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ABSTRACT: The Gosan Formation found along the coastal line between Dangsanbong and Suwolbong, Jeju
Island, Korea is clayey silt sediments intercalated between upper Suwolbong-tuff and lower basaltic lava and its
forming age and environments have remained unclear. To specify the sedimentary environments and volcanologic
meaning of the 86-cm thick Gosan Formation exposed in the west coast of Dangsanbong, we investigated
radiocarbon dating and geochemical analyses. The age of the upper most part of the Gosan Formation was
17,140+300 cal. yr BP and the age of 85-cm depth below was 22,000+400 cal. yr BP. These ages belong to the
late Last glacial period characterized by lower sea level by 100-120m than present and suggests that the Gosan
Formation was formed between 22,000~17,000 cal. yr BP under terrestrial environment. Sedimentary 6 BC values
of total organic carbon in the Gosan Formation varied between -22%, and -23%,. The change in the §"C values,
a proxy of relative abundance of C; and C, plants suggests that the climate and environments in the Gosan area
had been affected by past continental ice volume/sea level and summer monsoon changes. Based on the age found
at the upper part of the Gosan Formation, the Suwolbong-tuff layers layed on the Gosan Formation may have been
formed at least younger than 17,000 cal yr BP.
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2012). A5 5ol ATk AR olAl wad
ol o] LEYZol tgh ASA S &3l AFel =
¢ @Felo] F5H | A o] %o FAHISZ Y
CH(Lee et al, 2014). T A% ApA|Elol A WA
£ A A EHE 2o HA3 stolA
AT B $1e3 <l (oF 3800 yr BP)E
FalN AR HA20) A fESIE st
(Ahn et al., 2015). = M7= AlEo] 9] Gor= E
L golghom Qs she] 9l MY EE £
wdgo] U4 W AW 2g Fo| Yare WA 9
A Hol Ao dug BN $2E % 9
7ol o] E=AF Y4 K719 18/ 71T gR
£ 1AFs] 7HHE 4= Qlti(e.g., Sheldon, 2003;
Bader et al., 2015). Z|= Koh et al. (2013)¢f 2J3}H,
0.3~0.1 Ma 5<%t &gt st Qs A=
A Qo ZZo] vhsojfon, 1 o]F 109t | AR
g @A|o] o] 27|7HA] A E 23R FA Y A
Fo| wEolFlth 2y AFE SR et
YAr/YAr AiEAY oz E oF 25hdoA ARt
A9 S-S eS| FAsh= o] oJFrt o]
gt SHA AT A Q] Si-F A7) 8T
A A /7153 BYS flste] EFH S-S
FaEF A e Folsira & 4= qlok
AT ik sfieh Aol Bxshes 142
AHE- djollA =5 Lol o] 27] 714 Blw A ¥
2 Aol AA AR TH(Park et al., 1998). =5 4
o] ARE-S SHE Bt A R A SIS
Atolof] U EjAZ 02 Fazsp oF 23,000 o] de|
FAHNS Ao 2 B EIcH(Cheong et al., 2007).
Tt oleigt TAE S HEAY] 9 HETAle]
9| &7 Foll thet A= oFR7HA] HarEA] ¢iglhet
B &S &oll 715E oA 27 $iske 873 A AR}
S0l 9 FHE = k. A& S0l BHE Sl
23 7] SaEA90u(°C/P0) ghe) wske
A 71%/878 w3t oA op7|| AHsE
HolE 4= Qlt}. guta o s 84 AlEo] §aE 1
A o SaFelda £l Yojub=d], 178
of| weba 24| C3A =T CA44E= v = Qo 2
QI3 2 (Calvin cycle)E ©]83h= C3AEL BAF
Sleln] Zhol -320H 212 H9IE Holo W
2 oF 27 olth. FE FERFE 14H CAAEY
A= 3X-&F 3|Z(Hatch-Slack cycle)E o]-83}
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™, -17%0 N4 9%0 & H5-Z-S 7FA ] Bt <F-130%
9] ZkS BRItHO'Leary, 1981, 1988; Tieszen, 1991;
Meyers, 1997). o84 4&2] 24 7| 5H @45
A4 g2 B o] ol 11 gho] A skA| &
7] wiEel 2Als A it @ dof EXFAE 4
AP HE Al F3lEtMeyers, 1997; An et al., 2005).

C3AET C4A &9 RE= ol A2 T2 A
Aol gk Ag2l3 vhSol o3 A= AHA
Utk A dR2EEE wet RES= Ak C44
=9 A2 g2 BlEst, 1o=e 244
£ ZJg-&0] Za3tHUeno and Takeda, 1992). =5t
Ca2lE2 C34Eof vl3 =& B8 7|5 (water-use
efficiency)©] Foju7] ol Fxg 7] 5ol 733t A
o2 dA o, fi7] T EAEE RS Y G
g C4480] o 2 Aok o2 BaEc
(Cerling et al., 1997; Collatz et al., 1998; SchefuB3 et al.,
2003; Zhang et al., 2003; Huang et al., 2001, 2006).

AR AE = A o C44) & A (A. hirta), N
A (Cymbopogon tortillis), 7§ (E. speciosa), A
(Miscanthus sinensis var. purpurascens), F A2 Y
(Muhlenbergia japonica), £M(Themada japonicus)
o] ofzA| oA L™, C441=9] H-&°] 10-20%
£ ARk YJriChang and Lee, 1983a, 1983b). Lim
and Fujiki (2011) 9| = AlF = 55 SAEHE
Lol 23 7] ST Y4 gho HItRRE A
6500 S C34 = C44=2 A4 A&
HSE FAste, Hoh 3 @A C34lE0l &
7Fta, Rt = Az S04 C42lEo] F7t
SHlea 2o 3.

ol AtollAe itSE e E daddE
A Aok A B A= A4S FAA EE gAY
NS FAHL 14| HAAWSAS S
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AR A S, AIE Aabae) 23 F o
SIABHe TARS-L AFA) BT ik A 3
oroll ek, Al 0% SIS shie] 1
22 HLTEIH05 mo] 9IX|5He, B TEnE
AASHE 28l A7ke U A w8 Zo] ekt 3}




A= Az dfjol| A == 142 583 E
4728 Hol ¢, Yol SASH Fe B
SH1 em nlgte] Rzl 35 $A o 2 P,

ANBHHE flte] S FHS FojaL 1A=}
7] 788 &71(7cc)E o83t 3879 A mE A
skt E3E 27 194 Hojx]zo] 57] A3 e
A AdiSAS fllA AdHiSAEE HAE AIRE A
Fotldh ddisd AR fHez WA HAE
&0 A A A YA AdSAE A&7t
E%le 871 £l 0.5M HC-§HS Y1 80C o
Al 30 BESAIZ] & AR S FeHS HF
ok F2 AR FRTE 22 A2 F oA Y4E
ZJ5to] A5 W= TS 33 AAlske] AlA
sttt 183 FYXKhumic acid or alkali-soluble
fraction) F-&-& F&317] I8l4l, E== A=) 0.5M
NaOH-§-H-S ¢ 11 80°C ol ] 2A|17H¥HGAIZ] 3 A
Bl AEAS ujAd ©2 g ¥ 12M HAl
oS 23 Yo A AFEoll A 302 WHEAIA Fujak
o] AHFEE sk T2)7 o] ABS YRS
So] AHEOlL Wel T Bhe FUARS AZAA B
2 YhEgIth o] Sro B Ale|o) FulAhe das
H70of g ARNAA olitsieiag Esgch
oA EXF oAt AE fara]o] QA
o] gl FASAAR o FAAAN BLS Fo
SAlee WEgon, HFHOR ofF olgstd
AT § SARAL Fulskch AEAL
FARAADTAN BT Gl AR
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site location of the Gosan Formation in this study.
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24J7](Accelerator mass spectrometry, AMS)E ©]
g3te] Sy gick

2B Y=g 257] I IABRA(HO)
ol BhgAIA £7182 Ak, 1M HCl gt ut
SAIA FAES AASHIE SRE ARE AR
%, 0.02~2000 yme] =AHAE ZF= Mastersizer
2000 (Malvern Instruments, Ltd., Worcestershire,
UK) ZH|E o]-&sto] Y =ifAS AT

A5¥eE BA4L SSIH RAIR oF 300 mge E]
3ol IM HCI §943} oF 80C oA 1AIZHEST g
AIAA LGS AABIAT. GAT A7) AR
£ AYENT Fo AF5NE Heln FR4E A
3 YHRT FAFAS Hel vEggoR
AT T AR $710ks B9 2 7] g
AL ARA A RS FBoRE Fo] 35
mgS- tin capsuled]] obA] YAEA7]2} Isoprimel00
(GV Instrument, UK\) ZH|E 0|85} SH31%
t}. FTA|RZE IAEAS] CH6 (sucrose, §°C =
-10.45 £ 0.033%)= AH&-3tSA T
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EAE AR &of| 23E F71EAE o83 W
AV EAAYEY At ® 13t Zk Aol A
o] AdjE= A2 EE SRR 17,140+300 cal. yr BP,
17,500+360 cal. yr BP, 18,675+165 cal. yr BP, 20,830
+430 cal. yr BP, 22,000+400 cal. yr BP9] =214 21
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Table 1. Results of AMS '*C dating from the Gosan Formation, Jeju Island, Korea.

Depth (cm) “CyrBP (+ 10) “cal. yr BP (+20) 6"C (per mil) Lab. Code Dated material
1 14030+70 17140+300 -21.7 ITg130590 humic
10 14380+80 17500+360 -21.7 ITg130591 humic
32 15400+80 18675+165 -23.8 ITg130592 humic
60 17470+90 20830+430 -21.8 ITg130593 humic
85 18520+90 22000+410 -21.5 ITgl130594 humic

“Calibrated with Radiocarbon Calibration Program (CalPal) (http://c14.arch.ox.ac.uk/embed.php?File=ox-

cal.html)
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Fig. 2. Results of c dating, grain size analysis, and ge-
ochemical analysis (TOC% and §"C of TOC) for the
Gosan Formation in Jeju Island, Korea. Sedimentation
rate changes are shown in the age dating results. TOC
means total organic carbon.
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Sfjrio] F 100~120 m A= WTHL AR = A
7]o|tHLinsley, 1996; Liu et al., 2004). 3fl4=H W5
I+ FRAF| A A E G g YR]gE Sulu Sea EFE
4o 23 {359 AT Hea 2 Wr)-7H
7] D A 2o tfEH sk 9 s H3kE A
ARkl A|bE ek (Linsley, 1996). 13 4004 &
= Y=ol A 22,0009~17,0009 Ao Abad9lH
2= ZE2 sflseto] 1A 69hd 2 7MY R A7)
of s A AR A =7} ¢F 0.5 m
oS sk, a4k3o] sfietellA He| Wojl st
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A3 A Fol Bz A AF-AL £ A7) Hale] 2
Al FF IS A o= BZETHChung, 2007; Lee
et al., 2008; Park et al., 2014a, 2014b; Park and Park,
2015). 19 4ol A & = 0] T AN Sl
H FEEE(AD) Y AT YA gholl 9Jshd o
5 29 Zwrt o 3ut | A HE FE43] Qs A
22,00019~17,0008 A Afolofli= o5 o] A3
3] AP ¢ 4= Jth(Wang et al., 2001). =E=
Atol] W2, AR AR H 9 sfiQtof| A RE U
5§07 Ao YA Exdl=d, 0|83 S v|F
o} 4R 34ke] Aol WA #x3 B3|
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Fig. 3. Representative grain size distributions of the

Gosan Formation. #1 and 1 cm indicate sample number
and depth, respectively.
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Fig. 4. Comparison of the 8" Croc values, a proxy for rel-
ative abundance change of C4 or C3 plants, from Gosan
Formation in Jeju Island, Korea with other paleoenvir-
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dex reconstructed from &0 values of stalagmites in
Hulu and Dongge caves, south China (Wang ez al., 2001).
(B) 6" Croc values of sediments from Cheollipo, Korea
(Limet al., 2010). (C and E) Continental ice volume or
sea level inferred from §'*0 values in deep-sea sediment
from the Sulu Sea (Linsley, 1996). (D) &"C values from
the Gosan Formation in Jeju Island, Korea. Comparable
millennial-scale changes in 6" Croc values in the Gosan
Formation, Jeju Island and §'*0 values from Sulu Sea
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in the Gosan Formation, Jeju Island, Korea.
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