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ABSTRACT: Precisely dating volcanic events since the Late Pleistocene is often difficult due to the lack of
appropriate chronology. Such difficulty is encountered in the Jeju volcanics. In Jeju Island there are sedimentary
deposits that are intercalated with volcanic units, as well as primary volcanic products. For the Kyorekyo Sediments
that are sandwiched between two lava beds in the island, Ahn et al. (2018) estimated quantitatively paleotemperatures
reached by heat of the upper lava emplacement by applying magnetic methods and explained that there were
lava-heated sediments in which the OSL signal could be zeroed by the lava heat; thus, the estimated OSL ages
indicate not the sedimentation age but the age of the lava emplacement resulting in 14.8 £ 0.8 ka. In this study
the whole-rock-groundmass step-heating “Ar/”Ar dating assigns a plateau age of 15 + 5 ka to the upper lava, which
shows relatively large uncertainty but is in good agreement with the lava-heated sediment OSL estimates thereby
confirming the feasibility of the Ahn et al. (2018) dating approach. Future works by such lava-heated sediment
OSL chronology with paleotemperature estimation have a potential to improve dating the Late Pleistocene-
Holocene lavas related to the last volcanic history in Jeju Island.
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1. ME

A | (volcanic field) W AHEZEE(volcanic
products) 9] A& = =2 =X Ad](numerical age)
A= A (A7) 34HEEO AlF7H X138} F0]
£ AIsHA wofst=t 7] # ofg}, A
) Aste] utaot ZZH YA A (magma plumbing
system) 9] 54 ¥F 1o}, 12|31 vpolr} ml2f SHik
59| oS % A Q| 7 B AT E =2
71Z2A2E ARF3IH 9l Schmincke, 2007; Bebbington
and Cronin, 2011; Brenna et al., 2015; Leonard et
al., 2017; Mahgoub et al., 2017; Bebbington, 2020).

e, 37] Eefo| AEA| o] 9] SHEEE ]
A% I FAEHE AYUsHA =&8) e Hl 55
AHLS Feth Al 50, 7P Y E8EH=
APESIEA YAr/ P Ar Bz K-Ar ArfEARe] 7
<, A o= 71 YK wigt7) 9}, R e W
K SeH(@Re/ 082 ¢4) 59 29102
Aol T-& BT 71 4= 9Tl Chernyshev
et al., 2006; Leonard et al., 2017). WA ERA(0]3},
HC a3 AdiEA o) A, B 4 uhd oule] 4
A At 24 o] A= v =2 st 2 A
U= =2 AF=E Ho|= 3t (4 Kuntz et al.,
1986; Oppenheimer et al., 2017), =525 EH
EHEEEEol 98l AEEFol HAEHAY 129
o3| &t3tE A) 59 A BN & 5 8l
£ 55 Aol A &3] & 4 e E3F ol
ARl (a#u Ao & A E71Rh ©4 £ F
o2 Qg3 Ay A ¢ U= At K
3% SH(4): Soter, 2011; Manning and Kromer,
2012; Holdaway et al., 2018). g .of wte}, AlA 2zt
A9 AFAEL F7] ETo|2EA o|F SRS
9] Hr} Fe3t Al 45 8l i 229 &
AW 2 RIES T = A Ee, a8 B
A Ve 9 O 53 A=) wet ok S8
g, Rt =T O 22 4 S 52
E, A&stal, Ak Qlok: oS 501, U F
320 o3| 7tEE E|FF o2 RE FEIAY E
= HHEEEERE 23 4 FE SAE):
Ao, A o] 83t Fo|y|Ad A (luminescence) 7]
Qo] t}okst AdE-4 (4. Fattahi and Stokes, 2003;
Tsukamoto et al., 2011; Schmidt et al., 2017), &+
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AHEEE AAE o83 LA A7 8H A4 (ol:
Mahgoub et al., 2017; Korte et al., 2019) 5-©| it}

AlFE= Ad7](Quaternary) F9H0] SHiEo
2 FAH FFAA PR (basaltic volcanic field)
2, 27 0|20l AWAYSHY AT AnHso] o}
20 AR WA AL o] R vyl S
22| 7 o 259hd oo BT ACE 27
HH(Koh et al., 2013, 2019; Brenna ef al., 2015). &
A, 015 SAIRZ R A AT 24 98 &
2 B3l AT A, tare] AU
£ A4 0m AASHs BT A% R 2l
A HH R ANSHE (S, T
= A9 AHupper limit) g E+= 5F8Hlower
limit) gt £= & ohE AASte A) o2 Uiro] o
S 2k HHA A AA 9] A9, 89450 YAr/
PAr B4 (¢): Koh et al., 2019), 33 FE 2=
W A G YRS 0]-&-3t 3] 7] Fu|d| A2 (optically
stimulated luminescence; ©]&, OSLo]2} &) &4
(¢ll: Cheong et al., 2007), SRYFE XS W &35,
z7NH 59] ehag 0]g3t “C E4(o]: Sohn et al.,
2003)°] 1L, 7HA A AA Y] B9, BHHEEE
(A= &7, SHFERS, 22k AH
o EHE Y 49 AR o] OSL 24 (Lee ef
al., 2014; Ahn and Choi, 2016; Ahn et al., 2017;
Yeo et al., 2019)3} Q1% E|X S W EH, 4EH,
B {7]8 5 o] &3t 'C BA(Lee et al., 2014;
Ahn et al., 2015, 2017; Lim et al., 2015; Ahn and
Choi, 2016) 0.2, 22 At A|A|9] Wi} A
sh EA o] th=t o5 Algof Z3E A%
PA=Y 7|9 QA2 A== R stol Ee] Exst
£ “UZ”(Koh, 1997)3} Fgotrlot2 58 9 F4
719 EZ(eolian dusts; 9l: Mizota et al., 1991; Lim
etal., 2005) o2 HE H|E3t A o2 A Q. 2
2 1'C 9 OSL =X\ Atf| A vl as) Rk A
AL 3 Qle), 2E Acigko] F3tet Aol
£ wolt 797} 5% W] 2ol et AnkE
Aaba A Qe ST A e 2] olelg
<2 7231 QUtk(Lee et al., 2014; Ahn and Choi, 2016;
Ahn et al., 2017).

Z| Ahn et al. (2018)-2 A|FA] 275 wefj=] 9]
AT EL(33.4304°N, 126.6735°E; 1 1a)] =5
(39 1b; Park et al. (1998)0| A w2743}
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Y E[HZ-S A3t FAA| )l Hol= 8¢ A5t
o] B0l A ] C 9} OSL dAizrse] xols B
23}31, 2478+ (paleo- and rock-magnetic) B
= 5 E83 W 7HEolgE B WeEN 1
2ol 9] Rl AYstaz} skgict. o|2RY, 42
OSL aAdi#tE2 54 -wiE Adi7t obet o G (#
Byol T2 BEH AHAZE, & AE 894 A
(emplacement) AHE AT 5= Uth= 7Hs S
Argaigit. 2oL AR 89 £ A AU E 14.8
£07 2% BE2QAL 1 x EEAR} 7| 202 + 0,80
) ka (A )& AAeH

2 A= L EH Y FAA] ko] o
3% AsHE 8439 A RRRE AYFAEE
g 23t “Ar/YAr $2] 99 2125 53] Ahn
et al. (2018)o| A AAF3tx Q= EF S OSL A=k
REREH EE53 AH 49 =4 XA} 1
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Ahn et al. (2018) ¥ £ A7) AR HL obA
Aeet A= A4 Qo] AT =Folnt
(29 1a). 19 1b9] A7 AP A2 TR == 2
o] g4+ o] & Atolof| e UALA BEFS
B FEEE AE gtk o)AS2 Al 15
ot A A= Z " 37X (Park et al., 1998)°] W=, of
HHE = 27 w AR, wHnEHF, &
AgunEFoto g gr]o] gt

Ahn et al. (2018)0| A =35t £4] HX}ol| 3]
19 2a0) 7HFsHA] vrepdich C ® OSL At

223 APA@-11 pm) g YAE 7zt o] 83t
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Fig. 1. Location map and photo view of the outcrop for the studied site. (a) Satellite map view (modified from the
map provided in https://www.vworld.kr/) showing the studied site location (orange star) with its surrounding
“oreum” peaks (yellow triangles). (b) A westward view of the sampled outcrop exposed in a pothole on the riverbed,
showing contact relationship of two lava beds and the intercalated sedimentary unit (s). The three sedimentary sec-
tions (A, P, and C from north to south) studied in Ahn et a/l. (2018) are also presented as white-line boxes with the

labelling.
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Tputeo estimation (1)
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auxiliary protocols
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Age (ka) y low-temperature [ref.
0 5 10 15 25 component  |paleomagnetic direction
0 gt : L N L Range: 80-350°C | quring the upper lava
’g H“ Inc= 41.2° emplacement
S Heorisaribe Inc=44.6", Dec=346.5"
?“’ 20 4 Wt OSL-P1 MAD= 1.1 (n=10, k=476.6, 195=2.2°)
2 > Ay OSLAT high-temperature
I H
2 404 Ran
5 ]
& 60 ol ; 2
=8 Wt OSL-P2 A ,
o Example : Tpaieo estimation (2)
‘é Wi OSL-A2 320 7F 25 = Alteration indicies
2 100 pel T |-
‘%_ ®  SectionA 240 s0c
@ % Section P e o+ aoc|®
0 1204|®  sectonC El S 3s0c
o = 160 00|10
A OSL-A3 =] g B o
= = +a0c| &
(d)z- . ) Ty
] 40 sub-specimen: P050-2_ >
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= : T T T T T T T T T T
s I-i-(' OSL-AT 0 100 200 300 400 500 600 700 00 20 30 40 50 60|
8 8 i Ié OSL-A2 Temperature (°C) Temperature (°C)
i 14.8+ 0.7 ka i osL-p1 T Temperature, T,... (°C)
= 8 J Possible age : ‘: " . 0 100 200 300 400 500 600 700
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e i 180-0>
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2 84 ] 20 — >
o= ik e -
Q o } OSL-P2 E 40 o
E 99 : S ——
2 < 60
= g o
<= S 80
; **> (1) @
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Fig. 2. Summary of the experimental })rotocols used and the results in Ahn et al. (2018). (a) Schematic figure showing
the experimental protocols, where "C and OSL dating, and two different techniques of Tpateo €stimation based on
paleo- and rock-magnetic analyses are included. kcr, kur: low-field magnetic susceptibility with low- and high-fre-
quency, respectively. NRMO, SIRM: initial intensity of natural remanent magnetization and saturation isothermal
remanent magnetization, respectively. NRM-PD/PAFD/PTD experiments: progressive demagnetization/alternating
field demagnetization/thermal demagnetization experiments for NRMs carried in the samples. 4T run (s): magnetic
susceptibility vs. temperature monitoring with single or multiple cycles of heating-cooling with variable peak
temperatures. (b) Plot of the estimated '*C and OSL ages for the three sections with depth from the upper lava-sediment
contact. The error bars on the “age” axis for '*C and OSL denote + 2 x {standard deviation} and + 2 x {standard
error}, respectively. The grey-colored letter is the sample code for each of the OSL data. (c) Two examples of results
from the two different approaches for Tpaio estimation (the uppermost- and middle-part figures) and the Tpaleo
variation with depth for individual sections (the lowermost-part plot). The estimation technique (1) is based on one
of the hypothesis and practice of paleomagnetism through paleomagnetic directional analyses and the technique
(2) is based on one of the practical feature of the so-called rock-magnetism (more specifically, magnetic property
response of magneto-minerals-bearing materials after annealing). See Ahn ez al. (2018) for details. (d) Plot of Tpaico
(derived from the estimation technique (2)) vs. OSL age for five samples with different positions, with a possible
age determination of the upper lava emplacement by using them. All the uncertainty limits shown in this figure
are =2 x {standard error}. The grey-colored letters are same as in (b).
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B AR St BAT, Trueo B ()T 1Y
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10 X7k ool AA &8 4= Qohe e 1%
ot OSLALS Al efdst 2o 2 AzHch &
gl 4@ o2 200C o] 4fe] 7Fg e FujulAdA Al
371 AEELE 217 Qlon(o: Duller, 2004),
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7)ol PAr 270 A& 60.6% 9+ 1 0|5 &
of disf A2 o2 FHES FAshe Rtk T
FhAAe 2 £Tshy] ofgeut Bt AR
F 27|19} 1eR0) ARy At . E £oz A
SAE A B YArd] ggoz 2T,
A4 60.6% 9 FHomiE Ak A A
o] B3t Folct. uhehA], HL10659] SHHE A
310 + 30 ka (MSWD=1.3)2 =& Hr}.

A5 gore] “Ar/PAr ATjAIHI5 + 5 kaj= OSL
Ad] ARES EYR =&3 =X A|(14.8 + 0.8
ka)2t AAPTHIH 6). 0] AH2 DA 2= oo
2 7t FA Bl T N YRS £ ¥
Zo o3 OSLALE 7} A= glom 25
OSL A4S 53 84 A dhe AN T 4
Y2 ALYt ET, AN} =5 Arfl et

U= MU TEH MR TSN Ui/ cirjRMe E51 gl

o212 vl@s) B YAr/”Ar Ao OSL Aol
H|3j oF Sufolake] 2 0315 ZH= Ao R Hoj(1
3 6), OSL M o] AFAS A 4= qlck.

AE g0k oF 15 ka AEf2, Ahn et al. (2018)
ol Bugt e mEHEe] “C A F oF 15
~ 27 ka®] Zoo] & &24A ¢l AR Eels 235}
29 AFjo|, o] 15 ~ 27 ka?] “C Atj mf =
E|ZZ] HAAYS AT 7F5A0] &t 3,
thd A9} POJ AR 30 cmol o] EjHER2RE o
2 MC A= uf$ 15 kao]| vl wj$ A VRt
th. o] AL T A9} PL AT A 0 2 FAstT B
Aol Fe UYAFHZ0 2 FAE i Co= g
AR F 30 ~ 60 cm o]l B B A 27]9] ¢
50| wo] w0 B AT YAEES Ho|x
To] W2 F-g Hof, A Bh4d(modern carbon)

Table 1. Major element abundances (in wt%) and rock classification of the studied lava rock samples (HL1064,
HL1065). The analyses were made by XRF at KIGAM. Fe;Os*: total Fe as Fe,Os. LOI: loss on ignition. The rock
type is determined by Le Maitre ez al. (2002) (see Fig. 3); BTA: basaltic trachyandesite, TrnB: transitional basalt.

le . . Rock
Sﬁ;‘;’: Si0, TiO» ALO; Fe;05% MgO MnO CaO Na,O K,0 P,0s LOI Total tyopce
HL1064 51.84 228 1482 1126 6.16 0.15 734 3.61 159 049 -029 9925 BTA
HL 1065 49.50 2.86 1540 13.18 541 0.16 829 335 092 050 0.3 99.70 TmB

/39

Table 2. Summary of “’Ar”™’Ar step heating results. See also Fig. 5 for the corresponding age spectrum diagrams.

Sample Preferred weighted plateau Total integrated
name Material Age 1SD Age 1SD
(ka) (ka) %oplateau  Steps MSWD (ka) (ka)
HL 1064 groundmass 15 + 5 99.2 10/12 0.9 12 + 8
HL 1065 Groundmass 310 + 30 60.6 7/12 13 440 + 70

WoEe R

A

iF N i

Fig. 3. Thin section photomicrographs of the upper lava (HL1064) and the lower lava (HL1065) samples.
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Fig. 4. Total alkali vs. silica (TAS) diagram (Le Maitre et al., 2002) for the two studied lava samples (solid circles).
The thin solid and dashed lines represent the boundaries dividing between alkaline and sub-alkaline compositions
by Irvine and Baragar (1971) and by Macdonald and Katsura (1964), respectively. Abbreviations - AB: alkali basalt;
TrnB: trasitional basalt; ThB: tholeiitic basalt; TB: trachybasalt; BTA: basaltic trachyandesite; BA: basaltic andesite;
TA: tracyandesite; T: trachyte; A: andesite; D: dacite; R: rhyolite. The two data presented are from Table 1.
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Fig. 5. “Ar/ P Ar age spectrum diagrams for the two samples, HL1064 (the upper lava) and HL1065 (the lower lava).
The line with arrows in each diagram denotes plateau steps used in age calculations.
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Fig. 6. Comparison of the preferred °Ar/*’Ar plateau age of this study and the mean derived from individual OSL
ages by Ahn ez al. (2018) for age determination of the upper lava, showing a good consistency. All the errors in

age are given as = 1 x {standard deviation}.
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