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The late Quaternary deposit of Cheonsu Bay, up to 20 m in thickness above the Jurassic granite basement,
consists of two sedimentary units: an upper Holocene mud and sandy mud deposit (Unit M1), and a lower late
Pleistocene sand and mud deposit (Unit M2; “Kanweoldo Deposit™). Unit M1 is a typical Holocene tidal-flat
deposit of Cheonsu Bay, showing a coarsening upward, retrogradational facies trend. This retrograding facies
trend is probably due to a relative low sedimentation rate during Holocene transgression. Overlain unconformably
by Unit M1, Unit M2 deposit reaches up to 14 m in thickness and is mainly composed of muddy sediment with
yellow to gray color. This unit is characterized by a variety of tide-influenced signatures such as thythmic bed-
ding, flaser bedding, crab burrow fossil, marine dinoflagellate assemblage and authigenic glauconite mineral,
indicating very similar depositional environment to those of Unit M1 deposit. It suggests that Unit M2 was
probably accumulated under the tidal-flat environment during a pre-Holocene sea-level highstand. In particular,
the uppermost 3—4 m of Unit M2 appears to have undergone subacrial exposure and subsequent weathering dur-
ing the sea-level lowstand after deposition. Therefore, stratigraphic unconformity between Holocene and late
Pleistocene sediments is highlighted by the desiccated and weathered surface of Unit M2.
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99 A 24 E=Z(Holocene tidal deposit)y dFH2] A& A
¥) & % (pre-Holocene deposit)© 2 FE=o] Sk, 1988; Park
et al., 1991; ¥t 5, 1995; ¥} 5, 1997; Park and Choi, 1998). A
A HEHZ2 AeT 74 HE22 s EESTS
2 gyEglon, gale vivgl Vd HHER A= Slo A
o] o3lal HA HaZs Eglo] TRATHAT 1, 1988). ©f
23 A A3 Eo] A7|%kFrey ef al., 1989; Park and Choi,
1998), BT 5, 1995; Park and Lim, 1996), 2&%H@ B,
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I M2 dHEe 208 EAE JvkLim, 2001). HZ 4
FAF) 93P, o]F APM HFFL Xt Y WEI(LGM)
et t7)Fe] =2 o3 3 2 EYS o= e
ZHE9 AEo] Aslzly, HEH Aoz AL F, 1995;
Park et al., 1998). 53], M@ AsljFe] HR) 2 ddd 4§
el 9] FETZ(cryoturbated structure)= ¥ sk7] FF 3k
7} AgEt B Azsa FL 7180+E AN F= F8 A
AR JIAETHR 5, 1995). WEbs] A-A FHF35L A3l ¢
gre] AL St oA Brk opgE), dAlet AEANE
FE3e 03 7R3 712He 2 715HY 2 AE7R
ByE A3A 22 RE 5muTe] FAS 2 ARE
@GEslEel Sk £ - FAHA BEYA, 35, AA-Y
24 2 HEEY A dis A A8 Aot gk

B d7e BRe AA), A5k 276 ARAE7] (deep
coring equipment)E ©]&3te] Z|HIAA S AA X AEE A
Hatd A8 HAHFIHEES) 3 AAWES Fobstar, 7|4k
WA 9] AT FAE AHsl= Aot B4, AEA HEHES]
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oleja MEH HAzel tha A sk A 200 544
o) $2H 34 BAS FEH, A 47 Bk AsAAE B
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o1 7X| of

= Alsf AFThe Zo] oF 37 km, & §~13 kind =X} &
ZAETZA} 5.0 m)CE ] o= $7F2 (main tidal channel)
7} GEugke 2 wgdely Qith FEFEE 408 FHe Z
1~5 kmdl] @ale B 27 (tidal flat)7} W3k 9Ich(Fig. 1).
2N F2R2AN 2HE Zx27Y ) 52 oF 110 em/sec,
27 AY 42 oF 80 cm/secE 742 BHthA o) BF
FEEAEY, 1977). A5 FHe B 753 330
WA ggaly gon, fo] Fe Ane shEe]l s
99t A4 HHEA Y Fo ikt F9 e ApE
glolr]9] MakEEol| Sile SRUYT e Z TAE HAE
AL 2PN A S2E PAZE FA4E FE
B3| thEFHA A FEA T4, 1973). Heuhe AMget 7+
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Fig. 1. Location map of Cheonsu Bay
(insert) showing bathymetry (in meter)
and sampling sites (trenches and deep-

126°25'E

126°30'E

drilling) on the tidal flat of the bay.
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22 A B 48U FeRoEA viEE A8 2 U
Bo] 23tE| 3y 2R3l Aot 5, 1995). AA=E AH
Zo oJebA thEEe] Hga Aol YREC] HLeR
3}Eo] gjEYo] FalslA Uehdt. 4 ZadA Fztao] of
= gofst B R B9 nlEl Qo) et A skA] g A
2ol 9 g uky Fo] REFoT AL, o= A, B,
AE, B3ld f71850] B Ao £8, olF, IH =AM
oo AEIX]E A 02 “gleyzation” B “pseudo-gleyzation™Z
FaHo] = AL s)4ArH(Duchaufour, 1982). & 5 (1995)°1
oahd ol#d X&eHy AL 7137} th AxFAY Haw
2 A7NE 2 715 A verd s @3t diE
Aoz 3HEe YA T 3 HAEL U7]Fe =29 9
3 EA373 st sl oHdnt

AR A RZN FFHE UFEAA S 5L 9 1
mm $7¢] AL 2FHg0] AR MEE F deElrE
(wavy lamella structure)®] ER)°t}(Fig. 5a). |3 FZ2E 4
He Ao 33 dgELe g3ld 471820 nAS & mEt
27 Soj7bA FAE Ao AIBHTHL T, 1995; Park er al.,
1998). AAZ AR W7 (SEM) 410 2514, 1 mm ol8ke] F
AE e AL 23 ddge v AYS FEH (discrete
aggregate) 2 X WslA wjdE o] lon, Aol ¥ 352
ARol e FRolE el AY B o] E8] 2 UA
U AR glo] F)9} F3lo] TR Ho FAATHFg. 6). °1H T
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Fig. 4. Close up of sharp erosional
. boundaries. (a) Unconformity between
: Unit M2 Unit M1 and basement rock near the
upper part; M2a)  pightidal flat. (b) A sharp erosional

boundary between Units M1 and M2,
which can be trace in the entire bay.

Fig. 5. Photographs of representative core sediment samples selectec
from each unit. (a) A sharp erosional boundary (arrow) between Units
MI1 and M2. (b) Cryoturbated, oxidized mud facies of upper par
(subunit M2a) of Unit M2. (c) Greenish gray, mud facies of lower
part (subunit M2b) of Unit M2. Scale bar is 5 cm.



35 Al A A8A 7 B35 HE9 37

Fig. 6. Photograph (a) and photomicrographé (b and c) showing a detailed texture of cryoturbated structure observed under scanning eletron
microscope. A black stripe (lamella) consists of extremely fine-grained clay particles bonding by organic compounds. It may be de to clay

illuviation during the sea-level lowstand.

ZTREL T - & 7]TA wEHE] B AWl 93
P == SETFZ(cryogenic structure)E 34 Eth(Butrym, ef al.,
1964; 2 91, 1995).
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Unit M28] A% B8 EL2 JES] FE FFo] SA3 YA H
AoR HFYEE 6~809 HHolt(Fig. 7a). 9] T
-2 20% H|Ttely, HES AES Ha FFE 27 50%
35%°Iv}. BEZF Unit M29] 7% EZZ~2 Unit M1°]\} Unit M2
o] 3MRE vl iR ez w3lE HAE 548 Yelin

Unit M19] EHEL 83 Ahggo] 22t 30~60%9 2.0
~6.0X 107" kg/em?®] B9l 9HH, Unit M29] AR E| 222 20%
migke] v Sg3t Hul 13X 107 kgem™] HL& AvheH 3k
< 7t B d5ay 2 A9EE S Unit M22) A
ZFo] LAFL 71Fel =EEo] FulHom vwalEy Ax H
REE AAg), Wi, B3]l s HAZe AAor 2
I ARE HAER pAED HEEY FFYUEE AAFger
6~8 phi B, R T 30% v|wto|thFig. 7a). &
2 20~30% o, AAEHL 4~7X107 kg/em?S] HHE
Unit M1 EHEF ¥)5:3 218 70, A5 A8l E3 vlwsie
Fgo] ¥t K-29] 7~11m 77h& BHFYE7t 0~4 phi B¢
ZH e AFSo] G (Fig. 7a). °lF AFRYASL URE A
B EHAEEF 50%), SEFETTH 35%), FHETTE 7%) 28
I SHEFEF 4% 2 THEH, ERF 02 Y ANFE
2 M2 (1~4%) YRAEL Tt YUThFig. Tb).

E[M7x

AIFAE K204 #4949 Unit M2 E1322 AA8oz gi
(massive)®] EHTFE7} $AS FEHLE T 1 mm ]k
ke AEd dulrzrt SAE0(Fg. 8a). 2 g7 2o =
F2 @9 =FoMe UFe AldFo] nEshe w53, 9

24 &9 23 FHASE 5 e dA HH TRl dE
HchA, 1988; A7t d, 1988). LEFHES & 5cm AR
g9 FA7} d3sle v, AU o Y HEZL O F
A7E atolA FRE 24E 3mmilA 1 mm o312 Z4F
AE3 UEZFL | mmolA 3 mm oo = FANRE HEgS B
ArhFig. 8b). FEle] FAHS = SFEAol . & 459 &
ol W= ERE YAt ApdE At 5F) /g Aem =
% 253 (tidal rhythmite)> 2 34 ¥ tHArcher and Johnson,
1997; Park and Choi., 1998). W22 Z&] Tl Hgle}l g
9] WS A WE {4 HIE wYsle v, L
G E2 Al (spring tide)E, %2 FA9 HBELS ZF(neap
tide) YERA TH(Dalrymple and Makino, 1989; Archer, et al.,
1997). T3}, Unit M29] EAZA A== gk HEA d
TR AR S8 72 R @& 24 F7) Fel vEhe 2
o #% 72 wE Hy2gd g8 A= HY TR
AA¢] Unit M19] E@Z0A &304 R (Fig. 8c). ©1& F
AFZEL 27 F50) ¥ 27N ER o)Fd] oa 4
E ZTE 3N, AN 2 A% 5 FE 228 A4
€ Ao M@ t(Klein, 1977; Reineck and Singh, 1980; Park
et al. 1996).
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HESHY

H35 dol BEA e AT 429 TR BT &
A9 Belg etk Unit M29) B8Sdle 2o Fejel AE

ZZ

72 sajo] o 2 BN, 97)%, U A 2] SA8)
T, Yol A= AehFig. 9). A4 1~3emel Bake AE

392 M (10YR 6/6)7 2 (10YR 42)& W, EAAHoOZ &
e 28 2ol BFE(scratch mark)e] Wty o), =3t

B o

ol 27 EA9] E£3e2 AAAE 7 (branchySo] T
EAg). ol AESMEL WANIE AXE Fiet 279 A
471 FHEAZAEEA BFE)plA RT" Spongeliomorpha 3423}
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Content of sand, silt
and clay (%)
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Fig. 7. (a) Vertical variations of mean grain size, texture, water content, and shear strength and (b) major mineral compositions of sad frac-

tions in deep-drilled core K2.

w9 GAKSICHKIm ef al., 1995). 53] Yol Med Fejok 9
olx A2 zbgel 28 23] vlaE Spongeliomorpha®) ™
A £Hoz BvE vl SITHKim er al, 1995). AHHH L2
Spongeliomorpha A4 & A58 X vnfaE YePd 4 e AL
3 7k Ak A2 FuA govt B Agexe] 23]

HlE7} g Ag Rol W FoE B o) o AT A 7]
sl FYHE AOE ARH B B A7 Ao v
o YRARE AEHHL ACrab)h ZE AR IF AT
2 9REm, JETEL BYY F A O] w2 23 2
sh9, TEHo} o= wEse) shie 20 e
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Fig. 8. (a) Cryoturbated structure (upper
part of photograph) and silt lamination
(lower part of photograph) from subuni
M2a. (b) Rhythmic sand/silt lamination
from Unit M2 (after Kim, 1988). (c)
Parallel lamination showing rhythmic
pattern from Unit M1 (modern tidal flat;
after Kim, 1988).

Fig. 9. (a) and (b) Photographs of in situ crab fossil furrows on the surface of Unit M2 when Unit M1 deposits were removed. Scale ba

is 20 cm. (¢) Close up of fossils. Scale bar is 10 cm.

lumxRol 2F 54

o} 7 2 F (dinoflagellate)?] T3 4 A|FAIE K-13 K-2
22E o 10em AR AAE T 409 ABelA LA
o} Unit M19] BHZM HEHE JHEEFE F 26502,
Spiniferites ramosus ramosus?t DAY 50~70%S XA 8= 2
20 =2 FolEITHFig, 10). =L 219 Operculodinium centrocarpum®)
RE ZololA A&H 0 & NETRNO™, Lingulodinium machaerophorum,
Operculodinium longispinigerum, Spiniferites belerius, Spiniferites
bentorii truncatum S BE ZAolE ALslale 9wy 2 4
25 Y w2 & Y=, Spiniferites ramosus
ramosus T4EC] 2= 5L AYH A NYFEE A
A& BHHarland, 1983; 5=, 1999), I U] £& 2k 9%
sl 2gE FEo] Al 2L o1FE WS Sold I
ukg 3t} w3k G 25701 Pediastrum boryanum®) FEOZ=
o A&H o2 EEE oS I E o HATY Unit
M2 ©9] 9 o= FAx e AGEY YT dAlA] H
AE BHEFYS & 7 Jvh(Wall e al., 1977; Harland, 1983).

HAT Unit M29] A5 58 Z@ASHE)2 P RxR/7E A
3 2EEA] g R etk o s HAREUY A A
o] A2FR & AL (1) A 2 € AEF 8%lo]
Z579) Mz Ao BAFAS BT, (2) HAHE vFIE0]
gk re B8 g0 2 k] o Ee IEAE AT,

[ odlo (&
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(3) AT o) 93 B3 BEFs} Fgo g v EY 7
3 5 o7 71K 8907 0)5e] Bl Fgd o7 Zog F
A BH 80 wdE o] EAE AT wl, Unit M29]
FRERZNA Fle] ZAEL U715 =& 58 T3S
3} Eok3)l g0 2 Q3 va e HIo} Sdwslel og 7
3 A S (acidic water)ol] 13 83 Fo] Fo Yoz 49
TH(Mayer et al., 1991; Yim et al., 1997). H&H ] Unit M29] 3¢
5 334 A s AU 5 F A T3] HloFek A&t
2 A R Frt BAES e, Spiniferites ramosus ramosus
Zo] txAHothFig. 10). o1 = Operculodinium centrocarpum=t
Spiniferites cf. beleriuss°) RIF3A A&dr). o8 & 742
g9l @A H4%F(Unit MDFF FAFSHH, A 5427 (neritic
conditiony& AAIgcE. e} wl - Rikel A& FElFE
HA= o] HAEo] HaEe $¢ 37 "alyt jlNsH de
o, W% kg 8 FASIL AW AL A HA A,
0] AR A7t L=

E[XMetA D} E| ™Al 7|

AEA Unit M2 322 ) &F 14 m FAZ diFEy =
ololl A LAY, YAz ApA Y AE HHEER PYH A
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Number Number
0 20 40 60 80 100 06 1 2 3 4 5 6 7
I | | | ] ! ] ] 1
2.6 Core X1 Core K2
5.8
2.8
31 6.2
3.6
3‘9 6.4
4.2 6.7 upper part of unit M2
4.4
5.1 N 6.9
3.4 7.3 i
5.9 o IO
—~ 62 7.6
%8/ 66 7.9
7.1
8 8.3
L 74 .
a lower part of unit M2
76 9.2
8.2
8.5 12.9
8.7 132
9.1
9.3 13.4
o8 13.6
10.9
111 13.7
112
11.3 upper part of unit M2 138
Number of Fig. 10. Total number of dinoflagellate
G i umber o cysts and number of Spiniferites ramousus
Fotal number of dinocyst Spiniferites ramousus ramousus cyst ramousus cyst in cores K1 and K2.
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o} 2 (1988)8] AT o3, o] APA FHHEFE A
AR} FRe] BE 27 (A Y] 7he AE5AHE
o, 53] g RFEE ©] HAZo HAsTH ¢ 1~25m
ol FHEA BXIAL YL BAET. ol FAL
¢} F9F BFEE Unit M29] E&Z0] A Aol =+
22 I2e T (lake)} X (swamp) FEZo] o}, A
Ao FEe GolA vif- e EFF JURE Ze
oA FAEY S-S ou)tit). BEld HYPRes IF 4958 T
Z7t gZFol, AAH oz ETlg HFprt HEsH 2=
Ao WE AL (bioturbation)e] 7-$- A2 Wk}, ¥
AR HEZo] Aslakg-of o3 WA= AR T, Unit M2 HAF
o1 M BAdo] A9 dA 27 HHEF w9 AL, B
2 oA FEEE 25 8lE E& TR (tidal rhythmic bedding)
E2 HAGA S gHEF o FAFRI fF 252 AA T B
So] AN HHZNAM L& Spiniferites ramosus ramosus

4919) Al ZZ0|FIA Wt oh)e) The 231 HH%
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ME $HEoR F3] 2Hse A AXFLB2A G, 1999),
Unit M2 H33o] 25873l A4 a4 F439< L

AT ATY TN §A hS4 A8 FE = Unic M2
o HAREL ssherl Fad AR AN Yoz
Y5 HABN WS 4] Unit M2¢] A HHE
A B FFEY SHOE AT L olF A HIE] 5

oo RY AFY 25 HARA o) -
Wy

SHH(Lim et al., 2000). ZEZ2Z Unit M2
2%, B3E 48, 53y, FEE,
A Bl shd HdEFes HyH
Unit M2= A8A &2 BAF o2 s gt
S 3~4 m FAZ wgste F49 glashEe dd
o F4g) MES(Unit M29) AE-%)2 dA) 33 oA
A5t W50l =5 HAUSS AN, TEFER= w9 =)
g 71324494 F4E= oA A= Unit M2 3839 =
Zo] A v Ho) Wl I7HA] AlSHASS vk st maba
Unit M2 759} M5 E]&39] M Role U715 =FA] 418
= Zoly A=l o HAEe] A3} AHkEEE g4 59 Ao
o o5t Ao g AT 5 vk ATA P B FEAL Ao 9
s Ha dd ok oF 10melA Jehe FE 23AE
& A 220 B HZ(Unit M2)2] AR 4 A X8}
= AoZ FAYATHAT B, 1988). ol 3 AAH L M) 2 &
& ot Yelle ST theE 4= glom e &2,
1978; Kang and Chough, 1982; Park et al., 1991), TAI$} A& A
& FE3= 2743 (uconformable boundary)2 & A AT}
FAe] Al 22 HAF(Unit M1S] HsHrolA =53

F7189] BAE U4 AU 7,200£390 yr BP(H, 1988)
9} 78601290 yr BPO|th =% 010RFoA Unit M22] HZ=
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I AR A z27hZe] AATES 3T AAHd o8 BA
H3, Unit M22] A% 2Ed 853 #7189 A%
16,300 130 yr BP(S} 1, 1995)3} 21,470+ 150 yr BP(Fig. 2)°]
t}. o]A-& Unit M2 B8 52| EHA)717F A wpA] 2 W317] (last
glacial)tb oF7P)3}7) (interstadial) -2 XA 8EA gL, o)) 3t BhAF
A4 Al 23kl 2AtA FHAAZIE sk 2 A &
Aol ANATE AA, F7159 gLFEHYA AR e &
Al B} #2% 30 m ofefioll 1AL = oY 7] (interstadial
period)E #]+| &=l (Shackleton and Opdyke, 1973; Chappell et
al., 1996), ol= Bt 3|5H ol o 1~2m HeloAFH YA
£ Unit M29] 244 9x)} UX3A] Gt & of77] 5t
ke 7150l AE] =& FHY HAgFo) s o=
Unit M22] E8Z0] BAR = AL E7Fs8 2108 44 &
7, gkt olE ¥ E YA dHS ol THE, A3l Aglol
@ 4] (Holoceneys-St 43 30 m ol 8713k A+24 BAHS
71gsller gtk 2y ol F7kx] Asf el §71RtkE A7t
A A ER] ghol 2A4E AFE-E U2 wolz=g=de oFg<] AU
o} Ao 2 47 B4 AMEE AEEC] =FF Unit M25-2
A2 (substrate)E 3o 2F 20,0008 Aol MAPAY, =E2HE
St A2 BHAY FYo) 23k 2F0] HEY @AFHYELE A
< F3E Ro2 FHHHYim e al,, 1990). B]E AEA 2
o EA&Z(Unit M2)9] A8 HHA)7= o B2 A+7F a3t
U, glellM 718 g8 248 9, 2213 s)ad W 2
AL FHHor 38T o AN HE 2 HE39 53
A7l A dlFE e Eolvh Hlsd oF 1250008 7
“Eemian” 7Y 7] (oxygen isotope stage 5e)& A|FET)

o o oft

4 B

A4k "Al ZZHRE(Unit M1) 39)d] 240 o=
AEA M E HAHZF(Unit M2y HAER] 9] 7|vke £
o2 A8y o, e Ad 14mdl 2T} o] HFEFL
HAT 715 =2 o3 o] zstE AaliEa) s
Z5%] gk vl 3le ¢z oz ARATH §82 AR A L}
Ve B EY AEE dxRzZ B4, HEE A a3 53
9 AnbFEry B4 Fol A9 A 2 BdEa dHs)
o, 2F 2§ HA7E T 279 BT JHRRF &
F B2 A8AM2 Unit M2 B&Z0] 220 H32YS A%
ok @A o FH 1~2m olelolA A EE A X9 B
HAEE 2T o) ZFEF(Unit M2y 3i5H 45 Fol7t &
A9t ¥]528t “Bemian 7+ 7170l EldEl Ao Aok}, o)) d
T7] Fefol2EAe] 27 HAZL U Wz ALde
S 3 A tl7] Soll &S J o, o A3 AR Hy
o T3 A FolEE-g e ZoE FaEn

fo 84 o

HAtel 2

olizAlel ABAE E1E AT sFeste] BHY 1
3 A BAEE, w8 NS fUE 20 F
AT 2o AAALT BAADA A =YUe,

e

PR e, 1977. BB AGEHF BIX S 3). 56 pp.

FYADFEATA, 1973. M AFE, 1.25000.

e, 1988, 3= Asl) AL AESRe] 27001%9] HAE
A3 Ash Hedgta A AEE, 169 pp.

A, 9, 1992, B M3l 254 20 545 AT
A 2 ¥AHA. FFAFHLHA, 13 41-52.

Zodad, uhgql, 1988. &= Alsf) AFw HEFe] T2 Al47]
4 27E s19le] HH%e 7R AT FSAVIEE
A, 2 13— 24.

uhadh, A28, 9%, Y, ol¥d, 1995 F= A et
ZEREA Y A7) BEZFAML T4 d=8FEA], 30
332-341.

uhgol AFY, HRE, ©1%94, 1997. ¥ Aldsl FHET =
Zhoh B2 F] Aar] A AT I LI A-n, 2
138—150.

F59, 2774, 1978. @47 AR & AAE-EH=7e A
AZ P2 FFAFEIA, 13 1-8.

2734, vhE}t, Zed, 1995 AR T EFe] HAE MY
(cryturbation)@ 2 szl A47] F 7)) e Mgt
Z&87. F=A4718307A, 9: 43—60.

58, 1999. 3= A gRr 270w AT A47] oHR
ZF. YUtz HAE Y =&, 95 pp.

74, 1987. &= A7, okt 27 HH 3] FA,
g A7 Agustn At eE, 70 pp.
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