 7}'; 

',J.£ wr+. 

§}<}-"d ~~~it!-¥-oJ)Ai ~~-~$'] 1;!1_~6}:: 0JAJg 1± ~<S"]-7] ~ 6HAi-t:- tH~T~ 

lj'- ~ Zone I0f1 Al Zone 4::ry}A] '-l-T ~ ~,..,j A]~ ~"ff° (igneous zonation) ~ ~H iaJ ~rt 

(Skogseid and Eldholrn, 1987; Eldholm and Grue, 1994); Zone Ii':'.. c.j~.S..-'e! r:Jl~ 

A]zf_Q_§_A-j Zone IIY- .Ajsqs~~ -71!1:j!.~ j}_Al~~oJ]Al -$\-A]~Q.~ ,EAH<'>t:::=rl]-¥­

.,_-'12--"- %'ll2--"- ,;;!~ ~Y. Zone Ilic Zone II<>il>1 sfcl-'1--"--"- -'/1>],sf:C<ll SllR 

01 s"•B~fi-" "l"12-.sUi 7j~,\'i i\'f-'i'-<>11"1 L],)'-):C SDR:'. ,,__,]<>ii 'iFa"i:C <li 0J>'1 

zj-yjoJI cf0l3.-%'lf!>I ',I ~l\'!2-.s'. tij6j¥Jr+. Zone !Vt: 7]'/l0J 01 •11°.cf"IZl-"--"- -f 

'\J 'il ,I' ,,q o I cf. 

g"il"J:7]~-'J~ ~~% 1-fE]-1.-~~ ~$'] *"ff'oTI rtj-tl- ~}~}:t;=_9~ r~-;_-Fr'-\!!-¥-2} %%-lf.­

A] ~ Zone 101IA~ .Zone JVT,i}.7:.] 47H,£_ 1+* T S'..lcf (Fig. 3 3--4). Zone 1..g. ~!fr.£ 

~ %~ Z!~•)11 ~_pi:j~- T 7H!?~ ~-;,;] (~Y{;:-A]9l- -f':T~-!f:-Al),£_ 0]f~~ '.\l.2..1'.9 
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+~ 11]:io!I 6l]~~1-q-_ Zone nn-:- ttlczt~ ,"}lf!!'j i,-l-olJYl li}r::}~,9 _ _5! ,Y--3.!_0H-=- f,-TI"j 

71't}7J-g :v-_-1J'8"l-"'C:L'J] SDR 0l i£Yi5]-:-:-: ,.',1~ 011~1-. Zone mt~- !-f:V"f- +_"5f"U~:.::i..9f ,9.--ff­

~;,'.]Q_j 7JJ~]5:..A1 -<J,;>j't]_tj-_ J-J¾?;j c_y_ Zone IV'.:- "i5Jl 0J,.,,17Jo] -i(.~"6"}-~- -9.:-~t"-l!>l 

Fig. 4b~~ 2r~~~-oJ]Al A]?~ c}-~ z]Zh-H'l~- ;,.}r--Jo]AJ;t-Jr.z1-~1 1;-R..~1- -fl_-;~]-~ 

li.~f?t:}. ~-¥_-~7]oJ1A] {}Qj ;,:}i"'-jo])c}-;i;l-C ~H]:<V.l.-<?Jo] 7~9-] ~C r~l-~\-AP,1 ~- AJA] 

<-d-t:l-. ~1;:!oJ] ~:V:_ 1\Jl3.oJ1Al L-]-FlL-}-C 0JQJ ,.,;]-?.Jol)J--3.- 7J~~1- ~l{!-f!-ilo!l 9~t1- 7>i 

_Q_ ~ t.A 6~ -tl 4. ¾ ~;-~ ;,;l ~ _6 __ ;:;::_ ,7_ !L "Bl-\:- ll] z1-~ A} 1fl oJ1 Ai A] ?'I 01 AJ-f:. ~ rB fa:] .9} 

op<]-~'{l o]"t)-:?:H~- -~a:J¾rt. olAJfa:]9] ~,,;i] ~-?-:- SDRU-$-121 ~f:,:.r} ¾"}~}t:71 oJ;_l 

-€:- ~fii}7]1 A}.2}-'fl SDR /']~ 01 7<}~ 6]AJ-):]nl] 7}~ tg"-f- 7]0-]~ B}.ll ~f,-g_ ;-,:JA]t!­

cf. 0Pl- 01-"J (s.p. 7800--8000),6 7)~1-~f -§-7]9-} 1'.l.-<'d.'cl ?~2.S- .1i!..~lt:}. 

Chough and Lee (1992h"" ~1-Ajl!t- ~.'t..n}'lHH?-r, ¾~-lf:-:>:l-~ \r~ 7J!JloJl :?1-C 

•14'i\'·"TI>j '!";Fl ¾•i•f cJl>Ji,faJ "i'1*fi- 4,B,aj ~!\~ (1~1•1 JV)'CC cf-'f"'.(lr]-. 

J--%~-Al21 }.;.1-~l}.£~~- Chough and Lee (19fl~~)oJ] Aj-A-]]r,] 1.+4 9)_.Q..~£ ~7]oJ]Ai 

~~ _1;,;:!oJ] r:Jli3B ~'"'.S>-J,\r7J '.?;f~-t:l-. 41<-! ~J?,i-%-AJ<?.J 1_11-H-'.::- t}-H--4 41- 01 Z}Y±t>1 1] 

-,;1[ 'T '.U<f: \:!~I i<'il;_J JV~ Zj-lj 0 1°19<11 -i,'/J 116.2 (-:o;.<'c _-, 0 1d) 11.2 

Ma), µ}o]Q_A-J1 .~/] (11.2 5.3 Ma), :;:!:-i::'1°].2..{-l (5.J l.G Ma), .:-1.~2 ~~l- 0 ]-)...S.,';J 

oJ]J,J 1--~Ai1 (< 1.6 Ma) 0 ]1.l, 0 16'" i,:f-i'-] h°:- ~{hl-2-~~ 'j-0Jhj '.Ut:} (Chough and 

Lee, 1992). Ludwig et al., (1975),9:- ~}~H ';~ ~AJTI} _il~_'.'...A~ A}.fi.. .. 'i'...-'1-fl %-Bil~ -~ 

zJoilc -8- 0J11~}'?/-~~oJl xr}-:J:-'i'.l-(')l 7&-,.,1 ~.:'f-.:-;r2 '.U-$;-g ~-2"o}~_Q_P"J 0]r-H+ ~1-:.J 

0}"--' 0 
! --.,f-;::: 

:;-:-Jg-f;!-x]~: <SH 0J::~]4 6 ] 1,,;a~J A]~ojc} (Kirn el al., 1998; Lee et al., 1999). rrt 

2],1,i ~~t,ll-:'L91 Z'f-1,_11¥,<>)1-"i MCS ~~.£,J}'fl¾-% ,•'.]- 21--<]_\~-54- rlJtiP,]lQlfl ;,:l7~S'j 7-AJ 

a~-8; t]_:rr,~, 9}-·:+4%oJI 9-!~H (7]Q.j) °.@"C>J=[;_ ':}A] ?J-,O. r1P~,'.1?Jo] ~l+~= ,A]':!l~ 

1--t"F.+1.!J.l.:}. -'i- 11"]_-~l]_c,'_, li~,,{}-~ Al-ll!oJ]A~ 1J~uJ-n_;J:~_3'.. ¥VI] -~3E_'o}-C \Jo]]~-:- t:l]~·!'J 
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~7~~~A i 0 ]Jf--~1 ~,i;J~!- t.HA]~ ~f-?}~ A]~~ t..HrY-. i A}o]~1 '.ll~: Aj~,0 

t.TI?:i\'1 ~-~o] APf~]7J ~~ol] 'i'i"~ °Jg.] t!-'{10] ~A]-q}, ~.;.4-.A]7f~f- ~]A]~i:j-_ 

5. -'>'_gJ 

Jolivet and Tamaki (199~):C: -'li'•il"l 'll\'l 0 1 *"1.il"l] ~7]~]Aj ufo]s_,1J "'7] 

(32-20 Ma)%~ %t.Hg.J 4-1-- 7di411t--~ u:}t'l ~;{]~- -9-- 7~Sll 'it-* ~~9-J 4-?-? 

"J 'r B¾~I 9J "11 'i! 5'. 51'119 "- 'ii AJ i;f S(! q, 7. -ls -I'- ~ '1! 5'.ej •J%-'i'-~I '.U::: 0J-{f 

13"¾ (Fig. 3--3-1) 0 ] ca-1~~~ g c]~ -'t!~9.J -?B¾E...£ 7}72&~9-- -q}~ \fAi-¥-

21- ~-t!-- 1d-Ai1f-.?l %AJ-r:~ (metallogcnic bclt)7} Ai.£ qjej~Lf -1L1c.AJ- ;{}0]7} 4~~ 

~"~:- 2-7-l~ Sillitoe (1977):_: 't!-'il-.5:.!i!} ~-t!-- 'cfAi~.1c. A}o]oJ] Q:} 250-300 km2] 4-

?¥1_~7} '.V,f,-% A)]Ajf.}'jjr:j- (Fig. 3-3-1). o] -'{ ~"'--ftiJ.Q~ op&.g. 7}-"'J- ~ ,o_ .::W-"tJ-~ 

7) 0
/ 46 Ma~I 'll'J-<l 0 ]-1' ¾e~.:il"l]o} µfoJ-9_,~-'li''l! 'lf'J•fS(!q, ~"I'!. Jolivet 

and Tamaki (1992)£>1 7}78~l-T" 1g"~, 1~t!- ~~-A]:~~Al- ~:i!J-~ 0Jf}i;:t¾g a:j-~} 

'fl-A~~- \!!.!?H--:- 71-9-- 35 km !f-foJl 0]..SA] ~-~-e-?~ .!,!_~~c.} (Chang, 1990). a:j-i!.J-Ai 

%~~--A]9.j i:J7i~~ .2.~g _l;l_!tl-<5}/] ~lt.H Yoon and Chough (1995)Y-:- -f!f..ll~3. 

91 iij-?{[A}~¾ a:j-i!.j- 9]~ Ulleung Escarpment7l- i,t~uJt.J.Q] -9--'T~~ 1.!B-~ 

(shear zone)'-'.Aj ,,,,_,]uf,+,';·'lf"i \17,'!>s]oj '.U£."i (Fig. 'l-3-1) oj7]~1'-i ufo]QJ~ 

°"7] (23-18 Ma)-:i-~1 yuj,q 0 121'1"1 215-26.S krn°JI "1! 0J~f:C: %¾,'-o,]ej 'il-71'l1 

~o] ~A]"8"}~_qj]. ~lA]ii}~c+ .. 1.r~.g. 0) T ~1rl¾% 6l 2~} ~1rl-t:ll£Ai .f-_:V:_t!--~ 

{ ~).,j>}A]i'j 7. 7.'l.A.s'.'-i nfoJs_,11 -"'7]oJI "9->;','-;<]7f 1!Pa'1'<!4.:il 7f'jji;fS(!q_ 

'J7l 'l1 '\'l Y 0!Hll<J %-'8-{j'-,c]::: 'li 1"-'ll'r."l "i 21-"1 'l}oJI 9J "11 'll':l >'l '<l cl-'' •B"I ¥14. 

i5}:-z]~ %-~{f.-A]Q] A]zto1 t.ff 0Jz]zto]2-}SC -i.t~ ~ ¾¾~.X]9~ c;t-~~'iJY.~361] 

-2-~~'i.l ¾~'17} 91g ~ ~]A]~9-. MCS s~.S'.li}'?,,loJlAi _!,!_o]t: 7]~~'f}-$'j ¾A-J;: ~ 

lfr.5=.~ -?~-~oJ]A] tl-~~ ~j--;:}7:},S·o] ~Sj_-g--~, .!,!_o:j~tj-. ~~}~~£...£, ~~"cl t:H-it 

-?1i!!.-¥oJ]Ai t:Jl~A]Zfo] ~o-JL.-}~ A]Q:J-~ 50-80 km-~ -&.i.~'i] 18.A] ~~tj- (Mutter 

ct al., 1988). White and McKenzie (1989):: 0 1 ~ ~ ~~ S.- ~H:J -t!-<?l ~of] 9~ a-ll .x] 

<':fol <?..l=t.ffA]7' rrff¾E...S:. ¾O]"t}~t:}. ~rJ- cn-r101 2~"£5'~/] Aj-:•:}-t}~ o]~~ _;.q 
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rll-N,-;xJzl-o] ~n.l1l.1-_ :;il._:;,:-:loj]>I cx;J7-]7'I D_}.::;]_ .AJf.ll·I~"} 7,,, t)l'-- ti:101-·~ t.-],..J,.<.~t:f -~ "fl·r j ,.~11,."10 t.;:; 6'.~- M<-l.11"<=<U~I<--~ 

,o,q 7}~ ~ ttig'{!rf- (Kim et al., 1998). 0J{!-\-l-'g-QJ {t%-Al7]oJ1 r~1} (rl-+-~=- Yoon 

and Chough (lfjflfi).9.l ..:,__'._~l]:,_,r ';]=\:{sj ,,;j ?-;f~~cj- 0J~~t;:!%-~ 01L2...kl1 ;6·7].0l rhyolilic 

tuff (44.'/ Ma)~ 1:l~O}.J' ';)_O_n] n)o]_9-'·1l %/]9.j A]•8'"(>1] .9]<'>B \i;-8:l 'UL] (7}1]% 

-';:';-, 1990). Itj-?-}A] 0J<J~J-{'-9-] Tt;-Joj~ ¾-:,;-{'_ 01~- r A]7] A}o]ol) 0J<>i:Jf,.S_ '?} 

T 'V,Ll-, ;}~} ~-2-oJ1 ~E.Jl--9-- {s- (19!19)-,°- (>J{}\,:l-=~-91 Ai~oJl 91-C -P,.:d-~~l-B ~t~} 

~ 7]4'~.91 u] -'-1 (gouge),;,_] 9-li:@g ~78,:,}o-j 0J-~~l-,:";-!?l ?.:/] -,7_--'t-A]7]7} J7.~"'\ Ma 

~% ;;(1]A]tl· li} 'J.Ll. 01 '{'!r.11-C t:-J-~~~ _li:_~0] :<1]AIO}'C '>iA'...:- ~-~~ 0J~\'.1% 

*-~<'.>}111 i-"'=iX,]:7>~]7} ~;i:~·oH::r1] -1 ~1*1~: ';.]-9~ 4r-"101,,.J-~1 (Fig. '."'\--:1--:1)9f 9:1 

7:H!t}. ~;}t/_}_'1:_9J %~ 41,!1_-¥-r,l)Ai A}>c:jo]AJ·~H:::- SDRo] ,~;;:HB}~:: Al<;qoJ]A-1 Lfcj.1;} 

9-. u:}r-}Al %'°9§1±;,;l-c 7J-<?'J'l! :q-{!-4-§-,.,1 i:i_~-"]-.5}~ ~l~tr,:_91 \J%~l4 ~-t~x 

1.-J-Ai Ll]:(-*oil -g.v:_f>}'C ~~~- 01q.2 ~±£.!"c..~ t:B~;,,p·rj•-l- 6~~-JAJ?l-H- L-Ff-~- Arf3': 

-"4 7,,l !~] J- ]1_Al<5H~ -}!_9_3~ _l-i?..11t::t. MCS E-£»t~l 97 29-} 97 4'2 %All:JJ-·c5J=_?_i;_ 

~~.9-~1~_ 1;'.} 0} ,c:- 1 f-_tl~l Y~J=o],%- \-;!%0] l.¥_1!~3-.9.] tl}/~~.g=- Irl-4 i,-]·-~-tl,J-6JO_ 

~ 4L;,:~6}.:i?. Y:Aln} rh~-" 7/]-'1 '{1~_ 0 1 S:161 9l_Q.1(! J<']'?l i;:1-%9-] ~l-1l:1%- _Ji. 0 Lt /;! 

op:+. opzj1;1_!' 0 ]{;- \--l:-lfl.~ ~7;,JAtE>-1 1:t-~-1;:! _Li:'].:il Dower structurc9.} ~ 0 ] .:rirJ:<">\ 

~[oJl 1.7 ?- ~ -f;: _,,_l E>-1 13 ~ ~ tl .2. "ill. 0 l -'9.--C * All ~ -71.f li} ~ :z.] ~- .=i "bl -c:} _-u Otofuji 

et al. (198..~) 0 1 -~1-"1~} 1f-;;l]i'{ ~-~ _tlci!J.-& AlA]"6}zl ?J'~:tl Otofuji ct al. (198f'i)c)l] 

9~<5]-1,:i \:J-Ai Scl~~-1,=_9-J u}o]~--~l ~-~~-;-'_- ~i6°~1 :;;cJ7]r~ _l-J..~1\"c't:l. crj-;;j-J-i _-i~,0-
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Fig 3--3-8. Free-air gravity anomaly map of the southern East Sea 

computed from the integration of satellite-derived and shipborne 

gravity (from Ilan et al,, 1997). 
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t-]1{"6j~A-j ~~ ,{j Y-%1-i-j_L ,Aj]Aj"c>j-9:{1-=}. is}:,;li=;! ~~~◊~ ';-:f~-'f-C>Jl -;'t-YBH:: JJ}O] 

_9_1.-J] -"lt-oJ]A·P~- \J-Ai ~~~-1,:_oj]Ai t!-,~-B ~•J] ~17:J~= 55°Q1 ll17]7} ~'l-~'c1~.9-

Tl-, - _y_ 

i'1-1.;7;loJ1A1 t]·%t:il7} .l:.}$,.9_~ 7}~Ai .rf~~jl :U~ 01 !'/=-~ 0 1 t.-fF--}\!-t+. 01"\!!-¥-oJl 

~ ~~~ ~~~ ~~~~l ~~~~ ~~~~~ •~~ ~~*~ ~~~~ ~ 

(Fig. 3 3 9). ?,-aR 'rlAi,¥.!>l Jf'-fa.R* ~,~S'.'lll_oJ]Ai -f'%S:l~ ~H-L~~ 9cl1t--'.J:- it!:-'11~} 

Mc(._' A]---"•'.. ,-1 .• ~ .z]-~'°'1 ¢:'Lnll 9=1-:11).1~ ;";').)cl)._,,-: -'r!'r:c!.~1 *lAlA~ r1l~~,-1-M-lcl,Q' ~, .K-a .--,,_ - _'n._-'1' f:J',cll ,_--fr /•1 ,_,_ "' 1 -'a<-f,rd fl·r ,_ 1 

,,_"- ol 1-l 
I M -1. 

-,, (-1/-!Ul- 0 ])9] '!I-'>:!;'. 0Pl'i! "1"'--"- 'i±~l~f 'iJ-"11 A]'!-sJr:f (Fig. 3-3-!0a). 0 ] 

y)._:;,;1·i1:: 1711 ~Jt.A]~ (-f.:'f.B¾)~..Q..~ 1j,"};tj '.?Jc+. Wernicke (1981)$.J Y1!1,~­

~AJ9] (brittle) AJ1f.A]Lf1-ljol]A-j ~A~O}'C :--zjztgl °f._7] ?-)~F-JrdJ:Jl~ 1l~is}-C L1]oJ1 

~'1~71] :cij-§-~1-~~t-Jj '°'] .:,:'_J:;!J.,':°'._ lcl1tj]1}3:j~! i'~ITE-r~~i 7}z1:: -f'-t! 

listric-detachment i;:J~'g'-% ~~t}r:}. q]~ rJ --1':.7] 7>R 0J=;:,;]?--}$.J 1l,,.d~FJ, .:L'<'-l.:il u] 

fHi ri]-i~--fi;l!-Y-oJ1A-J -r.s-.3H] J-J]tH 7dAd,0-:- 1[ _'.=_Clt-t..JL S;_li.:f. .f~, -l-±*7]-C l:l]~ 

Aj rH -4 TI{! -'i'· oJl A] YJ AJ 15} \-_::- tH ~ .A] z-i- 9-] rj ~ iv _o_ :,;'._ iR -6:j ~ .!r 91 -q. 
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Fig. 3-3--9. Structural map of the eastern Korean margm and the 

Ulleung Basin. 
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(a) 
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(d) 

(e) -~~r~~~~-

I fl 

' ' 

Li~E 19 ------

,-J-......._ volcanic 
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11 breakup 
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Fig. 3 3 10. Schemalic diagram showing the evolution stages of the 

eastern Korean margin from early Miocene to the present. (a) 

Rifting at an inner margin, Cb) volcanic intrnsion at a marginal 

high, (c) breakup, (d) extrusive volcanism generating seaward 

dipping reflectors, (e) subsidence with sediment accumulation, 

and (f) present geologic structure pe1taining t.o Fig. 4b. 
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c+;:oil, 7J~tl ~{!-;fl-~ol 1ti-t~ t.}ttJ6J1Ai ~,,,Jt.}Sj,c} (Fig. 3-3-lOb). :§}{}~ 

% 0 1 <l"c~IJL ti 7J•l~I 'iloJI uj-2]- LJl.,.:,]zt:' <J"1•1 "'H"l01 :i!f{!-¥l'!J<I ttfc.f 

,;a_o_.;,_ •H'l\'!:,j-1)0] A]'!"i'll•l (Fig. 3-:1-]0c). •l'l\'l >r"J<i "]"/"ii 0~,Jof % 

'#..g.. t:R7\oJl '-.-.¾~ ~7,.ioJ]A] {f-¼5}0:j %7]"f! A]<;!:j6l]Ai SDR¾ i@Adi.}~c+ (Fig. 

'.i-'.i-lOd). 0 ] i,Jll] ~..g.. -=.i ~]~ioJ1Ai 'li-71 -Y1t:!Jf-6l] q~;,;ltl t:l]~A]zt2J {l;.,.J,0 1?J 

~oJA].:il t:R{l t1}/Q~ T~1f-6l]Ai "6Jl7'-j1;:! ~?}o] ~t.~£15j_c}, t;JlAi"B ~~:it} --{]7J 

o] ;ii]~£]:::: %·'Zr ~3.j~- (~-qfif-9} 'i-}~ff-);.,} sJ4sj_t1 ~-:+~f%o] iiff 0J:;i;]zt~ 11ff 

,>] 0 1 ~<>ii 'r. "i 4/"i 'll cf (Fig. :1-:l-lOe). 

~_3;1:{f-A]Q} -&T~{E-A]i..~r:>11 ~{!--B: 0Jr,l ;,,-,.21 fil~ ;J_..g.. '<l~ T~lj!-/} ~-~ A] 

~9~ it!1 iGJ-F~oJl 1,,,A!i:! J;!~g A1A]~ct. +':-7-i:.Hi--A1~ -f-~-lf-.AlS!} ~2}~~ Jl 

1,JH-l-,..J-'J-.!ft:- -~~f~]-jl ~-?~ -4"~ 0 1,:,J-;,;l~ _tt_O:j~E..£ ~-"l §H:H4\'J 6I (7-i2l) ~ 

6il}:;zj <?i·~ ;!k§. ¥1.--\t~!t~. rR.;.}-7~-¥-~~ A]1}T3:5=. (Fig. 3-3-!J)~ c}g A}'if 

% .!1.CLJ¾r+; +':-72-],W--.7.]7] -f-~~"-]QI~- -"9;-o] 3.-c}. o]~ T {f-A]-C ~~~ yoJg 

(convex) 7}A]nj J:J]A'i=;~- 71~'# .g-7]1f"oJ1 9~-tl1 '?!~,¥J.LJ-. Rosendahl (1987),0~ ~ 

~!:,.-=j7-d::2] 7]-~-3.j't} lrf-'f-H::· ~<-l6jF~]~ li!_o]-'2 it}-Al~o]LJi o]~ ¾ 1;!~,': U]A~ 

~ transfer zoneoJl £>]6~ '?i~~ltlil -?7}"5}:?;l,c}. ltj-r..}Al ~¥.*Al2} -&T~~A] A} 

o]oil ~l~ 7]~1-'ir -§-7]¥~: Ai~ r+,e --:,1_~9~ 1.~-~- 1-"-fl-~} ~1-¥1-A]~ (transfer 

zone)~ 1.-}F..}~t:}.:il i'i~~'ei::}. 

-&--'.'i·-~-A]oJ]A-] ~ *~.9_.£ -'QY-& 1J6iA] ~: '§}{}-3}-§-o] 0}0J.£_;.7l .;g=.;J1;}zl z]~ 

£1~~1 ~-6-~- 1:i_.:il~ e} '.?Jc} (Chough and Lee, 1992). 01~.f. ';fAi ~~iL1c.7} 

~-\!} X!?l 'it-'&··¥- ~--1t- E~ ~ <>1 ~ 7}::: %<ti· 9}{! =if%-,? ~ lfl-:i. oJ] 7}.i7}¾ Al °'l 6ll ~ 

~!.'.] '.1t g % .f>j c11 t}Y-. Kim et al. (1998)_g. %¾*Al 7} <5~ A"j 1?:! ~AJoJl £>l 6ff ~ %l uff 

¾~ ~-%¥611 -$l~l~ -qijt-~·*oJl 9~'5\l tfH~B ~ 0 1~c:H21 \llT~nll '.U5:i%-g ~l_,,.l 

'8"}~t:}. ut~-"i 'tl-1fr:i.9] 1:ff~T¥!.!foJlAi "-lc'.!,c.~.31 :;;-~B §}{!-0{%~ 6] ~ 01'?ft'.~ 

9~ ~~l~ A]A]~t:}.:il ;.~ztBi::}. ~~;g.*£>1 .R..i!J-t: 0 1-o]_si_kjj ¾71J7}A] A]4f.~5:i% 

,i!o]c]. ~}1fr_1c_?~ ~~-Y~-11-4 c:H"ll·£'.9] -qij~ '?{~::;' 0 ] 9.l5j_r+~i1 ~ . .:il'tl (Miyashiro, 

1987; Talsumi and Kimura, l!J91) ¾.;;- ~~c.¥-£>~ :ttl-1}"-]~Al- 0 1Q.] 7-]i'~~ 800-1500 

km ~ ~l ~Al •flt~½%% ¾{] E..~ i@Ad .!i] t:- ~ r:Jl fl· 1t!~1 ~ ~ -?4 2000 km (White 

and McKenzie. 1989)¾ ~6iAi.:i:1 tH::::•r+. ¾l-S~.6-~ /]lfl-~ 0 1 c] -~7Js.]2 ~~-~-

01 ~o]~A1 ~.-:ff ~:".;'~~ ~Ad.Ill- ?I._¾'_i4-~ (Fig, 3-3-lOf):i!} ~,° TS:~ 0 J-'f-71] 
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~ i:t. I- 2 $ll o] ~ r:Jl ~T 1!-V-.01] A--J A] zto] :Y!JH :;t! 74 ~- 1..-}E}1..J1f: {-1-T<~-c i-A4Al ZJ-

01 ij~S. g}o}AJ :i:]<;q (\ioring ~A1)01l qJZ1c5}A1 ?€j]_ 7]1fr'(]· %/]11 (Voring 

Plateau).9.] e}~ -"T A}1;"1_ oJ1 ~l 7.] ~9-. (Skogseid and Eldholm, 1987). 0] ~ ;'.. D1 V:t 6-

"'d LJ1~'T'-~1-oJ],q Aj?.j-Q:] 78AJ~ L-}Flq]-C:· ::,qp:jo] 3H°J7,]z.j·!;l_t~- -'?}rlPi•--~- L--j ~­

~z]t:fr 9-}~l r.jjf}z]zl 7-]~i~]Oj)A--j ~:-tHW-:'.- S>~r1Jt~cj- (Mutter et al., 1988). 010!] 

r~lt} ;,;i~_t} ¾l~,'?:- f..;"~ AHH~·oJl !>~6\1 ~l"']Sc]~.2..n] (e.g., England. 198:1) q-g~t 

~L}; &}o};,<-l rH~·A17foJ]A--JL AJ-t:H~l.2.£. 7J~l- qij~-o] t:-j <i):1!)- <5}1:;L A]4~ t:lP]~ 

A-!1ti ~,.i;J-,Q. 7]1il"'if -§-7jljLoJI 8-HC:Ji;}:.::_ -"9·-~t1]3.~ 1:l},>?J-~ A}~oJ] . .!_--J ~J.];5-}~g ?;:! 

2..£ ~~!(le}. 

%ofA] 0)oJ],\j o<]"i<>II rrfr1- ~l~}f})f-.2\- sj',"j%)t:- 7,1 ;'_ Whitford Stark (1987) 

"t Zhou el al. (1988)<>1I 01-•R -"]r,c_~J9:l'1. o],;. \'17'<>1I 7]3e,i;foj 0 fA]of9] ~~<l"i 

2. 771] 9~ province (northeast Siberia, eastern Russia, Baikal, Mongolia, r:astern 

China, Indochina, .Le]_,, Burma)£. i...+TV.tl %-i.H2] South China Sea~ ~l?J-~ 

(post spreading) ~--8-~'ti-~ ztzt eastern R11~sia~} Indochina provinccoJ] _'if-_~-.![! 

L), 

~~ ~~~~ &~t%f ~•~ %~ ~~~~~~ rrf4~ i9~nLJ. 

Paleoccnc0 1]-'--i Oligocene %'i'l ~ ~ ~ -~ z] -'.;t "~~! t~ tholeiitic to transitional 

basalts';:::_ eastern China province!?~ ~-c3J1 •,i_t ;,.:] ~ oJ1 -"l ~ J.~ ·o]-51 $>_ 9 Paleocene 

potassic basalts~= northeast Siberian province£! Aniuski rangc'°'l1-"i it}-~~ i::}. 3} 

A] ttl- Mongolian province~ ±1 A--J ~!oJ] "'i -t:- Eocene basalts 7} 4,'1. c~ .Q..5.. ~ ;.t:B ii} 9 

late Cretaceous Lo Paleocene basalts7]- Baikal provinceoJI ~~i'i]-.:U. '.r..l~l-. 7]-~ 11':} 

-$17} ~,;l,_'?:- -°l~~ %"8· ,0:- MioceneoO A--J .¾]-2-77]-.A] "';~-'-] O}'j rt. Burmas>.} %%-~oJl A--J 'C 

Miocene: tholciitc-'4- alkaline lmsalls/} '!''fl Tt~~-·7!].YJ 7t77l-¾ *oJl-'--i ~½c-;-]-'j;'li:}. 

n} fr 7}-~1 ii. l-k1ikal provinceOI] A--j -~ Miocene -f; '?} ~4"11-~1.2...~~ tholciit.ic, transitional, 
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.-::it:'~ .TI. alkaline basalts!\- Sayan ~ Vitim -~1 ~ oJ] Ai ~ 0 ] ~½<'>\-'.tJ.Q.9 

basalt -Lrachyte -'}Ai/\- Utokan plateau oJ1 "ii°i 9J. rt. Mongolian provinceoJ] Ai ';::: !E 

~!- Pleistocene to recent ~--8-~% 0 1 ~ ~ :-J-:: t-11 czj 7] oJl Ai ';::: trachybasall 

associalionsl\- ·?-~ 0 1--'f-..il -~--6- SiberiaoJPi ';::: hawaiites7\- i:g- 0 ] ~.¥..~tl. 

m 7};:i;]s,~ i1--'o'-~~'?l ~-oJ: 01 province<l-oJl ~~~ T 9Jt:t. 1;JJ~ ~<5Jl1tl- (Bohai 

Gulf) 4~]9~ basaltst- flood basalt province~ L}c}~t:}.:il Z!'T£1;:i;J~L ofrr:! ;:i;]Qij 

"i]>jefx :oj-~}-1,l--'ii-,O, 1000 km'-"! 0J% 71-"I ±"t<>f0<I \';f;::cf (Zhou el al., 1988). 

~-¥-*9.l A]<?.:JoJ]Ai A].z..1- 0 1 1!~~oJl U\-2} tholeiilic ~~ transitional basalt£-¥-E~ 

1:l~l- C} 0J~ alkaline basalt£ ~~<>\-·C ~-:l- ~~tJ- T 9,)cl-. 0 ] c~~ ~~';::: 

provinceSl 3.7]~- ~;~j~o] 9J~1dt+; o]9-l- fl-A\-~ ¥~- ¾Ai7l- %¾~ ~..g. 

Haimm IslandOf]J,i~ LI].ill~ 0J 0] ~~ ~.:-9oJl tB6:H, .T2-j.:il ~~] ~oj 2 km3 78.£ 

'?..! TailandS!j Denchai basaltoJl ~i5HAi5:. ~'?J~ct. ~-,1-]~~~ ~S..ll}-~~.g. 

DUPAL OIB2} ¾A\-<5\-711 incompatible element enrichment~ ~1 ~.Q.S.. _l:i!..O:j~c}. 

~-.J~M-L~: ~Ad ,g.. basalts.21 ~ ,,_d A\ DUPJ\L components EMl~ EM2Sl Qij ~ g ~­

~ ii] .!.!.O:J~c+ (Figs. 3, 4). EMl?. %0\-AJ 0\-9.l- Mongolia provinceoJlA--l 'T~ oJ~"--

9 ~!-lfloJl EM2~ lndochinaoJ]Ai 'T".£ Ll-E}i,±ct. 1..J %~~~ £,,_J.f!:- Hart (1984)~ 

~Jti--7- 7]¾{::! (Northern Hemisphere Reference Line).Q.J "cl--'f-oJl ~;tHlS\-oi Hart 

(1988)9I 68/4 > +GO 7]'1'~1 trfcf Cil-\'-1t DUPAL"--'i 1'c"ll-"'- "r ;Ucf. :r~~lx 

.g_--7-B\-.:il o]cj~ ~~~o] 87Sr/'Sr ];jl~ ,t7l~ tJ~T.Q.J DUPAL beltoJlA-1 {rq-s~ 

;:: 1L2.:.~I "i'l'I -'IJ-% 3f;:: "le: -.1:~-:e!<>lcf. 01•1~ 1l2 ';-<>I Hart (1988l"il <1'1 
78.Q.J"t! 0.7050.!-il.c} l~i ½.!--~ u] ~ Jil_o] C Indochina provinceoJlAi icj<5}tj., 

3:;.7]oJl Gondwana %¥- ~ *%¥-21 -¥-~r- 0 ]'.llrt. Sino-Korean ½!-~ ~ 'T"\1!21 

2~q1 ~71 ~1c-c~ .£~6\-:: *¾.;;-t 1J~2-J %~Oil *nl S!J.~9-. 'cl"¾.;;-:i!l- Et~ 

~ ~-$- Indochina9l Indonesia9.l- WJJJl J\ustrnlia011 7\-7,7\-,& Aj ~ oJl ~nj ~1fc:+. % 

Gondwima2-] ~~ ye. Noti.h China ¥,~9.] ~ ~l:.'t;} :i!}- WJJll early Devonian°11 A] ~£1 

~_Q_n.J Pennian:i!l- Triassic%~ 7l)4r5.J~~:t-1] 0]n:Jl %'rt-0\-Al 0} ;:i;]~ 01 Tethys~ 

_,,_9_01 . ' -, -
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0 ]9~ 61~ q-;~]oJ]A-j 120 km 0 1-'.:l-~l q]-4 1:Hf-g w~~~g.g.. _l,l_~t:l-. 0 1~11! 1i>"J= 

~ rl]¾-l{~'.tS>l S-~ ?.-:- cg:.-Wr:Jl ,¥-J] *~ {1-"]r~]oJ] ~--W"{!- A}ZL.':'...5..A] :;-'.}'TBl-~~1..-l­

'?.1.£0J=oJ] 1--H~ Mahony et al. (198!:ll.9.J R..~.J!t -fr-1+'-J-g- t::!l;t~{}~ ::.-:1J. 01 ,.~~~} 

~~ ~~%~ ~1~~% ~~~oj tj ~ ~g ~~~~- ~~~ ~ ~~: 

(detached thermal boundary layer)-::'. ta- F~ .l{i 0J= ~1 fl-l-/] Sl--;1~-%-~ ~-'cl ~s'... ~] AJ!d 

'1- (Lewis and Smith, 1995). 

,·+"l"l-9] ~-11..g.. Mongol Okhotsk {f~rl]2l massif7l- Siberian platformoJ1 r-jtl] 

u] 'lJ,cf. WNW"J 0J 0~ 'A'll:'. "i"l7] '¥-7]~1 cf,] Aj3j•>l'lJ,-"-Pj ~,. ,Pl 

Chukotki Sikote -Alin belt-'} .A] 7-l \l. 4. -'e-V,, ~l r~1 q- ~r \ll J{' ~i u}i:} {I~{'.} -;,~ ~ ~ 

Z~-~nt:- ~ij',:-01-t?- ~lt}8"}0:] o}A]ol- O}i1]oJ]J,-J ohq '11•--i-:} tap·9-J.:-} ~1011~-- -'c;-~9-l 

rjp_-;-f-¥1.-¥--~- 11.J-2] \t~_oJ1 9-]V} +'.-Y_9~ ?}6'-::: tj'?J8-lt:- ~~9] '~Zli.L:c!oJl 9Jtfi 

?}::i]S:]9i-& 3-]o]~l-. B}A]~ i' 0d 0]-A]o]-91- IndochinaoJP•-l·C 01~'-H} \9.?J-£.~+7} \1A9i 

g_ :;Jo]_~','_ 0~1'..! ,C:,j -2.- _"'r.7} {] -~l- AJ "?i"S:-] 9i ~ ~ 014. Miya::,;hiro (1986)o!l ~i tA :.11 A] 

Ai_:)._5"_ ~912 .. Di ~AB -~6'.:.;--9] 0}cl]oJl ~-~lt}rH: ~2..£ 1:i~-~1°1 ~°1 Q9JL-L 

u}t]_-7~-71£ 91!:L(::,1'91 '2..J'T~ 01 ,.,~,._],.,~9J "~t11£ 0)%-o~Sjr-f~: _i,_'_ 1:_Jl (Hickey-Vargas, 

199;))_'-c. 7F.;-AJ oj ,;rt~ I;!_ ~1 t+. 

2..i2.. A-j ~11 A] B H} ,U.Q.. nJ u:} C.}A-j %1511 ~ ~ 'fl %~! '1,] 41 oJl ~ §!l r,::1 ~"on \:l :4 -%- r.-1 A1 

otg_l -';:]_AJol] qj~ ~-t%% ~li'·1!r:l-. ½~£l 7JA}7} Lj -J-on~~Jj!_ ~'f11.B7} %-~•-'i. 

-f-~WoJ1 n:}4 <?-}'{! 01 ~-~-1:. Aj~~.5'.. -T~S:])1-{t ~ 6-.~ !il .. 'il4-. 0] :-<1~~1 1:J--E-
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(se<:ondary unvectiori cell)~ ~ -'8 i>}-:= i::1] ~ 71 61]-"i "i:!-~ ~'{J- 0 1 flood basalt~ ,,,,!J -'8 

A].'{}tj- (King and Anderson, 1995)_ %%-~.Q.J §}-';:!-~-% ¾ "c]--t::J-t.] r?,':'._ -¥-~o] ~ 

'T:!9~ -7"- 1J!]'t!9l-7} "c]--t::J-t.] ~0,lg" -?;!~~ 01]'?}:cl-:= Sino-Korean craton.Q.J *~ 1lll 

-'/-~ u+•-1- i':>! ~lg-_ o] 2J of'l)-7fo<]-". -ls-% A] ~l c1 ofoJl A] "1 §f,::H!%:!- Omolon -!, 

-&-91 -';:·Ai~ 7alll~-2, u.j-~} ~-A,!Jti}~1l. Baikal province.".!l i.'j~F,,j ,':'._ Siberian 

craton91 'll711"11 4'-"i"J-•J-6.s'. 'l/AJS-f'l!Y. 0 1 •1"'1•1 7'-;<tc 'lH.!<1 'f-~11 

Siberian platform ()}t!.~oj]J..i rB~ 150 km0]~tl Mongol Okhotsk if--:ifr~ 0}cTioJ1Ai 

S'f 100 km~ 7l]B"X. 0d='{l ~ ;;i;.1].1,]~tj-. Zonenshain and Savostin (1981)611 9Ja-B 0 1 

:i:]Q'j.Q.j o}lJloJ]Ai ~~-"r! ~%7]-Z}-o] -"J•=J--.5] {1 '?.f-'cl2J %¾? '{['cl T~l]~ oJr:i~ 

1{19}91 ~~7} -tl1=l BaikaL~£1 *·S"~oJl '.U::: Vitim~ Udokan A]~2j §-}~ij-%,':'._ 

0 J~iV} --<11-4 -~-~oJl 9~"5l] -j}£~::: r-11-TT-B'qL~ljiEi A.!JJ.14::::: -§-%%~.Q.J .51..~~ 

~ ~~]~ct. 

Smith (1998)t -l;- 0 fAl 0 f91 'li!-,rrJl-li-'4 '<i:\'-!S-foj Y-frA 1!- 0 1 -'ii-•TI'lJ ..! 2 cf'l! 

£<5~7} J:Jij~-~-*91 ~1tl'oJ1 DP,BAi7l- o}L-]cl r~#-Ad -¥-~%-&oJ1 9~"5']-~ ~_,,,js~~-~-

~ ~]A]"5'}s:Jtj-_ .Al-&JoJ] 9Ja-B 7~·S:.-¥:l_ r~-W-~~,': 0] 0] %}0}~! ~}TL~- ~"'Jti}-C ~H} 

~ "il" ;-! 0 1 ct. Tariat.Al ~ 4 §?i'"~oJl r~~} xenolith geothenni:'. ~d "c}-~ '?.l 0 -l=-1:! 

(potential temperature 1280"C) 0 1 751.~:i:] 100 km-2] .;1°]1,1};.:J AJ0ii}L ~.,q. il~1~} 

c}. %~]7} %-1-~ EM ~~o] ¥!:-~~ ~q.. ~ ol-"Jo] ~oj£ %~-o] ~,,.Jti 'T '.ll 

c}. Hydrous (EM2?) 1;Q carbonated (EM1 ?) neridotite.9.] Jl-"J~ ..g. anhydrous 

lherzoniteoJ] tjj{!- .Jl'?}hj.!2._t:J- -"J"'J-6] 1;,!-,0 .2:-..li::.~ o]%,8H-~r~] o] 7.:1q.. '4=-'f~.I'}$>J -"J 

,9_~-§-{'_- -§-%g %£ii}7]61l ¾~~ :;! 0 Ji:+. Flower ct al. (1996),°_ Indochina 0 1-cll 

oJlAi hydrousV} -8-%~{:!.g ~§_i>}'x:l,c}. 01 A]~oJ]A~ anhydrous~ l{:!.% ¥1~ 71] 

-:::):-,j_.IJ}~ '4"1~.9.l potential ternperature 0 l 1480°C~ 31g AJ]A]t;-}A]~- -§-%%~.Q.J ~ 

"1 ~ 11 •l "i i'l 11 "ii>.-". a, nj "11-"- 1=· ti-¥- ';! 2 }/ 0 1 '1l ~I~ .i'Y. Hydrous'1: %% 

3":z!oJl qj~ %'1J"tl '{J-~-.g.S=,.9.] 4"iP:]:: potential ternperature 0 l 1350°C'?1 t} -k 

g_ AJ]S!l~ _51_-~=- A]~oJ]A-l 13~0°Cl.!.C} -3}% 51% ,A1h]ti-r+. 1l-"J~'?l <'.!..t-'f-{91 1d-~fl 

~~~ L~T=40-'70°C ~~ 0 1] '.ll~ '°'] basaltsS'1 ~i'~oJl r~~} .g.x~}0 1-C ~JioJl r-11~ 

0
"}~ 7.] L T=300"C !!C} ll ~ ~'Cf. 019} rB S_·Ai ~-s!-, potential temperature 1580°C 

~ 7}A]~ o}A]o}~ ~,':'._ :=£-.9.J o}lJloJl '.U:: rB~i;if;l-S'i 7];;,;~~-¥-F'l "c}--'ffii}';: ~% 

-t- ~ ;,q 6l anhydrous~ peridotite~ ¥- E~ S:. komatiite-§- A~ .J.J A]~ 31 _Q_.£ 7] r.Jl £l E..5'.. 
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0-f~ 9.j potential temperature7} ~i "'J !i3 tj- ~ 20(J°C E {~- 1180°C77}A] ~7}t}oJ] 

u:}i'f MgO9.] percentage-C 0---l= 10%oJ],q 18~1/~77} 7] !~]%•~ __Q_~ --'6"7}t-}i~ Na2OQ.J 

percentageC -'t"A]oJl {~ {~-q~1i. 1480"C?~ -~-.5.:.-~ ;t::: ~"Tl~ "d·-Y-oJ]Al ~l-fl 01 2JJ~ 

7} ~ 6-j A]~- 1.g. 11.;>;Jo] 1:7 {1 ~ 'U oJl Ulif ~}~~l ~ .!f~toJl"l :;'.'';'-?lc}o] :E_ ~Pr~t o_ 

.£ I,!!~ 8-}~ ~{}'fJ- g_ ~ Ad Al z.1 c-}. rtj-4;.7 Al F. ?l ~ ! -_ f>~ Disko IslandoJl Al ~~£1 

r+ (White and McKenzie, 1989). 

~15B -~Al-it Lf1oJl ,?~;>;]t-}:: i]-"J-1}~~ ~~-Y~-"j'-oJ],q ~Adt! .9}",:}'f}~~ 'if~ 

<5] ~ z]~l<'>l~ z}li~{'.:- '-~ 0]<5};J].5.:. -~%-lt-A1~oJ] .?i;>;l<5H_::- &!r..~ %%.5.:., ~-ii'~ 

_u :.L A} o] 9-l -&-;;-tn z7 ~l-'.± 9.] ,z}-0~ ~ 1{!-o] MgO?~ t}i'J:o] 10%-J- \l _Q_ U1 µicritic 

basalt~- i:hq-e\ -i1 ~-2--~-:- .!,i_~ ~11 (Lee and John, 1985; S'edin and Sato, 1996). 

o]oJ] lfl-1511, ,U~ ~ of'ol-~ -:t_-;,;]~ {i-~ AJt]j.t;l_,1-l, _:_r.;Lt1 o]:o]-);_ t:JA]~ -"?1~ -!g-15B 

~ ~~ ~oJl~ ~~~ ~~*~ ~?t ~t~11 ~~~ ~~ ~40}0]~~ 

t: o]-:~~ A]<?:j!'j 'J-4'- i;ll-f77}A] o]~].:z] .l'l:-6}CZ!g ~ _lil._5!1rl. 06•.;;-.i'} ~-~oJl ¥-.¥.6H-:-

1H-9-~,Q.. t:ll~ ~ ocean islandgJ ~{t-Gj -~pr 0J-J!j- {4-Aj.-6}rtj ~~011 lJA-J'{l~-~ 't! 

-¥-~,0. island arc9-] ~~~ Q.}=i5}ll] 1.!.0:j~i.:}. o]c]1l A}~9-- EJlJ§ 0J~o] ~~<[JS:. 

6}2Jl~ 1j'1J<)}~ :,! 0] ~}~lS:. -Y~-"j'-Q.j ~"JoJ] -Y!tl z]-T<~,2--%oj o}\:J~ ~~u]1l 

l\J89l 0]n-] L-}u-]Al <5}L-}-C ,~]~/AJ -¥-tfl-§-- (convective partial melting) (Mutter et 
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.. , ·20 0 •• 20 "' 60 

10 . 
OUlleung Is. 0.51310 

(~ eJeju Is. 
<> Yeono-il 

'.:;: • Jeon-oak 

0.51290 5 

i 

t E" 
0.51270 

0 

. 0 0 
0.51250 i···· •' 0 ,_ .. __ ~ 

..,...., 
·• 

0.151230 
0.7030 0.7050 0.1070 0.7090 

Fig. 3-3--1 l. Initial 1~d/1~d vs. 87Sr/6Sr for Quaternary alkali 

volcanic rocks from the lJllcungdo, Jcjudo, Jcongok and Yeong-il 

areas m South Korea. Isotopic data of basaltic rocks from 

northeast and southwest japan (from Kim et al., 1999). 
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;, cf ii} 71] L.} n q +-~- AJ -'-cf Q L--l ~-l- :;-] -,$_ 'il ~ -1'1 t!:- it! Al 7'j -Bl] 6:j O} ;: 31 ° l -'f-- A-11 o} T:'. s.. -~ % 

*-7:JS'l 6H 0J;z] 7 f 0 1 ~-';:!-'@_ ''i:l-'-1 6- 0 ]-A]o]- 0~ LH4<>11 'i.1~¾-% 01 -E1-Ho}~-f:-~1~~ 91 

.§"},a~ 011Ai ;jH~H:t ~~-~91 t--.?:- Mg0~1"Jo] t:)4~~ ~ij~o] -~AJ-l,l_r} llr! c-j u: 

7-j:B,_9_P=j 0]1:.]~J A}{J? 1AJ-f':-X~ >-!<~ '?..fjL9] i'- 0;'.;oJ] .0jcS-J1 9)-71--'-'l-f;-o1 ~",}Jt:}5:l, 

4-C Smith (El89).9.J 01~-A '{l~],',}A1 '2,l/] irH~ 0]r--l-. Ci* 01 ~1-2--91 '?'1.-f~:i!J--'2 

--Fl:-i- 'c_ ~l-~'Z}- 9.] z] --~'} ~j- -3l ~- 1-j 01, hot spot.0 1] 2-] <'>H .,,~ :.d Tristan da Kunha Island 

-°-1 .:...1.::',lul uH ?- ~;,;HJ¾ i:.i_°7¾t::f (Fig. 3-~ 11) (Kim ct al., 1999). 

'.t;-{i·-1-•q.°.j ~-? i:r1-o]_Q_A1] "°?7]77}7] Al4;:-!.j_ ~l{!~-%,° S:-~A)~oJ] ~1{1-~]oi 'il 

%% ¥!.~it 'T ~t:rl] (Chough and Lee, 1992) 0 12]~~ li]1-ti-1J~1°J .§"}{!?l%-f- ¾ 

%i5H£cl -&{f-{7-.A]~l- ~-1l!-X91 T¥"!¥oJ]A-j l"-}'6-JH'fi ~-"jJJj:A},h_~'=;- ~:-;-t:]~cL o] 

~ .A]0cj£c] ?,:.7) n}c]_2_.A-l)%'tl2J ~:iij.JP}AJoJl i::~~ ~}1]AH-¥~ A1]7,""i>}7] ~Pl rff'f!»l 

A}S:i..~ A}~ ~ ¾~A}.£c.9]- 1"itOJ-6l i5H/2:JO}'.:U'C-}_ ~tfr.1.:. T\!1-¥-oJl"'i 7!1.!}1t!2] -1 

%Jl -~1)."5] 1i~~lc}. r-J1.q.*:..tl- <Z}-~ 0r"~1i1•o11A]-'2 r~+f<'.!l ~_;H (rifting)~ :r:J:-~sJ 

syn-rift, rift climax, .::1.e~.TI. post-rift~ .5~~,.,J-tt-o] ~1 L-}F-i"L-}-.TI. 'Xl.4. 1-tl4""A}~oll 

A1-C 7JA]-~~A]-it!~o] ~-'€±-sqoj 'X.l.Q..u-] ojt_o] 1-Yt:]-C zlQ:J~~ oJ~l ,,:p:.jo]?Jr-t12l-

D- c,'.-'! :r~ o-J '.U t::]-. FJ A_:! :rrl- t-± tz-1 t;_:- 2- %~-~ A] <?.] ~ 'fl o11 ~J-t1H ~ ?:!l 7-}T 'Z! §- 5:j .:iL 'V. ~ 

T 1H~ y-i:.l:)_, -q,, 'J--sl- ~-a-J:_s,_j i:::J7i~~ (µull--aµmt oµenir1g)~} '1-:o<.ll-R ~~ 

(fan-shaped opening)..£~% o-j.;::-. "5}L-}-~ zlA]t1H~ -~~~'?1 ~7-j~_:: .1'<l-~TA1 ?,€ 
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-Ctj-. ~{}, {!-tfr£gj 'T~-¥-oJl:= T 7B.9.1 ¾..9..'t!:- A]7-d:~ 7J7i]7t ?:-ABii"}~r-fl 0]·~ 

-t- 2lZf ¾~- ~.<?4oJ] ~~ ~7B!8 r:J1~A]4".:i!}, ~,0_ 0J2j ft}{!-~% 0] Tl;!~,¥! tll~ 

9~ t1:1-"l ail tiB tJ~r}. 01 ~ ToJ] Ai~ %t.BoJ1 Ai ~~ X..9-j tll ~'T" \!!-¥-7} ~{!-Ad 'tl ~ 

>l]A]~f,~ o]?j~ '11"1:'- q]s,-",'\'!'/-"1 ?j."-',l~f :i o]-f ¾¾-!1-:S]7f 'ii-'>/'<! \j-A] 

tTI?<i'B ~?J- 0 1 ~~~O,l %~ ~ 'if" 1AJ-li!_r::} t:] E!:.~¾ ~~"a~<">l1ki t.~ 0JA]4 6 ] 

'lVJ- _,i_ "t ,, -'H,I ~1 1l cf;:: -"'- '>'! :ilf 'I-~HJ-cf 
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~R~4 ~~¢(~~~~~+~) 

ti¾* (7J-f~~~.ill. ~17-JI~"§f-'=jt) 

%<l;c "1l47I %'1!"11 7l~\'li!j-Of -,'}ii'J,,J '!1\11~ ol4'\'1\'l.,;·"il <iojAj c+ 0J~ •l 

*.9-1 °Jii"Jj!} ~/2J% 7]f1?:1£-1 ~:§}~ 'i'l6i~t::-j-. z]tl 7~ %~tz] 1';'Jt} tflA-p:j~ 

3c>l.of •l"i"i"i¾e1 ¾'1 '.l! "1"1713} 'i'!'i'oJI Ql•l<i %•le1 31"ll 0J"i 'i'!'i'c: •I 

9-.r~~ ~-~g opjl,~t::-j- (--t}-AJ-¾ °'g, 1995; ~"'Jf!:' ';, ]99fi; 'i!-AJ-fc ~' }997; ~AJ­

ir 'g, 1!198; ·tl-AJfc -'§'-, lrl9!)). 

%iiflt·- -&~~Al, ~~-{E-Al, o]:n}s~~A]:;'... i7-AJS101 ~£..~, %~'cl-* (-,1-S..A].9_ 

1d--tt")9f ~-~~ft (~Tfr'{!"ff-).9-1 ~vJ-~<?.1 oJ*Jg \!!31 '.UCl-. %%~A]~ ~--HS4 ~ 

,':'._ .:i1iifl-4'-l,:!l,]7]oJ] -9-S.. %~},tdfi-~ A]-'\-?i1~ oJ·CS-J:% lrl--2..J:?J, 0]oi1 'fl-ii],q ~*~ 

z]~_:: i>]t1J~H/-~1 ~'1Jg_ 1'--~ !;!_:ii ,uq_ o] iifl"ft-~~ o]-6'- 7J_;;_;} !-1"-;;!15] ;j]-o]~-

7}A]u-J, ~}c'fi:-~1,,.1-~:- o]~ iiTifi--.?~ o]z---~- ~~CJ-8'lt:- A]"a-Al'?l 7Jh1.9.§. -~¾~}1·+. A,j 

~~~~/]~~ ~*~~ o]~ ~ w~~~o] ~~~ ~o]~ ~%¾ &o]~~ 

(Oba et al.. 1991), .:iISH 0J~7cloJI -?.-3l'll tt!ft!-~ ~~f,-j-7].'i. ri};Ut:-J-. t!ir1 tjj~,q1B 

o1J Ai t:- 01 .A] 7] oJ1 ~] Y:l ~1- j ia=W-21 t;J -"d 6 1 ~ ~ ~ _9_5,_ .!i!.Jl.S.~ '.V. -rt (Bahk ct al., 

200'.): Chough, 1984: Chun et al., 1997). 

% 011 ; : "I "1312-'a. ·f "1 'c. l,L0<I 01I 'fl .>i 'Ir 2-3' Mi cf 0J ~! 7].'I! e1 §f~Hl %"ii 21 sj 

'-i r.j-cJ'Q] r1]!!:t-}7j- .:g-;=:-s:J'.\:lj]_, '?J-¥- 15B'2cJoJ]Aj';::: ~1i~-2...£. 8A 0.J:~73 it!~}oJ] °a 

tiJ=~ n]}lt:"f· (Chun, 2000). t.f~l~~~t.llo1l _¥_1J-sj fl]~r--}~~t- Al:c}---~A-jr~]u]~l lE 

,'-].Alt-2..£ ~%~ 1~ 9.1.T'--t:-ll, %%,(E-AloJl-'-i ;i;J].:;:-]B 12 Ill ~ 0 1£1 A1""f'-511~%L\loJ1A-j 

C' 10 u]Jc'j li'l'11"4~ 01 <f'l]5:J\:1Cf (Chnn, 20(Kl). 01 7,l:,f~I ejoj>I ?} ~1"1~ 
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·6JT-

kl< llc t1ot~l• ½ to~v l'\6661 t,,~01 l'\8661 kliot,;[Y ll;ttr«llc '\ 2% ,>k"it 

~¾ 'l:idb~~ ·~-tv~ lb t-Y¾- '-£-h l\:1 t-Y-t\ -5-0- [y-¥,- -;)!H,'.'·~¾-'t,'- -=Hdki{Y~ -if 

f?il"~IY ·,L 

~1~rto "l 

·t:,tot, i!il-{>c 21' 

{, to1l"% =:lo ,a, ~.t,\ ~{o:i,\;'vl,[a l];f.'f.!: {,,:%i,\fl,,a,[1¥ ;:jn [iol•i>\-t[L lv{2 

111 'f.:J. J;S -l-~:d'i' It~ ¾ ¾ ti.' ~ "? l Y I=,;:, fa lf=i W ¾ ~ k R> ~ -:& frt t-Y [1.., L ~ fo It!? i:!" lo It!? % ' p;:> 

,,,_%lo ¾i,.fL {o,aj,: RI£~ le% L C:fy[[ojyc,' it ·t:1to {,:·,:rj,,_[y~ ~iz~r,c[,c 

lof:1.-lR?~ 1-Ylwlo [ki-lYY fnlo '[~1~.r6.fJ [z['l'::ki½lo -l,di'lt~ lo-~/£[:!i""?[Y Rd£fy 

~ t-vlt!?ltl [t,;,-b-{i:.2-4o t-vllolt1--& b,du.g.k ·t_1~-iz ~ icnhi.£1 {£~fat {9.-fL Jcii-l~to 

llo1v~t2%-r:-lz -=a--~2"7 lo '~{gF-J.~ -{r;Y~~[!, to·6~H-1 ~-5-,9, {2:[y·-~¾* ·-b 

to {,:1,t"li\ ;;{o:l,I fl:i.-fo~" li;fo!Y tsfylJofnlv tol~k~ ~,; [Ylt1~ji; -:a>11o 

{v'£ 'it ·bro iot5li<I< [oe;{2,,[f.! lofati toro lJo¾i'H;,{,fsti. =:tvtio-i.'% t,tn 
~1¥ "'I<' L ·ti fo [5 f.\ 1": [o "'£.,LI< ta ro i,-/c In lv 11" to [lo-§-{< fl; 1": ts.if Wdd• to 

j;\{i- 'lnolo¾%1" 2·0·1, [LI< t, j~ II,-/, .[Y{i [o;'s-fo I< 11 lo./t I< la ~fo Fl,i/, liole 

% [LMI< C:bd\:l~~ -'·t<'r ·to,¥ j,:1r{'1-fb-/!- 0.;-~-:S:, ¾!£la lo!aH•ii<~ [o '[f1~ 

fo[,;jicf,, jL,£,'f toC?{L,\-~ [oa!cb tn{"to IJo;ejYjvf,,te*,L[s =i[Y[io%1'-[P ton 

·(6661 '% [y~) {11,:[,;J,c:r,!: ["it [or,,El<,I" §,,a, to[[{;.,\: WO ,a, [olllf.!:;'v j~;'vl,, 

la lloln*l,,la{>[y C:lv[iot/,{vl:,[P ~%{\ [:<ii<%¾ •j:ifo[,;[6[,: lo"' :;{g1<'1< lo 

¾~ta¾~vtL ~to llotcli¥ to(mm 'g_ tv~) ....,,-t.::*R: ~~td1o~tY-ttltl •k*~a:i 
.1-ro ~f- [,:ii<fr¾ •j:if<;{el½li• ¾¾i>hs./dY lollcl\- 8 ¾ tol'1-IYIY {;';!<,~ ~ 

ld•k-.ti\ loe'liv 't,t,,J<;¾il- kl"'~" lio!al,{v'>' ];clo -::\IJolb-e:-ut,hC£ it 

'(8661 '~%~) f:i{g.[Y['l'. ~%~ to~*k· lo%-~~ tQ1it[li~ 

l,,r, jgll\j/, foli<1"- ta¾{?nlfat..-JF ·~se\lon ~-l't.la ;;i", fvti.le [io!a*f;cla,/; 

Iv l½i½li< k1Jo!all¥ {,![, ;;;;./tl,,ta,.,[v i½l?li• lvlio\i\½2,a,li•f>- ·(9661 '9661 '% 

~{?.,-{¥) ·bi¥-lt~- {Lot!- t;;a~ td1<i2-&Ulz::¾,£¾ ~~lo 'FJ.op;f.,t:rR [o-Bift 

lo 2 ~ 11¥ r,,. lJo i%- r~ izii, ::: k¾f, ¾ ·(8661 '{,%Re J {:i lo ts Iii lo ,a, i.>1i\ ¾~~ts, 

la [;<:-l'iscta i<,jl.,L[,,t,. .[z tvti.lo [io!a{2rr[i'lr;-1f v's¾l,,lai-[Y t<l½li• 20,~ 



¼ R 'll"-1 Al4';:i3j,'-~ >J;;-1'5l'l!cJ (Fig. 3 4 J; Table 3-1-1) 'ir-"l'1l't*"il>i 'l 

~l !i::]_ MB98PC- I 1 Aj 4-~ ?oj -;;;-.f::- T-~ 145 m.<:>l r}] ~~- :,;- '5l] ~ oJ]),l :itl] ~] <5}'J'l.9_aj, ~ 0 1 

467 cm"-! "161~% ,JC,sf'l!rt (Fig. 3 4 2). ct~l MB98PC-12 Al·°i'"i"i%~c 'r-lJ 

200 m~ tjj~:g- <'>ll~ 0l]Ai :i:H~OtS!tk~, ~- 01 160 cm9~ 5PHt~ '"l~<5}'.(lt:l (Fig. 

a-1-2). 4"llJi~A}~OllAi iJl~Pt! MB98PC-l:1 -'-l4-~l-3J-~.g. -,;-:-{] 989 mf>-1 <5Pt 

i:Jl~.,q~6l1-"i :i:Jl~Jt,·}59,.Q..TTJ, <l,.,l 1,055 cm2l ~Pi-;¼?- ~~<'>}9:l4 (Fig. ::h1--2) . 

.I: C: t1I o<I "ii I<] >ii ~l 't! MB98PC-14 Al '/'-'I "I -l,!-,0, T "1 1,567 m"l <i -~ ~1~ c]I z] •l 

<i{l"il;,i .>fl~>l'.1.l-0-"1, 7el 0 1 96'1 cm"-! -'1·'1%-& ,J";"f'l!It (Fig. 3 4 21. 

Mil98PC 15 A]4=-El~~,'.:_ 1~1J 1,796 mQj AJ:1-:i!} i'~:; '1}~tjJ7],q 6JoJ1 1th±1':1 1-,"-

21 -'i~ ~.;:-rJ7-]<l\'l"il"i >il~<i'.1.l 0 .u], 7el 0 1 608 cm"-1 "1"1%"- ~"i'"f'l!c+ 

(Fig. 3-4-21. MB99PC-I 0 ]"/'"l'l?a,O, '!;-';· ~1.;:-rJzl<1 <il>i'1c"il-"I •l'll"i'.1.l-°-"1. 

;:1°1 948 cm2] ~~-g~ ..2F~.5}'1fr:·+ (Fig. 3 4 2). %~-t-Al{! -'t--~oJ]Al 1:ff"ilB 

MI399PC-2 "14=-~Pif.}~ c:;~.,;-J 2,707 m9-l <5l]~f~~oJ1Ai "H<=rl:-C1'.{J.2..9, ~ 0 1 931 

cm~ ~,~i%.% ~;;;;;-}5'.1r-J- (Fig. J--4-2). EE~} MD99PC 3 A]4-sl~¥-2. ---?=-~ ~,'1;j5 

m£-] t.HAi"T"~nl]Ai ~»~~'xl,2..1'.9, <--1°1 910 cm!.)l SJ.A~%-?, ~l~<S"}'ll.4 (Fig. 

'l·-4-2). 

A]~~~%. ~B~~,_ ¾~~7-~ ~"f->:.]§..611 -¥Pl'e! ~-cl 01 12 m i~!.::.~-~-0}?-~ 

(BenthosA})~ A}%il}S1...9-nJ, A]~~~~~,°_ {:iAJoJ1"i J m {!-Zcj (llH'{~ ,{1-21)2.9. 

'l!'Jal<sJcf_ zJ-71 'll'J'ei '-1"?-'l"i~? '1!,i-sl ~IJ11]7f '-'l"'-'S- Fli 0 1'11,S ~1 +oil \9 

T :1: g~ 11 ~ 1l s!.. ¾ ~ ~ s:-1. tl. 11 ~ t! 61] Ai : ~ .Al 4'- ].:j ~ ~· ~ ~J 7B,~i] _7; l ~ .g.. -'cl- EH oJP•i 

~~~ ~"'J% MSCL~ A}--§-5}61 ~78ii}S1.·c}·. 0]l-oJl Aj~~~~% 0Jif_-B}Ct] ~~t 

-~5~. {±~-~~ ~~~£, >,!J,:J-, ~.5:. %g 7]'½-e>t'.?J.:v., ~1~% -~"'19~ ~]~"o}';Jt:-)-. 

Sl~'J- ~ "'~-'-J- -';~~ -';-.7:]~oJ1 ~~t.HAl si~~~l, u]';l]~ 15l, Aj-f§}-8']- -~~ ~ .?Hi Zf 

7.f9~ 1"]Ai* A]g_~i_:- ,/4)1~t}S'J.I~-- S]4¥- ~~~~ !Jl,\-l]S]Ai,:Y.~ ~ "']~·fttl{l·J!j-

2'-f s]~,,_J-~E>~ 7,,!7~1-~- li]- 0]-t\:,,] -'f]ts-]O:j S]Ai* ~,ijoJ] r}]~f- X {i A}~l-?s:- "!f°Jt}'ll 

t·l Al~&l:x:!--?O_] ,'IA48"l-x~o1 !_::"_.J.-l_Q. t1J.t,]/I oJ-"'llA--1 ol:20cmol .C::-7l-.,.,O~ Al2'.'.. 1-, 1c- 1-,·1._,d,,;n -r 011•1, -"1uLcl __ -,,--_ .•La 

~n-{,l'o}O:j '{J~;;q. ~}'f~-£<¼ ~-Aj"o"}9}._0_l9, °B"?cJVf- .§]Ai-"c} t,t!:tif-;,,} f\'~S:J:::- "-1·7ioJlAi 

~ .c}-,1}_~- -t ,..iiil~9-. ~tf- A].c}-5]-~i*9i 17_\t-i ~~.g. 20 cm9l !,}?l:-?42.I;_ hand 

vane"~:- A}1J-iil O:j ~~J iil 91 c]. 
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Table 3-4-1. Location of piston cores in the East Sea. 

Core Location Water 

Core Number Length Depth 

(cm) 
Latitude Longitude 

(m) . 
MB98PC 11 167 35 26.546 130 2.624 145 

MIJ98PC-12 160 35 26.170 130 2.478 200 

MB98PC-13 1,055 37 39.325 129 32.852 989 

MB98PC-14 964 37 39.651 130 06.240 1,567 

MIJ98PC 15 608 37 46.416 130 42.304 1,796 

MB99PC-l 948 38 12.077 131 23.207 1,712 

MB99PC-2 931 38 09.706 132 20,893 2,707 

MIJ99PC-3 910 37 35.711 131 37.811 2,4.35 
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Fig. 3 4 L Location map of piston cores m the East Sea. Solid 

squares represent the cores of this study; solid circles do the 

cores of previous study. For location data, see Table ~-4-1. 
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!m=r-"""~r=-·-.... .., 
~,_.,,h 

Fig. 3-4-2. Vertical core description and sedimentary facies of six 

piston cores. 
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t.f. ~S-:_ ~ ~~-H-£>l ~-11 ~-.J.1 
7 l- ,,.l+~Pi-RcJl,-'•1 20 cm!?~ ~-<~2154- E1l~4-%- '41 "ITt!·U•H-.: ~]~j"cJ-cJlA-J ~B?,,J~ 

.<1)7-lt-j~,1. oJ ,];:,;; c'. i'ls.+<>11 '(111{} ";'l)t-}~:,,., cjA) ;;,•J,l'\'1-8- t-}oj 4 l[J 

71~-~-~ i~~3.1
} ---11~<:l ~PH;_;-zj #-~ 11J~ g \t~-p-,}S!it:+. 4 qi op,}zj ±'fl~ 

§J~~f ~~i!J~toJJl~ ~~o ~TI- ~l~ri}c.J 0J~~.£ -¥-711 tfll~%% =?·<'•}~'Ct. 4 © 

t!.t:+ All~~ ~,~l~-.g. !?-~l ~~l{t ~&o}t 2 g ~ ,,j~o}°i 300 m/2-] 0.1% ~~ 

%~~all ~°1 _:<:.g:rr} zl%712} A}J];;tJ%71£ ~3~~ '?J:;i;}g *~AlZ.! -~oJ1 :;,;}.g·'i.J.5:. 

~~ 7] (Sedigraph 5000D)~ ~ 5:. ~ --~AJ "5}519-. ~ 5:. ~~ ~ ,r]--C -'i- 1~] -1:~ ."!.~ 'LL 

rJ~ A]-§-,slu:j -~~'6}9J, 0 r.ij, o]u:Ji ~5:.~-~;- ~~~ Folk 0951)~1 -t-,i1?:J 0 t1 ~1,7--]'6]-

~ _<?_ u-j ' >{ht 1"?.l _y_ . :t- -'d- S~. ' ;l] _,,:. ' Yi1 i;-:_ '";:;- 0 l 7-1] \'} !r'j :ct q . 

A],h_ 01' 30 g -~- ~»-~t}o:J, ¥7]]~ ~1.H1t-+. ~7].2.~<'>l]A~ 110° C()l]A-1 1'}f %~} 

~-Z.:A]Z! ,¥-, {'j_,Q_-_o_~_ i~7fA]7~ c+.Al 1i'-71]~- ~"'"Ad'Ilt-+. o]-i- o}4j9} ~,Q. 71]~--~ol] 

W (%) 0 ------ x 100 
Wd 

0 ) "'ioJ)'i Ww,c ~t'l:!'))F~•1 {!Zci5f/l {1 A)£.91 -\'-711°19, W,t {1;< +<I "1 

~~ Al.v.i.~-1 -'j'-7-J]o]1+. 

i!}. X-~ Af'l) 

Aj4'-§]A4%£ii ~~7H-"l ~1"'f~- ~ 0 ~% ~-~9.j -ij-.£.~ :Q 0 ] 30 cm, T'Al 1 cm 0 lu'l, 

¥-ryJ 0}3.~cJl A]4'-£j3j{'.-~] ~~¾ ~7]'3f£~ hll31"<5}?a,t:}. al 5'1~~ ~·'®? uj 

A,J] s] Ai -ri ~ ),~ ~ 7-± ~ {±-~ii} ]I, Zr ~ 01 -'J.!~ 9.] 7J /~] ,\g- :,ij- 0}<5\- -~- tl] o] % ~l q. 

X {'l t}'{l.f?:- Softcx M-100:..i ~ ~-oJ;]g A}-§-5-}cxj 5J4AJ--4 ~>;-:~-AdcJl rr}c}A-1 

\--.½AJ<l-i1
} ~i<?-f~ .:;:;~,;}cxj,.,]: -~i::}. '¼ltfr~-2.._'1.. 70 kV, 4 mA, '-r_·-J- 8 sec, ~cl 

10 cm 5' ~ ,7:: ?! cJl ;..~ fl- '{I ·2;} S!t ..2.. r~ , ~ -"'i 71 * ·-i}- l:l} '4 "Q- 0 l !"cj ~ -'J :ii]- ~ -~ J~- --"d oJ] rrl 4 

A] ~7J g ,:.E ~¥] lg~] "5~~ rt. 
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nf. ~ 1±%"1 

11711'! Al'i"~P1*<>11A1 -'I-~- 2 cm<l "1"'-"il'l! (hand vane)% Af¾Bf"l. 'i!! -"I"! 

%011 tllti 'l!H¾"i ~- "; 7Jt-l'.ll4. "1"'-~1'11<1 >f¾>l<>il -'l'l!<lf.'r.c: 60' /min2..ls 

¾A]i.}51.9..ni, ~~{¼!>l ~ .. q-~ 01~ !i'J~*Q.] .:it~} :~.£oJ] rtj-2.}Ai 2 cmoJl-"i 0.5 cm 

~ I-J~ ~1"8"}~11-. ~Ad¥! S]Aj~!'.>~ 11"0%"1 ~t- ~12-~oJl t:H"tl- ~..2.3- ~.2...£, 

0 I 211 21- ;;le ," "'I "ii -"I •l Aj 'l! 11 g "i ( s) ?.- 'f .-1 'll 9 

T 
S=-----

" D2 (H/2 + D/6) 

1}~ -6-"5H1~!'.>~ *i'l 39° 40' "11 .$-]:i.]r5}:.:~ r.Jl~,"}ll!_,°_ .9:_-7~~¥-A] (~AJ-~ %, 

1995; Huh el al., 1996).9-1 \J"A]'-&'oJl t;Hc=J-zl-tl. 6 ] tH~.g. ~-~tHA1Yl- 17:ll:S:l~ )(.O_ 

~ -i,-~}\:!Tf.9~ o]%78£oJ],q -'?J-t:J-t·] 1)! 6 1\!- A]9c/2_£ ~~-~-#-9} Zl'i:l-#-£'~ ~-oJo] 

-9--1<1]~ 6H~o]LJ-. u.}C-}Ai %-"'i-"~Al!if- ~-1:~~AloJ]Ai jH~~~ A]~£)¢.J-~-3'-}.9l rHtl]cJl 

-2\J\1Ai *zlTf\l_ !£~ Al'2'iit-2.9i .:il."5\1°J-~3-l A}{i¾ 4'-~~ T ~r-}. 

( 1) MB98PC-13 

~~ -6-3TI'?l::'. ~.:il. Z! 1a"~BJ--O-J:2i t:lJ~*o] "3JA~£]c:>-j '.V,S>.o:J, ~}~tj]z]stQ.J A} 

0]oJl tH~A}li:!4 ~ 01 ~~t}t:}. MB98PC-13 A]4'-~3j~-..f?:- -8"}-!f" tH~-,1.}tB_S>~ "r"il 

989 m 0<]-;lo\1>1 •1~£]'.;1°.uj, "f'ss 0]%.iic\'l-<l •!!-"1-'l'!f,f -'IP]~ ¾c]7f ~'it-<! 

~~ 61~~ =;i--~5-]°i 9.11+ (Fig. 3 4-3). AP~'-~ ~~Qj AJlj!-=j1·{1-<il Jf.½oJl.J.l 265 

cm TZl.9-J ~¢~%~ w~~!>i Aj¥-.ii1.~,B ~~~% 01 'Si~t:-1-. 265~318 cm T?t!>~ 

.§jo]~ ¼i!J7f ',!-',!-'<) •~5'] 01%-i'- 1 mm 0lcil<1 'lli!J"- 'i''a"l"l vr+. tll<r 340-

860 cm -r-l!<>il>ic: 'll""'i (5Y 4/2)4 'it•I (5Y 5/1)"1 "l%.iic"-<l •!!-"1"1%£1 '/11'1 

~!- .ii!._~\J=~o] :::;~ 0]1::-\-. -tl-Jf 7--t~!'i sj~~ <5Pf-~ ~Pl~ %~7} 1Q1-J,¥! H}1!.~Pi 

~o] A]%n!.~-"e ~£]~-~}[} 1lo]%:J'?! ~ 0~{!-7-l]~ ~~tl. A]4'-~~-S-!>j "8"}1f--TZ} 
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0 1]J..H;._ iJ.eri-~-~9] AJ-~_111 ,:;':__\-~ U~.S,1-~1~- 0 1 ..;;:.111-11 "<'§AJ!cl<'1 ~fcf-. MB98PC 1:1 1-14' 

~~-~~ ·&-is·.'r..9-l- SKP i5~A]~~ (Chun, 20()0)2-i/ .. ~E-] J,7¥,.?_s':.. -"J"-J~}- 7-]t'~~ 

2'cf ,1-:.:..-~1;,;~-Q..o] ,.-<.)-U_ .. -:--.17101 i;:'L-;.--1,1,llol ;..llJa1_.·,~,;:,.J-sc1 u .. lil~1A~-~-"- :,,1-"ifOJr 7l O'l Vi~ 
,, ... I· ·1~- 0 I I,_- 0-"'-1-·17 a·.,,..~~-..:_,._;"!_· --'-J-...'!-._ O<-t-L-r 7 o.~, 

_o_ tlll 1,ll o1 .'_, A4 :;,;.l 
Tl - I I ·I ! I r'_ 

-;::.:- : :_- o l 1,1_ §.. "3"l- -t ::J..ff-_O_ If1:r/-0j'C7] t~l- 80 ~ •1- 11 ?Jl-.!,-.$'.\-_O_ 80--1004::'. t'!lOJ;:; ;z.-1 ,_,__ c:!>-t.--• r . '>l' -- n ,_,__ ,v ,,77-- --

~-7161].'.L }!-·;i6t.::i"1 , 1.]_c}-1::p.q?,- 860 cm 0 ]6} ""i1-<f-oJJJ..H..: WT..g-o] q1.j 0.-l" 120% 

~ ~7},)H~ 0JAJ~ Q. 0]T~, ,rJ;i1-'lj_'r.7} r:i{ 8.fi (]) ~ -'lJif~t.~~l:"-1- (Fig. :l4 4). 

1J~l Aj~~• -c-1% {94PC-:l, 94PC-8, D4PC-nloJ]-"l ~-"l-~ i:Jl~-"l-itl.oJ]-"1£ id~-W-% 

9-1 t.JAJo] }"l<?_l-z! 31-'11-~:.. tjj5:-~'?} -~~o]i.::1-. ttJ'Holl MHU8PC-B Al-"f-~~%611-"l 

sq, fiO cm %-f9-] §Jn]~ -~2.j7} \!f~-8 ~,'l]_SiJ:-si% 0] 1,._J~lo-J 'V_t:} (Fig. 3 4--5). 

_l:Et}- ~}-~i:ll--~1<)]]Al .!i!...2~~ t1}9-l- ~ 0 1 l:lJ\1-l_'?} ii~-4'-1?:!1;!!%-"17]611 L-}F..}L-H~ '8"~4 ~ 

y- - ~s: '11-<l 

(1) MB98PC 14 

~F~-r~;,::jt": 7"-·'rl ~ 1,500 rn °18~9] t:"tY9J i5~Apj~-o1 ~J.jSJ6] '.\l_.2.~, i~% 

S:-¥--?-oJ]Al ~f~t'IJ-t.J..2..£ t;l_~tJ~ T{l 2,000 m o]AJ9.j ~-611 2-jt;~Al Ai~A %~Q.. 

£ A]?§~-<>-~~ 7-~~c:t (Fig. 3--4-1). MBY8PC--11 A]~~~-~-8. Ale~- ~}--';r:J]x] "8:11 

,A1{!-9J ,tjr;'Jt}- 7]q,J 0] ~~-z! T1J 1,567 moJ]A-1 :<A"f]iS}c_cttj-_ A]4".1;q;,:i~!: :C:--1°] 

964 cm7l- ~~!.-]S:U:i_n.J, T5.. 1.J%.ii['<-'J:~ fl:1~3i%:il- §j1-J]1} -t~l.7} ~1t1.--¥l_ ~~s]x-j 

-~-9 --rAJ~loJ'Ul"-l-. 'd-¥- 77,l- 011-"i~ AJ-i:>l--1- 73lll18°l T~l~ 1--i]}!.i'-l--~-"l "6)-~ ,t] 

-:'-l7a1~l 1t!-'.} ~lt:- :1J 0]·;}e-]7l- t;i~\+~. ~t'.!~]/2i-~ 01 f{l1.~.![!-cl- (Fig. ]-'1--6). 
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Table 3-4---2. Sediment characteristics of MD98PC-13 core. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear -~ 
(cm) Gravel Sand Silt Clay type 

Mz 

lnhil 
Sorting Skew. Kurt. Content Strength - 0 0 0 35.97 64.03 M 8.66 1.69 0.18 2.49 206.9 0.76 

20 0 0 31.23 6877 C 8.7 1.56 -0.04 2.99 184.9 1.62 
411 II II 33.2S 66.75 C 8.68 1.48 0.24 2.85 178.8 2.fi8 
60 0 0 31.17 68.83 C 8.65 1.40 O.Ql 2.87 185.8 2.29 
80 0 0 35.22 64.78 M 8.fJ5 152 0 3.11 185.8 2.87 
100 - - - - - - - - 16fi.7 1.72 
120 0 0 42.86 .57.14 M 8.44 1.78 0.01 2.56 176.5 3.82 
140 0 II 37.:fi 62.ffi M 8.51 1.57 0.15 2.85 166.4 4.59 
160 0 0 34.41 65.59 M 8.61 1.57 0.02 2.82 176.7 4.39 
180 0 0 37.42 62.68 M 8.45 1.57 -0.02 2.87 174.1 2.29 
187 0 0 41.54 58.46 M 8.39 1.60 0.22 2.62 - -

200 0 0 41..54 58.46 M 8.38 1.66 0.13 2.67 158.8 2.fi8 
212 II 0 47.74 52.26 M 8.12 1.42 0.19 2.60 153.5 -
220 0 0 48.58 51.42 M 8.24 1.64 0.46 2.62 138.2 5.16 
230 0 0 49.52 50.48 M 8.09 1.49 0.19 2.81 155.3 -

240 0 0 58.29 41.71 M 7.86 1.56 0.S3 2.91 101.4 -

2.'iO - - - - - - - - - - 3.2.5 
260 0 0 50.26 49.74 M 8.10 1.58 0.37 2.75 96.9 -

270 0 0 53.79 46.21 M 8.03 1.69 0.45 2.66 87.7 3.82 
280 0 0 53.39 46.61 M 8.02 1.66 0.48 2.66 92.4 -
285 0 0 52.'15 47.55 M 8.05 1.76 0.40 2.59 92.2 -
:JOO 0 0 54.31 45.19 M 7.94 1.58 0.39 2.69 96.2 3.82 
315 0 0 54.11 4.S.89 M 7.93 1.58 0.36 2.87 92.7 -
320 0 0 54.84 45.16 M 7.92 1.57 0.38 2.78 92.7 4.01 
340 0 0 56.47 43.53 M 7.91 1.58 0.51 2.83 90.01 4.78 
360 0 0 58.69 41.31 M 7.81 1.49 0.46 2.74 68.1 4.97 
37G 0 0 56.oo 43.m M 7.92 1.67 0.38 2.79 102.3 5.16 
380 0 0 51.70 48.30 M 8.05 1.59 0.29 2.80 106.0 -

390 0.39 6.21 56.50 36.89 (g)M 7.34 2.18 -1.1 5.74 87.8 -
400 0 0 59.34 40.66 M 7.74 1.46 0.32 2.56 97.4 4.78 
420 0 0 56.57 43.43 M 7.89 1.58 0.45 2.76 94.6 5.16 
440 0 0 50.81 49.19 M 8.1 1.66 0.38 2.69 103.1 6.31 
450 0 0 54.87 45.B M 7.98 1.47 0.44 2.94 84.7 -

465 0 0 52.53 47.47 M 8.06 1.61 0.42 2.75 104.8 7.07 
480 0 0 54.55 45.45 M 7.95 1.62 0.36 2.68 115.2 6.69 
500 0 0 55.41 44.59 M 8.0 1.6 0.57 2.86 90.7 6.50 
510 0 0 ;,.1.88 46.12 M 8.01 1.59 0.46 2.75 103.5 
5:::!0 - - - - - - - - - - 6.88 
530 0 0 56.87 43.13 M 7.9 1.5 0.58 3.08 83.2 -
538 3.02 1.26 54.15 41.58 (g)M 7.52 2.39 -2.02 9.95 85.4 -

f"":>40 - - - - - - - - - - 6.69 
557 0 0 55.7 44.3 M 7.94 1.55 0.48 2.85 79.6 -
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Table 3-1-2. Continued. 

Depth 
Composition (%) 

Sediment 
Statisticiil Parameter 

Water Shear 

(cm) 
Mz 

Content Strength Gravel Sand Silt Clay type Sorting Skew. Kurt. 
(ohi) -- -

560 - - - - - -- - - - 6.69 

575 0 0 5-.S.58 44.42 M 7.98 1.56 0,6 2.02 no -
580 - - - - - - - - - - 7.26 
5YO 0 0 54.96 45.04 M 798 1.62 0.48 2.81 81.3 

600 - - - - - - 7.26 

605 0 0 52.87 47.13 M 8.01 1.61 o.::is 2.fi7 106.4 -

620 0 0 S:l.24 46.76 M 8.03 1.Eil 0.45 2.79 83,8 7.26 
635 0 0 ;-i4_4:J 4S51 M 7.92 un 0,3 2.64 110.6 -
640 - - - - - - - - - 7.83 
G50 () 0 54.42 45.58 M 7.96 1.64 0.33 2.83 92.5 -

660 - - - - 745 
665 0 0 54.6 454 M 7,97 1.67 0.4S 2.!""ili 104.8 -

680 0 0 G2.7 473 M 8.03 1.G(i 0,37 2.71 120,7 7.45 
700 - -- - - - - - - - - 8.98 
702 0 0 46.27 53.73 M 8.25 1.61 0.31 ?,.69 119.9 -
715 0 () SD.25 40.75 M 7.87 1.fi? 0.6:l :rn:l 81.2 -
720 ' - - - - - - - - - - 8.22 ' 
730 i 0 () 54,68 45.32 M 8.01 1.68 0.46 2.66 99.5 -

740 - - - 8.22 
745 () 0 56 41 M 7.88 1.69 0.36 ~-73 105.7 -

760 - - - - - - - - - - 8.l!l 
7fiS 0 () 59.44 40.:"i.i M 7.82 1.74 0.51 2.76 94,8 -
780 () 8.24 62.07 29.68 z 7.08 1.98 -0,21 3.53 84,1 : 8.19 
786 0.42 5.66 61.64 32.29 (g)M 7,2 1.98 0 37 4.72 82.5 
800 0 0 53.06 46.04 M 8.01 1.72 0.-18 2.6 99 2 7 37 
810 0 0 S9.45 40.SG M 7.81 1.66 O.Sl 2.81 82,7 -

820 - - - - - - - 7.37 
825 0 0 51.09 48,91 M 8.05 1.62 0.35 2.67 98.0 

835 0 0 51.03 48.97 M 8.08 1.66 0.28 2.79 95.2 -

840 - - - - - - - - - - 7.37 
8.'i0 (1 0 47.05 52.95 M 8.22 1 .:ill O.:ll 2.76 :J2.!l -
860 - - - - - - - - - 7.64 
866 0 0 43.03 56.97 M 8.26 1.49 01 2.63 122 5 
RRO - - - - - - - - - - 8.74 
890 (1 0 39.4S 60.:"XJ M 8.44 1.G7 007 2.92 107.7 -
900 - - - - - - - - - - 8.46 
910 0 0 37.02 62.98 M 8.52 1.56 0.06 2.86 122.2 
020 - - - - - - - - - - 9.55 
930 - - 31.5 68,5 C 8,68 1.5 -0,0G 3.17 120.2 -

940 - - - - - - - - - - JO 92 
950 0 0 29.33 70.67 C 8.78 1.43 011 2.82 122.7 -

060 - - - - - - - - - 12.56 
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Table 3-4-2. Continued. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 
Mz 

(cm) Gravel Sand Silt Clay type Sorting Skew. Kurt. Content Strength 
(nhi) 

fl70 0 0 30.43 6~.57 C 8.73 1.42 0.17 2,78 122.3 -
980 - - - - - - - - - - 12.01 
990 423 0.17 30.29 65.31 (_g)M 82 2.71 -2.57 11.36 130.6 
1000 - - - - - - - - - - 11.74 
1010 0 0 :l4.2:l 65.77 M 8.63 1.58 0.07 2.8 Bl.6 -
1020 - - - - - - - - - - 12.83 
1030 0 0 38.68 61.32 M 8.54 1.73 0.13 2.49 125.7 -

1050 0 0 38.69 61.31 M 8.45 1.56 0.06 2.81 129.3 13.64 
I Q'i4 0 0 40.04 SO.% M 8.41 1.58 015 264 108.3 -
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Fig. 3 4 4. Sediment characteristics of MB98PC-13 core. 
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MB98PC 14 A]4'51 7<Ht.?--1 sJ~?f:.iJ- IJJTI-~-~ ~ %1'-%2 ~~-q!- ~Al§- .1i'?1 

tj- (Fig. 3 4 7). 0 ] A]4=-S]AHi9--J 3-]?},¥-oJ] 1£'6]t: ).~%.ill.i,!J.:@ H1Sl~%2 JYJif~ 

:'r.7]- 8.5-9.5 </) oj_'it t}~::%2_ 160--210%9--J 11~1~-, .Jl%?r%5>--J J.-j]~~ Sj~%s;!_ 

'i'"a>']oj ~cj (Fig. 3 4 7; Table 3 4 31. ':J->1<1 :oju]~l c;:-el7t ',)',)·¥! •,~!al"1% 

.,:,t ).~~~-_iil_\:!!i! ~~.:3J-~_-9] ,il~~J-3i,?f -7-<1-i?:- :ilJtr~.£7} 7.5-8.5 ([) 01.:i~ ~T~.­

~ 85--120%<1 'Jcl~ 0 lct (Fig. 3 4 7; Table 3 4 3). 0 1 A]-;'3']>1B-<l -at-i/·t \t:oj 

~.9-] ).~-~..iIL\:!°~ ~~~-~o] ~o]~~t-11, ~;it 0t4X7} ~ 8.5-8.9 ([) o]JI ~.,:0¾,0 _ 

125-185%£. c}~ ~- 7}~ '.U t:} (Fig. 3-4-7; Table 3-4-3). 

MB98PC-11 A]:}~~% 01 ~B4·]SJ "r{J~ l:l]-"'t MB98PC-13 }lt:} ~~ *O]A]~ 

j,]1]-JfoJ]A-J}j'1•F~ AiAl,,.~%~ .uZ.t_!~-§-oJ1 ~sBAl ~;.dt! pianolite A]!-1]-o] :cg- 1,1.{::­

~1"1 ~<+ (Fig. 3 4 81. A]-;'>']'1% ,:,1°1 226-282 cm 7'-seoJ]AH' -"-1°111 ,;-,1,1 

~~-~ HjSPi-~ 0 1 ~-"JS:l~'U-0 - 1-9, -"J-.'f]oJH.:- t-:1°]~•t;J/} ~~-~ H,\!!_5'Pi% 0 ] t]>-J 

~ ~ 1?! -:=:- 7]-z: u] ~'{l 1~- (Fig. 3- 4 8). A] 4'-sj ~ ~ :Q 01 290- 650 cm T~}oJl Ai C 

~~gJ :g:]u11!} ¾c.J7} l;f\1:~ a;iil£j~-~ Y.-t: A~-R-.m~,¥{ a;iil£j-3-:j"7,"A #-".,]J.Y] ;.~frill 

\:!-'cl ~,1!1~-3.j~-21 it.!18~- ,il~ ~1-~L:;- 0 ] 1;!-!-\'t'll-r+ (Fig. 3--4--8). 

~-~t:WA]-9! Ai~ ;sB,kj,:± T¥JoJlA1 .i~-$1~ MD98PC 14 .A]~JiP'.i-~-& 1P-J* S:. 

T"" ~~*.9-] 6-~ 0 1] 9]~- ~-3.j~-§-1:.!.rl 1l!-.!t! 0J-"d ~-3J4-%oJ] 9J~ ~].:3j-~- {J-3.j 0 ] 

--9-Al]t+~l Lft-J.\f:t:f . .=:i'iJoJ]X ~--7-ci}JI ~-'f-BdCt7l.9l A"ji5~T1r!-"]7]oJ1:: 'll.-¥- -7-?~ 

oJ]-"1 Al1,9"-fy~ ~ ~ ;.:B 7t §t'?..! !<c-] ~ r-t. (ll ;,A .g. %%~-A] .At 'ti :i'} -'§ .It! oJl 'ill~] ¥- £-8'} 

Jl 9.H=:- 1f--i!¾ A]~"ff'¾.i!t ¾-"'l~..Q..~ tjj1:1]s.J~~ .$jJ;] 0 l] L+~hJ:-c+. ~i!.JJI %%£, 

SKP sj:si>-t.;J, 'lli"- .._,~7]~"1 tl'T'"l <ll-"-"1-¾:. 01 'le -"-"'"1°1 ~'1. "i~"l"i 

%9~ s']~"6"Ai-=-f{t-oJl ~-§-~ "'T ~c.}. 

(2) MB98PC-15 

>i~ ~~t~>'i"-I %4c"t\'loJI ~.>J-att MB98PC 15 ']-;'>']4%:'. 'r,;J 1,796 m 

oJl--<i •B;}lst'.<1.£.nJ, -'.1°1 608 cmSI -"l'l·&~ '"!~-at'.<!'+ (Fig. 3 4 1; Table 

3-4-1). MB98PC-15 "i'l'''i"l ~-e] 'r'iL £]'VJ~ Slf'&~e],t '11:'it'<l '!lc;.l .'2.211"1 

~~:ii} J.]~.:ii!ir:!¥! u~~~~o]tj- (Fig. 3-4-9). 0 ]~ ~Fi.AJ~9~ _9_t'~ -';j{t-~2 cH 

11-~ 0 ] El]~2-}%S..Ai J.]~T3:%X cH-¥-ff- 0 ] ~1 ;;::c4-r:~£ ,;.~.!fl;<:] 'UY-. 

MB98PC-15 -"l~~-3'1%9] lf.¾oJ]Al 40 cm77}z]t 1Yir'i1~ 4.5--5.5 ([)~ ~~ 
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Tabl~ 3-4--3. Sediment characteristics of Mil98PC-14 core. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear ----·· 
Mz 

(cm) Gravel Sand Silt Clay ty~ Sorting Skew. Kurt. Content Strength 
())hi) - - -~-

0 0 0 19.27 80.73 C 9.16 1.47 -0.22 3.14 193.8 2.10 
20 0 0 22.22 77.78 C 9.61 1.42 0.3 2.29 172,0 2.29 
40 0 0 27.07 n.93 C 8.66 1.23 0.11 3.79 206.6 1.91 
60 u u 28.18 71.82 C 8.86 1.41 0.42 2.74 179.3 2.29 
80 0 0 '24.17 75.83 C 8.89 1.34 -0.11 3.01 192.8 2.48 
100 0 0 24.13 75.87 C 9.01 1.411 -0.07 .3 06 179.Ei 3.25 
120 0 0 24.94 75.06 C 8.95 1.6 -0.35 3.3 18::1.5 2.87 
140 0 0 24.48 75.52 C 902 1.49 -0.13 2.71 205.3 1.91 
150 u 0 3:1.12 64.88 M 8.5'1 1.47 0.04 3.15 210.6 -

159 0 0 41.19 68.81 M 8.4'.l 1.64 0.22 2.6 193.5 2.29 
166 0 0 38.61 61.39 M 8.51 1.62 0.14 2.5 161.7 -
180 0 0 41.3 58.7 M 8.36 1.6 0.15 2.62 124.8 2.68 
200 0 u 41.45 58.55 M 8.'.l4 1.51 0.17 2.65 106.6 2.48 
210 0 0 46.06 53.94 M 8.29 1.61 0.35 2.59 102.1 
220 - - - - - - - - - 2.87 
225 0 4.65 65.65 29.71 z 6.97 1.97 0.3G 2.82 85'.l -
Z30 0 0 52.81 47.19 M R06 1.86 0.24 2.5 129.8 -
240 - - - - - - - - 1.91 
252 0 0 45.21 54.79 M 8.22 1.63 0.14 2.5 111.5 -

260 - - - - - - - - - 2.10 
770 0 0 41.74 58.26 M 8.33 1.58 0.15 2.:"ii 106.7 -

280 0 0 40.37 59.63 M 8.45 1.67 0.07 2.44 123.4 2.68 
282 0 u 46.74 53.26 M 8.21 1.54 0.33 2.76 109.0 -
290 - 9.29 49.29 41.42 M 7.44 2.22 -0.57 3.41 92.0 -

300 - - - - - - - - - 2.10 
310 0 0 38.66 61.34 M 8.48 1.59 0.1:, 252 113.0 -

'.l20 - - - - .. - - - - - 2.87 
330 0 0 49.22 Ei0.78 M 8.17 1.57 0.39 2.66 114.7 -
336 53.29 2.47 23.35 20.88 mG 2.35 5.21 0.33 1.31 123.6 -
340 0 0 46.9 53.1 M 8.27 1.58 0.42 2.65 113.2 3.25 
'.i:il 0 0 46.86 53.14 M 8.2 1.51 0.3 2.64 110.7 -

360 - - - - - - - - 4.39 
375 - - - - - - - - 116.8 -
380 - - - - - - - - - 3.82 
390 - - - - - - - - 129 :, 
400 - - - - - - - - - - '.l.82 
420 - - - - - - - - 111.1 3.44 
434 - - - - - - - - 85.4 -

440 - - - - - - - - - 3.44 
450 0 0 .54.2 '15.8 M 7.98 1.5'7 0.42 2.96 102.9 -

455 0 0 52.54 47.46 M 8.07 1.55 0.52 2.85 93.3 -
460 - - - - - - - - 3.82 
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Table 3-4-3. Continued. 

De11th 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 

(cm) 
Mz 

Gravel Sand Silt Clay type Sorting Skew. Kurt. Content Strength 
(ohi) -

470 0 11.95 46.51 41.54 sM 7.46 2.1 -0.41 2.99 96.1 -
480 - - - - - - - - - - 3.63 
490 0 0 54.26 45.74 M 7.98 1.59 0.45 2.84 96.7 -

500 - - - - - - - - - - 3.44 
;JOG 0 0 48.24 51.76 M 8.17 1.62 0.28 2.71 Joi.., -
520 0 0 58.88 41.12 M 7.79 1.55 0.47 2.86 91.7 3.06 
540 0 0 47.78 52.22 M 8.12 1.53 0.17 2.78 135.4 5.16 
555 0 0 50.37 49.63 M 8.11 1.56 0.34 2.8 106.5 -

560 - - - - - - - - - - 4.78 
570 0 0 43.4 56.6 M 8.36 1.55 0.33 2.63 135.7 -
580 - - - - - - - - - - 5.35 
590 0 0 38.54 61.46 M 8.47 1.52 0.2 2.76 161.7 -
600 - - - - - - 6.11 
610 0 0 49.2 50.8 M 8.14 1.56 0.31 2.77 111.0 .. 

617 0 63.75 21.35 14.9 mS 3.77 3.22 0.74 2.05 - -
620 - - - - - - - - - - 4.39 
637 0 0 47.12 52.88 M 8.17 1.53 0.21 2.86 134.2 -

640 - - - - - - - - - - 6.11 
ff):J 0 0 45.92 f":i-4.08 M 8.26 1.58 0.31 2.77 129.0 -
660 - - - - - - - - - - 5.54 
678 0 0 42.38 57.62 M 8.32 1.57 0.21 2.74 121.5 -
680 - - - - - - - - - - 5.16 
685 0 14.54 42.73 42.73 sM 7.31 2.33 -0.53 2.8 119.2 
700 25.25 2.94 35.29 36.52 gM 5.47 4.42 -0.75 1.98 142.6 4.97 
720 - - - - - - - - - - 4.59 
725 0 0 48.26 51.74 M 8.18 1.5 0.33 2.84 107.5 -
740 0 0 44.72 55.28 M 8.26 1.55 0.22 2.78 124.8 5.54 
751 0 0 48.43 51.57 M 8.14 1.53 0.33 2.74 105.5 -
760 - - - - - - - - - - 5.16 
770 0 0 38.57 61.43 M 8.47 1.51 0.2 2.77 136.4 -
780 - - - - - - - - . . 5.54 
785 0 0 37.95 6205 M 8.51 1.49 0.17 2.92 146.7 -

800 - - - - - - - - - - 5.73 
805 0 0 31.74 68.26 C 8.73 1.46 0.25 2.79 125.8 -
820 0 0 28.52 71.48 C 8.79 1.41 0.24 2.86 125.2 6.69 
840 0 0 28.65 71.35 C 8.77 1.49 -0.07 3.36 127.8 3.63 
860 0 0 25.25 74.75 C 8.91 1.4 0.16 2.S.3 135.7 6.31 
880 - - - - - - - - - 161.3 7.64 
886 0 0 25.83 74.17 C 8.86 1.36 0.16 2.86 - -

900 0 0 23.18 76.82 C 9 1.42 0.17 2.82 170.2 5.54 

920 0 0 25.41 74.59 C 8.93 1.44 0.23 2.78 176.9 6.30 

940 0 0 26,01 73.99 C 8.89 1.38 0.24 2.83 187.6 6.69 
964 - - - - - - - - - 168.0 6.11 
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Fig. 3-4-7. Sediment characteristics of MB98PC-14 core. 
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.2Cl]~J-!1f.I--~.5~ TAd~lo.J 'U~-nJ, lf}-F;=i--c.]7]- W1£t-'f1-c+ (Fig. 3 4 10; Table 

3 4 4). A]4o-,§J.;,;1% :Q 0 ] 40 cm 0 )8"}£>~ T{}~ ~iriJS-~ 7.7-8.7 (tl9j 5'-ell~ ~~ 

-~1* :Et- ~,_llj_J.'1~*5'- T,,,,ds:1 19. ~7~-a-~ <?} 160%oJP•i <?t 125%~- 11~1-~1.Q_.£. 11-

~~q (Fig. :3 4 10; Table 3 4 4). i5}A]i,i} J.]-f'-~3.J-S- ?). 0 1 440-460 cm -7--tl-P:­

,,,~~--?-S-gl %-~§1-3:j-~- 0 ] E1)~2} (tephra).£ -?-AJS-Joi '.Uoi, ~7f" 0J~7} ~ 6.fi l[)S:.. 

rf~ 3',\'J>!;<]7]_Sc ~rf (Fig. 'l-4-10; Table 'l-4-4). 

A]:te.:sJ~~si ,...J--¥-oJl 'M-~"8 1!}%%t'~7} 1;!f~,B ~:a .£2Jl~~%-& .:1 i5}~oJP•l 

::: "1-%¾e17} '!"!"i"i-.!-"1- '!"!'l! "-?Jl•PJ,i- 0 ] """'~frj- (Fig :J-4-11) 0 1~1 'froll 

~"J--1j'-oJ]Ai~ _2_?~,,,j~o] 1J*}c;j_2._~ i5'"7}t}r::j-_ MB98PC-15 A]~-1Qc;j%oJ]A1 A~~ 

-f.~-~ '°F~o] :§J--<?l~l- 'r'- \J,l_0_u-J, %~-~ ~-r+•i!LC_ (pyrite filamenLL~- *l~--~ ).~~ 

'i'-3'" 0 1 -'i-eJ>jiif11i •TI'll~l"l 0rJ- (Fig. 3 4 11). 'il-¥- 7'-,f<>ll>it "i?,J l 41"1 2 

cm TT."'--2] 11-~·7-±r;-oJ ±'f:l-d91 f1]:uct-r-oJ] 2-]-o~"i ¾;j!,;J~ ).~~-7-±7} ¥-~l'.l] 

,'\'l!cj7]'cc ~cf (Fig. 3-4-11). 

-Ai~ f}~t:H7.]9J A}'l:1_ 01]""1 ~~~'cl MB98PC ·lfi "-]-t£J~%,0 AJ.!jl- 7'·-z!·nJ]Ai ~ 

-3.j-~-5>] '?-L'.LS>} ~-~-7-±S>l ~AdoJl -21t~J.i .JioJ]t..iA19l 7<lt* (bottom current) ~ 

oJl 5'16~'-i ~7-l~ 'BAJ (winnowing) 0] f!-~f,¥1-c}. 7.C].:iL -8'}-¥- T(f.oJ1-"1~ _;,,jA-j).J-~-

01] 2-]i"i~A-j ~~1%~-o] tjj-1:p-~ -1..1!_~¢f"%%- 14!°;' :7A_9_~ i"i~-1:j~ct. 

(:J) MB99PC-l 

MB99PC-l A]q'--"1"1%:"- %•-a; tlc{'-li"i~I q1•l~ft '?-ll 1,712 m'11 ,jz]{f Af 

0 ]~ 'Ef (lruugh)Ol]-"l "~lrli.};cl__:?_P"j, ~ 0 1~ !:148 cm 0 ]t:]- (Fig. 3-4-1; Table 

3-4-ll. MB99PC-l A]q'--"]"1%.:C tf0Jtl "i"1'li"-sc -?--';JsJ;-o<JI, -'Jo]~ ¾e17} ',)­

';':l-'f! ~,"lSPi%Jtl- AJl%_uI~~ u,~S]4%, Sj~-7"?,:/} 1!~-t:J. B1~~~~, __l~~jl 5'~~'Z}­

:\[! ~ r+T ~~tt.}~ u~~l~r;-;-~- 0 1 J::1-1:¼~r+ (Fig. 3 4 12). _:i~J2 cl-'!~~~ fl]_I:f_i'}t­

~-01 u¾')_:sj~~1.-H 0 l] ~;;,;H~I~ ~,lt::} (Fig. J-4-12). !i]~l-7-i7]- \i'!ej-f1 ~.'ll~Pi*~~ 

TZ!-~.£. ~A~-8'}1=9, AJt>l--¥-2-1 :sj~AJ~:;11-:--- -'r'J.ltl {j~7,;17l]1ag_ -Q~q (Fig. 

3-4-12) . .:.lt'~;il ~~~~~~ ~~8}~: u.!1!£J,:,j%.g.. ~1:!-"-Ji.}7]1 ttH$-'i! r+T£>1 -¥­

"111 "1-~ 21 ~ 0 ] {fa! !C] "1 'U cj- (Fig. 3-4-12). 

MB99PC-1 -"1-t£J~%2-] -'cl--¥-oJl ~-8']:: ~u]~- =t-c17} ~~-.:€ Hl5~~%~ l1Jit-

'i] SJ} Q.} R (fJ 0 ] 2 ~T½- ,°_ ~ 168% 0 1 rt (Fig. 3 4 13; Table 3-4-5). ~~ ~ ~-
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Table 3--4 4. Sediment characteristics of l\.1Il98PC-15 core. 

Depth 
Composition (%) 

Sediment 
StHtistioil PHninwter 

Water Shear 
Mz 

(cm) Gravel Sand Silt Clay type Sorting Skew. Kurt. Content Strength 
(nhi) 

0 0 54.64 18.46 26.89 mS 5.05 3.31 016 1.71 77.3 6.50 
20 0 :i!l.88 14.01 2611 mS 4.67 3.52 0.57 1.82 133.l 5.92 
40 0 50.23 14.59 35.19 cs 5.59 3.39 0.22 1.48 115.4 6.88 
60 0 0 34.23 65.77 M 8.69 1.6 0.23 2.56 170.4 '/.64 
80 0 15.4.'i 28 .. 93 .66.24 sM 7.65 2.37 --0.95 3.1 167.9 h.50 
100 0 10.3 3G.18 ~.>4.52 sM 78:l 2.2 -0.92 3.79 164.0 6.11 
120 0 9."8 29.04 61.38 C 821 2.29 -0.78 3.54 IG3.l 6.88 
140 0 66.24 11.2 22.56 cS 5.08 2.73 1.01 2.44 lGS.9 ;)_({~ 

160 0 648 30.32 63.19 C 8.37 2.16 -0.88 4.3 l::i9.3 9.17 
180 0 8.96 28.06 62.99 C 8.21 2.33 1.14 4.71 155.9 s:19 
200 - - - - - 1543 8.79 
220 0 11.98 26.33 Gl.G9 sC 8.1 2.41 -0.92 .'i,!'i?. 168.7 9.28 
240 0 14.9'/ 30.48 54.Sb sM 7.7 2.56 -0.85 3.23 1479 8.46 
260 - - - - - - - 164.l 9.83 
280 0 9.48 ::n.:i~ ,,Rm M 7.95 2.26 -1.09 4.1 158.1 10.9 
300 0 14.82 28.1 57.08 sC 7.8 2.42 -0.76 2.92 145.4 9.28 
320 () 7.65 36.02 o6.34 M 8.02 :us -0.92 4.2 1:i'.·U 8.74 
342 0 13.84 28.23 57.93 sC 7.84 2.41 -0.88 3.26 U:J.O 9.8:l 
.'60 0 10.76 23.23 6601 sC 8.3 2.34 -0.91 3.46 156.0 8.46 
:JHO 0 9.54 25.77 64.69 C 8.24 2.38 -1.16 4.6 186.5 13.10 
400 0 9.67 28.77 Gl.;'£i C 8.JS 233 -0.99 4.18 159.9 12,56 
420 0 0 32.14 67136 C 8.71 1.;'">8 0.09 2.fi4 143.8 12.56 
440 0 30.65 21.29 4806 sC G.89 3.07 -0.38 1.83 12:J.6 R4fi 
460 0 35.97 19.62 55.59 sC 6.54 3.27 -0.21 1.63 122.2 G -c .JJ 

480 0 15.3 20.fTi :i8.0fi sC 7.76 2.66 0.9 3.12 141.3 7.10 
500 0 15.13 25 G9.87 sC 7.81 ?..52 -1.01 3.33 111.5 5.46 
512 - - - - - - - QS.4 -

530 0 6.81 30.87 62.32 C 8.27 2.1 -LOI 4.64 lB.G -
:AO - - - - - - - - - 7.37 
550 0 10.16 l:;l.79 70.0G sC 8.31 2.35 - 1.31 4.64 132.l -

560 - - - - - - - - - - 6.28 
570 0 40.93 18.67 40.4 sC 6.14 3.28 -0.2:l 1.71 1n.4 -

;')80 - - - - - - - - - 9.28 
590 0 18.12 18.4fi fi3.43 sC 7.82 3.02 -1.04 3.22 128.9 -
600 - - - - - - - - - 11.19 
608 - - - - - - - - - 12/i.3 8.19 
628 0.4 17.06 21.8.3 60.71 (i?)SM 774 2.71 -0.98 3.27 
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.£., .Q_t.l?i ';;t,:':- ~-~r-a-% 7}-~ct. Al~~~% ~ 0 1 240-800 cm 7-TI 0 1]"-iT":- iiJif 

0J.£7} 7.3-8.5 (ll.ij ~-$-1~ 7}7]9, ~4-%;='. 75% 0 11-"i 127%77}:7-I \!!~21 ~,.,] ~-f. 

Jl] 1-tF-}\rrl (Fig. 3-1--13; Table 3-4-5). :ii:.]JJ. -"1-~-~~% ~o] 800 cm °FF?­

{}oJl Ai C .!iJ -J: 0J .£7} 7.9-·8.9 11) _£_ q,{: A-Jl 'flt,~ }J.2.. TTi, 11-'T¾-~ 83%Cll Ai l~;:i% 5'.. 

0~71-t.}t:- ~~-?..- ;!-::-1~- (Fig. 3 4 13; Table :1--4-5). 

MD99PC 1 A141:J-7:l%!.)~ .t]-',f-¥,t:- ).~%-ul~l~ ,_s] ~% 0 1 1i2t.].TI., :...1. '6}-1( oJl 

30 cm -"-}-1-21 :Q"]u]~l- ~;--i'-17] ~~-'i! ~.llJ.SiPl-~ 0 1 -~';'lq (Fig. 3 4 14). sJ;a;i 0J~-tr 

.¥.. ~6~ :~ ~r1~1 .;i:1 :-~-.,Q;- i·-A·r~1.f'_£;_ S-* II ~ ~ 2l-'b··A AT I-11 ?=. 2l*A}o] oii ~;{~!fl 1~1-. 

~l/2j'ff{1{i,9- 'f[~;;:;r} 'J-~91 A~-~-:117.\:!¥:! ~-!,;J-~~-~- 6 ] T~- °Ff'-9, Ji]~H--r:~n~.g. 

0J~~ f:!.u}S:.¾ ?(~_cf (Fig. 3-4-14). EC.~ ~6-HJ--}tl% ~W<'>}~: flJ1l£j-3)~-~-,° r.} 

~-9.J 'f-~i :a 4~ ~q %0] AJ .,:~ s.] oj '--tF-l-1d t:1-. l-J.1'-~ ~ % -ii 0] 240 cm 011-"'i 800 cm 

-fZ!o11A1:: ~J-~Qj _ _,.~%iil'f!B H.\!]~~%4 ~-J,~Ql §ju]~ -°g·i'l7} ~lg![! Hj~J;:9% 

%0] 1ili:tl"6] :ii!~-.'89- (Fig. :1-1-111). 

~---~ ~!-,t~ ,s<1 ~ ii~ A] ,a ;s,"· 01] Ai j~ 41 ~ MH!lDPC· 1 A] ~s:• 3:j ¾ ,0 i:t1--'?-~ 0JAJ ~ 3l 

%f'rQ] :U3~3{"-§-01] QJETIAi 1:JiY-~- ~<ij5"J '¾.2..~~ A}ii~ln:J, [fs.,.1.1] %-~•111.!r.. ¾¾ 

~z]2-f-:: -jL\~S:]~ Ai~~~7Jo] 1"-J~ }!~.£. A}rt*!t:}. =1.i'~.TI. %Ai~.9_3:'... i,j~'J' 

'!IS-f/l~l •llcJ,1::: ~F'i-f{}~l-c 0 1,l"il '1J>j't) 'l!_5l"i%"1- ~i"'~:S 0 l >H%<1"1 
0J-~-fr,'}-H- ·6cJAci"5}.:il ~tj-- t:E."1!- ~-¥- S'j~~~fn~~ 0J·11{1-~~ ~il.i·oJl Qj"t}- 5'j~:>:j­

%01 ?t~Pi.:'.-13. iJ 0 -]1,J.g· 0 1 ~'<lS:]~rl. 

q-. K 38-#-AJ .{t 18- ,£_ 

-'if<5~ ¾~€-:A] (Ullcung Basin)9} ~ ~-*Al (Japan Basin)';: ~ ;='_ Y{J 2] t!-~ 

qj.A] (Korea Plateau).2} 9_77] ;tl ~ (Oki Bank)A}o] oJ] 1 "-J-'tl -i%-~?;] 7J %.£ 

( Ulleung Interplain Gaµ) oJ] !ii 811 A-1 't! ~ :rj 6i ~ 1~ . 1i -;lJJ 4 _o __ .:;_ -~ -t {t A] oil Ai ~ ~ t­

"i "- 7}\'!"l "i'-llt- 'll>l"i-2-_sc i,'7}tfc! (Fig. 3 4 1). -l\--i(/,,,1~1'-ic 9',0 91 'J 
•", ..... .£.bo] ~1.015'1o-1 o,H o] .:',..:.~..s._Q_ -~~--'f_;,;]7} sc.2~- ~l-"5fM .-;1._~l;,.:J~- 01-,,.1.p -~ e ·11....:.iM---~I, ,.-2-,__,_u,_,_~_r,.c,.,ccff"H·"1LOda-, 
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Table 3-4-5. Sediment characteristics in :MB99PC-l core. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 

(cm) 
Mz 

Gravel Sand Silt Clay type Sorting Skew. Kurt. Content Strength 
(nhi) 

5 0 0 28.17 71.83 C 8.78 1.5 -0.16 3.08 169.9 -

10 - - - - - - - - - 1.34 
20 0 0 25.4 74.6 C 8.89 1.45 -0.05 2.98 106.3 -
30 - - - - - - - - - 1.91 
32 0 0 51.42 4858 M 8.07 1.58 0.36 2.66 168.7 -

40 - - - - - - - - - 102.5 
,,o 0 0 52.22 47.78 M 8.03 1.55 0.36 2.74 - 1.34 
60 - - - - - - - - 113.1 -
65 0.79 49.37 25.31 24.53 (g)sM 5.15 3.24 0.29 1.81 - -
70 5.64 9.93 'l9.73 44.7 gM 6.99 3.4 -1.39 4.63 - -

7:J - - - - - - - - - 1.72 
80 0 0 48.83 51.17 M 8.17 1.64 0.33 2.61 - -
85 - - - - - - - - 108.2 -
90 - - - - - - - - - - 2.10 
100 - - - - - - - - - 119.6 
105 0 0 48.83 51.17 M 8.18 1.64 0.37 2.57 - -

110 - - - - - - - - - - 2.10 

120 0 0 54.71 45.29 M 7.93 1.67 0.3 2.72 - -
130 - - - - - - - - - 114.0 1.53 
110 0.78 6.12 4.3.33 49.76 (g)M 7.72 2.35 -1.22 5.6 - -

1:J0 - - - - - - - - 88.1 2.48 
160 0 0 44.38 55.62 M 832 1.68 0.26 2.45 - -
170 - - - - - - - - - 118.7 2.87 
174 0 0 '.l8.7 61.3 M 8.48 1.62 0.1 2.51 -

190 - - - - - - - - 111.2 4.97 
200 () 1.61 47.58 50.81 M 8.04 1.93 -0.13 4.38 - -
210 - - - - - - - - 107.2 2.87 
220 0.11 725 76.52 16.09 (g)M 6.26 1.95 -0.95 5.04 - -
230 - - - - - - - - - 108.0 4.59 
240 - - - - - - - - - 56.7 -
242 0 23.86 37.54 38.6 sM 6.89 2.61 -0.33 2.18 - -

250 0 0 41.42 58.58 M 8.42 1.59 0.17 2.4 - 2.87 
260 - - - - - - - - - 115.0 -

270 0 0 49.69 50.31 M 8.17 1.64 0.37 2.59 - 2.87 
280 0 0 46.39 53.61 M 8.25 1.57 0.33 2.62 - -
290 - - - - - - - - 118.4 2.29 

300 0 0 37.61 62.'19 M 8.6 1.71 0.02 2.39 - -

310 - - - - - - - - - 90.1 2.48 

320 0 0 41.68 58.32 M 8.47 1.65 0.19 2.33 - -
330 - - - - - - - - - 153.6 2.87 

340 () 0 50.31 49.69 M 8.13 1.62 0.38 2.53 - -

350 - - - - - 131.0 3.06 
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Table 3-· 4·-:J. Continued. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 

(em) 
Mz 

Gravel Sand Silt Clay type Smting Skew. Kurt. Content Strength 
(phi) 

·-
360 - - - - - 3.25 
:~02 2.07 27.4\l '.l7.02 3'.l.43 (g)sM 5.9 3.57 -0.52 2.05 
370 0 (I 42.3 S7.7 M 8.42 ]fig 017 237 - -

J80 - - - - - - - - - 90.4 -
390 (J 0 52.74 47.26 M 8.03 1.54 0.42 2.84 - 2.87 
400 - - - - - 87.8 -

404 0 0 47.83 S2.17 M 8.22 161 OAl 2 61 -

410 0 0 44.24 5b.76 M 8.29 u.; 0.28 2.6 - 2.87 
420 - - - - - - 88.0 -

430 - - - - 8.5.1 3.06 
437 0 0 39.54 60.46 M 8.47 1.54 0.25 2.6 - -

440 - - - - - - - - - 119.9 -

4oO 0 0 44.S3 55.47 M 8.34 LG 0.34 2.54 - 3 44 
460 - - - - - 89.7 -
40.1 11.17 4.1.38 25.19 20.26 gM 4.2 3.81 0.06 2.07 - -
470 Zl.47 49.6'.l 1:~.n!l 13.2 gmS 2.2/4 4 0.77 2.48 
477 ll.ol 63.19 12.57 12.64 gmS 2.37 3."8 0.97 2.77 
480 - - - - - - - - - 773 -

487 11.78 133 33.5 41.42 gM 6.08 4.17 -0.9 2.6 - -
490 - - - - - - - 109.2 7.64 
499 7.54 11.96 35.89 44.62 gM 6.fiR '.l.69 -1.13 3.48 
500 - - - - - - - - - 05,7 -

504 2.1 6.45 46.18 45.28 (g)M 7.38 2.55 -1.66 7.21 - 8.22 
510 20.75 12.26 31.27 35.71 gM 5.15 4.67 -0.63 1.92 - -
520 - - - - - - 95.S -
630 - - - - - - - - - 4.78 
540 24.62 11.93 28.77 ,]4.6'/ gM 4.76 4.83 -0.:i 1.66 - -

515 - - - - - 91.2 -
Fifi5 - - - - - - - - 141.9 -

G7O 0 0 39.09 60.91 M 8.44 1.52 0.17 2.58 - -

572 10.89 ll.4S 29.89 47.77 gM 6.S.1 4.17 -0.99 2 79 112.1 478 
580 •1.25 •1.25 32.91 58.6 (g)M '/.79 3.03 -L79 6.7 - 6.50 
S!hl 10..13 :J.7Ei 34.31 -15.61 gM 65 3.93 -1.12 3.16 - -
5Y5 - - - - - - 109.8 -

606 - - - - - - - - - - 5.35 
610 7 5.64 34.63 52.72 gM 7.27 3.4S -1.5S 4.&5 - -

61:S - - - - - - - - 98.8 -
fi25 II 0 '.18.45 6158 M 8.53 1.58 0.19 2.53 - 4.78 
630 - - - - - - - 1275 -

635 6.38 5.99 39.06 48.57 gM 7.23 3.26 -153 5.16 5.16 
650 0 0 36.75 63.25 M 8.f'£i 1.69 0.04 2.62 - 6.88 
669 2.53 9.05 40.61 17.8 (g)M 7.4 2.87 -1.32 4.98 95.l -
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Table 3 4 5. Continued. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 

(cm) 
Mz 

Content Strength Gravel Sand Silt Clay type Sorting Skew. Kurt. 
(phi) 

708 12.fif, 5.74 34.88 46.82 gM 6.62 4.04 -1.28 3.6 - 4.78 
710 - - - - - - - - 101.0 -

718 0 1.36 44.62 54.02 M 8.15 l.77 -0.34 4.23 - -

725 0 0 47.46 52.54 M 8.16 l.69 0.21 2.47 - 4.78 
730 - - - - - - - - - 81.2 -
740 0 0 50.17 49.83 M 8.08 1.7 0.31 2.42 - 5.35 
747 0 0 38.62 61.38 M 8.52 1.64 0.12 2.47 - -

750 - - - - - - - - - 100.8 -

760 0 0 :J7.99 62.01 M 8.6 l.73 0.06 2.31 - 5.35 
770 - - - - - - - - - 76.5 5.73 
785 - - - - - - - - - 108.8 -
790 0 0 44.31 55.69 M 8.33 l.64 0.27 2.55 - 6.69 
795 - - - - - - - - 100.9 -

800 0 0 36.78 63.22 M 8.56 1.59 0.16 2.54 - -

810 0 0 28.54 71.46 C 8.83 l.51 0.08 2.69 - 6.69 
815 - - - - - - - - - 155.3 -
820 0 0 27.17 72.83 C 8.8 1.41 -0.D3 2.93 - -

830 - - - - - - - - - 139.4 7.26 
840 0 0 46.56 53.44 M 8.22 1.68 0.22 2.41 - -
845 - - - - - - - - - 86.8 -
850 0 3.24 51.39 45.37 M 7.9 1.92 -0.14 3.64 - 8.22 
860 - - - - - - - - - 67.3 -
870 0 0 44.74 55.26 M 8.3 1.59 0.27 2.57 - 6.88 
880 - - - - - - - - - 100.3 -

890 0 0 37.72 62.28 M 8.5 l.53 0.14 2.61 - 9.17 
900 - - - - - - - - - 107.7 -
905 0 0 34.69 65.31 M 8.69 1.63 0.1 2.4 - -
910 - - - - - - - - - 8.22 
915 - - - - - - - 83.7 -

920 l.68 2.71 43.94 51.68 (g)M 7.95 2.26 -1.45 8.03 - -
930 - - - - - - - - - 89.9 8.98 
933 0 0 38.1 61.9 M 8.51 1.61 0.1 2.51 - -

943 0 0 31.05 68.95 C 8.86 1.68 -0.05 2.32 - -

948 - - - - - - - - - 98.2 7.64 
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(1) MB99PC-2 

MBWPc-2 Al~.!ii13JK.g.. -i-*~-<1zl t-~011;..-1 ~-t-€-::<l~ ~ 0 1-"'lt:- .c;,,_{] 2,101 

moJi'•i >Ja}]"O,'>'./E-nl. ".! 0 1\c 931 cm 0 lct (Fig. ;l 4-L Tahle :J-4-ll. MB99PC-2 

A]f-S]7-,:J¥-~ ~.R s;j/2jAJ,°_ 1101~~-t!j/} ~~.!8 flJll~~~::il A~-~-.117~~ ~-Sl~*· 

:-1i:.].J 1. -¥-"l~- ~E.-~::- ~51?~ 6}~ 4~C.I~ T--"j¥l_ !cJ]_1,;.r-}to]t:}- (Fig. 3-4-15). -.5}-lf' 

o}Lj e-} Ii)-}~--<5"~1 (wavy bedding) .!-'E'C A}¾~ (cross bedding)/} ~t,] =t!-~"S.c}. 

,&--';i~{E--7]:n- -'6-~.0l jc]-~-~toJ1 qJ;>;]t,}~: MR9!WC-2 A]4c:S]Ai~2. .1-~"c}-~-oJl 61Q 

290~·0oJ] lfr~t} (Fig. 3-4--16; Table 3 4 6). 0131-{~ %%-!f.-A]9t 1{]:-~rHx1oJ1Ai ,;iH4'1 

~ Aj4'-£']-"HtoJl 1:l]t,}~ 21tl-'r~sq '--11'8-~ &j?<.j*o] 1,.,Js.}'V_g¾ :;z]-'-l't}-e-.1-. A]<} 

-TI~ ~11s-Jt,}\1 °l= l10%Q_l "it.° ~T~~ -f17-lt}1_:j- (Fig. 3-4-JG; Table 3-4-6). i 

C.].JI_ ).14=-si-,,;i*~ :~ TZl 0nAi t-j]ilC}1>~- Al]Q.]~ ~~1~~? {Vif'?J:i.:J} 0{' 8 

(l')oJ]Ai 9 (lltq 1r:li'1Q_l --'11~~~ --;1-AJ~1~ ~L~- (Fig. J--4-10; Table 3 4 6). 

MB99PC 2 A]4'S~3:j%zJ _iJ-'J-¥-,)1],>,i 30 cm .:lZ}"J}A1.:;c::, 3:J~/211 ~~~{:;- 0] * 

~oJ].J..l jHif-1t! A]-f'-~l-~1-¥-½f!l §~,'J~oJ]Ai -t:-t"] -ft~-f£1ui, %%~AlllJ~:i!} 1ll-~tH 

AJotlAl~ 3&~s.1:x1 w·t: ~r 1;1oi1, ~~~:x1o1J-"i:: r::1 T-?1,9_ 3:J~6ll ~i.s1~~61 ~ 

Aj5:]°7 '.?Jt::f ,:~--'g~ ~-. 1997). MB99PC·2 A]4'-s;P,:[%oJlAi:: 15-}-'f- "{l6]7Jll]'t!~ 

:~c ~6]%?~7f" JQiJ.'fl ~IIJ_sJ~-¥-61 ~ T-z.l-011 f--tl 1--t"t=lY-::L~l, %-"i3:j.£.~ ~£ 

Ai]oll <>B"':-f~l-C: TZ!-oJ]Ai_li::. {je">)¾Cl7} ~-'gt] ~~-~1~ 6 ] -tl-:N--'Bt:l- (Fig. 3-4-17). 

:f. ~ c:il4- 11cl ~}71 <>11 '5B t:Jt;-}:: 7' Z!-oJl 1,H-:: -?i 01 r~~~ 7/' \M"~'cl ~,ll!.~ :3i-!'¼4 s~ -3:J-f ~7!' 

{:1"~~17] ~-~ ~:S:l~-¥-9~ .u!.~¾61 6},¥-{]0]7,17~1'8~ 7]<~lnJ T~Jl] ~AjY~Oi '.U 

9- (Fig. 3--4-17). 7_c].Jl MB99PC-L Aj~~~HS-91 ¾~2} "B}-1j!.7'Z}oJ]-"i£ ~ 0]~ 

?~7/' ~1€"'f! ~~5i-3l%~ ~~~ ~AB7} ~1l~L6 -~ ~-~,{it:+ (Fig, 3-4-17). ~lt­

~l~~¼f %-Ai:3f_0_~-c Et :xJ<;rp1t, t:1p-iJ1"l-t:- ~l*lol1 ~,.IH~o-J9JA1 1i'.l-, LllJ\!-~..2..~ 

-C TI},%%~ .:£~ Af'*i:!l7} ~tg-~q. 6] 51.g. ~{1-~~oJl ~~ lcl]~e}QJ -tfi:fo]~ 

0fl %A17]~~J AH"ti-<>l] 9~t} ~'5J.Q..S:. i5H~.l']~, ¾-'o~~Aj{!- ~~<>l]-"i!'~ Ai ~71 ~ 
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Table ::1-4-6. Sediment characteristics of J\11399PC 2 core. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water 
Mz 

(cm) Gravel Sand Silt Clay type 
(nhil 

Sorting Skew. Kurt. Content 

0 0 19.21 23.48 57.32 sC 7.49 2.!l8 -0.87 2.81 -
5 - - - - - - 241.fi 
Fi - - - - - - 242.4 
20 () () 19.80 80.11 C 9.15 1.11 0.12 2.68 -

25 - - - - - - - - - 234.0 
50 - - - - - - 287.:l 
55 0 0 33.21 66.79 C 8.83 1.7 0.1 2.3 -
60 - - - - - - 260.l 
70 - - - - - - - - - 149.3 
75 - - - - - - - - - 232.l 
80 0 0 22.73 77.Z/ C 9.04 1.4 O.lG 2.72 -
83 - - - - - - - 227.8 
00 - - - - - - - - 232.1 
105 0 2S.27 28.84 4:i.Rn :,;M 706 2.93 -0.22 1.93 
l!O - - - - - - - - - 226.2 
120 - - - - - 222.!1 
12S 0 0 35.37 6-1.63 M 8.62 1.62 -0.03 2.'/8 -
BO - - - - - 204.4 
136 - - - - - - 283.3 
140 - - - - - - - - - 201.0 
150 - - - - - - - 180.6 
l:iS - - - - - - - 180.'.:: 
165 - - - - - - - 175.8 
168 0 0 26.98 73.02 C () 1.5-1 0.13 2.14 
170 - - - - - - - 220.3 
176 0 0 33 67 C 8.74 1.51 0.13 2.82 -
180 - - - - - - - - 133.0 
185 0 12.7 76.79 10.51 sZ o.05 1.65 0.77 4.72 
203 0 82.92 14.51 2.57 zS 3.36 1.!'">8 1.8.5 9.25 -

210 - - - - - - - 200.8 
219 - - - - - - - - 145.7 
230 - - - - - - - 214.9 
235 0 0 31.12 68.88 C 8.07 1.57 -0.26 3.38 
240 - - - - - - - - 200.l 
250 - - - - - - - - 158.2 
257 - - - - - - - - 140.4 
262 0 52.59 37.07 10.'.l4 -:S 4.71 2.28 0.91 3.11 -

265 - - - - - - - - 90.4 
270 0 68 21.75 10.25 zS 4.09 2.42 1.27 3.73 -
280 0 0 38.42 61.58 M 8.5.5 1.6 0.24 2.64 -
283 - - - - - - - - 171.8 
290 - - - - - - - - - 177.l 
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Table 3-4-6. Continued. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water 

(cm) 
Mz 

Content Gravel Sand Silt Clay type Smting Skew. Kurt. 
(ohi) 

295 0 0 42.49 57.51 M 8.37 1.56 0.24 2.67 -

:JOO - - - - - - - - - 172.2 
310 - - - - - - - - - 99.3 
323 - - - - - - - - - 158.0 
330 0 0 51.29 48.71 M 7.95 1.81 0.13 2.49 -
'.l'.l!i - - - - - - - - - 156.2 
350 - - - - - - - - - 160.8 
357 0 0 42.45 57.55 M 8.42 1.55 0.28 2.75 -
370 - - - - - - 152.6 
375 6.51 53.88 30.53 9.09 smS 3.64 3.22 0.27 2.69 -

380 - - - - - - - - - 139.2 
390 - - - - - - - - - 140.8 
402 0 0 45.89 54.11 M 8.3 1.45 0.45 2.87 -
405 - - - - - - - - - 146.4 
415 - - - - - - - - 153.1 
420 3.87 90.26 3.72 2.16 (s)S LOI 1.94 2.7 11.7 -

4'l4 1.7 93.81 '.l.2 LW (g)S U3 1.47 .125 17.04 -

440 0.86 86.72 5.81 6.62 (~)mS 1.66 2.63 2.17 6.67 -
465 0 0 60.08 39.92 M 7.52 2.01 0.28 2.24 -

490 3.48 88.55 5.39 2.57 (s)S I 2.08 2.6 10.07 
500 7.11 58.68 24.24 9.Q6 gmS 3.26 3.34 0.49 2.52 -

sos 1.27 76.95 16.23 5.55 (g)mS 2.38 2.8 1.18 '.l.7:l -
514 0.05 64.18 26.62 9.16 (g)mS 3.82 2.71 0.75 2.87 -
517 - - - - - - - - - 115.3 
531 5.35 87.51 5.35 1.8 .s 0.8 1.95 2.47 9.88 
540 10.02 78.78 7.78 3.42 gmS 0.8 2.56 2.12 7.08 -

ffli - - - - - - - - - 96.1 
557 1.06 25.33 37 36.6 (~)sM 6.11 3.69 -0.67 2.2 -
564 15Ll 
570 8.73 74.39 1'.l.43 '.l.44 gmS Lfi!i 2.fifi 1.lfi '.l.87 -
581 - - - - - - - - - 146.l 
593 - - - - - - - - - 154.5 
602 0 0 39.59 60.41 M 8.5 1.59 0.24 2.55 -

609 - - - - - - - - 142.2 
621 - - - - - - - 153.1 
630 - - - - - - - - - 161.5 
634 0 0 28.09 71.91 C 8.81 1.57 -0.18 3.1 -
640 - - - - - - - - - 181.8 
lxxi - - - - - - - - 170.6 
660 0 0 22.41 77.59 C 9.02 1.36 0.19 2.7fi -
670 53.68 35.71 5.51 5.1 msG -0. l!i 3.06 2.18 6.86 -
685 37.79 51.9fi 6.76 3.49 msG 0.18 2.81 2.02 6.64 -
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Table 3-4-fi. Continued. 

Uepth 
Composition {%) 

Sediment 
Statistical Parameter 

Water --

(cm) 
Mz 

Content Gn:1vd Sand Silt Clay type Sorting Skew. Kurt. 
(uhil -- .. 

697 17.43 6:5.SQ 0.70 6.0 gmS 1.14 3.22 1.6 4.43 -

708 - - - - - - - 156.6 

718 - - - - - - - 1.354 
12!::J 4.16 8204 5.12 867 (g)mS 1.87 2.94 1.74 5.31 -
730 - - - - - - - 1:1s.:1 

! 
742 - - - - - - - - - 167.0 
7.70 0 () 38.34 Gl.66 M 8.49 1.52 0.17 2.65 
7SG - - - - - - - 187/4 

'/6':J 0 0 65.93 34.07 M 7.21 181 0.31 2.26 -
T/8 24.02 66.55 5.29 4.11 gmS 0.8 2.7fi 1.69 6.34 -
790 29.13 59.09 5.66 6.13 gmS 0.51 3.1 1.8:l G.76 -
8G3 27D 62.34 4.G3 5.13 gmS 0.4 2.84 2.22 7.48 -

812 - - - - - - 880 
820 - - - - - 84.4 
828 0 0 :1-1.86 56.14 M 8.fi8 1.S2 0.19 2.59 -
8.':i:i - - - - - - - - - 93.1 
Hf.JO G.71 75.3 11.52 7.47 izmS 1.57 3.19 1.57 4.37 
870 5.1 92.05 1.71 1.13 gS 072 1.51 3.49 21.86 -

895 6.34 91.87 1.12 0.66 i gS 0.75 l.29 2.74 20.74 -
922 - - -

6fj~;x;! 
- - - - - llfi.4 

927 0 () :{-l.4G M 8.71 1.4:l 0.36 2.66 -
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(2) MB99PC-3 

MD99PC-~ .1-]~~~~-P- ~_:-%-!E-A1.'{} ~~5'] ~\t1<l';'! ~-%~A]5'f~l ~?Jpt]i]o\1 

"i ~~:}~6l-'.~t.Q..n.], T{J 2,43:-1 m 0 1]1,J :I 0] mo cmsiJ ~¢:J~¾ ~~ii}-~ct (Fig. 

3-4-L Table 3-4--1). MB99PC-3 A]-~~~%S>l T.R i;op9"?]-t- ~ 0 ]%?-17} ~tg-B 

1\13!§J0i%jfj. A]%.iilt!-B ~5'~~* 0 1Pi, Lil-~--~ £-l]_~j\-a'1- 0] ~:;{~£lol 9J.c} (Fig. 

3-4-18). 

0 ] A1'9-S:J~i-;'}!'j ~J,',J-¥-"L· 19if~.£7} 8.7--9.2 (l)!'j ~)~ 0 ].il, WT¥ 0 ] ~I.'.~ 

281%0\I \:t-•5"}~ .J~ 11-T-S 91 All~~ J.,J ~-t'- 0 ] :i:,-l ~l t'-j- (Fig. 3-4-19; Table 3-4-7). 

Aj-9'-!;j~~- <1°1 290 cm 0]·6}.~q "~£]~-~-~ iisTI"'{JX.7} 8. 1-8.4 11)0]2 -V-4-,&-.g. 

135-145%£Ai '1]X.1~ c+2. d:'A<'>~A)Jl -V-4-%,0 V°;:'.::~cf (Fig. ~-4-19; Tahlc 

'l-4-7). 

MB99PC-3 1'J'f""i"l%"1 "1'8''/·"ilAi >l. 01 10 cm~f,cJ<l 'i':fr"ilc: "l7.lc"i"1 '!l 

~?oJ% 0] ~6"1oj, ~>.l- 80 cm Tz!-77}A]2 -fr-AH} ~F~~ '-~%_ii!.~~ ~~~%0] ~-~ 

cf (Fig. 3-4L0) MB9'JPC-2 Aic}"iaJ% 0-i cj7,lc<j •:~1"l;t"il 8JajAJ ;c-¥'7} #>1 

•I ?,l 0 }ol\ g 0 1 ~1'11 'il cf. 'lJ 0 1¼r-17} 'lt'it'il '!l "i ,j ;,.;o. MB99PC-3 Ai ·1'·"1 "i {t "1 

T.'e ~~~6JAJ1?.l MB99Pc--~ 1-1:}~P,r~-oi1 ~ABB :?,,11i1_c} ~:s:..-Y2t *~1} ·ijz~ 

ti 7,fC'1'}'.1:(c} (Fig. 3-1-20). o]~I 'l!•R '1].rreh\'-:' ·~'9'"1 1]'r. %0] ';'S)oc] ·J'7} 

"6}91-2..ui, ~-1- T7JoJ1AiC ~-~{t-B"4 ~:>JIJ '°~"C].0l lj!J:"1;¾ 0 ] -f~_-f-(-'fli::+. 

~J.~t:~A].9H_-: ~'T.s>] T.µJ;,r-d 0 l ¥-':>! 0 1 -7-~~q. =12]2 A]~~-3:J%S!l ~ TZ!<'11 

Ai 1JoJ.:gccJ1} 1;Ji._:t-'cl ~,ll!£!~%o] ~,-(Bo}::= ,:;:!~ Al½-ff"oJl S!l~ -iJ-613}%6] v_~g 
4;. !:ll-c:d"61_:<cc-_ J,1c>rc i,U/d',cj(f q . .:-a-} OJ_!;!.. 7-·l7]9J ciJ:i.!."1~.,;;_"11AJ ;c}-=.lsJ-=--- ~=rlol ... ,.-d r'- "---=- n7'---'-. ~~- ~-• ~- "l-'---foe:~1 ·1 L.~ '--- u'-1--=-1 

~w-s.. A1¾f,-91 ;;1~%-;~ .7:1,,,1-at~ ~.2..£- A}n.!f!-c+. :r~oii.s:. ~--rt.}2 MB9<-JPc-2 

A]~~~~-~} i:i]ii~G}~, ~o]¾r~.Q.] 1a;.:B ~.5:.'T2-} f-il'.IT_i'}•~qJ~~ ~ej ~~o] {}-,5__~ 



Table '.i-4-7. Sediment characteristics of MB99PC-3 core. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear -·-·--··-··-

(cm) 
Mz 

Content Gravel Sand Silt Clay type Sorting Skew. Kurt. Strength 
(ohi) 

3 0 0 27.17 72.8:l C 8.87 1.56 -0.08 3.14 - -

10 - - - - - - - - - 281.0 -

20 0 0 23.55 76.45 C 8.94 1.49 -0.27 3.68 - -

30 - - - - - - - - 2'6.0 -
40 0 0 26.6 73.4 C 8.72 1.6 -0.59 4.07 - -
50 - - - - - - - - - 260.3 -

60 0 0 23.12 76.88 C 9.12 1.53 0.11 2.49 - -

70 - - - - - - . - - 249.0 -

80 2.64 91.2 4.19 1.76 (,)S 1.61 1.82 2.18 10.88 - -
82 0.5 95.78 2.46 1.26 (g)S 1.62 1.36 3.34 18.02 - -
90 - - - - - - - - - 39.8 -
100 0.92 94.63 2.63 1.83 <,ls 1.36 1.61 3.12 16.02 -
110 - - - - - - - - - 39.9 -

125 4.27 87.13 4.43 4.16 (,)S 1.4 2.3 2.16 8.25 - -
130 - - - - - - - - - 49.5 -
140 0.7 46.78 21.22 31.3 (g)sM 4.97 3.81 0.11 1.45 - 1.15 
150 - - - - - - - - - 78.0 -

153 2.33 17.97 71.14 8.56 <,lsM 4.99 2.52 -0.53 3.98 - -

163 1.2 88.33 7.95 2.53 (~)mS 1.88 1.91 2.07 7.54 - -
167 0.7 71.91 21.65 5.74 (g)mS 3.59 2.41 1.13 4.88 - -
170 18.04 70.61 846 2.89 i;;i:mS 1.54 2.67 0.6 4.03 60.8 . 

190 10.39 74.72 9.94 4.94 ,ms 1.6 2.82 1.47 4.88 41.4 -

195 2.7 66.28 22.34 8.67 <•lmS 3.64 2.64 0.66 3.38 - -
200 1.31 46.06 39.15 13.47 (g)sM 4.48 2.91 0.3 2.32 - -
210 - - - - - - - - - 77.4 -
220 34.26 4!l1Fi 9.97 6.42 msG 1.27 3.5 0.85 3.01 - -

228 39.95 49.58 7.28 3.19 msG 0.61 3.03 1.02 3.67 . -

230 - - - - - - - - 78.2 -
248 19.88 31.43 27.58 2U2 gM 3.95 4.26 -0.Ql 1.67 - -
250 - - - - - - - - - 111.5 
2S'.i 0 0 50.68 49.32 M 8.15 1.6 0.44 2.79 - -
2f,() 8.33 65.37 13.43 12.86 gmS 2.88 3.48 0.76 2.77 - -
270 0 0 55.51 44.49 M 7.95 1.71 0.44 2.64 120.0 2.68 
290 0 0 47.05 52.95 M 8.24 Lf,6 0.28 2.58 144.6 3.25 
310 0 0 40.86 59.14 M 8.44 1.59 0.24 2.73 - 3.63 
315 - - - - - - - - - 138.0 -
330 0 0 ;":,0,94 49.06 M 8.07 1.53 0.34 2.82 - 3.25 

340 - - - - - - - - - 137.0 -
350 0 0 47.29 52.71 M 8.18 1.51 0.25 2.81 - 3.06 
360 - - - - - - - - 135.8 -
368 - - - - - - - - - - 3.25 
370 0 0 47.24 52.76 M 8.27 1.63 0.42 2.69 - .. 
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Table 3-4-7. Continued. 

Depth 
ComJ;X)sition (%) 

Sediment 
Statisticai Parameter 

\Vi'!ter She;ir -------··· 

(cm) 
Mz 

Gravel Sand Silt Clay type Sorting Skew. Kurt. Conknt Stn""'ngth 
(nhi) 

- - ·--- .. 
376 0 0 65.96 34.04 M 7.41 1.78 O.G:J 2.G6 - -

3"/8 - - - - - - - - - 132.-1 -
380 - - - - - 3.25 
390 - - - 140.8 
3:JS 0 0 46.2 S3.8 M 824 1.6 0.28 2.7:"i - -

400 - - - - - - - - - - 2.87 
405 0 0 48.1 51.9 M 8.18 1.62 0.3 2.55 - -

410 - 13S.l 
417 0 47_3:1 4108 10.69 sZ 4.94 ~.1 l.2fi 4,ID - -

420 - - - - - - - - - 119.4 2 10 
42G O.ti5 l'.;.75 46.74 39.(iu (g)sM fi.rnJ 2.!ll -1.28 4 :;1 - -

430 17.95 75.71 4.03 2.31 gS 0.44 2.18 2.17 8.9S - -

435 1865 17.27 15.43 18.65 gmS 2.75 4.32 0.62 1.88 -

I 
-

-110 - - - - - - - 115.4 2.29 
442 0 26.62 35.84 37.54 sM (i_'l4 3.:iS -0.67 2.43 - i -
452 29.8:} GS.74 3.15 1.26 gS -0.3 1.91 2.9:J U.47 - -

460 38.68 57.26 2.32 1.74 sG -0.44 1.99 3.19 15.31 - -

40:S - - - - - - - - - 22.7 
468 48,4J 47.76 2.02 1.78 s(i -0.07 2.07 :104 14 (i8 - -

4"/'/ 28,74 47.38 11.43 12.45 gmS 151 4.02 1.21 2.!l8 - -

480 - - - - - 2::i,6 -

490 - - - 58.5 306 
500 0 0 1\5.77 51.23 M 8.28 1.o6 0.29 2.79 - -

:ilO - - - - - - - - - 125.7 3.44 
520 0 0 4G.7G s:1.24 M 8.2:i 1.59 0.28 2.81 -

530 - - - - - - - 114.4 4.78 
,,40 0 0 41 .. 'i 587 M 8.4 1.56 0.12 2.86 - -

SGO - - - - - - - - - 134.4 3.63 
560 0 0 47.74 52.26 M 8.28 1.fiG 0.4 2.:ifJ - -

570 -

' 
- - - - - 127.fi 4 01 

583 11.73 41.49 22.75 24.03 glvl 3.81 4.35 0.24 1.51 - -
590 - - - - - - - 157.3 4.20 
609 0 0 49 .. 18 50.6?, M 8.11 1.67 0.19 2.85 J23.l -

612 - - - - - - - - 4 OJ 
613 23.29 43.7 19.22 13.8 ! gmS 2.24 4.2 0.fi5 2.06 - -

625 0 4.1 62.97 32.93[ M 7.12 2.1 0.15 3.08 - -
&10 z.s.ns fil.49 7.89 4.fi6 gmS 0.59 3.08 1.64 5.71 - -

640 - - - - - - - - - 60.2 -

650 46.2 43.22 5.21 5.37 msG om 3.2 1.88 6.2 - -
660 - - - - - 90.0 -
668 17.5 44 5.61 2.86 msG -0.29 2.8 1.86 6.67 - -
678 2.05 19.83 30.6 47.52 (g)sM 6.76 3.6 0.92 2.76 -
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Tahle 3-4-7. Continued. 

Depth 
Composition (%) 

Sediment 
Statistical Parameter 

Water Shear 

(cm) 
Mz 

Content Strength Gravel Sand Silt Clay type Sorting Skew. Kurt. 
(phi) 

680 - - - - - - - - - 111.9 1.91 
684 12.67 80.12 5.24 1.97 .s 1.07 2.25 1.59 6.91 - -

697 7.64 85.76 4.23 2.37 gS 0.81 2.1 2.36 10.23 - -
·100 - - - - - - - - 47.1 -
710 7.04 54.08 14.53 14.53 gmS 2.63 :l.72 0.9 2.48 - 1.53 
720 - - - - - - - - - 79.7 -

ns 13.08 70.19 4.2 12.54 gmS 2.08 3.43 1.34 3.82 -

730 2.45 93.7 2.35 1.5 (g)S 0.95 1.61 3.24 17.27 - -
740 - - - - - - - - 35.1 -
742 4.58 87.55 1.33 3.54 (gJS 1.34 2.19 2.41 9.:">4 - -
755 3.83 19.88 3!J.fil 36.79 (g)sM 6.21 3.59 -0.8 2.51 - 1.91 
7S9 - - - - - - - - - 98.3 -

"/63 12.62 82.67 3.11 1.6 gS 0.41 1.9 2.55 11.7 - -

765 - - - - - - - - - 2.29 
771 12.3 82.86 3.73 1.11 gS 0.32 1.82 2.:J6 11.78 - -
780 - - - - - - - - - 99.1 -
787 7.88 85.64 4.99 1.49 .s 0.9 2.04 1.81 7.03 - -

800 5.58 86.62 5.58 2.23 gS 0.67 2.22 2.18 7.38 - -

810 - - - - - - - 127.4 -
815 2.26 25.85 37.16 .3473 (g)sM 6.02 :l.61 -0.61 2.29 - -
840 - - - - - - - - - 38.4 -
8GO 1.54 94.63 2.3 1.54 (•IS 1.08 1.61 4.24 25.04 
900 3.44 94.45 0.97 1.15 (g)S 0.68 1.35 3.96 26.32 - -
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162 



mo 

,,,. 

§ 400 

1 000 

~ 000 

,oo 

Mean Grain Size 
{phi) a. sorting 

024680 

Tex1uro! 
Composition (%) 

MB99PC-3 
Skewness a. 
Kurtosis 

wo,., 
Content(%) .. 90 0 8 16 2,4 32 66 132 198 264 

Fig. 3-4-19. Sediment characteristics of MB99PC-3 core. 

-163-

Shea, 
Sir&$$ [kl'oJ 

2 3 4 S 

: 
• 
. 



.c 
15. 
Q) 
0 

~ 
0 u 

MB99PC-3 

BM 

GM 560cm 

BM 

HM 

GM 

HM 

M 

BM 

.... GM 

' BM ~~ (cm) 

Fig. 3 4 20. X-radiographs of MD99PC 3 core. 

- l G4 



Vl~ 11:J-"511 <li-oJl \tl 111 ~~'{!_ r:A¾t*-P:- tTI ~1-6j1 tl -~, 7i ~ %-'bl_-IE:-A] 'a'A-Pf"77}A1 ~ 

AJ5']~, A18"l1,...r'-\~A]7]oJ] ~-%~ "6BAfT.£--r-o] .7-]t>j-~_9 __ ;;!_ ~~ A7A1til~ t::jAJt,}_ll. 

'.Ur+. o] r~]-:.;-*?~ 1E¾~~%2 r:A-¥-~ £2-]l~:3H¼~ TAJ:S:~oi '.U£oi, 9-"r.!4 Jtl1 

7f-~?, _¥_'{}-<5}_TI. '.jt:}. ~-¥- "6B~ 0 \]-'-i~~ .H.%-£Fi-~oJ1A1.~ ¥f~1<1].6E (palimpsest) 

ecp1 %-'.½ 0 I -"-~ '1 "1 :U Jl, Lil -'1-ll- ~1 •B "I "ii -"i t ,n 'l ¥I \'1-'ll "11 '--"" '1 'I % "I '1!-1'! 
0J -"j •~ -"Pl % 0 I ;<: ~ 51 "1 '-f Ej- \:l cf ( {! % -'l- '<; , I 999) . 

(1) MB98PC-ll 

¾¾~Al \i"'i~oJI ~Aj,fl_ r~~-'6-9~ "'r-~ 145 moJl-'-l ~B4-1.!u MB98PC-11 A]~ 

~~%-~ :Q 0]7} 467 cm0]rt (Fig. 3 4 l; Table 3-4-1). MB98PC-ll A]~~~% 

9~ -?.9.._ ~~-'c}-'.:'._ AJ-tr,:Pll'iJ~ 0,}~g_ & 0 ]t:- uffZ}JH-g.- _¥_'{}-"5}~ -5'..~~~%~ ~~ 

'i'Zclf 'tr-.c'e<] \'€:C Y'i1'1'1',:s'-~• 'i'"a~l"1 ~y (Fig. 3-4-21). 

MB98PC 11"1 ;,J'IJ1-"li--'i 1' 0 1 190 cm"l-'l:C ',lic'lJ'c.1f -"J--'i'-"'-\'-F-1 3.6 <P"il 

-"1 3.2 <[JJ;'._ u]o-t"5};1] "c}-15J A-jj~§.}OJAJ~ ~o].ll, WTf.-..g. 41%oJ1A1 26%.£. tj-~ 

1-}~"8"}';:::- 7Jt.jg_ }il_'Z}t:} (Fig. 3-4-22; Table J-4-8). 1']1 7 f~-~- ~"fil-ii}-C -2..?.\l~~ 

l,- 0 1 ~,,i_,-H• 'f7JoJl-"l:C ;,Jell ',liT'l].'c.7f Cf 2.7 <P"il 'il~ly (Fig_ 3-1-22; 

Table 3 4 81. MB98PC-ll -"l-~"1'1%-"1 "l-'/-"11 "J-"j¥l ec]~1'i'c<1f '1!~"1-'I \'€:C 

S:_2-Jl~r;,;i%2 ..rJn-~~7} ,s-}-¥-s.-¥-Ei 3.2 ct>oJIAl 3.9 ct>&., "cr~l~ 6Jii}c'.9 t:}~ A~1 

'1 <1-d q (Fig. 3-4-22; Table 3-4-8). 

¾¾~A] 'fr.J.i~oJl ~lg--tl_ r~~*oj]Al ~Bi}]~ MB98PC-Il -"14~,3i7f..g. illl~·JH 

g ""'-~i,f :: -'" '11 "I '1 1'- S'.-'/- ,1 s'l "J -f _z,7f '1tl-"1 "i ?i-:C '>'- '11 "i 31 a'.-"'- Aj- 0J-'ll ,l ~ 

I'! 'll g '; 'li .£. 2- ~ ,+ "11 'I '1! ~ ,c_ <!I -'I- t'- 0 I ¾ a1 "ii "ii •~ .-f '11 •1 'l! '"i "1 ~-"- "I , il"f 

-¥-!i--lt-F:-j ,,_JJ1-.£. ~4-~ ll~4)[!9-] ~7]71- 7J~~}4. o]~-t'.- .lloJ1'-1A].!4 ll}"cfoJ] 9-j 

t} \'l-'ll"ll.6E "1'1%-"1 >H'ii-"11 "i~ -,!_O_;;,_ •11'1'<19-. MB98PC-ll A]-9''131~-"il 

Ait:- ~~5~~% 01 ~~ B-~.'iJ?:I et~-:: '.'.,1£...S:. ~t-N°JAj ~~%~ 11~ 0 1 7-]9-1 c::!oi 

Lf;i:] ~-£_ ui, 7,} 'ti~ 'Z.! ~ ~ ~ -t?- J 0 1 ~All~- t! 7d ~~ ~-?>fir~~ ~ c:i-. 

(2) MB98PC-12 

MB98PC 12 A]-9'"1"1%.f' %-1!-ll--'I \l--"i"cofl 'IFJ-.! <11'1--ll-'<! "r-\l 200 m"IJ,<i 

>H~5Sl5:l-"9, '!lo];:: 160 cm 0 ]q (Fig. 3 4 !; Table 3-1-1). MB98PC-12 •14-"i 
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Table 3-4-8. Sediment characteristics of MB98PC-ll core. 

Depth Composition (%) 
Sediment 

Statistical Parameter 
Water 

(cm) Gravel Sand 
Mz 

Sorting Skew. Kurt. Content Silt Clay type 
(phi) -

0 J.:ll 78.66 17.71 2.32 (g)mS 3.63 1.53 1.25 14.86 41.0 
20 0 85.08 13.27 1.00 zS 3.51 U3 3.28 16.71 28.S 
40 0 92.11 6.89 I s 3.27 0.92 3.7 21.88 27.1 
60 0 86.07 11.99 1.95 zS :-UiS 1.2 3.25 16.99 28.9 
80 0 87.7 10.46 1.81 zS 3.32 1.28 3.06 16.37 28.8 
100 - - - - - - - - 27.3 
120 0 88.96 9.57 1.47 zS 3.29 1.15 2.77 14.25 25.6 
140 0 89.56 8.66 1.78 zS 3.2.S 1.27 2.95 16.56 15.7 
160 0 89.17 9.75 1.08 zS 3.14 U6 2.01 11.04 23.8 
180 0 8833 10.26 1.42 zS 3.15 1.27 2.37 13.3 23.9 
190 0 86.39 12 1.61 zS 3.29 1.26 2.15 11.06 25.9 
210 1.33 79.25 17.03 2.39 (g)mS 3.42 1.59 1.1 12.78 32.10 
230 0 85.54 12.29 2.17 zS 3.27 1.48 185 9.23 27.2 
"40 0 86.16 11.3 2.55 zS 3.22 1.fi3 2.19 10.9 24.6 
254 0.42 R,.8 11.99 3.79 (g)mS 3.25 1.75 2.15 9..37 26.5 
2'/0 0 89.:-18 fi.59 4.03 mS 2.84 1.8 2.46 9.93 29.2 
290 0.12 95.99 2.85 1.05 (g)S 2.81 1.12 3.15 22.54 31.4 
310 0.16 95.4 3.28 1 15 (g)S 2.81 1.07 2.99 19.34 29.0 
315 0.17 86.62 9.92 3.29 (2:)mS 3.27 1.64 2.42 10.63 30.9 
323 0 76.83 19.19 3.97 zS 3.83 1.64 2.56 10.52 29.8 
334 5.72 83.18 9.24 l.8fi gmS 2.74 1.87 0.36 '/.65 -
340 2.3 97.49 0.22 0 (g)S 2.73 0.93 -3.48 19.02 26.1 
354 l.71 74.36 18.01 5.92 (l,l)mS 3.85 2.03 1.43 6.82 31.7 
360 0 78.33 16.93 4.74 zS 3.89 l.67 2.28 8.3 31.7 
380 0 77.84 17.2 4.96 zS 3.91 1.72 2.42 9 31.9 
400 0 75.42 18.65 5.9:~ zS 3.8 1.99 1.86 fi.31 31.4 
412 0 71.28 24.33 4.38 zS 4.12 1.55 196 6.83 26.5 
430 0 79.1 I 17.9 2.99 zS 3.73 1.44 2.55 10.31 28.2 
450 0 90.97 7.83 1.2 s 3.43 1 3.52 18.88 26.7 
465 0 96.44 3.56 0 s 3.22 0.72 3.81 20.91 27.4 
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Table ::l-1-9. Sediment characteristics of MR98PC-12 core. 

Depth Composition (%) 
Sediment 

St:Rtistical Parameter 
Water 

(cml Gravel Sand Silt Clay type 
Mz 

(nhi) 
Sorting Skew. Kurt Content 

0 0 87.91 6.22 S.87 mS 3.31 1.98 2.2 8.28 86.0 
10 0 94.44 3.77 1.79 s 2.73 1.36 2.92 16.92 52.7 
30 0 96.95 2.19 0.86 s 2.78 0.90 'l.69 29.74 38.4 
45 0 99.71 0.29 0 s 2.47 0.5G 0.79 12.13 27.3 
50 0 99.24 o.:'4 0.22 s 2.26 069 2.95 26.33 28.9 
70 0 99.45 0.33 0.22 s 1.7 0.79 3.39 30.83 26.6 
85 0 95.6 2.85 1.55 s 1.94 1.43 3.15 16.4 27.9 
100 0 99.18 0.57 0.25 s 2.47 1 1.07 11.69 24.6 
115 0 98.42 0.98 061 s 2.4 I 2.85 23,64 28.0 
123 () 99.41 0.44 O.lS s 2.18 081 1.75 18.29 22.6 
140 20.02 78.37 1.12 0.4!l gS 1.05 2.33 0.7 3.9 25.2 
155 0 97.91 1.15 0.% s 2.27 1.15 2.44 18.08 22.1 
170 0.13 99.42 0.39 0.06 1.ls 2.31 08 1.1 17.36 29.2 
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Fig. 3-4- 24. Vertical core description and mean gram size of 
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z;~ % 9-l T il ~ 31 ,._J .:'::- IiJl zf 3I1 :ii} * ll1 g ¥_ W-o l- ~~ Q:J i:l Y ell ~1 -~ % 3.1} Y i!ll ~ /2:J ~ ..ii. 

-f"dtit} (Fig. :i·-4 24). 

A]~ :~p:j ~ 9-l "cl· ·'f·oJl 1j;! <'>] ';: ~ ~ :ii} '1Jl :z..p:;:1°1 '8- :-~ -B yell .2j ~ % ,': ,g if '1.15:.7} 

2.7-·3.3 @ 9-l ~ 4'L~ 1J .7J 2 cm9-l ~ ~ ,g .:Y:.1h!tl- (Fig. 3-4-25; Table 3-4-9). 

A]'f'>'l'l%•l 11°1 40 cm<>il"i 78 cm1/]Alc OilZJ'i:!•et;:; "t}1'f::C .5'.'1i'•Pl% 0 l '1l 

A~"5lt-r•ll, 8}lj!--_<;_Jcj!.E• l1cJif-~_r;j} 1.7 ([JoJ]A~ 2.5 ([)_?.. "c]-~JA-1]~§} 0J~~ ¥-5!7i] 

!1."i.f-cf <Fig. 3 4 25; Table 3 4 9). •l?>'Pl-'1- 11°1 78 cm ol1'f 'i':frt- 'lJ7J 3 

cm L.j.,] 5 cm11 1'Jl7t\'1,} 'l}'/1,, 01 21cw~1<>1 '.lj_ooj, oJl1'J<1 '1lir'll.'cc 1-2.5 ,J! 

.ej '!I ~<>II "fil!<l (Fig. 3-4-25; Table 3-4-91. 

MB98PC-12 A]~~~~~,': -~ 01 78 cm 0]i,}9-] 7-{!-,11. ~tj{ 5 cm-21 u~zf.Jl1 g:_ 

::: 'll ~l a;_ o I ¾ e1 <>ii 71 91 ~ •J i,f ~I ,, "I "1 9J c ,11, 0 I % ;' -1'! 'iJ >II 65. -"I •1 {¼ °" •l 

~tltj. (Fig. 3··-4 .. 26). ::J. ,,.J-1-oJl ~~£]~ I!Jlz.tilj% ~WOl-t::" Yz.Jl.2j~~~ ;', AJ'f>.} 

Ail ,l .>f 0d''ll% ,;_ 0 1::: ,11, 0 1 -"I Si il-:C "1-'il-<>il L.7 "i •I 91 •l "i ,!'l! Si 2.!;c al%<! "i -'l 

%'e. '11"1-<lcf. uf4-'I %\1--11-"i \J--'I-~ til's--\<<>11-'lc: \l!,l>l16.s -"IS1%.eJ >1%<>11 

Qj~ >'lc1>l§ 0 1 'rsc ',!<>jc.foj, '11"1<>1I o:J-4>1 >B-%-'i! -"IS1%91 °-l':.f 'l]'i'.7} 3.~I 

~fo]7f 91~% >l-~]1'f'./:lcf 
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* 

%-"N-¾~- ~{!-~_Q_£ 0 Pf·6i~ '.U_Q_uj 5'.~ ~ 0J.9~ ~r¾ tJl ~¼Oil ~i:fr~.Q...£. 

%,¥-ii] Ai~ii"}.ll. '.Ur+. ¾-"H-¾21 ~.¥. ~ 0,}g ~~]-8"}-C .8.'?..!oJl-t- AiW91 ~Ecll, S~ 

aj,.- 'lJ0<l2J .3-71, ':J 0J"ll21 °J, ~x. 'llx, ,§-,'C,;!'"'2] 0J 'll Y~ 711£, %7],i-2] 

0J % ~ i:-J ..9..~71- '.U q-_ 6l-A11i} 1] oll%*¾2l * .¥. ~ -& 5:., 'i'! s= .. , %,e-1!-~9.l 0Joj] 

2.]5BAi ~~ :;•:j~A]~ T.i:!]21 !:;,,\do] %-=g-¾91 'R~~ ~ ¾9l ~¥.ot] J}AJ ,e- °a 

~J: ~ 0 1 ~ 9- (Tolderlund and Be, 1971; Fairbanks and Wiebe, 1980; Arikawa, 

1983; Park and Shin, 1998). 

~ i:fr~ £.-£_ ~ "tB ~ 4-~ gJ ~l ~ ~ Jjl- ~oll 'a-~ ~ ¼T (Antarctic Bottom 

Water)71 ~,Hi<luj CJ. ~1<>11 sfq].<j 0J 'il¾'r (North Atlantic Deep Water)71 '!;coj 

'.lief. 'lJ.C<]'?-~1~1 7]~ 'Jl ~"a\'!~l:: "'~ "1¾'r2l '!l's 0J"il ',raj '.lief. "; "'~ 

Ai¾T2J ¾'iJ 0 ] 0€7}"8"},;1 ~1 ..-<l-=?-~ 7]-¥-~ ~}7]-~~A]uj i:frtjj~ ',=r~ ~¾4-2] % 

'Ul'.l] ¾c>i~-~~ ~r:J!Ai 0J ~"6'-7-:.;1} ~7}til-~ 7]+~ ttl-Xafl~9-. i;}A1~ %-.1ll21 1l 

¾<>ii:= %'11 2,R-.e] 'r"l 71 ,'Csj '11-c.f (Moriyasu, 1972). 

%•1:= "ilir'r{l 6 ] Sl' 1,~!iO mo]uj ~111'1 6 ]:C 6f 3,700 m 78.'r. 6 ]c.f . .lj!..Jl.'8 % 

-=g-*?~ ~¥.~ N .. ¾4-2.J ~~ ~ g}~~'?.1 ~AjoJl S'~a-JP·i %~S:~~ ~%-'8 -fl-~½ 

1}J AiAl'd -f+-t½~ 12.~ 78£:= Ai-%-4-9.J ~,A.d (.g.S:., ~:C., %'e{l-S:9.l 0J=)oJ] ~ 

Oil ,1 C:-'ll ., I ·'1-1 'sl cf % Oil 21 _H_ ¾ 'r :: '5f "i' <>II ~ c>] ~} -2. coc "--='- •H 21- El-El-~ ;J <11 'II 

(sill ,/0]71 15 m 6]151)¾ 'a-i>fuj ~,.~o] 0 ]-'i'<>i"]uj '1-sJl"il 6J:af:= ± 6 ) '11'11 (sill 

~o] f'Ki rn)i ~<'>}~ 0 ]1f-t>i~r+. %6\15'l Jf.c~~r--'2 ~7}ffi~~ (sill :Q 6 ] 130 m)¾ 
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0}1}-cl]~-1~ (Subr1rcric Front) 6 ] <).} 40 'N ; 1-:J~oJ] l::<~v1-q. ·::C.}/};;'.- .-rr.-~-1-=- ('°',l; 

<~O 'C)7} 0 H}T:Jl11~£] S:-~ (North Korean \Vnter l\fossHl -f1-]:::c.p-J::- 1ni_;1_! 0 11 11} 

L] (Bradshaw, 1959: Hirnsv d al, l!l!IG) 

<'>11 <)t- H 7:l--9- '-t! t,] O i",' ¼J u] •'II ~J _,,.. i5IJ !"'I AH ~lJ >11 / 1 /.l (>-J <1) -r.]- \'- u~ ~~- '?cl _-T, c)I ;J -'/J ol n o , _ o ,~ ,_, , , - - u " r , 1 • • , _ o , _ . . r ,_ 

_r-.Al·o-J <d \ J i~ 7-.. AJ f 
·-, 0 M • 1 ' ,, 

L T• + ](") o -,, -L·a r·,-c- ·Y- _,., -,:r ·i1 or~1 

<, ,•·"-o] ,1,1 H,,,., ·•'qo] •-~o Tr -~~-.- - ~ ,.-,..r_,~, - ,.,, 'C.--· ,./.' .,,-
0 u O u '-'· I , - O - ,_ _ -~ 

~ L"} (Sen Gnpla et aL, 1987.1. 

•1- 6 6\. 
I Tf" ~-

A].,. ,-_,:_' ~ 

··) oJ !-j of1 
' - ' ' -

!~ /_ 1-.] i_;! !)] ,,! ,11 i,' ' _,_ ., ' -

T
, n) <'rl t:J- "l-;l__ O:l -,L oJI .~-l ~A . '- t. - 'I 

l I C:)· -0.J. <)] :,:\.,)JI k) <! 6\. 
_,. ' - 1-1 ' r 

o}S!,l -c+. ~ -3~ -~- 10 g \f right-coiled SI- left--coilcd N. pach_yderma2l 7H All T, N. 

_pachyderma 100 1H.oi.ll 1HoJ]Ai right- ~ left-coiled N. pachyderrna2! 'JtH::>;I'{.! <">J 

(%) 131 ~- "f---fi-"d l~--5"'~- 100 7R~n 1HoJlAi right ~ left coiled N pachyderma!'~ 

AJ-tj] ~ 11 °J (9,())-g-:- -78't5'.J. Y-. '?l "IT1} .Al-.b. ~- ~ Tables 3 5 1, ;i 5 2, 3 5 3oJ1 'U 
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~ __., 
__., 

p~th(cm) 
0-10 

'le(~J Pri(%) Plew(%j Priw(%) 
o~~(g) >i'i;m~r;!. •;;f;;%) B;~) P+:~N) •~;) ':'; p:~ ;~1"·- na_ na I na 

I 50-52 1 4.27 0.03 , 0.70 ' !190 4 9 1199 99 0 824 197 80 20 P8 17 
I !(}{)-IQ2 3.93 0.12 3.05 : 8224 2 41 8264 99 Q 4030 814. 92 8 86 8 

150-152 5.67 0.20 : 3.53 : 19414 I 0 19414 100 0 13319 4063 77 23 67 21 
~00~-202 - fi(_1 o.m : o.97 ___ ~_ 16(>g_+----3 116 1il6 - ~- -- 3··----- ,_ o 1135 ·2,9f ···go -- 20 71 - ·zo __ 

250-252 4.32 O.G3 0.69 ' 3093 8 O 3093 100 O 2278 519 82 18 77 15 
--~- ' ,_._ 

300-302 5.63 0.09 - 1.60 3410 6 0 : 3410 100 0 2615 398 88 12 80 11 
350-352 3.35 o~04 · 1.19 ·-·3s20 2 o ; 3s20 · 100 o 2699·--! 621 -·ss· 1s 11 ---- 14 

--- --------------- --- -4 

400-402 6.83 0.12 1.76 6325 I 5 47 6372 99 0 I 4873 '1078 85 15 82 15 
450-452 4.84 0.03 0.62 _ 1008 ! 4 0 : 1008 - 100 0 - 818 140 86 14 81 14 
s00-so2 ---7~79 u1 16:s2··--·sss1 ·- 4 1479 - ··7&;5·--+-- -n o·· - 410s··- 904 : So -- ---20 · 78 18 --

t 550-552 5.47 ! 0.74 13.53 12168 l_l 468 _, 12636 ______ 96 ____ 0 9945 1755 ! 85 15 81 15 1 
600-602 5.60 0.74 13.21 8343 14 2.057 10400 81 0 7429 914 89 11 59 10 I 

------- -- ----- ---- ' ~ ---------- - -- ------

1 650-652 4.55 OJJ3 0.66 20 na 20 40 na O 20 0 na ; na na na I 

I 700-102 6.27 o.46 __ !}j : ?1}8 . _ 7 434 ___ ]55~_ 83 ~ •--~1_7~~- 357 83 17 82 11 I 
750-752 5.44 0.06 1.10 · 6 na 2 7 na 0 ! 

800-802 5.85 om 0.51 __ . ____ o"_ ·- na 154 ~~-- na 0 
l 850-ss2 10.211 0.29 2.84 __ _!_678 ____ 30 235 1914 86 o 

900-902 6.27 i 0.25 3.99 21640 i 3 1633 23273 95 0 

4 
0 

21na na 
0 na nalna 

na oa 
n, 

19?~- I 580 I 67 33 I 67 I 33 I 
80 2.0 78 21 16740 I 4695 

Table 3-5--1. Down core values of several environmental parameters in core l\1BffiPC I. 'lbe abbreviations are as follows: ODW 
(g)=-=-original dry weigh in grams; >63um=weigh (g) in >63urn size fraction: P (Nl=munber of plank.tonic foranv'lO g; Pbr 
(%)-=-~rcent of broken plank.tonic Coram; B (N)=numbcr of OCTithic foranv'lOg; P+B (N)ccnumber of planktonic plus benthic 
fordffi/1l()g; P/B (%)=percent of planktonic/benthic ratio; Are=number of arenacaJus forarn/lOg; Ples=number of left-coiled IV 
,oochyderm:i/l()g; Pris-= number of right-coiled ,V. 1x1chydenm,/l()g; Ple {%l=P=TCent of left-miled ,V padrydenm among 100 N: 
,oochyderrm; Pri (%)=percent of right--coiled N. ]Xldtyderrrr.z among 100 N p:v::irydenm; Plew (%)=percent of left-coiled IV. 
,oochydenro among whole planktonic foraminifera; Priw (%)I£[cenl of right-coiled _-,,l p:ichyderrro among wilolc planktonic 
foraminifera 



%-'Z-X-~~ l';\-%-"9oJl i'1~l~ "r1'J 1,711 moJ]Ai ~l~l~'.:?Jc:t (Fig.1-·-4···1 and Table 

3 4-1). 2E'f,J::',ls=]0HtE>~ ~-'J;'. 0.51--16.82% 0 14. :1::~?1~~%-f=- .n°l- *:f:-oJl ~ 

cg, ~{!-*cl, ¥~i--f'.- ~--R-15L,L ';J_O_uj _'no} -'.}1t- ~fzt-i:'.- 1:1J-~¾o] 1-}F--l-1d-9-. 2E~ 

~£]~%9.J AJ-tjj3j'?_l 0J-8:- 2°1- ?J 6] 500 600 cm~- ~]2li5]-jl 14--& l}:g_ J.i. 61ui -2" 

\19-}5:. filtl (Fig. '.i-5-1 and Table 3-5-1). ~~] 5i 6 } 7,l 0 l 500 crnt:- :xi~ 0 -} 5 

mm 1~9.] -¥-~-1°1 '4- 6 ] t+E-h-1-c}. 

~1% 10 gcg "'f-*Ad *·"H-%-2] T~ 0-21,640 7B;>.TI 0 1u'! AP·l-"d --R·-t.1-;69~ T~ 

o..:~057 ;TI;>.~] 01 c:}. -¥-%,,_d 7~.:g-%~ ·'Jr.TI~~ 0J (%hQ.. t!Pll 3-j .9_£ 2°} Sl 01 150 

cm, 550 cm, 900 cm¾ A\].2.]i>l-2 ';it,° ~J!j- ~ \!!§!-* .!i!.. 0 ]AI ?t·~:tj- (Fig. 3--5 1). 

A]Al"'d %-1'·¾9.l AJ-tjj~'?_l 0J (%),°: _:a_oj- ~1°] 500-600 cm -=-r<H~- ~l9iii}.:il,t:- '5! 

~ ~~ _1,1_.o]l:9 ~ ~§}~ ~o]Al \'.'J"~t:} (Fig. 3-5-1). ?ij-A]~ .:J.Oj-9.] 1f"'f- (0-400 

cm)oJl 1:1] <5TI 15}-¥- (400-900 cm)oJl ~ %4 % 10 g i::J- "'J-tjj ~ E...!i. ~TI- \M"~ _;{i J.-i AJ % 

~~~· 10 gt:J A}~-f'ri1-¾2l T~ _Q..-~ ~ 0 1- ~-'J-"1- (0-2 cm)oJ]Ai~ t-l-E-l-1d-9-

(Fig. 3 5- I and Table 3-5- I). 

0'TIO,~! 1t--r1-"s -f1-ifa"}9.] ~c.-2 1~. :no} {to]oJ] 7.:l:j_,1A1 ':>!·1-n L.}Ef1d-tj- (1-30%). 

~!;11-~i9 .. ~ .?.01- 15}¥- -=?"{1- (500 900 cm) 0l AJ-¥--=?-{1- (0 500 cm) &Lt- 0'~°1~1 4 

%-\! **i'-9.l -"JrH-31~ 0J (%) 0 1 t:lll t+EHJtj- (Fig. 3 5-2). 

0 1- ii}-¥--7--<l- (500 900 cm) 0 ) -'-J-¥--=jl-{l- (0-500 cm)oJl t1] tH "'2:frH•~-2..~ ~.g. i(.g_­

.s!."1 cj- (Fig. 3-5-2). 

S:] ~ -g 10 g LJ- left coiled N. pachyderma9.\ 'T"-C- 0·- 16,740 1H ~l 0] nj 

right-coiled N. pachyderma9.] 4-.;~ 0-4,69!"i 7B~] 0 ]-ct. Right·coilcr:I /'ll. padzyderma 

9} left coiled l'-1. pa.chyderma~~ 2°~ Si 0 1 HX)--l!'JO cm, 500-6(X) cm, 900 cm -7-Z!-
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Fig. 3-5-· 1. Down core variations of coarse fraction (%), number of 

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

sediment of core MB99PC-1. 
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Fig. 3-5-2. Down core variations of broken p]anktonic forarnimfera 

(%), planktonic/henthic forammifcra ratio (%), number of 

arenaceous forammifcra, and lcfT and right -coiled N. pachyderma 

in 10 g of driL'<l ~cdimcnt of core MB99PC- l. 



3 5 2). 

N. pachyderma 4161]-'·--l left-coiled N. pachyderrna';:_ 67 92% 0 1 u:j righl-coiled 

N. JXlchyderma'.;: 59-8fi% 0 Jt+. ¾ ¾-=R-% ·6" left coiled N. pachyderma'.;: 59-86% 

0 ]uj right-coiled N. pachyderma'.: 8-33% 0 ]rj- (Table 3-5-1). 

N. pachyderma ¼ left-coiled N. pachyderma~ 51 6 } Q0 ] 900 cm-¥-El 600 cm 

'1}.<lt 01?1 ;;,,f;;-fuj 600 cm'/-E1 150 cm'lf7]'.:: Al"i"l '1-±;;-f;-c 7J~J 0 1 '.Urf 

(Fig. 3-5-3). 

4. 'rt 0 1 MB 99PC 2 

%*Y- -~--~~.?~ "r{l '2,707 moJ]Ai ~H~~s:itl (Table 3-4-1). ±'8~~~~-~ 

2°} ~F?-<}oJl 7,;I~ fl-,': ~}o] ~ !il.~i:} (0.'21-94.4'2%) (Table 3-5-2). 1,i) 1
~ 510} 

~] ~cJo] nH-9-- t:-.f<:. .ii0} ~ 01 (200, 450, 500, 700, 800, 850, WO cm)oJ]Ai '.;: W'i': 
0J~l -¥--~ ~ W¾b}j]_ ,V.tj, -¥-~i ,': -l']oJlAi <'.d.i:f-~ ~~ 2 6} TZ!-oJ]AiX. '--tEt\!·t:f. 

J;L/2:jcj qqq.A.] BJ-~· :nc} T:U-i': uH-7- ~-:::- 5:'fc]~~~%Q] W~¾ .!i!_'Z}Cl- (Fig. 

~-5-4). 

5iJ~l~ to g 1:,t ¥¾-"d ii·-tl- 06-.?~ ~-c -31.0} -11. 01~J- "f'l~ ~to]~ .t!.~tl­

(6-366943 7H-~1) (Table 3--5 2) . .I!. 6 } ~o]ta 4-fi--"j -lt-tf-%~ 'T'.;: ~o} t,}lj!­

(500-WO cm) T-Z!- 61 AJ--'?- 7--TI (0-500 cm)oll Ll]"6~ uij,i'• ~7-l] L}Ff\:!c} (Fig. 

3--5-4) . 

.SC]~% 10 g t:a- Ai,.\l-"j -fl-~¾~ 4-t~ 0-11467 7~)1] 0]r+ (Table 3 5 2). 7'-JAi-"J 

{j--.:g.,6"g~ ?~ Cf.~ ,¥.%"8 -fl-"t!·¾::i!]- uH}7]-;>;).£ 510]- <'>l--¥-T<t (500 900 cm)o] ~ 

-¥- r,1 (0 500 cm) .!il."1 °H 7- ',!-Al cf£1-\:!cf (Fig. :l-5-4). 

<H•i'c! %-l.'-¾<i 4't:- I 15%9-1 '11~1<>11>1 cfE]-\:!<I (Table :l-S-2). 2°1 ,l 0 1 

8GO crn-¥-Ei 400 cm7J}Al!>l T~to\]Ai ,1]~~ %-i-¾~ 1}~<5-j-o:j 400 cm-¥-Ei 300 

cm TTit 7-]~ 7,7~<:>i~ -fr.=g,¾o] L}t'fL}A] ?i'';::c}. 510]- ~o] 300 cm-¥-Ei 510]- ~l 

0 ] 100 cm'lf7-]'.:: ¾7f.Sf'.:: :;J•J?c .!,l_~lq (Fig. 3-5-5). >H"1sl %-l:·¾2] --)J-tilsJ'il 

ol l_il--.cl. ];!;._Q_ :-.=,ol ;,lo].:} :==I. t!:l"'l~ woJ;acJ \'.'.!:!=-Cf cr '-'-.,..., -,,_-'-'- r -'" <) .__ 1....:..><-r-a _.,.,_ ""'--- • 
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~ 

00 
N 

Depth(cm) 1 ODW(g) >63 um CF(%) P(N) Pbr(%) B(N) P+B(N) P/8(%) Are Ples ; Pris IP\e(%; Pri(%) lu1ew(% 

-o=-,o -- ·'[i70_~--- _1_22 __ -~ '±_l_._~s T??_t:IDL _ ~--- o 22140s , ,oo o --~721.~~ '3597s s1 19 11 

Priw(%) 

17 

27-29 2.69 O.Ql 0.37 89 na O 89 na O 71 11 na na na na 
.. ' I... -• - --------+ ----------- ------' ----------- .. ------- .. ------ ------- ---

50-52 1.43 0.01 0.70 245 na O 245 na O 203 35 na na na na 
76-78 1.08 O.o7 · 2.27 506 11 ··- ,, __ 58 565 ' 89 0 399 88 85 ·15· ···35 --- -- ··u1 

I J(l(J-102 6.97 1.21 17.36--1---2134~~ -·-10 183~ 27179 • 95 
1 

___ o __ ; _ _2}~68 3857 --87 13 87 JJ 
150-152 4.85 0.01 0.21 33 ; na 2 i 35 na O 29 1 0 na _,_ __ .n_~ "' "' 200-202 12.04 8.88 ' 73.75 229635 6 --~-402 ! 233037 : 99 0 182007 :39123 83 1 17 79 17 

250--252 : 4.85 , 0.01 0.21 6 na O 6 ! na • O O 4 na na na na 
--- -~- ---- -- - ----- ----- ------- ---- -- ,__ f I - -----~- - ,.. 1 ······-··· 

300-302 5.57 O.Q3 0.54 1659 2 0 1659 100 . 0 1329 280 78 : 22 73 22 I 
l 304•305 4.82 : 0.22 4.56 89228 I O . 89228 100 0 65859 ; 18589 80 i 20 75 20 I 

350-352 5.18 0.02 0.39 386 4 '4T 390 100 ; o 324 ! 39 88 12 83 11 
375~377· g§j . 2~64 ;. 2956 j66943 I 11467 ( 378410 ; -·gg- ··--t·--u-·~25·9153 : 84856 75 z.5·· --- ·73· - --- ··22· ---
---- ---------------------- - . - - ' . ....__ _______ ., .. ,----··-f--------·-·· 
400-402 8.38 0.31 .3.70 64764 l 611 i 65375 99 0 55599 ; 9165 85 . 15 85 15 I 

17 450-452 18.88 . 16_.?_2 89.62 32000 --·i- 3797_j ~~-?_~_? ~- 87 t _ 0 ---· 25492 ; 5153 ~? .:. 1~--- __ ?~---
500-502 1 ___ _10.68. -- 7.05 . .,-- 66.01 ___ . 18217 12 479 ! 18697 i 98 i O 12464 5753 76 · 24 73 23 I 
550-552 : 6.32 . 0.43 6.80 2076 6 127 i 2203 94 0 : 1747 278 85 15 83 15 

600-602 3.85 0.09 2.34 62 n_a _ 8 __ ,_ 70 1 na. . 0 __ ~~ ____ _!_~ ___ na -~- --~--- _ na na __ 
650-652 3.95 , 0.01 0.25 10 na O 1 10 na O 10 0 na · na na na I 
700-702 6.34 ' 4.17 65.77 568 17 164 1 732 78 o ,·--·492 76 82 18 79 17 I 

- --- ------ ---- -- -- - ______;_ _______ .;_ ___ -·- ., 
750-752 5.59 0.25 4.47 16 na 2 : 18 ; na O 9 7 na na na na 

~ 800-802 14.50 ' 12.36 85.24 193 13 -,Jfj 33·, ' 53 0 : 154 _ _19·-- ··79-21·· 78 20 I 

850-852 9.26 7.11 76.78 4596 15 242 4838 93 : 0 3940 518 93 7 89 7 
900-902 I 12.36 11.67 94.42 I 78 I na I 71 149 na O 71 6 na 

Table 3-5-2. Down core values of several environmental parameters m 
core MB99PC-2. All abbreviations are shown in Table 3-5-1. 

na na na 
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Fig. 3· 5 3. Relative abundance of N. [Xldryderma in core MB99PC-l. N. pachyderma (1) (%)=percent of left-coiled JV. 
pachyderma among 100 N. pachydenna; I'./. pachyderma (r) (%}=percent of right-coiled N. pachydennaam.ong 100 1V. 
pachyderma; N. pachydenna (l} {w%)=percent of left-coiled N. JXJChyderma among whole planktonic foraminifera; ."V. 
fXlChyderma (r) (w%)=pcrcent of right-coiled l\l. paclryderma among whole plank.tonic foraminifera. 
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Fig. ;-r-5-4. Down core variations of coarse fraction (%), number of 

planktonic, bcnthic, and total foraminifcra in 10 g of dried 

sediment of core MB99PC-2. 



(Table 3-5-2). ¥-%Aj/z~AiAd •**¾~ Bl%~ 510}~ iil-¥-=?-Z!- (700-850 cm)ol 

'?f.!f-7--d (0-700 cm)oJl uj"5fl i,,t-.g. ~~ -~<tlt:l- (Fig. 3-5-5). -¥-¾Aj/z·P·i,._J %.:g-* 

~, U]%~ .:H_Of.9i .AJ-¥-TZ!- (0 700 cm)oJlA]';: -E- ~~~~ s!.. 6]A] \¥"';:ct, 

~31~- 10 g ~ %-fl-,ti lefl-coiled N. pachydermaS4 "r"';: 9-259153 7B"'1] 0 ]9 

right-coiled N. pachyderma9I 'i"t O 84856 11'11 °1 ct (Table 3-5-2) . .st 0 1S1 ~l-'1-

TZ! (500-900 cm) 0l AJ-¥-·?--tl (0-500 cm)oTI t:1]"6~ right coiled'4- left-coiled N. 

pachyderma.o1 'r7f nj-'f- ',!-711 Ltst,+ct (Fig. 3 5 5). 

N. pachyderma Lil oJ1 "i left-coiled N. pachydermat 75 93%.s'] '1l ~I Lil o\] <1 Lt 

Fl4u-J right-coiled N. pachyderma~ 7-2.5% ~~~ ~l-A]~rt. ¾ ¥-{t-Aj %"5"¾ 

%- left--coiled N. pachyderma';: 73-89%~ ~11~ ;i:}-A]i;}-rtj right-coiled N 

pachyderma'c:c 7 23%·;ic *fz] ~q (Table 3-5-2). N. pachyderma'c:. 51°1 ,/ 0 ] •J­

~ xto]~ _!i!.o]Al 'e[Q.u:j -=:1~2~ tt1:ai-~-.1c. .3..z] ?,ftj- (Fig. 3-5-6). 

4. 'i!_Of MB99PC-3 

'i"~Jo] 2,435 rn'c! ¾¾.'r..Qj 2.0", <l"i 0 1]l<j >1~5']'.llr+ (Fig. 3-4 ll. sc'lJ.,,!s] 

~%9~ %<'Jc~ 0.33-91.8~% o]t:l-. 1c1J,a¾, <'>]j~An]~, §}{!-AB, -¥-61 %0] ~-¥- ,no} 

'i'-?foJI ye]l±Y. 51°} -l/ 0 1 100, 150, 200, 450, 650 cm '1li'.! 0ll>i ±'il'ti"i"if'--91 

AJtl]~~ ~._!Jo] *2.r:11, o]-C ~i:ftl ~o} T:Z!-oJ]Ai ~6JTIJ-'li~ ~¾i>l-2 'U7] rrjJ 

~o]rl-. ~6j3If,~% W--R·"B-}A) eta'.: 1+P1z] T=d-oJ]A]';: uffq.. 1;.!-.& 5::'Q~~-3:j~~\ 

Wsr¾ .!l '<Ir+ (Fig. 3 5 7). 

~-3:j~ 10 g 1.;;t- ¥-fl-Ad %-t!-%-9-1 ~::-'c- 0-60111 ;ff-ll]o]t:}- (Table 3-5-3). ~ 6 ]i5l­

Jil.'r. ·'/-¾-'11 ¾'6'¾'.' ic} ,1°] 200-250 cmo\1>1 \i 0 l LfE]y-uj 4:= 'i'-i'.!oJ],j';c 

7-J~j LfF+4z] f,jc';:.10} (Fig. 3-fi-7). "i"i~ 10 g 'if ,<j;.j>j -i\·'i!"•}.Qj 'r'cc 0-711 

7l>TI 0 ic\ (Table 3-5-3). "1 6 } ,/ 0 1 200-250 cm, 450 cm, 6.'iO cm 'i'-,1°1 cj~ 'r 

i'.!"il •Pl>i \i 0 l '+•l\:l-4 (Fig. 3-5-7). 

JJ]o-j~fl-"t;-¾9l AJ-r~~~ 0J= (%){:- uffJi!-- 1;.!-~ ;U-% 12.~q- (5-12%) (Table 

3-fi-:l). 2°} ,1°1 650 cm-\'-'1 250 cm'l}Z]';c ;.j,jO] '{r~~f;: 7il~J:S .!l. 0 19 250 

crn1r!- E~ 150 cm77l- xp;:- -;;- 7}<5}-';: ~ t;J i .!i!. ~ Cl- (Fig. 3-5-8). 

1r!-%Aj/~?.-J"'d -ff-.:g-¾~ ll]%-e:- 70-100% 0]ct (Table 3-5-3). -¥-%AJ/zi?.i-';j "Pr 

"t'·¾2l 1:1]%~ .:rr.01- ~ 01 650 cm-¥·E~ 350 cmJJ}A] AV-J"5] ~7}"B-}uj 350 cmlj!-Ei 
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-oc 
'" 
' 

1Depth(~!ll) ODW~_ -~?~1!'.:. __ <;f'.(%) 
1 

P{N) Phr(%)--BlN) ~Xi-B(N,) P/B(%J -~e Pies Pris ~~!r Pri(%) Plew(%) Priw(%) 

0-10 H~---- 0.01 0.33 _ _ 0 na O ---+--- O__ na O _ 0 O na na na na I 
50-52 2.80 O_:_Q_l___ 0.36 0 na , 4 ___ 4_____ na O ___ q ________ O na na : na _____ n~_ 

100-102 7.92 7.51 94.82 3636 5 242 3879 92 0 3192 444 89 11 89 11 I 
~-52 4.43 1.30 29.35 767 12 : 63 831 93 0 641 ---108 85 i 15 83 15 - --- ----- - -~-

200-202 7.20 6._!5 85.42 60444 9 , 711 61156 98 ~-----'!-6222 '.11378 .. ~? -- ~3 72 ---~1 _______ _ 
250-252 9.31 0.42 4.51 36571 6 275 36846 99 0 30797 4950 87 13 84 13 

- . -
300-302 5.34 O.Ql 0.19 86 na 6 92 na O , 58 26 na na na na 
350-352 5.63 om 1.24 194 na · o··- 194 100 0 128 50 72 28 66 25 

. ' - -------- - ---
41XH02 4.83 0.05 1.04 112 na 6 118 na , 0 85 23 na na na na 
450-452 ij_g4--· 12.65 91.40- 3168' 6 277 3445 92 -•· 0 2428 ·509 81 19 77 17 

---~-- -- - --~ ·-- - ·~-
500-502 ' 4.59 0.03 0.65 1 4 na 2 7 na 0 2 2 na na na na 

--- - - . .. -------- --- -- . ----. 

550-552 4.38 0.06 1.37 2 na O 2 na O 2 0 na na na na I 
--- ---- _,, -- --- - '--• 

600-602 3.37 0.01 1· 0.30 9 na O 9 na O 9 0 I na 
650-652; 3.19 2.79 ·s1.46 ·903 [ Ti ____ 577--· 1480-· 10 I o 102 -- 201 11 --~~-I~; ~ l 

Table 3 5- 3. Down core values of several environmental parameters m 
core MB99PC -3. All abbreviations arc sho~n in Table 3-5- 1. 
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pachyderm.a (r) (-,,v%)=percent of right ·coiled IV. pachyderma among whole plank.tonic foraminifera. 
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100 cm77}Alr 1l*}~_0_5.. -{l·{:<5}';:::_ 76i>J=~ _l;l_~c.} (Fig. 3-5-8). 

~ ~ % 10 g t:J- left coile<l N pachvderrnaS!.l 'T7:- O ·tJ.6222 1B ~1 °1 i::rj 

right-coiled /\/. pachyderma~ "'r'C°" 0-· 11378 7B ~1 °1 t::} (Table 3-Ci-<3). :>:7.. 6 } {i 6 ] 

200-250 cmoJ1 A"] right coiled-'4 left coiled N pachyderma7} 7}-?}- "P-€ 01 "L-} F..} tlt:.}. 

4:." ."1°) 7'Z}of]>ic 71°1 y.>1 y.<J \',rclcj (Fig. :J 5 8). 

N. pachyderma 'l]ofl •1 left coiled N. pachydermac· 71 89%fc >l"i %I uj 

right coiled N. pachyderma~ 11 29%;';: 7:}xj~ti:-+. %- %--E-¾ 1-~oJP•i left coiled 

N. pachydermai:: 66 -89%11 7:}7,:]"8"}~ right -coiled N. pachyderma~_._ 11-28%~ ~} 

:x.] t}r-} (Table J-~-3) .. il. 6 } -.;,1 0 1 650-250 cm77}A1:: left-coiled N pachyderma7}­

AiJ.i<5I ~7~0}~ 250 cm!r-E-f 200 cm77}AH-'-- -g.5;: .:J.i"'1..il 200 c.m-¥-Ei 100 ems.. ~ 

~4"~ AiAii.] ~-7}3"}t:' 16J=i} :t,!_'ilt:}- (Fig. 3-5-V). 

4. se.21 

~- ~-y-';:::_ 50 cm Z!-~2...£ A]li.-~ ~-~"5]-~.9-.!::...Q. A]{!Z}~ 6 ] u]:u!.-:i ~ 1l~l 

4]oJ]A-jQj 2~FJ ~ 27]+ 15TI~ g_ t}~9-. 2t11°J~~ ~ .1.ll]-V- '?J-=?-A] \'!7.i {l 

o~5j&J 0 e ~ ,\}oJ~, "1"1-:.-oJ oJ-)i' ~1~c<l91 oj~'"l !eJc<J%of] _ll.,SS-,! ~}'1°1 % 

15TI~ 1tl-9}~_:A] ~.g. ,.r=-1]0] t~--~-711+ t~-,e -~--~-•-~Jt-fi o]~·Sl°l £p~s]~~-:J].9-l 

op~--~- 7}r!-]-~ 7>°!0] vl;:i -~1~].!i]6-] 0l ~L-t. ~Y!~.Q,£_ ~3:j~-9-] 6]%- (-~ilit"ff' %) 

~ ;,;7;._-p,J ~--x--t.'?1 ~ x*J, -¥--R-*J/Ai'-i-... d -R--"E-%-.QJ 1:!J*, ~,5-:J% 10 g i::J- ~¾.?8 

;>;lAi"d -n---E-¾.'?~ ~"'... s.;;g-~g];;<;.]-R-!'~ 't[c~~'i'l 'i:t %-.Q..£ '~t 'T" ~ct. 

'U1ti--"4.6 --~- Al~tfi-21 cgti"J~ ~,°_ 719:J.9-1 ~◊~%~ ~~j% 10 g i:::J- AiAi-'S -R,-.:g 

{-o] ~-oJ 1+qqnj -tl1S~ol] '-10P•t:.: 7]Ai-'S .fl--t?-¾ ¾o] 1-}-F-}L-}ui ~~H,Is~~%~~ 

Vf<0Jo] AJtjj3:J£_s!., *o] L-j-i:.}1;::l_rf. -¥-¾AJ %-t-¾t- 'T{lo] ~o]~~~~- C!}-V}Y. 

'{l~!-~2...£ 4"{lo] '4 2000 rn o]-'g'i'l AJ-.sJl~::- -'f-~-AJ -R,--=g-%0] 99%~ >}-7\tl-r+. ::7 .. 

CJE..~ Al~*Q.j °d15"J~ l:IJ--2. A]~~ "'t-1~-AJ/Ai'-i-11 %7i"¾21 tt]%ei] '?{tjj~_Q_£ 

';f?1] 1-fE}-\]_-t'.f. :±1"! ~P] 7J ,TI--~·A] ~~~~o] 1-l<'>Jl<>l]Ai {·]6B£. o].!,\--'i"l Al':!l~ -:':j-~ 

:rr}'t! 0 ]"'-+ t-l15B,.,H Ai-~O}"C" .:?-:IB~"'-~1/] % 0 1 4-l:{q:,,]~~ ~l-rf. 

£]-3j:,'.-oJ) ~%~ n].9}~~ %"&"B -~•Ij.5=.';:::_ .Tit.B 0J jl/],¥-.'?J "811~1Al n].q.. -"6--2..""6}-ll] 

_,~i.-9~1~ 0~ ~i:.}-. 6]-R,-:._~ %1SB~ ~--f_- ~~*oJ1 i}--fi-{:l u]9}"1oJ1 i>JVl- .:;:r~l-,:j tB¢:J 
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Fig. 3 -5-8. Down core variations of broken planktonic foraminifera 

(%), planktonic/benthic foraminifera ratio (%), and left-and 

right-coiled I\~ pachyderma in 10 g of dried sediment of core 

MB99PC-3. 



~ 

"' "" 

Br. pl foram (¾:) 

0 5 10 15 
Q 

l 00 

200 

300 

400 

500 

600 

700 

P/B(%) 

60 80 100 

~ pacliyderma{l)/10g 

0 30000 60000 

~ pachyderma(rj/!Og 

0 10000 20000 

Fig. 3-5-9. Relative abundance of /\i. pachyderma in core :_VIB99PC-3. ~V. pachydenna (]) (%)=cpercent of left coiled lV 
pachyderma among 100 l'l. pachyderma; l\~ pachyderma (r) (%):-percent of right--coiled 1V. pachydenna among 100 IV. 
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;:_ ¾S~ i5Jl,ij~ .2..*~ 'fl'4t 'T '.V,7] ltJl~o]tj-. '?JttJ:-~.Q.£ %~B ~£~= 3'=~~ 

~~~-2.} AJ~~~ oJ, -¥-¾AJ/"-Zi-""P~ -fr-b1-¾-2.l l:l]-i- ~ JJff~~ -¥-%~ %.:g.¾~ ~ 

qjaj'<] 0J~5'. 'llc 'r '.l)cf. %•1~ \i 6 I 'i!,° {1"11 "1"191 "i"l%<>1l•i:::: "''il"1"i 

"1 %91 .AJcil "1 '<! 0J 0 1 '51"'11 cf cf'<lcf. !£~ ;<j Aj-'g ¾i'i·¾ 0 1 '/-¾-'8 ¾i'¾oJI •I "ii 

%'iloJI ufl-'f- 7J'5fcf. ::ie]E.5'. %•17} -ll~ "1"191 "1'1%"' '/-¾.A.J/>jAj-'g ¾i'¾ 

~ t:1]%0] '5!.Q.dj 1,1ffo.J ~ -1-%,.,a %'i1-%o] fi"o] 1..-}E}\:1-t:l-. %tff ~ fi"o] itz] \'.'ls~ 

zl~~ ~~~ollJ•i~ --ft-'t}¾-2.l --ft-A~o] EE~ fi"o] 1..-}E}l..-}7].£ ~t:l-. ~~B 0J~TA] 

AJ"t-lt"1 '(l•J 'Jl %•1<>11 tr~ ',cfl.Aj :>. ,1cee1 'l!'rlfa,oii 91•HAi Pl01 'll'f"1"1 

V cf. 

Z!-7--'cl 31ff2-J 51 6 } £f -¥--~.I't ~~ll"H:!¾ Wtr~- 7-{!-g AJl.9l-8"l-jl~ 00-9- '3!­

,c,_ "''i]'(,):ojaj%i ;;J-¾tf:a_ '.l)cf "''lJ'j' 0Jl"J Af%'<! 3 7191 5'! 6 } :oj-3j,t91 ,j,jJ­

·f- (0--~ cm)~= 2°} MB99PC-1 ('T{i 1711 m)oJ1-"i'?l Ai,~•P.3 %-6"¾ 6 ] '--tEl-42 

2°1 MB~JPC-2 (4'-ll 2707 ml9l- 51°} MB99PC-3 (4'{1 2435 mHl•i ;: >i•i-'8 

-)t-:g---g-o] 1..-}E-}1..-}z]~ ?i"~t:l-. o]~ 4"{10] ~.g. :F-oJ] ~7.]~ .Il.6} MB99PC-2~l­

MB99PC-37} -§-8ff~ r.}- 01 1t'.i}g g -2.l 0]·i&tj-. -§-aff~ W- 61 \Q-,':'._ z]~-2.l ~~~f. 

0~~~~~%9~ ~-~~ 0J wr& 0 1 \tt:l- (Peterson and Prell, 1985). ~- <;1-=j'-Z]~oJl-"i 

'-Hl-<1 _s,o] "ft 'r•sJol 11:'· '¥- "1 6 } (MB99PC-2, MB~JPC-2):::: "°'i]'(,):ojaj%91 

~ig'oj ufl4'- ~-y. (Figs. 3-5-4 and 3-5-7). 0 ]~ -§-~~ ¥J-~.gg -2.lo]t!-t:}_ .Il. 0 } 

MB99PC 1 oil 911'} \'! 1/-"l :S Y-fl-~ -f :(} ~ "11 ~"':a.:::: ,t~ "° '!J "1 "i "1 % 91 %"& 

g Qo]~ ~ ~~y_ ~o]:x] ?-.f-Ctj- (Fig. 3-5-1). o]:::::: Ai*'Y~ ?i ~ oj '4~..Q.~ 

7J .£SJ I" :Oj- .£ .'i:,JJ \ll 'll .,':-·?c Sj al ~lg. 

£!~% 10 g ~ ~%.'.E! ¥%Ad 4t-.:g-~-.2~ T-t: ~~ =rr 0 l- ~ 0 1 TZ!-o\l:::::: tj-~ ;rJ. 

of 11 °1 'rTioJI •I •I It,"_ 4'¾ ll. 'l! cf (Figs. 3-5-1, 3-5-4, and 3-5-7). "; "I -'1-

~ g 'il-·H-~ ~fZ!-o\l~ ~'t!-~.Q..£. t¥",':_ ~~ -¥-%,.,d %-ti-¾ 6 1 LfE}1d-r}. 6 ]oJ1 qj~ 

o]~-~ Yl_;i;fl~-c ~-? ~cl-. ,5};:,;J~- 7l-'o~ 7}1i,':. -¥-~oJl ~%¥! 1I.!-J7l-7l- %~ff 

!r]o.J ~i'.]7}I,:_ o]fe>i~ ~t'.J-3~0] 't:IAJ,5}r.r.£.¥] oj~ ~21-}~ %-~¾6] 18,.>J~ 

-£- ;t}-'c;AJo] 'V.9-. ,¥.~o] 1..-}F--}l..-}~ Uf,@- .no}- jio1 -=j'-{!-oJ]:: {lej7}-.£. o]f-oi~ 

'ij-3'7] 4,)y71~ ~lq, 1'fc<l'l! "I~ 7}1!~ ¾'ll,.}71 -'/1"11Ai~ ~c.J,f,c. ol','-"l 

~ TT:£, ttJ-{+-'6-, ~ "6TI'B ~~~~ 1"$~~ 0 1 ~A"o}t:f. 

-8"}-A]l;'.l- ft,:'_ c"'f-~~ -)+'tf¾O] "11-~o] 1..-}-F--}q.~ TZl-oJ]~ Uf6] t.fE}-t.f~ 7,;l,€:- 0}-1..-] 
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bulluides-~";- f!--~J--3f'% 01 '1)6-]lfT:- ~oJlhi W- 01 L+E}\l-·i::]- (Cuny et al., 1992; 

Thunell and Sautter, 1992). -1.c1E-.£ 4-R-Ad ¾~-i"~ 0] Pl- 01 L}E-}1-lC T?.:}-~- §-- 26' 

AHL6-~ 1!B]-<xj ~ 0J'}!-g- ~- 01 W¾t} ¾¾4"-71- %"5"~%-~ <5}~ Jf.¾oJl l'f'-ff-"j 

.'.c2J ,laJ7f ,+of'1.7lcf ofcJ'H 1•c]o] :f'op7 %.S!~l'1J7] uJlf'- 0 14 1l4'<!•f. 

~¢:f~ 10 g ts- t}--fi-~ ~A1"d -?i-i1~~ 2°1- 1,1011.5 711¾15] LfE}'-tA1 'i';f-ll ~ 

~ 510} :,1-7.}oJ],q "fJ~i>:l -J-;}-ql-c+. 9-JYl-~_Q__.£ ,¥-%Ad ¾-6"¾0] r.J-o] 1..-fF-}L-}~ z1 

Ai Ad ¾cf¾ 5:. fJ- 0 1 L.}-1:}1-I-~,:- 711 ~ t.lt~ _Q__£ t:f-~- tJ1 °J,:>Jj Ai L-t-E}L-H::' ~ ~ 0 ] c}, t'} 

A]1t}- ~ ~ToJ]Ai A}%'fl ,(11 j-1_0}~ 'll-.',-'..J.] ~¾"8 fr~-¾~ 'r!it A1Al-'8 *~*~~ 

'T7l- liJt.»t;-JlAi i-]-l'}i-].Al~- '(1~:rt (Figs. 3-5-1, 3--S-4, and ~~-5-7). A1Ai.J.j il·i1-•6-

o] flo] L-}1:}Y-t..' T{t.g.. A»-~HJ 0] ~~7] uff*o]t:}. 15}A]ttl 2Jl 13!~ -i1-Zl-oJlt:- Ai 

A-H~ -ff--tf- 0~sq '[-01]- ~-oJ 1+E-t1+::.A1:: ~;,;ffS..Ait ~ 'r \{l,tj-_ o]-~ -¥1%11 '?Ff"~­

A]fi.~~ Z}?i~- -~•o:jJ.i A}-"J)<5] ~71.~ t;-~o1=-~!-t:t . 

.2...~ Globigerina '!·"ft-T-::- 4c1 ?'lf7] u:Jl*oJl -~ 01 T.7,<J-,2:- Gluburotalia .1!.tj- %<S~Oj] 

~!{}'8'}r+ (Arrhenius, 1952; Berger, H-J67; Berger 1975). Jt-¾A,3 ¾·X-¾o] --§-15"~¾ 

~I) J.j:3{'0}1t)_ J?i.,q ?JH 6]A17] AP~t}tj-_ .:.rt'1!'-,;?. ?7He-J<l ¥¾Ad ¾-g-g,-~ AJ~~ 

~ °ol:,0 Ai¾4-~ -¥-~"j -~_i;:_-d 0]t~-8"l-~•r11 n~-9,- ¾S.~ 1L!i! .. ~ AJ]-ttlc} 

(Berger, l!:170; Thunell, 1976; Vincent and Berger, 1981). 

!:- ~:roi].·l.J Y~ 0 1 2,435 moJl ~?;]~ 2°} MB99PC-3~ 11~0,TI 1;!--f'r-.J.j -fi-~-t-

A] ?Jnq (Fig. 3 5 8). ~..g. 'y-£] ~¾Aj -?,-.:g-{'"o] L-}FtL-]-z] t>-,H:: oj¾T:, ~ 20} 

7f 'Q;~- ,,,_f-{loJ] ~l*]-sB 'llt -t.\71].:2 .. -¥-¾Ad %-t%o] -Qttt~ 1fr9}7] n:J]~o]ct "~4-
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?;f'.V;-:-quJ- '1:J't!~.£.~ 11Jfi}7] rrjJ lf!-{}'i':l 1:!AJ{L£21 ~0]7} ~ 0\~t:l- (Oba et al., 

1991). o\l~ ~61 .2.'7]"]3: -!/-i"2] A]~.n°1 5'j'j;;oJ]A] {H,'-¾~ "-I 30,000 'd?,J"i] 

T{} 0l 3,000 m'?.l j("oJ]AiX- L}E}1dr-l-. ~ '?iT_;,.]~oJ]A] ~T,¥1 A~] 510}2] iiJ-1+1,J~ 

±c .,; ~I ~s"1 <lxl.::: \rt"i 'l! 51of21 i5fJ/-c 'll "'i 11 "11 "1 'l "1 '.l/E.<'1 cf •~ zt'i'l rf. 

8"}A]1?~ T{Jo] 3000 m o]"5}~oJ\X. *-?-6\--Jl ¾-t?-"b-o] L}-tj-L}z] ?.§';::: o]ft-~ ~- <t! 

.,Z.A1~ 0 ] Oba et al. (1991) 0 ] ~T~ A]~I!r-l- *~oJl ~\;j:1t!- -t'!AlS.. ~-a'il t!.""J 

{1~9-\ 5,'. 0]7] _Q_JJ11l~3. zjQ:j_~q ~s:.ti¾ .A],q~r+. 

'/l"il>10c S>li'f'\ic<]•,> 't- -""i (MB99PC:-1, MB!l9PC:-2) .s]>11'-ofl ~H\-'i! -?1161~ 

1f---rr1.J ft-"t;-%2j AJqj3j'?J 0Joj] 9~"5]1Ai ~¾4-9-1 lj!-~Aj 1£2} ~~§- ii~~l-Jlz} 

~rl. 52ol- MH99PC-1 ,°_ .no} :i]ii}lj!- (850 cm)-~El 2-t SOO cm, .L2.jjl_ :no} 

Mil99PC 2~ 520} ~'5l--'¥- (850 cm)-¥-t'~ ~ 400 cm'7}z] 1,1~o-]~ lj!-%'11 %i1~-.9.1 

AJt:lJ~'?.l 0J (%)0] .1].-;;;}~.£.~ 1:}-~Bl-~-= 1'6J,C:_- 1:!~lt:.1- (Figs. 3-5-2 and 3-5-5). 

0],-c .n°1 a>i1'1-'i'- (850 cm)7f "1-'l-.! "11-!/-E1 el' 400-500 cm7f "1-'l'<! "1]'71"1 ;<j{' 

4'-2l lj!-~A,j ~~j} ,1};7;}~2..£ 1:}-~<'i"}-Jl '.U%~· E~u]t}tj-. 

51of MB99PC 2c "1°1 3,1 °1 "-I 'JOO cm 'i'-,>-!/-E1 "-I 100 cm 'i'-Z!'7f:''i •H61 ~I 

-'.!j!-ft'A,j ¾-t?-~0 0} Ai Ai ii] ~7}~t:l (Fig. 3-5-5). o] ~ ;;i:i ~ 4-9-1 '\r:t!-d] ~lfr<SRA] uJ 

-1-~"8('.)l ¾7}'93,~f,- E~u1~Cl-. _no} MR99PC-l~ 350 250 cm, .:2?.1J1 150-SO cm 

--fZ!-oJl 1,7~ofz! -¥-%-'8 fl-~"}o] AJAi"iS] -;;-7}~t:+ (Fig. 3 5-2). Ai¾4-g,J t,~ ~ 

7,J-£"1 't!~f7f '.ll'.llg~ 7]~ ~§171 >1%'1"-"-I ,S-j',-oJ] qJ•J~ u]3'(g% "1°1~9--

~-%.,,d/~iJ,iAJ ¾i1~·.21 t:1]%,'.:. _:rr41Jo]1..-l- ~~-~-.2l 01-%- ~ %"8Jl 78£~ A].A] 

'5ft' ~"Jc<ls'- •l%-"161"1c!J:r+ (Parker and Berger, 197); Berger, 1968, 1973). 

MI399PC-l .si 0 1Sl 50 cm Z!Z1-"--"- \9-'f~ 7,,!:ilJ-oJI Sl<>f\'! -"1"1% 01 °1%-'i! 'i'-Z!~ 

~.;:!!,;J.z] ~~--Ll-- -'+"iS] .:il.O} :i±o\ 4.SO cm1,Lf~ _'r!_Ol- ~%-¥-77}Al~ ¥%,.,,J/ziAiAj -~ 

~¾~ tl]%~ 00% ~£ ~~~';:::~~~~I~~ ~~"8 ~~%~ ~~o]q 

(Fig. 3-5-2). 2°} MB99PC-lol1J·i ~~~~~- J.}{l_ ,'.:. .=rro} ~l-1,L (900-500 cm)~ 

AJ-1f- (500-0 cm)7} ~1~fs=H:- %'i}~_r:} lj!-ft-Aj/A~,._i.,_d fl--g,¾g,J tl]¾d] ~Z} ';;!-tj,~­

Xf-1J o] t:f (Fig. 3-5 2). o]-C o}ii}.£ 51<'.l} 6\---¥-7]- !cP~:J 5'l ';::: %<tl- AJlj!-7\,- ~l ~fs=J t; 

-%-1}~.t:l- A]i;'-~21 ¥~·],'•Jo] 7J-i}7] U1]~2...£ A~Z}--'il_~-- 520} ii\--¥-~ -7"{!-oJlAi ,1]j 

•-i~l ~--fH~ fls-b'-%- 0 1 t'J- 0 ] Lj-ElL}::c:i] o]~: .not ii}-¥-.1} ~~5'l~ %<tl- -"J-¥-7} s] 

~f~ u:jj:t;l_t:} ¥,~A,jo] 7J~.g--i g_jo]ii}:: :E. r-}~ ~~-7-Jo]tj,, 
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5I0 } MB99PC 29~ ~]-3H~;•X AJ-¥-TZ!- (500-0 cm) 0 1 -8"}.!;!- 7-TI- (900-::;()0 cm)Oil 

1=1]15B ~-%~/Ai,J.i,'8 ~--i'-¾9] l:l]~ 0 ] 3:'t;J] L-}c'l\lt~- (Fig. J-~---Sl. o] ';::: -'J--Y- TZ} 

~ ~Oi% 01 °1-'o-:S.:1;,:] 'rt? -'f'l 0JAj 1;;J3i%~£=- .<.~1°1~1-r.}. _;ro} MR99PC--2~ J:.jt"] 

-¥- -¥-r:J '4 500 cm .:r:1. 0} il 0177}A1 ~ -1--frAj/:.:-v-=i Ad %-fi-¾2] l:l] ¾ 01 "i=-7}"6]- C 1,n 

o]~ A]½'7-=-0~ 1t-_,_1,t/o) 0.J=<'>B7l7] rr]trotl AJ-r~p:j_6_i,'.!_ Jt-%-'cl %-1'¾Qj _1,l_-~ ~-t11r_;,,]­

{:O} 1--Pr";:J/AlAi~j fi-*%-9] l=l]-8;-o] %7}<:il--~ 7,,--)2.__~ A]4-'del-. ~ 5IO}oJ]Ai q:_{,'~ 

1,1]61-'j_ -\' n- 1d l~- ~g-i'. 0 1 ~t{<- T:zl::oll A] 7J~~-e1 -t-:: 111 °1 ~,=- -'fl oJ] Ai 5:. C;j_ -ct ~-'.:.-_- 0 ] ...:7 =c 
_.>-r?~ 1f.AHj 0 1 ~t.R~g <?ju]i>]-::::- -e]-1+21 ·J7] 0 p::}. 5I 0]- MB99PC 3~ %t.~~- ~lf 

01 ';'}~71 "H'- 0 11 sj<1oJl>I ;sl"l~c+. 

-¥-%Ad -R--b% N. µachydermaY,":: 7]-foJl .Q]15BA] tt}Z}-S}71] <{!t;j=g Y!:..:. i" 0 ]r}. 

~ -8"1 lcft-cnikd N. pachyderrna:·: 1ight--coiled N. pachyderma0 l) l:l] 15~ -'d Lli 3:) c __ ;:;!_ 

r::i -~} 7}¾ ii"R Toll A] ~~ t~ q (Jenkins, 19ti7; Kennett, 1968, 1970; Bandy, 1972; 

Ortiz and Mix, 1992; Thunell and Sautter, 1992; Park and Shin, 1998). 

1.- ~{-7-;"-l~ol]Al !1P:\ ~'.- 10 g "'J tJ--?rtl. N. pachyderma~ ~-1:.Jl3:J'Z! ~~~- ,:J-;u4 

12. ~ ~-H} ~~ :?_ ~ ):.]-71-,$-- if %4-oJ] A] ~l t')--~:- left coiled N pachyderma':.)1 ~~-7} 

right-coiled ,V, pachydenna.9.1 ToJ] 1:l]iifl ~ 0 1 1-fs}';J-t'+. o].:,0
:: -1~ q{T/,] 0 1:?-l lf.~~=­

'1°"7]- ,,_J-qp:1_0_,;_ ul~:~1- -i.!i!.t:]--C ;1}7}S_- -~:?l -R-''!l 0] -9,-A1]9"!l.t g ?.]!1]~1-cl, !L~-! 

-~ ~--? A]~?~ ~~ '6~ 0}1..]-:.::: o]i;l ~r<l-oJH~ left- 1::1-1 right coiled l'./. 

par,hyderma:".>~ 1=-/1- Tl!!-7--n,">Jl H]15A -~f71"6] ~7}0H=- "l'-.zl- 0 1 919-. 0 ]i:'i"{;:l- ·1
1 :0--,°­

!E.~ Glubigerina bulloides7} t.}Fl\:!-i:.J. G. bulloides"c -'g-"?f,.l+l- 0 1 ~~LH-~ Al~ 

ol] -%1t-"8"1 t.\E:.} 1+~--=- % 0]t:-} (Curry et al., 199~) . .:iri_n __ .,:,_ H] 0]AJ.;.~i..9_S:,. N. 

pachyderrna7} t1€o] L}E]-1.+-c ~r?}.g.. %·~4%2-J ~ ~3:j,;>l_ ~t;-Jol '.ll~2_i:'~i:'--} A]Z~ 

¥tc+. 

N. pac/,yderma9-J ",}r~J-7-Ji] 0J :E"d- ..TI.OJ- ~ 0 ]\f J:} 0 ]~- ..!i!.~Jc:-} (Figs. 3 5-3, 

3 5 6, and ~-Ci-9). ~!1i!l-~2_.£ J 1B.2J 5IO]- ~-, c}j<5~-¥- :/z!Y-Ei AJ-~9~ 0,'- 7-

{} (.::ii.0} n}c} Y 0]7} Cl-~)7,'~,7;];_: left-coiled ]\l. pachyderma'?.~ AJ-rn-i11 °J 6I ,;:>f 

?} ~7},:,}~-:: -1!~Jg Q'{li:-+. n]:_ H.¾4=-11- -?-l<l3.J2_.£ _7:}7},?~:xJ-A- .0jo]t1q.. 510} 

9~ ·6'{!--¥-~-8- l\1B99PC P't MR99PC-2 ,t 0}7} ~ 1tl_9}7} fil __ L>_uj lf!~~-~ 3}r}. 

0H::· 2 6 }91 ""6"'.Z}-'f- ~- 0 ] ~34~ u:Jl l[,~~"'-9J i;tl~f-7} ~i;?i..Q.1~ <;,lAj"fl lf_~~y.Qj -'J· 

~.ii 51..g {:- 2-] n] ~t:.]-_ 2°}9J 1-I ~--¥-t ldt--coiled ]\'. padzyderma9~ "Jr:~ -?,.j ~l 0J 0 ] 
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{-f:.~<5}~r'l] o]t:- Jf.~~-07} u.}:,:--6H"iJt S4P]~c}. <5}A]~- o]S4 ~:i1}~ 50 cm TI-242.. 

§.. ~~~- ;l}ii. 0]r+. QL,l Aj-1.ljt!- -8\l~ g ~J5H;q ~ A].E..Sl *~ Zl·Z:J% ~o]Ai n] 

'11°11 •l-'9~ "il711°lct. 

5. €!~ 

2. -tlclife] ;;'7foJI e]~l •j~-'J Q] '\,'7}£\ %'o"'l-%c] ¾'1,'-¾QJ •]~-'J ~ -'s-'1]~9--

3. A~¾TSl 1r1-~pJ..g. :rt0} <5"}.!j!---f.'{!-1-Ei Q} 2°]-Sl ¾Z!--¥-r'77}A]7} l;;j~~ %~ 

J.iJ.115"] {}::!::."5H:::- ~~J-?, ~Z_ltj._ .n°}Sl -'?J--¥-TZ!- 0] Ji]~~ %~ A~%T9l 4'-~AJ 

~ ~7}-0}~~ 7,f~•J~ Q,Z}r+. 

4. -¥-%,tl %-b' ¾ N. pachyderma1]- -6".!j!-"5] 0-Elt..l--C TZH:'.- -§-*:Q-% 0 1 ~~~Cl-. 

5. 510}9] ,:r,)G}-lj!- lj!-E~ --'-J-¥-.sl -8-J=~~"C~ ~}7},'r_- 1E1-'r7} ~_;,;H"5}t:'.}7} .H.¾T9] \!! 

§}7} ~~~ ~1i~ ±£¾T7} ~_;,;Hiil-t: ;tJz}g .z]L-} -'.:J-1:JF,i-2...£. Ilt~~ H-¾4-22- 1:1}­

'I'! cf. 
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XI ~ 2f' ~ ~ on .9.1 ~ ~ ml .9.1 .::i! ml ~ .lg ?!I 
~~ 

%tH';:::_ ~~~~ 11H~~~Al (back··arc basin)~, 1:k:~ ~-~ oH~ (Tsugaru, 

Korea (Tsushima), Soya, Tatarskiy ).2...£. ¥-?-71tr'i'.! !fr lfl] ~ ~ -B-H ~ 0 ] 9-. 0 1 Q} {t"~ 

%t.fl2-] 2t.fl°J~'d~%-~ 01~} ~_g. 2§'-0HQJ Al1~~'?.} ~jl} ~7]-Z}l-lJ7] 

(glacial-in1.~rglacial) %~~ 5fl"-r'~1t!% (sea-level changc):.7-} 'H~t.J -{'!-i;:!~61 ':U 

~ '.>L~.£ .:!t.JlS• 01 ,Ut+ (Oba et al., 1991, Tada et al., 1992). ~, 11t"¢_-~z]~ % 

iiH';:::_ ~it'T~o] 100 rn ojo}<?_l tt:.;L tl"H~ g 't-~l-- :-r?~Al-9 ~l Zl-t+'i'l _'6A]ul- \±#­

Qj -fi- 0Juj-'f-°1l u}t'-} 8Jl 0J~.7,,Jo] ia·t'}A].ll 91-~-o] A]"4:.<iq5it~-- !f'.-~~ %'~1Y A]c;<joJ] 

~l~]i>}_tl 'Uo-J 5f1A·HfoJ1 9~"5\lAl 'i'l-2-rJl~--9.S!.¥-t:7 i:Jl~71-'fd -?----1°1 HJ117 3] %0 ]-c,i-

~£7} 1:J].111~ *71 trll"ff'.-()11 2~0H (highresolution)9~ -!f-til'o~g 7}z]2 9)0,Al 

"'JA]jfi}j1_ ';"!'c;'"~~ 20Jl 0J~}"d \l!tj-~ ~T-o}~rl] 3~Wi:i}c:}. 

-';;;=<5JlJ.;]3J:,!* 7]4-it!% •~ t.Jl 0J~,1 ~%g ~di°~~-5- 7]-'.-;-ii}_II ,uc_ui, o]-;f. 

01¾1~"} 7)--¥-i;t1_:e:;;:-:i:!} ¥¼711:t~ T'&-f'_ '?l_--=j17} A] 6~-'r1°1 ~r.:} (e-.g., Park Pl al., 1997; 

Hyun cl al., 1998; V"~-=i;-6~~f'?F?-~, 1996, 1997, 1998). %-t.~~-] ,7::1~'<o/.j-~-J -E,-,,,d:ilt" 1cQ 

-198 



71- ,f'li7l~ *"' 'ii'?'?! \'!%"-I '1-"f, 'iHTit il'f".l7l % 0J:<>il lE%'?~1 -ll¾'? 

9J ~-~-o] '?.1-2- F.Jj~ 0J~ ';:ct!-t!.9- ~iu,a-}A] 5-:~} :;,.!_6_~ !;i_2£]o-] '.U_c} (Yasui ct 

al., 1967; Keigwin and Gorbarenko, 1992). ~ ~ % S:.J.J :i!} ~-~-£1 ~ ~ ~ 0JAJ- !E ~ 

"i%~1l 0I ff:ol- ~-'1!~7,la; ttJ:',-,slaJ %%% .<]A]~q (Bahk et al., 1997). o]cj~ 

\'!:of:: 'll .>Fi'->Hl 1]~\'!%:af 'l!'ll<>l <'f\'!>1"1 'l!g 0 ] !i!JL"l'.l!cf (Oba et al., 

I !J!lJ; Tada el aL, 1992; Hyun et aL, 1998). 

~ '1! ?-"I J.j t O I "I ;;)·"' % "119.J % ~ "l '11 j1 •1 °J ~ 1l \'! :of :; ,<] 'i'- :of~ "l '11 ~ 'l! 

o\] J. I 'll c' <5f :;:,_ >f ~cf. 0 I ~- 'ti ..-1 oj ~'{ 'ii 0,} '1! 'i'- "° o\l J.j {! A I ~ " 'i;- "111"- ,q 9.] 'ii 0,} 

~ 1l '1! §I "I ,<] 7' i 'I] :ol-'1! 7-" <l ;. I 'll 'i,_ :af "i '-11 % \;' o\l J.j j;J i17717'] '1! 'i'- 'i! -i"- A,} A] K 

"]"];,- "6' "i-'1-~"i >I"'-~ %W"l'llcf. e!,1,,1,1 ~l'i>J'sl JL"1! 0J~1l \'!:ol-a. ~~ 

3].Q_,£. ~il~~:;:JJ- r:1~o-J ~.2.~~ Z!-?-JJ-\-~l ~-of) r~"6ffA1~ £~<5}.:ilA} ~ti-. 

.,_ 'll'i'-<>11-'ic: e1_,1,,1,1 'll'"i'sl 7J-1-\'!%A "1! 0J~7a\'!§J--!t ti 'll\'11ll-~1 "1-"l-"I 

7J -9ji;foj 7]1" ;<f,co\J '9'-J\:!o\l %%1/-7'J{J- %-"'o\l'i 'l1"1=sl Aj!s'.¾ c<f5',~ '/'7f1lj­

uj T-"cfA]F.ol] r~~ ~~;;,;}li¾ ~7}B}S:tr+ . .f-':- :?:A}oj] A}-§-¥1 ?AJA]Ji.~: 99PC-2, 

98PC-4, 96PC 4, 95PC-4, 95PC-I ~ 94PC-2ii' ¾ 611<>! 'r-lJ-A].r'-71 {l_ss>,J'.l/cJ. 

o]~ 'TAJA].£ §1~~::'. ¾%~Al. i?:-Ti!.J~Al, 'lt}-~rNA]-~ ¥,~%}~ -'8-"6~ ~A]~ol] 

A1 '?io-J~ '}!Q.£Ai -=g-;;-}71'?1 §~~~ ~~% nj,~6}.i! _Jl~7cf~~l~ :}~ii]-~t~] * 
.a~lcf. 

Al~~ ~~oil -cJl~ ~~~S: <T2-f-l!.: ~ Pl ~~S:>9.J *~.g. x-~ ~~~~~ 
!CP~ o].Jl~foj .fs:'7J?o,f~ .,JtJ,jil,jo\]Aj :/c"l"i'.l!<f. A].E-C: 20 40 cm TIZJ.2. 

~ ~•l,l!O_uj 105'C<>l],j 24AJ1'} oJ',l- {1_s~> qg #'@Bl 11-'¾J-:oi- (powdered) ~,'.11 

t:'f. X {l ~:;:i,HE-/2:joJ] Q]~ 'T.9..f_U::91 ¥~~ ~ -!:t-~.§} ~ A]li* r+Al 105°Cof1Al Z! 

~A]z\ r.H;- f'-_R_~~ r;1 n]"lt~{S:~ ~~i>}J12, ~-¥- 'T-'c1-Alg- (99PC-22t 

98PC--4):: ICP-:lc 0]§-;;faj 7J.?o-"f~ ,jq1-ll!~l<>ilJ.l 1i'c"1"1'l!cf. '99\io\J {lc-'4'8 

99PC--2 T'c:fA1KoJlA1';:::: -~ 27 7B91 AJ£_oJ1 r~~ -Yit-il.~ ~ o]i'.'Jf~S/} -~6i£1~ 
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~1L, 98PC 4 TAJA]li }.:J3j% 0 11 c1-Jt.HAi~ ~-f----fZ}oJ1 LA~ ·?.ft-'?4!,~ 1:}) ul'"J~.j_!,::7}, 

-=r~l.JI_ 94PC--2, 9SPC-·4°]]Ai~ X-{i 1%-~~oJ] ~]tl] ~-ft-'?~-'.~:]] {i:Ajlcj~-c-}. 

~ z:i·r_,;,I £9] 0 11 ,,+%!8 -fr7]1r}!,:: '3.1 'fl-{}~ 't}<H=~ 98PC 4£>i 7]~ A}li7t 1+ 
%£1'.l!"uj 0 1 ,c}.>l_;: CHN ~'j7] 01] (Leco CHN-1000) 0~•11 ;;'.-'1£l'.l! 6 uj, l,'-'!/-'f 

"{,t A]F~- cH--';J-2--£ % 1B"!,:: (total carbon)~ -'7--11~} tj--8- l N ~-{+-9 . .?. -4-- 7 ]~!,:: 

(inorganic carbon)~ ~~]7-]A]-zl c:}.g %7]~5' (organic carbon)7] ~1~]~r-l-. t!-~­

~ ti- %1=,l'.1. -¾ ~ !,:: 9} % 7 l 1tl -1:: ~ -:1';- ~ ~t cl-f, W aJ ,qoJJ 9] t.H li] {} c,t '.:n .2.. r:tj 7'11 ~ 1% 

'l:I ," ~'oc•l 0J~ 'i'- -:C (1988)~ ,c]-,J:cj. 

:D}Q{~ TVt:-1-. ~- ~TC>l1Ai~ "%15Jlt-A]9~ tH~:f-@/JV!~9f .7-]7·:J;;. ."{).§}~·T""11-·\.] 

~J~77}A] ~(.,_!"{]. G1H2-J T-'cJ-A]fi. !;ci~~ ~91 TAi1L-!-: 'lr1 n]t¾J=-¥1!,::oJ] 41~-} ;;,;}ii_~ 

/}/4]'.t.l ~-~&H .1:i!.7!~ -~JC-\-. 

~ --t"'J<~1 -~n~-oi1 c1-111 T ..s..-il 1,:: ~ PP:-r1t~: 9~ w .zJ;,q. ,i] jliJt, ,i] 1,:: iik 1;1 11a -;,J 

&::'.. Table J--G-1°11 tfA]"o}1ft:}. -YJ1-q~j~_s,~ \"tj~p:.j9J ;¥-N.1;!!~ 0 1] -r-1-7-]"o}~"tj ~ ? 

AJA]li-51-3.J-~,° 47H2-J Al§} 15l~ --~Ai-~- -=?-¥--'f:!1:-\- (Fig. 3-6--1). 'T.R-t.J.!,,.0 .] ~\'.tV~ 

\i'!~f;- .!.!. 6 ]T:- lf¾oJ1Al '4 150 cm771_,,;], -=rc].JJ ~~zl- ~"-$'1r!.§}~ !i!.o]~::- ",]s= CJ}' 

550 cm7t ~ 71]7} Bt:}. z} unit?~ ~ lllt:- !f-'?-1~ Ca (%)2-] ~7}.£ -•;-~ :-.]-~- T 

,Utj-_ ~-, J.J% 7]~.9-~ J.,IJ~Slt:- ¥}'8-~~ig=~ -6'-J-oJl ~"5]l ,,_l~~-Ai ·,}A-pj- 7€­

~Jrt.J &]-~% ~J.Jo] 'r{?}~q_,1_ •"i!l4~t:"l-. ~-~~t]-t1J-o] '\'l-~}oll'-i J.JAd.'f! J.J%7]-i} 

-~-,j~¾ 7}1·'i1t:}~, 'lJA]7-io] 1l WJ-.g. 7]-TI-1.H~ i;~ 0J15}~ '{!~} (events)7t ~IoJ:,J: 

r-}.::,i oj],-'; 7}'o·t,}t:} .. ::lr-1L-}- rBJl-A.J~! _!i!.~AJ ~~i';_! Al (%), Ti (%), Mg (?/0) ~ 
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N 
0 -

Table 3-6-1. Analytical results of the major and minor elements 
concentration. 

15 
25 
50 
75 

110 
136 
140 
165 
170 
210 
230 
250 
283 
300 
364 
446 
555 
564 
609 
621 
640 
708 
730 
756 
835 
922 ---

"ICII iU 
:.:1_±7f 

'11 ii<> 

Ne!_ 

~ 
2.99 
3.04 
3.24 
3.20 
3.56 
3.46 
3 87 
3 21 
2 34 
3.50 
3.30 
3 36 
2.87 
3.11 
2.89 
2 52 
2.67 
2.55 
3.11 
1.98 
3.78 
3.13 
3.42 
2.63 
2.78 
2.43 
3.04 - . - . 
3.87 
1.98 
3.04 

Mg I Al 
1%) : (%) 
1.59 7.57 
1.74 7.99 
1.70 7.38 
1 71 7.58 
1.69 7.80 
1 54 7.05 
1 62 6.51 
1 89 7.80 
1 32 5.56 

.92 7.97 
1 88 7.81 
1 86 7.51 
1.80 7.83 
1.95 7.57 
1 82 6.48 

55 6.31 
.46 7.06 
80 7.49 

.73 7.21 

.18 4.55 
2.12 8.02 
1 .81 7.70 
1 .91 8.28 
1.82 7.69 
2.22 4.96 
2.09 7.75 
1 71 8.24 
2.22 8.24 
1 18 4.96 
1 . 76 7.25 

K 
% 

Ca I 
1%1 : 

2.50 1 .08 
0.54 
0.51 
0.69 
0.52 
0.55 
1.66 
0.77 

11 .30 
1.03 
0.69 
0.56 
0.61 
1 .40 
2.71 
6.41 
3.68 
2.85 
0.94 

11 .91 
0.71 
0.55 
0.60 
0.49 
2.77 
0.80 

Ti Mn 
(%) 'l, 

0.374 0 521 
0.403 1 .023 
0.405 0 081 
0.419 0.064 
0.367 0.207 
0.388 0.058 
0.331 0 068 
0.413 0084 
0.293 0 127 
0.422 0 120 
0.407 0.278 
0.403 0.240 
0.437 0 108 
0.414 1.582 
0.378 2.969 
0.357 0 115 
0.407 0.081 
0.418 0.077 
0.394 0.054 
0 243 0.081 
0.425 0.068 
0 386 0.080 
0.435 0.117 
0.437 0 118 
0.282 7.280 
0.451 0.076 

Fe 
% 

4.44 
4.86 
4.70 
3.95 
3.93 
4.10 
3.57 
4.09 
3.05 
4.72 
4.45 
4.75 
4.27 
4.86 
4.50 
4.61 
4.27 
4. 11 
5.41 
5.02 
5.03 
4.34 
5.57 
4.83 
4.16 
4.77 

3.36 0.74 0.415 0.069 4.43 
3.36 11.91 0.451 7.280 5.57 
1 .37 0.49 0.243 0 054 3.05 
2.72 2. 11 0.39 0 58 4.47 

158 
121 
122 
126 
122 
169 
137 
484 
150 
130 
128 
131 
160 
206 
294 
266 
213 
159 
524 
158 
138 
140 
124 
166 
150 
142 
524 
121 

184.48 

477 
450 
608 
438 
687 
487 
379 
500 
455 
428 
486 
446 
512 
546 
539 
531 
829 
202 
842 
927 
478 
512 
326 
489 
603 ---
687 
202 
533 

80.0 739 
85 3 602 
80.7 602 
78 7 524 
92 3 624 
70 3 758 
79 1 620 
63.9 558 
85 4 598 
91 .2 569 
88.3 592 
89.2 569 
78.9 928 
70.4 966 
54.2 606 
64.1 640 
70.0 592 
74.8 612 
48.8 569 
84.7 504 
84.9 415 
87.7 531 
89.4 498 
53.7 1242 
76.2 551 
79 7 47Q 
92.3 1242 
48.8 498 

76.91 639 

1186 
1807 
7912 
6406 

15670 
1 0091 

6222 
5275 
6760 
5620 
7729 
5727 

12771 
19138 
24117 
17982 

7386 
27009 
34923 

7353 
5425 
4701 
8740 

11 061 
8674 
6220 - -

34923 
1186 

10296 

14.0 
14.5 
13.4 
13.1 
15.9 
10.4 
13.9 
14.6 
13.8 
15.2 
13.8 
12.5 
12.2 
12.0 
10.6 
11. 7 

8.3 
1 5. 1 
14.5 
14.2 
10. 7 

9.9 
10.7 
1;,:1.1 ·-· 
15.9 

8.3 
13.0 

112 
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113 
140 
213 
143 

76 
108 
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97 
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94 
1 07 
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205 
149 
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113 
116 
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113 . ·-
213 

76 
120 
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69 
71 
65 
72 
73 
70 
47 
65 
69 
67 
76 
65 
73 
58 
61 
67 
75 
47 
72 
70 
68 
76 
61 
76 
62 "" 

75 
47 
67 

142 
113 
120 
116 
112 
103 
141 
104 

70 
108 
101 

97 
102 

90 
91 
82 
87 
89 

134 
79 

110 
115 

95 
100 

75 
99 
!i9 "" 

141 
70 

103 

89 
91 

109 
101 
119 
104 

79 
159 

99 
95 

106 
97 
91 
95 

143 
133 
106 

61 
99 

100 
164 
100 

84 
118 
260 """ 

260 
61 

111 

Tc1ble 3 6 l Contimued. 

23.15 
10.92 
13.40 
23.86 
12.70 
21 .01 
19.74 
20.54 
16 95 
14.53 
21 17 
15.51 
16 45 
18 28 
22 77 
16 31 
7 7 11 
15 98 
20 73 
23 15 
2- 94 
17 54 

40.55 
50.75 
79.05 
46.85 
58.91 
49.08 
32.44 
37.07 
35.75 
45.53 
41.52 
37.64 
47.94 
40.33 
36.22 
.39.26 
59.97 
52.47 
56.29 
63 04 
35.04 

:9_52 44.60 
22 53 43.49 
20 97 45.61 
,o 51 32.38 

23 86 79.05 
~ 0. 51 32.38 
- 8 50 46 61 

...9L 
illlliI'l 
47.01 
51 • 9 

39.45 
38.89 
50.20 
45 56 
89.00 
56 02 
35.89 
61.38 
36.55 
34.45 
49.46 
31.72 
38.98 
40.74 
35.16 
41.33 
70.39 
3644 
46.02 
54 95 
39.35 
40.18 
39.01 
46.26 

118 82 
126 70 
!25 54 
114 19 
128 66 
107 00 

98 50 
124.04 

89 95 
"1: 8 91 
"130 22 
108 84 

85.92 
114 07 
98.91 

1 01 58 
106 45 
117 64 
90.74 
73 42 

'127 18 
105 79 
127 51 
~ 15 56 
83 78 

125 19 

20 67 
21 09 
19 58 
20 25 
19.24 
24 93 
24 81 
22 96 
25 96 
22 26 
22.03 
19. 91 
24.80 
25.70 
23 35 
21 60 
24 39 
18 49 
27 91 
22 83 
19 42 
25 46 
21 06 
33 46 
22 99 

35.60 -; 38 89 24 55 

89 00 133 89 33 46 
31.72 73 42 18 49 
45.60 < 11 26 22 98 

...illJl_ 
5.20 
5. '. 5 
5 24 
5.24 
6.27 
6.85 
5.94 
6.18 
4.77 

10.86 
5 76 
5.08 
7 16 
5.14 
5 40 
4.95 

10 09 
8.49 
5.65 
3.45 
5 23 
5.19 

11 23 
5 94 
6 02 
7.19 

19.07 - -
19.07 
3.45 
6,77 

Mo 
opm 

3.67 
4 45 
0 89 
6 32 
5 69 

21 39 
3 40 
2 83 
1 14 
1 84 
1 . 91 
4 1 5 
3 14 
4 65 

1 4.25 
36 26 
38 02 

6 94 
83 38 
58 54 

4 78 
2 20 
3 41 
5 49 
8 16 
4 70 
2 65 - -

83 38 
0.89 

12.38 

0 14 
0.20 
0.87 
0.38 
3.14 
1 .36 
1.60 
0.25 
0.4~ 
0.18 
0.18 
0.2·, 
0.33 
1 .24 
1 .29 
1 .14 
0.34 

13.14 
4.03 
0 50 
0.17 
0.26 
0.27 
0 71 
0 22 
0 32 

13. 1 4 
0 14 
1 23 

10.47 
9 55 
8.56 
9.79 
7 79 
7.58 
9.84 
7.07 
9.06 
9 45 
8.63 
9 22 
8.46 
7 42 
7.65 
7 20 
8.93 
7.55 
5.69 

10.09 
9 61 
8.56 
8.95 
6.16 
9 50 
9 37 

10 47 
5 69 
8 58 

C1 

32.90 
32 65 
34.18 
32 01 
33 72 
30 05 
30 43 
38 23 
30.33 
42 20 
35 29 
31.43 
23.78 
34.72 
37.88 
34 88 
38.48 
39.69 
26.52 
24 36 
36 92 
29 27 
42.14 
32 93 
44 09 
36.47 

70.20 
67.78 
63 09 
68 80 
61 18 
61 66 
80.55 
61 50 
86 39 
70 42 
64 54 
53 36 
70 89 
73 05 
68 30 
71 .36 
77 85 
55.08 
52 36 
76 78 
63 16 
83 12 
65 93 
84 44 
76 01 

51,J_(J_ 101.08 

51 .1 0 · 01 08 
23 78 52 36 
34.69 70.31 

_.!!)_ 
8.19 
8.14 
8.47 
7.62 
8.02 
7 32 
7 .41 
9.51 
7.38 

10.40 
8.51 
7.95 
6.79 
8.51 
8.98 
8.52 
8.81 

10.09 
6.72 
6.05 
8.94 
7.43 

10.25 
8.43 
9.92 
9.75 

11.89 '' .~v 

11 89 
6.72 
8 52 



' "' 0 
C, 
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m 
27.33 
27.98 
27 72 
25.91 
26.81 
23.89 
24 88 
32 36 
25 11 
34 22 
28.58 
26.90 
24.72 
29.31 
30.62 
28.64 
28.06 
31.97 
22.60 
21. 51 
30 65 
25.54 
32.77 
27.18 
33 00 
31 .30 
36 15 VV • V 

36.15 
21 .51 
28.36 

5.40 
5.1 B 
4.81 
5.26 
4.44 
5.25 
6.49 
5.22 
6.43 
5.43 
5.17 
4.93 
5.50 
5.78 
5 35 
5 30 
6.09 
4.58 
4.56 
5 B7 
5.22 
6.23 
5.27 
5.89 
5.96 
6.35 V,VV 

6.49 
4.44 
5.46 

1.22 
1.06 
1.18 
0.99 
1. 17 
1.37 
1 . 11 
1.35 
1.22 
1.23 
1.20 
1 .24 
1.31 
1 .21 
1 23 
1 .30 
1 .11 
0.96 
1 .39 
1.33 
I .24 
1 .19 
1.29 
1.28 
1 .?Q . __ ..., 

1.39 
0.96 
1.22 

Table 3-6- 1. Contimued. 

0.74 
0.75 
0.7B 
0.65 
0.79 
0.89 
0.82 
0.95 
0.79 
0.76 
0.74 
0.81 
0.79 
0.79 
0.73 
0.84 
0.66 
0.75 
0.85 
0 78 
0 87 
0 73 
0 93 
0 84 
0 87 , ,. 

0.95 
0.65 
0 80 

m 
4.77 
4.69 
4.60 
4.26 
4 55 
3.96 
4 59 
5.53 
4.82 
5 66 
4.75 
4.60 
4.46 
4 97 
5 32 
4.84 
4.51 
5.06 
3.69 
4.54 
5.11 
4.81 
5.37 
4.35 
5.67 
5.04 
5.25 ----
5.67 
3.96 
4.81 

4.21 
4.03 
4.15 
3.57 
4.70 
5.12 
4.61 
5.09 
4.41 
4.21 
4.49 
4.46 
4.70 
4.38 
4.19 
4.69 
3.57 
4.44 
4.67 
4 50 
4 88 
3 99 
5.15 
4.60 
4.92 . ·--
5 15 
3.57 
4 47 

0.67 
0.72 
0 61 
0.84 
0 86 
0.82 
0 B9 
0 76 
0.75 
0 79 
0.74 
0.84 
0.76 
0.69 
0.81 
0.62 
0.89 
0.76 
0.79 
0.83 
0.73 
0.96 
0.78 
0.85 ----
0.96 
0.62 
0.78 

2 10 
2 18 
1 B4 
2 69 
2.43 
2.44 
2 59 
2.13 
2.27 
2.23 
2.28 
2 43 
2.21 
2 09 
2.33 
1 .86 
2.65 
2.32 
2.13 
2.50 
2.09 
2.88 
2.32 
2.33 __ ...,..., 

2.8B 
1.84 
2.29 

0.33 
0.30 
0 30 
0 2B 
0.2B 
0.27 
0 37 
0.34 
0 32 
0.36 
0.31 
0.31 
0.31 
0.32 
0.35 
0.31 
0.30 
0.33 
0.27 
0.38 
0.31 
0.30 
0.36 
0.29 
0.39 
0.32 
O . .e_4 __ ...,. 

0.38 
0.27 
0.32 

Yb 
m 

1 .98 
2.03 
1 .96 
1 .77 
2.00 
1 .62 
2.45 
2 .11 
2.00 
2.27 
1 .92 
1.89 
2.12 
2.15 
2.09 
1.98 
1.81 
2.09 
1.69 
2.40 
1.90 
1.94 
2.17 
1 .88 
2.40 
2.09 
2.2_§_ ----
2.45 
1.62 
2.04 

0.31 36.19 
0.32 35 57 
0.29 28.76 11 4 2.0 
0.27 24.01 11 .5 5.4 
0.30 34 10 12 0 3.3 
0.26 21 78 10.5 6.B 
0.39 27 68 10.3 6.5 
0.32 31 .03 12.3 5.9 
0.31 24 79 9 5 2.9 
0.33 31 .47 13.7 3.0 
0.31 26.24 11 .5 2.9 
0.28 24.58 11 2 2.8 
0.31 27.83 10 1 3.1 
0.32 22.B9 11 2 2 8 
0.33 22.04 10 9 5.2 
0.29 20.43 1 0 2 5.8 
0.28 20.58 11 1 5.6 
0.33 24.54 11.8 4.8 
0.25 24.59 9.3 8.2 
0.38 15.17 7.4 26.0 
0.29 33.79 11 .9 4. 7 
0.29 37.07 11.0 3.4 
0.34 23.63 12.8 3.5 
0.28 24.22 11.0 3.4 
0.37 16.69 8.5 3.9 
0.32 27.69 12.0 3.1 
0.33 -- 25.61 15.0 3.5 
0.39 36.19 15.0 26.0 
0.25 15.17 7.4 2.3 
0.31 26.41 11 , 2 4.93 
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Oepth(cm) Na{%) Mg{%) Al{%) K{%) Ca(%) Ti(%) Mn(ppm) Fe(%) Sr(ppm} 
645 2.52 1.51 7.01 2.77 3.11 3982 349 3.86 237 
675 2 28 1 5 7 33 2.82 32 4134 346 4.03 234 
705 2.4 1.5 7.37 2.75 3.27 4038 332 3 84 243 
730 2 59 0.98 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 0.88 6.44 :J 11 0.93 2215 265 2 56 195 
810 2 19 0.73 6.4 3 24 0.83 3116 233 2.15 199 
830 2.36 1.12 7.35 3.36 0.98 4958 297 3 21 195 

DeBlh(crn) Ba(eem: Li(ppm) P(ppm) S(ppm} Sc(ppm) V(ppm) Cr(ppm) Zn(ppm} Zr(ppm} 
645 329 78.3 577 7664 12.7 84 71 95 78 
675 345 81 613 9670 13 84 69 95 82 
705 360 80 1 015 7725 12 8 82 65 90 78 
730 361 70.5 535 8586 88 69 " 76 76 
760 491 52 544 6985 10.2 64 48 58 99 
790 512 48.6 462 4922 9 51 44 53 85 
810 538 44 5 414 3089 7 9 49 39 49 80 
830 539 63 516 5317 19 1 71 54 64 86 

Depth(cm) ::0(!21:!m: Ni(ppm) Cu(ppm) Rb(ppm) Y(ppm) Nb(ppm) Mo(ppm) Cd(ppm) Cs(ppm) 
645 12.43 40.95 31.48 91.85 17.35 7.06 4.95 0 41 7.53 
675 12.09 39.68 31.47 114.99 17.97 4.87 4.29 0.4 7.84 
705 12.42 40.04 33.82 114 85 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 U 36 3.91 
760 7.96 20.84 24.26 110.29 17.43 5.12 I 34 0.3 5.02 
790 6 42 18.88 17.94 110.32 18.44 3.04 0 7 0 22 4.93 
BIO 5 42 15 2 17 79 110.29 17.29 4.03 1.46 02 4 29 

83° 8.07 22.1 23.29 125.66 20.27 5.07 1.83 0.21 6.01 

Deeth(cm) La(ppm) Ce(ppm) Pr(ppm) Nd(ppm)3m{ppm:Eu(ppm) Tb(ppm) Gd(ppm) Dy(ppm) 
645 27.34 54.92 6.93 23.01 4 51 0.96 0.62 3.82 3 52 
675 30.58 60.91 7.52 25.13 4 73 1.01 0.63 3.8 3.68 
705 .31 14 61 3 7.64 25.16 4 95 0.93 0.66 3.8 3.48 
730 14.64 31. 74 4.07 14 3 3 11 0.72 0.44 2.57 2.5 
760 :34.99 68.82 8.64 28.53 5 35 1 07 0.69 4 13 3 41 
790 :38.16 76.13 9. 76 31.48 5 96 1.1 0.75 4 55 3 83 
H1U :38.65 77.66 10.29 32.37 6, 12 1.04 0. 74 4.8 3. 74 
830 41.35 81.75 10.53 33.96 6 51 1.18 0.82 §.19 4.1 

Depth{cm)-Jo(ppm: Er(ppm) Tm (ppm) Yb(ppm) Lu(ppm) Pb(ppm) Th(e!2m) U(epm) 
645 0.6 1 8 0 24 1 .61 0 24 18.74 10.8 4.2 
675 0,61 1.69 0 24 1.57 0.24 19.48 11 2 4.1 
705 0.56 1. 73 0.24 1.45 0.23 19. 73 11 4 3 8 
730 0.42 1 '.?7 0.19 1.2 0.18 19.32 7 71 2.81 
760 0.57 I 72 0.21 1 43 0.?1 17.3 11 4 32 
790 0.61 1.86 0.22 1.47 0.24 18 16 13 5 32 
810 0.59 1 64 0.23 1.38 0.21 21. 47 14 4 32 
830 0.66 1.88 0 ,s 1.59 0.26 2J 1~ J4.i 3.5 

Table 3 6 2. AnalyLical results of ma.ior and minor elements at the core 
of MB98PC-4 
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firi Al]';'_)O}l11 (high resolution)-l:i."'i"B"}O:j ~T~- ia.9..7} '.Ur::}. 

%£.Ai Aj§}-~}-•~.'f!~gJ i,!!o]oJ1 -~":-li"5}aj Tfcg)~l- 27\1!?~ unitY- -f~-o] 7}';t>}t:} 

(Fig. :1--6<1). T A]~~•l %-Aigl 7cl7ll~~ {1~ 'ii= 250 cmoll L-lt,]Lj 1.L '.V,_O_t~ _L 

~~ .!?.<?le+. ;'1_ 'T~·A]li;=- {L'i:. 2?4 cm•)11 -&% TI 1:1];'£2} .-g,- 0 1 '-+"Er-'-+n-J, .TC-].:i 1. 

~t,-:_ 250. 290 cmoJ]),] \'!~.:tt-.<?4tL~ 'Z!cJ17} zyq 14.80 ks, l:l.09 ka~ -~1!~-]cjq_ 

~cl ,L ~:] 1,:_ 0 ~ 59:3 cm0!1 AT §]--8';.sl] (9:!c-H <?} LL ka) ~~,\\11}r::} (~'=q'i5\1°J9'!-=-i1::::-.:, 

1996; Ilyun et al., 1998). u:}?-}Ai -?_9.. 'fl f:7} ~}1;_~<5] 7rl 1:E}"C unit 1-~ -&i-<~J,112-1 ~ 

Al-".'-<)101 ""I fil-Alf;l[l 7,21:I /I---,;, 1--1. 
_;,,,_ J> ,,_H_,:_j --'-Ol 
-,, ,...,_.--,., >!... 0 d 
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t:}. 4-0J~<Zl 91-'lf~ %§}Al4-S'1 ¥-~1!1- \1~1- (unit 12.j -~Jll)S<t 4,Q- #,-.2-1 1li~H-:­

oJ r1.7 tt zl. ~- ~. '1! ~,:,t ~ 3:1 °1 ~} Al- r~:s:J ct. 

uf_ 95PC- l 
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Jcj•J-r,JT,}l 1634 moJl'-i ~11~]5.·JC,!,lr-\-. ,.,I .:.<]~-?- T!~J.].2.. "5lfr2-) A]ir~.1 £A]n} tl 

* (Tsushima warn, currcnt)7} it 0J sH-"- .xi q-J .Q._i--~ t:} t:: ,-,_] Q::j 611 l=l] B"B Jl -H '8 \ti§.} 
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lSO cmoJP-1 l;tl_ 0Hi 01 Lj-t:{Lj-il s:,lt~- (Fig. 3-6--6). 'r--';>-}AH--L9] 7FJ P}A1i:>--f Y-,L 1:.J1 

J.i:1,~ ~{}21 ¥'1_~"}71- 1-]1::J-1-t-,1 <jA]•,'.!- -;<-H1Fio __ ',-C_ 27l].9~ -'-1~]¢l~ -~Al'i. 7L-~o] 7} 

I,!__. _:-'-,_Af-Aj~'c_ ,>.1T.: 168 
'[_ <) _;,_,_ u •-

cmoJl'-1 ~i::H7} '4" 10,430 yrDP.s-~ L]-1::};d:-r~. 0 l~i1l -?l-t .,~c'.'J~~ 1l 1B.. -'-l~lql-7'1 -~ 

'-"17} !f- 'J1ci} 711 1{! t!l- OH-~ -~~ 2,::_ <.){ 1 ;")() cm Q. c} AJ ¥ .01 ~1 ,Ai -?.~ .f:.- ~~ 5,'_ ,:7] 9J s] Ai ~ 'Zl 

o] 71!2.J ~l1J6}rtj \l!O]-'i9i':.- ½.'.:..Al]S!] A)-3.}:~oJ;;-} fHJT;-:!r:+. /l~9J '?!7-~4i'l-oJ1 21 

5}~ .:;J..O} i:>}'f-C,:::- t:j-?,,}-!2-j 3"::'fl~ ~~%0] _¥_~5']6] V_9_ltj Ij-{!~1J-~01 wo}.-:-::j~-'-

7Jqtg )-;l_o]_11. ,Ur:} (tt_,i-"cl] 0J~-:hL1:, 19~)6). T.B.-'?~.:1:::{}Q] U1 (rat10)~9}% .:f~}-0} 

oj ~}'}}Zli}'it~q r;<l§.] -6-'--2- J-l-tl::/-J/] (la:,;l glacial maximum) ~-q__!oJ] \t 0 H-J ?il]4' 

-f'.7'"-?l ~~-z1oflA] .:;',JL;t]. r"-"z-}Al.h-oJ1 r~]~~ -"r9..'fl{:9j 1!:§H-} Fig. J 6 7oJ] JfA] 

S]'xJcJ-. -f-_R--Nj~.9~ 1~~-oJ] ~-:-;7~} -'-]~~Ai 0;;--1.7;,:- 47]1.9.] uniLi;:!_ -{;.1.- 0 1 1}~"8"}c.}_ 
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Lf-C}\J:rt. u:~;;}1-7 unit Ti, lll, JV·(:- :tl% 1~;,j %~}oJl ~~6!B -~161-hl-~Al l:\-6] 7,0 ka 

~ :~1~ 'o}o-j (unit HF?--Zl-l 5'.] ~~ ?i'=Ajo] '47,} i:8§}§1-£-~~-=- <?~u] ~:}t:}. Unit Ill ·-1-r_Z} 
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ii~ 0J5j~-~~on ~:,t"t;}t- 7°r/l~.9.J "tl-r..}-~§}';:: qj~.£.S..-¥-Ei ¾'UB %7]%21 

oJ, ~%AJ{_l_-oj] !?~~ AJAd-¥1 7";-/]-M--?~ oJ, :Ii'~]l -ft-'\]¥! %7]%2.J _!,!_~ 1.£oJ] U:} 

4 7.=l.?d~Y- (Stein, 1991). ~1(! ~P:l%~2.J ~-{]-~ W~,° {t 0J;v} .!l~-9] 7]4.9~oJ1 

6BT~AJ4 \'ii.fl,¥)_ Ai-~-Y-9.J z]§}~{~ il.~ 011 3-ll] ~n"J ~T'-tj-. -::;-, ~i¾t!-7cJo] {J 

'(!- ¥-{!-5:~1 (anoxic conditionH½ ~.Ajt;}i!. '.<l ~ u1loJ1 ';:: lf:!--'J~g.J %15B7} ~~s.] 

oJ 18-~}-~WCJo] n:::::"5}711 -'fl.Ll. -'·lii'"iill *oJP•i _);i_O]';:: qrJ-~ %7]% W?J.:i!j- c]~ 

oj 1B-{}-'Z:J% N.W·6}A] 'i'l"~ :!i]-3j-~.g. o]9.} ~!:. ~:il} ",!JAJ,B 7>1o]tj._ rq-4,.q ~Pi 

%%~ %7]%~~ ~ ~{1-~'if'S',° ~"g-9] AJ~.9-l- A1*~-7a-t- ~\1!"6lt- 7>-1_0_~_ A,~ 

Zl·Bct. ~-'J-~1)--rg'~ f}7]%~WrJ=\!!~~ 3:i!1]?i}';:: !I:_ ct~ ~}-7}A1 .ft'?l, r"~7]1f~ 

%1l (siliciclastic matcrial)2] .fr-'{Jc1r-+. rr}i;}-Ai JiPi-;¼-6"!?~ %1H¼, ~::. ~l_--{'-}'r]o] 

Y- rB-i.l-/]-il ¥-~-t- A]_?.. ~-¾t>}:= ~%% 7}A12 9).Q..E.~ -t-<5] "three-component 

system (TCS)".6-~- ~'1)5'~ui (Ricken, 191.J~). 01~ A}o]-9.J fluxS.. ~6l~{l 6]t.f :il 

tH 0J~7J g -R-"f"'?l 7"' 'UY-. 

"F1'l 'ec<>iHc 0 1•1- .P-2. TCS ,f1Jl1, •J-'lf 2,1-s-,,,i, ztzt.sJ Jl-<,;,o c,,e ~'<l 

S.~oJl 2J"6H 3::-~~17] a:Jl~-oJl -=i~sq ,8-78_8.1:~ q'c-Aj,s"}~ ,:'i!-~ ~¥}-7a fiH~oJl tjJ 

iaii] .Qju]S'.J_t, ,?:j--~oj] .;;~~}•~-- ~-~ ~61, ~3:J%%~ l{},a'€] ~'"'-s'2 t;jj 0JAJ%oJ] 2] 

tH AJ-"-d¥! 1t}~';=l-'4 .±.~J6]fi]~ tj]~7]-'t!~ t=J-~~ (detrital carbonate fraction)¾ 

¥.. Wt} t:f. c~-:&- 7] k! £Fj -~ ( siliciclastic fraction) 9.1 78 ·?- ~ 7d·oJlJ•l ¾ 't!.?:1 % ~ :.z} 

"t'<r<>il .sJ •1 ¾ 'l!'i'! % 11 ~ -"- ~"' "·-"- •17' \'! \'! ·\<-"1 11 '¥,\'!*<>ii ,~ ~ 1 i; :s ~Ii' 

~t:}. {t-7]%£.l -~~Y;" ~;,;H~{!-oJ] 9J<5H -Sif<S:]-t:- 0J:,,} r~~-oiJAi 1°1 '1:)'8_ -)}7]%£.l 

Ocf *oJI '1 '11 3'c 'l! 51 uj, y.i!] ~ %<"{!Jo* .',c oJI 91"1 ,>,i £ j< 'll .'/1 cj, utct,>,1 tf lt''i 

_,q_~_Q_J..i ~tpag 1'-3:J'oj-7]~ c.A~6] 67t:~¾ :~~D]Dj t.JAJ oj~ ~~1 .fl'{1~!-~ ~ 

lll~- ~~"5"] 7.L'i~:8H 6 ]: ~c::}. ~ ~ToJ]A-H--': AJ7]5'j- {!-.g.. :!4~-~-5".Qj TCS!.>~ B-7~]~ 

'ilTcTI ~<1L ~~n//}A] -~~tl %tll£.J 3711£.] 'YAJA].li. 01] c~~ {l§.~ <SH .11..71~- -q} 

cf. 

(1) 95PC 1 

~ -?"c}-A]fi. ~3:j¾oJ]Ai Wd7]-Zl- 8J7){}-9l * 1rU:: (total carbon)~ %7]i:fr~ 

(ogranic carbon).£.] ~i@:~9-H-~ ¥-'$!0}711 l-ft:j-l-J-_-11. 'UC!- (Fig. 3-6-8). i:fr~%$-l~~ 
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9-!~~ 7~.5:. 168 cmoJP•l 0;' 10,430 yrBPE-~ L-\-Ef-'J:Ll. rrf-Cf-'-7 ¾7]'8·5.:9] w~.~ 
~¾uJ7]~-'-J7] (LGM; lasl glacial maximum)7]- ~i+ji_ ,;.~_'-11~ /4j<">-j_c-_~-=- 1:l 6]7] 

(transitional period)oJ] ';;-7H}-1::.j-_ 0 ] A]/]-:._:- 6HTlfl 0 1 :Lf~-8"] '.:r-ff~l '-17]_;-~ t'l]C]~} 

!- !fr,t: ~ ·*7l~H~1l ~;}~~- 6H 0J~7cl~l ¥!-'&-.ii} '?~?:Jf>I ~17ll!i.·H-~ 7.Q_Q_s!._ A}.fi..~ 

tj-_ ~;<:10]1]~ ;:s-1]9.1~} ~-J:1] :;-l-BJ7] 7]<l-V}~-:- u]_nl<~:lrt~ {!-lclJ7) (-½_i:;:!_All)ol]Al t:}i 

3'f",°_ 1'1-;]yl-s:_ ~ irl-<:l-'~ ~fc/;!=½ QO].Jl ~Ul 6}A1~ 0]"';.J:,,!] 3'i"o}Z)_ 18~~ ~ -* 
7]1f!-S:!c"'J 1/"i:.Jo] ;.~g 05°7f-D!] 9]'{} ;;l<?]:,(] _t!._¥:-o] 0J~"o-}~ L-}El-\:± 1!4'i'.}A1-C ~­

~-\~<'.,f-;,:)i;l- ~;zH 1-f-EH--J- ;;,;}.fi_,)!1 ,---1-7-],;,}r:pti_, lclJ7]-'S-';'.loJ1 ~Z} 7rJ-1~t}- ·\!J-¥-A]{l-o] 

-ft-7} if 0J!cl\:!-"l 6H~-f~1 .JJl .. fl- 0] f}'#6H:,(:j A~-f.f-~\'} 01 .C:J-7Jt[- ;,_.-i_O_.:~ ¥tB--'tlt::l-. 

-R-1]-rli_-?.j -';- 1c:J:iij- 1]-N-~- A]'-]-8"}-t:: C/N til~--=- tL~ 0t JGO cm 0 llAl ~Lt::.S.. 10°1 

~111 L-j-l'h}LJ (Fig. 3 6 9). r{JYl--~j.Q...:~ C;N 1:1]7} 10 °]o}Z} -1--'f-~ fi\1°J,,.~%oJ1 

9JtH J.~AJfl iifi 0J:111{~l n-:1 ]-i+, 10 °1->}-~ ~-'ti 1-9-oJI{-~ r~~71-'fl.9-] ¾71~ 0 1 * 
~J-8 ;,l..Q._':i'... ~7~-~}tj- (SLein, 1991l. U1i']A] ~i!. T-'J-Ajs':1.oJ]Ai JO 0]<,}.9-1 <iHl- _!;!_o] 

'.: -f7J-.f:'.- ~-~-,'-71~-. o] A]7]+C:: i-q_n13.j q_tA;HJ <'>BoJ~~o] .7;]1ll6jo]'xl_o_~ ~Jt7] 

-~~ -R-.11-~9-] 1°i'1-cl4::- \iJ'1:tr:t2 AJ"'f~'C-f"- 1?.l-~. ~oj1]"'1H~ 10 o]"d--9.J ;J:jlt 10 6]ii} 

g_1 lJ.o] -1L~~<5L, 1- 'U°1 H].111.-3.j -~-'i'.t1:l1} ?>H 0J~H"5~ :.i;lA]"o}l:9. 10 o]-'c)-Qj ii-(o] 'ti 

2.;-~H: ·r;;-1-i1 2:10-~:'J0 1.m~--: r~~7M-l9.J %7]%o] AluA~o]~-8-?, A]A]-8)_1~ 'Ult. 

o] '-l7]t::- £~¾clJJ]r,J] tBi:.J-,:>}C -7-;{!-_0_£ J;,J-q]~S'-~ ~-o]{! ii]Vi'~oJ1 !.)1-&~ ½'-ID} 

\:H'i--91 ~-'?-1°1 ¥,¥-~.Q..~ ~}i,:!·'fl -"171~ -;!rV:HJ.c}_ 

(2) 98PC 4 

fi-7]EJ2 'JJ ¾f;"'lS:.2-1 ~f}-:::-~ Fig. 3 6 8oJ] 1fJ]i5}<;,1r--l-. 7f-,.,_J- !r'"§it} ¾_11o]iJ% 

.1!. 0 1~--: ;,:l{J,<?.... 7'3:J cm -'f,1._~s._ 0] Ji t~--/i;-:- ~7'!]_<,"_ !I-~~-1- ¥"1"§:1-7} _tt.qlr+. 'c,l--1,~.Q.. 

~,T::" ;:]9! \1~71- b'l~ 2%, 2.5% ~l~~l 9J1J<71- i'.i}-g u.. 012 o}-1-~.fl_s_:_~- {J.t.c. 

\'} 800 cmoJi'-·l ~_{:A]¾ _l;l_o]cf-7} 0--t{!· -CJI--SJ-';:- ;-.;;J~J-f'.· _lJ.';'Jq_ o]i:'~~} 3-7] l~§} 

-~ _!i!_o]~- ~ 0 11-1011 t:BtH ?_8..i':l_i '.J,) nji='J=-~~--~ S~1J'7} ~-"+ /j!?j ¾'-}'I! 1;1~ 0J 

AJ-g _!i!_o]_1I_ 1Jr--l-. * T-"J-A]~oJ] l.Jl'"l}- 'Z:!r-lJ,~--~i.g. o}"ot.] o]-¥-o-JA].AI t',,!·5:J::z.)1;_!- {]~ 
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Fig. 3-6- 8. Total organic carbon and total carbon profiles at three 
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~ i~to [lo-V-i- to:f'i!-l.Yfv¾fv ~-f'~~Y-l.{t[/-g.. LB tt+}{3 -~{_g-[t'.~~ lo ·t1Jtf\-ln- 2 

or,2 lo[f[o~ t-oi~n/f'R{l [-Y[lolif'Ft ~-l!?i?"ll f'Hlf'i=t,¥-~ =i·-tn{o ~-V:-J:. ~-[.g{L~­

[ofc-{~ !=tf:--Bi. La ~f?t[L% fu{:1t9--g-[o ~lbFo t2:n:[8 lo ·+.:i-Ptta.-lt [follD 09V to 

=i:fv C::{2rrlfa ,LV C::{.<[v[,: :';B~ 7.7. 'wo 007. {o =i:fv C::t>nlla II--~¾ ~[ .. [y[z 

:';,fHJA OOE'o lbto ll,j.g[-s liofY% {2"1" ·(8-9-E -~1,{) j:i[o[L[Y "'[ei-lzfy ""~ 

Io~%% :::;+1 [o!}~foli~ ~[L[y [o 20{1-~ LU;) 00£-W:J 09l t", 3fv ~-I}:-i:: ~ 

-l-<?-lt% .fHL -t.::Y-Bi IL% lt. YHi% ·+.1-l~-2dL ~L 20-VL loliLZ 20PY¾ ¾-{Z 

L Ul:J 00£-0ST 3fy lflF ~O'/b 11:[orf ~-fvfoW~ -{¥:;:[H lo~ ~-W~&-{¼ [oY 

filt% 'ft_ Y% T {~tt1 [lo{o ·t-1~f-oK> ~Yllo-Ef*k tol}'.~'r¾i- -=H=nv-f'y~ ~ 

l :Jd86 (E) 
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8}{ 6-01 {o ~{§iA ~i§foli¥ lo~ l-?li'f 1'f[y1';,~ -A' ~yfc{n +1'f6 ~ ~ ~~ ¾1'?,,i¥ 

::-: [oA ¾:n! N/'.J to-1<?,,[o Ol llo¾-k-l-'i' lilt:1,W.[JK ~ ~ =~t.1.-l-'? 11/-R>-A- ?Ot"r~folir 

'?Ot:z"W-+[L -{L!L[oR: lo[LFR.P-[t.:1°H. Kl~'L.:- 't} =~t-1~l'f'r6- [lo~-lv~lt1 E/?nft-.t 

[o~[)'.'.l{cli'f lo¾Pi.'b'f1f[y1'?,,? it ·t-1Tb Kt~[Y[~ ~ il'.t[:"tti;,-{t 20f-et-1 lo-~-[L-¼} 

Th-[L~lil 20~%.fo[R i¥&-R,-ti- Y'f.1 -2,- .:~·-f'v tiJ..__!::-[1.¥ ~R:'. ~[08 -'~-W N/J to 

-f'vlo OT [lo-ir"-k lo '[L[o~ [o[LfR{Z lt'.fR ({18ll¥~~ -t!';:'1-c.'f-hd:a to-i,l'.f-F.- -ih'i,-if 

{.@- '[coon; 11:{.@-[Y[y --'.;•-8-~lof.::-W:fol!¥ -l)Hi'.:{Q ~i!:lrt -6V- =:toR ~W to-l.g[o01 

lft.'l:'i-t?tfo ~y[[o~--Ji--f,, ·(o-9-F. 'i'f!if) -l::1'/b E[oR ~~ to-f,[o 01 =:~Ylt<>%½-l!? Eb~ 

L '~.'.{} lo-l-!?[o 01 lkb--F,rrt ~20~-kt'?,, ~O[Y% ¾%11-L!} lo ·f1°W-lL~ lk-l9~ 

'$ 20%1k--l!? 2{1-LW ~w:J OPL {o :'1/} _;.~!Ft N/'.J ~tt1.-l:ih ¾~H~t lo¾[t.:% 

·ts[o 

~R' "W-cf~ -lt:"t:'R, -i¼tb llvf!JR- lo¾Pi.'~ =~~Ylirb!,- lt.-l-?rYli<? ~(Slll@A@) R-lY t£, 

{9.fo~ {g_[[Y{'.l: -l:18 -l1.~-P-Rr ?¾b~ B:17~ io%[lv?½ _;.Hy:-{UW:J OOL ?i~ W 

Y~ ~y'f,!-{n '(8o6l 'VLR,foli¥~,W.) f:1'f0["'iER [o~-l2nU1 II~~ ~y[foW:J OZL {o 



(1) 95PC 1 

_Q. o] _-,r_ 'll _o_ nJ -1_ o] -"J- 9J fl 5:_ oJ1 1.7 ~~ 1-J ~ ~21 ~- ~f'l_· 9_ 0]_1 r_ n r+. ¥}~_} ,~ 9J ~l 

t:H~.f':- 10%JJ}~zi np1,l.:i-.1. S;J,q (Fig. J-6-10). _··1cf'-+ :t)AJ-¥- 011-"i 1-1£ 100 cm 7lt-.AI 

~ "i~1J:f -S--i~~11(~1 0[,~ &;g. _lil.. 0 ]2 ;'.! 0 ]'l]-~ ~~-'?"~ UJ71oJ]~~ \1h?:- -¥;-s>l \:i_§}{f 

l,-l_O]AlT-Z.! t:}1: '6"7t-~ t)·?J.-£_- _l;l~4'-j1. '.Ut.:}_ d,1¾ 8J7]~ A~Z-J·s:~+: 1)!c. ~l ~00 Clll 

(2) 98PC-4 

/l:CC.;§"l,-1. o]Oj 7~_Q_ rplo.16"'-i'J:,'.J.J __..c:.<:l;,;~oj r O r'-1. t L 'i:..'. Lu d u I 7 i ,. 

"'72.c.AJ.>,,].fi.5'-] 'f~AJ---¥- H:.%oJ]Ai 1L'r. <?f 100 cmJJ}Al~ 7~ 013.i't.} %7}, 1)::C. 100 cm 

~- 17:!]5'..- !f!on1°1 '9-t=: ~!r.. 750 cm7J}A]-C tt~~9~ 1°~1~0] 11~1/} 71?~ 'itti 

10%-1! ~-°~ "&I--£- )il_ 0 1 jl 9J 4 (Fig. 3---6 10). -'.:l i:;:_ 700 cm-:"".:- ~ 7:J]_;;_ -B')-¥-~ _O_i;-, ~ 

H 7r]·1':J _r,l_o]_TI. tj-A] i:J.5]-71] j'-/}'3l~: 7c/W'.i .hL1!L-1-. 7]~.0l '?l-?-~_~4oJl .01-ttV:! 

(3) 98PC-7 

1:i~1~1.Q.._'i'.. G% '--BQJ~l ?J·¾ !rl. 0]j]_ 9)_,;,_y {:JY_ 0t 300 cmoJ]Ai 40% 0]'d-Sl 

!;'}{~~ ~eJ..g.. _17_ 6 ]2 '.V,t::}- (Fig. 3 6-10). {15:. <?-l= 200 400 cm ·?-{!-~ U].ill.Ai ~ 
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Fig. 3-6-10. Carbonate content at three cores, 98PC-4, 95PC-l and 

98PC-7. 



g. 1j-,:lcg ~~'g'-,6" .!i_<">]~-':- 1!2. ... ~. ~-?J;;z] '.+ ~~ 'JJ.11. ,;-] 1;:_ 01= '.200 cm-~':" ·&"o'--Il Fl] 

~~i:}7} EA~<:>}-:-- ·'c_0_±,~"'l -'c}-.!'f-{;'-9] 771 ll~-~1 '?}AdV1- 5~\S 1• ~.91 '1-~- ~~-Ai1 -'g-'{~ 

~i;~P.:'l 1g~1cg i\}-9_5°_ -'\iHJ-r1r}. -o~Al\':t ~1_.-~B11}A] +~ -l",fA]R<:>11 ,~]~} '{!q]--~-AJ{'_-

0Pf"&JA1-':.1 t'inr+. ~t--:-1-,;111~.:t~l \¾'1_9} -N1! {,'--~ w-6]/] ~115HAH-c:- ~41·~;.:Jg_ B1 

A1 _u 01 ,:r_l.- _(1 -,e 1-,:;, .. 

~ltH=:- uJ- 1t] 0 ] AT '.?"~ 0 1-tL '.\l,c} (element/Al; E/Al) -'.:· 'B.7Jol].1..7~~ !}_{f_,.,,cl 4'L::::ci. 

(Goldberg and Arrheinu~.. 1968) uj 7i 7,H-:- Ti.2J- Al 9] 1:lj ~- ;7:A}7>B .. !J .. S{ct (Fig. 

3 6 11). 1L]-2lAl TiOjAb0.,?-1 It!_:;.]-~=- c,1..1,;zl91 ~§.1-'i. ,\JJ?j-S:]n-j ~1-::,1~- ~:AJ~s} 

l"~71-<1-HJ71{H-'1 i'~:~{1- H] (ratioH·:- Fig. 3 6 lloTI JI.A]B]-9)cl. --?:'.- ~1'o.~,)--"Hti_cf 

61] '[B~l TiO:/AbO:i.£>1 {J:,q_. ct,)tB ,:,; 0.11..,; 9:SPC -1011 1-~I::~1.f_,,_, :iu~n,0--:- 9SPC 1 

0 l]J.l <?-f' 0.04 .. ~ t+q1.-Jr+. ::;~ 7 ]\'1- 71-'<~l-~J_c?_~ _·r. '+l-$H-~ 0.04 0.05 J,l- 0 10i1 ~~-:~l'5la], 

% .. 0-~~ ;~·zJ-S1·{_~- -~_-:~'._J-.n lij=:'HfoJl-"l:t:.- <?-}-~l 0~-;"'.- ?tHt- \l_o]Jl 9Jr::r. (l(iPC-4°l1"i·~~­

;~1017]0l] ~--n- ~1;c, {J:-?-r 1}.-z.]2::U.Q.nj 94PC-?oJ]AH._-:- :z-J%-J.JJ"fj<)]1 t:}:}-_ %71-<',}-;-­

ZJfiJ-;%- .!;!_<">]..::;J 'U.t:r. 7:Pl]A-)_O _ _c;~ TiOJi\l~O:,~--· ~~;!.J-11 SC:1/2.i{sl- 0 11-'l'i'"'"" <? .. h"l· ~-}-f'- i'J-
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Fig. 3- 6 11. Ti02/Al203 variation at five cores. 



.=i"I '.Ui:.f-. <'if'.A1~ 't!_,i;A77}-z] r~]-:;-;;j-?~_ i'L~91 end mrmbcroJ1 (-'-ft>1 Ti u} Al) rH6HJ..i 

~~ ZFi'·'ij7] '2J"~t:-}_ 1..1] :(-/]4'~ i'~~oJl rH~ encl member~- ~t-.:f 'tFf'-fl. ~Ft.J ;,'.- d:. 

A,Ht!~S'] ·6"=1"/2~';>! 4! 0J~ lJ·r;il<3"]7] q.j6H {!<")5.]<'>J,~F ~ ft--"J]i"-}.TI ~--,1¥!L-J-. 

~ ~Fi'-011 A}%£J .c:rAJAJK sp1~-..g_.. %JH 7.J .zJ~oJJAJ cctu-J{l :;.10 __ ;;:_.i.-:i ~<>H 

:;:_:i .z]~g -i-cH ';J:;J-:;-t~J:;j{l· 0J~1d- <:>1~ YAJ A]lioJ]Al L-j-FJ1..l~- spt.i;-'.· _-:t:_Ad91 

~~.}~-§- 0 13tl"5]-Cr:fl ·'6'-.fL-8"}rl. %-tH~l/2"j-~-& 7:l}\'-J-oJ] ?~tl] -f1-'?:]-'f-l tH4 ✓ ]'t[ ~J/2i% 

.A..~~ .fl 11!!] "5"} 1+('Jlt.:f (Dersch and Stein, 1994). ·b·--';j rH~7]il9~ -!;;J~%,~- 61~, 

~Pl f~·-?- .¥.Wo}.:;i V 0 J 0 ]~::-~ ltl_:;:}-~:- ftl-9"-"!J.9 __ ~ Si, J\I, Mg, Ca "ii-<?.] 'll'iH½ 

~~}'6f7ll ¥le-+. 'tJ.7H7J}.z] -r T'cJA]R~_-oJl rHt~ -6Ad tjJ4f7]f-l_ -~z,12.] ~t'J:~<;>1 {t 

6:l,~ 0lf-o-J.z].z] U~i.:t. ~l~%oJ1 .£#-'f:! ,,.J·?,-7Ji'l Si2}- r:B~7]f-l_ SiQJ -ft· P} 0J 

0 1-'.-~ rH~715t! ~~*?~ ~:"i'~;z]~· -~HJC,H-=-t:-1] "6".R<'d- ~-~--'.{- v~q_ 7]+1.!!%<i1} :f! 

lll-¥1 .!icJ ~%.9.1 •~ "d g_ 0 ]i3H-8"}7] -$-JtH ~- ~7-oJ],q C -¥,-ft},,;JT (chemical index of 

weathc1ing}~- .~:A]'6}-9J.1..f. ~ 'fFi7°11 A}%fl 611]9~ -1-"cJ-A]hoJI tll1! ~-§.}:.<]?~ 

Fig. 3-6-12<>l] ]1A]'6}~rt. 

l,]1}·.Y--g-9~ ·?,i..ft};,;]T~-'- 3'".:A},8 .2..·22" -r'"JA].h .t,;j:?;~~()]]Ai 9-} HO 11+~1 ill-:::_- _I,!. 

0].:;i '.Ul:'.t. 95PC I, 99PC -2, !.iSPC-1 ~o\oJP.it: 3(-'-J-¥- 0l]Ai o}~-~c ~ 0Hl {}S:. 

O}'C" 7J6"Jft- _Ld_o]iI 9)..Q..rlj, !J1PC-2 -1~A].h.oJlhl~""'" ¾s'_Al]~ 7J;~]_,;:_ '6}-¥-~.2..~ 

~-J}O}C ~-.3"J-~ ~~!i:::t. %§}z]_,-'rs~:- -~~k~-A]'2c!9i ¾Jl "1!.!r.€ ;:'.,~u]o}I:9 (Hamouis, 

1988), 0 1 ~ !!] ,>;}('Jl Y-'- immobile i'~.i '?] .£ EH} (K~O}, ~ tr (CaO)!!] -=;:>;1-~ ~t 0 H] ~ 

~9-. *~_;,:;]T7t AJtJPL~-.i£. ;,;~,': ~~ ~ 0 H-::- !l.JPC-2, 95PC 421 T-'JA1li ~~ 

~~- ,fif"-l!!l ~1~~ 0 1 t::j ¾~l-5'~~.g.p, ~Jn]t}nL rr}r--},q %~_;.q4~{JCI rtcc'.c:r::... 
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40 80 50 60 70 80 60 70 80 90 50 60 70 80 70 80 90 

0 I ' •' 0 I ' I ' I ' "' 0 I I I I I I I 0 I ' I ' I I, I 0 ' I 

'"" l ·1 '"" t" -: 100 -j • ~ .... 100 

200 -j ' 100 -j \ 200 
200 ~ ~ 200 7 • 

300 -j ,.-- ~ f 300 
300 J 

"'\ 300 

\ 
400 

- 400 200 400 E 
~ .. 400 ' " 500 "' - I " .<= 500 I 500 --0 -' C. 600 1 '- 500 Q) 

0 600 4300 600 
700 

100 l 
_,-

700 -j 600 
800 

800 -j ~ 400 800 J -~700 
900 

900 -j I 
900 j -. 800 • 1000 .,-----

1000 _J 500 1100 900 1000 

Fig. :--3-6-12. Chemical index of weathering (CIW) variation at five 
cores. 



'ifAp'j_9 _ _5' 1+t,.}l~_1L ;;)q_ 

94PC 2 -J,'r}.>-.]5-i_!'~ 1J½~ 0:j= 100 crn<>ll i..}E}\1- -J<?~t;] 1:,_~o};-:J %§}.A1T~- ~ql 

-'2}-_9_£ Park ct al. (1997) 0] :.1])-,1~} Younger Dryas-?1 A]7J.ij-- 91;,;1,~-}t~, 95PC-491 

1:]_'.:. 0.i, 25 cmc.11 qt,.}~t 50 7cl~-!?~ %:§:1-Al-'T-t· Oba et al (1991)7} .{JjA]~"} %l'>B~ 

~ c_~ y~,,H>} ttl_§}~ .tJ..01jl 'x.l.S>-~ o]tli! 1{!_:!tH-:- -¥-~~Ah''-9] i;tj:§}7] 7]-1-i;tt-:,;­

nl i;n or ~-zj °-I 1:tj ..!.i' __ c1l_ ry_:,,:j.,:,l :z] o_l-_Q__Q.. illJ-101 11 ol i.::1 ,,,_ ,) , _ " - '----' o .L'-j , , • r ''O" o ,,._ "I r- M r. 

9Jr}_ o].'j~ t;i_l---'ti. 0J,,_j .!r~-"-1% (hcrnipclagic sediment)9] .!,;J~:i- 3:.-"d-f:- rR-¾-714'~ 

%1!Q1 frilA -']%-'8-';:!•)ll 9-]<SB-'l ~-'cJ'El. -'8-i·Jli'l t}{.!-.:0, -fr7]'.~-!.?1 3 ~lllll (three 

comµcment systcm)oJ]-"l .:r:.·~;,j_i.::}jl ~ T 9JL"t, 0 1~..- '.--l ~]7j)~-=- c.'.!1<l ~Pl~- -~oJl 

~~i-tl f-oJ].r.. ~P}1.} _lil__/~01 OJ.§..~}7}•~n rr}ct .:i ~}eJ,~1 \[c.pz]n.{ s=~~Pf-91 2-~~3] 

-']<:J ~ 7,] A] OH-:- _-:,q if. -=-t- 0 ll 1,-j organic carhon/c,irhorwt~ nirbnn (Org.C/Cnrh.C) n:1in 
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~cJ7] ~ -6'{]_6_~_ O},¥-~•oJlAi cl-!.-: A}o}~ Org.C/Carb.C~ ~ 'Y 11,1:} (Fig. 

3-6-13). u.j-i'~Ai 0),¥--'}°lJAi-~- K-~ 0 flAisJ ~;z}),~~o] -c}_{: {}:{:3lg 7}';;,Jo] 11, 

ct. ---ic-lLJ 0J7] ,f"J1]ej -,1o];]~lc ec '-';-"] 'i!~f~ )1_ 0]"1 '.U"1 °1 7]'(}~1::: ,g 

~-,.,~~g &1H;H:::- .fl';>l 0 ] ~\t.Ai-9-~- \!!.u}~g_ /}~-.>-jg A]A}0}$ 11.l:f. o]~ ~ 

,° ~1:loJ]Ai ${!-~c.J-\1, 98PC-4 TAJ-A].h.-i'::- £jAJ-1f-oJlAi {JS:. ~ 700 cmJJ}x] ~AJ 

~,Jil '1!:il'il 7J{f_2..s'_ >JZr!cJuj ~-"--'II"- >J7r£lt: o] ;Jsf-1'- .;JoJ7]Q] ·:l-1Jc1'1~ 

~7]~~ ~¥~~g ±~~:: .fl~Sl ~-~ ~~ fil~g% ~~~~- ~~ 

98PC-7"1 'r-'J-A]i'-~l '.UojAj.<,c {l.<,c "f 300 cm9J CQ-0<f7J -~7f'iJ Org.C/Carb.c:;; 

AJ]2]t<f\'1_ ;,j9] 'lJ7iJtl: \'!:,}~ _l.l_DJ"1_ '.U<f. DJ <]7]~ tj],ce} 'j}AjaJJ c7]tl:<f\'l 

3-J¾'dJ/] l]Z}.Q.._~ ),~zf£1$ 11,A]~ ~- 0}Z! Org.C/Carb.C.£. t:"7h}-cl-1a R.¾,,,J~,,,~ 

Af D 
'-· '"C" 

~9] .>.1{~-3i1[ ¥1_~-i'::- 11:};,,]oJ] 1+~ :U-~~l ~OJ-;'~ li_O].:il 11,~ il~-~ "'6"-11.~ xl~ 

SJ ~E~9},t:: AJ-~l!r]t":- ~-'4-~- Qo]_,L 9JLl-. ol~ ~o] i/~3~ ii'"-1L~ ;,;]~9~ ,,,~¥­

AJ~ ~io:JlS>.J- YltR!'~ ~-"tf-~- Qo]t:- 11{'.. 'g-"5]]9~ Al~~~ :z:~A '?!B-o] 11,-2 :;i!C_ 

~ AJZ}-'flr+. K.Vl- -t;-{l-.AJ_?_S!:r;-:. BJ7] :,--JlclJ;,,]:j- ),J%AJ{}~.?~ ;z}o]_t,:_ tj-5' t..}cc'lt..} 

..JI_ 5!1_;-qiJ 0 ]°11 cRVl- '{!-=;z-~- -1-]"5BAit:- .-$1_.:rts:J0-~j;:!c_ (mass accumulation rate)~ 

~r:--j . .\-j]1--'JO~ll] ±A}W :iaR7} 5:1.r+. ::I_~ 't)7] ?l--BJ7]!;:::- r+~ ~B 0J~-7i'.}o] -~'?l--~J"5) 

7j1.-f ,w%,,,J{.~¾ -:;-7}A]7]7]L+ {fj:A]7]:--: _9_9.}o] ~\+~_2_~ ~~3"}°4 ;,J-~;,~0o] 

'Y~QJ -'er~ ~ 1i 6]7]Qj *~1~ t,~OJ~7cl:ilj- l-l]Ajf;] i:!Jl]!..c1~: ;!_2_~ -¥!-ia~ct. 

~ c:},e- '9'AJA]li ~~% ~,--,':'._ Ci·-2- ,,,~%~{!- AIA]Al- (tracer)~ 7}A)$ ~~3"] Z! 

~-;(BJJ}"-1 ~~{! A]~]-t"}~~gj 11~ %'0"l]~~%.':'._ ~51~ ¾£,q] 1!7'11~ 7}A1~ 

-i!~-~- Q_"ilS]<>i ~4 (Hyun et al., El98). 01"-l~ ¾s..,q]9-}Qj Er~~ ~711~ £1,~ 

-£ ~"'f:Aj :t}o]~ ~~S~ui, ~~% ~,,_~~ t:j-A] ;,~%,,,J{}Qj .:@:i!j-9-} tjj~7]-'t!%,,a~q 

-t;"if"-'-"'~ );_l!~}_Q_ ~~ol 7}';"6]--C}. ~' -~.£.A~1~ ,11J1~ tjj~7]k)_ %~9-] % 0J ~XL} 

_l_ S-.Ajo] ~e-t-zt-z-g 9~Vl~tl-. ~.£.A~]~ -117-ll~ ii}lBAi ~-3:14;'-X.7]- -"8-{!-~_2_£_ 
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Fig. 3 6 13. Organic carbon/carbonate earbon ratio at three core, 

98PC 4, 95PC-l and 98PC 7. 
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MARKER TEPHRA 

SUB-PLINIAN 
PLINIAN 

FALLS 
FLOWS 
SURGES 

Explosiveness 
Dispersal area 

Eruption mechanism 

PYROCLASTIC 

EXPLOSIVE ERUPTION 

.............................. ,-----------' 
VOCANIC ERUPTION 

Fig. 3- 7-2. Flow chart for classification of tcphrn usmg the 

tephrostratigraphic data in the East Sea. 
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~~oJ] 9li5ffA-j -X-it-'ft fl]E.l:'.tt:· -i-¾ III fl]¥.4 (ca. 16,500 yr. B.P.), -5'.¾ II F1]¥. 

el (ca. 9,300 yr. Il.P.), i-¾ I oil!'. <I (ca. 5,600 yr. B.P.)a;_ 7' J;' £1 'll cJ (Fig. 

3-7-3). •J?<J,:pj:;-af w"11 0<f"ll~ :l-¾ ~p,4~01 \'l'i'io ~1-afoj ",'~lilll'il oltl 

oj::3]$:A}-oJ] 9]i5ffA-j ~-¾X ~AJoJl ¥-.¥.ii}-~ ~7] ~4°]~~AJ] 0 ]"'"oJl ~1-¥! 3 nff 

9.] Cl]2!.2-}-¾ 0 ] ~*!.cJ~r+ (Fig. ::J-7-4; ~l~ ;;', 1997; Chun et al., 1997b; Chun, 

2000). 0 1 %%·-tll~ct~-~ ~½7]~;-i!+ ~~~£'] A 0 J~ & 0 1~~r~l, ~7]oJl~~ ~{!-;;,:ff 

~½ (ash fountaining)oJl ~~} Al]'fJ:a §}~,,;ff9} ~~£'.] -¥-~i'l c}~t'~{!- ~-it~?;! 

o __ 'Q. il]~s:~~9-. ¾-6'-.:£ -$\--',:}1..-'f-oJ]A~ -TI-~-B %.TJ-III F1P:r2.t¾-e.- -'g?ft'..}JMr~ 

(accretionary lapilli; Fig. 3 7 SA)~- YW"-tl ~ ~-o cm {!;?;j9~ IiJt.~-1-~•Hf ?,!--c -'..:-;i:J 

~ &z.!rl. -i-¾--II fjj:>Xt!}t: 7]1 cf ;;g-1)~1{}- 7:]o?:1oJ1 ~Y-t]_1 1_ ¥~i~ i::1,,;q_2-]9t 9-T 

9.] ~~ -r:- ~ .¥.. ~-tt ~ -t}¥ -~- ~-t~ 9} Aj AJ-1:'.tiri ~ (Fig. 3 7 5C)9} ~--}};;,:ff§. T-"8-¥-l 

AJ-¥-¾ia~.£ 7-*.'f:1.r}. o]f;- i!}-"8_2-]~-~ {__\AJ~ ~~Qj 7]-t,'-o] ~~-tf;:::r~j (Fig. 

3-7-5R), 0]~,0 n}.::rn}21 1JAJJ:lt:} llll}-~ %%~oJ1 9.]<5ffAi #-~-~11oJ1 ~B"\!!~~ 

~o} -lt!-'8-~9-] 7]-b-% ~Ad~ 7;!2-~ <5ff6j~rt (Heiken and Wohletz, 1991). 0 )oJl 

ljliiJ1Ai ¾~-r tl]~c}~~ -¥-~~ 2-}-~2.j~~ ::;1-AJ!.cj~ 9.1.2-9, ,{,_pg--'tl_ -tj_~9] 7]-~n] 

'1lc'i/:~cl (Fig. 3-7-GD) %•I %¾1"-"i ~Vi •l{l '<! A]~"i '<I %'11 °11 ~ ,J B %¾-I 

1:lPic'.}¾-~ A~%~£!~%oJ] 21iiRAi 'T3J~.Q_~ {!,<Rs.J 0l t.fE}'<l-t'.t. ~~tjJA] 011 $1 

~1'5"}~ SKP t;J1Al§H:!-9..J -&,~~<tl §}-a~¾oJl 9..Jt.BAi -X--=a-~ Fll~c}~-,0 _ SKP-IV 

tj]!'.cl- (ca. 117,()()(J yr. B.P.), SKP-111 '11 rrcj- (ca. 93,()()(J yr. B.P.), SKP-II '1]!'."t 

(ca. 50,000 yr. B.P.), SKP-1 tj] rr_ cl- (ca. 27,()()(J yr. B.P.)5'.. 'i'-1"-51 'll cf (Fig. 

3-7-3). ~lc;:',l •I '11.,_i ej •I 7<J :o:f{} >ii ;c,- A 1] 0VJ-"i- 'l:! -\'- >I ::' 'lf J-f 0<f _re ~I "1 •I ,_I ~"1 

51 'll <t. "I ~"I "I %01 ~I ~ sj 'il •l Al :o:f{I -"-5'.. ¥- ,j -ll-il-1" fll _rr rf :S " 7'"1 '8-,r, ? 

..B..~.'.i: 1]J o]~"r!~, n]A1j7]1'-::;1·S: %oJ] 9-jt.ffAi If'J!-t] -7-~~-t=+. SKP Fl]E.c}~.g. 

~"tl-~-.£. t!-~A] %¾-tl]~i'.}~ 01 -&~/2119.J ¥~--j i!}~i'.]~_,,1 -y'AJ!il_ 7,;:!cj] ifrt.R 

(Fig. 3-7-6A), 'll-"'1"1 A,S1i'~Of9j- 'll-'1!:S¾ <f'(t -".;J-•f:v. :Urf (Fig. 3-7-6Il). 'f. 

t} $t-~-§}~-'.JE-½oJ] 9-J ~ Fl] A'1 ~ ~ BY.':=. 0J X ~ .¥.. ~ & 0 ] "C !;l}lfl_ oJ1 ~ -7, ~{}~ 

½A]oJl~ Fl]E:.2}~ 01 iiJ14-9}21 1:l~oJl 2]ti\j;.,-j ~7-J¾ ¥-6l{~-Q~ ~!,"°'..7} ~4-,54-.9~ ~ 

'r.*fo]7f .,J."1 cfEj-cf0<] \!lc0f>i, 'll-'11~1 -'1--'J"i:}9I 'fi5f4;'5'. ~} 0]71 4'9 'f-'l!~I 

~-.£.E.. ~.£~¥.~ 12.o]J!l ¥1-c::f (Fig. 3-7-6B; Cashman and Fiske, 1991). A):£21 
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,------, ----- - - 6 ''b (Normahrnd) 
U 1=1 Vo"'-"n"'-_'"-'P'.lon Aga 

Teph1t1 Sourca Volccmo hic,tc,pa +I 0 ~= 0 
I I F-5600 Ulleung-1 Nari caldera, Ulleung 1,1and ! 

10L • 9,300 Ulleung-11 Nari caldera, UHevng Island rn (-------
' f16.500 Ulleung-11! Nari coldero, Ulleung lslond 

-~:· 
' '°I ~24,300 " Alra caldera, Kyuihu .lapon " ~I 

,-----·---- 27,000 SKP-1 Submarine SKP volc:ono ,o, 
' ' \ I ' 

::n ' 
t, 
I 

Submanne SKP \/Olcano 
'1 

rso,ooo SKP-11 

( ' 59 60~-1 

' 
10-----l 

74 -, 
601--1 (' 

' 
90~ 

85 

(( 
69,000 A.lo-4 Aso oaldefO, K\f\JShU Jopon ,_ 
93,000 SKP-111 Submarine SKP volcano 93 

100--.-· " 105 
,, 

110, ., ( 

120
1 117,000 """ Submarine SK!' volcano 117 "~/ 120,000 A.lo-3 A.lo caldera, Kyushu Japan 

So 

130'--
130 ~-
{Martinson et al., 1987) 

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

volcanic eruption ages of tephrn in the cored sediment of the 

East Sea. 
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0. 
CD 
CD 
> -0. 
:::J . 
~ 

w 

Lower unit 

Ulleung-1 tephra 
(ca. 5,600 yr. BP) 

Ulleung-11 tephra 
(ca. 9,300 yr. BP) 

Ulleung-111 tephra 
(ca. 16,500 yr. BP) 

- - - - ·Unconformity• - - -

VOLCANIC ROCKS 

Fig. 3-7-·4. Summary column of textural variation and eruption 

events (ages) in Ulleung bland. 
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200 µm lOOµrn 

Fig. 3 ·-7 · 5. Backscattered electron images (BSEI) of the polished 

section of pumice lapilli from the Ulleung tephra showing 

microtexture of vesicles. (A) Ulleung III tephra. (I3) and (C) 

Ulleung II tephra. ID I Ulleung I tcphra. 

242-



l mm 

1 mm 

Fig. 3-7-6. Photomicrogmphs showing clasl compositions of the 

Lephra. (A) Lllleung tcphra. (Il) SKP tephra. 
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CaO, MgO sl,,j 'f-2- Pe(J' ;;t"il <]6!<1 7-':l"'i"i~J. 'U-'1-+- ""°1]'] 0I c}F~,:!tf 

(Fig. 3 7 7). ~-"5"] i;;}--:r:,c~;zloJl -'fl;;i;]1!!- SKP <5H:~i~~ 'Tl:t!oJ]Ai jHt;:-10 -"]-"'("-~~* 

~¼-en J..j -t:- ~Ad sfl-1:! AJ ,3-~ * (pyrnclastic gravity flow; Fiske et al., 1989) ~1 fl-~ 

01] Yltl ~-~4% (wclding) 0 ] ~~B r11E~-~ 0 1 W,"~i5}11, tH?rift-oJ1 li'-1~·.'fl F11 

±::.c.1-~l 21]~61] .9.J8HAi °F7]~ 'T?el~.5:.-f;- (vertical density current).01 *·J_Q__~ 
o1 :?. c: TJJ 0 
rT T T 

A} 0 ]5!1 ~ 0 ] 0 }'r T~11l ~-1€fc5"}11., lclcjoJlAi-C t~-'J-!?~ 7":§l7t';'1 (hydration crnrk)~ 

0] ~tIBi.::.J- (Fig. 3 7 8). oj/;i,:~ u:11¾ ~AJ1HAJAJ ¾?'l"tt-71- ,;;q.croi1 QJ-RHAl -;J?eJ· 

~ ~ 7fl l)l 7J- ~11fl Ai 6d Aj -'fl 51..9_§_ ,a;H-6:j 'cl t:l· (Heiken and Wohletz, 1991). . l ?l .:il 

91 tH h] "S- M -'d /\s(J 3 riL~- ~}- (ca. 120.0(X) tu 110,(X)() yr. B.P. (TU; 1\fachida and 

Arni, 1902), /\so 4 tl]E.:rt (ca. 88,000 yr. B.P. (K Ar); Machida and Arai, 1992), 

AT rl]A;:;,1- (ca. 24,'.:\00 yr. B.P. (AMS 14C); Oba ct al., 1995V;_- 0 ] ¥,'?J~Jf,:.(r}. 0 ] 

Fl] u 4-;, -P- ii--E-~f ~ n}.::z. n} -'8 ¥ ~.£. -&- 26" - r-11.:r~. r-t Q.} SKP Fll ~- il s>H-: .q:.r;t ~- :r .s.. 

:1 '/-91. 

·6-*Boj]A1 "B4lt! Al~-S)~-M- 1-l1oJ] ~-~B-'fl lQnffS'I _:!:f.-~t:l]~i:}%,"'=- LJl~A}'tl.:.i} ·i 

~¥APIJ-1L ~}~-<;r~]-'-1"~~ £F<]-fi-i'} ~i;'fi-S'] -~%~oJ1 .21';,"} 11~roi1 °1-2-~ ~~ 9)~ 

c}. 

7L ~c;:-qJ,cJ 21 %1H1 "l ,~ ¾ "'-"II "I~ <l "'-"1-¾AJ tll u] 

9ec,,~,c]<>1I ~l•l~H: ~1D98PC-14, MH98PC l:i, MD99PC 1 'i<r~pjgf-l'c •B 

<1-;}:4 <!>1-;} ,,,l\'l ;;oJIAI >N'\'16f'llc} (Fig. :;1-J; Table 3 4 lJ. "i"i"-"1SJ%,H 0 1I 

~,,;B"t:l. Fl]'r?-t%P~ :i---1t-. 'UX, ;L~l ·'k-f':- A],~~l- -'i-~- tl-~>;"rR.7-]oJ1Ai J.i5c".. "'J0]i>}l!l 

L}E}\:]_t:}. 01r.1t} -*} 01!;:: -~l;J..;~:J'?! §J--"::1*½ t.:J-1-1~1 "iL/]-'J4 .J 1.6R-i't ';;% -n~J-Si 

2-~ A]A1t.H_: "'6°7~_t;!_ o]-§-~l T ,v_-q._ 

,<7~- ~_,,',Jl>l<>il,,,1 '1c;~1 MB98PC-142f MB98PC 15 >l+~J-Silf<>ll>i;- -'/-"1,-! 



0.8 !- 21 

1/'-
"i 0.4~ 

C g 
LY = ~ 

1!;19-i:: n""l" d.J 

LJ 

~ 18 
LJ n 

0.0 -- ,, • -- I . 

5 

59 80 61 62 
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C 

63 64 

I.J 

2 ·-- I 
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4-

0---~--~ 
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LJ 
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Fig. 3 7-7. Diagrams showing ratios of Si02 vs. other oxides of the 

SKP and l Jllcung tephras. Open squares represent the SKP 

tephra; small open circles do the Ulleung tephras. 
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200 µm 

Fig. :) 7 R Backscatlcred electron image (BSEI) of polished section 

showing microtcxturc of vesicles in pumice· lapilli within the 

SKP tcphra. (Al SKP IV tephra. (B) SKP Ill lel)hra. /Cl SKP II 

tephra. (D) SKP I tephrn. 
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Fig. 3-7-9. Morphology of glass shards in the tephras erupted from 

the Japan. (A) Aso-3 tephra. (R) Aso-4 tephra. (C) AT tephra. 
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'i! MB99PC 1 A]'}!>j"'j,!:L!]"i] '1l•ll¥1 tj].'cet*:S:-l'c ,,\ji';- ~}c{c~z]"i] 'IJ,11'8 ~Jrr 

4i--oJl tiJi:,HAi ~~"~.si!- '1JS:_ § 0 1 .g-7H}t=l-. 0 1¾~ ;i_]~i4-0 -~- ~4-t'-Y-~ SKP i>fl 

AfQ:l-,:J-~ /]¾2-£ <5}~ J.-j~Qrt::= %~oJl AJtH~2-~ ~-.g.. (~91 ~1n:~F~ 01 *if 

sj9}-~g AjA]~r}. 

-2:-\H,'-z];;} -'8-£"1]>1 •ll-ll¥1 MB99PC-29l- MB99PC-3 -"l~"i''1%<>il"1~ ~•otcJI 
z]Q} %6~*z]~-'t!oJ] tl]-tAAJ 0 }'T T-i!¾ tj]:rrc}t 0 1 ~~Htltf (Fig. 3-1-<D. 0 1 Ei] 

X~.i'-}~~1 ;gs+~ ~-r .. JP:l-2.. .. ~ -'?7'14'4Ji-'2..4, Fj]ITi:'-}~~ i].5:.-C ~---<-qJz]oJl t!]t;fl,t,J 

7i}.±:"8')t:- -~-~ ?,- --;!·-ct+. *-¥,-{tzl 1d·A7~ r:ij~--~oJlAi ~11~~l MB98PC 11:.iJ 

MB98PC 12 •i+~P1-:<-'1>H: 'f'l!~ '1l"'4i-11 ~•17) ,J-~l>Si"i en--c+ (Fig. 

:l-4-2). 

%iifl %1&-if-Al!tl- 'l!-~r.A;~JoJ]Ai 7}7J- ~~,ii] ff:_:">f15}C -&-%-II fJ]~c}¾,'.:_ 7]'cl~1 

<2..j= 9,~00 1doJ1 %%S:.~ ~W,tj~ ~½oJl .£113JlAi -b'-"J~~-2..ttl, cB-¥-·!'e- -¥-~?J ~~ 

i:.j!tf- A~]'f:1~12-) ~:t:!{._·.:r~ 7-Ad~~ ',Ur-}- (Chun, 2000; Machida and Arai, 1992). % 

t.fl Ai~ tjj~,'-}~4 ~.:r,~ .7-], -=i ~ 2 %16-{f:Al -Zl ~- 5i':. ~ L">Jl jll 4'1 B Aj:,}~ -4~i..H 

"i] '!J,j~J %-'i,--11 cJ]Ecc]-%:' c}0J~ -"Jsj'J'--"'csc '1jcj"]6J '.l/Ct (Fig. :J·7·10). ,,\1 

"; qj',-,f'll (MB98PC-13; 198~215 cm)"t ~c,;-q]z] (MB98PC-14; 116-160 cm) 

"i]>i-c ?r,11°-1 '/- 01'e! r+'llai;, 0] -U>l£l<>1 •~el'-1-•~. -l;-"; ~l~rjx] (MB99PC L 

60--71 cmJ"l- !HHl<]z} -,;-5". (MB99PC-2; 258-274 cm)'li"i;c -'JI~~ '11Ec4l} 

9Jc+ (Fig. 3-7-10). ~f>]..,~i:-1 EE;~ 1+-t~l7} W"~:5=J -&-%-II Ell~r:-1-%~- "gt.}~- ~ 

~AJ<i't ¾Ai3:J2-~~-" 7Jct 15B~oJJAi ~nt-lB -s-%--u c:11~?-1--1~ :r,~--1 ~~1'6}Al'tl-• 
£J·:S:J%A],;)i :E.'._: 3~~-oJl A1%-ffoJl -~~ AB%g uJ--~. ~! o __ ;;,_ i3"\l'-i¥J1--J. _:_riUoJ]S:_ -~ 

-?-<'>}2 ·&%-II r~]~~}-!'-oJl ~ollJ•l Al-'d!el J]i'~~- 0 ~ 9,300 \1!7}z]!>l liFi-fl_-.g. it!-~ 

tjJA]oJl-"i 7.G cnv'kyrS. \!"Al L-}F--l-:d.2-ui, ¾-i-tt-"-]fl -£~_o,11.-n:: 29.5 cnv'kyr~ 0} 

'c- ';;~I '+cfl±cf. 0 l0Ji& 1}0:-'-ll"i"il-'I >A'/1'<1 96EBP 45'\ 96EBP 3 "i"r"i'l?.-oJI 

Ait;"c -'.?,-¾-II flJ:'.!:C}¾¾ 7]€-9-~ ~ !;J~*o] ~J-l] t-}-F--l-\:!- ~i4- ~tl]7)- 9J*]1~r+. 
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MB98PC-13 MB98PC-14 MB99PC-l 
37 39.3N 37 39.7N 3812.lN 

129 32.BE 130 06.2E 13123.2E 

WD 989 m WD 1.567 m WD1,712m 

143 cm 

/ ... :;..,f .,...., 
- - • 

' 

-,~ h< A 

, -
- -

U-11 
tephra 

MB99PC-2 
38 09.7N 

132 20.9E 

WD 2,707 m 

U-11 
tephra 

MB99PC-3 
37 35.7N 

131 37.8E 

WD 2,435 m 

U-11 
tephra 

~o 

LLcmJ 

Fig. J-7-10. Textural change of the Ulleung-11 tephra. 
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!£~ ~%~:-.7.]zl- %2-,.,1]Ai %%--TT 0 ll ~tffAi 741~"8 ~~it~ %~~A]~~loJ]Ai.2.J 

itt_li!.t:-j- ~7-l] L-j-Ef-L-j-~t1], o]::.-!,° tlJ-Je!OJAJ~3i%.2.J ~-~ ~3i~% ¥1tl·O}t-1,i, fJ-~ 
0J2-] %¾-II t~]A~ {;-JoJ1 Qj ~}- J,1..2..ii.. tB~i sj c}. 

%"c t!"tcil 7 l'~i '11~1~ SKP •B-"l-'}-lk"i]A]9j T''f~l"il 1/·l! 't'lt3l'11 .<f-l}~,g­

,0 -¥-~1'1 .EE.~ ~5l?~o}1'1 q.wr~4 ~3Ii~~ ?1;i!tff'2:loJ1 -cf--J°{'.}- :;!-2...'£ \Htr.J-x{tj. 

(Chun, 20CXll. q}-;:;-qJ;i;lQ} -&--~-!E-A]:C!- -~£oJ1AJS:. SKP-ll rl]l~?-t-J-{} :,,r_'t:}"5]-;:. 1::} 

SKP II F·l]:1!.i:'J--;;;--.g- ~~ ~ 4 mm9l ¥~,j c}~c]-';:-£ -;'-AJ.'..c)n-j '.U_o_nl, A]4'£j 

-0i-;,} :;,!_o] 431--434 cm "iL{!-oJI ~?:B~-rt (Fig. 17·11). 0],.,ll 1:lJ-t.B %%~.AJ.-n- % 

£-oJl'-i ~Btni SKP-II tl]~_c}~,': 311) 9-J= 'I mrng1 Y--1~~ .Sl:.'c ~.nr~o}~ 4-'M 

2-J9} '?-rY1~-~ ~i1-"8~Jol ':V,.Q.uj, -"l}~~i~ ?1°1 ~} tio~-S.5-702 cm -fZ!-t>11 ~U-~ 

c:} (Fig. 1--7- lll a:}4;..7 SKP *ff?:1§}".:l-~ -"';-~-3:19-l T%-!f:-½-:": ~T~ tff-;;-oJ] 9~~} 

o]~·oJl ~?>B,Ai 7}?} \'J-{~- ~"1:>Jt ![!-~-=- -?.-12-'i. 4---~S:]-~0:-1~), oj 15fl7-;oJ] ?~"{>}- o]t-.g­

c·KP sA;,:J;a,1,.q._')... ;~J..] 6 ;-;o AJ("' ~~ 1.-1_, __ 'r--/'·.O ;:;c 
7
o.,l]irl- J;1 o ,,c .51101s1r.J 

,) 'I -"f Lr-!. v L - •- 1 _"C'._ 1 L.. u 1 - -- - , " - ·- - n , , _ . 

rR¾·'-}~oTIAl~· Z-¾-11 ~]n:r-}¾.il} AT rl]ilc}tA} 6]oJ1 ~,i;ff~ ,i;J]~l~ ;;q~{t%~ 

~~~! '°?- '.Uitt=--1- (Chun ct uL, 1997a). 0]oll ~tB t,'--1- ~-}~4iA]9] t.ij-,i;i-:± 1toJ1 

1!1!17; 1998). ~Aff77}7.H'~ T£ ~~-c-HA]oJ]Al J1]~-¥! A]4'-.!i'].AH½~_g. _,1_c5ff 0J~-~j~1 

1~:F?-oJl ~ ~ ~ ~- rJ..f"r-Q~ ~'rJ-oJ ~ 9~ 'al-~- ~ •--~- °tl-'-J-'f-l i5]l ~ ..>.±all ,1.7 ,~B tl-'i:! ~ L 
0 ]c}. 0 1'/l ';:l·,'oJ],q::: •R"i{}ej <f\a (Mll99PC JJ"} 'll"ccil"l21 <}\'1 

(MB98PC-15)oJl>i A]~sl>Hl··ac~c ;j',,jiifs:Jrt. sj;,7{f2I Af\'1oJl>i ,1~1'1! 

MB99PC-l >]~s'J3j;,.oJ]<ic <,·¾ II '1]"4>f AT rlJ><cf¾ 0 ] Cl[ .>;_"'"]61 '(!cf 

(Fig. 3-7-12). o]-g 1,,l].~i'}f;a Aj-o]oJ]"E ,.,J~it! ~n}.:i_Q] ~~~~'li:i!} .!j!-~~ ~-'€l_e~ 

~o] {}AH~ o]-? Y-JJJ,9- ¥]_i{l~c]7} i:!!\faj_ ~~£P:J% 0] ~Aff~r:} (Fig. 3-7-12). 

n}cl-Al k}~r.Jl7.]oJ]A].£ ~-'J'--~_9_;;!_ A-j%ff4'·'t!.A]7]oJI ).~1?i_~/2j-~~l AB%(~l ~~ ~~ 
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MB98PC-14 ( 37 39.7N, 130 06.2E) 
WD 1,567 m 

417 cm 

1 
~ 
0 u 

4.:l7cm 

650cm 

680cm 

MB99PC-2 ( 38 09.7N, 132 20.9E) 
WD 2,707 m 

680cm 

• ' 
" 

_ 30 670cm 

• 
+i'"L· I 10 : 

" .2024se1012 

710cm 

~' 
-~LITT) 

685 cm 

-20246a1012 
Groin Size (l>hJI 

697 cm 

·2024661012 
G"'l'1 SiU> [l"\I) 

Fig. .1-7- 11. Texture and gram size disttibution of the SKP II 

tcphra. 
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90cm 

MB99PC- l (3B 12. l N. 131 23.2E) 
WD1,712m 

143 cm 

U-11 fephra 
(ca. 9.300 yr.BP) 

173cm 

DM 

I AT tephra 
(co. 24,300 yr. BP) 

Fig 3-7-12. Very thick-bedded deformed mud. It is intercalated with 

the Ulleung-11 tephra and AT lephra of MD99PC--1 core. 
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fl-!'~ ~~-g_ ?-]~~_c __ ~ /4]A]~}-C :;';:!o]tj-. 

%~-t--'-ln ->,,;-_;-;_oJ]Al .:i.J]-{,1-¥! A]4~l4%~~ z.J· ~:;'!~ fip:t_t:h}-~ 0 1 • ]<?l=~l ~ 

i!.lS!} ~Y--lt~E>~ '1]s-~~·.,,t'!C] 7-]!'~ Lj-EfLj-A] ?-if~Y- (Fig. 3 7 13). MB99PC 3 A14, 

~i-~H¼oJ1 ~;tHfl -~{f- II E1]P:.t:f~"g~ ?H>-_r,:_ ~)lj!--9.lj!--El AJlj!--~. 7]-~Al 1i~};<;·L9-~­

~JS~¾i;.]7} '!tcJ~-i:-+ (Fig. 3-7-1:3) . .'I.~-_..,]-}~~-~- i1°l 609-905 cm 7U"oJl ~ 

AH¥! SKP-II tl]Ac}¾~ ,1~~ '{J.'1::.~ AJi>JAl]'iJ~OJ=AJ.:i!]- {:}-'t-¥! ~~01 ~~01] 

118~]?,J-Jll ~H~~ ;:";-?1~ ~~q- (Fig. ::3 7-14). %18-~A]{l- %±:i.oJ]k]~ 7]k!~ Q.} 

9,300 1;:J_n}z]_r_ Al-¾*oJl 9-]~ Ei]Ac1lf9.J ,.:H% 6 ] ~,\J]li}Jl] ~~~g ~ z]A11l--t+. 

Ji'~.TI "oBAl'T.<E..7} ~lg"~ ¾~'--~z]j,J~oJ]A]"C 1cjl3I2-}~9.l Alt-TT--oJ] 9-]{!, ,t)~, 0 ] 

'3'-0] .q Al]~l ~fr~oJl ¾-t'--:IJl:U, -'o'-5~.oJP.7"'2 ;,l-8"1/-oJl ~~~} ~"J::j~"ll-o] AlllH~o]Sj_ 

go] ~~-'fie+. 'l'!-'i;rj.s]oJl'i >l'i1-'fi MB98PC 15 A]~~]•j-;~<I "Vil-.!/-"il>i'c. "11\'cl 

~ El]~c]-r,-;;:.i]- u~£j~~-~-9] .i.i~Aj-~~7} ~1J-~_Q__'E_ '-+E}i,Ji:--} (Fig. 3-7-15). ~1. 

~.:il ~-¥- -7-~J- 0 l]Ai~-:- Al]~~ r1]Ac]-t;c] ",!/f-7-±i.H9] ¾~~161%~ t-j--E}\!-i:--j--_ tr} 

C-}Ai '°6"<5H 0 1] "'H-:- .!.iJ ZJ ~~ ';!l__>:i. Ai %-% 0 1] 9] ~- ~] ~ ~ lcJ] ll 4-£ 9] AH %t'l] lfl 18 ~] 0J 

(JIL-/--.:il '.il%(Jl !JJ--&!iti:-+. 0 !;!,Q- A]-f<!-'l~-~-(l$'J f1]3J'.i!f-A!{!-tJ.it:Hl:lloJ] t:i~ 0-j~ 
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'a 
Q) 
0 

i1! 
0 
u 

' • 228 cm 

MB99PC-3 ( 37 35.7N, 131 37.BE, WD 2,435 m) 

20 

, 
'.g,10 

~ 

0 

20 

200 cm 

j. 
-2024681012 

Groin Size (phi) 

228 cm 

-2024681012 
Groin Stze {PhlJ 

228 cm 

•' 

20 22B cm 

-2024681012 
Grain Size (phi) 

20 248 cm 

~ ~ • -8 • 
-2024681012 

Groin Size [phi) 

Fig. 3--7-13. Vertical change of texture and grain :::;ize distribution of 

the Ullcung-II tephra of MB99PC-3 core. 
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MB99PC•3 ( 37 35. 7N, 131 37 .SE, WO 2,435 m) 

609cm 613 cm 

'° l 625cm 

, "' ! E 

f ,0 -

h-0 
·20 2 4 6 81012 

Grain Size (Dhij 

!::~cm 
? " 

0 ' 

639cm "-/ ·2024681012 
G,al11 Size !PM 

905cm 

40 - 880 cm 

j::1_ 
10 i 
0 -, 

-20 2 4 6 81012 
Grain size (plllJ 

~::11 900cm 

f"' 
,0 -

0 - - ~-
·2 0 2 4 6 B 1012 

Grain Size (phi) 

Fig. 3 7 14. Vertical change of texlure and gram size distribution of 

the SKP II tephra of MB99PC 3 core. 
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30 cm 

60 cm 

MB98PC- l 5 ( 37 46.4N, 130 42.3E) 
WD1,796m 

455 cm 

BM/WLS 

485 cm 

~! 
'_J 3 (cm) 

Fig. :1-7 l!i Heworkcd t.cphrn layers of MB98PC--1S core. 
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~I 8 ~ x~~ .:i! o~c~%£! ~ 71 (Automated 
Multi-Sensor Core Logger: AMSCL) ~ 
OI%~ .:.:!off~ ~~!!-~, .::.:!714- ~ ~~~ 
~~5:. C2'!-'r-

1. A-j~ 

(Automated Multi-Sensor Core Logger: AMSCU-t- PJJ} ~ S:. (P wave velocity), 

W ~ 13J ;;z} 9}-?,- (magnetic susceptibility; MS)?- -6- A] oJl, '?1 4i"' .7-i _o __ ;:;,_ ~~if 7"' ;iJ 

~: ;:,.J{:lg .A]Ljj~ s:J,i:-+. A}f;'Y. 0}c-1--~~{l7].0~ J.}% ~'-H:::- -=z.~l _2_tTis:J;.:J ?l'.U:Y. 

1970\:! tjJ 0 1 + (Whitmarsh, 1971), ~}u};;-}±] 1tl (gamma ray attenuation method)?, 

"l-%-Sl-~ .:a.0-1~ i11_;;g.A171AI ~-,o_ ~~ AJ§:l-3}711 ~_x;:; ~AJ-.5}-t- '.>1oJ1 c~~ 1;'1-l-lf.-~ 

o] '.U9Jt:f. 

H-.lo01di:Jl ~~-~El o] ~~~oj] tjj~ T€~ Z!=i17} 4"iiJS-1<:>i :({.Q..~ (Evans, 

1965; Preiss, 1968; Brier et al., 19(i9; Corey and Hayes, 1970; Whitmarsh, 1971), 

.x]--1.i;-_72_o}tj-_;g,~{l7]~ A}§-~}uj ~~H¼QJ ~~ ~6], Pn} ~5:., ~5=. ~ A}Ji}-i-oJ] 

;.7~-: ~3:.5- g4;'-i1-} ~}J:];zJ]7.,~- !i--8"Jl A]45l~¥-g_ -~A}~ ~o] ~-2..Y- (~ %, 

1991), Pli} 4rS::., ):fn}'dX ~ A}'§},&g %"'loll 2 cm {}Zl.9.P. '{l~~i2.~- ~1lt} 

Af~I::: o] 'l}B]7f 7'-'U'i'! ]998LJ'/-Ei 0 Jct. :sf%i0 f<t',lJ1J7] (AMSCL);' ~%~ 

o], '!l-•B~]l-1 •l~lt! TI]!cc'.sI 01~ 01 % (1998, 1999) 01 {,'->,j;;foj .\!._il;;fs:lcr. 

~~.:8 A]:}~/2:j%o1 -~,/4]~ 'i':!-?-iiB~-& ~-~ %<5B!?~ +~54 {}~iA}o]~ r:H-4-~S 

IMB98PC-3 .s,of, MB98PC-4 .s,of ',J Mil98PC-5 ii 0 }),'i-, rH<t"l\'l (MB98PC 6 
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'TJ:O]-), {}~~-,,~ J;-.:f:.A],olgl ri]->\-Alr;'! (MB98PC 13 _'rto]), ¾-i--!;1_-zl~~ A-P~-Q.] 7}7}A} 

cl (MB98PC 7 _cm}), eFs-rHzl "i"- IMB98PC 14 '>' 0 )'4 MB98PC 15 c,,oJ), rH 

ehl ~ <>il-'i :,; >l,;, -'.,-<>J _<?_ ';:: rH <;,;: (MB98PC 11 '-' 0 }9} MB98PC 12 "' 0 1 ), ('e-';:­

t:H A1 ~·~ (MI399PC 1 .::.-1°}), -~'6--'i:1¥¥-z] ~.?- (MD99PC 2 Y. 0 }9-l- MD99PC 3 

.:.ac}) ~<'>)TJ:j, £T ¾ U-1J{jol] qj'11 Prr} 4;·X, {}n} 1~l_.X. ~ A~½ (MS)~ 411 

:.zl- t- :,i_ 6 } Y "°F::;'J ,~ /] (Automated Multi Sensor Core Logger, AMSCU xJu] ~~- P 

a} ,?"-r,· 7ln}uli,- '<.l ;;zli':"l--£\~C:- _,_,_~-A]''I .1LQ. {~-!" O i=' ~:'.'"~Alfi]-c.}2-,-- 7.l-Alo] ol On-l 
, - , , , ?S - 7" r -"'f , •~ o '-'l 7. '- ·-7 ~= , o , . ,.. o r M - - I, 

u~o,c -<)7Ji,) _c- -7 ~.ti:r]9 .6.A~,)-.'--- 111-1,1,.,1 olOpl t1] 2-,:..7L_;,:I ,11-rc11_0_ ,, 
•- • __ ,_ ,_ ,_ ,, ~.I.. L. L~ ·7 O r, O J.J .M- - 7 r I O lc-1 ""- ·'--

A)·J:i'..7} c.'rf]5:1P-5!. o] 1)} 1tj-;f· .:z,-~.J-61 A}-'§-0}.:i.!.7.} 'tl-r=f. i\\1SCL~ 

A}i:r..9-l -~'{J-1'l 0 l] -!,:--~1} iJ.'i:.Q] -~-Ad (Ii-JE'rJS:., ~-~]-) rJ ~-r-a 
J.t} ~ r~l:l]S.]-'.- 1~0] zr~1-~r i:,i_!-o}r+. u:}2-}Al 51_0]-~ ~7) -~oJ] :i:[o}.Ql ¥,-AJ-3.-- il}<?f 

15}.~S.J,(j n]r~ o'l]-to1 7}"0'-iS}ni, SlO}~ ~ .:f, .310H,--tc,~ 'i-Ad CJj ~i]--\1 ~-~ -"}A-J]15l 

¾ % P].JlA~%-a-J- 11·-f 3) z]~}9] 'i'l--f *) .-<}K½-''i9~ r~jlJ]-J- .'f]i3'}~ 1'!_1]191 --,to} 

~ ~j1'~8Jlo): -~ 7~-7 u)l,-9 Si.{1'6]71] f.' 7·. iJ.q. 

0 1 .-;g-uH_-:- ~-7,- Geotek~,qoJJ;.7 c-}1;.~<l- 1<l7l1~~ 1Blfrt! ?>12..~ (GEOTEK, 

1998) -~li].0] A}% 8J-1:j,Q_- J?-~ -,;:l~C-Ui .. 0J9-] ~ \'J*!f! ].~j ITT ~o]g.J ~~%5!•:,},~ 

1HfEi~ d:AJ::.,H:- "----"1tlY.Ei (stepper mot.or)Ii'... ~\11Al P~ ~~. :U·i1}~.£ ~ z}f"} 

.g-it-i1- :.i:HT:: 37BS>J -ill:'-:~ ~:;:!}J.]:f.}1:l (Fig. 3--8--1). -~3-J%2J tr% -~~x. (wet 

bulk densityH:- L17CsoJlA·l WJ'½s:J.;.-.c. {}n}~ 0] t[sjsj'.:::_ 1.x. .. ;;: ll]-';±.:dt:l . .=-.1?~.:ii ~ 

~-?,-9] A}~½,0_ A}7J;~t-& 7]Ll-7}J?1Al ~1l!cJ.t:}. * 'i'l.:-roi]Al:.: !f.~3-j%.310]--~ 2 cm 

{ f-7'10 ;=, <~A~·QLCrl Onl ~:S.;,dAj7]-..Q.. 1-.. _:;;_~j ~o--1t:1 n_'--cc. -*-.-:z~,:;-] 71--i"'-._Q_ "1--1~"-F'" -•~-"='- 1 ij fM--'7, 1 v '--'- ~, .L. r Mr . .I..,_ ,·t,"C mec.. 'Ull IL 

-:?.58·-



Magnetic Susceptibility Loop sensor/ Pqint sensor 
\ i P-wave velocity 

\\ 
1 

•• ~ore imaging 
... . -----~-
'\ 

Natural Garnma Gamma density 

Fig. ~-8-1. The schematic diagram of Al\1SCL (Automated 

Multi-Sensor Core Logger). 
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%"']{~, pi'j' Aj_.l\i ~~-, 7t}>'H:!-tJ-SR;;J:, A}~%~ ,:-1~,:,i .g-i;:_) {-J_A]~}-2..S~ ~]H·Cl 

6]1 ~-ll]E.sl-¥-J.1~. 01 11.·-t--:-;;!_ ~--78<5"}°1 :i A}.E.% "CfA] Li.'=jAi ll].lllt~Ll-. 

cf_ 

7}. ~~~- r:.Jl½r?~-1-

~~~i;R rH-:(--~-'ti-4--?~ .:ii 0 }ii..';::: MR98PC--:! 61IAi MD98PC 771]"·1 5.~- 0 }<>11 LJh}­

~-~ ~.ii'f~- '{l~L"&);;~tl. oj _:a_o}~{'._- 27.}\'!S:. 1,:1_.:i:1,._i (7ll ::;', 1998)ol] '?hJ!rj5'}_z] 

1?!, 01 -~2'·iolH: ~ -ri A]-'-TI'G'~ ...:}f'1.~ -~R~¾ *R~ 0] ~~}-s~oj 'Ur+. 

4-<::! 'f-.¥.Y} ,;+~: A} 01 .<'.,~ rJl-'...t'-'t-<>11 ti 7.1 i} MHGSPC :=Gr0 j-Tc. T{-1 °1 6} F-0.4 m. 

;;io}{:)_ 0 1 527 cm 0 1c.rJ, _2..-'i- .c1~-'c)-.£.i'l (massive s,md).::~ 7-"'d.:ilo] ';JLJ-. \l_t~?~ '+ 
"'d-£- -¥1-~otvi ¥-TTo] 1}-_,l ~--\~i;)l~011Al j:!%~H:=- .li'.i:.Jl, ~"?>] q<Jo] /-]!.)] ~-~ 

5'-~t.Rit!:.:ij- nij¥'t- %A}-8"}~•5;: z)l~c.1;:!ol 7::-t~g_ u:Jl *R~!f!·1 ~~ t.Rt,lJ (beach)oJlhj 6J 

Aj~ ~i.9-~ .1-j-J:,..,¥ltj-_ P1l/ ,;:;_i;::., ~-t;:_ 131 ./4}§}%~ --~AJ~:i!}';::: Fig. :l--8-201lAi .!d. 

~tr.;'t:} . .£.2lj7)- ~f 5'j~l%? ~~1Fl PII} ~-Y.9~ ~l-o] 'f-zl ?tft:}. 1tl.5:.l--} z}§.}%$­

oJlf:! 16J:g_ .!ii..°1 ½ 'T°X ,U.Q..o:], ;';t;] A]:ttl--£-:: !i'j~¥}7JQ.j ,Y7]"8½ .!i!.6-}rt:} . 

.:u O} ~ ~ % Zi ~1 T'- 4-~ A,1 7 l -tl % Zr c;R 4"- 1?-1. 0 1 ~ ~ ?, uJl '?=! 1! ~ oil i'i ;,: l 1} 3-! .2. S:. .!i. 

ojus_ i;R4'-'ao] 150 m77]-A] i~~~ ~_Q_~ "'y""~s:]x]•,'} o]ol] r1]~}- ~~o] '?:{_Q_~ 

')I r!_5f,:J. 

MB98PC-1 "1°}c: "1°}s, 0 ] 1,150 cm 0 lnJ 4'{1 199 m"il-'1 >H.j,15\~ '1 

MB98PC 3_;l_'1 °1 50 km \:t"'s'"il ~P]~cf "¥- 'll'1Zl£1 71c1°1I "i .. f"i 0 1 -'J'il"il 

Ai ;.tl~-¥1 :;t_C}!i'J-71~ .!\-.J.j 2- riH-f tj-.?_tj-_ ~ MB98PC-4 51°}~~~ AJ1f-1~ Tllj 

"8:- Y$l~~~~. '5"}.!j!-C _2..i'~2l ~t:7} -'f--A~]t!- ~~%5-. TAJs.]61 9),t:}. Fig. 3-8-3 

cc e<}~s,:o],:J-'?7,'l{l,] (AMSCL).sc ·~'lltf P"t 5/'r., Y"f';/s. cJ! ~lot-£ (MS)<I 

~--& ~ii'.! ::.Jo]~ 01 ~~ g t7-]_£. tj-~ .1B.9.J ~?ij"J-~ L-]--!-rSj_tj-_ ~,5:J""J 1£>I ~r:~ 

-'2 .£~'?c..A-l] 01u-l ~~l-~-~ stage IOI] '8Jlt::J-~t:]-. ~}I,11 ~~AJ Il-IV,0 ~2.}~_1-jc_J.1]%~ 
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MB98PC-3 

P-Wave Vel. (mis) Gamma Density (g/cm') 
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Susceptibility (SI) 
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0 0 0 - -t j l~ ::-~ _.,.. 
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-2} ~ 3 l 3 3 ~ -5 ~-
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~ .... 
L_ 6 ' 5 --,- ---:=. 

Fig. ~--8-2. Curves from data of p wave velocity, gamma density 

anrl magnetic susceptibility of MB98PC-~ core ::,ediments. 
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Fig. :3 8--;)_ Curves from data of p w:we velocity, g::i:mma density 

and magnetic susceptibility of MB98PC 4 core sediments. 
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~AJ'cl 3i6]t::f . .!iij~AJ- II, III, 1~ IV9.] tfn}\'..L~9} A}§.j.~'1"~ l:l]JJ1i5}al .!i!.lr! tfii} 

1U.J::.~: ¥-51~ J:} 61~ .!i!. 6]A] ~.£..Lt, A}~%f' if-7]~91 Jt!~9.l 1:}il"J:% .!i!.'?.lct. ~ 

1il-31.£...£ A}~~·it 61 t_-.g.. 7.:14-~: A}~-1:1% ~ 6] ~~6}j]_ '.U~: ~,,q %61 fl61 \!" 

"}.2..";: 1:!Jt.}7]~ 7}'J-AJ 0 ] ~--q. tq-4Ai ~-3.jAJ 117} .!iij3jAJ III .!i!.9-1"":" t:--] ~¾ ~ 

5}71~ 7l-'o,.,,J61 E.Q..n{ s;J-iJAJ H9} rv:.: 1f~ 7]-f-il 7l-'o-'-J6] '.V_.Q..'--t .=r ;,;}o]1i 

~ ~~ ~~~-~~•~~~ '1!~~ WA~q ~-%4 ~~W£~ ~~~~ 
718 cmo\l-<i -~'z,-of;JI ;;J: 0 1 ¾7f-of'1!,l 'Fill~ t!:7a'1!->'f7f '.l!'<lg :S -~-oj;?q_ ~~ 

~ %-15-{t-A] 91-- r.j] ~-1' it!lj!--C 0 ] A~% JJl ?}~ Y 91-- -'6-Cl Y ~~ 7a J.l] 1:1t s!.. ~ oJl ~ 

9,300 yr B.P.oJ1 -&-i--~o!P·i -tt-~Vt %-Ti-~{t~ 0 ] ,..;]~9).-";:- 7a4'-7l- r:ltlj!-~-o]r::.}-. 

MB98PC-4~A7'r 0 f 724 cmo\lAi .!/-A11'J 4':1~17} '/!tl'<!c.J (Fig. 3 8 3). 7.e].i> 

0 ] -¥-¥-oil Ai A}§}% (MS) 0 ] 1/-j 9] 70% 0]AJ ~ 7}i.}_!:!_.£ fti-~f1PI 4¾£] ~;o(H ~ A} 

fti-%~oJ]Ai 31}~~ 'T 9J.rt. -¥,~ ~ c}~ ~171- ~91 ¾ 6}~ 0l]A--]X. Al-~¾9.J '1"~ 

i:Jl~l~ ~.Q..nj 'T°7]~9.l 1t!~0J-'c]-% .!l6ifcrf. MB98PC-4 516}~_: ~£--tl]9.J ~~91 

,,.]~JJI~.!fi 1..-]% 0 }?~ UL-II El]2!.iQ-% .:1?~]1 .:1 i>}-'f-oJl .!i!.~T';::: ~f@~C?.1 t?~1-] 

71- li!_o];i;] \'£2 1:1}£. At~¾o] L}E}L}-E..S..Al -"]~3:J'?.l T*oJ1 i:B,fl3:j91 ~o}';::: ot 

qr} . .=rc71-+ --i-~Al]¾ 0] Dff4- T-'cilll ~'.xi,.£..E.~ %~A~1 ~7'- 0 11 ~2 '5ffAJ-£~ ~ 

";: 510}-o]cL ~.£9} 1J-'T"%?ik% :i.}9}%31} ~••}';J.£.;U-3!} ll].ul<'>}'.xl.% n:J1 ~t ,,,J--t!­

'i'f;,fJ7} t.fF.]-'dtcf (Fig. 3-8-4). 'l)£7} ',!-2.'1! Aj]'1)-"J~'!l: 0 J -9-A]j<if~ "f:<f% 0 J >C 

t- 'fr'B "1)--Y¾t- ~t- ~_Q_.£ '--tF--}\:!-t:l. ~µ}~.£. 0J.£{E-.¥~, ;i.}§l-% ~ W-Y¾~ 

0 1 it71"1 ~"le _c,,of~oj~I 726 cm7} :gt;>_-'IJ"l ~4,,i;c,11 7a!1J 0 1c.J-. 0 1 7,JJjj~ 

'l.15:. '-t ~+'f,;;1:.2.-".5", !f 'l/-0) ,11 '-l sf 4,cj 'i! ~~{a~ '-i 0 1 '-1 .I :S ·"" 'i'"l Yj 'l1 ~ 

0] 0} ;i.}-'t,=-5i0}rf·67r=J{l7l~- jj}<?fo] 7]-';;"%}:0.~- j-,°_O}~- A]-_~/] 1~ -',$'- Li ~~Vt -lt­

"j :S A <'if C: .2°f{I '1j ~ 'f-1', 'jj .!I.~ -'IJ-l,' tr 7° '.l/ cJ. '4?]'-7 °] \) aq_i :', oj -,l- 7j 

~ ~4~ Q~~~ &I~ ~•"1 ~%~ ~~~g~ ~q• +' tic.J-. 

MH98PC-4 5:[0}oJ]Ai %£Ai] %~ 0.00 mm/yr9.J ~/2.J~~ .!i!. 0 ]Jl 9J.tj-, 

MB98PC-5 .:n.ot-;: -Y1J 175.5 m<ll ~¥.oJl 7}17}¾- r:lt~:g.oJJ ~.J:]iit,"tj 5! 0}{1°] 

·c 0.jc 370 cm.s'.'-1 ll!-c.J-. >l?I <J--<Jo\J ojoj ~-'/l~~ .ics!: 0 1 ',1--jij;;foj 51°}-"l-'1'!l: 

f1'1j~".Ss si"1 tlj,:!c.J-. ~ 0 f7.i 0 J7} llJ-of ~}%2°fc.J-¾<J'\J7J (AMSCL)::;f -"}%~ 

piij- ".'f.£, ~.£~At§}¾ U{o] -J~b"] 1t!<">}A] ~:-: -'i\_!r:_ 6]%7} ~A11i} 91~~1_\ 

jjlt±-o] ::J.. ~~l~ -?,!.2..~ .!:!91t:} (Fig. 3-8-5). ~%] A}~~-b[,g.. ~-~-~-•-~ 7a 6J.J;j 
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MB99PC-3 '<' 0 1;:: 141-862 cm '?-TI¾ tJ-'ll:;.cr,I, '1/".!/-%61I •lAJ~~>l{;" (ST2"­

'll~)0I Ajy_ rHU]-<14. -"1"1,;i III91 7</1-::C MB99PC-3 ;;,of-"-1 Sf.!/-%<>11 'E c}A] 

•1"1"1-~>1% (ST2'>' 'l!Wl0I W:(!s]s]'s!, MB99PC-2 51ofo\l"i;.c WZ!']:s] \lt;:: 

cf. -"JSJAJ ]Vlc -'f- ;;,of 5'_','oJl>j '/l-'1!1'14. 

1) -'8-t.H ~-~a:~ t:ll~"r¥!-¥-, ¾~~,Al 7}~JA}t!l, ~}~t:HA] '51 %%~A]-~~~Al ¾ 

_;;_ oJl Ai ~H 41 'tl 13/H 9-] A]~~~%% A}% .IL 0}ct¾{:l {J ;t] (Automated Mutt-Sensor 

Core Logger: AMSCL)¾ 0 l%Bfuj O>J='1~P,l 'll~ 'JI _'il•l 0J · "-71~, "!"Ji: '1!11 

Aj c0,- A 0 fiif'l! cl. 
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2) A}-%~o}t:r'F~-'fil7]oJ]Ai A]{,-_noJ-~ ~7] 11oJl 7i}~7]~ ~~~ Atii.O]P...£., 1-l 

~{!"ii Aj 51 of~ 'l! "1 Aj -'I _ia_,;J "'I ~ -\'I ~I _s, of{l 'jj <>ii ~% ~ 'i' :U cf_ 

3) 0<)'g51ofc+-,;-~1J7]~ 0 )%<1"1 "';',JB Pu} "c'r., {}0 f'll.'c 'ii 0<f:0}%,;J:<>il•i sf 

:of-£,;J:oj 7]~ 'ii ~7,J\ll% 7l's-"i] 7f~ \'){},)71) 7]S;-"l"1 '.,l:Ll, qgoJ B'"l'llx 

0 Jtj_ p:of 4s'x:: 7l's--"I 2Jf7f r,c 0 f <!- 'c!-foJ),j:C 7-1•1 °)%~]-"l ,eoj-5:(cf_ 

5) A]~Sl-4%{}!:"l tflt1]:: qjlj:!-~ A}-~}¾~~ A}-§--t}~-9..uj, *AH}~~~ 1t_oJ:= 

A]4a~l~-!;-2] :-7.~.2...!i. '(}~~ qj~"Ytt!~oJl ~1-*lV~ MB98PC-4 .:a. 0 }-, MB98PC-6 

c,,_of 'iJ Mil98PC-7 51°):{!ej cJIU). 'E ~a;- cj)~-Af\'l<>I] -'/l>]~ MB98PC-!3 _srof 

-'4- ~;::-tHA1 Ai~ 0 1] -¥1~1~ MB98PC-14 .~o]-Z}.?~ rHJJl, -%-¾#-A]-'l!~~A] ¾~oJ] 

>l~B MR99PC-2 2°12]- MB99PC 3 c,i_Of{l"i] Aj-". qJel',l<f_ 

6) '&-•l ~See'; qJs,-Af\'!"i] -'/l >] tl MB98PC-6 _'rr 0 f<lf MB98PC-13 _srof-"i ',l--'/-¾ 

11 ~FP•J- I--IV ,°_ -fr-A}-~ 1l-~ MB98PC-13 ~ 61-9~ "t}ljl--~-- 0 ] tfl~A}!{l_ A-j~oJ1 -$-1 

-•]~ Mil98PC--14 2ofej «11-¾"f c~ujo,Jec {1°19. 0 ]t: Mil98PC-13 2of7f ~ 

-"."1191 c;cf6!,_AI) ¾oJIAi ',l--'/-¾"11::: -;/-& cl)'-i-Af<,'l<>I) -'/l-'lvf Mil98PC-6 2°12]-

li]~~ ~~oj)A-j ~61¥! ]!-9...£. _l;i.:;z;]o,_l- 5)-lf- 06'"~ rfl~A}\1 A-j~oJ] #j~]~ 

MR98PC-14 2°12]- '>!-& -Vf:,j<>l)Aj '1'FJ11 c;!.".-". .Af,l_',l,f. 

7) ~Sceil-"l %":"i]"i >H~iB MB99PC-l _s,oft:- !a)cj-,;-2J !>'1"'--1 i?cfoJ,Jol :ll]­

"-1--"l"i sf_o-Hl-.J: 'Etl '/!~)7f llf_O_\'!Aj "1~1 "il"J",{1°) '--fEJ-'--f-"l :'l0f--<j ¾--<izJ:91 

i:Jl ti] 7} ~ t:=J -7-~ sj "1 %0] n~-9-- -:~-~1 "t}lll i:@ ,.,_d 5-cJ ~ tf_ 

8) "I cj :<}-of ,J¾ a, 0 1 -"}% .srof cf'&'1'l 'il 7) "I] 91 Sf"i "; ',l-',l -"1'1-%,;J:"il 01~ \') Y 

i>}::-ll ~¾;3"}.!:1...£. -~{}7]- 7}?;'~]~_0_1-9, ::';~l ,i-~Ai1¾ 0l ¥-'ff"!fil A]oJ]C UL-I6li..l­

UL-II~ -'gJ-1] ii{- 0-}o] 7}~~} 1l--?J 0] ,Utj-. tj-~ :tt}{t"A~¾~-f2:- ¾ Ci 1~~~o] ~ 

_8_ t,-} A] 1?.} tjJ 1f- {f- "5~ ;,;-j £} -}_!, A~ ~~ '?cl 71- 'z A,j O j ~ r-+. 
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.:u. 0 }~-= 0.60 rnrn/yr, MH\)8PC--fl 51.o}.;...c. 0.42 mm/yr, MB98PC-"/ .:J.. 0 H:~ 0./,l 

mm/yr, l'v1B9HPC--13 .:--,1°}~: Li.El mm/yr, MHD?:lPC 14 5L 0 }~- 0.14 nun/yr, 

MB9<JPC ~ 52°}~ o.:·{i rnnl/vr 'J.l MB9SIPC ;) 5].(,H·- 0.0"/ 171177/yrL~]i:}. 

10) A}-'~-.:a_o}t:F6{:J{l7]oJIA-J ~_.{d~- ,;'~u}W~9+ A~:&.g_:;;t~ c;JX ~ ~'T~·i!-} ·!t 

,~ "i B cf. 

-- ~9G-



1. A-je 

·\<''ii~ 'l!~l<II'<! tll..-'r\>1-¥- tt]Lj-s'c_ Lj] ;B<lJ 'l)'j]_ i,',0 •B~ (,·c] 12 110 m) 

~, 'o''il 'r\'! til 0J~l '11<1~1"1 ,Uc]- (Fig. :J-9-Il. -li->Bgl 'r~ 200 300 m of?11oJI 

:£."6H::- 3]-2..§_ ~~ ;tj 'xl_r-f- (Garno et al.. 1986; Kim ct al., 1996). 0 1 {l ,;J-'f'.iJ];: 

"efcj_,l_J·'c- '?:!'1\oJIAi 71%"1I ~).A~•ftc 's-'-IAl'l!¾"l 0<]'@-'1 JJ~ ~-l/-oJI "l•n 11 

¾T7} 1..~ 7 fs:~o-j ~"2¥1 j.2..~ °17~{:] 1+ ( Kawamura and Wu, 1998). 01 1l 0~~~"-

2j ca~J.2..~ -t-8H9~ -Y-1:l ~ooo m 6 Jri}91 inx1~o11 -t-¥.il:.= q~ ~~~.[-.g.. -'J-9t 

~°1 §,}{£.,,~-~, u:Jvi, -fl-7]% ~%1= (<1%)A ~}-',}~ t]-<'S- (<1%) 01 ~r+ (Ninno et 

al., I9n9). 3']-~:-A-Jl ~Ptl:Jlo!l ~ z]-i'·-3:J tHTV'li'::. 0 } 120 m 7l-rs' ii} 7J-~ }!.Q_§_ .1!. 

jl~jl ~;:r~1 (Shackleton, 1987), 0 12J't!- 3H'T1t! "6} 7J..g. -6-tH~- -Y1.!! ~ 0JZ!-21 i5H 
e'::. ¢cis'L..9.. ;;tfl:-t-i:if,...,.1 !.c-,:;-n AJ?-,-'-,::.ol s,.,,1.,1] ,q.u.~1- <'rlt,}:_O_ u];tl-2. 7;Jo]10f £•Jo] ll..'...-\':!"'ia .__~7,o~,o,-7·,o'-'lo,:s'"'-·do2. Mr.,>-: .o-

A]4', s].A'.]-¥-otl ql·'(! A]~~~. ~,,_AJ%-1l~ ~T 7.:l_J:1/+=- 0] Al71oTI Jj'-{f!.-Al¾-Y- t!­

~61 lAds:]S1_-~--~ z1A]"o}jl 'x.lt:+ (Oba et al, 1991; Oba C't al., 1995). ::-1-S: *~~~ 

~ A~li-oJ] !'~i>}\1!, o] -y,a~ A~%4'- ~_-7,ij ,'.:'_ tiR"r1i:! <5} 7J-2-~ jjj]11J-¥.! -6-tiRoJl i:J"r 

7} %'?-J~l~ R-tY~ ~~.'i.7~ 'c;!:- 0 }1'! ~:i!t, Y%o] r,;J_..1i:_;.}oJ1 9~"5~ .J;j,~9}B Ujj{i­

..£..'i. t~/2:1 ~151. Y (Oba et al., 1991; Keigwin and Gorbarcnko, 1992). 
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H·1 I3athymctry of the study arm (ccintffJrs in metre") cmd locations of piston cores. UG=Ullcur.g Interplain Gap. 



c.A~ ~-T- ~;;:!}, i5ff-~ia_Q_s;_4'-ci 1-2 m 0 ~~oJ]Ai i5}-¥-5l~ ~7] ~-4°1~£.hJ] 71~-W" 

~3J¾:i!} AJ-1f-5Jl ~~Afl Yt-£:! 0J-\! L]7} -7-*~ 0 1 ~l~~t:.l (Chough et al., 1984; 

Chough and !3ahk, 1984-1985). 01<1~ 'ltAJ- \>l.o}t- '114'\'I -)1-;'coj <I~ J-f\'l2I 'l! 

1J ~~ ~c::I ~~ }! _Q_~ 6ff 61 ~] '?,:l rt (Lee et al., 1996). sg-Jg- *Al-{}- ¾ ~ (Ulleung 

IntcnJlain Gap, UJG)'._: ¾~ ¾A1Sl} '{I~- 'fi!-A1~ Z!{l.SH--:- ,;¼2 Q,0 ¾~ct (4-{l 

~ 3000 m, ~ '2f 70 km) (Fig. 1B). UIG~ 0] T ~A]z.l- 1l¾4-~ %~ Q:J~~ 

<5"}j]_ 9}71 u:Jl~oJl, UIG!,?.J 1l¾4- ~ ,,,J ,':_ %11ffg.J 1:l%4-- 'il:"~9-J ~~oJl qj1i:!--t] ~{J­

'15"} S!l ~ :;.! _Q_ ~ o:j 7:f '.{! q. 

0 1 '11-f !l."1<i~ UIG"li"i •l"l''il "1"1..-"1 "!~>ii 'll~f7l 0 1+"1 "l"l~}"l, 7 1 

JJ:l-~~ ~-AJ!'~ ¥!~~- 7]4f<5}_-il ,Ur.l-. X--!-i A}f!.4- l:!1~:'l -'i-Vl s:],(i,Z-S: fl~A A] 

~~~ ¥61g1 "{1:u}, uJ{l- 7}Qtl] 0 ]1::: (Mn-carbonate) L] i· 0 1 i5}¥- ,;-.:.1 qs} ,,_J­

-¥- ,,,~~.iiL~{ q A}oJol] ~iJ3j_Q_~ l-}Et'cl-¾ ~'tl8~';{J_c}. ~ <r!-7-~-:: t'.>l~i~ ~{l-3f 

'Zl ~AJS:i}-2.l 2t.ff 0J9{-3f WgJ9~ PJzI- 7~.!1.l-7] 0]..'=°_ ~Ad 714oJl .:ff~ ~2] ~ -=r-~ 
t.} 2 A} ~ct. 

,;-'iili'<l <f'll-!<- ,;-'ii U!Gol-'-i ,-1 C: 'il ,J] 1B"1 J-jc'}-:,J W5PC--7, \J6EBP-5, 

96EBP 6) 01 {'- '11-'f"il <f-ll~19iY- (Fig_ 3-9-lB). 01;; "i·~-:,Ja,,o. 4i1j "]%iil'1 

-'cl qs;_ 0 Pf'°iA1 9}_2_uj <H~_-3'j_Q_~ ~·i:] Y.<4 'rt".oaY.~- op;,-o-1~ AJHt.lli.~sqz] 

?:t-~ ¾o] llAff~r+ (Fig. ::J-9-2). A]4'-{l lf.',5'-_Q_i6-¥,-Ei *~{;- 1.+"t,}Y--'c AJ-¥-~~ A,Ht 

.lli.~¥1 i...1'4 1:5}-¥-~ ,,,~~.:ii.L~-s.JA] ~~ ¾ A}Cl9l 7c!ll1~ 7]~ ~,z-~.14 .tl...J~-'ft ~­

efo]~~-A-11 ;i;p1J--TT- s;i~¾~ ~~All lfl~°J,,,J Y A} 0]g.J ~,,,.J 'c!Jl]Si- 'UA]8}:~ :A 

k_~ cXp:j~tj- (Chough et al., 1984; Chough and Bahk, 1984-1985). ~'C"Ai] "1J6l7] 

o]+S1 ~§}oJ1 :t:_~ ~ 'P-:e}-7] $Jt.ff, A}.-11]~ ~61? A]-9'"{1 K¾.f>_§_J,1-l'~ *~ g Y·l:'} 

t..}';: A~~.ll!.~~7.l f_J-.g. ¾"] ~±0}~ ~ 0 ]7J}A] 0 ]~°1~tj- (Fig. 3 9 2) 

71 > I "l ',! "i "l 'i'- -"c ;;,! % ;> l cm -'¥- >II ~I "i "l ,: ·:'c ,'I ~I '11 ~' X sl "f 1'1 -?0 -\s- -af oj 
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SediGraph 5100D"- {t"j,sf'.ljcf. -"l"l 'll"1oJI rJ~ o]A)"J 7'~'4 ';J,'-oJl qj~ 11-

oj-,"- ,aJ"j,f~ "'"I 'l,uf "f31lg 's};: 9', 0 JoJJ ti!~ >JOJ- ~o]7,;j ff~4 ci1A I'! 

o] ;;j 'i'!{/ g -~'ii o) ','oj 'l/ cf. 0<f-\l \1{1-'lJ ,J:<-oJJ ti! tl 'a.\' .\' "1 :". 'lo uf "r'l! <>IJ 

rJ-ql c1A qiu] 11-"1 g %'11 oJ-'f"1 1!r1-. 'cleJ't Yi<>IJAjSj ~,~pj ';j{!' \'!~;:: 

Mn, Ca, Al, Si !N5:9-l AJtjj 't]-t'J-~ ~%.2.S=- ~Al- 'tin]~¾ ~i:;~ ~AJisl-~c.l-. 

Al, Mn, S, Cu, Cd, Mo -'iQ.J -'t!~ 1l-".f~ %71 ~~ W,g, ~11.g. A]-?-11 

96EBP-fioJ)A1 °Pf-~~tj-. A1£.t:- 'i~-'-J-\!!9}~ .:il.~t-1-?i 2··30 cm~ Z!·-4.2.!i. iH~ 

S:-lSj,.2."9, --2..~oJ]Ai Z:]_3= A]zl ;f <'.l}~]o]E S'.t'}_~oJ]A-j ~-~~- ~~Sj_c.}, ¾~§};=j_ 

A]_B.:: -'.};,;~t'-l"t!- ~-- -tL:~~rJ=,°_ ICP-MS (VT Elemental PQII+).~, sfr7] Tf.!-~ tj-<'$ 

,'.:'_ 11_ 1-:¾~7] (CE instrnmcnts EA 1110)~ ~1!<51-~9. 

\1::C \9 rlJ -~->a g qj tl A) li;:: A)~{) !l6EBP-GQ) 37:l-375 cm9t 444 446 cm 

-,'{foJJAj 7)7t >1~£l'49 (Fig. 3-9-:n. Zr AJi'- <J- c1l"r ][)()() '-11-"I 2000 ofc]<I 

-¥-%Ad %-l?-i'°g_ ;<l~iil-~ "Fil~ 't!r.Jl -~1oJl A}%"o}~cl-. ~tl1 ~78? A-j~·tH'!t.iv-

\L lr. 2} ~ ~ 1- ~l ~ T 3'.:, -'-'J-~ ± -'-J -'o: oTI / ].:t::t\ a:j ,'-]-1- {] ~1 Al] 'fl ~ ~ ~ % E'._ cf 

.g 57\19-l SF~l".:J·_Q_£ i...fT1°1 ~t:-f-: <%-Gl Li, :§:1u]"1l- a',;·~l Y, -;r(~ 1..-1, "]%_ii!.~ 1.-1, 

{1-1: A]·¼~{J<",l]A-j9.1 1,1~4"~ 6JAj -~-i"'-- -~~ 0cH~ 1.-l~/. JTI-i].:flc} (Rahk et al., 2000). a:j 

11;.7:-~ l]l(;oJ1,-(] 1.1]-{5"1!) v!zt'::l L(f{~ 7}.h!.. 111°]L:_ }'2~ L-lo11 t:l1?;l]A7 -'c}-A11B1 71-~"6} 
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Y~.;El L-jJ} u]_u.1.01 ~-1'{-l- ?)1~]~- ;},,,]v] L-j-1.:i\ti~- (Fig. 3 9 3Dl. 01-t- ~l~ \:Hl-l"t 

E>i J:l.j ~1 ::- ~- u] ;;;:i o __ ;:,,_ -f'1-1-f"6l] .!,!_ \tJ., rH 7]1 -~] ;;;:i 0 1' ~~ ~ µm.9-] -fl~ .9~ 111 ;;7J ~1- ~- AJ +} 

.s! 0 ]-7""o-J-~ 'Ur.l. 0 1~~ u];;I] :;"17l!-:;-.g.. -'.·~TfZI0~711 ~-.£.ii}~ .IIL~-8"}-t- ~1~~1- ~Cl 

9} ,...d{J. 'flc.1* '°'l-v-.:i:r ruq- (Fig. :1-9--4Al. oJlf"i ~--'?-~ u11.11 ~,•Ii~- 01 ~11- ... ,~ 01 

Ll· n-¥J~-~~ %:tjAi '-t-c}L-j-7]_~ ~t:f (Fig .. ) 9-4/\'J. .:..1\'.lt} ~~9] !'f7J1]~--'-

0.l-l.Cl mm ~.<?ioJl ~-9. 1:.l, .g.~J -~lclJ- 6J.0.S_ -'f-11]17} ~§}1}i.::f_ U].Ji[~ T''l¾ ~l\2 

{!- 0Jt:'~<:?-1 1..Blf-oJ]~.:-:- 9:!?M~ 0 1 -~ct'J.'(}- ,,,dZl 11i-'ft· 0 l %'"i" 1fl;;~t}t:} (Fig.JU 4A). 

(Table :l-~-1), 

<?t 2'J•,_d_ u).(~;}-Jlj _o,~-.z11;1c~ "'-i'.'-']i."~ JJ.!.;c __ p_ HO]Cj-
' -' -·-·• C. 0 r ' \ 0 < •• '• 0 ,>. _,_ ,_ • 

~<,JI Ai 4'- -~}r.~1 .1!..2":"1. 1!~ ';Jt:j- ( Suess, .l!J7~J: Jakobsen and Postrn<1, 19Wl; 

Stcrnbcck and Sohlenius, 1997; Lepland and '.:--tevens. HJrn·O. ~'- ~- 1: -¥-l.·--~ .;:,J ~1 ?::i 

%oJ],\.j i:rJ-n :J]-Y_t.i] 0 ].S~;- rg-n )J§.}·&~"iEi f-J--'<'i-t..! :\fo (II) 0 ]t-:i1]- .'lJ\'_l- o]-?- # 

-'N :>:}-2-o1] u:j-~ '?J~i']1...-lFl (alkalinity) ~7]-o11 !.)li5H 6,:j'gs:Jt:- 1)_6 .I; 'i'-}i.r:j~ ~r.] 

(SlernLeck and Suhlenius, 1997; Lepland and Stevens, 1998). l!-{-{l:- 7L1.J.. t-11 °1 :.E-7] 

A]~-r+ (Sternheck nnrl Sohkni11s, 19m; Lcplm1d ,-md Stevens. Fl~l8) JH-'8 'j 'i1 A} 
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' "" 0 

'" 

Mn Ca Al Si 

A B, ,,<P ,& ' <P' 
,, 

c&" ;JI' 
' ,& ' ' c,5) ~ 

-~ ;.. " ''" 
~ 

\ 
~-

i 

-c-=-

~I\ 
~ ~ 

Fig -;-'J--4 A,1 Hackscaw~red electrnn 1-.-.age 1BSEll cmd B: electron m1croprobe clement line-scan cf \1n-carbonatc mud from core 
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§!_ 0 J"'f<'.>1{1 1cl·-'f- ~~~~(Unit D, (2) ~*~i'?l ~~·i:c!l Y, TI~ Y, siJul~ -~e~ 

q -:0:,-;;i:}~~_6 __ ~ 0]7"~-Z! <J}-¥- 'JAJ ti-~ (Unit II) (Fig. 3 9 5). o] -'f- 1TI9~ '{]-AJ­

;HJ<l 1J7Jl~I ';J{! 7fl,l_>il 0l:>e- ¾?1 ci7f cfcf\J-rf (Fig. 3 9 5). Al~1I 96EBP 6 

oJP•i o]i{OiZ! 'l!~ 't!Lli ~1 ~31}9-} 'JAJt!--$-l{t21 i:~tt]-fc· *6B Unit IIE>~ sj~;] 

<~~ r~?t 17.:1 11.5 ka 0J }!-9..~ "}-780}9Jc:} (Fig. 3--9-5). 

Unit TJoJH-.- 8}-¥-~¥1::i tel Y, it~ Y, si]u]~} a~e~ LL£ o]-'f,0,Al';:: ";r:>:}% 

o] lfl-1'4-~_Q_~_ 1--}E}\:!-c:t (Fig. 3-9-3A, D, and 3 9 5). {;-t!l L-JY- silu]~} -~ei 1..-1 

--fZ!- 0 1 ~:__: {!:°:>:}¾-~ "2_0] 1--}Qtlc:t. 4421 ~~}i--.g. .kJ1~-~ J.i~l-¥1- Jc]~¥- ('}el 

1-J2t ,_t~ Ll)il} :i ~'j-S<j -Y~~ Al~'T ~~Oj)J.l %!-"'d¥l \lH~ 0J-"J &]71% (f]u] 

~l- -°;;"t!l 1.-l)_~- 5H~-tl_c::} (Bahk ct al., 2000). 6 ] 'ifAJ '<l-$1oJI-~~ A~-~}!V_~ t-i:1°1 fil 

o-J, gju]~l- -~-t!1~- -J:g 1-l ~-'f-oJl 1--}E}t.}-C ·17± ~q %,.,I ~.P-~ln-J ';U_Q_l:9, 0 ]t: 

¥,{!-5:: _,:1i· ~-~oJlJ.i AiA• .A~-€9~ :tl%0] ~'.?)J1t-} -"J-"'J-O-J Q:]A1]s.J1H}% 9] 01~-c:-l-. 

-"]4'-11 96EDP 6!'i Unit ruq -'t~-{:-V-i>J -~6i '.{f:i!} (Fig. 3-~-(i), S, Cu, Cd, Mo 7j-

Unit 1~ ,qlij-,n- ~-3:l¾.i'f ~{!-;,(H.c-J- 01 {}~Ai_0_~ ~~l]<J}-C -'tl. 0J=Aj 1..-].£. o]f~ 

,j 9J q (Fig_ 3-9-5). Unit ! 0 1 -'I "I ~I 71 Al 'J-~f Al /I :a 0 -i' 12 ka~I 'll o1 \:! BB]-,' 

5H7-1i:l_ -'Jrlilr:+ ~Z!- -2..i'.1J"C! )12..~ 411~-ct (Fig. 3 9 5). UniL I~ '<:IJ<J}7] ~7] 

,)11-'-i ~~.kJ1oJl o]_~~ -'i-'il ll].i.il~ '?.1-AJ~J A}1i:]_.:i!} %~~ Ai¾~7JoJ]Ai spj~ ~ 

-"]4-{~ 96EBP 6~~ Unit IoJ]A] :: -'Jt:J-t;] ~,° S, Cu, Cd 'tl:1: Wi!JA .fl-7]% 'fil­

,:;,}0] J00-143 c,m }-{!-oJ1Ai Wz-1_-'fl_L-]- (Fig. 3-9--6). 'T~ ~AJ_Aj 1J.~ .,_rJ-%~ -'E-o-Jl 

-fT~S:~7~ -?;;12..£ ~~~~ Al ~}i2Jo] oj "7L;j-oJ]Al 7-j~ iP'.:)0}7] u~¥-,oJ], ~7}-:cl % 

.1]¥- 1J-rJ.-~ :;;-7}-'e_ ';'JA A,g{}oJl 7]1lf} -?;} 6_~ ~J'1-~t:}. {r7]%~6] ,(E--&~!,o]1;'1Ai 

<5~~1~ 'j'--'J--±. ~~c)jjAi Cu, CdY-!-- {f.g.. 1~!.-%.§:- ~9}~%g_ 11:jA,r<5}nj 11~5:.JSj~ 

~ 0 11.::-} (Klinkhammer et al., 1982; Sawlan and :\1urray, 1D83). Mn}!} Mo~= 1I t oJl 
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Fig. 3-0--!.1. Summary of sedimentary logs, AMS14C dates, and 

correlation of cores. For lorntion of cores, see Fig. J 9- 1. 
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Fig. 3-9-6. Depth profiles of aluminum, organic carbon, manganese, sulfur, copper, cadmium and molybdenum in core OOEBP-6. 
Concentrations of copper, cadmium and molybdenum are normalized relative to the Al concentration. Open dots indicate values in the 
Mn-carbonate mud. For lithologic symbols, see Fig. 3-9-5. 



.J.i ~zl- *·P- ~'S'% ~on,~r-11 (Fig. J--9 6), 0 H.-:: ~hBDJ ,R-~l-i:: -<7~"~~ f1-~o!1Al 

1 Aj .'fl ~ t~ if.. ¾oJ] ~ A~ 6H-~ Mn-oxyhydroxideYt 01 Yt -t'+ ~i -'fl Mo~- Y- t:] qJ ~-: ~! 

.Q.S. 617l ~ i::} (Shimmicld and Price, 1986; Calvert and Pedersen, 1993). 

uJ.Z} ;7}.t;!_L-J10J§. t-17} ~~~_Q_.£ Unit 119} 191 ~7lloJ1 1+E}1+t:- ,"}?.1;?. ~.L ~ 

J.j;Jj-~o] -""l-2-A-fl ZP1J.7l %<'.?!21 A]%~2-l ~-!,:: !g-_'i_ \!l_:§}9} •t]Aj0}7l] ,fl-~:oi]Crj 9J 

g-£ ;,.]A]~~i.+. o]?lt1- ~¥.-.~ J.~"C'~ uJn ?}.lil_L-j]o]5'~ 7MJ.j ·113}oJ1 L~~~ .;ic.2]9} 

cH~]~l-r-l (Calvert and Pedersen, 1993. 1996; '.-:itembeck and Sohlcnius, 1997). 

CalvertYt Pedersen (1993, 1996)~ "':-(-,;:}{: Al-~%7J~ -tB 0J -~A1oJ1-"1 ~-E Mn (II) 

it.Al] .5cJ-~-~u11 t+EttH--:- uJ-7,J 7~£t-Jlc1E 'f:le-191 tjAJ-e .1.,1,gt-}-t:-r-Jl 7.-J-¥J.5'H:t1:j­

(Huckndc and Meischner, 1996; Sternbeck and Sohlenius, 1997). Stembeck!i!­

Sohlcrnus (19D?)Y'- Yf"~-2, fl--{l 'fr'-.A]..9.] -r•J-<-'>ll .§-,(E~]°l '.U+:- ~fo (!1) 0]-2- 01 1C: ~l­

,11 o ~ oun i:-f -L ,-,_ ,)I 
'- I ;,~ • , ' -

2.1-!J.oJ] rr}_i'"-~, ,Y~{:_ ~1-7J 9.] ~ ~·~ +f.-}oJ]Ai o] oJ-z_} -:Hl•~Qj ~~Y} ~,:-.•- ~[ 

:{!~~ L-]Fj7} ~ '"{,j-5:] 0-j 'i:fzt 7]-_t,l_Li] 01 E ~ i:']7} "1j AJ <c] ~r}. 

-'s'.-AJ.!-z].9I LJ-~-~ ~,7 _,-,1I"' ,_ o , '-- A '-1 'I 

·~ J,),-0 -:- ·=J:oJ)Al\11· t;'_~,j:.cl·i"~ 61%~"=- :)il;lfl, (')]~~~lkJ -}tAj71f! 'i.J7J--l..j. -'J-~ ll.'t_! </J7J-­

'.;-.0j .1:]-c']-A-o] '-/7] rrJ1-R-oJI ~r:H3.J2..5'. wJ{~ -?~Qti]O]J-c_7J-- ~o=-.,_.;(1J_ -f· ,U;;] Trj]--/-,'-n] 

c.t. _1,ut ;;-_',it~ 11.9.5;"! ~7~ 71'\.--:- !·r 1~1;ljj (')1~·',~ 1JIG7J-- {J¾T.91 ~£•~W% oJ--j]_ 

911.:-J---C il 0 ]t.:}. c:;- UIGoJ1Ai~11 7<J•ta~C. ,:--u~ ';i;=-!.=_!)] ~~t= l~~ }'.Qr:~ !,!._cj :;p1t-1 
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'.\!fr- ?'A 0 1jt o]c~{!- i]-.?:j~ {l:2."o'-£91 \l!~l7} uJ-{!-Qj ~§.}--~-'t! 1}fll ~~~ •~-tl 

;,}:{l ¾ }lo] rt. 

4. ?;!~ 

¾¾~-~l.9] ~A1-{l- 2b-_,;!_ (UIG)ol]Ai ~~~ A]-f'--';J!>i ~~ ~4. ~-i--1-,\Jl lclJ7]-{l­

HJ;tl -'i'-~}Qj iiB4-1r! \1!%i/} .Jl_-tB"(H}7J ~§}~ lfr°JO}~~ i.rJ-,;l- 7l_~_cJ]o]E 1"'831} 

¥!-~¥\ 'i-}-';)-1~~-~ 'Z!A1$}~t:.\-. ~-;::•All BJ-t}J] %'llsi.J ~<'4~ (Unit II).@: 1i!"*~'ll 

A1]"a~ .Afi;ffj- s];-:i~:.lt :I ,,.J--¥-21 it!-.£::\ 0J-"j Y~- 01-?-°"J;tj :t]r}. Ai-qfl- Ji]~"6-2 

,YS.. $}-¥-9-] %-~l q9-l- -'JJ;!-~~ 1-t~ q_;,:_ c]fn-J-~ ,v,_c_ul, iB-Yr.:!o] 1;.J:;' -"]7loJ1 

~'Zl-1hl: ,qzi_21 A}i,1 -"}Ell ~-oj]),l 7H-1zl- Ai~-¥1-oJl !>J6B &]~:rr• ~-i::}. 't!-'tl. 0J=-"J q 

-c §ju]~ ~2.1~ l,!_o]nJ, #-'f-1 tFag, AJA]<)};: ~~~01 ·5°"~£101 '.V_ol, 15q4-91 

t,]-7J-_Q__?._ %15BoJ1 %~'.cl ..c;::-~~~9i 'iJ.:S:. "'J¾§} ~::v}'?] T{l-S: ~--"g--4' -¥l-7a¾ AjA]Gi­

~,l 9,ltj-, ;,,]"C,'1] i:vt.-}7] -1-7]oJP•i -S-.£1.11 7]{!- 011 ~l-3.l'ft £]~i% (Unit I),':'._ ~£~ 

El,,_~~- .iil.\H:J '--l.£ cpfojxj ')J_C_ui 0]~ iiB-'rzl_ AJ-;'.;- 01+ .fl·{}-5' Ai-~4 ~1JoJ1 

>i<I f1°J>J ''i'i'i-%"11 ~1,1 11'1~1'.<lcf. Unit JoJl•i ¾71~ ~ 0J<1 .s'7l"t 'lJc'I! 

~7c! AJA] i'L~' '{}-<"JQJ %7}~ li!.. 01~- -=?-?}~ 0] A]7]Qj ~,° ~Pl ,,.~{}oJl Jl'Z}{!­

o;!.2.5' oj;J~lcJ. 'll'd 'i!'/l~I 7cJ711oJI '+ef'-H"' 0J-Z! ef&<1l"i"';::: !/-1}~ ..J:7aoJI 

Ai %~2. ~- 7c-L9-~-9~ i{-~ ~} A] ¾4- ~ 7d Ei J;;l! ~1-~ 1!-~ <'>} ..ll :tJ rt. 
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Ail 1 0 ~ ~ ~ QI XI OIi A-j xff ~ ~ 7 I \1 fil .:i!.f- ~ ~ ~ fil 
~ ~ 71 All fil~ <>t~ !:; ~ 

-k1,>..l c1-+.01 -~¾"Rl. (o~..:::;,.7,1lolo:j~J_A) '-'l !, 0 7, '--". o .,,_, '--- _., ~ 6" c... I_,__ 

!C.511:<cc. 9-Jl=l. g)-,,;}-~_Q_ .:.-:,.Al O,:;: 1-.]J,:;!..Z- <517,)l:-;,;]zl-oj hlA]..',.,]/]L c,-1.2...c l:l]-"l;tj rll:z.j o ~,._ ,_1 -,o ,2. vu --- - ,, nd" t -do -'-- r, '---'-L... L-fl 

%oJ]~::: %31]:il:--f:C:-} \:}·Al rH-¼-•-~1f-El r~o-p:jq.,Q- tjJ~A]LlS.. AJt::J-<'>·] 't-,:l]"'!J- ~-2..5£ 

A~?J-t]c:.J-. u.j-cP,i -~i;"-tl] -'B~'l,-~ Tf"~Ol71 $~t.B,"'-iy:'- _.,-i~~oJ1 -t-=V:t-};-: ~}~~J-;;-oJ1 

-:-'.- -?-i:!1L}i.'l- c,i:~~- 9-J.1~21 0-J~- z]All7~1::. ~'°8:il} C;~~~!-•rj~-;,:l~ V!Ai ~~-~- ,gn_,1J­

~9-. 1i•J 1
,: ,;,F,:-rl]AloJl'•i ~H:}J~ ~,,J~f'li{f,'~- ~1gl ~,~~oJ1 'iPlol] -6-t.ll -'i:J11-~,­

¾6171-~-r~] '.UoJ u1]4'- 6-.fL~ A]J:Uj- ~ ~2-5'.. 7]4]:sJ-cl (Fig j-10-1). u.}i:-}Ai ¥­

'{!:follAit:- 01 ·2} 7J~}-'t!r:oi1 tJ!t!- -"J,qJ-~:1:- 7],:I]~ -~OR '1]0·j6j-~ ~~--18?- ~c]-8'}_, 1., 

o1-~i-o] --9-~q t-}-cj-9] nj r:i A] ~hL 3:: ~!-73 oJ1 A] ~!-¼!<"1 ~:- ~-H·}'i} 5--Jt};}j {l--1.HJ 1,1,,l J:~,.,l 

~oil rH-&H 1:1].IE -~~.'~i,H _"t_.l_.j]_:i.} ~~q--

~F~t:H ✓-Joj],>,i -~Ht]:;o:l_ -"].S.T~ 71Qj lJlY-~_-o] -? ~1];l ~1---',}9}7JS}Jt!~--~ AJ~ 10 

cm 1H9J2l "'}"'1·:<-1 ~H1 6 ] --?-A1173"}2, §~r~l -7f?l 30cm6ll \'+6H--:- ~2i. :n- 0;- ~i:t. 91 

-If~}[!~ 'T
0r~~~-%Q-J 1HJ-(Jl ~--•toH ~-:r _r;i~p;J';,.t 1..H 7 I :tHJ--~.g-~J-QJ 3':"'Jo11 oH~-

~l ,] ir~ :<~ Al] ;,:<:lo] .Pl-¥- 7- ·C,'L o_ ,),_ Bl1 ?-l fi);,lol-:;_tj J'l ~ 01 ,:,-1 i:f y .s ol-n~ .;c.._c)_ ;a:~ -ail z> c 
'-'---'- i•-0=--'--fiL ,2. dn,.ln,.:-:r.--, "'--'-'·•-c_"17-
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:.rJ-~·.£:~ ajj¾:L, ~'iP-l, ~L-1¢:J >; o] 4-~¥19-. 

'l}c([cj'J--'1,0 "1'&'1'1! llll2J32jej (periclinic) ~'ll"t 'll-\'- l>J'"fops_t,j-1'[ olAf 

--<-J¢:j..Q..~ ~~ Jil-AJ¥_!1..Q..S.. ~½.;=!tj- (Fig. 3-10-2). ~1~1 u1,q~~i,?:- ;.f~~. 

¢:J~. -~¾.!i.. %~ W%ii]-..ll '.U~ ..¥. 0 ]7]?~~ (poikilitic) ?E-~g ~t-1 .!i!.'?Jtj- (Fig. 

3-10-3 l. uf "1- ,1 ° I \'l \'! 'll :a {', '/"',HI: 'lH.- .,,_ t1- ec ~ 7 I <>ii 'll * ¥! .;! .2_ .ss 1! zJ-1'! t:f. 

A]-~61~ ;;c]-~ ~Al it}:;;c]-~..Q..s~ -:±½s=H::- 7a.q.-7]- .q.-_,!,J]il}.JI. <:j-1:1]-o]E ~J-l:io] .q.-

7J]af0<l'1! ¾i• 'lJ"ef 0 l.s.-"~"f"- ~1J?c .,!_Ol7l.'C. ~et:f. <1'lJA :,pf;: -\'-1'-"il--<i 

~ P].S.uJ]:1]-o]t:: (myrmekile)J]- 11'¼£~7]£ i5H:-r~], o]~_uj]:7]-0]._s.9.j {!-½~£~ ¥.! 

~o] {J•i!·?r=-~~ 3?-A~~Bflr+ (Fig. 3-10-4). ~~~ ~,° ~~~ ~-¥-~ 51:.~ ~:ll]~ 

o~ - .. _ ..... 

"1'll-€c '"'"i l'l"iloJI "l"il -"1-%:C:::'/l g i;. 0 luJ ,f.!'ll"loJ 'll:>1'-1- 4'11"1<>1 "TI'1 

"i -llW:<il-". {l½SlnJ (Fig. 3-10-5), 'll<l 'l!- 0J.C_s'. B"J<'1oJ 'lie 7ilq-7]- ,o:s-1 -,,i­

'!1- 'cl rt (Fig. 'l-10-G). 

~¾.!i..:: 1t!~ 0 l 11%B i:ll1-~ 0 l ~,?:-.£.SJ· .:E.-C ~y~sp:~oj 'ULl !f: ~~oJl $'/ 

•l 7'1-"i"Pl<t -o!"J-"1°1 'll2J~ 1l'aS-f7I.S:. 11:cJ- (Fig. 3-10-7). "-1#:'i'.c \'!11 

:e:¾2<.~ -"'clitf7l'-1- "l;,I \'!'l! --<HJ-"1 g .u1qJs-fuj ~½5'11I uil-o'-<>il s>¥ 0 i~f-lJ--:;i­

"- 7JzJ-'<lt1-. 

'.'cl..ll, :8;£-.£.!!~ ~-~ ,:±~.Q.J.1 ;,:iiVi 01 ~¾1.~oJl 'TJJt,!iJ~: 7cl1-7l- '.llrf-. lfr~~ ; 

% uj-e}Aj '!<!!7j 'l'C ,j'"fol_E. (goethite) 1,-01 {l,';-.,rf. o]ej~ =;>j,o 01 9}7J­

'lJ-I/liai0I -11:'li'l~! #7.lS-\oj<i 6a'a"ic •l'i!~/21~1\'!<I 9f7J-'lt-i'i- (Ishihara, 1977) 

<>ii 'ii 'it % 8 "i •I ~ cJ-. All ,1 ° I "1 0<f 11 e I -"i oJ i"-,0. cll .l!. "I ~ 'I- 'a <I- % % ii'. '-IP/· "ii '.: 

~ ~ ,3J '?..! pleochroic halos~ .!.!. '?..! 9-. 

y~ A]~~;:_ ¥!~% tg-o} q-oJ~ ¥!~ ~~ g }2.'lit:.l-. ,q;;,,,J-~ ~ ,t,jAj~l 

(brittle deformation) g ~ 0 } ~78 °1 ~ 1- ~ °i ~ 917-1 L} kink band:§:]- ~~ ~ 919· 

(Fig. 3-10-8). eA's!c-:S ufc-1- 0\*f oj'ljo\ '}fl~j_,1 'l/7\_,;c_ ~fcj_ '1'li." :,l>j>j.2_ 

,e. 1I\-%:C:::'/l 0\ -'/-7JIS-f'1 >H'l!'ll"1<>1 'l!t1- (Fig. 3-10-9). ',!'J\'!'il (ductile 

dcfonnation) 0] 1J8"11 '{Jr~ 1::1J-o-J..Q..~ AJ?}-£1~ '.U~ 7J4--7l- ~?)]-tj- (Fig. 3-10-6). 

,'t-.2.-:\i-°C Aj-~g ~~iS"j-A] -~"6]-..ll ~~~ 9"~g ~~"4_rl'-t ~1}~ <'q~:i!} ~JJJl 

'll2J ;a 1J•j \}cf (Fig. 3-10-7). 
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Fig. :i-10--1. Dredged sampling sites of the granitic fragments in the 

Korea Plateau. 
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Fig. 3-10 2. Photomicrograph of microcline porphyroblast showing 

pcriclinic twining (sample Nu. Sl -2-D) (x.r=i, cross). 

Fig. 3· 10-3. Poikilitic microcline porphyroblast containing fine·· 

grained plagioclase, quartz and hiotite (sample No. Sl -2-6) (x5, 

cross). 
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Fl~J. :) 10--,1. Ylym1ekite occurring bc~tween quartz and altered 

plagioclase (sample No. Sl -3-2) (x10, cross). 

Fig. 3 10 5. Hecrystallized quartz showing unduratory extinction 

(sample No. S1 J 1l (x;'i, cross). 
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Fig. 3--10· 6. Recrystallized, elongated quartz forming schstosily 

(sample No. Sl-3-(i) (xfi, cross). 

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

(sample No. Sl-3-10) (x5, open). 
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Fig. :1- 10 8. Fractured, defonwxl plngioclast· (sample No. Sl 2 3) 

(:x.5, crossl. 

Fig. '.~ 10-9. Rccryst;:illized quarli: showing unrlurntory extinction 

(sample No. Sl :i-11) (xG, cross). 
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%t~2l tHA]Jl~<?..! t}~rR;.:J (Korea Platcau)sil- %-:5--~ TV! <5HQ:J 0 1]Ai 1~ tH 

Aj.e<J'IJ ~1]31} 'lr-'H?-;!/J~ 01%~ •l"i-'/l'¾:<f-'1!% 0<]",0 ').2.5'c 'ifl-}Sf'.\Jcf. Cl :,I 

.:i!rs.. *.<i'i 38° 20' -1"\i'l"<>H~"?.1 T11 600-1,500 rn9l ~1-~tH/'1 ,i.}1(!oJ]Ai Jl¾qJ '?1 

'8-~ 3&1¼f, ;H:?,]<'>}~·:t~] AJ~·<'>}S!jtj- (Fig. 3 10 1). 'i'..!{1-~ 1-%.9.) _57_~-~ "6H-~ae_J· 

ifc"-E,.,i (cliatomite) 0 ln:J, 0 1 TT3:~ ~ r~Jljl-.~ 0 1 'i'..!9j~:g.} (phosphatize<l cliatomite) 

4%-ll 'lc'V-rf (Fig. 3-10-10). ~l{l')j -"J·:l-2] ¾ .2.~.o}'1] (P2O,) %oJ,& a<Jtil 4 

o--60% 011 ~Ti};:::: J1%qJ.>i._ '?!{}'i§ ..,,Ht21 Al].7-ll,',§~~.9.j <ii' 17%~:- ~Aj7]~ .,.tJ-AJ 

~>11-'I'<! 7}>]7} ¾·5'-"}9 (Table 3-10-1). 

<?J{!-~ ~{½{'_- _9_{]:-~<?H} 20% 0].AJ ~¾ii}Jl 'xl,~ 7,if-'f"ofl :½ 0]~, -"'J'?JoJ] tcj,~ 

.§},.,.d7]-'t!, 5°~~;,]i'~ ~ -7o}x~ T1il'{lr:}. ~~~ ~%.g.. {!7J.!,!.i:-jo}7]oJ]Ai -::},.,~t.H 

~]11] 11fxl 'il-~Jqj~} "i1'l'-ltil 0ll ~"i"i ~½'<le+. ~lo!-'lJ -'J-·:'l-21 c!½"JCil::: 'ir-\1", 

-Y1J 01 1,;!·:LL :0H1-PJ ~~¥0] 7-]~ 'ill~ l@3.. (bank)Y- Al~ 01 ~:,0 ~of]Ai rto] 

,.,~,.,ds:~-C ~~-~ &25:J'.Ut:J. . .::ri'.lJl i:Jl.itol]Al ~el ~0-]1-J "<>H~{!- (scamount)~ 

.1] R. (guyot) 51:":~ 'i'..!{1-~ "'if%~ A§"aoJl ~W-~ -~s:019-. 'i'..\{1-~ .,.,J-%~ ~it!-~..'.?.. 

.s'. %i','-lj- (upwclling)71 'i)-,l:-.f:C '11"1"11-'-i 1/-~ 7f'IT-'>l 01 l'c.2.9. 0]cl~ tJIQjoJI 

.Ai:: OJ 0J~ 01 ¾-¥-~ Ai¾ iiH-"r7} Jl\19.~ %"6'-<'>l-0'.], tH<r~ 11---CoJ]Al sn?rS>~ -8:­

X.7} AJ*t}O:j ~~ (pH)7} -6.l}~_o_~-MJ 't.!{1-'tJo] 1J~~c}. ~Q} o]rcltJ:. -BJl~oJl 

~A]_£,JfF,• 0 ]~.:€ SPi-~s>J ~¢::_Wo] ~c-J4-~] 'af.Q.~ ¾"'f~ ~,:±~ -'/t% 0 l f{il~¥! 

t:} . .::r~~Jl ~H+.1} W-~71- 4-¥1 t~<'.!joj] .-;;] 5d.6:j.Q.~ ~~ ::l!-o] ~-0_1(! ~% f{a!Ajo] 

l+~~- -2- 0 l '5} c.J-. 

-l; •l <1c-'s-tl .sJ "ii Ai >l fl <1c '11 ~'ll -'/J-i!-gj 'll F~ :CC Y "ii 15 ~ 20 cm -jj .<,c2J ~I "I 

o] ?f')J~ ~'ljoJcf 'if'ljo] '9'~ o];ccf. 1la(-rJl,<l"i]>i >1-'}I~ '<){}')j -'/l-'¾." H]'\,' 
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Fig. 3-10--10. Photomirrngrnph of phosphorile (sci::tl bar - 0.2 mm). 
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Table 3-10-1. Elements of phosphorite in the Korea Plateau. 

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

1 

2 

13.04 31.96 1.30 

13.31 :n.89 1.05 

1.31 

2.51 

319 

375 

428 

1750 

1832 



91~}. 

(carbonate oozeloJ] Al 

01 ,>.]-0:l 
'- '----' u 

(clay-diatomaceous ooze)oJ] Ai ,:+--J-~ q. 

4. £ ~ 

;,.~ p - -1 7. P-~- l --'--

~~qj~~~ ~~~ ~~~ ~~~~~~ /]~~~~}~ ~~~~ ~~L+~~ 

tjjQ.9} 7J-'f-J-*2t u]-} -fr-A}'5"}tj-_ ~]-7J'1}7~]1:l (Ishihara, 1977; Hine rt al., 1978) 0] ~l 

I.ic!.j 0 ] il]1~1.t]!i-l']iq-. Jin (1980),Q_- ;;-1.~ ft!-/J-~fi-½} qj~i:>H: LlP.-1§}7J 0J-f;- (C_i':j­

o]o}:'_:/]--,'ji'-},11)2f -~~A}9}{f'?-t* (lllJ'?-t7] A]j::p1)2] :-<1·r1-§}i'.5]~i ·;-Aj ')} 'i'.Jl,j,1] 

0 -,1 I "I -1 ·t.: L " 

_Q_:,;-Jcll t,"l);c!.S,1 ·rJA\.-~;,<l,)il ::=-,., ,¥.TTi:)lC::::. -~-:..i.'-J..]~1:1Jol-.1=/-~- 1JQJ ,,tjiicl M.':J.oJ LL[.l --,,_n ,,, r 'do,_, ,_,_ , ___ ,_ ,,_ ~ .. , """'"" 1 .. o c,,., r r 

,1,1 OJ--,J (>f-;'f-GJA--1l_Q.. A-lttlA~O] %}/--tjl.l.~ (c•s,Jsb·dl ~L;;,:!_O !J.01-'-:. __ 6-.~1121 ;..:_:!;<.•' 
1.(f - -, • • 0 l ' l. Ci --'-t , - = ~- r -- U.1 , a d d • • - , - 0 ~ ,., 

c)l_£_n], __ ;,_,,_1101 ;..ll'.?}o] Alo11~.¢.:._;;,_ ~1,.,::.9101 111~lu~_Q_..Q... \-'J:-ol /"l.Q. 7~]o __ i;:'.. 
M- 0 '1- 7 "· '---'- ~ =, -, 1-. --er- - , , o t ~ , "17, ,__ 

.g.t-1 :-B-;1,tJ~}s.J 0 1 ~¾1r]~, 4%5-31+ 0 ] -9-A-J1"5}c} (Lee :mrl J.ec, l!YlL Lee et ul., 

189Rl. *~J..}§}.7J-'?J--\1-oJ]Ai "'i~;:. '?-l-7,-tc]-~6:j _t;!.r:} ~;;<j xJ¾<5}o:j tft- '{!-:iJ o _ _;; __ r;­

{!·¾-~le9, §}'{!'1]--i;-oJ]Al f."5] ll. 0 H~ 1i'.!-'i'JB -1l7'J]tHg ;1-Ccj- (Lee, 1992). 

~-xJ 3':~ (inlergrowth texture)9] ~½,tc:~oJ]A].5=. ~-j,;;]-9.1 ;0(.]0]7] -'F-c,!61-i-f. t-+ 

n]E.Al- 7.Al .,_,_ 0 -'· -1 

HI o ,_ ,-:-

71-'f]i;::1._ J-l)-,:'J ../~-~,'-,J..l,';-l/l-Ol-~71. ;>'J...' . ..:. \Jl-!,C.A,l-.~;,;l_O_ /cj/:-1..<:LS/.L~, 9/-A--Jt;] >E1 Ll /] ;~--]<">] 7-r'---''---'-'- r"'"fdo,,r;,c:._ ,_,-,1...,.0--'-to '-'-' -r ,,_ 
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5:.~ undcrcooling 1t:il-j,~ ~ 0 P.i ~Ad SC~ C ~_2..~ 7>B~-¥!-c+ (Lee, 1997). 

~¥~~-%~] {±~- .AJf~!.:. r~1!._~7J~H1-9t *-~Al-~HfiM,<- ~- ~"a~ i;J:i:]7~ 

c}. ql.!i!._9}7J'{J-*~: E:]~l:--tl.~i7'l]~o] -9-A-fltl- 'fl-1;:!, ~~A} §}7J'{J-*~: A}-~~7:]j~o] 

~%61 ~A~jo}t:t. Jl~A}~7J~}-# i>oJ],q 78-'g-~A]oJ]Al {l-½5'J~: ~.g. 5:..T ,Aj,-~_Ai 

Al'l! 0 1'1, ~,J]tJl 011"1 {}~>'11": 'll-'1- .of 7J-'lH1 ("il;s :::'l'!, -!.!½{} 'l-'J-'lJ-)71 eJ,1-

-l!'4Al',!oJl •l•J-tlcf. 01'/loJI >l{,1¥1 -\'-"'1$1 :of7J'lJ'1!~,'c -"'--'i' 'llzf-"l'tl "11161°1 

{!-~:s:J-<l?.f.:u, *-'r-~~-~21 ~ca' (<O.l vol.%):.=_ ufl--9- 1,J-~~- ~1~~ E-J~~-il?-ll~ 

<I 'l- 7J-'/1--li-<>il •ll'il~cf 

2:E 01\lloJI -'II~'<! _of7J-'ll-J?l½:' -\'-2JLfej- ~{ltj9t 'll'J-Ja-"i AfoloJJA-1 'lf'i!•f~ 

§..'if~1i!rB (Otoh and Yanai, 1996) 2r~ 0 1] {±~·!i]~ r~.!,!_~7J~}fl-9.J 1;!!~ 0J?]-~ 

5'. uj-\'- -;\->f•ftl, ol;; :' ~A-I '<!J'tl sf9t "ol Af-'l!-'4<1 ~J-'1Jol 4]<>j,c]7-Jcf 

kink band§.}-5-J°1 ~_2_01, "'i°a ~ uA-9- A'J]~§}~.ll ~;.,.J-~r>i 1trt. ¾-2.iH:- 1}-~"il} 

61°a9.J 'lJAl- z.1-~oJ1Ai ~2l¥.- ~-"f1"8"]-.:i1 11,c}. 0]i-]t} !t~~~ 1Pl]~.Q..~ '?1-"'d~1 

\:!~~ (ductile shear deformation)?- ~ 0 } t@-"'d~ -?;:!2...£, tt.l_~ {J~T-:- ~oj:'r. r~ 

-i-i- z]z.j- ~-"'f- (middle crust)&rt QoJ 0 l= ~4. 

-9"-c:j1..-}2}~ I'.J1!l_§.}--'J-'tt*.9t ~~A}~}7J-~--T'r--oJl ~~ 7] ;;(B~~f4--3.j ~.Ad~ ~~"511 

Al o]1t}o1] ~BtPi! 5t-ll]l1l :~PJ-~~~:.ij U].ii!.ii}ttl, o]½~ ~~~~ ~~.!i_~7J'?-f#-J} 

~-~ 1];,;l]~";,.,J~ ..l?..T -11.°iTiL <,U.g-1, <?J- -Y V.c}. ttj-~Al 01 §.}?J~~~.,g. ~ 

0-]5"'.. tjpfz]~-91 2!:--¥- .t!tl ~~ *ollJ.l _tl~-¥! ~PJ-1J-f1-~ ~~-Ale>i~t:t. EE. ~i'~ 

-"I '11 :!! 7,j S-f oJI Aj '!I "a B EH! tsl-"l ~I 'l1 <I 'l- 7J-'/1--li-<>il •n 'ii S-f ~ 31 _2_,,_ _l,l_ 0 1 °1 " ? 

r.H~A]z.j-9] ;;i;B%% (remelting) ~% 0]711..f 1i'H~·7]i'~ u}-=-ru};} r.\l~A]Zf %~j1l- ~ 

~~()l ~.Ad¥!. 51-9.~- 8"1]"4¥11:}. Y::': A]li7l- Z!AJ~i;:t~6d 0J.AJ-g J:il.01::: J:12._~ 

-¥-El ~,.,d -1- O-j:'-.-::.A]7]oJl 7J-t} ~1~%% ~,°_ }i..2_£ .!l914·. 

~-;;, o] ~/J~~-R-o] rJl-q- z]Zf~ -'g-i::J,-¥,~% 7--"'d"8"}t":- ~:pJ-'iJ-Tf·Ol]Al ~e>i :1 

y-.g '{}-ll:1 ~ ,;:_. ~~ 6}t:+-. _7- t~ y- o}7-] 1;}-z] o] §f7J~{1 ~-o] E c.J o] o}--'.::.7] oJ] Al ~14 

7]oJ] -&J=AJ-¥! LIL1i1_§}7J~{f-£l 'H¥-~ 3:!o]etjl::: BAJA]% 4=- \lj_ct. J.l\t~i?-oJl ~ 

.¥.."8"H::::- l!~ 0~/]~ Sanyo EE~: Rokye :ttl- 7J-'Z}-fr5:. E1\.!~617-l]~£1 ?;:1°] 5t-.-l-J]"8"}.ll .:..J. 

0J-l/-1": Zr~! \'!'!I'!-%% 'i,:il 'l)7] ujl£- 0lcf (Ishihara, 1977)_ tr]-~f>1 ~J+ 01 °Jl?l 

~";-.9] AJ.AjA]/] ~ -¥!"~¾ lf~6}7] -$-JV!- {l:lr-A'i:!r.Jli~7J ~ %-$l~~ ±-"'d '?'l_,Z..I} -Y 

~!S:Jo.jo]: ~:;~qjA]~] 'j1f-¥, ~]-x]t"}-C r.\l~A]Lf 0] 5t-~-P-+4£>l op~ -£r.:ilj -'\? 0-J~ 
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7}. :-<H;}]-¥-1 A]li'i.~ 7]~ ~-¥-*01 4--~~ 1fr,•J~l-7J1PI1~-;:;:_ 7}-7,'} 10 cm l.H.9J.2J 4 

£'4~-1 '?-}{1r,J --9-..1-1J;:;l-JL, 1;]~ ~ 78 30 cmO!l ig-i5\t:- ;~_t;-:_ n~ ,u.:-+. '?.1-¥- 'll-41:' ¾ 

,11J_.iJ-~9-J 1)-';J:0] %-1-tH ~ ,2--2.~l- 7J 0J 1-fl/.1 ~}7c}",,:j~-'{J-9j ~t:A,JDl] i5H"'J-ii}Al~ 7!il1 

-~l'?l ;.rJ~3"~~~ ~I_!_~~ ~l- 7d 0J>?1A -'t-'?cliilcl. 

tl ~Al.l;!...~]P_O_ ~'•''-e1;a::1A~ A1n.l ;.,l;d-~j tr.fi.,.n '6Jt1l l=l,<,j~~{};::=i,=-_ ;:~;),-...l_~•--r. , O "- 0 'ieF '-- = "?.. ,~ 1, 1 ··a, r d , -, '-'--- .:r... 0 7, I O '-- 0 = .::,_ '-- ·I ~1 '--, 

Ii']-'>'}o]E~-}"t} u]A)~}"LO.§:!_ T£ l,l_!-JJ1{!;~2_.5~ ~~-,t!i::}. ~tl}o]_t_ MJ-AJo] -9-,.-l]VJ. 

A}7J-~-8. .,.:}q,j t-HA] tl):-A}t.j.9_.£ -~.H~·SJ.ll, ~i°a4 ::fil"/5}-C 3y-f-oJlAH:- u]i':!_D1]7}op:::: 

/} {~~s:J;,,]!;-7 "{1-i::-+. /2:J'=af' ~2.-1 ~l'f;loJ] Qj15)l iI]-6-_{--3;}-::- ]l_o]Dj ~n~~!i.l<">-J 'j7] 

L+ ->tl-}~S:]oj 1~]~9! "'JW~]i:.'... ,a½"Qt:}. *·r1"~:W-*;'_ ,V~]-Ai<?l A}~~oj {1-i--s.JA] 

~c>jA]7~Lj- kink bandtj-2..~oj '.V,2..~, ~°a~·:- uH-? A-jj~~s:J_,1_ -~-1{-~]oj '.;l}i::-+. "8:-.!i. 

-TT';:- ~Pi 4 '-i •=& 9) ,.,J AJ· -z.1-=}oJ] Ai '{) i::'~ ~i ~ '.'1 ii"]- .l~ 'V_ r~. 0] t:1 ~l- ~1:J "k -,°- ~ il] 61 

er. 4-~JLtc':J-21 i::li.!i!..§t7J-1H}~- ~-=fAJ--:~PJ'?-f-¥totl i::li1~ 7J;.~~,q~~ ~"'d~ *n4l 
-'fl -'/-~~ ~j---'J-~~~Qj J~~- U]iil.'5"]-1,11, 0]-:;-__g. 7f~,~'{! tjJ_lt.§}?j-~-il--7} -;!-:::: 

7];:n-3:J~-Ad¾ .2..f" -1~-~?.Jl ~-;;--~- ~ T ~lt::J--. a:f.i:}Ai o] §{°7J-'?J-~~-~ ~1op;=_ 

tH~AjzfQJ %-~ ~-r::."1- ~;'_ J'.-of1Ai _JI_~-~ ~/J~{ts.. :~.g.AJ0-]~19-. ~ 1!--'f~,~i'?.l 

~,10J--oJ]Ai t~H~B FPi:liPi7:J]'i19J ~Hf~*oJl t~t:J-t-J--:= ~O _ _,;?_ Qoj- o]~i-,?:- tH~ 

A]Zf~ ;:l]-2-% (remelting) {!-~ 0j7-JL-l- u]½7]-'r-I u]--=ioj-7)- t:H~,Ajz~ i-~:i!J-- -"!~51 

A)-r:J tel tJ 0 c, n.---v:;, 

'-i l~oJ;;tjL-j---g. ~-~'?:] E'._ ~<-oJ-o"j--r} . .::rcJL}· oj-~7/j--z] o] £j-7J'?-}~-~o] tc.jo]oj-A7] 

ot].J.-j 4'ji:.J--7]oJl t>cH~t! tj]~~ 7J-~ft-2l ~~~ ,})o]i:'-j--_TI~ \:J.Aj~J.g- T filt:t. u:j-c} 

-'122 



J-] ~J~ o] 'lP1!:"'l 0J>,jA]7J 'a/ ~Hl~ ,pg-,;-f7J ~~! 'll'11\'!'11-:';'1l ',l 'l,'qj~±o 

so cl \'! T 7} 4' 'fr "1 °] 0 ) ~"''11 >'i SJ 'll ¥1'- ~I;,] -,;-f tc rjJ\}"l ZJ 01 -?-e1 '-t"-tel oJ •1 

~:uj %- 6 ]~ ,¾:i!l- A]~l-7-±-~.2_.§_ ¥ttfl 0 1 s·.H:::-7.]7} ~til~ :;..\-2..S.. J.~ztt!t:l-. 
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~I 11 ~ ~oll ~ ~ gx121 ~ ~ ~ ~21- ~ ~ ~ 
Simulation<>U 21 0 °H ~ ~~ '21 -=r 

%-tl1 -&--'c;- SCFtj:t-;>;1 1~1oJ) ~-j_~?ij-.Jl 9).~ {-1-',~tH -~/] S]1'~- 0 __ ,;:!_lj!-F~ :gJ~¥! 1ft 

';:j .,1]- FJ-Al- /..l- -~- ~- o 1 -R "6] ~ s] xi -~- 9.] ul] * ;'~- ';j <>I] t:Jl ~-J. graphic simulation {,' Ai -?.­

-~ A] <5] ~ -:+-Ti ~1"1{,'.;•-:J!?l AJ.Aj ~ fl9}j!}AJ;;•-} 1']~1i-!>l {~,.;_,:j 01~ 11H?- ,;<-1.~}i'}Ad 

c!·- 21]f>] _y_ri::1_ (% 1Jo] o}= 80 km)o]t~- . ..:...L21Lj op,t-1 i1-=r1-.:i:J _ _J1_AicJP•H-: li]\i7.A] "'J 

"'71 ~} /..1 -~ q:;_,:4 Al I. oJl 21 oB :Aj ~:l -8"} 71] <>B-'"i -¥! ~ 1,1:! :$1fl X l[l 611 i:H t! simulation 1 jJl-

011f! Z! ·1t 7] {l- ~'[ graphic simuh1tion¾ 'i'-l iiB A}%B software~ t.r] ~ South 

Carolina 'T'f]tjJQ..} 011 5'~151] 1l]W.,sJ. SET>PAK simulatirn1 systen1-6 __ 'i._A] --{J-'f-!r:fl1}Iil 

A]--f.i7}~4 _!,-J<'(f~j- <?1-=1111. 011 U]A]s.] 01 ~"c l\.licnJ Su11 /q~ Span:Slation 5 

workstationr,1] SEDPJ\Kg_ :t~O}.:i!. 0]~- 01-§-"o-}uj grnµhic simuatiun-fl: ·:-lA]t-]91 

-cf. 0 ]1t:! '7!·::{ 4'-6~ 7]{Fi'l! ~ 4~]?--J 'i4-fJ~1]A]t:- 1999\7 6-¥-l 29~-¥-Ei 7%l 10 

~77}-A1 P]-.¢ South Carolina -1' Columbia ~:.AB-21 South Cmolina "r'f-lt:.JlV.j- xJ 1lffr 

:i'-)-~ 1/J-~'o)-61 :,i *oJ] i-i-7<1~1oJ ~~! SEDPAKfl 01-§-i;>l i-'e-{t-A] ~J-!-1%-r,ll rBt} 

simulation ;£-,,,_1 <;i_ -f-~- '}J A] t-l- ~ :,,,_, 01 -1- SEDPAK systcm.9] 7B W.- ~ ~ A}-C;l South 

Carolina yr~r{]-1)- "1~J-~fJ'l-9~ Kendall 117.-r'-~ 19!-t-Jld. K-N 2:=11.[-¥-cJ qt1 /.'N77J-.-::<1 

workstation 9.J SEDPAK ~;ystem '.{- -'.S- i5n 'ct A] 7/l- Al ~ --t- ~ ltl- ~ .D"j- _'r_ \1 S'-] sediment 
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simulation ·6,;'1- 7,4A~ 01%~ -&-~*Al!>i A,!jAj <l~oJ1 tfl<5}o.:j -?:f~ £9J-8-}~$ 

½~*Al ~3-1%-oJl t:ll"'l!:- nij% ~Ad ~'§:1-1;:!?il~ <5H~6}5,'fr}. 

2. !al~~ Al~ i!Q Ol-t! (Simulation of Sedimentary Sequences).21 

~ R -l'4 2.J ~ 8-:JII 

£P;J¾ simulation,Q_.. ~#-E~oJl '?-l~!rl<:>i S'.H:::- simulation programg 0 ]%-8-}o.:j A 

7i~ 5'~/2j~A]~oJ]Ai ~Ad¥! T7!]¾ .si1~¾2] ~AJ;ut 0\-f- -Z:!~j!H:l~ :1.~.gJ.Q.§. 

AH~-8-}o4 t:J-Al2-] ~~~-o] "c)-~ ~ sl~ -l sl~-%-21 -~ 7J- 'J.1 ~~}~~~ tr~}~.£. 

_;;:?_ -BH "'i ti}-C ~}~ g 9~ u] ~t:l-. 

0 ]t>lt} simulation¼ 0 1-R~} 5'J~~2-] 78~~'?..! -~~tlJ-~-2- 1980\::!Lll ~it}-ol] o] 

_2_cp,10~ u]~ "1-R-§]A}.'.''i ~7L groupoJl ~-BflAi ~H} A]!r.sq~j]_
1 

~Al]7J}Al ~ 7} 

-~1 Q_r,J)o] 7H1-L~lo.J, -?:f'1:Pisi_y_s=_ Y-"r :v}ufl:'i'~j]_ 'U-C >-J-~ 0 14. _:;t;j.Q.l A]!r._~,,q 

: : 19841.-._:! WattsS>f- Thorneoll 9] 6H 7H ~~ passive margin ;,..] ~ oJ1 Ai sq 2~}~ ~ '?..! 

y-c:~"6 A]-'1:..9f' 19861-._:! Tetzleffol] !>Ji5H 7H~-¥l STANSIM!>i SEDSIM _r;::.'ff1f-{t-, 

Gulf Corp. Research Center91 Ilurton, Kendall4 Lerche (1987)oJ1 9~3"flAi 7\l~-~ 

SEDFIL 6 ] '.l):;,. 6 ] I' Jervey (19891, Helland· Hansen (1988) 1, oJl <I •!'-i l,l.tj Y 

~- version.£.5'...~ 1H {::! A] 5:. 7} ,U'.V_.Q. nj, Scaturo 7j- (1989).i'} Strobel § (1987, 

198\J)oll 21 %fl University of South CarolinaoJI J.i 1~ ~ ~ SEDDSN°1 A] & 01 tj-. Ef. ~l 

~,j,;},].'r. 71l"i' ;j'IJ-%"1 SEUPAK (Kendall % 1989; Kendall %, 1993; Cheong 

~-, 1999).i!J· Shell ~-Pr9]Al- ~T::r¾'Z.l Lawrence (1990) ~cl]~~ _li.t:~ % ~c-1 

Z!7-1tloJl !>J6H rt..g.. iF?-71- ~l~r'?l 7>12...£. ~"8~Al.J2 ,uc.1-. 

7L "1 "I¾ Simulation~ 'r.8. ~al 

"]aj,'-0<]'-11°11 ~-"1'161 '.l); -'r"i¾ -"1~1,';0 -& .s]'j';j-A]C1 ojel s<;'la;:,J- "1"1 

+ nfl% -Z!:.?l~l-iHl-"i v.!§}s.~1~21 -~-S- 0 1~-.?-, 0 12-J~l s:?l.:Il} 't!'r°-~ o]'E~.£..£. 

~~~-~- -'y '.Ut:t~ s:J~¾~ A~AJj!l-78% ~~~ T ,ug ~ojtj-_ 

o],;q. :-Q-~~- oj~-~ 'r.7-]¾ 7}{! computer graphic program-?, ~--§-t'}~ ~AH !il. 

~s:~O, 91~ ~1~¾21 Bl~S..~E~ {!-%¥1 ~1~1-$-, a~T\:!!>l 't!sl-, -·'1T3~:~ ~9} % 

-~- il"-l-8}.:il, oj~ A]~A]tj\!!~ (each time step) ~~}~i'?l =~~-~ {IA]~.£.£~ 
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~~%2-1 ~lt'§31';'J ,:f-~~- graphic Al]~"oj-cij ~~~%2-J ¾~i 0Pf ~1-0J*;zl t.J~oJlAi 

;_,.;1-zJ~~ rl~A19J- #-7-]7]Yl-f- ;~;,;}J,"'1r_ ~ ~A1 un~g 1l'i-r;~2._,£ ¥/2:16}.J.1,;q i.l-~ 

3'! 0 1 sedimentary modeling (simulation)~ .!.\-~ 0 ]-r:j-_ 

Simulation ¥-Ai?.- ~l ~n Ai -:~ s,i ~ ~Al Yl ~i•~ %2-J ~ AJ oJl -¥19 <Sf-~ kl] 7} A] -7 

£.. \1T ~-3:J~ (i,Jl1:FJ S']~i*!>~ -f1-'lJJ,c_l,:_ CE_~ {H}~ ~ 61%2-j *Alt.ij AJ~~ 

£), ~A] 'T\12-] A)-?-±31 I;!!"§:} (tectonic movemenl) 2loJ1~- ~PHl- 01 ~~is.H--:- ~ 

~ :t_-Al 7]Ai1B.2.J -~7]"<"@rij (initial basin surface) ~l ~0AJ (water depth), ~~%­

SC.-t:- .§]Ai 01:v:.. "~"';:l'tl .iz-_:{::3i ~§} (stn.1ct.urnl deformation), 7--i'-oJlAi~-1 .5'~~%2-J 

<?.l-1l~i'?l S'-~ (wave dampir1g and repose angle), ~~oj-~6-oJl rr1~ 5:]-Aj7]~l_,;,-] -'t] 

7J,C:- ~ 11 ;N A}-{), (sul.isidem:e and compaction) ~- ~1 ~ T* ·31 ;:_! -6} 7]] ~] ~ "5} ci\ oi 

1;•} ti -t}t modeling?,- -'ft·ti 11: 'r" '1l lll ~ r:}. 

rrj-c}Ai 0 ]t'H} "f.-1-t'_ ¥!7---~- j~-t-ljiF-~ .A,f~f"6}Al *~"o}oi 1]~-t;j-~ 3'!.f- ~{l-31 

E..~ 7]~1 ½~7}~_)'-0j-Ji_ modeling 7sil.-'4~- -1]Z]"o}i;"J.Ai ~~~-0}<-'>4 71~ ~"r~ 7:11~ T 

78, tj ~ ~ E..~¼J .!i. r-J- ~ A~ .!i.'F-!.cl ~ '.U-t: £1-"~i 1;Jv1!,-=_ ( oJl : lfrAj :4 %APa 18£)9} 

,-L ~ ·tl- ~ /2:j ~}-\1 ¾ grnphic_Q_ ~ -'e!-Aj 6ij q 7] t:- ~ 01 -'&- AJ- ~ '{] ~- -78 ° l c:j- (Fig. 

3-ll -1) 

~ ~~~7-11-HoJl ~-3.j':fj _i;;J31¼Ai91 t.jE~t:- --=i7ll -Y- /}-'-1 /]~~'{_} _8..{:~Z}2.l 

".:]-~ ~-'§-9.j :ct:;:iH_l ~i_Q_~ i5~/2:j~ T 9)~111 (Lawrence~-, 1990), "5}4'2 5~~% 

o] ¾it!-'96-J ~l'3}1f 'TV.~ -1'-z.12-1 A]AJ:i!t ~\~_<'>]] ¥!~~ .£L2-:·:;-0L,'-, 1-1°1-'-1 <5\-

4-'2 °Jr1tt -cf-z.l¾ ~]--9--~ ~~%.2.J %tjj_lt 1161 :r~.:;i *31 ~ ~-'-d-Z•H-~ .£L2-'.~ 

0]1~. ~Zl:el '..tr~:8 _.q__!,:~-'2 -~-A]~ 7]lfl-~ o]-'F"-c" ~%.2.J .tJ7J- •;JJ -§-71, ~3.j~-

9J r+~oJJ !!Hl sp1~si• lj!-J~zrs, 5J~"6r~oi1 ~11 -~Al 71A1~£1 t,J-7J-, El:.C ~n 

Tl{litl.~oJ] 9j"{>l- ~Pi*z19l 7-1J,~7J -~-o1 'f)l~. o]r-1t} S:1~ -t,1..{r 7J_-78.£L1~~oi] 

9]6ij 6dAJ-f~ -V-x19J -t:.'-<~ofl o]~- A]-'f-_1l ';:]--~- ~J 1,:__-;;,_ -e-J-o] -8-iJ5=~18 5'~~%-~ 

progradalion-g- Q 0 ]ui £l~i-f4- *ifBJ-t>J=o11Ai 11-{i ~! ~_c, __ ;;~ 0 1-t- a~~"ol-J!l ~ :~ 

6 \l<J, ~¢i% 0 ] ,,_~,,_d~ £F~l"S-Z!-oJ) l:3]i5ff 0 !-T •:f_Q_l{l_ %~~1t:- ~9_£ 5:1Ai£lt:- -1] 

~]7} ~f-_s;j,)H-,:- retrogrndation ~t::ij~ rrJ711 ~ :Ao]r-f-. rr:j-c}Ai ~zJ?_l- A]{l-{l-z:j~_p_ 

-~_-:--<11.HoJJAi 'frAJ~ ~-:.11:!91 A}7.:!-r ~ ¾~fil°i 2~1-t1_31.2_s::_ .:rt:- 3~!-Cf~~iP.P. *·N 

~ Y ~r}lc1, 0]~: ~- -'f-~7} 1?1AH ::-i:]±£1{! ~~-:- .~qs}oJI &~¥-i ~l:!J¾Ai2l 9j-&j 

(basin geometry)-~,- -~B AJ t"} 111 s:] -t:- 1! o l L] . 
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DEFINE 
DEPOSITIONAL 

TRIANGLES 

SET 
SEA LEVEL 

SET 
TECTONIC 

SUBSIDENCE .. 
LOCATE 

SHORE LINE 

PERFORM 
EROSION 

DEPOSIT CLAST!CS 

AND ALLUVIUM 

DEPOSIT 
CARBONATES 

PERFORM 

COMPACTION 

SUBSIDENCE BY 

SEDIMENT LOADING ... 
N FINISHED ~----~~~ 

YES 

b,. t::::--,,_ 
SAND SHALE 

~ SL 
'-ac.~,=: .. ::;: .. ::;: ... ==. == 

Alluvium 
"'::::::;,s;:-----SL 

Corbona!e SL 

~----SL 

SL 

------
Subsidence by loading 

Fig. 3-· 11 -1. General flow diagram for graphic simulation process of 

sedimentaiy sequence within one step. 
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'I,, ' -r 

well log ;;.:..j-j~_oJ1 ~~is"~ 3:~-"U -~1~1-;':l.-'i. 0 11 .Z]tB :;:;pj-¥J_ -~- 'U-6 - 1~, simulation.2~ 

~C6--A1 \J1l]~ o]r.1~~ ~Pl1(!· 1~£$'}- ~~,°_modeling:,~-~?, ~±;]:n ~oi] ~1-?=J~ti_ 

4. 51 ~t ~ Simulalion9l -Y -8.. 1i! :,fl 

Fig. J-11 loJ]A-j Qo4-1'-::- u}~-} :Q- 0 ] simulation,~ .!i;J-:q-~ 1t_-f-\92-Y¥-t"-1 i'Jll1 ~ 

11,,.-1-fl __ ;z]s-r-'.-~- ~,,.1"5}Jl, 01¼~- zf time step~~-'-'~, i:jJJ)-3)9~ 7] 0,7;-:'c- :::;~~A]:7~ Y±~ 

0 1 9-)--"cFn uiji;}-"1 C<jrl 'ti ~~-1+1:>}Jt!.Ai .icl_S.<>l) n]-4 3:Jl ':-1.;-:J~--;--:';_- ...;0~1'6}~ -~6~ 

(1) ~ 31,P,-A] 7] Al Vl (inilial basin surface)~ ~ 4 

~~i 01 ';'JCJ--jtlJI 1i ~P-H,'.:,-,)91 ;jzl 11 )Jr~~-=l- ~6]§]-1:>}0j 'i]~<',f,~ :i'j-AJ_9 __ ~Al 

11~111?1~1 tgrB-~ 200-:~001B 7J1,-:_si-1 ,~z.J;J*si-~ ~1BJ2. 3':2{7]% 1~ ~cJ{%- stlf 

_?..Al ~J"=l~! ,82_.::,_!_ ~,:1-"]~ (interpolation) --=---id']\-1li.:.J-. Simulation -%-<tl 0 1 ;:J..2] 0 } 

,Jss'.: i]ojo] 'l)o]Lf0<I \\<2-TTI. "1318-o] "'"1•1t: {;1foJI•; oj "J'-1¼~1-"]';c c] 

:}.] 7J-

¥1.iSJ-fl 7]Al\l! &~f~]~- lfl-tz-!tl: :;,}o]/] lLJl{t-ot] 6 ]i¼ SCJ:3Lt-J1C!~ ~-i'-lJ ~E-ll-~ fl-Of-lA] 

;1c]h1 .,~~t{·] Aj5; __ i,:!J1 11~-0]lll ~B'-]'6}<:tj ~21AlJ'1°H}r:}. utr.},q 2~},gg_ 7]J.]t,B 
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(2) '8114"~ ~~ (eustatic sea~Ievel change) ;q...li-~ ~ ~ 

>1°.l'-"l"itHloJJ1,i ';JA.j'i'! -"l"l¾t -"1"1 cJAJ 'T'11 '/lof"il rrfcf -"l"i¾"I -9-

1Jl]J} .:.<-H'·S:L~-~ aHY'?::! ~S}~{!.t,- ~~¾ simulation2i ~..8..1i!!4" ½ ii}\..],.£.Ai ~~ 

B"¥!r+. "'47-] "-]~A]r-Jloj] rl]~} "5JV-r=-'H A.E::::: z]iJ-7J}z] ~]A]B pj-e_- aBY1B ~§} 

Hardenbo]J!} Vail (1987) 0 1] 9.]tH ~11-"']!i:! .sBT1a-~{!g, .lf_A~rHoJl rB6HA·H:: Vail{;'­

(1977)oJ] ~t.B ~]A]![! t.H'Y1c! .;i:;-{!% 'T"£- ~:±:~-r+. 5i3{¾9l ~Ad\'fAI zt -"']<~ -.t 

lll~~ ~o-JA]~ t.BT1B \l!~-J}{!f iE""A)9.J T1Jg 7.1.7B<Sl9 ~Al LHoJl ~,,.d~l~ 

¾]rll 5~~7}'; -~1,J]~ -B-:1]"6}::::: ..8..~S.. • %"6}~rl], ~o-j~ A]Z}-\d·ll] (Time step) 

%"1- ~Afl ~"} 7},} ';! ;'_ '11 ~" \1 o] o] + '1l Aj ~He "1 "1 ;;' + QJ l-1 ,~ ~ ;,JI 'lJ oj ~ g 1'} 

711 'i!ct. 

(3) 7-S:-.. ~ fd ..8..~ (structural movement) ~ ~ 

~~%- 0 ) vJAd~l~ "1i-11- si:t:- ~J;1;7 ~ u]1%S:~~ ·'&-1!- Sj~-~o!l ~-oJg ·?--'2 ~ 

Qcj ~ ~Al --~nr (regional subsidence), i· ~ ~: ~:~1 .sq ~ -¥-oJl '?~ '{l t.J g T ~ 7-] ~ ~i 

-~z]-1J7d- (hinged subsidence),~~~~ \d"'; (fault) 0 ]1:f. :..tJ-~~ ~;i;] 1l 7J,~ ~1tl­

AJc(} H1Jloil>i ~I J'czJ z]ojoil cil•l ?jQj %%~ 0JE.5'. 'll"1Lf::: 1) 7JE.5'."i -"l"l 

¥Al 7]7'l1f1$>~ "i5}7J-o] ~~S:~~ ~o]i:t}-15" <}7}.£. ~o-Jt.f~::: jg A]-~"5}~ ?,.lo].iL, 

o]r.1~ /4J:l.t lfr-"'djj} (t~_o._,;:_lj!-E-1 .1.:.¾'t:1 uA% ~A} ~{! (burial history curve) 

0JLf- A]4 ~;.,J- ~<::! (crustal subsidence curve)_O __ ~-!j!-Fi ~o-fz]uj ail-Y~ ~~l z} 

li~ 'lJ~ii\-~ )\3!} 7]2-] ~+'- lclJ-~2..£ c:J~"i5}1fl ¥l4·. ljl--~-Ai ~:xl ~7J-::'._ f-l.jj] 

t3_-;,;l T ~11- AlQ:J~ ~~¾oll~ ~t>"J:% n\{l 7IA1~2] {J7Jg 9]u]i;}~ ;;!2_.£.).i 

•~'if1'flc· ~•Jej AK~ 21- A]'(!'-11'1!-"- \'!'il '\15'.« zt (anglc)E.5'. _l!J]~f"l 0d"i 

~ct. 

(4) <1111 'ii "l "l ><Hl- (elastic deposition)oJJ 'ii~ A± 'll "i 

c1,B~.Ad sp~~2i !:e~~ ::i:J.5:.~ Jlitlt>}~~ XI] 7}A] .S.~¼-:- \[!-$-IA]{J- %';'.! ¾~1ic]{:::: 
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-<?1 ~li!_::- V}-'jJJ} 1-f-"}~1t!.:i4 ~i'~~--g. . .-:1-_\-i_:.)J i"~h~- %i5flAi 7}1- ~- ~P=~~ -'t 

'.?J_6_1.tj oJ-91 ~--T A}liS:. o] §-.s:Jtj-_ -A-~S:lt:- ~1~-gSlJ %-'?}-~ %,:,]· -l+'iJ;;:J:::- 1)J-~ 

C>}o-j cH-6JZl- (angle of repose, slopr cstability)oJl _t;_Tg·?"} ufl77}AI ~!-3.J.1,.-J:il :;,;}¾ ~A1 

¾ 0J- ~..Q...'£ o]-6--8'\o:j ;z}2-j-~ tfll1 !flt:}. 0 ]1£jj .'i']->:io] <iHTVI_ O}oj]Ai 9Jo-J\t tt:11-C 

0 1 z}~-c 11-11 ?i'"oJ]A-JI,!_t:} 71-t-f'_- tHAi SCJXic~S'l 7,1A}% ~Jll ¥J ?,! 0 ]L-} -l7] ~<>!l 

i¾n]o:j ~p~~I~-=- 5'161~.9-1 73 9-C ".,!-~ 'S~l JIJf!2] {!A}~ it}-~<5}7-1] ~cl-. 

(5) "1-~ 'll "1 "l "1-l! (carbonate accumulation)ojJ ¥~~ 11 l.'. 'll "l 

~---=- Q_o] o]Lt]o]Jl _,f]-t;=_oJ] .016H ~~-~ ~~¾o] P}_y_.:s:n_:- (\\'ave damping) '11. 01 l,l_ 

r-f+=- ~ 61°F~ S'~~H~icll (build--up =f~_ reef)~Aj !l'l:- '}'l T '.V_7] rrtl~oJ] Y?l 0ll 

',;1±-1} AH-' ... 7} ~HFi1 ~131'?}~]21 ~~oJl ~j-n]-8-lt:- ..,'i_S;.-f. ¾<>l]A-J 7}~ ~ ll]-'6"-~ ~ 

~-g, "o]-'c::- 1]1':i-1) ~/2Ht.9~ -~'i] q:_~} ~11_ic9~]n-j 0 f <!!-t:}_ %,:,]- i:fr,.,J~~~.0l ~~~ol] 

~~J-f- ~- T '.UC 1ij..£~l 3-JrWj~JT~ ,;,7 (")]7} <:!-½-"=l1H, _L ~0]1J..rl .f:..il}C;-}61 ,,,J 

°'1 }H1'1,,,d £j/2i{½;>;ir'.:l -~AjS:]/i 1+ Q~2] -"9-~ 01L-t· icJ!-~- (platfonn)AJc,1] ~-W."o} 

Jl, E}S-2.j ~-0JT1 1l 0 ]oJ1 :ir_lJ-,.,-pq *"o}~ lfr,::}~~},g_ .. /.rHScc ~61%¾ 0]-'1'-t.ri .!J. 

-"2-S:-]7::- ?,!-9_;;~ :;"}-"rf!r-+. rr]-~}-"l ~1-•:L-} tlt]1 rR~-Z,-LoJIAH_ .. Tij-.5:.oJ] ~t} iil-:::CH JL.il} 

7]- ~~!-~_c:,_y_ ~';'I7] rr~~<>l] vJ<±~ sp:Hf"-TI7} tH'-f"'i"!oJl _1t,tg-;,-}-~-::- 7,,J--9--t:- r]2J c;rt 

~L-}, _1,1_1.::j- 11] 7{}~.Q..~ ~i'j 91-C u\-•-1·t:- T-}12] °Ji>J:_li!_t:}~ llH.:Hj ~1-~~}9J -6;¾, 
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(subsidence)oJl u.l-~ £] ~ ¾2] \!!~ 

5l"l~ 0 1 ll]~"6BAi *3l~oJ] uj--i:.} i>J---'f-21 ~~*2 *}~ -t?-~~· 0 1 B'~iij--~ :>:l 

oJ] 1'1-tl- '?l-=?-t:- -'c[ig~- ~31°] '.{). 01, 7]cE ;,;}fi£1f-F-i .1c.¾~ 91~~ 4-61% ¾"'J 

'll"i A]i1'i'>L 0
];, 0 ]%Bfoj "1'11 "Plt"l q{] "a"-~ ~l{f~c}. 'r!c. o]%S"f::C 

c}{J % 71] ,:i-<'~ (compaction equalion)_c_ ~ -';:- Baldwin-:if- Butler (198::i)oJl .9.j ~ 

uJ;,-;,/o] (km)= 3.7 In (0.49/J~S) (S: -"1"1%.QJ Jl.<} lj.£) 

o] 9J. cf. 

7]~21 ~,° _1,:_c~~ ;:_ ~;B A].zl-~~ o]-EoJ] 7]3':~- ~ lr.l-'i'.?~- 7B1aS>.J .1J7J-~ 

T'£ Af%•B 'll:2.'-1, "it'oJI:: e<]zj A;Ji/} Hi?~ -'lzt "J'll{!11oJIAi 'jj7J:a} %/I 

~ ll]~"6}7Llil_t:}';: z]Z1-g_ oJ-¥-t:- <;.}¾9j ~"\1/-3:1 Aj~ 0 ] <J¾S>.J ,\JAJ'i1L!loJl ltj-~l 

~i!}Al ';: l:frAd (elastic) ~ t:- l,ll- ~Ad ( viscoelastic) 5'.. ~ ~ ~B 12lj <S}cxj ]'r~ % !?~ iS"}-6" 

oJ] -cj--~ *;,;]_0~ ~7J-:', 7:111}"6}-Dj :: A]_ti_7j-- '& 01 '.U_r:j-- (Watt%, 1982). 

5'~~=3'.?~ 1'1-~ 014 £]~¥--;,;Jg! {l,,JoJ1 rtj-~ ~Al~ ~9}';: ~7J--xi'?l zj--~2l 7cj 

?1 \do] '-],rc~o]{'l A]~'/1 :sf,J] 0ll o]n] '-11~'2 Jlfi- 4'61"11 ufrt 7~{,S']7] '11li'oJI 

o] t±1~]oJ]Ai!?~ ~~..g.. 7] ~Ad~ ~1¾2i t:}-iJ:i!j- ~A]~ -tJ7J-oJ] !?~Vl- '-11£¾ '{lt;J 

7,'.l--,~- jJ.Dji,J--~ iall]~ ~~¾S>.J llB~ ~ 4'~:>:] ~ }il_a:j-?ll] ~t~--

0121~ oj>} 'i±~l.QJ <}Ii. 'll"-1 '3l 'll"IB A£<>1I <]~ A]f}eJ1°l-\1 4'll %'1! Zr 

B~1oi1,1 .tl."l'r:: ¾Z! 'll"4::: "F1•~ 01 11Pa. {l:o1- ~1oi,o. zt "i'liAli:JloJVi.oJ -"I 

aJ ;'; sJ .'I: 'I'. 2J uff -,1- >j Y. ~ x I A] •B T 7 I •1 li' <>ii s! ,1 sJ -"I "l 'i! 'l! "I] '-1 ::: 'II "I 't} 7 I el 

.,J]91S"),lt: "1~ 1']3j:C· 0I ~"] ~Ks:Ji A]7]'1}"1 2f 1']:(} B~l\l!.ss "i'l;;c A]Aj 

4 i'l<cl;,l ;,}K"i 1]"1°1 ojcj \'! '1!'l-s:J<>1 1,)A]'1<>10) ~q 

"iaJ¾o] "i'i·l'-"i'-li"il'i A]'>J, uff'ifB A'lh~- 7r x]'j,IA]rl\!!.? 1""1<1 ~'~ T 

.s:. Afg.,JJl,e '1<61 :'· Sleep 0971), Walls"/ Ryan (1976), Sclater"l Christie 
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s;J;~~-:i!} -~9] 0}-6611 91.'iB ~P11:-- :;zpn.01 .'r7JJ]7] {U-:~l ~ 0}1-ltl ~Al 7]~}?­

-{J7J-A]7'17L'r_ 1~tl. rr}c}"---l 'ti;;i;TI9] ~~·,}- !J-1,'.!.g::- ,.,1.§-,0;}~ -!~- ;-c-i] 1>tl~]t,--I 'J-"'1 

oJ] 71(:- ~P-J¾-~-01 SJ_1--1]-t-} Ito] uH%S] 6] 9,15:1.~::-Al-f~- :,Jj-9-}7] !,~~J..-H-:"- -"J--~9l ¾ 

7}1[ -'T 'V,t:.}. EE?} NakayamaQ.]- Lerche (1987JQ1 ~ToJ],l.-]7.-1C:J "'1*ti1°]1;__~ 7.:l."-1-oJ1 

Q~ 3H ~ {'_ 5~ ~ -~ 91 11" ~l <ii ';} ~}oil i.rJ--e {J _~ ~ 1~· f]-fr ~-- #7JJ1 {( ,,.i Bl 13 t~ Al 1i oJl 

z~ ~l~¾oJl-"--J9] %-~]21 6 1%-f 4=- 0J)}, -¥-~ . .5:. .. qpj-~~">11 9Jt,H -~::-:Jo] S:]'cr11 

rTI7TI9l ~-9- ~i%tf 7f-c_<;-c_ A~Ad ~ ,:-,)~1- -~-.!i,r} ~,!-_g- J::1]% rrH¥.-oJl >-J--¥-~s, _ _;:_;:, o]-%-

lyj§l ,or7l%~'"L :y:<SJ~f-'= .=L_c.~ol --s.-_ol 1-.~~:c.*1 ;:,;lr:9f -:+c-~::1..()J-ol it'J*L l.J.l o ,;;1I ""Q:l.L ,_f,, =2.--, '--'-Luo- d·r-"'fd-' u1t-1~ ,-"-f•KTTlY--f·'-, 

¾~]-9] oj~-7J_£ 13:l t-A]1~] T-"?-~ 1{!~}~- ~Wt"};: ;:-!~~'tl ~~~-A1~ ~~.} ';q 

A]-~ ~~~--'ll O]"cR~l- Y 91~1-. 

n:]-~]-.A--j 7]·uL:J]-7]7_::- -"'HH'i]o]-8_ ~ut~- o]~-t"}o:j :ifj:?;J-; ... i *-~8}2 <°>]-~ ~fi·IJ 

A]-oJ] -~-1-§-o},:;J't:1 A]_'r..7]- 'JfAl ?J-~::i:]rfr ·1Ff -'r V! 1.l] o]Y} ~-?- Z!--i1·t: !:--]~ ~7} 
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~ ,?..10]9 .CE~l o]c~~l _9_c,;Ri:'J-:=',- -'l~l s,p•;i~" 6d"a {1:§-r!>l AH~ '?:!-7-~: 7J~gl ~ 

~ 't},>,J~o!] .?~tl] ~!:iflAi.9.5'_ 1,'.}- ~-§-s:]~l !iFi"-,;--QJ uHf:- ~~ ~}+oJl tjj~ ~.!l~ 

Qtj ~-"J~L6._9. ~:zj];;tj_9_Q ~Pi~ ¥-o]:9} ~-ft-"E'JA}'fi'--o]:oJ] Al]G"~ ?',·LQ..~ 7]qj~ 

r+. 

3. ~811 ~ g-l,!,,q !al "I ~OIi [ff~ graphic simulation (SEDPAK)-l,!,~ 

7}. % ii-~ A] ~~ "'A~ ' ~1 ~ ~ SJ -4 ~ {L¥ .. 

-~tll ¾-'6-t-A]~ Ai~_6 __ ;:;!_-~:, {l_:1J_!:!_cjo};;]9-} ~1/_);,11rn.~·'l rH~7J-.i'l';'J 'tl-~X.9} % 

~.9.Y.-t:- {!,-1,!!rH!>l 'tl¥- <','=!:£ A} 01oJ] ¥-.¥...5}~-:: {_\J;,!!r:H ~~-3:j,lf:-A]~-'-i, rJl~ 0J plate 

9-} ~ t] .;fl plate;'; overriding.5} jl ~ ~ Amutian plategJ %~ Z! \l'l -¥-oJ1 * .¥. t.} .TI. 

1H: ~ 7ll-9J {:]_J;,!!rH ~7loJI -11-"-d ~ back-arc rift ,lf:-A]~ t.}Ll-£.Ai ~i.'i;tj vr::1-

(Fig. 3-11-2). _l:E'tl- ~·%~A]~: '-j-~ i5Jl-7-9J- Ryukyu i5JlT~ ~tgi:11 ~ Nankai 

Trough9} -5=. -11 ~ :3.j _Q_.£. '?:! 711 !so] r>i '.V. c+ (Minami, 1979, Uyeda and Kanamori, l!J7!J, 

Chough ,md lfarg, 1987). Rack-arc 1ifting;?_ 25 Ma 0]~oJ1 Amurian plate <5}~-~ 

r:ll~ 0J plate ';1 -¥l?~l3 plate71- ~'{J<Jl-~Ji -"l~-t! ,?..\Q.£. 4"--Aj.:f]_tj._ Back-an; {t­

"i::: wf 0 I -2.,11 %'11<' "1 'lJ-"i ~Ell ~foil '&-"l ~ './J"i '11 ufoJ9 -'II ~,1 oil oJ "',pi 

11 >ii '1 -"- s'. ,~ -'i- 'l)- 0J-"- s'. 0 I % ~ "ii aj-e} back-arc {c- ;-cJ I} 'c' i-J ~I s] 9J r.J 

(Matsuda, 1979). 0 ] <1 ~I :\'-1] uf 0 ]-2.-'1I 0 ] :\'-91 ~c;,,/1-:,;-.g- rH ~l>J ~ {! nf</ ~%­

'rl-Ai ~Ji5"J..Q.£ -:?,-%¥-./41 JiF~rt- l~oJl thrustingA wrenching ·7-±~ '1l'""d<S1-lll 5'1'..U 

.TI. ~¥ 'cl-%~ £j3J¾ 1.-HoJH---=- -¥-1;W% 'ff7]lll 54'.x.lt:+ (Inoue, 1982, Chough and 

Lee, 1992) 

%-~'--~A1sJ A]~ 7J:r.Jl-~-';::: *%-\i"Ai l:J,{t>"J.2..£ un~"5"1-.TI. ~';::: ~~~ -?-Yi,J 9" 

il"j=o]-%- B¾~ (oJ~BZ-- 'g)O] ~~<)~.TI. 1~J_-c}. !f.'1!- ~A].Qj \l-~ 7c1:zJP1--~ rr}2.} i'-

7] o}o]'<_>1]oil o].s7]~}"1 ',):>J~ {J7J-%:S JI]~~ '>!4:C 700 m/m.y"i] 'if"}:CL1] 

o]C A~Al tj{~ z]~oJl ~~<5}:il <V_';::: back-arc ~A]sj ~7] rifting t!-:zlloJ]AiS!1 ~ 

'-fr~_Q_.£ '?J-?i~ '.U';::: -1J.7J-%.::iIJ- %-"1-£}- 1( 0 ]t:1- (Chough and Barg, 1987; Scalter 
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et al., 1980). 0]t!~~ ,'-}1/-::-s:-~ ¾°U<5B Y.V! -&-¾#-:i:]-t:· AJAJ 3";:7]';'_]_ 0} 01..2.~I 3::7] 

2f "71 %',1-oJI:: "l~'"i 1"f,' 'iHl-4%~ ;;Jrf7f 0 f0l.5'.<1I -~7lo\l '," 01,<j~ %71 

~ .!2.'.nJl Pliocene;ill- Pleistocene %~0\]~-::: ·q.A] t:1]_111.31 ~~~ 1]/J~%½ 7]~ 

;;!.Q..£ lH-12"-'clt:l-. ~i5"] %¾€'A] ,',~AJ 3::7]9.] l!aj-~ 1]/J-4%,° nj-oj.£.Al] %Ctl~ ~ 

~ ~-'i. iJAi-!j!-9.J A]Jll llJ-~J.Q.~~ :,:]~¾%:i!l-£ -t!-~% ;t.:u. '.U::: -;;!.2..£. -~78,B 

11 (Otofuji and Matsuda, 1983; Hayashida and Ito, 1984). 

%¾¾Al9.J -~~¥1--78-~ ~~B¾A]ol]Ai qj~A}1ag _7-p~ c:ll~%B ¥1-1.2..£. ~~} 

~ 01 ~} ~ .9.~- 4,"AJ ~~ -Cr:il, u:J-t:lAi simulation {(-~ oil Ai A}.§-V} ¥l.AJ 4 5:.. ~ ofl Ai X 

¥!-~ ~l ~ ~{I£]~ 0J=AJ.01 clinofonn.01 £1 ~ ~ll"E: tH~%\--tO\l Ai 4J 6B~ S>...£. ~--<.J-ri} 

'.l1 \'l 114'r "I "I >115'Ji 'i' i! 'cl ct (Nester and Mitchum, 1989). 

lf. Graphic simulation l;'c-'j :(!"f~ o]%~ "i.aJ¾ "ff~ ~:oj- Ofl-'J 

%'8"11 ½¾ ~~¾Al ~oll ¾.¥.<'>}.:U. '.?J~ AJA~qj +71 ~.3:l¾.9_.£.-1-Ei ~~tl lfl­

Ajlf} ~A} ;,;}_fi.~ 01-§-t.}o:j !;;]~¾~ uB% -qcAjoJ] t:lltl graphic simulation -lt-~ g 

~A]5}o:j %-'6-- ~~-~z]~ A]AJ ~ ~9}:ilj-782} ~-3:l¾~ ~~ oJ+ u]% ~9}:ilj-~ 

~ c;'·'lltll l,l~rf. 0 l'il "1-f~ %'11 tlc2B lfr>J"f 'll--'f£\':!{'. %% §J"'!{1c,q 'cl­

Ai\!4 -~-"f-oJl ~-.¥.-8'}~ ,:-!A,]JrH ~/] s:J-4·6.0-.~"f-F~ ~'.-t! ~Ajll} %A} .x]-K~_Ai 

* 27191 r,,\'l (½ 7.l 0 I 0 1 80 km) 0 icJ. 

Graphic simulation-?_- ~16" A}-§--¥1 software~ 01~ South Carolina ·?-~rn-~ ~ 

7-~ (7Bl'1Jtll'{JA}: Christopher G. St. C. Kendall _n1_4'-)0\] 5.>~~B 19&3\~,¥.1:~ 11~ 1;"1 

Oil t! "I 'B 7 7J 'lc'cl f· el •l ~ oj cj 1¾:o:J;,H}"il S!<J>i 5c >J'lJ ~1 -"--"" 0 1%£101 

'.?) ~ SEDPAK simulation systcm.2.~Ai ~ ~-61 .Q..~ UNIX system¾ ¾<:a~] 711 ~ 

0 1-H-tl-C workststion comµuteroll ~;,;] ¾%~ "'T '.?)S:.~'t Al]~-~ 0 1 '.V,t:}. -Jtt! 'B. 

T~- 7J-f~rH~{.ill. -<1T:.lf·~"f- si~~} ~T1Joll 7:1];>;]£1~ '.?)~ Micro Sun-"}~ 

SparcStation 5.(>~ workstationoJ] SEDPAKg_ 1}·-4'5"}..31 °] ~ 0 ]%<5}~ graphic 

simuation~· -1-1 .A] '5"} $1 tj. 

ei]~ Z:!7~ 18--6~ Simulation .g..J.i-'fl ~Aj.i.Ij- .£~AJ~ ½%¾A] ~~¾~ 

sc(Jucnce boundaryO\l -0] 6B % 77B 5.>~ sequence£ L},-"] c,.J zl:::: 1.1] Nester and 

Mitc:hum (19R~)~ -cB-¥-¥-.01 ~-~ -,;".g. highstandSil- transgressive system track __Q. 

.!i'.. 7'-AJ ~ c--j '.U.2. t.f 'li_ ¥ ·a'}-¥-¾ tH 0\1-t:- highstand system track~ clinoform ~B· 
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:J-11-:ll. 

::jeque11ce~-t- 1!,-~!~ ~ 0J"c}.9.1 clinoform~} onlapping transgressive %.9.] "§ c~~ 

n-J-Scj t.hrnst.ingjI} wrenching :17 ±, ~-1'if.:i1}_1,::_ '?l.7J]~1c.-t '.V_g ;,_;:!_O __ ~ "~1l~r+. <">] 

A]7]oJ] 1AJ8_ incised vallcy7} 1!J:~9.] '8J.j~I} .1:.::.T-B. 01 :~Pi'"!cl UJ1">"J (--S:-.!,i;'- \fJ,~):i!h~ 

SEl )PAK 01] ~ '?} simulation 411 oJ] ;.,l .5::. *-!t! ?f se4uerice ~.;: ~ ~ F~ -'4 T 1JJ1 !;ct-::: 

-t?.11 Nester and Mitchur11 (1989)oJ] ~--l15B s-l]~~t! ~'}-'-jJ4- 1,:,T,1 A]-K~-:1q nJl-f 11-A} 

A,l>JS_f, ,,,f_n,J. ~-c=O]_O_ tll-Af/(.J 0 _,,_ I ,, n r-• , - r ~ 

s. ~ oj 'r c: ,1 °1 cf (Table :l 11 I, Fig_ '.J 11 l ll. 

l:Z.5 Ma A],1]oJ] '\"l,;{]19-l -~~{J_<)_-5'.,¥-t:~ ·6}Jf' c4 :1,000 m .7:]~ 011, ~ 6.:1 ]\fa A]Y]oJ] 

;~ ,),200-j,~)0 m A]~ oJ], 0}' 3.2 Ma A]/] oJ1 ~ :· :),500 4,200 rn .7-.] ~ oJI 4 4 $-1,/41 <il 



w 
w 
~ 

"'~~ 

,~,,.=~~, ~=2~~-~~~~1~:~:~~:~·.::~~~~~~~;_;--,,,. __ ::~:l~~"~-=;,~~ ~~~"'- Ce! 

1111 

Secpak 30 File, kor-ea204-.db Time step, 7 

Ulhology Surfoce Ratio Plo-l 100 

00 
~n,n ']""llTlTTrr-i-r '"I" TTTr-- -11·11 'l"HnT 'I' 1171T1rn,1,j 11r,· 

~ k=% 1 
~ • L 

7 
• -• -
E -
~ ~ Q_ 
• C, 

6000.0 

o.o Dislonce ~krri) Depth:Wi-::lth=1, B 45.0 

lvfYBP, 15.500 

• ShalF 

Sond 

• Cart; 

Maximum Area 
per 1000 yea,s 

Left 0,067 Righi 

q 
0 

~ 
m 
>-
" 

I 

-• E 
>= 

"' '" 

= 

High Seole>,el lo~ 
674.0 (mtr)--1115. 

Fig_ 3 :1-4 Simulation of lhe initial Sequence 1 of L'lleung IJasin de]Xlsited between 16.J !\Ia ar:d 15.4 '.I.fa The units are aggradational to 

slight],· µrogradational. 



,~,.lJ 
in, breii1'1.l1th:91r -F °' ,:, ~.:,;;': ,~:-.::. ~-;-'-·_,_ ..,,:~~~:,~~: ",~~~~¼,,f~~~~--~+~ 

~ -, k ::::,eupa 3.0 File, ~ore • 204 db fimestep, 

: .. d-,ology Surfo= R-atiD Plot 
7·r' 

0.0 
'''fnr--Tn'I''; ·11 11•r-TT,--,--rrr,,,,,.-c1 ··1,,,,,I''' rr-·T11-,,, . , , '1TTT-r 

17 

70D 
'I 'TTl--,---TT~ 

" 

MYBP, 1 3.833 

• Shoie 

1.iaximurr Area 
per 1000 yeors 

Lili 0-067 Rig-rt 

C 
C 

'1· t ~s s,~ 

w ' ,......_ I-

~· '" ~ · jr •c 
~ 
rn >-, 

.:5 -
~ . 

,,; 

6001).D 
____ , __ [___ L J__J_ j I J 

0.) 

~ ~I = 
c • . s 

~ 

-

_I _____ L I --'---•--1 I __ J____.I..____L_J_ 1 L I _J._ __ , ___ l. I J ~.I........L __ l • j 

Di:c.torce \kn;- Depth,Wid:h=- 5 45.0 
High Seole,rel Lo"' 
574,0 (mtr)-1115.· 

Fig_ 3 11-5. Si• ulatiun of th· :leposition uf Se-ciul'nec· 2. a ;:rogr~datir;,nal ~CQurn,:,_\ 1,hich wa~ ckposited between 1::i.4 Ma illld :3.8 Ma. 

!il 
~·1 !I· 
ti•1 

1 
~-I ,~ 



' w 
w 
© 

' 

~--"- ,:,;,;::;___.;j·· 'qjj'c· -f'-ili-

Sedpak 3.0 File: koreo204.db 

o.o 

-" ' m • E -
~ 

Q_ 
• C 

600D.O 

L thology Sur-face Rotio Plot 

=,••=1 "' 'I"' ""'F 

DD Distorice (km) Depth:Widch cc 1: 8 

Timestep, 25 

100 

45.(l 

MYBP: 12.500 

II 
Sand 

• 

Maximum Area 
per 1 D00 ye<irs 

left 0,067 Ri-,ghtl 

q 
8 -

-

C 

-

§ 

.!al 
~ 

C 

-

-

High Seale11el law 
674.0 (mlr)-111S-

Fig. 3-11-6. SircJulation of the cic;:ios:tion of '.::equencr- 3, showing fJrther progradation. which was deposited between 13.8 ~fa and 12.5 _\fa. 

!I 
Ii 

I 



rm 
~ ,. 
C 

--===----,----::-- ,-;; tzr -~---~···-tfu, tti-i ,-__ _ 
KY kore.-62.lith.gif 

--.-----
~eil,;,,<io<:t.<>..sE'.IPl'il \I,,,-"'""' 3,o· "-"~~----~--~-~=·---- ------ ---- ~-" 

·"--· ··-~ ~- -· 
Se::,pok ),LJ r·iie· korca:2U4.db Timestei:; 62 MY~P, 6.33.3 

! it-ho uJy irfoc'< R,;:t1r1 Plot 

·}.Cl 
rT"TTTTTTT"j'7""T7-T -- r ! 

' ' 
:,-r-·•1 -1,1;<l('Tc1-1•1 ·-,,,,,n7rr· ,,, -j ,----;-n · ·;, r ,,-TT 

,, 
L 

2 
0 

E -r -~ 
0 

0 

6000,0 ~ 
l_ _ _l_ J. --L. Le_ 

' 0 

0,0 C,1s1ur1t_;ic: •:kT<) D<c,pth:W1dl_1=l, j 

mo 

er="'~ • 
~ Snc:e 

! Sand 

" 

j 

_,_J __ ; J 

j 
45.:J 

\kXlrf'.JIT Area 
per 1 OCXJ years 

t.~ft 0.067 Right ;(ll; 
' -- -

~ 

~I ., 
f! ,-

~( 
1) 
~\ 
~ ; 
=_/ 

J 
H, I j 

High Sea le-,,el Low 
574.() (mtrj-1115.· 

Fig. 3 11-7. '.-;imJlati, ... r, cJ[ the rk-posilion o" ScqJu:cc· ½. ,.~hil·f- -~ a:so ·'.rogrn:a:linnaL and was dE'po~1ted brtwcca 12-5 I\-1a and 10.4 Ma. 

\ut~ th,' th,:kncsses ot aL f,ur ~cquc1-_ltS ::';cpc-'sir_e<l to this pom: in rin'c are aµpnxirr.atdy ecwal dr~r:ite a c:har,gmg subs'.dencc and 

sediment suppl:. rcik 



w ,. -

c:-~·,;,:--;o -\~~• 
Sedpak 3.0 ;:'"jle, koreo204.db Tirnestep~ 37 

Lithology Surfoce Ratio Flot 

o.o ~TTTrT'"r,' I'''''',,' I''' nTTTjTT Ill 11111111111111111, "1"" 11111
1

111 

-E 
!l • 
E -
~ 

2-
" 

600D.O 

o.o Distance (km) Oepth,Width= 1, 8 

100 

45.0 

MYBP; 10.500 

II 
Sand 

Ill 

l-1axlmum Area 
per I 000 years 

Left 0,067 Right 

0 
6 

0. 
ml ,_, 
" j 

-

High Se<1IE?11el LIWI' 
674.0 (mtrt""l 115.-

Fig. 3-11-8. Simulation of the deposition of Sequence :J which is a bad.stepping umt and was deposited between 10.4 Ma and 6.3 Ma. The 

subsidence ar:d sediment supply rates were set very low to create this thin, retrngrndational uni::. 



' ~ 
"' N 

'I cnltPol (CQ,.S.AI O · /hinlcsh _ff_j·-·::.:..=-'~:--- -.:_. ,:..- ,_ ~_.....,,.,. 
,. M" karnar Pth.9if 

,.~'c~ .. : '= .s~ __ :~e.-__i!!:__C>r] 3;._p . -~~~;;:c:::--§.~--;'."'.C::~~;'2',· _.,,_,,.,.-,,r~c~::-:"-·,s~; •,~,•~""-"~-'-. , ,.aaa_.,.,;.:e~ 
- - ---- - '" - - ~-;----.... 

Sedpok --z 'J 
'- ) -'-

ril c, kc,r-::, -=i2 G-1-.dh -irn-ic-c~lcop: 77 

_d1•_.lu_:,i;: :::;,Jrf'J:e R•.Jfico Pir,1· 

C ___ :§".'::;~ ••• ·-• c· .·cc·_._ --~•c;::.-,:-·~,3-C ef'.~~.i 

10D 

MYBP, 3.EJ3 

Maximum Area 
per- 1000 years 

leH 0.067 Righi.I 

o.o 1
1 -,,, ,-'! ,; ,,·, ''' 

l
- I ,, I "l·,·c,,-,,,-,,---
. I " " 

" 'i " ' ' ; ' ,-- ---, !' ; ',;·, r:--rrITTTT'""l • 0 
0 

-~ • • E -
5 
~ • u 

600D-O 
____l__l_ 

DD 

I ---'-- L ___ _ L, L, 

cil::.t.oc1r.r- (!-ai1/ ilc::1,t~--11idth 0~ 

st·ale 

Sand 

• earn 

0 L 

B 45.C 

~ 
m 
~ 

" • E 
;= 

" 0 

fl 
\ 

r 
High Se.alevel Lo~ 
Ei74.0 (mtr;f-1115. 

Fig 3-11-9. 5i:nulat:on oi the deP,.J\iC1on of <:.;._,qu1_•nc,_' i; '•' hi.--1- \\ ·v dq-1"' 1:, ,i !;, · 11(Tfl () j \I;, ,,nd 3.il \b. i\ sea !eve! nse mcrc3Sf'd 

accommodation c1nC1. togefrer -,,,itl·_ i:1(-rcaouJ ~Jbsic(r,:r- a,ci >t•'.'i7JC11: 'Li:;,,i\' rc.tc'' C!id a thick T]rngrc1ciational :::equence ·,•;as the result. 

, .. , 



' "" ,. 
w 

Sed p:::ik 3.0 r=-ile, kor.ea204.db Timestep: I 00 

Lilti;:ilogy Surfoce Ratio Plot 100 

00 r '"I''''', 'l""~TTT-n.--1Tn11 111111,n--nl.""'"'I""" "I""''" 

-• L • 0 
E -

L 
o_ 
,g 

600().0 
___l_...L _ _L__i___l__i_ __ _l_(._l_ .L J __ I L_l_l_ _ _J _ _I_ __ ;__ .L_L I j _ _j__L_L_...L_l_ L..J...~~~-~~~~-

•.D Distance (Km) Depth:Width"" 1, B 45.Q 

MY8P, 

• 
Sand 

• 

Maximum Area 
per 1000 yecirs 

Lett 0,067 Right.I 

0 
0 

~I 
-

High Se-ale,,,el Low 
674.0 

Fig. 3-11-10. Simulation of the deposition of the final '1cqurnrr 7 whwh shows further ;xogrodaticn with deposition occ·Jrring from 3.8 Ma 

to the pre~em: It is thr thickr·sl ~cq11f·nrc-. rrra~cd hy ircrcr,sing the subsidence iinrl ~c<lnncnt s11;)ply rates to cour:teract the effects of 

a lowstand rJf -;ca lc,d 



/} '{l-"Jo\l",I'.---:- <'.<JAH.~. 7]-;$,';-f,', A]A]t] :'.y,.::,:i ~ct. 
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Y.6]-e. ~T:: ?j- :>:).-§'-it! ••R% Q:j,"} Omrfal history)-~ <.!-~"6f7l! A~ilft T 'ji:-}. Fig. 

-~ 1,1_ oj ~i .:i! '.U r.J-. -?,- 12.J Ma* A]>-] ~}Jl ~ ~-- sequence boundary 1t! -2:- 10.5 Ma 

.3-11 12)_ 

,-, - A-1 ,,_---, ,;ri_ ·i1. ~- JJ! ~- ;,J_A],:,·j.11_ 1}_',0~rn 01:r- ~;'l)-'iJ. ,1.•,rnphi(· simulation {cl_l'f-;';: 011,11 J:l 

l,i-1')1H <?1-ic {l:;Jj.9.} ll]u'.6}<:>j ¾-i-:C:z) 1FL:-.ni u~-~ ;;<[~ si}?:J-&l- 7J1<-'f3i.Q..~ -t'-1] 

-~u,~ W lll .2-1 °1 r+. 
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Table 3-11-1. Clastic supply data. 

Sequence 
Sedimentation Sedimentation 

Distance of 
Time (Ma) rate (m/ka) rate (m/ka) 

(km) 
Sand Shale 

Transport 

1 16.5-15.5 0.012 0.055 4:, 

2 15.4 13.8 0.0025 0.025 15 

3 13.7-12.5 0.0035 0.035 45 

4 12.4-10.5 0.0040 0.040 45 

5 10.4-6.:J 0.0012 0.012 45 

fi 6.2-3.9 0.0025 0.025 15 

7 3.8-0.0 0.0033 0.033 45 
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Seismic study of the Ulleung Basin crust and its implications for the 
opening of the East Sea (Japan Sea) 
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Abstract 

The U!leung 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 boltom seismometers (OBSs). Although 
the thickness of (IO km) of the crust is greater than typical oceanic crust, tau-p analysis of OBS data and forward 
modeling by 2-Dray tracing suggest that it is oceanic in character: (1) the crust consists of laterally consistent upper 
and lower layers that are typical of oceanic byers 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 I 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 nonnal mantle surrounding a distam 
mantle plume, not directly above the core of the plume. It seems that the mantle plume was located in northeast 
China. This suggestion ls consistent with geod1emical data that indicate the influence of a mantle plume on the 
production of volcanic rocks in and around the Ulleung Basin. Thus we propose that the opening models nf the 
~outhwcstern East Sea should incorporate seafloor spreading and the influence of a mantle plume rather than the 
ex.tension of the crust of the Japan Arc. 

Introduction 

The East Sea (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 charactcriLed by three m:-ijnr 
basins (Japan, Yamato, :-ind Ulleung Rasins) and topo­
graphic highs such as the Yamato Ridge is suggestive 
of intricate back-arc opening tectonics (Figure 1 ). 

Deep seismic experiments using sonobuoys (Lud­
wig d 1:1!., 1975) and ocean bottom seismometers 
(OBS) (Hirata ct al.. 1989; Shinohara et al., 1992) 
reveal that there is a wide range of back-arc basin crust 
in the Eas1 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 cmst, while Shinoharaet al. ( 1992) considered 
it to be intermediate by defining it neither oceanic nor 
continental due to the anomalous thickness. 

The Ullcung 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 
Oki Bank east of which the Yamato Basin is located 
(Figure l ). A number of models for the oPening of the 
Ulleung Basin have been proposed to explain the evo-
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Crustal structure, volcanism, and opening mode of the Ulleung Basin, 
East Sea (Sea of Japan) 
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A study of !he Ul!eung Basin in the sou!hwestem East Sea (Sea of Japan), based on single- and mulii-channel seismic 
reflection profiles and ocean hormm ~ismometer (OBS) data, ~ugge~ts 1ha! the hasin formed largely by pull-apan opening 
and the deep. nonhem basin is underlain by thickeHhan•normal oceanic cru51 ( 10 km thick). probably fonned during the 
curliest ~tage of seafloor spll!ading. Volcanic activity in association with busm opening occurred over much of the basin 
but it ceased first in the south while it continued in the nonh until recently. The pnncipal evidence for pull-apan opening 
includes: ( l) an overall rhomboidal shape of che basin consisting ot cwo basemen! lows and a median high. known 10 he 
characteristic of putl-apan basins; (2) the location and orientation of the major volcanic sources suggesting more-or-less 
N--S opening: and (3} th<' strike-slip fault sys1em along the western basin margin. whi~h appear.; to have guided the 
pull-apurt opening. The lack of e~tensiona! defommtion along the western basin margm. which would have been prevalent 
1f SW Japan had rotated away from the Korean Peninsula as suggested by palcomagnetic data, is also not in favor of 
the alternative. rorntional opening of the basin. The absence of graben-and•nft topography in the acoustic basemen! in 
the deep, northern Ulleung Basin IS indicative of the non-brittle or ductile narure of the crust Tau-p analysis of the 
OBS data reveals that the igneous crus1 consists of upper and lower layer; with velocities typical of oceanic layers. The 
velocity-depth profiles wirh a iwo-grndient velocity structure is also characteristic of oceanic crust. However, the lower 
layer is mm;:h thick.-r than oceanic layer 3 and the change of velocity gradient. which oc.:urs at around 6.5 km/sin typical 
oceani.: ~ru5t, occur.; at ubout 6 km/s. suggesting that the crust is not a typical oceanic crust. The meager basin size and 
shon opening period may suggest that the basin opening did not !cad to the formation of full-fledged oceanic cntst but 
instead resul!ed in embryonic or incij"lienr ocennic crust thickened by upper-mantle thermal penurbations evoked by rifting 
© 1999 Elsevier Science B.Y. All rights reserved. 

K1:ywords: back-11r,; ba5ins; pull,apun basins: volcanism; oceanic crust 
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Abstract 

A detailed facie~ analysis ot long piston-core sediments from the Ulleung Basin reveals four mud factes: laminated mutl. 
uutlcly laminated mud, bioturbared mud, and homogcnous mud. The laminated and homogeneous muds were most likely 
<lcpusitcd from turbidity currems, whereas the hioturhated and crudely laminated muds were formed hy hem1pclagic/pclagic 
sedimentation under well-oxygenated and poorly oxygenated bottom-water conditions, respectively. A detailed analy~is of 
vemcal distribution of the mud facies together with a chronostratigraphic framework derived from correlauve tephra layer, 
with known eruption ages reveals paleoenvironmental changes during Lhe late Quaternary. During the period hetween 49 and 
2} ka, eustatic lowering of sea level tacilitared frequent slope failure, resulting in repeated deposition of fine-grained 
mrbidites on the ha~in floor. Normal hemipelagic sediments were intensively bioturbated under well-oxygenated bottom-water 
condit10ns. During the period between 23 and - 13 to 11 ka, deposition from turbidity currents continued, but hem1pelagic 
sed1ments were non-bioturbated under poorly oxygenated honom water conditions. The bottom-water deoxygenation is 
attributed to further lowc1ing of sea level dunng the last glacial period and consequent intensified stratification 111 the water 
column by tre~hwatcr supply lo lhi.: m:ady isolated sea. Primary laminae preserved in the crudely laminated mud generally 
exhibir low compositiona, bimodality rn backKattered electron images, which suggests low surface primary productivity and 
presence of superficial micro-bioturbation. After rapid rise of ~ea level al ~ 13 to 11 ka. the slopes were stabili7.ed and 
pe-lagic sedimentation has prevailed under well-oxygenated bottom-water conditions. ©2000 Elsevier Snence H.V. All 

rights reserved 

Keywords: lammate<l muds; paleoceanography; backscattered elc~lrnn images: Ulleung Basin 

1. Introduction 

Deposition of deep-sea laminated sediments com­
monly results from periodic variations of hemipe­

lagic/pelagic sedimentation in anoxic silled basins 

' Corre,punding author Fax: + 82-2-872-0311, 
E-mJ1\: sedlahQ!l,nu.~,· k, 

()(125-3227/00/::. - ,ee fiont matter O 2000 Elsevier S~ience B V 
PU S007.5-3227(99)00079- l 

(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 
changes of paleoc!1matic conditions (Kemp. 1996). 
Recently, seasonal-scale variation of parttcle influx 

All rights reserved. 
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Kim, Han-Joon, 1999, Seismic study of the lJlleung Hasin crust and it~ implications for the opening 
of the East Sea, Journal of the Korean Geophysical Socie(Y, "· 2, n. 1, p. 9-26. 

ABSTRACT: The Ulleung Basin (Tsushlma Basin) in the sonthwestem East Sea (Japan Sea) is floored 
by a crust whose affinity is not known whether oceanic or thinned continental. This ambiguit>· resulted 
in w1con.strained mechanisms of basin evolution. l11e present worl altempb to ddlne the nature of tl1e 
crust of the Ulleung Basin and its tectonic evolution u;.i11g ;.ei;.mic wi<le-angh: rd1ection <Hid rdructio11 
data recorded on ocem1 bo!lom seismometer.. (OBS~). Although the thickiie:;.,, of (10 km) of the crust 
is grea!er (han typical oceanic crust, tuu-p unalysi;. uf OBS data and forward modeling by 2-D ray rracing 
suggest that it is uceuni-: in churncter: ( I) the crust consis[s of latcral!y consistcm upper and !owcr layers 
that are typical ~)f u-:eunic layer.,; 2 and 3 in seismic velocity and gradient distribution and (2) layer 2C. 
the transition betw,:,en luy,:,r 2 and layer 3 in (.)(;,:,uni-: crust, is manifcst,,;d by a ~ontinuous velocity increase 
from 5.7 to 6.3 km/s 0wr the thkkues:, inh:rvul of uboul l hrn bctv.·ccn the upper and lower layers. 
Therefore it is not likely that the Ulleung Basin wu~ furmed by the .;;rustul extension of the southwestern 
Japan Arc where cmstal structure is typically continental. In~t,:,1J, lh,:, 1hickm:~~ of the cru~( and it:; n:loclly 
~tructur<" suggest that the Ulleung Basin was formed by sc,inuur ~preaJin~ in a rcgicn of hotter ihan 
normal mantl« ~urrnunding a distant mantle plume, not dire~1]y aho,c the core of ihe plume. Jt ,ccrn:, 
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Hong, Jong Kuk, Kim, Kl Young, and Kim, Han-Joon, 1999, Analysis of source characteristics for 
high-resolution seismic suneys on a tidal flat. Journal of the Korean Geophysical Society, v. 
2, n. 2, p. 100-II0. 

ABSTRACT: In ordllr to find a good s!lismic source for high-n:solution reflection surveys on a tidal 
flat, characteristic features of several sources were examined 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 a 30 kg and a 100 kg iron ball, 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-resolution survey in terms of energy level and frequency contenl~. The srudy reveals that 
the ponable vibrator is the moot suitable source for the detection of and imaging geologic strucrures Jess 
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 contra.~!, 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 
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:Fault~ and shallow g1ts pockets through high-resolution reprocessing in the E1t~I Sea, Korea, 
Journal of the Korean Geophysical Society, v. 2, n. I, p. 39-44. 

ABSTRACT: High-resolution images an• drawn from 1.:xisting seismic data which were originally ohtained 
hy Korea Ocean Research & Development Institute (KOROi) during 1994-1997 for deep seismic studies 
on the East Seu of Korea. Tht".se images are umllyzcd for mapping Quaternary faulL~ and near-bottom 
gas pocket.-,. First 12 channels are selecte<l from shot ga1hers for reprwessing. The processing sequence 
adopted for high-resolution seismic images comprises data copy, trace editing, true amplicude recovery, 
common-midpoint sorting, initial muting, prestack deconvolution, bandpas.s filtering, slllcking, highpa,;s 
filtering, poststack deconvolution, f-x migration, and automatic gain comm! (AGC). Among these processing 
steps, predictive deconvolution, highpa<:s fihering, and short window AGC are the mos! significant in 
enhancement of resolution. More than 200 Quaternanry faults are interpreted on the migrated sections 
in the shallow depths beneath the seafloor. Although numcrou<; faults are found mostly a.t the western 
continental slope and boundaries of the Ulleung Basin, significant amount of the faults are also indicated 
within the basin. Many of these fanl!s are believed to be fonned with reactivation of hasemem, from 
gemcctonic activities including volcanism, and often originated in Tertiary, indicating that the tectunic 
regime of the East Seu mi_ght he unistab!e Existence of shallow gas pockcls casts real hazardous wumings 
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ABSTRACT: Large scale surface ga.~t"~ Me dbtributed in th<: soUlheastem pan of the Ulleung Basin, the 
East Sea High-resolution sei~mic profile~ show uwustic anomalies such as acoustic turbidity, acoustic 
void, anJ pock mark which indicate- 1h,:, pn:scm.:e of ga~-charged sedimen~. TI1c pancrns of horimntal 
degas~iug crn..:ks onginared from free me1hunc expansion are also the strong i11Jieator of shallow gas-charged 
sedime11ts in the 12 m piston cor,:, sampli:s. Submarine ~lides and slumps <lunng lowstand sea-level are 
obs,:,rve<l in dcscahili7ing sedimen1s. Some samples reprt>.sent the presence uf conccntra1ed rho<loC"hrnsite 
no<lules in the !Of! of rurbidite. Pock marks. gas-charged sediments. and cunccntrnlcd rhodochrosite nodules 
may be related to the existence of gas hydrate 7011e in the study urea. 
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We have smdied both submarine morphology and sedtment characteristics of waste disposal sites in the wuth­
western Ulleung Basin, East Sea, as p.:ut of a marine envitonmental pieservation program. The Jung wa\te <l1s­
posal site m the outer shelf 1s characte-nzed by the thick accumulation of coarse-grained pahmpscst ~ediments 
and fine-giaiue<l sedimeJlls from vai1ous sources. The Byung waste di~posal ~ite in the continental slope is gen­
era!ly charac1enzed hy hemipelagic muds wnh inlcmiillent sandy sediments origrnat~ from Ute outer ~helf and 
upper slope. The hemipelagic sediments, drapmg the seatloor, consist of tlmdn.ed muds. The core sdirnent~ 
show numerous bioturbation structures which cause vertical mixing of sediments. The surface sediments can 
he divided into four sand types (S-l, S-2, S-3, and S-4) and two mud types (M-1 am.I M-2) based on relative 
contents of reworked coarse-grained palimpsest sediments and fine-grained sediments, sortmg and heavy min­
eral contents. The sands are probably relic; ~ediments reworked during high-energy condmons such as rypoon 
or storm. On the other hand, the muds were originated from variou~ ~ouri..:cs such a,\ recent input from the Nak­
dong River, rtworked tine-grained sediment from the shelf or suspended pantculatc matter from !ht: East Sea 
Warm Current. 
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