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ABSTRACT

A STUDY ON HOLOCENE PALEOENVIRONMENTIS OF
THE MIDDLE EASTERN YELLOW SEA

Sedimentological and micropaleontological analyses of the
cores cored from the middle Eastern Yellow Sea show palecenviron-
mental changes during the Early to the Laée Holocene.

Strong influences of the open sea are noted in the remarkable
occurrence in number of planktonic foraminifera during the Early
and the Middle Holocene. High diversities and low dominances of
benthic foraminifera are also noted during the interval of strong
open sea influence., It appears that environments of the open sea
in the study area are not good for the ecology of planktonic fora-
minifera, as the size of planktonic foraminifera is relatively
small throughout all the cores except Core 1810 located at the
entrance to open sea, It seems that this phenomenon is due to
marginal conditions such as lowered temperature and salinity in
consequence of mixing and dilution of open sea water in the study
area, On the other hand, reduced influences of open sea are cha-
racterized by the reduced number of planktonic foraminifera and
by the occurrence of few benthic species with high dominance,.

Influences from the open sea, culminating during the Climatic



Optimum in the Middle Holocene, abruptly fades away from the
study area except at the Core 1703 off the southwestern tip of
the Korean Peninsula during the Late Holocene, Normal marine
conditions warmer than present are noted during the period of
strong open sea influences, whereas conditions with a little
higher salinity and temperature than present, or as present, are
noted during the period of weakened open sea influences. It is
inferred that these reductions of open sea influence are due to
the weakened Paleo-Kuroshio Current through the deterioration of
paleoclimates, No influeuce of .open sea is recognized in Cores
1415, 1113, and 0813 off the Shantung Peninsula, at least, during
the period covered in the study.

The calm condition good for the deposition of fine sediments
has continued in the Cores 1703 and 1402 off the southwestern
flank of the Korean Peninsula, while the other parts of the study
area are under a strong flow regime, with the exception of the
uppermost part of Cores 1415, 1113, and 0813, The abrupt increase
of fine-grained sediments and the increase of sedimentation rate
in the uppermost part of these Cores 1415, 1113, and 0813 are
inferred to be due to the change of channel of the Yellow River in
mid-19th century.

Paleogeographical maps stressed on paleoceanography and depo-

sitional environments are reconstructed for the geologic columns



covered in this study.

Reductions of open sea influence are good stratigraphic
datum planes in the study area as seen in the proposed Zones IV,
c, I1I, B, II, A, and I. Zones C and A are distinct reductionms,
and Zone B is‘a less distinct reduction of open sea influence,
whereas Zone IV, III, and II are remarkable strengthening of it.
Zone I is deposited under the present condition. Zonation of
Cores 1415, 1113, and 0813 is based on the distinct occurrence
of few benthic species.

The stratigraphy and paleoenvironments of the study area are
correlated with those revealed around the study area. Fundamental
problems related to geologic age and Late Quaternary paleoenviron-
ments of the study area arg‘briefly iscussed.
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Korea Ocean Research and Development Institute,
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IE A

( Introduction)

®|ig (Yellow Sea) &= @5Zol7F ¢ 1,000 mm, F4Zo] o 700 kmq] HLFEK
B2 @l NS Bis) kBMEEA FEAL) Beaz 6 o ok
¥yl WMASZ Aok ol F 59, Holsh 5,460 km, #KIR (drainage area) o]
770,000 %] #FH ] (Yellow River) + A4 o) 4] Ganges/Brahmaputra t}2-o 2 ok
<, d¥9F 109 8H=ES #MHyS U3tz Utk BFIT (Yangtze River ) ol
A% 497,800 BHE S| #) A Fo] Hk ¥ (Bast China Sea) o &4l 382 99
#lc} (Holeman, 1968 ; Milliman and Meade, 1983) . 7| &} chE& 4o}  #4HE of 4]
T ohs HAE ol A7k 194 E muted 4 =04 (Qin and Li, 1983). o]
b el = HEralol ddm, Agido]l 103mAE =Hol4, suio] Ao
130 odm w9kt Pleistocene Rel, | o 228 18,000 4£§1l »Fx]2t A KM

(a8

#1 (Last Glacial Maximum) ol|= KFrhol| xZxlo] A wbcrh, Kk##A7E £ 7}
A #& (Transgression) 5o] vlctg x| ol weba Falo] Ao 5 AHE, 53
R0 AFE Falot ofwd BAGel A 2o vz sYE NS 9y
% e,

A TR Aol 4 2] HEE (Paleoenvironments) o += Kim (1970) % Kim et al.
(1970) 2] AF-7} ek, 25l ofsbd, Zeo] 50 ~ 100 emq]l A FA4 shiol 49 =
#42 dALe of FASAY A FFF Al o AFA oo, s ( open
sea) o T FAEG o AU oz A= 19825 GEHERE
B (Korea Advanced Institute of Science and Technology) ¥ ZeET ( Korea
Ocean Research and Development Institute) o] _O/is‘ﬂ A FIE RRERERRE

zapdFol 4 AFAGY AxAol Mo BEss (HiA 2 ABE) A% =

—3—



#7177} 2l5lch (KORDI, 1984, 1985) . olo] oI3hwl vhg% e aamsl =
depirtol e B AR E] vlwd e Ao FPe vpSuce UK

| 24 IM ol @A o] AL & F glek o] qdellA ATE AF4 118

o

lo
ak

2o 2 3,532 "ozl AAe A AFAe LI WHEHLEEN I &
PR YA FoRel] 9 stw, = X Fell= Holocene f§ > 2. %t} Qs 2749
/B, = =& (Huksan Deposit) ¥ T# & (Hatae Deposit) o] o, o]&& 7zt
7} A A o8 Eemian 7} Holsteinian [kl (Interglacial Epoch)of = A5 7 o
2 A8t Yol Wl Holocene ol $lol, = Hroh Qe H4kEol v 3§t
g Zo0] w25 o] 9th(Werner et al., 1984 ; Kim et al,, 1985). Lee (1986)
£ AFA 08138 A3, o] Aol d7H EE AF4 3 ®il (Japan Sea)
&b 21 (Ulleung Basin) KEEgtdol A8 A4 5 3048 wEIZH 442
AFa A AAFEH A7 A 2 A% AT o (Jeong et al,,
1984 ; o8] & =, 1986).

o] T AL #mhHEMEER AL ATHE HAH wERN FUA &
B, 53 HmuEst #sEEe] Aol

Eif B
| ( Acknowl edgements )

o] A= 1986 AKEREE MEEMES EXFRGE A, REREBHE
bz HrERgEETe] A (X944 S BSPE 00087-137-5) off Sfafi4 = A+t o
FA 8L etstam AYa A7) A@EelA ol ZAE=eh o] AFE A% o
T 5o Al gEAHo et dlgd T4 fSALATHY FER Ht, HLFHE
Bt 2D ASKABE BAK BESRH BHB @1 do] sk HEY +
2E ol A e AHFANAATAY #HHFF K F IR Kl FE A
b F3hct,

dfo
o



IE W 38 #
(Study Area)

1. BEHEI #5448 (Bottom Topography and Sedimentary Facies)

A

FHE A7 ol %, BB BAYA] FEaAA= Atde Hus %3
ShAl ook bt 1975 ). webd, TR e B o sl 4, W

B FESRl A PolE rias % aloro] WY, AAAGe] vlwA  Hgstol

4

AAZAE Fobch alokdol vl mA BEZE BLLlH T FHozk sl
Aolol A, BEABL] 47 Bastm FAACY, wEelAE vz P
3 AAAYL vtk A@E 0, F B A%, MELE B H7 o}

=

o

Folo, o] Ze Lo ¥k ( Cheju Strait ) 02 A=} ad

rlo

4
o2 7k RobxudA A He] vl wA Hriste], o] AP HFEAR  AEH
o} (Fig. D).
gl oFed Fazoll ool 7= AT H S Shepard (1954) 2 H A &
Fubol st v AFAA L HE (clay), AEGilt) R AR 4 4

e, 4E 4

—

4

{0

M

e
MW

HE B 2o 4ol AES0] $Aste o sA4e Belsel A
Eu e - 4E-HES u5 FHd B4 8o Feddz Aok AFAY shed
£ AE 4 2 =E AE 4o Ralvh ¢z PEse, AFAYS FUY
35° o] HA| ol & Belsk RES Ut FEYel 4 FAFoE A MHOE
e, FAeld 2 ¥Fel At 2 dHsche M AU Fig. D.

Niino and Emery (1961) o] ©|3}el Hgesity Bittolnl, 77 Fodel &
Zole 2ol WAl ol 4 fel ¥ BB o] o (HAE%E, 1983 5 Jeong et

al,, 1984) . 3l &5 2FE A Fo]9 (Polski; 1959 ; Niino and Emery,

— 7 —



Fig.

" LEGEND '

Hadey*shg

T2 3803 1oy

E clay, silt,clayey siit
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Irnr l‘?oc'ky bottom
; 50 40

.
z

i
|
)

wq+
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| T I 1
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« A JINCHEON

o, 2R

, —{37°

INSANTT36°

—{350

340
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=~ AR 30

Index map. Physiography partly after Lee(1986) based
on the Hydrographic Chart No. 302 published by the
Hydrographic O0ffice(1963), and partly after unpubli-
shed cruise data of the Korea Ocean Research and
Development Institute, Sedimentary facies partly
after the KORDI(1985) and Lee(1986), and partly after
unpublished data of the KORDI, both based on She-
pard$ (1954) sediment nomenclatures scheme.
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1961 ; Emery, 1968), f+] 9123 Werner et al. (1984) 2 Kim et al. (1985)
o] RILg=t THEo| Holocene fFo| 7 &5z 3 28 X vz AFHE
e HejFi Aol A,

2. ® #(Currents)

NG

ATFAFell FFE oA 7+ F23 o) fF+=, dukERE (North Equatorial
Current) off 4] uFI3l Zifl, &85 Kuroshio o]t} Kuroshio & 2o 7}8 =3
, FEE 7P wEe, R AR o4 FgEdY LdEE HEBK
(Tsushima Warm Current) 7} 5o of Zof &= KE#gk (Korea Strait) < x|u &
B2 207 o9& FL AFEe] o Fol #H#wik (Yellow Sea Warm Current)
2 5o, FHE Folvte dl, @eEZR A $H A JLEdld dhutx oottt
ololl 4/ = $4IL (Keum River) Folld %% Ao Hol:& K@, EHS Hwikst
BT abet (Tseng, 1983) . A &ol = Kuroshio o $&o] fglo] giLs oA Hige
© A A=A Zote, w Felol e FFdeke et @ FskE Kk ( coun-
tercurrent) ?l {Eiff, BB sl {7 FAIsheh o] &l fo UL ae}, A
5 & 7ol 4 fei =t Niino and Emery (1961) = 38l 2 == ZiE, &5
59 AFZ, 53 A ¢km, Kuroshio @ 9 o1} Beardsley et al.(1985) 2k
Zheng and Klemas (1982) + Kuroshio 9+ & &A@y (Taiwan Warm Current)
7t % oﬂoﬂ 4, Sl dFE HE Ao R Awsly 9ot Beardsley et al.(1985)

o elstad, HzhdFolAl A9@ FAGFo} vl A HHE AL Het FA2

]

T =, HEE R (Yellow Sea Coastal Current) 7} ¥ od ZTZEE oot
web geaieh 25l ofshu ST spolel 4] Wekeke 3 AFel BalAE ol
w°] glvk. Zheng and Klemas (1982) & ol 59| A Aabg.od Foll 2apad, A Lol

£ el A dabdfol Fael A9 J48 e E e FHIFE Ay



rir

© 2 =of = Hof 4} Niino and Emery (1961)- 2l Beardsley et al.(1985)
o] A7 g2 ATHIYRED Tl e AgollE F dlF7t s ¢
Foll A gk Aok whel dtal Al g delioh whel ERdke (Fig.2) . Wells
et al.(1984) 9] Fafiof Mo AH (F—AF, 7F—AE )l HEE FAF vt
B} AHED o) Fol w2 T olotul, AFAGE o Bol = B
AT Y& wet Jh ks, ALl s BEE®E £ (South Korean Coastal Current)
7t g Aeiehg et et} Lie (1985) o 1961-1980 1 74l A&z Fof 9
g AZE AFAGY F2—dLd Tl dstd, Hell A o] o)A Re] 2, =Y
T #HEBHEIL FAE S 7k Aol of 3, AFE AERHo| A7 A7
T 25 - B8 A s Eol S54SR Zaboh o]d AHellA Lie(1985) o o

T Niino and Emery (1961) 8} 22 A& 2eFx 9ch wa, Qin and Li
(1983) ofl &fstmd, o F (6 —8¥), A&(12—-3Y) 43Agle] AAY 3= gt
2L sy UErl BAase, £29ee g FadotdFob dabsich 2.5
oatd, ool B4 123 —125°, B9 34— 39° 7px] EHWLKSE (Cold Wa-
termass of the Huanghai Sea) 7} 4 E 1}, ALols J29 Ak = AH —
ghibs ol okell AA FaldFrt Hdste Ao dAFE U ol Fa9 d
& Yuan and Su (1983) 2 Butenko et al. (1985) Sof o)+ 75 %o}

3. X B(Water Temperature)

Ao Fee 42 A, Fel AAeulAGo] FF, AFALu} Hobd 25°
~28°C AEsb Heh wha, AgolE GEH vLeA, Bajsbed s clohicke
sou, EAAE @A dobd, AFAGL 2~10Te] $EF walo AL
o &= o] Zoll w3t L= Fujst Salo] Fahch(Niino and Emery, 1961) . 8} A

o e Ze vtk oA E Su, WEAbwold 271k} wHoE 2o, HL 3



| Niino and  Emery (1961) + <40°

SUMMER
LOW TEMP,LOW SAL.
7= HIGH TEMR,HIGH SAL.

~t 4 —f WINTER
A
-l

A s
1o° 120°

40°N

- poi
e,

38°

Qingdoo VeLLo KOREA

SEA
YellowCSea '
Ly Warm Current] |
L o Yeilow Tousnima 4

oS Sea
o8 7 Hangsu \\Coastal
Lurrent

\ ‘,0

35°

34°

0“ A
e‘é Shanghai
2 9 Hongznow

30°

Zhejiang

°
%l
% —> Warm Cure
~ ° —= Coid Curre
L LA | 1
= " N - L - 125° 130°€
16 120° 124 12878 Winter surface currents pattern
Schematic of regional circulation, determined from the SST patter

Fig. 2. Current patterns of the East China and the Yellow
Seas (after Niino and Emery, 1961; Beardsley et al.,
1985; and Zheng and Klemas, 1982, respectively).
Note the difference in winter current pattern
between Niino and Emery(l1961), and Zheng and
Klemas (1982).
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Areal distribution of maximum and minimum
bottom temperatures.

Fig. 3. Surface-water and bottom-water temperatures of the
East China and the Yellow Seas (after Niino and
Emery, 1961 and Polski, 1959, respectively).



Sob Re A9 LEFIA U ER Fe A%, AFE WEY 4% 15
Axolu, AFAG GHol 4 ehom HEoA e, = FE,
Skl 4 Boigel Wek 3, R FYAGoR ol we} MR Yrobs

l
[\]
[en]

Oo

A, HA 107Colst, 5col el "t dHAFLe] R BF, 2EFEE 2E7F
S doe dAE Zepd, #REEE o o4 ois, FhkE Ak 3~5T
ol uf %o 2 zhol wel EotxA FaAA Lt 5~10C A=t o (Fig. 3).
AFE FHL Foka 10~ 15 Axst = o (Polski, 1959).

4. % (Salinity)

A2 Exid LS FFAANAE 31.5% o Stole], FFALL 315~ 320
%ol o}, Glokel 4l Blo}d £ FobH A KM REelAL % FEt =0,
Kuroshio = 36 %% £o] e, 3alel 49 HAGE (30 %) 2 F3}, Fapge]

3 842 U7 E ABETE A Lol dehtel, oj& dFAA A AL,

SRk A F Sol a4 G Pus] WEel Ao Y7he o (Niino and Br
ery, 1961), S Aol o] A¥e EL A9, ATAYL kel FATE A9
H7h 32~ 330l e, Fe A%, FHUFH| Fao] Wobd 30% ol 3ol 5,
E2o2 4% Fobde, AFAGL 31 ~33% Frolc(Fig.d). 2, vz
2 Y523 FAel 4 AE L YA LdRH F 34 % FEo| e ( Pol-
ski, 1959).

Bt 2t (Wind)

vpehe o 23 Ago] Hiwkd] th2ck o FolE FIHFOl HYAHA 42 4
S7) 5ol gt AAA A7Ihe HYF7] HaANA vhefell 4 EAFE oA =

of Foizteh, AfAGolME FEEFol *ﬂ”h_, ZodGolle FdAHE & el A



Il'O' 120° 130° JZSr}’ 130°

Niino and Emery (1961)

120°
Surface—water salinity, summer and winter (%e)

1200 124° 128*
T T

120°
Y

| POLSK)
40T (1959)

xYF

LOW B8OTTOM

HIGH BOTTOM |
SALINITY

- SALINITY

>34 %

7] .

Maximum and minimym  bottom salinities

Fig. 4. Surface-water and bottom—-water salinities of the
Fast China and the Yellow Seas (after Niino and
Emery, 1961, and Polski, 1959, respectively).
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1 B Eo] §xFo R ol Solste, Kol Solk dcke] HY I §Eoz ¥
of gebzteh AFAGL HAEAGo] FaA WA A%, fE 2L AT
A9 WEel A ERe 2 72 A BTk Aot M E, FF T4 A9
A A7)}, kS ek dokel B s HZol 4 oz Hshl Bof W

Zkek QAo A= ALFER~JLEe] $-4 8kct (Fig.5).

|§g° |§9° 130° 120° 130°
Niino ond Emery (1961}

409

,
2

AUGUST

DASHED LINE

WINO FORCE METERS/sgc J
| o JRNC te

3 44

9.8

JANUARY

30%

H L
1o° 120° 130°

Wind direction and velocity, summer and winter

Fig. 5. Wind direction and velocity over the East China
and the Yellow Seas (after Niino and Emery, 1961)






ME HEMHE Y HEFE
(Study Materials and Methods of Study)

o] Ao A7 Es AR A Fd T4 TG #HE 24 AFA
TP A dofzl AFAH 2N 259 HA o 4 Table 1 3} 3ok A F4 606,
1402, 1703 5 Zr=radctell 7hrke] AR A2 sl dd T4 £F 2AA b 2o
A A7 6cmo] Tsurumi-Seiki Piston RFEWE A FPov, Yoz AFAEL
BAKEZMEE 244 Ad 40335004 2 HA2EAFIE AFLSH A4
o AlFA Aole 90cmof 4 343 cmz}R] ThoFsie], A& A FA sHEH) 1415,

1113, 1108, 0813, 1402 A 349 Q= to] wabs|gich,

Table 1. Location of Cores.

Core Location Water Core
Lat. (N) LA, Long. (E) depth (m) length (cm)

606 35°40° 126°10° 28 155
1402 34°50 125°407 34 343
1703 34°20° 125°30° 64 334
0813 35°50 124°20° 81 159
1108 35°207 124°40° 88 90
1113 35°20° 123°50° 75 143
1415 34°50” ' 123°30° 74 148
1810 34°10° B 124°20° 91 225

AFAd e #REr FAAE CERE, 249, F71E T ) o X-rayel g
BEAR R Ar el A3 T2 Lee (1986) o AN FHUYHL 2
off 2 ““3.5401 Atk Lee (1986)of 2Jsfi+] FA<t H A59f &
A1 52k 30 %9 °“Wr—4 A F2 71 Ape] obd, wbEAH T FAEA TR

>
ok
rle

o
kS
)




A Ak =) A of.
&4 B (Micropaleontology) 4 & 93t A5+&, AFAHdA AHAZ A EE
80 CE 24A7F Ax3d & FAE FAsHA o] A&z A &S 250 mesh (A

9] zZ7] 0.062m) 2 AL £, 80 CE ovenolA =a T FFFo W F

0[1

o A9, BES £ (Microsplitter) & A &2 23, k&E 1.59~1.609] 4
BILHE (CCL) 2 2534 4ol obelol 4 4Hetdch. $552 493
Shaol] o ¥ o] ohdold slet ghe AlReAE $EEL Ausidch
REHEY AEE, 1299 FPA Do} oln] hE 4ol o A&, 195
459 BT 1986) o] Ao HYH ARALHA AFA A A7
e AR A5F A8 (Table 2) . v 24 FATE A AR5 A%

9 AAe) e Murray(1968) o e AAA 2 Ahgaralch

Table 2. Location of surface samples corresponding to each

cores. Note the difference in location between cores

and surface samples corresponding to cores.

Core Surface Location Water
Lat. (N) Long. (E) depth (m)
606 09001 35°40° 126°00° 42
1402 15002 34°407 125°45’ 37
1703 18003 34°10 125°307 80
0813 09008 35°407 124°157 81
1108 12006 35°107 124°457 90
1113 12008 35°10° 124°15° 83
1415 15010 34°40° 123°457 77
1810 18007 34°10° 124°30° 90

20—



VE iR 2 #E

( Results and Interpretation)

1. #EEs 547 ( Sedimentological Analysis )

1) g0 #22 ( General Description of Cores)

A%A 6062 o] T S2usla (5Y 32 ) R4l silt HEH AE
7 SAHA AEY ke 50~ 709%7} =k BEs 7k ot YE 35~ 50enE
Agstns QL2 Ash maslol gk 08130 4L AR 100 B A
B AA o] Bor}, olEHolAE AR AHolxch AFA 1402, 17032 22

B3ldolsl, A4al silts} $AlS} 17032 ofF¢ geuslge A

e}
1l

I

AEZ} SAlee, AE2 AshAl wmatseldet 1108, 11132 A EA4EAHo
olowo, 1113, 1415 = grayish brown ( 2.5Y5,2 )9 AE#q HEs A2
20 ~ 30 cmoll S-AIS| A HEAFo] 50~T0%7x etz ofF ellA &
AET} 10~20%2 ZoiAd, gl AES} 60~T0 %2 Z7kl4 o7& 88 =
22juag o 3o B4l AE ARk o] AFAdlE #H Al
E Aok 1113, 118 o4& Zb2k 120¢em, 80em Zolo) Hy3k Ze| 7} 9

1108 & EHolAE AE7L 30 %A=Y, Hug o2 Hel7l 40~50%38% o
o}, 1810 & ®lwA iHHESH %ﬁﬁa% 7t 9lom, AES 40 ~80%E Pol o F
A w=E HAze] of £ 3|Ae] R} 4ol Av HESL 4l 4B
Astct, 18102 A 30 emAiR|ol| A & A zdo] AR (Fig.6). AF49 &
B X—ray ARzl ofstal A34 Al SRelA Afpe] BEMFR ( Bio-
turbation)o| Atk A Ee) o a gL wpped FA|de] 97 A4 145,

rir

o
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Fig. 6. General description of cores.
Based on visual, microscopic, and X-radiographic
observations (after Lee, 1986, and unpublished
data of the KORDI),




1810, 1113, 1108 2 0813 cf4] 23l qdekell AT AF4 606 ol A% 74

steh ubeA 24134 14029 170304 ¥ ma st (Fig. 6).

2) #ef#E ( Sedimentary Facies)

AFA GAFA HAEL R, 4E, HEE slo] oo, Bl ugEAT
A dol} A FEA 6060] Fron], 1402, 1703 o= A< Qo)  upgZEa EAolA
Fol HE AL 1415, 11139 Ewrirjo] 30om~FH7AolAE, 2 ool 25
~22%A 50 BaHst 10~2%2 FA3% Fo 2 HES} 48~55%% A
3 Folyt o= AHolth 0813 ol A& Z[AolA 85~ 90cemAR|oll = 43.7 ~ 21.7
%ol Eajrh 1 Aol T8 Fol Soldl 5.2~1.6%Axs Ho]  HEg
AEJ} Ealo] Zs15ch 11082 1415, 1113, 0813 B} Rejs} @oy), ¥mist
AololA Bzt Hoixz FEsF 13%14 33%=2 Z/RickE HelA el o
&k 1415, 1113, 0813 % 7& HAL HoiFch 22y 11082 7Ad A &

A7k Aot AFAzHeelld Fobgehs AolA ch2w (Fig. 7).

3) sfEEEE = A4 ( Carbonates and Organic Matter Contents )

1810 ofl &= ot A FA ol Eeh ehabd el gako] Fglo] Folx] HF 11.9%E
AR Foh Al e AFAY JAdA Letem A Aol vyt st
AE oA Fokske A go] Aok 14159 11132 Al FAlotel o} F-7hellA & v
24 Ao Exlslrtel gl webAl ZrshE A ge] Qleh bl 0813 oA E
45 ~50cmoll A= 10.4 %olvt 2 ol 9 ol A& o] He} Aot 1703 2 1402
AAE $H4o2 Wl E st oW ALE MelFAE wET 6062 Ewl
ol Aelk 9.7%0°lH YwA A= A Wadglo]l 4.0 ~4.5%F fAsked, 1108
< #A=A £t ( Fig.8).

ATAA B B A Foll A o ekl 719 ARE, KREE] TAEL BE
tEAE 9 (LB Rk SoE d7dEd A9 Fia, MR, RBRKA

2
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Fig. 7. Vertical variation in granulometric compositiouns,
Note abrupt increase of mud contents (silt plus
clay) in the upper part of the Cores 1415, 1113,
and 0813 (after Lee, 1986, and unpublished data
of the KORDI).

(Z# KR, lERe%, Pteropod 5 ) , #fF, &#H (Bryozoa) 5o 4

Eog d#x A} (Niino and Emery, 1961).

Aol gragel 7l



Carbonate contents (%)
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Fig. 8. Vertical variation in carbonates content
(after Lee, 1986, and unpublished data of the
KORDI). Core 1108 not analyzed.
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Organic matters (%)
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Fig. 9. Vertical variation in total organic matter

contents. Note the increase of total organic
matters in the upper part of the Cores 1415 and
1113 (after Lee, 1986, and unpublished data of
the KORDI). Cores 1108 and 0813 not analyzed.
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£ 7S, 1810, 1415, 1113 oA4%E 452 sl Awtdos Zrjels

A gko] Qh 18100l 1.5 ~4.7%7A] 71 50| vl oA Aoy, Fwo|A =

ofN

ja]
—

AAA A7 8.7, 103%9 £ g Belh 1108 #718¢Fe) viad o
oo 14029 vt/ E vl @A G 71 5E BT, 6060w Rl Ee
o] 1.5~3.4%% Ao, 7|85 vlwx Aok (Fig.9). 08133 11089
A8e 245 A Zeh

YE7 Aol A4E f7189) o] AL PAo] Falo] Hoju, ol W4
L. okl A Eo &3} HAle|rt( Niino and Emery, 1961 ; Bordovskiy,
1965 ; El -Wakeel and El-Sayed, 1978). o]¢ A=e {715 =tet #l
BB T WHEE 7 vl&stchA Y (Trask, 1939), 389 SRzt
2o £HMAE So2 Avigc (Kuenen, 1950). 7tyE §71EYAE]
winnowing sjol 4 AR Edo] HA e 8% Fol oyl HE Roz 4

W)yl x 3} (Niino and Emery, 1961).

2. MELEmEs S+ (Micropaleontological Analysis )

1) &H7L#MEees ( Foraminiferal Number )
EHBEee s ( Foraminiferal Number )i AA 3l 3RS +E39 A
24, s3] web 42 & A7} 9l ok ( Boltovskoy and Wright,1976),
ol Aoy Axd AE 50 gWY sMAFolct o ANGTE HH A 2AR
A A" AAFE SHAEA RS FEEY dHEE

rlo
2
>
o
gﬁ
s
3

Lo 1415, 1113, 0813<l& A gloh AFA 1810cAE Ewd7trte]
9mA Zrisbe 14159 11136l & Flg =4 wshh glok 11082 39
sbrbo] 9w A Zrbhs uwbm, 0813olAE Zwsbatolell A Frhstekrh EedellA

= Aoz} 17032 305~ 310cmoll A& 2,500 442 wort, 2 o] AellA =



Holx o, 606 Lol A9 gk  whd 1402 & HdolA AZsA 11,000 o

A7 =l (Fig.10). 2RA 5 (18102 25~30cme} 0~ 10cm, 1402 9

Foraminiferal abundance in 50g of dry samples

1415
0 500 P00
0 3
800 P00
o
100
100
0813
o S00 OO 1800
1108 100
oo 2500 3000
100
North
25°¢

35°N

1703
o2, 350 1901500 2900 25003000

1402
0 500 1000 I1POO 11500

5% Oceurrence of very small -sized individuals

Fig .

10.
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155 ~ 160 em, 55 ~60cm, 30 ~35¢cm, 10~ 15¢cm, 6062 55~ 60cme} 35~
10emA B) ol & 2717 o}F Ze §FFo] wiwksl Bopd §EFFL AFIL
4dAoz 2rssRos, Ao AT MG e A okt

Kimet al. ( 1970, p.155)& odFx|dofs HZFo=F 7l3, Raje] oFo] o}
A42 B4 9 AGTEY AAFI DoAY oA & 4L, Rale FA4
& HA £ o] FolAy] W Aoz Ao, Bet e AT

ruk;

98chy o} (Kim, 1965). Kim(1970)& 59 35°30 ol s A
TZo] @on olE ofntx ElAgo] Wy HFql Aoz HHAct

F359 AAFE AR -t oAE E9, FHaS 4 ( produc-
tion ), REH #Fyol o3 BB (dilution) L FEFEZEY RE So=
AE e o] 7pgdold HAE4 HAE o3 BAHe] A F Qqlog A

r&

9t} (Walton, 1955, 1964 ; Polski, 1959 ; Mc Glasson, 1959 ; Uchio, 1960
; Bartlett, 1965 ; Kim, 1970). o]<lol= #HHL&o 4, HE ¥ HHEN =
H So] 93k% v Ao 2 AFEe ( Lankford, 1959 ; Waller, 1959 ;
Uchio, 1960 ; Atkinson, 1971 ; Chang, 1984 b; W& #, 1983 ; B - =F
BE, 1983, 1981) , oldel® FEF2 AEEZAM Aopgle el FUE =

ok, WEsHA , So)—sbehd 2 NAGH JF& wonz, o ojopldt

2, oha 2 7k Q9| mF o) &8k AL ofyth (Murray, 1973, 1976a, 1984
; Douglas, 1979, 1981 ; Douglas et al., 1980) . =zl el melsE 9
o] @ Qqlo] AHA oz, FAo HFgH o2 FE&Y F oz} A
FEEAAN T2 HollA o] ol g Hle A Z A ¥ gtk obeh, AFAdME
g &z 23 sz, A9z 715 3t} ( Feyling -Hanssen, 1980b, 1982 ; Knud-
sen, 1982, 1985) .
9o olokrdF TZEMA S 2 89S mHT @, 14029 FHoll A AT

7b FZe AL H4 g FA% WilHohe 2wk ol A AA o=

il



Az}, AAl 14029 B whE of o A FoA A Hol AEHE
Quingueloculina = A7} vtREchE A& zshd Fubsol4 FAH" A
22 Qyzgch, 08139 HwolA Azbste AL oirtm EHA &9 FtE <l
& 3 og Azgch  dk3, 1810 2 1108 9 FwiolA Zr}sl
AFAR A A A A= gty SEAAAS FAd] 2} dejx
FFETAA Z717F Fe AA7E wee AL A/RE 4= (Culver

A

fr

o]

~n

rir

and Banner, 1978 ; Hald and Vorren, 1984). A=, 4£REEH 270 £
2] 9o}l A7l A9 ( Boltovskoy and Wright, 1976) , =, ultj& 374 o]
B4 (reproduction) off Fok4 o] &] §A (juvenile form) 7} o] LA st 7
% (Nicol, 1944 ; Bradshaw, 1957), 4, 22 7dSo] |4 $uHiEe] =
ol A% (Murray, 1976 b) Solvk 3, defstd zAoczg Ho], d 4,
, SE4AaE, BWE (Turbidity ) , #t%o9 &, Ux, &EH ( Substrate),
71e8 0l 52 Azte 4 gloh(Hallam, 1965). o] 7oA e A S
Azl AAA 2 zAEA & FokAg AFs] Z NAEH 444 4" ohAY,
2 vt B A5 (1810, 606) 57 A e o Hof, ulHAtir]H

© Gt Aoz YA b Relvh A9 g 14029 o AN EE 2 &
TEFHL WA G2e AoE Hop, bl st AAEchE 9ok A S A

G4H Ao A Hrgo] Folas
oA tAY, Aol A=A, Eaol SobtAY, o
GaszFol ZIAY, EHY Wi ohw 2 Wi Seoz AzuEn

H44 A Fgol AolAm AR WA TEoh Ropy £ o, ¥E

Lo

ez 44% 4 Aok %%
o B
=

of 412 st (opensea) s Fdol AMA FeT Go)] 45T + Aok KF
¢ 72 ¥ (algae) T HolE shol, h2Fo A4S s ol el vels
3wl wdschs Qb e maAsh §839 Aol Fopdl  Ae

9o o] 29lo AAE Az=Elct (Murray, 1973 ; Boltovskoy and Wright,
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1976 ; Lipps, 1983).

2) EEEF S ( Benthic Foraminifera)

(1) #E°} # ( Number of Species)

A% 18108 S Wb WA Bos, FAH o2 s1%E Hollk st of
W A L7l = of & ey, wbw 1415, 11132 &) 7 How ZFmow 7b

Q. X
o= X

ste] 7ol wek, ZrAskE Aol Yok 08132 1415, 1113 HchE e o 3
ou, WO sre] ol @, Zohe b Aol %A F AFY 2ot
o, o 4AAFAFE P2 EdoE  AA

mi

32,

11082 vl e ol
of web Aoih ch o] Aol 17038 Ay oAl Fo  F7
wmd Ao}, AedelAE Holxm ez sl7kel Aol wheb oAl Aoieh
14028 Zo] 115~ 120emE A stz Fo 7 dgdd] Beon, EHAE

A7FEITh 606-& AlEArIAS Fobsel AE vlwd e o] ou, Eeol

n\l

Azbstz 9iek (Fig.11).

(2) Ee&eol g (Wall Structure)

EEALSS K& Ml web aA A, 5EE ( hyaline ), F@aE (por-
celaneous ) % #E (arenaceous) Ei+ BH (agglutinated) 2 Yo},

R0
rir

Murray (1973, p.241) el Slstel 4 @7viet 5 7e 2o B2 A4 483

o] 248 ERo} o, AAHFFFAFol o] selct (Murray, 1973, 1976a;

[o]

Atkinson, 1971 ; Knudsen 1973, 1977 ; Nigam, 1984 ; Vorren et al.,

1980 ) .
g Zbofl o8 24 S AHE= 1810 & FE Ao AFAAAE &3t ¢ =EA
o) 21.8%7} Aok AF4 14159 11139 7

=2

fu
._1
=
E
p
T
r_lF
ki

Aol e Aol wwd Fasht FA43 padte zey ZddAE oA F

-

A A A7k 22.8%, 56.8%% Asheh 813 AFUsAA wgel, F



GHoM = Eride]l dov, B2 AL falAolh 1108 14159 1113
7 owld AEgE ook, 6060 A frEjde] Hd gx:Aolw Tr|Fol A9
ol o, 71Ae} FdFolA = g7t den, FhoME 38.8%F F33t

1402, 1703 o4& =7]4o] FAG FalE Holx ARE o 1402 oA E
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Fig. 11l. Vertical variation in the number of species of
benthic foraminifera.



10 ~15¢m, 1703 o4} =
&2 435} (Fig. 12).

ol

b, wel mAe

Greiner (1974) o] &3}

260 ~ 265 cm ,

35~40cem) , 8] &Ao] X
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rir
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Fig. 12. Vertical variation in the composition
according to wall structures,



cite )o| ZLYUE: BEALBSTL ALY shdgEe] Ao Ao WAz},

reiner, 1969, 1970) . o]2]l3dt Ao bv]io] & o, A F4

=
()]
f
5 d
o
rﬂ )
2

Adgol&rbsAge] Blad A2 Xe] glz, 606, 110805
slad A %ol U} g, 1703, 1402 & o] &rhks4o] vimA & %ol 3l
oh.  zEu oleldt d 42 Fig.89 s Aad 434 AEe ol gEd, o
A F4E AR 'Y EAe RBA, Fil&, MEE 5 4apERd
e, BAddH § RAeYRECEN, FEREY 55 ddde & A
ol7b A ez A=, Mok Fo AF7 Qs Aech

(3) ### (Diversity)

S-S Yot dol o2 7k W] d 2vp (Buzas, 1979), ©°] <
ol 45 Fisher— ax] 9} Walton (1964) o =& AR&dlch  SHtke]l =ot
= AL Aol HERSIA F& FH & AA s, o] FHAH e
PRItk AAG TSl Y2 3elgis, AE S, EE, €85 =e o
3 =& mEs, Adele e, o KE, T #E, Ade] F FisA X &

#E
o

od Feol Set"dch  wbd, HFwel AF, Aol vlmA A SN dFde F
t} ( Hessler and Jumars, 1974 ; Rex, 1983). E& cookde 39 %%
# % al olzt b2 99, dlF 9, 4He] wHEoAl o9 Az, AE7e
Sl WA, wRS K, £HS AES, SHE FUE

( Spatial heterogeneity) % 017‘21-94. HEHSE 5945 dAJdes Aoz o
H7 dov, @& £ 3 /A& o] R4 E ke 49 ol& o (Pianka,

A3 9 M3

2
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1966 ; Sanders, 1969 ; Buzas, 1972 ; Thistle, 1983). s k4 eh# ol 4]
A9 mek 9 ol WHEE 4o SH—KE T2 wdE dHsid, +f
QA A A FelAd Aol FrIAcE Witx, e AVt A F
g 5 dfol FHA A o4 ddeozs A AHEA Yevh (M-
Gowan and Walker, 1985). o4 WA o okvet B LAY
FHMA, vy Bty L 4L Ko F3e] Euh ( Fischer, 1960).

Fisher — a 4% /MA7} BEBHZ Hchd, B9 ©rlE Poissond %
e w2zt Yo, AR FFAI Frit d2odd o] 42 nega-

tive binomial £¥Z 3dlget »}&3} Fisher, Corbet, and Williams

(19433 7} Alcket W o2, Murray (1973) ol a4 B Ekih ALaHoedl o

]

of zeo]l= Wloz, Mo Mol ulzt3t wholth (Murray, 1968 ).  Murray
(1973, p. 240> o) ofsted Aol A AXRTF LA Fisher- aF7p 5
o] A~ 160°]m EHES ( 32 ~ 3T% ) 9] KEEMiulc ( Shelf seas of normal
salinity Jolw, 748 ch Aowf E@H ( 32%e] 3 oleh. zeint, AA kAKX
o 42 7hets] Amgs A gfobdl Murray (1973) o 4 Bloj v ol 97} B

A

& A 78 o 3tch (Buzas, 1974) . Fisher — aX| 4§ A Ao 2 3l uh
o] 9low (Buzas et al., 1977, p.50), Zz&8ofj4 & wH T 9t} ( Fisher
et al., 1943, p.52 ; Williams, 1964, p.311). o] Fol A= A 49} Zo

2, oju] Fisher — aX4% %43 28 (Murray, 1973, p.9) o] 4w

R

TE
gt AA T} Fo +F HolA FH ok

Walton (1964) o W&, x| 47t & BEH A5t A4, 2249
959% 1A% o) T S MEM AAF/ AL W AAToEA, AH S
< FellAl oulE Folshs dolch o WL H=R-HWERLY AARETFE
o] Fof dal s0lct(Knudsen, 1977, 1982, 1984, 1985 ; Feyling-Hanssen,

1980a, 1980b, 1982, 1983 ; Feyling-Hanssen et al., 1971 ; Feyling-Hanssen
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and Ulleberg, 1984).

Fisher —aciobyx 4& M9 #oh vl

1415, 1113 % 0813 F3lo] & ghe Mol Fi}, Eaizbrjolol A= Zrkareh
ik 1108, 606 2 vl F7)& sht EeislzllE 2mdA A Rolxich
1810, 1703, 1402 &= FE=ell4 7] Eo] Qo vlad Eo e HoFm 9 ot
1402 = Fdoll A F48] PopaAlck( Fig.13). o] dAFA89} e 24, &
Aol A T2 FFEE T HAzAAAE, A HA" FAY YFAY
Aeiic , o & Aoz o4t (Murray,1976 a ). & 54 it
(North Sea ) #E#e 2%, AAFHo] WFYLG 247 1~24% o
otz Yot (Murray, 1976a, p.56). o] zol=, AdEFH o2  o]o}r]sr]
o2, 27yt A B oF &2 A, A9 Holglont, 4R Jo] & u}
BHoR WATE o] Aol v AAA AR AFE AN (HEY - TH
f§, 1982, 1983, 1984 ; Chang, 1984 b ; Wang and Murray, 1983 ; Wa-
ng et al,, 1985¢c) , KEMiMmEAN = =4 & FF¢EFE A3 (Nig-
am, 1986). ATAEEY HAFAY AAL fFFsl dEel 18107 ¥&
dokel 17033 1402% ®lwAd o Fol Fotort, FFcke 6060l e g Fol
Ags] wobz o 1415, 1113 2 0813 ol 4 &= g Ho] As] Foprh

#E= Fisher —a &t HME 7Yk ol Fisher —atidy F:
B Ho 2A3 A=A, Tl cACE Ar|9k b, ol U

= #dol b ( Murray, 1968). uwaly £gkog EAsl= @l &S Zo]

N,
o
ol
ok
£
E
i)
flo
N
=
2
i
N
N
)
of

Foz e HAALAH B%AXNE olF= &”

©2,Fisher —ax 4% 3l 9 720 uy og “Hiks] Fisher—arth

FAAF"E Tk 24" %L 2A=Hs A grEg Fodd] Popzed,

HA A Ao 7ok 14159 1113, 0813 & 2ol ABol4 AF7t A on,
B

oe g7 3, FH o g HTskHA FElo
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Fisher -« indices
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Fig. 13. Vertical variation in Fisher-a diversity indices of the
total assemblages.

Holzlch 14029 A$, Fud, 10~ 15cm D 115~ 120emoll 4= o] o
U, o FRelA e FElol Foh 17039 A%, 7IAelA 60 ~ 265cm 7} =
=3

ES

o, 2 o]Fo A 7ol Qo vwAH Fow , ¥elo x4 10.89|c}
%! F




Modified Fisher—da indices
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Fig. 14. Vertical variation in Fisher-a diversity indices
obtained from 95 per cent of the total assemblage.

Walton (1964 ) 2] ullof 2]3} ctiokA L A FA 14027} 115em~ 120cm7} 3%

Weld FAs Aol AL Aelshmi, 7 wobd 300l 4olni, 7l Ho] v]



Diversity(Walton,1964) 1418
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Fig. 15. Vertical variation in diversity obtained by the

oA g Asig, A54 1810, 17039 7 Lol vlwd ol 20~30F0] A

method of Walton(1964),

£dog AU 17032 Ewios FIT wet, vlwd Frlshe
ik 1415, 1113, 0813-& wlmd o chebald 10~ 20 Fo] 4Zsu, 7|
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o, guog FIT el wet Frlss Aol Yok il 11089 A




606 Bt vlwA ohofFstuh, 2 A5 BE Foo 2 A T3l o 9o 4=

Felo] Aolzct (Fig.15).
(4) # & ( Dominance )

o] Aol L (Dominance )= Walton(1964) o4 FHsF HE “
oA 7hg A g @] WEE S Ak o] Walton(1964) o A%
= oz g4 A, o]%gu}( Feyling -Hanssen et al,, 1971 ; Feyling
-Hanssen, 1980b, 1982, 1983 ; Feyling -Hanssen and Ulleberg, 1984
;R - FEE, 1982) . MY BUl IS E SARE Polxd, o3l
AT A4 Ao Y B Frh AA, e F

Blol Eohe e Bo] WY Aol EA aobd, 2 A e Aol A4

‘.._Bll'
ox
rlo
s
o0
ox
X
o

sk 3 Frke] F3lo] A d7 o Folot( Feyling -Hanssen et al, 1971 ;
Feyling ~Hanssen, 1983). A4, z7ldl& ¢ fAHc}, ¢ A= 2
< AWAAARS, AAFFFo] T F7t o A3z, $AHAEE o &k (Walton,
1964 BB PEHZERT, 1981, 1982 ; M - 28, 1982 ; Feyling -Han-
ssen, 1982 ; Chang, 1984a).

Zo] 47t LSS SARE Aolxl o dubdel PAbol, AT A £
A & delch =2y 1810, 17032 A9sini A3 s2o golozs 3
e Wb viwd AUSE HodFam ek o] W3l 1415, 1113, 1108, 0813
o4 B3] Asict(Fig.16).

(5) QlHAIE7FS] 4l ( Faunal Similarity between Adjacent Samples)

AHABANA AZH = AAFEETHLY oK AEE ol y] Y3t A
AREEe TALS MUK (Similarity) E A AAEES Fohe P
© 923712 7} glew (Cheetham and Hazel, 1969), o] o704 Sand-
ers (1960) 9] “#HiA#E (index of affinity) ” Z AJ&3ck o] x4

vlmstel e A B MREY WP v, 4o e wrgs g

rr

ook

3

to 2



Dominance ( Walton, 1964}
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Fig. 16. Vertical variation in dominance obtained by the
method of Walton(1964).

olo] x5, wte}s Ruddiman et al.(1970) 2 “EHE4Z&HEEE ( percentage
overlap value) "2} Al F AZs @Hs] 22 A4, o] ¥ 100.0 %
olel, A3 & Aol 0.00] =t} Sanders o AFE, £BHOZ (a

priori) 47¢ =, “gln—gl S (presence -absence) "o A% W,



a2 59, Jaccard(1908) 9 wWHE o, JFA AN, B}t u] s} 9L
Aoz Azgct o) fE, ATAIGo] HlaA ops] FA L Wiyt Hep 4944,
BEo]l HEY AFEE ARste At dg AR A7 o Folrh o]

(1908) of WjE ot © e 220]1h, Murray (1973) o 4
AFHH o, 99 2 dAFo|9ol Murray (1969, 1970), Knudsen (1973),

g 0 Jaccard

Griinig and Herb (1980), #5%#% ( 1985, 1986) Soja 29t}

AZEA 17039 7%, 285~ 290 cmo} 260 ~ 265¢m, 260~265cm} 230 ~ 235
ematolo| A Z+zt 30.1 9%, 36.1 %2 AALE 9 JA3F w3l (faunal break ) 7}
otk 14029 A9, 80 ~85cme} 55~ 60cmAlolol 45.49%, 55 ~60cm} 10
~ 15cemato]l 74 32.9 %= vlwA FAG Wshrl Qlch, 606l 4d= 55~ 60 cmo}
35~ 40cmAatololl A 31.7%% A3 Hslrh ok 18109 A¢ A& 50~
55cme} 25 ~30cmAfolo] FA3E zAafo] 7} 9lom | 1108 & 50~ 55cme} 25
~30cm Atololl A 30.7% & ZAl FH S Aojst ok 141504 = 80~85
em9} 50 ~55cm Alo]l9} 50 ~55cme} 20 ~25cm Abolell zhzk 14.0 %, 7.6
%2 FAH3 o] 7} Qdrh 11132 55 ~ 60 cme} 35~ 40cm Afo]oll A 35.39%
2 z4o] vlwA viEn, 32 99 35 ~40ceme} 15~ 20cm Aolol A X 16.6 %
2 FA43% 242 Holrt glon 0813oj4e 90 ~95ceme} T0~T5em  Abo]oj
38.0 %2 T3 A7k dom, 50 ~55eme} 35~ 40cmatol®  42.7 %

T oloA A 2AA7F ok oI AAFETETAHY FEE 2ol o

AZapelell AXfE5] A4 2 HAA vz T W) 9SS %3

REET, 5, AF49 HA4FA 59 FdAgAoldlE AFY 18109 A%,
50.2%, 14159 A% 61.9%=2 wlwd w3t 24& Yo}, 2 29 A5
A 0.5% (AIFA 606 )~ 16.5% (AF4 1113 )2 AAert dighs] e
A, ol ofoprlg Ko], B A F7} AFAold, 2 FZellA A7 = Fof,

HAAH 2ol HEE FEFTHA 2 A7t & Aoz wolx) AA, F



o] ¢ viohldE HA o] A A ohE & Az, #EA Aol A4
Ste AAM T2 24T 44 223t 4 gyl wWFolrth ( Boltovskoy and
Wright, 1976) . & #79 F4% 4394 #sFol & o7t Y& F

RS AT T Uk

3) BiffEfL.# ( Planktonic Foraminifera)
(1) HH@mamited Ao EH ( Per cent Occurrence in the Total

Foraminiferal Assemblage)

ERRTEY AAREES FHRETE UT ARSI EEAClA Aok
=< |

A, Aol 7t vimd FLe ADANAME EFREF 4Ee] FEe] A
A4 FEeel4=, 1703 & A&sties FRFFE5e o] AHHoE g
EME 17033 14020 4= EH spmtol o A9 HESFFTEO WS Lt
3] Azto] Qdew=, 1810, 60604 % 2[me] A

F4 1415, 1113 2 08134 & A= dAFd Aozl FiieFe

AZo] AH gk AlWlE 1703, 1402, 606 5o R-fFfrEFe AEHes +

o, 1703 el 4] 5% 606 02 Zhof whe} H{HFFS AEol H2H o2 Holxlrt
E Aol 1810045, ZHoAE Adstny, FRF35 4Ee] viady &

>

Asle, ZlANA BffFETF 4bFo] nimd Aoz A5 150 ~ 155cem ~
125 ~ 130 em 7429} 2 o] Aol A 9] BH{{FFF4E 71 8o] 170304 vl 4
$o|n, 1402, 60604 Hrcie Falo] =

Polski (1959, Text-Fig.3)o] &shd, 29 35°~36° 5% 124~125°
o PEAA, F, o] AT A £ LF THE A EolAd s fFEFHATHAA 20
~ 40 %9 BHGfTL2o| EEE Zlog wEE} (Waller and Polski,

1959). =&y, o & o+ (Kim, 1970 ; Kim et al.,, 1970 ; wREHEFEFT



Br, 1983, 1984, 1985, 1986 )¢ s, £9 35°50’, A 125°007 0]
FrEEe AEol glov (WENSHEMIEST, 1985, p.427), AddAAdoz gl
% Fuslch, Wang et al, (1985a, Fig.39) 9 AFdAx 2%
T AEL 59 35%)5 Fdole AddoR gl JdFRAelAy B
TieE 45 A, 5, Kuroshio o4 Zelx] 4t sl #mmeSol o3
ZAoled, wetd o] it Al o Bell Hr} EZ)AARE ko] ful A
At gk AA Yol AF3 MBEBERERY EaAE, A B3 A5
19824 8~ 9 Aolflchs AHg AT Fost Aot o AFAAY £ 1ol
4 wWeol 4FEE dAe 238 ¥ S 3 Polski(1959) 2 Waller
and Polski (1959) 9 oI7=8 7} 19201 o] & 19451 dHo| HAs}r] = of
ANz a A 24 (Waller, 1960, p.1164), 2 ¥ A7 g9 A9
40d7b7to] mE 60Wol Ao AzbAel Rolst 9low, zE BRI xE)
HET RIS wERES WslE 44T £ gon, AP xolx
Aozt Ay, Hop e dFs s, & & skx| sb54e Pol-
ski (1959) o Text-fig.3 9 F{FRFFS 422 YollA o|ofrldt ureg} 7
°, Kuroshio® g8 chs 72 el EAHS AME 428 4 9ot sk
stel #8592 4bEo] Okinawa ¥ ( trough) 2o 4 HEYTFZ st
el w2t 80%0]4olA 20 %olstE Holx o@ zhasttirl, AR Aol 20
~40%HE, F, HolAwr} b4 golxl o AL, Kuroshioo] a4 St
H7l Eobe 2 A9 kel AAsteE AE 44% 4 Ak A4 Qin and
Li (1983, Fig.6) ol 93t oJ 59 A9 59 34~39°, 54 123~ 125%]
#¥ 47k ( the cold water mass of the Huanghai Sea) s} & 4%t}
Kim et al. (1970)& i7xde] 59 35° BZo] BHFT3o] gt HAe

HRYHE B KB ool w7 W Aoz 4oy



3. H# 0 B uwERL ( Correlation and Geologic Age of the

Cores)

1) Rt %5}( Zonation)

ATAGe] Figets vlad Fz oddd uictels S ndstn, BHES
S A8 Qe s, kEwes B o, A5 AFAo HAs AL}
Aol ¥l zd stk 2 AAH, F, d & Em Pleistocene kjffi~Holocene
o2 AAY W, AFGo| A #H45 ( Zonation) 2L HH (Correlation) of
o] &7h53t AE e BEAAHY 4FE2 Ao Hustd dFHGelAe X
TEEe A= i (open sea )] g ubdslry] = Fo] ) (Grimsdale
and van Morkhoven, 1955 ; Bandy and Arnal, 1957, 1960 ; Stehli
and Creath, 1964 ; Kafescioglu, 1975 ; Bé, 1977 ; Douglas, 1979).
Al et , SR Agelsts Ao dFe, AFAGeAE, HmEEH
CEv e B, ATAG AN A3l celet A7k fellA o] oplg Ko,
AT do] vlwA #AgH xdolzgte HE ], AFFFY 24L& o)&ske
ST o, A4 °5""-4 242 KH (Substrate), k% (Depth), #

i 5o dskily (Phleger, 1960 ; Murray, 1973 ; Boltovskoy and Wright,

(=)

1976 ), =3t dAFAHo] <kobd wmitsy] dote A& AZed, A4 FEFFY
Zo] FRFHTTY Aol gt wE ok X gl Holof wEE A4 o g
AR &S o we Aoz A4d G735 £RF2 (Biostratigra-
phy) ol 4| d&] so] 1 9l o1} (Blow, 1979 ; Stainforth et al., 1975 ;Saito et
al., 1981 ; Kennett and Srinivasan, 1983), x| 3 7o XEEHfdH A=
BofT5o K wEZ% 44 ( Depth Stratification), s 79 & o
Aol B-ATE BtAo] HwA, AHEs] o B 4EH el 2 A

o] o] ¢x5 9 ct( Parker, 1965). welx 4 f@r2 (Biostratigraphy)



ol B3] ALE&sRo| oWl £F &S %3 (appearance) o]y}t Al (extin-
ction) Hrhe, dFA el FAlol AE vlHoeetn oA slge] IF
o Z2H oYk Yol A o]oprldt, FRFEF MBS REVrol2REH HeY
A Zone A,B,CZ ¥272 3}, Zone A,B,C7x|8] Alo], & Zuof4] A
742, Aot Al B 7kx], Bolaeld CH7R], CokfolA AFA7A 7R =,
Aoll4] 2B HOJA Zone], I, I, V2 HEV|E It 1703, 1402 o4&
Zone I ~N7F 9lom, 18103 6064 Zone I ~IIol low 1108q+
Zone T~ I9te] 3l

BRFETE AZo] HA gl AF4 1415, 1113 2 813 oAE AANRTE
o] FH3 AEFA4HE o] &k o] F AFAddAE, FIANANEE ¢, b,a 3
7 Zone o2 UF2dt}l Zone c o A AFAZANA Buccella frigi-
da 9| vixl% 7], Zone b9 Ho= B, frigida o viAlY FHo|F—
Elphidium etigoense 2 vFx|2t Z@7t=], Zone a9 A= E.etigoen-
sed mixRlat ol Z Aol 22y Zone a 9 A= AAE Amm-
onia inflata 9 FHA I ARt ol JlFoR E #, USA= 3
M Zoneo] Falo] o= =t 1113l = Zone be] 71FQl E. etigoense
7} Zone c 9 7159l B. frigidaXrt A T5~80cmofix glojzl 4 Zone b
o] ZR7F o)A~k 0813 A% E. etigoense 7} Zone a9l 7]Fe] A.
inflata 7} FRSHE T0~T5cmoll 4] AFAA o2 glojxlch,  uwhebx] Zone b2
ZR 7} B33ty E.etigoense 7} 90 ~95cemoll A= 61.8 % oA FA 9
A thZolch, 1415, 1113014 = Zone c9 EBRLe Rast 15~20%4x 2
= AL 7olbsbm, 08139 70 ~ T5cemollAle] A. inflata® 288 %= a3t
23, 27t 3.8%et= A3l 90 ~95cme] E.etigoenser} 61.8%4 s,
#a)lA Zoneo co LBEE 90~95

70 ~T5cmoll A 30.9%Z Hobe HS =
em®} 70~ 75cm Apolol Argker o7l Fol= Zone be) EAF o Yzelf
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v, A8E 2ot AHs AAUSH Zone b EAE FUAT + ez

TS

2) o#el %t ( Zone and Correlation of the Cores) .

AFA 1703 9] 7§, Zone C(265~270cm ) AsRIHAEEH] AAFT
%9 AAxst A3 "ol 4 e Zone Ny Ao M3+ Al &A
3] ttEo] Yeldrl Zone NolAlyE Epistominella naraensis, Cibicides
refulgens, Nonion asanoi So) vlmAd Rod, /MA+E vzd Yo} &
9 4= vxxd Atk Zone ColAE Quinqgueloculina lamarckianaz} -7
Z3te, C.refulgens = vl A woh AAFe} £ 5 HoAe fAHEE
#AAck,  Zone MollA &= ©tA E.naraensis, C.refulgens, N.asanoi =
o] vlmA Tolx™ Q. lamarckiana= A7t A= Aol ohekyHL
Solxlt}, BolAlE C.refulgens 7} Tolxw , N, asanoi 7} v|z& won,
Ammonia beccarii 7} vlxd %ol Zone TlolAl= E.mnaraensis, C.ref-
ulgens, N.asanoi, E, pul chella Zo) v]|3 %olxc} Zone AdlA= C
ol A9} 7to]l Q. lamarckiana 7} TP FZF0 C.refulgens T vlwA T
Zone [ oA = Q. lamarckiana = A ¢lom C.refulgens, N.asanoi, Pseudo-
eponides japonmicus 5o 8l A Ttk Zone B Ao E ColAgE =g
AAHA Gk AAFTFY Abmrt Faleo] "k etk AFA 17030
Ae 106 ] AZ=Eich o & A FA e A8 Elphidium etigoense 7}
17030l A9 glgh. 1703 cll4e 75 24F9 FRHFEFo] 4= d, 4
wbd o2 37|17} Al Globigerina falconensis 7t 8ol ALZE™ Globi-

gerinita humilis, Globigerina sp., G.quinqueloba So| vl3d T

Zone V& M~ToliA cthFstAl abE=lols] T3 ao] o &g HoFoh ub
@ Zone C % A~Tol& vwd A (Fig.I7).
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ofN -

14022 Zone NolA & C.refulgens 9t N.asanoi 3F°| Bl

-

g o
o % vlzAd ok Zone Co AARFETFY A= 4T Fokd  Zone
Cote] F8e Faix gt Zone IE 2 K9 FAF vl Zone B}
o] AAE FHx @grh  Zone BolAE AMA T} T b Holxw E.nar-
aensis 7} F8lo] wrolxlw, Ammonia inflata 7} 2ol AZ5lcd,  Zone [I
| = E.naraensis, C.refulgens & Elphidium etigoense$t Cribro-
nonion subincertum So] vlwA wolxchk Zone [[9 55~60mAEE L
912l Zone At AAMFETFY AALEo FHE o]zt Uk Zone Tl @
lamarckiana®t A. cf. papillosa7} F3lo] Wolxle C.refulgens= %
t}, HdellA= Buccella frigida, Textularia conica, Pararotalia
nipponica S5 ZolAw FFEF MAFI FA3] Fobske vl T = A
oizxlch 140201 A& 136 Ao 4k&sml, Q. lamarckianas 178 7 o AF
AolAut AEE, E,.eligoensest A.beccariiy 1703 & A9tz EE
A ZAe) A vz wo] A&Ech 14029 EFHFEL 10~ 15cmoflAut 7Y
Az F Ay, 2 Yold s AA=Z7 7 A Gl falconensi s Globi-
gerina sp.7F F&lo] Bom, 2 9o|% Globigerinoides ruber, Globi--
gerina rubescens, Neogloboquadrina dutertrei 5 vwesh uirhol A4
= Zo| vlwA ool (Bé, 1977), G.ruber &% N.dutertrei = A5 H]
24 A},  Zone 1§ AYstume AEFHE LRAH5Fol £&3H(Fig.18).
606 ol A= Al 54 2 7]?<1,7_]- Zone [ol® , Ammonia beccarii, E. narae-
nsis, Elphidium etigoense, Buccella frigida o] vlzA Wt} Zone
Bol 4 9ol 24l N.asanoirt 7150 Zone MoAARE, 2# FF2
v];zd A o} Zone BoA& © Hojzch  Zone [ollA & E.naraensis,
A.beccarii, E.etigoense 5o vl xA wr}  Zone T A& 55~ 60cm

ol 35~ 40cmabolol AAREE Aol 2 Aolsh Ytk A& 35~40cmo}
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3 3 5
o
8 8 O Depth tem)  Core 1402
L i | L i I I 1 i L L 1 L L. i i A i L i 2 L
F iteral * > 0 T 3 T > ] g cinqueloculina lamarokiond
r ! 2 . a 0 . . Epistominella naraenaie
equency a ] a ] [] a B civicides resuigens
. 1 a 1 ] ] 1 . [] . Nonion asanot
<30% |°* ! . . ] g . ° B Konion wicabarense
: . . 1 . . ° ] 8 o #monia inflata
. . . . . ° ° ° . ° Amonia cf. papillosa
30-50%(° ° . . ] . . ] . o o Amomia becoarii
. . . 1 . 1 [] . 1 . . Fiphidium etigoense
L] I . . o o . . ° Cribromonion subincertum
51 - 100%°* 4 ° . . . ] ] a Puocella frigida
. . . . . . . . o { Epomides nippowicus
. . ] . . o ) Tertularia comica
101 - 20.0%|* . . . . Pararotalia mipponica
. . [ . Pararotalia globosa
7 . . " . . 1 . . . . Peeudoeponides Japowicus
20.1-400%|; N - ° ° ° . o Cibivides lobatulue
} i ] [ ] [] 1 . . [] . ] . . Bolinina robusta
. . . N . . o . . . B Elphidium odverim
. . . . L] . ° . . . . Pissuring marginata
. . . o o o . . o 0| Horswaia nipponica
. . . ° . . . Rotaliwming crchracra
. . ° . ° . . . Lagena sulcata spicata
. . . . ° . - ° Cancris auriculue
. F.N. Div. Domi.(%)
= \/-_.. = - %00 — 15 — 100
== i e prad T
o — “~\_:} w0 —20 — 200
. .
NS
. 1,500 ~—— 25 —— 300
1,500 —— 30 — 400
f.b. - —_—
I~ 12,000 35
Faunol *
break - . ; 40
Sim.{%)  PI/Total(%)
200 Q.0
~ 300 ~——— 50
b . s . - 400 ——— 100
e |
Decrease of | ¢ /\/ - 500 —— 150
. 1
open seo |
i - 600 —— 200
influence s
- " ' . tb ol 70 250
T n 800 300
1 1
C l m ! 8 1 A 1 2onation
L 1
] . ° ° . . Globigerina rubsscens
D B ] o N o . o Glabigerinoides ruber
’ . M ° o . ° Heosloboquadrina dutertrei
rare L] ' ] . [ 1 2 . - Globiyerine falcornuia
. ° ° o ° . . GClobigerinita humilia
. . . . ° . ° ° . fuerinita glutinata
common . o . B @ abi.peiloculats
. . . . Globigerinoidrs tenellus
° ° e ° ° ° Globigevinnides trilobus
b ® ° ° . ° Globigerinella cf. aiphonifera
obundont ] . (] ° . ] a ° . Globigcrina $p.
. o o o . o ° . o Globigrrina quinqueloba
B ° o . o . o o Globigerina bulloides
° e o Clobcrotal fa settula
very . . . ° ° ° . ° (23 t wmida
abundons |° ° . inita of. intt
° ° ° Clebimeratia <f . anfiera

Fig.

Frequency distribution of selected taxa of foraminifera in

Core 1402.

Faunal abundance, diversity, dominance and

similarity obtained with the same methods as in Core 1703,
Zonation based on the reduced occurrence of planktonic

foraminifera.

Note reductions of open sea influence, and

faunal breaks,
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[}

Oepth(cm) Core 606

. 10.0
Foraminiferal L
frequency |- - 300 Sand content (%)
° [E m [] Amalén(%a beccarti
{30% hd N Epistominclly naraensis
0 0 ] 0 Elphidiun ctigoenas
. ] . 0 . Buscalla frigidu
3i1-50% ' ° 1 ° Nonion nicvobarcnse
. ° [ ] ° Pararotaliu ylobosa
0 4 ° ° ° ° ° Pararotalia minuta
5.1-100% |° ° . ° Peeudoeponides juponious
° ° ° . ° . Fissurina marginata
° ° ° ° Cribrononion uubincertum
. ° ° ° L4 ° Bulimina marginata
10.1-200% |, ° . o ° ° buliminella elegantissina
Z ° ° . ° ° o | Gaudryina subylabrata
. Globocuseidulina subglobosa
- o,
20.1-400% . Ammonia ketiensicnsiu
% ° ° e e Nouria polymorphinoides
40.1- 60.0% Textularia j‘alil.fuea :
— EN - Div. Domit%
— - 500 — 5 10.0
e . . 1000 —— 0 20.0
~ -
- N 15 30.0
f.b.
Faunal 20 40.0
break
25 —— 500
0
5 ———— 30 600 ~—
Lt Simitarity(%) P/ Total (%)
B o A - 40.0 5.0
l .
r | - 50.0 10.0
1
- — - 60.0 15.0
Decrease of i
open sea ~ 70.0
influence f.b.
T T 80.0
]
| .
bilg | B I A1 Zonation
I i
° ° ° ° ° . Globigerina rubescens
rare ° ° Neoglobuquadring dutertret
. ! ° ° g Globigeriva faloonensis
. e ° . Globigerinita humilis
common ° . ° Globigerinita ylutinata
° ° . Globigerina SPp.
| ° ° ° e Globigerina yuinqueloba
abundant ¢ ° Guobigarina butioidus
° ° Globorotalia scitula
° ° Globigerina wwula
very
abundant

Fig. 19. Frequency distribution of selected taxa of foraminifera
in Core 606. Faunal abundance, divefsity, dominance,
and similarity obtained with the same methods as in Core
1703. Zounation based on the reduced occurrence of
planktonic foraminifera. Note two times of reduction of
open sea influence, and faunal breaks.
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Textularia foliacea$t Nouria polymorphinoidesrt A3 Zeix 89
247l £ Z Aol o4 AAH oz A & Folth  Zone A A
& 35~40cmol Tatololl A FRfrEF 4bEo] 12.0%el4 0.0 02 =t
ol ZA, 2 Allol Agket,  AFA THASZY FAG FARo] &,4
EollA oloprl o] AFAobd ZA A BollA THAZ(09001)F A

rlr

Wl Aoz 4A®ch  AA 4343 BAAEE AAs} gEe, AEE
2ebd AFAe 8m, BUARE 42mE 2 Aolsb ok ( Table. 2),

Ammonia inflataz & AFHoE gy wou 6060= Ad ok
Hanzawaia nipponica’s th A=A o= AZE v, 606 L 111304 A
o feh 606014E AMNFES] 85F, RARERel 54 1220 Azss
FRRFFL 2207k A Aobd ABRA, 53 Aol BAo] Y4TSA
Aol FA4 SAEE ¢ F Aok 24 oA ks 6. falconensis 3}
BlwA @ow, Globigerinoides spp.= A 9om, Globorotalia Spp.
= Hsrs) Aot obeba) wbEd ose) o ghe Falo] ZFolErh( Fig. 19).
1810 o Al = A|F=A 9] 717} Zone el , E.etigoense, A, beccarii,
E.advenum, Cribrononion subincertum ol vlxd gt Zone B9 |
T2 TSR] on E.etigoense 2 A.beccarii 7b Al 43}
Zone J[oll4] E.etigoense® A.beccarii 7} A& A5t , Zone A oz} 9
A& Zone A9l T3 249 Holst 9lth  Zone Ag) I A= N.asanoi,
Pseudoeponides japonicus 2 A.inflatav} FEHol $Alste] oAl
AR TE Adstzes AFA AAA A A AAE, oy, <A sol & H
stglch, 1810 old & 150 %o] 4k& s ol AFAAolA stg we Fo| slzxm
S 18100lAE 104 28%9 3485850 425, hg chopstel oox
Had A4 S58FEAA0 AP AN DAL Falol A Aakeh (BE, 1977),

Zone M~I7tA] F8o] ttofsted G. falconensis, Globigerina sp. 7} &
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O esmicml  Core®i0

Forgmwfera! §
frequency [

co

- 200 Sond content (%)

.
<30%
.
30-50%
[}
51-100%
-]
10.1- 20.0%{
20.1- 40.0%|

*

N
ceesmone s smy

TR

7 B . 0
Z . o | Ammonia decoarsi
[] . [] . ] 1 . o [ Fiphidium advems
] . ] 1 [ o | cribmmonion eubinoertim
. . [ . . o of Eiphidium cf. subarotionm
. . . ] . Elphidivm tnairoemss
] . Flphidiue subgremwlome
. . . . 1 . Cidicides refuigens
. . . . . o | Biotominelia naresmeis
. . . . A somion esomci
[] . D ] . * o Moorile frigide
. . . 2 Ponrdorponides Japowions
0 . . o | Poendorponides neranatoemete
. . . . . o o Preudomonion Japomio
. [} . . * o Lagema sulcuta epicete
. . . tpowides frigides calidue
. . . . . o | Cidioides lobatuiue
. . e : Awonia inflata
. . . . . ® o| Joliving rubueta
Acmia ketiomaiomais
. . . . . . . ulimine marginata
. . . . ¥ o o) Momsamia wijjomica
. B} souria rolymorpiincides
. . B} wlivina oompacte

FN Dwv Domu%)

L 1000 — 25 —200
“F 1500 — %0 — 300
2000 — 33 —a00
- 2,500

Founa!
break

Decrease of

\ A 600 —— 200

- 3,000
T semioreyew ey Toraea
- 30 — 50

/ - 400 —— 100

: - 300 —— 180

- 700 ——2%0
800 ——- 300

open seq
nfiuence

A T
1
i
E 8 ! 1 A 1 Zonahion
1 i

K 0
© e e e

cee s e

abundant
very
abundant

Globigerinoides sacculifer
Globigerina ndescens

. o o] Globigerincides mber
. . o | mcytobosuatring dutartrei
Zloborotatia erassaforwis
Sloborotalia memantis
Heogluboquadeing ¢f. conglomerata

. Globigeminotdre tenellus

M . M o | Glodigarimories erilodus
[} [ ] ] [} o | ciovigering fatoonensis
.
.

e e s e e
e e
c e

Globrgerinita glusinata
Pullonia cbliquilooulats
Globigerineila <f. siphomifers
o | Globigerina 30,

Globigering qusnqueloba

o | Gobigerin bulloides
Globorotatia ¢f. pamilio

. o | ciodorotatia hirenta

s e v e s s m
e e s e s e

I
e e s

. o | Gtovigemns wmia
. Globiyerina ¢f . webilicata
Clobigerinita €f. iote
Kerugrenia 3.
Orbuling wniverea
. . . - . o | meoytobomdring ¢f. Pachydermcides. )
* . ° Seoyloboquadring ¢f. packyderwa(sin.}
M . . . Globigeriniza hamilis

Frequency distribution of selected taxa of
foraminifera in Core 1810. Faunal abundance,
diversity, dominance, and similarity obtained

with the same methods as in Core 1703. Zonation
based on the reduced occurrence of planktonic
foraminifera. Note one time of remarkable
reduction of open sea influence (Zone A), and

one time of less remarkable reduction of it (Zone B)
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‘l’ ©  Depthicm) Core 1108
300

b 50.0 Sand content (%)

70.0
. ] Elphidium stigosnse
Nonion nicobarense
° Nonion asanoi
Poeudononion japonicum
Paeudorotalia gaimardii
Ammonia inflata
Ammonia becoarii
Eiphidium advernum
Epistominella narasnsie
Buococella frigida
Buliming marginata
Cribrononion subincertum
° Hanaawaia nipponica
virgulina(?) complanata
° % Nouria polymorphinoides
% ° Globocassidulina subglobosa
Y ° ° . Pseudoeponides nakasatoensis

20.1-400% ] Recphax excentricus

® ° ] Canoidulina napomiensia

U ¢ ° Cibicides lobatulus

401~ 600% ° [ Boltving cf. seminuda
3 Gaudryina subglabrata

F.N.

_\/\\\ 500

- 1,000 —— 10 —— 20.0

Foraminiferal
frequency

<30%

afo o Qoo

3.0-50%

9 .
5.1-10.0%
10.1-20.0%
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© 0 0 0
°

‘,.LI,SOO — 15 —— 300
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f.b.
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break
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35
Similarity (%) PI/Tol_g!l('/.)

- / - 200 50
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Decrease of \

open seaq RN v

= - 50.0
influence \ b b

10.0

15.0

20.0

' 60.0
I i A 1 Zonation

Globigerina rubcscens

° Globigerinotdes ruber
Neogloboquadrina dutertrei
Globigerina falconenais

6 0o o o

°
°

°©o o e o
o

rare ° Globigerinita glutinata
Globorntalia crassaformis

. ° ° Globigerinaides trilobus

common ° ° ° Globigerinella cf. siphonifera
° ° ° Globigerina quingueloba
° ° ° Globigerina bulloides
° Globerotalia scitula
° Globigerina uvula
. . o Globigerina sp.

Fig. 21. Frequency distribution of selected taxa of foraminifera
in Core 1108, Faunal abundance, diversity, dominance,
and similarity obtained with the same methods as in Core
1703, Zonation based on the reduced occurrence of
planktonic foraminifera. Note the gradual reduction of
open sea influence, and faunal breaks.
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3] @ om Neogloboquadrina dutertrei, Globigerinoides spp., G. quing-
ueloba, G.bulloides So| vlaA o] A&z} Agkol7]= Shi, Globo-
rotalia menardis, Qrbulina universa, N.cf. pachyderma, Bergg-
remia sp. =% AZHc (Fig. 20).

1108 2] 7]*x = Zone [ &4 E.etigoense, Pseudononion japonicum,
E.advenum So| v]md $-Astel Zone ASb: AMFEZFZAANE 2 3ol
7 YAl fov, BERGFE9 42 YSYdch  Zone AodlA: E.etigoense
= A& goy, P, japonicum, E,advenum So] Hojx]= A Pseudoro-
talia gaimardii 2} N.nicobarense 7} Z7}3c;k  Zone A= Zone ]9 7
A 35~40cm AAMFTE2AF & 0|7} Qloen], N. asanoi, A.inflata
5ol HF&Hol @olxlo, E.etigoense % N.nicobarense, P.gaimardii 5&
Aoz}, Zone ol &3le XA fol= Nowuria polymorphinoides 7} 7
SHA 2 ootee AE 25~30cmo] 2A4e F Aol7b ok 1108 ol A=
99 Zo| ALZEo, A|FAol vl mA ©he Pseudorotalia gaimardii = A=
4 108el M 4EH  1108eldE $H3TF0] dakskx Zakel, A
7% AHow 4wk AEEHc G, falconensis, Globigerina sp. 50| 8|ZA
%oo Zone [9 JIA7ZA & v zA ol A& Y 7 9ol A= Asich
( Fig. 21 ).

1415 o) 3t¥-= Zone C M Elphidium somaense, E.etigoense, A.
beccarii, Cribrononion subincertum, Nouria polymorphinoides, B. fri-
gida S°| vlw Wr}  Zone C9o AR 80~85cmo o] ks =
B. frigida7b 57.0 %Y 4&=v 2 Yol e AA Ao 2 glejzis] Zone bg}
F3o] fh  Zone bolAE MM BE AL o Eo| 4EHE E. eti-
goense 7} 52.2 %\ AHESHY, 2 HelA e AFAAH R glolH 4 Zone ag} T
Ho] =lct,  Zone adlAE A.inflatas} 40.6 %} AZ=lo] Zone b9} £



3t FHo| =i}, Hanzawaia nipponica &+ N.asanoi 7} F3ol Holx|H =F
Nonionella stella% HolXch( Fig.22). 141504 = 82 f&o)

o ol A =

A+&5 0], Nonion nicobarense & tfE A|FA o+ vl go] 4&s= i},

14154 = Ao gk ( Fig. 22).

o
X Depth(cm)  Core 1415 _
B B Sand content (%)
- — 20.0
s [ Elphidium somaense
Fc)framlnlfeml % l ° Elphidiun etigoense
requency ° s Elphidium adverum
° [ . o Ammonia beccarii
{3.0% ° hd ° l Z 2 Ammonia inflata
°© % T ° Buccella frigida
. [ ° Elphidium cf, subarcticum
30-50% |° ] © ! Cribrononion subincertwm
° @ ° Nonion asanoi
i ° hd ° ] Pseudoeponides japomicus
51 -100% |° . Pesudosponides nak e
Nouria polymorphinoides
Hanaawata nipponica
10.1 - 20.0% Elphidium subgranulosum
Bulimina aculeata
Ammonia ketienaiensis
Textularta articulata
201 - 401% Nonionella stella
v
v F.N. Div. Domi(%) Sim.(%)
40.1- 60.0% — 500 — 5 — i0.0
' /— 1,000 — i0 — 200
last occurrency - :
— 15 — 300
firsf_ occurfence
- 20 — 400
25 — 50.0
€0.0
70.0
F
aunal ¢ b e Zonation
break
Fig. 22. Frequency distribution of selected taxa of benthic

foraminifera in Core 1415, Faunal abundance,
diversity, dominance, and similarity obtained with
the same methods as in Core 1703, Zonation based on
the distinct occurrence of few benthic species.
Note the absence of planktonic foraminifera, and
faunal breaks.
content in the upper part of the core,

Note also the decrease of sand
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1113 8] 71 Aol A ol 2,3 Zone c ZA N. polymorphinoides, Nonion

nicobarense 7t vl|A Wow , Buccella frigida & v]lz 3 ooyl B, fri-

gida +

1415 o 4 9} P}a7} A2 Zone ¢ o FRo] AA ok

35 ~40cmol | 67.9%v 4FH 2 olAE 5.3%2 Az o4

AlE 15 ~20cmofl A A,

inflatas} Wl mA F743| wold o Mol A Zone a9l TFHo] =tk  Zone
c 9 astololz 35~40cme} 15 ~20ceme] AN FTETFA7E] 24o| ugks

O Depthicm) Core 1113
) .0
Foraminiferai B Sand content (%)
frequency —-20.0
° % A ° Nouria polymorphinoides
<30% G ] ] 0 Buccella frigida
° a HNonion nicobarense
d U . , ° Elphidiwn etigoense
30-50% ° [ ° Ammonia inflata
] %] [ 8 . Ammonia beccarit
] ° ° ° ] Bulimina exilie
5.1 -100% ° . ° ] Elphidiwn somaense
° ° o . I | ¥onion asanoi
Uvigerina akitaensis
10.1-20.0% ] Bulimina marginata
7 16.6 16.5 Reophax excentricus
Z N F.N. Div. Domi%) Sim(%)
20.1-40.0% |- —_— T AT ——T"Fs00 — 5 — 300
Z - Pt A e FAN t- 1,000— 10 — 400
40.1- 60.0% - Sl A N
7 - - I A L 15 — 500
//// _ -7 \\\ A ™
60.1-800% - . NS 20 — 800
7/ N4
e N/
- Vv —————————— 7.0
R4
T 80.0
b
Faunai c [0} Q Zonation
break i
Fig. 23. Frequency distribution of selected taxa of benthic

foraminifera in Core 1113. Faunal abundance, diversity,
dominance, and similarity obtained with the same methods

as in Core 1703. Zonation based on the distinct occurrence

of few benthic species. Note the absence of planktonic
foraminifera. Note also the decrease of sand content,
and faunal breaks in the upper part of the core.
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A WSk Zone bo EA\7 AbSeht FAd A4 gelA 4

A

fr

Ec
#}
A3 e ot, 111304 & 250 vl AA AFHJow, = 7o~

2 14150]A= Zone collA E.etigoense 7t o] a3, 7 $ollA

80cmoll A wlwA ol AFH WA 2 felAe A v AeE Hol o 13

a 3 o o
© o )
1 i N N g;}mn {cm)  Core 0813
— 20.0
F - - Sand content(%)
oraminieferai L L 400
frequency L N
3 609
° [ Elphidium etigoenss
Buccella frigida
° [] L4 0 ° Ammonia beccarii
<3.0% ] ° ° o | Elphidium subgranulosum
{ o o Elphidium somaenne
. ] [ ° Youria polymorphinoidss
30-50% Cribrononion subincertum
hd ° ° ° Pseudoeponides japonicus
] s o ° o ° . ] o o| Bulimina marginata
51-100% o o [] [] ] Bultmina exilis
° ° ° 3 . ° Buliming aculeata
° ° % ] Ammonia inflata
10.1-200% {° . ° Nonion asanoi
Nonton nicobarense
z ° . ® | Hansawaia nipponica
° ° ZEpistominella naraensis
201-400% ° Reophaz excentricus
VA ° ° ® | Bulimina exilie temuata
40.1-60.0% ° o] Reophaz sp. A
" ] Fiphidium subareticun
VA hd Gyroidina nipponica
F.N. Div. Domi{%) Sim{%)
60.1-80.0% EN. Div. Domi{%) Simi%!
—~ 500 —5 200
1,000 —10 —— 30.0
1,500 — |5 —— 400
20 — 500
25 —— 600
n
Faunal ! 200
break L
¢ ) Q Zonation
H

Fig. 24. Frequency distribution of selected taxa of benthic
foraminifera in Core 0813. Faunal abundance,
diversity, dominance, and similarity obtained
with the same methods as in Core 1703, Zonation
based on the distinct occurrence of few benthic

species, Note the absence of planktonic foramini-
fera, Note also the decrease of sand content and
faunal breaks in the upper part of the core.
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dAE £& AL Xk (Fig.23). 11136l 65F0] 4o, dT
g AFA e A AL o A

0813 2] o}zl ¥le Zone c 2 B. frigida s} vl 3A o] Yecirt 2 Yol A
Aol 57l st 90 ~95emoll 4 Yt Ab2pzetE AolA Zone ¢ LROE
Ak o] Aget 2 Yo AE T0~T5emet % THoll 2 =po]7} U},
70~ 175 cmo]l A A8 Zone a2 A.inflatas} 43 ZFH3ctes  AHol A
1415, 11133 e A4S HoFh  90~95cme} 70 ~T75cmilolol4  Zone
be] ZA7t A&t EHelAE A.inflata & 55.2%% $ASH, 21 99
Zone aof| Bul £5, N.nicobarense, B.frigida, E. etigoense - ¢l
A 15 ~20cemol= 2 zo)sb M 71tk Fig. 24). 0813¢lA4E 96F0] 4=
Het

2% 25 #4% (Zonation) & 4-# (Zone) 5% #t (Correlation) 3t 7ol 9

Aol Gake wh ARYS0] dulHe o] Aol WL u]AE e vy Fe
Azbel A Aol AFE vlA @Bl Aoz 44" Ao dFel Adx
3AZAE] dulPe oo 22 HARE Ayl HE) Aoz Azw

c}.

3) R0 HERS( Geologic Age of the Cores)

o] dTellAE BdddY F4o] glglz =3 AFANE FHe] AT =t
gt AEFERER]L AR glold AAANS] FHe FHATARE Al A
FAA

Taira (1979, 1980a)o] oote tjel—8Fdx —dBadx = Kuroshio 2
o G 3ho 4 Holocene Sokol| * 4T 27} ah5old 4 9l Mk (Coral Reef
Sea Water ) "7} A& 384 TH Fd=HA ey o]F “#E(Trans-
gression) ” o2 FAFgP o, 7 slo]el= 6@ “¥gR ( Regression) ” 7}

At o] AFAdo] 29 AFAAANAE Hejx KigwolrlE s, Ku-
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Core depth (Cm} water depthim)

depth (Cm)

Core

00 100 200 300%

Planktonic Foram / Total (Benthic plus Planktonic) Forams (%)

Fig. 25.

Correlation between cores. Note the possibility
of using reductions of open sea influence as

datum planes for correlation. Note also the
absence of planktonic foraminifera in Cores 1415,
1113, and 0813 located under the sedimentation
regime of the Yellow River. Cores 1415, 1113, and
0813 are zoned by the distinct occurrence of few
benthic species. Note also the decrease of sand
content in the upper part of Cores 1415, 1113, and

0813 due to change of the mouth of the Yellow River
ig mid-19th century.
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roshio 8] &g Higkth= M-S w#slw Zone L Taira (1979) 2 T5of4]
A 7=, Zone I+ T3, Zone M2 T2, Zone N+ Tlof sislv. Zone A=
R 3,Zone B R2, Zone C& Rlo] dllgddctz = Taira (1979)
9] T49 R4 & TFEI HolA ATAHols FTFE vl A X3 Aoz A7y
o dAY A= FHI AA 2 AR ke webA o] AT Zone
I3 A: ##i(Late) Holocene, Zone I[ollA I7tx]= i (Middle)
Holocene, Zone C ¢ V= ##i (Early) Holoceneo] alldslcty o] X},
AA d+d AF4Ae BHEAEL mudsl Al m bl vlad AL kN
B BBRETIAA 48 + Ao M &A%Y, 247708 5429 A
A A Holocene o2 A ztglct  Zone ]y} AE Holocene HAZZ 4
7tsle Zone II, B, II= Holocene o2 Aztgct ksl oaie]  dio)
F2lo] Zol =X Zone B oobrirto] &, 17'03, 1402, 606 ol 4] = 18100 4] %
o} o1& Ty, e ddko] e AW Bl0oA e 9 FEsicts do B
bd Aoz Azs7] af Folck, Zone CE A
F4 1703 2+ 1402 o) A} vpEfU L, o] &= 17030 A= BY ok o Faisichan 4z
et 3 Zone CollA & 550 AEHo] dFxYo] 7| Fol =2 A

g AAHA e

o

7t & event & YF ik A2

4 . Heibige| w15 (Paleocenvironments of the Study Area)

1) #¥pe ( Paleoceanography )

Al &4 1703 9] A%, Zone N7} E&" = A, &, Early Holocene & i
Bol = s dFol Ao, AAFEEFS Aol viny Roe Hez ¥
o #HL AAFEFY Aol wimd Fx Gt Zone C HAAZE

w o}, Middle Holoceneql [[¢ ElAA72 7l 4L 243  Folxi4
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wto Zo|l wa A AA5A =l  Zone Bol4 Late Holoceneg] Zone A
2 AR 2 Fe 3 ASEot, Zone [olAE 7t dug il ®
ol A o}A] 3 HEdch 14029 A%, Zone Vo HAA & vlzd FL
4ol o], Zone CollA] Mog sldAE =z 4L A9 Wsalxl ¢otet B
ol A= chaFido] Falo] oA Fx e malFHAE AASH el AR
Ztd e A detgel  TelA e 9 e A AdTE Flo] HWotd
A, dAlet e #Fo] HAok  Edol AMAsE FHo] e A& winnowing
of 28 &£z AztEct, 17030 4= Zone C7}, 140204 Zone B}
thefgo] FFo] F22 o] AAolA FHG WEESd AA gtz Helxel 1703
o, Mo} FEo x5t Bk Zola], 1402 B} A J3ke wke oz Alzbgch
o o] x2jL, 14027} 1703 ol 4 Hret o) & HEVL 239 o} (Yoo, 1986).
oldA AAA ol whel, ol whet, s Aol ML o A HigH
2 A} 4549 42 E o WEE f@doz Yzgch 60604 E Zone [
g Aol A "ol ol BAA], 4EHE AAFTET dFdel AntHo=
sopalctz A Hokd, FEFAARHE L AL vhubxln lckz Holof g

1402 o 4= Zone A7} wlwy Fokout 606 o A& 2 wiHl - i3 AR o] ¥
stz 424" geod, A89 AAMAE FAJ ozt A= 17039 A

£, 266 ~270cm E 155~160 om 5 FR-F+3535F 4tZo] HFHo| Fojr & ol

lo
r>~
rf
£
Sl

XN BBRERTE0] Fao] Lot Quinqueloculina lamarckiona 2
ol dl, Greiner (1974) ol wWZw, o] =& 4#e] FFo] Hox=HA w4
o] o] &rl5Ao] Folxl Q./lamarckiana® AAd FL& FHAo] =5y =@
Ao Aztdel  ubw Yo o] AF s e flF TH FUksle Ao
2 Hob4 Ehide]

T

o

Iy

AT E FolA Hog MzE 35 ~40cemol B
Q. lamarckianav= AE4e2 Hob ubg A7 49s] e Aoz 44"

o, 14029 7§, 1703cf A} 2he ojale] o Fas =714 FE57e vla

o0k
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A TAAQ Al 2] FES A 10~15emo] Tr1A fFFo] F7HFL

1703 &) 35 ~40cmo A} wparbA 2 Subgd AA 7 A28 Q7] @2l A

o2 A7t 6062 IEol4 BHE (agglutinated) 5% F38

A Ag Hob ehabdge o] &rb5Ae]l Filo] Foxl dUddH oz HY
1810 o] 79, A7d AFA 7w 7 choFsie], webd A fF5 446l 7}

=z}

o °

Py
30

on HAHUY #AoE AAH  Zone MelA [2 suA Az,
by, SHES A wslgeh dde dEe ved Sshon A 32
@4 Foo] AolAth  Zone B hE ARAeld Mrt g TR of ATARY

o, 7 el , & Sale FRe ALH o2 To| Wyl AL Aez Az

oX

o} ( Kim, 1970 ; Kim et al., $970 ; Niino and Emery, 1961), 1108 9]
3%, Zone [[ellA &Ael o] 2rl7tx] chfAe A% PolxA, FAHo] A%
whA g whed sz gleh AFA 606 % e WYL HAFu, o) o]F 24
FAol vlmA HFH AAHA, el Fdo] Hojxx, Hbw] pEkS] o Fo
AN fr55 AASA]l vl Yuztz Uyl = Fojch, A4 18109 A
%08 A9t shaldgo o] &rbs4o] =oko}, 11082 Tme) A &b vk st
A2, B oA = F35] Hobx ol

1415, 1113 % 08139 7%, 7% Al FA Aol dutq o2 Hol chok

Y

Jo] wrobd A4 $Ael £x erout, AAME Y AL Aubd o2 ol
= 9leh 14158 11130]4 % Zone c o HA7| kol w4l o] L7540l
otort, Zone a9 HAA 7ol EolHrirt Euel A Falo] bt
08139 7% Zone c9 EHAAr|:= 1415, 11133 722 #H3FES Ho|}, Fwniof
A 253 2ebd Hg Fobdh

oo Wiko] F W, AARTE0] v mA SEEtE AL AAAH] Ev
W Folnl, o] = HiSo] 1 kifle] Bl WE Aoz At 3 sl

A FlalA £REde] Ay, el EEBE ( Transparency) /b Fol4 &



229 wolsl HE 424 22T wEH Hol Bl HE Aoz 4F

"ct, Al Kuroshioy #EgEfel wou, ¥ 7heddA=E vlady $7]

Hu

o] Aoz AR (HAFY], 1986) . 1810, 1703014 1108, 606 o2 Zt
FE, H{aFFY Ao AolAm, AARTEY GFAel Rl AL 9
o] of gko] Aol x|z BEKS FFo] A WHEQd Ao A= (Kim, 1970
; Kim et al.,- 1970 ). AA 1415, 1113, 08132 A% o F5 A 244
B BHREFEe] gl e de] 4 oz glv AL ulsid, ol 4
2450 FW 5o BAS F%e ol AL Aoz WelAh FAHFA
W 25 Fete G837 Lo ¥, EfEAe] Bxm, Wy, F3EAYd=
Fo 7o opch =y, 1415, 1113, B3 sl Fo] gloANE,

$E2FAAB4 e e Aol A, Ao RE £ s, Al FoA
Yol AL, Beflrh At &7l A mud 7F S48 Aoz wHHA A
AGTEAA A ] Yo7l w9l Ao E A4 o]g Eeljol4 Hripe

o

Fol Hew Azse, 2 9o ohE

ANEA 14028 A9 stnE RE AZEAdA 44 #EELEA (Bioturbation)
o]l AdlA, oleld &L st KLY, S €9 £EH(Polychaeta), &
g %% ( Mol lusca ) , B#JE (Crustacea) , BES# ( Echinodermata) 52
AAe Fe ol 7S (Liu et al., 1983). ukd 140204 A
24 ANE ShA YE ZFBo| Hikwwel ST vl ol & ol AEY A4l
2 gAs 29 £ el Aot douty] HEl Aoz YA (Fig.
D.

1810 o] 1703 Ht} FZo] 9 Asle] sl dAsideovt, A AF, &
o ke 1703 o4 B} A om, o] Kuroshio Currentels] udolzl <jar}
g FAde] B, ZF #eaFon Fey] WEe Aoz AzwEd  HAY 4

D
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fAFEE kAR Holm b ( Fig. 2).

4
bt

Waller and Polski (1959)¢] 3t o 7x9-& %33} B #g#ol 4] Tong-
king #7lx o] XEEMEHEAEFA T, Ffo] 27%0l3] H ol Fi+
%9 AZol gt olel W&o, A4 1415, 1113 3 0813 9 A9 HE
4 (Paleosalinity ) o] 27%0[3td 7FeAE ek, #HA AFAAY  Ho]
2T%h B ote FEE, 55, i dFxdo] e AL wesiw ( Fig.
4), 3A AFAAdHAE 2 X dAEG o %S HAeg Yz

2) #E#E1E ( Depositional Environments )

1703 & Zone Vo4l CE 7t A 337 G7F Ao A, olA olofr|gt 2
TAAl A7l s, HAHEAE AAGew defxe (Fig. 17). 2 f&%
< A9 dAsieh 14029 A VoA EedZ st 10~ 15em7tx] A9 A A3}
U, el A AZ3 606 4= Zone MolA I7bx 2 wslglch (Figs.
18,19). 17033 1402% A 2N WS ESof, Zafr} diebs] A ( 0.0 ~
4.0%), 1703-¢ 14020 sl HE (clay) 7} o Sholy, 2454 =%,
KIBH) energy 7b A XollAl E A=Y on, 17032 © L Kol & A
Ak oleld HAe, o] Ado] mude] HA Hgst HARA, ATHE A
FA HAZEEE A HALSE el Frk (Lee, 1986). A= dute
o EwEEEY KEEASY BE (Turbidity) 7} o, AFA49 A4S
of fiKIHHE] AAE o] Kol Weol EA = ctw 4 zbgich(Yoo, 1986). wiwd, 606

e

< Zone [[oll 4] B & 743 & Eeaf7b vlzd Bhou 2 AF-FelMdE Zerizt
ol & AAstze AT Fol4 B (dynamic) EHAH37o] wimd sl ek =
Ay ZHdstzte] Zone ToflAl& tial Alelzct(Fig.7). Zone A,B,C & 7
Al FEeola A8 1AAEEN FA9 @HF HsbE 27 o9y, Zone Mo 11
= 170304 14022 Zo| whap gfobxl= Z o] Urt( Fig.25). Lee(1986)
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of olshel $ITold F2H = BttHEpEY vind Be Fol, AF4 6069
wp oA 2ok, 606l FA=ch 606, 1703 2 1402¢l& silt 2719
4850 zf9l gxol B ( resuspension) sz EA g

1810 9] 2% MASE FddAE vlxd Gopxvt 7lAclA Eeiutg ol
AR = A Walsh gleh, Bl ke AL 20% ol dogAM, BAl HEMR
igo) Ak, 11089 A%, Fadelld FTFANFE FoHdch Zone T R A HA
NEke Belsb 25 BHER M, 2 ol RelHdE 65%2 Frkstchsh Ewdvh
Aolel A <zt Holxlek Edst grkEs Hel4dE 11080 1810 B, B

2

9lch 18102 11089 Ewel4 &3

2
ajo
wlo
N

AH 5ot ZoAstE A4S #REe 2oz 2+ dou, 1089 Zone To] 1810
o AR FAThe ATE AuEd ok ¥4 oleblfRel AF4% E
].

oA gotel A to] ¥ FEEMAFI HA A RAS AL FE A A

Sl

1415, 1113 2 0813 o4l SZENAGE A Hekx dedh 22y 2o
o] ko Eusjzbolol A 3 AFA EFUL FHo] Mol EHAGHl Eok B
(calm) o2 wAASS & 4 ok oled FA o wWste HFS Wl HE
o AUt Holxch  AA HEHE 18554 N7 &, d7A9e  dkEF
A FEoZ 7h- oA wHEI o 2 Hte A wWod  WREERES
2 WA=k (Qin and Li, 1983) . =2k ulR 7ol "l 4l 3 AF4
o} emEmime] A9 Byl Foldlou, = LgdlE Asut=deke #=et @
shebe EmmRRE Suke silt 2 FE T MapEe) HAHAY Aol
etz AzbEich  AFAdlA HFES WES v glod, BFImOS T ST
KBEffol A =Aa wlol o3ty 1ol 0.33~0.86cmAzo] 22 ( Zou and Yu,

l

1985), o] zt2 1004l 33 ~ 86cmojth, HFILH Mol A "ol SAAE

g4 g0 4 0.3mz dF=ch( DeMaster et al., 1985). dAFA9L o

(
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2des o] e Y&3tdd, Ralst Falo] Helxe -‘?—%ol- 1415, 1113, 0813
oA 2z B ozX¥ 30,50, 135~140cmProl2Z, 18551 o]F, 1938
~47Tde A 12097 SAsAc e 44 & A+ 1415, 1113 2
0813 ] Zone a9 EHE9 ZUAE #wpSol Mielxz, b EEU 1415
ol 4 7} BZql 08136 o2 AR FAYAGE A, HAY A F, st
»8¥ o ZYUA = FshE s °§2}7J§P€le ool HE

(¢3

274 5

ﬂl

s mude 9= 3sto]t} ( DeMaster et al ., 1985). =Zol4 F
Zs5)1= HA LY 40%E @0 2 FHAES FHAHz, Feided e SHE7HA
ks, B HEo Hfso YEoz SuiFE Ao o-FHIos Milli-
man et al., 1985b), AT ol 4 vlmd Hete A4S AAsa A7
Qe 79 glozlet AzElch A Chin(1979) ¢ 23t FAZNA F2
9 HA2Ee oY dZos fuHd, dFHYE TH, AFE GEAE

Fslol A frefdt B A go] A=z ok (Milliman et al,, 1985b ; Stern-
berg et al., 1985). Li et al. (1984)o] o3twi Hme} BT HEY
7o TEMRKE HEABEC & H+/B (Loess) 2 Al 7o HFd4z4s
v s2stch. Zone c 9 HAEL stz FubE A= ok 4zhgch 118%
w sb7ko]l 30emiE R oko], A ovwt Aol AE st AR 2

2ok, Lee(1986) & &I dAcks: A3t AFAGo| A9 A3 AT HESN B
L BB olfo] silt s} S48 LES HXH o2 B3 A o2 (prograding)
Mo, HES W %—Er% ol A Zlgste, ol &= Emo WmEHE = =
1UE A2 A+l

[o]

X

32
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3) HEES] 81t ( Paleoenvironmental Changes of the Study Area)
(1) #8224 ( Early Holocene)

Zone V7} H A5 27| HoloceneH9te] o ¥xo (1703 2 1402) & AA
B, FAR e o @3 vioke) Jstel ddeh MYEol Fuw A
olets AolA, Hojm AF4 17033 14029 53 #F2 =283 Zolglch
(Fig.26).

Zone V% B oahe] ool Fol 5w dFALL G Kuroshio
o gFdel4 Kuroshioo sze osislqietw Az=ch =2¥oels Zone

oA #RFEFel 429 AFAG Yol Aol Y-S HAla} o

Broke w2 g £29 @A0AY, obdul dAsh usAd A
o2 4z 1703l 4 Zone €S9} 2§

N,

oj

lo
U
o

. of
og

1>

2,

rir

olf

z %odch.  Zone C7} QA £ 34 1703, 1402 9]
T2 silte} AE 5 AP Aol AU ( Fig. 27).
(2) $#iE 24 (Middle Holocene)

Zone [olA T 7x2] B H 717}l s Holocene F9ko] Fxdo Hidsg
< Aise] ¥ 2 EFHBES ool AMEogE o oES & okl Ao}
A4, Kuroshio® Ao 288 7,000 3ol Mo &5 Fol AR} 3
9 8TAHAE, HT6C A=rt of EUkSol <A A} (Taira, 1975a). b
Aokt 2 A F52 dFol4dx F7] Holocene Fotol = F20] &9} v) £
AV, %7k o E9%So] g 9} (Wang et al., 1985b : Wang et al.,
1986). H#g2E w3 #EBH(Tsushima Warm Current ) 7} < 8 000 I A BE] &
d 27 AFA e, AHLES} T~8C HE7 43 A5t (Arai et al.

1981 ; Oba, 1983). o|# A HoloceneZStoll Kiflo] A Hcl FFo] Fo}

N
L

1 WAL Climatic Optimumolzh 3o, o] VA& ke 2%, Fals)A,

A5 ~A A woll 4= 17,000 ~ 15,000 B AR Al Zs]o] FigE A wos &



Fig. 26.

Early Holocene o“'
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Paleoenvironmental map of the study area

of Zone IV during the Early Holocene.



Early Holocene
' /510
(Zone C) WL
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NN (or as present?‘
slight influence from
the open sea and
weak flow regime

Fig. 27. Paleoenvironmental map of the study area of Zone
C during the Early Holocene. Note that prevailing
water is of a little higher salinity and tempe-
rature than present (or as present),



B, ZUE S AS A Fo2RE 7,000~5,000d70] =i o]
213 @okfERl (Deglaciation) & od%xql Aol opold wlAoke] A% 2~
33|19 oAl ( 14~12Ka B.P., 10~9Ka B.P., 8~6 KaB.P.) 7k 9loo, §
BFel A% EFASA dgol ¢eld ok (Fairbridge, 1972, 1982 ;
Kerr, 1983a ; Ruddiman and MclIntyre, 1981 ; Ruddiman and Duple-
ssy, 1985 ; Mix and Ruddiman, 1985).

1703, 1402 o] A3 283 on, 78} A4 Z, 1810, 1108 © 606
o HH484e 2ot Bgolglch( Fig.28). ale dato] Zojzt Aoz A
7t5] = Zone B9 A A= middle Middle Holocene o 2 A ZAEe, o]
YA o2& KWESHFH 2ol HEE Hps#Eme 5o Kuroshiol i
patterno] J &g F o2 A4Z4gc}( Taira, 1979, 1980a). =2y =
AEE ojelstetn wofzg,

(3) ##IZT =24l ( Late Holocene )

] Holoceneo] Zums FHREZS 9dt dFxdxH o] Aske =
Aol dFe Fylol Fo 7 APt oW Climatic Optimum o] L}
A Ao e A Wty vizelgiokm 44dT. KBS Folxy, E@4
E Robon, A4RE5e Ao Fx ke o] HAD  AMme o x
Tl o SO 1703, 18109ell & Ao gojxich 17033 14029
HARZ L AE 2890}, 6069 HARHL Zone o 278} o Byl
#F o2 =gl 1810, 1108 B &agel Aol A<Lxdct  —ejib 1108
o #7Ho] 18109 zAl2et o Bgyoz =ik 1415, 1113 2 0813 % Zone

O

bel BA77HEde] n#F e FEFANNE AL Guton a9 dde A

AT 081304 o whelx] Ao Mzmlch (Fig.29). oldA #iEad

(Late Holocene Yo Sojobq oA Tl ol AA Slale] o gro] Faio] =



Fig. 28.

Middle Holocene
(Zones M ,B,ond 1)

ot
%® N.C. Not cored

A% hormal marine ,
NSNS 1
A7 influenced from the

open seq

strong flow regime
relatively strong flow regime
: weak flow regime

Paleocenvironmental map of the study area of Zones
111, B, and II during the Middle Holocene,

Note that prevailing water is normal marine and
warmer than present, showing the influence from
open sea, the Paleo-Kuroshio Current,

the
during the Climatic Optimum,
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)
o“é)

Late Holocene A
0
(Zones A and I 4 3 y
or N
{c,b,and a) s

influenced
from
the Yeilow

S

m hyposaline

A influenced from
v the open sea

strong flow regime
‘:’ weak flow regime

Fig. 29. Paleoenvironmental map of the study area of Zones
A and I, or ¢, b, and a during the Late Holocene,
Note the change of flow regime in the upper part of
Cores 1415, 1113, and 0813 due to change of the
mouth of the Yellow River in mid-19th century.

Note also the prevailing water is hyposaline as
present during the period of deposition of uppermost

deposits in the study area. Influence from the open
sea is noted only at Cores 1402 and 606,
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o0 AL, ATHAMA HeEas KRETEAEA Ao Pojzich 4,000 A ol 4
1,500 3374219 HA& &49 2715+ A 2ok o A4 (cooler) g om (Pe-
arson, 1977), <2y A% BER (cool-moist )T Aoz A=
o (RE ¥, 1971).

Wang et al., (1985b) & FXHWFEH 8 o Zrl7x HTHEAL
ol A2 AZEA oA :3HdF2, Early Pleistocene o4 Late Holocene
A E &AKS #¥M (maximum marineness ) & W& 5@ AP (Tr-
ansgression) 2 #HJ gt 25 Hu=Z S, o] 4+ Zone V¥ CE
%7] Holocene® Ammonia 332 %7l 3ld2 Aoz wojxct Wang

et al, (1985b, Table 3 )o] 23l =z =2 dH2 “¥Kk(brackish) ”

>

ol Aoz ATl o Aoty oz oE ez ARl x7] Holocene
o] Fuwl A i Holoceneo@ HolEwA Zone MMo] 9fafio] Faldt Js
Wiot o] Zone BolAE k7h E4-59lovt Zone IollA: oha] T3l ool
o g wromA EHEQ oo, o] & A 4g Fo] o siAre] At A %7 F

A9l Middle Ammonia 3| &) 3)et=lc}, Late Holocene o2 S o

r[o

A dAe 2o vimAd G @EH kil B4 Zone A%t Io] HAx
dou], o] Late Ammonia 3| Ao sd=lct 1703, 1402, 606 3 1810 2

ok

1108 5ol A& sis ol dgFo] Flo] Holzlet 1415, 1113 3 0813 el 9
o] FFe Hsl gled, o Holl HHg Zone c,b,axs FA3 FE o FH
sol 4] gA® 2o A=t 53] Zone a: 1947 FgolF Ky

b a
Aol WHE oF ol F HAH oz welxd  Fig. 302 AFAde] n@A
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4) WAKEN HHEMHES (L ( Changes of Sea-Level and Paleoclimates)

(1) ®Kk®ES H5%5 (Change of Sea- Level)

Pleistocene Kol ofx] =t kX KFM7F Fel7bed WAELS A5stz] A%
Aot dFHds d4e BE 272 dhEg stuE dgHe] Asstw A
2539 side] =HejA, FAAdE A HdEt F¢dAo] gl vk Shepard
Curve of 7}, ot stute 45t AFRoHE 5~6,000 4 Fej= A
Aol e EetE FUdH Aol AUtk Fairbridge Curve o ol o},

2l vet Eigel 74§, Holoceneol Eol4 3ldo] Alztsle], Hx24E 8,000
HARE 4,800 AR oid HF l6mAE JE5Pond, 2 FEEHE 0.4
mP L2 45 Aog A= o ( Park, 1969 ; Park and Bloom, 1984
; Bloom and Park, 1985) , 4<5717k53t dA 2o} sfwdo] E9iedxs £
btz A dEo] MY ARG H%SS YA FE ATER Q)
ot ( Kim, 1973 ; F#sk %, 1977 ; F4 2 &%, 1985). '

ol 4 odFoll o}3tw, Holocene 5oboll #i¥#( Gao and Li, 1985),

rlr

®#us ( Liu, 1984 ; Geng, 1982 ; Zhao et al., 1982) oA @
dArde] AAEcks ¥ Eo AT 2~4mAxoln ( Zhao et al.,

1982 ; Gao and Li, 1985 ; Geng, 1982), opysd Eqichy Azsls 27

o 9 A9E ek (Liu, 1984). HAclAE @Auch sl Eorel Aol
2t ( Taira, 1979, 1980b ; Pearson, 1977).

C
A HEL AAAS, AFLE, ATHRY BRI, AF, +F, A4,

24, 8% 5o ¢ Aok (Mdrner, 1976, 1983). o5 Sul, Yol4
ojok7lgt Taira(1975a)9 oF, ZF, 7,000 ~ 5,000 d A 7= = Kuroshio 9
KiEio] HA R Fdo] Eokool, B9 22°~35°F AR Ao AL A
2 Fol o g el guldel 45L ool S Uk [ dihE— IR
AARFEZE ST obdlot 52 kFHM (plate) o #HFejol  Philippine
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itk — B AsAR o] AAE =2l Pleistocene kK#fi— Holocene 59kl F3}2| 9]
KIES KRBETRE 2L HERHAL BERAY HES BSAMd 710 KFEMK
9o $=o2 455 gt} (Taira, 1975b, 1980 a, b,c, 1981, 1982,

1983 ; Pirazzoli 1978). el =¥ ¥#us 2L H#sMolA 23z Holocene®
o] wRELL BEMEH AAMENE alslert 7 Bebs XA
7l &4 Eol W2 ik (Deglaciation) g Ato] Hep & &g £ A2 A
Zte ek, fEivebsh Aol Hldtd o wEstohn Ay, it —gEe] 9
F AAHEE A7 E E3ste felvetds 4 Fovz 44

dornz, fFHHETY FAE A L4 FHob-B I8t g (Flint, 1976).

5 59, BHEIL=AWMAAL AFAd ol oshad, A= Ml ol 4435k
REH, AFAd A ol dAse vl (E#fE, 1973), olv AAY A F
Az HAYe, Yolrbde 34 sigFdz 4748 & 2o gl

£3] dedel %W FAZ WA F e Ald 2A ¢4 sHE =
terrace Y} ridge 5-2 &F ( storm surge Do A% #d F+ ot A

A8 z#HalA (Shepard et al., 1967), Hc} A FA, o

rufy
wjn
rﬂ
ro
ox

3} x| oA 47t B4 raised beach 59 Ao %Q'&}D}(Bloom and
Park, 1985). siswe Aolel §7u A7 Ze WA i, 44+
evbebze] memmm o2 WA ZEd FolAr 12,000delyske AW
o2 AFe] B A7pelA wEke A §riv A7, side Adasoldt - st
7} 5e Terls 4 Ros, webd oogel By oFsh mosithm  ul
22

(2) B JAOKMH 59k HZeHiK (Study Area at the Last Glacial

rlr

Maximum)
ol et &K Bt AFAGL, FAVAE Edske] fmkmEel AAEco

130 mA = o F A7 wFEo] AAukctow, AFE FFFO] WET



o] ¢¢ich( Emery et al,, 1971 ; Kaizuka et al.,, 1977 ; Thompson and
Shackleton, 1980 ; Geng, 1982 ; Zhao, 1982 ; Suk, 1986a ; ¥r&ok -
o] Z4], 1986). o] B4 FHE FYse HW, &%, ¥4 5L +Yut
Sl A, dE £ BRI 2e (s, 1973), vlay saist AA
o x2d FEIEE web Eo, %9 35°507, 59 124°20°9) A3y 813 %
Zoll 4 el FwmolAd Hd e g wAet i FmitrmeR IEd HE
¥ % ( Paleo-Yellow Sea Valley )& &8 AFE 5%& Ay vz i
A=At HEA ( Paleo-Yellow River )E s A7 vtz 475,
webd] Ao EEEARE LHEILT 1947 Fdoldel Fslslt2 o
s]e], o] HEAE #HEEF (Paleo -Eastern Yellow River )zt H3ch ik
Zo| Fetms2E WHPLE FZIAE A BEBS A4 AN WoE o
A=), o] HEME #itH M ( Paleo -Northern Yellow River )2} g},

&I ( Paleo -Han River )l A%, Wl 2 @wd w2r $5839
o] B (BHEHFATF4, 1981) o2 s W), wF2E 24r FEH)
Zror TEEAZ AT FEES 49 72 A2 2, 5=
ol {)ilatol o] 72 AAHGY Ao At HELE G452
2]4], & #i[ (Paleo -Keum River) & A %o 2 F2A, Zz &L, &M
of =2k #Y 47} ( Paleo -Yongsan River )& ®lwd H4 ¥
A AFE BAZ4 FRIAAS, AF4H 11082 HEREMaA A e
2 Az, 08133 34, o] ATl A7 sl 649 AFdEH}E OE
SAolglck A5 08133 1108 & Ao AFAEL sl wopel =
gt &5 A= Aoz ez, 2y 312 ABFH(1963), REBS
AEHFET (1982, 1986) o ch#EARMFME +EFEE (Academia Sinica)
BREER £ 1 aEEardy, 1984y e #HegnesEs dzstd 2=
AFAd e vkl et BAKAH S e i ( Paleogeographic map) ot} o]

k3
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Fig.,

31,

late Late Pleistocene
The Last Glacial
Maximum

Paleogeography of the study area at the Last
Glacial Maximum. Paleochannels based on the
submarine topographical maps published by the
Hydrographical 0ffice(1963), the Korea Institute
of Energy arid Resources(1982, 1986), Academia
Sinica(1984), and unpublished cruise data of the
KORDI. Note the presence of two Paleo-Yellow
Rivers; the Paleo-Eastern Yellow River and the
Paleo-Northern Yellow River, developed towards
the northern Jiangsu Plain, and the Bohai Sea to
the northern Shantung Peninsula, respectively.
The submerged area is found only in the northea-
stern side of Cheju Island. It was assumed that
the sea-level was 130m below present.



A= o]l HAEch 130mY & dgdd Aoz sHPot 80~8m HT
oteis 723 (CLIMAP Project Members, 1976 ; Clark et al,, 1978
; Clark and Lingle, 1979 ; Suk, 1986b)% ol83lchd of Fxd9 Fopg
5 HEA, HEIL, HeL 5ol ¥Rl BF o EHie HEBEANL Hx
e L HAE Mov, Fu & vietE Hotok ek, 23 31ei49 FA&
Holocene A && ZHojl A, obAl sled, dA=je] x| Fopd, 18,000 349
TS EENA HA)S 2ok sk, Holocene 5|92 ojFs} HEmoz
A71E sht (LBER %, 1981 ; Werner et al,, 1984), dFxd o] o
HAe =57 glolA, "o ARG 2HhG wHeby ol dFUE P
of wt =" 4 ok
(3) HEES #{c ( Change of Paleoclimates)

F#< RE (Atmosphere ) , X¥% (Ocean), XEH ( Cryosphere), AH
B (Lithosphere) % #A#( Biomass) 9| FHEQl fEAKLHRE ot &5k o
Hale RERH 2 29 A= A4, F, KBS 54, A5 Hsl, HlE
B, iU T, KBS HE2= wmifk ¥ AR Wsh 9 ukabx (albedo ) F
of Z&gtct, o] ol o] k|l MM ¥ Ky ERo| 283t ( Van
den Heuvel and Buurman, 1974 ; Kutzbach, 1976 ; Habicht, 1979),

715E vlx2d B AZRAAE FA43] Hitz Uk, ¢dE Fd, uF Co-
lumbia % £#52] Lamont -Doherty Geological Observatoryo] EHE %
T 19713 B WEE , MERMEES, HHE, ks yE, RRE, HRLE, BE
5 ookl el A e HErbEe] oA HwA AUl AA  HEK
( Paleoclimate ) & 943 CLIMAP(Climate : Long -Range Investiga-
tion Mapping and Predictions ) Project Members (1976 ) 2] ¢ 7o 2
3], AFx9 S Z3E FHE —Malay vl —ol % 5x|= %] Pleistocene & v}

At AW ErlE s A Fol ¥A43 20, gtz Savannah ¥



Ax2% ok 35t 2 e §99 FFEEE Loess, Steppe,
W (semi desert)ojgloni, o 8ol AzYch, 71 A4 8 5
A Z12AS e Aok @R JFE dAd Azsly, 3, 2o &
Bt RS A o2 AZAs=lc} ( Pearson, 1977 ; Bloom and Park, 1985),

£
Hu
rlo
f

Bheh= MR ( polar front)o] ETFaos Subpolar water mass 9} tran-
sitional water mass z4% Aeoldch LETsl Yarc Fgoo
o] Oyashio Current ( @# ) ¢ Kuroshio Current Alole] Ao A H
AYorl, REAANZ AL A2 Y28k Kuroshio® EFal ik
#H#I ( North Equatorial Current) 7} wgl st zde] 8 A9 dFuLe
Al 2 Ee 2CHEA Wokon, o] ol E9 30°0]Eoz  Salviy

rlr

A HE A4 8 CHE7} = oF Moore et al., 1980 ; CLIMAP 'Project Members,
1981). o] of flql& XBES] K417 (albedo)o] sake] 2Kt} I | 5e] oz kil
T Ack( Gates, 1976 ; Manabe and Hahn, 1977 ; Williams, 1978).
Aol = S KBk ( evapotranspiration ). 7| Zo] 2 odshs Zo}
(Shukla and Mintz, 1982).

27132 w3, &3 #ui ( Quaternary Period) 9l Pleistocene ~Holo-
cene &ote] WstE o fqlel oesixE AEsElch 2 Fold, FHELF
93,000 £FQl MuERAELES] w8t (H0E ; Eccentricity ) , Z85AIE 7+ 41,000
Fol, B5 23.5° 2 exolonvt, 22.1°604 24.5°71x] wWIls IR REE
o AHE@EZES] fAEQl FEMAR (Obliquity ), FHEMSL 21,000 49  HEkE
BEho| 2EH ( Precession) 5 WIRAMEES] Mslo] w2 eokol=
A% & (insolation) o H3to} ol B £ Z7 71 G383 8919 shtz 4
ZEch o] ®E Yugoslavia o BEE Milutin Milankovitch (1879 ~ 1958 )
7 19205 R o]u] AH =2 A Ak, o] Fo] E9kth( Takayanagi, 1977). Mi-

lankovitch+= 1920, 30, 41 o)l ( Van den Heuvel and Buurman, 1974 ;



Bates and Jackson, 1980), o] S W=9ton, o] 204F/R HL Lfticrt
A Fo] gR= Yt & Power spectrum analysis & of 73 x]xt 500,000
R 715, HalFs) = 23,0004, 42,000 4E, 100,000 4g9] 3 @iz ==t
( Hays et al,, 1976). ®EEIES Barbados Aol A9 dwdwisledFx Mil-
ankovitch & =] x|&lc} ( Broecker et al,, 1968). Milankovitch &
#0% ( Quaternary Period) 2 gl opdg} it HEWR ( mid -Cretaceous)
A% gEE=lz ¢t ( Herbert and Fischer, 1986). &, w7139 ¥
sl A & AFEF Hstolddln KEEA wrM #ime] o F8se o
% en (Emiliani, 1978), KkIUES) 9 old =2+ KBtel AHES
#3lsp 71 3ol #AAGE A2 74wl (Kennett and Thunell, 1975 ;
Bray, 1977 ; Rampino et al,, 1979 ; Filohn, 1979 ; Taira, 1980a ;
Axelrod, 1981 ; Porter, 1981). 28, #IZolx A7 &5, & =hirl=
(CO,) 9 v 2 #Ho] B#E (deforestation) S5 7] ZHslo] 3t 29lo] =
7 9tk ( Revelle, 1982)., 7|39 WH3lE= ZHAHo 2= Milankovitche] X
B Aol Bl oA, JIFHsl o 80%F AHcd, AE AT
o) Abo] =z otk 19864 99U 6 U4 13 Urbx] EE Massachusetts F
Woods Holeol4] €38 - XxEEESHEESE (Second International  Con-
ference on Paleoceanography)eoll4, :7]329] W34 o] ojoprldt 34
el y1Zasle] Hal& ofF3¢ Spectral Mapping ( SPECMAP) group-$
ol;7= Brown kE#e John Imbrie w4 Milankovitch F7ldFo] =
AAS o] FY ok =z group 7% oAAR, AE W, A 15 WHEM
o] mEER Tl a ol FEM ( tropical monsoon) 9 AHHE AT
shol FATFEE ZA FAHA AA dgFolH AT AAZHEHE £ AF
Aol A BitA ( microfossil ), AW 23" Li, Sr,Mg,Cd,Na ¥ Ca
T gk FAEUs 2 ;K (O ) wm( C W) AR
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TE g IRt ( Geochemistry ) gy A Fof xS slm Qo in

M
it
o
_'

Kerr, 1986a, b ; Bryson and Swain, 1981 ; Pollard, 1982 ; Boyle and
Keigwin, 1982 ; Delaney et al,, 1985 ; Corliss et al., 1986 ).
A& Pleistocene ke whxl ab KAHIE Fejrtz, sh e A7) 1500104
400037k Al4= Little Ice Age = 28} 7} w3} 7]3olc} ( Denton and Kar-
len, 1973, 1977 ; Thompson et al., 1986). =a\} ARS#&EJEH (anth-
ropogenic ) 335 FAlgitie oF 4,000 ulx] F Fd Tl KA oA
g Tl Aoz dAgxm 9o ( Kukla, 1975 ; Hays et al., 1976). =
vk ol Bgelfz, Ad IAZ1EUlE S o 12en gtz 9
( Etkins and Epstein, 1982 ; Gornitz et al, 1982)., 1009} At o}

& A7l Salele A7Fe kel Hajol Fulst 1 A po ”, x|

THIL2EE [5~45CAR 22t HAog o &) KR e elalrbs3)
% 71245, oFol 9lout (Revelle, 1982 ; Kerr, 1986b, p.428),
HASH EY HEBGRI otz Hejxch( Delmas et al,, 1980 ; Neftel et

al., 1982 ; Shackleton et al., 1983 ; Kerr, 1983b, 1984). upel o
E7b 3~4Coh 2otk BEE WAl A oF T0emh 22 2 Aoldh  ofa
A Ak LAIZIEeke] Agol wishd JAyd Aot =hek olggt 7L
Aol Az, BolA S FEEEHES kK (West Antarctic Ice Sheet )o] =

o 45AEE S mobd Aoz dEgch o wmchel, AIME oA oy

5ol Fasi






VE @& =&

( Discussion )

o] dFolAe - ZF AAAd W FHG A At QoA sagel 9F
Het—FTEE—LdEI 5ol o AT ( Taira, 1979) o 2}#, Zone N
CE %7] Holocene o2 ZAAH oz AAYch 22 Zone Vo] =AAHA]
o 7b o] Hrop whebd %3] Pleistoceneo] & % glttz AJ7zgc, Wang
et al,, (1985b) 9] @ ATl 25k, 7] Pleistocene of4 Holocene
72 5Ee iAol Adgoer, R Pleistocene & Pseudorotalia 332
EEESS] ARG dX3 s FdAold e, ol o] 9+ Zone V& vl
3 S7olet Azgl ok wetd  Zone NE thi#l Pleistocene o Pseudorotalia
Aol el XA = dvtw FA=c 28 Wang et al,, (1985b)9] <o
+ Oba (1983) 9] A2} tlZr} Oba(1983, Fig.6 )l o3k, of+x
Aol = 6~20,000 FFi7tA = FF FUL Ao, THEES} FukxelA
Z5E BES A7 AFAG9E 2tk dRE AFE 9, SAUYEE A

o]
-3
t}, Wang et al., (1985b)ol| 25l Pseudorotalia A2 vl otol A

9] L2 A9 aAEHY F 6CAHE FUH A2 A7EHUG ol 9
3t UFo 93, & Paleo-Kuroshiog #9og Azsct( Wang et al.,,
1985b, p.278). Werner et al, (1984) oA+ o] A+ AF4 1703

of4] 2F Wolz Xo|A] AF4A C4, C50l4 Holoceneolesl| o] glxZq] =
i@ FT&BL 274 Eemian 3} Holsteinian Bik#i2 AAAoz Mzyct
E g 44 9, 259 dF& Oba(1983)9 o729} uldiet ol 2l
TAE do2o dA1E Fotd A" 7 doyt e

Zone I3 T AbololAl 4i#ge] od8ko] Zo]lz = Zone By} 1703, 1402, 606
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SolldE vy TR, el G P e 1810004 = o FRYo
(Fig.20). weta <oA= Zone M} IIE ZAe] event 2 Yo,
o]5& 1709 eventrs} H & don ZHA =chd, 7+ A2 2 AAY

£ oAl @ A 7slof dtoh ( Taira, 1979, Fig.3). $lolA dFst o7

ujru
N

AFA e AN TR} o] event FAE o= 3 %, ohly, BFs} 2
T o, 288 A¢ HAEY AAANE NEE A4S dodof Ak FE
of AT9 A AAHo| & shSAE AT F ok

Aol A o] okl Fo], A4 1415, 1113 2 08139 AY #gpkisyE = Zone
a7} 18554 A7 A FHE vk ol T HAE[T, 2 ol MKy Eo]
2 Wil SE=gvhe sid o] gl Mol ehel =, Fifl< f2ITHT 602 48] f2ontk 1194
W7x= dAle mgHeE E3en (Qin and Li, 1983, p.85), whzhy o
717kl = o) AFAA Al = Mk Ee] EA = goe et g A
7+, Zone ¢,b Y FAL 1194 do]F~ 1855 o] -l EA=H Ut FF
& g A gt o] FF7F Eokd, 9 3AFASY HAAYE 1194y o]
Zoln, ol Taira (1979) 9 &sl% Transgression 6 (XZo2Hg 2,000
~ 1,500 34 ) Bots Fops A Eol "Heh  olE olF 3AFAol el 99
S dbz 2 e Zone 19 ZIA R FHoke ouist "ok olH 3 FEE EA
# T e AYdAE 23R ¥ Ao Ho HFEFEe] s F
= xolH, ol& EHEe HFILE Aldstz, FEAELY &PEdA  wlEse
g A5 Fo| HAY A8 1/100]slehs AHAS 4w | FE3] sHssle
e} 4ztglch (Milliman and Meade, 1983 ; Qin and Li, 1983, p.84).

a4

Lo
i}
=
3

o] ATolAE EFFEF 4aAFol AT A& AFE FH JIFeE A
gkovt, ojal A7} s AL, s o Fol, 2 A 7|7t obd, A7kl HE 9
de] dFd F Urke AHold, ofF AdfA = AAHAdH St FHI 4T

M (Biostratigraphy) A XA A7 Yok FRETFEe  FHY



EBFEH AA AT, YolA o ol H Fo] $AFFEY 4Zo] wwA Az,
AAAN L WA dehe A%, dFAGel AL wiebh obd Fe weEA 4
2% 2HaF30 A4Y A4l At Held BAFe) gt 2@ o
399 Fo AFAES} Hejeh Dk A B, LRFTF Neoglobo-

quadrina pachyderma ( Ehrenberg) & 771 uwhgke k@3 WA #H

e

o] glolA HHEES FH3 XAAst =5z ok (Ericson, 1959 ; Bandy,
1960; Kennett, 1968). o] R{HFTFL, HollA &3 ek, Cali-
fornia 23, FFEKFHolA T w ol AR de¥eE JeFEEe B8 Okhotsk
wolME KB ZHG A7 o (Kitazato, 1978). o] L AAE

#s}el] Wl ZskA|mlk (Lipps, 1979) WERBRE, F2d =zt 271s 4%
o] Ealo] Wald California Zso)| e Pleistocene /Holocened 77|

i

ulo] ao]uf (Bandy,1967), Hig ¥ LkBERFEAAE 83 2 (Ujiie
and Ichikura, 1973 ; Ichikura and Ujii€é, 1976 ; Kato, 1978 ; In=-
gle, 1975 ; Maiya ct al.,, 1976 ; Cheong et al., 1985). 3 o+
R ofj 4] AbZEo| uvlu|& Globigerina umbilicata Orr and Zaitzeff &
Pleistocene/Holocene o] A 2 Higols #£3] 2ot (Ujiié and lc-
hikura, 1973 ; Ichikura and Ujiié, 1976 ; Cheong et al,, 1985). u}
g4 o] 5 T L HFTEY ATE 83 A7t "z e

ATFAGY Big EERARY 4kt F o ds 2, Bl AFHE T8
ol dAdRAd wHEE Ewel F o dATEHUAAE, 2o ZAMA Eob FelA
of wEES W3 5% #FE F Jedz deh =3, ATAYGAA  H
A7 FASBHEL FACE £ o gz SAE A =eol F F
A2zt Falghet,

—9] —






VE & #®

(Conclusions )

1) HE#IH-L SMIEEAREC 3t KEEMHIRY RHES FERTHEHoZN, Wl
Holoceneo] 4 ##i Holocene7tx] o #Eig ( Paleoenvironment ) & ZA &
BE Z mytim(Planktonic Foraminifera)el 224 Ao of kol
AA=EHE 94 € FIA LE 2R X3 FHez g 4 Yot

2) sme] o] v XL @PERE 2 dTRGY FdHeld, v e
BE AT A 02N EPLE—FEA Lol sk Gt s e A
F4 18103 1703olM & F3lo] LAY, BHog #4545 FJA3| FoEER
A hEge TS AT Awe dF2 dAEe Filol FaslA, AF4
1703 ofl A1} 27} =74z},

ofafjo] g go] Us el HAECH HES, HE FAAT 2ol 4
&G4k (Benthic Foraminifera) o] zA4o] LiFalxo] BEE Folxic}
#¥gel ke ##i Holocene I hifff Holoceneold Zgch A%A 1810
St AHEE s BRSBTS 77 vl A2 Hog Hol, A
Fade vAdes , dFAdel M E BAEH T BB A E5F359 440
= A ¥skctz A 7=}

3) stigel FEol FHbE wdole FRHEFe 4bFo] FHol 2o 59, HE
o mEEAAEC] AN HEEE AN SEHE Fobdm mAEE Fobd

4) #+¥ee 93 Paleo-Kuroshio Current® 3ol 2$s o], ol &
Rl W3t H A7 F Zo] AH s Utz o{A et 53] 41 Holocene
ol = Paleo-Kuroshio o] g o] dAHEct o YAl 5F72] o 3ot

rlr
ke

A

o
Oi

wjo

N
ol

[0)

5 4h¥gel Y F = EKEAAHS EWHE W45 ( Zonation) T i (Cor-



relation) 7} 7F5ch e Aol & ARAEL A TA Zone (W,
C.II,B, I,A % I)eg & 4 gt Zone V9 Zone C= ##fi (Early)
Holocene, Zone M~1+ ##§ Holocene, 21 2|9 Zone 52 ## Ho-
locene 8] % 22 Aztglvy  Zone [[~[+ Climatic Optimum & § A5 A
o2 AzEd

TAAUIIE AFHEL TR KEAEHS A4EE Zone c,b,a2 UE
4 glov] o] 52 Late Holoceneo] X Kfflo]l = Aoz Az}

6) FFAL 77k AGdg AYdslue ARG o) A WA Ukt
1703 =t 14029 = A3 MKERE WS = Aol Fted, ez g EHE
B %A AR ASsHAS wd, FIAL A AFAddAE Ll

A\

o2 47wt
8) AFE AFAS WEMATA, A7 B, B DFel A
W gl AAAT, BAERE 5o FAHo] A= ek
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VIZ F f #
(Foraminiferal List)
drFA e AEEH FEFY BEL, THAA AF7Hs3 okl &2
FE AN
Cushman and McCul loch (1939 — 1950),

Sl
ek
jn
2

Asano (1950 — 1952, 1956, 1958,1960) ,
Matoba (1967, 1970),

Parker (1962) ,

Huang (1972) ,

Stainforth et al.(1975),

Be (1977) ,

Saito et al . (1981),

Kennett and Srinivasan (1983) .

Ecki# FLik ( Benthic Foraminifera) & 62 B 267 fio] 4= om, HAEHE
o 51 2357, BES TB 238, WRES 4B 9] AF=Ho A FA
3%nulgto® AZHE 197TES T3 FUch FHEAABRS 108 33 &
A= o oF,

HHHES 2 HR, 58 4 e 54V 2 Eok e AFdede Eo =
oA A YD ABolNS B EH Y K EH 295 d77F d8ste
HHBIE 2 A3 4 A TE Iy & okd Tl Basol 9l
ct,



1. E#H3 & ( Benthic Foraminifera )

Ammonia beccarii

(A,

A,
(A.
(A.
(A.

A,
(A.
(A.

Hyaline Assemblage

beccarii aomoriensis)

inflata
japonica)
ketienziensis

nipponica)

cf. papillosa

tepida)
sp. 4)

(Angulogerina kokozuraensis)

(Anomalina nipponica)

(Astrononion sp. A)

(Biloculinella globula)

(Bolivina cf, abbreviata)

(B.
(B.

B,
(B.
(B.
(B.

B,

B.
(B.
(B.
(B.
(B.

B.

alata)

cf. argentea)

compacta
decussata)
kiiensis)
minuta)
robusta
seminuda
spinescens)
striata)
striatula)
substriatula)

tosaensis

Buccella frigida
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B.
Bulimina
(B.
(B.

(B.
(B.
(B.

frigida calida
aculeata
elongata)
elongata sublata)
exilis
exilis tenuata
marginata
naraensis)
subornata)

sp. A)

(Buliminella elegantissima)

B'
Cancris

(C.

elegantissima tenuis
auriculus

indicus)

Cassidulina asanoi

(C.
(C.
(C.

C.
(C.
(C.
(c.
(c.
(C.

Cibicides

(Cn
C.

japonica)
kasiwazak ensis)
neocarinata)
sagamiensis
setanaensis)
subglobosa)
subglobosa depressa)
wakasaensis)
sp. A)

lobatulus
pseudoungerianus)

refulgens

Cribrononion subincertum

(Dentalina

(D.
(D.

californica)
communis)

decepta)
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(D. hyugaensis)

(D. inflexa)

(D. siribesiensis)
(D. setanaensis)
(D. sp. 4A)

(D. ’ sp. B)

(Discorbis sp. A)
(D. subopercularis)

Elphidium advenum

E. advenum gorokuense
(E. advenum miyatense)
(E. crispum)

E. etigoense

E, incertum

(E. jenseni)

E. kusiroense

(E. reticulosum)

(E. simplex)

E., somaense

E. cf. subarcticum

E. subgranulosum

(E. yumotoense)

(E. sp. A)

(E. sp. B)

(E. sp. C)

(Entosolenia Sp. A)

(E, sp. B)
Epistominella naraensis
E. pulchella

Eponides nipponicus
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(E. procerus)
(E. subpraecinctus)

(Fissurina agassizi)

(F. cf. annectens)
(F. circulo-costa)
(F. cucurbitasema)
(F. flinti)

(F. lacunata)

F. marginata

(F. cf. orbignyana)
(F. sp. A)

(F. sp. B)

(F. sp. C)

(F. sp. D)

(F, sp. E)

Gaudryina arenaria

(G. karihaensis)
(G. ogasensis)
G. subglabrata

Globocassidulina globosa

(G, japonica)

(G. orientale)

(G. setanensis)

G. subglobosa

(G. subgiobosa depressa)

(Globulina minuta)

(Guttulina kishinouyi)

(G. lactea)
(G. . orientalis)
(G. yamazakii)
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(G.
(G.

Gyroidina

(Hanzawaia

H,
(H.

(Helenina

(Lagena

(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.
(L.

L.

sp. A)

sp. B)

nipponica
hamadaensis)
nipponica
tagaensis)

cf. anderseni)
apiopleura)
auticosta)
chasteri)
clavata)
dentaliniformis)
distoma)

cf. distoma)
elongata)
flotulenta)
gracillima)
gracillis)
hispidula)
laevis)
perlucida)
pliosenica)

cf. semilineata)
striata)
striatula)
subamphora)
substriata)
sulcata peculiaris)

sulcata laevicosta)

sulcata spicata
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(Lagenodosaria pauciloculata)

(L. scalaris)
(L. sp. 4)
(Lenticulina angularis)
(L. calca)

(L. cf. cultrus)
(L. depressus)
L. lucidus

(L. nikobarensis)
L. ochracea

(L. sagamiensis)
(L. schencki)
(L. sp. A)

(L. sp. B)

(Marginulina glabra)

(Nodosaria subraphana)

(N. subscalaris)
(N. flintii)
Nonion asanoi

N, grateloupi
N. japonicum
(N, labradoricum)
N. nicobarense
(N. pacificum)
N. sp. A

(N, sp. B)
(Nonionella atlantica)
(N, auricula)
(N. opima)
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N. stella

(N, turgida)
(Oolina feildeniana)
(0. cf. globosa)
(0. melo)

(Palmerinella palmerae)
Pararotalia globosa

P, minuta

P, nipponica

(Planularia californica)

(P. planulata)
(P. sp. A)
(P. cf, wuellerstorfi)

Pseudoeponides japonicus
P, nakazatoensis
Pseudononion japonicum
(P. tredecum)
Pseudorotalia gaimardii
(Pullenia apertula)

P. elegans)

P, quingueloba
(Rectobolivina bifrons)
(R. raphanus)

(Rosalina australis)

(R. bertheloti)

(R. bradyi)

(R, concinna)

R, globularis

(R. cf. isabelleana)
(R. stachi)
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(R. vilardeboana)

(R. sp. A)
(R. sp. B)
(R. sp. C)

(Sigmoidella margaretae)
(Sigmorphina semitecta terquemiana)
(S. trilocularis)

(S. sp. A)

(Spiroloculina corrugata)

(Uvigerina aculeata)

U. akitaensis

(U. excellens)

(U. cf. hootsi)

(U. nitidula)

(U. peregrina dirupta)
(U. proboscidea)

(U. segundoensis)

(U. schencki)

(U. subperegrina)

(U. sp. A)

(Vaginulina exilis)
(Valvulineria hamanakoensis (7))
(V. sadonica)

V. cf. nipponica
(Virgulina bradyi)

(v. complanata)

(V. sp. A)
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Agglutinated Assemblage

(Ammobaculites obliguus)

(A. exiguus)

(A. foliaceus)
Haplophragmoides columbiensis
(H. trullissatum)
Nouria polymorphinoides

(Recurvoidella parkerae)

(Reophax curtus)

(R. dentaliniformis)
R. excentricus
R. sp. A
(Textularia articulata)
(T. candeliana)
T. conica

T. cuneata

(T. foliacea

T. lythostrota)
(T. oceanica

(T, secasensis)
(T. segaensis)
(T. semialata)
(T, sp. A)

(Trochammina discorbis)

Porcelaneous Assemblage

(Quingueloculina elongata)

(0. hasimotoi)
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Q. lamarckiana

(0. seminula)

(Q. subagglutinata)
Sigmoilina arenaria

(5. schlumbergeri)
(Spiroloculina sp. A)

(Trioculina suttuensis)

* Benthic species less than 3% are in parentheses,

2. ;31%%K3.& (Planktonic Foraminifera)

Berggrenia Sp.
Globigerina cf. angustiumbilicata
G. bulloides

. cf, calida

. falconensis

. quingueloba

. umbilicata

G
G
G
G. rubescens
G
G. uvula

G

. sp.
Globigerinella cf. siphonifera

Globigerinita glutinata

G. humilis
G. cf. iota
G. Sp.

Globigerinoides ruber
G. sacculifer

G. tenellus
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G. trilobus

G. sp.

Globogquagdrina cf. conglomerata
G. - cf. hexagona

Globorotalia cf, anfracta

G, crassaformis
G. hirsuta

G, menardii

G. cf. pumilio
G. scitula-“

G. Sp.

Neoglobogquadrina dutertrei

N. cf. pachyderma(dex,)
N. cf. pachyderma(sin,)
Orbulina universa

Pullenia obliguiloculata
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