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Takashi Kudo and Makoto Kobayashi (2013) Radiometric Dating of tephras from Pre-caldera and Calde-
ra-forming stages, Towada volcano, Northeast Japan. Bull. Geol. Surv. Japan, vol. 64, p. 305-311, 2 figs,
2 tables.

Abstract: Towada volcano is an active volcano located in the northern part of the Northeast Japan arc.
We carried out fission-track (FT) and AMS radiocarbon (*“C) dating of tephras from Towada and Hakkoda
volcanoes to establish a detailed eruptive history during the Pre-caldera and Caldera-forming stages of
Towada volcano. The obtained FT ages were 0.23 = 0.05 Ma for Shirobeta tephra (WP), 0.19 + 0.05 Ma
for T-6 tephra, 0.08 = 0.03 Ma for Zarame 1 tephra (ZP1), and 0.09 = 0.03 Ma for Okuse Pyroclastic Flow
Deposits. Although these FT ages are consistent with stratigraphy, they have large error ranges of several
tens of thousands of years. Therefore, further examinations including application of other chronological
dating methods are necessary to obtain more precise estimates of the eruptive age of these tephras. The
obtained "“C age was 17,730 + 70 BP for Biscuit 2 tephra (BP2). Based on stratigraphical consistency, this
"C age is appropriate for the eruptive age of BP2.

Keywords: Towada volcano, tephras from Pre-caldera and Caldera-forming stages, Shirobeta tephra (WP),
Kamikita Plain, Middle to Late Pleistocene
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WK A H & LT, AL R OV AL WOBANLTIHNZ O, TEOEIZE-T, &
HRT 7920812, 749 avy - 792 FNDK V)%ﬂ:ﬂi@t&k?ﬁiﬂﬁ%@ﬂﬁ%# IEhODOH B (AR -

OB 2 (YO SR RlE 217 s - 72, ZOFER, A SEIH, 2003 5 THE - £ 4K, 2007 ; T, 2008, 2010a,
N&ZF 77 (WP) X0 023+005Ma, T-67 77 &1 0.19 baE). —JF, KANLTF I~ LT IR L T
£0.05Ma, #7417 77 (ZP1) &1 0.084+0.03 Ma, &, — RO RBB LK EBROTHENRT - 2122 LK<,

WHKFEFHERE T & 1 0.09 £ 0.03 MaDFTHR A5 5 7z, WHEERE ORI IhTn b Eids 0o, I
BENZFTHNIE, WIFhEEFETFEEILANEDOD, kOWkETFHIT 57201213, BEOAEREE TE 5
BENMTTEERZE V., 20780, K0 KER AL P IEMEICHER L T BB D 5. ZOHT A
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Fig. 1 Locality map showing the sampling sites. A part of 1:25,000 topographic maps “Towadako-toubu”, “Kirita” and
“Momoishi” published by the Geographical Survey Institute is used.

RBHREUE 1T - 72 IC 7 7 7 RSO, e
REL7ZT T ITORERIZONTCHLIKY 5.

2.1 +FIEEHE (1)

A AL O ALY 8 kmDFREH TN HE T
% (1A, B). 2 2T, Tz & D B AHE R (K
W Il 1979 ; Hayakawa, 1985), T —Ak&& 1#Dk
WKE & AT, €27y P17 7 7 (BPL: LTS
HIACHIR 7 L — 7, 1969) & % DFL_EIZ KA B
e CRIAEH 75 5 DUACAFZE 27 L — 7, 1969 5 Hayakawa,
1985) BBFBH 5N 5 EFE2X). Wwdh & R KR
DT 77 TH5. FTHANMEHRBIE LT, BEEAMT
Wl 5 2 3 7 & PRELL 72 (B2 [X) .

BN TR HEREY
RUEEOIRAREZ 2) 7HHEREMTH D, BEEIX10
mMU ETH B, F40eml FToZ2a) 7E2FEREL, &

Frafts., 23 73 AT, RimdFEraEsE< %
JKE~IEIK G AR H, NEEFHEENR < BEGERT.
23 7IRERNETH 5, M3 mmll FOFRHRA
WaxEad. Ghid, RIUARUCZREEEREL, &
B U 7KL, SRS T OHERE S 2 11 5 . R I3 e ~R
Bt % RT 5 KL R ORDR ~ MR KUK A 5 75 5.

2.2 HHIHETHEH (= 2)

At AL O FALH K 22 kmiZfriE$ 5 (551
KA, C). ZZ7TiE, T & KRAEAFFHER,
YRR - 0 — LA RATT, E2 7 v 25 7 5 (BP2:
HbH USSR 4L 2L — 7, 1969), & 6 IZHHER
g - a—LRgERAT, AFRETESAMEP: K- I,
1979) & Z O _IZ U KR HERE (FR)IHE 2, 1972
Hayakawa, 1985 ; 52X Tl &WE) g s h 5 (B2 X).
WG FHEALEEDTF 77 Th b, TDS5H, 1C
ERGHIE B E LT, BP2IE FO T — AE & FRELL 7=,
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EXJvy h25777(BP2)

BP213 i, i, N3O F 2=y TR
EhBCEE2). B, Efirs2hZEhi3 em, 11
em, 4ecmTHh 3. LFBz= MIBRIR THEIKDOEOIRS
KWEERETH 5. 15 emP FOHGEA» 55D, B
GO A KLIKAFTEL TWb, = MIKE
KtERETHKUKETHD, F1 emPl FOAGEA %
FIXHICEA, FOEEMHENRENhE. Ff1=y b
RO B OB KB T, 85 cml F O @2
55,

2.3 +FIHETH A (= 3)

A M USRI AL O FE AT 30 kmiZ 7§ 5 (G 1
XA, D). 22T, BTF775&u—2oBroksE
C12mll EOHEMESE X, T & D WP, NP, T-3, T-4,
T-5, T-6, ZP1, Toya, Scl, CP, T-15, AP, T-17, OP2,
SP, T-22, RP, KbP, BPl, HPDH /&< & 3 20D T
TIINROONDB CFE2X). KT 7 T Dt - ERIL,
ToyaZSHJHHIZ %> (1987), WP, NP, RP, BP12 #dtihy
BIURIIZE L — 7(1969), % Dfias Kl - 11 (1979)
I2&3. Zhoms 5, WPAHRH AR (Bl - &k
M, 1986), ToyanMi#Ek )L 7 5 #JE (M HIE 2, 1987),
Z O HRIFLKIGEIR T d 5 (Rl - K, 1986 5 T,
2005). 7272 L, T-3D—# i VR E % £ ]
EME S TR S T B (LHEIE A, 2004).

DEDs750D55, WP, T-6, ZP1» HFTHAJIE
FIRARHZ FREL L 72 (BB 2 X)) . WPIZ AAFRE K IR & X h
TW3 A, FHEAKGEEDO 7 7 5 2/WPk D & LAid
JEe B9 5 Z & (IR, 1983 5 KA1l - K, 1986 5
TR, 2005) (2014, WP EAEPECIAIC /AL, »
DU OB AT LIS T 75D 1D2TH 5 Z
& (EN, 1985 5 &I, 2004) 205, +HHIHKILOWGE) T
ROEREHETHDISHE LT 77 8% 4, WENR
L.

23.1 BENZ 777 (WP)

HR4 775 (WP)iE, LiEB& TED2MDBETI=y
PO NS, B =y MEREE40 cmDIRBIKE
~F Ik E R S EAaKUEERETH 5. BRI
emfEETHY, FEFLORLILEZIT TS, Eff2 om
UTFOERELL GA, RRAREEEHETRS. N
2=y MIEE20 cmDOHEHE~HKEE 2T 2L
IR T H 5. BT RERemfEE T, FL ML be
JE# A2 TRMPL LT3, BE2 cemB T ORGSR
#HEMES. FENETE K 0 AR AU & FRELL 72,

232T-6777(T-6)
T-6(3 L & PO 2D F 2= F 2 5K &,
Eifa =y MR L kLR RE, M= b
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Table. I  Results of zircon fission-track dating.
Stratigraphic Locality® Sample name n Spontaneous Induced Dosimeter P(¥) r U Age (x10)
position® ps(cm?)  pi(cm®)  pa(cm?) (%) (ppm) (Ma)
(Ns) (Ni) (Nd)
Okuse PAl. 1 101024-3 66 1.61x10* 9.88x10° 14.60x10* 99 0.506 560 0.09 £ 0.03
(12) (7367) (4380)
ZP1 3 100902-1 ZP1 58 9.78x10° 6.67x10° 13.86x10* 26 0.238 400 0.08 £ 0.03
(5) (3412) (4159)
T-6 3 100902-1 T-6 60 2.70x10* 7.32x10°  13.90%10* 21 0.221 440 0.19 £ 0.05
(18) (4880) (4170)
WP 3 100902-1 WP 60 1.95x10* 4.38x10°  13.97x10* 25 0521 260 0.23+0.05
(20) (4494) (4142)

(See Fig. 2. PSee Fig.1. Pfl, pyroclastic flow deposit. n, number of grains. p and N, density and total number of counted tracks,
respectively. Analyses were made by using the external detector method that applied to external surface of zircon (ED2: Danhara et al.,

1991). NIST-SRM612 standard glasses were used as a dosimeter. P(x?), probability of obtaining the x? value for v degrees of freedom (v
= number of crystals - 1) (Galbraith, 1981). r, correlation coefficient between p; and p;. U, uranium content calculated based on the induced
track densities (lwano et al., 2000). Zircon grains were irradiated using the pneumatic tube of reactor unit JRR-3 at the Japan Atomic
Energy Agency, Japan. Ages were calculated by using a zeta calibration factor of {gp, = 371 + 3 (10) for HI with DAP detectors (Danhara

and Iwano, 2009).

KD RWZ 2 ) 7 KILEERE 2 6 7 5 (T, 2005).
HSE3TIE NS 2=y POADPED NS, FEIFEIE25
emT, B3I ecmMd FTOE L L -a~EE@a a7
THER X 5.

233541575 (ZP1)

FI X177 5 (ZP1) X, LM L 2k a~f
Gt hEFERE L, IKO~BIKEOE R %085 B Rak
I TH 5. BEIFEIZ14 emTH D, B - S ORK
R TmmTd 5.

3. #RAIEFE

31 7«4v>ar- - by 7EREE
WEEKRASHTZR T v ay - b T o MRIEL
72, ARACHIE T-NE (X Danhara et al. (1991, 2003)1Z#EL L,
Y= Ik 5085 1 72 24 =1 (ED 2) # 7z,
VILaAVhOBAR T v DTy F v 5IE, KOH-NaOH
R (225°C) T44 ~ 45 T > 72, FBE N T v 2 D4
#5472 & —IZIZDAP (diallyl phthalate) g% Fv 7=
Bk TR H AR 7 178 B T A D IRR-3 547 5
R (AulZxt g 2Cdibid24) T - 72, 2 OFE, #obik
TR EME H OIEHE 5 5 2 & L TNIST-SRM612 % F
7=, AP IE I3 ¥ — & ¥ (Hurford and Green, 1983) T/ -
72. ¥ —Z{ii3371 £3 T»H 5 (Danhara and Iwano, 2009) .

3.2 WEHERFERAE

M % BRRS AL ES 22T I RfE U 72, AL
ELTHB—TILh ) —BEEHETD, Ea— 3V EHE

MR E Lz RN, 3MV A VT A NEEs (NEC
Hlpelletron 9SDH-2) & X — 2 & L 7= “C-AMSHL [ 2 & %
HWTHIE L2, Boh"ClEiEizonTix, [Ffik
RIEHROMILE & 170, HCER AR L 2 HCE R
I3 Libby DIk ] 5568 4F- & FIVTHM L, P4l 1950 4F-»
55 72 ABPTRE L 72, HIE A5 R 0 AR E 1213,
HCAEM — AR E T 87 IntCal09  (Reimer et al., 2009)
BRIE7 925 ACALIB 6.1.0 (Stuiver and Reimer, 1993) %
7=,

4. FRAEHR

41. 74y a>r - vy 7ERAE
41.1 BNE2 575 (WP)

AKiABHE 1 kgd 72 D 40HFEE DO YL 3 Vi % &1,
i U7z a Uigso 0%, BE~Hao s
T, ERFTEE MKV, RO D10%iE, BEolH
JEASE T, BREFTEE L HIHO 1005FEE W, 22T
3, AERSEEZOhIREEIENRE L HlE
AT - 7260 K T OFTHTF — 2138, x B (78K :
5% IZEE L, Hat EASRASEORA 2R T EHRITED
chniwv. 22T, SRTF2H—-FNAEMICETE0
LT, 023£0.05MaDFAR A7 (5 14).

412 T-6 577 (T-6)

AFRHE 1 kg 720 1HOEFEE O Vv a v fbE % &
i U7z VoL a3 VSRR 80%IE,  MECIEIH OMINK: 72 F
BT, HIEFTEEIMED. D D20%1F, HEAEHT
b BHEMALL2FT2 2 < G728, FNEE =T 725t
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Hok  AMS "CHEREIE ORGE.
Table.2 Result of AMS "“C dating.

Stratigraphic Locality”® Lab.no.  Material “C date® Cal. range (20)*
position" (x10) (probability, %)
loam 20,563-20,649 cal BP (6.7)
below BP2 2 IAAA-102008 . -22.03+£0.43 17,730+ 70
(humin) 20,818-21,485 cal BP (93.2)

"See Fig. 2. @See Fig.1. ®The Libby's half-life of 5568 years was used. “Based on the calibration curve IntCal09 (Reimer
et al., 2009) using the computer program CALIB 6.1.0 (Stuiver and Reimer, 1993).

ffbim e B s, koT, AEMHEEZ SN S0
FHEUEICHL 22, WE %17 - 72 60K T OFTHER T —
203, RREISARE L, Mt FASRES S OBRA RS
WRIFARD s, 22T, 1238 —f RIS
BT 28DE LT, 0.19+0.05 MaDERESH7- 1K),

413 ¥ F X 15775 (ZP1)

ARERHE T kgd 72 D 20{fFRE D VN T v E &L,
DL a Vs, BEEHTHED S DL ABERRR
ARELONE K DH, WEOBIZXANIrAbkr >
7z. WE L7260 Ki FOFTHRT — 2 1%, KE<iF6D
X, Y REBICEK L. 20D, FROGWEDOH,
SIEIZKRAM L, 2K F 2R\ E T ATy  BEIZAIKL
7. ZZT, KOOSSRTFEHE-FRIZETI2EDL
LT, 0.08£0.03 MaD AR AEE7= G 1£).

4.1.4 BRI RHETEY

REABHI AR ORBREGZ 3 ) 7 DA %R
WL=dDThHB. 2a) 7EKEL, WEAEKRELE
LTRBEL, Yo VSO AT 5 72 RaRHE L
kg 7= D 30MARRED VL a VS E &, YL a Uk
EmOGH, IR, S, HRFTEE L, o5 L,
80%IEAVE Ml & HEE X h 2 BEEHO HEHmTH O,
O D20%IFHEH 5 WVIXEREADEFEL 72/ kA5 T H
5. koT, KEMSEEZONDHIEHEZHEIZHEL 72,
FIFR T —21%, HORBO2Z0IEe25 00, ¥°
MEIZARE L, fat EASRASSORA 2R3 BRI
bhkw. 22T, 2R AHE-EREMIRET80
AL, 0.09+0.03 MaDER A7 (1),

4.2 K5t R RENXBIE

A7y F27 77 BP)ETE—2405, 17,730 =
70 BP (IAAA-102008) O “CAERAIE 2 & W7z (B2 %).
ZOFERABERIET 5 £,205~215kak 85 (552%).

5. FREDFE

51 BNZ5 75 (WP)

WP D 023 40.05 MaDFTHR 2B 5 Nz, ZOER
1%, WPOD _LAIZ & 5 ToyadD AR 28 W R IR (A LERE 35 12
&0 0.112 Ma (EHIEA, 1997), WPD FHilZdH B TE-1
DHEARDK-ArFRRFTH A 580040 Mak FZ 5h b
Z & (LiEIE2, 2004) LRARIT 5. WPORBSFMRE L
T, ZHETIZ028+0.05 MaDFTHR A5 T
BH(FEE, 2007), S 6N ZFTHR & 1dR-zE O i
THHEHT S, i, WPOFERIE, FREABLhTHS
FT7IEu—LEOREEDOBHRN” S 0.17 ~ 0.20 Ma (7
N, 1985) & %2 i30.27 Ma (TREIE A, 2004) & HfE7E &
hTHD, 506 NZFTHERE EFEOHE CHEY
5.

A B A A B e R 0 KA S EE I (R IE A,
1959 5 HiJIl, 1961) 1F, MRFN KL A 7 — 2 (MIS) 7
(0.19 ~ 0.24 Ma : Lisiecki and Raymo, 2005) D¢ & &
TH D (FJFH, 2004, 2009, WPLILED T 7 5 i2Ebh
5ZENHEIL TS (EN, 19855 3JH, 2004). Z0D
Zens, WPIdA L L3024 Mak D & 50WEHEZH
N, L2 o0FTiERE FMNT 2. —FH, v—2ED
R EE R AR o A SR (B, 2009) 12 K AuiE, WPRED
Jegi e % SR HRBR R A R 9 R ) & il ~ i N A&
INTHRICZEE T A Z B HBIL T3, ZDZenb,
WPDFAIIMIST « 63 R H 725 0.19 Malsfili Th 5 1]
e ELONS. LiL, ZOBESIZEZSHESN
FTAER S EFHAI§ 5 & DD, i (2007) DFTHL & 13
FIET3. WTFRIZL A, ZhoDOFTHEMIZHAEN A
FLREWRD, 5%, MOFERUELELIiFETr TR
F o2 xiTEV, FREKDADZENBETH S.

52T-65 75 (T-6)

T-6 £ 1 0.19 £ 0.05 MaDFTHERAE 6 iz, ZOFN
&, BEPKZNZOOD, T-60 LFLIZH 5 ToyaD FAX,
2350.112 Ma (FIFIEA, 1997), T-6D FH7IZH 2WPD
FT4EAA10.23 £0.05 Ma (KRFFZE), 0.2840.05Ma (F5,
2007) THBHI EEFIFLAEW,
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53 ¥ X1575(ZP2)

ZP1 & 1 0.08 = 0.03 MaDFTER D 5 Mtz Z DR
i, BMENKZVLDOD, ZPIA T-6L D & [, Toya
KDY TR THBZELEFIFLE.

5.4 BRI NRERHERRY)

BT RHERI & 1 0.09 +0.03 MaDFTHACAE 5
hiz. ZoOHEMUL, BIEARHER A BPL (BT
36.2-36.9 ka : /NFIE A2, 2007) D F A, Aso-4 (87 ka:
Aoki, 2008) D EAIZFiE$ 2 REIFBIfR & FJE L 250,

B PERHE R ORI N L 2Ly N T 7 5
(RP)IZDW\WTIE, ZhEx TV Dh DR & Tk
IDERPABE O TR ERBPBEHTNET T
7 Lu—LRFORREL DR 51, 55 ka (Hayakawa,

1985) & L <1350 ~ 70 ka (%54, 1985) LHfEE ST 5.

727 L, Zhb o, BHERREIED “"CHNR
AT =Ntk BEDThB. i), v — LREORMEYIHRE
TR A A S (P - AP, 1999) A 5 1%, RPOIRAET %
JEUEIXTG-EmrlZ[X 43 &, MIS 5a (82 kafiifk : Lisiecki
and Raymo, 2005) IZxflb e hCwnb. £/, HIBEEFIC
B 5B DR BTRA 6, RPIIMISSak Eh b
Sl e (BALH 5 SBIUACATE R 2 0 — 7, 1969) %785 T
EMHBIL TV B (EN, 19855 5, 2009). L ED X
02, BHERICHEE X M =RPDERIZ, I &7 50 ~ 82
kaDFEPHIZ D 5.

LSS5 N 2=FTAERIE, EREom kBT & OBk, b
YRR M2 & HEE X M B FREIRITFML, a—24
FEDRIE, 5 FWAEE 6Nz E N (1985) 12 & 5 FRilEE &
—HEHET S, LrLars, ZThEoklifzgoh
TIAL 2 AN 5 T & 7-Hayakawa (1985)D 4 5E -1
(55ka) & Il d 2 &, RRH VR E 55 7.

ﬁﬁkﬂﬁﬂ%%&m DT, “CHERMIE LD
8 P 238 U OB RHREDH I & q%htﬁﬁﬁ%m%#

3ﬁ$tk%ntb,%ﬁ%ﬁ@ﬂniﬁ%ﬁuuﬁo
T, BARERHERT & RPIE, HRIFE AL O G E)
B WT AL T TR R O K (AT — F
Q) & T 5 (Hayakawa, 1985). Z D728, ZOWEK
FERERER KD B Z Lid, FRHEXLESRO X 5
7 5P, A L2 RN 2 KIGE) Pllo 720
ICBEARNR 5 DThH 5. WHIAIRTRHER & RPOF-
fRizo20waiEk, ZoREFIZEAHEEhs LI 1y
Y v 2RI (B - B, 2005) DA S &0, 5
B B CORBIBLETH 5.

55 EX4 v h257 5 (BP2)
BP2IE FDa — 45 520.8-21.5 ka?D “CHAA (FEFAL
HEE) AR 5 7=, BP2IE, HPO i, BBRTnT 7 5

(AT) (MJTHH - $rHE, 1976) O 147 o e 12 BAE L (5411,

1993), M 4IZBWTZOREFERAEHERTE 3 (552

X). &6 "CERIE, ERLoOHPH CHER (B4R
) T15.5 ka (Horiuchi et al., 2007), FHiOATH LR
PR HERE R TH928 ka GEBIE A, 2006) ThH D Z & &
M3 5. £72, HPEATOHER IR 4IZ BT 50— 24
%®Eé%@ﬁ,%%ﬁﬁé*i&ﬁibf&?@@ﬁ
RIS EH21 kak i, Hohz CHEREIZ

45, DEoZen»s, ShEsh"cHMRIL, BP2
DOEHFERERTEDE LTRYTH B LY XN 3.

BEE AW, PERRITE U U A 2 LR E R 2 A
D I EEZE (FERRAMI O WFZeERE + ILGFIA) & LT3
i X iz, BIRASHAICERS EHHR L LF 5. BAAFEED
BRISIEIRA R OEBER T IRIC T2 720 72 ()
T 4w ay - by OEE BIEKIZIE, FTHER
TEICB LTI - ZHIETHW 2, RSz HET 51
H7z0, EEFMFEATIZAONIE WK, 1l BAK,
WAREWERD 2572 EAETEB KOWERS
DNEBFEARIZE, AincddET S ETHMEEICE - 7%,
LT L Y 5.
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