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"*C Wiggle-matching Age of a Wood Trunk in the Lahar Deposits Caused by the 10th Century
Eruption at the Northern Foot of Baitoushan Volcano, China/North Korea
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Abstract

We performed accelerator mass spectrometry (AMS) radiocarbon
dating of a wood trunk excavated from a lahar deposit (Unit H) on the
northeastern foot of Baitoushan (Baekdusan) volcano on the border of
China and North Korea. A wiggle-matching analysis was performed for
nineteen radiocarbon ages of annual rings to the calibration curve IntCal13
using the computer software OxCal 4.3. The 136th annual ring of wood
trunk counted from the outermost provided a model age of cal AD 797-
816 in the 1-6 range and cal AD 791-827 in the 2-6 range. It means that the
death age of this tree (i.e., eruption age) was estimated to be cal AD 932-
951 in the 1-0 range and cal AD 926-962 in the 2-6 range. Our result agreed
well with the age of B-Tm (AD 946) determined by the "‘C spike dating
method. Choosing characteristic periods of the calibration curve is effective
to obtain the accurate age of the event (volcanic eruption) by "“C wiggle-
matching.

Keywords: B-Tm, lahar deposit, “C wiggle matching, AMS radiocarbon age,
AD 774-775 "C spike

HOHR 2, AL D ZEE W E e 2R

U oI

FEIL (P E 4 CiEEA L) b #E ARIEAIE (h
) & e R R ARILAE (LieE) oS IAL
BLTEY (Fig. 1), 10 A A TR = 100
km’ %8 2 % HEEIL - /M7 7 5 (B-Tm) % BN
L 72 (Horn and Schmincke, 2000; Machida et al., 1990;
M FE 2, 1981; B ARIE 2, 2004; PHAIE 2>, 2010).
Machida et al. (1990) X, Z o 10 Mg kiZ Xk 2 —

(A-dav), FISHRE TEEAMEREY (B-pfa), &1 KPRHE
&Y (C-pfl), WYL 7 N—VHEREY (D-ml), FIBBET
BOOHEREY (B-pfa), ENIAKWEiHEREY (F-pfl) @ 6 )@
WZXG L7z, 20, WARIZZ (2010) A% 10 ALK
FHEHKL, 300K T = 4 XI5 LT3 (Fig.
2). Thbh, 7Y =—KBETEA DS KPR
WMERKT 5 HOBKAFIEEY BRI &b,
D-ml &, FAIZA (2004) @ Unit H {24 L, Phase
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20 UnitC DEEPSRELIZEEZOND.

Z DRI 8 FE 2000 45 1] T HL Bk Ff KB o 1
K (VEI=7) DOEDTHY, ZTOERZIEFHEIZHM
572, AFEAEMREE OB%, 2001), 4EHRMAES (fd
BT A, 1998; L F 137>, 2010; McLean et al., 2016;
Okuno et al., 2011), HiExR®E (C) 74 7~y
F- >~ 27 (Nakamura et al., 2007; A, 2013; Xu et al.,
2013; Yatsuzuka et al., 2010; Yinetal., 2012) 7 &kt 4
HREErORE SN TE (BT, 2004, 2010;
Sun et al., 2014). ¥IE, Oppenheimer et al. (2017) X
Hakozaki et al. (2018) #%, AD 774-775 ® “C X /% 4
7 (Miyake et al., 2012, 2013) & FIH L 7= 4pAR 0 e
(Wacker et al., 2014) % JH\» T, B-Tm D £ A% AD
946 DA THH I L ZWLMITR Y, FBELZTTRL
IEHERE (oL n%) bFHMiTE 5 X9 1Tk o7,

"CAEMRMELTIE, KR O NCHREN—ETH

(a) ™ s ) . s 145 50°

Ching

|
Pacific Ocean

Fig. 1. Index maps. (a) Distribution of the B-Tm tephra by the
10th century eruption. Dashed lines with values indicate
isopachs in cm (modified from Machida et al., 1990). Solid
circles indicate representative lakes reported the B-Tm. Lakes
Megata (Kamite et al., 2010), Ogawara (Fukusawa et al.,
1998) and Suigetsu (MacLearn et al., 2016). (b) Topographic
map of the northeastern slope of Baitoushan volcano. Open
circle indicates location of sampling site. Counter interval is
20 meters.

30

BEMEENDA, EBIIZRK O C IR LS
LTBY, "CHEMRIBEMRIT L THICEFH L
BV, ZO7DICRIEELICY A ZvE XiEh s
ML . RETRD "CoA T~y F U7
1%, IntCall3 (Reimer et al., 2013) 7& & @ “C4EAC —
JEAEBOE MR &, MR 2 & O ER KT OB
D “CHERDEALY KT HHPHERK Y AL TH
% (Pearson, 1986; ¥k, 1995). Thbb, ZoOkiE
&, ARERAEAE IS BT B AERIEEIL oAb ) I e 4R
& () OEILEHVLLDTHSH. AWETH,
HEE AL A 5 10 BEREIEKIC I L 72 5 N —
WVHERY (Unit H) 2> SR L 2B ARER O “C ER %
WELTHCIA TNy F U T &fTol. AT
B-Tm DFERASAD 946 TH 5H Z L &Hife & LT, "“C
A TNy F U TETE)ERBRER RS20
HEIZOWTHERT 5.

AERA S LU C ERRIE

H5 513 2002 4F 9 HICHBEINALEIE )L < AT
LBRAE T = VHERRY (Unit H) 7% & A & K jx
LM % LR L, 3 i Hal 12 PRI L 72 (BT
EA, 2004). BRUGRELO KEBSIEAKROB®TH
D, bEOBRERTFLAZTIRILLTV DL DN
%\~ (Fig. 3). AFETIE, 209 bR THE D
BT B 5 ZHW2, ZoEFC5 i, EEE 60
cm, FE314THY, RIMLZ 12 HD) BRAT

Volume (km?®)*

Legend
©o0 | Pyroclastic flow 7-10
N deposit
Pyroclastic surge <0.1
deposit 00 RN _ _ - | A |-=====
>0.6

Approx.one year brake 9
(Unit H)

Fig. 2. Idealized columnar section of the 10th century eruption
(modified from Nishimoto et al., 2010). * Volume of each unit
was estimated by Miyamoto et al. (2004).
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HY, BT~y ERMEERTE (Favkraay
Pinus koraiensis) T» 5. FEEIEIC X 5 ERFECHH
T, SAERETLTRENL L 727 — & B OMBIfR
¥ =0391, tBT=647 CTH Y, [ UKL
WEFC3 LAl — 4 DOMIEA R S T % (Hakozaki
etal, 2018). &H 5 bRAME I F TREE I
TWbZEND, BEEIEY (Fk~F) THi L7k
SN 5, ZOMEFEIX, B4 (2001) OFFEL
bE—HT 5.

ARWFFE T, 90 L 723 GURE C5) o i
A3004EEMMZ D720, FEROWFEL D B VAERILC
WMoz 4 ZVIER LT, XY EMEICI~Y Yy F 7 F
I lxMotz. bbb, RKIMEEAD AD 946 ThH
L3 5L, "CHEMR-TBEBIEMR Lo “CERD
KESEBT S AD 754 ~ 811 \2HHY4 T 5 4 (At
WS 136 & 193 JBOR) Zxf5 & LT3 ERF
7120 AALEL L 72 (Table 1).

9, T4 A 7RSS 5 mm AREE QRSO
BRIRAEZ U L, BRI THA IV Y 2o T4
Wt Y)Y o3y 72, BURHRIH 2 ZAROK TR 2, TR —
TNHY - (AAA) WEEIT, 73 VEBER T UR

W& ke L7z, AAA LR L 72508 2 BR L & Jt oo
A 3=V EICHEERHAL, BXAIHFTE0T, 3K
m# U721, EU-AARE Rl L CTBbREL M
T, AFi#EcH: (Kitagawaetal., 1993) 12X 0 757 7
4 Mb L7z %R K% HVEE #8828 8 & 40
Wit (AMS) Z2HWT, TOX 5774 o CiEE
Z il %€ L 72 (Nakamura et al., 2000). “C & JE o {2 it
FE LTNISTOXII (Y2 Y g) %, Nv o759 v
REFAI 12 1 W @ Graphite K 2 H L7z, “C 4R
DHMWITIE, Libby O8] 5568 4F % vy, AMS T
W L7zilko 6 PC I & 0 FAARS BRI R (P,
1995) % f#fiik L 7=.

R & EE

AD 780 I[ZAHY § 2 il 1 K2 BRWT, 519 Ko
“CHEMRDBEOLNZ hso CHERIZOVWT, o
Y ¥ a2 —4% Y 7 b OxCal 4.3 (Bronk Ramsey, 2009;
Bronk Ramsey et al., 2001) @ D_Sequence % > C,
HCAER - IBER T —F £y N InCall3 12 A Z v
~vF ULl #BHENZETFTNVEMRIE 10 Tcal

Fig. 3. Photographs showing occurrence of analyzed wood trunk.



Table 1 Results of AMS "C dating and wiggle-matching

Dendro-yr Layer s"c 1C age Labcode# Unmodelled age (AD,26)  Modelled age (AD, 2 )
(AD)* number*®* (%0) *** (BP) (NUTA2-) from to from to
754 193 248 1279 + 32 10270 659 800 734 770
757 190 24.7 1297 + 34 10269 660 770 737 773
760 187 25.0 1298 + 33 10266 660 770 740 776
763 184 245 1285 +32 10265 660 774 743 779
766 181 252 1280 + 32 10264 659 800 746 782
769 178 2252 1300 + 32 10263 660 770 749 785
772 175 252 1266 + 33 10262 665 864 752 788
775 172 242 1196 + 32 10261 713 945 755 791
778 169 252 1183 +33 10258 725 961 758 794
784 163 242 1222 +32 10256 690 888 764 800
787 160 -24.4 1242 + 32 10255 681 877 767 803
790 157 23.3 1166 + 33 10254 771 968 770 806
793 154 22.7 1182 + 33 10253 726 962 773 809
796 151 24.1 1188 + 32 10252 720 950 776 812
799 148 23.0 1186 + 32 10251 722 952 779 815
802 145 242 1218 +32 10249 690 890 782 818
805 142 25.6 1187 + 33 10248 720 953 785 821
308 139 24.4 1246 + 32 10247 678 875 788 824
811 136 234 1195 + 32 10246 715 945 791 827

* The outermost ring corresponding to AD 946 is assumed. ** Annual rings were counted from the outermost ring. *** Measured by AMS.

AD 797 ~ 816, 20 T cal AD 791 ~ 827 T& % (Table
1, Fig.4). ToOEFVERIZ, BB C5 osM e
L2 T136 BHOFRIZGZ 6N THLI L0
5, ZOBMARORICAENR (=HKER) L LTI, 1o
Tcal AD 932 ~ 951, 20 Tcal AD 926 ~ 962 & 72 %
(Fig. 4).

A0l @ #% B X, AD 774-775C A 8 4 7 AEAR
2 & o TH 5 172 AD 946 (Hakozaki et al.,, 2018;
Oppenheimer et al., 2017) ZFRATEY, O THF
BThbEVZDL, —HIZ, X0 IERERERTEZFT
I 72DICIE, RAVEREASTE L2740 C
FEREBTCIA TNy F VI TEUERHLEEZ
b5, ZOWMZETIE 60 EMA5E 19 Mo C
FRIEOENTVED, FRIELHFE VL &L, W
EEDLENIEIEZL v, FRICHOEDLST, »ib
EMHERKEREPHE SN0, Bh 5 “C AL 712
HMT % “MCAERDOEEAK & v "AD 754 ~ 811 (AD
774-775 ZA34 7 % &) OMMICEI LA z2 &1ck
LEEZLNL., L7z2AoT, KifED X )iz “C 4
R — AR E B AR AN 2 TR & 7R AR AR AP 2 A1
AL, 2% D IERER RSB ONL T EHIRFTE 5.
“C A4 71E AD 774-775 DAL AD 994 (Miyake et

al., 2013) % BC 660 (Park et al., 2017) IZdWMEE N
TBY, 5%, Sz TwtEzZoND. 72,
HCAEMY (IRE) DZEEY DS UC AL 7 LR BT L
ETHVWEETYH, »ARERBNZIBIRE F o 720
MEIARA PELTHHATE 2 WHESEDSD 5.

B

REEONEIZ, FEHEHEE TDH L EHIHEE KR
WL 722005 EERERLE D LICLT, ZOHROHF
ZELEEE A TN - ZTIE L2 D Th 5. HEWEE
JEFZERE (KIGAM) Ot 5 T & 37 b RAR )
fE ORI R ICIE, SRS L THIER T A Y b
W We HEILCTOBMATRICE LT, Bk
FORIVET B, RRERFOHRM L 23%5
B, WEZE L TR DS B ZEBRO 1%
THRE W SO —EIC, H AR
IRELE ORLARFIEMBh & - LIS (A) GREES
17253007, WigefizH AO%7%), Lz B) GR
A 117300295, WFZEARERE @ BAT L), SR
7t (B) GREFE S 119300300, AFZefCae : A R)
AL Db, RRLUTHERLB L RFFE .
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OxCal v4.3.2 Bronk Ramsey (2017); r:5 IntCal13 atmospheric curve (Reimer et al., 2013)

750 800 850
\\ Calendar date (AD)
1400

1600

S
b=y
R

=)
=
S

o

Probability density

1200

Radiocarbon determination (BP)
|

1000

500 600 700 800 900 1000
Modelled date (AD)

Fig. 4. Result of "C wiggle-matching using the computer program
OxCal 4.3 (Bronk Ramsey, 2009; Bronk Ramsey et al., 2001)
with dataset of IntCal13 (Reimer et al., 2013). (a) Curve plot
of 19 probability distributions. (b) Single plot for the 136th
annual ring of wood trunk counted from the outermost.
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