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SUMMARY 

I. Title of the Study 

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

(MECBES-98) 

II. Significance and Objectives of the Study 

1. Seafloor hathymetry around Dok Island and investigation of the extent of rock 

fall associated with Neogene volcanism 

2. Interpretation of basin structure and volcanic activity around Dok Island from 

gravity and :nagnetic data 

3. Investigation of formation and evolution of the Ulleung Basin usmg ocean 

bottom seismometer data 

4. Interpretation of structure and stratigraphy of the Ullcung Basin from 

multichannel seismic data 

5. To investigate the sedimentary processes and depositional environments of the 

late Quaternary sediments based on sedimentary facies analysis 

6. To establish tephrochronology and paleoenvironmental reconslruction based on 

the analysis and correlation of marker tephra layers derived from explosive 

eruplion of \'olcanos FLrnund the East Sea 

7. To reconstruct the relationship between the composition of the ma.ior elemenls 

and climatic variation during glacial and interglacial periods in the East Sea 

8. To understand paleoceanographic and paleoclimatic changes, and to find the 

boundary of each Isotope Stage (IS) on the basis of diatom analysis 

9. To study paleoceanography for the enlargement of a predictional capability for 

the variation of oceanographic process of the regional sea 

10. To unde1stand a recent oceanographic variation through the study of 
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biogeochemical processes in the East Sea 

UL Contents of the Study 

1. Invesligalion of volcanic activity around Dok Ish:md 

(1) Acquisition and processing of multibeam bathymetry, gravily and magnetic 

data 

(2) Dcvc:lopment of a statistical model to suppress noise in multiheam 

hathymctric data 

(3) Classification of rock fall palterns around Dok Island 

(4) Interpretation of volcanism in and around Dok Island based on gravity and 

magnetic data 

2. Seismic sounding 

(l) Acquisition of ocean bottom seismometer data through a 

Korea-Japan-Russia collaborative experiment 

('.!) Development of processing techniques to suppress resonant and random . 
noise in ocean bottom seismometer data 

(3) Investigation of formation mechanism of the Ulleung Basin 

(4) Structurnl and stratigraphic interpretation of multichannel seismic data to 

understand sedimenlalion processes of the Ulleung Basin 

3. Paleoceanography sludy 

(1) Investigation of the sedimentary processes and environments of the late 

Quaternary sediments 

(2) Establishment of new marker tcphra and paleoenvironrnental reconstruction 

based on the tenhrochronology in the Ulleung Basin and the Korea Plr1tcau, 

East Sea 

(3) To know the sourc:c of the East Sea sediment from the ratio of two typical 

terrigenous elements (Ti, Al) which are used to evaluate the degree of 
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weathering CIW and CIA 

(4) Study on the vertical distribution of relative density, dominant species, 

coastal species, warm species, and cold species to reveal paleoceanographic 

and pale1xlimatic changes, and development of indirect tool for defining 

Isotope Stages (ISs) 

(5) Classification and interpretation of high-resolution echo facies 

(6) ReconstnLction of late Pleistocene sedimentary environments and depositional 

processes 

(7) Investigation of paleoceanography in the northern part of the East Sea 

(8) Study of biogeochemical processes in the water column of the East Sea 

IV. Results of the Study 

1. Volcanism around Dok Island 

(1) Large-scale rock falls and basement subsidence are not present m the 

vicinity of Dok Island. 

(2) Magnetic dipoles around Dok Island indicate lhe existence of aggregated 

distribution of volcanic bodies. 

2. Seismic sounding 

(1) 1be crust underlying the Ulleung Basin fom1ed by seafloor spreading in a 

region of hotter than nonnal mantle affected by a distant mantle plume 

landward. 

(2) The central part of the Ulleung Basin shows suppressed volcanic activity; m 

contrast, the deep-seated volcanic body extending from the central to 

southwestern Ulleung Basin is interpreted to have formed at the early stage 

of basin formation. 

(3) The southeastern continental shelf and slope area shows features related lo 

passive continental margins, however, the basement structure is characterized 

by complex topography with faults, volcanics, and paleochannels. 
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.1 Paleoceanography study 

(1) Sedimentary environments 

- The core sediments from the Korea Plateau mainly consist of pdag1c 

muds that exhibit systematic vertical changes of bioturbated structures 

resulting from the variation of bottom water oxygenation. 

The core sediments from the Ulleung Interplain Gap mamly consist of 

pelagic muds and turbidites. The distribution of the individual facies 1s 

different among the cures because of the reworking and enhanced 

bioturbation by Loltom currents. 

- The core sediments from the lower slope include deformed muds and 

mud--clast muds resulted from slides/slumps and debris flows that were 

activated during the sea-level lowstand of the last glacial period. The 

uppermost pmi.s arc pelagic muds that were deposited during the Holocene 

sea-level highstand. 

(2) Tephror.hronology 

- Core sediments were intercalated with many marker tephrn layeJ"s in Lhe 

llllcung Basin and the Korea Plateau, which were 01iginated from 

explosive volcanic eruption of trachytic alkali magma of the lllleung Island 

volcano, rhyolitic. subalkali magma of the several Jaµan volcanos, and 

trachytic alkali magma of unidentified submarine vok:ano. 

The U\lcung Basin is characterized by submarine channels in lhe 

northeastern part of the 1Jlleung Basin µlain whereas the uncharmelized 

other Ulleung Basin is flat and well stralified. Sediment cores obtained 

from the channelized Ullcung Basin and the unchannclizcd Ulleung Basin 

reveal different sedimentary environments based on tephrochronology 

During th('; Holocene period, sediments were accumulaled at a raie of 17 

5-24.7 cm/kyr based on the Ulleung··JI tephrn in Lhe unchannclizcd 

Ulleung Basin. During lhe Oxygen Isotope Stage 2, a very thick turbidite 

mud was deposited at a rate of 27.8"-28.7 crrvkyr in the unchnnnclizcd 
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Ulleung Basin. In the channelized Ulleung Basin, sediment accumulation 

rate shews 11.8--23.5 cm/kyr during the Holocene period. During 9,300 yr 

D.P. -88,000 yr B.P. when is represented by the inlerval between the 

Ullcung··II tephrn layer and the Aso-4 ash, hemipelagic mud was 

deposited at a rate of 2.9-5.0 cm/kyr. Very low sediment accumulation 

rate may be resulted from small scale input of turbidite mud or erosional 

processt·s. During 88,000 yr B.P. -110,000 yr B.P. hcmipclagic mud was 

deposited at a rate of 12.7-13.1 cm/kyr. 

The unidentified tephra which consists of milky purruceous lapilli, dark 

scoria, :md fine-grained ash, originated from a phonolitic alkali magma. 

Since this fine-grained ash was operated on cement between lapilli and 

scona, the Lephra layer is characterized by semi-consolidated. The tephra 

layers were accompanied with laminated mud or cross laminated mud. 

The unidentified tephra shows low Ti, Mg, Ca contents, and high Fe 

content than tephra derived from the Ulleung Island. These characteristics 

were reported with unwelded submarine pyroclaslic flow deposits, and 

laminaU:d mud or cross laminated mud were resulted from the waning of 

pyroclastic flow. In Lhe Korea Plateau, these tcphra layers show a increase 

of mean grain size and thickne:::.s. 

(3) Tenigeno·1s materials of Lhe three cores are considered slightly different in 

their sources because the ratio of the two typical terrigenous clements (Ti 

and Al) c1.rc different from core to core. Also, the chemical index of 

weathering and alternation shows a difference degree of weathering. The 

highest weathering is recorded in 94PC-2 core and the small degree of 

weatherinp· in both of the 95PC-4 and 96EBP-4 cores. 

(4) Fifty-tlm:!e genera and one-hundred fifty-six species of diatoms are 

identified from 95PC· 8 core, while fifty-one genera and one-hundred 

forty-four species of diatoms are identified from 95PC-9 core where 1s 

located about 20 km west of 95PC-8 core. The most dominated species 1s 

Thalassinema nitzschiodes and the second most dominated species is Paralia 

-n--



sutcnta. VerLical changes on relative density, dominant diatom sµecies, and 

coaslal, wann and cold diatom species are studied. From aLove sludies, the 

conspicuous oceanographic and climatic changes have been occurred scvcnil 

times from %PC-·8 and 9.SPC-9 cores. These changes can be indirectly used 

for ddining the boundary of Isotope Stages. 

(S) Variation of recent sedimentary environmenls m the northern part of the 

East Sea 

Recent sed1mc.ntation rate was 0.1 --0.2 mm/yr from the method of 21 °Fh 

and was 2G cm/kyr based on the Baikdu volcanic ash layer. 

- Primary productivity has been changed remarkably during the rcccnt one 

thousand and several hundred years in the northern part of the East Sea. 

Primary productivity during the several hundred years after the volcanic 

emption of the Baikdo was as twice high as that in the periods of several 

hundred years after and prior to that period. 

- Metal composition of the Baikdo volcanic ash layer was characterized by 

low content of Ti, Ba, Sc, V, Cr, Ni, Cu, and Sr, and high contents of 7'.n, 

Ga, Rh, Y, Zr, Nb, Th, U, and rare cmth elements. 

(6) VaricJtinn of paleoceanographic environment during the period of Hocene 

- Palco pnmary productivity has varied with lhe cycles of 1,000-2,000 years 

during the period of Holocene, and there have been several times of 

anoxIC environment in the deeper water column than the bottom of the 

U\leung Basin. 

Siliceous productivity contributed in the µrirnary productivity were higher 

in the southern part than that in the northern part of the western East 

SeR since the late Peistocene. This implies that silicate supplied from the 

south has controlled the siliceous productivity in the East Sea. 

(7) Six echo facies ure classified on the basis of clarity or reflection intensity, 

lateral continuity, and shape of the bottom and subhot.t.om echoes. 

Echo facies suggest various deposits inclurling sands and gravels 

(re)deposited by shallow marine processes, hard rock basement r,r 



irregular volcanic edifices, composite deposits of hemipclagites and 

intemiittent turbiclitcs, stacks of debrites, various mass-flow deIJOSits, and 

deposils uf rock fall. 

The top of Dok Island and Dok Seamount were eroded by shallow manne 

processes when the relative sea-level stood 100--1:10 m lower than the 

prcsert. The eroded sediments are transported downslope mainly by 

debris flows along submarine cnayons, and rock falls. 

In the Ulleung Basin plain and Ulleung Interplain Gap, henupelagic 

settling has been prevailent with intermittent deposition from turbidity 

currents, but most submarine channels seem to have been inactive in the 

late Pleistocene. 

The Korea Plateau 1s characlerized by hemipelagic sedimentation and 

intermittent turbidity currents with a limited contribution of sediments to 

the U lleung Basin plain and Ulleung Interplain Gap. 

(8) Biogeochemical process in the water column 

- New method for the detennination of biogenic silica and lithogenic silica in 

the particulated matter of the water column was developed in Uris study. 

- Canter ts of particulated biogenic silica had a good correlation with the 

depth i 1 the exponential scale. 

Dissolved oxygen contents in the deep water of the East Sea have 

continuously decreased during the recent several decades. 

- Silica productivity has incresed in the southern part of the East Sea 

during the recent couple of decade. 

V. Suggestions for Applications 

1 The detailed bathymetry and distribution of rock falls can be used to facilitate 

the safe contruction of underwater structure at the :$hares of Dok Island. 

2. Gas pocket:; are located at lhe continental slopes of the Korean Peninsula thus 

detailed survey is needed to assess the potensial of gas hydrates. 
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~- Evolution and fomrntion of the lJ1ll"'.11ng Basin crust can provide the (facet 

explanations of the opening of the East Sea. 

1. The sludy of sedimentary l"'.nvironments and bottom water conclitions based on 

sedimentary facies analysis can serve as a framework to investigation of 

paleoceanography of the East Sea including sea-level fluctuation and bottom 

water vcntilat10n. 

5. In spite of the small amount of data, the evaluation of the relationship br:twe:l"'.n 

the ::,ediment source and climatic variation may be evaluated through the 

continuous study of major clements in the core sediments. 

6. The marker tephra l,iycrs take an advantage of chronostrntigraphic correlation 

among del"'.p -sea core sediments and can be utilized paleoenvironmental 

reconstmction. The teµhra derived from submarine volcano will offer a new 

marker tephra and have a possibility of ore mineral. 

7. The di:::olribution of diatom species, relative density, coastal, warm anrl cold 

:::;pec1es of diatom assemblages can be used for the indicator of 

paleoceanographic and paleoclimatic changes in the East Sea in the late 

Quaternary. Although there is no direct isotopic datB, the vertical changes of 

diatom assl"'.mblagcs provide Lhe prediction of Isotope Stages. With the 

integration of 
14

C (AMS), isotopic data, and tcphra correlalion as well as 

dctcJ.ilcd scdimentological analysis, diatom data will be the most powerful t.ool 

for paleoceanographic and paleoclimatic reconstruction. In addition, diatom data 

can be used for the verification of other data such as isotopic data and 

tephrochronology. 
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Fig. 2-1. Perspective image of bathyrnetry and topographic data from the nonh flank of Tenerife Island. This image 
\Vas compiled from swath bathymetry offshore and Spanish military maps onshore. Note the strong contrast m 
the seaf!oor roughness between landslide area (center) and areas of submarine canyons (east and west). 



-
•····· ... 

. . . · . 
. . 
·-· •,_ . 

• 
. 

::,.,,.,._ _ __, ·l;;Jli, Shield 
Building 
La,,ds/ide 

Fig. 2 2. Schematic model showing thf' rdFJtionship between the development of 
landslides and the geological development of Tenerifo Islnnd. 

--S8-



·-

'"""" 

---------~·~ 
IJl-oot 

1~ 
' I 

' 

·= 
Fig_ ~-3. Location man shmving Dok Island. The thm lines arc the ship tracklines 

of the MFC::BES survey in April, 1998 un board RN ONNl:Rl. 

-59-



o]-°i',=--"jo] z72 ~~-5: ¥-A]oJ] ~-"d-t! t.H~J§}<:}oJ] ~-~ ~Tt:' ~oJ 9J.7,] \?-,f9);-q, i 

c]::i-r_ Al~7J}.AI T-.3"]{!_ ±"}~.c. T~ Hawaii4 Canary !<:;]ands -z.J.· 0 1 71q~-i. 6H;;~'_2}-,;J- 0 1I 

tJl<l 0J-1'- 0PI '(!cf 0Juil '1!•1 sjsj,]F~:-;- 'll2.5'JCC 'll,10J 3J-%<;- 0J 3}-"l"1- o-:sj_<>. 

~ .lJ.~ i:] ri"t~ ?~<•_- "oH:<:1§}1} -?1t!oJ1"7£ ~oJ1+~·7]-oJ1 tH6HA1;~ 0}31 ;,;~]tjj_~ o}~ 

l:!}7} 'itl7] LL!1~o]L}_ Ji.'1_i::i__;;,_ o]~ 9":!-7-;~ q-c.J7} 7]tjj1l ~-~ •~ T~151]9:joJ] 1-Jl~ 

tHAlA]-F~Q.j- f}<{~.:fl Sl1*9l ¥"!!:.~ Ii}~B}2A]- -,\}~-.;. ?;!(,]] cJliiH o]~c5}A]~- a:ji]Al 

~t- ~l--~-~~- !<';-ti] 11~-rH~ ~ 7}A] ¾S.~ -~-2-~ L-lj~ 4-- 9J.;j_t}_ 

Trtl 0 }i:Jl,)11 ~~""ll 11:-t:} tFig·_ '2--'J!'.>~ A54 B~ JU-I). ~~c._'r._1:r:. tHTl[! c;!-1~ ~%!.:1 -''d-41 

-Si2..~c.. uij-'f- ?~ ;'.- T ~1 ;f- (-'7. :,;~·9} A-j.'1:.)¥ ;,;]]9]C;}JL~'- tjJ~#.,o] tH"-'r1A o]-i'I] ,! 

,"o,l_r'. oJ z1_<) •-,~- J.4 o_ -,i]9Jir]-c.J-lft £1~L .£~,·J] ol.'-= .$ l)•l;,;J;;j.J-}l.c- noro ,, ·"o' n r , ,__ " . ,_ "l , , . ..., _._..r.. o , ~1 .,., '--- , n •1--"' L:. 2 T_ ,~ _ _,. 

Trachyte I, Unit P I, Unit P-11, Trachyandesite (2.7 1 0.1 Mal. lJnit P--TU, Trachyte 

II (2.7: O.l J\,JaJ. Trachyte Ill (2.5±0.1 Ma), _7_;:;.J..::iJ_ dikr;6]t:}_ ";:joJ]A-1 1fZ:!tl S,)J··] 

-6"" 7}:2- ?_r'~]~J :;~{'_ Trachyte I 'j~-;:;1- 0}~1-7 1.-},9~ ?i1-~-~ 01 ~ 4.6.:t0.4 l\fa.'i'_ -1'-

;;:-fr·lr' ('"' 1''9-) s--i-·01 7-l O =,,_, ,-,lj],.,.,_9_ rrl:-11 ,a-71,:J;--J EjAiLio] o-'..:C. r 00JU1, ~I :J. --, '~ di T't:1. 'd 'f°t!E. f 1-r '-'n··1 ,::_ _. -,2 =;:.L ''I r,1 o 2.J od-,v.--

(valleyl~l- it "1°191 ~;,;-_I (ridge)-~~ T,,,a,90, yo, 0 1~-* -'itl1 ~R-<~~ :!,;J:q-~ 0 ] 

Lfl "2=l ?fl 6
- e-1 el 11 ~ ~J 'T '.U t:L 

-6()-



::i 
I 

1. 70 ')()! 
_, I ,,__'°' 

/ 
,? 
" 

37° 10' 

37° 00' 
131°50' 132° 00' 132° 10' 132° 20' 

Fig. 2-4. General bathymetric map of Dok Island and adjacent area, compiled using KORDl 
multibeam bathymetry dc1taba~e. 



3 Al 2 ~ E.. qi 1.:tl-H-1 - r ...1..L-, --, ::x:: = l==I 

t 'i'hLoJl)-n-_: 1998\~ 4-9.J niloJJJ•Ft-1:-1 4~ 8'{17!}71 Q.,1 :3 ~:;~oil :;--::1~ -~-~r.. ccr1i 

J §!.}"8°]'71.t:-+. fj,"} cJ;,1 Lllj?.j -~\-:5:_~ '110--12 knot9'.t..il., ~J,~ '-Id- i.B 0l1 J,]i-+1~} 

(U :1~12 kHz Chirp Suh -Bottom Profiler (BATHY-2000P) 

12) SeaBeam '.2000 :V1ultihcc:1m Bathymelric System'°']tl. 

Sub Dottom Prnfikr: Bathy-2000P)c1] 9.] t} ;;q. K~ ~ -~- ~ _t;:_ ~~ 7>'"71 _2._K tl T \1 7iH 

~oJl--"i ;~•.j~ i>iHAlz]1tJP~ Ii}'q:i!j- ,'-}~oJ] ~.1tt.}C isl]A1A}1c-t] T("~:rr}<;>Hr Ofi"o}~ 0 1-2 

_;_tJ}~-;;:!9.J :~!iJ] 7Jo]~- <?.{' SOO kmo]i:::}_ ~]'·;~ A}£~ tH-«-Ji;:!9.j T,j;,;}fi.Qj- -8i5J'{j 

>-J-;,:}.li (Side Scan Image), Chrr;ioJ] 9-j~} '(1/J!?j ti1iLA]%'£)-A} ;,;}n_o]..:i:1.., ?,-,'-}'i:'.j<j9.] 

<i~- ~- "{,}"frll.A].01 \f1rJ-::i!} %-~"'--!t-:.<]cJlAi ~~ ~A]S.. o]oj:;,;]:: --<l°1oJ1Al (T-~ 

2,300 m) A}¾'--h;-},c':.Jgl 5'}uj]?-l<~- 0]%11- <'>H-~-J~~ .7jA]~"r} f}'{J 0] 2~ 6)f°1 }it:} 

\Vig. 2-:12) SCH_A] 7]~; ~A Fig. 2-7). 

~ ·6] 0 l 'ti 1::hL oJ] Al -~::- ~- _s:_ -~ ¾ {J .Q. 5'_ s,J t 7,'1- A] ~ -~- ¥1. Al- .E ~ % w 8"} jl *-tl -8"} 

0~ tB,AiA]~% -7-~8"1-'.zlO_n], 19911;1 o]f-- ~~:;~ ~n-<lz]aj ;:~}.H.$c} 15J~ y~~~ ,Al~-

i'i:J -.-l O:l t::l .§. ;1J 71 ; __ ur_,.; r. o 1 , 

1{17-] ')'. ?jA}1{~ol]Ji2-] A]-f: __ <E._lr1F] 4'-~J~]'.:zlt:f-. C]-%lt:JoJ] ~]-sl]Al ~~~-'El_ "tl--"]7:}fc. (Sfl 

;;:7~p-j 1:;1 t]lxirrt °JAJ-A}li/} 9-'r ~~~)ol]';:::_ ;,;J-ti]-'+A,i";f 1--}E:}lf~~ 4-;,,;]::;<} ~H-'-1A] 

91 o ;<J ,:i1 (')I'::::; ,ii 01 7-J S>-] .A] T, ~l.A._ E.r,IJ 7] o] 2.'.'] 7] /J ::::4 E.A--1.:,_,L 7J _.,.,1. ,-,1 311 ~l- -'.ai--NJ 1 ...L- "< /1 '--'-, L l -L- IO O ,_ ,.,,;. I 7 r;J 1 0 ;:,<; " <> ., ~] 

oJ ,1. 

;i;lt-l-'fl SeaDcAm 2000~~ f~AIAhC: ~'t!~'Z.! tll7-l-..<l~ St}~% ;'~<5-}u:j o].§-s:]~ 

~ 1, Chirp ;~n!_:,i:1tw.1.1-1J-t ~ ~T2-J ?.:8 ~-K'(! an7'-J'?::!i5l- '4 50 m LJJ9~~1 -~-¥-Al 

--02-



Fig. :! ;)_ P1olng1aphw rc:,11ll al llJlcl111g lrll1'i-JJLi1n g:.p,:c;oulli cci'~l1·rn 

bou11dar; llf Korea p\mc:lll 1 

-63 



Chirp t{lt--·'1"~ If:j·A}-7]9~ ~}A}:ilt i?JeH6ll r:r}-2.} 3.ll] r}g9.! ~7}-zj ¾t;J.2..~ ~*o} 

'll c] (Figs. 2 6 and 2 7). 

Type I £1:3:J¾t.H ¾Ai~ T-~~ "'r :Vt. 
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fig. 2--8. Three dimensional time series uf raw multi-beam return echo signals. 

(1) Additive ~ Innovational Outlier (0 111-~) 

-!)A]'-J t:J-i'•.Q'-J A]~]'l, O:j";~fn.-!, X,, 0]AJ1J 0] i">J~f:,] eJcc: ~";>f,l.~Z,c} 

1/!(B)Z, ~ O(B)a, (2-1) 

o]% \');I.sf o]of. {a1}c: N(O,,r.)% "t"'c- iid '1.\!11)-g (White Noise) ,J-~o]q 

t.=l--5-34- ',£0] '--I-cf \'l ~ 'llcJ. T 

X -( z, , t -=t=-T (2 2a) 
I - , Z1+ Ct) , t~T 

- Zi+wl}n (2-2bl 

- -~(JJJ_ a 
- 1/!(B) ' + w!Jn (2-2c) 
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1;11 = f 1, 
\ 0' 

t =----c T 
t+T 

X _ z _f/(._B) 1 in 
/- t j (J)(n) (i) / 

__!11& ( ~ wI', n) - tP(H) ai ' 

-1 i::] ..'::::'....£, ncklitivc outlier-\=: 

(~-3a) 

12 3b) 

irmuvational outlier+~ fJ(B)/fl>(B)JI~--~- *6BAi T J.)1\ 0 1~-.2.1 XT,Xr--1- 1 , ... , 

(2-4) 

"J7]-'I z,~ g\il a, 0 101 ,J-jj 1~ T/'11.,,1 AO'll TIiie: v/H)~! 0 1"1 IO'll "111" 

v,(H) ~ 8( R)/ <l>(B)o] q_ 

aJ;::oil~ (2 4)5:.i,JQ] ~~i ir~-.;;JloJ] r:B-tB 'Je.J 'Z:!"lLS:-{0, _2_jl ~Lil, (~1lttman32\

Tiao (1978), \ 1liller 0980), Chang (!~87,)~-a'::- 0 1-'c)~o] AR .11
} MA~~~~- ~--~iisl 

.1,}%1t}-..?_~ 1,(] ;;:7]7-]W _!F- ~Jr} . .::Il'.]1..-} o]-',:}fiE-1 ;.p}ljl} ¾<'i!!o] ~?7;;::j 9J-~l ~-g nl! 

0]<j -T-:<j -\:tAi]-~', ~~-6~7] 'f-l?iijA] Abraham:ia+ Box (1079)~ Bayesian ,u-~ g 01% 

'(} 7tlt-?, ~_J.!, Mat1:in (1980)-3:- Robust lclJ-~%, Chang~ Tiao (1983)+-=- ~-*~~ 

~12-J ~;>;}~ ~]A]<S"]-9:lL-], LC1'L+ 1JAJ} _5.l_~oj]Ai o]~1'J5'] T, ~~~ A]~, -8 6,:J, Z,9] 

;3:}-1°/} 0lcl 'j-C-j;tj ~~ :'c)-? ~=- J~Qj 'if;U? .. P .. S.. ol-';:}1:Jo] ;~1]"6}~~ ~-'f- '-]:;cJ]~oJl r~ 

i} ~r~Y~ _:;:i_<'>J~ ,q]% T 91C l-)1-'tJ!?I 7B~ 0 1 1l1l.t>l ;g_R"8']r--J-. 
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(2) A]~o] 'll,a];q ~¾ uj o]AJ-~ :it"i-~ -'/''I! 

-"J-;]9~ 7<Jl'?l6l011J,i A02-]- IO~ :}t:::: ~-:,;}~ ~l:§0}7] ~~ii] -"]11 T~} (2-1)gJ y:_: 

([J( B) 2 
B(R) ~(!-n1H-K,B -···) 

e 1= 11\B)X1 

AO: e1 = a11r(B)Iin + a 1 

e, 0 a1 

er-1 0 aT-1 

er ~ (n I + ar 
er+-1 -Ki ar+1 
ern -n, llr+2 

e., - lrn-T "" 

AO, ~ 

WAT 

Var( 
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(2 51 

12 61 

12-7) 

12-8) 

(2-91 

12 10) 



(2-11) 

IO· (2 12) 

(2 El) 

cJ-il4 '()-.g, 7f1JTT-oll cii"9"! i:J- 0Jtl :;J711°l 4''!l ~ 4' :Uc+ 
H0 X 7 ::= AQ_t;:'._ IOS-~ o}L]r} 

rr, X T t:- AO al c+ 

II,, XrtI0°]r+. 

A09+ !OoJI q]~> -'i' >;'_U] ,1,J ¾~l"s'-1'.° 

(:i-14) 

(3) Tsay 'll- "' cl ~"I "I% :i!f'!J 
0]~-1) (outlier)<">] ARMA .El~~ ?q-§-A] ~-A~S~t- o]AJ ~.i'}~ tB{!i'.}7) -$-jo}O:j 

.s:_tg¾ ~130}2 °1-'ef~ g_ ~'?101-°'1 ~]AO}~ c~FC-91 ~~ 1:t~}~ Chang:.!} Tiao 

( 198:l)~ l;IJ ~-!~ 1:1--'Jl ~~ :i!t- Tsay 9-{- Tiao (1984)~ extended sample autocorrelation 

function (ESACF) _2.~ {<;;:J t-1J-1il-~- 7.:{'If~ Tsny (1986) uJ-~ g .£1Jt}O:j \~--~-.?~ _?;~ 

;;.i :il} AJ oJ] ~ tB ,J, l ~ ~ .?~ /-j-~ ~- * ~ O} 5,1 rt. 
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4. oj1]>l q,, ,i~l, ... ,P¾ AR 'f"'Jc'laf iif\'l .!i'o" 0 17>!~::'- AH (µJ "1i'l9l q'IJ 

•fl \ll--'s-<>IIJ.i9l ,1]4'71 'i)cf. ::ic]cf 0]>J'lJ 0J ,1S,l11,f;-: >l~l'll<>il q]•ll-'-ic o]\j AH 

~AJA]~ -("c>}7] q.p,BA-1 AR (p) §1.:,-]ol]J.] it!*.:U AR 4'-1~12] ~.AJ~'i'..l il·°d?- ,q 

-Jl-iif7].'i'. ~cf. 

r,:!-Ol7] -$-Ji5BA-1 bias corrected Durbin's method~ 0 ]%~9-. 

~78 3 (Detection) : :i!:p.:J 134 JI}Aj 2°flA~ ARMA9.J .£.°r~ 4>;,:d ~ ~ 01~- 01% 

(2-15) 

12 16) 

4it 7.JSji;f71. '~7]>i '1!"1' 'A~I A171 C .!/_cf --<i-.0-1'! -'i'.-:C- 47:l ~ ¾il.i;fjl 4'1l 4 

~ 'i"•~~cf. oj7]-'-i cc 3<>il>i 4 -'-1 6 191 cl: 0 1 "i/4liifcf\'!, 7a1FJ 3.5i< -'-f%iil9, 

AA~ ,l1 iic ~<>II iifcfaf£ c .!icf 3.\'! 0 1'11-'ll~~ '<]-6].sf1ll £]a•, 'i!'ll ,l,11 ,lA 

.!/_q =L\'! 10£ '<!-OJ'tlcf. 01,1 7a-'i'-oJl-e; T:S ti1%"1::: A]'lJ, WJT'i.. ]091 7]'9:it4 

~ '1l"i~cf. _::uj\'! i'!:~'<l ;<fil.71 cf%,f l!- 0 1 4'>J'<Jq_ 

for 1~1,2, ... ,T--l 

:=Xi- W,-Twrr fort= T,T+l, ... ,n 12 17) 

'97]Ai 1/f,'c 1/f(B)~O(B)/al(B)<>il>l B1 91 ~]'r 6 lcf. '/1:tlls'- AA71 A1 ."-cf 3-\'! 

0]-"J{l;: AO"'- 'it'll"] sjt,i rfgs] '7"7J ;<fR;a ;!-;<J]'<Jct. 

for tc::t=-T 

(2-18) 

o]'al-~91 :ii:_,f:; .']]7]~} + "i'7:l'<l ;<f_,:_~ 7f"]Jl ',J:>ll-'/-Ci cf-"] '/1:-'s-~cf. 

,17:J 4 (Summary and Checking) %7:l"i'<! 5'.0JC(l>J "J'il ~ qg4 :;l- 0 1 Jl.e/~cf. 
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~ 'T"£ 919--'2 7;l 0]i::-+. =z.~]Lf Chang ~ Tiao9] ~2<'.1~-:i!} ~e~ -~}\¼"l!!l ~_}~r,1]Ai 

"5}4.?~ 0 ],,.J·~\1l- ·itA1l~l ~ ~g_ ~1]A]t}ct. 9HL-fi';}'B 0 1~-13~ 0 1 -?f~H~i.2..£ 1..-j£ 'c! 

f}S:J°Fi <j~iJ- -~.q..7} 9]_1] uiJR-o]i::-+. 

:i!.}.AJ 1: :i!r;,g 7 oJf-oJ1A-j ~P:}£1 o]""J-13% !i!.~-~ uiJ 2::Z} ~--'jg_] 781{°}'0] ~;:{H0}7) 

tqj~ol] ;.J]tf-t:"~ .:;,JtH L}g, si_;_: i!}AJ~ A]t~~-i::-+. Zj- pingg_] 2501H -fl~·*loJ]A-j 1:1;; 

4 ~oJ1 ~-"J~ 0 l TI€()t 0 ]AJ-~_lil_-~1°11 -R~]7} ~.2..E..S.. sf-?-£ 107H -6"oJI 0°1 W-{!s=~ 

tt! -2-'<=/}2~ 001 <':I}\.! 101H2j 31stf.6_~_ Cli~l1(}-t+. ~~ 0°1 ~z.!s:JSi-~ ntJ TIJ-rr.2..£ r~ 

;>;]"6];.:J t'l·.2.1;1J Fig. 2-!:l.Q.J A}J:i.7] tj.% Fig. 2-10~ ~ 01 ,W->-J1Jk:Dt 0]~-~~-1Jo] -:1" 

sq,,;] ?lt: /;j.2._s._ Lf·F-}L-H=- it!-Vl. I@!;rf.2...£ LJ1;>;]~ 7c!--9-~l Fig. 2-lloJ].1..]~ 1{ 0 ] -~l

]1\'l'BcJ. 

i.q.;,g 2 Zj- beam2~ 2507H A}.E.oJ]A] ARMA £6s£] (p,q) z}T~ Z4.AJ~c+. ()] A} 

E_o1]A-j~ AR (ll _i;:r_6J -~'V"¾ O}tt! ~?:]-!]- ~-YJ{J-%i!}7g g u}_Sl]] 5:].!:!_.£ tl;;i!} :Q

'~- .2.~01 .:8LJ. 

~ (X,- X)(X,. 1 - X) 
-~ 1-2 
P1=~~"'"-

~ (X - Xl' 
~I I 
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~t>}~ A1 7} 3.::i .!i!.tl .3.~ IO%"J2..~ \11-~~tl. 

J1j-;;(J 5; 0]'7}-{]sj -f}~:.ij- A]1J g ¥}-~t!- +o11 T~ o],:,}1]o] ~{!"t! A]1Jo]2.t "5-} 
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Fig. 2-9. Time series of conlinuous raw heam signals. 
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Fig. 2-10. Moving average (10 pings) results of raw hri':lm signals 
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Fig. 2-12. Resi_dual signals of 1st processed selected beam. 
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Fig. 2-U. Moving average results of residual signals as in Fig. 2-12. 
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Fig_ 2-14. Repla<:crnent of outlier value with nc,irly averaged residual value 
as m Fig. 2-1.1. 
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Fig. 2-15. Raw rcaturn beam signals with outlier (shallmv water deplh). 

··80 · 



5.5 ~~ 
5 

45 
4 

-=c-3.5 
X: 3 

2.5 
2 

1.5 
1 

33~},ljj beam 

t 

Fig. 2-16. 1st processed signals as in Fig. 2-15. 
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Fig. 2-17. 2nd processed beam residual signals as m Fig. 2-16. 
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Fig. ~-18. Corrected residual signals as in Fig. 2 17. 

Fig. 2-19. Raw beam returns with continuous IJings (shallow water depth). 
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Fi,R·. 2-20. I st processed raw beam return as in Fig. 2-19 
(center beam 0utlicr). 

Fig. 2-21. Final processed beam returns as m Fig. 2 20 (no center and 
outter beam outlier). 
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Fig. 2-22. Raw reatum hcrnn :;ignals. with outlier 
( deep depth and flat bottom). 
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Fig. '.-!-'.!3 1st processed signals as 111 Fig. 2-22. 
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Fig. '.2-24. 2nd processed beam residual signals as in Fig. 2 23. 
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Fi)~. 2 -25. Corrected residual signals as in Fig. 2-24. 
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Fig. ~-26. Raw beam returns with continuous pmgs 

( deep depth and flat bottom). 
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Fig. 2-2?. 1st processed raw beam return as m Fig. 2-26 

(center beam outlier). 
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Fig. 2-:~8. Final processed beam returns as in Fig. '2,-'2,7 (no center and 
omter beam outlier). 
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Fig. 2-29. Raw return beam signals with out.lier (slope bottom). 
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Fig. 2-30. 1st processed signnls as m Fig. 2 '.29. 
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Fig. :.~ -31 2nd processed beam residual signals as i11 Fig L-30. 
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Fig. 2-:=!2. Corrected re:::;idual signals as in Fig. 2-31. 
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Fig. 2--:=!:=!. Raw beam returns with continuous pings (slope bottom). 
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Fig. 2--34. 1st processed raw hcam return as Ill Fig. 2-3::S 
(cenler beam outlier). 
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Fig. 2-35. Final processed beam returns a::; in Fig. 2·-34 (no center and 
(JUtter henm outlier). 
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Fig. 2 36. Raw beam amplitude signals of deep and flat bottom 
(advc.nced easterly). 
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Fig. 2-J'i'. As m Fig. 2<~6, except for advanced westerly. 
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Fig. 2-38. As in Fig. 2-36, except for advanced southerly. 
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Fig. '..?-39. As in Fig 2-36, except for advanced northerly. 
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31 61 91 121 

Fig. 2-40. Model estimation result beam signal as in Fig. 2-36. 

~Sr---------------~ 

--3J '"""--------------..i 
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-- ---------------

Fig. 2-41. Model estimation result beam signal as m Fig. 2- 37. 
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Fig. 2 -42. Model estimation result beam signal as in Fig. 2-:)8_ 

31 B1 91 1?1 

l'ig. 2-4:l. _rvlodel estimation result beam signal a::-; in Fig. 2-<::l!J. 
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Fig. 2-44. Parzen window estimation result as in Fig. 2-40. 
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Fig. 2-43. Parzen window estimation result as in Fig. 2-41. 
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Fig. 2-16. Parzcn window estimation result c1s in Fig. 2-42 . 
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Fig. 2 47. Pnrzf'n window estimation result as in Fig. 2-4::l. 
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Fig. 2-48. Smoothing result ~ignal as in Fig. 2-44. 
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Fig. 2-49. Smoothing result signal as in Fig. 2-15. 
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l'ig. 2-50. Smoothing result signal as in Fig. 2 46 . 
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Fig. 2-:,1. Smoothing result signal us in Fig. /.-47. 
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3D Bathymetry 
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Fig. 2-52 Three dimensional vie\vs o-f Dok Island and adjacenl area (azimuth :n O" T, elevation 
angle 50' above the sca-k:vcD. 
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Fig. 2-234. Distribution of echo types arnund Dok Island and adjacent area. The sections in which echo 
types were identified are shown a~ thick lines :black solid=type IJJ; black dash'--'type II, light 
dark"-'tyµe U. Ac, shown here, summits of the seamount appear as areas of strong acoustic return. 
Diffractive pattern (indicative of rough ~urface) are generally found along the slopes at depth draped 
with sediment. 
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Scree cones or 
volcaniclastic apron 

FAN-DELTOID 

(fan-delta-like) 

CONE/APRON 

Fig. 2-5:':i. An illustrated review of fan -deltoid (fan delta-like) cone/anrun (::,cree 
cones f!r volcamcla:3tic apron pa::ssing into deep water dr'ptb). 

-106 



~-"Jg ,;\]Al~ 0 T' ~t:f_ .IE~ ~£ ~{};jj]£>~ -,f_~.7} ~-to} A]'fl-~ {:]"a}£ ~711 ~~¾ 

}io\ul, o]~ l:l]Ji!.~ li~ %~ 6 ]-"JJ;j (crustal Bouguer anomaly)4.:r. ~z]~ ~:u}~ 
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~15] .sj]A-jA}e~~ ~31}~ f'i-~6}7] -$-l~ ;z}£~ ¾¾~"o};?:l.2.1.-}, Fig. 2-523!} Fig. 

2-5'.i~ {1-~tfr ~-£-~ %{¾.2...£. -9'~ t.~,~i~2-1 K¾ ~Pi% ,'l3.-.¥.-C" Fig. 2-554 ~ 01 

-2.. ~ §} ~ 4- 9Lil, .. q l?l_ 611 1-"J ~ i;~ Ai ~ ~ ~ ~ ~ 9.j ~ ~ ~ ~- 5:._ S,_ lj!- E-j ¾ -i- 5B Al 

,g-77}A] o]o-Jzi :i 'T'--$-1611.Ai 7Jlll~ ~'?14. =z.~~ ~.:r. -9'1,!!2] tl'1\1 lf.{~!;o]_;,:~%~ 

~,;,t;jj]~ ~~~-ii: A}~:il} :i 'o}.!f~ o]o.Jz]~ 15!-~ 7JlJ]A]ZjJJ};zl t1}1:f1?:!~ rrj-i:!-} ~ 

,j%ol ol-,i''\1 ,')_,:,_ 0 1.'S. (Deltoid; FAN-DELTA LIKE) '\JEii"-! IE% "1"11'

>fc_ =;-'jol ',I- Lj-Fj-'d:ct. 
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Z!-7-A1'2:J,~ ~£ ~ :i ?~tHQ:fg ~1H}c-} (Fig. 3~1). ~~ A-P~- '?:!~oJ]Ai Z!"?f 

¥! ?>!~--'E. ~- 01~ .2_:r,,]U~3..7} ,&<s:.-e.~.p;}:<] ~~~1~1 '.U.2...9 ~5:.-'c oF_";-£¥-El ~ 

2.]~0, ~~~! ~~-"-1~% 0 ]-'f-.TI '.V.9·. _L *Ai1f-~.2...£:::: %-"l.rc.Q} ~-;;--qp<].Q}~ 

A} 0 ]oJ] %~·1:-:;-'1:;t~r"'-~ (Ullcung lnterplain Gap)7} ~1[15}.TI '.Uc}. -=i.-'f,tt ~-¾~A] 

~I cli'l-'7te O].ii!'l l:l·,g, "i'i'-,..e1~1"1 \'l'/-71 °]',' 6Js/ic'-I (Chough, 1983; 

Chough and Barg, 1987; Kim et al., 1994; Han et al., 199(), ]9.}3; Lee, 1992; Ludwig 

et al., 1975; Park, 1990; Park, 1998; Park et al., 1996; Suh et al., 1993; Suk, et al., 

1992; Suk, et al, 1993; Yoon and Chough, 1995) -',- _,;_ ',/ .:-7. 'r \'! ~I ell ti \'l 'I- ( 0 1-'<I 

't! 21, 1997)~~ AJLij-3:J..e.._£ ~~9-. ~ zFroii,q-c ~s=-~ '6-1J.2..~ ,j~1}<:--JJ.!l~ 01 

%O}uj A]A}~-~- ¾13, ,;.72.j<'i}.Il. J]~2l {:!AJ ¾~A}_i.'i 131 '?l."Si'-l·\1 ¾~A}_fi.~ o]-§. 

fit-61 ~-.5=.~-l _,.q7]~1 ~AJ r~ tHzl T:1::-';"; JB,!qB}JI...z} ~tj-. ~1=,11~£..& 1>H-'J-oJ]Ai ~ 

78-'iJ:::: A}J]-?}-..g.. .x]-7- 1-ll-~oJ]A] J)'?!-8"}~ A}7]1-¥1tl o]-L-J~l EJJ°d' ~~~§}oJ] u.j-~ 

.:>:)7'· Lij7]T~ "ll ~-f"C-]i'"-oJ]Ai9.J A}7j~ 1"!1~ %oJ] uj-g. ~-¥-~'?] .fL't..! ~ A}7J1}g ~c 

AJ-8"}:: A]A\IJ~ {:!~ -B·°1l""l ~AJ-8"}:::: ;z}7]{r:;.-¾ 5'..~ .¥.~~}9· . . 1. '3"01].Ai tffA~::<] 

-~-7-~t: i5~-ijo]1..-t 7-}f-!~A} ,&--1i.Q.-~ -V!--§-s:H::- A]A}7j Aj{1!-{::- z]Zl· t~oJl ~;,j~ ::i.}Ad 

*~9] A}711 Jf.:i!.J-oJ1 u:}~ 1<'.llE.5.'.. 0 ]:;;!g ~-i!]W.2...£¥! ¾%ii}l!l ;}%~ 4' ~r:}. 

?i]AJoJ]Ai ¾AJB .A}7]?/".2..£¥,El {1!-2.j-t! A];<]-;;] o]AJ.g. i5HAJ uff~9~ ;,;}-'-d ~~9} {! 

A]J} 9}7] rr)jif- 01] %-~ 0 ].J..J:i,} .;::::-~~__<?_~ r:}e ~-->a.g.- t+ErLll~ r.rB-'j!- ~{}itl ~E~~ 

~:::=r:}. ~. tl]~tl+ .!iJZJ¾:i!.J- ~o] AH:J 0] 7-]~ 'id:::: riff~~ -6"~.'.B..iI}oJ]~ °a~-~- T 

:s]uJ :s}7]aj~l 1L47} ',!oj fll7] Uil'1-<>ll :s]:sf7]o]"Jt o]'1_ n]]'e),}c: '1!~]7} fljq,1 
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Fig. 3~ 1. Tracks of magnetic survey and topography in the sludy area. 
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-l'- \17-"1]>7," ~o:'•l 0J'l]-fs, '?:!'i's! .,",'f'ej.<:.~f •j~::J.eilt:]_9.uJ]Fj (G811G);" 0 ] 

%sfoJ 'Zl:rc 131' 30•-132· 10', '11Sc 37' 00'-37' 30''11 ~sc:;, ;?{],c>,,a, "f:: >1"1 

"i]Ai ;,;f"i;,;f,i~ ~~'5)5:lc+ (Fig. 'l-1). ~'r•1:o."i] l'l>l>']oj 'Uc: <jAJ ::ieilc]_~.uJ] 

E~ (Model G 811G) "']!--.VJ$- 27H51J ~-½, 271]5'~ ~1P'l, {15;], ~1! ::i:)-~7.l* .?1~1 1~] 

0]F-H.i ~'~H} T '.U:-: RcLMD :'.i:.ITE~~lo-J, 0]-~.£-~ 71~,.,.J--~l ~ A}li~it.'~ -~?-~ 

i'~ (MGScalc) 01 t.H-*~ ~*'Cl.£. ,1-A,;j5qoj ',Utj, ~-Fr-1!A1 (Slave: Sensor) 131 ~u]~l 

A1 (Master Sensor)~ 0]-ir- 01;.tj '.?.l.~ ~Ai-=t.-§-~ Ai.£ ~ 150 m {1-~2..-~ {i'.-2]£10, 

,Uc+.~ ±A}"1]Ai~ ,:iTq!!-'~]7]- ,?:--[-cj~ (::~AJ- 60 m)Sl 7.Jo] ~cj- ~- 3.9~H Zl 

350 m l-n]L'>J]A-j ~o]-5:.~- oJ]'?J-8"}~9". oJ 114- ~o]A,J}),]::= ~A}{i ~u]oJ]A-j ~ :100 

m ~,)]] -~ 01'11 :£}_~:;'!_ ·{ijJ1!?1 7:}7131 t}gsj ~ii"Jg /lf>~ );_~;,;] ~~tj-. 9:!AJS:Al-~ 

19981d 3, ,1{sh~o11 129:li_l- <~[A]i;}~.Q..Pf, 0 ] ujJ ~~-'tl- :J;}jC~ ¥1:-~J,]~ A]{}, !?l-:;{l, 

li;;;]AJ!A-j<;_-'t-e1s:>l .::zpi:1-AJ-ft);' ~ oJ]~{L1c_;i/- -~lTi!lJ.lsL.l:jl-Ei~ A]z}7c}Y- ~1 oJl?hL'L 

%o]tj-. A]-5=:.~- l:t: -{}?4.2...ii. 7]-~";5}5'.1_6_u:], ~it aJl'tl 4-;'-.'i:.~: 6-7 knotS'.1 :il, 11\Al£1 

oJ]'i.l {l_'r_-::- ,}l-9---illA-J~ 20~28 m, .-q=.u] 11P-J~: 30-:l!=l m¾ ,'f-z]t5}5'.1tj-_ ~JJ,L~--¥-E1 

C:"d'i! ;,f7IAJ >l]7]c: q1>] ·li' 'ifsfl;,}R<f 'irl'I] logging S/W ReLMDoJI 9']•1 PCoJ] 

T~.,;J'.ij_c}. ~T{i~! -2·Ti:!.J~~l 1-!-$-l'.: n]~ TrimbleA}.?• GPS (4000 sctics)oJ] 9.Jil"»Al 

c'; 7J '1 '.ll cf. 

¾a?A}_fi.-:::-~ ;;J<E£l 1-!AJ{!-~z}.fi.. ~ ~!~,?H:!~~ ~~T'B jl5:_z}E..£1t-E1 ~~~ 

>}n.;s e}'-'I] >f%i;f\'./t:f. {i'-J'?"'i"f.>l.i= 0].;:' oe\'l 0<]7'l,,ej ;,;fn,{l)Fj (NGDC: 

National Geophysical Data Center)oJ]).7 ~j-:g.,~::i_. -:>1 ~ A}..§-·?:i}'.;i;=J.'c:}. NGDC {VJ-6"~,~t 

~-t- a]-:i;L6~~. ~~z]~:5::A}~~. 9J_.g.T£~. ~{:- %7dq{ tl]oJ'?l-=?-c±, :rr-2.JA gJ 

Scripps i5Jl 0J ~ T .± % Oil .?• tR A-j ~ 78 ~ -;! .Q._£.,.q ¾ aJ tr~~- *1 54- Eotv6s _1,1_ ~a Z] 1;Q ~ 

c.]oj]~ c]AJ-;>:] "'5-0] -4=-~.5=~0-j ,Ur+. ~!-h'-$-l"-.:1~~7.}E.:: .ij~ Smith and Sandwell 

(1995)"1] "1•1>1 i\'7111'! 1!~ 1-f%'5f'.1.C:: 01], 0 ]~;". ERS-1, Gcosat ERM"l 

Geosat-GM ~i'-~l-'d.il:C.:_;<}£.-¥-El ~{!-B 2' Z!-~9.l ~z}z}iL£ 0]3f--6i;tj '.V,t:}_ 
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3. Xfli jcj 2.j 

'l,-,i-'1>1 ~-'\!~ •1% 0<];.:}7] >}s.sC-'/-Ei s:.'>ll.lf.~7']:-<f•J- (IGRF95l~c 1~,U-,,foj -" 

71~-"->'-4 A11•0 ]-l)g ,U½,sf,:!cf_ Figs. 'l-2, 3-3, 3-4c: "f'C.~ %-ll-"--~ ,sf'4Lf ci 

9~_-g- ;,;11+~ S:~{!"c;·Sl ~fi}~?:]!4 z}o]o]AJ- ~~oJl t>B7'-i7-]~-a- rJ1U]t} ~o]tj-_? 

\'!7']"12-1 :-<}7]o]'J-lt-.l'.tc 1];" 0~ i'r4'?C}it;,; 0]%af,:!:_:t1] 'r.ss 'll1'-:-<]'ei3"'-}C:C § 

!l.'lJ :S ~•1>1 .iiL>f1J2.>} !i."a :S {JA]~l :i/'- ;<}7jo]-j} -,'-.'fSc-\'< sj--'J,sf'.,!cf (Fig. 

3-5), 

{!%'5'~A}li01]~ t!~Al tiJ,w~ 'T s:i~ o:jci 7}A] -2...'j}..8..'<l¾ ~Wi'>}j]_ 9.J.71 TIil 

R-"11 Cii!~f'ljo]'-} ";-j'{]oJ]>j ¾"il:k >} 0 ]7] LfE)',I 'c 9,lc+, 7c\%¾"i"i]>j Lfcfcf,-c 

E6tv0s ~J'}21 ]J.AJ J!t;:i;J oJl Ai ~.A~ -@-tj-_ EE~, ~A}£} ;±.J.}{t-oj] A}%~ ~~-AJ-Bl ~~ ~ 

W-~ -'8 'o J;} oJ L} ft. ¾·6'-£'j -7:f Q~ 7-11 {1-"2} ;1;} 01, 7-117] -5!.78, s.~~ li'.. ;;:J ~ oJl ;.7 :,:_ -2..71- ;]- ~ 

_,\~~ 4- s:ict. C]5'} 4:_g. 2-7H::- o:]?1 1B~ 3::A}~-¥-E.1 ~-P:- c~~.7-}£~- t-{1-f} uH 

~ E. r-1 Al 711 q.q- \!rt. 

"l]~.Q.._;i. t-B~i5}7] q-]"5"]]),7:::: Jl~ ¾~~.!c.7l- _B_-7-!icl~-~ "6BAJ¾~ 0 1 Y-~ A}E.21 -"l:; 

.z}~~ ~l'lf¾ .:y~~]-7] ~l"5}o:j '?J.:g,?~-'goJ]Al ~~¥! i>B'T~jl.££~-F-1 ~~!f:l. ¾~ 

;,f il.s} ~ ti-Sf,:! ,-1-, ~1-l;'~ 'a %"1 zf it C: "I i""il l/-71-'i-l 7}.0 _ _s'.4 -j %¾"I "ii "I •1>1 

Smith and Sandwell (1995)-€:- Geosat:i!l- ERS-1 ~Aj.Q..~¥-tc~ '?J,'.: 8ff"r~.Jl.£ ~:;

-'l-"-4'E1 :i/'-"1"11"1 ¾<i~I;,; ,U,:e,,s}oj -t",11.-f'.l:!c+. -t"1!1'! :fci"il"1 s'<i :'. 0-f 2' Tic 

'I 2-1 Zl ;,cf 0<f "- -~ 0 I -'1-"1 "1 9J cf. 
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Fig. J-2. Total magnetic intcn:sity, anomaly and topography along the 
profile /\-A'. 
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Fig. 3-3. Total magnetic intensity, anomaly and topography along the 
pro'.'ile R-Il'. 
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Fig. 3-ii i\fagnf'tic anomaly contour map around the Dok Island. 
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~-"J ¾~A}J:r..ol]Ai $:A}Crj{i ';Q -¥!-~~l:l]Qj ~AJ-"J ~AJ~ 4' '.°U';::: ~c'c] 7}7.] 9_ 

~}-8..'?.loJl ~t.B,'--1 '7-<j:Q, ~_g_ -~,q U~Hl:- 2-~l--'~ .1:i!_~t>]-;;] ~]t;J-o'J 1li'-~l-'2 T?;j.x} 

.1-}Yi_'2f- ~"t}ii}e:j A~~ f-i:;Jo1loJ oJ~5:-~- 3}AJ"i5}~r+ (Fig. 3 6). 7,il.i!}~- ~t:H~1_2._£ 

.2_7-]!?i _,'l'{l?,- c-j eJ-oj ~"if-8"}';::: {!-"J 0~i;q$>] QAd-f- ~78¥1 ~-2--$-JA,:l¾~on .9-JiiH-"i 

l[.11}:=5i.2._.?_ o]ir-oJ~ T 9Jr-t-~ ~¾ &°i¾tt-. T A}_li A~),!:i.Z}-Sj {i'iJ'..Q..~-¥-r.J ~,:'_ 

o] --'f~ol]e-J <",1-'cJ-~'i-'- -"i~7} A]l;:! ~~,:l~CZ} 9'7]AJ~~ ~ ¾Al5}.J2. '.U7] uJl¾o11 * 
A]Qj ;<;H;;>q;;i:17@ 0]1..} tHA~Al1!T3:~ o]t;l]"6]--CrB1 L1 14--fl-<5}ll] o].fl-~ s~ ;Uc}. 

,i.t Z!T.;<J<?c; '-HoJ1~ ~£S>t 27HSJ .:1::·IT51.. t.H{!: 0 1 V,2 ::i %~.2.~~ g_771u~3._£. 

~~-'clr-t-. ~7'A)~Qj ¾~oj-"J~_,f_';::: 'B')1A~-'J, % .31.A]t.HoJ]Al tl]A~A]"?fl~~S<} ~-"tl~l:

-"J-t!-,.,d ~ _l,l_e:j~t:} (Fig. 3-6). zl1Fi.9.S;_ ~,:'_ ~·5°~ T~.2~ tfiA1{!- ~· 011,1-i ~tjj 100 

mGal 0]?} 0 __ ;;:_ 1i:.tl A]~Ei ~~ 1"B-J:jlt %A}~} ~.¥.~ &~9'. ~~oJ] ~~~A],z} 

AJ t>l] ~~ _;;_ ~ -~,-');f" ff: zl '-f1 oJ] Ai ~: t.H A"j A]~ 0] 9' ~.2..~l,1- ~l 1J -¥-* .2.~ % ~ -8"} .:il. ,a_~ 

~-lll ~oj;,.].;:; 7<1t.J{- Qoj_y ;UA]~ ¾~O]-"J,~ o]i:,J-'t}- ~~7J"B-J:1!}';::: c}E-A] .'.{]_~o] 

'-;;b~ #-3':..5:_ -;_,1TT 3 li.}r} . .-i]~ 1J-tHA]~oJ]Ai ¾~ 0}-'g~ 10 mGal 0]<5}_~ i,,J·o}~1t~-. 

~~I ~--'e-~;qr,l]Ai -&.x.~ 'JA-] "Y~~-o1]-'e- -10 mGal11}.z] ~--<]~£.£ ';!-o}~c}. 

o]~} ~,:'_ Y,-~ *~oj-'g·-~ o]~ ~l~oJ] ~P•Jlc]oj '.1]';::: 11~4t £J3:J% % '~LS:.7} 

wff-9-- \;(.:il. T;JJ-,2- S~~--~~o] %~ 0 JA,foJ1 ~.£. 7]eti6}A] *~t:f';::: -?;!.il} ~A] 7]1frol 

-::: .. 15AA1Al'1J l{!:§:}oJ] up,nAl ~*~ 0J=-"J¾ .!2_0]~ j]_O]~L}]Qj ~-117} ~o]-;.:]cr~1, 7] 

'il-'il )Jlt-oJl 1::t,:'_ ~S:.$'1 !i-J-3.J¾o] :iI]~~°1 9)7] Ujj~o]t:}. 

&_i.:.:::: 'T~ ~;,;1~1-'f-!9~ 7Pi¥-~¥-£-i <2./' 2,000 rn o]AJ ¾o} '.U';::: §}-'j,{}_Q.£Ai 

%£2} >ix"- 'r-11-t!cf. 'il'cl'l"Joll ~c~·B it.'>'.'.: %5'.'tl 1/~ >t 0 I "f 200 m, 7.1 
6]71' 450 m, :;t 0]7} 88 mo]u:j Ai:£~ 7d 0] 500 m, 'if"O] 168 mo]~, --Y Aj2 u1J4- 7]

n};:: 1!~--2.._i£ ~?-1~}•:i 'Jlr-t- (Shon, 1995). -&.5:..:::: ¾¾.5:.. :§}-'J,~-H2l- u],;::-~J. 1:!'i-f 
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Fig. 3-6. Free-air anomaly map produced from :shipborne and 
satellite gravity. 
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1.A1,s' 

% tB ;---'- ,~ r lf- c.i Or, Efl '"l 0J, .::r 2-l jl ~ ~ 13 :,a 9.J ~ ;g. ·'t} 7J A1 '1-oi1 A J ~ "'d 'fl .:f ~ .:s:. sn 
(hack-m·c sca) 0 ]::zj~} :JJB9.] 1.i ~71 (~-~' °Fu}_1-E._, .::rt:-j.R -i-'6"-{E-7,l)Q.j- ~}--:i;r~]?.] 

(Korea Plateau) W °Fn}t.i.,:.J7] (Yamato Ridge).2} ~~- ~~~- x]tgi:jj.£ o]';s-6-]~ '.V_1-=-}

:;-_ A\Al~IP -, <;rl2.l_I117~ol r}.¢.:.,5\zl O.\-ol .• <) __ p_ ;,:];;,;_}~\- :!,c 01,1 ('7i'o 41) '- 2 ~1 1 -'· 2 r:i r o Lt.'... ~-n- M u .~ ~, ,,_ M '-1 1· /<,• • 

!,~.:r. 5~ 0 1 .;,~ 31] ;,;~ 1;<1 ,1,] -1'1_ J.!l (OBS: ocean bottom seismometer)~ 6 ] -§-·r;}oi 'il ~-~ 

1989; Shinohara et al., 1992)C.-'- <'>fl 0Jx]zt-¥-1ll- o}i_J~ tl] 0J1!} 1-A-~~~ -"5'-7._}o]t'}-il t

T s:.H~ 7] :_q- 01 ~-tfl l-lHl ~-Al]~ g _1il._ O:J rc:}_ ~ * 5:-A] ~ %~ 0fl ::- c'.!,· ~2} -I -1] <:>11 ;_.1 

oll'J~.-:1~!~o1 -0-:tfl,iH-~ 7,12..5.. JH-tc-orc J)o] t:J-'t!"6}1..+ oFu}_r;:c_~A]P~ -7.:l-?ofl~- ;.'.17f0l 

¥,r;l)7} 11--P kmo11 °]~t:}. °F 0 P~.-!'t-x]9~ -'-f- 1;;J-,'f_- ,,;]71-~- Ludwig et al. U97SP} 

Hirata et al. (1989)..g_- 13~} &l+ Tlll¾ 6~ 0J:::z1z:i-2..5.. ~~.ror~.Q.."L} Shinohara et al. 

(1992):: "5l]<'.;.J'"-1 7 L1;-: o}q_:ii t:H~AIZ)-X. 0 }1d ¾-Zl·.2...£. 1]£li5r~t:}. 

%-t-1_;,qt- -';,;'6H ',cl-"'--J-¥-~l tjj_±E~'Z} Al~~-~.£A-j {rJt!.£.2.} o):o}_~-i:'.~A]/_9_1/]llJ::::ie?~ 

A}o]oJl -$jJ<:]'{}t:-} (Fig. 4-1). ¾~~A]£] ~~oJl t}~~ t'J.g. _t;!_~o] ~]A].'ft tt} '.;Z).E..t+ 

~7. ;-gc A}'T' <?..!¾s.J:= -?,!,<?;- t:}g~ ~t:}: (1) '?J~{i_-,•q9~ ta-1~~-~ (pull-apart 

opening) 0 I 4- ~ -l"-'ll 5'. o I ,1 _;;,_ 111 "J 0J O I •~ 'll ~He c;l 4 '11 'fl :cl oj 'fr>~ ~ 'f-'ll x ~ ~J

(Lallemand aI1d Jolivet, 1985), (2) ~~5:.~7J2l 7.ij_l}§__A-j 1J--"i ~-~~i.7} 1(!-1:1._l.5:.S>.} 

7}77Hf:- :;k"oJ]Al A] t!]l:IJ--OJ_O_~ ll;'l-i!-] 0 ]%i5}VFi ~Ad (Otofuji ct al., 1991), (3) c:JJ4'€! 

~ 7}-RoJl 9~"5)l 9J.¥,~5:_7} 'it~ lclJ~-2..s!.. OJ%<!!- ~ull ttj-~ ~cllAe-loJl ;Ui:;-j ~~~ 

!;=_ o}i'jj;?~ tH~x]zf 0 ] 'ii}o}Z:! -5! (Jolivet and Tamaki, 1992). ::J. c}°J=';:ioJ]."=- ¾-=?-15} 

Jl oJc-Jt!- .!L~,ll~;' %-'8-~A]~ z]z}TS:~ -2.2C" AJ-f~oJlhi ~]A]:S:j~Lf-. -~ o]¾~-:: 
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40• 

35• 

lfj Continental crust 

l•::::l Rlftec~ continental crust 

• Extended oontlnental crust 

~ Ocea.nlc crust 

KOREA 

127" 1:30• 135• 

JAPAN 
(HONSHU) 

Fig. 1-1. Phyc:,iographic maµ of the 
discrimination of crustal type (from 

East Sea (Japan Sea) showing the 
Tamaki et al., 1992); JD, YB and UR -

Japan, Yamato and Ullcung Dasins. respectively, YR = Yamato Ridge, KP = 

Korea Plateau, and OK - Oki Bank. Bathymctry is shown in meters. The 
numbers indicate the locations of DSDP and ODP sites. ln:::;et shows the plate 
configurati,Jn; OP, PT. PP and AP "' Okhotsk, Pacific, Philippine- and Arnurian 
plates, NT and JT = Nankai and Japan Trenches. Note that the crustal 
:::;tructurc and type of the Ullcung Dasin are under assumption. 
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o] .5:1..c~~o] .:¼]]A]!r]7] z1. ,&-~~z]oj]Ai _-;c_t~-f.l tt} '.U:: -fr'{Iz} ~-1jl- ~,,.j"r}- FJA} 

(Ludwig et al., l97S) 0ll Ai Al .zl-8'}lj!-S4 .£.3t. ¾'.!2-~-¥-Ei ~ AJ ~7} ~zl £~ /41 *i5}Sj_ 7] 

uj7o]q. 

1991\:! tloe<ll 0J'1l-f~"l- tjJ.Jof2j IMG&G (Institute of Marine Geology & 

Gcophysics)7} ~o'--!g- 6-~- -~Jg--¥,z] l..{j 1371] A]~ oJ] Al OBSA}R ;:"; ~ ~ t>}~ c}. 0 ] ,~ ~ 

~ ~5:}~"ll %\]-5~7.{At: -i-%~A]_gj Ajzfo]. o]-1,-~H=- ofo}§..-fi-7]~} ~ol, ~~} _!lq-

7°"7JJ%g ~91t+ (K..im et al., 1994). '6}z]1i!- 0 ] 61]~,°_ ~A] %0J--1-oJ]Al ~-'=;--fl_ ~}Y-

9~ ODS7.}li~ 7]i:.S.. ~ J-10]~1~-. rr}t!.}J.i o]c~'(! ¾1gJ z]~·o] J!}'{l_ i-38-*Al z3_ 

il]oJ] {l);j ~~:-<l]O}~ A1~ ~o}tH~ }lo] ¾.B..·5-}~ tt.}-~ ..:.1ajq\9 0]3!6] i5l] 0J7-]:z.}'?_l 

A) 6}q1?1 tjJ~A]z-f'?..PsJ ~- -Tl-§ 6l] 0f~t:f,. rcHt ~Jl~} ::.]~§.., %ti] 'JJ.-f-¥-gJ ~~fr 

o]<sJlt.}7] i'l"81]Al-::::- '.?;-¾¥-A]2] A].zl-o] z]~,?::~Q-~. o-J¥71] flJAj~~~7}-~ ~ryj<5l]of 

ei;tf. tlC:•ll 0J,s'?-~oJl,.1;: 1998\:! 8~:i!f 9-'!Joil ~'/1-'L•f %¾-,'-z]:u, 11°J,]rB"il •B 

t::J'6}'::. rJl-~-4--\i't-¥-oJ)-1•,j Cl'-]0}2.j POI (Pacific Oceanological Im,Lilution).2} ~~.'2j ;;,;J 

ufrJI-.J":i!f 't/-';;2-,;. g,B "l11"11-'-i r.J>I OBS>}il.{,f ~Jc;-af'.11'1. 0 1 \'l?- 0 1JA];:: 0 i'il~I 

~i'c;~f OJ3S:<f,c;, >ll>1r1t,fj]_ cr 1'!,}~ >j,ojt,foj q191 sH'-oJI <H'it% ,ij,q,;fauf 

t~r+. 

~:H~ TI}1fA} ~ '&"~} °'i 0J~~ ~ '5"l] 0JA] :zf ~~ 4;' S:.-7-a:T ~PJ TI.}-~ .5=.7} "ii 01 o11 n:j-c} ~ 

'{!.J?,3:J.9...£.7} 0]-L-]r~ ';14,=-¢:J2_£ ~7}<5}u:j layer z;2} layer 3A} 01oJ] ~i 0].A]tH'?_l layer 

2C7J-- -e"l] ~}-Cr-C ~ 0 1 tj- (Ewing and Houtz, 1979; Bratt and Purdy, 1984). rJl 11:1 °J 

%--¥-~ ~~:Elt!]:i} rift£] \r~oJPi "5R°J';<jZ{2-I \ayer 3 -'c)-1f,- 11]-_.1.) ~,° ODP (Ocean 

Drilling Program) Hole 501B9~ -R-2.l-~¾oJ]Ai ~'?..P8 H]-7} 'U~ 6] (ODP Leg 148 

Shipboard Scientific Parly) layer 2C ~ ~ 0d= A] 21- 9~ il-~ ~- ¾ 7-] 7} B c}_ 5]-A1 \'~ 0 ] {! 

"I %"11 "ii 'i Y '.i B Bc•a ll} 'et >}"ii -'i ;:: layer 2C'2I 4c £ (5.8-6.2 km/s) (Keary and 

Vine. 199())/} Jl.x'il tl}7f \ct4. utst-'i 0 1 \'l'i'oJl>i;:: ¾'lHc>'iSI "14LJ1"1I layer 

2C7} -~AlJ~l--C ;,;]~· ';'J7] 'flt,] OBS;<}.h,2j 1-p iE"~oJl %-~g ~,~c+. t-p ~~~.£. 

-I' cj '?-~ ",•~'?-cf';:: 2>H! TI}"? 'l '4 'i!'a :i!f .le,!! 'll i 0 1 {I "<I oj cj !l, 7,J >.] t,f ~I -f 

t,f'.1J4. 0 1 \'!'?-oJ]>i "]Zf~ ;cj-af-1' 1']'31"1.$1 Of'il"i]>] .'i'.~\'I "} 0 ]"11 ;<',jt,f;:: 7,a!>j 

,U-;1J] (crystalline material)~ R-:- 1i¾l·~¼ct. 
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1991L-..'!_ ~-~ .. <"~ 0J~T:t:2t IMG&GJ} i'-%.Q._£ %¾~A]oJ]-"i 9-~JJtt {11f- 1t!A,j;u} 

',l-1-fAJoJI Line A"! B,.JQ] 267H -'l1ioJJ>j 301H"1 OBS7]-i;~_ "l-'c--.fs:lc+. ORS-3', 

4', .:..i~J_"il 5'-r- Aj]sit1!1_- OBS{!- {!-~a'='. 20 km 0 ]uj Line AS!t B$'J 7d 0 ]~: 4zt 320 ~ 

220 km 0 1<1- (Fi>(. 4-2). ORS-1-\'-E] OBS-181/}AjS] -'IR'<"'~ -'/jtH/<J:.C 600 mufq 

60 ciEj2j oJl"i 'c:!% '>f"tS-}'.l:/2-uj OBS 19-\'-,j OIJS-22~}-']: 300 mufcf 30 e]Ej 

ZJ oJ1°i 7.2-& ~-Ii}o}'.iat:}_ ~~l "'5" 131l]9~ OBS1} 7]z{S'..cc.)!1°] 1}'0-V- -8--~~ ;]~ 

~f'll cf (Fig. 4-?l. 

OBSoJ] ~iA 0l~~--=i i-iJ-~.2..£ 7]~zl z}E..:= ND (analog to cligilall~~g 7-i 

~ ~ ~-it}- T·{!71i'.] AJ~S} ~JJJJ 78210}'.iat:}_ A}li~ ~J!!/.?_CJ ~ ~i~A 't!"AJ1Ij-2j 

oJ]tcj./4]71- 8-10 Hz q1Q:J1-~c.1] {)%-~~ ~ 'Y 1l$:L~-~~ 6-12 Ilz$'i T<!-.2..£ ORS 

A}~~ tl1~~EP>}uj {l~i:Ji'?:j 01~~ 1l:3 g Aj]~-8"t~r+. Fig. 4-3a~ tll~~Ei?s ~ 

ORS,cf,<ej o\].s'.-'i %'?<-l 7'1<1 30 km 0 ],.JQ] -'/--,'-~ 'tEl\l! ~ojcf. 0 ] ci'lJoJ]).j 

tf:!-A.:jn}7} 60 km o]AJ7/}7] ;.,]~!cJ'n7]~} %'T-{l 7-ii:.jc.l] tr}~ §.L-~]o];::: -~~~ !;:I_Aj_R 

~- uff,'toJ] -¥-3l-~i1 *g.:r_ 7ic1oJl 1:1]3j]B}uj ~-7}s.]9J~ ~ ~ 9- ~I:}. ~~11-~ -~--i-.A} 

(SSD) ~E~-ce (Kong ct al., 1985) -~-e.- 0 1-?>.1.cl- -8--Al~} 11-A}!;:_ ~~i<CJ (Reiter et al., 

1993)"11 "1•H :ai!}"i-2--"' QJ,iJ1sJ'!I 'c :Uc+. -\'-"I~ {l-g2JoJJ'>c Fig. 4-3a-"I -'1--ll-RoJI 

oJ]A-i {1-.g.. T111-"l~AJ~::i!} ~~% ~.£~ ~~7] ~t~ A}T A}-§-~t}. -=i1;- Tufekcic et 

al (l n8J)0l Ul-jcjl.Q.. o.s_ E;:r1JojA.S.n.Jj ..:;:r..§.5cJ _,_,!!llEi?-~.Q.. >-iS-.*1 tH.o)- of,lrl 7H~ . V ~ 0<-1'--- ..:,.::..,_ -·l -2.~1 oo'-'- -,-u2 .".r~,_':s! "--'-'- '1 i ·,s, 

~Z.! Ei.i]o]6~oJ]Al ~A~O}~ 7J-~} -i-°811--3-S:, °=]Aj]A]7]t:- 3:12..£ ~31~ '.;U.t}. rrj

r.},q OBS,:i;}.K.oJl speclral balancing (Tufekcic et al., 1981) g 1;'"1_~ ~%<5}..:;:r tj-% 01] 

SSD 'J!,1 2J:,- >Hl--.J'.llcJ. Fig. 4 3b1': 0 ]eg>II >1"-l'i! Fig. 4-3azJ -'fil_-"'J.i >lei f

{l.~:_sq ~~}-I-do] ~J"2}-:S:~9i-8_- ~•,'.!- 0 }'-14 1f-:3.t~ ~ -t'-IC§{r%X ,,_chfii] Al171s.J'.:(fg,& 
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Fig :..\-'} l.uc;:i1i1m map of \.V1rlc---angh· sc1:,rrnc profiles of 1901 with 

magnetic ;mornul:,' 0f 100 ·~400 nT alung the '.iouthea:;l coa:1t of the 
Korean Peninsula (1sczaki and Shevaldin, 1996: IIan et al., 1997). 
Circle~ indicate the µositions of 13 OBSs that returned wilh seismic 
signals from lhe crnsl. Bathymelric contour interval is 200 Ill. Thick 
line c-;t:g1m:11l 91 is the mullichmmel sei,m1ic profile 1.vhose section i:s 
shuw11 in Fig Jr1 Pusilion of extrusive Yolcanic rncks (~5-17 !\la) i11 
the :;;outhcast Korca11 Peninsula is shown by shading (from Chough 
and Lee, 1mn; Yoon and Chough, lQQ~il. 
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Fig. 4-:l Part of the record section of OBS 12 (a) before and (b) after 
spectral balancing and SSD (Spatial Signal Dett-ct1011l filteri11g. ArrO\vs 
indicate noisy traces uf resonant character. 
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!998°J elcst•B°J'c!'rc{,2j POI, ,cj_:;,_ 3<JsfqJ'1- 0 I i'% 0 _?_ -l<-•l!oii"l OilS:S 0 J-§-

~ 1l~ tfl,,,j-rr} W,q.-~ ~~~~"8-}°i Linc 98-14 98-29~ 911] .,.:pf\oJl;.l OBS7]~~ ~~ 

"6}9:l.1~- (Fig. 4 4). ~ ::f.:A}£j -&~-& ~}~!-S:.!?i rH~T'r!¥ 0l]Ai -i-¾~7.]{!- ~lo]-'-]7f 

!'j -7-3::7} o.J¥ll] l:l}.1r1-C -;;J~z]-;i ,'-~~}~ ;~op:+. ORS 'f}-A}A] A}-§-"{]_ oJ10, -fl'f':

ej>,J0f01i>i AIJ"1-,J 20 clci .fi'J<l ~l"1 7,:! 27J 6 ]9 OHS:::: 'lH'- 01 .>]HfcH~l"i cJ 7I 

'-g 7]~uJ-~2_£ ;.-jp-:r~ 7>1olrt. A}li ~~ ~ i'-1tHAl~ ~ 230 m fl~.2._£_ 0l]<">j .z:1g 

~111-<'>l'xl.2..~ -~:l_;,,J] OBS/} -'-l7}.5'_~1!1'l()l 7}'o~ -::1-~~ 7]-'~~-<S}~,l~. OI3St~oJ] :?}-A1:fl 

::z] ~ Al £j "'j 2t-t- Table 5 P'-1- :;_!-t:-j-_ 

Fig. 4-4t:- 0 1 6 ODS 9R-1£l z}'li;½ 1~.~~<-l ?}~ol] rr}c} 1:JG]~ ~- :i~E ~l_c __ ;;:_ 

•171~1 "i -,c'J-8 l'±-',l-"I- (P2"i- P:l), "--"' 'll <>11 '-i \ll:>l-8 l'±-',l-"I- (PmP), i 21-"'- !:>I 11-

'+oiJJ,7 7]~5'J7] \?£9!'.i u.!l_~);}~oJl,l.l£>l ~~3l} (Pn)7} %AloJl 7] 0~-5'~'.{!-:;--?,- '.! T 

O] t:f 
A' -

cy7] 0 J]Ai~ ¾¾-!E-A] A]Z-/!?J '?:li}3j~ ~~Jg :-:J£j'5H=:- r~]oJ] 'UO, ;6°-9..~ OBS-4, 

G, 12, 13, El, .:::LC].:il 22.t:'j 7]~A}.S..~6ll ~tB Z!-'i"±-t] ~l~'(t-i:-+ (Fig. 4--5). -~11~»11 

OBS-4.Q.j 4~~2 *~~A]9-] ~~ol]Al, .::1 1+-::i. 47B (OI3S-4, G, 12, .::1.C~.:il 13);:- ~ 

0J-¥-oJ]Al, _,l.:'1 LL o}z] 1~f OBS-?2 A}li-C 1-,:]-~oj]A-J '?:!,°_ ~ 6]tl 6] i'- OBS 12/13 

7;l l\:J/22-C z:tz:i· Ai£ 1,!lc:BwJ"ITJ.Q.~ ~-€. .x]-_ft 6]9-. spectrnl balancing.2J- SSDoJl 2-jtfi 

7.1~~ -¥-~-.g_.. Fig. 4-·5°l]Ai ~~_;:;:_ lf_A].5}';{j,-c:t. A}li~oJ]Al 11l]9~ Jf}-"Jll't -$VJ ~. 

-"'J.Q.j 4;:-.£~ 7}Z]ui "'J~-'\Jc] O}'T lie}. P3-'2 9..fc5}7-J4 .!i.~2.J :xJ~g_ /}/,]~1- '4' 7 

knv's9.J ~~~_Of] 11-;:-i,}~ z}li1i"±~9~ ~77}.A] L}E}\l-t:}. P22t P3-C -!tM}oJ]J,-j !f-1\~ 
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Table 5 1. Field p;munctcrs for the seismic survey in the East Sec1. 

Survey vessel 

Acquisition period 

Survey Arec1 

Rf\! Onnuri 

October 18-20, 1996 

East Sea 
---------------

Source Depth 

Streamer Depth 

Shot intei-val 

Gun volume 

Gun delay 

Recordinl,! instrument 

Recording filters 

Digital Tape Format 

Sampling rate 

Recording length 

Stre;nner layout 

Nearest offset 

Coverap;c 

9.5 m average 

10 m average 

SO m 

550(400) in3 

~oms 

Sercel SN.358 DMX 

High : 154 Hz 72 dB/Oct 

Low : 8 Hz 10 dB/Oct 

SEG-D, 6250 BPI 

2 ms 

10 sec 

1400 m, 56 groups, 25 m interval 

88.5 m 

14 fold 
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Fig. 4 --1. bl Location map of wide-angle '.;e1;.;m1C": profile::, of 19\J.S. lh) 
Rrx·tmJ scclions of ODS 98 1. Pn is rcfrnctionc; from the upper mamle. 
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Fig. 4 5. (a)~ (f) Record sections of ORS-4, 6, 12, 13, 19, and 22, 
respecllvely. Data pmtions processed by spectral balancing and spatial 
signal detection filtering are underlined. Circles denote the calculated 
traveltimcs from cnistal models in Fig. 4 11. 
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JB-~}~ !l_o]zl ·rt-?, ~i;1 °}1-14 <;J-fl-Ad 01 °J~"5'}p:j ~ 'tAj,,tj- ~'~.oJ1"i "i£.. ~Ci~ 

4"' 'Ucl-. o]c~,t! {!~-,~ ~~¾ o}-¥-£1 z]Zl-o] -1-'-lfJttJ-~J-9.~- ~1;4-¥:! AJ.J,l-¾j]} o}-¥-½ 

QJ 27H~ 0 ]1f-<"'>jhj '.V_g g A]A]t!-9-. -2..~1;11 ittA}il}<?_l PmP~ tH,¥-~2-) t!-'t:!oJ]Al 10 

km 6 JAJ'/I 'llfl~]Ai '-fFt'-l-9 P3'4 ']';l--,1,.f, PmPc: .'i.\tAJzl: C.: cfEfc.J-::: '1l1HI 

A] {iJ.l]~-2..-~ 1H1-"jg _!i!_oP,:-r~] 0]3"1-& %¾~?.]~~ 5'..~Tt!o1 ~o]~ ittA}-F,-"j"'J

-2- ~§}7} ~g.g 7}~Zl9-. 50 km 0 ]-"'JQJ ~-$-l 0l]Ai Pn (-"'J-¥- ~~£-f-El~ ~~A) 
0 12}JI °{J~~~~ 1VJg_ -~ :-;.:: 'Uc:l- (Fig. 4-5a and 4-5f). G}A1PJ 0 ]J:)-g_ l:l]Ji?.~ ri]

,:'_ i"'·'t<'.-1 ,4c] uJ]-f;'-61] -'t:l_-~-8"] 7]~£jA]5=. ~~g ~1?.l- 0}L--]?-} ti/=~ Zl~- rqj~t-oJ1 -R 

71] T-~~A] ~~ct. u:tt1Al 1991\l.££1 :z}_~oJ]J.l C Moho'?! -'?-]!'~ ;,:]7)--oJl .:JltHA71i'.!

~£..T~~ .£1!1:>}~t:}. 

1-p \:!~¾ 0]%f>}:_: 1-sum ';,,j{l- (Diebold et al., 1981; 7.Jtt~ 21, 1994)2 4,~7~11 

~-'?i7} ~ ~Aj:rr}z}TI..£Jf-El z].z.]-9.] ~'.~"TS:~- ~71] 7-!]'}_}%}t:- t!J-~o]r+. oj \c!J~,Q

L-p 1!~g_ -6'=--511 ~Aj:;I}.,z}_K-~ ~J--2 {tlj!-t:7 ~ ~}77}z]Qj ~.£~ /.t~~ -'f3~I1}~ ~t.B 

riJ~I ,l-%'5f,}. rcfcf>7 7,]zJ--"i'.>i.£1 £7Jiil:% ']'6f7] '/I'll ,-sum ej-;};). Al-%"}5:lcf 

1-p tt!~JJ.] 0 1]:: ~lt:-1~ 7]~1AI Bt-~ OBSZ}E.~ 0 ]%5};3.~r1] _:r 0 1¾~ SSDQ} t!

,cl~o] ~Q~A] Lt':.}\rA] y 2 :::= 'di'-~'<l 7-}li~ £11~oj 1-p ~,¥!-oJ] oJ-o-Jg u]:1:]z] ?J' 

.ir_.~ 1:>}1] -'?if>B"l 6 ]t+. OBS z}E.~ 1-p ~,¥!-A]7]7] ZloJ] 1J:~} ~l"'J:i!J- t~~o] ?,l-';:-

11~-~ g sfi-~,.1]~::Ll] _:r o!]-C Fig. 46aoJl oj]A]S:~°1 9.lt:.J-. Lp ~~--2, spatial 

aliasing:i!J truncation.?~ A:i!J-~- ;:;}S:J]7]7] ~PB, Stoffa et al. (1981) 0 ] ~]A1,t!- %A}X 

1li-t].f'_~ T8J519Jr+. 

OBS-Li Aj-$_5'] 1-p 1;!!~-& P -$-jAJ-~- 0] 4;=-£oJ] rtj-~} ~ ¥,-·6~~]5'j g ~ &~¾t+ 

(Fig. 4-Gb); P1 4;=-5::.~ 4 km/s -¥-~ 0 ]n\ P2 ~ P3;' 44 4.8~G.::l, .:r~2 G.4---7.1 

km/s'/1 cl;.5'.;,; ~:::cf. P2i!- cfAI P2B (4.8-5.3 km/s)"f P2C (ci.7-6:l km/s).sc cf 

'r'.ll::: til o] 31 .;,· o] a, o] zj-zj- layer 2B (4.8-5.5 km/s) '.le layer 2C (5.8-6.2 km/sl 

9~ ~5:_ (Keary and Vine, 1990)~ L.-}E-}1.Jl71 tqj~o]t:}. {'.1~~ 1-p ~~ (Fig. 4-6c) 

2 ,: sum ~1}-lclJ-~J~g o]-§-<S"}ecj A]zt~ -~5:_-~oj n:£3!}1J£ -~¥1-A]~t:} (Fig. 
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Fig. 1-6. (al The OBS L3 record section muted for the tau p Lransfonn. 
(bl The tau-µ lrnnsfonn of Fig. 1-6 and (c) its picked tm1-µ vc1lues. 



4-7a). 

Chough and Lee (1992) ~ c-1--6'-~H '-,:;!_ 't!-AJ :IJ} (MCS: multichannel seismic) 

01%0}6:j ¾¾~-:z12-1 :;,:JztAJ.!f ~~¾Zl 75=-;'; 6fl~i~ ttl ,uq. MCS vt~-~

,,;1 ~~ ?~1j!-oJ] ~~1zl- A]~-6r,l]A-j ~;' %-"-JA}.B--9} ~i}tl~ Chough and Lee 

(1992)~ S] 74·E' g_ ;t;fl$>~ i:J-11£ 1..-Fr'.\itj,: ~Al ¾ 0J-¥- 0l]A-j -"Jlj! ;pfl9-1 B:-$-JT~ 

highly stratified turbidites, weakly stratified hcmipclagics, _-1 2-J 2 marine shale't.l tli 

_L -d~~.<'.>~ -'f- 11!] 0} ~i-,,f~','-.5:.~ 1~~ 2 km~ 2.0-2.2 k1n/s 0 ]1::}. £li:,}-¥- ~/2.j~-$-j.;..-=

~/2:j~c] -t-;;sfl.'f.! volcanics~- "5JlJ·l 0 1 sqcr~l 0-t 2 kin-~ T7,JJ]s.. *°l ;UQ.°i TZl~.r. 

7} 3.6-4.8 km/s 0 )1:t. ODS-13 A}RoJ]"i # "t 9)-C Pl!'~ ~,,,_5:.~q~ (::l.5-11.5 km/s) 

9.]-- -"f-- 1Al (2 kmh: (Fig. 4-7a) MCSB"\1°1].A-j 71f- 1']"5}1,L s]:-'l~±-119~ .:i::,J~:i!J- ]_ ~ 

~l~c-l-. j]"5}-'f- !il~~qj~ 0 1::tloJl Ludwig et al. (197S).1:i. 0 )2~~ ~1~3-~}-¥-9-l- 7] 

Lr_;_o 
. . ''C" 

'i--r"J- 01 {t-½~ (extrusivcs)31} sheeted dikes~ i-J-olA'] '.V.9-. c5}z]lfr layer 2A':: ?>ff 0J 

z]z["9l ~--~--i'~~l'i! i5ff2cJ (oceanic ridgc)AJ 0 l]A-j1il- ?:-:i:ff-8"}~ ~ ~1o!l si~~o] ~ lllj 

mt!' ~1-a:jY ~- 1r_;} 5 km/s 0 1-'-J.Q..S.. :;-7}'l!-"C} (Rohr, 1994). i 0 11~-_Q.Ai, :§J~%t-

:ig-~4-§-g ~1U•l71~ llJ--~Jg .. ~ ~"T-.9.J r:]1-ffoJ1 '{!3"Jg f-7] u:JlR- 0]t~- (Purdy, 1986) 

ir-i 0 .£ %~~-;t]oJ]Ai 4 kmoJ] ~_-t"]--C s~~-t.9.] ¥-JJJl~ JL?j~ u:Jl layer 291 ,,.J-,¥-oJ] 

Ai t1}~ layer ~~B.9.] ~.=!:.~ ¥!.-~"6}t:- 1-! ,': (Figs. 4-6b and 4-7a) Pff.q.. E}\3""6}c}.J_r 

~- 7c_ ~-c}. "6}_:;:11?..!- ¾~if:"7]oj)J.i ¥!:-~-¥-\ layer 2BsJ -?f.£':: ODP Hole 5040oJ]Ai -~ 

i:.J.{li·-_Q_~_ ~_.g. -1r-.£ _l;l_c} cts:: ~lll qi=:}y-~r-1] (Fig. 4-Tu) 0 1-?;!~ ~~%9-\ -9-7111 

7} JOO m ~loJl S~A] ?"if-t- Hole 504B.9.J 5M);1oJl tiP,H *i-~z]sj 1--'i'-- ~~% 01 ~{! 

%~£7f J;c;> P2C (5.7--6.3 km/s)c: S, I kmOI -'¥-"11-::f 7f"lc:cil (Fig. 4-7a) ci. 

8-6.2 km/s9-l 4:fS.~~54 1 km~ -¥-7111~ 7}7]::_: tH 0J:7l7[" layer 2CS!t (Keary and 

Vine, 1990) l-lff-i~ '{!~1~-9-- layer 2C-C massive basalts"4!2-l dikes (Keary and Vine, 

19901 ~.::'.- 'li! 'r"i-% 0 1] epj I' 'el .;cl sheeted dikes,c (ODP Leg 148 Shipboard 

-1:n-



I } y (km/sec) v (km/He) J Vp (l<n/aec) 
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•oooLk . - --='--~ ic1 '\\ 
14 ...1 (b) 

(a) 

Fig. 4-7. (a) The crustal velo(ny-depth function denved by Lau sum inversion of the OBS--13 record. The 
s:irroundi:1g band reprcsenls confidence bounds '.or :1: tlOU:3 of picked p v1-tlucs. (b) The measured 
vclocty distribution of ocenrnc layer 2 in ODP Hole l~·lB (from ODP LegHS Scirr~tific Party, 1993). 
Velocities higher ~.han 5 h:m/,:.;cc frum Fig. 4- 7n [ire sb\)Wn by circles for comparison. (c) A comparison 
of velocity ( ?5km/sec)-depth pmfile in Fig. 4 7a (thick curve) with those (I--I5, Hfi, and Hl0) from 
oceanic crust m areas affected by tb.e kcland mantli: plume (from \Vhilc et al., 1992). The l\foho depth 
of 16 km under OBS 1:~ \Vas computed from PmP <.1rrivals (sec Fig. ,1-l2dl. The curves were aligned 
with 5km/sec at 6.2km depth. 



Scientific Party, 1993) ~~~i~t:.l-. OBS-UA}E.£-11-E] ll]{!:'f:l 4r~U:£Ii}~~- Hole 

504B~ -5f5:.7ili•A}E.2}- tl]_D~~~ rrJ1 layer 2C.0~ c:!,0 .'c.-:t-~.:::: ~- ~;,:J-~c} (Fig. 4-7h). 

1 p l;!l.~ (Fig. 4-Gb)oJ]Ai L-tq1..+:~ PJS'l ~:S-- zjo] ?:..~ 1I} 0J (Fig_ 1-7a)t- i>}'f-

ii})~-C. layer 3.01 -'..,-Aj% (Sµudich and Orcutt, 1980: Purdy, 1986) ~ u:}"E4. Pn°1 'tr 

cf. 

-ct~ OBS-"l-!~- (OBS--4, G, 1:~, .:::i2-j2 22)21 1 p 1;:!4} Q:JA] 1!- ~?iff"Q P 4r.X.9] 

'iJqj~ i;_oj~cj (Fig. 4 81. sJ'H\'oJl>I -ct'l!"i 0I 7J","1 Pl"I "i1.'/ r-µ 'c!~oJl>I cf 

s: 1;:!~l-71- '.U;;zJ·'?.1- 7)4oJl t~'J-"5}~- P2~ P3'21 1-·,µ ict~? ~>ll.3:l2-~- 4,,_r,-jl- 5oJJ,q 

7 km/:://}A1 <:tlc'.f~_Q_~ ~7]tH:- Ll1~~~} -i'~Pl&i 7}.'{!c}_ 0 ] A}-::),9:, 4."'-~_;t} layer 2011 

Al layer 31!} A] ?:l 7.:11 E..~ ~ 7r ~--i- z] A] t} ct-. layer :c:c.si ~ AB : : l: p r-ci Cc] 0n --'l 6 

?iff _1:=_C~\!t::}. 

-:'"','-5:.·:Q 0 1 ·'-E.'~--Dl~ (Figs. 4-7a and 4-9) 0 11A"i layer 2C.9~ £;;i:fl9ioJ15:. cj"g::.il} ~-?-

.JLi- (2) layer?,~_ s km/s -¥-2-oJ1--'l 1~5:..Q.] ~'E~(>n 916~ layer 1 (S~~t):i!t T¥

'f:!t::-l-. ?iH~JA1Z-ft~o11--'i 78-AjII}S'] ~S:~ ~ 0 1011 rq.i:.} 2-<PHS'] TI9Jt} c:!_,-:_1r_~A17} 0 } 

qcr ~'c!~1 '?"{ci,~~.2..£ ~t}:_: gradientf", ;;}~lui ¾7}~C-} (VvOite et al., 1992). 0} 

%7}7]~ -i-¾f~.:<19~ 7cl-?-, gradient'...: layer 29~ AJ~o1]Ai 7f,;J- ~.Q..[9 (--LO /s) 

layer 3o1lAi 0.2 /s 0 ]"51-~ 11ft} 7tJ :f:t!t::}. 

OBS -6 .:i;}_;;~ .. £,¥-Ei ::;1-~ ~::.:. i! 0 1 U:£11}~,'::_ layer 2E>~ -'f- 1!Jl1l- 3 km o]AJc]cr 

;: {lcTI<i 4:" .":..s'.S!J-'l)ii,f cf-"-4 (Fig. 4-9bl. OBS-6 ;<fg_';c %.l-:SC.~ -&:SC. <} 0 1 

o1] '.{,l~ "6TI7'J~}-'J- -¥-i-2°11Ai ~~-"5}9H:;i:~] (Fig. 4-10) c}o}S:, 0] A]~o1lAl ~~~~ 

-~4%~%~~4~~:SC.~±= ~-~~~~.s'.~~8cf 
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(c) OB:3-12, and (d) OBS-22 records. 

-137-



132°E 

Fig. 4--10. Shndcd Seal3eam bath:ymerty of the norlhe~--1:-;Lern Uleu11g Basin 
showing Ulleung and Dok volcanic blamls ar1Ll ,1 scarriount between 
them which \Vere fom1cd by volcarnc eruption. The c:rnstal model 
lFigs. 1\-lla and 4-1'.~b) suggc:s1s that the crustal structure in this 
mvn was alrcrcd by the volcanism. 
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i: sum ~{1-_o __ ~,¥-E~ Ttl -4cfS::..5:..~oJl 2~}~ :rr}{i~-3:j (Cerveny and Psencik, 

198:l)~ 0 ]%-/if 0 j OBSe<fJ;'.oJ]<7 fl"f£I(= -','A]oJI 7fAJ- 'l'l:J-~ >12<-"-'<lg 'f-sf'.<Jcf 

f,J¾~.Q..~ -=j1-~ 7.]2fS'._c]~ :;:l-~-8"}7] .<?-JtH W"-'-d\:!-'-jllf7]~-J l~1~'5j-~ ~~-.:@_ /.}_K 

9.} 1-lj.:ii!.O}'.!J,"c}_ Fig. 4-11,° '°']~?11 7-~- Line A9} B-t}-¥,£>1 £]-t--,:i1! _..qzt_-i,:i_~ 0 1t~-

zt- OBS~ 7]-"t- 1g.?ioJ]Al Ll·Et1cl- l=l}2} .?J 0J 7.]4-7-±:~ ~BJ-~J ~~ -'&'?JHJ-;5-J~.5" 11H 

'll£l"1 ~11J-slc OBS?C}xc'a.1-£1 7'--sf'.l/Cf_ Fig. 4-12~1 4-1:J,° ,i-zt Fig. 4-59I OllS 

A}RoJ1 "5H~-e1-c 41:! tj-o]o}:i?,1)~ ~,,,a "'d--'8:rr}7]~ 0]tl. O:j7] 0l]Ai JJ}{i-'}~oJ1 9JGH 

lll-::±~ TA]~ Fig. 4 591 7]~';}o\1 -t.f (C))C __ ~ L}E}l.)j~t:}. 

4f- 5::.5'.. t:il)_ oJ] Ai ~ 'r '.U;:: 0 ] .AJ:?l-=?-S. ~ r:R ;I.TI~- i: p ~-~ -2...£ -f ~ ?.=- 715'.. ~ -91 ~ 

-?Ji c}g:i} .?Jo] .:Ltjj§.. %.A]~-ct: (1) ~P~*5'1 ~-lJll-C tj]7l] 1 krn°1~ J '5}-'j1-2j 

~1~-,'.: 'rlTJT~.£ 0 ]f~A'j '.V_~r:~] AJ-¥-¾ ~ ·6},¥-i'QJ T7Jll~ Z}Z} 2 ~ 8 km 0 ]Lt 

(2) AJ-1f-i·tRoJ1A-l 4,""_1r_.c 5oJ1Al 6.3 km/s77}.A] .:;;-7}o}n:j <:,Pf-¾oJ]Al :-: ~.'2.\977}.A] tR 

~7}1fl_Ai 7.1 km/s1/]-z] t7}~t:}. PmPQ.] 3I},j~61 {l:i!} ~~!{!_.g.. tHTlfl 0}~ '4 1 

5·-16 km•1 '1°ioJl"i •J'fr-slAI q4o]'l}cf (Fig. 4-!Pf 4-12). 

6. £ .9-1 

7}. %"1!"11-'-i layer 2CQJ QJn] 

~~~Al 2} o Fn} .£ ~ -~l o\l Ai T ii~ -'fl o l ~i 9~ 9'! ~ oJ1 A-1 (Ludwig ct al., 197S; Hirata 

et al., 1989, 19£-2) layer 2C~ 1l...:i1.2i]A] ~S'14-. 017>1 ~ ¾¾~A]~ AlZfTS:7t %-oB 

Qj q~ ~-A]21-~=- tj-E.C}~ ~% A)Aj~-q--~ ¥- T :?J.G!-. '&}A] 11,.!- it!-'i:1oJ] oJ~$'.] '~Fi'

oJ]>i A]Zf-71cl'~°i<1 OBSATT.oJ]>i cfqcfc: P 'lj;J-21 7]&7]'7.-'/-£1 z]Z1-.sJ A;£~ 

07'-Aj i:>}~ g % {)-~-t}i,-1 uj Al]~~ layer 2~ T ~ ~ l-}A] fit.A.) *fj], .g- 7} 'a AJ :CC 'JJ t}. 

6 km/s~ ~-~-~~~)J-7 ~'TT.<4 -'g-"6Jl 131 EJl~ 0J=~ "T'~-¥- 0 11 l:~ll] A}cl1b~ 'J,1-~ ~ 

7J- ;]~cg-~ t:Jl-H-_~ ~ 4;'-.X. 6 )r:t (Ludwig et al., 1975). -*~%% A}--§-O}a:j ~.g_.. ¥}-'-j 

iI}-A}li~ .g..i:1]zJ__ii_ ~,:±~ 0]%-tl-~ Hashizume and Matsui (1979)~ -';,;="6~~- e]-t'-}_!i!_ 

!;::- 'rJ-Ai ~~~.r.oJ] 6 km/s21 ~S'~~ ;1-c ~$'.] T7Jl]7} 12 km c]AJ--'?Jf,- ~Bit~-. % 

¾*.A]$'] ~--1&-~o\] 'JJ~ 0 fP}-52.c..j:::t)2] 1-9- 6 km/szJ ~~ TJJ1]7} '4 10 km~MJ ~ 
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--;., ---~ 01 ,-,T-

~- _2._s!_ 6]j ~ ~ rj- (Kurashimu et al., 1996). JolivcL n.nrl T;:im;:iki (l!J!J'.Z) ;_: %-'a'- t ~J 9.} 

0]n~ Hirata et al. (1989)0] -7-'1! 0 ):n}S:~'{f.-712-J 7]"ZfT..i=7} ::i rfl1I.Ai';l TS:. 0d_ ;.il.2.. 

~ ~~l't]9ic]. rrli:},~l ·-;1:,:•j-~..2..5~- Jolivet aw.I Tamaki 0992)~- 0]u}.£-ff'.-A].2.} nH}7} 

~J~- G km/s-2 1 t 0 1 -t·.AJlt~i:l. -~"'g--¥-A]oJJJ,1 layer 2C~ tj]R~<?.l T 1JJ1-C 1 km 0 1r+. 

'{1-S?l 01.3-10] ~n~.'.-~_i:;::_s,~ c.}i\1oJ1 '.U~: :§:t-;tJ-~oJ ~~1d :;Jo]c}~ ~.AJ-1~1~~ (stretch 

factur)7} 10 o1,Jo]~_g-;>, $']n]~~q. O}A]tU- o] ~-"J'd- ~;:,;J-7~]~-:'2- -'}]Aj';'_} 1{,¥-:;zJ4 

oJ] r}]tl]AiC AH~-~}7]7} ¼'7}!c;;"-6}tl ¾¾~A] z]z}.Q.] ".;-:_~ zj_o] :O:£_:ii}'?Joj]Ai::~ 5-

7 krn/s.<:>i T1~01]J.i 4:f-1i.7} ~~~E..£ _;g,.7}~-& -i- 7-: $'19. \ll-\1oJ) 'J-"'i ~i:·~.5:..Q.] 

and Matsui, 1979) *~~7].2.}-C ¥-51~ *} 6 ]~- 11..<;i]rl. _7.tciE-~ -&-J§-{t-7]~ lc:iyer 

2C;':; 'j-~~X.2-] 7]ZtoJ1Al n-i'l]'tl_ ;:;l-9_£ _li!..7)7} ~tl<~}c}. 

-i¾~:;a:j,:>J]Ai layer 2-C ¾-~,'(;zl7] 'i:t-'-1 'j-~~.£gl A]z} 0] ~ojL-}-1;'1Ai %!"d~l'.U 

rt:.~ yi:~o,1 Llitll 'C_E tj-C ::C-:sl]~g_ ~~~ct. Gnibidenko (1979)C -;q-~*;-qsq 7]Jt~ 

~} 0 1 il~fC-/,]c-J] Ll]tB 2 km Aj~ r:7 ~Al ~:.:Jlt!1=l-"il 9t"Bz.~! 1-1} 5:lr}. c]c.j~ iiA~-~: 

7}-1j '5"]-1ll \'.l-~-S'.t i:-+. 'l! ~~A101]-"i layer 2B9"] ci,"' :S:: t- 6BTL,'1 6} G kmQ.] -~ 0 1 "11-"l ~ 7sj 

8-J-7-11 L-]1:o}\-+r} (Hiram ct al., 1992). ~oJ]Ai 1=9]1Ll- ;P,]~ Tr,,-]¾~~~-~ ~°'i';Jt: 

'tf"S'l ~J:.:l] :s:Jo]ol);,_l T ~.;,;J-C ;;<]-o]-¥;- .£,.,]:;zj '2£:_.:+_ n:}<Q-,q 7]'{!-oJs,~ ~olt: %?JB 

01]-"i A]ZfQ.j %1 g_ -;'t-{}tH:- -}l.~~1?~~ 7]€o-J -'"ilA] -~~9-. 

-~f'r~_ll ;V.-9.u:j .I ~•-I-Ad~ 1!- 0]tB~.J1 :V.9- (Su et al., 1994). White et al. (1992).g. 
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g ~-7J-¾{J,.,] Cfj_'l-"tl- u:Jl "5ff 0J;•qz:t·sq -'f-1JJ1;} 10.3±1.7 1ano]!:9 ~f7J%1Jo] uJI~if¾ 

31-"J--"f-~ %:i!f-~ n:H~~ 20 km77}Al ~-7]-~-;':- .!i!..~l~-- Fig. 1-7c';::: o}o]~i.'J!E.. uJ!~ ~* 
~~ oJ·6"J=g 'i!,':_ AJtH 0l)A-j ~-"d.'f! tH 0JA]7t~~ 4,0!;"'.. :_Qoj -'~-~,1}-~g Fig_ 4-7a4 l:l].12. 

~~ ¾o]tj-_ °'j.7]:>l]Ai, tJlJiL~ 4?-_'i..~: 5 krn/s 0]AJo]~ I-15, H6, ..:..1.i:'~jl HlO-E'-- ::'','-.£7} 

~i 0]oJl II}?-} ~?}<:>}';::: 50~52 Ma~ A]l.j-oJ]A-j 'i!..:'?:- n:5:_4~~ 019- (\iVhite et aL 

(1992)-91 Fig. 12 %~). ~~oJl oJii"J='i!-2:- Al2fjl} ½¾~A] AJzt(l-oJ] T~~ ~;l:j-:;,'- -'.'!

'T" ~:_:t~] ~-%{;!-?:loJ]A-j S'-~~~~ ~o];} 16 km~ g 7.}'Z}i,}~ :i ~>:]~: r:-j¾ T2:·_ 

c];<lcf u:L::iL;.J ~ ~ ... 11 rrl-tl:_o_ Hl-.Q... 2.L-ll.Q... ..g.__,-,__'f-;z] o' ,c ro+ <51lolc7-1,,01 ,';,J,",].9..-- A-l 
- 'l.C. , f '-f ·1 '-' ,, '-'1 ·d o '-' r_ '- - a'- "'- O '-'- ·7 '/I '-'- ~ 0 ""i - -o o e 2 

~ ~ ~ '.'J ';::: AJi=-J-1~} 7}-'J-Aj 2_ 71-1] c:}. 

½·6"".£~ §}~l-°J% A]:q~~~-6}°'1 %i5H '.fJ,11f-oJ]A-j 1{!!~if-%g_j oJii"J=g :>:-jg.Q.~ 

'?!~~ A}~~ Miyashiro (1978)('}]ct. 7-+ Miyashiro (1986)';: Aif.ll3la 0J-~ ~iL£~ 

,']~ 01 ,~Q}7] •9'7]"11 .2_AS.C1]"1ci 0f"il>j 4>c2-.s'- 0Mc~foj 01°]2.>11 3'7]"11 %'s' 

~1 ~~-lj!-77}.A] t:l-c.}-e hot regiono\] Sltll ~~~2..~ 1-"-dSJ';,:H~--~- 1"-;,:J-tl519- (Fig. 

4-14). 971"11"1 hot region::'. 'i'f7aJ1l"il-'1 '!J->J~I::: "1-%,f '\'1'11°1 fil2-"1 ~i,~;J-i'i"il 

Qj 13J1 t;J -"-d ~ r+~ 1:1 oJ] Ai hot spot:ilt ~--,?;- ,,.j ~ ~ 71-Al ;i:p.1J hot spot & <.+ ~ -'fl ~ -fl· 

-'i--"-d :i!} ~171 ~ ;!-~ "9-2 ~l ,i.p,;1 ~ q (Miyashiro, 1978). Tatsumi and Kimura (1991) 

2_ -'i?c.¢ ~%-¥-:~ ~-~~! ~~'O:j-~ Zl-=t-~- "t,'-3fl lf3fl.9.1 ~'fl~ ~~~%:i!} -¥1:~A)zl 

% •1 "ii"i '9''ll 'c c'c ,] ~ 'l! e1 711 9:'12-9 :i "1"1-% 2-5'. of 0 1.2..<ll c<. 7] "ii %·:;:' 4% '/- "ii 

Ai *%-'ft-Ai r1J--OJ9~ ~~t!l (rift systcm).9-1 ~% 01 ~~0,~tj-.:il ~]A]'B"};dt:}. 

Tatsumi and Kimura (1991)9.l £ ~ o\l J..-j uJ! ~ ~% 0 ] t.fl 0J3tl-2l ~ <"t,J ;,.] Q:; 7}/J}.o] ~ fa;j 

~ ul]:::: t!l~i ~1fl:._: tjj{.! +~5:..3fl9~ rifting~ -f'rWAJ7]?...:: -;!.Q.~ 1iL§~9". 

Nakamura et: al. 0989)? ~-~ ~-§¥-, ~~~~, =t~jl 'JAi '{!~£] 1B_A~ ~~t!l 

9". Nakamura et al.2. 0]~- .:-q~oJP•i, u,_H¥-~ ~ 01 1:l]Jl!.1 3.ll] ¥-*%·6fl (partial 

melting).5:]j'- MORB (mid-ocean ridge basalt) -fl-ta9.l nJl.~ 0 1 "°ft ~X.~ ¥#--%3fl 

"]oj ~~'i! uf::i_ufoil <1'11 melt71 "~71,;J:g :;_ .l!.5:!cJ-. "i';· Nakamma ct al. 0 1 ½'-"1 

"@- ~-y~o] n}o].2..kJ1 li!_i.=} 'r!~7} :;g_g. -;!~ 0]A11i'.!- ~HHI-~- 01 -~~~1..}1(! :J. _"\1.J!}-;::

"cJ·t:J-7]ZJ A]-4f5:]7] ttj]~oJl .:.l~~ 'r!-=t-:: ¾J§-~.A]2i _;-q~~~'i.l .2.1ll~ ~]Al~~t.:rr 
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Fig. 4-14. Distn!mlion of alkaline basalt;; in r1urlheast /\s1~1 (from 
l\Jakamurn, l!.l89; Yoon and Chough, 1993). Three provinces 
produced bv tl1L' hot: region. dl'signaled as 1, 2, ;rnci :"5, are 
centC'rs of intense volc=rnic eruption of Miocene (26 -- 1:1 Ma), 
P!ion:ne-Pleistoc:cne, and Pl!ucene-Holocl!ne, rcs:pectively (trum 
;''vJiya'.;hiro, 198f)J_ The b.1salt fields 111 northeast China are 
scallered nlung the failed 1ift c;y::;tem in the '.'lE-SVV direct1011 
(T,cit::;umi and Kimurn, l!J~lll. 
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0_2 
ao 

£5!} ~5=., -=-i.t!]:il ::.l ,1-}o]~ iiBAi§}~ (Fig. 4-lO)oJ]Ai §}{!-~9-] t~P·d ~A] q)!~~~ 

c] ~~J~ u]~_•?_a:j o]c•'~} ~"'J-::. ~+o]ii}7-l15=. %iiB~ t:}-:e- A1<;!JoJ]Ai~ -t!-~s.JA] U 

g ~ ~~Cr-

Vl-~!Y_9~ %ii~~ Ti-tJ. 01 ~~.5:. rifting3!} 0] 011 rr}C -i-%¥-A].21 faAJ.il} f'l:-~-~ ;l

'"!1-1tl- ~,:-l-~% 0 1 9)'.(:1.~oJ].5:. (Jolivet and Tamaki, 1992; Yoon and Chough, 1995) 0 ] 

A]Q:J.21 ~:§°}i'.j-AJt -f-~- -=(~z]~~}~ -~ttloJ]Ai tj-f0-j;tj~9-. uj-c}A-j ~·3g-"(f-.-,z]g1 -qg 

,l,d :i!J- -t!-'t:! ~ tift:ingoJ] tB ~ 0Pll !'i ~-e.- [~ ~1 /] ~l il'B Ai~ ~~5:.2.] c:H~?¥1-¥-~ ~ 

.A~ 7}~ ~ 9:!7'-¥1 A]~¾ O}t+';'J cBAi 0J.f>i volcanic rifted margin:i!J- l:l].iil~ ~..8.7} 

:/Jc} 

Voring Plateau, Hatton Bank, ::i ~ *tjj ;,,pJ T ~ -¥,-2i volcanic rifted marginoJl 

Ai~~ 7-]zfEl 6}c'J!lj!-~on ifr"J.ul-4f.5:.7} 7.2 krn/s 6]"-J !,;.J~--: T~¾ -g-~ 01 ,e~BV}t~-

!E~ ~~{=', o},!flQ1 ;,]~~--;?; ~~"i:- :i:]Q:JoJ] ~;,;j ~½AJ ~Ji!.'tJ-2_~ o]f-0-J~ 9J~r,fl 

MCSB-1i5_ 0 l]Ai seaward dipping reflector (SDR)~ "a:JEll~ LfE-}\!-rl- (White and 

McKenzie, 1989; Eldholm and Grue, 1994). 0 1 i'~ ~} ~ ~-~ Aj Zf ,:'_ tjj ~A1 4°] ~c}-:1 

uJl ~,'.:'_ iiBAi~ ~ 7J-9.j ;a<;]%B7lloJ1"'i i:;ij~-¥-%~oJ1 9~iiH -t-tlS:161,AJ £:..~¾ ~'{~till~ 

(asthenospheric mantle)~ -§-ii~ 0 1] 9.] 6"~ t@ ,"',;J-:€ :j! _Q_ -~ iiH ~ -B t:} (White and 

Mckenzie, 1989). 4P]4J~Q] ?1;:l_-¥- 0 11-"i~~ SDR 0 1 Y-ElL-}C :z.]~ 0 1 East Coast. 

Magnetic Anor.1aly (ECMA)-2-} B"i;:1.-S:J 0 1 9,J,% 0 ] ~--f~Ai ~ 1~- (Keen and Potter. 

19l-J5). ~ '6] ~ rll-"'i 0J2~ Iceland- -Faeroe.2t .'{f-2- c.l A] ~ ? AJ-'f?,3'}-C ~H~-~ o\] Ai ~ ~ ~ 

:;-1 ~5<J\:!- 0J9.j mcit0l) 9.]i>B tgAJ-'ft -}1.9 __ ~ %~~~~ ~"}~~%9-1 ~s..~ A]A]iiB~q-_ 

ifr,;1o\l, ¾ 0J-Ll1l-i 0J9.j ~o]~ TVl . .!foJlAi~ t~H}9.1 °]% 1GJ~oJ1 ~qjAi 0JoJl l:l]iiB ~ 

-;tfl:-'t--9~ ,ts:.f· ~~%<'.>] t!-~f-¥-lr+. SDRt AJl~~.2...£. ~tc:Jt;B9,l,2 ~{!-~%oJl ?~t~ 

C-].A1£ ~Aj5cJo-l 9),7] '¥"ct. '°']i'-~~ ~1'{;}~ ~~7q-§-t- rifting 'g'A] i:iB~--¥;-~ 01 rB.;:} 

T¥:PfoJP•i l.Jl-i's~~.2..~ ~5<.li>l-0:J ::i. ~j4 rifting 0 ] ~-d""o\l Q.]13Jl £:.7-J-$-~~ 1?Ri•2l ~ 

-'f?.]oJ]-"i ~°l:i:7] ufl~_o __ ~ ¾o],Btj- (White and Mckenzie, 1989). 

°tlttJ5=_oJ] 7}:7}¾ [~~-7"~~--oJ1A} {)-¥- J8"AJ:iJ}'efJ.}~- 7c.t~"6}z] ?i°'.U7] 1GJ~oJ1 =7. 

-147-



_e;- ~'I -'-I 'I ;'1- Ol 1;l 1.-)-
1 ' ' "' ' • \.J 

nm11ncntcd nitrng--•'l _L 0].:q"- -[1"6]-~ -i '5~-A1.9.J ~1.JA {H1o1 9)-g-~ _;,q;.l'{f'CJ-. 

1-<'ig. 4--15~ ~J;l_~.'c ~-';:Pi- JH~ 01]Ai %~.£.£,:_ ~1 20 km {!~)1¥,! ~-~J ~ tr}c} ~-g_ 

T\ICS \::!-1t!c,]1~}. 01 __ _1_'\joJ]Ai T-~ l,]00 rn (-~·*'TA] Q,l: 1.8 s)oJ]Ai1f-E~ 7iV+'l!--'-}1?1~ 

01 7]1{}-~ t1}'r'_ o]cJ1oJl 1+qtH--'- ~% ~ y ~4. ~A]1;"!-~..§<_- ti}c-l-~.Q..~ prograde 

:s:j l~ '.U2-9 _-1 ~A}~ 6}?~_£_ :Q~~* f,"-7}"6}~ ~ ~Cl-. MCS;i;}li7} -f,"?.:£_~S:J.A1 

W-0:71 1rJl~ 0 1] 1)A}~A}'?!~~~ {,J_fil] 7.F}~ ~1J4;_: -:,!-& ~'t!'6"}z]u,_!- o]~,:'_ Hatton 

DankS'} ~,'? volcanic rifled marginoJ]-"i ~ ,:'_ MCSt±~ (While et al. 0986)2-I Fig. 

2 t}.~Jol]Ai Zf¾J.-5'.]-C SDR.i'} 11H3f- ¾A}O}t:.}. Muller el al. 0982),° volrnnic rifted 

margin°l]Ai SDR01 ~~"js:Jt: i':!';'J~ c}g2} -~ 01 ~~'6}-S'JL-}; rifting£] n};;z]~r BJ41 

-~~$- i5~7]Sf:t<2i A]Aj-~fJ.!lol1Ai ~_.,_d-%{Jo] sul.iaerialt} ~.-7aoJ]Al ~-"d~~:r~] o] itjJ 5)1 

0J-7.]Zl*"& 0 1 {(1-~]'t!A-j -"Jr:J-t} 71t:~7J}A] ~i:• ;,,J-~ (')1 :c}1),~ A]?.f 0 1 ~op~]•i] u~4 

Shevaldin, 1!19f); 1'.!-"d--f? ~. 1997). "!ltil-5=. %'iJ--'f-s~ A?:=Jo]--'J-cH~~ :i ~o]oJ],q 

ECMA -'I.cf flj'l 71>1'c! .x]"!!ll <1]7] (:100~400 nTJc ECMA (200~:J00 nT) "-cf 

t::i /JC;f!::t. <t}- 1~.L1i:.Q.J %'tl-1f-."1l ¥-31:.o}:.:: §}{}{l--½~, ::1. r.j]-~--1·¥'1.¥-Zl A}~o]-"J-1:ll, ~ 

~2 ~7]"1],1-J qi_g_ MCS1r:!-1t:l."1]A-j ~o]'= 7]\fr<j!'.>--J ~-7c)g ¾~5~li!..~ ~-½;,:1-~-o] 

rH~?ict-¥- 77} 7 1 ~7}s:1o-J ~{..?_~ 0 12} :r-H:!"5}cxj SDRg ;'t;: 3:i,.Q..s.. ii)1~~tj-. 

tjJA-j 0JZl LH-8--·?~-V- ~ (')] 01] 7]-77}¾ tH-~•i]A'i ~~..g_.. ~~ol].A-j %,A]L/loJ] ~AJV} :tj

<:Pl-§-t- q]A-j~{!-)l ~'ci.;.'} 1;'.l1gi:>};J] ~it!S:~oj '.U~r-J] 1il!~~~ 2r!r4otl -.q-pj:s.:]t: ':16] 

-'Jc.fl (lhermal anomRly)-2.1 ~~];} 1,000--2,000 km~g zlA]t}Y- (White and 
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w E 

-. -.-, 

4 

(a) 

ot=-=-=-=-=--::.-::'.-::.-::.-::_-::_-::_-::_:_:_--------------~ 
Sediments Sea Bottom ----------

1--....:..;,. 
-~A 

'\_ '<~ ---~~A 
Sediments \~------~ 

'\s ~B ~~~~ 
4......____~_~ __ '- \_,_·'-: ';.;._____C~-,,.,-~-f "\~;.;.____ "-~------__;',__~_--;:_<:'::,_'D__::J, 

(b) 
0 5km 

Fig. 4--15. (a) Multichannel seismic profile !Jl (sec Fig. 4-2) (from Choi, 1996) and 
(b) its line drawings with interpretation shown as letters: A (basement), B 
(diffraction), C (peg-leg multiple of hascment), and D (seaward <liµping 
reflectorsl. 
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Ma) 0 ] ,.17]-31_0!'.;:_ tH}S:. 1-J1~T~-¥-oJ]Ai~ riftingl'-l- ~H'l~c>l !?<?_P::}; l\1ivashirn 

(1!}8(i)~ 'tl.7- Lt.A] q,e -f,1_-~,.:1°411 Province 29} 3f zt:q- -r-tl 0 1.2.{l 0flA1 ~2}0 1 

~~{!. ::t.c.]2 ~ct 0 ]..2..-})oJ]hj ~Y-fl!'.>-l A]7].?.. ~?;j:tj '.Ut::-J-. 0}7,1\'} ·{l}~l<;~ -7'\'.!oJ1 

A]~ rifting:rrt V!'i:!~ ~~-s--r:-% 01 Province 1 1-floJl .$',-;:'._ ::t. 7t77} 01oJ1 ';{l_~cj-.t!.'.:::- 1t 

Zl_rB~ -?-c].1.L-'·11 .:}71 (W Ma)7J};i:] 7J~·i:'.i ¾t!}1]-t- ~o] \?fftj;jt:} (0]% 0d 2-1, 

1997). :I.1{!-, 1?~~;~~-~- 01 1~]-q.oJ] .?Pl~t -1~ ::t.?~.01 AJ~t} q1-;;;12 Lli~-?~'f-oJ]Ai 

~1.En}~ rifting.01 6B-,':,i<>ll""i 3.ll] "c.R<S"}:i:l ?J-7] rqj~o]r-]- (White and McKenzie, 

1989). (t}-i-iJ.x . .01 -~\t1f- 6H':,:J4 6'-~ -~-6-1f--9~ ~l--::}7]<;qt! 7],Q~--=- 800--1,500 km ;,:J 

(convection cell) ~ 011 $-j A] i',r~ rifting~ 01 rB*i'~ 9• ~-Ti:-] oi1 Al ~ 0 1 \t g ¾ 7t~ zl 

c-J-. ~ ~A .CtiJ1-,9_ ~]-{}'Z_)· t'.~717} ~it!-5:.9.] ?t,:!o]] ~Aj~]A] ~9}1~-.Jl !;lo:jZ!,tj-_ t:} 

J,1 rJtH Ai ·6" 0J cB Ai C:-J- 9~ volcanic margin:rrl- f'r-A}O} ;>J1 ~ tti-~ f- ~ oJl A-j .9• rifting.&; 1~] 

~~o]) $j);)'Ll 1;11~~-*A l-jC]-'z.}-6 __ ?_ rgc>j~A] 1Af"AJO}';tl,.2..~ ~l ~jlt ~~~-x-01 ~l 

<P' o] "'"'· ,_ l M'--J, 

{~-tJlt- ~~-\:_ -~A]7} S4?~7] tJ.~ ~--¥-I:i 'j_-~-.C,'1£ o}i:!l].Y. 'fl~"6"}-C F.Jl1Tj 0J3ll-£1 

'"fl-8J-:I- it!.JI '.?}$it} (Uyeda, 1981). u}c}Ai till~ ~*21 4% 01 Vh'.lr.:.si~ r~l-~t-?~-'r'-oJ1 

J.i {..\~~-'fl_ rifting '.l 1-1 ~ .9~ 'E. ~ ~ ~ -4'- 9J :=:. z] -0;- ~- Aj '"d l'l- -tl-~ 6~ Ai _=-i. 011l .:Y-- Fi 

~AJO}.:i!. ~{';Ji.,·\ riftingoJ] ~l-~~'{l °a6Jg u]z]_ ~~z]~ ~ "T°7t <;rtct. o}.7.11-f_} -$-i.01 

~2-jol]Ai, ~%_,:,I- ¥!-~-¥1 rifting{:. rR~-7-l;l_!1f-;} cjj),j 0J=4 ~;:'._ r.Jl 0J= 011 ~t.H '.?,),;'A] 

*2 %tl1.2-J- ~-f::- -f~£<'>l1 i..l1°11 9J~.Al <loJ1 r11~-•~:l ~~+-0-t-Rf-:- °F11i>}t:" ~ ~- ~~ 

t;-1- ,, __ c,1 ,-1 
2 7 _Mc1. 

i3t. :<] ~ (heat flow) 

1--"J;~~ 6~'"JA]zf QLl 7--'-'11-8· o]:o]-~-:t_-;<]9~ z]zfo] tJ1oJz]Zf"~.A] 01-qit! ~J=.-+~ 

rJl~fA]zf<?J7.]oJl t=l1*l1Ai~ 9.].:-;_-=i 01 'llJ:]5~A] ~-:i-L S'Jtj-_ Ilirala et al. (EJ89)~ °F1Jj-~ 

¥,7.]7} '1JAJ~ '3-A] :i "6"}'f-oJ] 9,_lr,j tilllHH} 1r~ft--o]] melt9] oJol f,fo}.;t;JAi tl1oJ-7,]Zj

o] T~"f-1<•1. ~):l_O __ ;:;:_ t]1,,·i"6"}:?JL1. "6"}A]~- 6 }<J}!i'~~;aq.0.j .7.1~~ cJ1--¥-~- 90-100 
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.9.1 1-'-J r,.J-A] Ll] 7J~~'?J ~¾ ~-'~Al~ z]~O,]Ai 3:.4* (excess heat) 0) f}~£1~¾ 

7>1°lcl- (Langseth and Tamaki, 1992). -%-¾¥-A]z-=- %t;Jlol1Ai .z]~o] 100 mW/m2 o]-"-J

£]:: ~,Q- .z]Q:]~5'" t,}1..+o]tj- (Langseth and Tamaki, 1992). %¾¥-AlZ] 'Zl.~7} 20-·15 

Ma'il¾ 7}-1"5}"1;:! ~~¥sq ¥-7Jll7} 4 kmoJE.£, ,s~ 0Jz]~·oj .,>.jg_ a)J ~/2:j~o] '4-0]-C 

~A].9.l ~~§]- _!2..~iMoJ] £>i"tB ll]{!-5'i',__: .z]~,'.:- 85 mW/m2-~- yj;zj ~~-=c+ (Langseth el 

al. (1980)9~ Fig. 5 '{I-a:). °Fn} ££.~z] .9.1 7.:H'- ~) ~i ~ 9-J fJJl) 7}, 2 km 0] .ll (Ludwig et 

al., 1975) '1jcij7) 20~15 Ma 0 ).'e.-"- 0 ) ii/:C:% {f~ .£ 0!/oll "1%-")7)\'! i'l:~.•154 if-I' 

90~100 mW/111
2
.ej :<J'lji\):o) Alcl'ilcf. "• 0 \nf.'l11<>)9J 7e)'lji\):,& 1'4-B'-%· .'l°l'r"'I 

?,;%¾ CfA] 1} 1;1::l. ~~'& "r° 9Jcl- . .:7.2:~E.ii. oFu}.£.~A]-2-} ~r:1 %¾¥A]~~ A]~.9.l 

::: 7>l~L<)·c -,l--c"'§"lct. Sil4"l\'! ")'ll.'i'.'€/Oi)-'i 'roJ~J::: ~I~? il>l-"1 'll- "r71 \ll 

t: lf!T (all~ ~~ 0 l, lithosphere5?.l *H} ¥-JJll, A]Zf"Z] ~~ %)¾ ~..B..£ t,};] a:JH!'.-o] 

cl-. Ci~o] ¾¾if:A].2-j 734- 9}{!-fl-•~-oj ¥-A]~AJ oJ-f-oJ].X. i-W§:l-2..E..~ (Chough 

and Lee, 1992) ;~]~£-',l.1 {i-z].9.l ~Aj_u}zcJ¾ "',""~i>-J,7]7} ~~t>}9-. 

0d l'r"'! 2..£ '9 'l:!Sc;l'-0<) C: •B 0cl?) Z} 9J 11 'll Oil 1'!%.sfoj 'li ",l 'il cf :a. 'll-"1 "i '.UY. '5} 

A]~- o]r:i~ -2..1l~ r~]1°J-\1"!-o] c.f~t"] ~·~-~.£ o}~.£. ,tj~ii}-=il 9J-i-oJ]5=. K-7-o}-=il 

~ %•B Oil h) c •II >i 1"-'l-,l- 0 ) \'I ,}oJ "1"' o;! 'l]7e);; 11 'jj t"}z] ','.~tq. Miyashiro (198n) 

7} ~]Al~ 0]-6-"BH:::- hot region£! 7),-".;!,':'._ ij~:i!}';::: {!lll\1:l':::: 9--E rH1}~£Ai J.it~ 31d 

0>~1 Bl-t-1-ir)- -6""C'J:.lr-¥-;z]E' ol __ ,.J.i:::J.TA7f .!,;!...X,,c,?: ,l-?,-~£- <?'Jrll7f .::..~...J;zj~ "Q'!Al-jJ_f o'" cf"l ;::, c. '--'- .-c_J:.'--'--- 2-'1 0 0 -, -,----- ~ -, ,_'--fl w-1 ,_ '-' 0 ,e. 

~ ~AJo] .2..~"t~\l- z]"1-£1Al *~ 'tVJ--?, ~~tr T 9Jct (Keary and Vine, l!JW). 

1vl.iyashiro (1986)01] u:} 2 ~ 30-20 Ma7cloJl hot region°] ~~-~.£ -¥-"CJJ}A] %?121-Ai 

-'E-i5Jl!>i <f)'fi.:;:i"~.g. c,Ff c+ 0JG}AjlJJ ~ 7}A] ~~]t.}';::: -1:Ji:· 8JlA1~ :g}7fo] ~~¥

A]9~ .2_,e-~oJJJ.i -'-]3f5c]'.Ur+:= ~ 0 ]cf (Jolivct and Tamaki, 1992). 0 ] 78-7-, '?,l~,:t-,-(j 

9-j ..2..~ ~oJ]Al -t!-~S:1'....: ;-'iP·J-~~ -9--JJJl.9.l f;~ 0JA]Zf (Hirata el al., 1992),':'._ t;H~-9-1 

-&~ EE~ 1,;,J-~1°15:l~ g ~. hot region °1.:M 1t~-~--;-* 0 l:.d ~ ~t;J: 0 1 \1:l'.Ucf',__: ?,:! 
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-~- .9ln] 1-}t::} u~C-}-""-1 l\liynsh1rn (1986) ~ Tatsurni and Kimura (1991)S>j :-~- 'i'-l"i='1 (1) 

*tHoJP•1 tH;:::Jr..:! :e-1:-:J--& L;~-~f}~- u1lft:-oJ1 /"l~~ :;}r,] •~)l1nl (21 hot region,~ ~6TI 

P.l,;,},~11 o~"itl-~_-,_ ?',J;J_c_,_nl, 7 OJTil:_O_ u\\.5.E'5"ol rll~"-~lol_'=' 1_7r,-1Al->l Ol-_(, -'i--51161 ,, 
~ d ~- '"' · o o, '-'°'''"n-- -n71 n,- ,•_ u··1 1-,,,_ u - o 

,s:1 A}Ol-ol T-tll -"'f 1. r, u 

<I ,.._~·J,-1 t1_,sJI >I o-).A4 o ;-•- };.-:co: 6}-._::7-.!.- ;J .',l:,:!l __!;cl_·;;}-s,_J·c1-o 1 -1 , ,_ , ~-,._ , __ ---1_ ,_ , , r ,'=. r , u '---'- . 

-;:,:_ u~S.s',f..,,'_ql aj&-'1-_Q.. t:1]-<'> __ t'?Jrtll?_Al £i;ll:C.- O,;i_J,5}- .cr~A110]7L'J .Al]-;!... E:.,_f-AJ.i]lt:0·1-1-.L , __ ,=<_c'_u- ud2 c;,_. ·1=_:r_"_ -on,_,T.__c_'--~'---'f• d, ~TI 

oj 'f(<{~SJt:}_ :;-, 1t11l-iFT"~4 ~:z]g.J {J--'7--<'>l]S:. .'¥- 7pz]2) ->Jo]~} -7-~El .z]?to] -t":e 

~r}; \r~o1l~ 78.AJ--3:J~ 5TI0J:z]zfo] {E-¥..n}~:: !fl-~ *~::.rt -'-i~9] :1tcJu;.:p~.g.. Ad 

-,) 'i.9- tci +'/le} (Diebold el al., 1981). 0 1 'i-"1¾ '7}21"'-"14°1 ~l<il?'i!!2.f1/co<l.9.I 

~,.,;:! 01,;'-lo]] 'USi'il c-j _2._cj]~ tl]~JA]7~· 0] Y~ (enlrap)~ 3!'?Jz] 0}1--lr.,:! -~z]~ if;J,,,j 

1,] .,,~{! ::;l'?l.7];·- tff-'i!O~c+. t'}Al\1} t1]]1i]'T'-<:fil~l- -!f-71 <?c]Al J--JcBV-1- 7T_99~ ~q:;~AJ--;'.,'°

,)ll 2-] i>B ~ Aj 'El. 'ill '?-f 7] Large Igneous Province (LIP).9.] o} lf '{! -~ ..g. nH-~ -% ul * c+. 

Uf4Ai "1fl~-~-~::i1} -tJ'{].9.j °cl*J-% %A] 01] ~~ l-~5::.~7] 0l]A"7 .'¥--']¾ i5TI 0J7]<!'.fo] <'§ 

01 'Z:!7ioJ1Al7: %-BH 'JA]-'f--9.J 1-"J::i!} ~§}~ 6]15Bt>}.7] ~~-BH 7iHA]t?! 7-]~J;j]A}li~ 

0 ]-9-"5}oj -&--'i-tf:-z] Al~-"~ -f::.E2t i+'a g_ 'Z!T-B}1t1:}. %%~A]$!.j 7cl-9- r:Jl1H 4 km -9-

-? y- ~ 1;-_t;:_-f,T:-~~ AJAJ-;;{~11 -s11~:/Al2f4 ~-*l~l-i::L 

1--p ~¥-<>:1°!] 2ltH 7ll-~-'.el_ 4;-XJL±:~ ~-A].9.] ~~] ;;zJ0clo11Al AJJ,:L.A12f%<i't ,"+¥-A]4 

% ,'+~121 0.-1' l km 7<J01]A-j 4;'-2,::_7~ 5.701)Al 6.3 krn/s~ -~7~ot:~ i!l_AJ~ 1:2.,~r:r::ri] 
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0])i,°_ layer 2C:Q) -~;,:11-€ ,.qA]~}r-+. layer 2C~ -~;,:11~ -i'f-8119~ tj-~ ~A]<>l]A-j -"3 . .:il-tl 

l=l]-7]- \:l"l~t]] A}1JAJ %{f~-.Al9J A]4o] :i -:';-.5:.~YoJlAi 6lloJ.A)4o1] t:]* 7}1;}-Z--Z

~a]~L}_ \:]·Ai '?J~(;'L'L~ 0Pf·.J1 '.?}~ 6 km1s£>i ~.5:.~ ¢~ §}7J- 7]!-fr'Z}-,': T117} 

12 km0]L]-. 0] ::})AJ.SC] ftPJ-~% 0] 10 llJl 0]~Q.£ 'fl78Ll·?-l] ~0,1.+J,l -?-¾¥-A].SC] 

layer 2C~ ~'"\!i,}S'J,c}..u-C ¾ 1-'- rtl.4. Ci~ 01 'JAi ~~~5:.~ 7,i]-'f- 6 kmis ~2} 

::;_ -Gt-¥-% A}o],:.J]A] -~_'tc..,1-SJ]- ~-~-8"] -7-iE"~~ -?,l:,:,.J- ~i:'] %~+?-z] .Aj4~ 4;:-S:.-::= 

G km/s -1-'2-oJ]J.j :Q 0]oJ1 rrJ4 't:!4f-3i2..S.. %7}-{!-c}. rrj-t'}Ai -?;-~¥--AIZ] :.z]zt-& t..JA] 

~ ~ ~ 5:. ~ r.l] -~- "-Pf 01 '; oJ 41i=!-"i 1H:l fl ->1.2.5~.. ~ ~-: /} fil 11-. 

%-i--,_'(-.A]q -~:Pf'f':- iil1Ai1B ~1J- 0] •ili~~-i:-9~ ~-o-J.g_- 1i!'.: A]~i.HoJ]Ai ~o-JL-j-!;::

.2_c~.£_Ai -".E~~- 4- '.?JC}. o]r.i"B- 8Jl~~,': -i-¾¥-A]9} ::i_ 'T\:!QJ §}{!-~-o] 'i:l.A,:l!ii utJ 

~~~~Qj °aifl~ ~-'.?)·c}~ A]:tt}-~~'tl \':17'·7.:!3!}9}.5:_ ~;>;]'B-c}. ¾-'t·-t.A]$>J AcJAJ _!i. 

q "'f-7,'J¾ "B!l 0J~q~-,': S°iill2i 'it"iii!lQ:jc] ~~-~5:.7} \r~.2.£ o]-6--B"}lflAi :-1. :i:]-~01] 

'.?J~ cij~A].zlo] ~0-]L}lflAi A~~t:}~ ?,;!o] o]-L-]2.} ~-8--0!] ~i5J=-f- ~.g.. i5l1Ai1B ~:z.J

otl 9~81] ~-",f5:J<;:Ui ~ zJa]7t1-t+_ 
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qjt{::sj;;;)-: 61-~ (~~i5~ 0J~~-~, i~°ol:A]~~"7-i;:}) 

B7l'{J (7J-5t!qj~}iil, ::<]-7-~~'§:ri!}l 

~""-7J 2,000 m 0 1-'c);;,,J '8l]~ 0 ] ql1-~g ~}z]-a-}~ %t,TI~ ~t~, ~~-, ;:q;.,16}..£. ~~l 

'>'-}a:\ '.U'=- -'-l7$j~}~_o __ Q_ -';?Qt} x]~o]uJ, o},&c~ z]-~-&-}~2...£.~ ~~t!- z]Zf¾%o1 

9=)C,i,4-~,L '.Ut:- $'1_-e-~1~ 0J ~-:± 1)] z]~lr~joJ] ~Ji} ~!~~~ llH_-~-•'c]--~A] (back-arc 

hasin) 0 ] i::-f (Karig, 1971; Honza, 1978; Uyeda and Kanamori, 1979; Kimura and 

Tamaki, .1986; T:ci.maki, 1988; Jolivet et c1.l., 1991). %.S-B -&.-¾#--z]S'} T\11-¥-~- ~-i-R-A} 

-'t:!:i!J- uJ]!fr7}.6. -'r§}% -'g-Qj ~-{:_- 7}';·Aj~ ¾¾-~Zl~ ~-'1- A]ZfT.:I: ~E-JloJl qjt} ~ 

~ uJl ~ oJ] ~ ii' B_ 1,:) o 1 ~ J.} -\5'" r~l YLll 'U 9-. 

_-:I. -'s-~'} -'t- t,l] oJ1 Ai S>~ t.l] 0J'?Ff ·C ? -~ ~ \'} ~ JJJ- %-~-{t-z] 9-J 'cl-% r-H-q-* ctl A-] {l t] 

~]~,-1- (Schluter and Chun, 1974; KIER, 1987). ci~]i' rjJjiflS_~]•jej '5]'j§:r>j9I 

~~ (Kim, 1981: Chough et al., 1991; Lee ct al., 1991)9} ~~TS::z}~ JBliJg ~~ 

_:i::.1(-.£.~ A]-=r%C-{ 'fJ-A}7} %t.TI~A]oJl-"i '4-6gS10\ ft-Al~ qjEf-11'?.l z]-=?:I:~} ~,:,:jAJ 

g ~-f"1i t} (Chough and Barg, 1987; Chough et al., 1989; Park, 1990; Lee, 1992; 

Yoon, 1994) .. :."li'-~L-} r~]~--;t-~~ -'gtl]z]Q;joJ] tj]~} ~-Al-fHs'- P_,! <N--f-C op<j_t;:_ u]*~} 

~AJ 01r1. f;-c:iBoJ]hl .;:--lB 'ctT\'.l~oJl !?j1}- ztjn~i1_1 ~tA}7} ~Z:Fl2.s;. 7~'3~~ }l~ 

1992\j_t)ll ~~tB 0J~-7-f;::.7} r::}¾jB'J J8-Aj~ l:JA}AJ-lcl]7~ '.j(4',0--j~ '17-~ ~-"f-2j§_~ 

A}-§-~} f,-,]r} (~AJ-~ ~, 1995, 1996, 1997). 

~ '?:!7-oJ]J--j,~ _;ij-3.J9] 18-Ad»}A}.B-91 ~::;, J.]2-j ~ tB,~7ltJ-~ A]];lJJ;;>;j_Q_.£. 7-"'~6~ 

o-.j {P1-%A-J9.} 7]~"T-~ ~ ~ 'if~.Q...£.~ %¾~7]9] A]~~§-}A}¾ o]t.B"ii}J!..7.} 'l}-·c}. 

o]-~ .'fl-8"]-oj ;]it}~]- 131 s'j3:J·"¼~~ ;~-A-1, \'!r~J,1] ':;'.} zp~f-f?.E~ lf~"6}o-.j -i-6--!f:-A1~~ 

1,:}"b---ri, 7 l- A]rB~ .A]..;-TS--, ~, 1."6}2L ~';'_} w ~_:if~. f--e- -3PJ"6}/] 11~} /]::I;.;,;jg 
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~ 31"-'3 t!-9-. 

~-@- ~-"jli}'fJ-,q 7]1il- 01~-~T-~-"l 9-¾~H\l ~A}:rr}A}K~- ,;(B~li:.Jt}-~ ¾-'6~,'f-.A]oJl 

),1 ~],17] iat· t!:J <5H-~11?1 -¥--2- 1:1~7}/~~ ~Al~~~ .:il.tB"'J-~ 1rl-1i:!¾ Al]~··6l~ct-. 
01titl ~~i:!ji-lJ-1J~ ¼t.H ¾¾~z] Ai~ 7.:171]11-2} \I% r.fl~--ig-oj] -¥-~£!~ 9)g ::.!~

~ oJl-"J-~ :__:: 01n!7}6 "Y~*A- ~~4-~z}~ *~~ 1r1-i1:--"J i iJ~f,:}.JlZ} ~}t.+. 

%%11 e¾#-Alst :i ¥-\~Uf-oJJAi {l1r1- AJ/41:;is: ~ %~~ -"J~1-a- ~7iiJ-7J ~,:,}~ 

't-~ \'Fi'-l:I -<'-'rcl~oi] 'lf7l]-'i) c+-;;c>l\'l ',[-',Ill]- 'rf-<H}u].;,_ ¼\'!>J- 428 line-Jan-"I 

'e[>Jirf ',l->f7f {j>]"i~4- ci"J-f•l"i,O. '11:·S;'ql0<]oJ],] "1'11 'i'-11°1 "l' 1,800 m, '/1:';:' 

\r% qJ~.ig..oi]l.H:- 0-l= 200 m019, ¾¾~A].9.j ""'5" 0J-_O_£ ~4-~ 1~r ~~A'j &]rJlT{J 

-;c 2,200 m >J'c.s'. {)'11: "]'ii \'!:Of;, !i. 0J.<'.5'."'I r+ 0J'11: "JEJl-"I "1"1-vt"il-3- '-+cf..!! 

q_ -l'- •l"loJl'i''i 71<"-"1 'el'll"1-'rf-<f '?l'r-5'.::: i-%-l'-"1-"i >i's' 7JAJoll-<i 'il->1"1 >f 

lioJ] £>i~ ~-3]~-,3:j~ <aT (Yoon, 1994), ~-~6:/¾7B~"tfA}oJ]J,] yij~!- -%-¾~A]~oJl 

"i "-I 9-¾ >1 \:! 'rf ,f -"; ,;J (Lee, 1992), '11:"l-'1 °J \'! 'r- .-:-1} '?l 'r- '11: -& 'f cl {,'-;,] ( '/1:-'/}j? 

~-~ %, 1996)oJ1Al£>i 9--'t~HtJ ~-AJ:rr}A}.fi..7} 919-. rr:l-4-"l ~ 9Fi'-~ 0]% :..}_li~ %'"

'I) ~, oj •1 6j 11--"- '" -¼j "' ~ ',J-,q "l- 'a O I -"I oJ] 'c. 'I-""" 'a '11 'I! oil Aj % •1 -"I :i I 'li'H I 7 I ':I 

A]~ .£"i}-1}"Cf (Fig. G-1). ~~-tH 0J'?F?-:i:.~ fT\!21 ';'{}-@;- 4]~"5}'9 ¾%-t·.A].Qj 7,] 

~1-=r2 1;;.1 AJ~-=r~~ mil T ~~ ¾.a~ AJ{"J ~ ¾:i!t"5}~ oJ:~~ i:+¾J~~ 'f!-AJ~ 

z}R~ ~.!i.~t+. 0 ] ~~.° ~~~¾1H~i"A} 'S--71 (Lee, 1992) 0 1 Al4A] ~~ ~A] 

-;g,.{Jlj!-Q:j ;:(_j_!-,!_~ Al]-"N-t!-t+. ~Bl o] -~~,':'_ ~~t~ 0J'?!-=?"~7} 7]~<>1] ~~=;~ 1t!-,,_j:rr} 

.A}li~ 5?..T 'tl.~:-"]~..Q..S..Mj ~A}~'Z} cjz]~ ~r-"JJI}- A}liuJ~ 7-~B}-;,j] ~'.rjt:}. ~ 

AJn}z}.E ~~-"l, -£-¾~Al~ ~.!j!-z]~T3": ~ ~1~¥.-.:..]oJl 1H-1+9-l &1¾ 'P"·1'6l O:j 

t] ~;a:J<f!-1 ~ _;lc:j"5}919-. ]_f"6] ~-1.}:;11.~ ~~"6~ 0J~7-±:7} .!z.-{t-5}-.Jl ~~ iiHA1;'1 

-l;j;)-



' ------------ ----- -----

Line 1 , 
J£' 

-- .-e __ ,e_ •. 'I!'._.;¢ ' r~ 
·•·= 

() 

Fig. 5 1. Location of seismic lines. 
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0<l'z!lll (OBS) zfs. 'Ji ¾ · ;,f<'jZf.ll. %:i!J "1W,_l,l7I ~"Ofoj '\Hl~f'.l/-2.uj, JO :ct~f 

. ..<]£>~ 11-¥- if±"',rilt-A]-li~ ~~t.}o:j z]T~ W 7)1}~TS: 1!~-~ "flt.Etr}'iar+. 

,0.'r2.J1i'-"I •~H/-¾ %, 1995)"1 %•'1"'11 ~•I~ ":"1 l.° %,'1 "J-•J.<U,. ~~i:Jlcl 

L~.2.J ~~~z] TS:~ ~ 1.!.L9-?1-9 T{l 0] :;J-4f-t>] ~:!:}~·q_ ~{! 2t:- ~-~~A]oJ]J.-j 

¾~5.:.-¾-'b~-£ ZR-kJJ!l,{± A}o] ~ 'i:}-~ l-lJ'6-J=_Q_£ ;}~A] CT;" :;'~o]q-, o] ~{!,'2- ¾-'a--

5.:. -?~8"Jl~!!-j ~~ 0J1)-g -?£ &°'{~JI ~i.=f-. 41! 3~ ¾5~Hl-_;.:] ~AJ~g u:J-~}J--j 

1991\'l •1"11'1 ;,j'c];,JI 18-J.f"fi!"i- %'ll-tf1l 1/'ll-tfoj 'll--'Hf zJ•]Bf'.l/i:J-. 0 1 "f{!,° 

-&--'5-*A] ~%~:Coj]A-j -&-~¾A] ¾{l_o_~ t.J=t.}-;: ,;{!o}l.Jt, ·6'-11-¥-.2.J ~~~£>l T3::~ 

'l!- ctEJ-\!!i:J- ~{1 4c: %%1i'-"I Ai,;, 1711\'l"IIAJ-\'-Ei ~~ 'it% i:JI-',·:}~ 7<jLf;:: -~ 

{! o] i:J-. 

-&¥21'°'oi1 1l*l"l<>l '.ll::: '1f'a"1-11-"l AJ--''\l,'.'_ ,Pa"1-:'s 'll-~,_1,1::: o0<>1 -cl,? 

-i!1!-*l"1I oJl';j--a];:: 6.§.i!jo], .::ii'.joi 7].,.1/->l!a. Lf'tli:J-. ""r'J-"]!a.;:: Konmap %'If 

~ ,1 ·~'a Al,-, \ll % Af-§--af '.l!-2. uj, '1'! ·?-1!"1 4/ .'c. :S 5 knot.s!. *"l .. , i:J-. 

,Pall}'ifJ.f '<}il.~]C: l'!?c: ~~•l<>J'c!'i'±7f %•1"11-'i ?',iltf 0 1"1"1 ,J-Af (~, 

'll¾ %, 1995, 1996, 1997).2)- 7]"! "1:::.-1,i1 :;Je<j"foj !El% 'i!'l!.'c.:.o ,1;,, 7<}-'l..2)- ~ 

711 "I .a,~ "r '.ll .SC._,. -af '.l/-2. oJ, '<} il. ~ c; I'! "r;:: Table 5-1 oJI "r .;--tf 'l! i:J-. •I il. '1 21 c 
CGGAf.eJ Geov<>:teur;, 0 1¾-af'.l!cJ. 

xJ.fo<]"l"il:..: !El±~ 6 km O]'J-"l -'¥-"1¾ <li-ll'a -"Jaj%ol -"Jaj"l<>J ufol.2.-'ll o] 

+"I ¾%-l':"l ',1:,r.-11on i:JI~ ¾.a~ 'lJ_l;I_:. >ll,.1.-12 :ucJ-. 1c,1 11c-"1 'll'a•P1oi1::: 

:o:f1r7]-'1! (volca,,clastic)"i] "I~ -"laJ,i-3!f 4'1/-oJIAi ¾'ll'e! -"laJ,i-0] -"1'1°'12, 01-f 

"I];:: 1;'-'<l7} ~H}-afoj 1l•l -"J>lj,i-% -"JajA]~~ 31°14 (lnoue, 1980; Park, 1990; 

Lee, 1992; Yoon, 1994; ~'I/-¾ %, 1995, 1996, 1997). ¾7I 0 } 0 ].2."il 0 1~1-"1I >114/1'! 

£1~-3)-%?. 7]*<)] ~~ <>Pf-~oJl ~H% (fill).2.1 iF.ll, ~rJ=-W- (mass flow), .:i1.-~H~'Y-~ 
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Table :i-2. Acquisition parameters for the seismic data rcproces';cd for hit_;h-r~solu
tim1 images. 

1994 1995 1996 1997 

Source i 
-+···········-·-· 

gun volume 

operating pressure 

number of guns 

gun depth ........... _ ...... 
CMP v rn~~ cu '- g<. 

?.S m 

tim 

29 • 

50 m 
-~-··· 

11.~1 f, (690 in·') 

13.3 MPa (1930 psi) 

6m 

29 

8 

-

:xi m 

.... ---

R eceiver 

number of recording channels 58 : :i8 56 56 

near trace offset :Bm i 83 m 90 m 99 m 

group interval 
CC........ .. .................) ........................... . 

25 m 

streamer depth 6 m 6m 10 m 10 m 
.......... , .......... ·•··········· ---

Recording ······························· . . ... , .................... . 
recording instmment 

record length 

sampling interval 

lowcut filter 

5 s 

SN3Ei8/flMX 

6,G.bs !Os 8s 
...... ,..................... . ............... . ....... . 

2 ms 

8 Hz - 18 dB/octave 

highcut filter 15'1 Hz - S.1 rlR/octavc 

notch filter 60 Hz -~----eod-------..c..; ·'-'=---~-----
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(paleo channel) %2.J ~~ 0J~~ -'+7cJ~_o_i,:_ .1!.'{!tj-, ~-'{! ~]47] ~•7]oJl ~~!el~-•

-"- .!l_oJ:_: Jf_¾ 'l! aj-','- "i'J\}_6_5'->i, tH<,-"f'i!-"I -;:J-7ci,foJJ:C •'1'11'-fEII (slump)oJ] 

'i:! i'l:"1 "i 'I >l- 0 I 11 '1 £1 <>l '.ll :il, {I >H eJ l\l "ii ~ 111 :s] "ii :C "1 "1-;,- ( turbidity currentloJJ 

e]~ !>]"JAJ-o],-J ljj>J-£1-"]AJ- (planar !acies) 0I '1,,t<1<>J :l}g (~-l•j-;;s %, 1995, 1996, 

1997). 

7]\llc'll' -$1°11 "i"i'c! "l-11~ z]';;'e] 'li'a\'lrll~ ~,J-of7I -$l<H ¾~,'-:s] ,J->f ,i] 

6-1-',Fi'- ;;:ila]j •i"l''li·"il-'i -ll'il'c! •IZ!c¾-'i (Lee, 1992; Lee, 1994; Yoon, 1994; ~'))

;;, %, 1995, 1995, 1997)oJI iHe" 111uJ-afs:1r+. 0 1"1I uf 2 \'l, 1', 'i:!'r:<l"JeJ "i"i¾-2 

111·'/-,'- 0f 0 l2.•il IMioceneJoJI 11 31'<! ;l.2.5'- ~1l£1~t1i, 'i:!tlloJJ uf"1- ¾7] 06.6-

11.2 Ma: ,;-,HI IV) 'l! -f7J nf 0 l.2.>ll 111.2~5.3 Ma: ¾B~I III), -~ef 0 l.2.-'II 

(Pliocene, 5.;)--1.6 Ma; % B--$1 11), .-:Ir~ .TI AJ]17] (Pleistocene- Holocene: <1.6 Ma; 

¾1i:t-$-I 1)9-J 47B ¾.9..£ Ttf:t.}~t:l- (Figs. 5-2, 5-3, 5--4, and 5 5). 

~TcJ~Al n1"""J'tt' %, 1995)~ %~oil ~*l~ -~{! 1.t!.- ~~r.llz]t.ljs;.J .!;J~f'.-A] 

-=j'-3':~ ~ 12.o:JT·9, "r{J 0 ] 1,200 m 1f"~ 1,800 m,£ if~i>J ~~t}4-. 0 ] ~-Al'.;: ~-:i;-

111:<]yjej -'I- 7],f;'l} '1h,0
'/ J-foJ 0-J s'J'l,',<]oJg (Fig. 5 2). 1995\<9] 'i:!'?-:<]"J'ti ~ 

'reJ:/.;z]oJ]i= ?8 1,500 m :,J£9j '1°l<>11-'i g-oJ7J~}'lJ- -$loJI £1tll 1.4 "° '¥-•11-"I "i 

;<J,;• 0 1 "i"i£]oj :lie+. "i"ii-Lll<I C::,'il-£ -;;'! (folding)~ 6 f-'/- '}{!;-'IJ-"I o,J-OJoJJ-"I~ 

5! 01~ tj-T£>1 {l1i1%~· 0] ~t:J5..J 0i '.Utl. 3:.7] ~A] J.~"J i::J-"]oJ] tJ·%t!- 7jtt):1} ~

-~-¥- (basement high)7} ~ig-s.Jo] CV,.9..9 ¾B--$-l III 0 ]t.}-oJ]:;: .§}~~½~ (volcanic 

cxtrnsive) 0 ] ~-<ll~t:t. 7]~1}~ 7]~ 1;Q sq~¼t.llSi ~TI-:6J~~ .ultl--2...£. op~o-j ¼ 

UJI, 1]\llc'il::'. .ol-!}l]f1°J-ll- <1-'l~fcJ. 'E~f %->i ')J-•J_o_;;,_ 'lJ,BB -B'-']01 C:ll (~,'it 

3l~'?J 7]'ll-~ -f-~, 7]~~ ).~Aj -f-Q.j ~{!--I-%, 1\:!¾ 'ij-)g 7}A].:i!. '.;{ltj-, 

~~ 12.J 7]~'if~ 7J~- .H.%21 tfrA}~.U} ¥-Tr~~ t-lP\l-it!"A}7]~o] ~1Jo]r+. ~"5] 

7]lfl-1}~ {!,q;~ 0J~ i,~A-j{!-oJ]A-J-¥-Ei ~A]~.9..~ if.lcj"5j ~7}-~tl- ;tjtjj 2.4 s TJJll 

~ ~-3:J¾o] 7]~t-1} ~oJ] §p:js.jo] ;U'.;:til, ~¢:J¾t.lloJ]~ ~11-5:. 7J1i:t¾~o] ~~s.J 

~ ':?J.t:}. t:H-¥-~ %-7] w}o]_2_.,.~-l]oJ] ;g-3:JB -3;\.9...£. ~78~:;: %~-~ IV~ A-j~~ 7]tfl

'l} %¥-tlloJI 400 ms -?'''11"- 'f',J~I 11"1~1<>1 :ll:Ct1I, ~'r"1-!E-"l"il"i:C -'F"1l7f "1'11 

900 msoJJ i.a~r~. "6}1¥-21 1B ~ ¾~.g. f1-TT~1 ~ 7] ~t*oJl jJH}al ~Ell£ &~ ~ Y~ 6i '.U 
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Fii..::. ·; !ntcqiretc,1 r111)i1·:itc1I :-t'l:--.mw :,(·clHlll qf Lim' l Ill lilt" Kore,1 l'l;itc,111. 

!GO 



Fig. 5-3. Inlerpreled migrated seismic section of Line 2 between Uleung Island 
aml Ulleung Seamounl. 
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Fig. :i ·L [ntc>rprelecl migr;itcci '.;c\ic;mic sect1011 of Llll(' :-; :11 1lw cei1u_•r or llllvung 
Jt1s;in. 
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1-s\g. S-:=i. Interpreted migrttted seismic seclion of Line o in the southwestern 
lJllcung Basin. 
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t:}. ~ q]1f..'?i 7JO~Jl ~TJ-2-F4'?! ~~A}1fl,° ~-}{}-tl:-%--!lJ- \11::i~-'fl ~l~-T~ 0~ (volcanic 

sill)~_- 1+E}\Ht:}. 

~/] 0 }nl.2_Al] 0 l] id~i'tl ~ <)_i,1_ 4-1JS]'.-: ¾\1~] III.C:. -I~-~ 0 ]]Ai 600 ms_;:,.,_ -'-r-'<l:>1] 

1-+Ec}1+.l!_ --'-i*oJ]A]~::: 200 ms_?_ ~JJl] L-}E}\:!-tj-. \fc,;--o-]] 911?:! °3iiJ:¾ 7}7!- "t'l- 0] ~~{_9_ 

nJ, ¾ YPtoJ1 -~-Tf:3]-t~2 ;,J-~ Z!.9;--R- 7}:;sl Ll!-Al-li:!_g_ ~l{}tl--6-611 aJ~- °31}=.Q..£. ~ 

'?Jt:}. ~?--}o]_<;>_;.-1]oj] -~P-l'i::! ~--9-~ ~~i-'rl-t ¾1r±-9-l I!~ ),Jq] -'fJJl]7} 180 ms.S:J-l, :i;q 

-~,¥.-;,;] %~<~] -'f~;l] ~~ :?).IL 15l]:>:i{~~2-5- 7}~Ai 13~l- 7cf~V}c}. -,:,-pf 7J7Jlrt!2 

·€~U~ Jj-:;sl i 0·2_£ L-}£}\:!t:}. •~\±1] J,Q: ~-"J1f-¾_2_-~Ai i\i]47]oJI ~AJSJ ~l~c;;"ol 

9-. i 0 2] T771H--'- ~~Ll]Al~~ Sj,':i¥-AloJ1Ai ;t,]1:lj 220 ms 7JS=.n/.:v.., %~_<? __ ;;,_ ~T.£. 

-'fll]i]Aj!,--=- ,jn-Jo] 9.U+. r+P-1--¥- AJ~-~<?_l (conformable) !.ll:A}~g ~;;,;J_6_:?_ -t}~. C;} 

-'?J9l %\-:l--'?l II~.'?i 1Pll£ Aj'fl~ 0J -t'}-;~]ll- -9--1.-J]C>}t:t. 

~ ?£.Aj-z]Q--J.'?i A]<l7-~£Ai'.::: AJ~<:-;a ~ ~:::l"t.x'..~ ~}~H} lll]A}{l-:* %-o] ~-?13:l 

_Q..5'.. -TI-fPt!.1~-- AJ1;--!-¾,°_ r~¥#.- 7]~'{}- 1].'?l 1i-3.!%1-tloJ] -'?~7-]"5}1.tj TTY~: 3_.A] ~t:}_ 

o]~-€; :'f-.11 TTj-<">)_9_A]]~">J] .crs.. 'tHi£l~tl 71-AJ f:'.- AjtJ-t~t {l-:i;-tjj.A] 1i>.]~-~A19~ 

E-S 17:ll~ rrH:.}Ai t#,"'-;if"5]-_Jr_ %!,~~, T~ 'dAJ-Ajoj fil2 i,t--~·2;;2-) 9J-1}1-~ -~i'loJ.9_ 

All 3:. 7] q. r~ 71 oJ] Al] rt J.j fl 06'· /-j ~ .!i!. 0 l 7] .5:. ~} tj-. 

9-. ~1! 2 

,"} 7,i 2~.:: ~~~t~Ajc,l]Ai %~.5:.-½-'l15]~ft}~ A}~J]~ 1.-J4 1-')}i.J~~ 7t5..A].i:'...i-::- -~

{i 6 ;-tC_)..i -~--f;--!L ,r;J1t.]<;tjQj §j 3:j 0cr1.cr-g <t- .!1.~;.:;:cjl 919- (Fig 5-J). 

1996\:! ';1--i'AJ~~l .g,--~r!.-_ ~-s_ 1+~1~ in~ (tH}~- ',;, 199G)Qj '=i-?J 6 _ _;:;!_A-J~ 3'1 

tjJ 4,000 m 7°",JJ]9~ s']Ai{~ 0 1 ~}-'.:.!~-%oJl ~1in ¥1oJ'f:! 7]1tl-'l}- -'?4oJ1 ~]-AiS:161 1,{r:}_ 0] 

A]'2:joJ]A1~ ~]{-HJ] ~%9-I ~-_7~7} 1i:J:-1.j4 lit'f:l~"ll i'Jo] 1-}F}-~~r-l]. 0]£ ~1t1- %15H 

1.~1.j + !iJ-,:i~7.1 \:!~~ TI~8'}.il. sJ;,;i-7-±~- If}<?-f"<'>}~: 1A] r;:_.g--a- f,2 :?Jt:}. A]~ 

-=-r-~-~c ;;]l;ll'+foJ] ~--71 ~A~ A]/]oJ] A,!/-"df:! 1!1r:J:-%o] -?--Ai]-8"]7l] tfE}LH-~ tfl1H, ~~~ 

%t.JloJ]C ~~}~·';;-<">)] 9--jk-l- -1J\±--::J-, ~~* 'JJ s}~-T:;JJol] 6- 0 ] -9--AJ]Of-Jl] ¥}%~9-. ~ 

tl. "5'1] a\o]_9_Ajj~ {!?1]5'.. "6}o:j "'J~-¥-5.'t (>}%-1--7} Al~- tl~ ..<Jlr.l-¾ 1F~~ .!,!_o:j 

';5"_63.·¼J ·&--%'-~A)g.J W"1€"A}oJl -6-.B..7(!- \:l_-Ai~ ;~-ll~"5]_1r_ ,U-cl ~~-1]% 0! 1Pi£]7] ~ 

'?l 6/] n}o].2_,,;-1] 0 ]:;i;-loJ] ~~:A}.7.]~-~ .§:r~}-'8 "l7h!:!~c] f-A11§1-9_1.tj, -~7] n~cJ..2..A-11 

W7] cJt,:>JP: 7,]"5}1-1]-¥-!!1 :Ii)-{!·.~] tl-% '31 ~;.:J.9J aj/J- %~ Aj-f,:;f ,$--1;;:oJ] ~?iH \I± 
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~ ~ ~ k-~" -,- V "" ~ k 1--"- 0 I L -',- 0 ~ 0 ~ I ~~ I 2 I k- L I I -c -, i~"tato [Oil-CY [b (["-{YL"'" oe~ 2rv ·1t:.">Ft-'ltl::'. -....;:,Y27'LtL'L [()~Y:-y--,;:: n 

·1:1p;f-1~1'v ll~to Uo%f?-iVW -;; ~1~F',ds 

tok-2- -IY~k~~ --b:[Y 19-~ ·-pfo ~ ~ ¾';lw.%~ l¥{li[lf7~ lofv·t¥k~~ ½LY 'b 

lb lol=cf2t<E -br-%-fi lokn~~{Y~ 7'-!.!:Y ?~(AIBWOUF. apmnctwu :Ouo.r:is) .g,[o½di: 

-W.-fL IC{"; lofti.fot:zla 'E-[.@l:oi.½ [lo%[o ~\?.ls k,[-5[:.,R,- lo*~¼'~ -kt'y~ ~to llo 

·2-7ty[2 Wv1¥ :·~2o~lz:ltJ-T-,& ·-b[b l-ol:'i~1<;.- ttlk{c;,cfo lo~- 2·0,~-B--Wka_g --kPY 

l~-~ '~l¥ln -~f~~ \-dtLI ~-8.% [o~~-tA lo*-kltl ·-J::i'fo E"2l:o-R ~-l~t-hh~-bo lo 

f:h [o[y-f-i_ ~?Y~Y [o{v~k~~ l:oH ~1u{E{y{R li'.it"~ 2Q{£{Y{gkl.~ ·irlY -"J~- it 

·1:1v; l:o~ lf-l~i, [lo\c,o[:e:·~~ ¾½lb ?I bt-P-i% ~[=.~'? 2-oR'. g_[rf} [lo(Lt[tz 

·1,n; 

[ol=,~--k [loH tt-ti¾ [o~-tlft'. lo¾idP %:fi ·p.r,s 7 ¾ rr-bfo [-(,{6 bfi"~t'.~ llo 

1r< 0;s I,- [a fya"-{Jr{yji. 11-fL E lo Pi' [,<-/Lil- lofo{;.ffe El ¾'Ir IHv-f, j;,fy il, [oj}{', k [c 

-?:lo ·-t.1IoR ~:-.F-t;:" lin~·¾,f,--l§ ?,Fo ~-20~[1'.'.fp~{.g .;7~-8.¾ ~¼ ·v.:r~~ [loSW 

O\)S lb[~ -ldltt--6- 2[3~ ~~~ ::::';--kttJ. 'l:-,[oR i-¼{Yi~ f;::{L ¾-k-B:: ~-fL -";}~[~/~ 

to-Jd.g 10*1"',, t-oknf11:--?R-W ·-pn; 1!'l¥:{L :Ska&"'7f'd~ tolh1!?9 -6-li~· --s.g_fb. llot't-2, 

--&--~-{?.- 1't-TTil1 ~t-o llo-5-ffi:-lv-N O'II ~-Y-1% ::::';f-,f}'.'.c} 20fL'. EH:.::rr [lolWOlo-l21t 

·t,~lii::~ [otl<lrnc&R~ E l!<it't-2- -B-1-~t:tlig ~-{-\ ·-bi0 l-ol='>~[3 ?Of-,,{Y 

¾ [loRi.-k{.g_ ~k-~ [y°[ii{L ·50*-t\ tY[loW* 'b:iloW ~[la~ rosrn 00£ H:L~ kllo--k

-i'o<'.· lol~'lr :;m ls'R.¾ i½t,la l~lfYo[o{n le-¼ '{o[oSW oos =:itu•, [o~t,,-ts: tt1['!' 

·t,n; 11.--l~Hi::~ -~lrnfu-b-R~ [loifif % '[-[lo'(o k>t5~.;d~ 2[3~ lo--'iH~ llot-6 i"'o-TTdL 

foPL[>'~*¾ ~-AI [-SB.% R,¾ lt-l-'?~ lo~[¥.'.{Y-=E -t¼fl'.'.-{: ~lWO[o{n [L¾ ¾--k-lb-

·+1 "!¢-§:-Vi ~ ~-t-" ki:i. Err-=-'.-{Y-rn: 20 -&% lo l~ iv 

{a? ::::';{.g_fy}:- :St&WlL f!lO~[vfQ.Wt ¾1't~[;i -J.:-i'?,- l-of-l(lFfdTI) ~--& ldLL[l-YO[o{21t 

[L~ ~-Riftr:lig -b:lY W-f\ "b-~W :S=t¥~ rog_ WlL ~{:n llo%{#{y~ to-klfl-l.<2-[¥.'. 

1t ~-8~ ro-x~lb '{y[?,:: ::::';[,,:[-olo i5ijg{}· tY~g, -#-kfb. ~1'tW[L ·~-t'clo ·t.i-Fdct-b 

lo*lL R,~['?.g_1t [loRi.1f ITl,,:[-1.; {L{YPL 2·of,?{'µ ~?i 20f¥~ [o-lY~kHi%¾ tt 
-~-~% {o[:,::-H1-E-l} ~foiR[L Wl'i:'.~ [lo[o{Y {Y{§t:tRi-S-¾ E~-6- -lobdt:tE-¼ '-l:ilo 

fd, lo~(t{Yif! -idh i~l~.g_}t t.:rµl{y{R to¾Jf ~-fL -V-~·TTdl' 'lf1~n<i tQ[-,,;~f} llo 

~t -t'bift[,:: ~-&-i!l 2-0--f~~ to-&~B---m lo%~ls tollii-½ s :;:n lPt~ ~~YlloZ f-Y~ 

·tilt-l-2fd'~ ¾[-r:-g to:z-t: -1}-&-h· -;;-JZ folii::~ [-o[;r,~ 



l.lB /, Fr .3": * 0 1 ~~ -7-J z~ _Q_ .£ }j .~ "El. tj-. lj f} i~ .g.. 5'j ~ ¾ L-1-1 oJ] A 1 &1- -'J ~}- -x- oJl 9-j oB ~ 7 l 

1-1} 01.9Al]oJl 6J-"d-B 1~· 0]tl 7}~}- ~ ::<J';}-~~-2_ -~-~L}JA] ~ {l¥- 6B;(i~}"'J- t"~i9~ 

±Tfsr..9-] J:JBA}T5:t ~{-}~',;'oJ] ~OB ¾1t!-~l I.'?~ £P'J¾t.H 0 11Ai {!~¥.!ct-. ~+t--.ii:f- ft} 

~il1 ~v:--c r~l-'t-~- ~p:J~;;:J ~6" 0d·oJ1Al ~~ ~lll -¥-~.2.~ 1]~s:~o-] ',~L~-9. ~a-] 

AJB--~-§': ~,;-l-~';;'jll- ~7.]Qj 1.]7J -'8--oJl .<?JtH AH~Aj§}.'91t!Al ~'d.!8 5!-2...£ -'?-78B 

cf. 

"B"l t- ~-~ 0 1~. %1l-¥-9.J 5'~~1·~.'?l 7±~ ~ Lf·Ef'd-c}. 

19971;1 ~ -=r AJ sq iz! ¾-·a- -:t- ;,.1 "?[" 0J ~Al c ~"'J-~- % . 1997) c::- 11-'Tal 2 <5w:i:7 ~ .£. T 

;:£:;'-'; .£,.,]n] o]~ .:il.15]7:i-~=-s!.t- Al.£ <:,1~Ajo] oJfr_0}9". !:f.~ -&-¾~7.] Al~ 7JlJ]-¥

oJIAi qj~Al-~-2..~ \t~. £i-3f~~% o]%A]'l]~ {,J_~J:'ff"oJ] 9-j~ ~~"-J-~ ~<?ll~. tB 

Al'aQJ oAAi~-=-_i:;!_oJ] .'?]6H itj"-J--¥- ~~% 0 ] {]--"]£1~ ~~~ 0 ]%6ll -f±ol0}9;L11., tH~Al

\:!~l 1.j,qi;:!oJ]t AJ-\jAJ-rH %6ll ~~t} #-A-~·"'JtlJ71- <?_l;:::.]"f!t:l-. ~~,'.g-.'?~ 7-7i'J}71- %~ 

.2..~ U-71-B"J T 7<J.71l LtEt\..t'c 7>12 rHTf~ .:iltHAl"i=-5..4 ~ 2J=#-oJ1 £>ltH '&-2 ~~% 

,].-'>l!..]o-!.Q..$.. oJ.),] 6lt7 
T Mn ~ U '-- T. 

0l] tj{~ \!Al"'~~ .:t1]-t,'-'L!T+ (Fig. 5-5). o]t- ·Z·¾{E-7.] AJAjAlo!1 "tHf€ ~-2..~ {:-AJ~ 

-cr:7], s'~~~-~ 9}{}-~%0] ¾.rL-tl ~oJ] ~-~~6i AJ"5'-~A] ?J-'.?Jcl. ~~%"] A]T.]: 

~ 9}{-l-~';;; -91 c;:!l'fJg -71~..J 1t--<] '?i·.:il 71]'¾~~.£. -~~-¥! 7>i-2..5.. -?-7Js.J9, +7] u]

o]_9_A71 -t},¥--9] /J'I}- ~·'f-& ~{t~n ~~-"l- =ti-?jo] ~11-. o]c1~- 1l-¥- &}AJ1:J-~1-C ~l 
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11<>1]1= rijT/"£ '1-'1% 0]%7]-f~] $l•J-lt'-+ <B>i'r.s'. 'i'-"';a _>l_oj §4°].2.>ll o]~"

qj~*::i!f tj]~A~tt!oJl si~~sJO, '.ill;:] ~2 °J£.] !il~~o] ziT.<?-1 tH-~H:!oJ]Ai -1t-zl -,go. 

{1.2.. s: 01 % §1 .a- ,g ~- 7" S'J q-. ~ iiJ * B-i'~ 1 oi1 ~ ~ i'J''fi- on $>J tH -W AJ B T ~ s_- ~ ~ 

~ 1t!','-J-~ (chaotic reflector)¾ ;!'::=r:}. EE~ ,~ia~] IE~ AJ1f-ol]::: 6lt:-] 1H£.J ~AJ ~ 

u' ,>.,!<f 4 f • I •--

-?,-~ 4~ %~~~7-] -1•:i~ ~:JlJ1i:!oJ]Ai-¥-Ei ~-=i;- T:f-'&- rH~*~ z]4~ ~{iojc}_ :S: 

,l.}.A]~si~ 7]~'fH2_. ~~ 7]lfl-<J£.J ~-11 g ~O;Ff-l-f <?J-¥-oJl .... i:: 7J~ {!~~ ~)+~-4 

1,!_·T/""i ~ i.Jl'I- >~Af7] "i- 0 1 c; ~J 0 19, c,l,i]"j -"-"- 'r¾"il .21 ~ cf',',fr>f:i!} (multiple)"il 

.21•1 ¾'i!~ IV'\'-E1 sJ•f~I 'il"'l-£1~9-. 

7 l 1il- <J t tj] ~f" A}~ Of] Ai -c if 7a ). } s!.. 4 E} 4 2' ';t % ~ .£. ~ ~-y ~~ ti l ii!.~ 1l1 fJ ~ .fr 

~~ ~~~ ~4~ &~o]~. ~~¾~ ~tj] ¥~~ 10 ~ o]~~~ +~~tj

(Barg, 1986). rJl-~A}1a_oJJ;-i~ 7].';!!-<J2j 1tl_~o] u]..<7-- ~-t}~ 7]1fr'f} <:f'6-¥- ~-~ ~,.,_j 

-tL11 S'J.4. -6'-71 oJ.o].s?.."l]s: ~1l~ 3:,.qz1~9.1 .il-t}~l *'?.1 ¾iJ--$-J 1v:.__:: 7]!fl-~2l 

7].J,-"il rrf~f -'¥-711 \'!.>f7f uJ~ sl•fcf. ¾,t~ IV"il:C: Jiol>1'r"-7f ;':,Jsfoj ¾1I 

u}o]--2.A11£.J ~~% o]%~ lclJ-oJ=Jlt it£~ {14~ 4- S'Ji::t. 

i:Jl-11--* ~7] i.}o]_9_,(~oJ] 1l~i-'f:l. ;!.2..§. 4'-1£1::.: ¾~-'fl Ill~ 7]lfr~l -'J~lj!- 2-~1 

oJ]A1 ¼~ -¥-.?JJJ ~~7} {1"8-}Y-, rR-¥-~ ~W~Zl 1l~3&Jll~ :;!-:= 7~~ ¾-9.~. -=;1-Aj 

~1 <>l '.U "1-. •H "1 'll "ii::: ~,J 01 "i ~ ;,,'-oJ s,;>H~f:: r1I 'd 'ii 'I 2- "- ';:]-:<- ril"'*"'~l'i 

-S--*~_;;q 06'{J-¥-§. ~-3:1%('.)l 6]%·~~ ~ ~ '°r 'k.l.9-. r:Jl~-A}l~_.9~ §PH}-[-? ~%1=.W

oJ] S1l~ ~~t;Jt~7} l}J-o} qJ~A}T8C!]Ai {t-x] ~{)£.~ ';;''t! AjtlJ9! £j~~% Z!:~Al 

7]7]7f •Q-'1- <>l,lcf 

~ c~,k.};,;]~9.I .:<]~~:?:';:::- ~~%3!-j- 7]~~ -"'J'?f-¥- ~ .:i1%~AJ'Y£ %OJ -~~~_Q_ 

£ 3i':!-1!-¥!c+. ~13-~:: ;,](t~} .AJ~-¥- "2-~ioJ]Ai ~('.)] -¥!~£12, £]~%~ 15}%-C!l 9-j-t~ 

"[~~•s"'6-34 "[~~-A}~ •2-~loJPi AJAJ~~t+. EE~ t:ll-¥-¾9-J B:%~.g. ~2.f- 01.<?.,(~l 3:_J]L-}-
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2i5HAJ~~ rf-~~H'il ~Af-:uf- Af-,'ii. AHJ.1c:.l 7]1j,9:- A]-?"·4~1.j ~ij .fL~'t.[ "ti-¥- 7f-!-_ 

~!?.] 1:1~•~:} -'fl,,;) Iif-'q;iJf- ~.':i=.E-] t:+¾~Hl-j tH-Af-:Uf- ±Al- "T~AI ~J:/_.':,;I~: 7c!JJ], J.IZ!-, 

~i':! ~% ~9}~ ~-~.£.~ 7B~'i]9Jt::l- (Cowlard, 1!196). {J-¥- A1"~2Al-%.£.S.. tJ::;B 

.1]'£-.z]-.S.9.1 t.7li:'~ c:r,] 0 1!.:rtl--& ;:,:Jl.?:1i:'lc5I-C ..i!.<51]~5:. .7,1i'~7]\~-;":- Newman (198G) 0 1 

>1f: '!!Rve 01,11 -'f,'a'f<] ll]c,•Sl<>J 'lJ:Oc,j (Cowlard, 1996: Galford, 1996), -"li"~I= 

7]~ ~AJ:iJf- ;q-li~ :-sH~le-JOf-~ A]4'-A] {:!"'J, -"]4 7-;;t_-g- 1:j;ci;], :u}op:i:4't_[ {:11± ~ 

oJl 77}:;(] .;.g-~ ~fJ ,;f-Jll ~%Bf- :il ~ t:f- (Kinsland ct al, 199]; Hill, 199fi; Williams ,:mrl 

Andersen, l99fil. -;;-t.f] oJ] Ai ~ 7J -e ~ ::; Al- li ~ ~B 7.1 t'~ Of-oi jl i5H AJ 5:. A] ~ ~-1?:! g ~-Ha 

o}c 'B."T-~ 1.996~-¥-"c] "l!-~*B 0J~T.'.i: <?1T~oJ1 ~iiB -"]Xsj&] ~.£.n:J, 9l-¥- Z!T 

--~:i!l-71- 1!,,..J¾ ~ 0996), -B71~ % 0997), Kim et al. (1997)oJ1 ~t;\] ~R-. .!fl Bf- ~ 

cf. 

01 'tlT0flAi~ -"J--'f- -<l~--TS: ZiT;:'; -$i6H %6HoJ]A1 ~-~--'fl r+-~~H~ ~}l.}:U} ;:,:}_tt 

~- 7H71~]"8"f-oj .:,r<>HAJ-5:_ l,ll--A}.ll} ~l-i,1g 6fAJ0}2, 7~47] 1t!¾ ~ <SHAi~ -¥--2- 7f-A¾ 

~ W-A]·of-~r+. !.}-§-'cl A}liT 19841.'.!-¥-Ei 1997\! 0 11 <!}-;;-i5H 0c1'~7'i (0 lof- '?>B 0J (~)' 

ojc} "<-]~) 0 11 .s,p;f-ecj %¾~71¾ %-{J.£.Sc. %tBoJ]Ai ~"::;.;::! ~-1- Al:W ~T-§- <fr.>.JTI} 

7]~Af-li %-, J!f--'f:!-4-7-JJ] 7-)C~.7} ·fJ--:::- t'.7-lC] l~.:<~\:l. .zf-s._o]tj-_ 

0 ] '?:l_ ·7-oJ] 0 ] % 'cl Af-li~ i5H 0J (~)oJ] Ai %?JB tH Q:] ~ ?;i-~A1 A]z.fT<?:: '?l-f ~ -~-.:::~ 

2-5" 1994\!'I-E] 1997';:i?Jf.,] 7]~,'lf "ZC 1,900 km 0~ cf<?>A'el ,ilc/s],4 ;<]j'I ~ ,"'71cl 

1~:.H1.-J z}n. 0 1c}. 0 1 .X}_TI.~-2: N45" E i--JJ-t.J!!l 1994;.:1~_ 37H ~<-l.A 1996\1.':i=. PH ~ 

~ :J..i'~j]_ 0]~ i7-/{!g_ 7}~::i:J;:;c 1997\'"l_!;:_ S-J}~11-,°.- rr14 ~~~ A}J:lclr+ (Fig. 

5-6). 7-}~~1~ 13·A1 A]-fl~} :-A°fJ{'_ ½-¥-lll 11.3 L.9] 87H HGSAt ,~-i:.J~Z:i llH\'1.£, 

13.3 MPa9-] ~~-•-:9_ nTI 25--50 m (!-~.2..£ ~J!f-6f-~c:t. 4--871:-_ :J..%.zl<'=l /,5 m~ 

AMGAl 0 }~-~--=i ,-'...:~.i:!lo-JY 56--587H .:<H'i'i¾ -"'l-%<WU.£.r.1, II}i';! ~ 4-,87] :Qo1CC 

li}.:.11-, -6-~-£' iHAJA}..:I~oJI rrt-c.f- (j--10 m.£ 3"::AJ<5}9lrl 7]-"",-t.- ~ rns~ .>.J~-Z!Zil o __ ?_ 

SERCEL>f.9.I SN:1'i8-fJMX 7]',-'l)-Bl~l 5-10 s ',df /]';f<):(J,,'l, /]"f 'itA] 8-154 

Hz 0 1-•J.±2..:i ~El9.} r;n H1. ~,-.7-1~El ~ A]--§-"5}'.?•J1.:} (Table 5 2). 
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Fig. S-G. I.ocat:.on map showing seismic lines shot during 1994-.1.997 by the 

seismic resE'arch team at KORDI. 
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jl iiff AJ .5:. ·;.q ~ 12-~ g ~ /] 11 t} <i -~;;tic]~- T §._ 7J~ cf~{ .W.£<j lij,~ uB ZL'.ii.!•1 (.2.. 

1R 7100) <5]-E.$1]°1<>1] {;l;;tl£JC, ~H--=- SPW ~Ajlit":z.J-_tt. ~t'-]A]~1l)g_ o].~<51-:d.c_u-J, -=r 

-~ll~~ ~ £1-t- .A].h,_-5::_.AI~:: ~~t.H 0JZ!"T~£<l z:!~.C:: P]1..-]4f-uj {Hf-F-i (9_1'~ C2410) 

2- GEOVECTEUR '"'±'>c-'111 "i;, ~¾*l'l.l cf_ 

.A]£.::t1~l-t 199G~J.£0l] 7B~~ )(i?.j~Aj g 7]?,':_~ "5}'.{LQ.oi, ta·A]oj] ~{~:;:l {;'-,~]~ 

c-~ 7H-~,)}o-] ¾ .l,900 kmoJ] ~'61-:::: 11--~1 _;,;]-~_Oj] ;,:i¾A]7'i .JL6B,AJ.£ ,±~~~ -3.j"Aj 

(;J-'.\!_t:t. Fig. ~)-7-£':- 'yJl ;;t1e~:il}~j (,:C-AiS:.§.., .A}~.Jtl+'f-Ei 7-.±.!t.1 1t!-1B£ :Q--'gll}A] 

21 <?J~2.j :ilP'J ;l _lc,i_~~9-. ?-Jl ~1i!]BJ1 ~ ~T~~ oJ-clj9J- .?Jc+ . 

.1) 7]~t:-JA]~ ",9~"£ 2 ms~ .7.tH~ Ar%t.l-1B-"1 -i-1-71i'-J 12 ;i;H'-JuJ-g -~-Al-'6}9:{tj-_ 

7.) -~-~* :1• 4-:::: A]{!-~i A]?~EH£ ~7}0}~~ 6)~~T~ A}%"5}0:j 1l~l ~~-oJ] ;,,} 

'{]-_sc_'f "-cl-af'l.lcJ-. 0luJI "i'i'lc· 01~PHl¾ 7J"J 2.02..s,_ illl"l'l.lcJ-. 

3) ,;- ~1 •H AJ- cl {a- ';;' -a] 7 I '11 Bf "1 'ts' -jJ 'll <}] ~ "' K ~I 9 Z1 ~!f 11_ 3 "1 % -af 'l.l q <>ii c:; 71 

~l.9} ';':!-~A} /d 6]T A1~~1}g_ ;i'J.7'j :z};;]AJ-ft ~-9"-~¥~• ztzt 2'<l~ °J1J .ii!..:Z}/1 

~I, 'li \'l •! c\o <t -'.:i 'SJ '1 ° I -"- '11 ll -af 'll cj_ <>ii "t -'1 cl :::: Z/ Z/ 'i1 -"c 'l! -" 18 ms (l 99~ 'ii -5'_ 

"l-"-l, 20 ms (EI-J5-1997\'l_,;c_ Ali.), 'i1-U0<f 7d 0 1:C 180 ms (1994\:!£ ,cfK), 200 ms 

(1995-19971;:'!S:. 7-}li)<tl ~~- 9Z·H~-iy'-,}l_~ ~-§-A]:{lct. in]~~g 'T¾{:• "'l~A~.g. 

7] ~ 0.1%5~ ~ §-0}~11. 

'1) %~c,I '!!Fi-::- 9<jcj 'c-:of'i'7f 6, 12, 200, ~50 Hz~I 'il-111"! c>JC:::-?VJ- '1/Ei~ ,<f 

-ll -aj 'lJ Lj. 

5) ~-~-~-~i.g. :iltli %A_i!~0]7t Li-¥- EJ-o} -¥-!!_c}¾ 4f.'r.~ 1j~"5] T0}7] ~~,'t- ~ 

-C:- 1f';'l-OJ-o.J, A11.~='; "t:=JA] 7]~-~ ~Pl] :i}]~7}.&_';:: oJ¾OJ-l"L:j T~ -4?-S:.~"r-~ .:..Ltj] 

5~ A~-§-OJ-~ NMO ~-1} ~ ~A]OJ-9:!1~. 

6) 06'tr+011;: 18 dB/octave~ 7,1A}-~ ;!"~ 80 Hz£<] jl~lit" ~<il}3ME~~ ~-fl·O}S,,~

Tli, %-~;r:AJ ~E]Q} u}~7}.Al~- £]~-$-jAJ-¾ 1-}%0}0:j c)t!~-•~~~ 'i'!'}}A]7}- 't}AJ!.c11l] 

4S:!<f_ 

7) ,tJE]~i%i?...?.. ~A]~} %'t1~g (ringing)% <?::JA1]"5}Jl, -Y-~]"5l]AJ-~-B- ~7}-3j.Q.s!.. ~

t:J1A]7]7] ~l'6}0:j ol]:'.';· "C~7,'j~-'f"{1% ~%0}'.?:ltl-. ';5'-~J{- Yzi¥-~~+':- oj]~7jr'~7} 8 

ms 0994 \4 5c ), 10 ms (I R95-1997\:!£) o] u], '?l ~_l-<f 7c) 0] 7} £-'i- 40 rns<d 'ii-~ g e(1 
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Data copy & Trace Edit 

[rrue Amplitude Recovery 

r 
~-C_M_~ ~~~_y-__ _ 

Initial Mute 

[ Prestack Deconvolution 

Bandpas Filter 

NMO Correction 

Stack 

Datum Static Correction 

Highpass Filter 

[!'oststack Deconvolution 

F-X Migration 

[ AGC 
(30 ms window length) 

Source ··-receiver 
Geometry Input 

Velocity Information 

Fig. 5-7. The processing sequence for the high-resolution reflectiun imn.ges. 
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-f_~tii_?jitj~ oJ%'5}'x{c}. "T~:~_AJ ~Y.';:::- %tJ-•d-'B.'i. ~H} o]iti!E.Q.J ~.,q;:; jl_r;;l15]

C<j %"'ff ~-.'i.S'] 90% 0994\::!~), %% (1995-·19!J/\1.X.)9j ~,y_~--Y~ A}%O}S;L,1, -'.,;

;~ ?-Til-Y iiJ-'f-1;:';- 10--250 Hz~ Aj,t,}5!;1,-ct. 1J1r_ 13:1'11 (depth step)C:- ~ 0-1 7-}J:i.S'j ·9-

A1Ft;;] .1t~ ~"1Ff0 7]!>4 ~1r!- 0 1 A}%5c.J~: ~-E- :il.i;'.1'5}0:j (Yilmaz, 1987), 8 msS.. A} 

%·O}~L]-. 7LS:_1t_.AJc)l],(it:- -c-~~±~oJl L}E-}1d- 6]-',:f~7} ~o}?.1A1 <i½·~,-=--~ '6}~~ .71,)11 

%;,,jg --¥-9:l 1i. T5:~78 .°. "{i"f-~t]9J''i':1~1-..:.Q.] GEOVECTEUR ~A£":.~lo-J~- ~}-f\-"t}'x{ 

~°1. I1¾ T?.:l,l_-::~ '21.1?1 _l_c_.1,]oJ]t:- 30 m::;.Q.J AC£~ -3j-§--t;l-';1r:+_ 

0121~ ~fi~-"'J-5::. ~clAAJg_ 7<Pi ~,.,,J~- -rs.12..Aa ra~x~ (Jl%"8"la:J ~A11?1 o} 

¥, 1 s 0 11-11~1 /J-¥-A]¾oJ]Ai ~]4/) 'c:% (Quaternary fault)JI} t\-¥- 7]--'.'_s:'5 (gas 

pocket)~ ~ A] i""]-;?1 i::.}. 

Fig. 5-R.°. 1994Yio!l ~~~~ 7-)..'.i~ :.t]*~~i""]-0:J ~~ 26]-"'J-~ T1::~AJ ,a~_x -6" 

~- -lf-il~ 8000't:\:C'} 8500¥:l A}o]oJl 107~ oJ.JJS'j \1°~01 ?JA]s.Jn.j, 'f}t"9i 7~,q llJ-13"J= 

_9_.'i._ !,l_o]- q11f--lf:- 1 1+t-oltj-, ql-'f-~ t~7<Jlt! 4,2-1;]-;;,;] 'd-% 0 1 'i':H:fs:10, A1],17] A1% 

..Q.. L·-};;.lc5l~ ol.c=c.. ~'--'-,__Q_ ,1 oJ,-1_ 
2 '\_'?_ r M,_ He.~, '-4. 

Fig. 5 9';:: 1995\!oJl ~r-=:;s'cl A]~.9~ ~~-~ (Fig. S-69~ #2 1i--~)_Q_3;.. t~Ailfl ·2-*i 

.Q.] A1)47! ~+~"~-~ 1<1_o:Jf0-ct. ';\~·{P':rl 14400~:il} 15100\l:! 4°1 <?f 8.7 km "T zJ-n11 77~ 

o]-"'J-9.J 1r±-·t 0l '?lAl~"9, 0] 1;:J:-¾o] 'dAJ~}:il 91-C ~61~ 6j1] A];]oj] {!O}o-] Huh 

et al. ( 1896) ;'_ ,:--1 --\ll rJ] ~1'17] <U ::'.,L2-.£ 4- 78 ii) 5'J, Y-. 

199fi~•">l1 7]~~l -Afi.-;':" ,:--J_§_tj if%ti)7l n]j}f' ~ 0 } *~i';}q, Fig. 5-6~ #',3 "'f-* 

1t! ~.£ (Fig. 5 lO)C tf 1J 13 60001{!~} 66001M A}o] ~ 15 km -7<1-oJlAi 71] 78.£94 

lci200\ll A 

152301?1 A]o]oJ] 1i!.. 0l~ ~-S1-7-d- (mound structure) '°'}ll1oJ] ~-~---tf-~ (acoustic 

blanking) 0 1 ~~"o-};,l] L}E-}t+ 9J.f'.oi, !f.~ CMP 1S20018 2-7--i.9~ velocity pull-down 
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X '?1.,.:]'tlc}. ~¥,-i1-~:i!-} velocity pull-down~ "8B7;-J1;:! 1f.-2-oJ1 7}~7} ~-<B~% 7]A] 

~-r} . .:g.~;:,;,..l 15370~:il} 154101ti A} 6]oJ]S:. T~ ·7-S:7} Qo1uJ, ~Et} ~1,1_7] 7Jt,:±~ 

(Quaternary normal fault)oJ1 ~ ii"B ,.~..,_j ~ 'T~ 1t! ~ 71 .!.!. 919·. 

Fig. 5-12-C ;(-j],1_7] -~:!:%:il} ~-¥- 7}:'.':-.%-g ~A}~~1 ?foJ1 .1r.A]{!- J;)ojt:}. oj ~-=j"7c,]] 

/,}%-'cl 7} .B.. ~ ~'.7] .Z~. F.J,l.j-7} K.£. l:lJ"ii"J:"g i ~ 4" \Ll.Q..E...£, 'it~~ l:lJ- OJ.Aj g_ .TI. t?:j "cl 

Al ?i°.R 1~:l:A] ~AJ;'.}g £A]-8"}9;icl·. "8)l~1;:! "c"}Jf- ~ 1 s 78~7,7}-:i:]9] Al~g rH.,,.J.9.~-

71t:1P8. .R"ii)l.AJ.£ %"if ~ ·f":±:QAJ \-1 1fVJ-oJ]·C %· 2()();)l 61.AJ-~ Zl147] ~% 0] '{l:;,;1~] 

n:J, ~l~ 37\15': 0]-'cJ·oJ]Al tl-¥- 7}>-¾<'l1 tiJ-(!-'fl_c}-. Fig. 5-12011 lf_A]'{!° 1~!-¾~f FJ-.AJ 

11} I;:}\9.5"=.oJ]Al '?.lA]~ ~o]E.5'..., oJ~ ¾ .AJ-t:"J-'T';: Al~- 'i9_AJ!t! ~..2...£ •~';'Bt:f. qJ 

¥*9l \fcri'"O] ·::H~A}~:ilt %¾~A) ~71].J,!-.oJl ~.:U£l~ '.l)._C>_l.+, ~Al t.li"i].£ .AJC:J-'T 

gJ B-¾(JI ~:i:l-5tJl :U9-. 0 1 ~ 13-¾¾ ,,.J-~'T~~ 7]\!!-~oJl ~~sq~ ill;'j 13-¾o] -<ll 

-t}'-j§} ~1?:!Al (Yoon and Chough, 1995) t~Vj,B -;;!.Q..5i. 4'-1:J:.clr-t. 

~~ ::VB~ c],,.J-o])-"l 'ti"-ct-'fl ~,¥- 7}~•"}9-] -t0-;i:)l';: A]4'-1--l· ~H~ 7J]o]-~- ~ i40]½_ 

'ic:l9l -6 -8\l 0J-f<i"=% ~):]A] 1fr~A] 7cl7l]6ll 0~ tt ~l~ .fi.-{::7} -e-<Jli5}2 9}g g 1:i!.~~ 

r-+. 0 ]t1~} t11i- 7}~%-9.] ~Z!.':'.. ~-2- -¥!{1°1 ~L?::s:12 9.l::: 7}~"r§l%2i '2-i'l ~

~o] -t,'6BoJ1 -e;il]~tj-';: -t-78-3:j~ 1(!o] %1,.Q..t+, {l7]~ % 1996)0] ~~1r} 1:l} 9):: t~ 

A] 1?1 ol] 1ia n] ~ in A} 01 q11_g_ (BSR) % sj 'B--'-j II), ~ {l .g. t:ll ~-A} 1;11 ~ 1-11 °J A1 g_j -'B ?-1 ~ 

1i"±1?:i "c1·"1l ·"1:: ~-{!~] A] U-t- Ll. 

T.g"5}.J1-, z)lAl1::! A]..AJ:;tj]~ o]%~ ~;:,;j:u}'iJ·,"} .;<}E ~ "5" • Aj.~Aj..B-9} ~"tf-A17'=] % 

-~~A] ~1 7] 7-a: ~ ;;1 lfr'j T 3':: ~ ~-f-01 ~ r~] %1. ct. '?'Fiz.tB Q::J-2· ¾¾£.2t ~X A} 0121 

zB~g_ ~1.2.l~ ·i-¾~Al ~~lE• 5~?;-j~A1~ .¥.~~tj-. 

-&·Tt!~~A1 (t}.AJ-tt' ';;, 1995)2• %~oJl q~;,;1~ ~~~Alt-119.l ~~-~A]';: ~ 7]itl-

~ .AJ,~.!j!- A}oj.9.] ~~~A]o]9, 7]1fr'i}~ 7J{!- If.¼~ lfrAj.Jt!Jl} ·~TT~~ l.JlJt- tfrA} 

7J,;0J =;"JoJc}. "1c1%'11"1I;: '°"'itS'. 'lJ\1•~:,;oJ '>t,!"ie>J '.l/x, ~/I ufoJ.QJll~I 

'T"~ ~Aj~,.='l'?JL\·. /}.AJ- ~ -11t!¾~-.f. ~~i:J1.7-] ~~~Al~%~ 17l1~- ltj-~-A~ ~lg 

"6}.ll ;U.Q..~, 'T-Ilj ,;4~Ajo] ~,':'._ 1t!¾f-9] ~_,¥-t; ~i!.}o]_2_A~1 &_7]Lf- ~7]<>l] :i:B~'-j 
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Fig. :1--1 ~ Locations of the Quatermiry [ault'.; and gas pockets. 

-178-



-'/l ·;;';,J~ l;l0]7]5' ~ct. 

¾¾¥-:-i:]9.] ~AJlj!-oJ]~ ¾7] v}o].9_kJ]o]~ ~]~-'cl :sj-3:j~o] 6 km o]if- ~61 %1,~ 

~-0}~7] u.ff¥-o]Lf-. -:½-¾*A] % 0J<!:- ~U;}~-oJl 9)1!} °a~Jo] ~o-] 5J-3J¾oJ1 §}{}-:_Q 

-§-oJl 9~ t} sp:4 'tf .i'j- ~{1-~ Qj iil_i;l.~-;;:i oJ ~ rt. -&-¾~A] ¾ 0JoJ]Ai 'if A-j ~ .9..£ -t- .:-] 

-'i- 01 ~-~-'cl :r()ll ~~s.Joj AJ-.;~s:J.Al t'J,° ?,;:l.2.S.. );l.'~!9-. EE~ ~i:'.} 0l~-~A-J1!i} -~-4 

(')].2..Al]o)J A]"r~i~BAi~ l;j-A] W;'_ 0Jg,J ~3:j¥-o] ~AJ£10, ¾¾~A]_~ -n-'fls:]';d.9..i:.j 

i:.} 0"'}-1J.;8tj-_ -~¾~;;q ¾ 0Jol] := ;.J]47] ~7]oJ] ~P-l-'cl ?;:!.9..£ _lil_on~ E-;;" W i! ~

~-3:l¾oJ] ~~ Oens)"b,;J~~2] :tjj11-'ff- ~-3:j~o] o:jtc~ ~.9..£. %-11-£10-J t±-Ii:15:_AJoJ] q.q 

%~.:CAI "i's' 7<!~1~1 f1~1~ ,Hll!f\1\'10c 0 llc: ci1rr5'. 'il"ll'l'\' 0 1 4 A]cJl~I ,; 

fej ~%~ ~7]~ _!i!.o].Jl :Uo-J, ~.g.. aJ2j ~.3:j~o] ~z]";s' 0J_fl_£ ¾11~~.Q.i:'~i:'-} oJl 

AJ~'Cf-- ~AJ:u} ~~.£-'JoJ]~ A-j~AJ-1c! ~ 'er% rJPti:-oJl ~±.~ ·J--1,.qoi1 ~¥-,,+~t 
v]n~A}c1lotl ~~~~ ~~]rt A}'c!*~ (slope failure)oJ] Zl-¥±--¥1 {E-{}-~ (divergent) 0]Lf 

"117] (we<lge)~!f~Sj Je]>J,'. 0 ] 0 jc] A]ci1<>11 7,;/>j ·i·•ioJ 11"'1'.JoJ 9)oJ >B4°\9 '11% 

oJ] re};:: qoJ~- tgf.)]!>~ {J~OJAJ-% _lt_o;j "T<iL 9,ltj-, ~~ 'J% ~~*:'4 rH~A}f;lj,':'._ 

H]~,,.d r-JP.-t~-~~-¥- (passive margin)9.l ~F~~ &99-Lf, "5}-1-- 7]Jt!,~9~ T±7} ~~ 

O}j]_ lr!-¾, 9}-,;J,~I, ~~~ o]%oJl 9~tjj ~{}~ A]~T~~ 7}A].Jl ,Uoj 1i:!-1i:!o] r.Jo] 

9fl -~ ~l 0-j '.U cf_ 

%t.HolJAi 15TI°~ (~.)o] £]-2- 4\:l_.{} ~~~ 1].!j!. lfrA}ii} A}li~ :o-H~12.JO}o;j ~2 _17_ 

t.H"'J-X. lfrA}Jt}- 1t:t1B 0l]J.i ~]47) B¾:.-z} ~.:Pf 7}-,.._'8--'.l 9J.A]-8"}51_1:+. 

"5J1Ai~ O}lj!- 0
.]' 1 s Aj.£JJ}A]~ A]¾g r:JVJ-o_y_ -*itc:1-'f-! ~-~ ~ T:i=.ll1) 1t}1;:VJoJ] 

~ -'} 2007H o]>J-E~ AJ]47] 1r}¾o] '?J:i:]5:lu-J, A-L~ 'f!AJ-5:Joj '.U¾ -;!..Q..S. 0T°~:J~C o] 

~ Tt,t·.g. tH¥* tjj~A}lr!:.-z} %¾-!I-Al ~lll-¥-°'1 1?cl-~~oj LfE.}1.-+-1--}, ~Al qjoj]A"L!;:. 

AJ-i:-J-4 ¥:-;.:H~c}. o]~Jl] Pif2 ?9~ \}¾~ 7]Jil-'{J-oJ] ~lg'¥! q.-~o] AH~-"d~ !,;J~A-j 

~Aj!r:l_ );!..Q..~ ,'}AJS:l\J"J, %"8Jl7)· T2t.,3:JE..S=. tj-~ ~'Z}-1),t]_ AJEJloJ] W9 '.U% 7}?-'8 

% A]Al ~9-. 

~~ 37H5': 0 ]-'J- 0!]),i W.-7.1-'cl ti-¥- 7}~¾~ -~AH:= A]~L-}- i5HJ;i 7J] 0 ]i!- W It} 0 ]~ 

c.l-'Z.! lg- 15H 0J-T.S:{¼ 1±5;].A] ttJ:-c;.J ~;tj]-tH°F ~ ~liJ Jl_::{:J} ,e;.~i5"~jl '.U%,& .!i!.aj~ 
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~ 0 ] %'5»oJ1 -t"-~llt~L1-~- i1'7J~'?J ~H,iJS:. 7}'0 ·-t}L}, .z}_K7} ~fy-'f-l :?,-~~.Aj Ai-¥-';) 

%0.J-~-oJ]Ai-:::- "6l]Al\t:JoJ1 ~,a~~ !fl-,"} 01\filS.. % 7}..'.'..:1~~*£'~ 6°iL1Ll t±-"'d.IiJ- ~-A,:j~o] 

~~ 14"{!2~171 ~.Q..ncj, %71'l]~ 7-]~-¥/-c'J'o] .AJlgt-] t-~- 11 %;?_ u1]tf±7}~7} ?r~* 
-'ifcH~ 7]%ol] \.fo} ;U,g 7}';-,>.,:Jo] dA] ~ g ~ ~u1~Cr-
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1. A-je 

ci1Jl>1>f: ti-"J-¾ (~1.;:-,noJ\:!'i'±, "IIOJ;,11;)\'l',',+) 

it/<,,.J-~ (Ai%rl]~jl, i;~oJ~jq-) 

~-B\1'ES:. Ajc<~~3:j-~oj ~'=;fj -V-_¥_~3_,A]9=j.g. ~0]7} 'ii'* lclJtiJ:.Q._.£ '?.l= l(X) km 

01ui, -¥,--& 1-14 km91 ttl-1loJJJ.i 1-,!~~9-. 1-"J¥-~ T{J 10-200 m ~&J21 Hj_ill:;_1:i 

'll\'!-~I ,q,;J g •>]'FJL ~cj- (Fig. 6-1) +'<'']='-'.:: +7] 01°1.2.-'l] %"1191 'i!'il'cl-11"1] 

'lr"'i'-"J %"1<>1] '-1•1 +>c 'cl-¾ 0 1 >l-41-':l ,qoj -§-71~ ;,lcj_i;!_ ojlj's)cj- (Yoon, 19941. 

~_¥_11~3_.Al~.g- ~-::_ "r"~.2..£ ~ii~ +1] ~2.}o]_6£.);1l AiC~'T"\1 A]7]ofl ~A] ¾0J-¥

~~ ~?.] ~i5~-'8 §J~:;_1:f-l,3-s] °atiJ=,& ~~~ }!2.~ A}fl.£1tii, 0]ci~ '1jff.l'{t )¾fi5]7] 

q]•H "]='-91 7<1-'1-:" rr]ef <J--'1-"J-')2..se. 3,j 7il'<i"ll 'il. 01~ '1C:~l'.llcJ- (Table 6 1: 

Fig. 6-1). S'= --ic__¥_u]3£>~ %~ i:.Jl~A}~oJlkJ~ A}~-& u\-2.l- ~§1-15}~ ~~ 0J.,,.J--?, A 

"1-•f;;I qJ•l"i 271 'll'<i<>il-'-i 'iJ.Of~ 'IC:~l'.llcJ- (Table 6-1: Fig. 6-11. 0 1f< -"19'1 

0 Hc MB98PC-5'.:: -"I.a'!~-¾ i',% 'l!'ll (flow-in) .ill\'} '}%<>ii 91•1 ',!-'II -"IR;;J 

\'!'{ls:J'.l/71 "11~'<>1] -"]li 11--'1°] 0 ]','-oj;,cj;,] l\f'.l):2.oj, t.}oj7'] 4711 'il.Ofoj] tll~ ii'-'! 

ol ol 'FOi :lJ cj-_ 

~~iAJ- -~-ii ~ ~~ A]fi_~ ~- 57~ ~1JoJ]Ai D.jJ-,e A]~7]~ o]%i5}o:l .'<~~£]~ 

cj- (Table 6-11. -"]91'1 -"1'1"°:'. 3,Af'1-"J-oJJA1 oi 0 f,j~ 'i/ol'c) :l m ;,l?j_o__;;_ 'lltl: 

"5-}o:J, ~~~ l-ld-T7} £].£~ ~1o]3~ g_ ~~ ~:., ~AJ.Qj ~~{:l.£ ¾tt!<S}~r:.}. MSCL~ 
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T<.1bll' ti- 1. I nc;-1lirm nf p1,:-tonc cunng "itf'. 

Core Water Location Core 
No. Depth (m) J.(:nglh (cm) 

Latitude Longitude 

MB98PC-3 B9 36° 59.3'N 129° 39.73'F 527 

MB98PC-4 ]99 36° 40.4'N 129° 39.6'E 1156 

MB98PC-5 175 36° 28.0'N 129° 334'E 370 

MB98PC-6 931 36° 34.0'N 130° 0.l'E 1106 

MD98PC-7 2156 36° 40.S'N 130° 9.8'.E 958 

) 0 0 

) I) o, k'·,K~EAPLA~EA6- ~~ I 
38"N b D J!,Ja, ';q'"~~~ J 

~C-1\ 0 9fe2~)(_; ~-~ _/~ 

~

''·, ''It, \ 091_PC-4, D _ -~ ~ 
94PC g .._.94PC-5 , ULLEUNG IS. 96EB.f-7 96EBP 5 ~ 

{'--"':g4P/:f\ Q ' .) 
0 

(@) UIG //C_) / 
~ )"'\ \ 1 '& r~, 95,c_,. :@:'"DOK IS~ 

) ) ) \ ~ 95PC-4 • 95PC-'° ~"" 1
1 \ i i) 1 ULLEUNG ;''c-a• -~ ~-

1 
01 

' <~1 
BASIN 9

5
PC-9 MB97Pt 15 1 MB98PC 3

1 
o ~ ,e 

\ J \ ( ' 95PC 3 ~ • 95PC- 10 ~ 
MB98PC 4 ~ MB98PC-7 d o , m ~_;V() \\\• Peal\ 95PC-2 MB97PC16 ;. ~ ~§ § 

Mi?_98PC...5 MB
9
B _) \ • • f\(o) I \l_,_,..,, MB97PC-17 95PC;11 

('~ j), • MB97PC-19 )) 

'I /( ,-/~\ \_,_ ~-~ ~ 
MB97PC-~ • /] _r'l 1 
,~r:"" i 

36' 

• MB97PC-24 

35"'--'--~---'----~---'----~--,._--~------' 
129'E 130' 131' 132" 133' 

Fig. 6-1 Barhynwrric rnap shov,:ing cormr, sites. 
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-ft~A] i:{-~ i! -~~ ;!!~~ & 0],t:- kA 40 cm~ %Z!-7-=J.£.~ ~H~ 0}~$, 7- 9.:J!>~ T 

{}oJJAH::- ?Ff§~12[~ ~6-1¾ -$-1~ A]_h.7]- J]j.{,]S~';d_r:}. A]li~H~1°l] A}-§-~]Al U.& 1;:J 

~ 1;!1-~9l _,,_14<~l ~ %-t:- ¥_ -?J-t.}aJ .t!.B"ii}'.U 9-. 

Y-. 'll 5'. (grain size) 

~ll-'}-1~ .A]lic~l 30%2-l .i!\-{!-~T:i:TS4 0.1 N 1{1-'J-~ ~1-a!l2- ~~ %71{~<4 ~H}~ 

g_ ~l~V~ +, 7,J~.A]~ -Ylll~ ~Ad~ q-g, %~-~l]{I (wet sieving)~ o}oj 4 ¢ 0 ]"8'\-

2I ±\'l'Jl~I .'i'-'11 'la! Qj:s1f ::J. 0 i•J-OI -'11'11'! Y (mud);s -,'ejisf5:!cf. 4 ¢ 0 liif<l Sc 

rf}~ ~-3:J~-,°_ ::to tab ~FJ1]5~ .. 30 ~.zl- ~l~B}~ 'UX'flY .. -'r-lll Jj~~¾g_ T<5}$, 4 

¢ 0 ]-'gg,J Al1'i1~1 --").¥,_~- Tlll ~i~~ Lilli~ 2 g% ~~H 300 muq 0.1% Calgon %~ 

~ ~~ ±g4 ~%~4 41]~%7]§_ ~~% ~~~~~~~~~A]~~ 

SedigraIJh 5000D~ 'U~~ ¥-~i-8'1-51'-i-. ~-'r.-~~ ~:;:q.~ ~i¥-E.7 ~ 0 1-§-ti}oj -'6-1~1-~6:J 

>Ji<liil'.l/.0."1, '~.<r.21 'll'li? Folk (1954)21 "J-'ll:S a:f'll:<I 

4. -W--4-% (water content) 

:'r[O}oJ]A-1 ~H:}l-'e. £!~-s- A1£ .. 0 -} 30 g~ .2..!':oJ]Ai 110 °C~ t;)if- %'i'.! Z}~AP,J 

q-..g., .:~:L~7]~ 0 l]Al ~;2--.£.§_ 1--~7f ~i~A]7'l ¥JI]~~{!'{]_·~, q . .g-~- ~--~- ~oJ] ~ 

Ww Wa 
W (%) a ---- • lQO 

W, 

oj7jl-7 Ww'c ;<}',!-l]-EJl"-J {!±iif7I {! >IRS~ '/-~l 0inJ, W,'2 i"_Sc :f"I "i"i%A]J'i. 

21 '/-71]ojc}_ 
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"I . .n°t X-~i At'2 (X-radiography) 

oj sj:34-~- -~"u_Q_ :_i=1;:,;.1 i:i:1 ;jsj- AD-R- .-.:i.5:.~ .-m-~0171 .<;>131I 
1~2~'----'97->.. i'.J, I ~-'--=r 1, 

Snttex M-!005el X ~I #~7J-!,- 01%-'f"l (70 kV, 4 rnA, x½ 8 s , ;,Jej 10cm) 

_:r1_oJ MB98PC-J.° (~ 0 1 5'27 cm) ~N_u~_1-!'] {P-J-¥-, 4-{J 1:59 m£)~ lfJ~}~J 6H-x-J 

~oiJ;,7 ~-~s:J:(ttj- (Fig. 6-1). 0 1 -~ 0 1-t:- t:H-¥-* 0 1 -fE""ir- 0 1 °J-_§_tl (-:t-ns:_: 0.6--0.9) 

Al--~ ~P~i-B-£ 0]3f- 6J;tj 9Jr:} (Table 6-2; Fig. 6-2). A}::a ~_;,;]-~ 2 ~~ {!o~!i:_7} 

¥-i:!l:15"1- Alc,;l 7.)-kl ~l.7LOJ-;;<l OL-'11 .£0;::;, =,rd:5cJ,..J olo,.:i <5j~.A~1- Ai:!J; 1..-1f:14rl 
201.__;. 70, o--'-J,~<'lnc. i::!~- o--= IO ..,,.I Ms-"1 -,7-L-'----0 f-1"1..:.'--f. 

310} ~ -?7JoJl ~--~ ::;~~- £j~-=j1.::r::';:: 3l!-~·2rj,z] ~2--1:9 £1-'2{-¥- ! m 4]oJJ;q 5:}-1.1_-cJ] 

(granule)~- :"Z-~A}7} AJ-¥-.£ 7}~Al ~1~'61-C ,,.J~J= AJlq:J~ 'df>'Jg _1=il._~l:}. 

-1-~ 0 1 °J ft it!- ,q 12 ~ ~ ~ .£. 0 l -'f 0 H-l_ Ari .i'} ~ 7H ~] 4- {H} .31. t:l ~ -~- n:Jl, 0 1 .3. 0 1-

~ 9J~%~ ci:1-~-.::-A~] BJ-8}71 %91~ Al~J~•tlfl A]7]611, ;,q~~.9..ii. :i-i:J-_t:;:_S,~ 31-%~ ~T 

t..f-. MB98PC-4 S1°t 

.n°J- 1v1B98PC-4~~ ({J 01 1,156 cm) ~_¥.u~~i-2] ;.(jAJ~. "r~ 200 m£>~ i!J'fl-~ "5~ 

~~<>l]A~ .,}]~!.'j';Ur-J-- (Fig. (j-1)_ oj .:n_o}:~ AJ~9.j ~.£~ Yg_} "6}¥-21 ,"}~ ~E 

(~-P::- A}~ Y)ii. oJir-oJ;tj 912-ui, i ::a7:l]';'J 2°} ~o] no cmoJ1 U-Oki (%%--2. 

JJl)~~~;x~i,;_ ei:p-p:]T~ T7,>JJ 0 -l= 3 cm2l ¾~~2.J ~-~~ i:l~t:.l '; 0 ] Lf·E}1dtj

(Table 6-1; Figs. 6-<:~ and 6 4). 13~~ 1..-]~ ,.q~ q~ £T {jf,-}Jll A~~.ii!.\"}<S:10-J 

.!J.. 0 12 ,c;j-~ A}~ ~_c_ (~~ A}~ 1..-])oJ]AJ-C 37-59% 1+ 0 ]9.j ~~ ~-119- (Table 

6-1; Fig. 6-3). o]~- ~,':. 'iJ-'-f"~9.J 1(!§}~ if~~} ~£it]_~~ ~°3"6}_ll ';Jl~. 
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Table 6 2. Sediment charncteristic::-. of MH98PC-3 core. 

Depth Textural comeos1t1on !%1 Sediment Mean Sorting 

\cm) Gravel Sand Silt Gia}'. !):'.pe size (!:l 
0 00 99.9 0 1 00 s 25 09 

60 0.0 99.9 0.0 0.0 (g)S 0.4 06 

65 0.6 99.4 0.0 0.0 (g)S 0.3 0.6 

115 06 99.4 0 1 00 (g)S 0.3 0.6 

145 36 96.4 0.0 00 (g)S 0.2 0.7 

175 3.2 96.8 0.0 0.0 (g)S 0.3 0.7 

205 4.1 95 9 00 00 (g)S 0.2 0.7 

235 4.4 95.6 0.0 0.0 (g)S 0.2 0.7 

265 93 90.7 0.0 0.0 9S 0.1 0.8 

295 5.5 94 5 00 00 gs 0.2 0.7 

325 3.4 96.5 0.0 00 {g)S 0.2 08 

355 9.2 90.8 0.0 0.0 gs 0.1 08 

385 6 1 93.9 00 0.0 gS 02 0.8 

415 3.2 96.8 00 0.0 (g)S 0.2 0.7 

445 2.4 97.5 0.0 0.0 (g)S 0.3 07 

475 5.7 94.3 00 00 gS 0.1 0.7 

505 8.5 93.5 0.0 00 gS 0.1 0.7 

525 6.9 93.1 0.0 00 2s 0.1 0.8 
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Table ii-:l. St-'diment charactenstiv.; nf \·1W)8f'C 4 core. 

Depth Textural composition(%) Sediment Mean Sorting Water 

{cm) Gravel Sand Sill Clal trpe size(¢,} content(%] 
5 00 0.0 21 1 78 9 C 9.9 20 150 5 
7 0.0 0.0 16.2 83.8 C 10.1 1.9 

10 162.1 
15 151.5 
17 00 0.0 16.2 83.9 C 10 1 19 
20 173.1 
25 155.0 
27 0.0 0.0 168 83 2 C 10.1 1.9 

30 149 2 

40 154.7 
47 0.0 0.0 17 5 826 C 10.0 1.9 

50 152.9 

60 153.4 
70 147.8 

75 0.0 00 15.9 84 1 C 10.1 1 g 

80 129 3 

85 144.2 
90 135 4 

95 139.7 
100 0.0 00 17.1 82.9 C 10.0 1 g 
105 143 7 
'15 141 1 

125 136.9 
130 00 0.0 17 0 83 0 C 10.0 1 9 
136 155 5 
145 148.8 
155 142.7 
160 0.0 0.0 15 6 84 5 C 10 1 1.9 
165 142.3 
175 135.4 
185 147.6 
190 0 0 0 0 17,0 83 1 C 10.1 19 
195 148.9 
205 141.5 
?10 00 0.0 16.2 83.9 C 10 1 1.9 
215 143 2 
225 142.3 
235 142.5 
240 00 00 16.8 83 3 C 10.1 1.9 
245 00 0.0 20 1 79 9 C 99 2.0 133 9 
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T;:ihle o-:i. (Continued). 

Depth Textural composition(%} Sediment Mean Sorting Water 

(cm) Gravel Sand Silt Ciel tlee size (!l content(%} 

255 134.8 

265 130 5 

270 00 0.0 17.6 82.4 C 10.0 , 9 

275 143.3 

285 143.3 

295 135 9 

300 0.0 00 17.8 82.2 C 10.0 , 9 

305 00 00 ,, 2 788 C 9.8 2.0 140.4 

315 141 6 

325 140.6 

330 00 00 183 817 C 10.0 2.0 

335 136.7 

345 137.2 

355 136.4 

360 0.0 0.0 18.5 81.5 C 10.1 2.0 

365 136.1 

375 140.4 

385 133.5 

390 0.0 0.0 20.0 80,0 C 10 0 20 

395 141.9 

4C5 134.2 

415 147 9 

420 144.6 

4_;:,2 0.0 0.0 19.3 80.7 C 10.0 2.0 

4~-0 136.9 

440 130.9 

4~,0 131.5 

4~,5 0.0 0.0 19.3 80.7 C 10 0 2.0 

4E,O 136.6 

47'0 146 8 

4f:O 131.1 

4fl5 00 0.0 21.0 79.1 C 9.9 2.0 

490 130.5 

5(10 135.2 

5,0 149,6 

5·5 0.0 00 33.7 66.3 M 9.3 2.3 

5W 137 0 

5~!5 0.0 0.0 21.9 78 1 C 9.9 2.0 

5:10 130.3 

540 135.3 
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Tk!ble 6 3. (Continued). 

Depth Textural comeosition (%) Sediment Mean Sorting Water 

1cmJ Gravel Sand Silt Cla~ t~ee size (1) content(%) 

555 126 3 

560 0.0 00 21.2 78.8 C 99 2.0 

565 129.0 

575 135 0 

585 140.9 

590 00 00 23.7 76.3 C 98 21 

595 139 7 

605 137.3 

615 127.9 

620 00 00 23.0 77.1 C 9.9 20 

625 129.1 

635 130.8 

645 131 7 

650 0.0 0.0 26 2 73.9 C 9.7 21 

655 129.3 

665 126.3 

675 122 5 

680 0.0 0.0 30.0 70.1 C 9.5 22 

685 127 3 

695 128.7 

700 0.0 00 28.4 71.6 C 97 22 

705 129 6 

715 125.8 

721 46,3 6.6 18.9 28,3 mG 34 5 7 

725 11 1 77 34.3 47.0 gM 7.4 44 

730 81 1 

735 0.0 9.8 55.0 352 M 7.5 28 

740 66.7 

745 08 16.2 53.0 30.1 {g)sM 7.0 2.9 

750 57,3 

760 51.1 

770 506 

775 00 23.5 47.3 29 2 sM 6.9 31 

760 54.0 

790 487 

800 50 0 

805 00 46.3 312 226 SM 58 3.2 

810 37.2 

820 42.5 

830 457 
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Table 6-3. (Continued). 

Depth Textural come2sition (%1 Sediment Mean Sorting Water 

(cm) Gravel Sand Silt Cla'.):'. !:iee size (P) content \%1 
83:5 00 342 44 9 20 9 sZ 60 29 

84•) 46.7 

851) 42.8 

864 44.9 

86:~ 0.0 29.7 49.7 20.7 sZ 62 2.8 

874 45.1 .. , 45.2 ,., 49.6 

899 0.0 17.4 6-0 9 218 sZ 6.5 2.6 

901 49.3 

91-4 49.5 

924 52.4 

929 0.0 16.4 60.7 22.9 sZ 6.6 27 .. , 50.3 

94-4 57.5 

95·J 56.2 

96J 50.8 

965 0.0 12.3 63.4 24.4 sZ 68 2.6 

97J 54.2 

98J 56.8 

99J 60.8 

995 0.0 14.2 60.0 25.8 sZ 6.8 2.7 

1000 59.7 

10·0 52.1 

1020 53.8 

10~(5 0.0 11.7 66.5 21.9 ,z 6.7 2.5 

10~10 54.2 

1040 50.1 

10!i0 49.5 

10fi5 0.0 16.2 62.3 21.5 sZ 6.6 2.6 

10fl0 467 

10ti7 0.6 21.0 60.5 17.9 {g)sM 81 2.8 

10;•1 47.2 

101!0 45.5 

1085 00 19.6 61.4 19.0 sZ 64 2.6 

10!!0 45.8 

1100 49.5 

11 ·10 50.3 

11·15 0.0 8.3 6-0.8 31 1 M 74 26 

11:W 51.6 
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Table G<J. (Conti111wd)_ 

Depth Textural composition(%) Sediment Mean Sorting Water 

(cm) Gravel Sand Silt Clal tlpe size {f) content(%) 

1130 49.3 

1140 53.4 

1145 00 8 7 61.0 30.2 ' 7.1 3.0 

1150 55. 1 

1°f MR98PC-4<1 "i.31%.:'c cl>!l7f {lafJil >J-,fiit\'1-"1°1 '.J)::: 'iJQ_.s'_ _>;_of <1% 

';}:±7~ ¾-1~ r~~T~~oJ]A] q4°JAd, ~-~ 0.J=Aj ~l-3J-3l"¾oJl .Qjii~ tr:jAJ!iJ~¾ }J_O_~_ 

api{li::}. <S}l;!- A}~ {J.S. (~~ A}~ Ll)oJ],J..-j ~¥ 1L~-~ l-].£9~ ~Zf~ '?J.5=. \i!:& 

~ c,Jt'J,il "Jiif7JolJ.'-1 ~<~Oil olc<;: 'i/-~f ')loj\]: 'iJ"zj~ •H'T''ti AJ-i'o!I o~~ 701 

cJ-. MB98PC 6 51.ot 

-"'"f MB98PC6'.'_ ("1°1 1,106 cm) ~yUJlc,:"i 'ii-"l' <1F}J.f'ti, 4'{1 931 m<I <1>1 

'/!"ii-'] ,;,1~,"i'Ut:J- (Fig. 6 1J. 0 ) -"'"foJ!t .!!.%"1]•"1 "f 450 cm ,Joj~fe<) {i"' W'lf 

oJ ~0% 1.ijS>J~l A~~.ii!.ic!"-'A {i5..~ ~7} Y-E}L}9, :i c}i!.l}.£ A_JE ~~c] 30% 4i.Qj 

Z.! -w~.W:1c!" Ll, §1u]v} ~,;-~1..-l, ::Z.i.'i-"1 1. ¾~LJ % 0] 14-E}\!9- (Table 6-4; Figs. 6--5 

and 6-0). i'r~;.q9~ ¥~ ~~i.'i~,g. 20} ~o] ~-t 425 cm~ 730 cm0l]A-j "'~¾-iil~ 

q 4/"il ,:J-,lls-f::: ~Cil-"- Lf>h±cf (Fig. 6 6J. W'T'¾·:"c 'il'i: '/1"1-l< ~'tliifnJ 11-"

Tl 1-]7f lc-Yi.H-" AJ-'/·o!l-'i:C rJl>J].s'_ 180% '-ll"i<.J ii);% 7);<)"1, 1,E1},l'ol ~7ft;f::: 

,,}-¥-oJ]),J-C if~·&) -~±.<5"}~ 100% L.}J.219.} ~~ 7]-AJtj- (Table 6--4; Fig. 6 5). 

~-'1- 9~ A~-;-!- _ul_ ~--'8, ;:j ~~ q ';::: 9- y;_ ~ A~) Jlt~'Y'B A] 71 oJ] -ft-{:L~~ ,{-J ¾~1 oJ] Ai 

"11).i .'l."1°J uf ~'E "Type A" "r7JoJI Lj-E)::: <:jn]~ ~e]Lj"i) "I~'<! ~' ~,-cc1J 

IBahk ct al. 19971, 01 '.: >i ,:}cl- "i %~7,J "i] -'i \ll-~ 0J',j 5'J'j "1--§-oJJ 5'] •11 SJ --'J B 3, 

o.~. AJ%.ii1:~9i A,::lX7} P]~t}o.J lf¾--2..~-..!r-~1 -ft-'=:J-S:f:::: sp<1-~- -=;r-,,,~~ Al7]-3:J J:t! 

~}/]- ¥~-~.?-.'£ .!l~S:]o] 1Aj-l4 ;;Jo]c::}. -t},¥-oJ] {l-~~--2.~- 1l;i;H!iJ-C -~eJL];: A] 
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Fig. 6-2. Sediment characteristics of MB98PC-'.i core. 
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Fig. 6-:1. Sediment characteristics of MB98PC -4 core. 
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Table 6-4. Sediment characteristics of MB0r:PC-6 core. 

Depth Textural composition(%) Sediment Mean Sorting Water 

(cm} Gravel Sand Silt Clai'. l:z'.pe size (f) content(%) 
5 262 a 

10 00 00 18.3 81.7 C 10.1 19 
15 235.8 
25 230 7 
35 225.4 
40 oo 0.0 16.0 84.1 C 10.1 1.9 
45 203.8 
55 203 9 
65 197. 1 
70 0.0 0.0 15.3 84 7 C 10.1 1.9 
75 190.5 
80 206.1 
90 178.8 
100 168.9 
105 00 0.0 13.2 86.8 C 10.3 1.8 
110 195 2 
120 188.6 
130 179.2 
135 00 0.0 13.9 86 1 C 10.2 1.9 
140 181 4 
150 195.9 
160 210.7 
165 0.0 00 13.9 86.1 C 102 18 
170 207.2 
175 00 0.0 20.7 79.3 C 99 2.0 
180 210.0 
190 195.0 
195 00 0.0 15.8 84 2 C 10. 1 1.8 
200 198.6 
210 230.9 
220 193 1 
225 0.0 0.0 154 846 C 10.2 18 
230 191.9 
240 202.1 
250 195 0 
255 0.0 0.0 16 0 84 0 C 10 1 19 
260 210.6 
270 204 0 
280 192 5 
285 0.0 0.0 10 6 894 C 10.5 1.7 
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Table 6-4. (Continued). 

Depth Textural composition(%) Sediment Mean Sorting Water 

~Tll Gravel Saod Silt Clai ~e: size (!fl content{%) 
2E10 168.9 
3(10 173.7 

310 192.6 
315 00 0.0 19.9 80.1 C 10.0 2.0 
%'0 197.4 
3~,0 201.6 
3<0 198.2 
3'5 0.0 00 13.4 86.6 C 10.6 16 
3~,0 204.7 
3€,0 199.1 
37·0 200.7 

31'5 0.0 0.0 16.2 83.8 C 10.1 1.9 
3f;O 181.4 
3E10 187.6 
4(0 177.8 
4(15 00 0.0 23.9 76.1 C 9.9 2.1 
410 166.1 
413 0.0 0.0 23.9 76.1 C 9.9 2.2 
4~10 173.6 
4~,0 2.1 0.9 22.0 75.0 (g)M 9.6 2.6 
4'0 169.6 
4E,O 187.0 
4!,5 0.0 00 32.9 67.1 C 9.4 2.2 
4W 152.0 
47'0 96.8 
4€i0 90.1 
4f;5 0.0 0.0 38.5 61.5 M 9.2 2.3 
4~10 95.6 

sco 97.2 

510 92.9 

s;:o 99.6 
5~1{) 92.4 
s,.o 97.1 
5~;0 78.1 

5~;5 00 16.7 36.9 48.5 ,M 7.7 3.2 
5Ei0 81.6 

5i"O 104.2 

5fl0 89.3 

585 0.0 00 38.6 61.4 M 91 2.2 
5~10 102.6 
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Table 6 4. (Continued). 

Depth Textural composition(%) Sediment Mean Sorting Waler 

(cm) Gravel Sand Silt Cla~ t~ee size(~) content(%) 
600 81.6 
610 8!;1.8 
615 0.0 0.0 357 64.3 M 8.9 1 9 
620 92.8 
630 98,2 
640 826 
645 00 0.0 39.3 60 7 M 9.0 " 650 87.4 
660 108.7 
670 117 3 
675 00 00 33.5 66.5 M 9.3 2.2 
680 116.0 
690 90 0 
700 102.2 
705 0.0 0.0 38 8 61.2 M 9.1 2.3 
710 871 
720 77.7 
730 8.1 1.0 38 6 52.4 gM 79 3.7 
735 69 4 
750 74.8 
760 74.6 
765 0.0 00 37.8 62.3 M 92 2.2 
770 79.0 
780 80.0 
790 90 9 
79' 00 00 30.6 694 C 9.5 2.2 
800 110.5 
810 113 0 
820 87.3 
825 00 0.0 34 1 65.9 M 9.3 2.2 
825 00 00 34, 1 65.9 M 9.3 2.2 
830 105.7 
840 103.5 
850 114.5 
855 0.0 00 31.5 68.5 C 9.5 2.2 
860 122.8 
870 92.3 
880 937 
885 00 00 34.9 65.1 M 9.3 2.2 
890 102.3 
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Table 6~4. (Continued). 

Depth Textural com22silion {¾l Sediment Mean Sorting Water 

(cm1 Gravel Sand Silt Cla}:'. typo size (!1 content(%) 
895 103.0 
905 101.9 
915 107 6 
920 00 0.0 31,3 68.7 C 9.5 2.2 
920 0.0 0.0 31.3 68,7 C 95 22 

925 114 6 
935 112.9 
945 127.9 
950 0.0 00 26 7 73.4 C 9.6 2.1 
955 120.2 
965 120.5 
975 78 0 
980 00 0.0 45,6 54.4 M 8.8 2.3 
985 75.2 
995 97.8 
1005 115 7 
1010 00 0.0 35.8 64.2 M 9.2 2.3 
1015 99.1 
1025 104.6 
1035 104.2 
1040 o.o 00 70.3 29.7 ' 7.4 25 
1045 102 8 
1055 98.7 
1065 92.8 
1070 0.0 0.0 48.3 51 7 M 87 24 
1075 90.8 
1085 65.1 
1095 93.0 
1100 00 0.0 37.5 62.5 M 9.2 2.3 
1105 962 
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Fig. 6-8. Sedimentological log of MB98PC-7 core. c=clay, rn=mud, s-=sand, 
and g=gr-:i.vel. 
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~l~ ,q~--f;-oJ] ;?Jill_ ~-U'-~ o-.j;~;,;]+-=:tl], .:1 -'f-1;J)Lj- )c)JXT" O}lf-41-;_:;-A}lfLi'+ ~A]~-'t! 

21 A]'f~1"l*oJI ,j-EfLfi°, ';.ioJI H]>B ~,1,1 ~,,+. 

4. MB981'C 7 .,rof 

51.0} MB98PC--7-f-- (7J 01 958 cm) -:f.¥_tt,1!3..°~ ~~. t:Jl-itA}~oJ]Ai ¥.A]->@412..~ 

::j o] <5} ';::. ~~-1~ 2,1S6 m Zj "51] xi 1?! oJ] Ai ~l ~ ~ ~ 9- (Fig. 6-1). 0 1 _'TI 0 } t· lf. ¾<))1 Ai 9--l= 

225 cm iJO]T;'}A] 'W*-rt!~!d {g_1-'E_~ t_j7j- 1_fE}Lf9, .:1 O}il]§_ 500 CTT1 ~0]11}z]~ 

T~ o}cJL'?_i-i,1:c7 %r:.J1.-l, ;,J~Ll, §In]~ ~~LJ9-l ';r:'A-i.~ o]-'f'oJ<-J r;>;}½o] ~~~-o-} 

o-j L}Fl\±11 (Figs. 6-7 and 6-8) . .IIO} .;l 0] 500 cm-11-El ~~+¥-TJ'}A]';::. -t,J!~_W_'i':J:-'E 

Y7f '/'.s'- ,j-Ej-Lf::: 1f,'1-L7l, ¾2J'-I, '-]{)'ti Li, -'IP]~ ~-~1c1 %01 :fr'll"l-"--"- '1/<H 

fir-+ (Fig. 6--8). 1'1'<lJl~9-I -¥--ii r+¥Jc]¾? 51°} ~ 0 1 227 cm'4 693 cmoJ]-"i 4'- cm 

S>j T 7!l]~ L}E-}\±1~. %~~ §}-'JAH-t--~ 51°} ~o] 467 cmoJ]Ai Y crn!>l T"ll~ 1...}Fl 

7i+c+ (Fig. 6-8). ~'T~-,° '?J£\!!~~ ~~i5}u:j .>.Jlj! ~£1! L]oJ]Ai-t- 200% 4i9.j.?~ 

V-~ !;!.o]tj-7} -~L o}lj!~">J]AJ-C ir~<5] ~5:<5}0:j 100% 4i!i!9.j iJ;--g- l!~i::} (Table 

fi-'.J; Fig. 6 7). 

AJ1t-.'!l -'i!l-~-.u!.fJ"t! -ti!2.<)Lj~::: -Y-~ ~A-1] j1.-tH4-~ A]7]oJ) -R-{!-1: Al~-~7<l(>l]Ai 

't~'f.JAj 1,;.j,3:J;3~%oJ] .'?~~H ~As:J"e ~_0_§'._ A~ZfBi::}. r~i!}l-], -;rr-1{1-l, &ju]~- %-?~l-]7} 

~~-.a,}C'tj L}E}l-}~ _c,-,_o} ~ 6 ] 230-530 cm Tz!.& -~*~-~19.J ~APIH'djlt n}--~- Ll]-;__;

A}1R£>l A)~-~~~~-oJ]Ai &Jl!tl "Type A" 2j=-7]oJ] ~JJ~S:J~, oJ-C ;.:7{1-::.-:::: A-]¾~78 

oJ]J.-] 'l!--t.l°J-"d ~'J.Ai~t% (§{o]~} {~~q)o] ~oJLJ-~ 7},£--i.;J], A]-1;:!A}E~oJ]-'1 ij-~~l A1 

A-]%-¥l-7i:.cf %~~ A}'?:!A}f1]';-:: ~~---n ~]rH ~d6-}-7]9.J "81]~-:.V_! 0}7J-oJl u:}~ ~2..~ O:j 

71~11]. -tf-'/- 011 cfEjy(' q'l)nJ '-I, ·t2jLJ::: ejA] >PR+\'! -"l7loJI Af\'!>fLll.s'--\'-E1 

.g-i:'Jj.'f1_ 'ir"'J-fy£j- "'1~*,.,11 9.]"5A 6=JAJ-'cl ~.Q.~ A~7f-'clr}. 
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T<ible 6-5. Sediment characteristics of Jv1B98PC-7 core. 

)opth Textural come2sition (%) Sediment Mean Sorting Water 

(cm) Gravel Sand Sill Cla~ ~pe size (1) content(%) 

0 0.0 0.0 16.8 83.2 C 10.0 1.9 

5 240.3 

10 238.5 

20 218.2 

25 00 00 14.1 85.9 C 10.1 1.8 

30 211 3 

40 215.6 

50 217.6 

55 0.0 0.0 14.9 85.1 C 10.1 1.8 

60 203.2 

70 190.2 

80 193 1 

85 00 00 15.7 84 3 C 10.1 1 9 

90 189.3 

100 188.8 

110 187.4 

115 00 00 17.6 82.4 C 9.8 1.8 

120 186 2 

130 174.1 

140 182.6 

145 0.0 0.0 17.3 82.7 C 10.0 1.9 

150 170.0 

160 179.9 

170 189 1 

180 191.7 

190 198.1 

198 0.0 02 20.9 78.9 C 9.9 2.0 

210 185 0 

215 00 0.0 25.3 74 8 C 9.5 2.0 

220 200.4 

.227 49.6 9.8 13.4 27 2 mG 29 56 

233 148.0 

.240 145.2 

245 00 00 42.0 58.0 M 8.9 2.3 

251 142.2 

.260 140.8 

.268 110 3 

.280 117,0 

:288 145.3 

295 0.0 0.0 33.5 66.5 M 9.2 2.2 
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Talllt-: fj-;). (C(lntinued). 

Depth Textural composition(%) Sediment Mean Sorting Water 

jcm} Gravel Sand Silt Cla~ t~pe size (1') content(%) 

298 961 

308 121.6 

312 00 00 38.2 61.9 M 91 2.3 

315 100 9 

322 104.3 

328 129.4 

334 00 36.9 23.6 39.5 sM 6.8 3.5 

336 0.0 0.0 35 0 65.0 M 9.2 2.1 

340 101.0 

349 91.2 

355 5.2 65.9 11.8 17.2 gmS 38 38 

360 108.2 

372 114 1 

380 101.3 

387 00 00 35.3 64.7 M 92 2.1 

390 115.9 

403 107.9 

408 100.3 

412 108 4 

417 0.0 0.0 39.6 60.4 M 9.0 22 

423 95.8 

435 109 0 

442 99.2 

446 00 0.0 35.3 64.7 M 9 1 2.1 

450 00 77.6 8.9 13.5 ms 3.6 3.1 

456 111.9 

463 95.1 

467 0.0 0.0 71.1 28.9 ' 7.3 2 3 

470 939 

480 112.3 

485 00 00 32,7 673 C 9.2 2.1 

490 110 8 

501 105.7 

510 102.9 

512 105 2 

518 109 7 

523 0.0 00 379 62.1 M 9 1 2.2 

5'5 995 

545 108 3 

550 00 0.0 40.3 59.7 M 8.9 '2 
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Table 6 0. (Cunt.inucd). 

Depth Textural composition(%) Sediment Mean Sorting Water 

(cm) Gravel Sand Silt Clat '12' size (g,) content~%) 

554 118.8 

560 105.2 

570 124 4 

580 103.7 

585 0.0 00 37.2 62.8 M 9.0 21 

590 t 17.3 

60C 131.1 

61' 95.9 

625 115.0 

634 100.2 

637 104 5 

64C· 0.0 0.0 35.9 64.1 M 9.0 2.0 

647 103.7 

66(1 105.0 

67(1 100 1 

67f, 0 0 0.0 32.8 67.2 C 9.2 2.1 

68(1 94.8 

69:) 35, 1 18.6 20.2 26 1 mG 3.4 5.3 

700 86.4 

710 89.5 

71H 0.0 0.0 54.7 45 3 M 8.3 2.3 

720 114.7 

72fi 00 00 32.1 67,9 C 9.3 21 

73() 120.1 

740 90.6 

750 90.6 

75!i 0.0 0.0 34.4 656 M 9.2 21 

760 86.8 

771) 91.0 

761) 86 1 

791) 104 3 

79,5 00 0.0 27.4 72.7 C 96 2.2 

80) 113.0 

81-) 109 0 

820 117.7 

825 0.0 00 27 5 72.5 C 95 2.1 

830 116 4 

840 90 9 

850 85.3 

855 o.o 0.0 33 1 66.9 C 9.3 2.1 
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'fable fi-.5. (Cimtinuedl. 

Depth Textural comeosition (%) Sediment Mean Sorting Water 

(cm) Gravel Sacd S'ilt Cl~ !tee s1zeH) content(%) 

''° 113.4 

,10 111.8 

8'0 119 5 

887 00 00 30.1 69.9 C 94 2.1 

890 121.5 

900 119.5 

910 101 .5 

915 0.0 0.0 31.1 68.9 C 9.4 ,., 
920 956 

930 117 8 

940 123.9 

945 0.0 0.0 28.5 71.5 C 9.5 2.1 

950 119.5 
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¾i'¾.,O. er ,,ei >J-il- 0.}leJI "ii uf "-1 .!/-¾'J '>I ;,J A1-1J %-lr¾ 2.£ Y-'il "i <14. %-lr¾ 

,". £'ii"] 37]•']',j \!I.SC7t 0.)~70%, 'jj.S:Cej 'b''1J~e!- "1! 0.}~'/J"i] Aj,>,J-ot3' ~4. Jf 

%-"!i%-t?-¾.g. tlll,!-~ .H.%4'-E~ 200 m 'T¾oJI 1f;i:]'l! °"ltf! ¾.g. 1,000 m AJS-~9.J 

'lf:S] ~.TI ~ct :SjJ.j-1J¾i'¾.". zt"l ','-1JAJ11,o] .J:{!'ll2.£ o]'f'"i<J "J~'l! 

¾:.if 9''/!eJ .J:;}'IJ '>/ {a)ej,f;a Zf"i] -o,oj Af;: Af',1%-l;'¾"] .!/- 7f:S]7f ~ct 

0 ~ 
°IT 0 

¾£1 ~~~ ..g._~, ~.s:.. %ae~~9.J 0Jott .9lt\l ~7c1 ;>;H--1;,;1::: -Y.:iil9-J ~~ ~ 61~~ 

',1-3~2] 0.}"i] 7f",} \')7,}-of71l ':lt;:1% '/1-tcct (Tolderlund and Be, 1971; Fairbanks 

and Wiebe, 1980; Arikawa, 198.1). 

-l'c '1!'i'oJl"1," -&-¾llc"1o11 ,1p,1e1- "i""<"-"' 0 f 94pc-2"!- 95pc-1o11 w¾'<! * %-ir 

¾9-J ~~~~ -¥-%~%.:g¾ Neogloboquadn·na pachyderma~ ~~~-a- A}%<5}o:j _Ll 

•J 0,}.!}'/l 'll .,u]:f;a ',!,'-%0] ~ajo]4. 94PC-2 .'i!Of;: ¾ .s,of 7.e! 0]7f 861 crn°1 

nj ','{) 0 1 1,30,: m~! %"11"1 rJl""Af\'!oJ]Ai >I'll "1'.<!ct (Fig. 6-1) (e!-Ss'•l 0J\'!,'--sc, 

1995). 95PC-l 2°}~ ~ 0 1 940 cm 0 Jui Y1i 1634 m9-l ¾¾~Al 1a"~ 15F!j!-- tH~-"} 

\'loJ]Ai •H'II 51'.~ct (Fig. 6-1) (e!-Ss'•H 0J\'!'i'c1c, 1996). '>!'/!c"l2.£ 'i""i"l ';-';J::'c sill 

1,lo]oJI el'ilAI ';1) :s].\ll'c!ct. '/!cllll"'i-'J o'-:s]'<! %"1!1'c ?{) 0 1 16~130 moll o]s;: 

~.g. sill~oJl 9-]-8~A~ ½2.i ~~~9-. .::iciE.& %.:.~';:: A]\:!' l1J15}7] ~ {!-l:IJ;;]%-t!- JI 

Moriyasu, S., 1972; Oba et al., 1991; Keigwin and Gorbarenko, 1992) . ..::::ii'i.!:-.:?_ -'& 

~~ ~ ~ 2 1:~ ~ 0JoJ] u] 811 uQ-1- ~l t}:@ A~~,._J-.9.j ~ ~ ~ .!i!S.! tj- (Menshutkin et al., 

1974). 
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2. ~ig;i 

H A~ 0 ,,_ '-'=' 

oj-~cJ-. -Fhf%~~ ~-~~ ?,- i]6H ~ 10 g o]AJ~ ~-g. A]li~ ~l: 60 "C oveno1] 24"'1d 

0 H.J- ~-!S-"-];(l + Tlll~ ;,:~Sj_cJ-. "Yfll~ ;.:,_I!~ Zi-1:J.]hol] %?- ?H.$-~ '~ 6-"ln- 0 1AJ 

-fd~":1<>11 %---1- G:i µm 7<11~ Aj--§-oj-~ ~-~ 8-}':$,c+. All~ -'t- 63 µm _!;'1_1:+ -2- '1'J?;j-~ 

<.?.l' 60 ''C ovcnoJl ~<B + -'i'-lll~- ;(H~c+. Alk1-1"E-l 1,:t~ "']liE-f 1r-11lo11J·1 ~l~ --;s• si~ 

~~ A]fl.-~ 'j'-7-JlJ- ~ + 100g -~D-}'9 ~'di'!~~~9J, ~hll~'ll t}<'J-g_ -=j1-"8'}~-c+. 

-ft-1s-¾~ ~rJ=~- 6~-3: ~]"6)-~ fl_±A]li~ Otto Microsplitter£ split~+ -¥-fl-Ad, AjA-j 

Aj (~§l-~. !.)-~_) il--t?-~-~ "5]]<",}~~ ~3':J]li 10 g t:J- tJ--ft-B -t"t'-~'g-9~ 1H.o'iTIT.£ ¥J:-{!-

8"j-91L+. -¥--ft-Aj/;;>:-JAlAJ-ft-~¾~ 1:l]%-f:.- ~-1q-i1.a~9~ ~-:7]- lQQo] ~l 1r]17Jj-;{j <',j]oj-~ l:lj% 

-ft-Ad ¾ii·¾ %- Neogloboquadrina pachyderma9J, coiling ratio~ TOJ-91 o_ '-9 o] 9J oJl 

S:. N pachyderma9l {'1_:t:_A] li 10 goJ] t.J-¾.:8 ill 'hj]-c'-r=- ~ ¾-ft--H¾-J·o1I N 

pachvderma71- 7-]-,,-;JtH:::- -~t~-~~l l:l]¾ii -=r-·.s-}~tj.. 01-Q.JoJ],t;_ ,;;'1_3':A].fi_ 10 g011 ~-ft-

raw data~ ~-3:l~- 10 g ~J t]--H-tl -H-.:g.~.Qj t;;:J_~c.J,0_ Tahlc 6-6-1-E~ Table 6 97/j

;,.:j l+E}l+ ~t:l-. 

,<2.. ~"irii _1ii_~Jcj- W.01-16.43%) (Tabk 6-6; Fig. 6-9). 5J7>i% ~-:oJ] W¾:e. 3'::TJ~ 

~~~Qj t]- 2.J:t B-~}~!?l ¾tBAJ£~ '-l-F-}~::= A]A].A]-_Q_ A}¾!f1 T ;Uc-} (Keir l!J80; 

William,:; el al., 1985). ±'£!~5'j/2'j~~ U·?4t~ 7,}i~· %6BoJI ~I~ "B.AJ..2..5.. 15B~'M 
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T:cilile 6-G. Raw dat1 of various environment::il vunables of core 94PC-2. The abbrevia1ions arc 
as follows: Del} {cm); core cleµth in cm: onw lg); orignal dry weigh ill grams: >63 um; 
weight (gl m >63 um size fraction: P (;\): no. of planklonic foram at splii: Pbr (%); 
percent of broken pl;mklonic foram: B (NJ: no. of benthic foram al split: P~D (N): no. of 
planktonic plu~ benthic foram at split: P/l.l (%): pen:ent of planktonic/henthic forn.m: Are; 
no. of arenace(,us foram at split: Ples; no. of left coiled N padiyderma at split: Pris: no. of 
righl coiled 1\. pach_vderm.u. at split: Ple%: % of left coiled N puchyderma within N 
pachyderma: Plc%, % of left coiled N. pachyderma wit.bin N. pachyderma: Plew%, % of 
ldl coiled _;_\I. pachyderma within whole ph:mktonic foram: Priw%; % of right coiled \.' 
pachydama within whole pli:!nktonic foram: Gm: no. of Globorotalia menardii at split: Os; 
no. of ostracodes at splil na denotes not available. 

Den(cm) ODW(_g) >63um CF(%) 

10-20 13,87 0.04 U.29 

25-27 
27-29 

29-31 

14-Jfi 

38-39 

40-41 
45-48 

-19-51 

55-58 

67-69 

69-71 

76-77 

80-81 
85-86 

89-91 

91-92 

95-96 

96-97 

98-99 
99-101 
101-102 

105-IOS 

106-107 

107-!08 
109-111 

111-112 

115-116 

116-117 

117-118 

118-119 
120-121 

121-122 
124-126 
126-127 

127-128 
129-111 
131-132 

133-136 

116-118 

138-140 

9.82 
G.C,G 

IO 70 

7.31 

4.44 

7.92 

10 44 

7 77 

12.20 

6.95 
9.93 

9.71 

4.93 

7 75 

10 28 

14.97 
3.67 

9 12 
10 19 

8 04 

922 
10.84 

10.42 

6.95 

10.09 
l 9 28 

18.69 

18.86 

12.30 
11.99 

17 55 

14.11 

15.40 
21.07 
19 Xfi 

15.47 

13.32 
7 84 

13.08 

8.14 

0.01 
0.l)2 

0.03 

0.03 

0.02 

0.04 

0 04 

0.02 

0.05 
0.02 

0.09 
0.04 

0,07 

0.08 

0.16 

0.23 

0 17 

0.06 

0 05 

O.o7 
(J.01 

0.07 

0.34 
0.27 

076 

1.10 
1.77 
1.G 1 

0.93 

0.57 

1.20 

0.15 

0.13 
0 09 

0.11 

0.09 
0 ox 
0.02 

0.02 
0 Ul 

U ](I 

0 30 

0.28 

0.41 
U.45 

0 51 

0.38 
0.26 

0.41 
0.29 

0 91 

U 41 

1.42 

1.03 

1.56 
I 'i4 

4 63 

0.66 

0.49 

0.87 
0.11 
0.65 

3 26 

3 X8 

7.53 

5.71 
9.47 

8 54 

7 56 

4.75 
6.84 

1.06 

0 84 
0.43 

0.55 
0 5X 

0.60 
0 2G 
0 15 

0.12 

Split P(N) Pbr(%) 

,11 0 

all 15 

all J 
all l 
all l 

all O 

all 0 
ull 2 
all O 

all O 

all 1 

all 0 

all 0 
all 0 
all O 

all O 

all I 

all 0 
all 80 
all 3 
all O 

all 0 
all I 

I/fi4 97 

1/128 91 

1/256 163 
1/1024 78 

1/1024 150 
1/1024 250 

1/512 203 

1/512 120 
1/512 101 

1/4 84 

112 6 
all 45 

all I 

all 1 
all 0 

all 0 

all 0 
all O 
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na 
n, 
n, 
na 

n, 

40 
12 
20 
12 
8 
9 

6 

14 

14 
22 
na 

M 

n, 

'" 

B(N) 

55 
26 
13 
32 
l 

2 
1 

25 
1 

2 

20 
12 
0 

1 
(I 

0 
0 

0 
0 
0 

0 

0 

3 
4 
0 

4 

3 
9 
10 
5 
2 
1 
2 

I) 

0 

0 
I) 

0 

0 
I) 

0 

P+R(N) P/B(¾) 

55 i\ll 

41 
16 

33 

2 

J 
1 

27 

l 

2 
32 
12 
0 
l 

0 

0 
1 
0 

'° 
3 
0 

0 
4 

101 

91 

167 

81 
159 

260 
208 
122 
103 

86 
6 

45 
l 

I 
0 
II 

0 
0 

na 

na 

na 

nu 

na 

na 

"' n, 
n, 
n, 

"' na 
n, 

'" n, 
na 

na 

'" 
na 

na 

na 

96 

100 

97 
95 

94 

97 
96 

98 

99 
97 



TiJlile 0-0. lCrn1!1r1utxll. 

Di.;p(...:m) "'' Pb Pris Pk% Pri¾ Plew% Priw% Clm n.~ 
10-20 0 0 0 ,rn "" ,m na 0 0 
25 27 0 12 3 "" ,m JIU "" 0 0 
27-29 (I J 0 na na nu ,m 0 0 
19-:11 II u (I na na M M 0 0 
34-16 11 1 0 "" na m "" (I (I 

38-39 0 I) u n, na M M 0 II 

40 41 0 0 0 l)ll ,w "" ,m 0 0 
,j)-48 0 1 1 m1 na ,m na 0 0 
49-51 0 I) II na na na na (I (I 

55-58 (I I) 0 "' na na n, (I (I 

67-69 0 J 0 "" n, na "' 0 11 

69-71 0 0 0 WI ,m IHI na 0 0 
76-77 0 0 0 ,m "' na na 0 0 
80-8] (I 0 0 ,m na n, na 0 0 
85-86 (I (I (I na na na M (I (I 

89-91 (I II II M M "" n, I) (I 

91-92 0 0 11 na na na na 0 (I 

95-96 (I 0 0 ,m "" n, "" 0 0 
9G-97 0 34 JO na "' 34154 20/54 () 0 
98-'J':l (I (I (I na M na M (I (I 

99-10 I II II (I "' "' na na 11 0 

101-102 II II 0 na M ,m n, 0 II 

105-106 0 I 0 "' na '" rrn 0 0 
106-107 0 85 15 85 15 85 15 (I 0 

107-108 0 73 18 81 19 81 19 0 0 
109-111 0 128 30 83 17 83 17 II 0 
111-112 [I (,-1 13 s,1 16 '2 16 (I II 

I I 1- I I(, 0 11·1 22 8:i 15 83 14 0 (I 

116-117 0 169 58 72 28 68 21 0 0 
117-118 0 152 43 80 20 75 17 0 0 
118-119 [I 95 23 80 211 Tl 21 (I II 

120-121 II 71 21 77 21 76 21 11 0 

121-122 II (i8 16 77 23 77 23 0 0 
124-126 I) 6 0 <ill "" WI "" I) (I 

126-127 (I 31 14 IJU nu na na 0 0 

127-128 0 0 1 na "" n~ na (I 0 

129-131 II II I "" "" "' n, 0 0 

Lll•l"H 0 0 0 n, n, n, "" 0 0 
133-136 (I 0 0 nu na na 1m (I (I 

13G-138 0 (I 0 "' n, "" "" II II 

138-140 0 11 0 "" n, n, m, 0 0 
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Table :S-0. (Continued). 

Dep(cm) OlJW{Q ) >63um CF(%) Split P(N) Pbr(¾) B(N) P+B(N) .PIH(%) 

140-142 15.76 0.10 0.63 ,11 0 na I) 0 na 

144-146 18.94 I.80 9 50 118 I) na 0 0 n, 

146-148 18.46 2.31 12 51 118 0 na 0 0 na 

149-151 15.22 2.50 16.43 118 4 na 0 4 na 

111-152 9.82 1.56 15.89 114 0 na 0 II n, 

153-157 10.51 0.37 3.52 ,11 0 na II 0 n, 

117-158 10.28 0.09 0.88 ,11 38 na 1 41 "" 
161-162 9.48 0.11 1.16 all I na 6 7 n, 

168-169 12.81 0.04 0 31 aO II "" 0 0 "' 
181-182 9.77 0 09 0.92 ,II 102 15/82 0 102 100 

187-189 1118 II 07 0.62 all 0 ,u 2 2 na 

201-202 J 1.68 0.04 0.34 ,11 0 na (I 0 na 

21 1-212 14.41 0.04 0.28 all I) "' 0 0 nn 

221-222 9.60 0.08 (UU ,II 46 1/40 15 GI ~, 
225-227 JO 32 0,06 0.58 ,11 0 na 0 0 na 

235-236 10. HJ 0.05 0.50 oil 0 na l I n, 

245-247 IJ 32 0.12 0.90 ,11 0 n, 0 0 na 

256-258 14.26 0.71 4,98 ,11 I) n, 0 0 n, 

270-272 8.28 0.03 0.36 all 0 na 0 0 na 

277-279 9.67 0.03 0.31 all 0 na 0 0 no 

286-288 8.33 0.05 0 60 aO 0 ,w 0 0 na 

296-298 10.70 0.04 0 37 all 0 no 0 I) n, 

310-312 12.81 0.07 0.55 all 0 na II 0 0 

320-322 14.33 0.08 0,56 all (I "' 0 0 0 

331-111 11.67 0.09 0.77 all 0 na 0 0 II 

141-342 7.88 0.08 I 02 all 0 ,m 0 II 0 

351-353 11.33 0.01 0 35 ,11 0 na I) 0 0 

361-363 12.94 007 0.54 ,11 0 "' 0 0 0 

368-370 7 54 0.05 0.66 all (I na 0 0 0 

378-380 865 0.04 0.46 all II na 0 0 I) 

388-190 9.49 0.06 0.63 ,II 0 no 0 II 0 

400-4C2 9.80 0.03 0 3 l all 0 na II 0 0 

411-413 13.37 0 _ 05 0 37 ,11 0 n, 0 0 0 

421-423 9.01 0.03 0.33 all 0 na 0 0 II 

430-432 10.22 0.05 0.49 all 0 na 0 II 0 

417-439 16.62 0.11 0.66 ,11 0 na II 0 0 

451-4:3 lG 55 O 19 1.15 all I "" 92 93 1/91 

457-459 10.53 0.19 1.80 ,II 19 ,m 28 47 19/47 

4G8-4/'0 12.00 0.35 2 92 1/16 137 7 0 137 100 

478-4W 10.32 0.2,1 2 33 118 I 77 1 0 I 77 100 

491-4~13 15.86 0 34 2.14 all 100 6/40 I 101 1110 
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Tuble G (). (Continued) 

D~plo.:m) Ive Pk~ Pris Pk¾ l'ri% Pkw% Priw% Chn Os --·-· -
l4U-H? (( II (I na Ha na IIU 0 I) 

!44-146 0 II II '" na n:1 n;, II II 

146-148 0 II 0 "" ns na na II () 

149-151 0 (, I IIIL IH! llll na II II 

15 l- I 52 II II (I lli! ua llil '" 0 (J 

li1-li7 II II I) na na Wl na u 0 

157-158 II l(; 2 36n8 21'.l 8 3(,/3 8 2/38 0 0 
161-102 u I II "' na na na II II 
168-169 0 II 0 m ns n, n, II 0 
181-182 I) 84 18 83 17 83 17 (I (I 

187-189 II () II na 11.t na na 0 I) 

201-202 0 (I II ns "' na na (I II 

21 I 212 0 I) (I "" '" n, Il(( u () 

221-222 (I 32 13 32/45 1:ms 32/4G 13/46 0 0 
225-227 II II II na ns "' n, 0 0 
2::l5-236 () II 0 "" "" n, na II 0 
245-247 (I 0 II "' "' n, n, I) (I 

256-258 (I 0 0 m na "" ns II II 
270-27':. 0 0 0 ]HJ. IJU n, n, (I 0 
277-'J.7') II (I (I na na na na 0 0 
28fi-288 (I () 0 na "" na na (I 0 

296-298 u II 0 no na na na II (I 

310-312 0 (J (I no ,w Ila IHI 0 0 
·120-122 (I (I II <ill ru, n, '" 0 0 

331-·333 0 0 II "' m "' na I) II 

341-342 0 0 0 ns "" "" Ill! () (J 

351-353 0 0 0 no "" n, n, 0 (I 

361 -363 0 0 II (HJ. ,m Ilil '" II 0 
368-370 0 II II na no na nu (I 0 
378-380 0 I) (I n, "" M na (I I) 

388-390 II (I II "" m na 11/! (I II 

400-402 0 0 0 n, "" n, n, 0 0 

411-413 0 0 0 Ila ua no WI (I 0 
,l:!J-,123 [I II 0 na na na no 0 [I 

4.'\0-432 II (I 0 "' m na "" 0 [I 

437-439 0 0 0 rm ,m IW. im 0 0 
451-453 0 1 0 llii na na na 0 0 
457-459 [I 19 [I m "' "' n, [I 0 
468-47(1 II 116 I j()(I [I I 00 II II [I 

478-480 0 177 0 JOO 0 100 0 0 II 

491-493 0 08 2 98 2 98 2 ' () 0 
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Table '3 -6_ \Continued). 

Dep(crr .. ) ODW(~) >63um Cf(%) 

500-502 12.52 0.05 0.40 

0.71 

0.54 
0.17 
0 54 

ll 41 

0.36 
0.41 
0.44 

0 20 

() 22 

0.12 
0.18 
0.24 
0.18 
0.31 

507-50•) 15.48 0.11 
520-52.2 12.95 0.07 
530-53.! 11.75 0.02 
540-54.1 
550-55:! 
560-561 
567-569 
578-581) 
587-589 
'19X-601l 
604-601i 
611-61:l 
617-619 
627-629 

20.52 
17 OU 

8.36 
12.3 l 
11 28 
10 08 
l"l 77 

16.47 
16.64 
12.65 
11.05 

637-639 19.43 
646-64/l 15.69 
657-6'5'! l'i 46 

667-669 l I.42 
677-679 18.81 
687-689 17.51 
G97-G9'l 17.78 
707-709 21 89 

717-71'1 22 79 
727-729 20.65 

716-7:rn 23.25 
746-74!1 15.64 
757-759 16.53 
767-76</ 18.51 
777-77'1 1611 

787-78') 15.67 
797-799 23.63 
807-801) 22 16 
817-81'1 13 42 
826-XW 22.60 
817-819 19.96 
847-84') 19.00 
857-859 15.31 
860-86 l 4 80 

0.11 
(_I U7 

0.03 
0,05 
0 05 
0(12 

0_():l 

0.02 
0.03 
0.03 
0.02 
0.0G 
0.09 U 57 
0.06 0 39 

0.06 0.53 
0.14 0.74 
0.23 l 31 
017 0% 

0 17 0 78 
0.28 1.23 
0.43 2.08 
0.34 I .46 
0.20 1.28 
2.20 13 31 
0 10 1 62 
0 16 0.99 
0.17 1.08 
0 28 I IX 
U 38 1.71 
0 27 2.01 
0.36 1.59 
0,31 1.55 
0.11 O'\X 
0.06 0 19 

0 02 0 42 

Sr]it P(N) Pbr(%) B\N) P+D(N) l-'/13(%) 
al12na l 

all 143 1/50 550 
1/4 86 3 271 

all 11 na 5 
,11 
,11 
,11 

oil 
all 

iill 
all 
,11 
oil 
,11 
,11 
,11 

2 

II 

25 
78 
(J 

(J 

ll 

0 
1 

0 
0 

66 
all 0 

all 0 
all 1 

all 15 

all !R 

all 0 

all 0 
1/8 181 
all 5 

all 255 
all O 

1/32 261 
1/32 261 
all 1 
all O 

all 0 

all 3 

all 2 
1/32 141 
1/64 2% 

all 111 

all 0 
all 34 
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no 
na 

n, 

no 

na 

no 

''" 6 

n, 
8 
5 

na 
n, 

n, 
na 

m 
5 

6 
17 
na 
n, 

(I 

221 

24 
57 
(I 

I) 

1 

0 
0 

0 
0 

1 

0 

0 
1 
2 

1 

0 
1 

10 
21 

25 
1 

10 
37 
2 

1 

11 
0 
IJ 

II 

10 
1 

0 

11 

3 

693 
357 
16 
2 

212 
49 
135 

IJ 
I) 

1 

0 
1 

0 
0 

67 
0 

0 
2 
17 
19 

0 
1 

201 
29 

280 

1 

273 
298 

3 
1 
0 
3 

2 

152 

246 
112 

IJ 

47 

20 
24 

11/JG 
no 
4 

25/49 
57 

f,6/67 

"' n, 
n, 

n, 

n, 
ua 
n, 

90 
na 

90 

"' 95 
88 
11!1 

nn 

na 

na 

na 

94 
95 
'9 
n, 
na 



Tal,le 6 6. (Cuntirnwd) 

Dep(cm) Are Pies Pris Ple¾ Pn¾ Ph:w% Pnw% Gm o~ 
i-=so

0
1L)-'sco"2+-o,-..,f-'-,"_ -+ 0

o7 f-'-n",-+--",",,ccFJl\.! na U 0 

107-509 0 Ill HJ 93 7 93 7 0 (J 

52{1-522 r) 8/J (_) j(JI) () j1_1/_I () () (J 

53U-:i'l2 0 4 7 1la !W na no O 0 

540-542 (I O O na na no ni-l O 0 

'i)() .. 552 rJ I l O na ni-l 11u na O 0 

560-SG] 0 I na 1m na na ua O 0 

567-)fi(J () 78 0 na ria na na O (I 

578-580 0 () 0 na na na na O () 

)87-58'.I (I O () mt lld rm Il/-l O 0 

598 -Ul(! 0 r_1 0 na na Im na O 0 

ft04-(i06 0 ( I () JIU na llii Illi O 0 

fill-(,13 0 I O na na na na O 0 

611-619 0 (I (I na na na na O ll 

627-61'9 () O O na na na na O 0 

637-619 (l 52 12 na na m1 na O 0 

646-648 0 () 0 m1 na na na O 0 

fi)7-G59 0 0 (_I 1m na na na O 0 
U,7-(,(,9 0 1 () na ua na na O 0 

677-t,"/') {) !U 5 mi 11a na na O 0 

687-689 (.I 17 1 na na 11u na O 0 

6'J7-t,9~l I! 0 0 na n~ m1 11a O 0 

707-709 0 (I O rm na na na O ll 

717-719 0 177 4 98 2 ')8 2 0 0 

727-i29 0 _., /l rn1 na nu na O 0 

"/16-738 0 25] ; 98 2 ')8 2 0 0 

746-748 U (l O na na ria na U 0 
757-759 0 2(,0 3 98 2 98 2 0 fJ 

7(,7-769 () 26(! 0 JOO O IIJll O O 0 

Tr!-779 0 ] 0 !la Ill! Ilfl na O 0 

787-789 () () () rm na na na O 0 

797-799 0 O O m na na na O 0 

807-809 0 1 2 na m n.::1 Im O (I 

817-819 () "l O ua na na na I) 0 

fCG-828 0 139 7. 99 1 99 I U 0 
1 8TJ-S3ol O 233 J 98 2 98 2 0 0 

1

847-849 0 86 23 8( 1 20 80 20 0 0 

857-859 (I () () mt na na nu O 0 

i 860-861 0 32 2 na 1m L~n=•-~="="~~O~~O 
~--~~ ~~-~-~~- -
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Table (i-7. Number of planktonic ,md bc11thic fornrniniler'.-i in 10 g 
~-cdimcnt of core 94PC-'.:. i\ll abbreviations are shnwll i,1 
'l'able G-6. 

Den(~m) UDW(g) >63um CF(%) Split P(N) Pbr(¾) B(NJ P+B(N) 
10-:rn I :l 87 0 04 ()2') all I) ,m 40 40 
25-n 9.82 0 0 I 0 10 ,11 15 na 2G 41 
27-29 6.66 0.02 0.30 ,11 5 "' 20 24 
29-:l 1 10.70 0.03 0.28 ull 1 n, JO 11 
3'1-'!6 7.31 0.03 0.41 all 1 "" 1 2 
18-]9 4.44 0 02 U 45 all I) n, 5 5 
40-41 7.92 0.04 0 51 ,11 I) na 1 1 
45-48 10.44 0.04 0.38 ,11 2 n, 24 26 
49-'.il 7.77 0.02 0.26 ,11 0 na 4 4 
55-'.i8 12.20 0.05 0.41 all 0 ,w 2 2 
f,7~,9 6.95 U 02 I) 29 all 4 na 42 46 
f,9-'' I 9.91 0,09 0.91 ,11 0 na 12 12 
76-'77 9.71 0.04 0.4! ,11 0 na I) 0 
80-Hl 4.93 0.07 1.42 ,11 0 n, 2 2 

85-HG 7.75 0.08 1.03 all 0 na 0 0 
8'}-(11 10.28 0 JG 1.5(, all 0 ,m 0 0 
91-92 14.97 on 1 54 ,11 1 na 0 1 
95-96 3.67 0.17 4.63 ,II 0 n, II 0 
96-97 9.12 0.06 0.66 ,11 88 n, 0 88 

98-99 10.19 0.05 0.49 all J na 0 J 
99-1'}1 8.04 0.07 0.87 all 0 na 0 0 
101-102 9.22 0.01 0.11 ,11 0 na 0 0 

105-106 10.8'1 U 07 (I f,5 ,11 1 na 3 4 

IOfi-107 10 42 0.34 J.26 1/64 5958 40 2146 6203 

107-108 6.95 0.27 3.88 1/128 16760 12 0 16760 

109-111 10.09 0.76 7.53 1/256 41356 20 1015 42371 

111-112 19.28 1.10 5.71 J/1024 41427 12 1593 43020 

115-116 18.69 1 77 9 47 l/1024 82HO K 4931 87 lJ.1 

l lfi- ! 17 18.86 1.61 8.54 1/1024 135737 9 5429 141166 

117-118 12.30 0.93 7,56 1/512 84501 6 2081 86582 

118-119 11 99 0.57 4.75 1/512 51243 14 854 52097 

120-121 17.55 1.20 CdM 1/512 2'J46fi 14 292 300'1'-J 

121-122 14 11 ()_ 15 1.06 1/4 238 22 6 244 

124-126 15.40 0.13 0.84 1/2 8 = 0 8 
126-127 21.07 0.09 0.43 all 21 no 0 21 
127-128 19.8G 0.11 0.55 all 1 n, 0 1 

]2'J-131 15.'17 0 09 O 58 ,11 I n, 0 I 

lJ 1-132 1'.U2 0 08 0.60 ,11 0 ,w 0 0 

133-136 7.84 0.02 0.26 ,11 0 ne 0 0 

13G-138 13.08 0 02 0 15 all 0 "' II 0 

118-140 8.14 0.01 0.12 ,11 0 IIU 0 0 
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Table G 7. ll'ontinuedl. 

··------
Dcp(cm/ P!B(%) Pies Pns 

10-20 na II [I 

25-27 mt 12 1 
27-29 nn 5 0 
2'J-3 I na 0 0 
34-36 m I 0 
38-39 n, (I [I 

40-41 rm ll (I 

1!5-48 ,ID I I 
49-11 na 0 0 
55-58 na (I 0 
67-69 n, 4 0 
G9-71 na 0 0 
7(,-77 Ila 0 ll 
80-81 na 0 0 
Xl-86 lld 0 0 
89-91 ITT 0 0 
91-92 "' 0 0 
95-96 na (I (I 

9G-97 "" 37 22 
')8-99 114 0 0 

99-101 na (I 0 
10 !-102 nn 0 0 

105-106 na I II 

106-107 96 5220 921 

107-108 100 13445 3315 
109-111 97 32476 761 l 
lll-112 95 33992 6905 
I 15-1 ! (, 94 33992 6905 

l lh-117 n 91758 ]()4(1') 

117-118 96 63272 17899 
118-119 98 40567 9822 
120-121 99 20713 6710 
L'. 1~122 97 193 45 
124-126 n, 8 ,, 
12(,-127 "" 15 7 
127-128 na 0 I 
129-11 l n:1 0 I 
lJ 1- 132 "" (I 0 
133-136 nn (J 0 

I 
136-138 ,m 0 0 
138-140 ll~ (I (I 
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Table 15 7. (Cur1tinucd), 

Den(cm) ODW(g) >63um CF(%) Snlit P(N) Pbr(¾) B(N) P+B(N) 

140-142 15.76 0.10 ll 63 ,11 0 na 0 II 

144-146 18.9,1 1 80 9.50 1/8 0 n, I) 0 

146-148 lR.46 2 31 12.51 1/8 II "' 0 0 

149-l"il 15.22 2.50 16.43 1/8 1 n, 0 3 

151-152 9 82 1.56 15.89 1/4 0 na 0 0 

153-157 10.51 0.37 1 12 all 0 na 0 0 

157-158 10.28 0.09 0.88 ,11 37 '" J 40 

161-162 948 0.11 I 16 ,11 I n, 6 7 

168-169 12.81 0.04 OJI all II n, 0 0 

181-182 9.77 O.Q9 0.92 ,11 104 15/82 0 111, 
187-\8') 11.38 0.07 0.62 ,11 0 '" 2 2 

201-202 I I.GS 0.04 0.34 all 0 n, II 0 

211-212 14.41 0.()4 0.28 all 0 n, 0 0 

221-222 9 60 0.08 0.83 ,11 " 1/40 16 64 

225-227 J0.32 0.06 0.58 ,ll I) na 0 0 

235-2'.lfi 10.10 0.05 0.50 ,11 0 '" 1 1 

241-247 13.32 0.12 0.90 ,11 0 n, 0 II 

256-258 14.26 0 71 4 98 ,11 0 n, 0 0 

270-2i2 8.28 om 0.36 ,11 (I n, 0 0 

277-2!9 9.h7 0.03 0.31 ,11 0 n, 0 0 

286-2~,8 8.33 0.05 0.60 ,11 0 n, 0 I) 

296-2~18 10.70 0.04 0 17 ,11 0 n, 0 0 

310-3\2 12.81 0.07 0.55 ,11 0 n, 0 0 

320-3:.2 14.33 0 OK 0.56 ,11 0 n, 0 0 

331-3:,3 11.67 0 09 0.77 ,11 I) n, 0 0 

34 )-JL.2 7.8K 0.08 1.02 ,11 II na 0 I) 

351-3.',3 11 33 0.04 0.35 ,11 0 n, I) 0 

361-361 12.94 0.07 0 'i4 all 0 na 0 0 

368-1''0 7.54 0.05 0.66 ,11 0 n, 0 0 

ns-3go 8.65 (J,04 0.46 ,11 II n, 0 0 

388-3~)0 9.49 0 06 0.63 ,11 II '" 0 II 

400-402 9 XO 0.03 OJI all 0 ,w II 0 

411-4 1 1337 0.05 0 17 ,11 I) n, 0 0 

421-4'.!3 9.01 0 01 0.33 all II n, 0 0 

430-4]2 10.22 0 05 0.49 all 0 n, II 0 

437-4'.19 16.62 0.11 0 66 all 0 n, 0 0 

451-4·)'.l 16.55 0.19 I 15 ,11 I n, 56 56 

457-4:59 10.53 ()_ 1 9 1.80 ,n 18 n, 27 45 

468-470 12.00 0.35 2.92 1116 1827 7 0 1827 

478-4:rn 10.32 0.24 2 31 1/8 1372 1 0 1372 

491-4-B 15.86 0.34 2.14 ,11 61 6/40 I 64 
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Table (.i·"1. ICuntinuecl). 
.. ·---

Dc,p(i.:rn) P/R(n/c,) Pie~ Pns 
~ 

l4(J 142 na II II 

144-J,1(, llil () II 

146-1,1)<: na 0 0 

149-1 SI n, ' I • 
151-152 na 0 0 

153 157 rm 0 0 

1~7-158 rn, 35 2 

lf:il-lW. na I 0 
168-169 na 0 () 

181-182 lllfl 80 18 
187-189 n, II 0 

201-202 n, ll 0 

211-212 IW 0 0 

221-222 mt 33 14 
2L',-2Tf ~, 0 0 

235-236 na 0 0 
245-247 "" ll 0 

25G-258 IW 0 0 

270-272 na 0 0 
277-279 n, 0 0 
286-28X m 0 () 

296-298 na 0 0 

310-3 12 (I 0 II 

320-322 0 0 0 

Tll-rn (I 0 0 

341-342 II 0 0 

.'-51-353 (I II (I 

361-363 0 II II 

3(,X-J70 II 0 II 

TlX-380 (I 0 (I 

.188-390 II (I 0 

400-402 IJ 0 0 

,fl 1-4 13 0 I) ll 

421 --121 (I I) 0 
430-432 II 0 I) 

437-439 ll II II 

!)5 !-453 1/93 I ll 

4 'i7-'15/.J 19/47 18 0 

468-470 ]()() 1813 13 

478-480 IOU 1372 II 

491-493 100 62 I 
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Table 6 7. (Continued). 

Dep(cm) ODW(g) >63urn CF(¾) Split P(N) Pbr(¾) B(N) P+R\N) 
500-502 12 52 0.05 0.40 all 2 "" 1 2 
507-509 ]5 48 0 11 0 71 all 92 1/50 355 448 
520-522 12.95 0.07 0.54 1/4 266 ] 837 1103 
530-532 11.75 0.02 0. 17 ,11 9 na 4 14 

s,10-512 20.52 0 11 0 54 ,11 I na 0 l 
550-552 17 ()() IJ.(J'/ 0 41 ,11 6 n, 130 136 
560-561 816 o.m 0 36 ,11 30 na 29 59 
567-569 12 31 0.05 0.41 ,n 63 na 46 l 10 
578-580 11.28 0.05 0.44 ,n 0 n, II () 

587-589 10.08 0.02 0.20 all 0 na 0 0 
598-600 13.77 0.03 0.22 ,n 0 n, l l 
604-606 16.47 0 02 0 12 ,n 0 n, 0 0 
611-611 16.64 0.()1 0 18 ,n l na 0 1 
617-619 12.65 0.03 0.24 ,n 0 n, ll 0 

627-629 11.05 0.02 0. 18 ,n 0 n, 0 0 
637-639 19.43 0.06 0.31 ,11 34 na l 34 
646-648 15.69 0.09 0 57 all 0 na () 0 

657-659 15.46 0 06 0.39 ,n 0 n, II 0 

667-6S9 11.42 () 06 0 53 ,n I n, I 2 

677-679 ]8.81 014 0 74 ,n 8 na I 9 

687-6~9 17.5 I 0.23 1.31 ,11 10 '" 1 11 

697-699 17.78 0.17 0.96 ,II 0 n, 0 0 

707-7-)9 21.89 0.17 0.78 ,n () M l 1 

717-719 22.79 0.28 1.23 1/8 615 6 70 706 

727-729 20 65 0 41 2.08 all 2 na 12 14 

716-718 23.25 0.34 1.46 ,11 110 6 11 120 

746-n8 15.64 0,20 1.28 ,11 0 na l l 

757-759 16.53 2.20 13.3 I I/32 5091 ' [94 528.5 

767-7,59 18.51 0.30 1 62 1/32 452! 5 640 5161 

777-779 16.11 0 JG U.99 ,n I n, l 2 

787-739 15.67 0 17 l 08 ,n 0 n, 1 1 

797-7}9 23 fi1 0.28 1.18 ,11 0 n, 0 0 

807-8•)9 22. 16 0.38 1.71 ,II I m 0 l 

817-819 13.42 0.27 2.01 ,11 I n, 0 l 

826-828 22.60 0.36 I 59 11"12 1996 5 156 2152 

837-8:19 19.96 0.3 I 1.55 1/64 7567 6 321 7888 

847-849 19.00 0.11 0.58 ,n 58 17 l " 857-859 15.31 0.06 0.39 ,n II n, 0 0 

860-861 4.80 0.02 0 42 ,n 71 n, 27 98 
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Table r-i 7. (Crn1tinuectl 

Dep(cm) P/B(%) Ples Pris 
50()-502 na 2 II 

507-509 20 86 6 
520-522 24 266 () 

530..:'132 I 1/l<, 1 (, 

5,tu-542 na II II 

:'i:'i0-552 ' (, II 

560-56 l 25/49 29 I 

567-56') 57 6.1 0 
578-580 nu (I 0 
587-589 na i) II 
~98-f,()() na II II 

604-606 n, () 0 

611-613 ,rn I 0 
617-619 ,m 0 0 
627-629 ,m 0 0 
<,37-(,W GG/67 27 6 

6·1C,-6'18 m () II 

h'i"l-hiY m II II 

667-669 n, I 0 
677-679 ,m 5 1 

687-689 11(1 10 I 
G97-(,99 na 0 II 

707-709 "" II II 

717-719 90 621 14 
727-729 '" 2 0 
736-738 90 108 I 
746· 748 11(\ {I II 

757-759 95 5033 ;x 

7f-.7-7h9 88 4495 0 
777-77') m I 0 
787-789 "" 0 0 
797 -799 na (I II 

807-8(19 na II I 
817-8]') na I II 

826-828 ')4 1968 28 
837-839 95 7471 96 
847-849 99 •1'i 12 
8)7-8'i9 na II 0 
860-861 "" 67 4 

-
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Tnhle fi-8. Haw data of vanous enYironmental Yariables; (11 core 
(JSPC-1. ,\11 abbreYiat1ons are sho\rn in Table 6-f'i 

OL:plh(cm) ODW(g) >G3 um(g) CF(%) Suln P(NJ T'br% R(N) P+R(N} 

0-5 5.10 () 01 0 20 ,II 12 n, I 13 

5-10 fi 50 0.01 0.15 c1ll 2 lli.l 4 (, 

l 0-15 13.47 0.05 0.37 ,11 0 na II II 

15-17 15.92 0.01 (). ()fi ,11 0 na I I 

20-22 '7S 0.002 0.04 ,ll 12 n, 2 13 

24-26 8.91 0.004 0.04 all 0 n, II 0 

35-37 5.37 0.004 0.07 all 0 na 1 I 

40-42 8 62 0.004 0 05 ell 0 na 0 0 

47-49 7.83 0 (J()f, 0 08 all 0 n, I I 

52-54 7. ll 0 01 0.14 ,ll 5 I n, 94 145 

57-60 9.61 0.009 0.09 ,ll 34 na 246 280 

65-67 5.89 0.002 0.03 all II na 0 0 

68-70 10.65 0 02 0 19 all 0 n, 2 2 

75-77 7.36 0 004 0.06 ,ll 0 n, 0 0 

79-81 !US 0.01 0.12 ,ll II na u II 

85-87 3,98 0.004 0 1() all 15 na 4 19 

95-97 9.29 00(13 0 03 all 2 IHI 0 2 

97-99 7 56 0.01 0.13 ,ll 0 1ill I 1 

107-109 10.fi'i 0.05 0.47 all 7 na 2 9 

112-114 fi 09 0.02 0.33 all II n, (I 0 

117-119 8.14 0.01 0.12 all 1' na 2 40 

124-126 l 1.06 0 008 0.07 all 45 nu 4 49 

129-131 !0.60 0 004 0.04 all 18 na 2 20 

136-138 9 R8 0.01 0.10 ell 1 n, II 4 

142-144 7.93 0.01 0 13 all I na 0 I 

147-149 12.58 0 01 0.08 ,ll 0 1ill 1 1 

150-IS2 3.69 0 007 0.19 all I m II I 

152-1S4 IO 81 0.01 0.09 all 114 2/57 0 114 

154-1~6 I 97 0.002 0 10 all 0 n, 1 I 

156-159 6.66 0.004 0 06 all I n, 2 ; 

lfi3-lt5 10.13 0.36 3 55 1/256 13G 9 1 !37 

165-1(7 3.74 0 15 4.01 1/128 p, 12 2 124 

I71-li3 3 05 Q,O\ OJ3 ,ll 13-+ 14 9 143 

173-li5 5.87 0.01 0 17 all 69 ,m 4 71 

175-1 -, 7 8.40 0.07 o_s_:; llll 57 m 7 64 

177-!~9 16.35 0 ](I 0.61 nl! 80 na 6 86 

179-Jf;l 4.88 0. 10 2,0:i I I 148 26 
, J:i0 " 

184-1 f;G 14 16 0.38 2 (,8 l.n.:: 1::0 22 12 112 

190-1\12 7 34 0.3.t 4.63 116-+ 10(, 10 28 134 

197-l :19 13.59 l 13 SJ 1 11128 127 7 89 216 

206-2(18 10.89 1.36 12.-19 J/156 117 23 128 245 

-221-



T;1blc (i 8. !Continued). 

Dcpth{cm) J-'/U(%) Al(:: Ph: Pris f'k% Pn% Pie'>% Priw'Y;, (im Os 

0-5 na (J 12 0 no "" ,m rm (I () 

5 10 na II 2 0 "" n, na na 0 (J 

10-l 5 1m [' (J 0 ''" "" n, fu3 0 0 

15-17 na 0 0 (I n, na ,m "' (I 0 

20-22 na (I 6 6 n., ru, ,m "" 0 () 

24-26 na II () 0 ua na Illl na () IJ 

35-J7 ''" () () (I ,m "" "' ru, 0 0 

40-.J2 na () 0 () "" na JUI "' II 0 

47-1-9 na 0 0 0 "" ru, llil. ua () (I 

52-54 33 () 29 22 ''" "' na ''" () 0 
57-{iQ 12 () 19 14 na rm "' "" 0 0 
(,_)-ft7 na 0 0 II ruo ,m "" "' () (I 

68-70 JP 0 0 0 "" na na "" 0 () 

75-77 na (J 0 0 na na "" no 0 0 
79-81 "' 0 II 0 ''" rm na m 0 0 

X~-X7 no 0 12 1 "" na Ha "' 0 0 

'))-97 rus (I 2 0 na na na na 0 0 

97-'J') na 0 0 0 ''" n, "" na 0 0 

107-109 "' 
() 5 2 ''" "" na "" 0 0 

l 12-114 "" 0 0 IJ "" llil. "" ,rn () (I 

J l7-l l 9 ,m 0 11 5 n;J ru, n, "" 0 () 

]24-126 na (I 38 6 "" "' "" "' 0 () 

129-13 l "' II 12 5 no rm "" 11;1 0 0 

13G- D8 Wl () 4 0 "" Ila no "' IJ 0 

1~2-144 l!il 0 I II ru> na na "" (J ll 

1-1"/-J.19 na () lJ 0 "" na nu Ila 0 0 

150-152 n:1 (I I 0 "" na na na 0 0 

i52-154 JO() () [06 6 96 4 % 4 II (I 

154-156 na 0 0 II 11;1 nu no rm () (J 

n6-l59 na I) IJ I "" ua na ''" () 0 

IC>- 161 '!9 (I 87 41 68 32 6.':i 32 I) 0 

165-167 98 () 81 3(, 69 31 65 11 (I (I 

l 7 I-173 92 () 104 21 83 17 75 17 (I () 

173-175 nu 0 58 10 tl>l na no na (J 0 

IT'>-177 na u 50 6 '" m, n;-i m I) 0 

177-179 na II /,I 17 aa "" "' "" II (I 

]7')-131 98 II 9.1 52 G4 JG 64 36 II II 

184-186 90 0 81 38 68 32 C,7 32 0 0 

190-192 80 I) 71 32 68 32 f,(, J l 0 0 

197-199 (/\ II 82 JO 74 26 65 24 0 II 

206-208 42 {) 80 24 76 24 70 20 0 0 
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Table 6-R (Continued). 

Depth(cm) ODW(g) >63 um(µ,) CF(%) Split P(N) Pbr¾ B(N) P+B(N) 
213-2'5 7.38 1.20 16.26 11128 147 II 88 235 
219-221 22.19 4 15 18 70 ]/1024 117 5 106 22'.l 

226-2:'.8 11.63 218 18.74 3/512 107 21 81 190 
235-zc:7 15.01 2.35 15.66 1/32 100 24 95 195 
243-2t,5 21 05 3.45 16.39 1/256 110 9 118 228 
248-250 12.43 1.73 11.':12 1/256 104 4 611 IM 
255-2:>7 6 6fi 0.88 13.21 1/128 110 6 75 185 
265-267 26.95 3.40 11.61 1/1024 114 12 IOI 215 
273-2~'5 18.10 2.73 15.08 1/512 Ill 23 74 185 
280-2f:2 9 58 1.27 13.2fi 3/512 147 8 79 226 
287-2~:9 10.8 I 1.56 14.43 3/512 132 5 88 220 
293-2~15 18.91 2.35 12.43 3/1024 147 2 119 266 
10[-1(11 19.58 2.32 11.85 3/1024 103 2 101 204 
308-310 11.20 1.24 11.07 3/512 123 9 98 221 
328-3~,0 12.98 1.51 11.6'.l I/2_')6 ]li5 6 " 190 
333-3'.;,5 19.67 J.98 10.07 11256 142 7 111 253 
11X-1L0 18.43 1.74 9.44 11511 I 15 5 70 185 
343-3L-5 30.29 3.29 10.86 1/1024 121 I KY 210 

348-350 21.68 2 7X 12.82 1/512 117 IQ 81 198 
353-355 20.80 2.43 11.68 1/512 102 8 75 177 

358-lf.O 20.55 2.42 11.78 1/512 116 4 80 196 

365-367 16.33 2.11 12.92 1/256 101 1 87 188 

373-3:'5 28.22 3 18 11 27 J/"j 12 123 7 88 211 

378-3~:o 13.46 1 26 9Jfi l/256 l lO 2 96 206 
3g3_3g5 31.32 2.70 8.62 1/128 136 9 93 229 

388-390 l I.21 1.06 9.46 1/64 103 8 81 Ul/l 

393_3q5 17.50 1.23 7.03 1/64 104 4 " 161 

398-4(10 13.69 LOG 7 74 1/64 134 6 57 I 91 

404-4(16 16.01 112 887 1/128 109 3 51 IGO 

411-4)3 20.12 I 55 7.70 1/256 122 5 h7 189 

416-418 12. 15 0.73 G 01 1/64 108 2 69 177 

422-4::4 9.51 0 87 Y 15 1/32 IOI 9 76 177 

428-4:,o 11.32 I.06 'J.36 1/64 137 4 69 206 

437-4:,s 10.39 0.69 6.64 3/64 104 4 7R 182 

444-4•-6 6.Y'.l ll89 12,84 3/64 108 12 103 211 

447-4L9 21.63 2.33 10.77 3/256 ln.:I 7 142 245 

452-1-:,4 8.66 1.34 15.47 l/32 I04 7 104 208 

455-457 7,87 0.69 8 77 5/64 I09 3 74 183 

458-4{,0 13 26 0.77 5.81 1/32 104 I 69 I 73 

474-47(, 6.57 0.05 0.76 118 170 I 7 177 

48]-4?i1 9.57 0 19 1.99 1/4 121 G 2 123 
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Table tJ- 8, (Conrmued) 

~---~-- ---.--cc---,cc,---;--c,-c,~==c---~--~~-~-
[)eoth(cm) P/B(¾) Are Pk Pris Ple~r;, Pri% Plew% !'riv.·% Gm o~ 

213-215 64 0 112 28 81 19 79 19 0 0 

219-221 42 0 89 20 83 17 77 17 o O 
22(,-228 58 0 73 27 71 27 (;7 26 O O 

2."l.5-217 50 0 79 21 79 21 79 21 0 O 

243-245 55 0 75 25 75 25 67 2"I O O 
248-2)0 60 0 72 28 72 28 70 27 0 {) 

2 . .i'i-257 5(, 0 77 29 71 2lJ {18 28 O O 

265-267 49 0 81 31 70 30 69 29 O O 
273-275 

280-282 

287-289 

293"295 
101-303 

308-110 

328-330 

333-335 
l:!X-'WI 

343-345 

343-350 

353-355 

358-360 

365-:167 

')7:l-'!7':i 

378-380 

383-385 

388-390 
391-195 

398-400 

404-406 

411-413 
416-418 

422-,124 

428-4'"\n 

437-418 

444-446 

447-449 

455-4S7 

458-460 
·174-,J7(, 

! 481-481 

54 0 89 20 81 19 80 18 0 0 
68 0 106 29 78 22 78 21 0 o 
60 0 107 23 82 28 85 15 0 0 

58 0 ] JO _:; 1 7':i 2:'i 71 24 0 0 

so o 82 18 s2 18 n 18 o o 
4X O JOO 21 81 19 79 19 (I (I 

56 0 85 18 83 17 83 15 0 0 

50 0 120 21 88 l2 87 12 0 0 

56 U 103 12 88 12 88 12 0 0 

54 O 99 22 82 18 82 18 0 o 
59 0 9fi 20 82 18 81 18 0 0 

65 0 88 14 86 14 8(, 14 0 0 

70 0 99 15 86 l4 8-1 14 0 0 

54 0 82 18 82 18 81 18 0 0 

)4 O 93 28 74 26 73 26 0 0 

52 0 KY 18 83 17 80 17 0 0 

53 0 116 20 83 17 83 !7 0 0 

53 0 91 11 89 11 8X l I O 0 
61 O 92 11 89 I I 88 10 0 o 
70 0 117 IS KX 12 8Ci 12 0 0 

69 0 97 12 90 10 90 JU O 0 

59 0 99 21 81 19 79 19 o o 
56 0 88 18 83 17 82 17 0 0 

56 
)8 

57 
51 
44 
.1,1 

56 

64 
% 

99 

II 

n 
II 
I) 

II 
II 

u 
Cl 

II 

II 

91 l() 90 10 90 10 

112 

80 
91 
83 

98 

98 

93 
JG! 

11 i 

211- 83 17 83 17 

24 n 21 T' n 
14 86 l..1 KS 1-i 

20 80 20 80 20 
5 9G 4 95 4 

9 9] 9 8'J 9 

9 91 9 89 9 
7982972 

S 97 3 % 3 
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I) 

0 
0 

0 

0 

0 
II 

0 
0 

0 

0 

II 

0 
0 
II 
() 

0 



Table 6 8- (Continued) 

Depth(cm) 
486-488 

492-494 

507-509 

512-514 

517-519 

523-525 

527-529 

530-532 

537-539 

545-547 

550-552 

555-557 

560-562 
565-5(7 

570-572 

575-.'5'77 

585-5P 

591-5S'3 
603--6( 15 

611-Gl'.l 

f, 17-619 

624-6:.6 
643-6L.5 
655-6'.i7 

GG4-6f,6 

672-6''4 

695-(}17 

705-707 
722-724 
742-744 
765-7(,7 

78J.7g5 

808-8'10 

828-8'.\U 

850-8:)2 

870-8'12 

890-fW2 

906-91)8 

910-9 l2 

P/13(%) 

96 
98 
99 
94 
99 
9') 

100 

96 
94 

88 

97 
98 
50 
91 

82 
92 
55 

97 

82 
88 

31 

27 
10 

28 
26 
27 
24 
25 

17 
18 

21 
23 
21 
26 
32 
JO 
21 
31 

16 

0 

0 
0 

0 

0 

0 
0 
0 
I) 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 

0 

0 
0 

0 

0 
0 
I) 

0 

0 
0 
(I 

0 

0 
0 

0 

0 

0 

0 

Pk 
135 

103 

220 

91 

147 
98 
IGG 
83 

95 

12 I 
151 

85 

79 
110 

84 

180 

hJ 

87 

95 
71 
79 

99 
72 

73 

73 

68 

74 
49 
59 
57 
79 
83 

93 

107 

91 

102 
72 

77 
95 

Pris 
10 

I 
21 
9 
9 
14 
16 

15 

19 
24 
26 
18 

26 
29 
22 

32 
30 

18 

21 
22 

27 

17 
28 
12 

10 

27 

29 
34 

37 

29 

25 
46 
26 
40 

41 
29 
28 

33 

Ple% 

97 

99 

93 

91 
92 
89 

91 

85 
82 
83 

83 

82 
76 

77 

80 
86 
69 
84 

83 

77 

73 
85 

72 

70 

71 
73 
72 
C, 1 

62 

69 
76 

63 

76 

74 
70 

81 

72 

69 

80 

-22s-

Pn% Plew% Pnw°/4, Gm Os 

1 97 3 0 0 

1 99 1 00 

J 93 

9 88 
8 92 

I I 85 

9 90 
15 83 

18 80 

17 81 

17 79 

18 77 

2-i 72 

2} 77 

20 75 
14 81 
31 58 
16 80 

17 80 

23 75 

27 71 

15 83 

28 71 

30 68 

29 G9 
27 61 
28 (i 1 

:l9 49 

38 57 

31 57 

24 71 

:l7 60 
24 69 
26 f,X 

JO 60 

19 69 
28 66 
31 63 

20 75 

J 

9 

8 

11 
9 

15 

17 
17 

16 

J8 
21 

23 
20 
14 
29 

16 

17 
23 
24 
14 
27 

29 
27 

22 
24 
34 

3G 

29 
22 
30 

22 

20 

26 
JG 
25 

26 
18 

0 0 

0 0 

0 0 
0 0 
0 0 
0 II 

II 0 

0 0 
0 0 
0 0 
0 0 
2 0 
0 ll 

U 0 

0 0 

0 0 
0 0 
ll II 

0 2 
0 0 
0 0 
0 2 
0 0 
0 2 
0 3 

0 ' 
0 3 
0 2 
0 5 
0 1 

O I 
0 0 
0 II 

0 0 

O 0 
0 0 
0 0 



'['ublc f_;-x. (C1mtinucdl 

Dcpth(cm) ODW(g) >63 -~un(g) CF(%) Split _P(N'J Pbr"/4, ll(N) P+B(N2 
486-488 t,) I 0.04 0.61 1/X 145 5 6 150 

492-494 8.24 (I 08 0.97 1/:\2 105 4 99 204 

.'1117-509 13 77 0.08 ()_ 58 1/64 243 I 2 245 

512-514 !2 28 0.42 J 42 l/128 103 3 lU 113 
517-519 10 29 0.12 1.17 I !'12 160 2 2 IC,2 

523 -525 17 ')9 0.28 1.56 1/128 I](, 1 2 I IX 

527-529 17 09 iJ 29 1.70 1/128 ]86 2 0 186 
qiJ-)12 14.GlJ 0.29 I '7 1/128 100 I I 104 

537-539 61'1 CJ 11 1.79 1/M J 17 4 11 128 

)45-547 18 42 0.70 3 80 1/128 M9 J 23 l"/2 

550-552 12.98 () 69 5.32 1/256 188 4 3 191 

5))-'557 15.07 0.63 4 18 1/512 108 I 4 ]12 

560-562 8 17 0.27 3 :rn 1/128 112 2 109 221 

565-567 16.8() 0 35 2.08 l/128 139 I 7 146 

570-572 12.63 ll 26 2 06 1/16 111 2 30 141 
..,-,~-'177 8.67 U.22 2 51 1/64 230 I 10 240 

58)-.'\X7 l 1.01 0.11 1.00 1/IG 106 I 21, 108 
591-591 [f, 67 0.48 2.88 1/2)6 109 4 4 I I 3 

603-605 14 52 0.29 2 00 1/128 122 2 15 ]'.17 

611613 14.72 0 Tl 2.24 1/256 102 II 13 ]15 

6 l 7-6 I 9 12.11 3. 16 20 O'! 3/512 112 I JXX 300 

624-620 9 3'-l U.24 2 56 l /JC, 119 5 269 388 

(,43-645 I I 61 0.92 7!Jl 1/M 102 2 246 J4X 
(i55-657 21 59 l '17 7.2i 1/128 11)8 (> 232 340 
f.(,-1-GC,(, 28.65 2 81 9 81 1/256 107 I 203 310 

f,TJ.-(,'/4 3 I.85 2,54 7.97 1/"i 12 115 1 275 390 

695-6'.J7 28.il 2.G5 9.29 1/51'2. 123 1 335 458 

705-707 23 27 221 9.50 1/512 l 00 3 320 420 

I 
' 

722 724 19.97 I 75 8.76 ]/256 I 03 2 324 477 
I 7-'l?.-7-'!4 20_9:,.: 3.90 18 ilJ 1/1024 100 I 282 382 
I 
I 765-767 ,\2 7(, 18.48 43 22 J/8192 111 I 324 41 'I 

783-785 .'\6_''14 8 59 23.64 1/4096 140 5 377 517 

808-810 28.26 3 68 13.02 3/4096 Pl 1 350 481 

818-830 27J7 4.41 16 11 3/4096 171 2 ,\21 595 

8:50-852 2G.5 l 10.02 J7 80 1/2048 149 2 2,n 142 

870-872 117 92 5.46 32.27 1/1(124 150 4 288 4'lX 

890-892 38.41 1-1 93 38.87 1/40% 109 " 302 411 

90(,-908 23.48 5.25 22.3(, 3/4096 125 ll 329 454 

9:!U-932 33.68 11.41 ti 88 3/8192 128 2 28.l -113 



Tnble (3-9. :\Jumber ot plunktonic and bcnthic foraminifcrs m 10 
g sediment of 95PC-- 1. All abbreviations are shown m 
Table 6 6. 

Depth(cm) ODW(g) >63 um(g) CF(%) Spht P(Nl f'br% il(N) 
0-5 5.10 0.01 0.20 ,II 24 "' 2 

5- 10 6.50 0.01 0.15 ull 3 n, 6 
l0-15 13.47 0 05 0.37 all 0 n, 0 
l5-17 l"5 92 0 01 0.06 iill II M I 
:!0-22 5.76 0.002 0.04 all 21 "' 3 
'.!4-26 8.91 0.004 0.04 ,II 0 "' 0 
'.15-37 5.37 0 004 0 07 all 0 ,m 2 
40-42 8 62 0.004 0 05 all II na 0 
47-49 7.83 0.006 0.08 ,II 0 n, 1 

S2-54 7.11 0.01 0.14 ,II 72 llii 132 
'.i7...(i0 9.61 0.009 0.09 ,11 35 n, 256 
(,5...{j7 5.89 0 002 0.03 all 0 m 0 
h8-70 10.6:5 0 02 0.19 all 0 "" 2 

' 15-77 7.36 0.004 0.06 all 0 n, 0 
' 79-81 8.38 0.01 0, 12 ,II 0 ,ru 0 
HS-87 3.98 0.004 0.10 ell 38 ,m 10 
95-97 929 0.003 0 03 ,11 2 n, (I 

1>7-99 7.56 0.01 0.13 ,II 0 "' 1 

107-109 10.65 0.05 0.47 all 7 n, 2 

Jj2.}l4 6.09 0.02 0.33 all II n, 0 

li7-119 8 14 0 01 0.12 ,11 47 "' 2 

I ::4-126 11.06 0.008 0.07 ,II 41 n, 4 
1::9-131 10.60 0.004 0.04 aU 17 lIB 2 
J:.6-138 9.88 0.01 0.10 ,II 4 na 0 

l"-2-144 7.93 0.01 0.13 ,11 I m 0 

l'-7·149 12.58 U 01 O.OR ,11 0 "' 1 

\.',0-152 3.6'} n 001 0.19 all 3 "' 0 

l.'i2-154 10.Rl 0.01 0.09 ,II 105 n, 0 

I .',4-156 l 97 0.002 0.10 ,II 0 n, 5 

l.'i6-159 6.66 0.004 (_) (Jf, ,11 2 "' 3 
](,3-165 ]() 11 0.36 3 55 1/256 34369 9 253 

lf,5-167 3.74 0. 15 4.01 11128 41754 12 68'1 

1:·1-173 3.05 0.01 0.33 all 439 14 29 

173-175 5,87 0.01 0.17 ,11 118 m 7 

175-177 8.40 0.07 0 83 ,11 68 n, 8 

1~'7-179 16.35 O IO 0.61 ,11 49 n, 4 

1~'9-181 4.XR 0.10 2.05 1/4 1213 2G 16 

Hl4- \8fi 14. 16 0.38 2.68 1/32 2712 22 271 

l\10-192 7.34 0.34 4 63 JIM 9243 10 2441 

1:17-199 13.59 1 13 8.31 1/128 11962 7 8383 

2(16-208 IO 89 1.36 12.49 3/256 9168 2J 10010 
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Table G-9. (Crn1timwrl! 

Dt.:pth(i.;m) P+B(N) P/8(%) A,-c Pk Pris Pie% Pri%1T'iew'1/c, Pn\V% Clm Os 
0-5 26 WI 0 24 0 na n, na na 0 IJ 

5-10 9 na 0 3 0 nu '" '" '" Cl ll 
10-1.i I! n, II Cl 0 na na n, '" IJ 0 
15-17 I na 0 ll II fl;j llil na na (I 0 
20-22 24 Ill! 0 IO 10 n, n, no na II IJ 

21-26 0 n, (I 0 0 Jl[l "" Illl. nn {J Cl 
Yi-'l7 2 "" II II (I Ila na 11(1 '" 0 0 
40-42 0 '" 0 0 0 n, na na n.a 0 (I 

47-49 l "" 0 0 (I n, >ill n, "' (I 0 
52-54 204 33 0 41 31 na "" nn '" 0 0 
57-1'.,0 2()1 12 0 20 l 5 na n, "" !lll () 0 
(>.'i-{17 (I llil 0 I) Cl m n, na na 0 0 
68-70 2 '" 0 ll {J na na m, ,w u u 
75-77 0 !ta 0 0 0 "" n, n, n, II II 

79-81 u !lli 0 0 0 llli "" u, '" 0 0 
XS-87 48 Ila I) 311 8 na n, na '" 0 0 
')5-97 2 na 0 2 ll na "" "" n, u u 
97-99 I '" 0 0 0 na n, "" n, 0 II 

107-109 9 n, 0 5 2 nu rrn )Ht '" 0 0 
I 12-114 IJ n, II II II na IW na na 0 0 
117-119 49 n, 0 38 6 "" "' n, "" IJ II 

124-126 45 '" 0 34 5 nn na n, o, ll ll 

129-131 19 nu 0 II 5 "" '" "" "" 0 0 
136-,138 4 no 0 4 0 ,m na 1\11 ilil 0 0 
J.12-1'1-1 l n, 0 1 u n, na na na 0 0 
147-149 I "" 0 ll IJ "' "" n, na II II 

150-152 3 [)U 0 3 0 '" n, n, ,rn 0 0 

152 154 105 100 0 98 6 96 4 96 4 0 0 
15/4-15(, s 11!1 u u 0 n, n, no n, u u 
15(;-159 5 "' ll 0 2 n, na "" na II II 

163-165 34622 99 0 21986 10361 68 32 65 32 IJ 0 
]65 1(,7 42438 98 0 27722 12321 69 31 65 31 (I 0 

171-173 4(,8 92 ll 341 (,9 83 17 75 17 0 0 

171-175 125 "' ll 99 17 !la na na na 0 0 

17)-177 76 llil (I 611 7 "" na na 11:1 II II 

177+179 5_) °' () 37 10 n, n, na °' ll 0 

179-181 4126 1230 0 770 426 64 36 64 36 0 0 
184-18(, 29R3 90 0 1831 859 (,8 32 l'.,7 ,, 

0 I 
(I -" 

190-192 11684 XII (I 6191 2'/9(1 68 12 fi(i 31 II I II 

197-199 20345 63 0 7723 2826 74 26 65 24 0 

I 
0 

206-208 19198 42 0 6269 1881 76 24 70 20 0 0 
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Table 6-0. (Continued) 

D=tt(cm) ODW(g) >63 uru(g) CF(¾) Split P(N) Pbr"lu TI(N) 

213-215 7.38 1.20 16 2fi 1/128 254% 11 15263 

219-221 22 19 4.15 18.70 3/1024 17997 5 16305 

226-228 11.63 2.18 18.74 3/512 15702 21 ]2180 

235-237 15.01 2 35 I5.6fi 1/12 2132 24 2025 

243-245 21.05 3 4.'i 16.39 1/256 13378 9 14351 

248-250 12.41 1.73 13.92 1/256 21419 4 12357 

255-257 6 66 0.88 13.21 1/128 21141 6 14414 

2fi5-267 26.95 3.40 12.62 1/102'1 '1111 f, 12 38376 

273-275 18.10 2.73 15 08 l/'512 1 Ll99 23 20933 

280-282 9.58 1.27 13.26 3/512 26188 8 14074 

287-289 HUO 1.56 14.43 3/512 20840 5 13893 

291-295 18.91 2.35 12.43 3/102'1 26514 2 21480 

301-303 19.58 2 32 l l 85 :l/1024 17956 2 17607 

308-310 11.20 I 24 11,07 3/512 18743 9 14911 

328-330 12.98 1.51 11.(,3 1/256 20709 6 16764 

Jll-335 19.67 1.98 10 07 1/256 18481 7 14446 

338--340 18.43 I 74 9.44 1/512 31948 5 19447 

343--345 32.29 3.29 10.86 1/1024 40906 I 30088 

348-350 21.68 2.78 12.82 1/512 27631 JU 19129 

353- 355 20 80 2.43 11.68 1/512 25108 ' 18462 

358- 360 20.55 2.42 11.78 I/512 28901 4 19932 

36) .. 167 16.33 2.11 12 92 1/256 15833 3 13639 

373 .. 375 28.22 J 18 11.27 1/512 22316 7 ])%6 

378-380 11 4f, 1.26 9.36 1/256 20921 2 18259 

383--]f,;i 31.32 2.70 8 62 !/128 5558 9 3801 

188 .. 390 11.21 1.06 9.46 1/64 5605 8 4624 

393 .395 17.50 1.23 7.03 1/64 3803 4 2085 

398-400 13.W 1.06 7.74 1/6<1 6264 6 2665 

404-406 16.0 I 1.42 8.87 I/128 8715 3 4077 

411413 20.12 1.55 7 7(1 1/256 15523 5 K.'525 

416-418 12 15 0.73 fi.0l 1/64 5689 2 3635 

'122-424 9.51 u '7 9. 15 1/32 3399 ') 2557 

428-430 11.32 1.06 9.36 1/64 7746 4 3901 

437-438 10 39 0.69 G.64 1/64 2135 4 1602 

444-44(, 6.93 0.89 12 84 3/64 3325 12 3171 

,147 .449 21.63 2:n 10 77 3/256 4063 7 5602 

452-454 8 66 l.34 15.47 1/32 3843 7 184] 

455-457 ? 87 0 69 X 77 5/64 1773 1 1204 

458-460 11.26 0.77 5.81 1/32 251(1 I 1665 

474-476 6.57 0 05 0.76 1/8 2070 I 85 

481-481 9.57 U I 9 I.99 \)4 506 6 8 
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Tc1ble (·HJ. (Cominucd) 

·----
Dcpth(om) P+B(N) P/B(¾) kc Pk Pns l'le'½, Pri'¼ Plew% Pmv% Gu, o~ 

211-21 ~ 40759 ri4 0 19425 4856 81 19 79 19 0 0 
219-221 .l4102 ,12 [I 13G90 3076 83 17 77 17 II II 
226-228 27882 5S (I 1071:i 3962 n 27 G7 26 0 0 
2,5-237 -+ 157 50 0 1684 448 79 21 79 21 0 0 
213-2,ts 27729 55 0 9121 3040 75 2.i (-,7 23 I) 0 
248-:no 1377G (,() 0 14829 5767 72 28 711 ?.7 0 I) 

255-257 :l.i.i.i.'J .i6 [I 14799 5574 71 29 68 28 (I () 

265-267 81692 49 0 3{)777 11779 70 JO 69 29 () ll 
273-275 52332 54 0 25176 5657 Kl 19 8[1 18 0 0 
280-282 40262 68 0 18884 5166 78 22 7R 21 0 0 
287-289 14Tn 611 II 16893 3(,31 82 2S 85 15 (I (I 

293-295 48014 58 (I ]9855 55% 7\ 25 71 24 0 0 
301-3U3 355(,3 50 0 14295 3138 82 18 79 18 0 0 
308-.1 I IJ 13676 ·18 [I 15238 3200 81 19 79 I 'J II II 
328-3.m 374Tl 56 II 16764 3550 83 17 83 15 0 ll 
333-335 32927 50 ll 15618 2731 88 12 87 12 0 0 
338-340 51395 56 () 28614 'ffl4 88 12 88 12 0 0 
343 345 70994 54 0 33468 7437 82 18 82 18 0 0 
1,p,;.350 46760 59 () 22672 4723 82 18 81 IS (I (I 

353-.)55 43571) l,'i II 21(,(,2 344(, 86 14 86 14 () ll 
358-.VJ0 48833 70 (I 24666 :l7:l7 '6 l ,t 84 14 (I 0 
\f.'i-367 29472 54 0 12855 2822 82 18 81 18 (I (I 

JT\-l7S 1X2X2 '4 [I 16873 5080 74 26 73 26 ll (I 

378-380 39180 52 ll 1(,927 ·1423 81 17 80 17 0 0 
3!D-385 9.159 53 0 4740 817 X1 17 81 17 0 () 

388 Y!O 10229 51 () 5195 628 89 II 88 11 II (I 

:i'n-195 5888 (,.~ 0 3365 402 89 11 88 ] (I II ]j 

398-41)() 8'!29 7U () 5470 701 88 12 86 12 ll ]) 

404-40(; 12192 (,') (I 7755 959 90 JO 90 ](I II ]) 

41J.413 24048 59 ll 12596 2672 81 19 79 19 (I 0 
416-418 9324 56 0 4635 948 8l I -i X2 17 () (I 

,1):'-•\),,j 595(, 5(, (I 3062 336 90 10 ')() Ill ll II 
428-430 11647 _')8 ll (,117. 1357 81 77 83 17 0 0 
4.17 -438 3737 57 0 1643 493 77 Fl -,7 

-
23 (I () 

44-J-,j,j(, Cd% 51 0 2801 43 I 86 14 85 14 () II 

447-44':J 966) 44 II 327,1 789 80 20 8(1 20 0 (I 

,152-45-1 7686 ..\4 II "ifi21 185 ',l(, 4 95 4 0 0 
455-457 2977 56 (I 1594 14() 91 ') 89 (I 0 0 
458-460 4175 64 0 2244 2!7 91 9 S9 9 0 (I 

-17'1-,!76 2155 9G 0 1960 85 98 2 97 2 0 (I 

481-483 'i l 4 99 (I 481 21 97 J 96 1 0 () 
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Tab!,~ G-9. (Continued). 

Oepthfcm) oowr") >63 um(g) CF(%) Split P(N) Pbr% • (N) 
486-488 6.51 0.04 0.61 1/8 1782 5 74 

492-494 8.24 0.08 0.97 1/32 4078 4 3845 

507-509 13.77 0 08 0.58 1/64 11294 1 93 

512-514 12.28 0 42 3.42 1/128 10736 1 1042 

517-519 10.29 0.12 1.17 1/32 4976 2 62 
523-525 17.99 0.28 1.56 1/128 8253 1 142 

527-529 17.09 0.29 1.70 1/128 13931 2 0 

530-532 H.69 0 29 1 97 1/128 8713 1 349 

i17-i19 614 0 11 1.79 1/64 12195 4 747 

545-547 18.42 0.70 3,80 1/128 10354 J 1598 

550-552 12.98 0.69 5.32 1/256 37079 4 592 

555-557 15.07 0.63 4. 18 1/512 36693 1 1359 

560-562 8 17 O 27 no 3/128 5849 2 5692 

565-567 16.80 0 35 2.08 1/128 10590 1 533 

570-572 12.63 0.26 2.06 1/16 1406 2 380 

575-577 8.67 022 2.54 l/64 1697K 1 71X 

585-587 11 01 0 l l 1.00 1/16 1540 1 3110 

591-593 16.67 0.48 2.88 1/256 16739 4 614 

603-605 14.52 0,29 2.00 1/128 10755 2 1322 

611-613 14.72 0.33 2.24 l/256 l773Y 11 2261 

617-619 12. 1 I 3 16 26.09 3/512 15784 1 26495 

624-626 9.19 0.24 2.56 1/16 2028 5 4586 

641-645 11.63 0.92 7.91 1/64 5613 2 13537 

655-657 21.59 1.57 7.27 1/128 (,403 11 J 17i5 

664-666 28.65 2.81 9.81 1/2% 9561 1 18139 

672-674 31.85 2 54 7.97 1/512 18487 1 44207 

695-697 28 53 2.65 9.29 1/512 22074 1 G0] 19 

705-707 23.27 2.21 9.50 1/512 22003 1 70408 

722-724 19.97 1.75 876 ]/2'i6 11204 2 47944 

742-744 20. 98 3.90 18 59 l/1024 48808 1 137640 

765-767 42.76 JK.48 43.22 1/8192 212625 1 620722 

783-785 36.14 8.59 23.64 11409(, 157799 5 424929 

808-810 28.26 3.68 13.02 3/,1096 61244 1 169096 

828-RJO 27.37 4.41 16 11 1/4096 85302 2 211509 

850-852 26.51 10.02 37 RO l/2048 115108 2 22635>\ 

870-872 16.92 5 t\f, 32.27 1/1024 90780 4 174298 

890-892 38.41 14 93 38.87 1/4096 116236 (, 322049 

906-908 21.48 5.25 22.3(, 3/40% 72686 0 191309 

930-912 33.68 11.41 33 88 3/8192 103778 2 231069 
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T3ble G-\l. (Continued). 

Dcpth(cm) P+8(N) P/81%) A,c Pie Pri~ Pk% l'n"lr, Plew%1 .1:-'nw% Cm Os 
486-488 1856 96 0 1659 123 97 3 97 l II II 
/492-491 7923 98 0 400 39 99 I 99 l 0 0 
507-:509 l 1387 " II 10225 97' " 7 93 7 0 0 
512-514 11778 94 (I 9485 9J8 91 9 88 'I 0 () 

517-5 l 9 5038 "' (I 4571 280 92 8 92 8 (I II 

523-525 !095 99 0 6973 996 89 II 85 11 0 0 
127-12'-! 1191 I 1()(1 II 12,rn 1198 91 9 90 9 0 0 
530-532 9062 ')(, 0 7232 1.107 8) 15 83 15 0 () 

537-539 13342 94 0 9902 1980 82 18 80 17 (I II 

545-547 11952 88 0 8408 1668 83 17 81 17 0 () 

550-i52 37671 1)7 0 29781 5128 81 17 79 16 0 0 
555-557 38052 98 () 28879 61 h X2 1X 77 18 0 0 
560-5(i2 11541 50 0 4126 1358 76 24 72 21 0 (I 

SGS-SG7 11123 93 0 8381 2210 77 23 77 23 2 0 
170-572 inn 82 0 lUM 279 80 20 75 20 0 0 
575-577 17716 92 0 13287 2%2 S6 1'1 81 1/4 0 0 
585-587 4650 55 0 916 436 69 31 58 29 0 0 
591-593 17353 97 0 13361 2764 84 16 80 16 u (I 

C,W-(-C15 12077 82 0 8375 1851 83 17 80 17 0 (I 

/, l l-fr 11 7.DI IOI J 8X 0 121/48 1K26 77 7" ~' 75 23 0 (I 

617-619 42279 31 0 11133 3805 7.l 27 71 7A II 2 
624-626 6614 27 0 1687 290 85 15 ,., 14 I) II 

643-645 19150 JO 0 3962 1541 72 28 71 27 0 0 
G55-f,'\7 20158 28 0 ,1328 1897 70 30 68 29 0 2 
(,64-(,(,f, 277()1) 21, 0 (/521 2f,K 1 71 7.Y 6'1 27 II II 

672-674 62694 27 0 !O'J3 l 4340 73 o-_, 61 22 II 2 
695-697 82193 24 () 13280 5204 72 28 ,,1 24 0 3 
705-707 9241 l 25 0 10781 7481 C, l }9 49 14 0 5 
?22-'l24 6114K I I II 7'561 4?4'l 62 1X i7 J(. II J 
742-744 1864-1-8 18 u 27821 14154 (/) 

·' I 
57 29 II 2 

765-767 833377 21 0 2E+o5 47895 76 24 71 22 (I 5 
783-785 582728 23 0 93552 51848 63 37 60 111 0 1 
808 810 232340 11 0 44931 12561 76 24 69 22 0 l 
828-KW '.1.9(,811 26 II 5337(, 19951 7,J ?!, 6K 20 II II 

850-852 "1414(·,2 :12 II 70301 11674 70 JU (i\) 21, II I) 

870-872 265078 30 0 61730 17551 81 19 69 lb 0 II 

890-892 438285 21 0 76780 29859 72 28 66 25 0 0 
90(,-908 2G3995 11 II 4477'\ 19189 69 11 1,1 )_(, II II 

910-9 l'l 114847 l(j (I 77023 20269 811 20 75 18 II I) 
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Fig. 6-10. Planktonic/oenlhic foraminifera ra:io (pib), number of left coiled }\leoglobn

quadrina pachyderma, relaLive abundances of left coiled N. pachyderma (left coiled N 
.µ. (%)), relative abundances of left coiled N. pachydenna within whole planktonic 
fornrninifers (left- coiled N. p. :%; (W)), and relative abundances of broken planktonic 
fora:ninifera of core 941 )C 2. 
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'il'oJlA-1£ ~-g-~ t:1}9} ~ 01 JJ]<:>i~ %-t'-¾.Q:J .AJ-tj]~<?.l 0J~ ;f.l¾'T'~ 1r--~H:l :;>;J5:_ 

oJ) 7r'jf 'l)',J-i5f71) 'lJoJ:s "..cC:9-. 1"- 310foJ)l<j >loj'l) -1\--l/-¾el -)}tilaj'<] 0J:'_ .£c° 

2°f :;J. 0]oJl-"i 30% 0]0f0)i:]- (Table 6-9; Fig. 6-12). 0 )1'c 1l'lr"i.2.!a. 1"- 31of0<]"1 

9.j Ai~4-7} -¥--6JAJo] 7J-,5};i:] ?J'-&,g 9.jP]~ct. 1:1]~ JJ]~~ ¥-%-'a -fr--=g,%9.J ,'c}-r.Jl~ 

<?_l 0J 01 ~Al~ ~Al~ .no} ~ i>l-Jr- 0\P•i ~ 500 cm .n°}}l 0 ]7J};i:l t- 71] o.J ~ 1°rit%9.J 
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<!II "1¾?e1 .\'-6l-1J 'll£7f q~ .11°f :;J. 0JoJI •l>H 7J-•f,q ?,t~.2.9 "1¾?e1 -91-%5' 

371) li,'l]-i5f;,c] ~f~~¾ e]o]~t:J-. 31°f:;J. 0 ) 500-300 cmoJl>i;:: •l"l'l! .!/--1\-_,..l -/\-ii'· 

¾ 0 I 31° f ,l O I EOO -932 cmoJI -"i _1;_ t:J- "ii'.! ¾ 7f i5f 9 I'! :of 0J-l} ( ;;J ~ l £ 3. t:J-. oJ ;-: 
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TI ¾7f9!/.2.9 ;~¾?el ~% 'f.~ oi,n ¾7f~%¾ "1°J~t:J-. .a,_of :;J. 0) 300-150 

cm ;:: t:J-e 31 ° f 'i' i'.! oJI • I oH "11 "1 'l! -/\-ii'-¾ "-1 -ll- t!Pl '<! 'li' 0 l , f "J- 'If .2. oJ .::r % "-1 "1 

~ 'f. ~ 01 -'/- .3. t:J-. o I ;:: 0 I 'i' .{} 0 l "1 "I '<! ui t:J--e 'i' i'.! oJI • I oH 7<I ¾ 4' "-1 '!le% 'J1 

.!/-") ',I o) 7J-~ g ¾ "-1 o] ~ t:J-. "I "1 ~ 'll .2..?. u] 'i-"1 1"- 31 of 7f >l '11-'il ;,) "I -& "1 "I 'ii 

u1] >i¾?"-1 .!/->P,jo] 31of ,i,]AJ-.!/-!a. .. d'~'r's- 7J->Ho<]oj o<i¾?"-1 ~% 'f.~ 01~ -!J

'!t>H Ji!% 5l.2.ie. '~21-'<lt:J-. 's•l 31<>f:;J. 0i 0~150 cm~fo<);:: -\'--Ii-'>! ¾-li-¾ 0 ) '1"-1 

1rtg.2.;a. 0 1-'i-"l 0-150 cm -ii'.!"I "1"i'il %'<toJI "1¾4'::: oJ~ .!/-"1,..l"I 7J-9!/,1 

.;i .2. ;a. •l -'-1 "1 "1 '1 '? '.U t:J-. 

~ .:rr0l-oJJAi ~--ft"3--ft-:g.¾ N. pachyderma9.J coiling ratio !E~ n].q- ~Pl~¾ 11 

"J¾ _l;l_'<]t:J-. N. pachyderma (both right and left coiled):: o\l?"-1 -&£7f ;>.f7f¾ 3" 

"ii "16) i5f;:: ¾ 0 1 t:J- (Bandy, 1972). "s-0) left-coiled N. pachyderma'c right-coiled 

N. pachyderma"il •I oH _,.J-til "i .2.!a. Ci ~, 7f¾ •l 4'o!l -le '1 '.U t:j- (Jenkins, 1967; 

Kennett, 1968, 1970; Bandy, 1972; Ortiz and Miz, 1992; Thunell and Sautter, 1992; 

Park and Shin, 1998). ::Ii!iE...£ lefl coiled N. pachyderma9.] %~~~ 0J;'_ 27].:f 

"-1 •l-'-1o!l "i'!l'l.2.!a. 1-f%'<! '? '.Ut:J-. ~so· '17]~ •1~1"1 -\'-%'>! ¾i>'¾"-1 %•11 

2c." "1- "1 ° l "' c+ 'll:oJI "i 2c. 11 \'l ~ !ie- 0 I 1"- 31 °t;:: •l "1 ;;! 'i'--11-'a -1\-il'-¾"1 •J-t1Pi '<! 
0J:l'.l] 30% 0]<5} 0]E..£. 4r-'84%&1 ~¾<?l '1~~~s] %ti~~ 3.71] ¾--8..t>}A] ?A'E..E-~ 

left coiled N. pachydermaSl AJcJl~1! 0J~ JI.¾"rs] %]4~£9.] ~~~ ~i:)~E..& 

'11-'ll .. , '1 '.U t:j-. 
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Fig. 6-13. Relative abundances of left coiled ,V. pachyderma within 1\1. pachyderma, and 
relative abundances of left and right coiled .1.V. pachyderma within whole planktonic 
foraminifers of core 95PC-l. 



-,,. =.( 0 1oil Aj AMS 14C A] cJl -e\' >J ;<f li 7} \rt oj 'lJ ~el- -'-I 7] C: ~ 'r \rt-'<-Lf 'ii of;, 

01 ~ 500 cm i:::>loJl-"1 if'<e!- 7]'f ';'l:o:]-;s .!i!.i!'-1- (Fig. 6-13). oj7]hj ~ 700 cm.!/

Ei .s16}9-1 £1 icf"/-'1}>'] tc ~>!'!}CA] 9-1 ;<f ll.oil 9-1 .<f 'll 0] %'il "I "l % 5' <J Zf £17] "ii ¾"11 

JI'il 0d' J17]~ •11"1-'-I >119-l"i'll'-I-. 51°},1°1 700 cm.!/-EJ ~ 500 cm'l}CAJ::: left coiled 

N pachyderma£l -'-J-cJl"i'l! 0J 0 1 AjAjt;] ~7}if-'<-,c P]','"1 .l!.¼'1"71 'll'sl"l-o _ _;,,_ ;>.f 

7}~1 :l!%-:S 9-IP]eft:l-. .st 0 f-!,! 0 l 500 cm.!/-Ei ~ 150 cm'7f:'']c: left coiled N 

pachyderma9-I 'lfcJl"l'l! 0J 01 '1-'-i"i '(}±.-f::Ctil 01::: .l!.¾'1"9-1 .g.'r.7f :jJ;>.f.Ss -\,'7/ 

15}:iI ~.g-.g 9-IP]ef,:J-. ~"I "1°\11°1 152~154 cm"il-'-i left coiled N pachyderma9-I 

-'-J-cJl"l'l! 0J 0 1 iar2s"I ¾7}1'}::Cti] (96%) 0 1::: ii-:'. A]Z} %'<!"11 iar'<"i '11'1"9-I -&£ 

7} ;>.f7H.J:l!%.g 9-1°111<:J-. ~ "16fo<l"i"1l"l 'ral-~\'1-~ Af{ai_.g. ~ 500 cm2f 152 cm 

9-1 51°1 'll 0 1"11"i9-i left coiled N pachyderma9-I 'if'<~ \'l:o:J- 0 19-. 0 1::: ~ 3:opf 

~ o>] el- o<] "I "11 hj "l oJ 'r_ .!/- 'll 9-1 it " el- .l!. ¾ 'r 9-1 \II :o:]-7 I ~ 'll g ¾ 9-1 P] et 9-. •» oj ~ 

%-l!-¾ 9-1 -;)-cJl "I 'l! 0J !lo~ 500 cm oil Aj ;>.f O l ~ .i;_ 0 1 '° ti] 0 I ::: "1 ¾'T' "ii !r. •I 5, ~ 'll 

~% 0 1 ~ g g s~ Pl ~cf-- .no}.'.H 0 ] 152 cm-¥-E1 :uo}~ j,J %-¥-77}?:l ';: -¥-%1ir"t?-¾o] 

~ 0 1 42-;<l ~_g_E.£. N. pachyderma~ coiling ratio¾ T~ ~ 'itcl-. 

cJ- . .>!O} 94PC-2.2j- 95PC-12] fl] .ii! 

3:0 } 94PC-2::: ',"{] 0 ] 1,302 m"il ~!<I'll ~-'<-"1 .s1:of 95PC-1.g. 9{] 0 1 94PC-2 

.i;_q- 1/,~ 1634 moil ~"I'll ~9- (Fig. 6-1). t;f:<l\'l- 9{] 0 1 'l,." 3: 0 1'11 94PC-2 51 

ofoJI Aj ::: -i\-i\'-¾ 9-1 .i e 'lfO] 9{] 6] 'l,l .g. 3'. 0 f'l! 95PC-1 oJI •I '11 ~ "1 "I "'_o_ Pj 'i'_:: 
_a,of ,lo]oj]Aj -i\-i\'-¾ 0 1 -<!½'eCA]!r. (tc:9-_ .!/- 3:of9-I 71"1::: ~ 200 km 78.'r. 'l'!"i 

"I ~<:J-. 'll'll"i-"-" cJJ 0Joil"i 200 km9-I 71 ai'° -i\--l!-¾9-1 .i;_e 'll ~e'lfoil ,1cJ-.1c 

~~J:g o]~];,;] i\f';::9-. i>};t]l[!- 911 'Y1Jo] 1;.!-~ 510} 94PC-2';:: ,¥-%,._d ':¾ A-P.·P·J %-t?

¾9-1 ~;;ci:J, 0 1 '5!--'<-"1 !lo~ PG-I'- 'i'Zroil"i %-l!-¾61 {]½£1-'l (t:S'lf? !E 9-~ ¾Pl 

9)';:: J.}1!.g. 5ic)} 94PC-z::: -¥-%,Ad %.:g-¾sJ A]{.j;-AJoJ ~lf! -,Lt!-oJ]A-l~ ll~~ E.Q._9 

oj'('! 'i'-:zt"1JAi1': >j';}-';jo] ',!-,:J-i'" ~o]q_ o]oil tile!- ¾"1]%.g.-,'- 5'[6f ~\119-1 3:of 

% <>il cJl ~ 'll -7- :(,l 4 9-1- Ell '1l 0J oil "i all '; 'i! "'0 I :. oil til ~ 'll T 7-'l "1- :'; "1- •l :ii["' "l ¾ oj 

o) 'll Af%J-o]t:]-. 1'}-'l\'l- l"c'llef ;l." 3: 0 194PC-27f -'/1~1~ -k 0 ] 95PC-1°] ~~l~-k 

.!i!.'-1- ?-;) 0 1 'l,>l~r 'i!:1r'll );l_-j)--;)£71 'll'7-l'--I 01'-I\'! B-<!'ll .!,!_AJ--;)£ ,1019-1- <'l:~l 
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,;rto] 20)- 94PC 27} .$t)j;]~*~ AJ{l--'jo] *tl-~ 1"10Jtj-. !f. c};:: 7}';;Aj,'.: -&¾~A] 

9.J ~-~ (,:rr 0} 94PC-2)j!} 'a"-?? (:no} 95PC-1)~ IE.¾ '].l Ai~-"T-:,1)9~ ~Ado] C-}-';;.9.. 

I;!_ 'i'ltR -¥-%-"d ~ Ai-"-i,,,J¾if¾P~ .!l~AJl:'~71- ct~ 4- yq~ 1Jo]r:}. 

!f.~ ~ iF?-A] A}%B ¥- 5:ro}Q] ~-¾11~ 1-£.A~]c} A~Z}£j~ .:rro}g.J AJ--¥-~ J1-

¾""J ~ AiJ,]AJ-H-.:g.¾o] 4E}4A] ?:if~c}~ 1:Jo]tj-. ¥- ,no}~ 4-{1°] 2,000 rn litl:.f· 

~g oJ].5:. ~T'6}.::il :n-0}9.j AJ-¥-~: ¾"t?-¾O] Lt"Ei"Y•;<] ~~tj-. O]T":' %~ (~~.5:. %¾ 

~Al)2j FJ{!-~ ~-AJ--8S:J} of-'T ~g ~ .2jo]~9-. '?1-2- EJl~ 0Jo] t:JlAiOJ ~ ~£0JoJ1 

B]tR lfr~~ l,!_AJ-?J.5:.7} n~Jy- 1;.t-~ ~ (3,500 m)~ A}-"JojA]1:iJ ¾%*Al '?~~ It!<± 

'll !l_';}t)£7] 2,000 m !/_Cf \t~E-s'c ~Ji:' '11'll 0J 01l •1•1 1,500 m 0VJ ~fcf. 0Jicc 

,ti'},\'- Afe'!oJcf .!/-~OJ %•1"1 ,H±'lJ .!l..,_J-1).'r.~ '"°~;,fl'j %"11~ 'ii l'}{f'lJ !1_.,_J 

-~£ .:40]7} ~~o] 1;,t.g.7}? %~ ~tfr~E..£. TB-{!~ 12."cr{LS:.9~ 5Jo]~: t;-Jl"T'~ .g..5:. 

~ A~{!-"'J2i ..B..~oJl 9.J"31]A1 ~-~1¥!9-. 0 ]gJ ~T~ ~<SR %¾¥-A]2] {1¾4- ~ Ai-t 

'"f'-21 .g..5:., '?J;>;}A]{l-;:}9.j ;tJ ~¥-~ %0] ~T£1~ o]~P~ ~.¥.$'.} ~{!-~E..£. opf-~ 

~ ¾"t?-¾.2J 1:P'it~-~-i ~4~ 1:1].iiL ~£-tr}o:J ~7a ~ 7]"'- itl.~011 ~tl-'5tJ!l ~-i--8"}~

'lf{l'll !i_.,_J-'J 5'. '(,! oj aj .,_I cJl \!l \'! ~;. '11 'i't"f lc 711 'l! Jl. i!f cf 

!£ c"f·-E -%n]£¾ A}{l.': ~ '~FfoJJAi A}¾~ T 5lO}A]~gJ ~o} "'J-.!j!- Ci·£~))~ 

-H--i1-¾o] AJA] U-2 _20} "5}.!j!--oJl~ ¾-:?-¾OJ Ai-6J•~tj-~ ~o]t:f. ~- 9"AJ ojop]!JlA-1 

*-"'-'il7f ~1'151::: %'<! ¾¾.,_-"le: 1121,f (silica) •il'lf"JEll 01"1 ".l<"f7JcJ- ,gzJ-,q::: 

~ 0} -8"},¥-~: 7}.!i!.L-jjo]E (carbonate) i;~
0J"'JEl! 019-. t:.7~ el ~ 01~ 11~ T 2o}Q.j 

P]· 0 
1..5-C 

0 1 Ai.£ -t'-'i"~9-·c 1J 0 Jcf. ',-j's "J•11711 'il 0J," ,f.!l.<11°1.s •l'll':ilf {!2j7f "11°J.2..s'

'i'1"51"1 .:J. :a, 01 •..f Ef Lf :: ;<j "f .g. 'l's!~ ;>foj :S !I_ '1! cf. ~>11711 '11 °J"l ;}sJ '8 3'oJJ 

-'I'll 7f!/_qjoJEsj- {!cj,f7f -,,'-;'.~cf. 0 1•1~ 'i-"- -'i11" 0 1 cfe °FJ·,!-~-'J"1 'if,' 

{'c -lJ •H ',; ~}'l'il oJJ,<i >H ':'I~ -\l •H s,.of9l .2. ell <c! "i 'll ~ '11;. ?clc 'rr 0 foJJ,<i -Pc •f"i :C 

i\r"i'l! ** 4•f4:: <;!-"))-ojq_ oj <i~ 7f.!l.<1JoJ_sof {!2j,Js'c oj_;;,.oj zl Pj sg;.-,}-'-j 

"1 'if 'I" ~ AJ ,0, %•1 Oil -'i 4 Et 4 'c 01 .q.. "; 'll aj 'l! <;! -'J O I cf. ~ <fr"l .Q..s'- ~ >11711 "11 °J 

~ g_~- Ti•.g.. AJ~7}~ ~¥.~ £le>i'.UE..E..£ {lcl7}5~. o]1f-6i~ PjAJ%§}-~-& o]~ 

aj .0.Y . .5'. c' 'r'¾oJJ,j -§."11 sj 711 £j "l '.<! cf. •f"l 'l! %•1"1 .s,:of "I aj;.-oJJ-'I {! 2j 9f .s'

o] 1f-O-j ~ n]J.~%:§"}~o] ½~~cl~: ~Pl~ ]E~~-'roJlAi ojr.i"~ 1l?-/7}.£ o]1f-6i~ nj 

A~-~-:~}~21 A~{l- 0] ¾-¥-"6R ~]f:: ¾-tRs.J'.?i.A]~ L:j.If.4 W".': 1J_i:.]7}.1.J~~ 0]~% ~ 
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-'1-"I 11{! "111'-'~ 'a' 0 1"1"l% "coJI _l;l_~-'{)ctc: .!ljn]o]ct. ::iel\'l 0 ]e1& u],]%"1-"1 

-"I >]{!>J (productivity)·:.- 47l<>il %>1]~r,! iL'il'i,," -'l-'3!'?.17}? %•171 il_l;l_c~o]E 

•1°,Jc"i]Ai ~ej,f •l~.2.5" uf'l]',:c1]·1'= "1'i'l '11°,Jc"']-aj',] .8.±7} 7J-"f>II "1-%~-g_ ,)!oJ 

9-. '@"~ t.fl'T (.H.¾T, {l~T, Ai¾T)Sl ;.~~ (production) ~~ ~ tr~ 0 1 -i-~l~ 

,;.!o]ct. ;;f"l\'! 'i'-"11"12--"' "11711 "1'i'l ?"171 •~-UC (~," iJ-±)-"l'.l/2-"1 '11?•1 " 

ii 01 "1c!JJl:s] ' • -= 78£ £'it~c::s]oJI til& -::'7J• :!>1-c: 'i'Fi'7f 0 1"1-"I %'112] '11°,Jc 

~7c! ~ 7]~~lt}~ oJl-~~}::=-c~] i:rfl~ ¾.9..~ BAi~ ~.:g.~ 0!o]tj-_ 

Ef. ct C •I 0,l'-B 7,j .!lJ ';'l_ .0, 'Ji jJ_ 7] ~ .!lJ 'i', ','- "ii ~ oj "I 'i,' iL A] 'i', T -"l "1 of ~ A I~ 

"' 'l!<'! (front),4 A]tJl'I! o]% 0ict. ~1"c 'l!<'!-"I "il--\!-i'c 7]+ \1!"1-<>il "I'll 'lJc%;;1aj 

an °,Jc-B:7<! oi1 1-1 -'"I "I::: ?-U"I~ ~ !I'. w& -":: ,~ ~ >11 oi1 .ai 1 ai "-1 <:i ~ g 11' ct. -'11''11 

-"I 3!f 71-"I 'l! <'! '~ 0 1 %"ii til & ,! l±v} 'cl 'i' c: "1 ~ 'l! sec 'il ~ ;<f 'a, oJl eJ 'ii Ai '/1 'i' -"I "1 

~7]C: •lo<]\'! ''f"i£ o]t-& ~ 01 l\l.2.aj Aj,s ct<:'- O<]"'JoJIAi ¾W"l"-1 'a'01-"I 't!'i' 

;a '8-•I "i o I 'i-•~ ;,J o ,~ 'lJc .2.5" e] 3!f >ii o I ct. %1"c 3!f 7J 'l! <:!-"I oJ % .2.5" "-1 & •I o,Jc -Be 

7,J \I! "1--"I '1! 'i' ]': .2. "I 'ii of -"I "l %-"I '1! 'i' • % •1 Aj 'lr 7}-'a'"f ct. 

%'11~ Ef.& ~~& ~·\I!·· _l;l_'il~ ~··~~-"!~~<>ii ~~- "'q 
95PC-1-"I ¾'is',~~-'1 <>ii -"I ;;I '1! coolingoJI Ai warming.2.5" 7] +11 uf'I] c: ~l s,iL-'{) A] 

;fr,". '1)-,J-;;J li"ct. 0 1c: ~•l'-'l"l "1-'-1--"I "'of',! 1'--'1& ;;!")',Jc,] 9-~ .ai.ofoj]A].'r. 

'(} ,". 0,l' 'IJ- ;: Lf EJ-1.Jl ~ o<] I'! 'i' -"l "1 °) & 9-. % 'II -"I ? "1 -"I >11-il-A l Zr ,". 'I]- ,l-•I li" cf 

(1,000-2,000\:l) c}{C i:Jl 0,l'&] ?.i!l-"I '!lir >l]-f,-A]:{!o] ", 7,000\:l'll ~ c;H}~ "11 % 

'ii ? "1 -"I li" .". >ii -TT- A I :rr .2. .ss 'tl ~I "I % •1 ::: 1 I cf <>ii uJ ·'1- 'l! '1-~I 711 '1! % ~ ~ 0 l E.-"' 

%•It '1•1°,Jc~-7<1 'Ji ]17].:f-"1 '1!'i'oJI ~"11-i 0 f',' oVJ-"1"-1 •J 0,Jco]cr. 

4. 2.21' 

7 I ~ <>ii -"I '11 ·'i .,.. >11-"l C: % ·\HI:;<] -"I ~{! 'll _l;l_ AJ- "71 £-"I :,,1 ° I C: o<] "'I "I 'tl ~1 ° l ~ 

li!.~lcl-. ¾¾~;q~] ~~.g. ¥}~~ &%{1.£~ ,YoJ7}- 1cl-~ofl uJ~ -'g-lg-i5] ~E-.Ttj % 

-l/-¾-"I {!½o] "'of :,,io],J- ~~~ ;Sf 0]7} '-1-c: ',j,s _l;l_of >~{!>J (productivity)-"! 

it!:§.1-7}- !;1~ :;i;]~o]tj-_ ½¾~r:]9."j \f~.& 9"{Jo] ~gcJ1£ ~T-8"}Jl %~¾ (~fr.lg, 

'1"i'a) 0 1 l\l 0 l Y-El-\±9-. 's•l ",l-'}7]4:il >Jzt>lc: "'0 1,1°1 700 cm-!/-E1 500 cm-"' 

~cl'~?~ 7]+1-' >iAi•l ·~-'i•Bl..2."1 500 cm-¥-E-1 150 cm 'i'i"! 0] -"i'l£1'c %'i! 7]~ 
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ojE 15~0Jo] 6}\:l 1Jr~7}7} -%1,!-~ 15BoJ~~ =i1! ;;i:.J~~tl. o]:: BJ'6"}7]~- {!-Bj7]J.} 

ojoJ] %15B.2.J JE¾'Y ~ ?:~-~~""~ tt'tl:- ~ ~A.joJ] 7~CJ-~ ~}0]7} :?.l~-&g A]A}V!-r+. 

¾-'6-~;r;]9.j \t~:ilt ~-~ R.T lclJ-tl-7] %'tloJ]';: A~¾-?9.J 11-~vao1 7J-i"}AI ti·'.V:~uJ 

{l:-lclJ7l~- 7]-~- %~ -«i¾T.2-J -tf%o] ¾'tl~"5f]A]u:j 1,!-AjAj..g_ ~.{!- ~7}B]-:: -{1-ttj:o] 

nci-. 
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1.A-J-E 

"ii± 30"1~ 1i''1! %'8-¾ -a:'ll¾ 0 i%sJ."1 >1]47] .f>fr~ %'ii~ "-'il'lflPa% 'if 

•i 7i -'11 sf q 0J,~J '?1 'r;; 0 i 4'"!1 "1 "l ;I 9- (Ujiie and lchikura, 1973; lchikura and 

Ujiie, 1976; Maiya et al., 1976; Inoue, 1980; Oba et al., 1980; Kurihara, 1982; Ujiie, 

1982; Ujiie et al., 1983; Chenng et al., 1985; Oba et al., 199!; Keigwin and 

Gorbarenko, 1992; ~ %, 1995). 0 1 \'!'r:'; 'al' Ujiie and lchikura (1973)~ 

Neogloboquadrino pachyderma"l i'!zJ- (coiling) ,Y-~0 1 ~"i' ('/J4'-'J)oJJA1 .2.c'"i' 

(.g..'r.lg)~.£.. 1:1}1:! 1:l:uJ· .g.-y-';3 .!jt-fi- ¾i1-¾ ¾~21 ½~"i- ~~~ <5-}~ ..ll-& Jl<rj~ 

i::H 0 }\:H} (Tsushima Current)~ 11,000\1 7d oJ.:f,¥-Ei %~~.£. ¾QJ~7] >-l~V} 51.,;,__ 

s,. ,12/'-of'l!cJ-. B:,~ Oba et al. 0991)~ .2.'11{!-"I (Oki Bank)<>il-'1 >H~~ .llj!cl"- Al 

~~~~21 ~-"J- (lithology)~ ~~ ~ 1t}-j-: %~-'t:!J:Ul, a]Jl-"~% 'r~ '1=?-~ ~'6} 

cj "]\:r 85,000~·f'1r q-;j ;>fi!IJ!ij 'f'J!~l Jl~7,j,/!~7f :U,'.lj g ~ >ilAls}'l!cj-. ~S,'i] 

0Jc\'! 'i'± <>1l-'1 4' •&-\1 .lac '114',:J 'ii "I "1 -"I 'i'"I 'II "I ~7il \'! 'i'<>il-'1"'" %•1 "I "?-ll 

94PC·l, 91PC-2, 94PC 4, 95PC 4 (Fig. 6-l)<>llkJ AjkJ-'J ¾·ii-¾ -.:{l% 0 ]%~ >~% 

A,} 11--ll-<>il !iji;f<>I Jl•1°Jc~7il ~ 'il-'J%f'l!4 (~Sc'il"J\'!'i'±, 1996). 01"1.f 7le"1 

\'!'?-'is-% ¾~•1 .!I.I'!, %•1~ "ii± ~"1- 0 l!c.>e.-'1i '!Js}7i %'1!<>11~ .ll¾'/l'? (cold 

surface water).2t 1t-~J: Ai¾~1 (anoxic bottom condition).Q..£-, --=ic]..ll -1-.£..All 

(Holocene) %'?}~1-C JI.¾.@-9- (warm surface water)54- {!-~ ~¼~7.a! (mcic bottom 

condition)!?_~_ -ls;-~ _x] ~ ~ ~-. 

,'- \'l'i'91 ',->j,g, AJ,},:J 96EBP-49I -"1"1% <H<>ll ~%~1"1 :u::: -"i-"i"J ¾'ii'¾ 

(benthic forminifera)Zl ~.£.$!}¾;:!:Ad Z!-i2~ ¾t.f,~ -W%* (biofacies)~ 1lclii}-.'iI, 

Oli!- %iifcj >11471 +'l! %'1! %•1~ "-'il"J~7il \'!~~ •1-'i"I~ ,11 :UcJ-. 
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A],}{} 96EBP-4 (-'IP,]; 37' 46.1 'N, 129" 23.6 'E) (Fig. 6-1)'.::: -"l"l-!1-0il :l'.%"1 

~ '.U ';::: %i'-¾ ¾ (species)Sl Cf-¢J ~ ~ ~.¥..9.} -fi-i1-%ii:-1J sj ~ft}~· ll}Clf-8'} CL7] ,q 

%"1"1:>/'1-. o] A]~{loJ]Ai -"PVJ-.eJ \!1~71 ~qJI '}'\l"]'.::: '£oJ]A7 -']R{< >l</11'1 

'lj.Q.Pj, ¼ 2571-"l -']iUI -l'- 'll'i';e -'/11'foj Af%"1:l/ct, 

zj- ,]Kc: 100 ml s] 0 ],10il •i)JI ~-ll-'?~ 71~ 'I'- -"1"1% 0 1 '!f ½"1"1.S'."l- '4"1 

"T':l/If. 48A]:fr 7}".f >e]\:r'iJ -)/~ -']R.ej ';'-ll]:S °';'\l1'fJI 4 $ (62.5 JJrn) >\]_sc ~21 

1-1 ~ -"I "l * f1- "117-11'f 'll '1- >ii oJI \l"~ i<H1-%~ "i-'r 7-1 %¾ 0 1 %"1"1 ¾'li'¼:af 5'. '11 

~ 1"-cl -']Zl'i'- 40-60 t:.eJ ~c.'oJl"i -l:L1J]'!l9. <!3'-\'l A]>t'-lloJI ¾'t'-¼ 0 1 300 ,1 

~l °r o]-"J'?J rr~H:- u] <'et~t'-17] (Microsplitter) ~ 0 1 -§---8"}~ >-1 n.~ ~~ ~ 4- ,y;J-~ ~ ~ 

-ij 11 l 1 .2.. ~ % -5 ¾ % 4-* "8'} '.:a 9-. ~ ½ ¥1 % "t'-¾ ~ iij ~ ~ % ~-~ ~ it iil- j1_ 7 l -e sJ ~ 

~~ %JI,;foj ~'<)1'}'.lJq, zt A]~{l.ej >J,i:'I}- (biofacies) 1,-c]Al '91-". A],t 45 ml 

ca- 7i·JJ·i-'8 .fl-.:g-¾ (benthic foraminifera) 1TI~9-7l- 100 6 ]-8"1- '?dt!Jlt' '~~ .. \l}ql (rare 

zone)', ',!~ {}½"1"1 ilf'.::: 14-oJl'c 'lj!->Jt1l (barren zone)'-"' zj-zj- 'll-"i"l'.llct. 'r 

~ ~;.~Ad %-=§-* ~{ll.fioJ]Ai % (species)Zl %rll~~1 %-¥,,.d (relative abundance)_g. 

>m% - 7}-~ 4'-"J.il (most abundant), 20~49% - -'f-Ail (abundant), 5~ 19% - &:\.fl 

(commom), <5% - -'1;,] % (rare species)-"! 47}"1 '11 'T .5'. 'li-"1-tl'.ll cf. 

A]~-11 96EHP-4~ ~~qj.Aj2-j 'it~ 811~~{± ~,._cf-¥- (sea mount top)~ 4-~ 

1,413 moJ]Ai >l'i'l"1:l/'1- (Fig. 6-1)_ 1,125 cm :,l_o].ej A]'}"i"l%-". "T'.5'. AJ-,l-.ii1\'fy 

(bioturbated mud)§c ,'-Aa"1"1 ~.Q."i, _ojn]~ %"1'--1"1 ~{},l¼o] :fr~"J.Q._sc ~>1 

~tj,. ~%J1l~Ljol]~ ",l~ii!.~ £~ (bioturbated texture) 01 iL~~iil, ~-'d-~~¾_g.. ~~ 

1'] ,'-\!!"];:: %% o]','7-ly- AJ%3i1'1< Y 4/oJ] {};,Jl,j-'.::: 0,j')}-_o_;,,_ Y-Ei-\:rcf ~'S;'tjj>e] 

::: >1%"1"1 %0J"]'.::: -"1"1% 01 file: *.Q.-"' 'T" ~'ll'"a "i"l-l'l-A _of{}l]~ "!el% 

,l)-o] ~aJ's7I t<li1i'-oJI "i"li!- 0 ] >J-t1j"J.O_§c ',!-1'- *"19-. 
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Table 6-10. List of bent.hie forarniniferal species foe the core 96EBP-4. 

Co,eo.pU,["") ' " 
., ,. "' '" M m "' "' ., •. , "' ., Oll 'OJ 1i) "' 

., ill "' '" LOJ.' "'"' "" No.ors- :~ " ' 
,, 

" " '" ' " 0 " 0 ' ' Noof--1',olr;od ,,, '-" " 
.,, 

"' ., ll.l ' "' "" .'11 '"' <l) '" '" ~~ " 4;0 " 110 '"" 10!!.1 '"' ~ •• " ! '"' 
,~ " '"" , .. D•i ,, .. , 

--,., o1,1,,,,,.,. '" ......,ollandou,. "" . ., .......... , . .....,.,, 0" ,.,.,..., ... ; ... ,.. °'' .,,,.... ... , ... ,t,IU • .,,.. .. .. , '" /J,,Jl,µ,pl,an,p ,. 
Boll .... .,....,,.,. 

"' "' "-" , .. , .. ,,. ,. 
11ma11tt.p.,Jft•• .. '""' •• ll'O •• .. , ,. '" •• .. "' Ca,1i,h,/i,,o,,,,.,.,. ., .. .<O 00 °" "' c.,,JJ,,/i,,o"' A "' on 
c..,uJu!,,,,,. B """ '" _, " c-•• C o ll 
C/1,/;ul.,,p ' " c,,1,rw,..,.u1., .... ,1,,;,o.nn .. 
n .. ,.i,,.,,,,, ,., 0.11 "" r,i,,_.,. ... -"'"'• j)O 

r,,,._,, ... .., " " 1"""8ood-,o ,., .. , 
Ep,n-i,,,llo•oroa,1, '" "' '" '" "' Ep,,,_.,,11o.,_, .. ,,, •lllll "" -"-" 14 01 2'l0 •• "' ll?6 ,,., 1·1•1 ' " JO) "" _.,,.,.,,,,_;.., "" ,..,,...,..,.,,;.,to,o IP A '• 0 '·' "' 0" " " ' . •• "' ' " E,.J.,,,,u,,i,lu,.,a ,p B '., 
F,,_,,,o Hit1,-,,i, 00, 
fJ,-1.,,_ •• .., 
Pu-,., ...... ,., . ., "" o.s, ,._,,,.,,, . ., ' " ~...t. ... ..,.A '·" '" "" 041 
~to,.,,B '" -- 0 '" "' '" 

,. 4111 
~atdu,-h,.,n....,_ .. , 
/f~oid .. ,,,..,,_ , .. , ___ ........, 

•• ,,, 
"' '" '" '"" J,I.Ol IO 00 66.01 ~.00 " " "" .,, " " /,i,,,,uJJd,,"""'"''' lOJ ,. •• "" OM .. , , .. ' " Lop,•../•- 1.11 ,. Lo,...~,.,_. '" ' " 0"' 1,.,... -,.,. ,. ,,, .... ,_, 0"' 

Lo,,..ap,rl,,./Jo I 6) "' 1.ap,o,p, °'' La ..... ,..,,,,,.,.,. '" 011 0,0 o,• 
Mii!u/M.Uo",....,,_,.,, '" "' 11 ... ,,.,,., ,. "" "-'"".i,,, ""I'd• '" -- IM' 0" 
Oo/b,olo.,_,, l.l• 
o..Jtno,., '" '" •• 11.,......i., •• ..,,,_..,,, •• r,-1 .. .-.,.,..i-,,- "' .,, °'' "' -<•Woldu ••• P,.,.,.,,,.,.;.,. 

'" p,,,.._... A ... ,,....~.B '., 
R,op/1.,d~i, ) 1.29 
R,.,J,"",s, A .-~., 0" R..,.,, .. .,,,s :L811 
RJ,/1,~-- u, '" ,m..,,,.,,,,,.,.~. ,,. ',. ,., .,, ,. 151\ •• ,,.,,,,.,,,,.,.,.Jlj,,_,.,,, '"' o.,,. 0,11 '" 1' 10 11.i• ,. "' _ll .ll O.U I o_t •• ,,,,, 
r-.•-•' m 
T""""-'o,p. 1.16 '" "V-•- '" ,,. .. "' . ., TriJo<vli,,o,,,. °" Trlloftd"'o--Olo "' ,. '" ,,,,,. ___ 1 .. 

'" T,..,,_oo-.U ,. 
r"""-'"""' 1,111 .. 
u.i,-.,,.,,_,,, •• ' " r1.....,.,.,,.,._. 1.16 u,, ...... • •• 
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A]'/"-ll 96EBP-4oil"i 257H!>I '-]ll.7} >1-i1"15:!.0-"1 471"1 A]Jl. (A]'/"-ll :,1°I 783 

cm, Y43 cm, 983 cm, 1,002 crn)oJ]A-J ',:: A'JA-j.J.j %-N-~· 01 ~~ {!-½~Al ?J-~tj- (Table 

6-10). o] A]~.AdoJ]A-j ~½¥! ¾~ ~~~'?! ~-¥Ad (%), ¾91 4-, 1H~-Y~ Table 

6-!0oil L]-E!LJIS:!,.J-. ¾-"-l'rc: O"l]J.I 21¾ (532 cm) 0 I ½'!! ,sf5:l£.oj, 's'-& "]_;;_ 45 

ml'a- 71,fl'i":: 0 1J'il"IIJ.i 13,269 1H>fl (46.1 cm)5' A]'/"-ll :,1°1'11 a,e]- ,' ~} 0];, .!I. 

oj:if.. 9.1.9". 0Jl=lJ~_Q_-~ .AJJ,!- 196-24.5 cm, ~1,!- 463~532 cm, .=LC-]$ li}--¥- 1,037~ 

J,103 cm 'i':UC<>l]Ai -)j-rJl;,j£..,,_ %-\'-ti: 7H"il'r7f f!½S]5:!q. -'l~'l! ¾i'-¾:'. 56~ 

403 cm, 463~594 cm, 1,0'l7 cm"f-'i'-oJ]Ai %-\'-SfJII '\l:½-,Jrf (Fig. 6-14). 

A)-'}-11 96EBP 4oJP•i {!-½~ A-JJ<i-'8 %~¾ "iC"{l 0JAJo\1 a:}-i=l(! {:.AP~'-~~ 2*.9l 

'i'-'!itil, 5*"1 .;J'IJ-'!itil, :::iaj:;i 101H-"-1 "!i-.l-"J-£.-"- '-1-'fcJ's!ct (Fig. 6-14). 10,H"l 

A~~~..g. 20% 01AJ ½~ii}',:: -'f-l<Jl¾ (abundant species)% 7]ic2...~ c}-g-3!} iJ- 01 -?

~-'fl- tj- (Table 6-11). J.J~,..J I~ Si/icosigmoilina abyssaliro ~{l, ,.,~ -~-,..J II'.:: 

Cassidulina rorinata ~1:1. -"]*_,,.J III~ 47H 21 o}J.~~~ 2-~ ~-'a £1 u:j Epistominella 

nipponiro"l- Brizalina pacifica7f Zj-Zj- 4-•i]¾o]y- 11.'IH,•oilAi Lj-Ej-Lj-nf, •J{ji--'1)- !Ve: 

Epistominella nipponica - Islandiella norvangi Stairiforthia exiiis tenuata ~~, 

,,.~ -i-% V !:::: Epistominella nipponica 'i-{1, A~%.AJ- VI -& Brizalina. JXlCifica ~ ~, A~~ 

% VII,': Epistominella nipponica - Islandiella norcrossi ~~, ).~%.AJ VIII? 

Islandiella norcrossi ii:'~, ).~%.,.,J IX-C Globocassidulina sp. - Islandiella norcrossi 

~~. AJ·&.,.,J X~ Islandiella norcrossi ~fl %019-. 

A]%.,.,J I~ AP}{J :q 01 5-55 m TTIO!l Ai Silicosigmoilina abyssalim.£ ~ 7c1 A] o.J 

A] '9 A}~ ¾~% 01 .!2.¥! ¾ 2...£ ½~ ~9-. Silicosigmoilina. abyssalim~ F.ll~ 0JoJl Ai~ 

½td;3-}A] ~!:::: ~f-9: . .£J.i %~H2J ~..g_ "T{lE~ "1f-¥-%-oJ]Ai -9--Ali.}Jl] L}F-}L}"c ~ 0Jc}. 

"~{i-iil\'l: y ,,pjAJ:S 7f's) o] 'i'TI:'. 94PC-2'2I 95 cm AJ-\'-, 94PC-4"1 150 cm AJ 

'I-, 95PC 41I 155 cm AJ--'l-'4- qJB]£1';:: *£.-"-'i "'itil 'l]~7] 0]~ (Sf 10,000 yr 

B.P.l •l'rr~0 I 'lJ>} 0 ],;ccj <It "1-'ll"il"i :<J~ic •l"i~1iofJJ.i >161~ 'r './J';:: AJ 

'$1-ll-'ll-¾-!f- 0 1 <"<Hi>f\'JAi 'll>H<1 AJE!l"il 0 12 ';:: 7,j£._sc 11."l':'!9-. 

>Jf!-AJ II (A]'/"-ll :,lo] 55 87 cm):: Cassidulina rurinata£ 's'li"i"l"l"1 "i>'l'el 

%-=§-%- 0 ] -9--J.1]3}Jl] L}F~1d-ct. Cassidulina mrinata~ il~~Zl ¾TI-4'- (intermediate 

water)¾£..,,.>] -'li-•11 "'"""1"1"1 200~!,500 m 'r·'doJl;.i -'/-'ilsfJII '-1-EfY-"--" (Inoue, 

1980), o] TTI~ y.g. 0] 2 t 0]%0]~ 1:l]_lli~ %~{!-.±:7} %¥-~ ~7,;!Z} 3:).£..£ !i!. 
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I 
)E 
I 

Table 6-11. The benthic foraminiferal biofacies of the core 96EBP-4. The foraminifera assemblages were donunant species those 
which represent more than 20% of the fossil benthic assemblage in the sample. 

I Benfuk I Co,-e I (Most) Ammdant Commoo Spedes 
forarn Depth L. Spe::ies 

, Biofacies (m) > 20% 5 - 19% Is 
Discummma emaciata 

I I I 5-55 Silicosigmoilina abyssaticu \ H _, lf_~!:::;,~I/ad.,r;m-,;!,iL ~ , S•!!cx~~,vll;,u:. ubyssu1ica 1 a;.,r.00,.,-,,,,, .. ~-·' __ ,, ... ,...,,,.,..,,,, 
f-------. ------t ________ ( Rep/m dtlfl/Jllif.mrtis 

Assemblage Sediment Characteristics l 

I l I Epistominella nipponica 
Il ( 55-87 Cassidufina carinata \ /slandiella norvangi 

Stairforthiu exilis terr.wra 
Cassidu!ina carinata 

T Epistominella nipponicu 

j Bionrrbated mud I 

r-::bated mud ·1 

I Biow,-bated m,d7 I ' I I I BnzaliM pacifiro 

L;+ 
. . . . Euolvocassidulma sp. A 

130-195 Ep1~TOmmella '11PPO'IICU Pseudononion japonicum 
Tri/arina kakozuraensis I 

UI ~o 195-245 Bn'zalina pacgica Epistominella nipponiw --t Brizalina pacjfica I Bioturbated mud I 
I" I zs::_<1<.'C Brizaiina pacifica I Bri.zalina pad/iaJ a-· bated .. a I = , __ ~ __ =___ Epistominel/a nipponica _E{!istQm¥iej_/a_ni!!P(!li~ _ m'-"-' 

lI1t 265 325 j Epistominel!a nipponica =~~~==~--+--~=======--+-----~------ - - - - - ·- - - - - - - - -Bri.zalina pac/,fica I s,,;---;t-~~i"i;; ;-iPPon~ ::i= Bioturbated mud :::=i 
I- I I Epistoml/Jella nipponia) Epistomfaella nipponica ' 

IV 325-339 Jslandiel/a noroongi /slandieUa norvangi t- u"'""'"""""' '""'-' I 
I
- . Staitiforthia exilis tenuata I Stairi!orthia exilis tenuata ___ _ 

Islandiella noruarigi 

L 354-403 (Stair(orthia exilis tenwtaJ •, . , • Bioturbatcd mud 
V 1103_1125 Ep/strftltnel/a mpporucu (Bn'zalina pocificu) Ep"'tom111ella mpPOrncu +-

t --- ---t (lslandiella nora-ossi) I ---------, 
VI I 463-532 Brizaiina ~- !s!Mdit;lla np:crossi Brizalina pac:t/ica Bioturbatcd mud -•- I Stazr(orthia ex,lis tenuata _ 

~ vrr "'""-S'4 I Epistom:nel/a mpponica + Epistominel/a mppom'?U +=Bmturbated m d--1 = lslandiel!a norcrossi _ /slandiel/a norcrossi u _ 

I 
01ssidJJ/ina sp. A 

t 
vm 903-943 lslan.die/la narcrossi EP/1::t:::::::td}/:}°;,.ro I lslandieila norcrossi + B1oturbated mud ~ 

IX I 1037. 1067 Gi"'°"'-'>iduliM sp0 Epistommella nippcmiw G/ob""",,d,lma sp_ Biow,-bated mod 
/slandiella norcrossr lslandiella ~ . lslan.diella rtorcrossi 

I __ x__ 1r:;_-11~03 -r- Isl.arulie/Ja nar-crossi - I lslwuliel/a norcrossi\ I eru!%UI~~~~d-

l - --R 403-463 I Rare Zone i Bioturbated mud. 

I 
594-783 I ~ Bioturbated mud 855-903 ______ __ Bioturbated mud 

:J 783-855 . , Bioturbated mud. J 
____ B_ 943-1037 • ___ l________ _ ______ Barren Zone Bioturbated mud __ 
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Fig. 6-14. Foraminiferal characteristics of the core 96EBP-4. 



~ ct. 

,.,J ~,.,_J- III<>!] Ai VIIJJ}A] sj TZ! ~ oij Ai~ Epistominella nipponims.>l- Brizalina 

pacifica7t ~-'1H!' EE;:: li'.'1!*.Q_-" 4Et4·~ -,'-Zl- 0 14. 0 1 -,'-Zl-·1'-.,0. -'8Jl-ji[\'!l-j -"1-'l 

-\I-~ 7r"l"- ~).Q_oj '1§1~ %-l/-¾ 0 1 ~"11 .. fJ!I 4E}4;:: -,'-Z]-oJq. 'l!%-"J III::'. 

Epistominella nipponim!if- Brizalina pacifiro7} 4-l<ll¾ ~ .!i!.'ic!¾<>ll N:.W£l~ ?,;!<>I] 

rrj-e} 471.QJ 0 H!%-"J.2_.s<. T~"1oj 0 1 *"'.g. .,0.§1-~ (temperate) 'r<'c"ll-'i-1'-FJ ~l;,J 

-ii: (cold) <r.,O.•t"i ~ .l!: -.f C: * .2_.s!. 'll-"1 "l ~ c+ (Murray, 1991). '!Hl·"J 11.QJ- "1 .ii!-., 
~ ~ ~ ~ ~ '11 'T"¾~ Stairiforthia exilis tenuata7} A,Jl%-'cf IIotl Ai t:" .!i!.~ ¾ 014 i!! ~ 

-"J III<>IVi c: "r<'c "1~ (3% 0 i'l!).s<. ic>H-.)E..s<. >J'il--\1- III -,,.,1.g. II'i'-Zl- J;.q <r<'c 

0 1 £ ~ x'.ll:¾ '>! .Q_.s'. li'. 'il q (Table 6-2). "I¾ %~-::!-± 1" 0 l>J 'il-"J 111,<>II J<J "1-::!

± "i¾~'lloJl-"I '-tEt'-tc: Bolivina decussata7t 1.23% <'a>l-'14 q~ of•8':l--"Joj]Aj 

c: o1* 0 1 1"">l 0~f;,j ~C: ;,l.Q_.s'. J;. 0 f, 0 f'l!'il--l/- III, 'j''(!.,0. Illa-Ille '/'Zr J;.q sj t 

%1""-::!-±7f £i'i' ',!-'.l):,j ;,l.Q_.s'. J;.',]i:f (Table 6-10). 'li'il--"J IVoJIAi ,g*-l)- VI ,'Z]

.g. 'll'r*'il St,ziriforthia exilis tenuata7t ~"il*oj4 li'.'l!*oJl ic>J-.fE..s'. >j,l--\)- III 

.J2l- VII <>II i:i l <5} O:J Cf.?:- 0 I 1-:it .g.. T Z!- <tl -51 ~ .£. % ~ ~ 4- 9J tj-. 

'll>l--\1- VIII 0 HAi X 'j'Z)-.,0. -'Jit ji[\'!Y -"l"l-\1-¾ 7}"1"- Islandiel/a norcrossi7) 

~"ii* .Q_.s'. ... , s} 44 li'. '1! *"' Aj .s'. c+~ ¾ .Q_.s'. -,'-'j !i] oJ ~ c+. Islandiella 

norcrossi'E: <'c•HI 'r-<'c (4-13 "C)oj]Aj li'.'1!"1.Q_.s'. 4E}y-::C * 0 ii:f (Murray, 1991J. 

rr1-,i.,1 ° I -,,. n as -i'c c+~ •J 'il--"J% .eJ 'i' n as "I- "I -"' i>f "l "1 ¾ <r-& 0 1 "« t11 aJ .2_-"' 7f 

~ ~ 5:1: 1(:1 -r n () 1 ~ 1(:1 :A .Q.. £ & ~ .. 11-1-. 

-'l-'i"{I 96EBP-4oJl-'i :<jAj'j %-ll-¾ 0 1 §]'1]-.fJ!I -:±½"le: 'i'-Zl-::'. 5:lc (87-130 

cm, 339-354 cm, 403-463 cm, 594-783 cm, 855-903 cm)"i- ~jt;j -:±½~1>'1 ~-i'c 

'i'Zl--i'c 2:lc (78:3-855 cm, 943-1,037 cm)oJlAi '-1-<1-\ti:f (Table 6 11). -'1+11 11°1 

403 cm 0 1 -., ;,:j '11 ,g til ojJ Aj Silicosigmoilina abyssa/ica7f ~,j-.f c: '>! .Q_.s'. !i!. 0 1 'Jtil 

-'j .Q_.s'. ,,,.,,, -:±,~ ~ 'ii O l o<] 4/ ¥1 T {r O l :.! ~ .Q_ oj, .!j'- >J til oJl Aj C: 7J~ .!/--::l-1' ~ 'ii O I 

"i 4/ "1 ~ 'il ;,l .2 . .s'. .!l 'il i:f. -"1 +{I ,I O 1 400 cm O 1 -'f oJl J<j 4 E} 4 ::: §1 '1] 'll til 9t -'r 'll 

tiJoj]Aj C: '\'Jl.~±-"l 1/!-'ll'll (400 cm, 600 cm, 1,000 cm)"i- 'l!~JS,f::il. ~.Q_oj 0 1 '1!!/1 

'lJ %-<'c "i "l 'i- 71 ~ oj Aj .s'. i:f~ o<l 'lJ .2_.s!. 'j',;'-"] oj ;q ~ i:f (~'s-'11 'lf 'l\ -,'-±, 1997) 
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4. €! e-

.A]-<? .~.p.s:j~t.lJoJl -V-f,~ ~~ .fr-=g-¾ ~~.:ii} ::J. ~'.?~~ *~~ ,2-7-1~ Aj~1] 

96EBP-4"1 'l%'Jiai 0 1 :11-'11 515:lcJ-. A]'}-il 96EBP-4·ec 4'11 1,413 m"l "\]-o;'qiz] 'it 

'i' •Jzii>f-;} 'iJ'J-'i'-of]Ai >J;jj5j5:l.2.oj, Zcl,"] ,'->l41'4 5cl,9] :ol'<'l'l41, c:iejit ]07j 

9.j Aj,!-J.Jo] '1-'11515:lcJ-. -"l'i'-il -ll--1'- (5~55 cm):C: "i"i-"171 %'tl ~"\]-¥\7,joj 'l¾ 

"i o] 7J~ J.H!-il-i'i'¾ ¾%"1 Ai 61 o] 7t-'s·vl: Zi %e-;}± '!J:7,j Oow dossolved 

oxygen condition)5J,-ol)Ai ~~~9Jt--.a, ;z]A]-3~9'.:il '.V.9-. A]~"c} IloflAi X77}A]~-: ~l'r 

-?~ '/l:oi-ofl ttf<'- Zi¾ 4'-::C 'J,) %i'e-ol± \'!,}71 5:l5:lg¾ :<]A]Oliii'cf. A]'f>-il ,1°1 

400 cm O I i>f 0 11 Ai '-1- E1- '-1- c: -"I i'PJ 41 '4 -'I-1l GI c: Z1- ,g %-ll- "1 "Pl % 4 7 I ~ 0 I Ai !as 

cj-;'; "1"1% 0 1 -1r'll¥! -"I'll-"!- 'll-'i"lol 01 'i'ZlciaioflAii' -ll-Gl'l.2.!a. ';!-,°_ -;}± '!"!: 7a 
"i'-1-~"\J-¥*±¥!7,J"i~~-'1!~.2.-~'11~ 

;<jAiAj {l-i\'-¾oJ] tjjvJ: '1j7'-1l_-"f j,!-:<]<ajoj~ >!]47] 'f'fr %'tl-'? ;>filJl9.j 'fij/~ Jl 

•l 0J~7a '/!:oJ-7f '.U 5:l %% :<] A] •l 'f' oj, Sc~} 0 1 ej ~ 'I!,}~ :<] 'i' "I oil? '1! 'I! §oil ttf 

:'. -li-Oll9.J •l?S'~"l 0,l'AJ 'l!i>fofl ttfej- •l-"1~7,Jo] "1¥1"1 ~g ~ ,c]Al•li?cf. 
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%•1 ... "1"I 9AJ-A],'l. "1"1%~ <l1't7]~%~llf :o:f-;l~H!%% 4':f .l'.%51-'1 ~~ 

nj, ~'Ii:.£ 'J.! ',;•~q]>;-~.sc-l'-E191 %-'lJ7]~ "1"1% '.I! ±'ll'91 •8%7]~ "1"1%oil91 

<II E W1'1 s:! '<I >j 'll:!/1 °J-'ll "1 "1 % (hemipelagic sediment)5!. oj 7-j ~ i;f. %'II 7, 7] ~ 

\'l % 'J,! <Ii 0JtJ:7c! \'l:o:foiJ ~I 'fr1'e 711 '/1:%5} '1 ~~nj ,E ~ ::I "1 llj-{s '1- !I. ~1'e '1 ~ q 

"- 7e'll~1'f'l!, !~<liii'-"1"11 "1"11'1 '/1:~ 0.l'-'ll "1"1%~ "i"lt!:>allf 71+\'!%~ .l'.%"' 

::: oj cj * "1 ~ 1l !I. iii: '11 * ~ 'r ~ ::: 0J ~ 91 A I li 5l 1'!: ,a '11 q. 0 I cj ~ 1'! ii "11 -'i -l'c 

AJ-"1]1-i ::: % •11/.- ?C] oil Ai ~ 6l ~ 'i'AJ-Al R:oi "1 % 91 ;,] :o:f -.J-"'i ii'-"1 ½ ¾ 5j-oj ( '1' .ll. ~ ± 

9I 11-'lJc\l!:o:f 'Jl -i;-7J%%':fllf C/N ratio, ,l:-;}'lJ ~'lf3'cAe), % "1 "'1%0!] <11~ ?C]:o:f.., 

"I l;--'lj "t 5']'1 -,, 91 7 I ~ % ~ .l'. ~ "' ::: <II 0J t!: 7a I'! :o:f ;'; '!l 7' "' ::: "'l- "1 ~ "- <i:Fi' it 'r 

•]~q. !£~ i'[,j'le?C] {t.;ji,i ojcj ?C]:oj-o:j-caj 11_:,if"} 11_-'i'-A],e\ 7]+\'l%l!f91 'lJ,ij<J 

A]'}"1"'1%oil <11~ 'i'.ll.~± (major element)',) -1\-7]%91 'll"ili-.l'.:'i 'ifOe.\'.7] '11 

"'oj 20-40 cm TI<l~.sc A];'l.;'; ~~q.g- 105 tOil-'i 24A]{! '<!3'c~ 4% RetschOil 

Ai %s:!"l 11-'lfi!e "'~"'- %s:!"l ... 'lf:o:f~ A],'l.::: tj-A] ~3'cAJ'()+oiJ ~~7]&:ilf-.:} 

'll'i'±Oi1'1 X-ll ':l'll-11-"17] (Philips/PW 1480)~ 0 ]%~oj 'i'.ll.~±91 ~'lfl1-~jo] 'r 

•8"19:li;f. %-.!~} A],'l.oiJ <11~<,j ¾'<l:± (total carbon) 'al ½%7],l:± (total organic 

carbon)91 11-"'1-I' '11'1'<11-.J-.w. '1! 0J-'ll'i'±oil"1 CHN 11-"'17] (Leco CHN-1000):S 0 1% 

;;,oj l1-"1"19J.i;f. ?.ll.~±1!'-"1:'. 95PC-l cilOeA],'l. (Fig. 6-l)Ol]Ai 367191 A];'l."1] <11 

-a~.1.i 'T~~~':?:l~. %7]% ~ 1c}-{r~~~,g. 95PC-1, 98PC-4, 98PC-7!il 37~~ 'T-"JA] 

ll. "i "1 % (Fig. 6-1 ) "11 i:JI '11 142 ,1 91 A] ;'l. Oil <11 "e "l 'r "!l "1 9J. tj-. 
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•8--71-R- *~~ *~~~cf-% ~~cl~ .g-}.xJ?l~ ~~;.nu-~- %-B~~ 31~ ¾0~~ 

qg %'lit!: "]KO!J rijt!, !N 'lJ~_o _ _s!. .!/-7],fr± (inorganic carbon)~ ~171~! J/'- ¾ 

¾7111!±;; s'a'"ls:Jr+. 'fr~'ll w~,.. ¾'1!±-'1- ¾¾7l'if±&f21 ~ill':>foiJ •PB il:1-<r 

26'~~~-~ g.glij- ~~ l:IJ-~o!l ~lB~ :Ji]~<S-}$1.9-. 

l:f!-~'tl ~rJ: (%) :::c {total carbon (%) - total organic carbon (%)} *8.33 

(1) 95PC-1 

1Q1ij2I '?k~± (Si. Al, Ti, Fe, Ca, Mg, K, Mn, Na, P)21 *"1:.!'4 ZJ- ~±21 

'-lrJl..t '>l ati±..t %-lo Table 6-12<>1I .ll."i,-fs:J_<>_uj \'!"'i-'1'<1 'Ir.SC.\'!~::: Fig. 6-150il 

1E , 1 .-i s:i r+ "'-"'- ,!H-si '?! "1 "1 'l! * .sc. \'! .., ::: T-"'-~ ± 21 -l.' " 'll .sc. w ,a {,- 71 -'I-! -'I-! '"' 

21-sJ '"'~'ll .sc. ( .oj "1 )Oil uJ-<' :.! :ilf "1- w ? :Uc+. "t"<"i "1 el '?-"'--'1-!±ia!- ~ w%oil 

<Pl_::, i"-'/-!>'1 TIJ- 0
} '>) '1!"'1~ ("IZ!-'1) l'!il:J-~ "iJ7fW"? :Ur+. -l'c '1!'i'sJ :.!"1-0il "] 

'"I\'! 9 Jl_ -'I-! ±"1 I'! 0 1 'll 0 1 ZJ-4 170 cm, 220 cmoJI "i '-1-E/ '-1- 31 ., 450 cm Oil -'1 .SC. 0 1 

., of >II '-IE) '-1- :il :U r+. ',! 'ii "l -"-·" .!I. "'-'>I ( conservative) 0 I uj rJI "l-7 I -'I-! f1 ± .s'. .,_ 1,

~:::: Al, Ti ';;' ?. (Goldberg and Arrhenius, 1958; Moorby, 1983) :g.'E'~ZJ 1,t!9} ~ 

'll-"1 n oiJ " ct1 -"l "l {,- ~ 'a ei I'! 1':J-<>11 rJ1 ~ ""~ -S1 'l! -'I-! 'll * 'l!- 'll 'II 71 w '? :u Al ~ 

cf. 12c •,Fi":;l~f LfE)\:f 01:'s rJlls-7]-'/-! -'/-!'.-"] BJ';:: (TiOdA!,O,) '1!"1"1-"-.sc 'f-slo] 

'/l 1'f Jl 'il g 0 J y-E),J;q (Fig. 6-16). 0 J-"l '!l--l'c sf{!," 0 ] a; u] 7f 'f-'J! 0 ] l'!.o1-,-f::: 

~ 0P~rl (transition point)g 7c1:J!J..t.. qj~7J~ %~o] .:g.'E':x]7} q.~ 7}';;-'-.:jg A]A}~ 

4'j~ ~ "T' 9Jc}. 

'r'-"'- -'I-!± <>ii rJI t! \'! .oi .,_ -'I: sJ ~ "'- '1 "I "1 >ii "l -"-"- ~ <J-"1 ¾"1 ::: 311 "1 I'! 0 l 'll i 

1Pll.sc 'i'iJ!,-f,11 l'!'"f"'- :U g 0 1 Lj-Ef,J;q (Fig. 6-15). 7f"J- {j.-f:>11 \'!~'"le: 'r'Jl.-'1-! 

±::: Cao, K,O '!/ Na,O.sc •aZJ-¥1.c+. 0 1½ 31H"1 'r'k-'1-!±::: .ll.½<>il-'1 Q} 170 cm, 

170-220 cm, 220-440 cm, .::re.]:,r 440 cm 0 )-.121 L1]'i'{!-.!<..sc "ii*~ 'r :U¾ 3c! '!l

t:f. 0 J 2°} S]:?;i-~ 0 1 9-~ ~]~oj]J.i.21 -sl~~ (sedimentation rate)J/.t l:i]~~ ~.£~

-"l"l-<!c+JL 7}'<J<ij -lo- Uil, otof.SC. ;iJAJ-'/-½'11 1E%"11"1 170 cm'lf"i::: ~!a."i]'ll 7f~ 

'ao] 3.uj, "J7]"il"1 .!"llS'--"1 {! 0J7] (transition period)'tl 170~220 cm 'i'Z!:af '1]7] 

(glacial period)"il •B'ilt-11' 220 cm 0 1'"1"1 'i'{f.<'-sl rJl\!!W ? :U¾ 3c! ,!q. ~ 'r 
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Table 6-12. Analytical results of the major elements from the East Sea site 95PC- l. 

Depth (cm: SiO2 Al2OJ Fe2OJ TiO2 MnO Cao MgO K,O Na20 P20s LOI Total 
7 54.07 14.94 5.56 0.60 0.05 0.96 2.54 2.82 3.09 0.10 12.86 97.59 

16 52.19 14.22 5.46 0.56 0.05 1 .62 2.66 2.79 3.74 0.09 14.27 97.65 
21 53.25 14.46 5.60 0.57 0.05 1.51 2.69 2.82 3.57 0.09 13.62 98.23 
48 55.42 14.58 5.70 0.58 0.05 1.09 2.56 2.83 2.98 0.09 12.77 98.65 
53 52.99 13.83 5.36 0.55 0.05 1 .65 2.60 2.72 3.65 0.10 14.02 97.52 
76 53.26 13.81 5.47 0.55 0.05 2.00 2.59 2.68 3.60 0.10 14.14 98.25 
86 53.88 14.27 5.37 0.58 0.05 1 .34 2.54 2.73 3.44 0.10 14.05 98.35 
108 51 .OD 14.65 5.69 0.61 0.04 0.86 2.53 2.76 3.72 0.11 15.64 97.61 
113 51.20 15.13 5.73 0.64 0.05 0.87 2.61 2.83 3.61 0.12 15.83 98.62 
137 52.64 14.58 4.38 0.61 0.03 0.71 2.45 2.55 3.77 0.11 17.36 99.19 
143 50.51 14.26 4.87 0.59 0.03 0.72 2.46 2.54 3.96 0.12 18.32 98.38 
151 50.61 14.70 4.49 0.57 0.04 0.69 2.23 2.72 4.01 0.12 17.56 97.74 
169 51 .00 14.65 5.69 0.61 0.04 0.86 2.53 2.76 3.72 0.11 16.28 98.25 
176 55.87 13.72 4.85 0.61 0.04 1.88 2.48 2.58 3.58 0.11 12.50 98.22 
180 56.29 13.22 4.45 0.57 0.03 2.85 2.22 2.44 3.05 0.10 12.14 97.36 
191 56.58 12.1 7 4.38 0.55 0.03 4.58 2.09 2.22 2.82 0.10 12.07 97.59 
214 59.83 11.53 4.09 0.53 0.03 5.58 1.84 2.14 2.19 0.10 9.71 97.57 
227 60.57 11 . 11 3.81 0.52 0.03 5.73 1 .80 2.01 2.62 0.10 9.77 98.07 
236 60.33 11 .17 4.01 0.53 0.03 5.56 1.84 2.07 2.61 0.11 9.32 97.58 
249 59.85 11 .40 3.96 0.54 0.03 5.57 1.84 2.12 2.39 0.10 9.45 97.25 
256 58.32 11.39 3.94 0.54 0.03 5.66 1.83 2.01 2.36 0.11 11 .04 97.23 
274 59.73 11.24 3.78 0.53 0.03 5.73 1.85 2.02 2.56 0.10 9.81 97.38 
288 60.41 11.33 3.93 0.53 0.03 5.24 1.85 2.12 2.51 0.11 9.62 97.68 
302 60.34 11.69 4.24 0.56 0.03 4.88 1.92 2.18 2.43 0.11 9.81 98.19 
309 59.98 11 .53 4.07 0.55 0.04 4.87 1.90 2.19 2.56 0.10 9.37 97.16 
334 59.47 11 .86 4.43 0.57 0.03 4.22 1 .99 2.21 2.83 0.10 9.72 97.43 
349 60.97 11 .76 4.23 0.56 0.04 4.47 1 .84 2.20 2.33 0.10 9.64 98.14 
359 60.12 11 .67 4.25 0.56 0.04 4.62 1.86 2.15 2.41 0.10 10.27 98.05 
379 59.26 11.62 4.30 0.56 0.04 4.39 1 .86 2.23 2.36 0.10 9.33 96.05 
389 60.29 11 .97 4.37 0.57 0.04 4.11 1.92 2.25 2.49 0.10 9.59 97.70 
405 59.96 12.37 4.49 0.56 0.05 4.1 7 1 .90 2.28 2.50 0.13 8.77 97.1 8 
423 60.84 12.02 4.33 0.55 0.06 4.20 1 .76 2.27 2.66 0.13 8.12 96.94 
445 62.23 11 . 77 4.04 0.54 0.08 4.31 1 .65 2.25 2 .71 0.12 7.18 96.88 
456 58.08 12.52 4.77 0.56 0.16 4.03 1.87 2.27 2.33 0.13 9.52 96.24 
475 53.53 13.34 5.76 0.58 0.16 3.78 2.10 2.32 2.32 0.14 11 .61 95.64 
487 52.20 13.82 5.77 0.56 0.14 3.82 2.19 2.40 2.46 0.14 11 .99 95.49 
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Fig. 6-15. Vertical profile of the major clement at site 95PC-L 
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"9_f]J,ej \1! 0 ] ',J ,0. o] "1)71] ;ac) 7;,-0-f''i A] z,~-"f ,;I_ -'/-"i oj y-E}'-f '1 :lj {l-o] 'lJ .i'l. •1 ;;jE_ 

nJ 0 1:::: '1!>11"J'j -"l"l¾-lfit %OJ a],J]~ A]'(}~ .$J"i]Ai \1!:o} .. fSI :ll%% ;<)A]~t:f 

2 ~ 4- V.9-. 

7]s,a 'i'!'i'eJ ;;pf '-1-El-\t %•1 ... "l % 0J-'/-<>11"·leJ 95PC 4<>1] til~ 'r.ll.~Jcej \'!:o} 

c: * ci •~~~ "]:o:fo)-"! ~l<j~ .lil."l'r'1 :llt:f (Hyun et al., 1998). -.f"]'l! ·\<-'ii ·le 
0J-'/-<>l]Aj 'l!"lsl 1:Pfc: ,;jJc~ "l¾•J;J~ !1:~&fc: .sl.q long scale"l J<]',1'1-aJ A] 

{! c'c;>i]'lJ¾ 7f:<)j1 '.l)C: ~.£.§'. >]Zj--,jcf. ufcfl<j ojcj~ 'r,l)-A].i'l.{} :oj-oj-")';;Aj7f 

Aj .s'. tile] 'o! "r '.ll= Lf -of C: 1i'->1] t 'll: .£.s'- •1 {! •1 °)~ 1i'->1] .s'. ',J-lj e<J 711 -,! t:f. i5f;<J 

'l! "I Jc~ o] cl~} :o}oj-aj ~Ai e] I'! :o:/%<>1] l<j oj :'cc 'r,l)-A] .i'l. "I] Ai '-t i-.s'-,i] "1- ~ 401"' 

.>a.;J]ej 7.l>!i?f ,lK .. 1711 ',','--,!t:fi'c Af{!a@- 'r~tt 'llc•lt:f. 'le~ 7];,cej 'i'!'i'-"1-"I- t.f 

El- \l- :§1-e/"l % <t"l .l!. (Harnouis, 1988; chemical index of weathering; CIW)7f %•R 

,'-;,] "I] Ai 'l! oj Cs) .'a 01-"I al¾{} Ai .s'- cf .sc 711 '-1- "1-1+ '1 :ll i'c ~ "1 ,lJ (Hyun et al., 

1998), % .oIOfA]il."i]-'-i.5'. 'l!K .. 1711 4Et'-t'1 '.l)E.nj Ci*O] % .o1ofoj)Aic: '1fo]7];; 

!1:~iifoj ci* ~jllc~ '/'1,'- 0 ] 7H,--oft:f (Fig. 6-17). o]cj~ ',Ii,-~ Siaj'fl '!f "1, % 

•1 ei -"I ai -i.- ,g. £1 Jc ~ i- "- ,iJ :s 7.l >11 .sc -.1 oJ ~ I'! -.1 t:f e -"I ai -i.- ;?, 'a % , 1 Cs) cf jl ~ 

"r :ll t:f. o] "1- ll-'1-"i "1 ~ _?.,j] :;; 7,j >II .s'. iifoj ~'11 ii] t:fe 'ii oJti-7,J eJ I'! :o:f;; AJAJ 

'ii '!f ? '.ll Jl! ~ 9 , 0 l :::: , I f. I'! :§1- eJ ;;! "I- 'Jl % 'ii .sc ¾ 'll "I t •1 ¾, <>ii il- ~ oJ 

Kuroshio warn, current%.g,J 5::AJ.:i!l- ~7'11,¥1.t:f2 AJ7ff19-. 

(2) ¾ ,1 ~ 'Jl 1,H! 'll ¾ "l ;;1-4 

(7/) 95PC-1 

{'!;?ciifoj ¾ 'lor:oJ-~ A] ls "I] til ~ ¾ 11!:Jc (TC; total carbon), ¾¾7] 11!± (TOC; 

total organic carbon) ~ C/N ratio (total organic carbon/ total nitrogen).9-l it.:: 

Table 6-13<>1] .l!.A]iil'.llt:f. "]"Jo)-"!E..s'. 95PC-la@- Kuroshio current7l %'ii.sc ¾'ll£l 

'.: 'll'i'"il !/PliilJl :llcf. ufeJ-Ai %"111,'-"]"1 t:fe "1't! e<]"l .sl.cf£ Kuroshio'ii¾eJ 

j,AJ:i!f <'l:;,Jl"loJ -"1"1~7,Jo] "J',J"ioj o] "]'11"1 -"1"1¾:'. o]ej~ ';Aa% " '/l-1~ 

512-!a. 7]ell'<'lcf. oJcj~ B:',l"i]Ai % .o1of-"l"l*"il ell~ ·R-7]-l!-o] {,'-,j")~.£9 oj 

ej ~ :,j :ilf C: % •JI ej cf e ;<) Qj ~ cJl ~ \1 'f ;;j -"f 1j- \'! Jfi A] S'-j >j Zj-'fl ',!- "1 '! uj :lj C: 'lJ 

o] 2f tt "r :ll t:f. 

'11 >I] "l 2-5'. ¾ * 7] 11!:±eJ 'i]-2j\1!:§flc 'll "1 "12-5'. 371 eJ 'i":U: .£.s'- ell \I.I~ "r :llE. 
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Table 6 -13. Analytical results of the total organic carbon, carbonate and C/N ratio at site 
95PC l. 

Depth(cm) Total carbon(%) Total Nitrogen(%; TDC(%) Carbonate(%) C/N ratio 
0 2.185 0.286 1.867 2.650 6.53 
5 2.144 0.290 1.789 2.958 6.17 

15 2 062 0.235 1 .816 2.050 7.73 
20 2.016 0.243 1.786 1.917 7.35 
35 2.010 0.241 1 .999 0.092 8.29 
47 2.154 0.284 1.998 1 .300 7.04 
52 2.257 0.291 1.982 2.292 6.81 
65 2.266 0.291 1 .926 2.833 6.62 
75 2.396 0.298 2.190 1 .717 7.35 
85 2.212 0.264 1 .921 2.425 7.28 
97 2.576 0.296 2.297 2.325 7.76 

107 2.961 0.351 2.850 0.925 8.12 
112 3.073 0.353 3.024 0.408 8.57 
124 3.513 0.398 2.294 10.158 5.76 
136 3.735 0.421 2.926 6.741 6.95 
142 3.945 0.435 3.777 1.400 8.68 
150 3.809 0.419 2.641 9.733 6.30 
163 4.317 0.342 3.700 5.141 10.82 
168 3.997 0.328 3.580 3.475 10.91 
175 2.155 0.208 1 .811 2.867 8.71 
1/9 2.178 0.193 1 .961 1.808 1 0.16 
190 2.398 0.176 1 .263 9.458 7.18 
213 2.001 0.095 0.972 8.575 10.23 
226 2.022 0.089 0.744 10.650 8.36 
235 1 .948 0.089 0.654 10.783 7.35 
248 1.995 0.084 1.272 6.025 15.14 
255 1.979 0.076 1.093 7.383 14.38 
273 1 .831 0.075 0.874 7.975 11.65 
280 1 .861 0.078 1 .010 7.091 12.95 
287 1.774 0.076 0.993 6.508 13.07 
301 1.734 0.073 1.138 4.966 15.59 
308 1.758 0.090 1.027 6.091 11 .41 
333 1.644 0.096 1 .125 4.325 11 . 72 
338 1.670 0.099 1.075 4.958 10.86 
348 1 .615 0.077 0.917 5.816 11. 91 
358 1.674 0.087 1 .047 5.225 12.03 
365 1.583 0.072 0.553 8.583 7.68 
378 1.583 0.082 0.612 8.091 7.46 
388 1.484 0.079 0.544 1.833 6.89 
404 1.541 0.081 0.909 5.266 11 .22 
416 1.428 0.016 0.609 6.825 8.01 
422 1.445 0.057 0.887 4.650 15.56 
444 1.334 0.054 0.537 6.641 9.94 
455 1.656 0.105 0.813 7.025 7.74 
474 2.238 0.170 1 .932 2.550 11 .36 
486 1.903 0.173 1 .611 2.433 9.31 
507 1. 790 0.136 1.387 3.358 10.20 
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Fig. 6-17. Chemical index of weathering at site 95PC::-l. Distinctive 
groups; Holocene, transitional and glacial periods are recognized. 

' three 

9, 0 ]citl 1/l:o:fc:: 'l! 0 ]71 (transition period)'ll 150 cm-'h1 <>1JAj 4% 'll£sc "1tilil~. 

•J 7] (glacial period)sc '11 Zf "1 e 450 cm '1-c<>II Aj "1 ±We'll 0.5% 'll £1< !s'. '<! q 

(Table 6-13). '1', '1]7].ej ',c;a]?jc,". *-il-7]"1:±Si ~<J.g. 'l! 0 ]7]<>1J :,"121--"i 7f"J- ;-c 

./'-W;-1i- _l;!_O]uj -iSc-"11~1 -!,cojJsC:: "].iil."i '1J:'lliif\'!Js 2% 'l!~-"J W;~ _l;!_O]j]_ '.l)q. 

'1!\'! "1:1!'ll ~-il-"il'-1'- 'l! 0 ]7]~ ,E~-afoj '1]7]~lc: ailt1l 10% o]AJ--"I We~ .s!. 0 ]\'!"1 

~"1--"l 's! 'I- ~ J;l. 0 ] \'! -"i 1/l :o:f -af .:il V-"-9 'l! >ii <>II C: 3% 0 1 1'f .ej •I 1i'. "l ~! 'll -'11 iii:% 

_l;!_O].:il '.l)q (Fig. 6-18). 

tj]~7l5t! %7]~5!] -fl-~~5:.~ 'l{o}!.!_7] ~"6'tol -fl-71~¾21 C/N ratio?} JL1t~~ 

tj-. ~til?>i_E>_.£ (~OJ7]5t!~ %7]%-.@:- -fl-7]%~1 ~Aj-'c}- -'¼-fl-7]lfl:-±cJl tjj~ ¾~±9.J 

•17} 10 o]t,f'<) ,l.".sc 'l!a1"1 '.l)q (Muller and Suess, 1979; Stein, 1991). '1!\'! t1l 

~7]~9.l -fl-7]{>}.g_ C/N ratio7} 10 °P,JE._§_ ~AJ61-i-%oJ1Ai %cll-q:!--cf2 0:]7~1:19-. ~ 

\'!'/'<>IJAj;:c "i"l'ac-'c C/N ratio7f 5~]-"115 >a£~f;,<] '!i'l!-'11-af71i \'lt,f.:il '.l)go] m-.J 
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:;ar+. 0 l<til-.f'- -'f-;l.s'. 0 i'r-"1.'l. 0 f 1"- 'll'i'-']Jl_oJc: ctill'!ll rJl'i·>Hl %>]-,:.o] .£~ 

-'961 '.U_g% A]AH:!-9'. ::Z.i:'.]Y,, AJ~l~.9.._£ C/N ratio£.] ~9}';::: ¥-1:'i!'tl- ~~0JAJ% ~ 
0Jt:}- (Fig. 6-18). ~. {JS:. Q.} 150 cmJJ}::q.Q.] 10 °]"t}~ C/N ratio4 150 cm 0 ]"o}oJ1A] 

~ -2- ~ -~ g 7}A] ';::: ~.§}2.} W 'T '.U ct. u:}~Ai %1-%- (Holocene)oJl A]';:: t.H~7\ -?,! 

·?r/]~ 0 1 -fr~S~?.]~.J-2. -3Jl 0J%7il 0 1 .A]l:lH~~l J;llli9oJl "8}-!j!--1--oJlA-H::- -an°J.,,.d1°rYl~:i!-J- ~ 

.;..t-;,,]!?4 i'rY]%o] -'g-~-tH:= ,;!i}~7Jo]51.g .. s- A],i.}~ti::J.. 0]2~t} "8"11~12. o}o}s=_ Jc1d7J§ 

'Z}-oJ] 1;!-0}~1?! ~HT\"l!>~ '1l~J:on sip,n tj-rg'Q] c'/1~7]~ %7]-~ 01 ¾OrJScl~~ 7}t'--"-d 01 

9Jgfi- 1-fE-h!!rt. EE~ lcld7] 011.Ai Z}-~7]~£.] \l!~fil-?.: ~ 0111°11 9JOiAi;:__: 'fr~~:: 

"11'1""1 'E~"t cJl't7]~ 'lj 0J'll%"1 is'-il'o\] 91-Sfoj it-'~,l-•~U 0I ,t0f;Zl.2.e12.]- •~zj

sJ • j il':Z,~ ~7el\'!.<J-7f ~~.2.'12.]- •~zJ-¥!cJ-. %-f,7],1±.<>j ;;J: 0 1 °] -f<l"l-'-i i't,Jl 

'-I-EJ-4"1, '1U'?l-"1 ij':zj~} -V- 0J\'l:of 'l1 C/N ratio7f '-J-.!/-"c.6-.? . .'l.tj 'l!1Jiif71l 'f!q 

~ A}{,l~ 0]2~vt -an~1-a- ;.!\fr~ V}tj-jl w T '.Uc:}. ~~l -i-~"'11.Q.J C/Nratio7l- 10°1 

i;f .s'. ~I '\'- 'l! 1l i;f 711 % .A I 'i1 q C: ~ .,0, % •1 Q] •1 °J ~ 7el O I ~ .s'. "11 "ii C: 'l! 1l ~ AJ- •1 i\' 

7J]4f %A]i5}-Jl :tl_%% ~1:ij~9'JI. ~ 4" '.U_9°. 

(L/) MB98PC-4 ';/ MB98PC-7 

i':L±<'>foj '1-'!r;:f~ "]ll."i] '11~ ¾e!±c (TC; total carbon), ¾%7]e,± (TOC: 

total organic carbon) ~ C/N ratio (total organic.: carbon/ total nilrogen)9~ Y ~ 

Table 6-14•f 6-1S0 ll _lJJl"fs:lcf. 0J ',a-j)Js]Jl_ §jaj,l-:C :f.£•~3.9} +.£"J39f %¾ 

*·A1£! ~711°1] -$P,li>l-2 ~~ usn-~~ -fr-/]~91 7HH~- s:>~ 0 1"8"}7] &rt:·: <:>-]~ 115:. 

qj~AJ 7]-'t!QJ ,t7]~~ oJoJg ~g 7_.!,9.,?_ oj].AJS:]~ A]~o]tj-. 

-\'- ',a-j)->]K"i] cJ]t} %-i\·1]\1,±21 W°'s"\l!;:fc ZfZf Figs. 6-199} 6-20oJ]>j 'fiJ!o] 

yl,1y:,t %le+. +Y"J_"ioJ] -\'jc<]-sf::: 98PC-4oJI ~<>l-'-i %1]\1cc5c, \1,~l'll, C/N ratio!ll 

~~~ ~Jll '2-1= 650 cm¾{;~].£ T¾~ 9 v.g ~ icfr:"J· (Fig. 6-19). rt~A]~oJ]Ai 

.Y~ ~].Ai4;"5=. '.;½- {:r<?!-"6TI~ rrJl lf%oJlAi o] 1f•~7/]-7.]';:- o}o}_~ ¾.£1'11't! 7}~AJo] 3. 

• J, -=r'i/r+:,-1 ~'t\'1 rf-2- 'll'i' .'it6f -"l"i~"il-'-i"t 0H}/f.c<].;e 1J-'ll~ 'l'!"ll-"l •1°J¥!: 

~-6-1} 1i'-~_"5H=:- %7]% E-"Ff31}, ,,,J~J.~~-2..£ ~~ 01 J}~.5}9-. C/N ratio7} c] T.z!

oJ]Ai 10 °] t}~ 1J f_ o] ~] ~ A}1l ~ %11:!J~ ~}t:.}-. ~.JE -8"}-¥-¾oJJJ·r~ ~~~ C/N ratio 

£j ~ ~ .£ tll ~ 7] -'t! ¾ 7\ ~ o] -it '1:J :tr~ .tl ,V. 0-j o] ~ A] 1:1.J 7] 9j y- ~ '5TI 91B 9-l °a ·6J _<J_i;!_ 

A~ Z/--!cl_ CJ--. 
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Table 6-14. Analytical results of the total nrgcmic carbon, carbonate and C/N ratio 
at site 98PC-4. 

98PC-4.De12th{cr1 otal Cabon(%-otal Nitrogen(% TOG(%) norg. C(% C£N ratioCaCO3(%! 
5 2.67 0.25 1.84 0.30 7.32 6.94 

10 2.71 0.24 1.94 0.31 8.24 6.47 
20 2.67 0.26 1.86 0.31 7.12 6.78 
30 2.75 0.25 1.80 0.28 7.28 7.96 
50 2.69 0.24 1.79 0.28 7.60 7.51 
70 2.80 0.25 1.81 0.29 7.39 8.23 
90 3.17 0.21 1.97 0.27 9.39 9.94 
115 2 96 0.23 1.82 0.30 7. 79 9.52 
135 2 90 0.25 1.74 0.29 6 92 9.60 
165 2.86 0.23 1.79 0.31 7 89 8.9i 
195 2.88 0.24 1.80 0.31 7.37 9.02 
225 2.81 0.24 1. 70 0.29 7.07 9.18 
245 1.69 0.28 
265 2.81 0.24 1.75 0.29 7.30 8.84 
295 2.83 0.22 1.74 0.29 8.02 9.09 
325 2.79 0.22 1.77 0.31 7.92 8.45 
355 2.86 0.22 1. 72 0.28 7.80 9.46 
385 2.76 0.23 1.77 0.29 7.74 8.28 
405 2.95 0.25 1.83 0.33 7.33 9.32 
430 2.93 0.25 1.76 0.27 7.00 9.74 
460 3.08 0.21 1.89 0.30 8.99 9 93 
490 3.21 0.24 2.00 0.30 8.42 10.03 
520 3.20 0.25 1.89 0.28 7.73 10.85 
540 3.09 0.24 1.82 0.30 7.57 10.58 
555 3.16 0.25 1.98 0.32 7. 91 9.87 
585 3.15 0.26 1.92 0.29 7.41 10.22 
615 3.25 0.26 1.93 0.31 7.46 10.99 
645 3.19 0.23 1.90 0.30 8.25 10. 77 
675 3.23 0.24 1.92 0.30 8.16 10.83 
705 3.30 0.26 2.01 0.29 7.75 10. 77 
730 2.1 0 0.15 1.47 0.23 9.86 5.29 
760 1.40 0.06 0.89 0.17 14.05 4.30 
790 0 79 0 04 0.63 0.11 14.89 1.36 
810 0.47 0.01 0.37 0.08 46.40 0.84 
830 0.70 0.02 0.51 0.12 31.80 1 .63 
864 1.29 0.02 0.60 0.12 29.85 5.76 
884 1 .74 0.04 
904 1 58 0.06 0.59 0.10 9.87 8.27 
934 2.13 0.04 0.72 0.15 16.37 11. 73 
960 1.84 0.06 0.59 0.08 10.59 10.42 
990 2.24 0.05 0.93 0.16 19.30 10.92 

1020 1.96 0.04 0.83 0.12 20.1 7 9.43 
1050 I. 70 0.03 0.78 0.13 29.83 7.68 
1071 1 07 0.00 0.98 0.17 327.78 0.68 
'1090 1 .40 0.02 0.51 0.09 28.29 7.43 
1120 1 79 0.04 
1140 2.18 0.06 
1150 2.23 .07 
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Table 6-15. Analytical results of the total organic carbon, rnrbonatc and C/N ratio 
at site 98PC-7. 

98PC- 7.Deeth(crr-otal Carbon(% ·otal Nitrogen(% TOG(%) TON(%) C/N ratio CaC03(%) 
5.00 1.90 0.26 1.51 0.22 5.85 3.28 

10.00 1.86 0.25 1.40 0.20 5.49 3.84 
20.00 1 77 0.30 1.40 0.20 4.71 3.04 
40.00 2.42 0.35 1.80 0.23 5.21 5.15 
60.00 1.85 0.41 1.43 0.20 3.53 3.54 
80.00 1.89 0.52 1.48 0.20 2,86 3 45 

100.00 2.20 0.27 1 .71 0.23 6.41 4.0'/ 
130.00 1.96 0.20 1.53 0.21 7.74 3 69 
150.00 1.82 0.20 1 .41 0.19 7 .18 3.42 
170.00 3.01 0.25 2.02 0.37 8.02 8.19 
190.00 3.13 0.30 2.69 0.40 8.93 3.62 
220.00 4.47 0.53 2.93 0.33 b.57 12.82 
240.00 1.67 0.18 1.29 0.15 7 00 3.22 
260.00 2.35 0.24 0.64 0.08 ?.69 14.25 
280.00 5.08 0.27 1.37 0.14 5.06 30.87 
298.00 6.03 0.08 0.73 0.06 9.69 44.13 
315.00 2.54 0.14 1.28 0.11 9.16 10.54 
328.00 2.35 0.17 1.53 0.15 8.91 6.89 
340.00 1.88 0.14 1.10 0.11 8.09 6.43 
349.00 2.01 0.12 1.03 0.11 8.63 8.12 
372.00 2.22 0.14 1.15 0.13 8.22 8.91 
390.00 2.38 0.17 1.38 0.13 7.95 8.39 
412.00 2.35 0.14 1 .02 0.11 7.27 11 .09 
435.00 2.42 0.17 1.26 0.12 7 48 9.68 
456.00 1.92 0.19 1.39 0.14 7.50 4.42 
470.00 1.32 0.12 0.97 a 11 7.85 2.91 
490.00 2.09 0.20 1.80 0.18 9.19 4.89 
510.00 1.40 0.13 1.08 0.11 8 08 2.63 
535.00 1.14 0.11 0.72 0.09 6.77 3.50 
560.00 2.13 0.17 1.34 0.15 8.1 0 6.53 
590.00 2.42 0.21 1.65 0.18 7.88 6.46 
612.00 0.89 0.08 0.48 0.07 6.11 3.42 
637.00 2.27 0.19 1.47 0.17 7.80 6.63 
660.00 2.11 0.17 1 .31 0.16 7.54 6.63 
680.00 1.30 0.12 0.90 0.10 7 28 3.36 
710.00 1.67 0.14 0.94 0.10 6.90 6.13 
730.00 3.21 0.31 2.35 0.26 7.63 7.20 
750.00 1.32 0.13 0.93 0.11 7.27 3.21 
780.00 I 75 0.08 0.49 0.08 5.94 10.55 
800.00 3.91 0.26 2.11 0.23 8.00 14.99 
820.00 3.68 0.26 2.04 0.23 8.00 13.62 
850.00 1.66 0.09 0.56 0.08 6.03 9.22 
880.00 4.04 0.34 3.13 0.30 9.28 7 .61 
890.00 4.98 0.34 3.15 3.15 9.11 15.24 
9"10.00 1.95 0.13 1.01 1 .01 7.68 7.82 
940 00 3.81 0.36 3.37 3.37 9 46 3.68 
950.00 3.25 0.31 2.76 2.76 8.99 4.03 
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Fig. 6-18. Total organic carbon, carbonate content B.Hd· C,0,J ratio at 95PC-L Transition period is recognized. 
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Fig. 6-19. Total organic carbon, carbonate content and C/N ratio at MB98PC-4. 
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tll/1, -',-.£•]sL•t ·&¾1"-0<]EI 1711"11 'll"l"f:.C .st 0 P'i"l% 98PC-7"i] '.U'°1"i::: 0 1 

Sif-~_: 'll={!- tj,C \I!~~ li_O]Jl 9J.tj-, ¾ %7]¥}.{:.'4 ~:~f'.= 2()() Ctn !;!-'2-oJ]A~ <;if 3% 

_£. ¾7}~}-.ll .:r~ -¥-~oJ],q::= 2%~ ~1-'"iil-°'1 ~~,g-}_IL 'Ut:.l-. {1£ 250 cm --¥-·2-oJ].1.~ 

~{r•lH}*o] 3.7-fl t7}'8"}-t:- 3:!_9_£. =i1 A]% 'r '.V-E..9 °}-t:i}-5:. 0] 200~250 cm-¥

~0] "J7] ;i\,t ai]~'1)7]ojAj ½'s'.-'l]'s'. '@~")c: '@ 0J7]ol] •l 0J-"f::: "a 'l)ccf (Fig. 

6-20). C/N ratio.eJ l'!:;}1= ~i ,il'r.ojAj 10 °]iif£1 ilk½ Jl. 0 JSI '.U"1 '@'fl"l'<l '1i°d'7J 

f1o] *l]%oJ \"'>J%},.•. '.U"1 oJ 0<]"1,° sj 0Jc~7eJoJ 7J•j.3J't] "il"l.<'.!a. >]zJ''f!cf. 

"1'4%.eJ 3,>j,g. qJs,,7J'rl "1"1%4 "11°Jc7J~ "1"1% ('r's'. •l 0Jc~%.e] ~•l~ ¥. 

~~ ,g,..,g,u.ej 'l!:i!f).;!, =1,11 <l'I!~ ~ '.U,Jtcf. "1"11 "1"1% 3,-'j,g. qJ.,,.o]y- qj7J 

~ ';;,a-foj .i;. 'll ..! qJ •Pl~ "1 "l ,l·,'t ,g %~ {!:~%.e] :,! :i!}7f ~•l ,cl :,! 4 's',Aj' ,g % 

>]~}£1 'a'~}.<','s', 't)"foj qjS,,7J~ ~C:::,.ej ~~oJ -"Jqjaj.<',!a_ \'1_:;},,f;,jJ 'tJcf. U,r}A7 

;zJ~~ tH~7]"1':!_ -'t!:i:-91 -If-it6i-¥-1..t, :1.. i?-~A]~ ~}01%¾ W"B"].llA 1f a:JH::- ).~~7] 

~"ii .eJ~ Jl.C::O~ ,i]7J"foj qj.,,.7J.\'! '1!± 0.!"i] .ej~I ~1" 0 1 '/lJl.'5fcf. 0 J•1~ "J-'il¾ 

.ej "f Y-7f qj .ll. ?,j '1] qj.;,. 71''1! fl± 01 \'I.Aj 1!.i"'j ~ ± 't) Al.<'.'s'. cf{" ~ C::O ~ ¾ ll ¾ 

§f"}::: '1l''i1°1 '.Ucf (elements/AI; E/Al). ':;, .2.e~C::Ol,, Al.<'.5'.. '-1-¥61 %.<'.'s'."i ,g 

% 1Hl fl± "ii 91 'lie ~ "'l :Jt,f7f -"J111 "1 ::: 7,1 °1 cf. 

s', l'l'r"il-"ic: '1ll1"1'<! qJ.;,.7]'/l 'll±~I Al4 Ti (Goldberg and Arrhenius, 1958; 

Moorby, 1983)2] •15'.."'i i'1J 7l 'J1 "1'1%3,-'J"il qj~ SI~½ ,;}7J's'. 11:cf. Fig. 

6-16"11"1 Jl.oj7JC§eoJ TVAl.eJ •lee l'l"i"l.<'.!a. i" \'!col-~ JI.O]SI '.Ucf. ';, "]%7]'/l 

~~~.a~~ ~171~ "<}-7]U]~- tll~7]"1':! ::~.p.j~~ 4f,.,J ~ ~oJ~9-jl ~ T '.Ucl-. trr 

c.}-Al JI¾:i!· -tPf--§:- Zf7] t:-}-cE 7]-'t)_~ ~~~-£ tlT~}tll?!, {1°]tjj (transition 

period)~l Clf 150-220 cm TTI,':'._ ~ i>] "8~?1391 --'ct*i!t ii} 7J-o\1 $>.J~ 9-E 7]-'cl g 7} 

~ ~PHtS>.l ·P,~.9..-~ ~i§ 7}t;"-f.}~ 0]::::: tj-~ 7]~g 1}.z]t- ~P-1%~ ~~E..S..£ 

ol'll'o!? '.Ucf. 0 12} '!};', TVAl.e] •le: 7J,,S.ej ;,}Jl.2} •Jiit>il % "11 "l•l l1¾ 1'J 

3:J~-& ~'14 1]f-Hl- 1}.z]:-: ~AJ7]~ ~~~~ s~~-2.§!.. 1i~~T :V.9-. 

95PC !"ii ell~ col-Or"l ¾cof;,JK (chemical index of weathering; CIW).e] :,!,f';c 
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%'4 7J~ 'lllj]'J% ,f;c]:;,. "1•151'.llt:fc: 7f'lls-foJVi ~J.151'.llt:f . .;,. 'll'roJl>i ,iJ{! 

¥! ~o:J-'i %~-"].!EC: Ti/Al'1J \ll~"t '!f.,O, 'l''l!~ \ll~:S .!1. 0J:;,. :Uc} (Fig. 6-17) 

~~~ ¾~A]lf.7~ ~ci 'T'A~~¾oJ]Ai, mobile element 'M immobile element91 .2f:. 

~ oJI .2j '1J /41! 'li 'i, q 'll , % :of -"I .l[ .2j \ll :of ,'c /41! Sc O I a, 'T' Jl ~ "'.2j AJ t1l oj B] .2j \ll :of 5' 

"1!'ll¥!t:f % 4' 9lt:f. %-"1-oJI 7J~ ~"' "1 %-"1-oJI "l'~ ~"'"1 'E~t '!!Sc "1'1~ 

'EA;Jo] %~~};,-sj ~~-"..s'. Lj-E}'d:t:f. Fig. 6-17oJl>i Lj-E}'d, Holocene, transition, 

glacial period!!1 ,,:~ .=r.¾..g.. ~~ ¾sl--91 .785:.~ 1@'i:!l"8'}~ ~~% 0 1 ~~~ 512..~ :i 

'E -'J <>ii "i <'- 9l ~ :,f O I :a .!I. 0 I 2 :U t:f. 

-%- '11 "1 "I "l ~ 0 I 7 I ~ \'!-%- "1 •1 OJ t!: 'll \'! -"1-'4 'll '1151 <>l 9/-". 9 (Hyun, 1998), 'r \'! 

Cll a;.-"..s'.-¥-E1 .2j ~;.,_j 7H! "i '1 ;,-9.] -l;'i/',f 'l! 'll •1 "'Al 51 <>J (Dersch and Stein, 1994) 

"i -oj 51 <c a;. 4' ~ "i "l ~Pa 'lJ % 7<)-'l} ~ t:f '1! "i oj l,-'\,' "1 '9 ej >t -., "l ~ ::0 ~ -& CI ~ 

~~.s'. O]C]~ ~-i% :iio'-•J.s'. :afQJ-W 7f';;Ajo] '.Ut:f:il >J2f¥!t:f. 

95PC-lc: -"l"l'1-"..s'. Kuroshio '1!-il-71 %'1l!a. %'lJ.>Jc: 'll'roJI ~*]~32 '.U<>l % 

•1-ll-"1 "'"JoJ .%•1"1 '11°Jt!:'ll\'!:ofoJI <>Jtt11! 'll'\1% o]J!C:-"l:S ~'1]s-fc:c~ %"JS-I 

t:f ~'," '.l)cJ. i<" _srof"l"ll,-oJ] Cil~ ~I'!"', %7]1'!"'~ o'--'J~ ,!_'4 (½ 47 A]il.), 

¾%7]"1:±~"d'. 1f7]1'!±~"d'. l'!{!'ll ',l ½%7]1'!"''4 ½~±"I (C/N ratio)"-1 ?"1 

'1 \'!,}'l, 'lf'? 5/S'.!t:f. Fig. 6-15<>1l"1 .!l.icc?;/:,J- >i-01 ½%7]1'!::0.21 ~",f.,O, _srof'10] 

444~446 cmoJl>i :>I"' 0.537~ 11.0]:;i 'l!Cil.s'. 5'0f'1°J 142-144 cmoJl"1 .!ltil 3.777 

~ 12.'i!c.}. ~~~ 'll 4-~~_¥..~ ~ttJ:.Q.~Ai 100-180 cmoJ]A-j ¥,~~ ¾7}7cj~~ & 

o J :;,. 91 q. o I -+ :j- :: 11! ,u 'll % "d' .2J ,lJ ~ \'! % "1- "o I ~ 7a -oJ '11 \ll >} ::, .!1. o J :;,. :u <>J 

'}-~ :g.o].s'.¾ "ii-'1°1 7f';;S-feji!]- >]4-<!t:f. ~>1 ~>1'1~.s'. 7f'o~ •1'4? .!E¾"-1 

A]%A]{j_-Qj ~7}00 ~~ 79"-7]lfr~ ~ '1-U-~.9.J ~7}t..l-, ~~~O] ifl;j~ "'5°7}-of]9i~ 

.!1.~AJ-1'1171 il'Zl<] \ll~'l/l~eli!]-C: 7f7JSj •1"'1°1 7c-\s'~lt:f. ::Ia,]Lj- 0 1 'r:UCoJJ 9/<>J 

Ai 1t);-~<gsij ~~~~:._: C~~ ¾P]¼tj--, -g"z:j~ ¾~O] ~*S:~Oi;;i;]j]_ 9).__Q..P.£_ ~7}

Aj 9.] Jl. '1) oJ] 9.] ~ 1,_ ~f i!f 7] .!/. t:f C'. .l[ % >J % >J ~ .2J '\1' 7f, '£ ·c ll."" oJ] % "J ~ t!:7iJ 9.] 

\'!>t % £1±~ 2,1.sJ oJ-'1)-.21 .il.'11°1 °1"1~ 'il"JoJI "r%'l/l-".eli!l- •Jzt-<lt:f. 

~.ill, %7]~£1 AJ~~ if:AJ g_ 4-Ett.ll~ C/N ratio.9.l 1;!!:§l-~ 01 T.z!- 1;1._tj- '2l=TI ~ 
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~I 250 cm 0i•}oll<i 10 o]AJ--"..?- ~7},j.JI 'll%~ 11.oj'rJI 'llcf (Fig. 6-15). C/N 

ratio7l 10 °1.,,.J'l! }i.,g. qj~7]~ %7]%o] 5TI<:>J.Q..~ -t}it-!i]~%~ :x]A]"5}~ ~..2..£.Ai 

01 7];'1-ollc: cf:' "1"1 -8.'1)"1] "J•l (of]~ aa"1 7]-f'/!.&%) ql;;.7]-'l! %7]%o] tjjaJ 

%'ll"i'.ct%¾ A]Af~cf ll'.fe.f-<i ::,, 'l!'i'-5!0foil-<i _1;1_oj>:];: 'll's.!"1'11 C/N ralio"l '@'7} 

','-i'} (JOO~ 200 cm)-cc 'll 's.! "I '11 ~ 7a '/! .&~ >:] -'I & JI 'll-"- oj, 250 ~ 350 cm ','-i'} "1 

10 °1%"1::: C/N ratioU];: tjjaJej q!<i-1J.ya) %1]%01 %'ll£]'.ljg,½ -<Vl~cf ~ 'r 

'llcf . .::1a,J4 Fig. 6-16oll<i 11.oj{! 5134 >l-01 ~7}¥! C/N ratio~ ¾7f'<! ¾7J'<f±"l 

%sl'34::: '17-07} ~g-& 'll- 'r 'llcf. e;, ¾7l%"1 ¾7f7f •l 0Jej Jl.¾'J%'J~oll ej 

~ 'l!34e.f 7}>J~fcJ-'I!, tjj'l-11-Ya! %7Hl·£1 ·li-i'l-34 %7f'<! %71%34"1 'll-\'l:\'l:;,il1f ~ 

9~ 51:'., tjj'l-7]-'l! %7]%01 ¾'ll"ic:: .-<]i'}aj -"']7]2} 'J'i-'J~01 %7)'<! <]7];: -"'I 

Z!-31.Q..£. ):} 0 ]71- 9).%2-..£. 5TI~7}'o"o}9-. 0 ]c.-h} ~~.g_.. 9"A"1:l.5: ~ .:.1. 91 • ]~-'4% 

"1 •I"- %oil eJ•l 'i'-+ ~'11-'fl 'i' 'llcf. 

'rs -'l!±"l -!'1--'1 'l! :af ~ sl "r-''1 et '-1-'d 11 :af ;a -i!-"1 le-41'!. Fig. 6-17"11 "1 .!I. 01 ~ 

7,1:,f :,, 01 TiOv'AhOs u]ej \1!~71 'l)-£"11 ll'.fe.f "VII \1!1'fJI 'll%¾ 'll- 'r 'l)cf. 1;'-.;j 

oJ {!-'/- ¾RSj7] ~:'. AJ-EJl0J7J "111i'-"il 'll~~ '11-'I:'. ¾&•fcje,£, 'I}'/-¾ (Jl.¾

Sf 1 m), '?'I-¾ (1 m~2 m), •}.!/-¾£1 Uj7f ztzt 4~711 4Ef4.:il 'll g l: 'll- 'r 'll 

4. ";t"] 150 cm"il-"1 'il-21•1 ',;[of7];: TiO,/AJ,O:,ej u]::: o] ,a:of-"1"1%"1 ";'l!o]e.f 

~ 4- ~'Ct. 0 }-• }5:. 0 1 ~1"o] ~o}~ TiOz/AlzQ3.2l 1:1]~ Younger Dryas£l signal~ 

AfR'<!cf. '1!>11'4-"-~ i,. ,a:of-"IR"il '-let\! ~-'ll'.l {t~ej -'l!±c:: 'l)--'/-2} &'I-oil 'll 

"1 "};'} Cf-".71I '-fet'-1.:il 'll-"-ol %;'}'1)-£"11-'i -'t- 01" signal0i 4Et41= 7,l.2_.s'_ 's'll 

;,;]¾ 4- 9)..£.o:], o]c]~ 4-:.Q~~ 1(!§1-~ ;}-l- ~ ~o}A]fi.Cl] L}c}i,± ccj~~ 1};-q ff-~ 

7.:! 34 21- cj % "1 'llc -"--"- eJ '11 "'1 oil % 0 I ;a 'f' 4 .it ~ + 'll cf. 

::,, ,a:of'-1.i'l."il cH" !;l_cf '1l>'.J-v! A]'{Hj *"HI "l'll•f2 -<TI'll~ ~sn, -'11'11'-i;c 

'l!cJ]qc>.Jo] '1Lq_•loJ, o]a,J~ \'l'i'-1'!347} ~"1'<! +"ii ,~,,.,~~ej '/!% '.l) oJ10J~7ei 

ei \1!~1,- Yw•t::: '11°J~7eil'l%34 71+\1!%"1"1 1'flll'il %<>11 1'!:~ ~"171 <'c21'1-"

"- 0]'\'"1-"]"14 A~Zfi'Jct. 

-270-



1. -"1-E 

~'-1161)-'i <'c ~ ~ 0 1 uj ,fl ,fl '°1.2..sl. 39'1! "'1 ,'-ii'<! ct¾ 51.0 }7,J {I 71 (Multi-Sensor 

Core Logger: MSCL);:: P"1- 4/£ (P-wave velocity). '1!£ 'lo) :sf71~~% (magnetic 

susceptibility; MS)¾ %-'l 61], \'! 4/"l .2..sl. ~'!I~ "r' 'll C: 'lr'll ¾ :sl '-1 :il 'll ct. ct¾ 

s,of7,J{l7].2] -'1%01-'f<'c :raj .2.'115']:sJ &1-'llct. 1970\:ltll 0J'f (Whitmarsh, 1971), 

~•f,;H}<1'11 (gamma-ray attenuation method)¾ Af%"1-"l .'iloj~ .iil'/!,.],l-'I &!--& 

,1 '!I :Al-"1- >II 'l! 'r. ~ ~ 'll "1- <'c ~ 61] t1I ~ '!t .lf. :'; 0 1 '<I ~ ct. 

ct¾.'i'!Of{J{l7] :a Af%"1-"l ,,pjli-.2] .. -'ll ~;;1 P"1- 4/£, '1/£ '31 7'f7J~st-&-oJl 

'11~ !i'.'ll"1- %%61] '11~ \'!,'-7} Weber et al. (1997)<>11 .2J'11Ai '!t.lf."l~ct. ~"toJIA1 

;:: !!jclc.sl. g4;'4 ~11>1l9:S 1<-'11 ;.J.;s-"1"1%¾ ~Af~ "1°1 'llct (7<] %, 1991). 

:sf7J:;J,~% (magnetic susceptibility)61] '11~ 'cl,'-£ 1964\:l 0 1.:f loess -"l"i¾oJIA1 

:sf 7] '9-%¾ '1l 'i' "1-'1! Js ,fl 4/ "1.2..sl. 7j '!f 5'J ~ ct. q 0J ~ -"I "I ~"<I 'Ji '1l 'i'-!if "I oJI m 4' 

ojAj '-1--& 1=11:%0] wet. Oil¾ %'1! "Jot-"1"1% (Yonder Haar and Johnson, 1973), 

11 '11-"l "i .'il 0 f (Radhakrishnamurty ct al., 1968; Somayajulu et al., 1975; Leg 117 

Scientific Drilling Party, 1988), :0: 9-"l "i .'il 0 f (Thomspson and Morton, 1979), 7JoJI 

Aj t11"t*"f"'i'1 -"I"!% (Karbassi and Shankar, 1994) %61] t11~ 'cl,'- '.!:af-!!: 0 1 'll 

ct. 

\'!'i'-'1101-& ~~ %'11.2] .:f.¥..2]- {}a1Afo]ej t11>t* (MB98PC-3, MB98PC-4 '31 

MB98PC-5):af, t11'1-Af'1! (MB98PC-6), %¾1,'-:s]ej Aj~ej 7f-'J-,sfaJ (MB98PC 7) 0 ]q 

(Fig. 6-1). 5 '\l'!loJI '11~ P,if "1;'£, '1!£ '31 7'}71:;J,~-&- (MS)¾ ~'ll;;fs:Jct. 

-271-



q" .'i!0 f~ 11 7] (Multi-Sensor Core Logger, MSCU'll"•l ;:: ':l O:· Geotek:tti >f"il >i 

7B~"i& ¾..Q..S.. 9-'clZ!- 1c!-7-ll~~- 7B~¥! -3i.2.S;. Pn}- 4,:-£., ~.£ ~ ;t}7]~~¾¾ %Al 

"I] -,J:.g. .Z}:,j.2_£ ~'l]~qc: e<J-'jjo] V,q_ o]'l! 'i(Ofo,:'. ~}_2_£ '1)-efl<i 51of9] 's 

'a¾ "1-0f""1-7l 1l<>il ~'ll~ ,1.2_£-'1 ',J.'r.£1 's'J ("si.f'<Jr,,, l,'-i,- '!! W'i"-i-1:ilf z,_ 

Cil•l"ic: ,Jo}"?-~~ •i!<tfq_ trfe}>i -"!of;e ',!7] 1l<>il .'i! 0 fsJ 's'J¾ :uj-o}itfE.£"'! 

ujej "11~ 0 I 7f'c;-itfnj, .i! 0 fi, I'! ~. 'i1°fa,9] 's'JSJ \'!"1--'l-1'-¾ ;,f,Jl-&-1 'i'f~W 'r 

'.V,tj-~ 1:Jo] D~-9-- ~J3..i5}9-. EE 'i!-<?J .no}~ !l~~ -:f q,g. ~~ (¾~¾ -1.s- o]jiAJ 

'if"< \'!'i'- 'al "1'1--o:J- l'!'f %l:S:ilf9J .:Jl•J;,; -?J<tf"i 1!7lw .s,of;. -ll"i'11°r ~ '<1-'i'

u~ --9-- ..a. Z! 8t lll ~ 'T '.:U q-. 1!. 0 H:::- 2 cm Zr~ _Q_ s.. ~ ;::i:J ~t ~ .Q.. iii , ~ 1 .,.. l .z!- ~ 5 & ~ 

? 9:l q. :zJ- ii); :, :'. ',l-.:jj "'I 'ti '<I 'ii¾ _l;I_ "1 ? "'- '.U q. 

MB98PC-351.0}~ 'T,{1°] ~ 150.4 m, .3.0}7c!o] 527 cm0lti!, .2.T massive sand£ 

'i'- "8 51 6l '.U rJ-. -"- 'I 91 's 'J ¾ 1'! ~ <tf 'll 1'-il O I 'IF 2 ~UJ "II '1! "!Vi 1'! ~ 51 ::: .!i'. 'I , C: 

5} '--1 z.! 0 I 71 91 ill le· -"- "ii t;j '<] :ilf uj 4- -fi-Af i;f "] "II 'r \'! 0 I ',!- Ve¾ "11, "1 tll '1! ~'<I O I 
0 f'--}9;l'--}- AfK'<!cJ. Pllf "cSc, 'l/£ ~ ;,f7],;J-:,J-¾£1 ~'l]C(e:ilj-;:: Fig. 6-2l"i}J-j 11."] 

¾t}. 51..C~7} m_g.. ~~¼~ ~AjA] p31}- 4;'.£S!l lto] -f"A] '?it9°. ~£,'L.-} 7:}7]7r}-~%~ 

6l 't! '<I "J ~ _1;1_ "1 ½ 'r .'r. '.U _2_ '--1- ~ •l "-'i cc .'i! 0 f £ Ji-"'- <c \l! '1-'<- g _1;1_ 0 I ::: '<I ~I 

¥*½ ~::<1*W-9..s..,.q 'i':!i:Jl§- qj.R.~ 4~ itlc.l-. '4-2..s.. l'lt ;t}~~-oJ 1;6 11?1 

MB98PC-3 .:n.o}~.g. 75-9--5:: tB~~ L}l~ "r '.ll~ -3:!o]tj-_ 

MB98PC-1 SJ. 0 ftc 5i0 f',J 0 J 1,150 cm 0 } oj ?{I 199 m"il 11 •l .\1 itf'.a'"

MB98PC-3 ca: 0 ] _l;l_q \t'i' 0 1I -?l~lt]-q_ Fig. 6-22ic MSCL.5'. <li''lit!- PTI]- cl/£, 'l)_s, 

'.,! ;<f7],;J-:,]-% (MS)~} ;;!-% =t\':! 5! 0 JcJ-. MB98PC-4 .'i! 6 ff" tf")/ .'it 0 f '?"i]>j 7f"J

Z! o1°f'lll1' 0.} 0f'--}ef ½.5'.Alj !Ee: Isotope Stage (IS) !SI ,i 0]2f 1S20!]>1 4,;f;.,J7] 

-Zl'll "1 _2__£ "1- 0r £] '.ll q_ P"i- 4c .'r.::: Sl. of'-J-•~ <>ii 0 H 4- ~I 'l! "' :,JJ \'!¾<tf C "- 0<}"1I ~ •I 

.ill~~}:~ ~i'14'Lf- TI1l~2..-~ 4~£1~ IS~~ ~:41~ 1..Ht-r:Jl£ .AJ-i- T ~'.tP::l-. 

%{"- c;J-of 'fl-111-i!-"1- >f :o};;J- ~f% 0 ] ti 'f 5\ t!- \'!:,]-~ _l;I_ "1 ?7] "il'1i-<>il >j £ tj •J i>f E..5'. 
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Fig. 6-21. P-wave velocity, gamma density and magnetic susceptibility of 

MB98-PC3 core. 
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Fig. 6-22. P-wave velocity, gamma density and magnetic susceptibility of 
Mll!l8PC-4 core. 
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"'1 <:i ;jj~~ 7<111¾ 'it'.=cJ-. 'll£tc MB98PC-4 .st 0 1~ 7<!~ IS JeJ 7<!>11"1- IS 2<1 

7.17'11~ ~~tr}Al 'i'::ftj-. A]\:! 311-0- ·-&-¾~7.]2} tjj~-?~1f.ol]Ai 't!"T-~ 510}~-~ 3!}7-] 

~~i[-A]2} o):u}S.~Al ~ :i ~it!¥-oJ]J.1 ~A}~ ~o}~oJ].£ IS 1~ 7cJ-9-~ -\!!%.ill~ 

B 11711'-¾ 01~'"- 01'11 ¾i'11171 :<l'r Y-El-'-Hc -'f.¾ot]Ai cf'il"l ,q::: 7<!~71 i:11 

,¥-~oJc:J-. ~~~ %¾~.:,q9} r.Jl~-?~-¥-~ ('.)l 1%.ii!.~€ '-19.l- ¾i!YSl 73711 l:l}~ 

-?~oJl 2l' 9,300 yr B.P.oJl -&-¾£oflAl ~½"i! ~~§}~¾ 01 77]~'.ll~ 14-7} tjj1f-~o] 

cf. MB98PC-4"i]'·i.'r. "i' 724 cm"il'i -'f.-'4"1 "1-'l/e171 'll:7.:!Bc]- (Fig. 6-23). 0 1 -'f.¾ 

ojA7 4:<l-'1-:<f¾ ,:Ms) 0 1 71~ 70% 0 1-ii- ¾71~9-- Cf-"] 'll:'1-\'! ~{reiJ!'-el-1;-~ rpiJ 

-3- MSot]Ai {!-:;_ 'r '.UcJ-. MB98PC-4 '1°1::: ½.'a.-'I]~ -!Of'l!'l! '~%.w.\'1--,l Y¾ 0 1'11 

UL-II ell !'-el¾ '1 i'1 "- :::,. "l-'f."11 .!a. °Fr::: "1 'll "i '1! ½e11171 .!a. 0 1 :<] (l! "- "I .'a. Af 

'>I ¾ 0 1 cf El cf-"-,, Ai -" 1 rJI "I '1! ,' ¾ oj rJI J!_ "I '1! .s, 0 I 1'c O I 11 cj-. '1 e.j '-I ½ .sc All ¾ 0 I 

ul-t 'i''il711 ->g,5:!E.E..'a. ½~-'II \'l'i'"il if<'- '11-il"!r.i: ?!"1'c .st0 1°1cJ-. MSCLotl ~~ 

~~-'II~ -'!"ii!: '.II zJ- IS<l a,J"Ji!:C: qg:i!J- :,!-c]-. -'l"i'llx!'\'a"t MSCL ¾ 'll.<r. 

'Jl MS·ll: "i-"'"l'.ct% '11 ~.g. -il-flfl;,fl71 '-IE1-'dcJ- (Fig. 6-24). Fig. 6 24\'c 7<J-ul7<J

"ii½"i1Ai :i;_;jj'<) 'l!.'r., 'llx 'i''.l'a¾, MS SJ! %4'¾ 0 Jnj AJ-'f.¾ .!i!.q <lf 724 cmotl 

Al ~£.~ i:f-Z4tr] ¾7}5\-.ll 0~f£TAJ£ ~£7} '?-,.,J~o]c}-7} 1lE ~ .5'3,Jl-9.l ~t!J:o] 

~71,-l"i, MS£ 0 ) 1,lo)ot]-'1 {]-;<f7J il,l: 0] ¾71,-1"1 %4'½::'. "i.2.-"' "1-<lii) '1-~t} 

cj-_ ttJ-Ej-.kj o)'/J Jl_~:',o] "1-"1ii) \'!iil1"c -sJojojAj ~7,,1 'Jl 7]_:f~ \'!%OJ ',!oj,J:~ 

% 3!)-oj-'lf 'r :U1=!. MB98PC-4 .stcloJ].kj ½.'a.-'IJ %'<! 0.77 cm/kyr~ -'1"41!:% .!i!. 01 

jl 'V. q. 
MB98PC-5 -"!Oft 'r{l 175.5 m'l! .:fo'.ot] 7f7JI¾ i:il't-'a-"il ~*]iifnj .s,ol7a) 0]'.: 

<lf 370 cm-"''i iltcJ-. >1'11 'a"-"l"il ojuj '1!~"i'1! .ii!il!0] 'll:'~"l"i '1°1-'l"i'I!- "1'1)71 

qjnj "1~9-- oi 0 J7.,0)7I il,.2.E.!a. MSCL~ -"1%~ P3IJ- 4/.S'., 'l!x ',! MS~ iQ 0) tl 

Z,<5] ~~}A] ~~ 315:. ol,<t-7} £1A]1l!- ~-'r!3:J~ ~41°J.g. ~<5] MS~oJlAi ,e- ~%g 

.!i!_o],cj (l!;:cj- (Fig. 6 25). ttJ-"1--"1 -"!Of~ 'l!7] ,eoj ojo] '1!~"i'1! .U,il!0J 'lloJ ';;t 

:-: "l e] nj -',C ~ '1! B "I"- MSCL :s -"}%iii- \'l Al 7-! 3I]- '1! "I % 'll "f ~ ? '.ll cJ-. 

Mll98PC-6 .s,ol::: _:f!f.o!J.kj %'1'.2.!a. 4'{l 931 m'l! i:11.,_-"}\'l"i]Ai >l'11'1'll.2."i 

.s,ol7.J 01tc MB9SPC-4 .!i!.9- <lf 30 cm ilJ,,'L 1,120 cm0 ]<:f. MSCL~ -"l%iil"i cf,'L 

P"I 4/s., ',15. si MS¾ ';7;l~ ~% .!i!.11~ ia« 0 J Fig. 6-26o!l LfE}'dcl. 08%-"'<fr 

B 1171 '.Uc: AJ-¥- 491 cm"i]-'1::: P"I 4/£7} ~1-'f.¾ .!i!.9- ~'\'! _s>_,;}~ Yl<01 ""1711 
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HM 

Fig. 6 2~-J. X-rav rnrhograpb o[ MB98PC-4 rnn:. Tcphrn layers are wdl 
idenLified from rnngm'tic susceptibility. 
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Fig. 6-24. Comparison of gamma density and magnetic susceptiblity with grain composition and water 
content of MB98PC-4 core. 
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Fig. 6-25. P-wave velocity, gamma density and magnetic susceptihility of 
MB98PC-5 core. 
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Fig. 6-26. P-wave velocity, gamma density and magnetic susceptibility of 
MB98PC-6 core. 
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cf'lJ:7<] 'Ir ~l-'i'-%-& .2.~f 7f {l-.foj fjc.g. ;;Jc;; 0 ] Jl]7J "I '.Ii cJ-. 'l/.£{:' 'a. 0 1Cfl 0 1 "f 468 

cm<>i]Ai '/l-tf-'l'lf MS;;J: 0 ]<1 5l. 0 fi'l~Oi] 21"1'11 ~s'.-'ISl-21 7a'1I::: "'-"I ,1°1 "f 491 

ems'. -l'ccJ-. 1°fCfio] 430-443 cm"iJAi 9,300 yr B.P."11 1"-½-'il %¾:o}-l!Eilrre}7f 2f 

'11 el 'il ells'. ".s el ;tj 4 El BcJ- (UL-II :oJ-tl ,ij 21 -'Hll. ~ s'.-'l %'11: l•Pl i!: :'. 0.43 

cm/kyr0 I"] UL-II J!ftl¾Ol]Aj ~:<1'717<]21 -"l'lil-:'. 0.46 cm/kyr0 ]cJ-. ,ju]~ ¾elL-J 

4 'ii-¥- %,r~~ Ji!.o]-t:- ~-~-, tl]E..q.¾~, ,t.}9l1..]-,}oJl~ MS ?i{o] E!: itf-:- & 0 JJJ.. 

'(!.S'.;;J:Oi],] 'll.!/-<1 ';~',;- 0 I cJJ•l"1"-s'..\\J MS;;J:,f ',l.S'.;;J: 0 1 'd>il>J~I l'l>J¾ 7i/'1l-::J 

~ ~~.:1] -6'R~ A]Ap:}~ ~- 0J o}y~} ~~~l.Jl.2-j tj-oJ'BJ-TB.A-15:. AJ 0d~ ~~T~~ 

'lf-.J Jl~ 7ii \'I;,} '.I/ :i'.7I + \'!;,},IOI] 'l/-1'!1'! '1171 V g % !I_ oj e cJ-. '1IE'. 2f¼ol A~% .ul. 

\'!OJ 4 Jal "J !.I c: Al <121 7,1 oJ Aj "I "1 % <1"11 ½oJ ;tj 4 Ef 4::: 7a .q-::: MS ;;J: 0 1 cf 0,l.£ 

ill: 0 1 smoothingtf?ll 4Ef\tcJ-. -'l"il~ "iaJ¼,'o Figs. 6-27:,J- 6-280!] .:I oJl71 Vi:J-. 

Fig. 6-29r MSCLOl]Aj ~-7J¥J. 'l/.'i'. ~ MSill:"t 'l)'r. 'r"J--\11,L ~ ~9% i'!Jll :S •l 

.iit-tf~i:J-. MB98PC-4 Sl. 0 fc>J ;;J i,-Zj-.f7il ;;Jc;; 0 1 tif'IJ::: Cfl 0 J71 'l/'r.S, MS::: 0 l+ 

;,'1!-.f?JI ll.°Fc'9 °I f- ;;l:%'71<1::: Ais'. cJJ•l51::: 7,1% 0 ] flccJ-. ~9%.£ ia-'1"] 

½oJ.'=.::: 5J.ofCfioJ9} 'i/.'.c s;/ MS;;J:o] ia-'1"1 l'l"I::: ,i 0 ]s} 'll*lvlcJ-. .::ieJ4 "1-'i'

¾ "il "i 'i1 .£ 4 MS>i 'il hJ "- cJl •l "1 ::: 3! ',} -'l ::: '1,t .se. uj, 11! >'1 ~"il 0 l '-+ 7] +21 \II J!f 

7f ·'1'"1"1711 •l'?! '11~} .::i 7il71l:S "1-"J-t!- 9 vcf. 

MB98PC 7-& %¾"1--'121 Ajq 7f 7J-'le.l<>il '/l'l"l9, "i'{l-& "f 2,156 m0 ]9 Sl. 0 1 

ie! 0 ]tc 953 cm 0 ]cJ-. MSCL<>il'-i ~'llt': PS!}~.£, 'l).£ 'li MS;;l:-i- 4Ef\l! 3!~ Fig. 

6 30°lcJ-. •!<."il¾~ MB98PC-4 2°131 MB98PC-6 2°f<>I] •l•l iJ'cJ-. ~s'.'-1]%'1! 

-''1'1~-& 0.22 crn/kyr0 lcf. MB98PC-4 2°10!]'-i *"-"11¼ "i"li!: 0 1 7.7 cm/100 yrs, 

Mil98PC-6 2°fej ~-"Al¾ "1"'!¾ 0 1 0.43 cm/kyr"il •l"l'll 719.J 30-50%s'. "i"lii 
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Fig. (i-27. X ray rndiugnl.ph of :t'vIB~lHPC-() core. Scattered tephra:s and homo

geneous mud arc \Vell recognized. 
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.Jlsn identified frnm \ISCL analysis. 
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1. A-j~ 

rJI lE "1 '<f: ~'Ir¾ ( ~f ~ •l 0J 'i'! T ~. Oil 0Jx] ~ 'i'! T 'i!) 

"1- A,{\?' ""Aj i'! ( Ai ¾ cJI., ii1, •l "J'1-:ilf) 

11 •l "II "i ¾ a1 :a -"- 0 I ::: '-I ::: ,1 "1--ll- y- "1 * * "II 2j ~ ,,p,j "'% 5E ::: '1! ~ 0,l' "J 

( ;\: ,°_ ii 0J>j) -"I "I "l¾oJI "-I •f"I 1lFJ 't! cj-_ <'\>:f 2] -1J 4-::: 'll ;<foJI rJI ~ %"1 "1 {l'"" 

"l-fl-611 "-l ~ ?.! 0 1 uJ, +"f"-1 -1l4-::: •l 'i'- lE¾~-"'-"rEl %'ll "1:: "I '1-i- 'i'-'1Ml1"-"1 

Al 71 "! '1! \'!.el 7} ;<J A1 11 ¾ "-l '!1%611 "-l •l ii1 \'!-'1 ><I I',-Jl -"- i"-'1 oJ 0 Pr-oJ ~ 'Ii 0 19-

0] ~ ~,g.. ~fJ 0J-'l:J ¾i'-P-r:::: lf.¾!1l '{J_j;}A~~o] %Ad 8}0:j lf-3! ~ £j ~ {!-~ lS"X. tj] 

(oxygen minimum zone)7f 1\l'>l"l'e- "l"l ("i]: >il-'F- rJl~,<f'1J)oly-, "l¾'r"-l ;?~ol 

>1]~1£1::C 'lf3lli<il'J •J 0J 1"--"I (Oil: ~OJ!) %oJIAj :,;_;a:.51:a: ~9-. 0 1c-J~ '1!~ 0J',J ¾ 

"1 '-I ~ :a: 1 I -I" '1! % :ilf <'le \'I. -,I 711 'll "1 ~ ~ 9-\'! i1 "1I ~ ~ lE ¾ -"I "I -l'!- "-l % 'll 0J :ilf 'J 

c>- •1 l'l J!f ¾ '1! <;J •f :a: '.U 1 I TTiJ <i' oJl , £1 t: 0 I -,\- "I "1 -i-"1 ° I "ii 'i'-"'° :;: 0 I % •f "I :a: 7 I + 

9-J- J1•1°J~-1l\'!:of{a- +"'l•f:a:0<f •f::: \'!','-7} ~'1!•1 ol-'f-oJ><IJl ~cf (Kemp, 1996). 

%Oil::: 411"1 ~}:a: wt 'II~:;-& ¾•l i:Jl 0JoJI '1l'l!£1oJ '.ll~E.-"', "1t:"il £1i:Jl 'll 

iif71 %'<!<>1l-c •l'i'-1'1 '5}7JcJI "10Jl OJ!'r"-l ,?~ol uj~ >l)~-'1'.ll g_ ?.!-"--"- ojlj'c!cJ-. 
0 1~1~ '}>J t "It: %•1"1 >1147) -"1'1¾<>11 rJI~ -"•l 0J'1-"'1 '<l'r 'l!"l--';c-"11 "-l•l 'Ji 

\!t{l -'1 SL '.U cj- (Oha et al., 1991; Han et al., 1997). l>i-"I •~~ cJl 'i'-11 •l "i "-l ><) 'r'l 

•l "i ~11 '11 'i'-' "-I "1 "i-, %•I) ·!l-¾o'-"l "-l o'-><I "ii ii oJl A1 ~ =; -'i! A) ?11 ~ "I) Ai ::: :>! t: 

AJ) £I qj SJ i,f 7] ;, ~ -9, ~ A];,] oJl -l,'--'g--oj ~£ ")-s):~ O<j ¾~7S <>ii Aj <J:I AJ-,! '/f-j) o,jc,>:J 

¾"1'-1"! >i"r-li- §!'1~ 0 1 ii1§.<'tft 'Type A '\"7]'7f 'l!'ot"ioJ '.lJg 0 1 :,;,:a:-'1'.llcJ

(Bahk et al., 1997). 0 1 \'l','-oJl>i::C 'Type A '\"7]'"11 y-Efy-::C 'l!il"J'J ¾e]LJQI nl 

~T'::f:~ ~~ 7]~,g-}3_1_, o]A,]T:.E~ ~-Aj.£.£-¥-E1 %~£1~ Jl~TI"Jtl-7,3 ~-A.jg_ Jl~ 

"'"'"' ~9--
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A]s.::: 98'MECBES Af'lJol]Aj ~';,;! MB98PC-19 A]4'{1% Af%~fs:lcJ- (Fig. 

6-ll. o] -"]4'{121 'Type A '\"7]'7f 'l)-,r,;! ,'{!-oJ]-"1 X{i Af~~ ti1"]~foj, a,jej,'-J-

1,'-~1 % ¾ ~I "1 ,~ '11 °,Fs ¾ "-I t..J !i'- Oil ~1 -.! ~ u 1 ~ ¾ "-I -It .s!. 0 I ::: t..J :i;. ~ 1 cm -'¥- 'Jfl , 

2 cm • 3 cm .el7].s'- 'l)~.sf'.l)cJ-. 'li~-.! -"l-'l%<'c 'll"ff%7]oJl-"1 °1,i]~E..s'- 'li''s-'r 

;, ~l~-81-::: "1-sl ~ 10~ o]AJ- 7Jtl+, Spurr resinoJl 'iti'"+ 3-4'll %~ <'.:lac7]"i]A1 

impregnationA]~lcJ-. Impregnated'<! -"l-'l%<'c .2..,_ol]Aj 30 °"11"1 A]"f"l°1 10 °1'j .g. 

.'r.it ¾aj7foj 7.j- 11,i]~fcJ- 24A]{!- %~ .,'-'.lfc]-. 0 ]?;1;,JJ -e'~l -"I-'!% A]Jiol] ti1"1°1 

';'!uf "1-'ll¾ >!]«}~ cf, 0 ]ol] tH~ BSEI (Backscattered electron image);, -ilc;"l'.l! 

cJ-. BSEl"i]AJ::: 'j'AJ'lJ;,f2j '!lit ',jJ<f'rol] 11:fi!} o]u];,]2j <jj'l)-o] ,;ti!};,]:::cJ], '\".s'-

'UoJ oJ%;,JJ t..J<ft..Joj, ~-';J7H! 'lJ;<f,s 0 ] 'll1J'<! *'°' 't'~fl: 0 ] ';t:ic '!lit ',j;,f97f 

371 "111'-ol] 1!1-,il '-1-El-'<l-cJ- (Brodie and Kemp, 1994; Pye and Krinsley, 1984). 0 1"1 

:,,o] BSEI::: ~"'i"i 'll'll ti1"l-"- u]Al]':l"-ioll tH~ 2'1]'1} 1'--'l¾ 7f'o"l>il ~9-. 

X{i Af~ol]A'I .5!.\'! </}~ 0J-';J ¾"-IY.s'- '11-'1"1\c ~u]~ ¾e.Jt..J::: 7J7J ':l"-191 7,1 

,iJ 7 I ·lH,'- 'll ~I oj , ¾ "I -lJ-"I-"- ':I "-I "I {1 'll x '-I- -'¥- 'Jfl "I •11711-'l ~ 'I! :§1. 7 I '-I-Et '-1-"l ?J 

:::cJ- (Fig. 6-32). '.! 1121 ¾'<!:-'11"11"1 {!-~ '/'ill~ -rrac¾ '/!2171 i'l'!t-"li=Cil, o]::: 

'\".s'- -rrac-!tzt~.sc 0 ]'1'-oJ"1 :;!"11 'l/£71 ',!-7] "il{E-ol] X{i Af~"il-"1 11<>11 t..]£1-'<!-cJ-. 

BSEloJIAj .s!.\'! '1}1! 0JAJ ¾e.Jt..J::: '\".s'- .,_" 0 ] ~".f~ -rrac-!t~"i t..]l,f '11-\FJ -;I_ 

g -"1-'l'i--"- 0 i'i'-oJ:.<1 '.UcJ- (Figs. 6-33 and 6-34). 'll21::: -rrac-!t~"i t..J Hf',j-ol] ~ 

211'! ol] "ii •» ~ % OJ 2.-"- •l 'l1 '<! ifil z,. "ii Ell 91 {! !a. 1l ~ >I 'E ::: -it ac -!i- 1l ~ "11 'i'i ol] "I 

•l -1\-.,.'ll~f,tl ,J.sp,!q (Figs. 6-33 and 6-34). {l_g 1l~>I::: -(c)'l!-'<! El-~"11'-1- 4'11 

91 .£. 0J~ 7f,c]oj 'l!-~-"1 ',/ 0 ]::: 9{1 µmoJ]Aj 'r mmol] 0 ]ecf. 0 ]½<'c ti17l -;l_g 
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491 -
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. ]Fig. 2A 

Fig. 6-;!2. X-radiographs of selected sections which exhibit typical mud sequen
ces of type A in the core MB97PC-19. LS=laminated sand and silt, 
LM"'laminated mud with silt-clay couplets, CLM.c.crudely laminated mud, 
BM-biulurbaled mud, IIM=homogeneous mud. 
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Fig. 6-33. Backscattered electron images (BSEI) of crudely laminated mud (CLM) and 
homogeneous mud (HM); image locations are shown in Figure. 4B. Diatom -rich 
zones with high-porosity appear darker than detrital--rich zones with low porosity. 
Boxes indicate enlarged areas. A) Upper CLM and lower homogeneous mud (Hr\,1): 
upward arrows indicate graded diatom-ooze laminae in HM. B) Solitruy 
diatom-ooze lamina in CLM which appears bright in Fig. 6-4B; arrows delineate 
upper and lower boundaries. C) Irregular strings of silt and diatom aggregates in 
CLM; brig::it elongate or oval lenses are silt aggregates and elongate wavy dark 
seams are diatom aggregates. D) Higher-magnification view of a lens -shaped silt 
a_ggregate: note the lack of clay and diatom frustu\es and sharp boundaries. E) 
lligher-magnification view of a diatom aggregate (indicated by arrows); note intact 
frnstulcs in the aggreg<ite; a silt aggregate nccurs in the lower right part. 
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Fig. fi-34. Detailed view of fine texture of cruddy laminated mud (CLM) and 
homogeneous mud (HM) in IlSE[; image 1ocAtions are indicated in Fig. 6-6. 
(A) Graded diatom ooze lamina in the topmost part of HM. (B) Graded 
diatom-ooze lamina in CLM which mainly consist of broken or int:c1ct 
frustules of various species. A planktonic foiaminifcr (f) occurs in the lower 
boundary. (C) Elongate silt and diatom aggregates (indicated by arrows); 
note large planktonic fornminifer (f) and diatom (cl); boxed area is enlarged 
in D. (D) Broken frustules in diatom aggregate. 
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o}Lje} ~~ 0JA,3 £1~ -3f%oJl 2]i5H ~A,3!iJ~%¾ A]Aj'<'>}Jl 9).9-. ~ .if.¾E..~-¥El ff

i:f5'j~:: .sl~~ -":;1-Aj Aj~9.] 9"7]~~ ~:tj- (O] 1-9- 1ljAJ~ 'i]A}7} ::z]llH~<tl A]7].Q} 
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t,}~c}. o]€t}Jll °6JAJ¥! ¾2.J~~ A]{}~ ;;i;]¾t!-7aoJlAl z]AiA~%%oJl ~j;H 3..;J] ic.ifr 

~ A] fJ" :il. :2 f~ i~ 1;3_ ~ ~ Y '1). <Jj_ 1ti -3:l E...~ .A~ Z} ¥l_ tj-. 
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0 1, '9"-& -:±5:·'o=-S:.oJlAi ::tl]~5']~ -'c}-El!~ 'dysaerobic' 0 ]2-} ~~ii}.:it 0 1 ~-F~·C %~ 

~±'\,'£71 °> 1 -OJ rnL/L 'll "II '-IEJ-tlq:il _!l_:i1'5f'lJtj-_ 
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1. A~e 

cJI .!!. "1 "}: 7c1 'l1 'la! , ~ % 'll ( 'II: sat <II 0d' '1l 'i'-±, <II 'l/ "l 'll '1l 'i'- 'i!) 

.g_. -'4 ii- ( '11 'r' cJI '1--"', •1 °d' ~ 4 J 

1970\1t:JI 0 1'11 :il'?llf (3-12 kHz)"1 g~~ 0 1%'/l: ~-¥- 0<l¾'lfA}7] (shallow 

seismic profiler)c: c]- 0.l''/l: •1"1 "1"!~7il<>IIA1 'll"14l'c "1"!-31% (sedimentary 

process):S \'!'i'-it}c: c~ ','.8.'/1: "J-"i-"' t!:%"1"1 ~c]- (Damuth, 1975, 1978: Nardin 

et al., 1979: Chough et al., 1985a, 1985b: Pratson and Laine, 1989). 0 1 •1 'II: l'/A}•J-'ll 

<>ii 0 1 %"1 C: :i1'r'4!°!1 g ll]-c: "1!',} £7} ,:,J "14'1 'r 0 1 £1 ,r .'i'.!°!1 uJ~ AJ--'ll'/1: "1 "l ¾ 

'il '11 \ll 'i'-£"}'<I llf"l'~ 'r :U 4. =E 'II: "1 "l ¾<>ii '1 'lJ:A}'i! g 4<cl '°' c: "ii >1 .!!. ¾4 

{l ¾ "1 "l % "1 'i' £ \ll 3'.'c .oi < 'll £, -,'. 7 I , 'll £ % l "'1- ".g. % el "l ,: 11 <>ii "1- "-1- t:f "d' 

'II: ~}A}'s"11 (echo character).Q..?. 7]>,,a]7] "11-li'-<>II (Damuth, 1975, 1978: Darnuth 

and Hayes, 1977), ~i'<>l]l'c 0 1"1~ gll]-"1 'lJ:A}";11:il\- <11>1 "1"!%"1 %-'jll]-91 '1!~1 

¾ y 7 I ~ 'l1- i'! !il. "l '11 '1l 'i'-½ 0 I ~'If"} 711 i'! ',II "1 :;i :U cJ-. 

'i/-"c"J.Q._s?c t!J/- >l¾'lfA}7l¾ 0 1%~ 'i'l'i'-"1 "l-"1~ "11"1 %"'J ,frA}ll]-"1 >:·114 

"1 "l ¾"1 %"ii •~ 'ra'c.9t"1 '>}'1!'1!~1-!< 0 l¾"f"i "I 11 "1 "1 %% •lit-! "}"i i'l~"}'i 

eJcc1 "-1- 'i' 'il:71 <l:<>11 Ill ~- >I "1 "1 "1 "l % "1 "1 aj 0J',}% 4"1-"}l'c ~I :U cJ-. ~ 'I- >I ¾'lt 

A}7l<>il'1 •J-½"i'c :i19'll]- gll]-f"c ¾AJ- "11>1\'! * 'r{i Pl!SJ'7}>1 ','ll]-,;Jc:<11. 0 1 ,/ 

o]ofl '1'8"&:c '~"11"1 "1"1¾~ J;!.%!°!1 sl"14/5' (1-10 cm/kyr):" ¾>l*c: "1"111-

"i ;:, 7} '1J '/1: cj- \'! Sf 'r -\J 'lr \:i <>ii ~ ,j 'il Aj 'i! 7,) £. £ Aj , "l 'l/ A] cJI £ ic % aj- o] "'!a.-'1I 

.:f 7] <>II Al 'I- "1 ~ ,1 ,,},] "1 "1 "l "1 A}~ >ii 'i'-"8 "t C: ,11 '!!.8. 'II: ,jj J;!_;; >ii i'-'!r 'r :u cJ-. 

%1Hl':>I (Fi1r. 6-l)<>IIA11'c 1980\:lt:JI oJ'1J :il<ll-',l- 1ffAjS!j-'iJ'A}7l~ 0 1%.;foj *'ll~ 
'II: >l"1<>11 '<!'1 '1°.l'><l'l/-e:J-"l \'!'i'-7f 4''!1"1"1 'l!>l >II 47I .'.f>fr7J"1 "1-ol-31%<>11 '1l 

'II: \lc.g. >J.!il.7f ~"1"1"1 :Ut:f (Chough et al., 1985a, 1997: Lee et al., 1991, 1993: 
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~%'El %, 1989; ¾~.;! ~' 1996). ~8'} ~~'3l] 0J'?:!T±~ 199<A:!r:Jl 3::.1il'--¥-E1 3.5 

kHz A] ~5 ,e-J.} 7] ~ 0] %'5}0:j ~•-eTI qj .it%~ r~J ~=f A}~. ::r ~ 2 :>:] 1;± 19961;11j!- E:] ~ 

BASAPES•t MECBES _rr;; __ c'il¾ ¾"l"i -li-•l &¾11-"i ,jJ•J>ioJl-'i _,i_c+ -'a 'o 0 1 
0J'l/-'8 Chirp '-IA'/li;_ 0 1%"1"1 :it:' ;<fil_;;; ~,;-Ssf'.llc+ (~',:'•ICJ'llr'°', 1996, 

1997). -l'- .,_JoJjkj;:: "i'J 1996\!:ilf 1997",1_ -l5-6JI s\-s.£t -~"qj,cj •J"Joj[-'i {j°;-'i') jl 

JB,AJ1B-AJ:rr} ~Al/\}li';:; ~-ij1}.2...£.AA], 01 ii~~oJl ¥-::V:.'6}-C ~•7-J~'?! B-'au}-'J- (echo 

facics)g -~l-i-8'lJ~ 0 1~ 'el}'°6.2...£. ~l 47] ~i:.} 0 J:=::.£~1 ~itl 0 14" it!ATI77}:>:1 ¾¾~:>:1 

%*1f- Oj] A1 {! ilJ .",;j .:i]. ~ ~ 5j ~ -~%j!} ~J;3:j.¥}-7J g ~'8°] .iLA} ~t:j- . 

.:,. '1l7'-oJl•'1 :c-•1B 2,1 .... J 'llc-'allf "i¾'i!'1ls.::: 1996\! 'll 1991\!s.o11 ~"•1°J 

'1l'i''°' 3,-'H1 -i'c'r·ci§."11 ?J-4'<! 'Bathy 2000P -'l'·'l'l'g 0 J-§-S-f"i 41C:<'1~r+. oJ 

Aj,..._~~ 3--11 kHz 'T"1lr"r ~~91 Chirp uJ-~ :>:]¼'EgA}-7].£.A-], A]6~-f'.: :.:vl] *-:::I 

1j!- (transmitter), T{l-¥- (receiver) ~ A}li.~-21-1'?- (display and control µart)~. 7]7] 

7'-1°1 >'l<>I ~c+- 0<fic"lel-'1-ls· ¾•l--'1::C 'Iii.el ~. 'r'~i'.!Zl, '?"1-'r' 9'~'11"1 6 I 

{11i''l<>i"l2, 'i°i'<l A,u:: '"1-"l"1 'li-cJ'·3.<>IJ c:l-'li'.!-2.-"- +""i<>I +>ici7f 7f's' 

'5}-uf, %{:!lj!- ~ 'T111j!-~ 9:!T'i'.i~ {!AioJl .i!.l~~ ¾"sS:~.i!. 9Jtj-_ 0] A]~~~ T 

-1) 6,000 m'7fzJ ~c':1°1 7f';•l"l, '/·4'1°1'.: •l,J'l!-2._ia!_-'j!-Sj "1'11 75 m<>il 0 iec+. 

4 {J~oJl ~t} -8'Jl~£:-:: £11:Jl 8 cm7J}Al %Al~ 'T ~H:::- {1§.~1~ '!;Ad g ;!-_1,1_ '.U9-. 

BASAPES-96"-l \'!->J"f'i!\'! '.'. 1996\! 5-1/<>1I ~C.:-'11-'l"l- :r ',J-e;, ¾¾'11"1-U ';/ 

%¾*A]{! -'t'-~ (Ullucng Interplain Gap) ~H~olJ ~'g- A1.£ AJ1)~ % l67R91 ~-'tl~ 

u:J-el--'i 'li"':£l~cf (Fig. 6-35). 0 f½ci 0 1 xl-f'i'"l<>IIJ-ic: % 6 '!191 "I.,__~ 1'j'} -'I 

ll.Jf cjsj,;-, li'-.;.J"i<>I, 1" 't!'i'-21 'llc-'8"1--'ll- •l-'-1<>1I 0 1-§--,;f;ljq vHIL MRCBES-97 '<le 

'8 4 I:!\'! -& 1997\:! 4 -'i! <>II a, s:. "-I :r 1 I ;,J eJ ~-U 'ii i!c %--'i -"'- , I.,,_ -'I 2 ::: 1511 e1 ~ 

'1:af \:ref 'l/ 'f%-'Jl-i 'li-'J"-1 271 ~'2 -'ii- ¾ ]77191 -~'1-& !CJ-el- 'l!<>l'cl 7,!ojq 

(Fig. 6-35). 0 1 ~Af'i'"l<>IJ;c BASAPES-95 --<f'lJOii"I 'll'c'<! 17121 llj6-l" -'I~ 'jj 

'!!-"I MECBES-97 §'11- 91";'<! 'E 9-<" 17121 --<J'}"i"J-!1- >l~'ll'!i 0 l 'll"itlct. 



38"N 

1 

37"N 

131"E 

-· 
e' 96EBP-6 

96EBP-5 

" 

31
2";,~;;;MB~9~7PiCc..;• ... 15:i~ I 

1.,....1..---J,: -

132"E 

Fig. 6-35. Location map of survey area showing bathymetJy, Chirp profiling 
trncklines and coting sites of BASAPES-96 and MECBES 97. Contours in 

meters, 
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s,slAJ- \1-'Jlif',1-Af"il ej'fl 7]"}"]1,; \frAfnfej %"J~"l •Pa (echo character):'. 

'lllfr"l-".5'. •l>HE¾ (bottom):ilf _CJ. -Sf.!/-&] "i% (subbottom)oJIAi 2--e lfr-'f:i!f;,. ?

,!,'-,aJc:c11, O]½ \frAf:ilfa,ej 'lj:§j-AJ (clarity) 'EC: 'frAf7J-_£, '°;\'l\'J4i'>J, "Jt11, c:La131 

'8\] Ai Al i{J %% 7J ~ .Q.__£ f>}-Ocl .:t,,.a 6] Ai_£_ q~ ~-'a ll}AJ (echo facies).Q..~ ~ft,{i 9-. 
0 \o] 1970\'lcJI 0 \'9'- K"":o\-1'1 31oJl-"J- l'J:-',j:ilf'))-;j-o] ojeJ \'l'i'-7<foJ] "1•1 >l\"1,"] 0 ] 31 

'il-"J- 'fl'>ln\-;<}Rej >1171\"l ;\'c-'J"il 0 \%,a]oJ %4 ("I\, Damuth and Hayes, 1977; 

Damuth, 1978, 1980; Chough et al., 1985b). 0 \'\1711 ,!,'--!i-1'1 ztztej 1'!-',J:ilf'))-{c ".l\'!£ 

"ii :i ,!,'-.£ 'll '/l7f .sc_;.J (mapping)"] 31, 7\ ;>, -"I "I u\-"1 \'l 'i';;!:ilJ-21- ~ 'i\-"i\-"1 >H 'II'<! 

-'l~-"l"l~ A\Rs\ {c-oj g 11-'il 'l!oJ',] {!:af2f •].ul.tj--"..s'.;<1, o\ai~ 31•1"J- 1/!Af:ilf 

,; '>l i O \7\ ,1 ,1 -1= -"I "l .;;-ei 7\ -1:! <-"I "I Pil ,i ci ~, "1 "l % """i , "1 "l ~Pa % l O 1 •16l 

'<! i:J-. 

-~¾if-A]~~ kj~.Q_.£ tr~£s] %"6TI r:Jl~ls-, 'i:f-.A1~ 1M 'J-~oJl ~ qh}iiTI~ ~ !6A) 

o}eTI~¾ o]~~ 'J-%~~*, ~~Q.~~ %~.£9} ~~qjxl, .:Icl.:il %~~ &£~ 

.i>:~sf::: .2_,;,J>',il3. (Oki Bank),c %<14'<! •l"i;\':"1°14 (Fig. 6-ll. ""-"r"l"1'<! -"i-'11 

37' -38° , %7<1 131- -132· •1"1 :'. ¾¾-li'-"i -"i-%-'l-21- -11'.!/- ~'s-cJl-"l7f <a.t,1, 0 f ~ 

::: *-"-"'-"i. ia-"1\'I ;,]>J\'l:oJ-ie _!l_o]::: ;,,o]tj- (Fig. 6-36). ','{l 600-1,500 m'<! ~ 

~t!lA]:: ~75A}sq 1tt 0l :i:TTY t,}1A1¾, ~7:j~}, A'];,;]r:JI %01 *·lf:&Jii}-7l} ~.¥.&.:il 

~-1= ;,]-,} 0 1 °14- {l~ -"l'il's"a% _l;l_~Jtj-. 'r-'J 1,500-2,600 m, 7,jAf 8. o]-afej ~ 

'i;-cJI ;,] Af \'l .,0. '@ \fr "J -"..s'. %Js-%-Aj \.r-'] 'jJ-tJ -".!,. '-t Ef '-t oJ, ¾% £ :oJ-,;)->I\")- C: ,/ 

{'_- ,fl "' <>ii Sj '11 * a.} 51 oJ :ll tj- 0 I * <>ii ::: tj- 0d' ~ it.£ Sj V "' 'lJ 'fl "i 'll"l- 0 I '-t •l "i ~I 

"t O I 'lJ •a >'I oJ :ll-"- oJ , * it "I ~ '<l-½ 7'] 'II % 0 I ls- '11 "I -"-"- '1J- 'ol: "1 oJ :ll 4. ~'s- til "i 

<f\'l"i- ¾%1i':"l'1 11-ss (Ulleung Interplain Gap)::C 7,jAfej ~fo],;,_ '<!Oil 'f'l!~ 7<!~1 
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Fig. 6-36. Physiographic map of survey are.a. Bathymetry is based on SeaBeam 
data (KOROi, 1997). Contours in meters. 
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Fig. 6· 37. Seaflour image of the northeastern Ulleung Ba::::in based on 
SeaBeam data (KORDI, 1997). 
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'/-~ oJ~tj- (Fi~. 6-37). 

-i-1g--~A] ~~~-¥-~ ojf-JI '.U~-:: ¾*~A]{}-¾.£~ .g-¾*Al~ iH~-¥-A] ~ ';'17.4"5} 

~ 1l~H4-££Ai, *%~9-.~ uflq. .@-lfrB~lll ~.,q~ '.U~. 4-1J 2,000~2,600 m£l ej 

.ill.~ !Is "f8-~ ljL~o] t:f (Fig. 6-36). 0] A]~ ol] ::: r:}49-l i5fl ~ 4.£ (submarine 

channel)~ 0 1 ~~~o-j 9]~ ?,!9-~ SeaBeam W-1+oi1 !?.JiiH 12...lls.]'.?J,9- (~~iiH 0J9Ff

~. 1996, 1997; Fig. 6 37). C:-•I % \;-'ii "1 .sf~ (Ulleung Searnount)21 %'i' il "i cf::: 

•1>1'i"-"-:: 2,300 m 'ii·'r{lsli'f 'll•~•llll 'lr'it£1"1 ~l~cil"i21 'il"'I' 7J711>12lil '4e1-

'T{J 2,500 m;JP-1 °].:>i~tj-. 01r~ tfl714£·:½.g. ~El\ (A}'?'!~]U,}9-j -fFj'-)oJ] u:}e} {]~ 

~ .sl ~ ~ 2..!i. 7-~!i1 ni, 9-.£ -;,,.J ~-ft (turbidity current)Lf iiff Ai~ (bottom current) 

~I 21 'ii 'ii -'ii 11 ,1 E__;,_ "11 'l!'il sf '.ll t1- ( 11,AJ~ -l;-, 1997a). "!"Hl % s- 'c %'I' 91 :1c zJ 

zr ¾9- i;- 0JoJl ~,'.a~~ 9.l~ 1:l]Jl 1,350 m (850~2,200 m) AJS:_zj ·&-¾i5flA~-8-.g. 'rt 

-ls- o>..;,. t1-~ "1 'ir 'il 'll 11 'ii 111 'aic !l O I "1, ,,pj % 21 11-"I O I ii "i \le :;i •I il-"! ¥-it "I 'If 

%½:<J'",j,f 71J'fl}.s'. 0 J','ojfl <\\'!~ !l'llc\ (Fig. 6-37) 

7J=,"}A]~ %\:t-¥-2-\ ~.£ :&-8-~~- :ilJIBS:.oJ]Ai ~A-P?Sl &.£~-8-~ ~%~~ ~-5:. 

•l>j~oJ a]4,Bfoj 'i'-"1'.U:C 0 \",lo,jEJs'. ttfl'l,£]"1 '.l}q (Fig. 6-36). ei-.'c1"- ¾{)2-5'. 

'If "-''I"]=' "\-''!21 Af'c!oJJ:: .Jg-,]<f A\'11, ~Ha- %0\l e~'lf "1-"1"1-·§-"11 '4a+ 'i"{l 'i 

~ ;,;]~¥!~7} ll~,?- -~~'5}711 4Ef4j1, ~.1:.c.9-l ~~ A}JB-~- r42}Ai-C A}F.Jl, ~% ~ 

n]11~9-] ~~J% .!,l_o]~ ?f-5~ .. 7} 7}A]~~ ¾Jg-~A].z} -t"".£9-] ~~~..Q_~ ~lg':s=joj ';) 

E.nj, 1Pl %"I <l•i 'rs'. 'i"-1'1~1 "I'll \'1.ef7} c\Efcf7Jx. 'lfc\. 'lf'a:'•1°.l'\'l'r~ 

(1997)oJl a.:}-.S.~ ~£9-1 ~~ ,'-}i,1oJ]t ~~7;H:-fAJ_;,q (submarine fan) "JEij~ "lS~AjA]t.g 

01 11fac<11z121 'J'i' 7<l71l>l"1"il>1 'i"{l Sf 2,500 m'l}O<] 01"1"1 '.ll:il, ei-£.'a.-\!-Ei -'I± 

0.l'lf 73;,Hi !l"I'° •1"1>1".l ~ ;t'cc\. 

%¾~~21 t~= ~•" B::: 4\1~210\l~ c\•'lf ".l'1121 ••* "1-"I¾ 
{mass-movement deposits) 0 l lf.¾ 1-2 rn flJI]~ ~-'tl. 0J_;.d 11~§1~~~ "8'}-Jj!--oJ] tj-

0J~ -¥-JJ!l.£ 1£,--.:i-f..<'>}~ -¾E...£ ~P};q ~q. (Lee et al., 1996). ¾¾*Al9}- :i 9-~-¥-

0\l 'll-"1"1"1 ~::: ',l9-\'i- "1-"1%-& 'll-'4'1--.l (rockfall), ~'ll" (slump), ~a+o]E. 

(slide), 'll-11-lr (debris flow) 'al "1 '<* (turbidity current).§!. ~-\'i-"1 :C <ii, 01 :S "I "I 

¾~,'.:'. %'T1J~.oJI lfa$,V~ ~Al~ 7$t~ tlJAJ{i--.£~ 1.! 0].Jl '.UCr (Fig. 6-38). ~ ~~ 
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Fig. 6-38. Distribution of mass-flow deposits interpreted from echo types in the 
central and southern Ulleung Basin. After Chough et al. (1997)_ 



ej-iif, ~'ll", ;';i!}0l'e. % Af\'!%%"1 "'7l'<!Al"11"1 1)1A,j£11" "i"J¾{, '/'5'- %-'/- 'J1 

¾1f-A}1~61] ~=£-51-2, 0 ]~£.ljl-Ei ~ 0 1-¥! -3:!E..£. t\1~~~ ~~* ~ Ai~fl- ~J'..3i; 

.g. "8'},¥-A}~:u} ~~%~Al~l ¾11,¥-oJl q..,41-tl-711 ~.¥..~9- (Chough et al., 1985a, 1997). 

~}'f! 14C "JAf>,j %!/1-'1!±"1 \'!tlH'-"1"11 7l"'-8toj Al{l,'i! ¾"1- 01,:c.£-'il +I"- *"l~ 

-'1! oJl Aj "1 "1 "l ,1- •al "1 " "1 "l ¾ ,0 40 cm/kyr O I '9 , "1 "l -11- "1 'le'~ '1! .£ c:: 50 'd oJI l :<1 "'

>11 '1\- >Sl ]L :UcJ (Lee et al., 1996). >1-"I, 'i'i'\'! 01 ';;!-9,l,'i! "J.,f7loil '1!'1!~'il "i"l-.\l-'.: 

z7J2J 's'li~HI '1"l 0J%i 'li-\l"f9i;,ct1J, ~ti "Jiif'll-,r7Joilc:: %%11-"I •i'\'9.J 'a" 

~ej,JJ_s!_ '<l•i -\'{le± "1¾~7,,loJ 0)71£1\'!,.,j •~%.iic\'Jcol ej>I]'<! ;<jej--jj-¼al 1)i"J"1 

9Jj]_, .>lti "Jiif:'J7f Al'3J-£J7J 'l!, •i'i'\'! iif7J7Joilc:: cf±"] A~-,!-~'i,'- 01 °1¾'"1>1\':! 

Ai, Ai~·'fi"¼o] i~]ii!..~ ,.,~~-iiI,f!--g- tl-~'5] ~.g.. ?}-"£Jl£. .!i!.¥:-~~r-l-- (~~olj 0J~T~, 

1996; Bahk et al., 1997) 

·&%.£SI- ei-.<c. AfOl"] 1,-:'IJ{r %"'- (Interplain Gap)oiJAj 'il'a'<l AJ'i'"i"l·:.-oll>H: 

o]ei~ t:JL?::?>i'?.l ¼o] ¥1'-¥f£JA] tijl, ~it!-~.Q..~ -",!J~Iil'tJ::o] q..,1,-j]-q} y~~~%o] 

4->1J,sf~I 1,1-3'.~9 (~r-S:•1°.Jc\'!'i'-±, 1996). 01 "l"i{, ';"l <1¾fc"1 ¾"-"1~% ,sf 

c:: •I "1 'i',;. 7 f it \'le \'l: '<! 3c -"-"'-, 0 l oil "1 '11 11 ~ ',/ 11- '1 ~1 "i--8· oil · ?- •11 iif oj "1 "l ~ 

01 ojE} >']"loll eJ•i ';;!-{, ?;!<e..Sc 'llcel;,j 9.lcf ("'Jii' %, 1997b). 

4 EfM rrLA< .~Ai . ...., ,=,--rd L.:....-, 

~ 1~:F?- 011A1 j1'3ll-"J- 't}-'j:u} ~,.,a (echo character)..g. ~?<i 8JlAilf..¼ ~Al-Ii} 

(bottom echo).9.J 'il ~•,l 4 ',jell oil a:fcl- -'Ii ii-.<'."'- 1t-ll-£19i c.f (Table 6-16). ;,, .ll. 

\'!'llcA}l1j-7f ~·~ (diffuse)£joj 9.l"l \lfj]_ '/'-9!" 14- (:::7.-l,- D, c.f~ ~~"161 'i'-'11~1 

t..J-E}t..f:C -l!c'll~~ 14- (CI¾ II), ::ielj]_ 'll''il1'}c:: %',-{! 'llcAfl1j- (hyperbolic echo) 

,c. t..J-E}t..fc:: 7,,l>i- (::i¾ rn)ojcf. cfAl z} ::i{<-oJ]Ai c:: >1¼'1lcAfl1j- (subbottom echo).9.J 

oJ~AJ (clarity) 9:--'e JilAHf~. ~~~4rAJ, ~~ %½ 7]¾E-.& "'1\~5:l°i ¾ 67~~ 

'1f-;jl1j-AJ (echo facies)ol 11:.\l-"19:!cf (Table 616). 01'11~1 11-.\l-'i'! 7j'l! '1f-\l4"J'.'. 

"l-£~{1,"11 "1'~"1- ~,c.:'111><1 "l"I-"-"'- t..f'r<>l '!l\'!£oil i 11-3'.'1!-'l\;,. 5:AJ 

(mapping)1'f9i i:J· (Figs. 6-39 and 6-40). 
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Table 6-16. Description and interpretaLion of echo facies. 

Echo facies Description 

Sharp, continuous bottom echoes with no 
IA subbottom reflectors: flat or slightly irregular 

surface topography 
-----

IF 

Distinct bottom echoes \Vith very prolonged 
subbottom reflectors; irregular or flat surlace 
topography sometimes showing irregular, 
overlapping hnierbolae with significantly varying 
vertex elevations (tens to hundreds of meters) 

------

llA 

IIC 

IIlA 

IIIB 

Semi-prolonged bottom echoes with several 
intennittent subbottom reflectors; smooth, 
undulatory, or irregularly eroded topography 

-----

Acoustically transparent (i.e. no internal reflection) 
sediment masses with variable surface echoes, 
such as seafloor-t.angential hyperbolae to weak or 
very prolonged reflectors; lens-shaped or !abate 
form 

Regular, overlapping hyperbolae with slightly 
varying vertex elevations (generally less than 30 
m); slightly prolonged subbottom reflection 

Clusters of relatively irregular, overlapping 
hyperbolae with varying vertex elevations 
(generally tens of meters); very prolonged 
subbottom reflection 

Occurrence 

Dok Island and Dok 
Seamount platforms 

Slopes of Dok Island 
and Dok Seamount 

Deep basin floor and 
basal slope of Korea 
Plateau and Dok Island 

Interpretation 

Sands and gravels (re)deposited by 
shallow marine processes (Damuth, 
1980; Pratson and Laine, 1989) 

I lard rock basement or irregular 
volcanic edifices (Damuth and 
Hayes, 1977; Damuth, 1980) 

Composite deposits consisting of 
hemi:;:ielagites and tu:rbidites (Yoon 
et al., 1991) 

----

Lower slope areas of 
Dok Island and Oki 
Bank 

Slope areas of Korea 
Plateau, l11eung Island 
and Ulleung Seamount 

Slope area of Dok 
Island Platforrn 

Debrites {Embley, 1976; Chough et 
al., 1985; Yoon et al., 1991) 

Deposits of mass flows including 
slump, slide and debris flow 
(Damuth, 1978; Ernbley, 1980; Yoon 
et aL, 1991) 

Deposits of rock fall ( Chough et 
al., 1985a) 
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Fig. 6-39. E::ho facies map of the Dok Island and its 
MECI3ES-97 survey area. Description and interpretation 
echo facies in Table 6 16. 
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Fig. 6-40. Echo facics map of the Korea Plateau and the Ulleung Interplain Gap, the BASAPES-96 
survey area. Description and intenJretation of individual echo facieS in Table 6-16. 



(1 ) !'; 'ii ~ {.'- .¥. 

%"8.u}-"J IA~=:- J:¥-~"8"}31 ~IB~,4;-~o] uy-} OJ§.£! iil]Ai]I.¾ ~.A}.II} (bottom 

echo)i< !i."IY-, t:il-c! •1"11'! 0 1'11.eJ tll¥-'/l:Af,i} (subbottom echo)c: '---l-9-'---l-"i \ltc: 

';-'a :S ,ll.0]9, !f.¾'/l:Afll]-c: ';co] 'r m 0]iif.ej "};' 1]',-½.s!. 0 ]-','oj;tj '.l)q (Fig. 

6-411. 0 1 ,FaJI\'ll- 0 1 '---l-E.f'---l-c: •1"i.2J "I'll-& 'll'i!:iif;,J'---l- Sfi'lc -l!-ir"iiifJ!I '---l-E.f'---l-nJ, 

y~ ?1l 150--200 moll 1P:J"6l-1::' ~£ ~11-~4 -&S:."8~~~Sl ~1t!-~ 78,,_J--¥

(Platform)<>il"i 0/--'1].-f;,ii 7]'s-'il9- (Fig. 6-39). 

(2) 'II-"! 

'll'/l:"12..s!. 11¾ '11-"fllf:S %'11"1"1 \lte 'f'l!~ a\l"i.ll.¾ '11"1"1-c: '11"11'! 0 I "'

"'"' g '1}.ej -','3lf71 ojaj,&- £'11'---l- "'""' 'Ile-& 3'',;l~ ,,i,,J,i-.s!. ,;l"I '.ll-a- 7<Jq. 0n 
-'t-J,Jl-g,l-ll] L}E}\:!:tj- (Damuth and Hayes, 1977; Damuth, 1980; Pratson and Laine, 

19891. ';c 0 ] 'r rn °]-af.ej '11"1.l!.\'!.ej 7]~'.'s-& 0 ]"1~ 3'',;l~ -"1"1%<>11 .eJ•l '!l'a'il 

\'! -E, -"'- '11 lli- % 91 q 0J ~ -"I "1 \'! 'i' 3' <>ii .eJ ~ 3! -2..s!. '11 "'1 'il q. 0 1'<1 ~ 3' '1l ~ -"I "i 

% "- '1! •l 'i"{l 150 m tll .eJ .eJ ~ :<c 'Jl ~ :<c "11 "i ~ ~ 9 ¾.eJ 711 ".J-¥-<>11 ~ *I iif:<I 'l!c, -"l 

,i.g. ,)l-t:Jl>j '11"0 1'! 0 I '1!>1 &q Sf 100 m 0 1,)l- ',;!-.g. -"]7]<>11 'ria. 'l!•l-"I '11lli-'---l- '11 

¾ %.eJ '11°J"i--lr<>1I .eJ•l 01-'i'"l'sl 3!-°-"- ~711'<!_'1-. 

'--1-. Off-'!! -"1--'I!- IF 

(1) ~'ii ~ 1" .¥. 

'i!:-\Jll]---l)- IF~" 'f'l!i;\JI ";\'!\'!";'Ajo] •l-9- 0J~~ '11"1.ll.¾ 'l}Afl>j-:. ',l-2.9, a\! 

"l \'! o I ell .eJ tll '1- '11-" Ill]- c: 'f iJ! ~f 'I! A I\'! -2. .s!. 1..f E.]- '---l- c: 3! 0 I O I '--1 "1- 'll 711 'i' i'lc <>ii 'Ii "1 

'l}Af-(-)~71 ~~ (cliffuse)"i"l '---l-E\'-1-c: c;',j~ !;l.'1]q (Fig 6-42). 0 1 11!-\Jll]-,)l-o] '---l

E}L\-c: •l"i.eJ :<]'!l.g. 'lll'1•1"1'---l- Qf{l: 11--iJ-"liif9, "11.s!.c: s: 0 171 q 0J~ ('r'lJoJIAi 

4'"11 P]E1) ojei 1Jl.ej ~"l-,;l 'l}Afll]- (hyperbolic reflector)7f -l!--iJ-"1•1711 ¾'ll"i"l '---l

El-4~ uy.q.. 7p~o] 11~ A]1~~¾ & 0]7].£ ~t:}. o] 1t!--'Jn}~,': 'r~ ~.5:.. ~ -It 

¾!c. :i!f{}>ll"l- ·i!'s-'11"1.eJ A}\'! '.I' ~'s-t:il"i tll ~ir-"i"i'!i.eJ 'r'\'!oJIAj -9--'lliif7IJ 7] 

's-'il cf (Figs. 6--39 and 6-40). 
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Fig. 6-41. Part of seismic profile showing typical feature of the Echo 
facies IA. 
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Fig. 6-42. Part of seismic profile showing typical feature of the Echo 

facies IF. 



(2) "11 "l 

'll'/!"i-"-"'- ~-:±'il (diffuse) tll-'1- '/!Af';-'a% .!i. 01::: 'fil!ti .lE¼'l!-"14e l±l±tl 

7] 'l!'ll" £_,a_ 0M'"1 'cl "11 "I\'! "ii Aj 7] "i-'<! r+ (Damuth and Hayes, 1977; Damuth, 1980; 

Lee et al., 1993) . ..;"] 1'-'ir"J1'f711 ¾il1'f~ '!f'(-{!'/!A}lI]-::: >1"1%-"'- "i<i\-£]7] (t.,O. 

:of-:± 7] ~ BJ ufl ~c ,.--ij--'] ti 7] 'l! o] 1..J- ½½'lJ-½ oJI $J "11 ° )7] '<! 7,j £_.s<_ -'i-7,l '<! q. 

(1) ~'ll '}! ~,!_ 

I'±-'!! lI]-AJ IIA"" ")'{! ~-:± (semi-prolonged)"l "1 -'/'-~ 711 1..j-E} 1..j-::: <\' \'! '1! 's'-'a o] 0J 

~ ti Oil "I .lE ¾ '/!Af:,j-2} ::i. 1'}1\'- ?1J moJI ~ >l 1..J-E}i..J-::: ct?$J 3!1 •R ti tJI l\'- '/!Al 

:,j-~ '; 'lJ £_5'_ .!I.'<) tj- (Fig. 6-43). 411\'- '/!A}:,j-gj 'lJ Ell::: .lE ¼'/!Af:,j-2} %'lJ ,;foj '/! 

Af \'! ,& 'f iJ! i,}z] (t:U "f{! ~,:± 5'j oj ~ c\-. 411\'- '/!Af:,j-gj <\'\'! \'! 4/A,j ,& ct± ,..Sf 

-at oJ 1,- I'! 4/ "1 o'- -'1. i..J-El- i..J- ::: 11- ;< .'r. ~ c\-. 0 I 11!:-':J "1-* o l i..J- El- i..J- ::: "'1 "1 R \'! .g- 'll 'I! 

~£..£ 11~-E-"5}:-• tf ~zt21 ~~ (undulation)g ~ 0 lc:J, ¥-~~.Q..£.-;:: ~-Q~ot ~it 

"I st 711 i..J-El- 1..J- ,1 .'r. ~ r+. 'r-"- %'ii-;t"I BJ "11 "i "ii ~ 0 I i..J- ti"c ti17] BJ "ii "11\'- '>1 'f .'r. 

al--:± '1l $J Af I'! ~, I± "ii "I 7 I ... "i oj ' -,,. ¾A} 7] "l oJI "I 7} ~ -9-"11 st 711 .. ,!_ "I- ::: ,±-'J "1- AJ 

o] tj- (Figs. 6-,:9 and 6-40). 

(2) "1-'l 

Aj _il. 'll •J ~ .lE ¾ ',) 411\'- 'I! A I 4 ::: "1 "1 % 0 I "'1 "1 I'! % a:f 4 {I 's! 1'} I'! "I ¾ % 1'] 

3\IAJ0<l'l! ~ "i" (drapping)-aj-~ 3 ~ 9.ju]sJ-oJ, 41-'I- '/!A}\'!Bl '11-'i!':' 'll.'r., 'll.'r., i" 

7] % ~cq~ ~tAJol J.1.£ q-~ sJ:;i<g-o] .fil§."t}Jl V.%g lfl,o,,]<5:}~ :;!.Q..£.A1 ttJ.<t!oJ: 

-'a (hemipelagic) >1"1:i!f "l"t-i'i-oJI $]ti >1"1% 'll"1°1 :ut~"i\'!Ai oJcl~ :,,!_:,j-;; o) 

7] ~ ;;/ £_.s<_ ~ 7;j -,! q. .;! "1] oJ cl ti ,±AJ :oj-AJ oJ 11, ,!_-Sf::: c<] Sj oJI Aj ;j .;j -,! ,IJ ~~ _Sl. 

o I BJ ;t"! 7} Jl_ oJ1 Ai .'r. o] 2} ->£-i'c- '11-'1-i- 'I! '1l -S},"c til, T-"- ol % :ut \'le% {) st 711 'l1 :' 'I! 

q; OJAJ "1 "1 %0] ,9-;J] 1'} :u, '(}~ "] 2,,a. 'lJ "1-,! ;;l 2..s<_ .!I. oJ ,"c "1J '!l 1/ ;<j "tit¾oJ ~ >U 

~q (Fig. 6-44). 
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Fig. 6 43. Part of seismic: profile showing typical feature of the Echo 
facies IIA. 
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Fig. 6-44. of piston core 95-8 recovered from Columnar section 
of Echo seafloor 

abundant hcmipelagites 

facies IIA. Core sediments are characterized 
(biolurbated and crudely laminated muds) 

interlayercd turbidites (distinctly laminated muds). See Fig. 6-2 
core location. After KORDI (1996). 
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(1) ~~ ~ ~ .¥. 

>eHl "t-lf IIC c:: -$1 .S: * "H:l "1! 71 (wedge) Sc c:: "1 ~ 'll El! .2J 414'- l'r"f"i-7} \li c 
s!-'a llj-aj .?_;;,_ 4'-'ll 111 (acoustically transparent) "I aj -'Ii .2j '; 'll :S _I!~ tj- (Fig. 6-45). 

lI ¾ \l!-"f "i- c:: 'll ~ £ Lj- "!I •R "ii '.U "l-'-i uJ jil:a/ cJ- 0Jc'1} 'i -'a ~ "- 0 ] :: <11 'l! I'!"!-"--"- c:: 

? m "ii •i 11 ? m .2J -\'f O l '!,- '>( c:, uj ji1 :a/ Tf ~ "l -"--"- a\s' ~ 8f C: "J'l--:,1 l'!-'f "i-Lf cJ

± '1--0-'<! ';-'8:; 1'-~9-- o]eitl -"l"l>l].ej ¥-"lie: 20-50 m, 4''lll-'&'1l-1']2 4' km 

oJJAj ? 11 km>7fe<J tj- 0Jc8fJil Lfef'--f"i, 271 °1%.eJ "i:a/-'IJ7f 'r"l (stacking)"i"l 4 

E}Lf7J£ tlcJ- 11:'a"i--"J IICc:: ';-£ W %-\!-£ :oi--0--'IJ.9] >f\'!'li:\'l-J!f ¾¾ ~;,JC(! ¾ 

-"- "ii "I-"l "l -"-.£ li'- .lo •f 2 <11, & "i ~ £ :o!--0-"1 "il c:: ± it .'i' ~ ;;,- "I 4 'il sJ 4' _;,_.eJ 'li:\'l-

41"-"il 9-uJ LJ 'll EjJ.S: LfE}\J-tj- (Figs. 6-39 and 6-40). 

(2) "11-'I 

-$1 -"- *~ 111 "!I El! Sf ,Va "i-"l -"--"- 4'- 'll 11} "!--'8 -& 'l! \l!"l -"--"- 'll--lH'l- (debris flow) 

"i] .eJ•H 11"l'<! ¾al ;a .!l 0 J0<] \?6c:: "i"l%.2J 'l!'ll"l 'i'll-"--"- 'l)-aj;,j ~tj- <Embley, 

1976; Damuth and Embley, 1981; Piper et al., 1985). l'!:-\1.!lf 4'-'ll-\1-& 414<>1! %"-17} 

\ll-'i! '<I O l \li 61 ii: '!l ~ 11] "I aJ ll- "l l-' _,;,_ •Pr ~ g ¾ ,1J:<:J "f "I , o l c:: 'll--ll * 7 f '1l-.t "' 
C: %'li: '1l'il:';'I_ 'il (shear deformation)J!f 9-\'! "114'<}.ej ~'11--"--"- 'lr-ll-i'i- 41-'i'- "]"l{Cf 

01 ~ '11-"i oj ·N <II -"I ¾al 7} ± 'i'l 'il i'a! J!f 0] cJ- (Middleton and Hampton, 1973; Embley 

and Jacobi, 1977; Nardin et al., 1979). 'E 11} s!'\I "i--'J IIC.9] ± it .5' 'l}~-:,1-;J Eil .eJ .li 

¾l'!"f"t"i- ~-U l'!"f"l- (diffused echo)c:: 'l}-ljfi-7f 'll"l"ie %'ls "i"l-'IJ.9] 1£\'.l"il 

'lf'<rtl tj- 0,l''i} -"l"l'l! 'r'?'<>I] .9]~ ",!_Q_!;l_ 'i''!HlcJ- (Emb!ey, 1976; Damuth, 1980; 

Yoon et al., 1991). 

(1) ~~ ~ ~y_ 

'ef-'S"t-lf IIIAc:: S,'(!.ej l't 0 J~fo]~ _l;l_o]-,c -1<J"}-:,l \l!"f.!lflf tt)iiL.aj it"i"i-"--"- ¾ 

11"! 0 ] 4E1-Lfc: ~--<J¾ _!;!_~tj- (Fig. 6-46). "J'l--:i"JEIJ.ej .lE'l!\l!>f"}c:: c]-± ~-0-"i 

oJ ~-"-oJ, -\'f 0 ]c:: 30 m 0 ]%f_ie_ ~1Bcf. 0 ]ej'1} l'!c-\l"i-.-<J,°_ IIC.9] 1!.¾\l!•f"}2f 7J 
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£'~ {}A}~}~, :.'j',_£_ ~~rJl:-t:] A}lBJ!l- %¾"of!~~ A}'a.oJl -¥-~~~~ ~~~q (Fig. 

6-40). 

(2) "11-&J 

~~~ ~A}I!}~ ~~~~.£ !JlAi-i'i" (bottom current)i...}- ~~~ ¾~* (sediment 

gravity flow)oJI "I '11 1lMl 'El ± rr £ ,,pj '1! %½'i'x oil "I '11 °)71 "1 :: Y .2.'i'. 'll"i ;<j 

~ cJ- (Damuth, 1975; Nardin et al., 1979; Normark et al., 1980; Damuth and 

Embley, 1981; Chough et al., 1985a) . .::reJ4 1!'-3'.'il-'1171 -l!-¾'11"1~.i!f ~;;:'til"i Al'/! 

e] 'll-'/-1!'-.2..?. 01+ ;;:c~,J<>l ~ 0 Pi. 'll-'il-'11"1711 .;Jl"l'r.?.<>11 "1%"1"' •l"Hl-<>11 "I 

~ Y .2..?. •1 -'>l "I-7 I oil :: i" \'J-"I cJ-. ttf i!J-"l l'Hl "1--'d- IJIA"' til -'1-1!'- ~ 'll .!:!., ½ i!J- 0 I :s 

'.JI 'll-~ -!!-oil 21 i'} "l! _Q__?_ "11-'>l -<l tj-. 

(1) ~~ ~ ~-.¥. 

l'!'il.i!f"J- IIIB:: Bj.iitaj 11-i/-~1'1711 ¾'!l&:: ~'H:! .l!.'1!'/l:Alllf71 ~'l/.2..?.Ai. ~ 

'l-"1 'l}Alllf 21 c1c o I :: til-\'-1!'- 'r1l m ol \.)j ol "I "1-, ';col "I \ll. :o:f 'ii -'1J 71 \'!AJ "1--'d- IIIA 

_!;!_ c]-:C 3.31 \'!-~ .llf"J- IA _!;!_ Cf,=- "/ .2. nj i.Jl-\'-:: \'!';I .i!f-'a- IA oil Aj "] '!J uj + ~~ ,j 
oj ~9- (Fig. 6-47). 0 1 \1'8.llf"J-." "/'.?. "j-.£:o:f~'1J Al'/! :o:f~%½"11!i Al 0 121 ,i-." 

ii,"I ~;;:'Cil"I ,.1'1!'ltsroJI 'r"1 m 3-7121 •a<>l"1-"- l;!-3'.1'fi=- 7<!•J 0 1 ~cJ- (Figs. 

6-39 and 6-40). 

(2) '11-'>l 

\S!AJ ,rj-AJ- IIIB.-"i "d-'l-"1 'l};.1"1-1=- :o:1~%½"1111 oil 21 ~ -.!'ii .i!f--))- IA-91 '>'J-'}<,! 'l}Af.i!f 

2J- i.Jl-\'-71 ~~]~oj 4EJ-l±cJ-1=- 1Joil"l ¾Af1'fE..?., -"1"1¼ 0 1 °1'1 'lJ-'I} 'E:C '11--'>Joil 

ej~ i!-i/-i.J~ 'o-½"l'!ioJI "I~ 5!2__?_ 'l''ll-<lcf. ;,;-"i. ';colsj- l;!-,'_OJ'-',)-ol ~~,f½ 

zl '1l _I;!_ tj- :: "I-31, l1-,'. 7 I "1-.£ :o:f ~ '11 A I '1! "I 'll 'I-.?. "11 ~ "I "1 ~ <>l "l 'll-61 "I-1'} 

(rockfall)oil "I~} '>!.2..?. '1161-<lcJ- (Chough et al., 1985b). 'a', "j-.£:o:f~'li!- 0 1-';'31 

'.l!'e ~~'ll-a; el 'll-\'-71 *"i"i'IJAi ',JAi'/!~ ttfi!J- jitCj '!!"1"lcf71 Af'1!-"i '<!'l!-<l 

-\'-.,_oil 'll ¾"1 -"- 'i'. .5'. oj ~:: 'il--'i'-cj 71.?. ~'l!-<l tj-
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Fig. 6-45. Part of 
facies UC. 

Fig. 6 46. Pmi of 
facies IIIA. 
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Fig. 6-47. Parl of seismic profile showing typical feature of the Echo 
facies IIIR. 
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of Line 97-1 and interpretation with codes of echo facies in Table 6-16. For location see 



7t. &.5'."r'l! (MECBES-97) 

(l) Line 97-1 

Line 97-1 (Fig. 6-48) ,~ ~5:. \t¥,S!l ¾¾~A] %~ 2,180-1,820 m ;.}0! 9-J ~A] 'r 

\'!-'l-1' %-"1"' 7]-.s'.C<Jc ~,cto]q (Fig. 6-35). oil"f;<]"J<'e ,'/-C<]<;j '\l'AJ 01 -'IPI~ •i 

~oj] Ai %~ 9.j ~Al 'r 1t1 ,¥- C.2..77} l@.3.) ~- 7}1(! Ai ~'i!- l;-j 4-{] o] 7.}~ t"} ~ t:1] iiL3:I P~ ~ 

~ ~R?:i 0J_.>.J--£- &,Uq, 9-~· ~1!-91 ¾11-¥-, ~ ~%~A] A}~~tf-¥ 4--"'J 2,100-· 

2,150 m A) 0JS-j off;<1oJI::: "l"IS: 471 °]AJ-9j ±it"'- oil"l?.s'.71 \l"l,\-2.5'. '1l,,r"l"i 

vi:i-. oJ'J- 'r£ai c'. -l'j-0] 1-1.5 km, ,,io]7f 25 m o];,fojq_ 

,'- B\'l"iJ>1 g491 -'f-44°J::: "} 50 m0 ]uJ, l'r"JllJ-'l/-c'. .\'-><J"il~4 oil"f?.s'. 'lt 

',l: "i"\"11>1;:c Ej-'>J IIA7f 1"-3'.~f"i. ,'1-:s]>)'l!"l 7,jAf-"l"\"iJ::: Ej- 0J ]IC7f 4EJ-'d-q 

,fAJi,fAJ- I!At "ti'! ~f} (semi-prolonged)~l"i -'¥-~711 4EJ-<I::: ~\'l',!4;>J 0 l 0J'~ 

~ oil ;,J ll. % \I! A) 4 "-I :i ~I 'I- 50"1 m "ii '!l 'l 4 EJ-4 ::: 9-'r .9J "il '.! ~ '-11-'I- 'fr >I "1-

{l, '; 'll 2-"- -"- '11 "1-. •H-'1- 'fr•l-491 'il Ell::: .l!. ¾'fr•llll-"-1 % 'll ""f uJ 'fr>I \'l t 'f 'l! ;,f 

z] ?-ifjI ~{t, ~,}J-~oj V,.Jl ~-\1 '(!~A_J_g. t'.f~ *~'8"}~ ¾~~~..Q_~ 1-tf.}4~ 1f

:t _,;c_ QI q (Fig. 6-48). 01 el~ '8-AJ "fAJ- c:. '1!-~ 0J''\l (hernipelagic) -"1 "l 4 "1 "l--ll-oJI 

QJ~l !ai'Hl- 1J"l 6 l .iiLco."1\'l•i 0 ]aj~ 7.i!"i-¾ 0 s7]~1 5\2..s'. •H-'1'<!101. ~l/j oil>i'i" 

.£9.j ~}.!j!-.ofl Qoj :: ~J:/--~A},a.g.. 't!1f- B-~"fl -¥-{[-o] .!;!. 0]7].£ i,};()t:l} ql-¥~- ~7<-j 

1' ;;:_ "-l .l!. \'1 "i "a 3lf "il •~ -tf 1TI 4 •I 4::: 7,l 2. 5'c -"- 0 ), 0 I 'r !is oil •i 9l 'ii -'-I ~,h''- :i q 

A] 9J-.>j"5}A] ?ctf_2_u'j, EE~ T!l'-H 5i~~9.J ~~%1'~ 4-.£ -Yl;J!z]~o!l t1]t;jj =1.A] ~ 

~ -~ ..Q_ .£ 4-l:i ~ q. 

~Aj %"c91 ~~11--"l -"'l\'l"i"loJlt' ,:l]2' 'll'il"-1 '-11-'I- 1'143lf7f fil::: •.±'ll4"l"

£ .'!y-~~ (acoustically transparent) ~~~7} 1J~s.]o-J ~tj-. .H.¾it!ATil--:= 0 H-9- ~ 

-U"i"i 'll"i'i 'r~71I <IEJ-•luJ, ¾"-I 'r"11£ 10-30 m5'c 'li1l"l-"l \lf"t. 0 1•1~ I'! 

"il "1-% IIC-cc 'll-11 -l,- (debris flow )oJI "-I •H 'll "1 '<! 7,l-"..s'. oil "l -"1 : : <11. %-!Hi'c 0<] % 'I' 

7<J :,j]'/-;a op,'-::: .2.'Jj •~.3. A)'l! oJ] >j off C<j>f EJJ %<>I] 9-l-aj 0)7] <'J ~ ;,J rr 4 ~ e}o] ':'.7} 

'll--ll-o--"- 'l! 0 J:'1°I J-f\'l.9J 'l)-,t"ij 'll"l<'l 7,l-".'ac -"-'119-. 0 1•1~ '1)--j!j-i,- -"1•1>11-"I 'lf 

~olJ~ 9-t 7 km~~ {l~~rH (scared zone)ol ~~S:jo-j '.U_&JAi 01 ?:]9ilo,] ,<,}1;1:!A}EJl7} 

~1$[~] ~°1,J:-~g ~ A]A]~tj-. 
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(2) Line 97-2 

Line 97-2 (Fig. 6-49)c: ~5'. ,J-~ 4'11 1,800-2,130 m Af 0 1"l -~~li'--'l %~ Af 

\'!s's %-Aj_sc 7f.sc0<],o "'t{io]l;j- (Fig. 6-3.5). sJl;<j0<J'j.g. "'t{i% ufef 'lJir 0.5° t119J 

-"] nJq. %'l!c~} 7,IAfi>' s<C: HJ.ii!"! 7]Jsl-o] \lie: Af\'!-"l "'i-'ll¾ ;l.'s)cj-. 9-'lr Af\'!-"l 

'll'i!.!/-oJl 'iMH1-oJl "1 ~ "12..sc & 01 c: "1 "1 >1171 \it.@- 'l! "l"l ';!% 4EJ-t112 '.Ui:J-

l'c 'i! \'! "ii Aj 1', "A;j ll]- 'I} !IC 5£ l<c * "1 C: 'l}-l! * "1 "I >II 7 I "I "1 5'. 2 71 oJ AJ 'i' l1- 'il 

i:J-. o]½ 'l}1H'1- -"1"1>11"1 '¥-"'1c: ,J-~"1 Line 97-l°l"i &tj- i:J-± ~Jil 4El-49, !f. 

~ 1'f.!/-Af\'!2..5!. 71\'!Ai 'f-'}j]71 {r±~tj-. ufefAj ~-l!-il-"1 ,=!/,!;<] C: 1-i-s..i>I-U>ll71 

of,i ';J-%~9j S.'1]•»3.sc '}'lj,ajnj, o]*oJl.kJ 'l[-\ll,ajoj Af\'!% uj-ef ';J-Aj'!]-•J."-!i'c 

:.: e 112..sc •J 4 '<! i:J-. 'l}-l! * "1 "i >11 ei J£ * <>11 ::: cJ-Al 1±-'ll -"fAJ IIA.sc ¥-w-"1 ::: "1 

aJ¾o] 10~20 rn ¥"'1.sc ,toj '.Ui:J-. leJ:Aj3lf,j} JIAC: 'l}!/,!"J-\!-"1"1%-"f <!'ll"l'sl "l"r 

-ii- -"I "l % 0 1 .ii!cl:. ~¾ 'll:1 -.f c: :,! 2..scAi, 'l}-l!-ii- "1 "l '1171 11 "l 'il cf, '1}~7] {! ¾AJ 

"I '<) 'l} !/,! 0J-\! "I "l AJ 1'!171 ¾ O<] "1 :,I 2' 0 I¾ "1 7 I 'lr .l!. ¾ "1 'l}-l! * "1 "l >II 5'. 11 "l 'il 

'f A,j-~7] {!o] ;~ ll]-,aj :,/ g ~ O<] A] ~tj-. 

(3) Line 97-3 

Line 97-3 (Fig. 6--50)!: ~5:.'a"~ "'r{l 1,750~2,150 m A} 0 12-] %¾~;,;l %~ ~ 

:s]Af\'!% %-.kJ;s. 71.sc-'l~ ~1i 0 ]q (Fig. 6-3.5). sJl;<j0<J'j.g. "'t-zl:S ufef 0.6-0.T 

9j 'l)Af¾ s,C: ±TJ'5'.ej 7]-al-a's ;l_o] C: Af\'!ej ';'lJ% &'s)cj-. ±TJ'5'.ej 7]Jsl-.@- cj 

.!/-li'- -sf.!/- ¾"1 ½O] 'l! 'i!"i "1 :l) ojAj {I "I 'il "1 Af \'! 'll "1 (canyon).2.,a. •l-'l "19, Al 

\'! 'le 11 oJl 'il Aj !<I "1 '.U c: ~I "I "ii c: 0 I ~ % •1 ¾ 'l} "I 'ii "1 "i % ½ 0 l 11 "l "1 °1 ,fl "1 ¾ 

¾=sl~ 0J'I} (canyon fi!Da's ;1.0]1].'r. ~9-. Af\'!"1 'lt\'l:.!/-oJl \l-%~"1 -'l.'1]'\113:"i]Aj 

11 !/,! '<! 'lJ-1Hi- <>11 ei ~ "1 «1 >11 < .i: 'a 3If % nc) 71 ., t 'l! "l "l ';I -& 0 Pr· j1 :U cJ-. 

l'c 'i!\'!"il-'11= Line 97-1, 2"i]Aj q.Ai]"l?il i'!'!l-"ic: 'l}-\1-ii- "1"1>11 (11!-\!"1-% UC) 

7} A}\'!"1 'lt'it·~l .!/-11-"12.!i'c 'll''it~'il'. ~"il"l.2..sc~ 11!-\!-"fAJ IIA71 q.Ai]1'1Jil '11-'it 

;;f oj ,fr-?-) OJA;j oJ aj 1,- ll]- ;<J "t-ii- "1 "1 % o] .ii!:§: 1'f c: 0<] ¾ OJ'I}¾ 0<] A] ~ 9-. 111.!/- 'l! Af ll]

"1 =;'ll:'. A}\':!,~ %.!/-"il"i 'l}-\1-ii- -"1"1>1171 'li''it~lc: 1'f.!/-.5!. 71\'!"i ~{} (diffusion) 

"1 '\I 5'.71 ¾ 711'12 '.l/ 9-. ttf 2f.kj op,j ~ 'l}Af3lf"1 ~{f.g. 'lJ--\1 {i-"i] "1 ~ ± 'll 'l-1 "1 

"l % .9J {l -31 , "i "1 \'! "1 <i-½ 'i' ~ 'It 'it Sc~ ¾ "1 '!! 'it -lo: ill' % oJl , I 's! ~ 512. !a!. 'i' '\I 
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Fig. 6-49. Seismic profile of Line 97-2 and interpretation with codes of echo facies in Table 6-16. 
For location see Fig. 6-35. 



(4) Line 97-4 

Line 97-4 (Fig. 6-51)~ ~.£'a"~ 4-11 1,600-2,170 m Al- 0191 ½%~.Al %~ ~ 

:c<JA}l'!:S ',;--Ais'. 7}.'a.:c<]~ .:,..;! 0 ]tj- (Fig. 6-35). '11>1:c<l'\l~ ",.;!% a:J-e.\ 0.7~0.8" 

"-I 7</AI~ $!-C:: ~7</A}"-1 Al\'!:c<l"lE..'a., •l"l'1l"1:S :lo~~ ~it"!~ 11-'l"l':Ja, 0
] 

i'l~Bcl. '110<1711"1 (canyon)½-&<!- .:,-;!"I] 0 1¾~ .:,..;!"i]Ai.Sc. '!!: 'c!o;!o] ,sluj, '11-\'-

1/c ~ "I ':J .!e.'a.Ai ~ ,1 \'! "i] Ai toe -"] 's ~ % ~ 6 1 uj ~ '/J "l'-tl 7II Lj-E.j-,! 9-. Al\'! 'l,,} gj 

lll~~ ¥.- 0 1 2 km 0 ]-"-J- 0 lu'J, ~ 0 1-:£ ~ 50 moll 0 1~1+. 
A}l'!"-1 'lt,l"i]C:: ,:!-',jllfAJ IIC:S _11.olc:: 'll-~¾ -"1'1>11 ("t 6 km, -'i'"ll 20 m)71 

'1!2''1!'11.s!. '!'"1 'l/'1, ::1. 'lt,l"i]c:: 9--'l 11"1'11 (scared zone)71 '!!-',!-tl'1 'lli:t. :::J.ci 

Lj- 'l!~l'lE..'a.C:: \1A.Jll]--ol IIA71 -'/o-'11-'1711 '!!-',!"1"1 '1!~ 0J-'J "1'1%"1- "i"ri', "1"1 

*o] lil..:~:tl-~ ;q¾oJAJ ~ .A] A] ~9-. q-~ ~Ad ll}--'g- IIA~ ~"8 o] %~¾;,;l ¾-111f

(Line 97-1)"1I Ai'"" 41-\'-'i!-'tllf 71 "I :iil.'s "ii•~ -'I >ii L\-Et L\-toe L~ "i •1, 0 1 * >11'! "ii -'i toe 

'll'\ll"f:c<l ~'1 •1'l¾cl"-I 'f-"ll7} l'!:§1-51'1 'l/%% !l."1¾9-. 0lci~ "i'l¾cl ¥i>II 

'I! :§1- C: A I '1! <>il Ai "-I A I oil % "ii "-I ~ 11 "i O l Lj- ±TI"£. "1 ill'* -"I '" % 0 l -'I- ... aJ E. "- ':l 

>l 51 c:: til "ii 7 I ~ I ~ "1 E. 5a. '/> 'ii B tj-. 

(5) Line 97-5 

Line 97-5 (Fig. 6-52)~ ~.£1;:t~ 4-11 1,400~2,190 m Al- 0121 %-'8-~;,;] %~ ~ 

:c<]Af'/!% %-Ai!~ 7}>'--"l~ qjo]cf (Fig. 6-35). '11>i:c<]'(j~ .:,.<1:s a:J-e.\ 1~3° "-I 

7cjA}~ ;!-~ A}1;!1,"A]~~~Al, ~6'1Sl t,Jl~~~:i/t ~it3.J~ ~{!-%½.A]"6j~ 01 fr~ 

Bet. •1"1':l"/~0 Line 97-3, 4"i1Ai !l.9- 'i/-5'.7} ct± ~7}"!-'.lJE.uj, "1'1% {}~£ 

71 "-I i'l ~ 51 -" I ,t-l= r+. A I I'! AJ-!/- "ii Ai c:: 'lac o I 30 ~ 50 m "-I ½½ -"l 'll O I 'If ',r 51 '1 -\'-1"

"'j _o_ 5a. i,J;-'.JJifAJ IF:'s _11.0]Jl 'l/c}. ~'ll Af\'!"-1 ~'ll,,1-\'-"i]C:: 11"1'1171 'llc',!5161 '.U 

E. uj , ~ "I '11 "-I ,1 "J :c<f cl "ii toe 'lac O I "l' 20 m 'ii £ "-I ,1 °i 7 I OJ -'J 51 61 'll r+. 
,'o ,1 \'! "i] ),7 ~, 'lt,;l -It l'j ~ 'ii 71 Y-Et Y-"i ~ .:il, ~~01 {l q 711 5161 '.U C: <fr Af llf 7} 

's-'ll ~l 11!-'J Jif-'cl· IlA7 t -'r--'11 -'} 711 i'! 'le B tj-. 41-\'- 'lJ:A}Jif c: ep,1 ~ '1l •] -'l"i 'l! '11 "i ~ 

"I "-I 'r 'I' "ii Aj c: 'II ;1,'- "1 "-I 11 "I 2- .'a. 'l! •l ¾ cl 7 I ~o I "i C: 7<! "J O l 'll ct At 'a AJ-\'- "-I 

~H±~½Al-o;J.& 5]~~~ ;;i\!!\ ~~~A1 ?j.ll. .lt!ell.91 ~tr~~ .A11% ~ 014-, ~~ 
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Fig. 6-50. Seismic profile of Line 97-3 and interpretation with codes of echo facies m 
Table 6-16. For location see Fig. 6-35. 
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(6) Line 97 -6 

Line 97 6-e':, ~-5: ~--}}~~ 1.r~-e.- -%- Ai£ 7}~;,;] E:: q-,J_Q_£Ai (Fig. 6-35), 

'T{J 500 mSl ~£ "6~7<-j{!- A}ir!oJ]kPl!..Ei 'T1J 2,170 rnQJ -&-~~;,;] ~~71};,;1 ;,;]t@ ~ 

"1"1¾91 1,1-'l.'ljcAJ-% .'2.<>j,i"q (Fig. 6-53). 'i'-ll 2,000 m o]i5)2] ~.£•Jsj~ A)\'l-,0, 

t:H-¥-~ 1t!-,.,J~-'-J IF~ ~{y-£1~1:t A}tt!Sl AJ-¥- (.:j=-1J <1,500 m):__: 'r£ ~0]7} tj- 0J 

~ "lei 1H91 "J-"cs:! >frJ-fllj- (hyperbolic reflector)?) i!--n•"'l,;);,11 ¾1l"1"1 4EJ-4::: 

uff4'- 7]-lil-o] 11~ A]if:}~78~ ~o]tij, s}-{}~~ ~,a- ("r1l 1,500~2,000 m)~ l:l].ll!.~ 

0H-E-~ Al-it!% ?!-:: .~H±it½A]~~ ~-'J~ (diffuse) '-R1r1-lfrA}3!}7} ::';7c)~-2...£. B-~ 

Bet. 01% ~~1'-½7,]'!1·1h''· 7191 ->i"Hl-ia. "i-!il-£1"1 '.lJ:<l eJ,_»_oj, 01:S J.) 0l"iltc \/ 

.;a "I ~ <:! "ii Ai 1'! tr "I ,: •1 "I 11 ;;;' " 0 I 'lt 'it "1 "1 '.ll q. 

'i'-ll 2,000 m 0 ]-'-J-91 ¾¾1,'-:<]'lj~," l!;-',lll)AJ- IIA7) 'l!l"l2-.s'. y-c)4"1, •1"111 

"f 014 'i'.s<.91 'lt'ol'\d 6 ] •I .iil.aj l\l I'!~ •l >i :<] ~ ~ .'2. '1! c). l',l •~,;)711 'll "l £1 "1 '.ll::: 

~~oJAJ ~ zl-~~ Ai~W- ~~¾9-1 A}ojoJ]~ ,¥-¾~-2...£. 18--'an}:5:j-2...£. f~~ ~TT 

.2_ ~~-fr ~.?;:J to] ~~i"g.2...£. ~:;{~-¥]_ oJ:~o] B-~¥1-c}. 

(7) Line 97 -7 

Line 97-7 (Fig. 6-54)-€:- .:j=-{l 160 m&l ~£811,71{!-.2] ~¥1'~ :;a;J-"J--¥-°'1J.l¥·E~ .,=-/~ 

2,180 m2J ¾¾1,'-:<] l\l~~):<] ~.£ si-~>1191 \l'i'¾ %--'i.s'. 7).s'.:<].s.::: ";-:,1. 0]tj

(Fig 6-35). <'- 'i!\'l"ilAi::: :<]l '.ll l!;>JllJ--'l!-91 ';~"ii a:)4 -'ll '/-1,'-.2_.s'_ '-H,: 'i' '.ll 

9-. T:tl~, 'T{J 160~200 moll !?-J;j;l~ ~£.tsHAH}Sl 78-'cf,¥-~ 9--±Sl 7]*~ ;!-.TI. :U 

A]PJ 7i.2.J 7<:JA}7l- gj,~ A]~.Q..£.Ai, ~~'5}_:rr ~iB~~.J.jo] nH-9-- 0J£,~ "5ff::>:iJI* ~ 

-') llj- ;; >C _,,_ '-)' cJI -o1 •1 "i 'l'! 6 ) "ii 91 41-'i'- 'll; J-) 4 ~ 4 el 4 z I elc ·C' l'r 1l ,ij ',i- IA 91 '; AJ 

-3:-- &'?lr:+. !£1!- JI~~ifrA}:il}"E· jfo] 'T' m o]-8"}9-] 4-€:- 7J~0-.£. 0]-T'°iA'J 9.J.t:}. oJci 

~ ~}A}:il} :;~..g. ~~~.2._.£_ -1J% lfrA}1l}~ %1fri>}Al ~?;: ¥-~~ ?iHAHl¾ 1ti:A}n} 

t: t;JlAi~o] .TI.~-31} gil}.9~ ~j'}7} ~DJ.--ft- £cljt.f A}t[.il} ~~ if:'£!~ £j~%~ ~i,j 

:U -i 114-·oJl -9-A•1 "B'} lll 4 El-1d-9- (Damuth and Hayes, 1977; Damuth, 1980; Pratson 

and Laine, 1989). 0]ci~ ~~~ ~-31%~ Ajt~AJ ~£..?iHAi{± A}~]7}- {J6j~o-J .:.g-if 

-\'l ;!2-.s'. ?'lJ-,Jrj-_ IT)4-'i ~al 'i'-ll 160-200 m -'l- 6 ]"11 'IJ>]»f::: 'l!-"1!% 0 1 'll•l 
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Fig. 6-52. Seismic profile of Line 97 5 and interpretation with codes of 
echo facies in Table 6-16. For location see Fig. 6-35. 
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'Ii 0J "I-% <>ii "1 t!I sit"'J 1'! 7,! O p,1- ~ q \'!, Si ll! % O I ,q. "'I ',I_ 'a" Al "ii C: -')1-qj aj til 'r \'j O I 

~71 .!l.q 100~150 m Ol-'-,l- ',/-9,1;¾ '51°1"1-.TI 4''1l~ 'r '.l)q ~'Ii •,J-qjaj tll'r\'Jol 

j;f 7,J-£j 'll 'il 0 1 * E ',PII 711 "1 811 'r I'! "1 lil- 7,J- 0 1 '-1- '1--U>ll "1 •,HJ ~ "I 'i'~>j .Q_,a. 'ii 7,J

£1 'll ¾ 7l'o'a¾ >11'11~ 'r il'-'1-. 

'r-il 200~2,120 Af 0 1"1 ",-5:.t!l;<J,U Af\'lt t1l.\'-11c l'f"JSit-')1- IF£ 11c¾51c:<11, Af 

\'!"1 -')/-.\'- ('r-ll <1,500 m)c: 7llal- 0 J •J.iilaj aj.TI ~S'! :': afe.f ,:jA}7} 7~8" -"' jl-7.j 

Afej =;,jj:S .!l.~!i:J-. 'l!c\'!<>11 'r-'-J 1,500~2,100 m Af 0 1"1 "f.\'-Af\'!,Q- i!i:JI 180 m lY 

0 I "1 {<--iJ'"J i'f :,-}{11,-½ ;<] 'll ~ 0 l "il-"l-S'! 'l}:Af sit '-1- 'll oil~ .l£ I'! 'lr-"I ,q. -"'-'1 '-]-E} '-]-aj ' 

O I ~ sl--U "I 'lJ A f O] "ii C: 'Ii "1 'lj "} O I 'If ,r £j oj '.l) 9-. O l ~ sl--U,hi• ;<] '!I ,!" .g. :>j ej "l 

aJ % -"' "I lal-51 oJ il ,q \',l-q. 

'r1l 2,100 m 0 ]-'·,J-91 ¾~~"l'll~<'c l'f"Jsit% IIA7f '@'ljaj.Q_,a. '-]-E}'-]-aj, •IP<i'll 

"l- 0 I '-1- 'r ii'. "1 'Ile ,;t ill. 0 l • I .iiL aJ 'll l'f ~ 811 >i "I '!! ¾ .!I. 0 I al , -l'-11c aJ .Q_,a. 'ii "'I 51 oJ il 

9-. Line 97-6<>11 71"1 %-'-l"l>il 'l!~ 0J,jj '.I! '{]:~aj >i•Hi- "iaJ-¼"1 Af 0 1oflc: .\'-;\'caj 

.Q_ ii'. ifil ;a, 'll ± "ii .£ 'll-~ -Ii- "I aJ ¾ 0 l 'll >151 oJ il t:1-. 

(8) Line 97-8 

Line 97-8 (Fig. 6-55)<'c 'r1J 160 mej ",-.S:."11"1{!"1 'lJ-')/-.\'-oflA7.\'-E7 ",-5:.~,U>ii 

"1 \t"l-Af\'!¾ 7'17.j, 'r{l 2,180 mej ¾¾;\'-0<] 'll~7Jf"I %-A7,a. 0 1oJ"]C: 4',.;1°1"1-

(Fig. 6-35). -!'- HI'! <>Ii Ai c: '\'f ~ £I :: "] 'll '.I! l'r -'a sit-'))- "1 =; 'li .g. <Ii -1'-li' Line 97 -7 "ii 

A79} -Jl-Af1'fq, r.f'l]- 'r1l 700~!,700 m-"l ",-.S:.~tl'il Af\'!<>11 .\'-;\'c"I.Q_,a. ,Vauf-'-,J

IIIB7f ;,;-'jjaj.Q_.5, 'i'l:~'1!"1-. 11!',Jsit-')J- IIIB1= •l.iiL"l {<--iJ'"Jlil-711 ¾'ll;;fc: "'J-"f.;1 .l£ 

\'! 'l): Af llf 71 =; 'll ,e_,a.A7, "'J-"l-1l 'l! Af SitsJ lY O I c: i:Jl-1'-~ 'r 1l m o l '-ll oJ "l 'l]- 3.71 "ii 

q~~ 1t!§}7} 't'.9-. oj~~ -Y-J-~1! l~!J+Irrc ~£§}~~1~ o]lf.Jl :U';: ~{!-'if~!il 

'll -1'- 7} Jg- 3lj "I \'! 'i ~ Af I'!¾ rrf e.f -,r ei 'I! oJ "l q 7f Af \'! "1 '11 'll 1'! .\'-{!'-<>II ~ ¾ aj .Q_,a. 

.£ oj '.l) C: % 'I- Ci 7 I "ii sJ ~ 5/ .Q_ £ "11 "'l 1'! 9-. 

(9) Line 97-9 

Line 97-9 (Fig. 6-56)c: 'i-.S:.sl-tl'il{< %-Ai£ 7f,a.;<]5'.'tc <\'S'l.Q_,a.Aj ",-5:.ej 7J 

A1~ o]-'f-.Jl 9.l';: -&.£.:§}{!-~ :g ~%_9.j 1d-.!j!-§- A]t.} &5:.~~{}!ij ~~A}1a~.£ O]oi 

's)q (Fig. 6-35). 'i-5:.§J-,U'ii ..-ll!%t 'r11 130~160 mofl ~*11'}.iL '.l).Q_uj, 1'- <\'~ 
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Fig. 6-54 Seismic profile of Line 97-7 and interpretation with codes of 
echo facies in Table 6-lfi. For location see Fig. 6-~5. 
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% ttl-21-,,_i;:: c]-,eoe] 7}.,,_% .!I. 'l.l cf 'il-%~"1 ';· £ •1"1-U"l '11-1J-.!/- 0 1JAi 4 oHf7f;,J 3' 

"5flAi1a o}?Jl9.] 1R¥-~!-,'-}lI}7} filo]. 3¥-i!>,1"8-}Jl "SY 0 ] Tm ()]"8"}~ ~,g. 71*~~ o].ir-~ 

'cl "11"111¼ \l}).fllf:'s .!1. 0 ];:: ,Hjllf-1)- IA"l ";,,_Jo} i'f~-<lcJ-. o]e1i'l \l}Afllf ~'ll-& 

'll'ileJ •l 0J"i-%<>il "1'11 'll"l-<l -"-'114 "t'!!4 {!:t ~'ll'!! "1"1,.-£ 'ii"'! :ug ~ "i 

A} ~tj- (Damuth and Hayes, 1977; Damuth, 1980; Pratson and Laine, 1989). 0 } "1 i'l 

~ '1 '!! "1 aj ,.-9] 7}-'114 -li-'1-4'11 :i "1.:i!. 'll "~ ¾ 'J! %9] 7} ~ .g. ~ £'ii "1 ~ ¾ 'J! % 

:il}- %~~ ~..Q..S~ ~ T S!.lt:l. 

9,;J 160-2,150 m Af 0 }9] ~£:o]-~>i} Af\'! (?;j}.f 7~8° )-& '.lfAi 7],.,-,! l'l:"1lllf 

~~Oj]Ai.2} ~ 01 tH-¥-~ '{:!-{jn}--'c}- IF.£. ~"ff"£l~t;Jl, T1J~'r~ m ~0]9.J ¾TT:!]~ 

:of~%½;<} '!I% oJ ""J-"1-t! \l}Af]]j-1.j- 'Jl <>I}~ .l1 \'! \l}>fllf ,c>i l.j-Ej-1.j-uj, oj a, ~-U%½ 

;<}'!/%.g. 71"1 ,qaj,.-3' ,11-1'1-'1<>1 '.UAI ~tj-. !£~ ~£"11"1-UeJ *~Af\'! 9,;J 1,05 

0~1,150 m"il>Hc 'll--"l'f%fol} "1~ l'l:>Jllf-1)- IIIB7f ,;-'l}aj.Q.ss i'!:~1"9-. 

(10) Line 97-10 

Line 97-10 (Fig. 6 57)-& ~£:of'-U>il* %-,.1ss 7t-"'"i"::: ~-('.!2.ss,<j ~£9] 7} 

"1% 0 Pi·Jl '.U-t' ~£~-U'il ~'!!%"1 ',l-.!/- (4',;J 100~170 m Af 0 l"il -?jc'\I)~ "14 

~£'11"1-UeJ "1-/ll'Af\'!2.3' o]<>J1!tj- (Fig. 6-35).;,. 'i!\'!ol},<j i'!:~'1;:: "I'll 'al" 

AJ!r)-,7]-!aJ ~7c1.g. qllj!~ Line 97-9°1]/,i.2} ¾Xf-'3'}-c}-. 9-~, §J.~~l ,'-l-1aot]Ai "€¾:;,;]~ 

2j 7]~o] 1]-cJ<S] _;}o}.A]JI ~.!j!- ~~~ii}-%¾ ~]~ii}.:il~ ql.!j!-~ BJ.ii!.~ aTI,E-~ t~ 

"1.Jl\'!o] 4--'ll•f'il '<!:~Be]-. 

(11) Line 97-11 

Line 97-11 (Fig. 6-58)-& ~£:,}~'ii:', %-Ai£ 7}5SA]";:: ~-('.j.Q.,c>i ~£9] 7} 

"i~ o]','-.:i!. '.U'e ~£:oi-~'11 '1!-1)--';'-9] "1-.!/- ('?-11 120-200 m Af 0 Jol} -'11*1)~ "14 

.:i!. '.UcJ- (Fig. 6-35).;,. \1\'!<>!IAi'e i'l-'1-J-SS};:: ;<}OJ '>) "''Jllf'J-"1 ,;-'l}t t1l-1-"1-

Line 97-!0oll•i<>i· %Af•f9-. 

(12) Line 97-12 

Line 97-12 (Fig. 6-59);:: ~£:o]-,U-'1}9] "1-?ir>f\'!¾ %-Ai,c 7f3'"].s;:: ";-('.!2..s'. 

'i (Fig. 6-~5) 'i"-11 550~1,950 m Af 0 ieJ -l!--ir"i'i! :o]-~';1-½:<]'lj ~ .!l."19-tc W'a"1-
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Fig. fi-53 Seismic profile of Line 97-8 and interpretation with codes of 
echo facies in Table 6-16. For location sec Fig. fi-3.S. 
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Fig. 6-56. Seismic profile of Line 97-9 and interpretation with codes of 
echo facies in Table 6-16. For location see Fig. 6-35. 
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Fig. 6 57. Seismic profile of Line 97-10 and interpretation with codes of 
echo facies in Table 6-16. For location see Fig. 6 35. 
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Fig. 6-58. Seismic profile of Line 97-11 and interpretation with codes of 
echo facies in Table 6-16. For location see Fig. 6-35. 
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Fig. 6-5!). Seismic profile of Line 97 --12 and interpretation with codes of 
echo facics in Table 6-16. For location see Fig. 6 35. 
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AJ IF7} ..<r-AJ]B'}~J tl-%~9-. 0Jt~~ ~{±A]1~..g.. 9-£- ~ 0J7} Tinf moJl 0]29 o:J2-i 

;jej "'J-"l--cl '/l·.Af~}7} -11cit'i.S};,JJ ¾'il"i01 4144:C nff-¥- 7]',- 0! -ll~ -"]'IJ';A.J¾ 

!i'. 0 1 "l, :of-U--'I •~ "-I ,<} 0 1 ofl::: B1il "1-'iJ- IIIB7} ,; 'll "1 'll"i ,t.sf~oJ C.:--'l-"l .2..ss 1'!~ 

'e!tcJ-. :of-U-"11 Af\'!ej 'lf\'!:-';'-of).>,1::: Ufill"i njs"~ •H"lli\'!.slf- "<-U-B (diffuse) <H-';'-1'! 

A}.!!J-7} ~'ll"i"'c.ss 1'f~BtcJ-. ,;s-1, >,.Sc:of{f>IJej %"\-'c 'lfl'!::'. -';'-1,'-"J.2..ss -"l"i~.ss 

"' "l- "' 01 'll ::: EIJ ' 0 I " -"I "l ¼ .g. "'iT 5'. .ej 'll-lHi- "' "I >ii eJ 'I'! >H .£ 't) •H 'I -'I-¾ r1 7 f 

ef5, 'll•Js-f.xJ ·1,1-.g. B1il.!!J-i!- IIA~ ';'ll"i.2..ss !i'.~lef. 

(13) Line 97- 13 

Line 97-13 (Fig. 6-60).g. ~£:§l-tl~.!4 ~-~A}ll! g %-Ai£ 7}~A].S~ ~{!-9 . .S::. 

Aj (Fig. 6-35) "r11 1,750-2,250 m AfoJ .ej -l,·i,-"i ~ :of{f~½;,cJ 'lJ ~ -'e,-'lJ "J _6 _ _?_ .!l_ 

61'/'.:il. 'lief. ~-U-~½0<J'!J-& qj-';'-{,', ifr.AJ.!!J-.AJ- IF.ss 1e--l1-"iuJ, 'll-'/-1=? mofJ.Ai ?-\l 

m -'i'-'-'lleJ -"1"11'"51. "1-!al-"101 'l!ef. :of{fo<]'!J Afo]oJJ::: -14- 1km, -,,1°] ?-\l m.eJ •H•i 

,fl",-:, (gulley)•>! '1£,r"i01 'llef. 

?11 2,100 m 0 1-'-J-ej Af \'! 'lfl'!:of! ::: 11±111-"fi!- IIA7} ;;-c,J "J .2..ss 1..-J-E} 1..-J-uj, -';'-{,',>j .O . 

.s1. 1l ""I 'el ~ "I -~ .l'. w ~ ef c± eJ 7 I ls- 0 I i'l ~ B tcJ-. 'll'» .sf ?ii 'll "I "i 01 'll ::: 'l! ~ 0.l'-'-J 

~ -TI-ti~ ~~-'ff' .lil~*.!4 A}o]oJ]~ J,l-~~2..£ 1c!-Adli}~~£ f-9:!~ 5::it:51... ~-1:l* 

(14) Line 97-14 

Line 97-14 (Fig. 6-61)::C ?11 2,000-2,300 m Af 0 Jej >,..5cj!J--ol-;JJ <J-'c.Af\'! 'lfl'!: 

% %-Ai;,. 7f ;,_.x].s::: e\'-cl.2..ss'i <Fig. 6-35) -:.1-iT"i ~ :of{f~½"l '!!-a- ,; 'll "I .2.;,. 

!i'.61'/'.:il. 'llef. :oJ--U-~½"l'll-& Line 97-13of).>,i i'!~£1:C AJ--';'-Af\'!ej "i'l!ofl •1•1 n-
5'.7} "}o}'.lJ,.2.oj, %'1'Af\'!ej ~¼0<]0J~-& ?-ll m -'i'"11"1 -"l"i¾.2..£ "1ls-"i01 'll 

ef. •1 "I ~I "i- cs .,s, I1l >II "I .2..ss -'t O I lil ''1"I .:il. -'l-1e-"i 2.-"-::: -"I "I 'ii--"- ¼<1 "i 01 1..-J-E1- 'd

ef. 

?11 2,200 m 0 J'1)-.ej Af\'!'l[\'!;,O, •lill"i ojs"~ "11;,J0<]0J½ .!l_o]uj, -"l"i¾-& ,HJ 

-"Iii- IIC"l c±i'/-5'. 'll-lHi- -"l"l>IJ7f t,J-,J ef.AJ:il]-% llA;a ";'lJ"l.O . .?. !i'.'l.1ef. 
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Fig. 6-60. Seismic profile of Line 97--13 and inlerprelation with codes of echo 
facies in Table 6 16. For location see Fig. 6-35. 
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in Table 6-16. For location see Fig. 6-35. 
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(1 !1) Line 97- 15 

Line 97 1S ffig. h"-G2)C ~.T..§},,,:li~] ~-~- T-"rl 2,100--7,,3~0 m A]o]Qj },H1'i1c.l· 

1;1-91 <5)1,<i~"tl~- %·-Ai5'... 7}.£.z] 2 -~:- :;{!o/r} (Fig. 6-::l5). ~ ~J'?!oj])cj;~ '8-AjTij-~ 

IIA7l- -'t-Ai]Ol-r11 'c!~-'iJ~L~l, _....r-,,.J 2,250 m 6]B}£j %~ A]-~~18-oJlAi~: ~6loJl .9H} 

;:!.Q.~ ~_;,:d-~t:· ~Tf<~JV} /]~ 0] L+EI-Lf°l, 41-f-~A}4£ 31J~j"i5f-.A] ~j! ½lT~"5}l]] 

7J~Br.}. oJi'-~~} 0J,,J,:'. "H"~,q~ §}~~l A}~oiJAi _2._~ 71<! %~ .zJ~~.2..-~ w.,_J! 

-t} '€\JIT, ~2j-o]_t_:__, ~A,i'ff' 'g.Q.j ~~~ ~~*7]- A}'t:!~~9-) ~<4¾~ {J6j\5']7-l4° 

;:Jl%'6]-~/] uffR ~ 1!.2..£ <'>B,~'i!rJcJ.. ~"I1 ?;=-AJ 2,250 m 0 ]-"J~ AF¥ A}~~t±,': ti] 

.ill.~ uJlt~ ~;~A]f>s,& 12. 0]tEJ], ~~*~ Lll-¥-oJ] lf:Fjn}AJ llC7}, ·'+;,;J~l ~ll?:f>s2] 

'llc~ -Ii- "i 31-'ll 7f ~ ,n "I 6l 1'!:~-tl 4. 

(16) Line 97-16 

Line 97-16 (Fig. 6-63).g. ,&£~~~1~ %~ A}~¾ 'it-~.2..£ 7},£A]g. -~"d,.2..5~. 

Ai (Fig. 6-35), ce:- £ "' "J! % .2J % 'r ,'f 'l! :i!f ~£•II -'i ~ .2J 'll ,il--\'-"l- :i \l"'r Al '1!. :. 11. 

9 'f' "- ~ 9. 'l! >iPI Zl -'I '1J 'a1 11-'8 :i!f-'i c; 711 ~ Line 97-9, 10, l l "il-'1 "1- >H 4- -fi-"I 

~ril, ',"-{l 160 m '-ll.2J.2J ~£•1>1~ ½"!!%~ 11-"'J:ll}-"'J- IA71 'i'!:~"19, 'f£•17<J~ 

~ *~ A}1B-& ~it31V} %½A]~~ 12. 01~ B"Jn}-'c}- IF7} -?-Ai]~l-lll Y.Ett±l:t. ~~, 

'f{l 160-1,700 m<1 \l"~ -'l\'l"il-'11'c 11¾1:i!f-'al- IF.2J ~cl:,,11:i!f l'HllJJ--"J- IIIB.2J ~ 

~19',g,}~ 01 .;;---¥-;;,;i2...£ ~~!at:}. =z.2.j~ "Y{J 1,700 m o).AJS>l &£~{!-~] \f~ A}ta 

W\:!oJl.Ai~ ftl-"J:il}AJIIA7} ~~ 0J til-~ 0J-',j/~l?f'fi" ~~¾oJ BJ.ii[~ uff't='~ A]t{,Jg 

O] ir- 1i~Fi * N_ -t}, JI. '.U t:}. 

(17) Line 97-17 

Line 97-17 (Fig. 6 64),& 'fx~~-'11&1 \l"~"il-'i-\'-Ei .2.'1]'\ll.a -'l'l!.'l!'i±:S "1-iel 

'il~-tl -"i-%-\J"A] ";{l 0]cj- (Fig. 6-3.'i).-,' 'i±'l!"il•i::: ~-"il-W-~I £1•1 'lPl-tl -"Pit· 

g .!l.9·71:c "1-cl"1--"J- IIC71 4--'1l1'1>11 'i'!:~-tlcJ-. "1¾1"1--'al- nc::: '111I (wedge) <Jc1"' 

~A ~~~ LllN- ~}A}lf}7} ~~ BAJn}~..9.~ -!y-~~ (acoustically transparent) 51 

~~)l.QJ ~~g_ {!~~.2..§.. 12.'t}t:}. Jf¾lfl'A}~~ i:H¥-~ Y m~ ~o]~ ?t~, U].lli..Xj 

'iJ- "I -'I ~-"- ¾ 1l .-1 ::: 5' ii-Sc ""d-"l- {j 'l! ,\ f 4 7} 4--'il -.1 711 y-E1-\t cj-. 'ir 'll ~ 11 * "I -,j 

>11£1 -'f-"11~ 10 m 0 11'1"1l-'i 25 m'll-'l 0 19, 'f'll,1-.¥.',l-',Jc: 'r'- km"il-'1 91:I km?'I 
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"i cf\l'"lJil 4Efl±cf. &£"1--U>IJ.ilf 'il"'I' ,f',! 'll:BoJl;c epc.sj \ll:'. -'¥-•11.eJ "i-'l"1I 

61B O VJ- 0 I 'r "1 "1 "1 '.sl cf. 11: '1l ~ <'! 'il" 'I' <>ii i'!: ~ "1 ;:: t1l Tl- .'i'. 'll -l! fl- "I -SJ "II .ilf s-f.'/

'c 'l}-lj-i,- 0 1%<>11 "1"11 ~f-'1-.ilf ~!"1¾ (1fHJJJ1--ir IIA) 0I {1"1"1"1 9Jcf. 

'-!-. ~-'il'tll"i (BASAPES-96) 

(I) Line 96-2 

Line 96-2 (Fig. 6-65);:: ¾% ... "ITI ¾.sc (Ulleung Interplain Gap)~ ¾%"11"1-U 

(Ulleung Seamount) ~ ¾"'8-.5:. ~{}-~ %~ A}1a g %-A~ S:.. 71-S:..A] 2 ~ -q-1,-1 o] tj

(Fig 6-35>. ¾¾"11"1T"'-"il,.1e t11-'I-.,_ ~f, 0Jil "1"1%.ilf n~ai~1 "1>ril· "1'1% 
0 I jil ~ ~ % "' A I -af 'c ,HJ llj--',,1- l!A7 I =: '11 Sj .Q. £ -\'I: '!!-£! oj ' "11 ,j ;:: 11 "I "ii .ilf ti- )l .Q. 

.SC &oJ;:: cf 0J~ 'i/-.'i'.2J 7J,l,- 0J 4•fl±i:J-. "tiiJ %¾"1l"l-U.2J %~ .>.f',! 'r\'!"ili'c 

l;- 10 km 0l"J-, 4°1 50-80 m2I .'i'.§. (moat)7f 'il'a"l"i 919-. 

¾% oll ,J {l-,4- T'll 850 ~2,200 m .>.f 01 <>ii .,_ .'1: f>ff" t1J, 'r .SC -><J-;;::-<'! ~.>.fllf .SC 01 -'1-"i 

's! 'i!'a JJt"J- IF~ ~'ll "12-.sc .s'. 'll cf. '; s-J "11 "l-U.ilf 'ltB-'/·<>11;:: "i n1"1 ~ 'll 11: ,;oJ 

(10-25m)aJ -\ll--'l-<'i ~.>.fllj-7} Tr~ "1 .0.£ is''ll "1 "1 4 El-4'e .},jj llj-AJ- IIIA7f i'fw'i! 

cf. oJc11! -\1)--'}-cj ~.>.fnj-;:: Af'/!.>.IE1J"il .ilfvf -;,'ll"-4 -;;e1°1_cc_, *-ll* '1"1¾21 .l!. 

"a7l~·It ~~-tl-'C 3;J_Q_~ ~~~cf-. 

·£-¾Z~?<J{!.i!} -&-¾X:§1-{Pll ,"}o]Q] ~A]Jla"f!oJlA"H~: 'c!-AdJI}AJ IIA7} .:i&~£JA]1i}, {J 

.,,1<>11 <lti- "11"1T.sc,1 -'l-.,_"12..sc Lf!Sf,t '1!', '11-'I-* 'lier~ "11"1"1'il-& &'lli:J- ¾% 

£ "1--U '11 .2J .>. I \'l ~- .Ji '1! 0 I "I n1 "1 ufl i'" ~ 'i! AJ nj--l)- IF 7 I i't ~ "1 oj , .>. I '1! 'lt B "ii 

"l 2-.ss % ½ "i 'ii O I i'!: ~ -l-1 i:J-

(2) Line 96-3 

Line 96-3 (Fig. 6-66)!: %¾ ~Al~l- ¾£4 -&¾oll.kl-t!- ~ %¾£ ~{!-;.i;JJ %~ 

"1'1!:S %-.>.j_'s'. 7}.sc;,,J"·:-C ";{1°11:J· (Fig. 6-35). -l'- ',l\'loJIAi ff~"];:: :<I'll 'I! I!: 

,,.jlll-_.,J:: qj1f.{t- Line 96-2oflA~.S>.} %A}<5}tj-. tj-1?~ ,i-~5:.~{!-;i.JJ~l A}~~B"oJ] ~Ad.!l} 

AJ- IIIAs'. lc·il-"1 'tc 3'J "J % ·le Sj -\,- ( 'ii- 'lJ ll, ;;, cf o j _cc_, 'll-ll .jl- % ) "i -3j >iJ 7f {! % -"J ui . 

·%-%•fl Al {1-.ilf "i '8 °1 Line 96-2<>1I .>.i eJ •fl ufl ~ *Tl-"! "I Jil "1 "1, %1l -.1;:: -\ll-"i-<'i 'fr 

Af"fi!f .'1. 0 1;:: -•M!%½:.<I 'ii 0 1 ~-'ii"IJil cfe.J-\:lcf. 
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(3) Line 96-4 

Line 96-4 (Fig. 6-67) "1'-1 %¾ 1"-"i:U: ¾.sc"t %¾•1"1-U 'I! %¾"' ~-U'il % 

~ ,qia~- %---Ai~ 7}~A].S.';:: ~~o]tj- (Fig. 6 35). -r!- t!-1?:!oJ]Ai ~~5']~- .-<]~ ~l 

i=J-'gI!}AJ-~ r~-¥--1£- Line 96-2, 3ol]-"i~l- %A}i5}tj-. tj-uJ %-~?iTIAi{} '"f'"~oJ1Ai #-.¥.-8"}-t

i=J,,,J.!ItAJ- IIIA~ **£~-C ~.?4* ~~ft (~~ll, '0'~}o]~, <=tl-~* %) ~~~]7} t:i 

0 ]-'i} \'Jc~,;:j;<J ?,c;::q_ 'l'~} %-'.l-"11>1-U:ilf %¾£. ~-U>ll ") 0 1"1 11::<]'lJ-'iloJl>j 'llc\.t 

"1-;:: •1"1'T'.sc7f C7 °VJ- LfE}Lfs] \){;::cf ¾%£. ~-U'ileJ >)\'!"1 7]"\-c' 'il""'.2.J 

~~o!l4.!1.ct4~-TT~~~\'!4·~~~44~LfE}~q. 

(4) Line 96-5 

Line 96-5 (Fig. 6-68);:: %¾•1•1-U:ilf ~S.:-Cil"i >1°1~ %>1.sc 7}.sc~c] ¾%11-"i 

TI: %.'a.77f"i 0]oj"]i: ~~ 0]4 (Fig 6-35). ¾%£. ~,;J->lieJ A}'l,% '1].,~ '1 S]"'i 

oi1 "1 71 ,,_ 0 1 11 ~ ~ "I "l '11 ° 1 -'t- ,11 -a1 -'II Lf Et cf ni , 'fr-'il 0J 'a "i "~ :i!I n '!! "l ,1 "'* "l 

'1 g_ "l-"l"I:: '<!'d4"J- IIA1I cJl-l'-1"-"1 "i"'io!l>i \'Jc~'ilct. >1>c"1 %-'ii-,;c~,;l-'il -'I 

'c!o!]>j;:: %½"]~~) 0 ].oj- ¥>'11.'il e!:-"a4"J- IF7} .!/-1"-'12..'a. 1'!~"11]£. ~4. %% 

-,Cc<]{]: %ss "i"'ioJI;:: ajcj 71"1 4°J~ TT'i'. (:/1;· 4'"'1-'i"'ll m, ,1°] 10~30 m)"l 

~Ai~~7} "5TI~~ ~~!?_~ 1-'8£l6i ~.Q..9, ~Jj!- ~~Y~Sl 1:1]-~.g. ~¢:J~ii.. * 
"1 !ii oj '.ll 4. 

(5) Line 96 6 

Line 96-6 (Fig. 6-·69) ~ %¾"5TI Ai {r:i!l- ~~tjj AJ ,qD] ~ %;.i ~ 7} .?.~ c-] ¾% ~ 

::i:]{!- ¾~n]-A] o]op::]';:: ~{!o]r+ '(Fig. 6-35). ¾¾ ~;(lZ! ~!t.oJ]Ai';:: tli-¥-* it!-f.l_ 

0J,jl "1'1~:ilf Zl:'!!'1'11 "l"r-ii- "1'1%•1 "1:,col] "1~ lfr'a4"J- IIA7} !;~'12..sc ¥le 

~~1"1, 11',! •1•14',c;:: Line 96-50il-"1 .!1.4 TT"'-ll 4-tc '\,'7}-ofaj LfcJ-~4- "tsi 

•i>c<1 ~C,:qjes] Af'l, 'lt'i!<>il"1~: 1'-n-~~ ':'i-½c<]1°1 ',f-'jsf-'i} IF~ _l;l_o]uj 7]-!>l-o] 

{l-q!- i;p;~A]~ ~ o]1r-Jl '.Uct. ~-;;-qp~]st %¾£ ~-:+,lJ] ,.qo]oJ]~ ~ 2-3 km, ~ 0 1 

1 oo m O I -'ii- "1 cJl-it 5'. •1 , I 4' .£ 7 I 'llc 'i! "1 oJ '.ll :;,., "i" .£ t1l Oil tc "i '1 ~ 0 I 'll S1 "1 oJ '.ll 

4. 
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(6) Line 96-7 

Line 96-7 (Fig. 6-70)-l'c 911 1,600-2,300 m Afo]"] ~S:-tJl"l Af\'l-:,- -'g-A7_?_ 7} 

;a_:s].s;:: ";-1'1°14 (Fig. 6-35). o] :s]oj,". tJl-\'-1,'- \'l-A,j]Jj-AJ IF7} C:'li'<i %-it"!~., 

{l-~-½A]1°l f-A-{1"15"}9". ~{l-~-½7l0JoJl-C 10 m 0 ]"8'}Sl s.r..g. £1~-;i- 0 ] {1~5:JOi 1)_..Q.. 

uJ, "1 "I% ¾"I it Lf 'll-"1 't-af<>1l -"l •l {I "I'<! "1 "l "11-"l e>l i!1- :sJ --'I -af::: %-ll -af;:: ~ 

"l--1-l '1)-Af .llf £ ,, 1-'i' "1-<! l'!",j .llf AJ IIIA"l- IIIB7f •I -"' "I 'll 1'1- ti Af \'l "i "1 01 Lj- J.f \'l -"l 

'!£'<!.!/-"ii J.7 Ss- :s] "l .2.!a. ... ~ '<! 4. 

(7) Line 96-8 

Line 96-8 (Fig. 6-71)-l'c ~o/til><IO!- %¾1!'-><li'!: ¾!a. ><]oj;"; -',j-A7s'_ 7f"'-"i-"-l= 

~{! 01 q (Fig. 6-35). 'T{J 2,450-2,580 m~ %¾~,Al :U- -'8 £ A]~ oJ] ~ ~ 50 m ::a 

0 1 -"l •l "19 !a."i· tiSl-tll ><J 'l!'i!"il 5'..s (moat)1f 'll-'it-"l "1 W.2. uj, l'!",l llf-1)- IIA ~ 

.12. 0 I ::: "1 "I ¾ 0 I 1l 61 "il -"l '11 %-rr al ti '11 "1 "i 'll % 0 I -'i' 2 W 4. 

911 2,500-1,500 m'<i tiSs-tJl:s] Af\'l,0. ¼1--rra!-.f711 ¾-ll-.fc: "'J-"1'1 '1)-..<fllf (IS!>,l 

.llf-1)- IF) ;a_ 0 I -'r-·"1-<! "'~%½"1 'll O I ~'li "l .2.!a. -.,~ '<! 4. ~Ss-til :sJ "i "1 .<r. '1l '<!cti 

'11"1\'l ti1'8 9·~ 1,500-1,800 m J.} 01"11 7]"\- 01 11~ %-it"! 0<]",j~ .12.'<!4. ~Ss-til 

><I ><I <>l .g, til .!/- ,l' 1'1-':J 4-'J- 11A ~ .12. 0 I e "1 "I ¾ 0 I 'II "I "1 oJ W 4. -"I "I ¾ "1 '-1P/- 'Ir 

..<}:of;: 014- ~<:r (diffuse)"1"1 ',I- ,'-1,'-~J;,] ft";: 114-£ WcJ-. 

(8) Line 96-9 

Line 96-9 (Fig. 6-72).'r. ~S,:-tJl:s]2J- %¾ ;/-><]:(]- ¾!is ><l<>l% %-J.7.? 7}.?oc]_.a_;:

~-1"10J4 (Fig. 6-35). '@'ll-"l'cl "I'll ',.l l'!-'J.llf-1)- ~A,l~. Line 96-8"il>i2J- ¾Af"fi:J-. 

4'll \l-'"i"l %if 1!'-><li'!: ¾!a. :s]ojofl 'llc'it"1"1 W'ii •l"19!a."l- £.s7f '11"1 911°1 

'1"1><]\'lJ.7 ti 0 VJ i'!:~"1><1 ft"c:4. :;IA} 7-8' -"l ~Sl"til><l Af\'l:i!f 0.1' 0 ]-af"] % 

¾ li-><li'l- -'a--"- <1"1"1 :;l;,fl;:: ti]ii!"l 'f'l!"i-711 Lj-EJ-Lj-;::ci], o];:: tiSs-til><Jia.-\'-Ej % 

¾ 1,'-;<];:} ¾!a. ><]oj.2.!a.5!] >'1'1% -l;'-,J' 0] 0 Q4, :.<l]ti"1oJ Wg :S "]P]ti4. c;, ti~ 

til ><I ;a_.!/-El "1 -"I "l -l'! -l/-B' 'll' 0 I \'Jc We 4 \'l tl ~ til ,q ,., \'l O I "I-\'- !a. '!le 9 !a. 'll ~, % 711 > I 

;a_ -"1411 %¾ ,,1 "17" ;a_ ><I "1.2. ;a_ 'll ~l -'I .2.-"- fl 0 1 -af 711 'o! 3! 0 I 4. ~'1l. ~S:- <11 "i oil 

;:: I'!: 'a "1-% II!Vf 4--'ll ~, "i 'l1- 'll-\'- "1 ,c] til "ii ;:: l'!c-'J .of% IIC~ .!il. 0 I ;:: 50 -it "'-"1 "1 

"''11 'll-11-\'i- -"i'~'i]7f i'l:~£17]£. tii:J-. 
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(9) Line 96-10 

Line 96-10 (Fig. 6-73).g. ~~tJlA]Zj- %¾~A]{!-¾.£.~-¥- ;,;]~f- -%-Ai.£. 7}~.x] 

_g_~ •~,:::fo]r:l- (Fig. 6-35). ~1il-~~ Aj<'§ ~Ad? Line 96-8, 9oJ].J.1.2} fj-A}.5}r}. 'T14 

2,600 m o]AJ9~ ~~qjA]oJl ~~~ ¾¾ti~A]4'-.£. A]~E'.. 'T"~ lc!-Ajn}~ IIC¾ .!i!_o];~ 

~1!* ~~i*o· -&~~-~ ~jl 'V_.Q..dj, {l6J~Sl "Bl1A~4'-£.~ ¥!-~~Al '3f~t1-. 

4'11 2,600~ 1,500 m"l 'll's-<11 z] J.} \'! 2. <11-it 5'."l ~~~½z] '1J o] y-E} c.} Pj o] ½ 

~½-¥-~ A}-~.,g. tj-A] ¥*~.£.§. *Tf~~"i5}71] ?;°~ii)-~ ~J-~~ Jft,q~ (1t!-AJ.If}-'cf IF) 

~ .>;_ 'tl q A I\'! "-I AJ-1/- Ol- ~Pil A} z] '1 "ii le 4' 11 m ¥-"11 "1 "1 aj ';; o I 1 aJ Si 61 '.U 4. 

'l}'?,-tjjz] "i S~ 2. Line 96-8, 9<>11 "1 0l- "i _iil_ •IJJ.i {!"1) aJ 'l! •H zj \'! "1 7]'!- 01 4± {l

e± £1 'lJ _,I. ,Fa ,~% nA ;a J;I_ 0 1 :: "1 ai ¾,., o 1 ~"'" r11 "i "1 "1-"I r11 oi- 'l! 7,1 /,} ,q "l :s ,, 
J1 '.Utl-. ~Pi%-91 JE~ofl-C {l~oJ] s]~ ,?i!.!1..£. .s!. 0 ];:: ~ 4-~ m, ~c] 10 m o]o5l

"1 ±-iJ-5'."l 7]1'-a;o] i'!-~"14. it7</A} ;.:]ejoJ]A1 "1"1¾½~ 11-"i-8: 'l)co} ¥-"1171 AJ

't""I {l-±"14. 

(10) Line 96-11 

Line 96-11 ·'.Fig. 6-74)t ~~tllA]9} 0lo\l <?_l~{!- %¾~-A]Z!- ¾£. ~~ A]~~ 

%Ai.sc 7}_sc;.:],,:: ~{! 014 (Fig. 6-35). {!11!"1'1! -"I'll ~ 'i!-1l»VJ- =:•a~ Line 

96-l0"i]AjoJ- ,')-<}.-}4. 

(11) Line 96-12 

Line 96-12~: ~~t:Jl.x] (Korea Plateau)~ %-Ai.£. 71-.£.A] <= ~ ~~.£..£.J.i (Fig. 

6-35), 4'11 2,6fi0~!,200 m"l 'll's-<11-"I A}\'!"1- 900~!,200 m"l ~c;:-tjjz] "i"l% .>;_oj 

trt:l- (Fig. 6-7Ei). 4-~ 1,200~1,550 m~ ~~t!l.A] AJ-Jj!-A}1a e. ~~ qj,t.£. ~~Al1i:J 

% >1121'"1\'! "i-"''4 31!~~ tsil"ll'l"f 1~2° "l %'llc~I 7,1>};. !l.'l!4 °1 "i°'ioJI'.:: 

rH-'1-11- '1}>jllj-•\J IIA~ ,!;l_o]:: "1aJ¾o] {1"!"161 ~.2."1, 'll-!/- -,t7,IA} >l"loJIA1'.:: % 

%-i'-3'c, zjz]tjJ'li'.:: %%"ii ttfjo ±,r5'. 'l!-1!-li- "1"!½ 0 1 1'1~"14. 

~{J 1,550~2,650 m9.J ~~qjA] "5"}-'f-A}~.g.. 4~5· ~ -g"~A} .A]~~-£Al, ~~~ 11 

<4 ° I "1 ~ 'l! "f-.S}oj '1}Aj llj-AJ- IF7f -'/-"ii;,} nj ' 0 H -'l- ';!--it "I ti :<}-;]-%½ "i '11 ° I * aj -.sf 

'.:: "J-"i· -;! '1r A} of£ '-t E} \J: cf. 
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~S;tJI,<) .<)'!j," ~is'ej ~~<>JJ..lj '-tisf'-t'c ')iAJ"I) •J•! uff'f- ~½;<)'!Jo) 71"1 (ct 

o] uij~ nH~~ 5]jA~~g ~-?J.Q..~ ~4- 1:jjlf-¾£1 ~~¾-& ~~OJAJ £!~34 ?}~~ 

>1 "tff "i 31,, "1 ..1) "' ec ,HJ l!f'-J llA ;s .!l. '11 <l "i 31 ¾"1 .ll l'l ,O. tc~ tJI "1 '/' \'I 1/-i< 

"i) "1 i>f :i1::: 7j "1 ~ .>,J ,'C.sj 0 ) {t~,,p,j \'l .2. "I, LIP/- ¾el£ •I .iic3I 'll ',lJ "' 71) '-tisf cf 

..1j, '/!~OJ',j s'pjo) -'f-Aj)i,fJil '<)',IJ")Jl '.l/%% e<)A)~fq. 

02) Line 96-13 

Line 96-B£ ~~tJle<) ;a %-..lj.S:. 7}.'a.")i'.:C ~{!.2.S:.k) (Fig. 6-35), ?11 1,200 

m 0VJ"1 tca:'tli") ..lf\'l:uf 800~1,200 m"1 ~~tJl;,J 0<)"1¾ .!l.oj~q (Fig. 6-76). 

s<l>i!•1'11 ")'<' 'l! l'f'ill!f"J ~AJ.,0. Line 9612<>Jl"l2t ¾Af .. ,c+. ctl'r tc~<il"1"1 'i 

J/-;<)S!j<>J) q±ej 7)~% .!l.oJ::: 0<)'!Jo) ¥f~")nj, oJt "i~"f:il '.U<c "1"1~"1 .'j''1JJ 

7} q± :,r±•t::: 7,j~~ .!l.'11'1 . .::J.ajJl 'lll'ftc ~~tli"l %.!/-"l"f<>!)Aj£ ~;<).sj.2. 

!i:. ~~"I) "1 i1 ±'re 5'. 'al tllir 5'. '11.-114' S:. ;,) '!Io) ¥!:~'<! q. 

(13) Line !!li-14 

Line 96 14:C t!:~tli"l :S %· Aj,s 7}.ss"].;,_::: ~{!.2..ss"] (Fig. 6-35), 'r1l 2,05 

Q~l,050 m"l ~~tli"l Af\'l:uf 800-1,150 m"l ~~tli") ")"1% .!l.oji,,q (Fig. 

6-77). 4'11 1,050 m o)i,f.!lj t!:~tli") Af\'l,O. c,!'1!31.2..ss:C ?"J 1,500 m"i) 'lll'f.!/-7) 

'.l,l ~ ;,j) 'iJ: '!J .!lj <) '!J ~ .!l. '1) C,. Af \'l "I) 'c q ')it, .!j'- "1J ej ") ca)¾ ( '/fAJ l!f-lf l]A) o) 'l) ") 

"1"1 :u:::,~. 'll.!/- i'f'aAf ;,j<>j<>J]tc ~%',':E7f .::J.ajJl CJ. "f'l-"1 'lll'f C<JS!j"IJ::: ~ 

% "i) .o1 •ff O )7 I ¥l 'lf iHt"l "131 ¾ ( 'if 'il l!f'-J IIC) 01 l/-1" "i .2..ss 1'! ~'i! ct. 

~~tJle<J C<J<>j,<,, Line 96-12"1) •!'11 7)~oj i" 0<)'!1% .!l.0)4 °J';; %½0<J'!lii:'. 'll 

'!J ~ LjJ l/- '/r A f .of 1', >( C: ") ca) ¾ ( l'f AJ '"r"J llA) .2. .£ '1;l 8J •) .ii! 31 ufl i'" ~ .lE \'l % .!a. '1J 

q. Line 96- 13"1) Aj {!~ "i ::: •! .-Ii "r .ss :C •J .ii! "i ~ l'l 7,, !iJ '-t "r S:.0<) '!! 91 "; "d (V !E 

::: U"f'!! 'i!\'l, {l~"l %)0) \'! y.E]-1±'1. 

(14) Line 96-15 

Line 96-152~ ~~qj_;,;] ~ %-Ai.£ 7}.£.A] 2 ';:: ~{!.Q...£.Ai (Fig. 6-35), "T-{1 1,10 

O~l,800 m Af•'l"l ~~<il"i Af\'!:uf 700-1,200 mSl ~~tli") :s)"I¾ &oj"'q (Fig. 

6-78). si>il31~[ 0<)'!! 'l/ l'f'il:uf-lr ";>j :'. Line 96-J4"i)Ai2t f,-Af~fq. quJ: tc~tli") 
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Fig. 6-74 Seismic profile of Line 96-11 and interpretation with codes of 
echo facies in Table 6-16. For location sec Fig. 6-35. 
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Fig. 6-75 Seismic profile of Line 96-12 and interpretation with codes of 
echo facies in Table 6-16. For location see Fig. 6-35. 
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Fig. 6-76. Seismic profile of Line 96-13 and interpretation with codes of echo 
facies in Table 6-16. For location see Fig. 6-35. 
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Fig. 6-77. Seismic profile of Line 96-14 and interpretation 
For location see Fig. fr-35. 
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zJ ¾-'1-"l"loJI >;,i'il-~ ·C'½"l'ilZl i¥: 0 l1f ¾1151:Ut:J-. ::ieljl 0 lei~ ;;½"l'!121 '7' 

'l,61]';:: ?s'.'!1-"l S'..s (moat)7l ',l-',1£]"1 "ioJ~o] 1J"iSl"1 :Ut:J-. 

(15) Linc 96-16 

Line 96-16 ~A) ~-.;;-.;HA]~ %-Af?_ 7}.£;i;Je ~ ~{i.Q..~Ji (Fig. 6-35), -'r11 

1,100--1,550 m A} 0]2l ~~q]A] A}tB:i!} 650-1,100 m.'2.J ~~rRA] A]~¾ .!i!.l'.lq¾tj

(Fig. G-79). -~:lll~'?l z]~ ~ B-,,,JJI}AJ- ~-AJ,€;- Linc 96-14, 15oJ]Ai.9f ¾A}t}-cl-. 

MECBES-97 ,tJf:<]"1'11 -'s·S::o:f{t-'11 sQ '\'\'!<1 •!;<Jc: ,fr',jllf-;)-21 lc.l'.oJI rrfcf 

~.5:. 1:-1 ~·~~BAi~-.Q.j 78-2·.t;!--'?1 ~ '9!%, s}{!-~9~ A}JB ~ &.s:.'T"t! %¾~Al .if1~2.. 

.s!. 7'¥-w 4" :Ucf (Fig. 6-39). aj-.<r..oH}>IPf ~-s:oil;,J{!zj 'll-ll'I-~ 'i'--;J 160-200 

moJl #Pl~ 1:1].i:iL~ :.;Jltl:-~ ~~.Q..£Ai, ~Ajlij-AJ IA7} 9-~ ~.¥.~Cr (Table 6 16; 

Fig. 6-39). 0 1,11, 'i!-'Jllf-'i}-~ il•!21 oll 0J~%61I 21•0 'il-'a-'il .',Ci!lll..f ;<}'!,,]- "'°' 
.:t:~11 ~~~~- ~';}!¾o] ~'&j '.Ug¾ Jil-~~c}. oJ~i~ d:'a~ s.f~~~ *.¥,A]l'l:J 

% {J-'iJ:~t:l ~' ~~"3];q-'j- _xpl]oj]Ai :g-"B"~ J!_C _ _?_ 4'-AJ~9". ~, ~£"5Jl71~0] "JAJ 

SJ ~' ~4l+ i,Bff' 'g ~"5)1 iiB 0J4%oJ1 ;,:J-7]{!- :',-:*!i}~Ai 78-'J-~7} {:)~, II1-1ll~o.J 

,J ,H,}111 '1 \'1-'i ,Hl!;; 0 1 '11-'a "I jl, 0 1 ,f'lJ '1 >i {!½'iJ "1 "1-:;. ¾ •11 ll "1 t sf\<-'1 

"1 •H!>ll"l A}\'!~ uje} ½'s-lcc:<I >Jfj'1f-'I 0i%"ijl, 3',l{! "!"!%.@- {):fi-SJ7]4 

-::::-~i;.J..~ 0 1%:£1°1 ~r;!Hf9.J -1i'"¥--~ ~jl ~;:::: ~-2..5~- 15H~"fl'C:.)-_ EoJ Tm 0 J-t}9.J 

ott .'J .l£ \'1 21 7 I 'l :s t O I "1 ~ O?c ,l 'el "Pl % oJI £1 •l '!I "a ¥! \'1 .[, .,,_ 211 :iii- ·lf "l ct 'lr ~ 

~~ia T,~oJ] .9]~- ~.Q.£. li!_1lr+. :12.jY, ~lfr-?4~1 ::BBH <5ij 0J-3}%-€:: ~s6-A]oJ).£ :c:;j 

clJ qj~J'i'! 0 I 'i'-11 100 m;. \l'c 1.!/-71 E.%1/I uJl!coJI, ;,i>J!¾oJl-"1?1 '\'-'fl -"1"131-§

f .. :i!}.7-j <5l]:-;-ol?! 0 ] ':,!-~~ uff 0 ]ir--~{! ~o]t} 4-1J~9-. ~' 'TI,AH 'r-'-d 160~200 m 

>} 0 1611 ~Pl~I~ ;,i>J!% 0 I 11'! ,1°J~%oJI 21•! "t-'-1'<! 31°121 ~ft:f\'1, ;,i>J!% 0 I "1-

~~ t:J-AJoJlt:· oHTli:! 01 ~::.:H Qc-} -}J-r.lPLQ .. ~ .. 100~150 m o)AJ 1;!-~~ 3!o]t'--}_TI ft 

'T '.V.9-. -=rc]2 6]~1-!l AJ-qj~ i'il]~ttlo] t'} 7J-!.cj~ti o]%-~ 1:1.J~}7]21 ~A-J]Al~ <Sl]T 

'(19.j -S-J- 7J- 0 lt-f- §}-~.:\119.J t-'-d + :z.]Zl-lfa~~% (isostasy)O!] 9~~ =r-~~-2._'£_ ~ 7J-5cj 
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'.ll ¾ 7} 'o ,;j ¾ ,,1 '1l ~ 'r '.<I cj-. 

~ -"21- 'i--" ,n "1 {!El ,,_, '1l "i "'oJJ ,,_, c: "'-"- ,HJ JJ}AJ- IF2!- "'"i 312.-"- ,HJ JJ}AJ

nrn,, l;LY~cj- (Table 6-16; Fig. 6-39). A}\'l-"l AJ--\'- ('r-ll <1,500 m)c: 7]J;!- 01 "i 

ft~ 31JI ~{i-i r.t}i!} 7c!A}7} 7~8° .£ "g"~A}&] ~-'8-i- .!i!.<litj-. ~'a_ofl 4'-{J 1,50 

0~2,100 m A} 0"1.Q.J ~1f-A}1a. ,'.: £1 r~ 180 m ~('.)] 21 ~TT~~ ~H±~-½A] ·6,H~-o] MJ~· 

t\ '/_IA}JJ}4 {i"i]~} J!:\'l~}A}ll}_s'_J<j 4Ef49, o]',t :.}{!"]'ii A}o]ojjc: <J:,j~"l-o] 

'l!c" <J oJ '.<I cJ-. 01 as :&{!"·½ "i '!J as "- -;r 7,1 Af-"J '+,,_a uJI 11-oJJ -"I 31 -,:- 0 1 'll 31 <1 ,q ?l 

j]_ ::J. ';f -'i-:,/SI ,, 71 "-I 'll-'/1:2..ss X. ½51 oJ '.ll ,c] 0,1:, A} '1!-"l 'll-1±-1'-oJVi C: 'll Jc} 7,1 ,}7} 

~'11:•H"i '1! ,, -"I 31-:,-oJJ "-I •1 "I *51 oJ '.<I c: 1-1-,, !',1-cJ. :§:J-{!>11 'a "J-.!/-oJJAi -t-8'51 

c: -"131-af.,Q- A}\~oj) %½7]'!J½o] !',!-7] uJl11-oj) '/'5'- '1>7~'}0]4 ;>i]"i-¾ a:}"-} o],\j

"i'.ll ¾ '5, 2.5'- ,;_ '<! cJ-. o] as !al -'l % ¾-"- "11 ~ A}\'! "-I ¾'l)-.!/-"11 Ai'f E7 'll--ll * 4 >i <t 

fl- :Q-& "1 31 % ¾ ~ -\t as O I '/! 'l! •l 711 'l!- '8 ~ ¾ '51 2--"- •1-'1 "I 9 , -.I >ii •l "1 711 "l- -"I 'll

'i± oJJ c: 'lJ-1l fl- <I "l >II 7 l 1'f ~ -'I! cJ- (Fig. 6-39). ~l/! , 0 I 21 ~ "1 "I % ¾-"- "-I "11 'lJ--'1 't 

i5} 7} A}\"1 ~ ~011 J.-i i-tl it! ti] ~ ~ xl;-1"8 !,;! _Q.__£. .!i!. ~ 9-. ~ J ~- .5:.~{!-;\~l A} 1r! Oil -¥-~-3:J .Q. 

_ii'_ -\'f'?f!i]c: '1<'~lJfAJ- JIIB7} 01.; '/!'il~c]- (Fig. 639). '1!-'j!l}AJ- IIIB5'- 4c]-4c: 

~~'=tc5loJ] !2.j~ ½t:lP]';: ~¾9-J ~<?Jc1!:: (talus)~Ai, ~9!%0]4 "'J-¥-,"}1a.~ o]-'F

.:il. '.lie: :of{l'l!-lt-"l 'l,l.!/-7} %~51"1 *"'l"i\'!--'i -'a"}\'!~ a:}2} 'i,'27 ~oj,c]1cj7f A} 

~~-1 <?l-78¥1 -¥-~~otl 1cl¾3:l.2...s.:'.. £. 6 1711 ¥1 ?;JoJq_ 

";·.'icsl-{!>1121 \t"I' A}\'!'ik'<!<>l)c: s!;-';l!l}'l)- IIC5'- cJl.R51c: '1l-it-5'.-"l 'l},ilf} -"131.ill 

( debri te) 7 l -9- >II ,,f 711 1'!: % 1'! q. oj 1 I <i 'l]- -;! -\t "i "I >II 't' oj 21 ,1 -"l -"I "I '<! .$1 .ss 'i' 11, 51 

!9, ~~ ~~~~~ f7Jl]7} 'a°~.2..£ ~"T~ Ci -¥-7,<J~~A]t° 78t;-Joj 5'Jrt. r:q-~q·Ai '#11 

ft~ ~-'t!A]~ ~~.5:.$}-{!-~7} o}\:! 1a"%~9~ _2J7]Bj.3.,£ ~?J-¥l9-. ·6'~£lof ~C£j 5'J 

c: 'l]--;!-jj "i"Jfe]ej ,}o]oj)'t' '<l:"alli-"J- IIA5'- 11,.;}51:: ~~ 0J"a 5141% 0 1 -9->11~ "1 

31 * 0 I 10 - 20 m '¥-"11 -"- ~ •l 51 oJ '.<I :.: t11, 0 I c: 'lJ--ll fl- -"I "l >11-"l 11 "l 0 I '?'! "i' "l 0 I , I 

?,fJL "J-'iJ-71{}"-I *"1717} '.<!%% ~'ll~cJ-. 

¾~~A] ~ ~i!J- ii}! Ai <-j=-~ ~lg A] '2:] oJ]Ai ~ 1r:!-;;J n}-'g- IIA7} -9-hJ]~}lll {t-¥.. ~}tj

(Tablc 6-16; Fii:. 6-39). 0 ]ei~ s!;-';IJI},;)--Ec TI~"!'<! "l"r-f, "1"1%~ Y%•f't' <fr 

~ 0JAJ (hcmipclagic) -"l"J%O] 'll"l51oJ '.llg¾ 7]-"11!:c]-. o]e1~ 's!:i!J··C; o]u] 7];<c 

-"l 'i'l'i'-oJI "-1'11-"l.'ic ~t"11'! ef '.llcJ- (1!:S:-•l~'?'!'i'c1o, 1997; ~HJ-{/' §, 1997bl. !E~ 

•1"1?5'-~ ¾1!: "131% ¾~'ll-%.'ic iqe<] %-'ll•lAI ?l'.V:"-9, 'r-"- Y1 -"l"J-0:-2I 11 

-359-



',"{1 1,500 m 0 ]a-f91 tf~qj,]:C i/1-'-l"i '<± 01, ±it£ •l>i¾, •1"1{}, "1>'1tll 'JI 

t;Jl7.l4-~ %c,l ~it3J<5}7ll ¥-3f.<5}.il '.U~ 7]~ 01 nffJi'- {]~ A]1~-'8~ 12.~9-. ~-¥

%½>'1 'iJ % ,1] "-I Sf \'I ~",tj ><] "1 tll.!\'-11-"i a,J 'l * :'. >fr'l± 0J AJ ,,pj Slf '(}'Jl ,j >] '1-4;

<j sj i ><l-'-l•lc 1±-"Jrif-"J, IIA;, .!l.'119- (Fig. 6 40). \:l"""i t!-S:-rJlz] -'-1'1! '1i'""ii•i 

"{)-'-l"t ~%;;"1°1 il'7<l-'-l"i Z]""i"il-'-i >l'r i'!:~"19, 'll-'i'- e<j,']qj<>l]:C l±"Jlli-"J

IIC~ .!l_o]" sit£"! s!l2''ll 'lJ-'li-ii- "1"1>1171 i'!:~"17].'r. sJ-:;r, ·,PJ'-"J 0 1 tj-s ,s-i]f 

~ '1i"1'r".s'-7f 'llc,t•f7].'r. ~ftj- (Fig. 6-40). ::i.a1'-]- t,",qjz] ~-'i'-5'. ""';,. 0 ]21~ 

~"l :'. "l "1 "1 'i ep, "l 'lr'll B '11 >1 "i "I ~'a 0 1 -ll-><l '11 % ~ 'r' 9J. 9-

'r"-ll 1,500~2,600 m, 7/Vl 8 ' 0 ]Sf"i ~~tJlx] -'-1'1!:'. {"l!"l-2-.'i'. %4%-Ai',J-Ai 

'll-'!f -2-.'i'. '-1-Ef '-1-"1, %% s:c ~{} "11 .2J-::: 'll -l'c •1 "l-<>11 ei '11 1" e1 "I "1 9J. 4. 0 I * "ii ::: g-

0J t!- ii-£ "1 v zf 'l! "11 >1 'll "l- o I '-1- •1 •i 711 >;· 0 I 'il -'B "1 "1 9J. .£. uj , ,PJ llf % IF .s'- '-1- e} '-1-

~ ~Tr~~} ~¾A]~~ol •~"?l~.2..£. ~1@".'i]~ SJ.ct (Fig. 6-40). ~A} 7~3· 9-] ~ 

~t:R.7.] ,1-}1B:i!} 0.1° oji>}~ ~¾~A].zl- %.£. (Ulleung Interplain Gap) A]~Zl )a7l]T"':: 

"i-"'"1 'r'l!•l711 y-e}y-l',t~, 0 ie ~"ctllZ]£.-\'-E1 %¾ ;'E->]'(} %5'. o<]Qj-2-5'."i "1 

~~ -=g~o] uff.q.. ~]~S;Jo-J '.U%¾ AJJ•l~r:l-- ~. ~~qj;,;]~-¥-Ec-J~ £]~~ {,LifrJ: 0 1 

\i"'.,l:tf'l! ~"cqjo<] Af'l] 0 ] •f-'i'-.s'- ,lc7°.s'- '>!>f '/±7,lAf,a. "itj-7f ·%-¾•1"1'?."- x]Qja_ 

~ ~~~.!2..~ ~o]·6}i'Jl ~ J!o]tj._ 0 ]<¥711 ~~tjj7:]ofl.Ai -i~~;,;]~~ ~~~% ~B' 

0 1 ufl~ ,iJtf"i"1 9J.;:: oJ,&c: -ll"11"il .!1Plt!- t!-~tll>'i zf-'ll"il"i"l -•PHI >J'1c'll' 0 1 

sj _o_ 9 , 'le tf tf 's- qj z] A}'/! "ii ~ it -"J tf :ol '1c w½ "i '!/ o] of "I ::J. til .s!, .'cc½ 'e oj 9J. oj 

>1, :ry-uf ~~tJl?C].s'..!\'-E1 i'-'>l'"le a,],j',l- uf,j 0 i'a< "i'!i:S Af 0 l"i '1"ltil"il "'"I 

7ll (trap) !iJ ~ t:1 °] AJ -i-¾¥-A] {!- ¾ .£.£ 0] %£1 A] .!,t-%}~ 3! .9-~- .!l '?.19-. 

%¾~A] *%¥-~ oj~J1 S'J'.;::: %¾*Al{!¾.?-~ ¾¾~.A]Q} ~~~;.,;j~ ~~%} 

T-:- {lt;l1'r.£.£hl, ~%~.£..£ nfl-9-- @ll!-t47ll ~.,q~ ~~. T{l 2,000-2,600 m.9~ ti] 

:., "l 'll 1±~ -¥-ti- 0 I q (Fig. 6-36). 0 I ><I "'I "ii ::: SeaBeam IP 1<>11 "1 '11 .!I. :;r B "f .2J

>C 61 (t!"C'l 0J~'rs, 1996, 1997; Fig. 6-37), ojaj 71"1 tj- 0J~ itY ("" 'r""i~"r'11 

m, R 0 1 10-30 m)-9.l t>HAi"'T".£~ ~~t;flAl~ 9-.$-15!1 .£..S (moat)?} t.B,Ai1B 1!~.9..£. 

'!I "a s:i oi 9J. -2-vi , 111 '11 ,1 "' -"- 21 "1"' .'c "1 sJ 1!- .s'. % n 51 oi 9J. •1. % ¾ 11- "1 n '"' .s'. 
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oJIAif::' -ell-¥-~ ~~OJ.J.j ~~¥::i!} ,t}~~'i} Ai\'f* ~~~OJ .ii!..:§:.~% 7.]A]i3"}~ ia.1-J 

"1--ir IIA7t ":"J'~.<'.5'- i'!~"Jnj (Fig. 6-40), •1-"J::: 11-'s"11 gJ~ ;;!.<'.ii!_ .!I.OJ::: q 
0J ~ if£ gj 7 I -ls 0

] '--t E} 'c!c ct. CI el '--t o I ;; •1 71 'r ,c '1- £.s.::: *"" _o_ £ <>II 7j 'r 'lJ oJ 

:;,\oj><]\'lAj Cj 0 1-'J i'f~"JO<] f,fjl, cJl{! -lfn-"J~ .l£\'lgj 'lf1l_-lf "1'1>JJ7t ,;'-7J{! 

'<- "'-'l "i-"1'<>11 "!I "!I "I oJ '.U cJ- (Fig. 6-40). 

-3:¾~A"j{!-~ 'T'{l 850-2,200 m J.}oJoJ] ~£3}-~i:~l, 9'£ ,1,1J-~~ 1frJ.}lI]-£ o]foi 

{! B-'!1 "1--ir IF~ =; 'll '12-!s .!I. "1 cJ-. ~•I "111 -U'l 'll-'it-¥-"11 -e "I .ii! "l '1J 'll 1f ;,, 0 ] 

(10-25 m)'l "J''l--ll \lfAf'1f7t 'rr-'l"i.<'.5'- ¾11£1"1 i+Efi+c: Bsl"i--ll- IIIA7f i'!~ 

-¥! cJ-. oJ el~ "!f"'-ll \lf Af:il]-::C A} \'l A} EJJ "1] '2J ~ ~ 'l/ .:-!. t.} ½2J-oJ '=., 'lf'll -lf "1 '1 %'1 

lf.1a.7]~-&- ifr~"t};: 3to]cl-. 

%¾•1 -"l {!,>f -~¾£o:]-,;], "ii AtoJ gJ ,;'-7]3\l ~ "11 "l::: 'e!'a "1--ir !IA je .!I. o] :--: 'If~ OJ 

"a s1 '1 % 0 1 -q. ,11 ., >11 i'! 'il!- £J ni , 11-'s <>11 '1 ~ "II "i 4'"' 71 -¥- lie '1 2-"' i+ El-" ¥. t1P,'

* 'll '1r ~ •1 >j ><] 'l/ % .s! "1 cJ-. %% £:§1-,;], >ii gJ A} \'l ,"_ .l[ \'l 0 ] "] ill aj uff <" ~ "1 "i -,f 

1I] "1- o I '1-& ;,- 7iJ A f-"l 'lr 'If .<'.5'- £J oj '.U .<'. oj , A f \'l w 'it "1] -e O I aj ~ A f \'l ~ .!/;- ,f •f oj 

'll '1-¥1 ~ 1'i .:-!. , ~ 21- 0 I '=- . '31 'lf 11 -li· "11 -"l ~ 'll ill'-i'i- "1 '1 '11 ,, i1 'il!- '<! cJ-

7. ~ E 

-!'- '<li'"1i'i 1""1-¥1 jl•H-'J i,!-jj:il]- =;-'a (echo character)-& •171.R¾ (bottom):i!f 

CI •f-¥--"l "1% (subbottom)"1JAi -2.-e \lfA}"]-;;!lj '!l~-jj (clarity) 'Ee: \lfA}7J5:, ~ 

\'l '<! 4i'-'a' 1l! EiJ' :, el j1 "ii "i ><I 1l! % ~ 7] ¾ .<'.5" 't"l ~-jj 01 Ai£ cJ-e 671-"l 'efAJ "1-

AJ (echo facies).Q._~ ~W--~4. ~AJlI}-1} IA~ '9"£ ~'8~9-l "8\1°J:~¾oJl ~ltll ~~ A} 

~ EE~ Q:]~9-J :3~~ ~~%g_ 1fr~is}~r:~], 'T£ ~£ 131 ~£"8\]~1! AJ1}.!:j!-oJ] ~~ 

~c}-. lf!-.J.jil}AJ- IF~-~~-~ iq*o] ~~ ~~ EE~ ~it31~ ~{]:,~~! A]Q:jg_ qj]f 

i5l- ~ 3! _i;,_i2_J.1, ~~tjj 7.1, ~ £ ~ ~£~Ai -'J, ¾% X. 131 ¾¾~ Ai {!-£1 A} 1;1 A] Q:J all 

01 '•HJ'1-"--"- t!:ilc'<lcJ-. B'a"1-AJ IIAce %¾*"1-"l 'll~:i!f •t'<!-"l w,a<>1JA1 7];.:.£J 

r<11, 7-!'ll"l'<l "l<r-lf "1"1'11:s ~,n,,::: ~•~ 0J'J "1'1%"11A1 =:'ll"l-"-"' -t!:'il!-BcJ-. 

ia.1-Jn}AJ- UC~~~*~~;\\]~ 1fr~.g-}~ ~AJll}~.2_~ f"~~ gl!j-~AJ.Q.£.J.i, ~£ 

1;Q ~£B~Ai-'J J.}~~ ~Ulj!-, _2_77]i:i~.~ A}1?1 %oJ]J.i ~~!il.9-. ~.1-JJJl-% IHA;: ~'iL~, 

~ 2.}o] E.. 51 'if~ •8- SJ~;\\] 2~ K 1?! 7} -lt¾ it!-~ <5}- ::_: g l!j-~AJ .2.£..Al ~~ qj Al 9-l A} 
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\'!Jlf %~•1"1'1 Af\'! 'l[\1"il-'-i "i'l/"12."' 11-.¥.~r:1-. ,Fasi-% nm:: 'll--'1ct•1oJ1 ei 

11 •l"I 01l'l/els (ta!usl:S cJ-F.}41"1 ~£. 'll ~£.>\1"1'1"1 -al·'?--"l\'! 011 's'"'l"l2.-"'
.,_ 'I: 1}q 

0 ie11} l'!'allf'J"i 1;'3!..s'..l/-E1 +71 ~4°]s';cA1i 0 1+ {,!- ·,h'"'i"1oJI "1-%•15:l\'I 

7f~l 0 1"il>i ajll}Lj- •lif %"1 -{]OIi •l 0J"}%oJI "i•il 'll"l"i61 78'J.l/-71 'll'<l:•1711 5'j 

'.d 2. oj , 0 I .s'c ¥ sj -'.Ji ".l -,! ,q "1 % i'c ',' .s,. "1- '1 >ii A I\'! oJl '!t 'it -'El •l "1 'II -:>; 0 l Lt :,JI "c {; 

t:q-?.} ~~{f-2] ~~§.. A}1a9~ ~t:f~-S!.} -£-~~:.t] ~-'t!.fl.s!_ o]%~;?j,c} . .::12-]2 ~¥

"1-'1'lJ"'1!;' *~l!i]\'!>i Af\'!C1 'l!'ll.l/-"il <li'llels.s'."i '11>1£1'.d4. ::ra]Lj- 1!>11"12. 

S'. c "j-£. ;<\'!] 01] Ai 'fr>!/ SS] t !a] '!j %C1 °J 01 "1 jl ~£7\ "J.i>'!j icl ""°'I ~-'ll "i '.d7I 

.231 U.J/ ."i .? . .l/-Ei C '11 it -5'. "I 'l}AJ -ll-oJI ZI •l '1! 'll •I 711 "i '1 % 0 I i,' ·il- "i 61 ~£."'">ii "I 
'it 'i' oJI -'¥' "1 * 'll ¾! i} "i "1 ~I 7 I 'll "1 "i 61 9.l 't. 

ol O 
M---

V1, q~- 1+~ ~B-011 '{J-~'4-0t°1l !'.>lt!- "6RA~ f.i]~i:~.6.2} ~~A, ~-2-1-01~-, ~{:lfl- % 

.9.] ~i'J=-TT- ~~il]7l- -¥-~.3:JS>..~ {l~!>c]C>-] 9J4. ~}~rflA].Q} ~5:.§}{J~l A}0]2] -&-.ig-

~-A1,{!- ~§. ~l~oJl~ 9-"r~ ~A~"r£S!.} .£g7} 'T-11 2,500 m o]~l-9~ 15R'-~6ll ~~£] 

6i '.'D,2..1-t, "1 ~ *~!- 'CJlTT-~-P~ ~P-Hf£!.1 ¾lfl- ¾7~ ~ ~~£17::J U~I:t. 
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1.A-1~ 

<11 ~: ,1 ;<f; tl-',H? (ti's-Oil 0J\'! -i'±, Oil 0J"l 'el\'! -i'I±) 

'll * c<f. '1l '11.ill ( 7J -I'! <11 OJ- .ill, :s] 'el ., :,J-) 

"Eilrr4 (tephra)"c: c<H}~%<>11 "10!1A1 i'ia''i! ;<f{l:71-\'! "i'l1'" (volcanic 

fragments)!a.-'1 ~;<f-=17], -i'-'.J'il-'i-, "i!Eil, 7]-\'! ',! "1"17]"r%oJl i'!:AJ:ll 0 ] Af-@-"i1'c 

¾'l! 0 lcJ- (Fisher, 1961; Shcmid, 1981). ~l_,J;<f{l:91 \'!-i'<>I] "1•!A1 EiJE4"1 ~.£<>I] 

"1-4" 1'1--!l- (Fisher, 1965), "1 "I 7] "} (Carey and Sparks, 1986; Sparks et al., 1980) 'l! 

l1-½c<f-U21 -a\-'lt"ioJl 21-tl li'--ii- (Walker, 1973; Cas and Wright, 1987) %0 1 '1l 'll"i 

9J.9-. ~1r§l---'J~ ~~~~ {E-¾.g. :rJRl %A]:{}~..Q.£ 4-~-"r~ km~ Wi:- A]~oJl 

;<f>j '11-ll 'a Ell rr e.J- (pyroclastic tephra)-l, o] % · "1 "I -'I'{] cj-_ ol c<f-'j '11 -ll-'j Ell rr 4¾ 

t Aj ¾Ai (bioslraligraphy ), ?:} 7] ¾Ai (magneloslrati graphy ), :::i -c1 _j]_ --'J± %q} -'HS: 

¾Ai (oxygen isotope stratigraphy)-"!- cj-,1-oj -'I '1}-i,,i qj <I oJl 0 1 %'1! cj-_ 

'lo'l)-710!1 EIIE,e]-\'!qjoJ- (tephrochronology),>- c<f-Uli'-½-'17]-"I- •,PJ-'a%" 7]'lo!a. 

ti \'! qj OJ-21 <1-c )!a. 'lt'l! •I 71 A] '3J-i5fs:! cj- (Thorarinsson, 1974). Westgate-"!- Fulton 

( 1975) C: Ell E 4 ':! qj OJ- 0 I 'l! qj \'! 'll ¾ 71 &!a. \'! qj OJ-"! -lt-"11 ~ '11 "1 "I::: '1- 0 l!a. 'll 21 

i>fs:!.:il, EilEeJ-¾Ai•I (tephrostratigraphy)-& Eil"4¼"1 %<1l"i'<l \'!'\leaf 'i'l~'i! "1 

"1~7<1 iS •J">ji>ft; li'- 0 )5'. >IHt•ls:!cJ-. 0 1-1- EiJE4¾A1-.J--& Oil"ioJl-'1 >l'}l'i! .SI 0 f,a; 

i'.!"1 -'1'1r¾Ajqj1']oJ] 0 ]¾W~.5'-"'1 '14/S-l 'lf-.!S-15:!cJ- (Sigurdsson and Carey, 1981). 

1'!"1l"i~!a. s\-E1Pl! 0J, .ol.£Eil'l! 0J, ;<]¾'11, •li!l•l'l!"11, s\-<1JA1°J:af %•i21 "11"1<>1JA1 

sJl"'2<¼AjOj-o] "i-§-sj.:il '.l/cJ-. !£ti EilEeJ-\'!qjuJ-./', 'lJ-Af-'j\'!cJl<1''1J'iJ (radiometric 

daling)'tl K-Ar, 40Ar/9Ar, Rb-Sr, U-Pbii!- fission-tract ~1~~ ~.!j!-fJ W~:.4-

thermoluminescence ~"<l'il-"1 %'ll-~!a. EilEel-½21 "lil-"1'1! \'!<1l<1'"<l 0 1 7}';;"11-llcJ-. 

.:rci'--l- 0 fcsj.£ 50,000'<1 llcJ- ill-& \'!'!191 EilE4½-& 'r'I'! ~"1%"il ~"11-1'! "1.a•I 
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,1;.-\')qf~,'lJ (AMS 14C)% o\%~ :U:'!l"1'1l \'!rJl •:'f'lJo) '-l·il-~4. 

-li-•H<>ll'-i "1~~ ODP Leg 128"1 798 site ("1°} 7.1°1 517c=; 3T 02.3' N, 134" 

48.0' E)2)- 799 site ("1°} 7.1°1 1,084cm; 39' 13.2' N, 133' 52.0' E)•l ii 0 }·"'oil"i;:: 

'6'7) 0} 0).2.-'11°1'9'--'i'-<i ¼ 256 °1"1 '11E.4¾~ 0) •1"1-"1"1·l'foil ~>1~4 (Pouclet 

and Scott, 1992). et]~oJl ~';i;-t.B 0J~T·.5.:oJ]Ai 4'i'iJ/¾~ "%<'>]~A].Qj t.B 0J~~ 1t!s}S?} 

oz] 'i' "° ~ :tf \'! 'i'" 2)- 7) 'r •~ ~ "~"c qJ 'r 'l) •1 "l "1 oz) 'i' aj >II ") ¥!:7il \'! 'i'" Af 'll oil 

>l •1.;ol~ ai6f½('c %¾1"-"1"1 7}-'11~ '11"4¾"1 \'!'i';s 7}'ot'f'1I t'f~q (~-;/¾ 

\;, 1995, 1996, 1997). 0l~lo!]·'E %'\f'r. :o}~.'-½ 7l~E) '1]:n".i!}'.}o) .l'.'ri!}o)Ei'/ ~ 

~cl o}Jo} AJ~11 %¾ ..2.-77] ~{!-Aff (Ulleung-Oki ash)¾\'}01 &.:il~5::l"9-

(Machida and Arai, 1983; Furuta et al., 1986). "li:2<>11 •f'i %-';;-"'.Sf %¾,'-><I •1 '7 

-"1"1%"1I ~,1..i '11.eo4¾-"I ,'-"'1°1I "l>li"i -f7I 11-4°)"'!:aeJll %'<!"11 cfcl 'l[Cll4-"-

-\!-Ei 3~ 0 1) (%-';;-1, %%-11, %¾-III '11"4) sJ>j ~',lcaj'l] ii'-½<>11 QJ~ .ii}-'8"11-ll-'a 

-"1-'l'!!- i'-il' 0 I ~'l!"i\':!4 ("1"1 -'ii-, 1997; Chun et al., 1997a, b). 0 1'6-oii'-i %-., II 

'11E.4;:: %s•-5'J7I :of~•H2l- ·li-'llt!- :&•a"1!-ll%!a. ~'l]£)S';l.2.uj (Chun et al., 

1997a), l>'½'-1717} -;}-.}-\!- Ja)-'l%-r'oil .l'.~-@ ¾7)%"1 11±%-$1k!±~7i!.2.-"' e, 

9,300"1 slAs' -}')]£1\':!4 (Machida and Arai, 1992). 'll1c- fl-4r"1 ofolcJ- '11-cll"l-"1 

~-t!-~W~ -S"B"-¥! %~~~ 1(!-~~2-] n}-:::z. 0 1- ~~21 AT §}{!.:-:ff~ ~½Al7l~ 1}'5"} 

-'i'- -"l"i%1'-"l 11±%-$1~±~'1l"il "1"11'-i Q} 22,000,1 :sloJI ;;}{)- ,'-½~ '5!?.5' . .!l. 

011'}'.llq (Kigoshi et al., 1972; Furuta et al., 1986; Machida and Arai, 1992). "!·coil 

AT :o}{!-,1½ -'lft'f'\'·"il 'll>Ht'f:C: 1'!',1¾21 11!:±'&·~~±~"J (AMS 14C)¾ ¾•l"i :<i

-Uli'-½A)7l7f 24,300\a 'll'lH½ >11'11-t'fs:lcJ- (Oba et al., 1995). 'lll'c fl-4r"1I -$l*l"f;:: 

S'l3/} 0 I (Kikai) '!)-cil4.s'c.!/-Ei 'i/-ia''i! K-Ah :o}{!-,1QJ ii'-½h]7l::C -'lft'f-\!- "i"l%:S2j 

'ff±'.l--$1~±~1l"il .eJ•l>i SI 6,300'd c;!.2.!a. ?'llt"f'.llq (Walker et al., 1984). fH?· 

<l)-~ \lf'l)-,aej of::iof -'-j,'-") K-Ah :o}{!->H;:: ?1?} 0 1 'l}c1l4.s-'/-E1 *li-"J-~.2..s'. 2 

XlQfi km2~l \,;l,° ~~t;tl.'f]~ -s{A]~ (Machida and Arai, 1992), ¾¾~;,:]-IJa~-!oJ].J.i~ 

'<t!AnJJ}Aj ~':'it~¼¾ "8:JAJ"c>}::q ?,J-~ ~.2.~ l!j]_Sl~c.} (Chun et al., 1997a). 7.2.jJl 

'l/,' 0 }± 'l[Cljc)-"1lhj i'-if'i! ·lH1·'lJ-',I 'l)-'!}ej 0 }::iof -'Jl/c"l 0 }±-4 :0,~71:.C ,'-½ 

A]7]7f Q} 88,000"1 c;!.2..s'c &:i1£l\':!4 (Machida and Arai, 1992). 0 f±-4 :o}{!->1::C 

'r.£. o}~ ~-i:-J]i'.}~~ *ifiiJ-"W-9.~ o]-t;=-<'>}~.2.~ 4X106 km2 ~.¥..~~¾ ,P-';:c} 

(Machida and Arai, 1992) . .:.Li:!j:tl ~-!tl 42° Noll -$l~]o}T:" ~T~ ~;,:] ~rl]4_£-lf-F.7 
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¾¾{!- B-Tm ~~;:H;:: ~~ *-¥- ~frx]~oJlAi~ -t1-'l15:l~~lf (Machida and Arai, 

1992) ¾-'<Hc-"Pll~:>. ~'LoJJ rr1-;a; 'IFi-l:- "itJioJJ,1 'l!"l'-+ '1!,1,,1"1 ~>il7f ~"1-"I 

•I l',f'<i;q (Chun et al., 1997a). -lHc·'ltc,t 'll-'!l-"1 °1.::i 0 1 '\111-11 B-Tm :i!:1--U>ilSI ,1-

¾A]7]t' ,ap1,,.,~ "1:±-'s--'11~± 'l!tll ~•a 7-:!.ilf %oil "1"1.,,. ¾"IIAi 'lt:z:!B .,-u,1 

¾ ¾<>ii"'! 7HJ- 'l?'sl "I 1,000\! '1!~.ss ~'sl-"l'.l!CI (Machida and Arai, 1992). 

0 1'11 'l!'rc: le•il %%11-o<l Aj";Al'lJoJIAj •1.;cl'e! 2°l½oJI 'll•il'i! ~IIT2f¾"1 11-

.¥. 13-1 -~.Aj ~-g T(-'1Jti}_:iI_Z} ~tj-- %i-~-z] \r~-A}1BoJlAi-C {!½4o)A!fAi] 

(pre Pleistocene) -'&-1[oJl ~llf!t~ 7fSH'f-Sl %~ 0 1 ~~!~'.n~Y-, -&-¾¾z] .Ai~A}~~l 

~1~~;/j~ z]-A"l]ir] ~-f'l'.9~ 3:10) '?,l_o __ ~~ -&¾¾z] Ai~A}1BoJ1Ai JH~"lll no}t-HoJl ~ 

>11'1 >il-'i,'3'];,jy- 'ii-if §oJ] eJ•il•i 0 ];tlaj~.ss 'il'9'% 'll--& 111"'21-~ 'i111-"l"'"I ~ 

9-. O]J.}-3:j~ ~~~¾ ~t EJ]lf.c}~:: -;1AJ..rJ%, £j-3:j-?-:f:, .:1~.}1 ~£::f:¢J%6J]kj ~ 

AJ :tjj ~ '.:1 £il :u: 2}~* "TiJ! ~ ~}o] ¾ Jl ~ ?;.lo] tj-_ .::r ?-1 J1 ¾¾¾A] oJ] Ai ~ g ~~ .1":;!._:iI_ 

'i! ~'s'qjo<]oJI !/1>] 3f;: t!>i:<1-U .\'-½71~.QJ ~]E:.2}.Q] ';'\I~ Cl 0J~ 3'.cAf'!)-'iloJI e] 

"5H Ai {[-W- 52: A ~ tj-. 

'ii·•il %¾1l'"ioii<i >11,;,1-B 'rr 0 f;a;::'. i:J-4'.QJ '11E:.2f¾a;ol 'll>il~CI. 0 1 ~]rr2f½a; 

,
0 "1"1-,f ,;,-,'l,j 'l! X-ZI Af's)oJ]Aj 'll£'4 "'!% ;tlo]oJ] eJ•JAi '}'slo] 'r'l!-BcJ. zt 

EJ]E.2}¾~ ~AJ, 0JX., ¾~ %,~ ~~% -:;:~oJ];.7 f!~<5}$!UL, F{l±"..~·¾£1 1.-ll-¥-~~ 

T.3S!4 ~i>}-¥-~ 1j~~7l1%.g. Z! X-{! A}~oJ]Ai 7]~<5}~tj-- Zj- FJl~i}¾~91 *~ 
s.>j:ilf "i:<i-'1<1 .\'--ii% !/It!- A]ll.c: 4 I[) (0.06J mml>il.ss l-]c,t"1>1%~ "11'1t!- Cf 

oJ] :E~,4 ~)-,;-,{< o].§,~oj <11"1 '.l) .\'-~Al'</ct. ")-J/!"11"1-t tll<:! (CALDOFIX)¾ 

,<f.§-Sfoj "] Jl. ;'; ~4°] ."'-i,-,t6oJ] JI'\I A]'{) ~oJ] 70 "Coil Aj )A]'(} 30.\'-Z! 7f'l! Sfoj 

ie'~ct. •llE'.rf¾~I .£~'<1 '!1-%:a:.QJ 3'.c'll, 3.71, 'i'-'11'"-, '1! 01.sc. %-:,. 1'lolll '.l! l/:l'!l-,l 

n] ;;I "il "1 '\'l 'll-i5f \:l JJ., 'll 'if <j ~ l ,-0 ~ :'. ,l 0 1 ;;I "ii "l'll 'l! 11 -B 'iJ -'J >j "1 71 ( image 

process}~ Af¾<f'.l!i:J-. ~l"'rf<I -\'R~±%'ll'."c 1'lollls'l 0 17<l~"i)Aj ¾"1~ "1-l/:l 

(bubble-wall shard EE~ pumice shard; Fisher, 1965)1i!- g ~ ~ 15}~ ~~ ti}'.ia ct. 6 ] JrJl 

~P}>fl~ 1 µm diamond phaste77}A] 7}*-8"}-~l!., 7]j:~~'i':!~~7} ~%~ EPMA 
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(CAMECA SX-5l)'lfB]1., >Hi·%foj ,"--'j%]·'llct. "/'.R-!'1±ctc Al, Si, Na, Mg, K. Ca, 

Ti, Mn, Fe :"'% ";1!%}:,lq. #-°'1iE<'!,O, 15 keV {l~, 12 nA {l-i;- ,E'{:l%f<>i]Aj 15 

µm2l beam diameter~ ~~t.}~9-. ::r2-]2 44~ ,'t!~ ~1)A]Z}~ 10 sec 

counting time% 'rVS-T'i {:!')j.l>_~}i< ½ 0]7] -'/1.sfoj, Zf <l]il2}¾<>i]"I lOJl 0]-j)<aj 

%2-1~ li}}t1 (glass shards)~% {]~8"}~ {i~ii}~tj-. zt EJ]3rt/-¾tAJ 7]-S (vesicle)~ 

gJ "MEil 1;Q .=17] %Q.J :;'1)",':':- EPMAoJl ~:~¥]. Backscattered Image '!l-~-~3;1~- A}% 

,sf 'l1 "I. 

%"ii %¾-l'c;,;I::: ~\'1°1 tjl•"-'l\'loJl "1•1>1 ½iol"'l"l ~-"-"I, 'l-'s'oJl -'/15<l•I:-: '11-

7"'11"121- '4-£"1°]<>1] -\!l5']%1t ·3-¾ {i-0<]{! -',-,s<>I] "l•l-'i 'l/-,'-1,'-;,;l9} 'c!,Hlcf. % 

*-li_.;,;]£1 'tl~·J.}1f]_~ -'t!-1?}~ 7cf,•+~ 7}A]9, ~Jj!-A]-=jl-%2-]'ifA} (3.5 kHz subbottom 

profile)oJl £>~8"}\11 7'·7JJ¾ '{}-",:!% (debris flow)2} Ai"€f-W- (turbidity flow)~ ~1@" 01 t'!

~£]~c+ ('11- ';;, 1996). %¾1,'-;,;J.<aj %";:ilf -"i";-"l\'l-& \t-~Af\'!<>I] BJ%foj 1/<f;f ,1 

~ 7}rr}E.9, r-f-4"9-j A}E'.~ ';lJ ~~~~ (slide and slump scar)'~ 01 Wi:;;t~tj-. -&~~ 

.A]2-] Ai~,':_ ~712} ~6J~ \j-~l:IJ-·O"J~ ~~ qj~-1g-J!} ~?4~ 7cj,'-}~ ~:~ t:H~,"}~ 

0 ] -$-j);j~c}. qj~%-t- ~A]£.-¥-E:f.9l ~ Tt£ "8-H:! 0 1 %'1l"l fil_9_.n:J, 5Jl~~ II}2},q 

.2.eil•l'<! (beachl 0 1 11711 1Fa£Joj '.U"I. %%1i'-0<J.e1 -'i~ cll-.*"1- '11-.-'l\'!Oil-"i 5 

1Jg.J .:u.o}~g ~~,e -~o}~i~- oJ%.S}-~ ~~~8}5a9-. -l-¥..ll~.3. -2-~~ cH~*o!JAi 

>l?l'il 3 'll 0--I 1'0 ]oJl"it MB98PC- 4<>1],<i'll- -'I--"!',! "1--'ll'-l!a. 'i'-'a'il 1 uff91 'il"-'-l

~--:} -"!-'11 i5f '.l_! "t 0 1 <!] .<aj MB98PC-32f MB98PC-5 s, 0 1 a' oJl-'i t:· '/''Ji~ 1'11 Ee 21-¾.<aJ 

~>H7f -\'l'll-sJ0<l \!Jcc:"I. 0 1<>11 'l!•l %·\Hee;,;] -'i"; cll"<-'l\'!:ilf '1ii'i'11- -l'c:<l'@~<>il"i 

>H'lJ~ MB98PC-62f MB98PC-7 2°1:"'oJl"i'tc ·S-¾.£ ~~1,'-½7]~, ',/-,' ~~1,'-½ 

71 ~ . .:r 2l :a. ~o;-'11 "l <>il -'/1 ~1 s-f i= •1 '4 ~~ 1!'-½ 7] ~ zJ •I.!!. '-l-¾ 01 zJ-Zf ~ ,1 ~"I. 

MB98PC 4 31 6 }~ "'r{l 199 m~ "Cll~¾o\l ~Z].S}-j]_, JE ~ _0_£.!j!-Ei 706-707 cm 

'i'<l:ilf 718 ~723 cm 'i'TI"il -','--'j 7,,! 21-1'1 '-l ½ 'a. 'i''il-,! <I]"-ef¾ 0 ] ~ >H ~q (Fig. 
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>Ji'[-~ 0 1 ~sjt;j;,] \\Jc::c} (Fig. 6-81). 706-707 cm ,'-Zl91 -'1-'4"1 21-'!!"-I½:'. -U>l 

"i"i '.l!.s>_4, 718-723 cm 'f:;}91 -'1-"l'l! 2}"!!;,J½,g. ¾-i 'i!>J~q o] <11"'21-%91 

-'gi>}-¥-oJ] ~ 01~ A~*.ill.~}~ Y ~~%-& ,,.~~-=;1-:£.. (ichnofabric; Pemberton et aL, 

1992)9.J c]- 0JAd (diversity)4 *4,,.j (abundance)oJl Ai ~~ ~ ~} 0 1 ~- :s!. '?! ~-. JI. ,~otl 

Ai 706cm ,'-:;}77)·"191 ,J,:-:u,','l-'i'i yc,I -"1"1-ll--:'c -"1"1,. 0 1 >l-'/10<J0<l \iJI, ~l'il 2--3 

mm91 Thalassinoides "]~,'-¾ (Diaz et al., 1994)7} 'll:,H:f<f (Fig. 6-81). .::iejy <ii 

E.2-t¾ -8'}-¥-'?] 7:23 cm 0]<'>}9-] ,,,]~:&.;a.@ Lj~ li'j-~ ?1-2 ~ ~~ ¾~-=;1-3::7} 1ti'\ii5} 

:il, -el~ l cm 1-1~~9.] Planolites (Ekdale, 1977) AJ~TS.54 Thalassinoides ,,,~~-=;1-:i: 

~ 0 1 CEsJ£J"i LfEtl±ti (Fig. 6-81). MB98PC-6 .,roj'" ~0 {) 931 m91 %-'I-LJl>f>f\'I 

oJl ~1~li,}~t:ll, JE.¾..Q...£-¥-E~ 411~417 cm TZll!t 424.5~442 cm T:frotl ~~~ i:t-'M 

"-I"- 'i'-'J'<l <il,sct¾ 0 1 l>l~i:.J- (Fig. 6-80). 0 1 <11"""1-¾"1 .!/-"1"1 21-\'l"-I:: :<JcJI 

'lJ.£7} 12mm01'1, 'll-'1!:i!J- ~J'll-if- 01 ~>J£Jc<J e,::c} (Fig. 6-81). MB98PC 6 _s,:o]oJI 

,, c '¥- -'I' ?I <1 -\'-61 'l! 21-"!! "-I ~ 0 I "- '¥- -U >1 "1 "i 4 E1-'cl q .::i "1 2 %¾*"I 'll 11 eJ 

•Vi~"il"i ~"i•l:: MB98PC-7 51of;cc 4''71 2,156 m"il),i '1'.';~}5:!.s>_uj, .J!.¾o_;;c-';'

ej 195-204 cm ·r{l-"t 225-229.5 cm 'i'Zl"il .!/-"1"1 4'!!"-1.sc '?-\lie <11""4¾ 0 I 

~A~~t:1- (Fig. 6-80). 225~229.5 cm TZr9.J -1~~ c}~al~.g. ¾g ~,'.a~t.TI, AJfi} 

-'I- -"1~1-',},!"1 7,j~]'ll 0 ] cf~ 'f-'J!i;fi:.J-. 0 ],i, 510}"1]-'1.'r. <11"'4¾-?l- 7!1~1"' ~joj ,g 

%iiI'H'~ '--1 5'~ ~~--'JgJ ,,,J~7-~-91 !f.;=!~ ;i:} 01~ li!.~t-1- MI398PC--6 20}::::: El]E..c} 

¾ fi"}-¥-2~ 442 cm o]t,"}gJ AJ-E.ill~-¥1 Y 5j~AJo] ¢.)7,;I J.-2 mmSl 7}::i:]AJ-~ 

Chondrites (Bromley and Ekdale, 1984) AJ1"'i'<~7} ~'l/1'f71I ,i-_¥_~}9 (Fig. 6-81). 

MB98PC-7 "1 6 }"1l"i'c. ~l-"-"-1-¾ is}-'l--"I 229.5 cm 0 ]1'}91 -'J,..iitsl-@ L] ~l-"i'i/o] "I 

1 1 mm Pl 1r}- s~ T ~ 2] ~~ -0~ (framboidal pyrite)..Q.g_ ;i;] tl-B PJ-AJ 2-] Chondrites 

-'] ~-r¾ (Pemberton ct al., 1992)7} 'll:,r~q (Fig. 6-81). 

¾%¥-;,;] A1,,"i'" c:H~-%.i!} °Cl1~A}~J!j- -,¥-A]~-'t!%oJIA~ ;<~~°{!- 20}½~ ¾;.1~..Q.~ 

1} 'J- -'J-1/-"il ~ :<! "'::: <il ""4¾ 0 I £ ¥ -\'-"1 'l! i!J--'l! "-1.sc T'-'J £1 "1, 'f- ¾ 'i!c '/l ( unit) 

~ ~51°1 T~·'fltl-. 0 1 El]~r.}¾!>l <5}.!j!- ¾'d:~ (lower unit)~ c:H-1-~ ¾ (layer)g 

'11-'.J-O}:: 'll\'!"11, -'J--'1- %\:!~:: -U>l~loj '.Ui:.J-. %¾11::s]"il-'i {:l•J'<! 'i'l'r (Chun et 

al., 1997a,b: -ii\~,:]- "1, 1998)"1I 91S-}'ll, 0 1 <ll.'c"-l-¾~ %¾.'r. o:]-{l:11:½ 7]-1)"1 %¾ 

-II <1l-"-21-¾ (•f 9,300\'l {'!)"\ 'lJ3<]1'!cf_ %¾-II <il-"-4¾% 'ii ~l.sc -',}1'}-'I- ,g1,-.uL 
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~,¥1 Y~ £Pl"'J2l ,.,~~T·.:E7} iJZcl~ lll_g}7} c-tc}4~_:t-1], ¾~~AP:f5'~oJlA1S-:.. -g-~ 

~ -"J~TXZ] ~~7} 4E-}~tj-. ¾¾-II flP!4¾9.l AJ-¥-6/l W0]';: .A]~.iiI~.'f! 11~ 

s:pi,,.J-.g. 'T.£ Thalassinoides .A]~T::E7} -1-.A~]fi}trj, Jf.¾6/1Al¥-Fl ~ lfl~fct. 0 1 ~~ 

~tj-. ~-~-IT E1]3I2}¾~ <5}~oj] T 0 ]~~ ).~%.nZ.~,¥! 1...-]~ Sf4-"'J.g. T~~ %-T~~ 

(historical layer; Sarvda et al., 1991)ei] ~~ 0ltrJ, 'r1JoJ1 u:J--e 1-~-7-¾ ~~7} 1..-}tj-

1;:}r-\-. ~.ft%oJ] -'?l;,;1'6]--C MB98PC-4 51 6 }';: %-'6--II f-11E.4~ 8-},¥-9.] "~~T~7} tj-

0JAJ~} %-1-"J 12..'?- ·J-7]-ii"}~c-\-. 6]oJ] 1t}ti~A1 MB98PC-6.I1-\- MR98PC-7 31.0]-oJ]A-H~ 

%-g--n fll ~_c_-q ec.~ ·6}¥-9.l "~~T~'::: Chondrites ~{:-=y-3:uJo] .:E~'6}lll Y-1;c}\-+r+. ::i_ 

t:ljl -lt__-..:]~t!oJI -~;;JB}'C' MB98PC 7 5:t. 0 }~--: ¾%-II cl]n:2}~ t-}-¥-Q.J ).~~-7-3:1} 

T'-~J!?~ §J-{!/2:12-~ ?:]~B ChondritesS::. ',!:!B}-';:cll, ¾¾~;,;]l1jf-l_6/]Ai ~B~in ~¥-i'.:" 

g~ 510}~,o 0]'4 ~;};]'6}"C <'.;}-"'J¾ ~::9-. 

5'c 7--'J't! ~Jrr2j-7} i'!:-ll-'t!c+ (Fig. 6-80). 0 J '11".•lt' ~'i'J,} X--'.:l ,'f'c)O!l-'i ·<HJ-, 
0J.5'.;;0il gJ•Jl-'i 'l''/l~l-'I (t~oj, >]~.iil,'l.'/l '-I -"1"1-'JtilO!I ,:±,j£]oj 'U4 (Fig. 

G-82). ~~-~ S),?:i-~r-~ 4 ({) ~]S::. ~l~A];(l ~oJ] ~~1~ 01-'S {!~t} ~-4, 4 <D .!1. 

r.} ~~~g~ T·'B-".:!~%6/]A~ ~ 90% 0 VJ 0 ] JH-t;J (platy; Furula et al., 1986)9.j -f'rtc~ 

~ ,~-lfl~.~ "7-AJsjo] ~r.} (Fig. 6 83A) . .::I'i'.jJl o] E-J]~t:-}Sj J.J!;!-oJ]~:, ~-'JJ-5:- a~~ 

~I f]u]~} ¾cl '-i~ ~~"ere] ~;'l_tj-. MB98PC-7 .20}9~ 1f.i·.2..£~E-] 465.5-·468 

cm T-tloJ]A-j';: ¾~1'1 TI}3B.2.._~ TAd-'f! El]~~% 0 ] ¥-S1'5"}ll] ~~B~C-\-. 0 ] E-J]_>!.?-},~~ 

!>~ -8-}-¥-~Jl]~-& -Y51'6}j]_, "'d--¥-£1 ~·~~ ~~~-0 .£ .7-].-§--'cl (pylitic) J.]¥-.iiI~-'e! q 

!,J.sj.AJ:;J} c}1- '1]o]"j'/l 7i/~J\'! 0 J '1,,;t~-14. 0 ] ~l"'cf¾." ~'ii 'f-'j-'j1/-5'J ".J' 90% 

o]-"'Jo] 3&~9~ -R--c]~ :srH£!.2..£ TAjsq~ ~q (Fig. 6-83B). o] f-j]trc.J-¾ ;,z,j"'J'6}-1jl,~ 

T ~ Q.j ~ 1P1 _2_~ A] ~-fl ;.~ ~ iil ~¥! 1...-j ~ £j ~-'J O l ~~tf-Lj-. .7. cl j]_ Il ~'} .2..5::. ,¥- E~ 

450 cm --fz!oJ]Ai~ -8-}¥- ~~737'f]1Bg ;!-~ 11°1¾?.1 1..-] !!l~,,.d-~4 it-4 q £]~~-9.j 

Jil:~~~-'.:1- :r~t- ~n]~ %2.l 1..-] 5~-0-vJg T~,3-}~ .uL.§.~~_,,_Jol T~lll ~~·~9-. 

o] E,j]tte}.;g,-f. 3':_J.;H:J~ ~ ~ 90% oJAJ-o] ~~~ -'frc.J~ ll}{l.£..~, ¾,q~_o_~ 

~-¥-oJl TTJJ¾ ftjo]~ %?~ Y £1~~0] 'iioJ~Y- 5':t:- o}'T T77]¾ ~o]tel Y~ 

~"1%4 ~I '-II ~"1%~ .ii!E¾~ --~~ ¾¾*~•~~ -'.:l•~ \'!7 

(Furuta ct al., 1986; Chun et al., 1997a)oJ]A1, 01 ~] ttc}¾~ TJ.,:H:J~ ~ i··Ai:!j .!fl 

~I::: 'l/1" of 0 l•I '!}rJJ~I §f-:±l1c½7]~<1 AT <!IE.cf¾ (".J' 22,000\1 ~;Michida and 
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Fig. 6-82. X radiographs showing textural characteristics of the AT ash 
layer supplied from pyroclastic and epiclastic. 
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Fig. 6-83. Microphotographs of glass shards 1n the AT ash layer. (A) 
MB!J8PC-6 555 cm (Bl MD98PC-7 4GG cm (C:.) MR08PC-7 355 cm. 
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Arai, 1992 g:_~ .:,-t 2i1,300td ~; Oba et al., 1995):i!t ~;;;Jtrcf_ AJ-¥-oJl ~ 0 1~- §ju]~} 

~cl y~ £j~-"J· :[~ .ll!..:t:.5i~"cf-g. it~~ tB°Jt!-75 ~s}oJl ~5~Al ~"'j~ 1{!-~ 0J 

"a ~1'1% (Oba et al., 1991) 'E:: <1i"fJ.f\'!.9..'a.-'/-E1SI >1"HI9.l ii-'ll (Chough 1984; 

Chough et al., 1984; Bahk et al., 1997)oJl £.]~ :;;-!..Q..~ tB-0fs:~~tl-. MB98PC-(i 51.c} 

zj 550cm -fZ!"il '/l>J1'f:: AT 1"1.".e1-:: 01zfcj's] >B% (epiclastic; Cas and Wright, 

J987Joll ej-ql 7,1,,111 "-9-<c {i"!"!-%:i!J >1<1°J%9.l -"'s'<"I-% INayuda, 19641"11 9.1~ 

~ .2..s.. i5B ~ ~ q_ 

Jcl.il MB98PC 6 ~o}~ K¾.9..&-¥-El 727~731 cm TZ!- 01]:: ¥-~i~ t'q-:igfl5£ 

~ T"'J-t! tl]E..t!}* 0 ] ~;;(ll~t:-1-. c1 ti]E.2}"6' AJ-8"}-¥-oJl~ T~.Q.] ~~~ii>.~ ;1;]~t! 

A~-§<ul.~-'t! L-1~ §J~"ol-o] ~~~q (Fig. 6-84). 01 fl1E4';'"~ -8"}.."!j! 78:,JJ1t),g. 7,;_~ 

~ ~iaon ,,_J-¥- ~::<11~~ q~ 1tJllQo-\ 9.lt:-1-. MB98PC-7 Y- 0 tf!J IE.¾.2..~-¥-El 688. 

5-694 cm 'f'(!•,1>1.SO -'l-"111 ef'l/2• £"J- 'i'-'a'<! 1"1"4¾ 0 1 'IJcj~cf (Fig. 6-841. 

o] tl]Ei:!.}i~f!J 1"'6}-~oJlA1£ ;1-~.Q~ ~~~.2...£. ;;;1~¥! ,.,~%.ii!.~¥! Y~ ~~-"Jo]~ 

,ttlcf. 

*Al,¥- %~~-.A]9.} ~~~A]oJ1Al ~~--¥:! ~o}½oJ]Ai ¾Al~..Q..~ AT ~]n:2}¾ 5} 

,¥-oJ] ~;1;115}~ E1]:.I2}¾o] 9-'T ~Cj Q'.d"C'tll, o] ¾,g.. -¥-~~ 2};gfl9+ %"'11 c}'T 

!>I c'c"1ei 0 1 e1-~1e1:0.sc -,'J.J£i<>I ~cf (Chun et al., 1998). ol "l"'-2.f¾-& 'T'Jl.flcl, 

.Q.} 'fJ :ii:. .:.l cl jl -t?-TI-3:l 11 it"~~ oJl ~ ii~ Al 't}-~tlJ .xl oJl ~l ;;;1 "5} ';:: i;B Al~{!:-*~ 7H~ 9~ 

<11.".ef·1'-S'c •1"1£1'.l)cf (Chun et al., 1998). %•1 -'i~•l\'!"11 '1\>l;,f;: MB98PC-6"1 

M!l98PC-7 "1°f:a~l>1 AT <1IE:4¼ 1l'f-'/-~I 'll>l'<! 0 1 "l.".ef¼."· ¾-'1"1.Z..ss:: •1 

~S}~~½7]~.9l Fll-1!.i:'.}¾.n} ~t:1]¥:l_tj-_ "i5}Al~ 01 Fl\~a}¾.Q.J 9'__,9..-'?-!~~%1' i<l 7]% 

.9-] 011.~]T~~Z] ~~01 ~~J.£10,D]:~ ~~~ J]~~}~~l~ ~-\'~ T 91% ?;;1°1Cr. 

>l "1 ~I 1"IEC.2.f'u;; ·ll"iJ"I:: <ii, ,; "I til 11 ;a %•1>1 °l %·1l'l·c= '<"I¼ (fallout):: 71 'I! 

~{!:-jj]-~ ¾1J.£.!2. %~-'l~-'J-.2..~ ~{!:-¥!-c} (Cas and Wright, 1987). 0 ].:j~ %~~,,_J

g,J ~3':. EE~ Ti'-3J:.sj1! FllE-2-t~~ it"~oJl ~"O"J=-i ?~ .fl~~~ ~16"J=¾, 15~*· 1-~ 

R~:Q-%",;o] ~-tj-· ~6] A~%oJ1 ~~ o1~}3:J'll o1-'i-€.- %-"l ~7gA1oJl '2- .2..-ft'~ ~ 

~ "r ~~: Jl'i,)ojl::-}. op}3:J'?l ~6"J=~ ,,g.Aj ?J.::il_ r:Jl;]~ ~t;B 01~-~~ ~]~Cf~? 7] 
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Fig. G-84. X radiograµhs showmg textural characteristi~s of lhe SKP 
tephra derived from submarine volcano in the Korea Phitcau. 
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~.o:f{\'i]s'-.!/-E'I ;,jaj7f 'll"l'l!'r'~ -'IJ>IJ"i.2."'- ¾'9'-'4 .>!'11 'i)£3.7j7f 7J±ct-fnj, AJ 

<l"l.2.!a'- ',l£7f ;a. i)-'1! .'E'.:: 'it~%oJ .!j!--'g'l[ 21-'!!el .!l.q cj l:1-t 71"1¾ oJ%~ 

q (Carey and Sparks, 1986). El]Ec.2]-¾eJ 'l'!~J"l'1! .,_.J!.',}AJ,° 7)AJ":t"i'11 ',j~J~l eJ 

i5~Ai ~o-J\t 1· '.Ut:1-. 7]1}~~-2...£. t:Hfi--T~ (troposphere)~ Ad¾'r! (stratosphereV} 0 1 

eJ i'!>l]'i'! (tropopause) 0] ~Aj£j<>j '.l/.2."l, i'!>ll\'l"ii>i"° '1!11'%0) ~£~] u}c]>j "J 

t1=~ A-Jl7J7} i- 0 ]<5}c}. -&--'-J-~{+91 ~~-3.j<j ~¾~ 'fi!-½7]% (eruption column)% -'rj 

'Al~ (tropopause) 0 ]AJ-9.~ ~61 ¾~9-. ei]lI]j ~½7]%o] -Y~Q.J ql;]9} *,q~ u.,2 

_'r_~ /}_;<]7TI £"11?!, AJ-~~.£7} i:t-4ril) 7t}2<5}o:j ::r A]~O!l ~--§-,3"}~ ~~J¾~ °J"6'J~ 

'/>7TI 'il<t (Cas and Wright, 1987). =i. o!l"'-"'i 1980\'l"il ¥-,';·~ "1"1 §f{lej 7J•7-~ 

JOO km 78 .'c. \~ "l ~ :s) 01 ~fz] 0 1 %~I'll cf (Sarna-Wojcicki ct al., 1981). 

~~X. §.}{!~½ 7]~~ ½--~-II i;JJE.i1.Q."I 7d--9-£ -'t!.ki¾~ °a"6'J..Q..£. %~_0_.9_ 550 

km \11 "l ~ :s) sq oil >j Sc .ll."1.51 ~ cf (Michida and Arai, 1983). ¾¾11,zj 2f ~f.;:'til zH] 

Ai .tl~B 51o}~O!]A·H:::- ~t!]7} ~o-J~'T"~ ~~-ll fl]I:i:4~ ¼~.2} ";01.£7} ~~"5]

~ 11~J 0 I i'l:~£]~9. 'f.~ ¥,'I{! 4'!!"1 .>,_cf 'lftil"i.2.5'- 'l/.'~J} i" ~\l! 'le 'If% 

~ej tf2.l'0I ;,Jf1.o:f{t"il"t ,Jc]7f '.:1°i'll'r';a; yof;acf (Chun et al., 1997a). =i.ejLf 

·6-iiB %¾¥-.A] Ai~ A}it!J!l- r:H~* (MB98PC-4)oJ]Ai -B.-~-¥! t-¾-11 t-l]~cl-%~ -&-~ 

X.2}£1 ~6-j~ 7-J~oJl ti]iiBAl ~~~ cl-¥H£!9i ;i,Jqj~~7t AJ.:J-6] 71.h"j'.Uc} (Fig. 

6-8.S). ¾%£.:c.'/-EI 27 km '!1"1~ 96EBP 7 '<L 0 f (Fig. 6-1Hl•1'.: ¾¾-II siJrra}eJ 

,7,-pJ!..¾~!?-17} 12 cm ¾~oJ1 &JI:Jl'fJS:_7t 10 mm 0 ]c} (Fig. 6-85) . .::I~Jl 165 km ~ 

0 J~ 95PC-l ,rrof (Fig. 6-l)"i]>jle ¥'11:! e}',lc]:S!:a.'l! 'i''a"i"1 ~.2.9, *'9'-'4 

.>!'11'il£7f SJ' 5 mm 'l)£ 0 Jcf (Fig. 6-85). 0 J0 1I "i'il•i MB98PC-4 .s,ofc -!H(-5:3. 

'1-<1 "!.;!,Jc] SJ' l'l6 km 78£ \\!"l:<l ~;:<11, ¾~71 5 cm 0 1-'il, "itil'll£7f 27 

mm oil '<l'~cf (Fig. 6-85). Mll98PC-4 .s,of·c %¾£'4"1 ,J el "ii eJ 'il"i "i '11 °d £7} 

nJ.5/- 3.nj (Fig. 6-86), '/-,'I'll cp,!a]ej 'i)Scotl "i•l>i i!-'11 ',I '/t% 0 ] '1"1 LfcfLf 

.x] '?i"~c}. cJ-3:1~ ,,,J~.Jl!.~ ~~ ,,_~%oJ1 s]~ ~~J= ~c.}~. %*£ ~¥!oJPi i~'T K 

¾ 0 11 '/-¾'El '/-o.J'll c),'!1a]7f "IJjj,eJ 'IJ•Jotl eJOll>i 0 1% (drifting)~ 31.2.!i'- 2J1J'<! 

9-. %'5]1 %¾~~;zJsJ -sH} ~¥-~ <it 8,000\1 :tl~t=• ~..,_J-~l-~ t:Jlo}\::!¼Zl %~ 0 1 ~ 

~ g 01 l!t"J;$jl (Koizumi, 1989; Oba et al., 1991), ::r 0)1!2I •Rfi. l1-.l!.'.:: of"J,;,f:sj 

~-aJ .Al xJ ?J-~r.:l-. 
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(Dls!Mea from Nari Caldera 
of the Ullouno Island) 

96EBP-- 7 95PC-3 MB98PC-4 95PC-1 

• 

140 
(cm) 

+ Upper unit 

, <f- LOwer uni! 

170 
(cm) 

200 
-f- UpperunH 

230 
(cm) 

Lower unit 

732 
(cm) 

130 
(cm) 

+ t.owerunlt 

,SO 
(cm) 

Fig. 6 85. Trxural changes of the Ulleung -II tcphra according to distance 
from Ulleung fsland. 
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Fig. 6-86. Grain size rlistributiuns of the Ulleung-11 tephrn. (A) 95PC-4 (B) 
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%¾1/c;;c]'1J'l!el "i>i~oll ~']"Ito MB98PC-7 51°1611 ~•l-'11 AT <11"4~-:: >J 

'lo- .ii1 \1B y 's! "1 "'i -"J ~1 'f 'l! ~ 7<l >II \'! 0 I '!le 'il: ~ cf o I 1'11 " 4¾ %-\'-<>II '.' 0 1 l: 11 o l 

%"1 y-,! >'l"1'1;-4 ii--!!! Y's! "1"\%91 ill~¼-& "i"t-l'i"<>il "1~ "1<1-"J <Bahk el 

al., 1997; Chough, 1984)4 ')).>];,,q_ MB98PC-7 'R 0 f"1 AT <1l"'"ef¼ -"J-'/-<>ll '<- 0 lc: 

?10]*~ i..j~ ~·,~iAJ-& 78-"l-~ ;}J-?-J\J!g 7}Al1li!, i..lj.!j!-.~2..~ ~c.]~01 tg-"j£16i 'il 

q (Fig. 6-82). ,,1 1l 0 1 %"1 y "1 '1 >!- :S 4 ,!J >1l 5'c <l eel Aj 'i'-"a-'if·a!-~- tH<~ ,Pf, 

ti1 -¥-1.' 0 1 '1l: 'll "1 % e1 'sl :i!f \'! ;; 5'c 'i''a "i "1 9J "'"I, 'll-¥- -'1 'll 4 "J-'1-l'i" ;:; 0 I .I' % "1 

"1 '.Ui:.f (Fig. 6-83C). 0 loll l'!ti's ¾'"°./1-;;c] 'cl-"; til'i-Af\'l (Fig. 6-1)'>1]"1 ~"}',! 51 

of;;oJ]Ajt; 'jjo]-~"1 y~ "1"4%"1 til-¥-,'-o] -'1'll, ~J.;j, "11-'i-614 %'ii'¾ (7<IA7':j 

B:.:~ ¥--fi.Aj)~~. "T,.>.J£jo.J 'tltj- (Bahk et al., 1997). 0]~,?:- ~all9~A]7]oJl AP'+% 

71 ¾¾*?Cl c,Hil<>il %A]7]"4"3. 'll"1>l:>'1'l1:, •i"; til'i--'l\'!ollAit; ~"17]'1!.sJ ±,l 

~ ~~%0] .:g.~t~A] ~'.U-%g %9"~ <r '.Ucf-. %'&-~Al J<i~A}l?'l_oj]A~:: A~J.t*5!1 

%11-"]<>I] ~•l"I oll i\'ia''iJ ll<-& 0J9j AT Eil-'"4¾ 0 ] >1%"1"1 1/c><]Jlaf10_£. i\';J''i] 

~ E..?. ~'ll -'11 q %%1"-><l -'i ~ til 'l--'I\'! <>I] ~ 5<] iif c: MB98PC-6 51ofoJI "1 ~ AT Eli 

:.:i:e]-9l r.Jl¥-~ 0 1 ~~J.s=l~'::ct ('.)l-5!i?:- AT Ell~t!.}¾9-J ;;(~%% ~W~.Sl-':: '6'-71°19-

(Fig. 6-82) ,j~fB AT Eil.ec"f¼~ ~Va'111Hl s1]"'"4oll "l'il-'i Cf 0J;if 'i'':i'll-%4 

Lll-¥-~£.~- -Y~~ ~c.]1} 1M-~~t1-. .:rc.]JI '5}¥-7all1~ 0 1 7<e51~ 11-1-~ ~0~1;1°1 

'1lc'il: 5\-:: )!-'.l'- 01 .<f-jj "ii~ -"a Fil.'c 4%:i!f "i ¥-¾ ~ "r '.lJ::: 7] j;' 0 1 i:.f ::i e] cf AT 111 

"4%91 7c1 -9-<>il t; .>1-"a "ii -\Fa A >l %'il '11 .!!. 4-ga:i!f e~ 11.<r.ll-!1: 0J-",l-::: 71 "1 %•1 sf 71I 

Lf,J\:}q (Fig. 6-87). 

%tiTI ~ -&~'&- .s=.9.} ajj T~, -=.i ?1.:il 'll ~2-1 ~ {} ~ S..¥- Ei ~iJ-!e. "T' 11TI .2-1 ~l ~ ct-t 01 

'?J.ljL ~.:il~ ti) 9.ltj- (Bahk and Chough, 1983; Machida and Arai. 1983; Furuta et 

al., 1986). %%l~"l<>il-"l ~';-'i! 'il 6 f%"1 E1]"4¼"i \'!'i'<>il "i~l ,J-";>f\'!EI ,jEj-fr 

% 0d (Chun et al., 1997a) ~ ~%¥- %-~~A16\l ~~'8'}';::: tiTI,9T~. 9-~o\1Ai~ ~~1 

0J-"J (Chun ct al., 1998) %::'. "ii:oll 0 l'l'"1*9-- ::ie1'1 -'1%711 -~-\i-.'r."1 .>f{!J>] "l

~~'?_l {E-½6\l £1~ 3ufl.9-l t1\~4¼ 0 1 ~-"J (~-01 % 1997).I>-} "6TI"c} (Chun et al., 

!997a,b)oll-"i ~'l]sj '.lJ 9-. 

½%1/c><l"a'll"l ~5'c-'1l %~ ("ii'~%l!--Jl <11"'"'4)"1 "1<4~-& 17.5~24.7 cm/kyr 
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(Chun et al., 1997a) 6 ).J1 ~%-¥-~ tiTIAi"f'-:?_T~~JAi .tj'=;-@ ::rr 0 }~~]Al~ 11.7-23.S 

cm/kyr (Chun et al., 1998).s'c 95PC-4 "1°foJl>i 7f'lf i't~I ~1~£J~i:J-. 0 Jt -"l"lil-"1 

\'f c<c -l;-~ ~ c<c ';'l "ii of] SJ •J >j 'i'-"11 :;<I -i-*1'-"i "1 ,,pj -!'c'l! 11 ~ 30 cm/kyr.s] 'Ii ~1.o} .'r 

-1\-J.fi,fi:)- (Park et al., 1995). 0 1\'l ';'l,'-of]-'i >Hall-'<! %-\i-11- 0 '1 "i'\ qJCHf 

(MB98PC-4):.if <H"tJ.f'l! (MB98PC-nHl-"I::: ztzt 77.7 cm/kyr:.if 47.5 cm/kyr"- 0 H-9-

"1-~I '-IF+xtc+ (Fig. 6-80). ic.J:,i ½¾1t"l.l\lBoJI ~~1-,,1::: MD98PC-7 -"' 0 loJl-'i,: 

24.7 cm/kyr:C, 7/;,,gJ ';'j'f:,li'}9f 7].s] -fl-Af%}7ll <+EJ-\l;cf (Fig. 6-80). o];:, S1of.;:

"i] "i ii- "--'I % 'l.! ,0 4" "1 ,\' ,g lf _uL \'r Y 1'! "i "l AJ-o I '1)-',!:1'f uj , 'll O I¾ 2J q '£ \: IT 

1'! y.eJ 1']3J"J:S.g. "1"1 cfE}Lf,] ?af-ecc+. ~£},j] %'1!8~ "i"lii- 01 of'f' i'tlll ~½ 

-'i! MD98PC-4"1- MB98PC-6 'i!Of:SoJIAj;: <J{l-ji!\'}-,l 1-Jc;l -"i"l-'IJL/lof] "]{l-;JJ7f '!I 

~~ ¾oJ ·~~~ oJ%.g. ~••oJ 3]~ l = Lil"1"1 ~~~ ¾*¾'1! 

Globocassidulina species 0 1ui, 6 ]9~~1 9-?Sl AiAi-"a ¾-6"¾1!t ~1rAd ¾K-¾ .::Z.e-1.JI 

dc7Hnf'1l:i!f 'f\'ltt-"" ,'-A,j"]oj ~i:J- (Fig 6-88). 0 ])l,O. ½¾1fce<]'lj~oj]Aj ¼-"">ii% 

'l.!oJI "i"l-<l >j%i>'\'! '-11'! "Pi"J-"IVic: i'!'l!--"Je<] ~1'ci:J- ~_o_;;, 0 1 '\lil-"1]71 '!Ii' 

'il ~ 0~ .xfJ,Jl ~ ';'! ,'-"ii "1 •H Ai ¾*-l'"i Aj..., ~ "'*:i!f -'I 'l! oJl -'i 21 "1 aj ~7,l :', 'lHl 

-4' Qhq. 5! 0]t:l .::z.e-1.TI. %¾-II lol]n:e}*~ 7]€'.s?...£. "J%}--¥-2~ ).J~.iiZ.~ y~ ~-::f~ 
0
~ >J."7-a'c7f iJ\'!~kf (Fig. 6-81)_ <H'1-*oJI qj;;J;,fc MB98PC-4 _s,ofc: 6}-\'-oJI 

~o]~ ).~~Jl!.'l! L]?]_ ~3J-'cf21 ).J~Ta:.7} tj-0,f.J.J:i!.j- %J,!-1:Jo] .2.-7- '5'"7}~t:l-. o]oi] 

~'"H ~~--'l'i'!:i!f 1"i'lli!oJI 1'1"1"1::C MB98PC-63'/ MB98PC-7 .ei 0 f-~,o. 08E'i'-J's1 

¥¥-,,.dt ~/}c5}A]1?} Clwndrites A~t>?-5:~01 4t:}tl9-. ~~ -1r"?1°1 ~"7]-<:>]-~Ai ~ 

7:},3./ .Q...£. Al -::}5'.:~}'7.:19-1 Chondrites ,,_~ ~T 5: (Bromley and Ekdale, 1984)7]- -?- ).•l t'} Jll 

~cf-

"i'l'?\'l'-l7J;'; ¥.tj1'f-ec -i'B--11 sll.":i'}~AT E!Jrra+ 124,300\'! 'l!; Oba et al.. 

1995) A} 6 ].9l .s,J~¾t· ½¾te"AliY-'t!o!].l.i~ 18.4-24.4 cm/kyr 6 ]9-. o]?;;!..g. Machida 

and Arai (1992)"11 "1~1 22,000\'! zj_ llc?coJI .s!tl "i'lil- ~l<:l"il "i'R-'i (21.8-287 

cnvkyr) rf± Y-Jll 4]cl-£J~;,J'l!, ~.'a.J,J]oJI "i•l!Ai::C 4± "1-~I 1-fEJ-\:!-i:J-.. ,ej1-f ¾ 

%1fce<J <j..-, ,fl~Af\'!:,j %%1'-"] '!ifloJI 1'1"1,-fc: MB98PC-6:i!)- MB98PC-7 -"l: 0 fof] 

-'l-2 7 rzJ- n.2 cm/kyr 0 4 15.9 cm/kyr£ 0 1'1' Y-~I 'Al~-"l~i:J- (Fig. 6-80). -'+,-1 

MB98PC-6 ~o}cJJ.l.i~· ~~"ft ~i:roJ] ~~ ~~AJo] ~;;(B£JA] ~.:i~, .9..-&J?"f 1?J::'_ 0J 
01 AT Ell E'. cf ~ 0 1 >H -'ii-£1 oj fil oJ fl c;! -"--" "ii ,j £J 'll i:J-_ i e1 JI MB98PC-7 .'i1 °1 oJl -'i 

-378-



'.:: •l's- "i1'f-il-7f "J'J'il ~;;Jo\l -'1l-'1"f0<l'IJ:, llt-& ':f"1 ~',l~-"l"l%"1 'ii''ir-& o]o] 

•f ~ ',l 7,! E..ss ,~ "-l 'El cf. 

{!,J];,flajE..ss :o1--U~%"1 "f 90% 78£.ic '1f;;J;,f].!/- (plate margin)"l>i '11-'~~cf 

(Orlon, 1996). ~~?s 711¥ (divergent margin)t! ¾ 0JtiH~ (mid-ocean ridge)oJ]-"i ~ 

tl] ~ ~~ '?l (non-explo~ive) an A~ 9ti!-tl--%oJl 9-J "BH 1£-*~* (extrusive rock)7} 'T"~ 

•]~cf. •l's- tf{!7il;,j]J/-"11 e!fS-f0<]'1J: ofo];;,:~E.<J- 'll: 0 1 •Ji\l 0 I -l\--',}E..ss :-.O½-'<! -;': 

~ ~l (ridge-centred hotsopts}4 ~.>J-;,;]~El &7] ~1H (rifting) 1t!-7'1]ol]A-H:; --&-"'J

:o1--U~%01 J;.];:'i'!cf (White and McKenzie, 1989). '4'-,'17/1;,fl-!/- (convergent margin) 

"1 :o1--U~%<'- oj~ ~'l,CSjE__,;_ -"l"!"i"! \:!'?"ii ,!;.cf ¾%1'fnj, -l\--'-J:o1--U'!r% 2I "f 

80%71 '4'-'ll 11 il-'/-"11-'i ~ <>ll±cf. 0 1 ~ "ii '11°,HJ:4 '11..-'\'l"ll"i ~ 6l '-1-'.:: :o1--U~% ." 

'll'll (hot-spct) 'E'.:: 'l!1l (rifting)'t '1!'1!."i<>l ~-!/- Ja!.Cil"i'1 ~cf (Orton, 1996). -l\

'-J-~-U"1 ~½o\l "1 ~ -l\-'11 •VJ "1111 ¾"1 \:! 'r::: -"-~4 'll '°'"1 %0 1 'll "11 "1 •l •i "i 

aj7]-31, of.::,_of ";·'!!, ~7il-'l~! ~•J%"11 '11~ .sf"i]~ \:!'r7f <-!•]"i<>J !/J:cf (Cas and 

Wright, 1987). 01 "11 •I •l '11 :<l ~-Ull-%"11 i'f~ 'i'l 'r c: o] oj •f"l, 0 1"1 .I' \lt ." "111-sl 

~ ~j7]i>}Jl 11.11. 

'1°J-"1"1¾41"1I 'll>l'i'! 1'1]E.2]-:: '11:<l~-U (submarine volcano)"1 "i1l>1'/1 11-~ 

"E'.:: -l\-%:o1--U (subaerial volcano)"1 11:½"1I "1 ~ •l 0JE..ss ¾'llB 7<!-9-.ss ,-{1-Bcf. 

"iir'-'l"I£. •l"'l:o1--U11:½ 1]~"1 <11"21-¾." %6l"1 78"1 'Ja! ~.,_J •l"-l"il '11~ ;.;\'! 

0 1 ;,J]e!f>']Sl ~1'1-. "'~J-71"11 '17] •l•J¾"il 'IJ,J-'f.! %"1'll- (tuffl-¼"1 \:!'i'-"11,4:: •J 0J 

~ ;;i "11 •i % 's! 'ii. :o1-'il "1111 'a <ii.'!. 21-¾"1 11 ~ 0 1 ~.,_J :o1--U11:½ '/1-"l =E"' •l :-<J :>1--U;I'-½ 

"1-"l"il '11'1Ai '~~~I 'i'-\l!s-f><l 'i'c~l~cf (Niem, 1977). 0 1 %:§l'll--¼"1 qjJ/-;\'-," ~_,.J 

:o1--U;l'-½"11 91•11'1 'il''ir'i'! :§l-;jj-l,-71 •l 0J~7,l.o_.ss"1 ¾'ll"il "1•1•1 11!-'ll-'f.! :o1-'ll"1l'll 

¾ E..ss •l "-l "I :ls: cf (Whitham, 1989). 0 1 e-1 ~ ;;J -9-"11 x %'s! "11 'l'!il ~ ¾11: ~ 'l! "1 -"

~•I 71 ';; i5lcf;c- 7,! 0 1 .!a.'1"1 '.l/0<I 'Ir (Francis and Howells, 1973), .S·c;! ~Hl·"1 ~'111l 

oJl r.Jl~ ~~~ u};j'6] ~]7J~j1 '.'«tj-. ~~-3]'?1 ?>~µ]~--}}~~ t&~!:. Izu-Oga::.awa 

arc"l 9-;J Q]' 1,800 m"l -'1jc>jS-f,c- 135 m ¾+"1 ~.AJ;jj-.!¾ (Gill el al., 1990)"1 i"' 
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Fig. 6-87. Grain size distriliuLion of the AT ash. (A) 95PC-4 (B) 95PC-1 
(C) 9:iPC-2 ([JJ M~98PC-7_ 

905 
(cm) 

MB98PC-4 

+ 

1 mm 

Fig. 6-88. X ·-radiograph and microphotograph shmving organi~m--con 
centrated layer intercalated with bioturh;:itccl mud in ]\;U3g3pc-,1 cure. 
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~~ Q} Okinawa Trough9.] "r{l '2} 1,400 moll ~ ,7;] ~} ~ Izena ~{!- (Halbach et al., 

1989)%~ ~'<loll 2J•lAi -rr'll'1'1 :Ui:J-. .EE~ Grenada<>il ~Pl-Of~ 'T'-ll "I 200 m 

Kick' em Jenny -~~ (Devine and Sigurdsson, 1995)9~ A]-J,j] ~~ ~ T Q} *'Ell~ 0J.Q] 

Socorro{j -?lt!_g.J ~{} ~ 200 moil ~7:1<5'}~ tillA1~~ (1993\1 2~ ~½; Siebe et 

al., 1995)~- Izu-Ogasawa arc 'T~oJlAi ~ 0 Pd- Myojinsho ~§ (1952-1953; Fiske 

et al., 1998)"11 ~•l"i -;JAJI"!'<! •17<1.-i--U'!'r% 0 1 t!:~"1'1 9Ji:J-. 

-%-"6\1 ¾¾{E-A]Q} "lt!-~t~AloilAi ~~'fl ~Of"~o!]J.-i~ ~lE-21-9.J -9-Jl!tl.5:, =jlAj:.lJ-%, 

'?JS:.,![-~, ::I.c'~jl El]1fc}¾9l ~Z!-~'?J ~.¥.71- A]i.1"1l}A] &y:g 1:l}~ -'2J-o]~ "'r uflS] 

<11"4¾ 0 1 '1-'<l's~i:J- (Chun et al., 1998; ~¾.-i- 91, 1998). 0 1 '11.".4';;"~~ 'i'-'J~ 

%~ '{r~g.J _,,___.:r:~clo}, %1"!9.J -¥-~4 21-~~' kJ\~1.S] ~3t! 13'l %*~ 0 19-. ~~t:Jl 

A]oJ]Ai ~~~ 3t 0}ol]Ai~ 9-~¾ ¾-V-21 1:'JlE-2-l-¾~o] ~~i.] itt~~~~ ~!-'Boil,% 

%1t-"]"i]!<\t 0 \,:0-3 '1].".4¾ ("1110,000'i! 'l!)9J "J--1'-<>l]Aj ztzt 4 uj~ <li"eh} 0 1 

~ "1 "1 9J cj-

">1 '7}"] ~'<) '<l zt <Ii" 4¾ :S Cox % (1979)~ 0 1 er of {1--jj-'lJ (Na,O•K20/Si021 

oil ~•lAi 5'.Al,s'-'1!, 'l!-l'- .-i-s±t1-½ 71'1!~ <il.!!.421-:-C 'rs!~, of.:,_uf 'a1t-~1°I~ !I. 

'?..19'. 01 f;J]:n:2}~~~ .¥.Xc.l- 01§.~ (phonolites) EEC a:1B'{r~ (trachytes) P}:Iu} 7] 

't!~ l;!}lt!o!l, iH~ s}~~% 7]{lE-] 6l]E2}~ ¾~~~ (rhyolites) u}::z.u}£. ~ff-~V, 

cf (Fig. 6-89). =reiy- ~%£ .-i-s±;I-½ 71'1!<1 <il.!!.4:0£ <11¥-1";: .¥.'rc4°1 E ',I 

ii}::ru}oJ] £.Al£ljl, ~~-~ :i;"B_~~ o}::z.c} Aj~..2..~ {E-~~V,q (Fig, 6-89). ¾¾£ 

<>ii ,t-_¥.iif'._: ~c}')l--li-~ 1"-'>J:,j:i!f ('/,!¾-\'f-'t 011,'-'/-!, ]984)~ 7.f,0, £.lf.<>I] £Ajiif\'l 

~.!j!--'?-f~. o}::ro}'.>J]Ai ;t:\1~~-o}::z.u}~ ~~B}~ 6J-"J-o] 1-}"EftlCr. ~A~ ¥!-~£]~ % 

~S..E-] ~-{1-~%.g_ t:l17]#--~o!l 9.Jtl- Na-~~71]~.Qj ~~~ ~-¥-~~ o}:-ru}.;l-"6-oJl 

9.]~ ~o]ui, 7gt=J7]TIZ1 *-?-17] o]~O\l K-~~~t-S] X~oJ~ EE~ .¥.~,.r.:} 0 ]£~ 

of::i_uf~'i;-Al7J7f AJ7J'<J c;!:S 'll'r ~cj- ('1!¾1'!4 °J.-cf1, 1988; -&'ili:il, 1986). 

¾%£ ~1H1,½1l'1! •llE-421-91 ~1°1 ~ TiOz/Feo·, TiO,/CaO, .:J."-]'1 Na,0/K,O 

<1 -'81""1.ucoil a4•H-'I ~l'!•I 7'1l-l1t1 (Fig. 6-90). ~¾x .-i--U71'1!~ <lJE.ef%~ 

Ti02 1:lrd'<>II 1'\7llfil 0 I Feo· %~ 0 1 71~ 71~ 1 mole% '-11£1°]'-I, 0 1 ~1"'4%;: I~ 

3.2 mole%77}o<] ·ci- 0J;;f,j LfF~'dcj- (Fig. 6 90AI . .EE~ ¾¾x .-i-s±1I '1!~ <il.!!.Cl-~ 01 
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Fig. G-89. Nomenclatures of tephra layers c1cquired from the Ulleung Dasin. 

TiO, eHHl'7}oJI .eJ•B"1 e]aJl"J.2.s_ CaO w,aJ01 *7f'Sfcf, 01 '112'."}~.g. ~f,1£1°1 

cfehtc+ (Fig. li··(J(IB) . .::rc]:i! %¾£ :oj.{17]~.ej '11.".e}~,O, Na,O.ej K,O 'l,~ \'! 

.ofSI slf 0 I 0 }9 ¾711 cfsfc,nj, K:iO >f~,° 3 mole% t.ii<l 0 14. 0 ]"11 ~}•B 0 1 '1]rr4 

"2. K20 'l}•J 0 1 c>],j 65 mole%'7f,'] 0 ].s'-9, Na,O wsl'\'!.of"l ¥lB]~l"!.2..s K20 

Wi!J~~7l- ~o-J\:±Lt (Fig. 6-90C). E-Jpic.}~~ -?it~d±¾~oJJ ~"8'}V:l ¾¾.5:. ~1Hr1-

·~ 7]~-"I '1]rre+as 0 1 ¾:" \!lqJoJI ~'ll"ioJ Lfsfcf::: \'1''1!"11 o] 111"4::;,t. t:j0J~ 

-f1±~%1'¾ _l;l_o]t:- :';{!¾ 7}~9-.. 7-2'1Ll- ~,¥-- is,p:t:Cf~~o] -7--8.i':l_::};.¾~oJl 9~-5Hhj 

-:t~.£ ~~-~* 7]~~ E-J]l!_2}-7-~~t T~~ 'r '.V_rf. 

Cashman:i!- Fiske (1991)-::- tHA-Js}{!-¾¾4 ~~s}{}~¾ 7]~~ JS,jlli'}~ ~ ~-~ 

O~':..::tll, i]~c:f:¢J¾ o]%'6"}5'Jtj-. ~~~2-P. tH7] 'FoJ]A~S>~ 9}{!-~ -~~-49.l ~~oJl 

~ii~Al -tf'g''f-1 tlj7]1q"t} ~~AB¾~ r.R:t]~1 'il~7]- 7-]~ ¥Al~E..£ 1t-Aiirt ~l.5~2.J 

';'-)5:.Z]-ot] 2.Jtl ~}~~ '11£,:t-..¥.~ ~9.ltj- (Fisher, 1965) . .=J.1!~4 t,JJA] ~l-·i:Ht-S··A]oJ]~ 
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15~4-sq.QJ 11~oJl 9lt,~),~ ~~¾ -~~½~ ~.S:.71- tjj7] ¾ .!ltj-~ tj-~ E".7-]~, -a-H"r 

~~ ~.£:;i;]-c]C ~£] L.}-El-L.}-.x] ?J"_9_E.£. 1q°'o}.4f.S:.7} =-~Ai, °J"~iq. 1f.~~-{]:-oJ] '='f 

~Hi.'r. ,,0J7f S'Ps ""'lj;,fal 'l/'1!4 J/-Ajoj zpj- cf:: --')7)ol) -"l"l•f"i 'f'.'i!t!: -1,-

5'.:S 'll.<r.-l'c:1'.il- 11. 0 )>1I .@cf (Cashman and Fiske, 1991). 0 1E"l"1 {)'!l"'lo!I .sJ•f'l! 

20 'C.91 qj7jAJ-1~.sj- •1'i'--ll"Eil611>i c: zJ-zt.sJ .!/->14 'll\ll.91 '1-•f"'c.'r.7} '1l7]¾oil--'i c: 

5:1 'E·c 10:l'lfc<j ;foj7f \:}cj- (Fig. 6-91). c;l>i).s'- %•1-l'cc<]oJ)-"i >H{,11'! .'il. 0 }0\)-"ic 

-;!'!l"'loJ)Ai Af%1'! %-"l~ Aj',)9.j .!/-"1'll 2}',!"171 'i'{l•H "I,° 'll'l!-"1- ~"1 1+E1-tl 

cj- (Fig. 6-91>. 0 ) '>! :'. 'ii "1 sf-:±-l'c½--'l 11 'l! "I',) '1) '1 "1 'll'll :0 °1 --'J-:§c. %11 

(aggregation)oJl 9.Jvl 'll~J 0 1 ~7f"l2..s'- "r%~ :,!2..sc ~7il1'lcJ-. {i>ll.s'- %-'o-.'ic sf 

-:±-l'c½7l~.91 %*-II Eil."-el- (Fig. 6-92A)c: '1J.<r.1,'-_lC.7f \'!£:<=.'11611 •l'il-"i. 0 1 <1)!:'. 

el-%:'. (96EBP··4 145 cm, 147 cm) 'f')j~} al-£:S:'i i;_o)c: :,! 0 ) 1'!:~'i!cj- (Fig. 

(A) (Bl 

'' • '' • 

;i.0.2 

i 
~ 0,1 

~ 
~o.z 

• • 
" • 

• 0 • • s • 

~" • 
~ 0.1 -

I ~ 
• ,:• 
• 

B ~• ~·e • ~ •~ • om n n 

~ "" " 
' ' ' ' • " " " ' ' Feet (mole%) Cao (mole%) 
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' • 

• 
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' 
• • --n u "" • UIIO-IOPII,_ 

' 
2 3 4 5 e 
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Fig. 6- 90. Pair diagrams of major elements in SKP tephra vs. Ulleung 
tephra. (A) TiOv'FeO* (ill TiOJCaO (C) Na,0/Kf). 
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6 92Il). :-,;,pc e,o;'ciP<I.Oj 'ril 1,173 rn.91 •l•1'l! 'i"-\'!~1"1 ;J~~ !ltiERP-2 .s,of 

(Fig. 6-l)<)l]Ai.£ 9,t 50 cm {~+2J t--1]~~¾ 0 ) ~~l~-•-~- T~tl- *.2.~ °J-'c}o] ~!

tl-'ei tcf (Fig 6-93) 

01 El~C-f¾-t- x~~ et~cl~f?l wrJ: 01 lfl~t'}:-i:L Ail~~ ~{!-:;;:ff~ 01 -?-All~} 'i--1-

19.J 't!-.ll~l-~ t'].!jL~--¾ 0 1 30 cm 78.5:. ~-~V}tj- (Fig. 6-93). EE~ ¥--ii~ ?-}W_el~.g.. 

\r-<'}t!- ~E:Jl~- ~;,;l°i, -¥-~~~ :;;:i-& ¾~~% (welding) 6 l ~614 Ail~~ §}{!:;;:ff~ 

~ %{l (aggregation)-8"}:ii_ ';Utj-. 6] £i]~4ti..H<>!lAi -?f-¥-~ 7}1;lj_A-j %~:.Q--§-oJl 9~~1-

g {l --tl ~oj ~ o-J A] u:l, _,,:~ ~ <l 2] :,-.}{!- ;,:ff '§"Sl -~'i'J :::~ ~ ~ <5] {}::1:. ~t:l-. o] EJP-~- cl{;~ 2. 

%"1el')!- 0 ] .!l;<,'t'[ .ii:fil!-1} (Whitham, 1989) 'Ee: .ii:f>Jiii'\l"J ¾"i-ll- (pyroclastic 

gravity flow: Fiske ct al., 1989)'il g_ .A]A]~tj.. 0J-¥- (~FroJl 2.jcS}~ 4-AJ ~11'*½7] 

__ 1000 
U) -E 
0 ->. 100 -0 
0 
<l) 

> 
<ll 10 
C 

E 
~ 

<l) 

f- 1.0 

0 1 l . /11 
/ /I • / ,1/' . 

I i/ 
01 / .. 

. / JI 

.0001 .001 .01 0.1 1.0 

Diameter (cm) 

sphere L :p= 2.4 g/cm' 
sphere P, :p = 0.6 o/cm' 
sphere P~ :p = 1.2 g/cnl' 

10 100 1000 

Fig. 6-CJl. Di~gram showing terminal velosity of individual components in 
air <1nd seawater. L: Lithic, Pl: Dry pumice, P2: Water-suturated 
Pumice, L (Field): Lithic within cores in the Ulleung Basin. 
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Fig. 6-92. Grain size distribution of the fallout deposit through subareal 
eruption (A) and submarine eruptions (B). 

0 luil AJgtfc: 'l-'11-il--"'I e>l7f ;J'1l"1c:<1l, ¾,._£oJJ•i -rc7J ~"1J 0 JA,e'.Slluil ~½~ 

%:,!'i! -"f'11-il-"°· '<f'(:!"10<] ~~cf (61"'! ';, 1997) EE~ %:,!"1-%0] 7f>J- 'l!: .>!.;'" <J 

~I ;,c] ;J 0 1 °J- ~ l'.£ oJi'i ::: <!~ qJ "i 1<-%"c •l 01 Oil •l •i •H!:"'11f ~ ,l %0 1 '1!"1 1\ cf 

(~¾~ "l, 1998). 0 1 •J:<j~{l,JJ\c ~f~qj;,c]oJl '1f'ir'i! q4'Sj 'ilo<j{!Sj iify-o]uJ, ?~ 

11 "I 1,000 m"i; 0 1 ~ q_ 

'/121 c!~f-'i:,~ ¾tJ-<l.>!.\1, 01 <IJ"'af;g.,<c ~"cqj"i"l-'i ~l'll"l ~•liif2 T''\l'j 

rra,2)- 'f-;)!o] -i'-~'i!cJ-. EE~ %:,!'!!-'Jo] .!1.e'i! ~-'-J'111l--'J ¾"1-il-'ic 0 l ~~qj0<Joll 

-'-i >l 'i'l 'i! .s,:of !,:oJ] -'-i ~-'II iif 711 Lf Ef Y-:a., -'f71 °1-ll" ~ .3'. "1 &J ~ •l 7s ~{!-'II 7f ~~ 

qj;<]oJl-'-i ~'<l'i!.cf. 0].'a."] 01 <il"af¾,". ~~qjo<] 1<-%~oJI '/l~Jiif~ •17<1~{!-'IJ.'a. 
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Fig. fi-9:3. Pholographs and grain size distributions of tcphra layer derived 
from subaqueous pyroclastic gravity flow in 96EDP-2 core. 
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Ol'/i \'!'i'oJ],<j;:: '1--'1"1 "-1-'!!"-loJI 'lHl:"1 71-t'.oJ ol>1]'i''lc;s o<f-<j]1'}Jil 1!'-'11'f',1c]-

7]-i'9.J ~F-11~ i:i}.:::r 0 }9.1 ~¾ta-A]9.j XZ:!g_ i&~i.}~ ~_9._~ (Heiken and Wohletz, 

1991) 0 }.::iofQj •~>j ',l ,&£.9t 'r~-oi-¾ %"ii QjojAj 'lc~'<!c]-. 0 1•H1 7]-i\'&I OJ-ell 

~ ~~ g tl:-{-1-<51-71 ~<5}~ EPMAoJl ¥-31'-¥! backscattered image~ <i]%o}~ ~~6} 

'<1 c]-. ¾¾ .'r. ~{±<'-½ 71-!-! .oJ '1--'1 "1 "-1-'!! "-I'° -o1 ~¥! -!-! '!I (elongate circle).oJ 7] i\' 

61 ',r'i[~Cj- (Fi![. 6-94). tjj';'-1i'-.oj ';'--'j~ of.:,.ofa,.g. 1i'-½"it Pf.:2°}&] ~>J !l_cj

"fc %%"'1.oJ -lc-i,-"i] .oJ•l-'i <'-½"'i.aJ"il '1!'i!l'!'ll (shear)i!- 'i):of -!-!¾'ll.oJ 7]i\':S 

o] 'i'l'J-Bc]- (Fig. 6-94). oloJI 1/!"ilAi "1"14-U 1"½71~.oJ -'-'i!e]ofoJ]Ai'c :il,a'e 

~ '!l SJ 7] i\' (isolated circle) a; 01 '!,',l:-oj-~ ~I (Fig. 6-95A), 01 31.& 7)c'o '/l- (gas 

pressure) 0] sJ 1J·'/J- (lithostatie pressure) _11_ cj- '4 ;<I 'i'! Aj ",I >J ,aj ~ 7] i\'- ",I ell 0] Ct 
(Heiken and Wohletz, 1991). 1i!~oJl 7}~5!-J "'-d ~ 01 carbon dioxide~ ~ 4-oJl ~ '4= 3 

km <>J-"J~ ?:]B-} {:llj:!-oJ]J,iX. 7r~-oJ ~-18~ 'r '.llrt-. t~~~{!- ~-½7]-l':)_£] ,¥-~{! G} 

'!laloJl-'H: c] 0j~ 'il-ell.oJ 7]-i\' 01 'if\lci>f::t11, £,7161] 'li"J'il -!-!'!1"1 7]-i\'½o] -\1-.0: 

~"l"i 0 1>1'312-.ss ~ 7]-i\'¾ 'li"J~q (Fig. 6-95B). %¾.SC. >1--U1i'c½ 7]'1!.oJ eil""-1-

611 'lt'ir"l::: 7]-lf:ilf •l"i'1--U1!'½ 7]'1!.oJ Eil""-i-611 'ir'ilc1'f::: 7]-t':S "i.ii!1'l'<1·:l- "ii, 

tl,i'1--U 7]'1! of.::iof.oj 7]-t' '11-\Jo] _il_c]- cj {l';'-"i]Aj 'll<>l\l- ',)g 'lie 'r ~4. ')l 

¥- ~p:re}~t 7]-t}-,-'-}o]21 ~oJ o}? T~Jll ~~i.}.3l, 7]i1"~ ~1i±lr!~~ ~o}Ai ~ 

it"i'l! '!I-ell:"' 'f'cic]- (Fig. 6-96A). ,;..-1 7]-i\'-'}01.oJ "161],<j;:: ct?&] 'r~i't'l! 

(hydration craek)~- 01 'il'J"i<>l ~:::,11 (Fig. 6-96B), 0 151.g. !>]elJ'r"t"-1 "-oj-6e1¾ 

'll~"il "1~ "10<.'a. •1-'1'i'!cJ- (Heiken and Wohletz, 1991). ¾¾£ >1--U {;'-½71~"1 

'/-"I "1 "-1-~ "-I "f •1 "i >1--U {;'-½ 7 I -!-! "1 '1--'1 ',! ,E ::: A 51 "-I Of "-1-~ "-I :a ,°_ 0 l'r 'I' 'J! ~ 

11 -t' OJ "'11.oJ "' 0 1 i'i- !,'- 0 I ::: ,11, 7] -t' "1 1il -ell "1 'a 'll .:,- -'l ..._ ¾ •1 "1 >1--U 1!'½ 7] 'I! .oJ !ill 

nt:t~ ~-W-11~·~1 ~ 'T ~g 31°11.:t. ::rle~.2...£ **~ ·~}~t:fl;,;JsJ 'T11 ~ 1,000 

moll ~ ~l 8}"i:2- ~n .:-:1 ~1r~ cc -=q:.71 ~ r-1- 0 16g_kf!§<?fofl -?~ ~*~ _o_~ ~~~ 'i'! -t

-t 01 'll<>i;;J;c+. ''s-"i tFs'tH>'i '?\'!"ill" ~"J'11-ll':l %"'1-li-.oJ %'llofl .oJ'l! ¾"1't¾ 

01 .!l~.'e ~l~i:4¾ 01 ~1@:13-}jl, ~ll'TK¾ofl ¥-%¥! EllE'...~91 ~"-3]~£*~~ ~tittV~ 

--g-iJ-$!...~ t:l-'T&l ~p::i:~¾ 0 1 ¾~~l°i S!l,tj- (Fig. 6-97). ~~ slJ"ffoJl El~Al 0 P&-¥! 

o!IE"-1-½.& ¾¾':1-"i '1!"1"11 %~'/Ji>f>ll 0 1%, "1"1'<'! 512-.s.'. -'f-"-'<19-. 
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100µm 

Fig. 6-94. Mic-rntexture of pumice lapiili supplied from the subareal 
volcanic eruption (Ulleung lephra). Transverse (/\) and longitudinal 
(B) section of elongated vesicles. 
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200µm 

Fig. 6-95. Microtexture of scona (A} and pumice lapiili (B) supplied from 
subaqueous volcanic eruption (SKP tephra). 
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100µm 

20µm 

Fig. 6-00. Microtexture of purruce lapiili supplied from subaqueous volcanic 
eruption. Walls l>etween vesicles arc thick (A) and show hydration 
crack (D; arrow). 
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Fig. 6-97. Inferred model of subaqueous vulcm1ic eruption m the Korea Plate:rn. 
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%"1lc:: \"1'1°1 Of 1,007,600 km2
, '!iir"r'll 0 J 1,684 m, "irJl"r1J 4,049 m, ¾%'I 

1,693,800 km3~l ~~±JJAJ tll~'T'~t;Jl~ {~-e}A]o}- rH~J.'t ~H~ 0J: A}- 0]£1 i'-q1_5=.C!] ~] 

>1"11 ~t:j, 01,'.,0, 471-"I 'l,,0, •I'll (E}Ef_a_"',,i "11'1l (15 m), -:0 6e•l'll (55 m), »-7f 

'1''11'11 (130 m), Eil~•l'll (130 ru))Oil -"1•1 -2,:<:"".'l•J, "l-Eil'!i"J, **'s'•lii' \'l".l'cl 

c}. %"81]2~ iiB;<i,;,;]~,& ¾ 0J-2.] 0J:P}.'i='_ %jj;>;-ju}-~ (Yamoto Ridge)~ "'?{J_0_.5'_ ~~011 

"r{] 3,500 rn7l- \j~_:: ~~¾A1 (Japan I3asin)7l- ~~lll "8,,,J~~ 9J_9~uJ, W-~2-£~ 

o]:u}-§. iiB :;i;-j n}f-~ %A]_~ -'i=-AJ 2,000 m7l- \;j ~ ¾~'.5--~,,;] (Ulleung Basin)£} °Fu}-t;::_ 

~zj (Yamato Basin)~ 0 ] -'11.1,,:"),s']oj 9)-cf. 

~¾ ~t>}-0:j ~ 61 ~ ½7)1f-iiB~% ~<5-}e:j ,:-1J11J 0J~~ ½LlLf:zli.:}. %iiH-C rHst ~--$-1 

40' -¥- "C oJl * -£- oJl Ai 'it J.-j 8J ~ 9i q-1l_ --:1 ° l 6d AJ 5'] oJ S:l r+. % "'B 2.] Al ~ 'E '{} c::;-- , ~ .;;-

~ 'i.1- g a:}rfA-H:~ t:H 0J:9-] 01-~~ ~ o}-~cH ~~9i A-j9)_- -7..1741-fi-oJ] "?il]'i:}-"6}-:-: %'{]:-1dft 

(EKWC, East Korean Wann Water)"} "l-~~-i'f (NKCC, North Korea Cold 

Current) 7}- ¥:°- AB ii}-f9, % i;B *lj!-- oJl ~ 6l] J.-j :.: 7'J ¾ ~ 1f ~ iM Z} oJl .Qj ~ ~ 7J _9_ ~ {J c~ °T 

7} •,J,<.j!cJ;: c,/2..s'. '<f"1C<i ~q (Seung and Yoon, 1995a; 1995b). 'r'll 200-300 m 

(')}c.ll~~ 4-.g__ 0.1-0.3 "C, ~* 34.0-34.1%0~1 ·'i-"8JlJL¾ToJ] 9.j€i}o:j ~-?JA]~z]uj 0] 

·6HT~ %~~~7} %4-tsl-e;J (02 > 210 11moD ~PH½ I£¾,°, i!'~tlAl ,:±~:s:lo.J ~ 

_<>_nj "1-.U'li ,>;,-l}'l].sc (CCD)c:: Eil'lf .i;_q 'ltt 2,000 m ii 0 Joil ~,Jl~t:j (lchikura 

and Ujiie, 1976). 

%•1{i: -"I.\'-"- \'!'!i~fc:: •J~,;-"J 'i"-llt "1-"d"f7Joil-"i-"I {!e<J'f"l •1+11 /J~f"f 

1:1]-Xt.}i:tj "6'-'f-lS:.oJ] ~5t]~ {!7jj.£. o]c~~} A]cj,3J ~AJ.Q...£. %'8flt:- A]T7J.:f~§}oJ] ~ 
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'{I-sf 711 'l! % ~cf. 'f. ~ 'l! "I 'i'- 7 I + \'! -"1-<>1I t1I v, %- 'ii 91 '/! % .g. ~ cl tf 4 'r \'! 91 7 I -f 

\'!:of ',) A~~O<f%"i] '2c 'lJ•Jc:S ul'iJ 'r :Uc: "f, oloJI cij~ AJ-AIJ~ \'!,'-7f .ll.','-'i]cf 

~-2-9.J ~-f~oJl 9.J~l-1;:! -:½-&H9.J {]¾'T ~ 7<-l¾'Tof!Aial -§-,e{!-.:::::.~ 0 1 Y.±;3-}.TI. OJ 0J 

'lJol ¾7f"1c: ~,. ~,;,Joi \'!-"1-iif.il :l/2.aj 0 1;'; "i'i'-.g.1±:o:J-.ss '11~ 'l!'ll.._ ,r~ol 

Sf-"1--"loJAi 'll<>Jtft 'iVJ-'ll 'r.'c :lief-"- •J-'>jiif.il :Ucf (Kim and Kim, 1995; 

Ponomarev et al., 1995; Riser 1995; Kim, 1996) . .il'11°J~7<l"il cij~ 'll'i'-~"11 ejsf\'!, 

% '11 ::: -er {l ~ 'll "f 7I >1- "J -of 7l "ii -'-1 :n "J 7I .ss ';J oJ 1f::: -:"c 1±-"1- Al 7I oi1 :u oJ Ai "' lit ,o_ 

Al'fr"il j]-zj-OfJil {l':;'?91 -;l.ef • ~~ ~7<1°1 cf_'i'_s'_ 0 r-"1-'il AJ-cij"i] :U'llcfc: ;!~ 

!;l_oj{?cf (Oba et al., 199L Piper and Isaacs, 1996; Kim et al., 19971. ?~91 -U-"1- · 

*.<r• ~?a i': {1%-'roJl %~{}~~ .:~h:tiil-~ 'T"~- "T-~l~'if ~£9} T~-oJ];.72~ %~{!

"' ,;;- -U:o:J-"11-l", ,~"'- -af::: * 71 * i\'-"B' •JoJJ ei "'f <>l 7.'! "a,,, 11 n1 i;coi1 -;,I ,i1 'l! 'll .._ "'~ 

;.rl- 7J,0_ %cl~ i'~.E!- ~7Jll %¥:-~.± .:::::,y9r ~~01-~ ~~ %~%~ tr~ .E!-1oJl 

cJI ~ \'! 'i'-"'- 'll •!! "1 "i "1 ° I ~cf. % •I -"I % ~ ,r~ .°. %'11 .ss ¾ 'll -"I c: % ~ 3lf '11 'r "ii 

Ai~ ~%. ~7J ~ AHtrtl- % A~A]§l-~~<tl ~.±tr't}-~a]oJ] ~~~~ 9]..<?..~.£. 0]oJl 

cij~ 'll>i-~ 0l<ll7f 'll+"lolcf. a:fef-'1, %<1"11-'I ... ,,I 'l!>!l"1 "11 3lf'il~ ol•J,,-f1I 

~"8-}op,7~ '8-"SHci]Ai ,t£.7} 7}A.} .3.~, %~.9~ 1J¾T ~.J.jo] -i!"-~~ *~ ~~{r_-;i;] 

oJlAi~ *~~~-- ~JBoJlA1~ ~~~'?l ~T91 "r-~2 uff~- "'6"1l~}tj-, 

Z~f\'ix"ilc: l~}yj.'c"i] 'l),'-"""i"i]Ai •l~~ "L-''~-"'0f Alls.;., 1,cA.jiifoj -%-•le:

',- 'll."c.._-'l•l"i'~ -"-•l 0J~7<l l'!:i!J-w 'F1""f-"-"' iil-5:lcf .. 7.cJJL "1~ %•1 21 {l¾ 

4-oJ]A-lg_j %e{!-.'.'.~ B°~iflAJ- %, %t;}J~ i,~OJt!-1~§.l-:4 ~~l.}~ 4-¾9-] AJ_A]~q/-~ 

\'!.ef3lf'll" 0 1•11•f1I -',J-afoj %1"-U"', -it-U'll "1 'lJ,f-',J "E%7I~ TT"' %"11 cJI~ 

3'c>};"' -;,/Aj5f5:l<+. 01~ "fi<s!_',-Ej 'lJ'lf'lJ ,r~Jlf %~-;}"'>j-ej %i'!;i'!;;<il;.a .J-Q}•f 

-"-"f •1-5:lcf. "ii:' ?{l \'!-?} %'1ioJl<i ~'jj-,! .g.;ss,;J-±>J- 'll 0J'll "-I \'!•Hi -"-'B, 'll* 

4'<>11-"i-"I %<"-zl-"'"I '1-± 0J"il Bl;;foj -it,;l-'ll 0I -.1_'1jiif>II ¾7fiifJl :Ucf (Riser. 

1997). ~. 1%51cl 0 J.:V- ~ 30v'I.Z:!- 2,500 m 4-¾oJ]A-191 -§-,e{!-±r.f!:'.. ~ 10% 7tlk"5} 

'.<12-'--f -it,;l-'/1-"I *.'cC: Si' 35% ¾7f"f'.l!cf. -\l-71%1'! 0 I 11-'il-"ll: :,j-'jj"i]Ai >j>J-"1" 

'el{!'ll 0it+ ~1-U'~Jlf .te1 il-U'll"1 ,J>E.g. .g.;ss-z}"'{t ±.5'.iiJ--'I et-c:cf. a:f4•i, 0 1 

~~ .'l'.¥J-~f :<-•J"i]<i-"1 'E"l-"1-•t"l 3lf'jj';J,'-c: "ii" %'11-"I <j 0J~7<1\'!:i!J-"il <II~ 0 1 

•l {t -'fl iif oj \'! 'i'- -"I oJ "1 ° c ~ 'le .ll. ~ '¥- -:i'c O I cJ-. 
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»ic's<"'.'.o)A]Kt' 1997\"! 7~o!I 'll~.l'-"l -"i'l'!ui]Ai ejAJ 0 l .C:-%+e.]7]-"J-\'!'i'-clc cl, 

4s' R/V 'Pavel Gordienko' ~ 0 1 -§--.)oj -'ii </1-'il :,l 0 1 c) (40' 09.51' N, l'l2' 23.50' E: 

MF97PC-1l. 1998',ci 8-!, 21-30'll"i- 11-1'1 30'll~12-!a 6'll"ll -'i'~l~l ~~•l 0J\'!'r~ 

~?-T H/V 'FARDO'£ ¾¾~.A]£} 1!~*;-q ';}J.~1t 1r--t1:-oJlA~ "'y--~~ J.JA]§}~~ :i!} 

"{I <t!.T~ i'l't}- 3:'.:-"Hi "it-"']O}'.:{lr-j-. 7-i:..]JJ., ·&-½S:-54- ~-£,"}o]oJl -1)7J-~;;,;}~ 'd4;:-~ 

-"-"- >TI4i.sl71 >Ntl"1 2cJl"-I "i"l'if >=,'I~ ~J-lt-.l'l.l'1- <Table 7-1: Fig. 7-1). 

:~i,~ MF98--DoJ1 'Al-W-~ ~~% §.~~ 12~ SQJ A]it~~~~· A]~.2.s!. 7~ Z}Zi1_0_ 

"- \'l4,-'1"-"- A]il_;a >141-sl;JI ,ioi ~.9.oj 1999'2 5-1!! 2'c!uil ¾"-¥19-. 5']"1¥-- !=_ 

'i'l_g. +11 2,100 m"t 1,021 moll z,zt lcJl"i ~l-fr'S•i ~-"-9 ~l-lf-:::!91 7--"J ,°_ Table 

7-22! '1""1-. 

~1'1% .s10),]n:C % 3 m 7c!o]9i "i"'c' A]'\'7Jii!- -"l%oloj >l~"i-:l!"1-. >l~-'fl 

.'i'l.•}-"iil.:C 'll*-sfoj 1!'!11!!a. 7)'1"1- 1!1l•l:l!"1-. 1!711'! ~~ l±\'!"11"1 X--sl A}sJ 

Table 7-1. Sampling location. 

Station logitude latitude depth date reamrk 
MF97PC1 132' 23.50' E 40' 9.51' N 3300 97-07-22 Piston core 
MF98-F 132° 19.58' E 39" 19.96 N 3000 98-08-28 Hydrocasting 
MF98-M 131' 4.36' E 37' 2.15' N 1650 98-08-28 Hydrocasting 
MF98-D 131' 30.202' E 37' 25.756' N 2250 98-12-04 Mooring 
MF98-DI 131' 30.00' E 37' 22.00' N 2250 98-12-05 Hydrocasting 
MF98-A6 130' 27.33' E 36' 21.58' N 1650 98-12-04 Hydrocasting 
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128 llO 132 

Fig. 7-1. Stationmap. 

134 ll6 138 140 

'r¾'-1l-"I :o:fel-11,!' .\'-"1 g !/1-aJ-"1 zJ- 3'.cA}'jj'!JoJIJ<j RosetteoJ] 'll-"1-'f! 10 e1Fl 1-]~zi 

>l 'i" 7] ,a_ ,1 'r iif oj 3'.cAf . ,!'-',j t;f '.lj i:r. 

-rr~'ll.oJ ~71!¾ !/1~ A].>l-c: ~"J-oJIJ<j 'i'"a 0.45 µmmi!lipore et"l~f,c];a. oj,f~ 

+ 10% 'l!s:L0_,s o]el <11"1~ 20 ml 2'H.'r. lfe1oJl'l!'1! '1loJI '<f 0l ~'ll-"11"1 "i'll".\11 

'{i~7]~ cH~iif"l lOO'CoJl-'l )A]{'} %'1! '{i3'A]'('l + C~A],!]c]FJ"i] ';'"1 "J-'§~ 

qg :@,cf>i¾.s'. -'1-711\a ~"ii~ Nucleopore "1J!f:s];a. 'il'rA]i,.~ ojJ!f~i:r. ojJ!f7f 
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Table 7-2. Description for lhemuuring line of sediment trap at MP98-D. 

Item Above Below Description LengtrWei,;ih1 Above Below Remark 
No. Bottom Surface Weight Weight 

m m m) (lbs) {lbs) (lbs) 
1392 898 Beacon float w/radio & Ila 1 45 -- 45 -1015 

? 1392 898 1 /2" Shackle O 1 -44 -970 
3 1392 898 5/8" Sling ring O 2 --42 -871 
4 1:38? 898 5/fl" Shackle O 2 -40 -973 
5 1392 898 3/4" Thimble O 2 -38 -9/5 
6 13/2 918 3/4" Nylon rope (20m) 20 1 -37 -977 
7 1372 918 3/4" Thimble O 2 -35 -978 
8 1372 918 5/8" Shackle O 2 -- 33 -980 
9 1372 918 5/8" Sling rino O 2 -31 -982 

1 0 1372 918 1 /2" Shackle O 1 -30 -984 
11 1310 920 ~l~~";:~as+a -220 -985 
12 1370 920 1/2" Shackle O 1 -210 -795 
13 1370 920 5/8" Sling ring O ? -?17 -796 
14 1370 920 1 /2" Shackle O 1 -216 - 798 
15 135s 92~Nl!\li1Bialr~~~2,d•:~18 -406 --199 
16 1 :368 922 1 /2" Shackle O 1 -405 -609 
17 1368 922 5/8'' Sling rino O 2 -403 -61 O 
18 1368 922 1 /2" Shackle 0 1 -402 -612 
19 1366 924 ~~~~~#;,V6i~]1jf;"t-,2 ~ -592 -613 
20 1366 924 1/2" Shackle O 1 -591 --123 
21 1366 924 5/8" Sling ring O 2 -589 -424 
22 1366 9241/2"Stiadle O -588 -426 

944 ~····."·'·'.·. ,••,"ff'U{'-'";:,,;;.'"'' -585 -427 2'.1 1:-J46 '"'-""'""""=--:ut·. ·,:1_;-0;_. ... ,:1·,*,:,Ay~-I). 
24 1346 944 1/2"' Shackle O -584 -430 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 

1346 
1346 
1344 
1344 
1344 
1344 
1342 
1342 
1342 
1342 
1292 
1292 
1292 
1292 
1292 
1?7? 
1272 
1272 
1271 
1269 

944 5/8" Sling ring O 2 -fiR2 
944 1 /2" Shackle O 1 -581 
946 ~0:.t,;81Yiif?liJ;i0f¾2 ,'-·-fi-tt -111 
946 1 /2" Shackle O 1 - 770 
946 5/8" $lino rino O 2 - 768 
946 1/2" Shackle O 1 -767 
9 48 illlfe!li11111n1.eaoo."-\i!,,;~a,, H~ - 95, 
948 1 /2" Shackle O 1 -956 
948 5/8" Sling ring O 2 -954 
948 1 /2" Shackle O 1 -953 

998 ~~"''~" ,,;,l!; -945 
998 1 /2" Shackle O 1 -944 
998 5/8'' Sling ring 
998 5/8" Shackle 
998 3/4" Thimble 

1018 3/4" Nylon rope (20m) 
1018 3/4" Thimble 
1 018 5/8" Shackle 
1 O 19 Bridle (3 point wire) 
1021 MK 7-21 SedimenBr!fp 
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0 
0 
0 

20 
0 
0 
1 
2 

2 -942 
2 -940 
2 9:18 

-937 
2 -93!:i 
2 -9'.:13 

11 -922 
65 -857 

-431 
-433 
- 434 
-244 
-245 
-247 
-248 
-58 
-59 
-61 
-62 
- /0 
-71 
-73 

75 
-77 
-/8 
-BO 
-82 
-93 S/N 165/ 



Table 7 -2. (Continued). 

Item Above Below Description LenotrWeioh1 Above Below Remark 
No. Bottom Surface Weight Weight 

1ml 1ml (m) \lbs) (lbs) (lbs) 
45 1268 1022 Bridle (3 point chain) 1 21 -836 -158 
46 1268 1 022 1 /2" Shackle 0 1 -835 -179 
47 1267 1023 3/8 Chain (1 rn) 1 4 -831 -180 
48 1267 1023 1 /2" Shackle 0 1 -830 -184 
49 1267 1023 5/8" Slino ring 0 2 -828 -185 
50 1267 1 023 1 /2" Shackle 0 I -827 -187 
51 1217 1 o: .. Wlll!Jr,i,;; c;;~sQ: ·"· -819 -188 
52 1217 1073 1 /2" Shackle 0 1 -818 -196 
53 121 7 1073 5/8" Sling ring 0 2 -816 -197 
54 1217 1073 5/8" Shackle 0 2 -814 -199 
55 111 7 1173 :t",Ji~ti-ON:':%)}/,•;,:.?;&/,{1;:.,.1-t:10-,_.,; 

' ' ' ' . ,. ,, ' ' " ' •' ·•· lit ' ',' - 799 -201 
56 1117 1173 1 /2" Shackle 0 -798 -216 
57 111 7 1173 5/8" Sling ring 0 2 -796 -217 
58 1117 1173 1 /2" Shackle 0 1 -795 -219 
59 667 1 61 .. -~~~~;- -727 -220 
60 667 1623 1 /2" Shackle 0 1 - 726 -288 
61 667 1623 5/8" Sling ring 0 2 -724 -289 
62 667 1623 1 /2" Shackle 0 1 -723 -291 
63 267 2023 -~;<\!ill - ' - . "' ''.' 

-663 -292 
64 267 2023 1 /2" Shackle 0 1 -662 -352 
65 267 2023 5/8" Sling rinQ 0 2 -660 -353 
66 267 2023 1 /2" Shackle 0 1 -659 -355 

2025 
. ' " ' ,, .. ·> ·'•.it·._,;· -849 -356 67 265 

·"1• ' "'' 
68 263 2027 . . . -:'}l2' .• "."':> .. -1039 -166 
68 263 2027 1 /2" Shackle 0 1 -1038 24 
69 263 2027 5/8" Sling ring 0 2 -1036 23 
70 263 2027 1 /2" Shackle 0 1 -1035 21 
71 213 2011 ~i,~r~e.q1,• • 1 021 20 
72 213 2077 1 /2" Shackle 0 1 -1026 1? 
73 213 2077 5/8" Sling ring 0 2-1024 11 
74 213 2077 5/8" Shackle 0 2 -1022 9 
75 213 2077 3/4" Thimble 0 2 -1020 7 
76 193 2097 3/4" Nylon rope (20m) 20 1 -1019 5 

11 193 2097 3/4" Thimble 0 2 -1017 4 
78 193 2097 5/8" Shackle 0 2-1015 2 
79 192 2098 Bridle (3 point wire) 1 11 -1004 0 
80 190 2100 M.K 7-t3Sediment trap 2 65 -939 -11 S/N 0695 
81 189 2101 Bridle (3 point chain) 1 21 -918 -76 
82 189 2101 1 /2" Shackle 0 -917 -97 

83 188 2102 3/8 Chain (1 m) 4 -913 -98 
84 188 2102 1 /2" Shackle 0 1 -912 -102 

85 188 2102 5/8" Sling ring 0 2 -910 -103 

86 188 2102 1 /2" Shackle 0 1 -909 -105 
87 88 2202---• ~::.a-. 890 --106 
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Tahle 7-2. (Continued). 

Item Above Below Description LengtrWeighl Above Below Remark 
No [lottom Surface Weight Weight 

(m) 1ml (m) (lbs) (lbs) (lbs) 
88 88 2202 1 /2" Shackle 0 1 -889 -125 
90 88 2202 1 /2" Shackle -886 -128 
91 86 2204~ .. -1076 -129 
92 86 2204 1 /2" Shackle 0 1 -1075 61 
93 86 2204 5/8" Sling ring 0 2-·1073 60 
94 86 2204 1 /2" Shackle 0 1 -1072 58 
95 76 221 4 :f'Ajf~i:i~'.f!? ': . . 1070 57 
96 16 2214 1 /2" Shackle (I 1 --1069 '5 
97 76 2214 5/8" Sling ring 0 2-1067 54 
98 76 2214 5/8" Shackle 0 2 -1065 52 
99 74 221 6 it\~ lllllllllill!liJ!,)-1''tl:ill--1 01 5 -me .... -'""·%"~ 50 S/N 534 

100 73 2217 Drop link 1 1 -1014 
101 Tl 2217 1 /?" Shackle 0 1 -1013 
102 73 2217 5/8" Sling rino;;i 0 2-1011 
103 /3 221 7 1 /2" Shackle 0 1 -1010 
104 23 2251 1/l!l!il!'lil~l,~lilrillll-1 002 
105 23 2267 7 /2" Shackle 0 1 -1001 
106 23 2267 5/8" Sling ring 0 2 -999 
107 23 2267 5/8" Shackle 0 2 -997 
108 23 2267 3/4" lh1mble 0 2 -995 
-109 3 2287 3/4" Nylon rope (20ml 20 1 -994 
110 3 2287 3/4" Thimble 0 2 -992 
111 :l 2287 5/fl" Shackle 0 2 -990 
112 3 2287 5/8" Sling ring 0 2 -988 
113 3 2287 1/2" Shackle 0 1 -987 
114 2289 3/8 Chain (2m l 2 9 -978 
115 2289 1 /2" Shackle 0 1 -977 
116 2289 5/8" Sling ring 0 2 -975 
117 2289 3/4" Shackle 0 2 -973 
11 8 0 2290 Anchor (2800 lbs) 2492 1519 

•;;,± "l:i!f"i;:: %fl-+-" 5-5.0.1 -'l"l"t"l 'ill!-¾ ,117-1~ -1- 'll%.ll.<'f"t"l -ll~-lloil-'1 

cp,] {ls,7];; 01% 1oo·coi1-'i -ct"'"'.:;:, "l:i!f"c7J cJSJ "l:i!f"I -'/-'111' 7<r"c"l '?J:<HJ 

¥-¾8-~21 ljl-711~ '{!~c} (precision: ±0.02 mg/liter). 

%~~0:::::1}-~,':'._ Winkler l'IJ"~.Q..£ %~{}±~ Jl~"o}<::4 ~;.,;JoJJAi i:ip!J~-1~ (Pai 

et al., 199~).Q..Sc.. ~1)'5"}519-. ~lit711t±±tl]% (AOU).g. N.lill-11 4-.g.. (potential 

temperature):;:!} ~~Q._s;_~.E~ 1.f)-7]:,~ %~{1±2] .£~~£.oJ]Ai ~~.:8. ¾-e-';:!s:9.l ~ 

Sc 1, '1R i:r .2.-" 'll SJ "' ~ q. 
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(3) 'rr-U'll 
'o--U'llc' Grasshoff et al. (1983)~1'1 Al]1']<5f'c- •J-'lloll uj-ej- 9171 .!'lJ-~IAi ;\':~7] 

-"' ~'ll "l'.l'l.£."1 ;\'c-'J •J'll .g, t:J-t-:i!f .tt:J-. 

lf"{!-~ (Si (OH)1): A].E.. 0 1] ammoniummolybdate~ 7l-<'>l-ol silicomoly-bdate complex 

~ 1tl-~ ~ oxalic acid.2-l- ascorbic acid~ i}-<5)-~ ~~A]~ ct (precision : ± 0.5% at 

10 µM). 

(4) :oioaJ~"1 -lir7l\S!-±, %71~± ~ ~ '!1-

'1x'<! -"1"1% S1' 0.5 goJI S1' 1 N 'll-U %"I 10 ml~ 11"19 11l:-U'll ~%% "!"l 

>1171~ cf. 5~10 mg~ ~"l"l Carlo Erba CNS ~±;\'c-'J7]!a. ~,J,]-s:!t:J-. -l'- 1""191 

'lJ'll.'r.it ~¾;,f7] ~%foj ,jy-q NRCC91 -"1"1% .l!.i>'A]ll- BCSS-1% Af%S-f'.lj_.Q.uj 

1""12-~I;:: t:l-%-"i- {!-q (Table 7-3). 

(5) ¥%¥91 4'r7l~~~ -&11~¼ 

500 t: '@11 !l ofl 'i Ell .</1 P] 2l .l/-711 :S ~'ll ~ 25 mm GF/F 9 :i!f"i ofl '11 ?~ S1' 4 

"1 EJ "l :i!f-'19 '€Ht? .!l. 'iHl'-% >1171-'l'.l'l q. 60t: 2.:: oflAi ~Al C(!~Al '1 .l/-711::; ~ 

'lJ%foj 'll-U .£.~l 2'll'{l ~~A]'{] cf ,U7]'~ >1]71-'l"l Carlo Erba CNS ~±;\'c-'J7].!l. 

Table 7-3. Accuracy of themeasurement of carbon, nitrogen and sulfur contnets in 
this study for the standard reference sediment, BCSS- 1 (NRCC). 

Organic C(%) Nitrogen(%) Sulfur(%) 

certified value:!: Std.Dev 2.19 + 0.09(a) not available 0.36 + 0.05 

Nieuwenhuize et al.(1994) 2.102 + 0.039 0.205 + 0.004 

This study(n=5,) 2.232 + 0.035 0.207 + 0.005 0.32 + 0.04 

(a) : reported as totaJ carbon 
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(6) ,,p,J%"1 'J%7] ~ 'it~ 

J.~%7lf:! TI"±- ~'it.'.: Irl:-{}L}l='ff' %½ UJ-l{joJ] ~~tj, (motlock and Froelich, 

1989). '11-l;-;'l_3' 'I s'l "I "!-a!- AJ Ji.~ 1f-<il ti ~- A] l'l. 100 mg :S ,:,J-t]oj 50 ml ¥.·cl" 

~~~ -'tl1l¥-t=-Hi 0 ll ~2 l-, 10% ~{}-~}Y~?r 5 ml~ ½.1~9-. 30* ~ lN 'ti~ 5 

ml~ W :il., :~ g TI} ~~A] Zl ~ T1Ht ig- j_l_ 30¥- %~ 7] 9-iH 9'. l'.lj;<}- ~· ft~ 20 ml 

~ '-431. 10·~- -E-'?l 6,000 rpmoTI,,_i ~{l{E-c!.j~ l- AJ';Qlj% ~].7,13-}JI 16"{:- A]E.~ ~

AJl!r.¾- __2._~oJlAi {"l_±Alzl9-. -?:L:i:A]:'{l -"].fi.oJ] 2 m ~{}-4-E¾ 40 ml~ 1=,J2 W- "f_ 

as<>! &-:l·-"l~- 7}'5foj 'l!- ~~"Jz!cl. "I A]l'l.-!< 85°C5'. ofl'l-!'1'11 "is'"a-<>il !ldl qg 

7171 2A]{i-, 4AJ{I- ~1"11 "1'11"11 'le ~%<>I i?cJ-. ¾ 5A]ZI 1\'~l 7}',ltj',S:;i AJJs.~ & 

7]0i 6,000 rpmoJ]Ai 5{E-- %'il- ql_{J~-clV} ~ AJ-~-QJj~- ~~-tj-.-$-] AJ%Q]j~ ~~J ~ 

.£ii'. -'].;j~ ~ molybdate blue "J-'IJ¾ Af%tfoj 'i-AjA]'() ~ UV-Vis 

Sµetrophotometerii. ~1} ~tj- (:-(J 't:l_.,)::. 7%). 

(7) -'.'-JH.-"1 'J ~ 7] ~ 'II 'll--'1 7] ~ 'if~ 

¥--fr% 7i'.2] A~-~-7]'t!_Tf~~ ~~iS}-7} -$-]~ l:lJ"~~,'.: ~]~*!1-J A~-~7]~Tfi~ ~ 

°'1"f7I '/ltl ~'ll½5'.-'/-F1 \'!'ll "1%£1"1 '\'ii'. 71'1t"l"l"I ~cf. l'!'ll ½61 'll'!lcel 

%till.£. 1-%~~ ,W%7l-1:!ir::!:::~ -U-~ii}-Jll ~~'5}-7] .'f-1"5}~ Paasche and Ostergen 

(1980)"1- Krausse et al. (198.'l).<j "J-'ll a, 0 ] \lt 0 l 0 ]-§-"1 <>I % o_ LJ, o] ~ "J-'ll-ie 'i. •J 

,t/]11-rr±<>il tH~loj 'l!'c!.-1 t!"'l"l 0 1:<lc: *.-fq_ 'it'l 'll-'!l-cl %•1'11.2..sa. Af-§-"lc: 

0.05m <0.5%) NazCQ3 (Paaschc, 1Y80), 0.5m (5%) Na2CO:i (Kamatani and Takano, 

1984) -%~H1H~-- %½'21J 0l]Ai ~-'f"Pl~ *£_~ ~1"6}°'1 ~~7]~ AJ~oJ] .Q.j~ zHj g 

~~iiH 961•'F ~c} (Kamatani and Takano, 1984; Treguer et al., 1988). -=-i.i:• t+, 0 1 

~ 'dJ~ ~ .£ !Fl~ %oJl ,1.-p~ ~ AJtjj ~ !'?..5:.. ~.g_ ~-?-o] ~~ 0J=o] ,e-;iwfil 7d '9-oJl ~: 7}-'o 

~ 'dJ-t 0lY- .!r-it--~j_4 {1- 0] ~qj ~AH"'& A}~]7} ~ g_ 7s4-oJlt:- un:121 z]:-AJ_R.3!}-£ 'Zl 

"6}0:j ~- 7Jo] '1'JA] 'ii9-. Krausse et al. (1983),': Na2C03 l.iJ. NaOH %~% 0]%~ l:IJ

~% ~ tJJ_my} tt} S;J, ~: ti], 0.2 m NaOH -§-~oJ] E>-J~l %~ 0 1 0.05 ~.g. 0.5 m Na2CO.~ 

<>ii 91~f %sac Qq.£ ~-ij7]~ T{±;e r, "1711 -il-"i>-'],]c: ;l.2..ss q-q;JE]-. Paasche 

(1980)\c' NaOH "J-'ll 0 ll .<Jtl '~,!-71-\'-1 -il'~SJ 1,'-.;j-1', ojcj7f:sJ -'iJ-,!-a,oJl>1-'/-F1 .2.1:c 

{!AJ~S:.7}- 2% o]~-o)i!}.:rr ~}~2-4 Krausse ct al. (1983)~ {!-~~.£7}- .!j!-fl--~~oJl 
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-<i"i '!l-% 'j'--<J,} 0JoJ] "]-aloj •'ll-'<lc\-2 -al',/c\-. NaOH-lic o]%~ %•l'il 0 I '1!'1.f'r 

4 cJIV'roJl4 •%%¾"!••~@it±~ •'ll&~ ~&"1 4%"i~B:::'11 

(Krausse et al., 1983; Brzezinski and Nelson, 1989; Treguer et al., 1992), 0 1 ~ c1J-1EJ 

{;-,0, ,fl:!~ J/'-uJ ol'-121-, {!>J%7I@ ,J-±~ "c 7Jiil7I ~-afoj AHHe -\i-'ll AJR"i 

~~~~~ ~~~~ Tf"k: ~~~~~ ~~- 4 ~~ ~~~ ~~o] ~~

Ragueneau and Treguer (1994):: ~~4-¾ ¥-%~oJ]A-j~ A~¥-7]~TT±~ &c:} {I~ 

-al;,il ";'lJi'il7I ~j';l"1 NaOH %½'4 7J<>il"i 21- '11-%"1.-"'.•Ej %•1£1~ 4.2.c: •*~ 
"<'78~! cjoJ 9,1.c\-. {!'ll<>II "]i.f'i'! ,;[>IJ it± >j;.'- ¾ aluminosilicateso!l cJli'iloj::: "l' 

10% (kaolinite"! illinite<>il Ai ::: Zf Zf 13%"\ 7%)71 %½£1 ~ 4~-"-ol quartzo!l-'i ::: 

71"1 %½£1>'1 ?i'.ll:9-. =i.c14, 0 1 EE~ 11%7I@ it±"! "c78AJ 'l},j7]~ it±o!l cj 

~ 78 >I-~ .!I. 'd -!l ~ t-1 "1 -'I ::: 'll- '1 7 H! '!l-% "1. "I 'll ~ ~ 'r cl oJl '11 t, 78 !l ;. -\11 Jl.-"'. 

"5}~ 6]?.__:: A]~~_Q_~ -=-i_~jl Al~~sL tj-~ 4-£ '.{.ltj-_ 

,.C '1l'r"il-"i::: 0 ]ej~ 'i!~ ~ _ll~-al7] ~1&"1 NaOH %½'11611 "I~ AJ%7]~ it± 

e1 "r 'll '4 HF "ii "I ~ 'll-'1 7 I @ it± "I % ½ "t 78 oJl >i AI :le ';' 78 -a1 oj 21- "I .a "ii '11 -af 

oj ._ll 7J•I ~ ,;c 9!.::: Al-"'.¾ "J'll-& £.'ll•l'l/9-. %½'478<>1]-'l Zf ¾"loll <"7li.f~ 

Al-"l- Si 'a-£. :-: ,,. £. 7.l. ti- ¾ J<f"' u I -11 ;,I 'll-½11:-"J 11:-'1 7] (ICP AES) ~ o] % -tloj {1,1 

-tl711 ";78.t 'r sici-. ¾½"J'll-s"c Ragueneau and Tr~guer (1994)oJI "i~c\-. 

-¥-%~ ~oJl '.U~ ½ TT±~~ 0J: (TSi)t ,,,~~7]~ it± (BSk)9.l- ~~7]~ ~r± 
(LSi,J!;!_ 'i'-11:Bc'f 0 1:..: NaOH"l HF %½'4'll<>11Ai ,,,, %•1"1~'1 '-1.2.·c </_ll7] 

•J',Pl@ it± (BSi.,l"l </_1,l_7J 'lJ--'j7]@ it± (LSL)-"'. 0 1-1'~:c!<f (1) 

TSi = BSia + LSia = BSic + LSic (1) 

.::i.212, NaOHof HFoJI e1~ 421-£1 %½'4'1!"114 %"1£1~,j 42_::: Al"i 0J% 44 

BAL."! LAL•+ -tC'c!, %'lr'l! TAl,0, "'-'F 'lr-'17H!<>ll "i~c\- (2). 

TAI C BAI, + LAL (21 

oj7]>], Zf %½>478oJl<i -§-"1]£1~,j 4.2.~ 'lf-'j7]~£1 it±"\ 'l)--',' 0 ]1,-Sj ',;-_'i'S]71 

')l'lJS-f:<e.-'a. >J,l-7]@ it± %½:i't'lJ<>l]Ai 'lJ--"j7jq1_0 __ 'e.-\'-E1 %•1£1oj,j 4~ -rrk"i 
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0J~ c;!::'_ %"1<>1] s">1i>f;::: 'lf-'/· 8)-\,-Qj 0J.<e.:s!. !;l_'lJoj 7f'jj-iift:}. 'l/oj7]~ ir±9J- 'll 

',' 0 J·ll-<1 'l;''cUjlc LSiJTAI 0 1°:'i!., NaOH %¾•!<>ii s">1iif;::: ir±<j 0J:'. (3):aj-:;} 

0 1 lf '1'! B t:!-. 

BSi,, 
LSi,. 

- BSi, + TAI x BAia (3) 

BSi C (4) 

LSic -= BSia + LSia - BSic (5) 

1'- '!l"'ll¾ "J¾iif"l iI•1°1Vi >1'11..! "l"lil- P.s!I "I.is 1 mg"Hl· '/1iif"l 1!'11~ "1 

4 0.2 m NaOH.s'. ,g '¾ 7J.1,! TI'± as ¾"II "'I ,j;::: ~f'jj <>ii >i 'l}oj 7J ~ it '.,7f 18.1 ± 

0.4% %13"Jls=~c>j 4:¼tt:f. 0 1 ~ Ragucneau and Treguer 0994)7} alumino~ilicatesoJl qj 

sf aj ::: 0
~ 10%7f %•1 "i "1 Lj-.f, cf::: 's! :el- .i;_ t:j- t! 1'! ;,, cj-_ .::i "1 .:il, ,g % 7J ~ il.1' e1 

¾"il~f"a<>il ±W'c! 'l/6171~ ·il-±<1 °Jc>_ 'c!>il<l 31.2±1.6%~ ~fz]i;fcj oj %"11:aJ-'1l 

,)]]Ai 0J-1i7]~ AJ~o] ~ -¥-~~ ~}z]i3"}Jl '.V.*¾ ~~ T'.i:!9- (Table 7-4). u:}C}Ai, 

-1--,?r-*:ilt- {!-,'?_ i:r]rJ A].fr.Z] ,,,J~7]-N Tf~~ ~-5i~ 7a-9-, ~~;;,]~ -i7-~Cfl c:H~ .!=i!. 

,1J 0] ~}~_A] 01-?-o-JAf°F ~c}. ~ 9:F?-oJJAf;:: "8Jl?A]li Q.}= 4 ~E~~ nuclepure !:!l-~:i!t 

"i "' i'I ,J oJI .,, cJ .ilJ i;f "I 'll % ~ ,, 4' 11 '111! "- ; 1 "I ,, 11c o1 '"f '<l cJ-. 

(8) .oj "I 'll-<1 it~~± 

-lI-711 :,Jcoj '1,\'l Ajil,;s 105 °C .2.{c-oJl>i 3AJ7,l %~I i'Lt,Aj'(] '¥-<>ii Aj.'1 Sf 30 

mg% 2°J2- I:,]n:-¥- %7]Cf] ~:;I HNO.l, HF, HCJO1.Q.] ~-U {1-.2..£. oJ.oj_'.:i.£-'f~]o]_l=l_ 
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Table 7-4. Precision of the determination for the biogenic and lithogenic silica. 

N BSia LSi. BAI, LAia BSk LS, LBSi* BLSi•• 
(µg) (µg) (µg) '••> (µg) (µg) (%) (%) 

1 128.2 164.2 16.7 73.7 91.0 201.3 18.5 29.0 
2 127.9 174.6 16.4 74.0 89.2 213.3 18.2 30.3 
3 l&i.7 192.5 16.6 74.0 93.4 235.8 18.3 31.7 
4 128.5 196.8 16.7 77.1 86.0 239.3 17.8 33.1 
5 12H.0 193.7 17.0 79.2 ffl.6 235.1 17.6 32.1 

avJ;t. 13(1.1 184.3 16.7 75.6 89.4 225.0 18.1 31.2 
std. ,1.7 14.2 0.2 2.4 2.9 16.7 0.4 1.6 

rstd(%) 2.9 7.7 I.I 3.2 3.2 7.4 2.0 5.1 

• LBSi : AJi,7H! 'it±-"! ¾'il'i-'ll<>IJ>i 0.2 M NaOH ¾"'!<>ii -S-<l!>li'c 'll--'!7]-!! 'a* 
•• BLSi: '\l-llc7H! 'it± %<11:.f'll<>IJ 3'~'<! 'll--'!71-!! 'it±-"! 7]'9.'r.. 

.5'.:-'.otl•i ¾"ll•lltlt:J-. :i + 1f'l!'1!:otl•1 ,;J:g_ \taJ .!I.\!! +otJ 1% ~,;J:otJ -e;oj 'rJl.-!! 

± c: %£'e! W %42' 0 1 -!!0<1'!1-¾;';!-'1!- .'1-"17] (ICP-AES)!a. o] 'lf-Y-1± 'Ji ~.!a.-il--1!± 

::: -11-.,::_:,,tt %42' 01 'l!'ll',\!--'!7] (ICP-MS)!l. 'll"l'.ll.t:J-. ICP-MS .'1--'1.-1]otJ\ac 7]7] 

.5>. "I :'s ½ 0 I 7 l ~ "l "l In :ilJ- Ir "1 ¥- -!! ± ;; .!I. 71! -!! ± ;a. ,'f ¾ -of '.ll. cJ-. 

"1'°'1':- .s,of >JR~ >l~~ "i"i:C 'l/1'-,';!-0<]"1 ',l-.-11'1J (40° 09.51' N, 132° 23.5 

o' E)"iJ "11 'a"-'B c}. 0 1 "i "I :: 'i'\ >I ',I-,;, "1 .:il-l'c'r-"t 4'1'"1 "i -l'c'r 71 'l!cJ- 1\Vj -"I t 

~ i! 1:! 21 ~ \1'~- nJ <?.}ii}- Jj} i.+ o]- !fr jl ,U tj-. 

MF97PC-l .1.q~~% X-raiography.£ ~~~ ~~. AJ-¥- '2.r 50 cm61]A~~ ~t~i:!.J~ 

"ii '\!%.ii[<!'<! q7f y-E}y-oj 65~70 cm"iJ 1! 0J¾2J~ .!1. 01::: q7f ~•l~t:J-. :-i -of 

-\'-½"iJ>7c: -rr'i!.'-J-'4 "/¾2J, 1J 0 J-\l'-2j~ .!1.0JC: '-J71 ~sQ.<joj '.l)t:j-. :3.2j.:il, "J' 70 

cm "1 o l otl :of{! •l 1 I 1 •l -"I oJ '.ll t:J-. 'i'l •l ;a. -'1 ::: 0 I :of{! ,n, I oJ '=- .-1 I 7 HI li'-½ ~ 3l 

'1l ;,J .'1- '1l -of "l f,t t:J-. \'! tJl ~ 71! ¾ -'1l "I "l O l otJ tJl ~ ;,f "II ~ .'1-~1 ° I "1 •~ ¾ 0 I t:J-. "I ,;:; ~ 

-'1l"]"iJ.-11 ~',-~ MF97BC-l<>ll"ic: 'II-'/- "f 20 cm ¾01 AJ,1-.ll['i!Lj!a. '!l'J-"l<>l '.ll~ 

uj "1. -01-\'-¾"iJ "r¾2J71 ~>le,t:J-. 'l).'r.C: ¾2J71 '.l)'c *<>IJS7 AJtJl3j~.>S 3;,ij Y

Et\rt:J- (Fig. 7-2). "1-6.s1°fofl"l 21°1'b •J-'ll~.ss ~'ll-'B :,,]3J¾-& 100\'!ofl SI 2 cm 
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~Lt . .:.l~_TI., 0{' 1" ·~-~oJlAi ~B~1t}- ltr~2c]- A].li~] l!ljf-{!- ~{!-;;(]~ r-7~S.. JI],:± 

t! 0 1 7.]~9~ sf~~t 100\'1.oJl ~ 2.6 cm 0 ]r}. u:j-~J.i, 0 ] T Al-liS..-¥-L] ;,:J],:±~~ 

MF97PC 1 176 cm"l \'ltHc:: '4 6,800-8,800 yr B.P.71 '<!cJ-. ½-¾11c"I~ ','t]~ ,J

~"il"i >l t1 '<! <1-'I C:.-AI Ji.~ "ii "i c:: t- -aJ11 71 '{}'\?"ii "rt a] 71 y-E] Y-"I f,ltccJ- I~} 

'ii, 1996) 
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Fig. 7-2. X-radiographs andmean grain size of the sedimenL al MF97PC-1. 

-404 



(1) -',ll%7]~ %-~ 

MF97PC-l 3. 0 1 -'1"!% A]il.21 :,,1°]"1] II'.};: ¾7]"±, ¾7]'l,±, ¾OJ W 0J%7] 

~ 'rt'.c ~'lf:lc Table 7-5£1- Fig. 7-3"1] '-IFtYl'l!cJ-. 

%7]ia,~~~J..g.. ~[~· 0~2 cm21 l.15%o!P.i 20~22 cm TZ}77}A] 0.38%£ {}~"5}uj 

24.5-26.5 cm -ic"i]<i 1.98%.s'- ';;'7l~s:lcJ-. :-:iss]J'. 32-46 cm 'i'-{roJl>ic: 0.46-

0.63%.?- aff--'f- 15!·'.U-_o_y- i 0]~ 47~64 cm T~J-oJlAi l.57~1.96%!i- E'~ -a-7]~~ 

wrg=g Q~tj-. 0]t:i~ %7]1B'~ w;y, 01 *,?:- T-<1-4 ~.g. T-{}-0] ~AJ~ '-°r-7]~ ot 
qA]~ Jf.¾oJ]Ai .51.0~ ~~%9.l ~t~l-¥-¾~ 175.5 cmJJ}-A] "'il-~£1.Jl ~.Q..rt1 .if.¾¾¥.. 

'lfo-1"1 ¾ 5:ol21 Jl:,". ¾7]"1± 'lrsl'¾ 7)'<] C: 'i'-'1:ilf ,-t,". ¾7]"± 'ir'lf% 71-'] C: 

'I-TI~"'- '1-*Brf. ::Ic]c.f 100 cm 0 ].-121 :,/ 0 ]"i]Aic: 'll-Cil"l~"'- ,-t,". 'if'lfg J;<'<) 

9'7]'.::: Cil"r 25~40 cm 7laJ'8q. 0 ] 9'7]'.::: 1'J'H,-21 11!1-~ '/lqj~ 0 }"! 'll- 'r \ll 

;;q1t):- .$-loJ]Ai 1!~~ Al{!-% i:!-~.£ <'>}l:B. '2f 1,000~2,000\'!!il 'y-7]£ jl~j:}-AJ{!-~£.j 

\'!% 0 ] V:V:cf:;r ~ 'r V:cf_ 0 ]i'c -i'.s'-"1] 0 ]+"1]£ %•121 •l'l-1'!%,", ±'lJ.517]£]

'lf~ P]"f~ -¥'.f7,j\'!$)-oJ],<i.£ 3-,i] '/!%0-loj <J~<j21 i" \'!%,& 717'j_g,q;c c;c!,& Aj 

,,l.}~}t:.l-. fr;.>]\:!±: ~<';to) o]~rll E'.TI. "5,!-.g. TZ!--~.£. ~*s.l~ 0J-'g::_ ¾¾{E-A] ~~ 

%oJ]Ai ~ ~7,15:] _;.:] ~~c:}. 0] 3:1 .g. %¾~-.x] 7} Qf 2,200~2,300 ms] "}{l ~ 7},tj {I~ 

0J%~W~.£ "1"1"1 ~.s'-"1] 0 ]+21 -'1"l%"i]Ai Ji.<ll 0J~PiJ21 7]-'s- 0 ] 'l/- !;!~~1>] ~-,t 

::. ~ 32} ~ j]_ ,x. ~ 'T" '.U q-. 

>J%7H! n'±"i 'lfsJ',0_ 4~6 cm -?-:;:J-oi]Ai 2.65%.s'- 7}-'J- :ltV:~"1 "f 70 cm~ 7a 

;,j]_sc ::r 'll-!/-"i]A1c: R%~!a. 'J'o-1"1 W'1J' 0 ] ¾714:: ~"1]~ !;!'ljq. 0 ]'.::: 0 ] A]7] 

0 1+"'- -%-<1121 ls--\'] 40' -'/-c<>l]Aic: it'll •8~"1°1 '11¾"] ¾Cil'1'.l!rflc c;c!¾ A]J,I~ 

tj-. .:7.t:'.~4, A~fl-7]-?d it~.9~ ~~o] ~,'.: Xo!]Ai iil-..1=.Al %7]1tl-.--!::~ ~<;fo] ~Al~~ 

~or -it~~{!-?:Js~ ~1t1} 't!j.})-~{}?:!oJl .2~~ -R-11%-91 -"~{lg ?£~~9-.Jl~ ¼ 4' 

\l:!CI. 20 cm %oi1Ai _l!_%7!}-']~ -\l1'f71~ 'rr±OI waJ4 Wl'I ¾7]','}±21 %~ 0 1 % 

11.-1"1 ajo]SC. "ii-2 'r 'li'd A]:;:J-OI n-S'.oi]Ai::: 'rr"PJ{}ej ,g11£1 %l'I 'i!>fl 'la!fal'2 

-::l:"121 ¾Cil7} 0 ]-'i-"1-']Jl V:cfc: Al-el~ A]Al~rf. ::r<1'-l, 'l!-!-'cli'c-'I ',J-A]'i!c"i] ,ncJ

£1-t:- 0]* ~1 sq~~oj]Ai.Q.J AJ~7]~ ir~~ ~rJ:,0_ {!~~Q_~ -&¾~A)S!} ~,'.: 

-405-



Table 7-5. Biogenic comµonenls m the piston core sediment at 
MF97PC-l. 

Depth C(org) N(oro) S(total) Si(bio) C/N(orQ) C(org)/S(T) 
(cm) 1%) 1%1 (%) (%) (atom) 
0 2 1, 15 0.15 0.09 214 8.79 13.33 
4-6 1 00 0 14 0.07 2.65 8.32 14.26 

8-10 0.94 0.15 0.20 2.51 7 41 4.69 
20-22 0.38 0 05 0.25 1.50 9,67 1.51 

24.5--26.5 1 98 0.23 0.40 2.07 10 23 4 94 
28-30 1.20 0.16 0 2? 2.30 8.81 5.52 
32-34 0 52 0.06 0 06 1 .79 10.67 8.97 
36-38 0.63 0.09 0.13 1 85 8.47 4.94 
40-42 0 46 0 07 0.11 1 24 7.90 4.46 
44-46 0 56 0.08 0.13 1 30 8 19 4.26 
47-48 1 61 0 16 0.53 1.00 11 .62 3.06 
50--52 1 74 0.18 0.81 1.04 11 52 2.15 
54-56 1.92 0.20 0.81 1.01 11 26 2.38 
58-60 1.66 0.19 0.80 1.28 10.41 2 06 
62 64 1.57 0.17 1 .14 1.30 10.66 1 37 
66-68 1 .14 0.15 1 16 0 81 8.85 0 99 
69-70 0 93 0.11 0.78 1.00 9.54 1 19 
71-72 0.59 0.09 0.45 1 19 8.08 1.31 
74-76 0 79 0 13 0.30 2.27 7.03 2.65 
78-80 0.89 0.13 0.37 1 84 7.79 2.43 
82-84 0.68 0 09 0.31 0.86 8.75 2.01 
86-08 1 35 0.15 0.83 0.90 10.49 1.62 
90-92 1.47 0.18 0.58 1.50 9.41 2.51 
94-96 1 .83 0.20 0.69 1.22 10.41 2.66 

99-1 01 2.71 0.32 1 .30 2.27 10 04 2 09 
102.5-104.5 1 55 0.19 0 83 1 58 9. 71 2.00 

106-108 1 ?O 0.14 0 79 0,95 9.96 1 52 
110-112 1 19 0.14 0 92 1 06 9.90 1.29 
114-116 1.12 0.1:J 0 69 1.12 9.90 1.63 
118---1'.,,'(] I 32 0 16 0.93 1.09 9.84 1 .42 
122-124 1 .21 0 14 0.88 1 03 10.22 1 .37 
126-128 1.00 0. 12 0.80 0.88 10.05 1 .25 
130-131 2.08 0.23 1.36 0-76 10 78 1 .53 
132-134 0.74 0.09 1.02 0.66 10.02 0.72 
136-138 1.71 0.20 0.61 1 18 10 19 2.79 
140-142 1 .22 0.14 0 78 1 04 10.01 1.56 
144--146 1 49 0.17 0,93 1 03 10.18 I 61 
148-150 1 15 0 14 0 62 1 02 9.91 1.86 
1b2--154 J 76 0 36 0.80 1 12 12.18 4 71 
156-157 2.32 0,27 1.21 1 17 9.97 1.92 
158-159 1.14 0.14 1.27 0.87 9.69 0.90 

160-161 5 1.05 0.12 1.42 0.77 10.24 0. 74 
163-165 2.00 0.26 0.68 1 77 9 01 2.94 

166.5-168 1.26 0.15 0.65 0.94 9.69 2 00 
170 172 1 .13 0.14 0.60 0.99 9 29 1 88 

174-175.5 1 .06 0.13 0.46 0.99 9.59 2.33 
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Fig. 7-3. Biogenic component profiles in piston core sediment at MF97PC-L 
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~,': E'.2..t.l J.~%7]'f! it!.-%~,':';!--& ~.g. ~1 ~i:R9i {!q..~ Zl]~~ Ttl:~oJ]A]~ 
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sediment of the East Sea. 
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¾7]'tf±Sl %•J,& "~%7]~ -it±"l %sl'<>il ½,"_ {!'llaJ U]~lt\;,fl{:f _lil_'llc]- (R2 = 

0.89-0.93). 0] ';::: tH ~TI~ 7T;~pJ{l-£:j o] -!g-"o]JE-j ~j:}AJ{}E'j % 'y£ V}tj-,C A}-{h'l- ~t;fl 

~j]_ 9).9-. ,'t-7P8:"S:./~~7]-'t!_ Tf"~&l ~rg'tl]oJl '.U°iAi';:: 7}AJ- \f~ofl ~~l~ ·&¾* 

"i"l 95PC-47f 0.65.!l. 7HJ- s;c'.l,t2.nj 94PC-27f 0.85, CJ.e1JI 'l/1'-,/--'l"l MF97PC-l 

0 ] 1.12.'a. 7f'lf ,,tcf. o];:: 'lJ~f,~11',j"i] 7]aj1'f;:: ·it~'~11',jQJ Sj7f \J-'c-"..'a. "'r 

~ "671-V}tj--C 3-[g ~1J]ii}-oi o]';:: %1ifl9-l TTi'l_;.~~~,'.: 1a°~oJ]Ai i?-it£1';:: lf~~o] 

'r £ ~ cJ- :: 51 -,;- ,y. f ~ i:J . 

¾711'!:±•l i/7J'l/± s];:: Sf 8~12 78£"1 'jl~ojAi \ll~fi:J. \11>1-"1 7,JoJ,"_ rll'il 

s. %7]~5:2] ~q-rg:01 ~ .rll, ¾7]~~/%7]{15:~ 1'1]5:. ¾7}-·8'}~ 3.!S>.~ 4-E-};d-tj-_ 

0 1;:: %•1"\--\'- -'l"l"l 'll~f~11"l ¾i:JPf s\--',1'7]~ %"1"1 'li'J~ \lt 0 1 'I!-~ '>! 0 ]af 

""~e% 7f'ot;J,iJ ~cJ-. "., *""-"-.'a.-\'-E1 %~"1 i'.,:t 0J ¾71~ ,,,PHI 'll~l,~11"1 

!E~ i1'7f1'f'1l :s 51."-.ss •~21-'i'lcJ-. 

-"I aj % <>ii 'it O I 'l! '2 * 7 I I'!:± "I ¾ % "1 ~ 'lf "i :: -"I "I 'if A] "1 11 >1- ' ~ 7;j ii * '} ~ 
'r 'l\'2 ~,& :<f.a ¾"1 i5f'--f 0 lcJ-. %¾1"--'l ~.'a.-'11 -"l"i%<>11Ai-1= ¾7]\S}±/¼%SJ SJ 

7f 11 >1- ~"il "ii ,1 -"I aJ -"I :: 78 -'11'"1 '<l 2.8 ° V.J- "1 .,1:-,;. 1!. "I ~ .ss-'11 7 I zi:% ~, % '8-11.c 

A]~ N:.W~ 4-11 2,300 m li!.t:-l- ~,': T¾;'_ 01 7]{!-%~ {U~.7}- %.!j!-V} ),±~~~ AJ

'11'1lcJ-;:: 51% ~t•l ~cj- (Kim, 1997) . .::tej'--f 0]:k 'lli"'- o'-:<J 1'f\1<l 'r{l 3,300 m 

ojAi •H~'i'l ,', ,tof "1"1% A]Ja."i]Ai;:: Sf 20 cm 11°1-"!- 60 cm .!l.c]- 1'f.!/-Sl ¾<>il'i 

';:: ff7]W}:±/½l-$J tl]7l- 2.8 l;l_c}- ~,g. i(~g !,!~ ~~~Aj!aj 4"{JoJ ~~ 'T"¾oJ] 

"i:: -i-.'a.All 71 {Hl-'i £ %,'e{!-±71 jls[.¥) ~7,j ~7,j ii 'II "a~ Al 71 -1,:01 'l!'.l! e! ;l 2. 

_s', ']Zj-'<!cf. ¾7l'tf±/¾"J-SJ Bl7f 2.8 _lil_cj- ',!-'.l,t,• -,'-?f,"_ ,R'g-ojAj "f 20, 60, 120 

cm "' 0 I 'l! ~ 'a. '1- ,"_ -,'-n "ii :: "'¾ e1 7f "' ,1 ~ cj-. 0 I :: A] % ii[ \'I: "1 ;o: "I O I fil ~ 7;j 

4-oj '11'.l ,aj c ,q "J 'I)--"- 'a. o I A I 7] "ii % 'iJ SJ "i ¾ 'r 7 f ~ ~ ~ 7;J oj 'l\ '.l\ 4 ::: 't cJ- :0 

~7]ol7I£ ~:}i:j 7)~,J- 3-]i=SJ ~~ ~7,jj>- Sf ),000\o '(iSJ A]7Jo]cJ-. 

%0~~= ,i,]-2- T1l\:itl 1l~-Y9.J %~~::t:7} ~.:::::_.s}:~ ~AJg _li!_o]Jl 912-~ o]~ 

"l'i'-1'-\:!col-.!l. 'tl~ 7l%'il R¾'r 'l/21- 0 1 •1>1-<i"II ttfg 'r'oJ;o:wQJ '?}±<>II eJvl 'll 

:il]-5'. -;l'lli>f;:: sji"-S] 'l!7-'ll:ilf1'-4 "]iil~\'!, 01;:: '>I %0 ).'a.¾ "f1'! 0 JcJ-. R¾"il>i 
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sf::: :;le'. ofc.]oj ',!fef>J~l"l-& "1"1~<>11£. i'!:~i"f7] Uil;'t-"i] 0]o~ ¥},fl~: &cf 11~ 

"' Jil ¾ ~ iif / I ~I iif "1 -'i ::: .!i!. cf 7il 'll ~ -"I "l i!c oil '11 ~ AK 7 f '11 Jl iif cf. 

'E"~·'tU::::_: Al% _¥.W~ 9-.9-fl~, Sc % 0 lrg'ft!.:±, :§:1.£-W-f:l~~ ~~iil-~ ¾ 38 

%.zJ ri'4;'-'l!:},7f ,1-,jsc]<>LJ!cf (Table 7-6; Fig 7-5). 

0] ~ ~ -~ ."!L t;-.AJ t l£ ¾oJ]J.i 14 cmJJ}A] 0.413-0.662%9.] uff 4'- ~,g. Mn WrJ:% 12. 

0 1"1 cif.s!_ 0 f,1Ji··<I 16-22 cm '?-{!-<>i]-<i 1.83-·4.25%"1 a']qJi;!-~ .!i!.oj Sf!,/-"i],<j ~ 

~~ Mn°l i"lj!-~ 0]%~{!-£JT?:!Ai %~{!-5:~ ~Y- {}£} ~~i£1~ 7aA]li=!¾ t;J-'3-~ 

4. uf•l-•i, ~71 %•1 °1 "l"i -"1"1%<>1i•i ,;J,5,1f 'iJ-'f-iif"'i ,;}:o}¾½ '!1-'Jiif::: 711~1 

le Sf 22 cm 'lj£.7f 'i.!Cf. Cl .zJ"il£. Mn-"I W%' 01 l'c>II 4Ef<f:: ¾~ 78-84, 99-

101,- 160-llili cm 'i'-'1:;; -''-'·i 7171 0.38-0.49, 2.09, 0.26-0.61%."- ~ 'lJ-ql cf~ ¾% 
011 S]iifoj +u1oJJ.<i 4'1l•l -',c-1', W%'½ .!i!.~cf -\1--'l-"1 ,;}:oj--~f1 7,1,fl\'!~ "1]£1Bf 

jl~ Mn tl~ 01 E~ .,Z-,<t-& ~{j¾%oJl tt],5-}~ Aj~7J~ TT"Sc.2] W'?}o] ~tj]~.Q..~ 

S:t:l-. 0]~ ¾~oJl~ 11f¾c.]7} ~1ift.H '.Uc}-. Mn~ {!-~l- · tJ:.~ ~12] 1i!!:&0l] tl'.rtf {!-

"il,'•i ,;J,:oj-'!J:{l E..s: {!~iif:: 'i'-,1-1'-"il •1 <g-~cf. 01 :;l~ "1-71 %'ii 1} -H-'l! :!!"il 'll "11, 

'i"¾"il-'i .t"- %£. 0
~ %,SSAJ-,15" ;>'e<IIBfg Mn°1 ,;}:oj-~"il-° . .s'. 'l]'!}Sfi-c 47iloJl>l 

c:.JA),AJ~L'H£ 1)7J-ti}°'l ~~¥! )!o] ~*15H 9)7\ uff*~ 3\_Q_§_ 4-~@tl.tt}i:.}Ai, 

Mn"l ~'lfli'-Y-""£. "171 %5"Jil 7l'1:%'1! %'ii::: ½s-f"i"l •1'1\'! .!i!.cf ;;le'. 9-ll 

9-j ~*~·A]oJ1A1~ {}~ • ~7<J :t:l-7<J~ t,!!~7} ~~tj-~: -3!¾ ~ii~ ?~ 9).c.}_ 

~ ~ Tilk!::::: ¾ Al, Fe, Ti ~PJ: 0 1 ~ 01~~ tj-;± ~ii]-~ -?.:1-t- 9JX1t!~oJl n:j-:': 

°a -OJ SJ 11 _Q_ ~ ~ B" ~ tj-. 

Y, Zr, Nbs>} §.J!?.."ft"-'f:!:±2] E'~ W".Y: 0 1 ~ai2, Al, Ti~ 1#-& ~<'J=o] 1!.¾Zl 0~2 

cm '(/ 01 oil 'i 4 Ei-l±cf. 'cl i""i] J.j >ff~~ "l-6.'ii of A] it <>ii Aj:: Sf 7 -8.5 cm Q 01"11 -'i 

o] t!~ ~ ~~ 6] ~~~ '.d tj-_ o] ~ i1:!~2-l it:AJ ~ ~1f-§l-{}.AA ~ Jf1} "F ii"}t.fo] q-_ n:j-q 

>i, :oj 6,"-.S,: 0f ej A] K>j ~ "1-'ll oil Ai -'1!-4'- "I "'I ~.zj Sf 7 cm >j .'c.7f (ct "1 ;l cf :il 'if 'r 

'.Ur}-. .:Ii!.jLj- 0 1 llJ!f:!:)-{:};:A7} 61~ A]7]oJl ~¾~ ~~!;,.]t: ~~-;s;};q ~cf. ~t 1,000 
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Table 7- 6. Metal contents in the piston core sediment at l\1F97PC-1. 

Depth Al Fe Ma Tl Ba Sc V c, 
cm) (%1 (%1 (%1 (%1 (QQm) (!,!Qm} (1,!1,!m) (E:!E:!ml 

0 2 8.5 4.7 0.413 0.38 402 29 169 76 
4 6 9.7 5.3 0.551 0.46 543 28 179 89 
8 10 9.5 5.3 0.630 0.45 579 28 178 79 

12 14 11.2 5.9 0.662 0.51 700 33 189 96 
16 18 9.4 5.1 1 834 0.44 615 26 149 73 
20 22 8.8 4.9 4.254 0.45 596 24 147 73 

24.5 26 5 8.5 4.4 0 036 0 45 519 24 187 77 
28 30 9.7 4.1 0.041 0.44 578 27 168 76 
32 34 10.0 4.6 0.047 0.46 620 24 156 75 
36 38 10.9 4 9 0.050 0 49 669 28 180 85 
40 42 11.0 5.3 0.052 0.47 705 25 165 100 
44 46 10.4 5.0 0.054 0.48 874 23 146 92 
47 48 9.7 4.4 0.053 0.46 666 19 154 97 
50 52 9.9 4.5 0.051 0.51 693 21 154 93 
54 56 10.0 4 7 0.049 0.52 690 25 1 51 95 
58 60 9.5 4.5 0.046 0.48 665 24 138 95 
62 64 9.3 4.4 0.047 0.49 663 25 140 91 
66 66 8.3 4.0 0.053 0 44 627 20 101 67 
69 70 9.6 4.1 0.072 0.47 664 22 138 81 
71 72 9.6 3.8 0 081 0 47 703 20 132 73 
74 76 8.6 4.8 0.487 0.39 654 29 169 56 
78 80 9.2 5.1 0 384 0.41 826 27 143 68 
82 84 11.1 5.9 0.153 0.53 790 28 178 103 
86 88 9.7 4.9 0.094 0.47 720 26 165 85 
90 92 9.9 4.4 0.072 0 41 721 23 148 88 
94 96 9.6 4.2 0.063 0.43 688 19 166 95 
99 ·- 101 7.5 4.6 2 091 0 33 633 20 184 61 

102.5 104.5 9.0 4.6 0.091 0.42 701 24 176 79 
106 108 9.7 5.0 0.070 0.47 776 23 182 85 
11 0 ·- 112 9.2 4.7 0.068 0 45 733 22 164 83 
114 116 9.1 4.7 0.066 0 45 724 23 175 87 
118 ·- 120 8.8 4.6 0.065 0.44 708 21 154 75 
122 ·- 124 9.1 4 7 0.067 0 45 723 21 157 79 
126 128 9.4 4.9 0.070 0.47 748 22 161 84 
130 ·- 131 9.1 4 7 0.068 0.46 722 21 166 82 
132 ,134 7.9 4.0 0.065 0.45 613 20 118 67 
136 ·- 138 9.4 4 9 0.070 0.45 729 25 160 85 
140 142 8.8 4.6 0.070 0.43 690 18 164 83 
144 ·- 146 95 4.9 0.079 0.46 738 22 188 87 
148 150 9.1 4.6 0.081 0.44 705 21 173 83 
152 ·- 154 8 7 4.5 0.083 0.43 683 21 150 87 
156 157 9.3 4.9 0 102 0.44 730 14 103 54 
158 159 8.3 4.2 0.135 0.45 640 19 140 69 
160 161 .5 8.2 4.4 0.596 0.42 634 19 141 67 
163 165 9.5 4.5 0 605 0 41 662 23 182 69 

166.5 168 11.3 6.6 0.256 0.53 842 27 215 109 
170 172 9.3 4.8 0.102 0.44 722 22 162 82 
174 176 9.0 4.7 0.093 0.43 696 18 91 56 
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Table 7 6. (Continued). 

Depth Co N; Cc Zo Ga Rb Sc y 
(cm) li::mml (1:21:2m} (1:21:2m) (22m) (22ml (r;mml lt::mml (1:21:2m) 

0 2 24 56 77 18? 35 188 178 40 
4 6 29 62 85 167 32 162 212 '8 
8 10 30 58 85 143 31 156 212 26 

12 14 33 65 86 184 35 182 239 31 
16 18 14 47 64 160 40 162 241 24 
20 22 24 61 60 163 59 152 237 24 

24 5 - 26 5 13 46 69 123 23 140 184 24 
28 30 24 63 82 145 23 150 169 25 
32 34 16 41 78 153 26 152 179 27 
36 38 17 40 75 152 " 168 189 28 
40 42 15 48 60 156 27 203 187 23 
4' 46 15 42 39 133 25 186 177 25 
47 48 1 7 57 79 150 22 159 161 24 
50 52 17 59 61 134 24 159 1 75 ?S 
54 56 19 60 64 140 ?4 162 164 25 
58 60 16 53 57 138 23 158 164 25 
62 64 16 46 59 147 22 149 167 24 
06 68 19 60 49 117 21 137 189 22 
69 70 30 90 61 139 22 1b2 207 26 
71 72 19 49 '3 122 ?2 142 228 26 
74 76 16 49 105 154 23 126 165 24 
78 80 17 43 57 144 25 143 161 24 
82 84 1 I 50 68 166 28 193 182 29 
86 88 22 66 66 163 25 161 160 25 
90 92 18 56 58 145 24 172 155 20 
94 96 15 52 51 160 27 172 1 72 21 
99 - 101 22 47 64 14/ 36 119 173 28 

102.5 - 104 5 15 44 68 1.58 27 157 163 25 
106 - 106 18 49 66 156 24 167 168 ?6 
110 - 112 17 47 63 137 ?? 155 163 27 
114 - 116 16 47 63 154 23 159 175 26 
'118 - 120 15 40 57 131 20 147 1 GO 24 
122 - 124 16 42 67 143 20 153 170 26 
126 - 128 17 49 67 140 23 157 179 26 
130 - 131 16 47 59 139 21 150 173 27 
132 - 134 15 35 47 106 18 129 207 26 
1.16 - 138 19 46 64 139 '1 158 1 70 26 
140 - 142 11 41 60 138 21 147 169 25 
144 146 17 47 57 145 21 158 180 27 
148 - 150 17 49 6:-1 1-15 22 152 172 25 
152 - 154 17 43 60 135 19 143 162 24 
156 - 157 16 48 67 1 /8 24 110 144 23 
158 - 159 1 / 41 51 109 19 131 192 24 
160 161 5 20 50 47 118 22 129 197 25 
163 - 1 65 23 59 80 163 29 138 176 28 

166.5 - 168 19 55 71 173 27 186 183 :m 
170 - 172 19 51 63 138 21 150 158 25 
174 - 176 14 55 60 185 25 139 149 24 
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Table 7-ti. (Continued). 

Depth z, Nb Mo Cd Sb La Ce P, 
(crn) (QQm) (QQm) (QQm) (QQm) (QQm) (QQm) (QQm) \QQml 

0 2 429 37 7.4 0.87 1.6 42.1 89 1 10.5 
4 6 160 14 11.0 0 36 1.6 31 .5 /3.3 7.7 
8 10 146 12 12.9 0 32 1.5 30.0 69.2 7.3 

12 14 165 14 12.6 0 48 1 6 32 0 73 6 7.9 
16 18 164 17 39 3 0 55 16 30 0 64 2 7.0 
20 22 170 17 72.2 1 08 2 8 31 9 68 0 7.4 

24 5 26.5 162 17 1.9 0.37 1 2 30,5 66,0 7.3 
28 30 140 12 1 1 0 60 1 8 30 3 70 0 7.1 
32 34 144 13 1.4 0.62 1 8 31 6 720 7.5 
36 38 149 13 1.0 0.41 1 5 31.8 72.4 7 .5 
40 42 131 15 0.4 0.22 1 1 31.1 67.0 7.1 
44 46 137 16 0.5 0.27 1 4 35.1 74.8 8.0 
47 48 136 15 1.9 0 49 2 1 32.7 69.4 7.7 
50 52 140 16 3.2 0,86 1 .3 34.1 71.0 8.3 
54 56 141 16 4.3 1 40 1 6 38 0 79.2 9.2 
58 60 130 16 4.6 1 ,01 1.3 36.1 75 8 8.4 
62 64 132 15 4.9 0 81 1.3 34.4 71 7 8.0 
66 68 124 16 6.9 0.67 1.5 35.7 "4 8 3 
69 70 185 25 7.3 1.05 1.6 38.8 78 5 8.9 
71 72 152 16 4 3 0 69 1.4 36.4 72.0 8.5 
74 76 127 11 1.0 0.53 2.9 27 3 59 0 6 6 
78 80 126 12 0.7 0.31 1.5 30.0 66.5 6.9 
62 84 162 18 1.9 0 55 1.3 38.3 80.7 8.9 
86 88 146 16 5.5 1.05 1.8 33.6 72.1 8 0 
90 92 109 14 4 2 2.21 2.3 29.5 62.9 6.6 
94 96 112 17 4.4 1 .14 1.9 35.4 74.6 7 9 

99 .. 101 112 10 8.5 0.86 6.7 26.3 59.0 6.0 
102 5 .. 104.5 135 15 3 7 0.51 3 3 34.0 75.2 7 9 
106 -· 108 143 16 4.9 0.94 2.1 36.8 79.2 8 4 
110 .. 112 142 16 5.5 1 11 1 8 35.5 76.2 8.3 
114 116 140 16 5.6 1.10 1 8 35.8 78.5 8.0 

118 .. 120 132 15 6.2 1.13 1 8 34.4 74.6 8.0 
122 -· 124 147 15 7.0 1 12 1 7 34 6 75.4 8.1 

126 .. 128 143 16 6.7 1 .11 1 6 36 9 80.5 8 5 
130 .. 131 142 16 6.9 1 14 1 8 34.6 75.0 7.8 

132 .. 134 160 16 6.9 0 84 1 6 33 9 72.1 7.8 

136 .. 138 142 16 6.8 1 30 1 .9 34.2 75.3 7 8 

140 -- 142 135 15 7.8 I 12 2.0 34.1 73.4 7.8 

144 .. 146 140 15 8.3 0.91 1.9 341 74 4 8 0 

148 .. 150 133 16 8 6 1 1 0 2.0 34.4 76.2 8 0 
15? 154 135 15 7 7 1.02 2., 33.5 73.4 7.7 

156 .. 157 122 " 8 6 1 .29 2.4 35.3 78.9 8 3 

158 .. 159 146 16 6 0 1 18 19 34.3 74.2 8.0 

160 .. 161.5 136 16 9.6 0.79 2 g 32.8 70.2 7 5 

163 .. 165 158 16 4.6 0.38 3.4 30.7 70.2 7.1 

166.5 168 156 18 5.6 0.67 1 8 41.9 92.4 9.7 

170 .. 172 136 16 6.1 1.39 2.0 35.1 75 9 8.1 

174 .. 176 120 15 6. 7 1.07 1 .9 33.7 73.8 7.7 
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Table 7 6. (Continued). 

Depth Nd Sm Eu Tb Gd Dy Ho Ee 
(cm) 11212ml (1212ml (1212m l (1212ml (1212ml (1;12:m) (1212ml (1212m) 

0 2 39.9 8.3 2.6 1 .32 7 7 6 6 1.33 3.8 
4 6 30.5 6.4 2.6 0.97 58 4.9 1.06 2.9 
8 10 28.4 6.3 2.5 0 94 52 4 7 0.96 2.7 
12 14 30.8 6.5 2.5 1 01 5 6 5.3 1.10 3.1 
16 18 27.2 5.6 2.3 0.81 4 8 3.9 0.87 2.5 
20 22 28.3 6.0 2.3 0 88 4 9 4.1 0.88 2.4 

24.5 - 26.5 27.3 5.7 2.2 0 85 5 2 4.1 0.87 2.4 
?B 30 28.2 6.1 2.4 0.95 5 2 4.5 0.98 2 6 
32 34 29.9 6.3 2 6 1 01 5 9 4.7 1.03 2.9 
::36 38 29.2 6.7 2.7 0.99 6.0 4.9 1.05 29 
40 42 27.6 5.5 2.3 0.82 4.7 3.9 0 86 2.3 
44 46 30 5 6 3 2.5 0.85 5.2 4.3 0.92 2.6 

" 48 27.8 5.4 1 .9 0.79 4.6 4.0 0 86 22 
50 52 29.7 5 7 20 0.84 4.9 4.4 0.84 2.5 
54 56 32.4 6.1 2.6 0.92 5.5 4.8 0.90 2 6 
58 60 30.6 5 8 2.0 0.87 5.1 4.5 0.87 2.4 
62 64 29 1 5.7 2.1 0.85 5.1 4.3 0.87 2.4 
66 68 30.3 6.0 2.7 0.84 5.0 4 2 0.84 2.5 
69 70 31.6 6.3 2.5 0.93 5.6 4 9 1.02 2.7 

• 71 72 29.7 5.7 2.1 0.89 5.3 4 5 0.89 2.4 
74 76 24.9 5.4 2.2 0.80 4 5 4 2 0.86 2.6 
78 80 26.9 5.3 2.3 0.87 4.7 4.5 0.90 2.7 
82 84 32.9 6.2 2.6 0.99 5. 7 5.2 0.95 2.8 
66 88 29.5 5.8 2.6 0.87 5.0 4.3 0.88 25 
90 92 24 8 4 9 2 0 0.78 4.3 3.8 0.73 2 1 
94 96 28.4 5 6 2.2 0.78 4.6 4.3 0.80 2.3 
99 - 101 23 4 5 0 1.9 0.85 4.6 4.5 0.96 2. 7 

102.5 - 104.5 29.3 6.2 2.6 0.85 5.1 4 6 0.87 2.6 
106 - 108 31 9 6 2 2 9 0.94 5.5 4 9 1.02 2.8 
11 0 112 29 9 6.1 2.6 0.91 5.4 4 4 0.91 2.5 
114 - 116 30.5 6.7 2.5 0.96 5.4 4 7 0.92 2.7 
118 - 120 30.1 6.0 3.1 0.89 5.4 4.7 0.94 2.6 
122 124 29.9 6.1 2.5 0,92 5.1 4 9 0.93 2.6 
126 - 128 32.9 6.5 3.0 0 95 5.7 5.3 1 .02 2.8 
130 - 131 30.4 6.5 2.6 0.94 5.3 4.6 0.99 28 
132 - 134 29.3 6.2 2 5 0.91 5.2 4.9 0 90 2.7 
136 - 138 29 7 6.4 25 0.89 5.2 4.8 0 96 26 
140 - 142 29 6 5.6 2.5 0.90 5.2 4.6 0 94 2.8 
144 - 146 30 0 6 0 2.6 0.92 5.5 5.0 0 88 2.1 
148 - 1.50 30.8 5.9 2.8 0.92 5., 4 7 0 94 2.8 
152 - 154 29.2 6.3 2.8 0.86 5.4 4 8 0.92 2.5 
156 - 157 30 7 5.9 2.7 0.94 5.4 5.0 0.92 2.7 
158 - 159 29.3 5.6 2.3 0 92 5 6 4 6 0.92 2.7 
160 - 161 ,5 28.2 5.9 2.1 0 88 4 9 4.2 0.88 2 6 
163 165 26.6 5.6 2 2 0 89 4.8 4.9 0.91 26 

166 .. 5 - 168 35.9 7.3 2.6 1.1 0 6.6 5.9 1 16 3.1 
170 - 172 30.3 6 3 25 0.87 5.5 4.7 0 93 2.8 
174 - 176 27,6 5 8 1.9 0.84 5.1 4.5 0.85 2.5 
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Table 7-6. (Continued). 

DE1pth Tm Yb L, Pb Th u Th/Sc TREE 
CTil (eem) leeml leem) leem) (eem) (eem) 

0 2 0.6 3.7 0.51 53 16 1 2.8 1 .8 218 
4 6 05 3 1 0 43 46 13.4 2.4 2.1 172 
8 10 05 2.8 0.41 43 12.5 2.1 2.3 162 
12 14 0.6 2.9 0.45 43 13,4 2.5 2.4 173 
16 18 05 2.4 0 35 23 11 7 2.0 2 2 152 
20 22 0.4 2.5 0.34 22 12.5 2.2 1 9 160 

24.5 26.5 04 2.5 0.36 24 12.8 3.5 1 .9 156 
28 30 0.4 2.8 0.39 41 12 6 50 2? 162 
32 34 0.5 2.9 0.43 47 12, 7 4.9 1 .9 169 
36 38 0.5 2.9 0.42 45 13 4 4.2 2.1 1'10 
40 42 0.4 2.2 0.32 23 13.7 2.6 1.9 156 
44 46 0.4 2.5 0.35 27 14.7 3.0 1 .6 174 
47 48 0.4 2.3 0.46 28 15.2 4.0 1.3 160 
50 52 0.4 2.5 0.48 30 15.4 4.6 1.4 168 
54 56 0.4 2.7 0.45 32 18.1 6.1 1 .4 186 
58 60 0.4 2.5 0.46 29 15.6 5.5 1.5 176 
62 64 0.4 2.4 0.44 29 14.9 5 1 1.7 168 
66 68 0.3 2.4 0.42 27 14.0 41 1.4 172 
69 70 0.4 2.8 0.52 32 14.5 4.7 1.5 186 
71 72 0.4 2 3 0.43 29 12.0 30 1 7 1 72 
74 76 0.4 24 0.46 44 11.4 3.0 2.6 142 
78 80 0.4 25 0 46 42 12.3 3.0 2.2 155 
82 84 0.4 28 0.50 33 15.6 3 4 1 B 189 
86 BB 0.4 2.3 0.46 30 13. 7 5.1 1.9 168 
90 92 0.3 2 1 0.38 25 12. 7 5.3 1 6 145 
94 96 0.3 2.2 0,44 29 14.9 5.8 1 3 170 
99 - 101 0 4 2 7 0 51 33 10.0 6.1 20 139 

102.5 - 104.5 0.4 2.5 0.47 33 13 4 4.3 1 8 172 
106 - 108 0.4 2.7 0.48 30 14.1 5.4 1 7 184 
110 - 112 0.4 2.6 0.41 29 13.5 5.2 1 .6 176 
114 - 116 0.4 2.6 0.47 29 14.1 5.4 1 6 180 
118 - 120 0.4 2.5 0.46 30 14.0 5.5 1 .5 174 
122 - 124 0.4 2.4 0.48 31 13.9 5.6 1.5 174 
126 - 128 0.4 2.6 0.53 32 14.9 5.8 1 .5 188 
130 - 131 0.4 2.6 0.49 30 14.0 5.8 1 .5 175 
132 - 134 0.4 26 0.48 25 12.0 4 4 1.6 170 
136 - 138 0.4 25 0.48 30 14.2 5.4 1.7 174 
140 - 142 0.4 2 7 0.50 29 14.4 5.6 1.3 171 
144 - 146 0.4 2.6 0.48 32 14.0 5.4 1 6 174 
148 - 150 0.4 2.5 0.47 31 14.6 5.4 1.4 176 
152 - 154 0.4 2.5 0.44 29 14.2 5.3 1.5 171 
156 - 157 0.4 2.6 0.48 34 15.2 5.5 0.9 180 
158 - 159 0.4 2.5 0.47 25 13 5 4.0 1 .4 172 
160 - 161 5 0.4 2.3 0.46 25 12, 1 3.7 1.6 163 
163 - 165 0.4 2.6 0.47 36 13.2 3.6 1 .7 160 

166.5 - 168 0.5 30 0.57 37 17.8 4.7 1 5 212 
170 - 172 0.5 2.6 0.52 32 14.8 5 4 1.5 177 
174 176 0.4 2.6 0.48 30 13 7 5.1 1.3 168 
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Fig. 7-5. Metal profiles in the piston core sediment at ~'1F97PC-1. 
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\'I ~! <>11 3. >ii ll f'- ;-i- "l -9- i!I-<± sJ ::: o I * ,;_ cJ- -"1-'c 2- " •r 1 - '11 "1 <l "1 '31 'ii" 011 >i ::: 

K-;- _Q_£lj!-E-j 24~;35 cm ¾oJl o}-y !Of-~"t}7fl 1+El-\-}tj-. 

£1-3:j cJA]~ ~~~1 g A]A]-8"}-t: Mo, Sb ~~~-,°. Mn~ W"s' 01 E"-~- -~ ~2 

J AJ-¥-¾oJ]Al ~-rJ:o] 20 cm ..lj!--2-£1 ?"TI¾ ~JS'lfi}-2':: Mo !i!_t:}';:: Sb~ ~~ ~7} 

7} c-j ~~"6}7-ll ~%~i:+. Mo£] ~3:1%~.Q.j ~~~ ¥t~~78o] ~_£-~ ~~5']6-j % 

~~o] -¥!,"tl_~';:: 1t±1~]0JJJ•i T~2-~..lj!-E-j -g-~£16-j o]f~ ~9-. u:}c}Ai, Mo.9-l u]~1{1_

~~~- i'-T:JP~~_O_,?_ ~,g. Sb2l ~-3:f 2 %ttt A-J¾'ToJ]A-j ~-'id ~7,1 ;;(J5=_7]- ~~<5-}A]~ 

?1-'.U'~i.+ -¥!--i!AJEtt~ 7}-~ 4-~9.l 1lo]7} -=i.i?g71] ~Al~ 'BJ"'.i:t¾ ~o]2.},':: ~~~ 7} 

'ii 6 l 711 ;-1- cf. 

%"11 ,;c-~<>11"191 >J;,li!f<:J-~± 'i?~:i!f'!Js'.: 0 1"1]-0f7l ~ti)-oj 98\4£<>111"'· 8~"11 ¾ 

j;-{i!;<l "1 MI'98-M, 'll ""*"I \t-'1 \'! el MF98- F, i "1 j[, 12~ "11 ¾¾*"l "1 

MF98-A6<f ½¾x. ~.£ >1°1"1 MF98 D1"11-'1 'll"Hl -\l%7I~ rr±:i!f '1}"111?1 rr 

±, %;<;~±, ')1°J'll %<>11 cJl~f ;'c-'}7]- •l'i'-"1Jl'\c}. 12~"11 >!41'<! >lu;:: 0 1"'1 11·"1 

·6'"11 '.l/71 "1lo'-<>1I 1'- >;l_j]_J,1"11"1~ 8~"1] ;<,'f'i'J O<f.il."11 cJl~foj>J 0J 'i'!it-Of:iI Cl "-I 

.!j!-~2 c}-g _1i!._2A-joj] MF98 DoJ]Ai2.J !ii~% S.11J 7cJl--¥1- ~~21- 'il-lJ!l '(l'g'%1_ ~ 0 !cf-. 

(1) -'i'-¾%-"l >Jf;-71-?a\ ,t± ',JI ~"171~ 'ifs, 

1998\'I 8-!-l -i-¾-,L"'l"-l 'll<'c1'-"'l<>11"1 "'"1-l'i -'i'-%-e!-il'"-1 -',11%71~ i/·c5c (BSic1"1-

'l}"11Hl 'it± (LSi,)"-1 W'lt-2 Table 7-7"1- Fig. 7-6~} '1:11. 

~~{t.x] MF98-F ~{j~ "r¾ot]Al 0.4 fJITI nucleopore 8.fo:j:;i}A]~ o]-§-·8-}ccj o:1J4~ 

-'i'-¾•a:21 Wilf:' 67-229 µg/ i 5I K¾"il'i 75 m ¾~l"l 131-229 µg/ l;; K¾"il>i 

'>c-l'c -'i'-%1'- %'ifs'.: 5'. 0 1LJ- 500, 1,200, 2,500 m ¾<>11"1£ 100 µg/Q -"-Y fl-l'c Wilf 

:,. 5'. 0 171£ Ef'./'lcJ-. ¾·\i-1""1<1 MF98-M 'jj'l]./'c 131-311 µg/Q ej ,'-3'_,e. oJ,JI"-

"11 "I sf "l J,t :' l/:! 0 l cJ-. 

•~ % 71 ii iJ-±"1 ~ 'if:' 9! 1'-1!-"I "11 "i c: 7HJ- :,, {'.- 2,800 m +¼"11 "1 1.0 µg/ l "-

7}-AJ- 1#'.U-E..o:J 75 m T*oJlAi 20.0 µg/ £ .£.. 7}?}- ~~tj-. -&-~~A]oJ]Ai '.::::: '1:J~~z]S<} 

n}-{}7}-A].£. 7l-~} ~ ,':_ 2,000 m 4-¾oJ]Ai 2.4 µg/ Qi;_ 7}-AJ- 's;t<;U".Q..nj 20-30 m T,g-oJ] 
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Table 7-7. Contents of biogenic and lithogenic silica in the water col-
umn of the East Sea, August 1988. 

Depth ss BSic LSic BSic/LSic Opal in SS* BSic in SS 
(m) (~i;fl) (~i;fl) (µg/1) ~%} {%~ 

MF98-F 
134 3.0 3.4 0.88 5.5 2.2 

10 169 3.9 7.4 0.53 5.8 2.3 
20 179 10.3 3.5 2.98 14.4 5.8 
30 229 8.4 5.7 1.47 9.2 3.7 

50 171 8.8 5.2 1.69 12.8 5.2 

75 137 20.0 43.3 0.46 36.6 14.7 

JOO 82 5.6 5.6 1.00 16.9 6.8 

200 79 4.2 4.9 0.87 13.4 5.4 

500 135 3.8 4.6 0.82 7.0 2.8 

700 99 3.9 9.2 0.42 9.8 3.9 

1000 JOO 3.0 7.9 0.38 7.6 3.0 

1200 199 3.2 8.2 0.40 4.0 1.6 

1500 67 1.9 8.2 0.23 7.2 2.9 

1800 91 1.7 11.4 0.15 4.7 1.9 

2000 58 1.6 6.6 0.24 6.8 2.7 

2500 138 1.3 10.7 0.12 2.4 J.0 

2800 72 1.0 5.4 0.18 3.3 1.3 

MF98-M 

185 6.1 5.1 1.21 8.2 3.3 

10 169 7.4 4.3 1.73 10.9 4.4 

20 311 25.3 12.7 2.00 20.3 8.1 

30 198 16.1 13.1 1.22 20.3 8.1 

50 173 7.4 20.7 0.36 10.7 4.3 

75 162 9.1 18.5 0.49 13.9 5.6 

100 229 6.8 25.4 0.27 7.4 3.0 

200 243 9.8 23.9 0.41 10.0 4.0 

300 144 6.5 9.4 0.70 11.4 4.6 

500 128 4.4 15.3 0.29 8.5 3.4 

800 150 4.7 8.3 0.56 7.8 3.1 

1000 135 4.3 13.0 0.33 7.9 3.2 

1200 171 5.6 8.6 0.64 8.1 3.2 

1500 179 32 10.9 0.30 4.5 1.8 

1800 131 3.2 7.5 0.43 6.2 2.5 

2000 139 2.4 7.8 0.30 4.2 1.7 

"' Molecular weight of opal is 70 g (Biscale and Anderson, 1994). 
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Fig. 7-6. Profiles of particulated biogenic and lithogenic silica in the water 
column of the East Sea, August 1998. 



"116.1~25.3 µ,:It""'- 1l'l!- 'lc'llt:J-. 11:.l'. 7<!.-Jt 100 m .!il.t:J- 'll'-& -11-%til¾"il•i 'lc-& 

~•j% 7/;<]uj 'l1~} 0]-U"i 0 1 ~'11-~ -1\-'el-til¼-& "14'1! 'r-il"il rrfi!} ~~ 0 1 {/-±i>"f::: 

7<JOJg &s:lcf. il-t 'i"-\\'"11"1'1 iJ-~g •l.ii!»l'1! ¾%11:"17/ 'l!1"-11:"l"il •l»l"l * 
.g. 0]%71~ it,~91 ~~g .!ii"l %'ii::: \l""coli"i it11'8-U"i 0 1 c, 'lct:J-::: :,l¾ 'il->l 

'f' Jl 'l) t:j-. O l ::: Tr ',J -'ll -U "f "ii '/1.8. ~ it-U 'lJ Sj i\'-,f O I \J" "1' 0] Cl lll"t:J- ::: :,) g "i A] 

~cf. 'll: 'l! "ii Ai 'c Sj ~ -"I "I % Oil "1 Sj 11, .l'. "ii Ai.£ -,- 'll ~ 'll. :,!} i', .!ii s:l cf. 

'lJ-"47]~ n-:~Sj i}~.g_ 'l)1'!-1i',,<]"i]Ajl,c 3.4~43.3 µg/f 'lJ~Oi] 'aTI 8.9 µg/fej 

11:.l'..s'. 75 m 4--\\'0il"i 43.3 µg/t""'- 7l'lf "1-'ll.2."i .l!.¾"i]Ai 50 m'l}"i::: 3.4~7.4µg/ 

t .s'. tH -'ll ""'- '5t :llt:J-. ::r al 2, 700 m .!il. t:J- ,l. .g. 'r¼"iJAi ~ 5.4- 11.4 µg/ t ""'- .2. »I al 

.l!.¾ .!il.cf 'lc-& ~~g .!il.s:lcf. ¾¾1!':"l"il"1::: 'lJ-"11H! it±sJ ~~ 0 1 4.3~25.4 µg/ 

e sJ 'il ~ "ii "arr 12.8 µg/ e :a .!ii s:l t:J-. 0 1 ::: 'll 1'c11:"l Oil •I »f"l "I 1.5•1 1/ .£ 'lc ,e 

<l:.2.""'- ¾¾1!':"171 'l!1"-11:"l"il •i"l°l ~'1)-7]~'1 '11 .. J¾ C7 ui- 0 1 'l,Jl 'llt:J-::: ¾71 

cf. ¾%11:"l"il'sSl 'lJ-"111~ it±Sl ~~.g. -11-'el-til 0 1"1'1 "i"-ll"IJA,::: ,1°1"11 rrl-21-

0 1 ~c,!"1711 %'11"1"1 \>.i7] ufl¾"il ;<f_aej 'll'\'!'1l 0 1 t:J-± 'l!"1~cf:;,_ ~ "r' 'llt:J-. ::l. 

c14, 0J%1l~ it±sJ %'9'-& 'lJ-"111~ it±sJ 1Joj~ 11~"1>1 !l."i!OII 'f''c <1- \'! 

'i'- "ii "1 °1 -Ii' 711 ,1 '/l: '<I •J-'ll :s "1% ~ s:l 11 "ii ¾Oil "ii 'l! .£7/ "1-t:J-. 
0J%7l~ it,~/'lJ-"111~ it±sJ •I::: -1\-'ll-tH ¼Oil"i 'lc2 ::r "l-¥-¾"il"1::: '5!-& 7;J 

'J¾ .!il.\!!t:J- (Fig. 7-7). 0 1"1-& -11-'11-tH¾Oil"i it~il-.oJ- .t-& 'll~l0]-U"l"il Sl~ itc,! 

-'ll-U"fo] o]-','<>l,<]7] ufl¾o]t:J-. 'l!1"-1!':"l"il"1::: 20~50 m "i"-\\'o!IA1 l.47~298Sj "1-t 

ill:¾ ]il_o]uj 'r--'J 0 ] ,1"17.a!'r"f ::l. •17} ~I¾ 'IJ-±"l°l 1,500~2,800 msJ ,i.g. 'r¾ 

"ii "1 ~ 0.15- 0.24""'- %'11-tH-\\'Oil •J-.1'1 "I 101!':Sl 191 ill:¾ 1/~ q-_ ::r e1 cJ-, ¾%11:"i 

"il"lc: 100~500 m 'i"-\\'Oil"l::: 0f'i-1l~ it±/'lJ-"111~ it±sJ •111 'll1'c11:"l<>il •I 

»foj ';i:.2.4 1,()()() m .!il.cf 'il.t "i"-\loli"1::: .2.S-]aj ¾¾f<-"ioli"i c, 'lc<': •1% .!il.\!! 

cf. 

>J,,-11~ it±sJ 'r-ll"il rrf~ ~~1!'-.l'.::: ¾<': "i'r~'r"l --'J-i'H'f>ll :S .!iis:lt:J

(Fig. 7-7). 'll1''1i'-"1'1 100 m 0 i"l 'r-\\'Oil"i 4'-\lo!l rrf~ 08%71~ it±Sl ~'9':afsJ 

'\'!~I::: BSi (µe/ !) = 5.495 exp (-0.0006z (m)}, r' = 0.965, ¾¾l1-"i 75 m 0 ]-.fej 

4'¾"11"1::: BSi (µg/!) = 8.199 exp (-0.0006z (m)}, r2 = 0.8115' cj-Ef,Jct:J-. 0 1::: ¾ 

¾1i'-"l"il"1 it?.!A]-U"i 01 Cj ';,.2.cj- 4'-\l"il rrf~ >J~7]~ it±sJ %'11%.g, '>!<1-{1-e<] 
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2} %1!"6}tj-~ ~~½ w~~¾t:l-. ~. %~~si 'T'{l zofll-isJ AJ~7l~ lTJ::21 -5!-.¥.~ qg 

.2f Q:' "']2.5'. 'r'61~t:J- (1). 

BSi (z) = a· exp (bz) (1) 

a c: .l!. ¾ o\l Ai 21 ~ ~ st o\l Oil ';J-"I ai "l "I o\l a:J-e iT :.i •8 -U "1.2f '1! Jil "i1 t:J-. ::i "-I .:il., b ;: 

-0.00062.5'. 'll ~I -af t:J-. oj 71-"1, BSi21 1±~ l'c µg/ I 0 1 aj 4'-ll z;: m.s'.. 'r'61 ~ 4. 9-;J 

o\l ttJ-e -\'i,i-71,1 i,-±21 \!!~¾-& "'1 (ll¾ <1°1 zo\l qJ-afoj 0 1.'--af\'! 'i'~ 4' ~4 

(2). 

dB5},,(z) ~ab• exp(b,;) (2) 

a:J- "1-Ai, .\'l "'1 2.sl. '\'- "1 % Oil '1 61 =- "l 'll o\l-"121 -',II,!- 7] ~ 7T ± -tl 7.J-,!· <j 6 ½ 'll-\'l 'r 

¾o\lAi ';'I_'(} %•1"161 iT-U'll.2.5'. •l•J,;J;: 0J-i- T~ 4' '.Ut:J-. 

(2) ¾i'e-U±<l· iT-U'll .'-3'. 

1998';'1_ 8-'o! i.-¾l1->C]9j- 'll1"-l1-0<]o\]A7 ~Af'<! %i!c-U±9J- i,-{l'lJ<j .'-¥.;: Table 

7-8, Figs. 7-8~1 7-9o\l t.J-"1-t.J- ~ t:J-. 

¥ 5=,•\}731i'~l"'i~ .¥.!fil1! 'r~ (potential temperature}g .!i!.1?!, %~¾Al~ 

MF98-M '\l'llo\lAi;: AJ'i'- .l!.¼ s} 8 m7Jf>CI~ s} 25.5"C21 'll"J~} '"i°,&:,. .1'. 0 l47f 

100 m77}:x]-t; tj-S.: ~1ll~ ~S::-i' 12.etl 100 m 'r¾oJ]Ai~ 13.8'C 785:.s] y~g .!i!.~ 

t:J-. .::rejt.j- ::i •l'i'-o\lAi;: "'* if±zj-af;,JI 4'.£- 0 1 '1-±-af;: 7<JO-J:,_ .1'.oj 300 mo\1•1 

:: s} 1.141:½ .1'.'1l4. ::I 0 f'1io\l-'i;: 4'.£- 01 ~f¾ '1-±-afoj 1,000 mo\lAi 0.1971:, 

2,000 mo\l-"1 0.079"C-l';· ¾-"l"i:!4. 'll1e-l1-"l21 '\I'll MF98-Fo\l-"1;: AJ'/- SJ' 15 mJJfc<l 

s} 231: _11.t:J- ,.,,.,.. ,;,,.g.:,_ 7fc<]aj CJ. -af'\'-o\lAi 4'-llo\l ttj-e} 'l.!7,l-af;,JI '1-±-afoj 100 

m 4'¾o\]Aj;: 4.621:, 300 mo\lAi 0.951:½ .l'.'114. ::I 0 f'1io\l-'i;: ½¾l1-"i.2f "I:>'~ 

9.g.:,_ !l.'114 (Fig. 7-8). 'lll1--& ¾¾il'--"121 '\l'\lo\]Aj;: J!.¾ 8 m77f"'i 34.l psu 7;j 

5:.$] ';!t ~~-&- 12.0]~ J 0]-f-& -qz:j.S}Jl] ~7}'6}~ 100 m 'r¾ ~'Co\]Ai 34.36 

psu '\1£.sl. 7}1' ,t:'_ 'lll1-¾ .1'.'1lcJ-. ::i. 0 1.:V- 200 m _11.cj- <I:' 4'-;JO!]-'i;: 34.05~ 
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Table 7-8. Contents of dissolved oxygen and silicate m the 
water column of the East Sea, August 1988. 

Depth DO Si(OH)4 Depth DO Si(OH)4 

(m) ( M) ( ,M) m) M) (M 
MF98-F MF98~M 

231.3 5.91 223.9 5.63 
to 236.4 5.54 JO 192.3 6.98 
20 284.3 6.03 20 219.6 6.89 

30 280.7 10.29 30 199.3 28.24 
50 266.2 14.67 50 255.8 13.99 
75 305 9 14.13 75 195.1 18.78 
100 295.1 17.15 JOO 207.0 20.55 
200 274.8 29.17 200 271.7 23.91 
300 264.8 35.79 400 240.2 41.93 
400 249.6 43.84 500 236.2 47.23 

500 244.2 46.49 600 235.5 50.92 
600 242.2 50.37 700 237.5 54.41 
700 238.2 53.97 800 242.1 58. l 9 
800 239.2 57.85 900 237.2 62.44 
900 236.9 60.87 IOOO 235.6 66.09 
1000 234.8 65.25 1100 230.3 70.17 
1100 233.5 68.80 1300 228.9 76.26 
1300 226.9 75.00 1500 226.6 81.18 
1500 224.5 81.90 1800 220.l 89.79 
1650 220.3 84.38 2000 218.4 98.74 
1800 220.3 87.85 
2000 222.2 91.98 
2250 218.4 93.55 
2500 220.4 94.34 
2800 221.5 93.97 
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Fig. 7-8, Profiles of potential temperature and salinity in the East Sea, August 
1998. 
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34.00 psu.?. 'r{i'il uf"1- "'l''!r ;;'71"1'-i- 7121 'lHl~ ~{,'-% .!1.'1!cf. 'l!se{i'-"i 7a1loJI 

•i C: .H:¾ l moJl--'i 33.49 psu.ss 7l"J- ,t'.l):2.oj 15 m771"1 ?-iloil ufe} ~'l}-1'1~1 %71 

B}n:j 'T{l ~0~40 m 4-¼o!]Ai ~ 34.45 psu£. 7}~ ~9-. 200 m .!;!_t:} ~.g_ ?r-{}oJlAi 

::: %¾{i'-7<]oJ]Ai"I %'l!i5lcf (Fig. 7-8). 

%~{1-5:S<J 1.)-",t~ %~~;,;] l:l~oJ]Ai ~ 192.3-271.7 µMS!- lf."6'- 0ilJ•i 100 m 'T¾ 

oflA-{~ 3H-~-'goJl 9-]~ ~if-JI} ~-¾oJl 2~~ ~S'- %£!1 1[-"-}7} ~;.tij!icjo.j ~{}-~ *.¥.½ 

li!..~tj-. lf.¾oJlXI 200 m .!;!_t} ~::'.. ~r=-{loJlA.Pc Ttlo!l ctj-'2} ::Q-~*_;,q~ 500-600 m 

-:;-'i]•i 235.5-236.2 µMs'. -,?;rf "1±-1:'·-il. OJ'lJ'5IJI 800 m77l?C] cf-'I ¾71<>1"1 242.1 

µM~ ~'if½ .s'.'1!4. =r 0 ]1'121 'r-il"il-"i '.: <i 0 loJI ttfef cfAI c;}±B1"1 2,000 m ? 

{I oil Ai 218.4 µ M !a. 7 I "J- ,t ct. 'l! se {i'-"i 7a 11 oil "i ::: ¾ ¾ {i'- ?CJ 7a 11 oJI "i '-I- El- '-I- ::: ¾ 

% ? {I "11--'i 21 £I±% 0 I 7J 21 '-I- El- '-I-"i ?,t 2. oj ?-il "ii ttf "1- "±"I::: 7<l ~J g 11. '1! cf. 

'1l "r's '1! ~U- ;\'"-& 1,650- 1,800 moJI -'1 220.3 µ M."- ::i ~ cl- 0 1'11 ':'.' el 1,500, 2,000 m 

~r¼O!l 1:1]'6"l-°'1 <?~~ 2 µM 1).£ ~::'.. ~o]i.=}. %ti! ~~{t-;,;]oJ]AiE-1 -§-~{}~ £!~¼::'.. 

1969\1£'11-ec "f 750 m, 1979\1£'111= "f 1,250 m, 1996\1£'111= "f 2,000 m 'r1l'il 

Ai 'll-ZlB4 (Kim and Kim, 1996). -£-¾1,-?C] 'll'll-4 'l!{'-1,l-;,] "a'11~ BJ.ill~\'!. 900 

m 0 Jf>i-21 4-{JoJ]J.-i l:l]~~ %~{}~ ~%1'½ .!i!. 0 ]4 1,500 m ,¥--2-21 T¼oJ]Ai~-:: ¾¾ 

li'-"l 'ii •l 1'1"1 'l! i!,{i'-o<] oJ] Ai .2. "l "I ,t JI 2,000 m ?%"11 -'i::: ¾¾li'-"l 71 'l! <'li'-"loJI 

B]il"loj "f 4 µM 7a.'r. \;,-~ i:):;l_ .!;l.'1)q (Fig. 7-9). 

tr{}~ si ~ .£ ~ ~¾~Al Sl- ~ ~~Al oil Ai "r{I oil tcre ¾71-71- 1:111:~ 0J.J-J=¾ i..+ 

El-'11'<\4. ½-\J-.\'-?CJ"il-'i21 it·\Hlel -'e".<r.::: 5.63-91:1.74 µM.ss 30 m ?%"11-'i 28.24 

µM~ o}~ qJ ~r¼oJl Blc5}-cij U~-9-- E-€.- ~¾ .!iLS1..Q..ti:1 2,000 m 4-¾oJlAi ~ 1,800 m 

'r¾'ii>iS! 89.79 µM"il "1%1-"1 "f 9 µM ;;'7l~f i:):g .s'.'l14 ::ie1'-I-, 0 ]e1-.! "1':'.' 

~]Aiej 'if<l1'1~1 ¾71~ 'li-,,c7I <1"1-"l"1%oJl>i ,jsJ i'i-'il'B -iJ-11:\'l '11-.'-~J,c]e -\'fl± 

1'17] "1'!14. %~1-li'-"l 2,000 m ?{i"i],<i21 op,j-.f 'li-.'r.c: 'll1"-1i'-"121 %'ll 'r1l"il>i 

el 91.98 µM"il B].ii!'i} '11 ujf- ,c," i:J: 0 14. 'll1"-1i'-"l"il"1 ;~ 2,500 m ?¾"il•i 

94.34 µM-"- ,1~, "~ 'ii-.<r.~ 11.'lJ,2.oj 2,800 m"il"i::: 0 1 .!I.ct "f'{I- ,t-l'c 93.97 µ 

Mel ',,''r.iif '-i-Ef'-11'<\4. 'llseli'-"121- %%lto<]i!- •JR1'1\'I 500 m 0 ]<tfej ?{i"i]-'i::: 

·&-¾r.:-zl ?~!-ol ~~~A]oJl H]'tl-~ ~TI E:?._ ~£~ 7J--~tj- (Fig. 7-9). 

rr1l:~"1- c;l,ll_7] 11:± ±5'.'lf (AOU)el <'!~I::: 100 m oJAJ-21 ?-'doJIAi ir1l:~ 0I 

¾7l'if Uil, AOU'.: •i-,±'J.aj.£.ss ~71~4. ';, 01 ')c-¼'ii>iel it1l:\'lel ,jsJ,"_ ¾7] 
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Fig. 7-10. Profiles of apparent oxygen utility (AOU) and the relationship 
between the contents of silicate and AOU in the East Sea, August 1998. 



'i-.of ~'il.s!. ~lei: %<'c-::!:±.of ±.5'.'lfcJI "i9-¥r?-'!£..ss ¾7f~cf (Fig. 7-10) 0 1 •I 

~l'i'!:,iJ.'ic-\'-Ej ,i)-::f")oj;<]:: R¾cJIAi.of -ir-::!:'ll.of "'7)'5-.'r.::C 7.3 µM.s!. 'roJ's!cJ-. 

1998\4 8-%1 -'f- 'lj'jj.of R¾ 30 mcJIAi.of -ir-::f'll 's-.'r.::C Of 6-7 µM.s'. AOU.of -ir-::f 

'll .of 's- .'r. .ss-\'-"i 'i' el: ~ 7 I 's- .'r. .of • I -x ~ 'r -"I ~ 5'. '11 cf. 

;!Ji" 'i'{l';J.'(]- 'i'!:~¥! %'ii 1l¾'r.of %e-::!:± ::J-± .J'll-% 0 1•1~17] ~-o]-uj 1970 

';j_ i:J! 'll 1'- %7<1 i:J! 'ii 0.l''ll 'r±cJI 1<J RIV 'Hakuhomaru' ;s 0 1 -§-isf uj 1970';1.il} 19771! 

%•1cJIAi ~Ali1 c;<cAf.of 5'.Sll<j"i]l<j.of ;<f.l'l. (Marumo, 1972; Horibe, 1981).of ,'- \'l·7-

cJI Ai '11-@- ;<f .i'l. l, •]_ie "I 5'. '.ll:cf. Fig. 7-11.of ¥! 'l'-8'- ¾*~ '<] Oil Ai .of u] "'"' .i'l..ss "i 

'l/1'- KH-70, St.9.of KH-77, St.24::C ¾¾.'r..of :ef.'r. Afo]oJJ ~-"]isfuj <1- c;<cAf 'lj'jj's) 

MF98-M .!i!.cf ~'I'£..>'. "l' l.'r., %'I' £..'ic "l' 30~ '!! oJ 's! ~ -"I 0 1 cf. 197011 "ii •I isf uj 

1977 ';1 oJJ :: "l' 1,000 m !t cf 'l);.g. 'i' ¾ oJJ l<J ,c %<'c-::!: ± ill' 0 I ¾ 7 t •t s:l 2. 4 !t cf ,i .g. 

?¾oJll<J,c 7<},a"i-s:lcf . .::i.e]t.f, 1998';12! 1'- c;<cAf 'i'!:~O!IAi:: Of 800 m 5'.t:j- 'l);t 

'r ¾ Oil Ai 1977\l 5'. cf :;:} ± "1- s:l £. <'I 1,500 m 5'. cf ,I .g. 'r1l oJJ l<J ,c ,I "I '.!! 9-~ ::l-± 

'to] Ci* ¾7f,t:: 0J,'l}-g 5'.'slcf . .::i.',joJJAi.of :,J- 0 ] 1970110!1:: "J' 1,200 m~ 7,l,iJ 

.£. ::l J;!.tj- ~.,g. 'T{P-4 1i_.f:, 4-1JoJJAi %~{};±.vg' .iU::¾01 ~~'8~ ~~E..L} 1977\"l 

Oi]::C Of 1,2()() ffi 9-{Jofll<j'I): P]'f,j->11 ¾e-::fJo'lJ' .iJJo¼O] 'lJ-'itoj 'lief . .::J.Sjt.f, 

1998\!cJl::C 19701!"1- •1-x~ 'i'-3'c~ 5'.uj Of 800 m~ 71;?£..ss .::i. 5'.cf 'l);t 'i'1lo!l 

Ai:: Of 600 m 'r¼"ilAi %e-::!:± "1±¾ 0 1 'll"'it"I ,U2.t>j 800 m 5'.c)- 'lit 9-{loJI 

Ai:: 11°1"11 ttfeJ- ::J-±-oJ-s:lcf. 2,000 m ?¼% 7]¾2..ss "1¾0!]Ai2J %e-::!:±::J-±:: 

1977';1"11 •l•f"'I 21\!TI Of 12.3 µM, ';1'(]- 0.59 µM/yr 4/.'r..'ic 7J±isfs:Jcf. 

'l/1'-~><l.of '~-\'-::: 19771!.'r."IJ:: <1- c;<cAf 'll'll.ilf 'sli"~ *oflAieJ ><fil.7f :lloJ 'll 

1'-~:<l %'1'.of 'll 'll KH-77, St.18 (41 ° 19.6' N, 137" 21.1' El :S .::i. "1 '1, 1970';1 "ii:: 

KH-77, St.18cJI '11 'll el: KH-70, St.3 (41 ° 08' N, 137" 21' El.of 1'- c;<cAf 'll 'll .ilf '11 

'll~ KH-70, St.8 (40° 06' N, 131° 31' El 'll'll g •J.u>.isfs:Jt:j- (Fig. 7-11). ',/1;!-~,q 

%'lloJl--<i:: 1970';!.oiJ •1"1-"l 1977\icJI:: 'l!'fr-'1£..ss 7-121 'l! ?¾oJl--<i ¾e-::!:±7f 7J 

~~}~E..4 ~ 1,200 m 4-¾91 ¾'E-~~ iii±-¾-&- 7]¾~£ J J;!.tj. 'it~ 4-¾oJlhi21 

%e-::!: ± :;:J-± ill- 0 I l! -\'! ¥ '=- "1 '<1 cf. -I!--& "I oJJ 3'c--<f 'i! 'll 1'-~"i %'11 "l KH 70, St.3 

"'I l<J'll2J KH-70, St.8% •]"11'fl/l, 'll,'-1.'-:<l l<J'll"il!<Jicc %e-::!:± "i±¾o] c, 11 e 
9--;Joil 'll"',lc"I :U.o.uJ 1,000 m 0 lisf2J 'i'-llo!ll<J %e-::!:±'ll' 0 1 %'1!5'.cf "lcf. 19701! 

3'f 1998\4~ {? ~A} ~;ii}~ tij_iil_8}~, 2(){) ffi _l;!_tj- :Q..g. ~ 4-¾oJlAi ¾'E-~a: {f::};. 
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,, 'l'iJ!"fJil 4°ftlcf. 1970\i<>il uJ;sf<>J 1998\'!<>il::: %e-U± "1±¾ 0 I 71-"l '!k\:t•I 

9).A] ?.§.2..~ Q..]= l,100 m 'r¾g 7]¾-2...?- 01 }ltj- r:7 ~.g. 4-¾0llJ.-r;:: ;)00 m 4"{JT,1} 

;;i;] %17--¼oJ] Ai i~~{!-:± 1;:± ~ 01 t7 ~ 7}~} Jl i.::7 .:Q-€:- 4-¾oJl Ai ~ -}}_ Ci ;g "T"~ -~ 7} 

;/fi,'; 7il •J:s "-ilcf. 500, 1,000, 1,500, 2,000 "Jl 2,500 m 4'¾<>1I AisJ 28\'!7.! %e-U± 

{1-±,l'.& rH"r"1-"-.ss 21-21- \'!'l! 1.39, 0.32, 0.3:i, 0.59'4 0.72 µm/yr""- 2,000 m 4'¾ 

<>11-"l-"l 'l! 1'-,i-"i '1- %*{j'-"J Oil "i-"l \'!7.! %e-U± '11-±%.& 'llccf. 

it-U\'1-"l 7il 4·, %%11-"l <>ilA1::: KH-77, St.24"1J/-i Si 1977\'! ~AfAI <>ii "l ;,f<>j 1998 

\'! MF98-M"il-"i-"l 'i;-5'1':' %e-;}1c'll'Jlf::: .tei 100 m 0 li'if-"J 'll'r¾<>ilAi '};;!~ % 

7}~ s!_<tlC} (Fig. 7-12). "y'-{1oj] llt~ ¾7} 0J-'.:}-.g_ ~ 1,000 m 4-% 0] 7}A,} ~jl o] 

9,:,J:, 71~~""- 'l,of;cJ7J4 11<>1'14'~ ri ll!--i'c -\l'7}7f ol-'i'<>1:/lcf. 'll-l'-11-"l<>il"it' 

KH-77, St.18°1 'lH'*"i-"l %'11"11 -'1J5<l'H ~Ji, 1'- ~Af 'll'llsJ MF98-M 0 I Ail1JoJI 

-'11 "'l "l "l "i 1l "1 '11 "1 .ii[ ::: <>1 '!l ct. :::i c1 4, 3!f 7l 21 \'! n -'i- 'll 'll n si it -u \'I 11- .¥. ::: 
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it,;lc'll 21 's' £21- AOU"i-21 AJ-'i'f'lt~lc: it,;lc'll 2f ¾71<>1I '421- Bl {l ',j "I .2.5' ¾7l"l 

';:: ~~-~-' _!l~.Q..nf T7·1J-~~ ~--=rW'rsif- AOU~';:_ 100 m 0 ]iit2J T%0 l]Ai .2.T AJ
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0] ~7}<5}'.:?fC:}';:: ~l-'.1- ~}3~ 'T"~ '.V,tj-, <?J~{f-A]&] ~-'f-C 1977\::! %.J:l10!]).i~ %~~ 

AOU"il B],slaj 1998\1£ >i'1!<>1l-'lc:: .2.5 l3l ~,& ·ir,;lc'll 'l,,;c,:a y-E)yj'l/cJ-. 'll~--l'c 

~<>11~21- ~•~ 'lll<>il~2f ~-~ -~~ 0"1 ~•-~::: ~3l¾ 1°1 ~.2.y-
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'll -!e 11-"i oi1 Ai ,n '}I i! "1 """' " 01 ,.1 .,;. :a 11-"1 ~ " -"I. *, 1 "'"" % 'll' 11- _,,._ ::: ~ _aa_ ,,1 
0]~ "f 1,000~:i,000\1"1 ?7]-'a. %"11"1 Jl'l);>f-',ll{!"l.eJ \1!%0] '.U'.l!t:J-c: :,I~ :<]A] 

•l -'r'.l!t:J-. ::re1cil, AJ-!/-¾ollAi %7]lfrJ:c %'ll'"1 ¾t:11"1- %'111 ,g%7]~ Tf·J:c.2j %'lJ'o] 

';;'7fi,f<>j "'i'c ~o "11\l A]'{]:.2j 'ij-5'."i]l<j,c- 'ij-~ <J{):'9.ej ¾7f"f %'lil ~Aj 'l),>fAJ{): 
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I !ntcma1i0:1al Riclge·Crcst Rescuch: Buck-Arc Umins ··-----7 
Structure and Po.koenvironmcnt of (he 

Ull~ung Back-arc Basin, East Sea of Koren 

S,mg-Joon lfm, and S,k iluh 

Marine C,wlogv & c~apl1ys1cs Div1S1ot1, Kureu Oc·ean Research & ~vc/opmenr fnslitwte. Aruu11 P.O.B,a 29, 
S,•,m/ •115-MIO. Koren 

Introduction 
The East Sea (Sea of Japan) i• a 

scmi-end,)scd marginal sea sur
rounded b)' Ko rec, Japan and Russia, 
yc1 i1 h,1Sdcc1>1,cc;inch;,rnc(cr. rcach

ing<Jcpths grca1erthan 2.000 m. This 
sea is one c,f the 1ypical back-arc seas 
(Karig, !971; Uyeda and Kanamori, 
1979; Kimurn und Tnmaki. 1986; 
Jolivctc1al., 1991 )whichhavcdcvcl
opc<J bchir,d lhc cin::um-Pacific vol· 
canic and sci.,mic hell. Tn bctlcr 
understand !he charactcri,tic• of1his 
b.cck-u"-' h~,m, ;m in1erdisciplinary 
scientific m.scan:h entitled "Basin 
structure, am! p,csl changes in the 
bm Sea, Korea (BASAPES)"' wu 
launched ,n 1?94 (Pl: Sang-loon· 
Jinn). W~ conduc1cd mul1lhcam 
ba1hymc1ri,; {Scalleam 2000), 3.5 kl lz 
suh--hnUom pmliler, gravi1y, magnetic 
.im.J noulli•hmmcl seismic r.:ncetlon 

--1 

' 

Korea 

surveys, and 12 m piston corings 
around the Ulleung Back-arc Ba,iln 
1J11board the R/1/ Onnuri. 

Thill article pn:scnts the results of 
the second and 1hc third ycm' pc.r• 
formanccs In invcstigaie lhc churac
tnristics of back-nn: basin (129°00'. 
132°00'E and 3S"00'-38"30'N) in 
ltrmsofrnarine genlogical, geophysi
cal, and gcochcmicnl research.es in 
lhc nnnhc115tcm part of the Ullcung 
(T11ushima) Basin and its m.irgin with 
the following objectives: (l) tn inves
dgatc 1hc contcmporury sedimcnl~
tion processes based on multibcam 
acouJtic and high-resolutinn ""ismic 
surveys, (2) lo analyze the gravity and 
magnetic pattoms of the basement 
structures of the Ullcung Ba~in. (3) m 
,tutly chronology. structure, an<J 
mutlgraphy of the geology based on 
mul!ichanncl seismic data wilh a view 

lO constructing the tectonic frame
work oflilc back-arc basin in the East 
Sea, ( 4 )to cstabli,h Cephrochronolosy 
ba~ed on analysi• and ecrrcla1ion of 
tephra !nycn to Investigate pil.!t vol
canic activity in the Ullcung Back• 

arc Basrn, and (5) lo reconstruct 
paleoceanographic environments 
from 1he chemical tracen nf 
sediments. 

s~ope or the Study 
Tn nnllyzc contemporary 5cdi

mentation processes, we conmuctcd 
1wo dimensional bathymetry of the 
seanoor and three dimcn1iona\ sea
floor imaaery of the East Sea ba,iedon 
the multlbc11m data. For better inter
prcminn nhhallow dcptll gcologic.,I 
structures, high-ro~olutinn seismic 
data were coml>incd with the scafloor 
images . 

Figure I The ~canoor image of the {;a51 Sea from a compilatinn of ,nult,hc.im data acquired during this study. 
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l-~-=1•~-Ll~--~---------111,~in Strnc1111·e of the Nor1hca~lcn1 UllcunJ! Hnsin (UUcung 1md P11k hlund Anas), East Sea of Kona. 
Journ:il of lhc Gcnlni,:kal Sodcly of Ko~cu, v. JJ, no. 3, 127-138 

AIISTRAL"I'; l11c E11~1 Sen (Sea nf Jupan) i~ ii semi-enclosed marginal sn smroundcd hy Korea, Japan and Russia. yel 
ii h:os a deep ,11:e;on ch.,rncler wilh the main part deeper than 2/lOIJ m in waler depth. This scu is al!lo one of typical back• 
"'c "'"~ clevclopcd hchind the circum-Pacific volcanic and seismic bell. To invcs1iga1c Lhc back-arc characie,istics of the 
Ullc11ng D:i.sin, we had performed several genphysicol surveys in the northea.s1em part of the Ulkung Basin and its 
margins. To undcrst:on<l Lhc cnnlemp,itary sedimentation processes, we construct lwn and throe dimensional seafloor 
im,,gc ln pmviJc the Jctaikd foahatcs nf physiographic units. Based on 111<; identification of depositional and erosional 
ch;mnch, .Jcposilinnnl channel~ .Jcvclop,:d cl<l<:kwisc in the ccnlc, of 1he Ulkung Basin are merge(] to erosional channcl1 
h,;;iJc.J nmlhc,L,t for the catr.tncc It> the Japan l.l«sin. The channels •re inlcrpr~lcd lo form by a series of sliding and 
.,lumping. mass O<>w JcpMi!itin. on.J mrhidi1y cum:nl toward the ccnlcr nf Llie h~sin. The lmhidity current increasing the 
vcl<1ci1y hc1wccn Ulkung and Ook Islands nrnkcs an ernsionaJ regime. leading In the fomution {lf the Ul!cung lntcrplain 
I 'l1anud In il1t· 1:1:1v,1y a,ul ""'!\•wtw s1L1dy, we verified io,1rusivc .,m! cxlrmk,I v<>kau,c hrnks :md 11,cir rc1"!innshi[>S 
with the Jmmll1mn of Ullcung and Dok l.1lands. As the results of the mlerprct"liun ot' basemen! structure, free,air gravity 
am,malic.s, rorrdalcd well with l~c Hlpngrnphy. reflect uncompensated fao~1a1ic equilibrium. The m~gne:ic dala reduced 
t<, lhc P"'" manifr.si" 1hc m"gnctic S{lurccs of Ullcung and Dnk Isl:u,ds, and a vnic:onie scumoun\ hctwecn !WO islands. 
lb,,•,I "" tl,c n.;currc11c:c <>f l"""°'"'""d gr.,vi()' hii.;h., and n1ag,w1ic pancms, "" ic,tw<lcd h<>dy is iJcn1ifi1:J lo tic focakd 
In 1k snulh .rnJ .,ligu~J ;., lhc umlh-,.,ull, Jirc<:tion. ln the intcrpM,lli<>n of sci~~1ic Jala in tcnn.s of .,lrnligraphy, 
c:hron0tl"l:Y :.,,.i gcol<>gic slrnc(ures, H thick scJlmcn! C<>VCr wilh maximum 4,000 m th1dm•ss rwer!ics lhc hn.,cmcnl 
hu:hly tldmm,·,1 l>y vnlc.,nic ac·1ivitics in the 1,111Jy •rca. 11,., <:xtcn,mn ""''" lhc mitlJlc Miocene has causc<l dccp
'""tcd l,,.gc tt<>rn1:ol lo1Jlt., ihat dclJchcJ intu the volcanic bodies. l11c form"ti<>n ages of sedimentary !Jycrs Jr<: middle 
and 1.,!c Miu.::c,w. Pl>,,n,nc. and Pleis1,,ccnc fmm the hntlom The frnrn:01iot1 mcch:onism anJ evolutmn of the Ease Sea is 
exrcc1cd l<l he clalfific<J more acrnra1dy 1km hd"'"· when the gc(>phy.sical and ocean hotlom soismomeler data'"~,., he 
C<>mhined will, lhe re,ul1, nl 1l11s .s1udy. 
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Palcocnvironmcnts near Ullcung and Dok Islands 
in the Ulleung Basin, East Se.t or Korea 

S,1ng-.Jw)t1 1 IAN. 8ik HUH. ,Jnng-,Jun BAHK .. Jong-I lw,1 Cl !lJN. Suld-!yun KIM' 
I Inn .Jun WOO. I Ice ,Jun LEI•:. Gi Hoon llONW, l)ong-Hycok SHIN. and Hi-11 Y! 

Maiiue Geology and GeQJli<ysics Vivision, KOR DI 
AnsanP.O. Box 29, Seoul425-600, Korea 

*C/umlical Oceanaginphy DilliSillll, KORDI 

Al!San P.O. Box 29, Seoul. 425-oOO, Korea 

Al~slr.1rl !\n itlll•11liM·ipli11ary hdt•nlilk rnsi,arch tiLbJ "ll;1sin >1Lrud,11·ns ;rnd fli\HL ~hangcs in the 

K,st S.·.1. l\c,n•:10IAS/\l'l•'.S)" prns1mL;; Urn nisulls of ma1inu guological and gL>ochcmical roron1-chM 

i11 Llw n,u1.lwa.~tum p.irl of lhu Ullcung llasln. Two distinct types of sedimentary facies cycles are 

observed m thll C<ll"C .-;cdimcnls from lhc basin plain. They represent anoxic bottom water condition 

and lim,-.:1·.iinL><:! lwbidilu, iuspcdivuly. Thu luni: piston core :;cdimcnt.i; rrom the Ul!cung lnt.erplain 

( :aop """ rl<Hninnled by hiotu, Im led rmuls, which w,is inllucnce,l hy hottom currcnl. The uppcrmo,;t 

1:w-1:l0c111 inl;,1 ~"b of l!w cm,•s from Lhu ,;uallnor hclnw 2,000m rlcpLh c<>nsisL of biolurbak~l clayey 

1111ul~. 11hi,h i11.ti,·.1t.,• rwl:igic s,"linwnlalinn prnvaibl during Llw llulr,c,•n". In lhc l'x;1minati<>o n( 

p,,1.,.,u,,uwgr;iphic cnvirnnmllnLal changes using m!crofossils, tho core 95PC-4 shows five rare 

wnes. one barren zone, and ten bioracies. ThG top 200cm interval or the corn is supposed to be a 
br,11nd~T)' wnc hetwoon Holocene and Plcist.ocemi. The 70-200cm interval was deposited under an 

<1nox1c l~•lt,,rn cnmlilion c11uscrl hy limited water circulation sincu tho lust glacial st.age. In this 

inl.1.•1v;,I, s,,v(·rnl a~!11Li1wlccl fomminiforn appear und in the 7ocm co,c rlcplh, ag,:lutinutcd as well 

as ,·.ilr;.,,•,,us li1nu11inik1n npp1;.1r. In the core depth lower thnn 31fK:m, low temperature and 
'""";,. 1 .. 11,.,11 rnndil.irn, pn•,,,,il,,l I•! ,;p'"·i1•H l,r•lun1:ii,1: I;, 7 g .. m.,a ul" pkrnklrn1i1· ro,-;11ni,,ili•r:, ;,m 

1d,·ol ,i,.,! '""' llu• ,.,.,,. l!',l'I' :1, Tlw '"i'<" n•u~bL'< 01· !wo i11l•·l'val.~: l.,w,·o· w,d up1wr. Ju lhu lowcl' 

inl<-rvnl(2lU-J.070cm) fornminircra uru ru!atively abundant. In tht: upper inl.mval00-2!5=) 

fornmirnfcrn arc ab~ut. The lower interval was deposited during the Pleistocene. It is supported by 

.s11stF1ined appc<lWnce of G/obigcrina umbi/icaui. high ratio of sinistral (orm in NeDg/oboquadrina 
1>:l('hy,l,,,·,n;i_ and dislrihulion of cold .~p<lcics Tho chango of coiling diroction of Noog/oboquadrin!J 

1>:1chrd,·1-rn,1 indicate., lhat water temperature is 0-5 ~ during the depositional time. In the upper 

lionnd.1,-,· plankl.,nk fmnminifurn <U"e nbscnt due t.o lower CCI) in the comlit1on of sea-level 

h1.:hst:ind d11rin,: the !Jolnccnc, In U.:phnx:hrono!oi.:y. a lcphrn l.1ycr chur11clerizud by distinctive 

s,•,br,H·11l,, oi-:i~:,I, l!llnn"lni-:ic"I, ,.11,I gL~>chcmicul ch;intclc1 istics. rt:lled u ~in,-:lc cruplivc cpi~,dc. 

\.V«l,·~111,·:«I twn ,n;ul«•r-\,,ph,d l,,y,-,s in Lhc l•:,,sL ~ca ofKmPai;,houL 9_:!00 ~nrl 22.000yr ll P} arn 

,...,,,.1,,1,,,l ,•.ilh lh<-ir ~<>llt'U: volc""""s u~iloll chrn".idul'i~Lic~. llurini:: thu ll<>lnccndpruHCnt--!J.300yr 

ll I' I :h, ,.,r-.-d:i(.ion "r nwl'l,rr-lo,phrn l:iycr.~ ywld~ n s,•di1m·nt:il1n11 rn!1· nf 17-2:!cm/l.-,,r 1\nd 
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Introduction : Cun-cnt Trend and Future Direction of 
Palcoceanography and Paleoclimatology 

Sang-Joon HAN, Hi-II YI", and Dyong-Kwon PARK". 

Vice-J¼esidem, KOJWI, Ansan PO Box 29, S,-011/ 425-6'JO, Kvn·11 

'Marine Geology & Geoph;rncs Dwisum, !(ORD/ 
Ansan P.O. Box 29, Semi! 425-6()(), Korea 

""Pre:;idml, KORDl Ansan P.0.BaJ. 29, Seoul 425-600, Knrm 

Abstract : Paleoceanography and paleociimatology are now one of the lDp issuc5 i,, llw h,.isic r<'S<•,,rd, 

in oc.ean his.tory. Thi~ is proved from the most recent issue from !Gill' News i..dter(Ol<.l/it>lcl 1997) 

and EOS(Del,rney 1997). Abu, ulhcr intematiunal proi:ramml:s su.;:h as the Wcstµ;,e. !MAGI~ ;111d 01)]' 

also fOCIIS on solving mystery of the l:>il,;l glubal ch;1nges. ie., of paiL"OCemmgra11hy ;Hill p;1lcocl1111ulo~,J-01-

Concem and excitement about believed-lo-be present global warming i~ gellinl( inlr> .inullwr ~1<•1-':<'. Scien

tists start be confuse<l will1 inlonnation and results of modem global chnnges. It has 1,._.,.,, ht'ii<c"v..d 

that the Earth sy,-,tem faces 1-:lob.,1 wanning lrcnd(st,ll the ma)'>rily of people lx:licvc 1h;,\), l!ow,·wr, 

some scientists suggesl that 1his r,ho<i-lerm he11ds ur cyd;,s might be ,1n illusion anll ()Illy a pi11poinl 

of long-tenn Lrends or cycles in l~e Earth systenL 1berefore, r"~enlly, lhe field of p.1lcocrnno1,'111phy 

and paleoclimato!ogy is suddenly attr.icted lo m;my scientio;ts whu ~ludy lhc pre:;cn( global dwnv;c. This 

is the whole purpose th~t Muri,1e Geology and GL>()physics Division uf KORDI "')~1rn,.<·d "llll' l11iernalio11;1I 

Workshop on Palcoccanogr.;phy und Paleodimalology" from Febnwy 20 !n 28, 1997. This ~1x,ci,,I i%u;, 

is the outcome W the February workshop, Eight )Xlpers from variable f,cld are"~ ,<t,;- rn111ribu\t,,l_ ll 

i~ hoped lh;,t this special volum,;, with lhc Februmy workshop can bt.' a small contributiun for occanogr;,

phers and other earth scientists in order lo understand the importance of p;1li:<><:canography and 1x,b><:li

matology. 

Key wo,ds: Paleoceanogr.1phy, l'ulcoclimmo)ogy, J(.;J.11', PAGES, Noithwesl l';,.:ifi~ region, I\Orc·an l',·11in

~ul;1, Mil;mkovilch Cycles, Earth ()fbilal forcing. Hoh.-enc Climatic Optimum. 

lntrOduction 

The history of ocean systems and glolml climates 
are critical to understand the present environmental 

drnnges, The important role of oceans affecting global 
climate is well recognized within scientific communi• 

ties, especially m the field of Earth Sciences. 

Paleoceanogni~,hy is a branch of ocean sciences 

which are defincU as the study of the past occ:m sys

tems. Also, p;,IP:\Xlimatulogy c,m lie Udincd as the 

study of the past cl!matic systems ;md is deeply ,elnted 

to paleoccanography. Paleocennogrnphy ront~ins seve

r.-! 5ludic,,:, ~uch J> the Uevclopmcnt of the surf"cc-

wulcr cirrnlalion. lh,· hi~tory a11d L'if<·<.:l uf bultom-wa

ter circulation patterns, planklonic and benthic biogeo
graphy and rates of organic evolution, the history of 
biogcnic productivity and its elfcct on St•dim~nt dh;tri

bution, am.I lhe history of calcium c:1rbon:ote ;md silica 

deposition and disso!ution(Kennelt 1982). Ch,mges 

and ,ydicitic,,:, of pnlcudi111atc ;ind orbital forces are 

preserved in the iecord of seJi111e11ts and iceg. One 

of the bes! places fur idcnlifying lhe p;1sl ocean sys

tems and climates i1-: in the <kPp oce,111 li«-sins and 

margin~! ~c;,s. Palcr:cu1nogr;1phic ~ml p:,l,,ndimatic 

studies along tile wcA l'acil1c marginal s<·,1.~0lerin)( 

Sea, Okhohk S..,;t, E;,:,l Sea uf l\m·e,1(J;1µm1 Se:1}. Yel-
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Tcphrostratigraphy in the Ulleung Basin, East Sea: Late Pleistocene 
tu Holocene 

Jung-Hwil Chun 
Sang-Joon Han 
Dae-Kyo Cheong 

.I 
Mariw!·Gealogy a11d Geophysic.s Divi.iio,,, Korcu Ocea" il<!.lcurcl, wuJ /Ji•~,·lopm,•"t 1,,.,1rn,1e, ,1,i.,w,, 

P.O. Bo:r. 29, Korea 

Dcparlmcnt of Geology. Kangwo" Nnuo11nl Uni~µnuy. C!,.,,.d,co", K1111two,.,lu 2/JV-701, /1.·urcd 

AllSTRACf, Three .. dimc11I wn::s, uhlllinod from Lhc llllcu11~ 
lluln, n:n11I fin tcp:lir:n lnycr, lh11l llfl: CAsi/y Uislinguishcd 
rMm the other con, tnlervub by co11rm:-;nilncd dcn~lty i;rn
rling and .elllmenl CDL>r. TIie lcphra layen nn, wdl Mrn,Jatcd 
~m1>11g ll>e roru aad •how a syslcmati~ latenl lli:<:n11sc in 
thicknen nnd ;niln sbe 11wny rnin, the source or the explosive 
vnknnlc U'UpUon. Tlircc nu,rkcr lcj>hrn l11ycn1 wen, dcrivc,I 
frulll the lJllcunlJ bland which cum1l.1t pr<:Uun,i,umtly or while 
vr,;lrohlle pumic..s of phonolHic or tnochylic 11lkllli mn;nm. 
The Jisorganl:ud Ullc:uni:-1 tepllm layer was Jue to U,e last 
uplosin cnipllon in U1e Ullcu.ng lslanll. It consisll of only 
white vcsieulale pumices, UlsturbcJ by 1tn111g biutudu1Lion. 
The Ullcun,i-11 tcphra (en. ?JOO yr II.I'.), the mo,t explo~ivc 
tcphn nmona lhc lJlleuna blnml-dcrlvcd tcphrn.s, ~h11w, two 
uniU thal coiulst 11r II lower dcnslty,w,idcJ unit 1111d an upper 
pumice scalk.n:d. un.lt. 'lbc Ullcung-lll lcphna lllycr s!wws HIiie 
blnturb11tion nnJ Is d111rnct.,,-i,.e,,1 by pumicc-.c~llc:rod lcd11u. 
An unnamed h,phra layer &hows a distlncJ llomsily•,:radi"g by 
dark fine-grained ayslllls and wbite Ycsic11late pumices. This 
marker tcphra origln11tcd from II pho11olitic alk.111 magma o( 
"nknown ,sourtc,. '111,, Alrn-'l"11nznwo ash (a. lllMIO yr II.I'.), 
derived from lhe Aka Caklua In wulhen> Jnpon, amsisls 
commooly or bubble-•ll'ollal gbu sh:mll from rhyolil~ subal
k.:iU mogmn. D11rin1 lht llolocene period, scJJrucnts wen 
nccumulBIOt.l at n n,(c, ul 17.5-24.7 cm/kyr1 lmscd u11 ll,c 
llllcung-11 tcpl1u, wl,ich lncr,:ased toward the cc11ter or lhc 
buln. Durlni: the ln!l ;laclnl maximum (LGM) pci-lod which b 
rcpn:scntod by lhe i,nluval bdween !he Ullcung-U lcphra 
layer 11nd I.he Alm-Tanuwa nsh, o very lhkk turbldlte mud 
was dcposillffi. In the unchanntliud Ullcung B11sl11 plain will, 
hii::,hcr sediment acCJJ,mulatlo11 rote (mc.:in 16.1 cm/kyr) than 
lhal during the llolc,cene pcrioU. l)uring lhc LCM, A very 
lhlck lurbldite dcplUi:,1 only occur,; in the und1on11cliY;:d UU
c,11111 ll11~in pl11!n, whi,;h 11 1101 c"rn:lnkd with .,11,er J,,ycr.o lo• 
the cl11111nclllcd bnsln plah1. 

Key words: Ullenng Ilasin, rna,lter lcphra, air-fall dcJK>Sil, sc.J
imcnl ao:.nmulaLion ral,: 

1. INTRODUCI"ION 

The U!!cuug Dusiu (f'ig. 1) is ;1 hack-arc basin whe,c 
margins arc charactcfrtcU by sobaerial volcanoes (Orlon, 
1996). TI1c basin !ms rcccivc,J large ,unounls of tcphr:L~ 
Ucrivctl from these volcuuocs (Muchi<la ami Arui, 1983; 
Furuta ct al., 1986; Cliun ct .ii., 1996). 'l11c Back..Jusan
Turnak.omai (U-T111), Kiklli•Ak.;11iuy;, (K-/\li), U!lcung
Ok.i, Aira-Tn (1\'l), and Aso-4 a~lies were .il~o .Jcposi1ed 

in lhc Ulkung ;md Jap;111 hasi11s (Machid:i :111d Arai, 
19!:13). 'l1;e arclll disllilrnlilln of end1 lephn, .should Jrnv1: 
been tle!ermincJ by thu cxplusivcnc.~s of M>llfcc vulcau
oes, transporting mchcani~m, am.I prcvailci.l wi,1,J paUcrn 
(Vllllicr antl Kid<l. 1977; Cu)( cl al., 1979: lzcl\. 1981). 
suhs1.qucn1ly mo<liric<l hy ucc.on currcnl am! bioa,rh:01io11 
of Ucnll,ic mgm1iso11s {N;iyu,Ju. l'Jh•l), Majm clements 111 
the ll-Tm ash (Furula cl :ii., 198(,) ;u1:,!F.c<l by clcclrun 
microprohc analy.\is (EPMA) me simifar lo ll\U~e llf 
fopilnC.'iC ;ishcs wilh 6-9 wl% alk111i cuu!cnl~ ;111,J (15---74 
wl% SiO1 cxccpl for lhu hii;h irtJn crn,lrnl (llhm,t 4 wt%). 
llowcvur, lhuse of tlrn Ullcung•Ok.i nsh (Furul:i ct «I., 
1986) show rulalivcly high alk.:tli con1cnts (ca. l2.wt%) 
antl low SiO, (59- 60 wt%). 

Tcphroscrmigruphy wilh pyrocl11sls J11>111 wii.ksprcai.l 
tcphra layers arc useful for Strnligrnphic corrcfolion (Fur
ula ct al .• 1986). palcuccnul;\rnphic inlcrprclalion (Nayudll, 
1 %4) ,m<l palcuclim:uc (Vallier :,ml Kidd, 11/77). 

llowcvcr, prcviou~ sluUics or Lhc Ulkung Uasi11 have 
focusc.J upon tcplua identifying genchc,nical an,J miner
alogical ch;1rac1cris1ics of lcphr;, 1;,ycr.s (Macl>id:i :1111.I 
Arni, 1983; Furula ct "I., 19~h) '" "I"'" lheir lillmslrn .. 
Ligraphic aspects (Chough, 19H4; Park. ct al., 1995; Lee cl 
al., 1996). In Lhis study, wc attcmplcd 10 construct tcphro
slratigraphic conclatio11s of the tcphra layers lo inlcrprct 
their lrnnsporling und dcpusiliuual processes. pmliculndy 
in the unclrnnucli.-.c<l part of the Ullcuug L\;,,in. In ,ul!.li
lion. the mcul tlistribuliun aml prescrva1inn pallcrn nf the 
lcphra bycm wc1c u~ctl 1<1 iu1c1p1cl cxplosivcncs.~ or 
vul,,:auic urup1ion :111,l assuci.ilcd p,1ko-win,J pallc111. 

2. METHOD 

Three piston cures were oh1a\11etl rrom the u11chan
nclilcd parl of Lhc Ullcung U11sin plain (Fig. 2} nbu.m.l 
lt/V Onuuri in 1')95. O11c hall ul Ilic cu1c scdi,ncnls was 
usctl fur a1mlyzillg g1nin sit:c ;,ml ~cdi1nculary ,lruclurcs 
on X-radiog1aphy. '11,c olher h.,H w.,s u.,ctl fur millcra
lui;ical unJ gcochemic;,l :,n:ilyscs. 'l'cphr., b)~fS were 
dis;,ggrcgalctl hy n ult1:,so11ic de.,m,r ,uni d.,y-,izc l"r;,c
ti,u,~ s,11:ollcr 11,an -1 <f, (0.lll,2 11i,n) we,, ":,sh,d 0111, 

Thc,e _,:,mpks were nml,kd wilh epoxy rcsill al IJ5 ti> 
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l'"rlr. t:.-11., 1111h, S., Jou, 11.-T., Hnng, J.-K., Han, S.-J. and lseukl, N., 19~7, Gcoloi:kal foterprelo.Uon• Ilaoed 

on Maane!le Annmalies and Seismic Data Ollshune Yaogyang-Samch11k, the Eut Su or Ko..ea. Journal or 
lhe G~olnj!ic11l Society or Korea, v. )3, no. ), 117-126 

,\l\.~-fltA(T: Manne i;ct>[>hysiL-aL <lam inclu<ling m,1gnc1k.s. l\1Ullih<.am ~dmsc,uru.liJli;, aml seismic re/lcc\ion h~ve been 
rcwully acquucd ulf.,lmrn Yangyang-San,chuk. 1he E.is1 Sea (lf Kor~. To extract •d<liiiunal infommlon from the ba.sie 
magnolic anomJly mal', va,iou• filtedng icchniques such as reduccd·to-pol~, horiznnl.al derivative. and second veni,;.,;l 
deriva1ive were a[>plied. anrl lheir results we<e lnterpn:led upon ,ubbottom geological slruclures with reference 10 scl1mic 
.rnd ,wdli•h,·."" ,·du,-""""Jii,g dai;, "11,c analy,J, <>( the.,e ~~>mpn.:hens,vc d;olJ '""l allows us I<> ilhislr~tc seaward 
C"n!ini,;,1;.,., "f land g,ological dwactcrs ~n<l several imp<1rlanl goologi,al sm,c1u,es. Magnclic anomalies are less 
~~•r,datcd wllh ,uhholtom lopngraphic cha,ng,•s due !n •hick .lodimcnl layer of 1500 m in maximum nver ho.s,:m~n, in 
1!1c :ore;, fr,,111 c,>ulincn!") slope In dcq, ''"' h:,s,n Whereas lar11-c ;in,plimdc of magnclic anorn;olies is <:.su,cd hy volcanic 
iuoru.,ivcs "' lo.i,c,,iem hi11-h., over lhc contincnlal .,hdf am) .<lope in which '"d,mcal IJyc,s arc rcla1ivdy thinner. 
Jn.,usiv~s or h;o<emcnl highs goneralc dipole Hn<>maly f>Ol!crn• wilh a NNW-SSE ltond at 40 km off Mukho-Samchuk 

a11.I ""'"" r,ol, \ypc """"'••lie, wilh" NS lrcnJ al 15 kr,i off r:;ulll""'"'l!· Neg;olioe ;ummaly '-""" o,f lhc inner'"" <>[t 
M,o~ho•S;m,,h.,k i, ,,ltrihulcJ !<> smaller scJimcn1a1y l>;>S<n houndc<l by 11,o NNW·SSE tr~ndnig b"s,m~nl ~lgh in 1h~ 
'"'"· li:ncn11s inlrusinns :uc kllcr rcrnr;m,cd on rcJue<.:J·\<>•roh: anom,1ly c,sor ihc wnlmcnl;ol shelf nnd slop,e. Mc.s<>wi~ 
t:"'"""s ill lh, JUlllhcrn p.,n uf sc,, oll (iamgucu11i; are r,1sgne1ically well defiued Jue tu the h,gi, cnn!m.,l in ma~nclic 
'""·cp1ihili1i,, """1'·""'1 woll, l'al,•.,,c,ic' sc<li1ncnrn1y mob, 11,c tcia,1:u,·1,c ,1m1Lc, ,ugg,·sl 1h:i1 large p,uts .,f ihc 
1'.,lcu,n,c ,c,t.111c·nl,uy ,nck be c"cn,lcd .s,:,iw.,rJ hy 50-!,(I km, au<I hh1cke,J hy 1hc Mc~"l<>ic gra<1j(c anJ the useJ 
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Reprocess of Existing Seismic Data for High-Resolution 
Reflection Images 

Ki Young Kim, Mee S::,ok Jung and Sang Joon Han 

Abstract: i~proceuinJ tediniques are developed for high· reeolution imaa:es of shallow structures 
and stratigraphic featUl"e8 from reflection data oriai,nally obtained for deep seismic studies. Con• 
ventional 58-channel data with a 2·ma sampling interval from the East Sea are used for sub
"8qUent te,cta, to det.ermine adtquate processing i,equence and optimal parameters for high· reoo
lution ffdfona. Compared with conventionally prouued data, vertical resolution of newly procuff<I 
sectilms is greatly enhanced throua:h deconvolutions and frnquency filteu applied to near traces only. 
Considerin11 both resolution and signal-to-noise ratio, stack sections of 100% cover11a:e are good 
enough in 1;he continental slope where water depth is shallow and thickneH of sedimentary body is 
relatively thin. In the Onnuri Basin, however, 600% COVl;!rllge may be a belt.er choice due to re
latively thiuk sediments beneath the deep water oolumn. 
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~J. ~i!-lot¾ A}-¾"oH:- ±-'11 "2&\l~J-..'r.. •t!A>4 ~1r0 1 

,,_l-%s:l2 'it1.·:t. 
1980'dl-l!-¥-E-l A\~'5"~. -"-l-S\-4'- Y4, ?-l~(!-74°,H 

,'g-o>!I ~,?,j-'!j~~ 4¼S-17I ).l:;j-S,!- .'.i!.tll-'J-.5:. lit""Ji'I· 'fr 
-'HI~ (Steeples ond Milhir, 1990) .::i!.::>l--l- <?,,] .:i!.tll 0J 
~~;;j;:t\-li%o] 1]~:.101 il.~ •H 4::>I ~ ;,ti 3::>l "".t-';'- ;,;J 
¾0J-,'-oll c""5"_8.~ ;,;\T%.Jl4l·otl !i-.,1--_,J. ~¼Sl.:i!. i[ct. 
¾ ... .}o>\l,(l~ IT ~HP1 <;!-7-(Joni:-erius ond Helbig, 

1988; Kinsland et al., 1991) -9\<>I).£ ~ 7]Vl"J Vl

(Butler and Llopis, 1990), A-]tHf-% -.l'A](Steeples 

el al., 1986), ;,;]-t\-'i"- £.A\-(Me('kes et al., 1990), ll¼-~ 
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STRUCTURES OF THE NORTHERN ULLEUNG DASIN 

Sik !!uh, Jong-Hwa Chun, Sang-Joun Han, Ilan-Jocn Kim, llai-Soo Yoo 

Marine Geology & Geophysics Division, K{)rea Ocean R & D lrt<;titute, 
Amari, P.O.Box 29, Seoul 425-600, Korea 

INTRODUCTION 

The East Sea is i:J semi-enclosed marginal sea surrounded by Korea, Japan and Russia, yet 

it has a deep ocean character with the main Part dcCpcr than 2,000 m in water deoth (Fig. 1). 

This ::;ca is one of llw most intensively studied back-arc basins develoixd behind the 

circum--l'acific volcanic and seismic belt (Karig, 1971; Tamaki, 1988). Recently, the sea has 

received the increasing scientific and economic attentions bec;:ausc of its resources potential 

including hydrocarbon and µhosphorate, the construction of submarine telecommunication 

otbles ,:md uil pipe lines, ,md the prevention of waste material dumping and natural hazards 

such as earthquakes and stom1s. To investigate the hydrocarbon ]Xltentlal and back-arc 

churucl.cristics of the Ullcung [3asin, geophysical explorations have been performed in the 

Ullc11n1,? B.isin and its margin since 1970's (Schlutcr and Chun, 1974; Han et al,, 1995}. 

J-Jowcvcr, the Tertiary deposits of the basin are weakly sustained in the regional correlative 

constnictiuns. In this point of view, KORDJ \Korea Ocean Research & Development Institutcl 

h:1s condudcU the ge.mhysical surveys (96 multi-channel seismic, gravily and mngnctic, 3.5 

kl!z sulll.Jottom. SeaBcani balhymctric surveys) on the northern part of the Ulleung Basin 

between :J6° 40'-38" N ;ind 129°-132" E by HIV Onnuri {1,422 G/f) (Fiis, 2). 

The signifirnncc and objectives of the study are to draw the sea•oor morphology, to 

establi~h the IC'chniqucs fur acquisition, proce:.sing, and interprcl!ition of multi-channel seismic 

datu, to ddinci.llc the volcanic .ictivity inducNI from extension, imd to analyze the fonnation 

age and gcolugical stniclurc of sequences and basement in the Ulleung Hasin. The formation 

mcch,mism ;ind evolution of the E.1st Sea will be clarified more accurately than before, when 

t\1c other geuµhysica! and ocean bottom seismo!llctcr data are combined with the results of 

this study. 

GEOl,OGJCJ\L STl1UCTUHES 

The northwestern margin of I.he Ulleung Basin shows a narrow /lat topogniphy such as 

lcs~ lh.in 120-JS0 m w,1tcr depth imd 1° sloµc. In contrast, lhc continentul ::;[ope has a stt.:<:p 

~tr.idienl of 2-8°, The continental slope below 37Q 15' N has connected to relatively flat 
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Orgaric Carbcn, Calcium Carbonate, and Clay Mineral Distributions 
in the Korea Strait Region, the Southern Part of the East Sea 

Uoo-Kl:.l!N i<111M 1
, DDNO-HYEOK S111N' AND SANG-JOON HAN' 

'!l,·:c,ud, !,,,111111,• "f (h-,·1111"!:'""J'hy, S,·ou! Nmimwl {}Hi,·,·n'1y, :,;,.,,,,/ 151-7-12, i,:,,,, . ., 
·',1/llrmc Gccfogy mu/ Gi:uphysfrs Vivisi,m, KOUV/, An,·uu -125-600, Av,"" 

This stud} presents results frnm ii detailed setlimcnlulugieal investigation ol .sur!:iec sedim..:nls 
obtained fron; the KoreJ Str.iit region, the soullu:rn part of the Ei!sl Se.i (Seil of Japan). The dis
tribution of ,Jifferent types of bo1tom sedimi;:nts is controlli;:d by lhe recent finc-graim:d s,.:dimrnl 
transport and d'!position combined with the lowerings of sea level during the Ja.\l glacial period, 
forming a diverse mixture of organic-rich fine-grained and shelly coarse-grained sediments. In 
comparison 1,0 high organic concentration of fine-grained sediments in the ir.ner continental shelf 
and sk,pe areas, the shell-rich coarse-grained sediments on the outer shelf are discernible being 
further modified. These coarse-grained sedimenL" are confirmed as relict resulting frnm the sed
iment dynamic." during the lower s<:a levels of the last gl:icial perind. Clay mineral dis1ribu1inn 
of the fine-grained sediments gives information about lhe lrnnsporl mechanism. l'rcscm:c of 
present-day current system (the Tsushima Warm Current) is most prob:1hle source for the fine
grained particles into the open EMt Sea from the East China Sea, indica1ing that Holocene sed
iment dynamics may he used to explain the observed distribution of surface coarse-grained shell
rich sediments. 

INTRODUCTION 

The East Sea (Sea of Japan; hereafter East Sea) is 
a semi-isolati;:d marginal si;:a of northwestern Pacific 
Ocean. The Korea Strait serves as the only avenue 
to connect the East China Si;:a with tho:1 East St1a (Fig. 
1) and plays a very sensitive and important role on 
lhe climatic channe (Oba et al., 1991; Keigwin and 
Gorbarenko, 1992). For example, the shallowness of 
the Korea Strait region caused almost all subaerial 
exposure during t~e last glacial maximum (LGM) to 
prevent the in1t:rd1~nge between the East Sea and 
East China Sea. In the southeastern continental shelf 
of Korean Penimiula including the Korea Strait, a 

variety of sh1dics on tcxlura! aspects of surface 
sediments and di•mibution of suspended particulate 
matter have been, thus, done by numerous academic 
and research grOllpS (Park, 1985; Park and Choi, 
1986; Suk, 1986; Park i:t al., 1990; Chough i:I al., 
1991; Park and Chu, 1992; Choi and Park, 1993; 
Choi el al., 1995) 

Occurrence of coarse-grained sediments in the 
Korea Strait regi-:'m has been the .~uhject of much 
discussion, with particular attention bei11g paid to 
the prnvi;:nanees l_Park, l 'J85; Park and Choi, 1986; 
!'ark cl al,, l 987; Clrni el al., I 9'J5). The ~cdimcnl., 

on the outer continental ~hclf of the KorcMI Pen
insula generally represent a rcliCt lcaturc because of 
the extraordinary grain size am! ahun<lanci;: of shell 
remnants. Evi<lem;i;:s uf sht.:lf relio::t sediments are 
further provided hy the iron-bearing coarse-grained 
minerals a.~ well as by the patchy dcpnsi!s of beach 
gravels (Park, 1985; Choi and Park, 1993). These 
were formed (lll a suh:1erially exposed or much 
shallower shelf <luring the last glacial period. 

Lack of sediment input through adjacent rivers ia 
the Korea Strait region is likely to be responsible for 
the thin conlini;:nta! .~hclf dcpt>.sits (Chough 1983). 
Recently, Sl>me of the !inc-grnmed sediments del
ivered toward.~ the Ea.~t Sea 1hrough the Korea Strait 
from tht: Yellow Seu were rcpurlcd cunsidering the 
budget estimation of suspended sediments in the 
Yellow Sea (Wells and Huh, 1984; Wells, 1988; 
Lee and Chough, I 989). The clay mineral abun
danci;:s in the fine-grained sediments are dorninanl!y 
controlled by the circulation pi11tcms und subscqucn• 
t!y deposition:il processes. Thus, the di.~trihu1iun of 
fine-grnini;:d sediments in tile modern co11line11!al 
shelf setting was Uescrihed 1,y the clay mincr~l.1 
imprinted their fingerprint from tile source rcgi\ln~ 
(Khiru u,1d Park, 1992; St:gall .,nd Kuehl 1992; Rao 
and Rau J 'N5). 
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Vok,mic Processes of the Ulleung-II Tephra(Ulleung-Old Ash) 
Erupted from the Ul!eung Island 

Jring-Hwa CHUN, Sang-Joon IIAN", lJae-Kyo CHEONG"", Sik HUH. and Dong-1-lyeok SHlN 

Marin& Geology & GlOPh;·sics Division. JWRD! 
Ansan P.O. &x 29, Srou/ 425·600, Korea 

.Vii,,-Pn•s1ilrnl. KORDl Ansan P.O. Bar 29, Seoul 425-f,IJQ, KmM 
'" lJej>arlmtml of Geology, Kangw<m Nalitmal Uniu.mi/y 

C!amclleon 200-701, Korea 

AbsU<H:1: ·n1e Ulleung:-11 tcpbOJ was oril[inated by hishly explosive erup\ion of viscous phonolitic alkali 

maJ.,tni.1 frnn1 !he Nari Caldera in the Ulleung Island, approximately 9,30Qyr. B P. The lephra was mainly 

,;1.1p1~>11,·d liy lhc air-fall processes f()r scvernl hllndrcds km, whcrn:,~ a few pyrocl~stic now deposits 

sbnw<.sl the li11car dislril,u\i[lfl in the resltictcd arc:1. 'J11c ~Ir-foll clcpnsils of lhc Uilcun~-ll lcphr~ were 
dil"idc•d ill!<> IW<• llllits : lower unit by ballistic cJrly-eruption ;Hl<l upper unit by 1-,<rJdually waning late-eru

l~'"" <KmmlJitnyin~ m,h cloud. TwrJ units have the charnctcristiQ of pulse-like syn-er~ption v.ithout 

lime·!,'.,•P· The l<mer unit in,;ludl'S pirk-11p rock frni,nents rrom pre-ex,e.tin,: mnduil wall by eruplinn 

c~,\1.111111>1. Texture of lower unit ~hows (lensi\y-gr.iding with ani.'Ular rock frai.'Tilen\s and vesiwlate pumice 

1-,'l"ains. 'n,i~ readied the ceulral Houshu m Japan ;1bout 55(\(,m to lhc eaot of the Ulleung Island by 

stn>1,g westerly wincl. TI1e upper unit consists nf typirnlly vc~icul1le prnrnce ~rains and wdl sorted 

pl;1nkto11ic foraminifcra tests without rock frJgments, and ohow> scattered texture. Subaerial air-fall depo

sits werc reworked by b'r.tvilational movement during the post-eruption, Howel'er. the subaqueous air-fall 
dcpn.~its of the U\lcung Ilasin ;ore well preserved in texture by dy,,acrubic lx.>llom waler comli(i[lfl without 

hi,~rn1~tlin11. whcn:its tho~e of the K,irea Plateau are distur~d by intense biOl.urh.ltion by oxic bottom-wa

ter rondilio,t Two suUm1ueous pyrodaslic flow deposits were observed in the southem slope of lhe 

Ul\c,111~ Island. They hhow very thick beddedfoho.,t 7n,._,,,) '""mnl grndinf:, ,ind cc,nsi.t of very angular 

,wk frngml·nt !o vc~imlntc pumice W11ifl'i. Explosive erupcion l>f the Ullcun11-II tephr~ provided a large 

mnnnm .,f v<>k:mid;,,s!s im" the !iabt Sc,1. s~..:limcnl "ccumu~1lion rall-s from tile Ullcung·!l tcphra (o 

hurf:occ in rnr~s a,~ higher in the Ulleun~ &siu(J6-24<,,,/l,yr) than the Korea Plateau(6-12an/kyr). 

Key words: Ulle,mg-11 1ephr.1, l'hnnolitk alkali magma, Air•fall, Pyrocl~stic flow deposits, Sediment 

"ccumulatiun rnte. 

Introduction 

The explo~ive emptions from the Ul!eung Island 
provided m1111y tephr:t layers in the Ulleung Basin and 

in Jap.in(Furul;, d ,d. 198/i; M<1d1Jda 11nd Arni 1976; 

M:whid;o :ind A1·ai 1!1:-tl ; I Lnl I"/ 11/. 1!l!l7l. T,•phr,1 1:ry
l"1"1s from tlw Ullcrn1g !~\:ind typically <'flll~ist of tile 

vc·~i,·,,1',k· p11n1icl'~ Is"';"~- M:1jor c\cmcn\s o! pumice 

~h;1rds show l11gh alb!i(al~,"t l:h·I. % ) ,1ml lnw sili1·;1 

( ,,l,,111I :,!!11'/ % ) l·,,1,1c,1h( I !:111 d al. l~J7). Such ;, high 

alkali content hu~ 11ot liccn found in any other tephra 

layers in the Japanese lsbnrl(Furnta et al. 1986). 

During the Holocene, tephra layers derived from 

the Ulleung hlmid exploded two limcs(Chun et al 

1996; Chun d al. 1997). The ,1raligr:,phicaily inferred 

agl' nf lhl' ]:,s((llllcung I) tcplirn 1s apprni;imi,tc\y 

5,650± 5Sl~r. IU' .. based 011 (he mean sediment accu

nrnlalc rates !lf rnrc c,cdimcnt~. The tcphra layc1·s have 

sr,1llcrcd t,·xlrnc hy 111gh!y llioll!rlx1!ion riming the 

~yn-c1ul)lio11. The Ulku11g-ll (cphra a~ th~ secondary 
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Origin of Laminntcd Muds ond Its Pn!coccnirng1ophic 
Ullcung Basin. East Sca(Sca or Japan) 

lmplkotions 

Jang-Jun IlAHK. Suk-Hyun KIM', Sang-J(xm HAN", Sung-Kwtm CHOUGH'" 

M11rinr C:1,,/11)..')I & C:1Y1/1/1_v.si1":< /)il'i.,im1. KON/JI 
111mm !'.0. !fox 29, Smul 12;}-(j(XJ, Knrm 

'C/uwiml Oaww.1.,rrr1p/ly iJivisi,m. !\OfWI 
Anlilm l'.O. IJ,,x 29. Seim/ 425-600. Koml 

0 •Vin•-J'n>sid1'11/. KORDI. Ansa/1 l'.0. Rox 29. Seoul 425-0X), Korea 

'' 'lkj,urlml'III of 0nym11;,rmphy. S({!11/ Na/11m11/ Umvm·ily 
Sam/ J.",J-742. Knm1 

,\h,.1ra,·1: Twu oliS1iu,·1 111ml s,.•t1m·n1"<-"ll ,~·,·ur in llW 1<1·<ii11w11!~ ol l<ijl\l pi~hlll '-'Wt."ll.fflij1l lh11 (kcp 

1~•11iun 11f Ullc11111,1 ll;1~ill: a) lmninmcd m\lCI with ~ill-cb1y Cl>l•lllct~ - lmmo1icneoW1 mud - cruckly 

~unin;,led nuul. I,) l;uninat~d mud with silt-dll)' l~>u1>lel~ - h<>11Ulj.,'Cl1t.~lll~ mud - bioturbated mud. The 

luninalcr! mud with sil1-d;,y couplets and lu1m<,g11n<.~>U~ mLKI rcpn:scnt a fine-wained turbidite sequence, 

c,s ,·vidcm·cd hy an al,:;cnn, u( hi,~url,:1lio11. lextur.,I gradi11g. and ,..:c,sirnial cn,,;s•tunination, .ill su.:i,,stive 

,,f r"pid dqx,,;itiun and !radionaol lrnnsport from turbidity current. The crudely brninated mud is charncte

,i,.,I 1,y "" ;1h;;,,_•n,·c n( n,:K-ru=,pi<" hi,~n,l1>1lirn1 and lex!ural 1rn1,~·;,din)!. The cn,de lamin,,linn is exhihjted 

l,y ~ul,1111·.,ll<"1 align111,·n! u{ ,-by ;u1,I ~ill pdldal ~1n11l11n.,; iu l,u·k ,..·;,11<',wl d,,·lrnn iu1>11,1c1)'. ·nu, 

nuo<I pnhahly resul!<.'<I fn»n hemi~l;11,~c depo,;i1ion ;ind n::JrictL1! bi,~urhalin11 in a dysaerubic condition. 

E,,d, ,nud ,;,.,quence comnumly TeJlC"ls ils-,lf lu form lypirn! cycles uf Type A ~nd B. Orw,nic carbon, 

,-,,1,-iurn rnrl•>1~1le, mul Mu l>udcnls lugclhcr will, si..,li111<:ulnry slrnclurcs indicnh, tli,,t Type A resulted 

fnun h,·mipelngic dc1:u,iti,~1 Jllu1dw1ted by turbidity current in ;1 dysaernbic e1mdi1ior1 whereas Type 

II in a we:okly oxic nmdition. Type A and R cydi,s are well rlcvcl,~)(!rl Jnd correlntahle in the cores 

'""" th,• J.1sin plain of lllleung 11.asin. Aa:ordini: lo AMS"C dales and «cphrochrnnnlngy Type A cycle 

waL~ furm,,d l,clwc.'Cn lhc hL-ginning n[ !he lsolope S1;1gc 2 ;,nd the I.1st 1:lac~1l ma~imum and Type 

!I ,-ydc rorrt.o,;pnnds !n I!~ late perincl nf !he l~ope Sl;,i:e 3. DurillJI: the lnwerecl sea-level stnnds 

lht• lurliidilic muds were cpi,;,~lic.,lly dep,isilL'CI in ll,c 1~1-.in pl.oin hy lurliidily rurrcnls e\llllved [mm 

m;,s.-< nrnvs on lh!! sum11.111dini-: slopes. '111c nonrn,1 hcmipel;11,~c S1.-dimcnls wen: hi<>turbalecl in a we11kly 

oxic ~1>1'dit~)ll in the llilltopc Stai-:c J whereas bi<~11rl~1li1m was n.-slricted in D dysacrobi~ condition 

in !he ls:~ope Still,!!! 2. This change prnbahly rcaultl'li from a stag11mu bottom wnler and a dens1ty-stmtiried 

wal<•r ,•uhunn \'llUS<.~I hy f1111lwr ~,wcrin)( nf >'<"ii lcvd. 

Kl'Y wrnls : Easl Sc:,, Ullcung 1!;1si11, l'nk~•:ca1101,..--.1pl1y. li11ni11;1ll'<I umcl. 

lntroduclion 

Dcpositiun;il processes of laminated deep-sea scxli
mcnls arc gc.•ncnlly anrihutcrl to turhirlity currents. 
lu,110111 nnn·11ls. rn1d periodic v;iri;ilirn1a o( hemipcla-

gidpdagi,- ,.._,,!inw11!«tiunfS1uw and llowe11 l!J78: 

Stow m1r.l J.ovcll 1979; Wctxcl 19'Jl), Fine 5tn1cturci; 

u( the l11n1in.itc<l d('t':p-~;L sediments have been exten

llivcly reported from c!mrnctcriAfic physiop:rnphic ~ct• 

lin~s :.nd1 il~ deep "'-'ii fans. \·onlouritc drifts, and conti-
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LA YER 2C AS SEISMIC EVIDENCE FOR OCEANIC CRUST IN THE 

llLl,El/NG BASIN, EAST SEA OF KO!l.F:A (.JAPAN SEA) 

H-\N JOON KIM, BYONG-KWON f'ARK, :::ANG-JOON HAN, JONG-KUK IIONCi, HYEONG-TAE 

JOU, 130NG-CHOOL SUK, SIK HUH ~nd HAl•SOO YOO 

.ift1nm· (ic•r111hn,u 11,·,cw,I, Ci'nwp, f...'ureu O<.:wn R & D !m1i1111c, 1lnsc.:1J l'.0. Llo:r ZY. Seoul 

./]J-600. Korea 

JNTRODUCT!ON 

The Casi Sea ,ir Kon.!a (fapan '5ca) is among most imensivcly '>lmlietl back-arc seas in the 

western Pacific. Accortling lo deep :;ei~mic experimems usmg sonobuoys (Ludwig et a!., 1975) and 

ocean bono~ seismometers (ODS) (Hirata et al., !989 and 1992: Chung et al., 1990), there is a 

range or b,\Ck-~rc basin crust in the fopan Sea from typically oceanic 10 intermediate between 

oceanic and conLincmul. ·nic Japan Dasin in Lhe nonh is floored by cmst with nnrmal oceanic 

thickness and velocities. In contras1, the crust underlying the Yam<1ll> Ba$in in the southeast is JO to 

11 !..m thirk 

1l1c Ullcung Basin 1s 11 111ajor tectonic unit in the southwestern Japan Sea hut its cru~tal 

srructure has been linlc known _since Ludwig et al. (1975) failed to detect seismic signals from the 

deep crustal part largely due to tlie thick :;edi,nent cover. Consequemly, 11!1 the models for the 

soi.them Jap;,n S,•a op~ning rely on pure assumptions on the crustal type and s1rucmre of the 

Ullcung Uaain. More recently, a seismic cxp<:rimerll was conducted collaboratively by 1he Korctl 

,., \Jl"f. 

; 
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Ocean Research and 

Development Institute 

(K{)RDI} and lhc lns1iru1e 

of Marine Geology and 

Geophysics of Russia 

(IMG&G) in 199\ using 

OBSs (Ocean boltom 

seismometer) and large 

cap.1city air gun~ {Figure 1). 

{ Kim e! al. (1994) showed 

from 1ha1 experiment 1ha1 in 

the center of tbc ba.sin the 

velocity structure falls close 

to ihat of normal oceanic 

crust, how~vcr, the lower 

c:rn~t is thicker than normal. 

Illus, II is important to 

know if 1his thicker lh~n 

norm~] crust underlies the 

Ul\cung flasin cnnsistcntly 
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Afar/11~ Geoloi...'I' & Geophy:,-ic.1 Division. Kon:a Ocean R & D !ns1i1u1e, Aman, PO.Box 29. Seoul 

-125-600. Korell 

INTRODUCTION 

The E:m Sea with an average water depth of more than 2000 m is one or the most 

imensivcly studi~d back-arc basins developed behind the circum-Pacific vol~anic il!ld seismic belt 

(Karig. 1971, Uyeda and Kanamori, 1979; Tamaki. 1988). The opening of the East Sea is known 

ns a cnnwq,a::nce of 1hc s1rc1ching, rifling, and spreading (Kimura nn<l Tamaki, 1986; Jolivet et 

al., 1991). Small-scale geophysical exploration have been perfonncd on the continental shelf and 

slope offshore Kor~a since 1970' (Schluter and Chun, 1974, KIER (Korean lnstitu1e of Energy and 

Resources), 1982; KORDI (Korea Oeean Research & Development Institute), 1995). PEDCO 

(Korea Petroleum Development Corporation) and KOROi also have carried 0111 the multi-channel 

seismic survi:ys in lhe Ulleung Basin to investigate the hydrocarbon potential and the evolution of 

the East Sea. However. the Tertiary deposits of the basin !!ill have not been fully studied and are 

weakly sustained in the regional correlative constructions. In this point of view, we have 

perfonncd the survey on 1hc continental shelf/slope and plateau areas in the northwestern part of 

the Ullcung Basin between 37'-38'N and 129"-130"30'E (Fig I). Since the central basin was 
uniden1ificd before, we name ii "Onnuri Basin" al\er the name of research vessel in KOROi. 

The study area will provide the important clue to the development of basin and plateau, the 

formation of fold and fault structures, and the activities of volcanics. 

GEOLOGICAL STRUCTURES 

Churac/i,ri.dics vf the si,qmmccs 

To establish the chronostratigraphy, the age of fonnation, seismic lines were correlated with the 

Dolgorae-1 exploration well at 6-1 Block in the southwestern boundary of the Ullcung Basin and 

PEDCO multi-channel seismic reflection data in the Ulkun; Basin. Three sequences of 

s.;dimentary layer In the sludy area (Park, 1990; Lee, 1994, Yoon, 1994) mostly deposited in Late 

Miocene (112-5.3 Ma), Pliocene (5.J-l.6 Mu), and Qu;1tcmary (Plcisloccnc-!lolocene, <1.6 Ma) 

{Fig ::!). 

171c chumcteri$tics of reflection pattern in the top of the basement are the strong surface 

renec!or nnd irregular intern~! reflection. Uljin and Yangyang. adjacent land areas in Korea, 

,..,pose,! :"nccambrian metamorphic complex, Paleozoic scd1menmry rocks. amJ Jurassic or 

Crcrnecous igneous {grnnitic) body in Mesozoic (KIER, !()81). llowcvcr, the irregular basement of 

the 1>1ncr sc.i lws Ileen dclC,m1~<l by the large bascmcnt-invol~cd faults, where undul~Ling 

topngr;,phy should be rdatcd 10 the relatively recent activities of igneous rocks (Linc ! in Flg. 2). 
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High-resolution Processing of Existing 
Seismic Data in the East Sea of Korea 

K. Y. Kin/, M. S. Jung", S. J. Hau••. anJ 11. J Ki111•• 

* Ka11gwo11 Nat'/ Umv., Cl11111c/1eo11 200-70/, Korn, 
"'"' Korea Ocean N & I) /11slit11/e, A11.m11 -/25.(iU(}, f.:,irn1 

Ah.•Craet: Reproc:cssing tcchuiqucs ;ire dcl'c]opcd for hi~h-1csulu1inn im;1gc., 
of sh:1llow structures aud slniligrnµhic fc:iturcs fro111 rcf1cctiou d:11a origi11:olly 
obt;1incd for deep seismic studies. Convcnlional 5K-channcl dHln wilh n 2-111., 
s:1111plin.i; iulcrvul from the con!incutal slope in Che E:1st Sen or Ku1e:1 me used 
for subscqucut lci;ts lo dctumiuc lhc .1dcquulc processing sctJnc111:,:c :md 
optimal parameters for high-resolution sections. Compared with 
convcntionallr processed d.11a. ver1ic11I resolution or the ncll'IJ' prnccs~cd 
seclions is greatly cnlmnccd through a series of processing i,n:ludini; 
dcco11vo!ution both before ;md aficr stack :m<l frc(iuency liltcrs npplii:<l lu nc:1r 
traces only. The stack section of 100'1/,, CO\•crngc shows be-Her resolution !h:111 
the Ci-felt.I scclion in the scdimcnhuy bo<ly ubovc !he acous1ic b;1scmcn1. On 
the conlr;iry, the lnllcr section bcnrs higher signal-lo-nni~c r:i[in~ c111n11a1cd 
with !he former one. 

Introduction 

l·ligh-rcsolution seismic mclho<l h;1s been wir.ldy u:;cd iu onShu1e :;w\·c,· Im d1illi11g :-:itc ;rn<l 

construction of submarim: cable and piiicli11e. Since Ncwm:111 (19X5) prcsentc<l a 
reprocessing technique for high reso!utio11 usini; ncnr traces or cxistiug d,1ta. exle11si\'c 

studies have been carri-:U m1t to save cost ;rnd time. In recent ycais .. ~ud1 1eprocessi11g 
techniques began to be utilizcd in investieatio11 of <lrilli11g site, co11sl1 ucl i1111 of 11ipclim:, c!c. 
(Hill, 1996). 

ln this study, we <lctcrmim: an :1deq11ale reprocessing seqm::11cc ,1ml opt111n1m p,u:11m:h.:rs lo 
image the Quaternary and upper Tertiary formations with high resulu!iu11. As :1 test 11:ua set, 

we employ seismic data recorded for 5 s with 58-chrnmd i11 ~he contiucnl;ll slope or the East 
Sea of Korea, where relatively thin sedimentary layer arc deposited. 

Test data 

Korea Ocean Research ;111,J Dcvdopmenl (l(Ol{DI) has recorded l,<100.1..rn k111t\ mulli
ch:umcl seismic data since 1994 for the study uf se<lime11lary bas·i11s in Iii<.: l:;1s\ St·a (S.J 
Han, persona! communication). figure I. shows four seismic proJilc:; shot by KOH.DJ in 
l Y94. Figure I is .'.I part of tl1c slack section along Linc 2. According to I ]uh cL a!. ( l 'N<i), 
Units I and 2 arc inferred to be formed in Quaternary :rnd Plioccnc, rcspl·clively. Thc 1,250-
m long data recorded in llie rnugc bclwcen common midpoints {CMl'S) 609 aud ?OX arc 
chosen for the subscqucut tests i11 this study. The acquisition paranH.:lcrs :1ppliecl :1l lie!<l is 

sumnmrizcd in Table !. far-field signature of the .1i1gon :irray crnplo\\:d by the KOJUJJ 
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Analysis of Gas Hydrate Potential in the Ulleung Basin, 

East Sea of Korea 

Sik Huh, Hai-Soo Yoo, Sang-Joon Han, Han Jun Kim, Jang-Jun Bahk 

Marine Geology Group, Korea Ocean Research & Development Institute, 

Ansari P.0.Box 29, Seoul 425-600, Korea 

The East Sea (Sea of Japan) is a typical back-arc basin. Around the Ulleung 

{Tsushima) Basin, gas hydrates occur in Russia {Beringian Margin and Okhotsk Sea) 

and Japan (East Sea, Japan Trench, and Nankai Trough) from BSR, gas-vent fields m 

water depths of 620-1040 m, and shallow-sediment corings from subbottom depths of 

0.3 - 1.2 m. DSDP also recovered gas hydrate layer offshore Japan. 

To validate gas hydrate potential as an energy resources in the Ulleung Basin, 

measured bottom water temperature is between 0° - 1° C, geothermal gradient is 

between 'd - 39° C/km, and averaae heat flow in ocean sediment is 2.35 RFU. 

Pressure gradient is 2.13 psj/m in the lfileung Basin. Since methane production requires 

a minlmum of about 0.5 .% oraanic carbon in the form of metabolizablc organic matter 

and pore water depleted in dissolved oxygen and sulfate as the sources of methane, the 

average orgwUc carbon content measured from core sediments as 2 - 3 % in the 

Ulleung Basin is sufficient. Deeply buried organic matter, experiencing temperatures from 

approximately 8(f to 125° C, can be altered thermally to produce methane directly. We 

also found large-scale tertiary coal beds at 1 sec (about 1 km) depth below seafloor in 

the continent:.d shelf of the southwestern Ulleung Basin. 
To identify the distribution of the gas hydrate zones in the Ulleung Basin, we have 

surveyed and gathered the multichannel seismic reflection, 3.5 kHz subbottom profiler, 

SeaBeam, and 12 m piston core data. To verify interreJation among the factors of 

temperature, pressure, and composition, we measured grain size and sortina, textural 

composition, shear strength, porosity, fluid composition, carbonate and org:anic content, 

and various ~reochemical parameters from piston core sediments. Especially in the piston 

or box corinfrs, we hope to detect gas-vent, gas-saturated water, and oil seeps from the 

measurement of pore water, water content, and residual sediment gases. We are also 

conducting pc>re-water analyses such as chlorinity, pH, Eh, sulfate, ammonia, and silica 

measurementi; for the maturity. 
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Oxygenation Leve! of Deep Wotcr 
Since the Lltte Pleistocene 

in the East Sea(Sea of Japa:.) 
Trnce Metal Tudicalur 

Suk !!yun l\!M, Gi !-loon HONG, Chang Soo Cl!UNG, Sang-Joon HAN', 
and Kwang Wo,::, LEE" 

Chemical Ocamography lJivisinn, KO!?Dl 

A11sn11 P.O. Bru: 29, Seoul 425-WJ, Korea 

'Vit!'-l'rcside11/, KWWI, Ansnn P.O. Box 29. S1!/111/ 425-60(), Korea 

• 'H·/mrtmen/ of Harth and M1m·11e S,:irnus, H1mytml( (h:iwrsily 

An:;an 4;:S-170, Kon:11 

J\hslrnc(: flown core distributions nf redox sensitive n,et,,ls of Cr, V, Sb, Cu. Cd, Mo, and U were 

cx;,mincd 10 interpr.-le the vnrrn[1on of oxygenation level of deep water in the sediment core(86km) 

!rnm the lower slope near the Knrea Plale.iu. The above clements were partilioned between a detrilal 

frnclion, e<>n1po,c(I n/ wrrigen<>US and vak.anic da,;tic "lumino,;ihcate matter, and a marine fraction, CDmpo
st:rl ,>f h;,~:e.,i,- and hydrogenous mauer frnm seJw~!er. The nrnrine frnc(ion of these metals showed 
lhnl lhc· dn:11 wat<·•· of Iii.: E.,,a &•,, w;,s in the cn11dilio11 c,f dcnilriric;,ti<m or sulfate rerh,clinn durinu 

1hc 1:h·,ai1i<>11 pen<Kl ol l;1(c J'lciWiccne, and th~ dm,ilrified and ~lightly-sulfate reduced environment 

lasted to the late l lolncern,. Tile FA1st Sea formed a !>everely euxink envircnmcmt during the periods 

,,r IJX~12_51i1•r /!.I' .. Inst i,ilacial m.1ximum{LC.M, 14.8~1fi.5kyr ll.P.l, and ozygcn Uope st~ge{JS) 4. 

'I'll<· nc·a"" in Ilic 1alc of "'Y!(l'l~Llinn lcvd nf deep waler in the JS.isl Sea was ''"'"'"I by (he dccrci,se 

nf wale, e"<·h:.ni.:e wilh lhe adjacent ,;ea <luting Ilic )~1,ei,.(ion period nntl the low surface salinily during 

11><: p,·n,~1~ of lh<: la,-.J 1:l,,eial ,m1xirm1m and r;1pid dcgla,:i;ilirn,. 

Key words. ~;u,;t Sea, Sediment, Trace me!~I. P,ileu-redox environment, 

lntroduct1on 

The· E.,-..t Sc:a(ScH of Jnpm1) is a sc111i-cnclos.ed mnr
g111:1! :;cH l"..::,1cd ;,t mid l;1li!udc between AsUm conti• 
,wnt and the 11mth Pacific. The East Sea is connected 
lo the Okhotsk Sea. Pacific Ocean. and East China 

S.·a through 1 shnllnw st1·ai,1shts-thc Tatnrsky(l5m), 

S.1y:,(!i!i111 ). Tsui.:," ,1( 1:n11), ;rnd Kur ca Strnigbts( 1:10 
m). Thi~ sh;11Juw sill depth is cmnp.ir.ible lo the magni
tude of eu~talic ~'-''l level drop durinf; the last r-Jacial 

m"ximrnn 111..•ri,~l(IJiM)(Fairll;,nk~ l!lii\!). 

Al prcscnl, the m;1in currenl m U1c East Sea is 

the T~ushim;1 Warm Currenl(TWCJ, a brnnch of the 

Knm,hio C"rr·,,11t. It ilnws inti, the East &•:t throttgh 

ti,,: Knri:;1 Str.1it and 11..,ws ""t to Ilic Pacific Ocean 

throu,:h thL· T~l1garu ;mrl Soya Strait~. Nrnih Korean 

Cold Currenl(NKCC) or Liman Current flows south

ward along !he western boundary. And subarctic front 

which warm and r.old w:1tcr converge is formed at 

apprmdin:11<:ly 31l"~40"N lutitude(Seung and Yoon; 

1995a, 1995b). Primary productivity is high along the 

subarctic front due to the enhanced nutrient supply 

by tho effect of rddy diffusiun. Deep water is formed 

in the northern part, by cooling ;ind sinking of surfm:c 

water in rhe winter season. Due to the active vertical 
vcntil:1lwn, the deep WJter(E~st Se.i Proper W~er) 

is c1irichcd with a ,fosulved oxygcn(>2101.cma,?.,g). 

ffowcvcr, oce.inographic conditions of the East Sea 

during the glaci,11 periods might have been different 

from tho8e al present, hecau'>C :;c.i level drop as much 
as 120111 in LGM restricted water exrhange with other 

seas. or sn111hem shifL of the current near the eastern 
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IJeposilio1rnl environments inferred frnrn two 111:u-kcr 
tephra.s during the Holoce:1c in the Ulleung Basin, 

cast sea of Korea 

Jrn1g-llwa Chui;ll, Sang-Joon Jian 1l, Duc-Kyo Cheong2l, S1k HLlh 1) 

·and Dtmg-llycok Sliinll 

1) Marin-.: Geology and Geophysics Divisior,, Koreu Ocean Rescrch & Developmen1 

!n.~1iw1e, An.s.111 P. 0. !lox 29, Seoul 425-600. Korea 

2) Dep,utmcn( of Geology, Kangwon N.itional University, Chunchcon Kangwondo, 

200-701. Korea 

The depositional environments of the Ullcung Basin during the Holocene were 

intcrpn:lcd from two marker tephra layers, types of ichnofocies, and ~cdimcnrnry facies. 

Two marker tephra layers originated from phonoli1ic or trachytic alkali 1nagm.1 of the 

Ulleun~ Island show decrease.~ in thickness and maximum grain size away from the 

Ulleun1; Island. TI1c Ullcui!g-1 tcphra layer consists commonly of vesiculate pumices and 

shows 11cultcrcd texture due to extremely high bioturbation. The Ullcung-11 tcphra layer is 

dividetl into two units: from thick density-graded to sca!lered lower unit und the only 

scaucrc:d upper unit. The lower unit of the Ullcung-11 tcphra layer is correlated with the 

Ullcung-Oki ash, which is composed of b:tllistic e:trly-cruplivc pyroclastics with pick-up 

rock rrngmems or the pre-existing conduit wall. Where.is. upper unit is composed of 

gradually wnning late-eruptive pyrodasties aecomp11nying ash clouds. Sediment 

accumulation rates, rrom the Ull~ung-I lephr.1 1.iyer (stratigraphically inferred age; 5.650 
± 550 yr. B. P.) up m recent sediments in cores increased toward the center of basin 

rnlher lh;m the continental slope and the Ullcung Inlerplain Gap between the Ulleung 

B;1sin :·,nd 1hc Japan B;1sin. A prominent serlimentnry focics is a homogeneous mud due 

to intense bioturbation in the Ulleung Basin, but :;ome biolurbaled muds (planolile) 

:1ppcar in the Korea Pla1eau. Between Ulleung-JI rephra layer (ca. 9,300 yr. B. P.) and 

lhc Ulkung-I lephra layer, sediment accumulation rates are higher in the Ulleung Basin 

tban th,: Korea Ph,tcau. The sedimentary focies is alternated with homogeneous muds a;1d 

hinturh;1lcd mud~, espcci111ly, some bio1urba1cd muds were replaced by framboidal pyrite 

i;niins in \he Ulleung Basin. However, sedimentary facics in the Korea Plateau shows 

only 1h~ bioturh;1tcd muds wi1hout replacement or pyrite grains. 

Tl1<: palcocnvironmenls of 1hc Ullcung 13nsin grndun\ly ehani;cd from nllcrution of 

dys:,cr:,hic and oxie hotlum-w;i(er condition 10 (Hie hotlom-willcr com!11iu1i. Two 

cx11l"s vc cruplio11s i11 lhe \Jl!cung lsl:,nd .~11pplied ;1 large ;111w1111( of lcplirns. wllich 

,c.,ui1.,; could provide a valuahle in!ormation ol' 1cpl1rocl1rnnologic correl:1tio11s for lhe 

,kcp•~•:a ~cdirnc11I~. 
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L1tc Quaternary Paleoceonogrnphic an<l Pnleoclimatic I-Iisto1y 
frnm the Ulleung Basin, East Sea of Korea (Japan Sea) 

111-!I Y!. S;ing Joon HAN', Jm1g-]un BAHK, Yo1mg-Gil LEE .. , Jonri-Hw.i CHUN 

Manne Geology & Geophysirs Diuision, KORDI 

Ans,m P.O. Bux 29. Seoul 425-600, Kurai 
'Virr-l're~itknl. KO!W!, ,1usan P.O. ilm: 29. Sroid 425-600 Kom, 

'· De/mrl>!,;:n/ of Geology, Kyungj)ook National University 
'foe,:11 702-701, · KoRa 

Ab.s\rm:I · Si~lccn pi>Jon rnrcs w""" ,111,,lyw<I from !he Ullcnn~ lla~in and the Ullc1•~ lmcrvlain G:11i 

F"'" pi~ton c~•rcs wnc ock-ckd [mm the Ullcung Ilasin, while dcv~n piston cnres were frrnn th~ Ulleung 

lnl<'rpbin (i;ip. Six dislinc1ivc so.·<l"l\l'l\(al)' fm.:ies arc r<.\.1>j.,~mecl. Tiley ;ore · laminawd mud, crudely 

lmnmalc~I 11111<1, 1,~~url~lllXl mud, homo1icncoos mud, mud-d1sl nmd. and Lepho,,(ashl d~posil. Volc.mic

ori1-,~n layers (1epllra layer~) ;ore ;ilso ra:ugnizcd und correlated ~mong cores. For detailed understanding 

of pal .. ~,c•cnuw;1phic ;md p:1loeoclim:11ic chani:es. density distribuli<>n of di111om a9Semblages and certain 

~1~•·ic~ me /nc:u,;,.sl on 4 ,;,_•kclcd pi~Lon cores which ;ire loc,t,,<l in !he northwestern side of Ulleung 

Hasin atlj:ocenr lo the Ulle,mg lntcqJlain G;,p_ The four piston cores ure cores 95PC-4. 95PC-6, 95PC-/l 

m,d ft:,l'C-9. lkn.sily di>11ributirn1 of L<~al diacom asscmbbl(l..'ll frnm fuur OJrL,,; ~huws that core 951'C-4 

c1n1lai1ls Lhc highest <IL~l.sily, wlule that of cure~ 951'C-6. 951'C-8 ;,nd 9SPC-9, is similar with each 

nlher. "ll,is indic.11cs lhaL Lhe loc.ilily of core 95!'C-~ is a differenl environmental ,;elling from tile locality 

of rest nl three piston cores whirh is in \he Ulleung lnlerplain G,1p. 1::ven Lhough there are no sufficie,1! 
al~,lut,· cf;itc.,; from fol,r c<>rC!I. core~ 95PC-4, 9SPC-6 and 95PC-9 have ~imilar sedimentation rates 

,1L11·iu)l lhc l>"•l••P•' St,,11,,s 1 an<I 2. 1!111 ,.._,limcnl;olinn n,te of cc,rc !):,I'(;-(; i~ 1/CI)' diffcrunt due I<> 

a dr;i,;Li<: d•mgc in >1.·<hmcnlmy proc-c~,;,.,s since \he lo,:.,lily o/ oon:: 9Sl'C-6 is near lh" u;J(ural l~vee 

11f ;, d1;1nnel within the Ullcung lnt~rplain Gap. Using Fm1.:ilnriopsis d,,lw/"s spt:cie~ and tcphra layers, 
al le.,~\ rove age markcn. ynun1,<cr 11,an 2.'l,l'.XJQyn Bi' am bi: decermined by "C(AMS), diatom species 
ancl tcph,a layer,;. Additmna\ly, two w~rm periods in the ls.)lope St;,ge 5 may 1,e found. Also, four 

\cphr., biy~r.i(UL-3, Aso-1, UL-4 and UL-5 ash layers) are recowiiied using by Lhe co=lation or'diatom 
~p,.-ci,es. ·11,,, ;,i:c .,f UL-5 nsh l:1ycr ci,n 00 the lx.'!(innin;: of lsnh~,.. 51.,.,,._. 5c. 

Introduction 

The l(;1sl Sea uf Korca(J.opan Sc:r) i~ 11 semi- cndn
;;.•d l•1ck:on· ha~i11 .,11rru1n11lt'd hy Kon·:m l',·ni,N,la, 

J.,p,11w'.<· 1-.1:,wls :,ud l/11ssi:1n l""nlin,·111 .,ncl rnmpri:'<, 
fn,1r ~trmt~. Tal:,r~kiy S1r;1i1(sill tlcplh, 15ml. Soy;i St
r:oit(S!iml, K,.,L'" ::itr:111(1:!0m), ;ind Knr<:a Str,1it(J30 
,,,)(Fi1-:. J). lkc:rusc of lhese shall,,w ',ill,, lhc East 

S.·:, u! l\11n•,, h,1, :1 d1rlen.:1ll on;:,11ic <:11virnnmcnlal 

setting from adj;icent other marginal seas such as the 
East China Se:r, the Yellow Sea, the Okinawa Sea, 
the Okhotk Sea ;1n,J !krini: Sc,1. The rrain inlet of 
nmrinc w:ncr cntt-rin~ the E:i~ Sc;\ nf Kore;\ is the 
l\,,r.-;,11 Sir.ii! .111<1 'l\u,him., S1,·;,il. ()11 ll1c olher l1arnl. 

Lh<: Tsug;,ru Strait bc!we~11 Jlc>nabu and Hokkaido is 

the umin uutkt of mnrinc wmcr from the East Sea 
of Kort.'a Ill !lw nrnlhwcst P,icifi~ Oa::111, 

Tile hi~(ory ol w:1!er drculal11m wilh the 0u(lt1~liu11 
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PAI~SPASTIC RECONSTRUCTION OF THE LARGE FAULT 
SYSTEMS, GULF OF MEXICO 

Sik Huh 

Marine Gee!. & Geophys. Div., Kcrea Ocean R & D In.·/., Ansan. 425~600. Korea 

The s1udy area in the central northern cffshorc Texas is probably the best location 

m the world to study the mechanics of large, linear, very long growth fault s}15tems. 

The area also contains both overpressurcd shale and salt which interact with each other 

to fom, growth faults, and to create shale- and/or salt-withdrawal basins. The 

integration of extensive seismic, well log, and biostratigraphic data makes pos&ible the 

reconstruction of the evolution of salt- or shale-based growth fault systems and basin 

evolution ()f the northern Gulf of Mexico. 

As the data base, seismic data base consists of over 3000 

migrated multichannel seismic data on the Landmark workstation, 

l 14 palcontological reports and 6 calcareous nannofossil data. 

miles of digitized, 

In addition, I has 

Well data include 

spontaneous potential {SP). gamma-ray, resistivity, sonic, porosity, and dip logs from 

152 wells; synthetic seismograms from 31 wells; and 75 velocity check shot surveys. 
To bcitter understalld the stratigraphic, depositional, and structural evolution of 

region, I developed new computer programs and numerical methods for calculating fault 

trajectory, gcohistory and backstripping analyses, total or tectonic subsidence and 

paleotcmpcrature distribution, and palinspastic reconstruction. To infer the subsurface 

physical properties, I generated physical property profiles for different sand percentages. 

In addition. results of structure and isochron mapping, geological cross section, and 

sequence :;tratigraphic analysis aided in understanding of basin evolution with large, 

linear, very Jong growth fault systems. 

Variations in the physical properties (velocity, density, porosity, and temperature 

versus depth according to sand percentages) show very complicated panems with 

different sand percentages. To calculate porosity-depth relation, I generated porosity 

curves for sand pcrcen1agcs of 0%, 25%, 50%, 75%, and 100%. Subsurf~ velocity 

and d,;11si1:,• pn1lilcs were ;ilso ;m;ily.-:cd I :,l~o a11:ily.-:cd hotrom-holc temperatures from 

;i 101.11 or J05 wdls for subsurface temperature d1str1bulion. ·r11c gcothcm1al gradient is 

2.70 ~C/100 rn in lhc ~tudy area. 

To understand the tectonic and ,thermal cvoh.aion of sedimentary basin, I calculated 

the lcc10111c subsidence due to lllhosphcnc cooling .'.Uld contraction, 1sostat1c loading and 

growth fault movement during dcpoccntcr formarion Total subsidence is determined to 

be ;;bout •l.7 km for a basemen! depth of 10 km (thin 1rans1tional cnist) in the study 
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Tecl.onic Hot1nd:1rir..::s of lhe Ulleu111~ Ih:-,i11 

from Threc-dimcnsiowil Analysis (jf ~~ei,m1ic and Crn\·ity·!};il:1 

Cli:i11-!Iong Park1, Suh Sik\ N(Jbuhiro Isez;.iki~, Nobuk,v;u Se;1111:.i', V1'00·-li\'ul 

Junl, !Ian-Joo!l Kim 1
, BoniJ-Ciwol Suk

1 

L l\w,•;1 0::mn Hc:,rnrd1 !CHI lkn:loprwnl lns(iT1ti<' 

::!. Chiha li1,i~c,~ily, Dc1mrl.Jw.:11t of birlll Sciences, J:,pan 

.1. ;\"aval lk=·ch LalXJrn:.00', U.S.A. 

In order to use gravity data as a constraint of sparlial yanat1011s in deep density 
struclures it is first necessary to eliminale lhe gravity· effects, often larger than 
anomaly of interest, caused by a cn1st or scdimcnt;iry !ayers ovcrlyiug Llic u ust. Tlie 
gravity anomaliCS from such a procedure can be used lo idenlify the deeper cn1st 
beneath the acoustic basement, which is not easily identifiable with seismic sections, or 
Lo indicate lhe presence of any anonwlous bodies in Lhe crust wl1ich were likely related 
to the tectonic evolution. Parker's (Parker, 1972) algorithm is used to estimate the 
gravity effects athibuted to fl va.riable depl.h at boundaries between different 
sedimentary units. 

Three-dimem,ional Bouguer anomalies anJ umnlle fiouguer imornalies wcie 
estimated using seismic constraints obtained from the multl-dianncl sr.ismic rcfleclion 
nud refracliun profiles in the Ulleung: Basin. The manllc Boug:ucr wioumly is Uie 
gravity value corrected for the gravity effects attributable lo density conlrnsts of 
water-sediment, sctliment-cmst, and crust-mantle i11terfaces. The resulting: mantle 
Bouguer anomaly tints reflects only subseafloor contribution lo the gravity field cau~ccl 
by cmstal or mantle density contrast. The mantle Boug:ucr mmrnaly l1ig-hs arc 
concentrated trending NE-SW with an elongate<! nnd scmi-symct1ic sha11::· in ti1e 
central part of lhe Ulleung basin. The centrnl gravity highs are separntely shown up 
in two regions, a circular anomaly zone with a anomaly greater llwn 120 mG,11 
northeast of the basin center und the other immerlialely southwest of the cc-nter ;1]011g 

the as<;umed axis of.SW· NE acr.:rossiug the lrnsi11 cc11lcr. Tl1~ 111u~( .~11 ilsiug f<·:1/111'!''

on the mantle Bougucr anomaly map is n NE-SW clrnq;atcd p,1tkni wl1ich i~ c lo~-cly 
associated wil.h n deeper slructur:il boundary of lho.: h,1.,in 11111ri:in. Tl1is fl':1(111\' 1,; q11il(~ 

cLifferent from that wl1ich is observed i11 ho!li l;al11y111etr/ rn1d frl'c-::ir ,111w11:!l_v 

pnltcrns. Thinned deep crnsl of fhe basin is buundcd ill a na1To\1'ly :_;1•/-NE clo11:.iatcd 
zone with a width of approximately DO km whil{' lhe boumhiry or (he l;,1•,111 )11 

h:ilhymetry is likely still wider as much ;is ;1ppro:;imo1tdy /.(ill kill i11 n1,, ,;i,,• 

measurcrnenl of wirllh. 1t i111plies lhal the h;1~i11 h:1:-,; lwc:1 n.'sl1·irkdly 1J1i1111' ,I c,1 ll(,r1;·t·d 
1Jy a oceanic crnst, ir ao,:,u111cd, rn1l)1 )u (he J\E-'.;W dwti•::llr·d 1,.:,, 
('C/l(r;;] )"'l°l. 
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Ab.stract of HJ97 Spring Mectiry of Ouateniary R~searr.h, Pw;.m National l.miv_. Jr..w~ 14th. 

1997. 

The Principle and Application of ESR and TL/OSL 

Method for the Quaterna,y Deposits 

Hi-11 Vi, Sang-Jeon Han, and Dong-HyeoK Shin 

Marine Geology and Geophysics Divisioa, KOR/JI (Korea Ocean R 8 D fost. J 
Ansan P. 0. Box, Seoul, 425-600, Korea 

The main idea of these dating methods is to find out. how much radiation 

energy our sample materials have absorbed throughout time. An indicator for the 

accumulation of energy are electrons being trapped in impurity atoms or failures 

(i.e. negative atoms being absent from their place) of the naturnlly groh'Il 

crystal. Nudear radiation with its ionizing energy forced these electrons out of 

th~ lowest ~ .. U comple,ely filled entlrgy l::vel (valem.e band) up intci th~ 

conduction band (AitKen. 1985l. Normally the electrons recombine into the valence 

band after a while. Sometimes they are caught in these energy holes and the 

impurities 1Jr lattice defects originally present in the crystal. 

These electrons or holes released from traps by l~boratory heating 

recombiP"' emitting light: the process is called 'Thermolumi::::::::::::~ce(TL)'. The 

principle. procedures and radiation dosimetery required for age derivation from 

[D in FSR dating are essentially identical to those in TL dating. ESR is a method 

of observing the trapped electrons directly by measuring the microwave 

absorption, witout allowing release and recombination with a hole. OSL is 

detected b)• emission of phonton energy. lN- or laser-stimulated luminescence of 

defects in some solids allows the dating of some minerals without heating the 

sample and emptying the trap, just as in ESR dating. OSL dating has been 

developed ;:ind applied to quartz grains and feldspars using Ar laser, green light 

emitting d:lode (LED) and infr.ired light: Hany researchers involved in TL dating 

participatE,d in OSL dating. since the basic physics is the same as that. of TL. 

The most recent conference on methods and application of TL/OSL dating held in 

May '1-7 at Aarhus. Denmark is one example which was organized by TL/OSL dating 

specialisti;. Systematic studies with ESR will also help to identify the defects 

and to understand the processes of OSL used for dating. 

With ESR and TL/OSL we have the opportunity to detect these electrons_ 

Their population gives us a clue. how old the sample material is, taking other 

aspects such as the yearly radiation and the radioactivty of the sample material 
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i,:J,Lrac( \'olu111,: ul li1t~·,11dliLJ11.il Sy:np<!~IU!li 011 Wuatn11a1·y L.n1tcnrnL'Pl,:I U1,cr ;:,· 

m the Asia anrl Wer;tcm P11~·iiic fkgion, Tokyu, J .. pan, October 14-17. Hl'd7 

Palceccanog:n1phy and palcoclimatcs 
of the Ulleung Basin and continental margins 

of East Sea of Korea (Japan Sea) 

I Ii-I! Yi and Sang-Joan Han 

Marine Geology an,J Geophysics Div1.,ion, KOROi (Kore;i Ocean R & D ln~titulc) 

Ansan l'.0. 13ox 29, Seoul 425-600, Korea 

Twenty-three piston cores were :mulyzed along the co,nincnral margins of the eastern 

pun of Korea and Ulleung Ou.~in from 1994 to present ( 1996) by KORD!. Sedimentary 

L1cics along thu contim:ntal 1m1rgins arc mainly composed of slide/slump. tu1bidite and 

debris-now dcposils. Seven sedimentary facics were identified. They arc massive sand, 

bioturbatcd mud, homogeneous mud, thinly-lamim11ed mud, mud-clnst mud, deformed 

rnud, and imfotinctly-laminated mud. However, sedimentary facies from lhc Ullci.mg 

Basin and Ul!eung Jn1erph1in Gap between Ullcung Island and Dokdo Island arc slightly 

t.lillcrcnL In 1his region, rive sedimentary fades arc identified; h1minated mud, crudely 

!.iminatcd mUd. hiolurbalcd mud, homogeneous mud. and mud-clast mud. The basin-type 

sedi1ncnt11ry facies are simpler than those in the continental shelf and slope. The bn.~in-

1ypc .~cdimer11ary facics have a dislinclivc hemipcl:1gic to pelagic dcpo.~it.~, an indicator of 

palenceanogr,1phic and pulcodimalologic changes, 

In the Ullcung J3:isln, 75 sp<:cies of diatoms .ire identified. Tlrnla.r.ritl11e11w 

11irzschioit!e.1· is the most dominulcd (18 - 46%) and subordi:1;11e domii1atcd ~pccics i~ 

Puraliu .1·u/n1/11 (2.3 - 24%). Ei;ccpt for these two species. 19 other ~pecics nrc 

dominated. They are: Tlwfossiothrix longissima, Ddplmeis ,rnrirelia, CoscinodiJcus 

mor,:illallls. C. n1diu111.1·. C. asrerompJUJrus, C. ,wdulifer. Cocconrtis snllef/11111, 

De111ic11!r1pxi.~ .remhwe, Dif'lmwis ocufofll, D. bomlms, lJ . .rmi1hii, Pseiulnem1otia 

,lo/io!11s. R/1ii.o.rnle11ia se1igera, R. hehetafQ var. J,iema!is. Thulas.'iiosira oc.rlrupii, T. 

eL·,·c11frica, T. decipien.f, and T!wfossiolhrix Jra11enfeldii. War~•watcr species, C. 

11ot!ufifa and T hmi;issit1 show rclatiVcly high percentage during the Holocene, but 

dccre(lse sharply during the glacial period in the late Pleistocene. However, slight increase 

in :1hund:1nce of lhc~c species in lhc lower core section~ implies inlcrsl:alial sti1gc. 

Anolher w,1rm-wa\er species, P. doliofrt.l', only occurs in the Holocene section, indicating 

a very sensitive .~pccies of climatic changes. Cold-wutcr species of A. wrvalu/r,s, C. 
11wrgin11m.r. ;111d D . .remi,wi: arc relatively abundant in the g\.:'1cial time of lute Pleistocene 
1ha11 1ntcrsladi,Li pe1 iud. 

The: 14C datcs of foramin1fcra arc 14,860 ± 230 yr~ DP and 15,0'J0 ± 200 yr.~ 13[' whicl1 

:,re localed much below than U-Oki ash layer (9,300 yrs) and u1c piobably th<.: !mund:iry 

of lhc l-!olocci1e ,111d the l'lcmoccnc. This U-Oki 1cplm1 1.onc 1s well correlated with the 
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Abstract Volume of the ::trd Circum-Pacific lr:le!1u,tional Symposium on Earth Environment: 

, East Sea Oceanography Cunfer,;ncc, P11s,m, Korea, October 1--1-14. 1997 

Late Quaternary Paleoceanography as recorded 
by Planktonic Foraminifera in 

the Ullcung Dasin, East Sea 

G.Y. Kim1, D.C. Kim2, LC. Shin1, S.C. Park\ H.l. Yil and J.C. Kim6 

u.•Pukyong National University. Pusan 608-737, Korea 
'·'Korea Ocean Research and Developmenl Institute, Ansan 425-600, Korea 

•chungnam National University. Taejon 305-764. Korea 

Paleoceanographic history of the East Sea (Sea of Japan) is investigated 

based on several environmental parnmel~rs (coarse fraction content, p/b ratio, 

planktonio: foraminifera fragmentation, coiling ratio of planktonic foraminifern 

Neogfoboquadri11a pachydennu, and planktonic foraminifc:ra assemblage etc.) 

of the late Quaternary sediment recovered from the Ulleung Basin. N. 

pachydenna and Globigerina b11lfoides are composed of greater than 90% 

lmong the total planktonic foraminifera assemblages in the upper Quaternary 

:.cdiment. 1l1c: bcnthic foraminifcra rarely occurred lhroughou1 the cores. 

Overall, sinistrally coiled specimens of N. pachydenna representing cold 

surface paleowater temperature occurred more abundantly than dextrally coiled 

specimens of N. pachydem,a. Moreover, the sinistrally coiled N. pnchydenna 

is more abundant at the lower part of core than that of the upper part suggesting 

the restriction of the warm Tsushima Current into the East Sea during glacial 

lowst:mds of sea level. Globigerin:i bulloidcs, n spcci!!S rcprc:senlative of 

upwelling conditions. shows more abundant occurrence nt Core 941013 than 

Core 941006. This implies that Core 941013 is more influenced by upwelling 

than Corn 941006. Upper parts of two cores are characterized by rare and/or 

barren.zone: of planktonic foraminifcrn due to dissolution by the deeper calcite 

compens.ttion depth (CCD) during the Holocene. The upper part of the core 

contains more fragmentation of p\anktonic foraminifera suggesting significant 

diswlution by corrosive bottom water compared to that of the lower part of the 

core. 
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Chun, J.-H., Han, S. -J., Cheong. 0 .. -K., Huh, S .. Bahk, J • ..J., and Choi, D.-L., 1998, Tephroslratigraph~· 
of de~p-,ea sediments around submarine d:·:nncb, northeastern Ulcung Basin. Journal of the 
Geological Societ~ of Korea,,. J-1, nn. 3. 192-210 

ABSTRACT: TI1e nonheosrern pan of rhe lllleung Basin between Ul!eung and Dok island-: is characterized 
by su:,marine channels. Four pis1on cores rs.ised frum lh" channel wall, and interchannd areas and the 
base-of-,lope of Dok J,;land con~i~t mainly of muddy sediments with lapilli 1ephra and ash layers. Based 
on min~ral and maJor geochemical cumpl1sitiuns. ,edimemary structures, and their areal disrrihu1ion~. the 
source ,okanat>~ of 1he,;e tephra layers are idemifkd : the Ullcung-1 (younger than 5,910 yr B.P.) and 
Ul!cung-ll (ca. 9,300 yr B.P.) tephrd'> uri~i1m1"t.l from the Nari Caldera in Ulkung Island (plinian-t:--pe 
erup1i,Jn.s of phomilitie or trachytic alkali magma) and the Aso--1 (ca. 88,00Q yr B.P.J and A..,u-3 (c-a. 
] IQ,()()() yr RP.) ashes \\Cte ~upplied by the plinian-type Aso-Caldrra emptions in Japan (rhyolitic a!kah 
or ~uh-alkali magma). The Aso-3 ash has noc been reporccd from marine sed1menis. On the other hand, 
sever2I ccphra layers, v..h1ch were ,Jeri,~d from ,ubmarine ,okano, are compoS("d of scoria and milky 
pumice larilli, and fine-grained phenocrys1s shO\\\llg bimodal size dismbuuon. Also pumice uml :.coriJ 
fragmems ot chc tcphra la~·er.; are ag~reg.ated wi1h fine a~hes by welding "ithin hot pHoclastic flow. 
Durinl the Holocene period, ,cdimems were accumu!aicd at a race of I L7-- 23.5 cm(kyr, which 1s ~1milai 
to ihoSe of chc unchannclilcd Ullcum: Basin Ho"e,·n, 9,300 and 88,000 yr B.P, the sedimentation me 
i~ mu~h lower than (hat of the HolOCene period, whlch is 2.9- 5 0 cm/kyr. &twefn 88 .. (X)() and 110,000 
yr D.?,, sediments were accun1ul:H~d at a rate of 15.6 --16.1 cm/kyr 

Key words: L:11cu,1g bbnd, 0...,1,. lsiand, submarine channel, Aso-J ash, submannc ,·olcano 

(C/m1. J.-il., Hm:, S.-.f.. H,,h, S., B,ihk, J.-J., Choi, D.-L, Marine Geology a11d 0eophysics LJn·ision. Korea 
Ocean Re_,,,,,,(!, & Den·lopme/11 /11s1i111re, Ansm1. P.O. Box 29, Seoul 425-600, Kouo, Chnmg, D.-K., 
Depamm:m of G,·oh,g\'. Kw,x11011 !fo1ional IJ11i1-ersir:,-, Clw11cheon, Kan1ewo11do. 200-701, Korea) 
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Effect of Different Source Interval on Seismic Survey Quality 

(Hai Soo Yoo*, Sik Huh*, Bong Choo! Suk*, Seong Ryu! Kim*, Jae Kyeong Chang*) 
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ABSTRACT 

ChJnge, of bc;,m p:Hlcm~ h~,c been ;m~l;1.cd u,ing n>mputcr ~1mulat1on :inJ array 1:1~,,r:, wnl1 ~ll'~';n 11::~n~b. ath! 

comrarcd iho,c or' :!,~ Antar.:tl~ ,'Jta. Tht rc~ult rcvc.1l.1 th.111he charg~., nft,,•,1m "idth in both the clL:,k; .rnd t:1~ "iUc 

arr~y un: more ml1ucnccd b)· til~ ~1rgun i11krYi.1l tl1an b) :Ji<.: array lypc 1n 154 :-!z. and the hnctr 1mcr:ic1a\\r. 1k~rca,cJ 

gradually al the intcn·al of 2.43 m. The result agrees well with the data from the .\ntarcti,:- \\ah,r, :1, th~ ,:nn 1r.1,·nai 

increa~ed. the peak-amplitude and the bubbles increase gradually and rapidly It 1, ;iho shown that the s1mulatci.l bcam 

panern. where the main lobe is narrow and strong, coincides with the experimentJI ct.1ta 
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Seabed Classification Using the K-L (Karhunen-Loeve) 
Transform of Chirp Acoustic Profiling Data: 

An Effective Approach to Geoacoustic. Modeling 
JAE--KYEor,.;o CHANG, HAN--JOON KIM, HYEONG-T-\E Jou, BONG-CHOOL SUK, GUN-TAE PARK, 

HAI-Sao Yoo AND SUNG-JIN YANG 1 

,\farine Geology and Geophy!.ics Di1•ision, Korea Ocean Resear.--h a11d Dei-rlopme1rt bmitute, 
Ansa11 P.O. Box 29, Seoul -125-600, Korea 

'Depnrtmem of Namrai Resources Engineering. Ha11ya11g Uninnil)'. Seoul 133-791, Korea 
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Journal of the Ko, can Society of Oceanography 
Vol. 33, No. 3, pp. 80 89, September I 998 

Variations in Accumulation of Terrigenons and Biogenic Materials 
in the Northwest Pacific Ocean since the Last Interglacial Period 

S,\NG.\!!N HYUN' ~, ASAHIKO TAIRA', NAOKAZU AIIAGON 1 AND SANG-JOON HAN' 
'Oc,w1 Rt>spnrch lnstitllfe, University of Tokyo, Tokyo 164, .Japan 

\\farine Geufugy and Geophy,ir; Dil·is1011, Korea Ocean Research and Development lnsrin1te, 
Ansu11 P.O. Ro.r 29, Seoul 425-600, Korea 

Three cores were taken from the northwest Pacific Ocean (Shikoku Basin) to determine the ac
cumulation rates of hu!h hiogrnic and terrigeneous fractions since the last pcnultimate in
terglacial period. The sediment is characterized by large amounts of terrigenous materials with 
lmv hiogenic fractions and intermittent volcanic-ash layers, suggesting a hemipelagic origin. 
Composition nf major ckments shows no significant differences among sites. Re!ati\·ely small 
varia1ion of ·1 iO;/Al:O, ratios with re,;,pect ID SiO, content is the strong evidence for the common 
origin of tcrrigenous materials. The fraction of biogenic carbonates varies from near O'C in ash 
Javers to ah1111t 35%, \\'ith a gradual increase toward the south (St. 4 through St. 6 to St. 20). 
However. c:irbonc1te contents show ,;;tcp•wise increasing tendency from St. 4 through St. 6 lo St. 
20. \\'hich suggests a south\\"ard increase of carbonatc production The color reflectance indicates 
thal the seJimc11l nf ch,: ,m1thern site~ contains relatiHh· higher amount,;; of hiogenic carhonates. 
The ma~s accumulat10n 1,Jte of tenigenous fraction:,, during the glacial period was 2-3 time, 
higher th:iri 1li:11 of inkrgl:Jci~ll peri\',J. Thi., enhanced mass accumuLilion rak of terrigenous ma
reri:ils was concomitant \\ ith !ill: li1gh :1crnmul:Jtion rate of biogenic frnction<;. The tu1;d :-.cdiment 
;1cn.:mulati0n rate 1<: cnn~idered as !he rnn;;;t import3nl factor controlling mass accumul,11ion raks; 

,if th..: 1,1()g,·ni~· and tari!a:c:wu;;; m.iter1ab. The enlrnncc!d seJimcnt accumulation during the gl;i
c1al pe1H1J~ is i11te!prtted :1, ;1 rnmc'quence of chma!e-induced change in tbe :-suppl:-, nf eol1,m 
duq from the Astern i.:nntinent. l::.nhv.nced wind ,trcngth during the gl:icial 1rn1e nu) havc m
cre.J-,cd tr;rn:-spLHt:1tion of lt'rrigenPus makrials to the ocean Thus. \·;iriation of seJ1men1 ac
cumul,Hinn is highly lin]..;ed \\·itli climatic \"ariations. 
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Journal of the Korean S::iciety of Oceanography 
Vol. 33, No. 4, pp. 00--00, December 1998 

Major Element Changes in the Upper Quaternary Sediment of the East 
Sea (Sea of Japan): Their Implications for the Onset of Holocene 

SANGMIN HYUN, SANG-JOON HAN AND JANG-JUN BAHK 
Marine Geofogy and Geophysics Division, Korea Ocean Research and Developmem /ns1imte, 

Ansan P.O. Box 29, Seoul 425-600, Korea 

Two piston ccires (94PC-2 an<l 95PC-4) taken from the East Sea (Sea of Japan) arc studied to 
evaluate the paleoceanographic changes and its interaction with climatic variation. The bulk 
geochemistry of the non-biogenic fractions of 54 sediment samples is determined using X-ray 
fluorescence. Four geochemical stratigraphic units at both core sediments arc recognized based 
on the variations in major element concentration. These chemical stratigraphic units correspond 
well with the scdimentological and paleontological facies. Source materials arc considered as 
basic and/or intermediate rocks judging from silica content. A distinctive boundary around 11 
kyr may correspond to Younger Dryas event. The switch of mo:;t major element:; at this level 
and the di:;tinclivc changes in concentration of typical tcrrigcnous clements (TiO, and Al 10 1) arc 
the strong evidence for the difference in sources of terrigcnous materials. The weathering indices 
exhibit high degree in Core 94PC-2 and low degree in Core 95PC-4. The changes in weathering 
degree can be distinguished by the lowest value occurred at 11 kyr in Core 94PC-2 and by a 
gradual decrease from top to bottom in Core 95PC-4. The profiles of potassium and sodium 
exhibit specific excursions between the Holocene and the late Pleistocene. This implic:; that 
sediments of the two cores originating from different sources with different weathering degrees. 
The dislinct IWJ-group distributions in K,0/CaO vs. Na,0/K,O also support tlic difference 1n 
provenance of 1luminosilicatc matcriills at the boundary of 11 kyr. Thus, suyply patterns uf 
terrigcnous matoials~stablc in J-Iolocrnc,.....~~omplicated in the last g!aci.il p(:rivd. 
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Oxygen Isotope Profile and Age Determination of Venus Clam 

Mercenaria stimpsoni (Bivalvia: Veneridae) from the East Sea 

Boo-Keun Khim, Jong-Geel Je·. Sang-Joan Han', Kyung-Sik Woo .. , 
and Yong-Ahn Park''• 

Re~earc/1 Instiwte cf Oceanography, Senul Natwnal l,'nwersity, Seoul /51-742. Korea 
"Korea Ocean Research and Development lnsiiwu, Ansan 425-flXJ, Korea 

.. Departmem of Gea/og;·. Kangwan Nalionol Uni"~•ersity, ChuncheOII 200·701, Korea 
'''Departmenr cf Oceanography, Seoul NatiOrl!ll Unfrersity, Seoul 151-742, Korea 
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VOLCANISM AND SEDIMENTATION DURiNG THE LATE QUATERNARY IN THE ULLEIJNG BACK
ARC BASIN, EAST SEA OF KOREA 

J H Chun Ii), S.J. Hon 11), D.K. C:1c:ong (2), S. H~,h I 1) & D.H. Shin li I 
(1 / Aiorine Geology and Geophysics Division, Korea Ocec., Research & DeYelopr..e.~/ /nslilufe, Anson P. 0 E.:x 29, Seoul i25· 
600, Korea. e-mo,/; jhchun@sori.kordue.kr; (2,1 Depcrtmenr oF Geology, Kangwon Noliono/ Univcrsily, C.h~'nc.~~n Kong-...,c.~o'c. 
200-70 I, Koreo 

Deep 5ea sediments of the u:leung Basin in the Cast Sw of Korea were intercc\:ited with o large amount cf rephras. Tephrcs 
were originated from two different tectonic sertinss: One is located at subduction-re!c:ed plate boundory in the Kyushu of !,.Outhe~ 

Jopon, whereas other 1s located al Koreo Plo!eou whch did not be offee.ed by su::duding. Two tephra gro~•p1 show distinc:ive 

characieris~cs of geochemical and mineralogical composition. The former consist, of bubble·woll glass sherds derived frcm 
subalkolic rtlyolilic magma and shows low alkali (co. 7 wt.%) ond high siiico (co. 70wt. %) contents. The lotter crnsi5ts of ve!icula:e 
pumice shards derived from alkali phonolitic or trochytic mogma m the Ulieung lslar,d or nearby submarine vr.,lc<,;r1os und reveals 

high olkc:li (co. 13 wt. %) and low siljca (ca. 60 wt. %) conlcn'.s. Areal di.1rribution.1 d each Ulleung Island (olx:ui 37~ NI de6vec' 
lephro show on eosi'word elongation by westerly wind, whereas those of each Kyvshu (about 32Q NJ derived leprw: reveal o north
eost.vord elongation. Transported processe5 of :ephras in the Ulleung Basin ore moir:!y by air-foll d~pending on prw'orninant wind 
and rarely develop o linear pattern of pyrodostic Aow. MojOr element and mineral compositions of tephrm hCYe been !J,ed •a 
corrdote deep sea sediments ,n lt.e Ulleung Bus,n Sedimentary environment cf ::ie Ulleung Bock·arc Bo~ir• en: d,Qm• ,icai'.y 

changed by ecstatic ~ea-level Aus:ruoi,on oi.mng the Lote Ouotemory because the fost Seo is connected to the Padic Ocean by fo-Jr 

~hollcw ~trait~. A very thick turbidite wos supplied into the lxisin though the ~ulhern slope of Ulleung Basin duc,ng !tie lost glccic: 

maximum (LGM). Witl-i correlotion of tephra,, we clarify !tie oreol distribution and cmount of tu1biJi1es in U.'~-J~g Da,in, ·.vi-iic,, 

results will provide !tie evidence of origin of tvrbidi1es ~uch cs Ycismic .,hock in lt,e hiTJre. 
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MINERAL AND TEXTURAL VARIETY OF THREE PLINIAN TEPHRAS SINCE LATE PLEISTOCENE IN 
THE UUEUNG ISLAND, KOREA 

JH. Chun (I), S. Huh {l) & D.K. Chl;.'Ong {2) 
( I J Marine Geology and Geophysics Division, Korea Ocean Research & Development lmtilute, Anson P. 0. Box 29, Seoul 425-
600, Korea.e·moi/;jhchun@sori.kordi.re.kr; (2} Department of Geology, Kongwon National University, Chvncheon Kongwondo, 
200101, Korea 

The Ullcung Island, located at the northern margin of the Ulleung bock-ore Basin in the East Seo, has the Nori caldera 
about 984 m in height and 3 km in diameter. The early phase of wboerial eruption on the Ulleung Island consists of sodic olka!i 
ba5all - howaiite - mugea·ite series during late Pliocene {about 2.8 Mo). The main phase started about 1 8 Ma which consisted 
of Potmsic leucite-beoring trochyandesite - trachyte - phonolite. In this stage, Nori coldero with o circular shape wos formed by 
the eruption of enormous volumes of lovos. The lost phase restarted from explosive eruption about 28,000 yr. 8.P. Three plir,ion 
eruptions from Neri caldera differ explosiveness and volconic process. Areal distributions of three plinian tephros hove been 
proved os on excellent too! of stratigraphical correlation in deep seo sediments. The Ulleung-!11 tephra wm moin!y supplied by 
very thick ignimbrite on the U!!eung Island ond was intercalated with ~ottered pumice grains without rock fragments in deep sea 
sediments. The strctigraphically inferred oge of the Ulleung·lll tephra is about 28,000 yr. BP. based on a mean sediment 
accumulation rate in deep sea sediments. The Ulleung·II tephro deposited mainly by cir-foll which was er1,Jptcd about 9,300 yr. 
S,P. from uc doting of underlying peat deposit. The Ulleung-11 tephra is divided into two units: thick density graded lower unit 
and occrerioncry lopilli included upper unit. The lower unit is composed of ballistic eruption with pick-up fragments of the pre
existing conduit wall. Loh,lr deposit occurred frcm the collapse in northern port of Nari ccldera al that time. The latest Ulleung· 
I tephra consists of ~ottered pumice without rock fragments varying thickness from 10 cm to 70 cm on the Ulleung Island, The 
slrotigrophic:olly inferred ,Jge of the Ul!cung·f tephro is about 5,650 yr. S.P. Three plinion tephras will be used to interpret the 
evolution of volconism and poleocenogrophy. 
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.,l.u,d" 14•-tapped with a "ll--de,-e!oped p!a,form whkh Ue, 150-200 
m Wlo·• <ne ,ea ,.,,..-;>N"_ The <>Id,,., rod, d.,..ed or. ,ht, island ..-.... ~ 6 
-/· O.l .'.'. .. E'!den,..,, for <lu .. nslope tmn,,c .. ~< of sednneot....,, t,, 

rea<1,1r ~ lr<ll'!l the b.a(Lymetric map. ,~, fi=I.• ,~o..- very ruu..J 
loJ>ogn.phy. tan~ io'-' g11!Ja,i lllld ,uhmarin• r.\fl,.-.ns ,i:h lan,hllde., 
truncatrng older rklg"" and nlley-.. A,w,-=o of the Chirp ,ut,.houom 
profiles ruu,,.t tbal 11>• land,!irle dop,o,it., an ,n.,.inlr distribu\c,:I oo 
tb, •lopes. LJ>d 011ly a b&ndfu) of ease,, "''tt? (ouod •·hrre tl>r dc-pooit., 
....,,, obs,r\'td at the ,lop• h=. T!tiJ •U(p,<L< a numb,, of po<tihil
ii..,,. tncludin,,: that (I) tbt moot of lbe mrntrnr:""' =d •uhse<iuenl 
d,gr..dat,011 (including 1&11.!>lide) h,.,,e o«-wr«i quilt~ long 1;,,,. £;:U 
(~rbaps mo,, th.o.o. 1-2 Ma) &11d tb.ordore th• W'lbt!do d~P'Q!it.o ..,, 
oo._ bw-i,d b,n~tb lhe !hick oe<;llm,n1. ,hA, (211h• Dok h!anrl ma,· 
ba,ie bttn 100 ,mall to produce ><pufi<:anl lnhoopheric substdenc,: .. ,nrl 
t!w (J) 1he h~1ldup of ,ho ,-.;,lear,oc, ,ru.,· ha,o b<,,,a nth,e,- i:,"'1,i.~ 

Ho .. i,1-e,, ,h..., are preliminary ruoelu,,o'-! and a f..--.~er ,t,.d, that 

i~clude, p,1.ter sul;,.bottou,. pn>fiie <OW'fA<t 8r.d ,n,n,natlon ~: Lbe 
ftuur,j te,po,a.o of t<lt lit~µbe" dee Lo :~e lcw,1".~ of lb; .,._.Mu~: 

"""''''''''~-
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el~~ · "&!~, ~~i>H,Y~,1± 5H,Y:a:l~~T¥* 

-f71 ~40].65'.A1]ol1 sl~-'t! ij 0J1i!~¼t-QJ ~.!1· TZ!-olP·i'e 'f;~(very dark gray
black)Sl ~Pl~ ~cl t.l"4 '<:}-,;~~ --'J-i-Ii!.'t! Y 5)~,.,,J-~(sedlmentary facies)~ - ~-"i 
:a:}~(rr;:ce fossil)-~ £~-a-}-e- - 'll1tit!- ¾~(cycle)7} 1-.}r.}\:r"Ct. 1ij-aj,.,J-.g. ~,!,!J(very dark 
gray--black)D1 J)'1Jt} ¾.!1 1..-j.2} ""C"J,!,!J(white-light gray).9.j ..,_&-i-.:ii!.'t!- 11 ~]~-"J-Sl .:ii!..:§:. 

~~-'-J..£...£ ~~~9-- o] 5-J~'i'-~.g. {J.g. ~,;~(olive-olive gray)S-) it~ Y ~-:::- 1:Joj 

·"3-t>:l L-] ~PFJ-3:'t 7~-'t!tj-. ~-aj-~-p~.g. ChondritesS}- Thalassfnoides, P!anoliteso) "r'"* 
o]-'f-9, Chondrite .... g~..>.J..g. "'11, !clJtiJ-AJJJ} :"f:.~X.7} -<j;:-~-aj..£..~ ~-a-}9, '1-{Jol] tr}~} 

.... , t:14-- e ;:z:}o]~ 7}{lct. 0J-,!,!JS-j ~Pj~ ·t~1 LJC- -¥-¾Ad -R-~¾~S-] ~:?H.l llH'€ 
oJl QjffR,l-i ·J~7} T~sq9, 2.5-5.2%.il -&7)~:f::.(organic carbon)tl-~J-fr ~'etj-_ o]oil 
\llt>R "8"-i!JS-J .... ,f¥-.ill.~ 1..JC,].l.i~ "r.'i=.. Chondrites l-3:J.-&~ 0 ] -t!"1f~9 0.5- 1.4%.".!j ~ 
~ %7]~J::'i}%1'¾ ~'-':"tj-. 0] R~11J-~VJ--& 'ii'-& 'T-A,J.!ij ~-;:-cJl;,:] ~'2j01]Ai ~<;:)~] 
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:..:_ 3:;~,£7} \;}-_r., 7.,jJ.}~ l:lJ-'1°<>1]Ai -'J,¥-ii!.. ~'T~ c!:.~.£7} ~j]_ 'T~loJ-3"J'-..£..S!,. {iC] 
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Ell~ oj~tj-. 0]2H:!- ¾~%-E-1 'a!}~..g. ~/] -i-r<-fo],;'.:..£.h\)9.j ~-¥- A)7] %~"!] %-tijoj] 
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?':!.Q..~ ~7-]T-31 7)4"¥!.*(global climate fluctuation)3'}5=. •t:J:'c!o] '?l'C ~..2..~ A}.h.-@r:.\ . 

. Lio1L.} :e}{!--"if%o1] E.J-t~ ~ 0J'"&9.J 4'-7} ~-J4 ::il~fl- EE~ ;,:f~t*9.1 °]%oi] a:}g -?J 
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ORIGIN OF LAMINATED MUDS AND ITS PALEOCEANOGRAPHIC 
SIGNIFICANCE IN THE ULLEUNG BASIN, EAST SEA (SEA OF JAPAN) 

Jan9 Jun Bahk* • Sung Kwun Chough. Department of Oceanography and 
Research Institute of Oceanography, Seoul National University, 

libahk ~ sari.kordi.re.kr 
Sang-Jeon Han, Marine Geology and Geophysics Division, Korea Ocean 

Research and De"velopment Institute 

A det::iil::d focies a.nalysis oi long pis;0:,-core sediments from the Ulki.:~,g Basin :~'-~2:s 
fowr muc facies: bmin:>.\ed mi.:d. crudely laminated mud. biorJrb~ted muC. :>.'Id ho;nD~:- ·::, 
mc1d Tht! bmin;ited and hcmo~e~eou:, T;Juds were most likely de;,o;;itd from n:;:.~::-:. 

c:..:r;e~.!S, ,•.here~s the bio:u,::J<ed ~-~i crudely !aminatd rnud5 11e:-e forr:1~;: :, 
sedi,T.enl.'.!!IOTI 

burtom-11.iter condir1ons. rcs;,ec1i1eiy .. -\ detailed analysis of 1er1i~·;,il J1,:r,Out,0:1 :.- •--~ 

:..ud fac;es toge:her with a cr.ronosrrJ:1,;:rJphic fr:imework derived from 11eil ::er:-,---~-'-' 

:,;t>[u-J l.:.:ers re\'eJls pa!ecen1iromne~.:2i chJnges during the !;ice Qu~ts:~~.~:; Ou~.-
0 

•
0,e 

period b,!rneen -19 and ]3 ka, lowering of sea k\e! facilitated frequ<'nl slojce failure·,-,:~~. 

resulted in repeated deposition of fi.r.e-grained rurbidites on the basin fioor. \-::-::nl 

hemipelagic sediments were iniensi\ely biorurbated under well-oxygenated bortom-·-,2r~r 

conditions. During the period between :!3 and 11~13 ka, deposition from turbidity c~:7~:m 

continuec~ but hemipelagic sediments were non-biorurbated under poorly-oxygenated tc::orn 
water conditions. The boriom-water d~o.xygenation is attributed to funher lowering o:' seJ 

kve! during the last glacial period and consequent intensified stratification in •.1J:tr 

column. Primary laminae preserved in the crudely laminated mud genernlly exhibi: !ow 

(;Ompositional bimodality in back-scattered electron images, which suggests low s~:-face 

primary productivity and presence of superficial micro--biorurba1ion. After rapid rise c:· sea 

level at about 11-13 ka, the slopes were stabilized and pelagic sedimentation has pre111led 

under w1!1\-oxygenated boriom water conditions. 
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Distribution of Landslide Deposits and its Implications for the Formation and 
Evolution of the Dok Island, East Sea 

Sang-Mook Lee* · Yong-Kuk Lee . Byong-f\won Park • Sang-Joon 
Han • Bong-Chool Suk · Seong-Ryuf Kim, Korea Ocean Research and 

Development Institute, smlee@kordi.re.kr 

Landslide deposi1s are a common feature on the slopes and at the ba~e of large submarine 
volcanoes (e.g., Hawaiian ridges. Tristan da Cunha. La Reunion, and the Canary Islands). 
In addition to the spectacle that giant landslides create, mass slidin~ can be helpful for 
reconstructing geological events such as subsidence that occurred during the cour,;e of 
seamoun: deveiopment and detennining the mechanical stability of various \"Olcanic 
landforms. Besides. it is unclear if the sam<' processes thai operate on the large 
seamoums a!so occur on small seamounts \\hich are much more abundant on the seafloor. 
We present thi: pn:liminary results of mult1beam bathymetric and Chirp sonar sur,eys of 
The Dok lsl:ind. a small volcanic island in the E:ist Se:1 (Se:i of Japan). cor,Juc1ect r,nboard 
RV Onmm in April l 998. According !Cl the baihymemc map of this re~!on. the i,!and 
sus on top of ~ :woo~rn-deep seafloor a:id has a bas:il diameter of :o-::i.s km Th<: Dok 
Isl:md 1s actuaL~ part or a scamount group located in this part of the EJst s~ .. : two 
!lm-wrred seamounts lie side by side to the east of the Dok Island. .\luch or· :.~;: Dok 
Island stands belO\\ the ,ea kn:!. except for t\\"O ,mall iskrs: Tong•Do (EJst J:;;e;J and 
Seo-Do (\\·est lsl<:11. .-\s a whole the island is tlJt•topped 1\ith a ,1eil-dc1e!c,~~d ;:arfr-nn 
which lies 150-:oo m beluw the sea surface. Th,:: oldest rock dated on tP.,:: isJ.::;1J \\as 
-1.6_0.-I Ma. E\idences for downslope movement of sediment can be readil) se~n from 
the bathymerric map. the flanks sho\1 \ef)' rugged topography, car,ed into gulii~s and 
~ubmarirn: can)ons with landslides truncating olC::cr ridges and valle)s. Ana!)-SC'i of the 
Chu-p sub-bottom profiles suggest that the land~lide dcposit.s are mainly distributed on tlie 
slopes. and onl~ a handful of cases \\·ere found where the deposi1s \'rere observed at the 
slope base. This suggests a number of po~sibilitics, including that (I) the moot of the 
construction and subsequent degradation (including landslide) ha1e occurred quire a Jong 
time ago (perhaps > 1-2 Ma) and therefore the landslide deposi1s are now buried beneath 
the thick sediment. 1ha1 (2) 1he Dok Island may have been too small to produce 
significant lithospheric subsidence. and that (3) the buildup of the volcanoes may have 
heen ra1her gradual. However, these are preliminary conclusions and a further stud:-· that 
include~ grem~r sub-bottom profile coverage and examination of the fle:xural response of 
the lithosphere due to the loading of the seamount is necessaf)'. 
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Effect of .Airgun Intervals on marine Seismic Acquisition 
Hai Soo Yoo, Sik Hur, Bong Choo! Suk, Han Joon Kim, Jai Koung Jang, Chan Hong Park 

Korea Ocean Research & Development Institute, I'vlarine Geology & Geophysics Division 

E-mail: hsyoo@sari.kordi.re.kr 
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Effect of Different Misfired Gun on Seismic Survey Quality 
(Hai Soo Yoo, Chan Hong Park, Dong Lim Choi, Sang Joon Han) 

Korea Ocean Research & Development Institute, i\farine Geology & Geophysics division 

E-mail: hsyoo@sari.kor0 ~.re.kr 
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