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Constraint on the spatial distribution of the Early and Middle Jurassic units within the Nakatsugawa
Complex of the North Kitakami Belt by detrital zircon U-Pb dating
OSAKA Masashi, AOKI Shogo, UCHINO Takayuki and FUKUYAMA Mayuko 155

RENEE
LR A & P LR

TG LRI TSR B 2 E O AER 2 5 2D, #lE (5 2,999 m) Rk HE (B2 2,501 m) &£ & D
% AR 5. TRELIR & B OMICIAA % G, BARWEATR X 2RI HERE U 72 28
SAEL TS, WIPFEIZ R U 22 R RO HIFNC & > TR EOHRHERI 2 66 X, IR
SAINDTEET B, (T 36°43°53.6"N, 137°20°15.77E)

m

(B - 3 RAREH)

Cover Photograph

North edge of the Hida Mountain Range seen from the Toyama Plain, Toyama Prefecture

The Hida Mountain Range consist of Paleozoic and Mesozoic formations such as the Hida Belt, and contain high
summits. The left summit in the photograph is Mt. Tsurugi (alt. 2,999 m) and the right summit is Mt. Dainichi (alt.
2,501 m). A series of hills is distributed between the Hida Mountain Range and the Toyama Plain. These hills are
composed of marine sediments from the time when the Sea of Japan was formed in the Early Miocene. The Toyama
Plaine has been supplied with an enormous amount of coarse-grained sediments originating from erosion of the
uplifted Hida Mountain Range, leading to the development of a fan delta. (Photographing location: 36° 43* 53.6” N,
137°20°15.7”E)

(Photograph and Caption by NAGAMORI Hideaki)



WEFALAT TR, 55 74 &, 55 3 5, p. 107-118, 2023

S - Article

ELAXURLE, #ES - BRIEBE Zh#HEHO “C E£R

W I -

YAMAMOTO Takahiro and KOBAYASHI Makoto (2023) '“C ages for the Gotenba and Mabusegawa
Debris Avalanche Deposits in the eastern foot of Fuji Volcano, Japan. Bulletin of the Geological Survey of
Japan, vol. 74 (3), p. 107-118, 8 figs, 2 tables.

Abstract: We examined '*C dating and correlation of exotic tephra for newly obtained samples in the
eastern foot of Fuji Volcano. Wood samples in the Gotenba Debris Avalanche Deposit (OYM201 and
OYM201b) yielded ages of 2,490 + 20 BP and 2,510 + 20 BP, respectively, black soil immediately below
the S-13 Pyroclastic Deposit (OYM202) were 2,860 + 30 BP, black soil at the base of the Fuji Black Soil
Layer (OYM203) yielded 8,520 + 30 BP, and a wood chip in Mabusegawa Debris Avalanche Deposit
(OYM205) were dated as 16,270 = 50 BP. Felsic glass shards in the soil layer above the Mabusegawa
Debris Avalanche Deposit were correlated with the Tachikawa Upper Glassy Ash. Based on the results,
the Gotenba Debris Avalanche occured around 800 cal BC, and the Mabusegawa Debris Avalanche took

place around 18,000 cal BC.

Keywords: Fuji Volcano, Gotenba Debris Avalanche, Mabusegawa Debris Avalanche, '*C dating
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B K H LB TR 72 1S BRI & 22 3R o AR
WENKT T 5 OMILET - 7. BIBEERE & 72 e
YR OKF (OYM201, OYM201b) #* 5 132,490 £ 20 BP &
2,510 + 20 BP, S-13 [& T A iE T o 26 158 (OYM202)
2 5 132,860+30 BP, & L H b @K E o BEE g
(OYM203) 7> 5 138,520 + 30 BP, FH{RJIIEE & 7= g
W DA (0OYM205) A 5 1216,270 + 50 BPD “CHE A
Bonhiz. £z, BRINEEGZEZWHERYO LA O 138
a6k, e —a BEa s 28 klkicxtbEh b
kT 7 Ik hz, BohGEr» o, MBS
JE & M OFAEFRIL 800 cal BCHEH, HIRNINEHE A 7=H
DR HFHAIZ 18,000 cal BCEHEE XL 6N 5.

1. FUBHIC

&kl (B 1K) ok e sk e gl kilfk i, &
W) 22 ZERFUEOHEE T h % 238U, ILHRED ) 2
27 W3EET B o (9] 2 1 Romero et al., 2021) . FEEEICE
Tk TR R UIARRES A L T D, K
I SEEFE CTIT AT 5 ENTELVERTH 5 (10
JCIE A, 2002 5 Yamamoto and Nakada, 2015). 20214F3
HICBE N2 E Ly — P~y 77 T8, IIRAET
LU B a2 R O i 2R Eh, £ DOfakk

PEICHEAME SN TS (ILRLE, 2021). ZhETOW
SHRETHREE AR ZNHER O T 7 T R s AL E R
yAIEIEIEMESL U (WTH, 1964 5 ‘=i, 1988 5 = ithiE A,
2004 ; LLJCIEA, 2007 5 EHIEA, 2016), #HED "“CHF
REEHER & B TRILRABERBERT S Ik k2K
DIAFh T2 (BRD — 48K L — 7, 1964 5 ILTT
1EA, 2005 5 EHUE A, 2004).

ARG TIE, HILEE B2 X)) (250§ 2 S e 7
ENHERY, BIR)IDETE 2 77 MHERE B OSB3 9 5 HERY
MOT 7 5L Hi721218 6 7z "CHERIEIZ DV TH
£ 5. I, FLE IR ESEEROHRR THR
[E3E 246 5 #e s Loz PR AR 2 ki & LTtk
LI Y D RFERSEAS (R U 7= (1LJT, 2022). Z D7
6, KMaBsZnfEDO X512, ThETH
bR TWhh o222y b RO 5 T3 (LICIED,,
2020a). AWEOMEZRHIAA Z NS OFHBEEH, 5
HL2ZEDTHY, ZOMFIIERDOENRBUS L TH
TOBIEEZMAS DL 557z,

2. BaRBENHEY

2.1 —igAv4E

aREaENE, SERORBEEES TR TH S, &
MR OT RO BN FRSWEE$ 5 720 0T XD
El3H D, BRI R O MK & Zgranular flow

' BEFEBAHTR AT B AR A L v 4 — W - KILBFFEERM (AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology

* P UL e L i RSB PE £ % — (M. Fuji World Heritage Centre, Shizuoka)

* Corresponding author: YAMAMOTO, T., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: t-yamamoto @aist.go.jp
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Subashiri-d stage (since 2.25 ka)
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Fig. 1 Distribution of products from Fuji Volcano
Geologic Map of Fuji Volcano, 2nd edition (Takada et al., 2016), simplified.

ELTIRAES ZETEDOBOVHRBMUENE 26 3Nh 3
(Campbell et al., 1995).

BB 2 MR O FEIRE, R & e (LR RERR
MOMW» S5, Tabb, KILUK» S KGR A X
DIHBEDEE» SRR SN TWTE, L =S H L
DBEAFOEA» S50, RO - ZEE#D 506 &
OB RCREEN 72 ENBERERT DB L.
Z D XD R3S A (block facies) & FEIE 41 (Glicken,
1996), WNADHIIK T DOEIROREE H# L < KW iEk4s
MBHo7TLEEKRL TS, 72, HRYTEERSO
KT, LIEUIEESE A RmICRL L, ¥ Anh
IR E N ThE. —F, BAETIE, 1FEALE

VA CRVA X E, ZHOERORT > AR RV
7= &R, EEHH (matrix facies) & FEIX 1T 5 (Glicken,
1996). 7=72L, HEMHLHE I AL, WHER T3l
FML SN OER A LI LITRD 6N S, £z,
WAEPIZIRDAZFN - TBOWR R A& TS
Y E AN

2.2 fHEEEBELEEO

WILEE OIS 5T 558 5 2 HERE
T, S-14 LS-15 TR OBICALE LT3 (FHIE
2, 2016). BN Z N E TRE SR T AL 5728,
HRBIAT, 2D RO T KM E OREIFERHRAH S
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Fig. 2 Geological map of the area around the sampling point for dating.

7 75 RS T AT D SR A RO [ILOTIE A (2020b) D
Loc. 133] 2487 4 5. ARHERWITATH (1964) 1 & 0 1
BHGVRHHERE S L T T2 6 O, BT (1964) 12 2
OHEREM & — O KRR ORREE Z Tz T4b
5, [Hi4 ORREABEERTIR & & - 228604 5 R T,
FIIHR~FE~BL EHTHE D BROIRETHN & A
ENB D, WFHEEAH-SIZOh, LeMmAHI TA
WMOBBOAL N AHFHAERT LHICAB &L TY
7=, 20O, WTH (1977) TIZ Z OHERES A 1K BEE T
RENATREMES TR ST 5. =i (1988), ‘EHUE»
(2004) 1%, WJH (1964) OFBSGICRHEEI O 5 5, Bl
SN ER KR O 2 AL LTS L &k
IZELEHDR U 7 HERT &, B I 2 72 (G TR ) HE
e KO, (ARPER ISR A U e e R & X1 L
7z, X SITEHIE A (2004) 1F, VeHHEREM A, KalkHEE
B A F A~ d A A G OBTEE O 2T &, M
Rz Z U< WHVE TR FEE§ % mIRAHIZ X 53 LT
W5, LaL, =HiEs (2004) OFRFAHETH > T3, i
ZALH A 5 PR R B S D Loc. 1 (582X) R 53 A md
FRREB ORI T IEIVE @ X AT X oz e
DfERTE 2DT, £ DKV E 25 72 W HERT)
OB MRAE VA Z BB E N5, £/, Bith
1E% (2004) DM AL, EHIZA (2016) D KILEE R IR HE
IHERIC YT 28D TH S.

2.3 BRIIEBLZh#EY

FELLE o /N LW Bl 25 5 F5 320 (26 2 [X1) o 5 b %0 f e 355
TR O B % W $ 2 5 T8 2 22 W e <, 0T
H(1964) OEHE LT 7 5 REIciEz s £hs (EHIED,
2016). HTH (1964) OME2 KiLfaikgiZ Ml L, S
BB MR OHERE IR & D & 1 BRSO i
. IItiED (2005) 13, Z ORI A, BIRIIERE
BENMERE ML L TWS (REL, @as[5E58
Dbl LEORMENTH %), B, s tiE
ROBE1515 TOBRIENIKTH 5. BET — L0
20— 7(1964) 1F, [F] UHRT GBS IR i b
12& BPEEHOARN A 516,500 + 400 BP (3 CAMAHIF)
D MCHEMRAE % G LT 528, BTH (1964) 13 2 0 “HERE
W7 % TR Tl e K ME2 K IL A BERB I ST HE L L
T3, 7=, BTH(1964) 12, M2 KILAEERIZOWT
[FE4 DAERLRILL TOWEVLWKFE2E5DDT, Wbhd
BYCHERE ] & LT 7228, ik BB IS i i X
NEEERKEOBF 2 GHE LTEDOT, BHE
KIENHERM R Eh 5.

3. AFHPRRM R OBEECH

3.1 Loc. 1
AHE /N LT R O 5 0 44 s dE s LR BUG T, e
O FEMZ LT (2022) DR 19032911230 # L Tw 3
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Yosawa Yubunehara Ogoda
Loc. 1 Loc. 2 Loc. 4
Hoei Hoei
Gotenba Debris Avalanche
Omika Debris Avalanche S-22
S-19
S-22 S-18
S-19 S-17°
S-18 S-16
S-17° < FUM410 = 3,260+40 BP
g-‘% < FUM404 = 5,240+50 BP
-1
S-15 Gotenba Debris Avalanche

S-13
< FJM405 = 3,070+40 BP

Gotenba Debris Avalanche Fuji Black Humic Soil

S14

< OYM202 2,860+30 BP

/ ,,um,» / S
/ / S
< M“' )1 :2!49 ) = S 5

< FUM422 = 7,580+40 BP
Unconformity

Mabusegawa Debris Avalanche

< OYM201b=2,510+20 BP Fuiji Black
i ) Humic Soil
S-13 < mm2006 5

S-12
< OYM203 8,520+30 BP

S-11

S-10 Kuzu-taki
Loc. 3

S-6

S-5

Old Fuiji '
Fuiji Black Pyrocléstlc Falls Mabusegawa Debris Avalanche
Humic Soil

< OYMZ205 = 16,270+50 BP
< mm2101 -5

Old Fuji Pyroclastic Falls 4 m—

I Debris avalanche deposit
I Scoria fall deposit

B Pumice fall deposit

[ Gravel and sand

[T Brown volcanic soil

[T Black humic soil

<mm2101-6 Volcanic Fan Il

Mabusegawa Debris Avalanche

H3X A RORHRE U S O IR
Loc. 1 ~ 3DFARKNZIAMSE. Loc. 4 DFARFNIZILICIEA (2005) 12X 5.

Fig.3 Columnar sections of sampling points for dating.
The sections in Locs. 1to 3 are this study; the section in Loc. 4 is taken from Yamamoto et al. (2005).
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OYM201,
OYM201b)

=

s

4K Loc.l CINUNTHIIR) ORBEEGE IE 7 72 W HEREH (GtDA) .

OYM201 & OYM201bi3JHI4E 2Rk

Fig. 4 The Gotenba Debris Avalanche Deposit (GtDA) in Loc. 1 (Yosawa, Oyama Town).
0OYM201 and OYM201b are dated sample.

HiZE 2 53 m FALIC B4 mOD HEBE SIS 2 72 W HER
DAFAEL, W RISS-15 [ P AW, #TFISS-13 & T AR
Yinid 5 (3. MRS E s 2 h RO ki - T
ME B IREHHET, S-130 A O % IZIEAKF-
25T 5 (4. HERO TERE S 1.5 mid, #
BOR LT D OIKGIREIEIZ 23 ) 7T KO RE %
DRAKREVREENRTHS, FOEIBE X925 miZ, B
B~IKETEFD E 72 5 HIEEKOE R LKIEE
12, BN VAE R 6 & BB kL e - kil
EEREEN TS, JEREkICR A 5 R & SR 2 e
BENHERTH 5 LHOBRRIZZIERFETH S EDD,
BEREWRE L Tw s, BEFBOYM201 £0YM201biE,
TEICE EFN B EE30 ~ 35 cmD R U AR R OR G
SHURR 5y (GRS ~ 1095857) 22 5 BRI L 72 (35 4[X)) . #t
B, B A ER S W ZIREECIREIVE I AR I hT
W7z,

3.2 Loc.2

A Hh R /N LT 35 A I 0D [E] 38 246 55558 ARG B e 1
T, JEF ORI ILIT (2022) O M F201005-1 12
LT3, WEA» 523 m FVIZEE24 mOHEIBES
HEEENHERYSEEL, B EICS-16k T kY, M
TICS-14[& Tk A 5 5 (B3 X). HERPITBLIR TH:

BXFEDOWEIADTENKIERR C D OFIR KU 2 5
B0, WER»S B2 5MHEEMCEATHWS, F-,
AU, TOLORE T AW %A 72 E» D < 5
PEVEIRT 2 IRIEHATICY Y PALE LT 5 (ESIX).
2O &) B, ST XD THIEEEEN
HERTNZRB 2 D TH D, TeHRHERIE I3 RE T
W3,

MAEFBIOYM202 13, SR 5 18 Zc 72 MUHERI D T 0
12 %S-13 [ NI FOJE X 1 emif 7y DS @1
SERELL 7= (B3I . F7=, HHEHEROYM203 1%, BHiC
T, &R R TR & 3 em 24 6 BREXL 72 (38
3X). EFOKILEER T D OBE KK L & OBER I
BME T, RN TIED BT 28 5 2 I H O h 6 4
HLL T35,

BEEREEO TN 2SSEOEHE LT 7 5 &4
APRBFER S, BIZZ2O ISR AEEN4m (F
BRAHR) O HIRNETE &5 2 h R A b 5 (553 - 6IX]).
Z OHEREYNI IR TR B RO Wk O B KA BIE U
D OBKKINES 1 6750, KR &2 FESHIZHEATHS.
7L, AROEZIGBBL Ty, HEHhOZENE
o TWB, EPIZF - 2R ROWE & BALEE T4k
L, HHEATBE 2 s ORHEERIUC % &2 2 5 72,
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5K Loc. 2 CMNUMTEAHE) O AR N AWM (Ho), HIBSGATE & 72 WM (GtDA), ‘& E 4% (FBS), HllE
+:5 7 5 (OFPFs), WRJIIEE 4 72 R (MbDA) . EHRHImm2101-5 &£-6135465 7 5 # &L LR O

PRENAL .

Fig. 5 The Hoei Pyroclastic Fall Deposit (Ho), Gotenba Debris Avalanche Deposit (GtDA), Fuji Black Humic Soil (FBS),
Old-stage Fuji Pyroclastic Falls (OFPFs) and Mabusegawa Debris Avalanche Deposit (MbDA) in Loc. 2 (Yubunehara,

Oyama Town).

White arrows (mm2101-5 and -6) indicate soil sample locations containing exotic tephra.

3.3 Loc.3

A, ANMURTHIBEO BT, [EE 246 5 4 2H) 1148
HENGHRBH O ERIZALE LT3 (BE2X). Eididhf
ZYPEH LO/NIDENEREEFTNE S 52 DT, £
5390 milf#412 & B O B I fE/E 4 m_E (ERRARHR)
DOERNERB R AZER LTS (EeX). Z
OHERPNIBRIR CRE SO WK OB KIEBRR T 0
OBEIRKILEES » 6 50, B2 A TREDLoc. 212
BT 2O EHPELL T 5B, BT RRIED
KEnE&ER, 205 50— & [FERFOYM205 & L

THRHLL 7= BIRNNE S 2 72 W HER 0 JE 3T HH T,

BRI TR OO R U © ORDRRD (KB R IR b T
HeRE) 2B > T3, F72, BiEO EFOENH (1
1380 mAT#%) (21%, MTH (1964) OMF.1 K (L1 1R 12 A
W B R HERI & A SN B G L 722 )L b O [l R
5L GOMWROWERFZH L T\ 5.

3.4 Loc.4
Al f N IT R H D o B3 A B T, ILoTIiE 2
(2005) MLoc. 46-47 LRI CHISETH 3. BLELBAHE

AT AR T 2o 72 UHERE ) & TSRS T 72 72 M HERE )
DEHELTEM LT GEIX), BAEEe T4 T
WEIh T2, HEEIE L 2 MR OREIZIES m
Pk (EBEARE) T, ik Bk kiR g 1z, K
ERMRED LG AL S 5 5 5E»EF Eh T 5.
(HTCIE 22 (2005) 1%, ZOHRPORBIZEEh I HEE
1 EH (FIM404, FIM410) 7> 5 5,240 + 50 BP, 3,260 + 40
BPOD “CAEMAE A W LT 528, ZHUES-13 0 F ki
PIE T O H @13 (FIM405) O “CHER i (3,070 + 40 BP)
D EHL, TUALMDRAENZLDLEMENT
W3 B3, 72, BIRNEREZ 72 R o RIS T
3.5 mPLE (CFERAREH) T, 1@k O BIR o K B
12, IKEO LIRS AERCHE L 72 T KO 6 7
A ER T3, 1ITTIES (2005) 1, [ElHbS
DODHERINEE S Zh#EhoORG T ETay s & L7
R (FIM422) 7 6 7,580 + 40 BPOD “CHARVE % i L 7=
2, Z OENEIARHER ORI 2l & 13—,
HAERRHIAHER I & 3% L WVERI RN E T > TV E
TEERICHRLZEALN S,
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61X Loc. 3 CINLMTEE) (255§ 2 FHIRIIE T % 72 AUHERIH) (MbDA) & KILBERTIR I 3 HER (vi3) .

Fig. 6 The Mabusegawa Debris Avalanche Deposit (MbDA) and volcanic fan 3 deposits (vf3) in Loc. 3 (Kuzu-taki,

Oyama Town).

4. HIERRBHROIHRKIUGTZ D
ERMEFZIER

Loc. 2126 W T, BLHLBO TRY S 70em¥E TR
RLHKREHT 5 LHERR, WOz, HEHE LT 7 7 0M
I KK LRE D & HiRIH S WEHERT S
TEGR AL 22, ZhoITRLT, 1) i
RO TR R BR S, 2) FRIE O BREZRE & T o (250
pm, 125 um, 63 um), 3) FEARFAMEE K O CFHMEE %
FAWTKILAT 7 206K, HEEEDESRE T2 Z
hoORR, 38U (mm2006-5, mm2101-5, mm2101-6)
NoHKRT T IEALNSE KNG T A%EMRTE, Th
5EMBIZU TERSCEHIT 2T L 72 GE3KX).

K1 5 2 DERGHCERB AN, HEE L RF
BT BB 2 SR R B 2 BT A O T %L F — S B X
MEEE (7 A 7 v 2 8l EDAX-Genesis APEX2: EDS) K&
UEETE T BAMEE (HAE T8 - ISM-6390) 2 HW, 4
B4t 1 Suzuki e al. (2014) IZHEVY, 63 pm ~ 125 pm¥y
AZOKNA T ZER}RE U, JERKBIZT —F ¥
ALY E—F L BIERTnT 7 7 (AT ; WH - #if,
2003) DKILH T 2 &ML, RRREN B WNT & &
RBUA kb, KRS TRUEZTERMEERER I, HK
T100 %IRELL 74T H 5.

mm2006-51Z & F B KILAT T A, NTLor—IL
BOBIRERL, SiOFARENT4.1 ~ 74.5wt%, K08
HEDP2.6 ~28wt%ERT. Zho DR, 5, WAT
AEY T 75 (HTH - #HH, 2003) IO KL H T 20
MlbEhsd, mm2101-512FEh s kiliH o 2iE, Fic
BAMOBIREZE L, SIFFEND LV (729 ~ 732
wt%) DIZX LT, KeOBHEARHZIZ W (K0 :3.9 ~ 4.1
wt%) 2 & THM T 6B L L, BEEETRIE
AR T 7 7 # & LILEAATIIMR TE Tk,
mm2101-6 12 & N B KILH T 2%, TICEAHTOIZIR
ERL, SiEHEHT6.3 ~ 773 wt%, K:OBHEN 2.4
~ 2.6 wt%., FeO*SGHRMN1S5 ~ 19 withsH$5Z &
TR T 6 h 5.

mm2101-6 TR Rz kil H 5 2 DFPFIZ DN
T, BERS U v e T A SR AT R AR (LA 36.3957°, HAR
138.8558°) TERHL L 72V R IR B H @ T 7 J (As-YP;
I, 1962) O AR & B EE S KK oKl F 2
EHHR L 72, MraRHE S R AR KA R T BR B 22 S D 85
KBZEFZ DRI L 723 DTH 5. FRMLFI 0K
R, ALFHEKDIE S D EFHPEN Tmm2101-6 2 EHXx 5 Z
ES (EIX), R ARESRICAmL, ZOKWLKE
IR Eh B ar)ila — 4 B A 7 2B KK (UG 5 11,
1978) LZEA2 6N 5. ZORPL LT, KwXELFLEH
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FIK KILH T 2 DSi0,-K,0X & FeO-CaOlX|
UG g — & EER A 7 2B KK

Fig. 7 Diagrams of SiO,-K,0 and FeO-CaO for the volcanic glass shards.
UG is the Tachikawa Upper Glassy Ash

T LB IS 9 B AR R (R U a8 ) o0 Fe
HIZBWTY, ARk, SLELETNOLEE LT 7
TS B KUK EH S, Loc2 T, X7z kil
I ZUZHPLL, UGITxttb e h s kil 5 2t s h
TWBZERHIT NS UMEEAR, 2022).

5. MEMRFERAERR

T 75 72 W HERIFP DA H (OYM201, OYM201b),
S-13 [ N AEIE F OH G 13E (OyM202), & LB+ fEi
IO e 1 (0YM203), SIRJIEE 2 72 h HER b o
KH (0YM205) % xF 4 et R ARlE % 20 L 7z,
KRS ToEHE, WHRLZSDENERE LT
W3, REERORHIEZME - B, 23D TRIT AR BN
{EEEVWAEMERD LA FRENL, WAL L.
AT, OBR) NS A EZEim ISR L 7=, e
Tk, ARRRBHIX L TiE-7 L 7 ) U (AAA: Acid
Alkali Acid 5 Table 1) #fT > 7205, A THMEIZL S
FTHMS N, W ns. TG L TiE, 0B
ATODOXRL 2%, BB (HCL; 1K) #1T7-7205,
AR CHRMEIC A 2 TR S h, WS hrz, wiE

SRz E B 6 M N, BA L= BILREH»
5275774 FBEREH, Zhagthsz ERH
T, NS % N— 2 & L= "C-AMSHE % & (NEC
D AEH XM TS, 72, HIE TR EE 7 U
J& (NIST) 2> 5 it X M7= 3 2 7 8 (HOx IT) % FHE ke
HWTHh, ZoEERBE Ny 7255 v FikBOH
G FBHZFEM S T3,

OYM20174* 5132490 + 20 BP, OYM201b7* 5 132,510 + 20
BP, OYM2027%* 5 132,860 = 30 BP, OYM2037* 5 138,520 £ 30
BP, OYM2052*5 1316270 + 50 BPD “CHEAH S & 7= (58
18%). MPERSR 2 EEMRUCBOET % L 0YM201 13772 cal
BC ~ 539 cal BC (26), OYM201bi3 779 ~ 726 cal BC, 701
~ 662 cal BC, 651 ~ 544 calBC (20), OYM202 % 1,113 cal
BC ~ 931 cal BC (26), OYM203 137,593 cal BC ~ 7,531 cal
BC (26), OYM205 13 17,889 cal BC ~ 17,559 cal BC (26) &
%% (EFE2K). Ak, BEREFROZFIZIE, IntCall3
7 — & X — Z (Reimer et al., 2013) % VY, OxCalv4.2 8 1E
71 " 4 (Bronk Ramsey, 2009) 2M#H X T 5.

OYM201 £ OYM201bid [Al U 5 o S5 T b,
% DIFIER C “CHERUTHIFER RO L M4 L T
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1R CCEIEDORER

IAAA IDIE () DIDE 2 COMEFRS. pMCIE, BEHERRRFITNT 2 “"ClE O HIA.
Table 1 Results of '“C dating. IAAA ID = Measurement number for the Institute of Accelerator Analysis Ltd.;
PMC = percentage of *C for the standard modern carbon.

Fo& CHRUEDEFEEIERR

B IEIZ I3 IntCal13 (Reimer et al., 2013) & OxCalv4.2 7°1 25 4 (Bronk Ramsey, 2009) 23V 57z,
Table 2 Calendar ages for the '“C dating. The ages are calibrated by IntCall3 database (Reimer et al., 2013) and

OxCalv4.2 program (Bronk Ramsey, 2009).

5. %7, SROSOOMCHERIE, WTFhEEIRO
BB E PG LTz, BN R LB LK
A 5 1E 2 TIZ8,600 ~ 8,780 BPOD “CAAX (FIM330,
FIM431 5 ILJCIE A, 2005) 2/ Tk D, SHOOYM203
MRS R EWREL > TWD,. 72, ZOREEBOEN
&, ZOLEN»SRAT HEY T 7T (mm2006-5) 23R
Hah=Z e FL AN

6. BE

6.1 HEGFERBLEAhOREENR

EHIE A (2004) 1, Loc. 13 < OIS E & 72 U ife
Rinrh O KRR A 52,775 + 45 BPD “CHN % Wi
L, % OBERIEREER S S UM O JE KA % 900 cal
BCHE & 53Ry Tz, &7z, Loc. 2 & 1EIFH UEE
246 SRRV ORUEFREY 2 RTHEMEZE AL, GFEhD
RRAEAF D “CHEA & L T2,580+ 65 BP (5"CAMHIE)
ZRL, BEEERETREOFIAIZ200 ~ 30040 HiH

ENRHBEDELE LarL, BARIZ/RLEZ XSS
Loc. 1 CYRHRINY Zs F5AH & SURUIY 20 75 T 25 72 U R 1300
Btar2Lnn, BHOREZ2O04 NV M 23H 72
ENFF AN, Loc. 20OAKUER S, HRITZEES 58
WCiza<, AEsrhLFEh 5. LotiEs (2005)
MNEAX TR LA LSS, B2 ERIC
b o> 7z TEE O A SWE A TEEF THDIAA TN S,
TEHNE A (2004) 02,775 £ 45 BPIZ, RS ETE s 75 Ut
RO OYM201a - OYM201b% 2,500 BPEE D “CHAR & b
RAEEICEHL, ThED 5 OB ARMDOERERL T
VB ATREME AV Y.

IITIEA 2020b) 1, 2 TV 7 DALFEHDK A 5S-14 %
TR A TE LIS O SYP3 A HEREH (Yamamoto ef al.,
2005), S-15F& T KW % AL V8 1LHE o /R 5 3 (R
IEA, 2016) IZRHEE L T3, SYP3 KW HHERE W 2> &
132,860 + 40 BP (FIM321) & 2,880 + 70 BP (FIM202), J\
HF VA 5 0 2 B 132,540 + 40 BP (FIM309), JUHF I & i

— 115 —



WEFHAMIZHE 2023 HT74% H3E

8w kL CRAE DT S A
FRABZ I EME D 26/F - 2R3, OYMkht
AR, FIMaURHZILTCIE A (2005), SHIZA
(2016). N—2 1 AORHRRIZE LKA O
W ERBREOMEEZRL TS, MO

H&ZThD, BICEEKIEZ W, MBS EL7Zh
(FRtaMiRg) & S-18 [ N AR O TEFR I3 ESF
MNAZF VA, WZEORITIZS GO U 7= ki

DHERE ST B (LLTTIEA, 2020D).
Fig. 8 Distribution of the calendar ages for the "*C dating from

the products of Fuji Volcano.
Red solid lines show the range of 2c ages for the dated

samples. OYM samples = this study, FJM samples =
Yamamoto ef al. (2005); Takada et al. (2016). The beige
horizontal bars indicate the relative chronostratigraphic
position of the pyroclastic deposits of Fuji Volcano. The

BC 400
S-20
S-19
| | | S-18
Hdn
B
C 600 | | | i
I S-17
| | ' S-16
| | S-15 (SYP4)
BC 800 Gotenba Debris Avalanche
S-14 (SYP3) | |
BC 1000
|
BC 1200 =
S-12 (SYP2)
BC 1400
< © ~MAN O D o] T Al [ e))
O M o - [@Xa\] o Al +—
Al ™ oMM <t (42) oo Am Al o <t
SS =555 S 88 S S =SS
i) sS555 5 =2 5 S 55
L ey o > e 5 o ww
S-18  SYP4 S-15 gt[?A SYP3 S-13 SYP2

EAFIXE U g UEDSYP4 K HERE Y A 5 132,510 £ 40
BP (FIM311) - 2,510 40 BP (FIM312) - 2,550 + 40 BP
(FIM313) - 2,550 + 40 BP (FIM430) D “CHER1BEHE SN T
B0 (Fig. 85 ILTTIEA, 2005), T 5 AHIESEEE %
PhORAFHERE L LS. FAIZH 5S-14 kP,
RO “CHERDOIEEBIEAE A 5 1FI1F 1,000 cal BCE X h
TR (ItIEA, 2020b), ARFHROS-13 KFHIE T O
TEOYM202 DFERMEAER S ZhEFHFEL AWV (EES
X). — AT, BFRETERLZTIERLAEVDIE
2,500 BPE A /RS “CER T, ZDOMHIZBERIES 5 7
DO E AL 50, BIE & M7= JEAEHiP 23 800 ~
500 cal BC& 27 DAL 72 % (Reimer et al., 2013). L2 L
A6, Fi(1988) 1, MW ARG, 5, HY;
BB R 2 NBAILS-14 DR %, JEEER (S < 100 4F
DIN) I LTHD, ZORAEEFH800 cal BCL D &k
ELELBDRZ LI HNTHAS. 72, LAIZH 5S-18
R T K913 FIM204, FIM310, FIM332 0D “CAEAR I 4
B EAE 2 REFE B %> 5 550 cal BC & HIlr X L% (LT
EA, 2005 ; i HIEA, 2016). FUEGATE & 72 hoHERE
W& OBIZIZ T A 6815 - S-16 + S-17 - S-17° - AHILE
75 (Hdn) B T K235 0, KPR IE 2 7R 3 B
BB TR TN T3 (IITTIEA, 20200). FHEES
HE 7 72 M HERE ) O JE A 2 O0YM201a - OYM201b FFR—
oD 800 cal BCHEH & L CIZIFHMRTHIVIRS &, %Kk
T KW O 7 g1 AT 2 760, 720, 680,

width of the horizontal bar is for reference only and has
no particular meaning. The Gotenba Debris Avalanche
(the green bar) and S-18 Pyroclastic Fall Deposit have
a large overlap in chronology, but five independent
pyroclastic units have been identified between them
(Yamamoto et al., 2020b).

630, 590 cal BCHE & 7 5 (558X). Zh 5 0FRHEIL,
IIICIE A (2020b) A3 ES HEIE A (2004) 12 HE VR 5 T 7
ZENHEREY % 900 cal BCEHE L TRLZ3 D& D & T
< k5.

6.2 BRIIABEEZhOREER

KR O KR 5 515 5 720YM205 9D 16,270 + 50
BPIE, BT — AW L — 7 (1964) HiE FIZd 5
RGO KR 6 157216,500 + 400 BP (3°CAM IF) D
MCHEMRE R =L TV, £/, ZOBEEIEFENR,
12(%18,000 cal BCT (3E2#&), IhrBRIIEEEZH
OFREMHERT EEZ NS, —F, AHRMEES
KUK LA S L 720GIZ DWW T, #9512 kadD 4R
BHEZ 6Tz (liE, 1978). 72721, ZHITUG
DO TFHIZH BATOFNR A 215 kak RE L TR
KDOENZZEDTHD, BRENSRELHPLETH 5.
KA 7HOATORETHMUL, 1ZIX30kaTH % (Smith
etal.,2013). WiREA & KBEIR TIE X Femd T LR
J@ %A TUGIZHL X M B As-YP LD AN ST T 7 5
(Nt-I 5 Bl K38, 1995 5 1LJC, 2013 5 2021) I T DYEHK A
513 14,935 ~ 14,770 cal BCO 14CIEAEH EARfR A RIS &
N TH O (hAHEA, 2011), UGOREAAEAIE LI 4
RE&E D & &<, BRINEELZhOFRERIIZN S
DLWk,

IITCIEA (2007), EHIEA (2016) iF, 15,000 cal BCHH
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25k E B LR O KB A IS S 2 B PR & 21l
W, EzELtEfeE®kL Tn5b. SHEO0YM205 D
ERBEAERZ, HRINEB L 20N 2 ILH ORI
LT BEMIEDQ016) DEBFEE, FlRT S8
DEkotz. 72, OYM205 DAMRIE, FPEILEOHE

WIETE s 72 O R A (18,000 cal BCUE) 122275 D Yy,

ZOFRITE T O HaRHERYIHORK » SHEE ST
W5 EDOT, HEFMEICHEN - S TE & 72 O REIBI R
WS B2, HE#EE TR ZDE D»
MR 2 SHIERTHILELH 5.

7. ¥&D

& LK H L TR 72 BRI & 72 3R HCARARH
EARERRI KT 7 7 O IR &, MBS EE LI
DIAEAFIL 800 cal BCHH, HIRINGE & 72 D R
H1318,000 cal BCHEA & 75 > 7=,

B HH A EEER TRESORERICE, hHAS
BB AR A S TR AT O ALK THRICHEE
X5 CTIHEWZ, EE 246 5 H8UE TR BGOSR
W, A S b i AR ) 1 S S P
BiEDEMERE AR O, FULCRIBHERET R, 50 A B
BORRICHEEEX S THEW, KILF T 2DFRSSY
Mg, HRTER LR KL S L - 70T SR e 2 v 4 —

(C4IE) OFHEHIE AT > 72, JELS ML L B 9.
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BEWRS - RBORANAE, KALUERCEIIBORBFITL

RHE B -EL EA'

NAGAMORI Hideaki and WATANABE Mahito (2023) Stratigraphic correlation of the Higashibessho,
Tenguyama and Otokawa formations in the central to eastern area of Toyama Prefecture, central Japan.
Bulletin of the Geological Survey of Japan, vol. 74 (3), p. 119-131, 6 figs, 2 tables.

Abstract: The Cenozoic strata, excluding terrace deposits and alluvium, in the eastern area of the
Hokuriku sedimentary basin, central Japan, consists of the Nirehara, Iwaine, Kurosedani, Higashibessho,
Tenguyama, lower Otokawa, upper Otokawa, Mita and Kurehayama formations in ascending order. In
this study, the stratigraphic correlations among the Higashibessho, Tenguyama and Otokawa formations
in the Yatsuo area are examined in terms of the type area and the strata present in east of Yatsuo area.
Nineteen samples for diatom fossil analysis were collected from the Kushida, Kitayama, Kurokawa
and Hieda areas. The Shakusenji Formation in the Kurokawa and Kiyayama areas is correlated with the
Denticulopsis lauta Zone (NPD4A). On the other hand, diatom fossils are not found in the Otokawa
Formation. The following conclusions are obtained in this study. The Higashibessho Formation is
correlated with the Shakusenji, Sasagawa and lower Sazen formations. The Tenguyama Formation is
contemporaneous with the upper Sazen Formation, but heterotopic facies. The Lower Otokawa Formation
is correlated with the Takabatake Formation but is not distributed east of Yatsuo area to the Kurokawa
area. The Upper Otokawa Formation extends to the Hayatsuki River, but not further north.

Keywords: Toyama Prefecture, Neogene stratigraphy, Higashibessho Formation, Tenguyama Formation,
Otokawa Formation, Diatom fossil, Unconformity

E B 1. 3U&IC

JEREHE R A O O B e HE R & PR & Bk < A S JEPEHERT 250 (G 1 [X) 120 A1 § 2 B i HERT & it
JPid ML K D IRIERE, ATk, CREaRE, dU0RTRE, K J &R BERNE, WL (1930) £46 2§ 5 2 < O
fclike, EHNE TG, &R LS, R, SoPlifgic Pis &, LIRS R B UTEHb (it T

XaEhsd. Z05bH— LB o s R E» 5 & —IC B W THAN L BESHEE I N TV S RKIED,
JIE EEBiz o, o AR & 505 oMY ki 1959 5 FHBFIE A, 1961 5 IRA, 1966 ; HH5E, 1982, FII
DWNVTRIEEZEIT > 72, ARG T, $H, doib, 2Bk (1983), Il - A 4F, 1987 5 E LK, 1992, g A,

MEHIRIC BT 5 195BHC O W TEE LA 2 R 20197 &), hilBIE A (2019) 12 & B @, Tuckmﬁ«
ATz, %EUFE%*Q%EMRE#E#BDenn’cuzopsis lauta J5 e, z“a‘ﬁa!% %ﬂfﬁfﬁi, HORIFT ke, KAk, =
T (NPD4A) ISR I S N B HB LA BB S Nz, HIE JE, Jﬂﬂl%, ,bdzlmz' XA, X HITHIEIEEN
B2 DAY g 2 6 B {I:E&ﬁ% ENTELEDP ST, FETEE EEiclia2h s GE2X). Zh o HEROF

METORER, SBEXRO K ISk Eh s, FRlREE, REmE, HEP A fLE & & DML A FEF (Tkebe et
PURSERE, W)=, AT, Kb, m al, 1972 ; FHb - W34, 19735 A 4F, 1979 ; Hasegawa
R EERIC, EIE T, SEEIcThEhxtibEnhs. and Takahashi, 1992 ; ¥4, 1990, 2002a, b; EBEIZ A,
5 VB A S BRI Tid o m L v, & 1991 5 MINR, 1999 5 fEfEIZ A, 20104 &), &R
JkE LR RAINE oL, BHNPAETIE 5 Lk (Ttoh, 1986, 1988 ; HHEE - FJII, 1988, 1989 ; R - ¥4
. 2, 1988, 2000; 5% FHE, 200074 &), 77 5k (H

At 1L, 2004 5 EHAHEA, 2005 % E), K-ArfEAR (S5
1973 s AR, 19855 &F, 20014 &), 74 v 3

' BEEBHTR AT B RER A £ v 4 — WEEHIFZEEM  (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformatio)
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Hokuriku Sedimentary Basin and study area.

Base maps from GSI Maps of the Geospatial Information
Authority Japan. Distribution of the Miocene to Lower
Pleistocene strata followed Yamada et al. (1974).

Fig. 1

Voo b Ty ZER G, 1983, FUI - HEIF,
1986 7 £) R U-Pb4EAX (Itoh, 2016 5 £7% - &I, 2017
HFIBIZ A, 2019) & & DERRIFFIZE T 2 2 < O
12K > THHEREROKREE 2 A L Tn 5.
IhFEFTICELR FICHAT 2 HERDOE T
WAIE A (1959), HABFIEA (1961), A (1966), HEHIZF
#U%ﬁ,%m&#Q%Q&Euiof%Eﬁaéhf
7. LaL, NBHukoR AT, diff(1935),
FH(1959), FFR - A (1960), &1L - I%&mhﬂh
AL 4 B R (1967), 4 - ¥R (1973), D
(1985), - HHiE (2000), 41 (2001), Itoh et al. (2016)
BEDOHENRD B E DD, EAMO B I51F 5 0F
TG IS AN S L EREN TR 5L, FElla e
SHRIFEAE L TR Tohany, ARG T, ®BABO
T RSN BT 2B WO D NI R Y g &
HNE a3 e UTHBEthoRt 2iA, BAERE

1986 ; faF
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A THERGRIZED BRI K TERE1TS.
AWEIZ B0 CRCHb 9 % He g K Ol 358 3 XSRS

Ak, RAFSGUBOHREL OHEIZBE§ 2 5, i
HE OB 2 0 R U EE 2 1Y L 7.

2. RARE, X¥FEUE, BIIEBRY
Z DI HE OEIRE

HA ARG, RAILRE B O R SR 4 % 1 g o o A
KA&$E3KIIRT. Zho oz AUBIRO R Tk
LT NS RIRIZ AT 5. &, HIXITHT S
WEOHAR, FARINZIKR - BFR(1960), BFR - IRA
(1960), £ - BFIR(1973), FTNIEA (2017) D k& IF K O
BERNZHE - 7248, BRIz > Wik, 501774 (1987),
K¥FIZ A (2008), HEIZA (2019) 22 L TBIEE A
7=,

2.1 RAFERVHELE

MK;EIJ?RI%’&;EE%EH S JI(1948) 12k o TEr & S/
Wi AT & B & U, R & SRS oo RS 25 AR
’df% Fi i'%#f@(F'm’%% 55, /\F’iﬂjhﬁ’( :ﬂ‘{\/ gy}

*ELF%‘“BJ:' f&%}fﬂ‘ﬁ“ﬁi, S, W
N EERRE O 4 ERE Moy & s (I - ATRE, 1987).

%ﬁﬁ@ﬁﬁ hf%%%%ﬁ@ﬁéﬁtbfﬁ%w
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SRR EITKGOBIRB BRI 2 6 & 0, HEEFE
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TR &Y 5, g o Fe v AR 0 ) B LA 0D FEM
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2.2 TEWE EEROHELE
HHEOEFE TN - 7Th (1987) Ik > TRELEH
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mmﬁiﬁm ¢m0%@ iofw%éﬂt 15
S E LT T SR 5 (H 1D O C b 5
(R - Ak, 1987). ks, HFNIAAY 1959 SR 124 L 7=
%, [ENNdHa e UL Toawn. [ oA
BB E LT[ EDDITH S0, EHE LT[ H
Exb] (3%, 1949 5 SHHIEAH, 1951 ; i, 1953,
1954 5 iE, 1985 ; )l - /B, 1986 5 Ogasawara et
al, 1989; /NEREIEA, 1989 JHINEA, 1996 TTINIE A,
20175 &) ke 2b] (A - BFR, 1960 ; BFR - ]
A, 1960 5 A, 1963 5 JA, 1966 5 IWAIEA, 1967 3
- BR, 1973 5 I - ATAY, 1987 5 EFFRIE A, 1992
RlBIE 2, 2019 % &) DR OHEFIRH D, IRELL T\ 3.
FeATT &R L 2SOk (1949) B &5 <, JeHiE%
WHL, (bl E2HIRT 5. Y “FIE" 1, FK
1) 2 ML ARG 22 & D D% BT 2 & Rl B e 1 oD M
e ch Tz (R, 1983). LA LZofk, 5 -
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Nagamori and Furukawa (2017), This study Nagamori and Furukawa (2017)

20X ACHERERE GG O HhofTi~

W& (Yk : B8, My : =i, Hn: BA, Ss: )

FhES R BT JE A L.

II, F:JE).

Fig. 2 Stratigraphic correlation of the Miocene to Middle Pleistocene in the eastern part of

the Hokuriku Sedimentary Basin.

Abbreviations (Yk: Yokoo, My: Miyazaki, Hn: Hanyu, Ss: Sasagawa, F.: Formation).

YA (1987) B3 “EFNE” FIZARNEEA DIFAE A S 2

PR FNRE” & X =3fE & T A7 & b KAl (?%) =}
BB kE, =H @) oML THERLEZ 51,
PR IE 2 (2019) 1335 )18 D i TEBEHEIZ 12.4 £ 0.5 Ma®d
U-PbERUE A R DOTI IR E Ak EN D Z &, HilkE
e & HEAL A H ONPDTAMT (7.7-6.5 Ma) D EEEEILAT A
BT 2ZEn5, BRIIAHL & OOHREhHKOHE
NG THEE EShEkoSNE L#Ic X5 LTns (82

X). ARG OFRImILRE & &R O R & 60E D,
B - Akt (1987) kFPl[l% h (2019) 12#5<.

AL 5 A 0D LR 28 B 00 g L 3 #
R LT, BN - Qo8 ick > T &z K
SR E VB HSEPEEB D A A L, FHISEX 2 U
“((ﬁ(ﬁﬁ"é TRLDOFAFATIE & AL TES. ZORE

iﬁﬁé T%A@HI TItt, 1987) LMEENh %,

WIS 70 & 70 2RI I KGRE AR (BUA - BPR,  1960),
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LEGEND
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I:] Tenguyama Formation
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|:| Shakusenji Formation

- Sazen Formation
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Ogawa River

U-Pb163+0.24 Ma @
U-Pb162+02Ma®

Kurobe Ri Takabatake
urobe River i
U-PbI3.5202Ma @
N.9D
Katakai River r Itﬁt

36° 50'N

|:| Hanyu Formation

Otokawa Fauna

~ Route by Yanagisawa (1999)

Shogawa River Jinzu River

OT1:U-Pb12.440.5 Ma®

U-Pb14803Ma® ||Yatsuo area

Hayatsuki River

Joganji River

{
f U-Pb16.210.2 Ma@

36° 40'N

NPD3A, 3B @

137° 30'E

BN HWHTRE - TR - H1)E M 0V ORI D 43 A g X1,
AXNEIA - B (1960), HA (1963), - FFIR (1973), S -A7HF (1987), FTIEA (2017) 123D <.
PUFNEEE 4 XN d6 1 B URHREN 4R 4. A BiHihIK, B : dbilitg, C : 2, D : ME
s, ARER IR (1999) DFERFY 7 ¥ a2 v, F)IEHE OB LA sE NI/ NG R (1988), K-
B (1995) 12K <. @B (1985), @:MIIR (1999), @ : 1A - 40 (2006), @ :Itoh et al. (2016),
® : B - H1(2017), ® : PIEIE2 (2019), @ : PHEIZ A (1994). NPD : Jo k- F-EEEE sl A
[X 72 — F (Yanagisawa and Akiba, 1998). N. : yEilEMAT LRI (Blow, 1969).

Fig. 3 Outline of the Higashibessho, Tenguyama, Otokawa formations and comparable formations.
This map modified after Sakamoto and Nozawa (1960), Sakamoto (1963), Sumi and Nozawa (1973),
Hayakawa and Takemura (1987), Takeuchi et al. (2017). Squares indicate sampling map on Fig. 4. A:

Kushida area, B: Kitayama area, C: Kurokawa area, D: Hichata area. Red line: Stratigraphic section of

Yanagisawa (1999). Mollucan fossil locality of the Otokawa Fauna is based on Ogasawara (1988) and
Shimizu and Fujii (1995). : Itoh, 1985), @: Yanagisawa (1999), (3): Itoh and Watanabe (2006), @:
Itoh et al. (2016), (3: Nagamori and Furukawa (2017), (6): Nakajima et al. (2019), (@: Itoh et al. (1994).
NPD: Code of Neogene North Pacific diatom zones (Yanagisawa and Akiba, 1998). N.: Code of planktonic

foraminiferal zones (Blow, 1969).

BORED S 20 6 72 2 TR (BEE - Il 1948) 12
Xy X5 (I - 7Thf, 1987). KRR BIRE Ok TE %
BRI LALPEN T 5 (Ogasawara et al., 1989).
REHIZ I B SN ISR S RE A 5 ik X, #
RHOACPEIR TI1Z, M IEAEL L TRE & & 5 (F
JIL - Frkt, 1987). AJBHEKO )G OEREIX 531X,

RHEIZK DR R % 25, T - 11k (1987) 12 K dud,

Wk O FREEE G (11, 1983), FERFL L N R

(I - FTHF, 1987), BRI ERIE G, 1949), A
WaEE (R - T4, 1987) ICX 4y & h, JBHU O PE
BRI B TUE T AL O KSa L FE %, ﬁ%ﬁﬁgﬁhféi
WA 2 REETHES . ZORBEEIHLAES (B
JI - A1kt 1987) EWRIEH, JURHUS Tl g5 1F E il
A%\ (Hasegawa and Takahashi, 1992). J\EHuUEA 5
BNAHEIZ 340§ % &) 1 O R IC IS RIERE 23580 6
N3 (SHIEA, 19515 T - ATk, 1987 5 BPIR - K,
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Al

A404. 5

sp1/// 2 J
sp. 2 ? v N
sp.3 - 2
sp.4
Kushida sp.5
100 m
36°41'6.03"N —
C D
Kurokawa 2
sp. 15 % sp. 19
\sp. 14
Hiehata
100 m 100 m
36°42'39.49'N — 36°46'59.65"N —

F4lX GURHRHU EX].

BN A I U 72, SR O E IS 3 X% S

A HEBX, B:AolduX, C: BB,

D : MEMX. AHRIIE S KOFIRKIERL — b 2R,

Fig.4 Sample locality map.

Map showing the localities of samples. Base maps from GSI Maps of the Geospatial Information Authority Japan.
See Fig. 3 for the localities of the maps. A: Kushida area, B : Kitayama area, C : Kurokawa area, D : Hichata

area. Red line : route that maked columnar section in Fig. 5.

1960 5 f1 - PR, 1973). i

R NACEE 53 11575 % 511 R O R 4 11k 54 P (D,
1959) T& 3 (F2X). BEEFE P VAHEIZ B THRD
MR A 5 25 0, @ E AT TR O MR DS 2
5% 3 (B - 1, 2017). SHNAGAE & R BRI
AT B - BPR(1973) BUE NG & L 2zthfEiE, SRR
DOMIARIDE 2 & B X, FIfhEOAM (Bfk - &
NI, 2017) EEWF B2 e omERBIZED B (E3X).
Gk, [FHIRTIRIEX 2370 mPA T OJRsfE % B (£ -
PR, 1973). EEREE, HEILAE T SRR RS %
b ik L BAEMICE L 5 (B - H)1, 2017) 4, H
A 6 AN O T Farthikiz BV T P OFURST
JERRIET B Z & (Bfr - S, 2017) &, MEFHETHE
[E#ENFRD 5N D T & (A - TR, 1973) 2> 5 BEISRE
HEhHEE B,

3. EEREAaEM

SEREL O 5Tk LT, AR s 4 (414
A, FSHA), SURIHELO S 2 (4B, F5B), L
AHTEI 0D 5 4 (5 41KIC, 455 IKIC), FaiifiE o 1 15 (5
4[XD, 5XD), AFT1950ORB AL 72 (515).

O (sp. 1-5) EOFH S FIH O H B TR
BB A BIRoOWE L VETH S, dbilio
AARHEsp. 6-8 13 EFORE (f1 - WK (1973) D511
[T RE (0s) JIZHEY), sp. 9—13 13 HUR ¢ g o Y B AR
b (F1 - BFIR (1973) O 5 1T VEE R (Om) 1= A1) &
DERELL 7=, BNk klsp. 14-1713F )11k, ik klsp. 18
EFR RGO R HED 5 FIL 72, sp. 14 5B OTEE
Wi E M 3 LA RSt o BALE O HlA 5 FRELL 72
ABbsp. 15-16 13RS, Rt sp. 18 XWERHETH 5.
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51X FRORHREUE R OAEIRIX
H M ORLE & 55 4 XN

Fig. 5 Columnar sections of sampling points shown in Fig. 4.

MEOREsp. 19 3EEBOWEREICHEh 3 Jes 0
JEA S ERELL 7z,

4. EHEREAMTHHOLIE L 2T E

1 gD # L THICEA TN Y v —THEL,
100 mIDOMAK ZFEONTEREEKE T5. 0.5 maEE Xy b
TI8x 18 mmPD H/N— 25 ZIZJLTT40 CDFH v b T
L — | CHZEEL, PleulaxZHAFELTZI4 P& T X
IZHED PR L85 — b & L 7=

HELADOREIL, 60015 0N E T 100015 % Hf
AU THr - 7=. Chaetoceroslgd DIKIRIE T % By THAZS X
N-HER A 10012 % 5 £ TlEIE L, Chaetoceros)F D
RN T2 RN R & 2 5 10018 & 3PN Bz THER Y
2 MZEER LU RRUVEICE R R RO A &4 17T
5728, 100{HOHEFEREBHETL2OICEH LN
7 A LOEMOK 2EOH P #BEL, ZOEHLICR

Do R DN TIER Y 2 M2 TR L 72,

Yanagisawa and Akiba (1998)DEEEAL A4 X 73 (NPD1-
12) & A JgHE (D10-120) % WV, ZH 6 OBAEFERIZD
VT id Gradenstein et al. (2020)0 Hifig s P 4R E T
Watanabe and Yanagisawa (2005)(Z & % fF-fX % fifi ik L 7z 40
R ¥ (2017) DA % i 72

5. HERLADHMIIER

9B AL, BBFSsp. 13 &, sp. 18D 23K »
SRIEWHEAHBASEL L (B, H2R). %
L LRI 2RISR LB TH 5.

Atk Dsp. 13 72 5 3R RIRAF D BOEHEERL A 23 P8
H U7z AEB OB LA TESE, Denticulopsis lauta%
&M, Denticulopsis hyalina% &£ \\2 &5, NPD4A
47 (15.9-14.5 Ma) IZHHY 3 5. Actinocyclus ingens f. nodus,
Cavitatus exiguus DPEHY G 2N &AM TdH 5. NPD4ATT
P WIPE Y g e & 55 B8 Y R HE D B B Cavitatus lanceolatus
MEM L AN &6, AFHINPD4AT I B 5 [F]
FOYIREHEHEDALS K O M EHEHED43 2 L0 |
Nl d 725 &Il & B (15.9-15.6 MaZs o L 15.2-14.5
Ma) . AR OHZELADRIEN E < 5072, NPD4A
a7 H DM 43 2B % s Denticulopsis)@ M U Crucidenticulalg
DHEFEABIFEAEEN L 2Wz), Zhll LR
BB IRAT Z .

Y1k sp. 18DIEFACAREEL, D. lauta, Denticulopsis
okunoi% G Z L5, NPD4AW DD, okunoiDHIREH
JEHEDA2 & A& e FEHEDA3 DB D REHEIZ & 7= 5 (15.5-15.4
Ma). A. ingens f. nodus, C. lanceolatus®DpEE T & 3
M TH 5. NEBHUIEOHFIFTRERS v L P EREAA
A& [FREHEIZ & 72 5 (BIRR,  1999).

6. FAIFEDIILE

WA R AR IR oy THEE LA ONPD3A
7 HNPD4AH AR X Tx b, Wl Hifit o 16.6-
152 MaDHERE & S 5 G35 IR, 1999 ;5 HIBIE A,
2019). HRI ARG K& OV O Y kg D5t & S 6 IXNZ R T

WA & BESIIZ A3 T 9 5 9l e Al 24 g
&, BURTERE (BPIR - BOK, 1960) THB. T TITIR
R ORI A & NPDAAR IS4 kb & e 5 BESL G 48
FEH L T3 (B3 IX; BHIE A, 1994). ks, sl
WO FEBICPAET 2BIKE DY IL AV DT 4 v 3
Yoo by ZHERE LTI13.7409 MaDflins its X T
W3 (3R O - U5, 2006) A%, Z OfEIFEEE LA
DOEJERAERE D EHLOERERL TS, Afifztic
&0, B (54X C) KOG L (55 4 XIB) 1255 A
T BHRTFRE» & HE b a2 L, NPD4AR ITxHh &
B ZEenMonth-72(EE2K). &k, Juliigo
FRBEsp. 13 % $FER U 2z B MR D 25 (B8 5 IX1) D RGP 7«
MER T E, A RO ISk > THNE O es
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1k St 2 b

FHIEORLIE (7% - 132)

NPD : b AR LA X 57 T — I (Yanagisawa and Akiba, 1998).

Table 1 Sample list.

NPD: Code of Neogene North Pacific diatom zones (Yanagisawa and Akiba, 1998).

Sample No. Field No. Lithology Area Formation NPD
1 0190529-01-A  light gray sandy siltstone Kushida Otokawa Formation -
2 0190529-01-B  light gray sandy siltstone Kushida Otokawa Formation —
3 0190529-01-C  light gray sandy siltstone Kushida Otokawa Formation —
4 0190529-01-D light gray sandy siltstone Kushida Otokawa Formation —
5 0190529-01-E  light gray sandy siltstone Kushida Otokawa Formation —
6 20201218-03 sandstone Kitayama Otokawa Formation —
7 20201218-02 sandstone Kitayama Otokawa Formation —
8 20201218-01 sandstone Kitayama Otokawa Formation —
9 20201218-04 muddy sandstone Kitayama Higashibessho Formation —
10 20201218-05 muddy sandstone Kitayama Higashibessho Formation —
11 20201218-06 muddy sandstone Kitayama Higashibessho Formation —
12 20201218-07 muddy sandstone Kitayama Higashibessho Formation —
13 20190525-02 muddy sandstone Kitayama Higashibessho Formation NPD4A
14 20180525-01 sandy mudstone in molluscan shell Kurokawa Otokawa Formation —
15 20201219-01 muddy fine sandstone Kurokawa Otokawa Formation —
16 20201219-02 fine sandstone Kurokawa  Otokawa Formation —
17 20201219-03 mudstone (thin bed) Kurokawa  Otokawa Formation —
18 20201219-04 sandy mudstone Kurokawa Higashibessho Formation NPD4A
19 20190525-01 mudstone (thin bed) Hiehata Otokawa Formation —

ok HELAENY) 2 b,
R 100D FERIZ RO 2 o 7= Ff.

Table 2 Occurrence chart of diatom species.
“+” indicates the taxa which is found after
counting of one hundred diatom valves.

Diatom Zones (NPD) 4A  4A
3 3
Q4 2
Sample number S 4o
=) (=3
s 8
(9] (]
[Actinocyclus ingens f. ingens (Rattray) Whiting & Schrader 16 6
A. ingens f. nodus (Rattray) Whiting & Schrader 4 +
A. ingens f. planus Whiting & Schrader 4 17
(Actinoptychus senarius (Ehrenberg) Ehrenberg 7 3
Azpeitia endoi (Kanaya) Sims & Fryxell 1
Azpeitia nodulifera (Schmit) Fryxell & Sims +
Cavitatus exiguus Yanagisawa & Akiba 5 7
Cavitatus jouseanus (Sheshukova) Williams 5 5
Cavitatus lanceolatus Akiba & Hiramatsu 15
Cavitatus linearis (Sheshukova) Akiba & Yanagisawa +  +
Cestdiscus sp. +
Coscinodiscus lewisianus Greville +
C. marginatus Ehrenberg 1+
Delphineis miocenica (Schrader) Andrews 1
Denticulopsis ichikawae Yanagisawa & Akiba 2
D. lauta (Baily) Simonsen + 6
D. okunoi Yanagisawa & Akiba 7
D. lauta Group girdle view 1
Nitzschia challengeri Schrader 1
Paralia sulcata (Ehrenberg) Cleve 8 3
Stellarima microstrius (Ehrenberg) Hasle & Sims +
Stephanopyxis spp. 1 2
Thalassionema nitzschioides (Grunow) Mereschkowsky 46 25
Thalassiosira spp. 1+
Total number of valve counted 100 100
Resting spore of Chaetoceros 36 34

J& (Om) | & éhﬂstzﬁ‘, NPD4AFHIx I & 5 HEdb
ORENRLZZEIZED FNORRSEE 55, FURS
kg, Hw ban ﬁﬁa XM TRV T I E NPD4A S

NERH LTS (FB6IX).

HE OB Ic k4B, FEIZH (1994) 12
FUR 5 M3k TiED41 (15.8 Ma), D42 (15.5 Ma) zn, zls
W52 & H1 s TD42 & D43 D[ D @ HE (15.5-15.4
Ma) K& OB 1L TNPD4ARR D 5 HD41.5 L D Tz 0
LD432& ) LAV o fg#E(15.9-15.5 MaZs Wy L 15.2-14.5
Ma) % 5 Z E MR EINT VS, ZThoDHEILED
AT LA, RESFRIEHEBFR X s (e
X). Zeds, J\EHIEO WA AR T8 TIENPD3A KU
NPD3B# 23ifEad S LT 3 (BIRR,  1999) A3, FURSFRE T
I3RIERTH 5.

HERINOALHANZ 3403 2 HAIFTEHE Y X, #)11)E,
PINE RO mMETH 5. NI HE £ h 5 5kcs
DY L3y OU-PHEE LT163+024 Ma, 7 4 v
Yave bT oy Z2HEMRELTI4.0£0.9 Ma®D i (Ttoh et
al., 2016) RSN TV 5. (RIFFENEOFRCEERAE X
IIBEEE IS D VL 3 v OU-PHEFfR E L T16.2+0.2 Ma,
T4 yvav: - b7y 7FALT182+ 1.1 MaDfEA
& :hm\é (B# - &I, 2017). W57 — & OU-PbAE
RIEIZIZIE =T 5. 72, PABH»S51X162+0.2 Ma
DY Y OU-PHERAE M E Ty 5 (Ttoh er al.,
2016). AU & BT - B R O A @
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LA R, RKIaE,

AT R RS S 5.

5 B g2 A6 B IR fiRE i E I iEBlow (1969) DF
WA LRI AHFON. 97 (15.1-14.8 Ma) MR8 X 7, N.
10 BT 2 IR R IE S T 3 (i, 1985).
L2 L, KEDSIEIN. 9 KUN. 10 DOIK A EFHRT S
LR PEN L Ch 6, LR ORE I3, &
BEZ LW, LAFOHREADBE LS DD, RAED
T RIS O S g o0 _EERBIZ A ke X B TREE A8

[=A%
7. RALUED3FEE

KAl OFEMRIE, Tk EN S TGLEIKERED Y
NAVDT 4 yvay-bTy2HER123£19Ma (I,
1983) 123D & i p g s S b5 2 % (R0 - 4T
£, 1987) &, ARt (1990) 12k B 15.1MaD 7 4 » ¥ 3
Voo b gy 2 RUSHED R IR R T 5 &
(Ogasawara ef al., 19897 £) 23 d - 7=, Z D, HiEiE
2 Q0INIZK > THEBICHKEF N 2 EIKEEOY LT YD
U-PbHfR14.8+03 Mak U’ 7 4 v ¥ 3 ¥ - b T v o4
R14.8 0.7 MaDFHEME O EVENHE Eh iz, Kl
J& 7 & PEH S B iR AT 12
Kotorapecten kagamianusz £ 0 i rp 1Al o & 1R
B (Ogasawara, 1994) DAIZH & W 2 Bl & %
N T\ 3% (Ogasawaraetal., 1989). Tho6DZ &hnb, K
Flfg i rp I ORI HERE L 72 L Il &< h 5.

KL HIZ A2 > TR OFRAFTREIZ A v 5 o 7
L,%E%t?ﬁbivﬁ&@@%@ﬁmﬁéhfh5
(I - ArkE, 1987 5 HilBIEA, 2019). FILAEAIC
5mﬂ@¥ﬁﬁ£§wtb,A%wﬁﬁﬁu%fifﬂ
IWRHIR T & > TRIET S (BRI - 774, 1987). LA
L,%@%%ﬁ®¥%®%%ﬂﬁ?d%ME,%ﬁ@
HEEORREICABS IR I Than (B - &,
2017). Zho6D— @%E@¢Tfﬁmg_m%¢6
gL, TR E N 559 16 MaDOU-PbHFARAE % 7”4
WAL, BRBICHIEY 24913.5 Ma® U-PoFRE %
INTEEIRE ORICAIE T 2 GE6IX) . it Ll
HON. 94 (15.1-14.8 Ma) D3RR X h 5 (JHEE, 1985) %

¥ Nanaochlamys notoensis,

P f BB AN KAl R G R ME DAl & 72 5 23, Rl
AL O HERET AR EE 1 5.
8. HIEDXILE

Bz B1F 3 S piEiE» (2019) 12k - T

RIEBILRIC & B Hh i BT iR O & 1 R T8 (89 13.0-11.6
Ma) & EEBd ik (§98.4-6.2 Ma) D& JIJg FEBIZIX 55 &
NnaEE2X). 72720, MEOHEMIMR I T,
SRHE T3 38 T i FEicoT1 SR ERE, 31
B EIICOREIKA A Eh, #EE L TElEhT
W3 (I - 7THR, 1987). Lo LAads, ZhbDEIK
AREAEI & D B OHIE TIE Zh E TISHER I I T

FHIEORLIE (7% - 132)

Wy, AR T, #BHMEO s, dbiliibigo 8
HipR, BN S, M E RO 1RO AE 191
FCB 4D 12\ THFIE QAL R D730 & iR A 72 48,
ftaidmiti e hiar -7 ZhETiz, FBEOHEERL
AEN, B8 (1979), FII-7THE(1987), ZNEIE (1988),
MR (1999), FRlBIEA (2019) I2&k 5 T < DHIFIZ W
TEENTNB A, HEELARETFOREICHM LA
IFIFEAEFER L Ty, FEhEREYED» S FE L
7zfiliZ, NPD6BiF, NPD7 A HiZ kb &2 54t (1979),
B - ATk (1987) K OVhIBIE A (2019) 12 & % 3 30RO
EDATH 5.

BRI 3 A0 3 2 &1 2 & i3k B M1k 1 o
Mizuhopecten matumoriensis, Dosinia kaneharai, Anadara
cf. hataii’s & DALEHPEH LT 5 UNER, 1988 5 /NF
JFIE A, 1989 5 WK - B, 1995). [RIREDFEAGRL %R
FREHE N EIE) 0 & B 2 T d 5 ) IEIC
RHENB (I, NEIH, 1988 5 /NFIFHIZA, 1989).
F72, Zh o OfbRIZHEMIROFNEO THE®#IC X
DELLRADOENB (- BIR, 1973). Th b OMEIEH
11-5 Ma® HARIZ B35 U 7= Hri O35 H Bt (Ogasawara,
1994) IR 6N A TH S, —JF, NBHIKIZET S
HNB T HOHERBEEHIZAER L Tz, B&Z14-11
Ma® &5 WG R B (Ogasawara, 1994) DFEFETH %
Nanaochlamys notoensis, Kotorapecten kagamianus7s £ 0D
FEIZ, @) 5 B A 3 TOAid 5 51 @ h 5
WBEMLTOEW, Z0ZEn5, fnl)llh o B g

2 AT A BRURSERE O _LN ORIKEIMIL A % & Db e
i, HBIE A (2019) DRI 51 5 351 L iCH
29 5 HREME A E .

AL & 7 DAL T3 B AR 24 R 0 BRUR R
Cifiifg 285 S ERA M3 2% (BF - &I, 2017).
IhEcicmERroBon=FRICET 37— 213,
Hh R R HE LS BRAE 3 % BEIK S R O L 3 v U-POAUE
& L C13.5+0.20 Ma (Itoh et al., 2016) 7%, #x IO Ui
& EGLWERE » SNPDSBAr (12.7-11.4 Ma) IZ/ & h
BHEALA (DU, 1985) s X h T\ 3,

Bk - dil1(2017) 13, KInLRgIsHAE T 2 TG X
DINAVYDT 4 y¥ay - b7y 28R UHD123+1.9
Ma (F-JII, 1983) 2 L CHEDOTIEEIKARED YL 2
VDT 4 yvay e bTy 7EREDS5+0.6 Ma (f
I, 1986) ICHED W, FEERE A KMLBEICxL 7.
LA LZD%, FIBIE(2019) 12 & > TKRILUE? 5
148+ 0.3 Ma, FJIIBOOTIEIKEEH 5 12.4+0.5 Ma
DY YU-POEREARE XNz FII(1983) & £
H (1986) Dl ixHurford (1990) I2& 57 4 vy ¥ a ¥ - b
w7 EAE ORBELOBIERTOUETH 5 720 5%
e LTy, HhilgiEs (2019) OEIZHESIWTHIET %
&, BEREESOFRILTINE T EOHER Y & JRI
TH5EHE6X). &b, FyrHRXvIERENZ 54695
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BRI EEES» RO ONTE LY, o
M EEGICES B2 5N (B - HIl, 2017), »D
PAE§ 2 BEKE D 13.5 £ 0.20 MaD U-PbAEARAE (Ttoh et al.,
2016) MBI N TWB Z &5, ABHIR TCREAIC

LD RBL TR RMUE A 5 FINB O FE

TORBUED, BEBTREETS EHEINS.

Far kA & B AN T B EE ORI
B4 2MEIIINhETlshhrozzd, A - BN (1973)
AENIE (FKiGD &SR O[VeskE (Om) | & U 7= kg2
Ssp. 13 FRELL 72 (BB4X, 1K) 2, ZOREI» 5
PR IZH 2§ 5 NPDAAM 120 b & h 3 BEFHL A 48
Bonh-(CE2%). 20 i, ZoigizlEcitE

DA X N THBO ST B EHET S % (1 - BiR,
1973) 28850, MyrOMBENLETH S I L E2RT.

9. RES

“HENE” O FERIEE TS RIE A (1951), it
(1953), IAIEA (1959), A (1966), HIEFIEA (1961)
BENZE > THLS 2o 2D AN S h TE 2. BUE
TIE, HHFTRE D & HE D RBUE IS FE T 5 NIEA T
ﬂ’]ﬂf’ HIETH, SNk L0 SR ‘mxﬂiﬁ

éhfﬁ%@%i# 2019). %ﬁm%ﬁﬁ®f
iﬁéﬁf &, Bl TEEEO LA S AN
tm%éhfhéﬁmbﬁﬂyww;%6I%aH@
IO IR A I RIEIEA (2019) 12k > THEE &z
BOT, MAIFIATHEN., ZThoDABEAITIE LT
15-13 MaDBHHIZIR XN T 5 (E6X). RIEA»E
ANz ERK & LT, ALt oREIC & B @@ h e
ERTO RAIZA, 1959 5 ]RAK, 1966). LA L, /I
FIFIE A (1989) I REEAIC L AR AL IS/ &< & B
ZENBHEPRBEETH D E L, WAREDKTIZEST
RS Niz&E 272 FiE(2018), HIiBIEA (2019) i2)A
W7o =2 Z0HAOHRTRGEL, IO IEK
WZPES BRI TIIBIZ R 3 ) 75 4 V75315 MatEIZ#&
BL, ZO®REMBICIET 722 L2k S TRFMIZRAE
L 72 lBiic L > TAREBAMEKR ST E 2 /-

BAREEHIZIOWTER T 2011, EE3D2OAREEIC
;ofmﬂéht$%MF&UméF®%ﬂ‘onf%
5. FHTRE RO YRR, AF#BFiﬂW
TR Bl 220 T 5. A%#Bﬁi%ﬁ
TG OHHEITFIZE LT ERHEREI AT
) (Hasegawa and Takahashi, 1992 ; *QH(R, 1999). BRIy
I2A 5 L, [RIHIRIZ B0 2 KSR & & )EE T OH
8 CHERR X T 3 HEEERBIP 1L, VEIR TIENPD4AMT
DOD43 K DWW E O, FETIINPD3AKFOD35 & 0
LOMNMERINBEZ Lnb, %%%Fﬂmﬂguﬁﬁa
2L 5T B MR, 1999). X 5ICH D HEEHES
mﬁtﬁﬁf@%ﬁfuﬁﬂﬁgu%ﬂt;ofkﬁﬁ

WLREEEWKC T 5. FRESEN & BRI OBIZ 544
B HMFATA Y B O BRI, FUR SRR I B TRk
FEIE AL, Pasee B CHIRNC X D RS 5. AEH
BWOFIRIZ B W TRAEIZ & > TKRATL TV ANPD4AT
DFFHER, EHICHAFONRETE, FI, Jbibibikic s
T 63 (GHEE- Y, 2006 ). HE)ILIHTIE,
ARG & FNE s bz 2 gzl W, RS
B s Tnn, PLED X S5 ICREEIZ X B H I
JEOHIFNIE— T3 <, HIRIC K 3FEFHLENRAD S
h3. nk, HIFE RSS9 2L, FRFE
REL T3 AT, WF RO P Tcd 5 (BE3X).
b5 %Z, ZThETICHE SR TOBERIZED
%, w1k o i~ L%¢ﬁﬁvmwgﬂé39®7
BE, ThRDBMEEABS, MUAELSKOHE)IE L
%%E@TEn~onf§@¢5

9.1 fREERFES

SR O FA T g & KAl ORI FAE T % i
AEEIT15.4-152 Mall R S - LHEE S Tn B (
WEIE 2>, 2019).

B & 0 ok TR (15.2-14.3 Ma : HlS
I, 2019) ICHY T 2 REMED & 2 Hikgid, FlEHE
FLHEALA ON. 9 (15-14.8 Ma : THIE, 1985) 12 b E
% 5 B IR O AR IR (P, 1985) DA T H 5 (56
m.bﬁb RIS IR EABESICHY T 5 4R

GRS s Tnn (B - Wi, 2017). ZHucx
Lfﬁﬁ wﬁﬁétm%WHL EHOR TR & S
DOENIZRBEENRD 5N 5 (SHHED, 19515 f - TR,
1%%%6”.ﬂM%ﬁL%ﬁT%ﬁ%ﬂE@%L%&
HE AT ONPDAATHIN L & h, (RIFAR D=0 HH
AR R ETE R NE DD, NPD4AH H1D15.9-15.5
MaZ\y L 15.2-14.5 MaD W T h DIz b X 3.
EROEERBO TR, &5 TN ORAE
I BB oA LA AIN. 9747 (15.1-14.8 Ma) IZ
RIEEX R, N. 1045 (14.8-13.8 Ma) D FEHEAAFAE S 5 Al RE
Y d B Z & (I, 1985) &, EEEICHET 2 BECE
Ji& > 13.5 + 0.20 Ma® U-Pb4EAE (Itoh ef al., 2016) 7> 5
FIWrd 5 & 14 Malil#k & &£ 5. FREBONEE B H W20,
AL D FUR b & & B RS DR E &L PHEEARA
EOXIZ DN TS HOBHEE LS.

JNEHIR & A TIEREA 2D 5 h b 2, EE
MU CIIARIEARFMAE LN 25, Mok > T
HENRL > T eiitEshs. HRAOZELE RS
&, bR AE I B W THURF B O S RmE A LA v
db, dUtE AT H - 720, “HFIE (RREOEERE)
OEFRANSIEHE A IIZZLE LT 5 (A - BRR, 1973).
Z DORITENOHFRIADZEACIL, o & R HE R Pa
BWABEL2ZEERML I EELLEND.
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9.2 FLUAES

JNBHISIZ 360 2 KALJE & 51 RE R0 RIS R &
N2HIUAREEEIE, 14-13 MafshiiE 200 5 AERIFEE DR
B 2 L X5 (FFiIBIEA, 2019). OT1EK
EHRE AT 25 T R KA 7y b L
THD, XAV 7y TRESGTHIMEEE > T 5 (F
JI - 1A, 1987). 2078, FIE FEIERmLE &
EIRRIC VRO A2 55 LT W B M &V, &
NI Tt e h 3 mE R, il AREEE 2K &
N7z OU-PbD X & L T 13.5+0.20 Ma (Itoh et al.,
2016) DI 2R $EIK A BRD 5N B DT, HLAEE
ISR I NI RBEEBIBR IR ThEVnWEEI OIS
(EB6X). FNIE P Z NBHIEOAIZ 545 Z &n
5, LRSI A RBHIROA TR EINS.

9.3 NEEHOFIELFEEDRESDNL
WERDWTRIT & B & HINEDOAEE IS FEREEA
NS 2 5 BN AHE £ TR 6 h T b (51
Ay, 1951 5 I - TR, 1987 5 BPIR - SRR, 1960 5 F4 - B
R, 1973). ZhETORMTIE, FIETFHILEOH L
RIEAI & > THBIATRE & RILEM R Izt & 2 6
NTW3b. UL, HIEIED (2019) 12 & > TNBHIRKDH
JIEHIZ 11.5-8.5 MadHIRIZ 72 D TEK & M7= AL ST
T3 eMnfimansz. £, NEHIREFHIIORIC
RAILIRE & HNE R MR AR 62 &, FiliR
B L g U T & BB RO RIS 3T IR
BRNZ 6, HE EHIEEE TR & ORERITHF
FIEAEELHUAES L D BUES KR E IR & 5.
B &R LT IR 2R 5 T B (I, 1985)
Z & h SRR OFEN R XN B2, EAICIE T
HHROMEREAHEL TR, FIELESICHY 3
i3RI L T3 GE2X).

9.4 FEAICHTIMES

SRS A & 8 B IR 2 TOA T 5 AT &
HIEORHEIZIE, RO X 5123 D2DIHORELSD
FAESHEE SN T3, FRIFTRITERLOREN T 5
Zehr o HBEAWLPRE ATV S—F, KilE,
FNE D S HEEEASIEE A EER L Than, AR
HUIZ B0 THIF IEABEBRIC S 2 HEH O T
R & LSRR O R IZX 5 X T B (HIRIE A,
2019). L2LAiDs, ZOXRFIEEHELGET T ID
FREIZ K > THEE SN 2R AT, EBEOREIZET S
PESFMER S TOEN, X512, JUBHIKO KL
&, SNRIZHAES 5 7 7 S B3 CidfEad ¢
Wi, KimTid, BreExlt, EEAROT 7 7 04F
RAED 5 REAIZOWTEM L 7228, #ERIZK > CFF
M NG ORI R AIEE % 5578 L 7= B O e,
i EIEAA L EAKE TS, R, fdl» 5

FRINOHEPH T RS LG & FIE T EA R L T
ZEnS, HRIPRED & F)E LFEE E TORIIIZD
WTOWHRIIAGFTH S, SHROFBEE LT, HIEOD
HEaSoMtae 77 7 oMinEEh 5.

HEE  HHEOVIRERE L, WEREOMHF HEAt
CRFERUED OO E TS 2 W2 Enwk= 22
IO B AR T 5.
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KUDO Takashi (2023) Cumulative volume step-diagram for eruptive magmas of Towada Volcano.
Bulletin of the Geological Survey of Japan, vol. 74 (3), p. 133—153, 10 figs, 3 tables.

Abstract: The cumulative volume step-diagram for eruptive magmas of Towada Volcano was prepared.
The eruptive volume and age data were compiled from previous studies, and the deficiencies were
supplemented in this report. Specifically, each eruptive volume and age of the distal tephras from the pre-
caldera to the early caldera-forming stage was estimated using the author's original stratigraphic data and
the isopach maps by previous research. This report shows the dataset for the cumulative volume step-
diagram for eruptive magmas of Towada Volcano and describes the precautions to be paid when using this

dataset and the future tasks for improving this diagram.

Keywords: Towada Volcano, cumulative volume step-diagram for eruptive magmas, eruptive history,

eruptive volume, eruptive age
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APORL, ZORBEREFHAT2BOEEEEE 5%
FHEIZONWTIENRS,

1. 3UBHIC

RS~ &~ W R REE X (BN T RE B X | & W5
5) i, WKDRAERE L HREOBEKR, Zh o ORRE
BEARLEXTH D, KINGE) O R B 4 5Hf -5
LBOEHEY - L Thb. 207, FEEXIZEN
SOk A KIS B W TER S, KILas 8 kil
WHEIE T OEGICHE R X Tuv b (B 21, Wadge,
1982 ; Hayakawa, 19855 /]v(L - & HH, 1994 ; Hildreth et
al., 2003 ; Bacon and Lanphere, 2006 ; FANIZ 2>, 2009 ; I1ITC,
2015 ; Uesawa et al., 2016 ; Yamamoto et al., 2018, 2021).
72, FEBXNIZ RN 2 S 8 M D 72 8 O SERE DR
ELTEMAEINZZLEHD, RTJIRE RO KLF
BRI 7 A F R IOBRIER S, 2013) 12608,
BTS2 T K5 AR RET S REMEIC D0

T, B2 W CEHT 2 2 & AR S h T .
TRk, RACHARGRAEES ZAZE L G 1),
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Fig. 1 Location map of Towada Volcano. The study area is
marked by the black rectangle.
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FENN kmDANLT 72 HTHWEAKLTH 5. HHIEX
g, BHAFIEIZ 50 TEEKLIE B A3 78 2 iS5k,
BrgRkil, EEALAE RS 5 &, i1 HERO
WS A RA A~ BT I ERFEETH 5. L
Lans, —HEKEREZ & ZOBEAVEI (Volcanic
Explosivity Index) (Newhall and Self, 1982) =4 ~ 5& [t
B RZONEAA S 2 Z 05, [FRAEZ D 1H BN
EWRINTHED, JRTICK0FERFBHALNCREE X
n, NYF— vy TEERIN TS (HRIEAILEL K
Wi, 2018). &/, XD EH<WB & 36 kak 15.7 kall
VEI =6, WH\& 18 ~ 20 km’ (DRE: dense rock equivalent)
DR H VT 5 TEEREKDSRBEL T, ZhsDmE
KTIEEHFRO R ~FKHIEICE ~ 5 FIRACEB DA K %
HOIE LKA T - HERE L T3 (il 213, Hayakawa,
1985) .

+HIH K Lo B B [X] 13 Hayakawa (1985) 12 & > TH]$
TN &7z, Hayakawa (1985) 1%, —+FIH JKLing HH o
PRI AR L, ARKILD 2T 5 TR DI O RS
B ERLE. 208, ZORBEROWETRA /M - &H
H (1994) D& sCHIC B OR E Nz, THIERIIHRLR
RORRERT -4 #HOTHETE N8 DT, FlTHL
7 IR E O KFERBRELSEH IR TS, L
2L, /- FH1994) T ZORER I h Tk
V. 2 0%, RGO TIES-HAIE AL 0% % B
WL, AT aMAREMIATE2Z WAL, T
&, 2005, 2008, 2010a, b; L& - fE4K, 2007). Z®D
WA T TREEA 2011) 1, e T e A 7=+HH
KINEMOREEX AR L7, LaL, LiEEs, (2011) 12
FPRBHEE Th - 12728, BERHOT—42+1y b R
B EN27 — 2 O ARUIR E T isn, 20
%, 1T (2015) 13, BEAEWFZEREG D T /84 LT — &
BEO%, HAOFERWLKLOREEX 21K L, 2D
e HMEKLOREEXER L. LiAL, 22 TR
Nn7=5—20KF1F, [THEIEH, (Q011) OFEEX » 5 5
ABE 72T =2 XN TNDE, ZTOHK, XHICWETX
N 7= RSB X A3 Yamamoto et al. (2018) DX TR S iz
BOD, HEHEDODRAET —2HRELHOONTHD, &
MAar—sidRkibnkEzEzLh>oTn5.

ZD&S BIRWND7=8, FHOICITIIMR A SR AE,
RE®ZE BEATEED S, RIROBEEX & Z DM
LB T—HADODREEHRETIENFELN TS, &
512, FHHEALNIZOW TR TEE A 2011) PIFRIZE B
I > THEHFICL2HE - TR KhThH D, &
SICHi - RMARHEhDDH 5 (Bl A, THE - /MK,
2013 5 T.JE, 2016, 2018a, b, 2022 ; T.HEIE 5, 2019).
ZZT, INEOMARHREBRAT—HRIEL, BB
BToHREKLORBEX L ZOMRRELZF -2 1y
FEARLTHBL ZEF, SHOPMBEXLOE L %%
ML - RO 7=DI28, OWRHE?IFEL S K1

LTEL0ICe@BVHDLFELOND. AWE T,
FHHEKLORERX & 2 DR E 527 — 2 2R L,
FEE X 2 R4 2 BRO IR SIH & SROBIEIZ OV TR
N3.

2. +HBEXLUOEE)EEE

KL OFEE H1Z, Hayakawa (1985), HIIE A
(1986), H81l - Kt (1986), LREIEH (2019) & EIZ&kD
FLHLENTWA. LIT T, FiZHayakawa (1985) &
TREIEA (2019) 125D &, R KILO WG B s R % 7R
5

TR KL OMESZ 022 MalARRICRME X hi- e & X
BTV B (L, 20165 LIEEIEA, 2019). +HIMH XA
IO WEBHLLATD 0.6 ~ 0.22 MalZid, #9540 FHRB Dkl
WMERIEBIAFEL - i S hTHD, Zoklig
k- RO wEE 2 FAII K LOES L EFR SN B
(L&, 2018b). +AIHKILOFEEE, Lh LT 7 H
(220 ~ 61 ka), H LT T HI(61 ~ 157 ka), & 7
L7 5 (157 ka ~BILE) D3 DODFEEHIZK T X h b
(Hayakawa, 1985 5 TREIZA, 2019). &iGEHHOENRI,
Horiuchi et al. (2007) (#&1E 724" 5 A CALIB 8.2 (Stuiver
et al., 2022) CIFFRGIE LEL L 721), T (2016), Tto et
al. Q017) 12k 3. ZOWHHHX3E, HRGHEBD K
E 2o KR K BRI E L CHL T 5 &R L 72
WA LT SHRM] E LT, ZhLIpiomH%2Es
LT W], 2hDBORM %A LT 7] & LThE
BRI A FIZL2E0TH S, HHIHKILOME L D
WA A RV MIZDWTE, KRB 28§ LR & 5
ELT, ATy —F IR Eh, Bir6A, B,
CONEIZT7 LT 77Xy P AW T@LY - BEHIN T3
(Hayakawa, 1985). 7z7°L, ZDTLT 7y F&H0
72X, VD ADIE KR — D KW K (R 7
ALFSHHOEA)IZENWTIEY — FEARRFRETH D,
TILT 7 Xy FBIE IR T EWEK S LBIFET S
TDAEIVETSH B,

AT 5, RIE A LT 5 ISR D DS TEAE
Lz sh, BELZLIBEAKIKIDZEOBEE - K
R E 76 ch, RFEKLUKREERLZKRETH %
(Hayakawa, 1985 ; TREIEA, 2019). &AL 7 7 Wi,
g, TREBERILE~TE DL ROEE, BT A
HeRd, KWRRHER, KEE— DHERM» b 50, B
NEEES (TREZA, 2019).

HNTF BRI, EANLTFIHICHKRLT, KDER
DK & 2 KFRIE K S ERDIFEAE L, BN 1 kmD
+HIH A LT T &R L 72T & % (Hayakawa, 1985).
AT TR O HPNE, RIS~ FRBUE O KieFiHE
R, KWy — O HERM K O R KIEHERE I A & 7 5 (T
FRIZ A, 2019). H LT T EHIZRBAE L ZEAKD S 5,
KT Y — PN (TS RARBA ISR HERY) % T k) & W
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KT — FL (FIZAF KFFHER D % 2 K) 23Rk
HETHD, ZhZhOBEAkLE Y — FIZk 3BT
R T40 km’ %48 % % (Hayakawa, 1985). H LT 5
eI T, KU 2 KRB K A D R L Z
BZLI2&oT, AT T OWRKPERBEMIESR, AP
& T 7 7 7 ROIT Kt R omg ok (kT ey —

FLIZ& 5T, BAEDHHHEA LT 5 DOFEENERK S I
7z F % 5T % (Hayakawa, 1985).

BANLTF SN, A A LT 5 R E% O &
L CRLE ) 5 7 % (Hayakawa, 1985). #7715 5 H]
DL, HEEE RS ~ RS DR T K F
Y, oKWY — DHEREY, KRRHEREY R OVEA A B
% (Hayakawa, 1985 ; LiEIEA, 2019). Zhoix, +Al
HA L7 5 N T8 & Bllh U 7o/ B 2o i Rg kil (L@
Akl oEB) & 7 o LETOMEIZ & BEEY D 5
% % (Hayakawa, 1985 ; LJEiZ2, 2019). heaiKiLo
THERIZ B 2.8 kmD T H LT 5 DRI & b debh T
W5, LT 7 ORKIESIL, HATEY - FCh
ZVIAD BB WA, BEE L TunAa v (TEIE S,
2019). BWHTOWKIITEEISFIZFAEL AT Y Y —
FAT® % (Hayakawa, 1985 ; FJII - /hl1, 1998 5 [EFHHE
7, 2015). ZOREOWEKTIE, BRAOEAIZEDET
KR & KRS — O HER 3 HERE U 72 8%, HRIEY
DREFI KA T 0, B EHEREY & Tk
U7z (BFHHE A, 2015).

3. BERIOMERGEERML EEYOEHE
3.1 A&

R XD ERRIZIE, BEFTEHREE2a v 840l
F— A RORMEIZ LBV FLTF— 22Nz B
B A ER S % 72 0120%, W Ic R e Eo
F =AW fii> TOBRERDH S, £/, KD ROREEX
EFT B DITIE, FEMAHVEFEEIC & 0 E D KLEH
YDA - T & e R0 FEICiiiE L, &5 R<H
D ZIEL 5L MEOHKA XV b &R ICHES 5
kb, LrLhns, FREKAKLOKS LT T~
AT IR O F 7 2 1IB LT3, BEmzEmss
12k B KILE IO RET - FIE - A - AERERIZBT S
F= AR FTHY, ETOEEPNZDWTENR - 1H
R T — 4 H > T A RTICIE AW, 22T, Zhb
B L CIEARMEICTRER D #FL -, R0
FEOFHNZ DV TIE, REDFEICTHHAE1TS.

F—=RDAVIN NMIZH 25T, WX ROHEEIC
BiEsh7-e D& FAL, FMEERICERE NS
DR HFTR IR T EWEDARFHE L, 2
D7D, FHIZKIRAEDFERHHEER ORI NZT —
& (i Z20%, TH#E, 2017, 2018c) XA L Tk, Z
NoICBLTiE, BIE, e LTAERT 244D
ThD, REINERICTF—248BML, & TREEEX

DWETEITH VETH 5.

ERF -2 OIS 72> TiE, BREE[CER>
W 7 O RFINARFEF > OSLAER & i L HEfE D
JEXIZX RO IFERSELEBREORE XIZLDRD 2
FHERIE L —HOTT75TIET49vavyboy
AERPHE X T B2 (FHE, 20075 THE - I,
2013), IS IFMENBITFEEBA 22O EHE L
7z. TOSLAER & R OIE X2 &k bR 724K 1,
Ito et al. QUINICKDMEINZLDTH 52, AW
TIEBEDNSTELUTTH D, »DIEET 7 5 (kEL
fe TR [HFEREHET 7 7 ) OMEFRMAREFEN L F
JELAEWEDERHLZ. #HEOCERBHEINT
WAEAITE, EAMICIERFTOMERREIZLE3 D%
THLU 222, FROWE - FHiifrbh, %Y a5~
DR ENTHBEA B AL, TR E4 K, 2007 ;
L%, 2008; LEEIEA, 2019) 132 Nn 6 #8RALZ. /-,
BANLTFIHOBEATE Y — FCIZOWTIE, &FTOH
RRRIZ X B CHER TR AL, BRERBI»ED 5
T BKA M GEHE) OWIE T 7 REIF Tm 72 4ER
7 — & (McLean et al., 2018) KM L 7z. “CHRIZBIL
TIRBERRIE 247 » 7Rl 2 Vv 72 JE RS RO B4
BRIEIZIE, IntCal20 7 — # £ b (Reimer ef al., 2020), #%
IE7°'vu 25 ACALIB 8.2 (Stuiver ef al., 2020) % i 7z,

BT 757 50HEICD W TIE, &5 (Walker,
1980) & % WM ASEEIC K B K5 R 2 5 8 h N 7-Hayakawa
(1985) DAEERRYV =122TS (V: [ F 7 7 7 OkRE, T:
FEIE, S FRBEGEAHDEE) ICKDRESE S h-eD
AL 2. B REODREMEARIZOWTE, H6O%
EE25 gem’& L, ZREFNOLHE TR TV B HERE
WrE I & VTR 7=

3.2 BERICRMU-EEY

BB TIE—ETT— 2 A RE LT 5729, +HIH
KINOAWE Y % SO U 7z RSB & 1R 5 2 &R
RTH5. LINTIE, FEBXICKML 7208 o HifH
DWT, WIS AT .

BANT T HOBEHPIZOWTIE, ThE TOMZEHR
FHIZk-T, FZETOENMAEREZNTED, MHi
WEOER EBEHREO T — 2 MEIETME ST 5 (B]
H IZ %, 1981 ; Hayakawa, 1985; §-JIl - /IN(l, 1998 ;
AR - BEH, 2003 5 T# - £ 4 K, 2007 ; Tj%, 2008,
2010a ; McLean et al., 2018). Mi—DFIFHI TR A
(B0, 19725 TEIEA, 2019) Th 5. #MGEEIZD
W, MEHEA0013 kM’ E R 5 TWB 300,
ERIZ AR O A 5 11.7 ~ 2.7 kaD ROV
OO EHEE XN TWBIZE X 50 (I, 2010b).
ZFD, %ALT I HIZE L CORBMRE S E TR
B E R L= Bk, BT 5 EHOELYIERIZE
L T, Hayakawa (1985) & T (2010a) CHIAILAS (1]
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B, 1939 5 H L - R, 1962) DA IZ RIEOHED &
B0, AL TIELE (2010a) O RAFIZHE > 7=

BRI &k 2% 7 0 7 5 Bl E & (Hayakawa, 1985 ;
AR - BEH, 2003 ; TR, 2010a) 1%, \WFhd—H %K
WSROI AR AEMEE LTRME 5hzd 0
Thb. ZTOEYH, HLAOEHBRIZINLT, di#lrLT
T MaRIC K A RIERAZ EC UGB 2 BB 0.
7L, WAIAS (GBS F—4a)iionTid, BlFET3
5y 5 63K b M7= RRE (0.23 km® 5 Hayakawa, 1985)
EhoTW5, KEFIITHAILT I OMKIZE>T—
BN RIBL TS 720 (L, 2010a), % D&% Hl§
ZUENDH S, FAILEEOERBIZ OV, TEE,»
(2019) DHVEX % vy, BB L 22385 DS F — L0
WHOAMIR EDMEER L T2z IRE L TRIBE T &
EOTCRBEE 2L, AATOERET026 km’ &7k 5 (K
THEB53130.01 k). HEIES OSLFEE X 2.1 glem’
(Hayakawa, 1985) DT, SHAEE %25 glem’ LIRET
5 &, fALEAE O EIZ2022 km’ DREE S &N 5.
Z Ofili i3Hayakawa (1985) 12 & % RAEE % O fil : 0.19 km’
DRE: XIZEE DS AWV, ARETIZ022 ki’ 284
IAAOEH EE UTHRHT 5.

KT IO HPE, HaEBHILT IHE
DAHUIITH D2 > T3 EHWIZ DWW T, Hayakawa
(1985), Horiuchi et al. (2005), /NEIE A (2007), Ito et
al. (2017), TREQ022) #FICL7za v A L7 -4k
ABREOX ) FILTF — & (RE\ELIFETRT)IZKD, 1E
HEOFENEEHET — & 25T 5 2 L ATRET
bH5. APETEINS EZRERRICKML - kb
VI, AT IEERBNCBWT, D &3m0/ ks
TNH I REKBREL -2 EBRE X TS H (T
&, 2018c), FRMHMERIZLET—20~=®, SHO
FEERRNZIE R L v, Zh s o2 240.09
km® (DRE) LR T» % Z &5 5 (L, 2018c), BEERXID
BRI RE B EL S A 50Vl Eh 5.

AT 5 HOREHHNE, AEIENTEERT & A T
YIREIFOREER T — 2 OFMES VORISR 5. 5
FEOREGTHIZ >V, kIO HELEEIZ 56T %
T 7 I RBREMEIEMES L Tl (B2, Kith - Il
1979 ; Hayakawa, 1985 ; #2111 - Kith, 1986 5 HJINE A,
1986), WEHPORIB IR I TW5, 27 L
FHUNMRI L 727 7 9855 LT, HUETE T
WZEWE DR D BAREMEIITE TE 2. 7220, 20
&9 %7 7 7 13 RNER T 2[RRI » 5B LD
EAhBEZEZOND. —J), EANT F ORI
ELTE, BEKCKBEERRDOLNTED, ZhodD
SADIMER K E » B JGFIEIHS Il S hTn b (LE
1E7%, 2019). L2 LU, BREREOENYLATFET S
7%, WA DR & R - xtIC DWW TTIEARH
BRMNEL, BHEEORMILE +HSICIEHE 25T

W ZE, THE 2018a). 8- EEDF— %
EARELTHD, HEBETIZZINS 2RI M 3
ZEIZREETH B, I TARBETIE, KA TIHO
FEELIZ DT, MBEE SO T 7 7 DA TR L 72.
RIS ST 22 5T 7 Fi22o0W T, BE
(AT TR PZITHE. LT B 5 00, 4K -
BT - 2 MEE AR Eh gy, LaLl, Kb
FODT T FIZDONTUE, FRIEHGXBPBRIORE N TED
(FIINEA, 1986), ThEFIHT 2T LICX > T E
ORBE D PARETH 5. F72, FRPE X NET
7 7 & OREFBREHEL 720, ABED K OIGET
ABECHERT 22212k, MickEhsELERO
JEEh o FERERMEE 22 L AWHEETH S,

4. +FBXRURFICETS
AT SBR~HINTSERET 75

BT CR R K 512, BIEEAFHEDEANT 7 8~
LF IR O F 7 S 120w TiE, —#HEBRWTHE
REWH RO T — & H5EMTE TRV, Z 2 TR
T, FHEOX ) VFALRETT — 2 EIINEA (1986)
DOZHRBIERX EHNT, &7 75 DFER L EE B
to7 UFTIE, Zhons 75 RBF0OMEE —ED
77 7 OHD NI DN THAEITS .

TRIBEXKLDEHI LT T~ AN T 7RO T 7 7
&, FRIEALE S O _EIEEE (552 1K) & oA < 4y
45, LHIEPEHEATHROONE T 7 FI12D20WT, §
2N AR IR 05 2, 5 3 [ S OV BB 4 XN AR IR IX %,
BIRIZT 7 7O - iLF - MAEFCH - TR
DER—E Z2 AT, BRI OMER M A3 E IR
MO 2H B0 (EE2K), ZHEHERELFIT LD AIC
BWTERMNBHFICES &S Z EITRERAL TW5. 277,
MENZRD EH 20D, KEBFOBEMT 7 F12D0
TR, BETHRTEIENTETNS B3N 4 K).
FACETREC AT B T 7 T, K- Hi11(1979),
#5155 (1983), Hayakawa (1985), #2411 - Kk (1986),
JINE A (1986), KA1 (2005) 12 & 0 JEBFEAEIEHEL L T
D, ThoDEHERVEENHEMOME, 5, K
BT 22 EAEETH B B3 5 F4X).

FHIEALEERE T3 7 7 713, ARHALREE
ENAHWPED LN ORMETHE TS Z EBMshTn
5 (Eie, 1983 5 Ml - Kith, 1986 5 T, 2005). Zh
FTHOENTOBRY Tl HRIHALORED T 7 51k
NPTH Y, NPULEDOKED T 7 5 H-FHIEIA L &
EhTWB (AL - K, 1986 5 L, 2005). LA»L,
— I THEDS AL L DN D 5720, EZETEIH
HAILOT 75 & LTI PREABETHSB. LFT
X, WP ENDT 75055, BEEMEHREIC K
DASTFAKILATR ENTOEWE D, BTN TR A
DEE GO, HEROBEKLUAEEENE L0, Fi,
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Fig.2 Locality of outcrops. The location of this area is shown in Fig. 1. Base map is from GSI Map.

77 I DEAEERPERTE L 5728 DEIRIZ,
7 5 MEL AR TOHLD P2 DN THH 2175
TE7 : Bl (1983) Ikt shiT 75 Th 5. M
TFFZERE TIABTE KNI E uTunen, AR (1983)
&, TE7THRAFENAHEIZ AL, kit - diil (1979) OT-3
ﬁé?é&bfmé EHIZKBEETIE, HAITO
MW, MkﬂpﬁﬁmﬁMMQ IBWCTET 2R L
T3 (E4aX). T3DEHTEFERT 55, T3IEERBE
MK T HMEAIARRD 5N EESK), Da L3k

DT 7 7%= L7286 DTH 3 HetEs m (LigED,

2004). T30 5%, HFM{FHEIZAAAT 2 0idm & Ml
It F o8 D TH B2 n 56, ZANTETIZHY
FTHEEZOND (E5K). ZDOERBIEHRIX O Al H
FHIEXILZBENTWS Z &2 5 (385K), TE7 % +HI
HAIGEIRD 7 7 5 & LTHRS.

T-3: Kth - 1 (1979) I
T-3 D RBIEHE (NS, 1986) 12 X AuE, T-31213dt
B, HIAEH, HFOA AL L 3ROl RD 5 h

XO@WmHEIN=ZT T 7 THS.

% (5.

AR D & 51

L7255 T, T33P EE3IRDT TS
EF—fEL 72D TH BAREMEDE W (LIEIE 2,
, B B EM O SN, A%
(1983) DTETIZHY T 2 FE L 605 (FBs5K). koo

e, FACKO il 2R 7 7 7 &, AHETIRRIC

T-3-2 (ALH5A),
T5(EE5K). 2055

3.
Jlrx b (E5K).

NE TOHME CIXFHEECTIAL & T
A AR ALD F I EMANTHhS 2 e h 6 (58S
X)), NFHEKALEFEO TR ER & T 5 (L#IE
L7222 5T, T-3212200W TS5 EORBEEEX

A, 2004).
TEARHET 5.

OrP : HALH 7 5B IUACHFZE 2L — 7 (1969) 12
ENETFT75ThHD. EHIZK

A i~ HACHT D M 1,
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Fig. 3  Stratigraphic columnar sections of the tephras from pre-caldera and caldera-forming stages at the eastern foot of Towada Volcano (part
1). Locality of each section is shown in Fig. 2.
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Fig. 4 Stratigraphic columnar sections of the tephras from pre-caldera and caldera-forming stages at the eastern foot of Towada Volcano (part
2). Locality of each section is shown in Fig. 2.
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Table 1 List of tephra names, tephra symbols, reference for tephra name and definition, and information on source volcanoes

Tephra name
Symbol Tephra .name ) P Reference for tephra name and definition Source Reference for source volcano
(in English) (in Japanese) volcano
HP ?:s:'rg"he Falout | \mEpT775 Oike et al. (1959); Tuzino et al. (2018) |Towada |Oike et al. (1966)
MT Maita Tephra KHBTT7 S Hayakawa (1985) Towada [Hayakawa (1985)
Ofudo Pyroclastic Flow Tohoku Region Quaternary Research
f NENFETR T Nak: . (1972
o] Deposits RAREKRETRETEY Group (1969); Hayakawa (1993) owada akagawa et al. (1972)
KR Kirida Tephra YHET7 2 Hayakawa (1985) Towada [Hayakawa (1985)
P E— Tohoku Region Quaternary Research Hayakawa (1985)
GP Goudou Tephra sR773 Group (1969) Towada Nakagawa et al, (1986)
T-25 T-25 Tephra T-25773 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
" SN, = = Oike et al. (1970); Oike and Nakagawa Hayakawa (1985)
KbP Kibidango Tephra FEYYIFT73 (1979) Towada Nakagawa ef al. (1986)
sjes= Tohoku Region Quatemary Research
Ly R/ICZ R (Fre) 9 ry
RP Red Pumice Tephra o _ Group (1969); Oike and Nakagawa Towada Hayakawa (1985)
T2 (1979) Nakagawa et al. (1986)
T-22 T-22 Tephra T-22773 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
SP SP Tephra SPF75 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
OP Il Okoshi Il Tephra AVNFT75 Oike and Nakagawa (1979) Towada [Nakagawa et al. (1986)
OP | Okoshi | Tephra AAVNFTTS Oike and Nakagawa (1979) Towada [Nakagawa et al. (1986)
QP QP Tephra QP773 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
T-17 T-17 Tephra T17773 Oike and Nakagawa (1979) Towada [Nakagawa et al. (1986)
AP Aosuji Tephra EAVFTS 8';‘;96; al (1970); Oike and Nakagawa |10 .4, |Nakagawa et al. (1986)
T-15 T-15 Tephra T-15775 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
e Oike et al. (1970); Oike and Nakagawa
P14 tella 14 Teph A 14 T d Nak tal (1
Cl Castella ephra HRATZ145777 (1979); Yamato (2005) owada akagawa et al. (1986)
——1A—— = Oike et al. (1970); Oike and Nakagawa
P1 lla 13 Teph 1 T Nak: (1
CP13 Castella 13 Tephra HhAFZ137775 (1979); Yamato (2005) owada akagawa et al. (1986)
Sc2 Sc2 Tephra Sc2777 Oike et al. (1970) Towada |Nakagawa et al. (1986)
Sc1 Sc1 Tephra Scl777 Oike et al. (1970) Towada |Nakagawa et al. (1986)
Toya Toya Ash TRER ALK Machida et al. (1987) Toya Machida et al. (1987)
ZP2 Zarame 2 Tephra HSA2F775 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
ZP1 Zarame 1 Tephra YIX1775 Oike and Nakagawa (1979) Towada |Nakagawa et al. (1986)
T-6 T-6 Tephra T-67775 Oike and Nakagawa (1979) Towada |Kudo (2005)
T-5 T-5 Tephra T-5775 Oike and Nakagawa (1979) Towada |Kudo (2005)
T4 T4 Tephra T-4775 Oike and Nakagawa (1979) Towada |Kudo (2005)
TEQ TEQ Tephra TE9T 73> Iwasaki (1983) Towada |This study
orP Orange Tephra ALYIFTS Tohoku Region Quatemary Research |45 [kudo et al. (2004)
Group (1969)
T-341 T-3-1 Tephra T-3-177% Oike and Nakagawa (1979); This study |Towada [This study
TE7 TE7 Tephra TE7T775 Iwasaki (1983) Towada |This study
. R Tohoku Region Quaternary Research Matsuyama and Oike (1986);
NP Nuki Teph =8 T
ukamiso fephra AASVTIZ Group (1969) owada Nakagawa et al. (1986)
Shirobeta (Katchi) . — — — | Tohoku Region Quatemary Research Matsuyama and Oike (1986);
~ }
we Tephra BT () 777 6 oup (1969) Hakkoda |\ kagawa et al. (1986)

F20X D & 0 LT ORI IS T FHEER L T\ 5.
HINE A (1986) & 811 - Ktk (1986) 1%, OrP2Y RAL T
iz L, LR A RO Z &2 5 (S
XI), OrPDiGIHAZ NHHKILEE Z 7~
RN A RE T &, AmElOLR I3 VFE- KL
EHRIEKILDS S D, WBEMEILE S 5 TE T
OrPIFMEMAEIFEICZ L G T &
TR 51 5 GRALHTSEIIACITZE 2 0 — 7, 1969 5

HB(EE5X).

LA2L,

A, 1983). LREIE A (2004) 1, JVEHHIAILO LA
A EANE MRS E S L 2T &, T 5RO
T EEO 7 7 5 2@ ARG % £ < i
M2d5ZEn»6, OrP+HRIEKLEET® 5 el
AR L 2. ARETCEEROBEEBIZE D, oPE Al
HAILEFRDOF 75 & LTS,

TE9 : A (1983) Ic k@b eh7z7 75 CTh5. MK
A Z2 S TIABTE IR T T nan, Hilg (1983)

W T
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T-3 OrP 50 Pacifi
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R | Hachinohe o | o i
Hachinohe
—— — TE7
Towada 20 Towada
Volcano 0 Volcano \\
4020:N | 40526-N-{
1 1 1 1 1 1 1 1

B HIINEA (1986) 12 & BT-3 K OrPOEREIEMKN. KFdT 7 7 OREE (cm).

KiEDORETREEE 7.

JNF R K L O 37 18 i v g 0D

Fig. 5 Isopach maps for the T-3 and OrP by Nakagawa et al. (1986). Numerals show the thickness of tephra in centimeters.
The location of Hakkoda Volcano is represented by the location of its highest peak, Mt. Odake.

i, TE9 A& #IEHALNT L8t~ F N ~ AT R
BT B LR L TV B. FEHICKBFETIEHRIET
~HAEMT D1, 2, 3THERR L 2 (B4 X)), Fhg/Eii
K2R &R TeWze, Sfllh &AL % H k4
i3 cE . ARECETE A @AKL 2 &
Z&h5, OrPLFIBROBEHIZ &L D, TE9 % -+AIH kL
PR E LTS .

T7: K- HJ979) Ik @B EN7zT T 5Th
5. KA - kit (1986) 12 K[ HIK@ T v - Frailk
BORL ZWEG - IRERGEADRA LBEWL V4
BeXlk] & &h, HIHEA (1986) TIZ % REERIX &~

EhTWb. L, EEOIIhE TORETE, K7
75 DN E E TV B USRI W THEBOBIE A
BRLTOhB380D0D, ZOMHEE FLMHERTE TR,
SRR (hINE A, 1986) 22 5%, JUHH AR &
& HAIHKLIRE S Hh B 5 4R s, WIhiZL A
BEWHOAE L T B 725 RIORERIZIEIARHE T 5.

T-13: K- sl (1979) sk b &hhi=577 57T
H 5. Kl - Kb (1986) 12 KAUE TR B PoRRA ] & &
L, HINES (1986) TIRFEFERK ERE N TS, L
2L, FHEOINE TOPETIE, KT 7 7 Ds /i
EINTVAHIRICEOTHEEOBHEABSZL TS
DO, ZOFEE EAMRTE T, FREIEHEX
SATHAIEAIGEIEE B b, T-1312D W TIEARH
BREMNEL, K98 IZ&D[T-132] & mE =T 7
7 KA (2005) TIXCPI3 LR ENTNWB 2 &n 5, T13
ECPI3IEEI—DT 75 ThHAEENDS » 54, FHA

RLFEMAMRETE AV, WIRICL A, TI3AHET
ERTETWAEWZ &, SHOMEX TIZCP13 % FEHE
THERLZAMEHKAL TWBZ &, 5, T131I2DW T
AR ET S,

EfEa kLR RERIRE - FINEL2 (1972) ICk D @wmfh &
N7 KWRHEE T D 5. Ml - Kith(1986) 12 K Aud
Wﬁiﬁ%&@éﬁkmmﬁ@mﬁwféb HRREA
AIH Tt~ tPM@Mi%M@tFMTﬁW N (T e
EhTwa, L, EHEEIINETIZIhEDEHi%
WHEIMEPERET > T3 800, ALYy —F
QD LM A Wi e Rty CRth - I, 1979) DRERME %
ﬁﬁthtiﬁ%@éwiﬂmmﬁﬁ%@ﬁfi%ﬁ
TWBH, YT 5 KERHER OFAE 2 ML 5121
BoTWEW, KT 7712020 T irﬁﬁﬁ,ﬁﬁxgnma
5, SHIEAREEHET 5.

5. FBDNVTFSHM~ANTSERET 750
FRREHY

3

LT 5~ AT 5RO 7 7 5 DK%,

ERHEUEL B F 75 L F 7 SR EN S HERO
B RBE -7z ZOFHEIE, [vAra s 4 b)) —]
E BTN (T, 1991, 1995), o hiEke OHERGEE &
—EEE L THERRD 6B, 20728, HFAJLUE

LT 3775 DERIEEEZNE DFHARENEIEL,

KD OEVERIRD OIS, FRIEUEL LT T
FIELITOMD THh 5.
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51 FREEFTS

WP @ BT S IUACHTZE 2L — 77 (1969) 12 &k D @i 44
INEF 75 THy, NHFHALEGEE 45 @1 -
Kith, 1986 5 HINEA, 1986). £ < OTRIATHER
(B3, BESEL EHS RN 5720, Rifki
777 ThsH. HFHHEKLEEDOT 7 713WPkD 8 Lk
Mg dE BT % (A, 1983 5 K41l - Kith, 1986 ;5 T
B, 2005). WPOHEIL, AFMOUWEEEDT 7C90001CT
OBEEFEN KRB 5210 ~ 205 kak BiE 5h T\ 5
(Matsu'ura et al., 2017). AKWETIEZIhEERHAL, WPD
R E210ka& L 72,

Toya : ALK ILERT L T 58T 7 7T
b5 HTHIZA, 1987). £ OBETHIET 2 Rif &
T 75 ThHDEEIN; H4aX). ToyaDFRUL, Be¥
R ARSI & O K106 ka, & B ME 109 +ca3 kaAS %Y
EEAZLNTVD (HE - HIK, 2020). KHETIEZIO
TREWE 2~ LT, L AWPOAERE L THlED
7 C90001C T DMRFNKBFHENELHEAL TnB Z &,
[ C < €90001CH MK FN MR IF 12 3512 TToyaD AU A
106 kak REEE 5N T3 Z & (Matsu'ura et al., 2014)
5, ToyaDfFfL% 106 kak L7z,

AP : KE2 (1970) IC kDB EN/AT T I THD
FAHKAILAEIRE S5 (FPFJIES, 1986). %< OFEIHE
THERTIRIFAHET 75 Th 5 3K H4X). &K
7 7 7 ARG EE 1 & D FRPE ShTugn,
MTHE A (1985) 1%, FAEPTICHWTAPOE |k, T-170
R ICPl#R 4 KK (Aso-4) BFHET B Z L &R L7z H
HIZL DB TIIAs0-4IITERTE L > 720 FB3K 5
B4X), T-17 EAPDOBDE X 5 ~ 20 cm®D LIERFHFIZ 2
V7T I35 UTHET SN H 5. Aso-4 DA
Rid, WEET 7 OBEFEMAEET L D87 kak REE
51T 3 (Aoki, 2008). A TIE, APA'Aso-4 i
DN BUEIZAFAET B Z & (MTHIE A, 1985) A0 5, AP
DFENRAE88kak L, ZhEHFNHEUET 7 5L L THWS.

RP : Wb 7 28 WUAC W28 27 v — 77(1969) I &k O
mHEhz7y75CThh, +HHHAKLZREE TS
(Hayakawa, 1985; H1JI[E A, 1986). %< DFEIETH
Ry 2R 058775 Ths (B3R ; F4a4X). Tto et al.
(2017) 1%, RPLETREHED T LERH OGN TIZDWT
OSLAMHIE & 17\, FMUE & i HIEREOE £ 25, RP
DR ELT6l t4kakRL 72 ZOENRIZRPOR B F-
YEER L ERTWBEZ 25 (LHEIEL, 2019), AR
HTIFRPOEN % 61 kak L7z

KbP : KiEA2 (1970) Ik W& h7zT7 75 Th
D, +HHKkILZEEIHE § 5 (Hayakawa, 1985 ; H)I1E A,
1986). £ OBETHHT L2 RIFA#ET 75 Th 5 (8
3[X 5 #54X). Tto et al. (2017) 1%, KbP_ L FEH#ED 115
J& h DA ok 712 DV TOSLARHNE 2 470, ARl &
HHEREOE X H 6, KbPDFER L LT58+4 kazmL

7z, ZOFMREAFAL, A#HE TIEKPOFN % 58 ka
& L7,

KRR U'Of : KR (YJH 7 7 J : Hayakawa, 1985) & Of
CRAE KR e R - b S DU AC A 22 7 L — 7,
1969 5 §4II, 1993) 1%, +HIHAKILDOEAZEY — FN
(Hayakawa, 1985)IZ & 2 Td 5. +RIHKLOE
FICIA AL, 2L OHFETHHRT I RIFTA#ET 75
Th5(EE3X; HA4X). HATEY — FNOBE I
DVTEEZHD "CERBRE Eh T a8 WA, T
BRIED, 2019), ARETCEIAEEHOENRE LT, &
O CHERMT D 5 /INEIEAH (2007) 12 K 5 31,930 + 210
BPEHiHT%. ZOFRMBEIZOVWTEEKRIET S L&
36,069 ~ 36,482 cal BP (lo) & % %. ZDIZ &4 5, KR
KUOfDHN % 36kak 5.

5.2 FROEE

87 77 DN E, BEOFNEUET 7 712 LT 4k
FN, FOMICABED L WEGERITE R T X 5 5%0H
EXRLLUTHM L #EROBETERETNTZ S
BEE, ThooVPHEE2E > TET 7 7DFERE L
7o, BUEHORET -4, BEBICEM Sh 28R, 4
ROVIEEFE2RITINT. 72750, —8DF 7 7 (TE-7,
QP, OPI)IZDWTid, HEDFNAEET 7 7IC LT %
HENZBREFBEHEN THRATE A 727720, Z0
HHETRERERD B ZENTERN. £, FHENR
EERD7ZEDD, ETOF 75 EERPET S 77
7 (OrP, CP13)—HTRHENS. UTTIE, Zhb
DT 72DV TONLAERT.

TE-7 : A7 7 1220\ TIE, M 150 1 S CTHERE L
T3, RIS TR TNOERIEET 7 71T 5h
BV (CE4X), FRAEFHMTE LW, ZZTART 7
7 DFERE, NPOTHEENRNE (184 ka: 55 23K) 2 5L L,
15 TONPEART 7 SO ELEROE X (9 cm :
4[X]) & WP-Toyal] D F- ¥ HEFGHEE (2.5 em/1000 4F- : 252
) EHOCTHEB UL, Bl Eh 24132 180kaTdH 5.

OrP : A7 7 7 OFHFMEIZ 155 ke L S 5 (BB
2%). L2 L ZoHMRIE B OTEI (161 ka), T-4 (158
ka) DEREFET S, 22T, K77 70ENRE, T4
DPIHEAUE (158 ka: 55 2K) 2 5L L, Mgl TOT4
ERT T FHOETIEROE X (19 cm = F3X) & WP-
Toyalf] DFHIHERHEE (2.5 cm/10004F : 52%) # HW\ T
gL B EhAHERIT166kaTH B.

CP13: K7 7 7 D FHFERMEIZ M4 kak I & h 5 (58
2%). L L ZOFMRUE EALOCP14 (95 ka) DFER & F
JE3 5. CP131ZCP14D FRIEHEIZ & 2 HF (CRFI, 2005),
FEHIZ K APETIEIME %2R CHBEETHERTE T
=0, IR FERICTFEPECEERNEEZELZONS. £
2T, K77 50FMR%E, CP14D YU (95 ka : 5
27%) B HUELX L, CPl14 LCPI3DMO T HIERDE X (5
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ecmFERE © KM, 2005) & Toya—APR] 0 ¥ HE Rl o & (5.5
em/10004F- © 552%) ZHWTHEE L 72, B X h=4R
1396kaThH 5.

QP : AT 7 IO\ TIE, A 15 KT16D 28T
MR L T 55, EAHICEE Y 5 FEAEUET 7 7 (RP)
EORBRAIRTE L0 (B4X), FREHEH T
KW, 22T, K77 504 %E, APOFM (88 ka)
BRUEL L, HS15TOAPE AT 7 5 OO LiERE
DJE X (14 cm : F4X) & AP-RPIE D - ¥ He B R FE (4.5
em/10004F : 552%%) 2 W THEA Lz 8 S h 4K
1285kaTdh 5.

OP1: A7 7 F1Zo0\W T, Higi150D 1 i CHEFE L
TW5H, EflcEHET 2 HREHET 75 RP) & D
BIfR AR TE Az GESIX), FRERITE L0,
22T, A7 750K E, APOFE (88 ka) & HLHE
L, WIS TOAPE AT 7 7 OO HEE O X
(27 cm : F4[X]) & AP-RPE D F-HHEREE (4.5 cm/1000
o R) AV TEE LA SR Eh2FMRIE82 ka
TH5.

6. EONTIHP~HNTISHBRET IS0
BHEREDY

FHNT T M~H LT FEEPIH O T 7 71220 T,
HINE 2> (1986) D g [ & Fl VT R 2 RS -
7o, WY 0 1213 Hayakawa (1985) D #RER (k) % H
Wiz, ZOREERWEZREE, BEEREsEICZ
DOFFEICTLDEHEZ RS > T\ 5 Z & (Hayakawa,
1985 ; AR - BEH, 2003 ; T, 2010a), ZEEHEA ]
AKTEHHEERDBEZENTARETHSLZLIZLS. -
AL, WEHEEZRD BB SRERX AT T340
Wk b, LarL, TINES (1986) DR EHRNIIAGIE
MITE L Ty, 22T, FHIBERHE % #5E & AR
ELUTHERBEHEAMBL, ZhidHu TR RD
7z, F7z, HIINED (1986) DL kg EARIXIZIE, KEETHD
JBIETF — 2 N ENTVEN., ZO-DARETIE, 4
HIZEB T4 =L FHEORR»ERT, mEKER L
T TV 5 L HEE & N2 R & B A THEN RO RH
LD IZHW2, W EODREBEARIZOWTIE, A4
BEAE25g/em’ & U, HERPIHEE % 1.0 g/lem’ & L TR
7o MU 22 SREERK A HolX, HIIX, B KV
FIRNIRT. FREROERRCRIES - 72 E &%,
FOMOEHID T VIS4 LT — 2 LEbETHEIEIC
AT, ¥, KbPERPIZDWTIX, Hayakawa (1985) &
ZRERR AR TE D, BHEFRES > T3, L
ML, BEAMRAL SR DENZ s, KRR
MW 20 EHEE S5 HINE A (1986) D AR %
FAWTHEEEL BES 572, 72, TEQIZ DWW TIZ%E
JERX R ENTER 6§, FHICK SRR L3 7
L2aZanz) (GE3X), B TIEEHREO RS 2

AEHETH 5. LATIC, Fegkadile LTCp (CP14 KU
CP13) IZBE9 2 i &P %17 5 .

CP: K7 7 3%, KliE’(1970) 12 ks & h,
HFINE A (1986) 12 & 0 FREGEMX AR E iz, Z D,
KA1(2005) 1, CPA v hEEA#5i e LC2Kicilor & h
5ZL%EmL, EfifilZCcPi4, FHillZCP13 L @is L 7=,
CP14iZ FALFEHILEB, cr13 ik FALFEH O EBIZ 51
L, FHICEIZPAETE L OBHETHEER I N TS (5B
3 5 4K, FIINED (1986) 12 & % CPOEEIFHRXIZ
UL, R Z2 5 A% 2 KRS 5 Z LA TE
(5E7X), ZNFNACP14ECPI3IZHY ¥ 3 ATREM: A
5. LrL, MENELE>TOBETE L0 EHEX
N, SAHOENERRARHETH S, % 2T, CPl4
LCPI3 DM RIE, HMEHRIZK D 2N ZEhCPOERE
JE#R A KD 7= RO R E L.

7. THBRXUOBEREY I Y IEHERERX

FHIEKILOREERX & 5 10 K12, BERXOF—2 &y
b EEIRITRT. ARG TIIBBEROEKRITE, T -
Sy b RO ROAZRT Z L L, BER2S
FeAHN 2 RO LR P B X & -V e FZIZ DWW T
RS, BBBI0RIZBWT, AL F 5B
T/ 23 7 ROHILRE S O R (157 ~ 11.7
ka) i3, BEBRCI3 A A0 —F L LTEBLTHS. 7
ORI, Z ORI BTN 2 DB ICE SR L T
W2BEHCH O (Bl 218, Hayakawa, 1985), {4 DIEk
DR LB R A GRS 2 2 & MR Z &1k
5. LTFTid, ZOBBEX%FHTIBEOHEHREES
BOFEIZOWTHNS,

HEHEE L TETETINEME, BERROHEE &
AR EEHET — 213, ZHHIGOREEES> LT
b5, HGHICES BRI OEATH L, %
OEEOREPEIETH 525513, ZOFEROBEEI
EELELSTERY. —F, WEHILEOATHER SIS
KDY, £ OEMIZRMES D FRIZ & > THIBDFR
ErEES 22k 5. FIASBEFEROEEE, CHER
TEBAF~BEF, OSLAER TIEET LI Lol
FEEMAES. X512, EERIZEBEAFETICE O T I ANESE
PE W28, FAREEERR S LT oYM RE 0 3
VAIE)VWEL S B, FD-OEKEROEDME A
i 5 Z L3 L. ARG T, HRIEKkLOES
AT FH~ANT I RO 7 7 12250, 44
HtEF 7577 MICHFh2ELERORE X 64
RERES 572 (F2K). ZhoofMug, FRHEHT
7 7 HROFERGRE, BIEBON LIEROREDIE S D
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Fig. 6 Isopach maps for tephras from Towada Volcano (part 1). The solid isopach lines are from Nakagawa et al. (1986). The dashed
isopach lines are interpolated by this study. Numerals show the thickness of tephra in centimeters. The location of Hakkoda
Volcano is represented by the location of its highest peak, Mt. Odake.
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Fig. 7 Isopach maps for tephras from Towada Volcano (part 2). The solid isopach lines are from Nakagawa ef al. (1986). The dashed
isopach lines are interpolated by this study. Numerals show the thickness of tephra in centimeters. The location of Hakkoda Volcano
is represented by the location of its highest peak, Mt. Odake.
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Isopach maps for tephras from Towada Volcano (part 3). The solid isopach lines are from Nakagawa et al. (1986). The dashed
isopach lines are interpolated by this study. Numerals show the thickness of tephra in centimeters. The location of Hakkoda Volcano
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F3& ML O H R & FARD—FiR

Table 3 List of eruptive volume and age of the eruptive products from Towada Volcano

Stage Eruptive Tephra name Volume  Total volume Reference Used Area  remark Age Method Reference Used radiometric ~ Source
episode (or tephra symbol)  (km®, DRE) (km®, DRE) isopach (cm) (km?) (ka) age volcano
A Kemanai PFD. 1.8 227 Hayakawa (1985) 1.035 AD  Machida et al. (1981) Towada
Oyu3 P. 0.04 Hayakawa (1985) Hayakawa & Koyama (1998)
Oyu2 A. 0.21 Hayakawa (1985)
Oyu1 P. 0.21 Hayakawa (1985)
B Sobe A. 0.32 0.35 Hayakawa (1985) 27 14C  Kudo & Sasaki (2007) 2,550 + 20 BP Towada
Mayoigatai P. 0.04 Hayakawa (1985)
° C Utarube A. 0.59 252 Hayakawa (1985) 59 14C  McLean et al. (2018) 5986-5899 cal BP Towada
% Kanegasawa P. 0.32 Hayakawa (1985)
@ Chuseri P. 1.60 Hayakawa (1985)
© D'  Ogurayama L. 0.22 0.32 This study 75 14C  Kudo & Sasaki (2007) 6,670 + 25 BP Towada
% Herai A. 0.10 Kudo (2010a)
@ D Nakanosawa A. 0.08 0.16 Kudo (2010a) 8.2 14C  Kudo & Sasaki (2007) 7,420 + 25 BP Towada
-;';5 Oguni P. 0.08 Hayakawa (1985)
£ E Kaimori A. 0.15 0.54 Hayakawa (1985) 9.2 14C  Kudo (2008) 8,110 £ 30 BP Towada
Nambu P. 0.39 Hayakawa (1985) Hayakawa (1985) 8,370 + 170 BP
F Kabayama A. 0.14 0.36 Hayakawa (1985) 10.2 ST Kudo (2008) Towada
Natsuzaka S. 0.23 Hayakawa (1985)
. 9,970 + 35 BP
G Shingo P. 0.10 0.10 Hayakawa (1985) 1" 14C  Kudo (2008) 0.330 + 35 BP Towada
H-K__ Ninokura S. 1.82 4.42 Kuri & Kurita (2003) 15.7-11.7 ST Kudo (2008) Towada
Nakayamazaki L. 2.60 Hayakawa (1985) 15.7-11.7 ST Kudo (2008) Towada
L Hachinohe PFD. 16.0 20.3 Hayakawa (1985) 15.7 14C  Horiuchi et al. (2007) 13,133 £ 33 BP Towada
HP6 0.65 Hayakawa (1985)
HP5 0.93 Hayakawa (1985)
HP4 0.34 Hayakawa (1985)
HP3 0.16 Hayakawa (1985)
HP2 0.08 Hayakawa (1985)
% HP1 2.18 Hayakawa (1985)
% M Kumoi PFD. 0.3 2.82 Kudo (2022) 21 14C  Kudo (2022) 17,390 +60 BP  Towada
o Karatamazawa P. 0.3 Kudo (2022)
g Maita 2 A. 22 Hayakawa (1985)
5 Maita 1 P. 0.02 Hayakawa (1985)
“‘E N Ofudo PFD. 16.0 17.9 Hayakawa (1985) 36 14C  Koiwa et al. (2007) 31,930 +210BP  Towada
@ Kirida 4 A. 1.66 Hayakawa (1985)
2 Kirida 3 P. 017 Hayakawa (1985)
S Kirida 2 A. 0.02 Hayakawa (1985)
Kirida 1 A. 0.02 Hayakawa (1985)
[¢] GP 1.10 1.10 This study* 50 449 54 ST This study Towada
T-25 0.18 0.18 This study* 10 369 55 ST  This study Towada
P KbP 0.84 0.84 This study* 20 857 58 OSL _lto et al. (2017) 58 +4 ka Towada
Q Okuse PFD. 4.0 5.58 Hayakawa (1985) 61 OSL ltoetal (2017) 61+4ka Towada
RP 1.58 This study* 30 1079
T-22 0.06 0.06 This study* 5 264 69 ST This study Towada
R SP 0.48 0.48 This study* 30 329 77 ST  This study Towada
S OPII 0.72 0.72 This study* 20 740 80 ST This study Towada
OP | 1.06 1.06 This study* 10 2176 82 ST  This study Towada
QP 0.37 0.37 This study* 10 766 85 ST This study Towada
T T-17 0.29 0.29 This study* 5 1193 86 ST  This study Towada
Aso-4 87 OIS Aoki (2008) Aso
U AP 1.92 1.92 This study* 20 1968 88 ST  This study Towada
T-15 0.15 0.15 This study* 10 312 91 ST This study Towada
) \ CP14 1.04 1.04 This study* 20 2130 1) 95 ST This study Towada
% \ CP13 1.04 1.04 This study* 20 2130 (1) 96 ST  This study Towada
» Sc2 0.35 0.35 This study* 10 723 99 ST This study Towada
g Sc1 0.13 0.13 This study* 5 521 105 ST  This study Towada
= Matsu'ura et al. (2014
3 Toya 106 OIS romiya & Miyagi((202(;) Toya
g ZP2 0.29 0.29 This study* 5 1177 110 ST This study Towada
X ZP1 0.23 0.23 This study* 10 473 120 ST This study Towada
T-6 0.61 0.61 This study* 10 1254 140 ST This study Towada
T-5 0.34 0.34 This study* 10 701 149 ST This study Towada
T-4 1.56 1.56 This study* 40 798 158 ST This study Towada
TE9 161 ST This study Towada
OrP 1.16 1.16 This study* 50 474 166 ST  This study Towada
T-3-1 0.17 0.17 This study* 10 343 172 ST This study Towada
TE7 0.50 0.50 This study* 20 513 180 ST  This study Towada
NP 0.64 0.64 This study* 30 439 184 ST  This study Towada
WP 210 OIS Matsu'ura et al. (2017) Hakkoda

*Volume estimated by the method of Hayakawa (1985) using isopachs by Nakagawa et al. (1986). **See Table 1. (1) Half of the volume of CP tephra. Abbreviations: A., Ash; P., Pumice; S., Scoria;
L., Lava; PFD., Pyroclastic Flow Deposits; AD, ancient documents; 14C, radiocarbon dating; ST, stratigraphy; OIS, oxygen isotope stratigraphy; OSL, optically stimulated luminescence age and

stratigraphy.
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T — L HUFREIZ A U 2 ARREFEE (1 20F,  HERTH A3 HE Rt
BHIOREIEEZREL T 5 2%) 1ICA, RS 0Tk
ICL->TEEHRIZENETC L. BT 7 71200 T,
FHEIZK > THEBESIHTTED-> TL AWt S h
T3 (il 21X, Bonadonna and Houghton, 2005). Z®7z
B, MR EEHMEE LTl 5 IR TR B
Thb. AMEOHA, FHUTETH -LTwsZeh
5, FRIZKBEITIEREL L TRWE DD, Hayakawa
(1985) DFFETITH 2 SRR & > TEIENZH)
T B LN AHEEMENEC S, £/, BEHIC & 2 kIR
HERT ORI 2 BIVMETH 5 2 & & SUHICE <
RETHE. DEoZers, A & HHEAkLO
REEXIXI D354, AR & I3 2 B O RS A A
ENB. 20729, /M- EHH(1994) O & 5 et 2
AIEEICTONETH A, —F, FllaEEIcLD
WEKDIEFNHETCH D Z &, BT T 7 5 OEH R R
L0 T —E N TnBZEns, 120KLDHMT
BRI O R TR 72 RERZSE % B3 2 MR & L TR
TH5ZLIEMERNEER S,

F7z, RWETRLUREEBRNE, HRIEAL O A
MIHARMENZEDTIRIEVETERELETS. %)
LTI HIZ OV TCIE, WMGES (EHE0.013 km') &
BN TETOEHAREhTE D, IZIEETOEN
MHPRMEINIZEDE L TR TELIALD., HLT
FIEREICEI L TiZ, BAEDTHIED LT 54 X 0 s
AT AEEPNTIZITEE SN TS, LirL, 2
77 (AR 11 km) O FEE IS & 0 S IRIT 00 W H P A3 2
DTN B720, ZOHRIZERE L THEL 2Kk 4
LT T I DN A ARE NS &5 /T 7 5
IZOWTIE, FEZDEDLRMERTE KW= DREEX
KM 2 Z LA TH S, AL T FHIZDONT
2, BHICOMTET 7 7DABRMENTED, HIE
W THETREA L KPR X hThisn, 207
B, MY EOEMPIN R IRINTH 5. TR, %
AT T WOAGIEE B & 3% 5 % [\ U g U T Lbik 4 %
&, BBEHO T TT 773 ORBMNEL 55 Z LR EH
Tk (LHE, 2018a), MHYUKDT 7 7 HFEEXIZAKK
MARIZE>TWBEELZ NS, DT, THEEH,
2011) 1%, FEEXXIOF — & %R U TSRS & 2
OFMZEIZBET 2R E2 1T > 720, »2EELITOH
OB IZOWTIRIETE T AVAELABNI &»
5, ZOKD GikinldEHEITT O BELH 5.

HTFOBEE LTE, LhLT 7 HoBEREHE S
BEDHERBENIIKMTZENE I 2B ETFToNS.
WS 2B T H 54, HEHNEA (1999) 12k B &, &7
LT T OGR4 % #5713 10.3 km® (DRE)
LRE 6N T3, BEREOREX TIEAE72.9 km’
(DRE) DA KM X W TR D (H-8X), Zhiz& b
1210 km’ FEE QWIS MR X B Z L2k 5. 2O

HEh B850, LT sHICiELE MR T30
2, ZFhESREORHHICR > TMBE S 202, Zh
WHFIZE > THEBRXIDOIBIRB K EL Eb AR H 5.
S, AT 7 BOBEEHEEICOWT, FEll A ET
ARETAL LRI, BT 7T EDONLETY, kD
N B DERIGEA IR L 2 £ T, BEMOFREE
ERML D, BEBRXICKM B 2EEN/METHD. %
7z, —HoOEAmTIENEOFRETAKRL LETH S,
—flE LT, BT YY) — FQOEEHAWFHER M (K
W I, 1979) BFT BB, BEHARRHERI O
H i idHayakawa (1985) IZ &k D RAEE 67z, L LI
T, THEIE A (2019) 12 & O BUARRREHERS I D 25 A 23K
MEICWET S h, K OIRBICEL 445 Z & AV HIB L 72,
ZD7=, AUERYOEHEIZOWTTIHRES D 1Y%
HOFEE L > TnD, WFRIZLA, AHETRLL
FEE:XNE, FAEMTOE LOBRBEO D THY, Dbk
IENEHFEEEEA - ETHHINERETH 5.

SR AR O EIREA RIS T ARG O EHE E XD
IZBWTHEGEEIC R > 72, BIREORIEBIKIZIE, K
WhEEZWETS L CARAEI A Y FEWEA 0 Bk
BT LS EHHP L LT 5.
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Report

Constraint on the spatial distribution of the Early and Middle Jurassic units within the
Nakatsugawa Complex of the North Kitakami Belt by detrital zircon U-Pb dating

OSAKA Masashi', AOKI Shogo™* ", UCHINO Takayuki*and FUKUYAMA Mayuko’

OSAKA Masashi, AOKI Shogo, UCHINO Takayuki and FUKUYAMA Mayuko (2023) Constraint on the
spatial distribution of the Early and Middle Jurassic units within the Nakatsugawa Complex of the North
Kitakami Belt by detrital zircon U-Pb dating. Bulletin of the Geological Survey of Japan, vol. 74 (3), p.
155-166, 6 figs, 3 tables.

Abstract: Previous detrital zircon U-Pb and fossil studies of the terrigenous rocks in the southwestern
unit (Nakatsugawa Complex) of the North Kitakami Belt have suggested that the unit was formed during
the Early to Middle Jurassic. In this study, we additionally performed detrital zircon U-Pb dating of
two sandstones in the southwest part of the Nakatsugawa Complex (sample OM-07 and OM-06) for
constraining the spatial distribution of the Early and Middle Jurassic units of the complex. As a result,
those two samples showed youngest cluster ages of the middle and late Early Jurassic (183.3 = 1.0 Ma in
OM-07 and 176.7 = 1.6 Ma in OM-06), respectively. Combining data from this and previous studies, we
conclude that the unit from the southwestern margin to the location of OM-06 in the complex was formed
during the Early Jurassic, while its northeastern part was formed during the Middle Jurassic. Moreover, it

seems that the Nakatsugawa Complex has been formed without a significant age gap.

Keywords: North Kitakami Belt, accretionary age, detrital zircon, U-Pb dating, LA-ICP-MS

1. Introduction

The Kitakami Mountains, located on the Pacific side of
the Tohoku Region, contain geological units formed in the
Asian continental margin during the early Paleozoic to the
late Mesozoic (Fig. 1). The southern half consists of the
South Kitakami Belt composed of pre-Silurian basement
rocks and Silurian—Early Cretaceous shallow marine
deposits, while the northern half consists of the North
Kitakami Belt composed mainly of Jurassic accretionary
complexes. Between the two geologic belts, there is the
Nedamo Belt composed of early Carboniferous and Early
Triassic accretionary complexes (Uchino, 2021a).

In the North Kitakami Belt of the mountains, age-
diagnostic fossils have been reported from pelagic
sedimentary rocks of chert and limestone at several sites
since the 1950s (e.g., Onuki, 1956). Those data suggest
that the age of oceanic rocks within the southwest part of
the belt is older than that of the northeast part (e.g., Ehiro
et al.,2008).

On the other hand, the accretionary ages of the belt
indicated by fossils and detrital zircon U-Pb ages from
the terrigenous clastic rocks show a geochronological
younging polarity from the southwest to the northeast
(Suzuki et al., 2007; Ehiro et al., 2008), and vary from
the Late Triassic to the Early Cretaceous (e.g., Matsuoka,
1988; Uchino, 2017, 2019, 2021b; Ueda et al., 2018;
Uchino and Suzuki, 2020). In addition, Nakae and
Kurihara (2011) indicated the presence of a late Permian
accretionary complex in the western margin of the North
Kitakami Belt in the Kamaishi area.

In the Nakatsugawa Complex of the Sotoyama district,
the southwestern margin of the North Kitakami Belt,
detrital zircon U-Pb and radiolarian fossil studies of the
terrigenous rocks also show a younger accretionary age
within this unit toward the northeast, from the Early to
the Middle Jurassic (Fig. 2; Uchino, 2019, 2021b; Uchino
and Suzuki, 2021).

For this study, we collected additional sandstone
samples in this complex, and conducted detrital zircon
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Fig. 1 Geological map showing the distribution of the
North Kitakami Belt, the South Kitakami Belt
and the Nedamo Belt with the intruding Early

[ Early Cretaceous plutonic rocks
[ Early Cretaceous volcanic rocks

[ North Kitakami Belt ]
(Permian? to Early Cretaceous accretionary complexes)
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(early Carboniferous and Early Triassic accretionary complexes)
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[ major fault

(pre-Silurian basements and Silurian—Early Cretaceous shallow marine deposits)

Cretaceous igneous rocks in Northeast Japan.
This map was modified from the Seamless
Digital Geological Map of Japan (1:200,000)
V2 of the Geological Survey of Japan, AIST
(2022). Colorless and pale beige areas show
water areas and Cenozoic geologic bodies,
respectively. Gray dashed line is a prefectural
border.

U-Pb datings. The result of the U-Pb datings constrains
the spatial distribution of the Early and Middle Jurassic
accretionary complexes within the Nakatsugawa Complex.

2. Geological Outline

The North Kitakami Belt is composed mainly of
the Jurassic accretionary complexes that occupy the
northernmost part of Honshu in the Japanese Islands,
and is most exposed in the northern part of the Kitakami
Mountains (Fig. 1). In the Kitakami Mountains, the belt
in contact with the Nedamo Belt on the southwestern side
and the South Kitakami Belt on the southeastern side by
the Hayachine Eastern Marginal Fault. It is further divided
into the Kuzumaki—Kamaishi Subbelt on the west and
the Akka—Tanohata Subbelt on the east by the Iwaizumi
Tectonic Line based on differences of lithofacies and
presence or absence of Paleozoic fossils from pelagic
sediments (e.g., Okami and Ehiro, 1988; Ehiro ef al.,

2008).

The Sotoyama district in Iwate Prefecture is located
in the southwestern part of the Kuzumaki—Kamaishi
Subbelt (Figs. 1, 2). In this area, an accretionary complex
called the Nakatsugawa Complex is distributed (Uchino
et al., 2008). The southern limit of the complex is the
boundary with the Nedamo Belt, while its northern and
eastern limits are not defined. The Nakatsugawa Complex
is composed mainly of laminated mudstone, sandstone,
mudstone, thin alternation of sandstone and mudstone,
and chert, with small amounts of basalt and limestone
(Uchino, 2019). They have experienced significant shear
deformation, and the clastic rocks in particular show well-
developed bedding-parallel cleavages. The formations
generally strike northwest-southeast and dip steeply to
the southwest. On the other hand, small-scale synforms
and antiforms with closed limbs of 100-200 m half-
wavelength are locally developed around the southwestern
margin of this area.
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Fig. 2 Geological map of the southwestern margin of the North Kitakami Belt modified from the
Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan,
AIST (2022). The locations of the sandstone samples in this and previous studies are shown with
the youngest cluster ages of the zircons based on the YC2c method of Dickinson and Gehrels
(2009). Green dotted line is the boundary between the Early and Middle Jurassic systems.

Uchino (2019, 2021b) performed LA-ICP-MS U-Pb
dating of detrital zircons from five sandstones in this
complex. The youngest cluster ages based on the YC2o
method of Dickinson and Gehrels (2009) are 193.3 + 6.6
Ma (Location 1 in Fig. 2), 191.9 + 3.0 Ma (Location 2),
164.8 = 6.5 Ma (Location 3), 258.6 + 2.4 Ma (Location
4), and 170.8 £ 2.0 Ma (Location 5), respectively.
Moreover, in the Kadoma Complex located southeast
of the Nakatsugawa Complex, tuffaceous mudstone
(Location 0) shows the youngest cluster age of 209.4
+ 3.7 Ma (Uchino, 2017). Those data, except for the
U-Pb data of the sandstone in Location 4, suggest that
the accretionary ages of the Nakatsugawa and Kadoma
complexes vary from the Late Triassic, the Early Jurassic
to the Middle Jurassic in a northeast direction (Fig. 2).
It is also supported by the paleontological research of
the mudstone located between the sandstone outcrops in
Locations 2 and 3 yielding radiolarian fossils of the late
Early to Middle Jurassic (Uchino and Suzuki, 2021).

3. Sample Description

For this study, two sandstone samples, OM-07 and

OM-06, were collected in the Sotoyama district. They are
located between the sandstone outcrops of Locations 2 and
3 studied by Uchino (2019, 2021b) in terms of geologic
structure (Figs. 2, 3). Sample OM-07 was collected from
a tributary (Todomatsu Stream) of the Hiegara Stream
(Location: 39°43°03.60” N, 141°24°40.35” E). Sample
OM-06 was collected from a tributary (Sannomata Stream)
of the Okawa River in the southwesternmost area of
Iwaizumi Town, ca. 3 km east of the location of OM-07
(Location: 39°43°11.13” N, 141°27°17.51” E).

They are medium sandstones showing slaty cleavage
structures (Fig. 4a, b). They consist of quartz and plagioclase
with subordinate amounts of K-feldspar and lithic
fragments. Some of the quartz grains show wavy extinction,
and most of the plagioclase are saussuritized. In OM-06,
most of those grains are deformed into elliptical shapes
or elongated, defining the foliation of the rocks (Fig. 4b).
Moreover, in the sample, pressure solution cleavages are
observed between the grains. Rock types of the many
lithic fragments are difficult to identify due to deformation
and alteration, but the few recognizable ones are chert and
mudstone. Sericite, titanite, epidote, muscovite and zircon
were also recognized as accessory minerals. Sericite
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Fig. 3 Locations of the sandstone samples of OM-07 and OM-06 for zircon U-Pb dating.
The topographic map is modified from the GSI map (https:/maps.gsi.go.jp/, Accessed:
2022-8-10) of the Geospatial Information Authority of Japan.

Fig. 4 Thin-section photomicrographs of the sandstones from (a) OM-07 and (b) OM-06. White
arrows indicate the direction of the cleavage plane.
Mineral abbreviations: Qz, quartz; P, Plagioclase; Src, sericite; Ps, Pressure solution cleavage

occurs along the cleavage plane.

4. Analytical methods

Approximately 5 kg of each sample was crushed
into fragments in a stainless-steel mortar, which were
subsequently passed through a sieve with a 250-um
opening. Subsequently, zircons were concentrated by
conventional panning and magnetic separation. Finally,
the separated zircon grains were mounted on a 5-mm

acrylic disc, and polished.

The cathodoluminescence (CL) imaging of the zircons
was performed at Akita University, using a JSM-6610LV
scanning electron microscope (JEOL, Ltd., Tokyo,
Japan) combined with a Mini-CL detector (Gatan, Inc.,
California, United States). The analytical conditions were
an acceleration voltage of 20 kV and a beam current of 2—5
nA. Most zircons exhibit oscillatory zonings from core to
rim in CL images, suggesting that they were crystallized
from magma (Fig. 5; e.g., Corfu et al., 2003).
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Fig. 5 Cathodoluminescence (CL) images of the representative detrital zircons from (a, b)
OM-07 and (c, d) OM-06. Scale bars are 50 um.

In situ zircon U-Pb dating was carried out at Akita
University using an Agilent 7700x quadrupole ICP-MS
(Agilent Technologies, Inc., California, United States)
coupled to an NWR-193UC laser ablation (LA) system
that utilizes a 193 nm ArF excimer laser (ESI, Inc.,
Oregon, United States). The detailed analytical methods
are shown in Table 1.

The discs of zircons were set in the two-volume sample
cell of the LA system. The areas in zircons showing
oscillatory zonings with no fractures or inclusions were
selected for the analysis referring to the LA camera and
the CL images of the zircons. The selected ones were
ablated for 30 seconds by the laser with fluence of 7.20 J/
cm?, repetition rate of 5 Hz, and laser spot size diameter of
20 um. The ablated materials were carried to the ICP-MS
with He gas, which was introduced into the two-volume
sample chamber and cup. On the ICP-MS, six nuclides
(2°2Hg, 204pp, 206Ph  207Phy, 208 232Th, and 233U) were
analyzed.

Data were acquired for groups of 20 spot analyses of
unknown zircon grains including a secondary standard
bracketed by three spot analyses of the 91500 zircon
reference material (Wiedenbeck et al., 1995), which
was measured for corrections of Pb/U and Pb isotopic
ratios. All uncertainties are quoted at a 2-sigma level. As
measured counts of 2Pb after the correction of **Hg by
22Hg are small, no common Pb correction is applied.

Concordance is defined as values of 100 % X [(**’Pb/?°U
age) — (2%Pb/>%U age)]/(*’Pb/**3U age), and age data with
the concordance range from —10 % to +10 % are adopted
as concordant data.

Throughout all the analyses, the PleSovice zircon (337.13
Ma + 0.37 Ma: Slama et al., 2008) was also analyzed as
a secondary standard for quality control. The 28 analyses
yielded a weighted mean 2°Pb/?**U age of 341.7 Ma +
1.8 Ma (95 % conf., MSWD = 0.55) and >*’Pb/?**U age of
337.5 Ma + 2.3 Ma (95 % conf., MSWD = 0.42).

Table 1 Analytical condition of LA-ICP-MS for zircon U-Pb dating.
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5. Result of U-Pb dating

The isotopic data of samples OM-07 and OM-06 are
summarized in Tables 2 and 3, respectively.

For OM-07, 64 grains of the 74 zircon grains show
concordant values. Of these, more than 80 % are dated to
the Phanerozoic, and 11 grains are dated to the Proterozoic
(2000 to 1800 Ma) (Fig. 6a). All of their Th/U ratios are
over 0.1, which is characteristic of zircons crystallized
from melts (e.g., Rubatto, 2002). The age histogram of
the Phanerozoic zircons also shows a bimodal distribution
with peaks around the middle Permian (270 to 260 Ma)
and early Jurassic (200 to 180 Ma). The youngest age
is 176.4 £ 7.2 Ma (grain 61). The youngest cluster age
based on the YC20 method is 183.3 + 1.0 Ma (grain n =
13, MSWD = 2.3).

Of the 67 zircons measured in OM-06, 64 grains are
concordant in age, with more than 90 % of the zircons
dated to the Phanerozoic and only four to the Proterozoic
(1900 to 1800 Ma). Except for the grain 85, their Th/U
ratios exceed 0.1, which are characteristics of zircons
crystallized from melts (e.g., Rubatto, 2002). Focusing
on the Phanerozoic zircons, their 2°Pb/?**U age histogram
shows a bimodal distribution with peaks around the
middle Permian (270 to 260 Ma) and Early Jurassic (200
to 190 Ma) (Fig. 6b), and only one grain (grain 13) shows
the Ordovician age (462.6 = 15.2 Ma). The youngest age
is 169.5 = 6.3 Ma (grain 112). The youngest cluster age
based on the YC20 method of Dickinson and Gehrels
(2009) is 176.7 + 1.6 Ma (grainn = 3, MSWD = 3.7).

6. Discussion about the depositional age of
OM-07 and OM-06

The youngest age of detrital zircons could constrain
the maximum depositional age of the clastic rocks (e.g.,
Brown and Gehrels, 2007). In particular, if there has been
active zircon-forming felsic magmatism with eruptions in
the backland, the youngest cluster age is considered to be
approximately the same as the true depositional age of the
clastic rocks, because detrital zircons from newly-formed
felsic volcanic rocks could be supplied to the trench in a
short time (Sharman and Malkowski, 2020).

Geochronological studies of the felsic rocks in the
Korean Peninsula indicate that the granitic formation was
active in the Asian continental margin during the Early to
Middle Jurassic (e.g., Sagong et al., 2005; Kiminami and
Imaoka, 2013; Kim et al., 2015) while the Nakatsugawa
Complex was formed. In addition, the contemporaneous
felsic volcaniclastics associated with the granitic activities
must have also been formed in large quantities, even
though most of them may have been lost probably due to
surface erosion (e.g., Han et al., 2006).

Both OM-07 and OM-06 show the youngest cluster
ages of the Early Jurassic. Considering above the felsic
magmatic history in the Asian continental margin, their
youngest cluster ages could represent their depositional
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Fig. 6 Age histograms of the concordant data with Kernel Density Estimation (KDE) plots for (a) OM-07
and (b) OM-06 made with Isoplot R (Vermeesch, 2018). The horizontal axis indicates 2*Pb/>*¥U age.

n: number of data

ages, i.c., the sandstones of OM-07 and OM-06 were
deposited in the Early Jurassic.

Moreover, they show the same bimodal age distributions
with peaks around the middle Permian and the Early
Jurassic as the sandstones in Locations 1 and 2 of the
Nakatsugawa Complex which were deposited in the Early
Jurassic (Uchino, 2019). Those bimodal distributions are
also seen in the contemporaneous clastic rocks of other
forearc or trench-fill sedimentary units in the Northeast
and Southwest Japan (e.g., Tokiwa et al., 2019; Pastor-
Galén et al., 2021). This suggests that not only Jurassic
but also Permian felsic igneous rocks were extensively
distributed around the Asian continental margin during
the deposition of these sandstones although they are not
exposed in the Kitakami Mountains at present.

In the perspective of the geological structure, OM-07
and OM-06 are located between the sandstones from
Locations 2 and 3 in Fig. 2, and the youngest cluster ages
of OM-07 and OM-06 (183.3 = 1.2 Ma and 176.7 + 1.6
Ma, respectively) are also between them (191.9 £ 3.0 Ma
of the sandstone in Location 2 and 164.8 + 6.5 Ma in
Location 3). Thus, the depositional ages of OM-07 and
OM-06 are consistent with the geochronological trend
of the Nakatsugawa Complex, where the ages become
younger in a northeast direction (Uchino, 2019, 2021b).

The present study suggests that, in the Nakatsugawa
Complex, the unit from the southwest margin to the
location of OM-06 is an Early Jurassic accretionary
complex, and its northeast part is a Middle Jurassic
one (Fig. 2). However, it seems that the Nakatsugawa
Complex were continuously formed during the Early to
Middle Jurassic periods because there are no significant
geochronological gap and lithological differences between
the Early and Middle Jurassic parts.

7. Conclusion

Two sandstones (samples OM-07 and OM-06) were
collected in the southwesternmost area of Iwaizumi Town,
Iwate Prefecture, located on the southwestern margin of
the North Kitakami Belt (Nakatsugawa Complex) for
detrital zircon U-Pb dating. Both OM-7 and OM-06 show
the youngest cluster ages of 183.3 + 1.0 Ma and 176.7 +
1.6 Ma, respectively, suggesting that they belong to the
Early Jurassic accretionary complex.

The detrital zircon U-Pb data by this and previous
studies clarified that the Nakatsugawa Complex appears to
have been formed without the significant depositional-age

gap.
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