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Cover Photograph

Mt. Yakushidake and surrounding mountains composed of the Neogene Mahirugawa Formation

The Neogene Mahirugawa Formation is widely distributed over the Ou Backbone Range in the Kakunodate
district. The Neogene formations in the central Ou Backbone Range tend to form deep eroded valleys, which are also
seen in the Mahirugawa Formation in the Kakunodate district (see the photo). Little information has been obtained
about the age of the Mahirugawa Formation because it mainly consists of altered volcanic rocks. The peak in the
distance is Mt. Chokai.

(Photograph and Caption by Jun Hosoi)
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Jun Hosoi, Takashi Kudo, Hideki Iwano, Tohru Danhara and Takafumi Hirata (2019) The age of the

Mahirugawa Formation distributed in the Ou Backbone Range, the east of Kakunodate Town, Akita
Prefecture, northeast Japan. Bull. Geol. Surv. Japan, vol. 70 (4), p.315-326, 6 figs, 2 tables, 2 appendices.

Abstract: The Miocene strata widely distributed in the Ou Backbone Range on the east of the
Kakunodate Town are mainly composed of volcanic rocks, whose geochronological data are very few. In
this study, we conducted U-Pb and FT double dating of zircons obtained from the lower and upper part of
the Miocene Mahirugawa Formation. The lower Mahirugawa Formation is dated at 13.2 + 0.6 Ma and the
upper is dated at 13.7 = 0.3 Ma. The result shows that the boundary age of the Mahirugawa Formation and
the younger Uchizawagawa Formation is ca. 14—13 Ma. Judging from their age and lithofacies, they seem
to be correlated with the Nishikurosawa Formation in the standard stratigraphic succession in the Akita
area.

Keywords: Miocene, fission-track dating, U-Pb dating, zircon, Ou Backbone Range, Mahirugawa
Formation, Kakunodate, northeast Japan
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Fig. 1 Simplified geological map of the central part of Akita Prefecture, northeast Japan (after Wakita et al., 2009). Dotted square
shows the Kakunodate District of 1:50,000 scale quadrangle series.

2, 1980). FIHIE A (1980) % Z 1L 5 % V[ oD I B¢ it
BWoRT L, BEEERLMET RO T & i
WEEE & N7 PR SR g (1 20E, i, 1962; 14,
1992) & OHIBBIRIZOWTIE, HHOER A 6 /R
JE ARG S, BEURIE A PERIRRE IS, PIRIITE A &I
Fgiz, 2L TEARBMRIIEICbEhsLEL 2
DS HERE L Z)IEOBERIE, Bk KiLEERg
T EHBERE QUGN IZITH Y U, HAWEILK
~PERI% D HVBERE T2 W & MG 5 L CEHE A HIEE
RThs. LrL, BPERZUROFHKITENRT -4
NZLL, BHEZ DL DDERLAHETDH 5. FH
MU IEHE R & DT EIZiE, EHO AL S, FRF -
AL EDTHRETTILEND 5.

ZZ¢HN, ERNEOFREHSMT2ZL%H
& LT, UPb, FT(Z7 4w ¥ av - b7y o) FERHIE
AERLZ. KBTI, ZOMBREMETSIE LI,
BRI OFR AR L, ERENIREOFENR &S 5T
FH S HE Ry & D) & Gt § 5.

2. FABAESFHRIEIOME

AEAHIE FORHR R8O ik, Thid b RN
Jg, BAR)IE, WIRINRE, BEARE2? SRk Eh 3 (F2X).
K CHERMEIERSR E LB, SRE~RCE
2R SIRAOHB O KIS 2 ERE U EE2X). BER
TS EHIET 5. WIRIBREERS (FMEIES, 1980
BT & AHk) & R U, JE & BemD IR S
Wi A b s P (FIFHIE A, 1980). PRI I A
NNfE%##E&IZES.

KW TIE, 5T VB A5 & 503 % b
THREZERNBOEEL 5k EDOT — & L BTHHD
?~5@ﬂmb®1%@%%%5?,%@%%5%&?
55%“%@&5&<Tﬁ%ﬁ@ﬁAﬁ®m£W%mﬂz
I AR O BRI 2 LR PG %) 20 6 G0 & $REX L,
FERBEETS72. TREFROHEDOL— b~y TEE
SRR L, MTMICZOMEAd

— 316 —



FREH I RERT S5, BUOPIE BRI 204§ 2 AR O (I IE22)

el
[ ]Pleistocene and Holocene

[ ] Pliocene
[ ] Intrusive rocks

Magi Fm.
[ Andesite and mudstone

Uchizawagawa Fm.
I Siliceous mudstone
(hard mudstone)

Mahirugawa Fm.
[ Basalt and basaltic andesite

[ Andesite

[ ] Dacite and rhyolite

[ ] Mudstone

Yatakizawa Fm.

I Andesite
/ fault 28\ strike and dip

X anticline % syncline

140740/007E

F20X AEERTHTT, BOMEZILIROME X (FIHIE2, 1980 & P, 1989 & —BEIE) .

Fig.2 Geological map of the Ou Backbone Range to the east of Kakunodate Town (partly modified
from the geological map of Usuda et al., 1980 and Akita Prefecture, 1989).
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, 7140 42’39 E dr2. 4 140°39'26"E

i basalt to ande5|te and dolerlte mtruswe rocks l':I porphyrmc andesite lava and ande5|te volcanlclastlc rocks
Eiﬁé'ﬂ basalt to andesite volcaniclastic rocks =VE= polymictic volcaniclastic rocks
Eme28 dark grey to grey mudstone (interbedded volcaniclastic rock) Esm= tuffaceous sandstone to mudstone

Efd77 silicious mudstone (interbedded volcaniclastic rock) —— " " fault (dotted where concealed) * anticline
[2dr2- dacite to rhyolite volcaniclastic rocks e } NG .
BJER dacite to rhyolite intrusive rocks =+=*=""" boundary of formations 44T strike and dip

3 EACHE FBUBHRBOEHED L — + = o 7 BRI S NRUNEOER 2 RT. (a) Zilis 4/, (b) AN
RO BLPIE R IIIRVEAE. Mahi. Fm.: 5/&JIJE, Uchi. Fm.: WIRJIE.

Fig.3 Route maps around the sampling sites for dating. Dotted line shows the boundary between the Mahirugawa and the
Uchizawagawa formations. (a) Area of the south of Natsuse Dam, (b) Area of the western part of Ou Backbone Range to the
south of Sainai River. Mahi. Fm.: Mahirugawa Formation, Uchi. Fm.: Uchizawagawa Formation.

FalX (A) HRH180607-1 Z# HRHL L 7= IHGH, (B) sl 170516-1 D EEH. pl: #HRA.
Fig. 4 (A) Photograph of the outcrop where the sample 180607-1 was collected, (B) microphotograph of the sample 170516-1 under
cross polarized light. pl: plagioclase.
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Plesovice ¥ )L I ~ (337.1 Ma ; Slama et al., 2008) & 3 A
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LAYSEIZU-POT L AR TH 5. FAREIE D 1 B HER
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2013) & Wy, & 512 HIGE A R O IEREE O Rl 0 72 9
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Rhyolite 7213 16 Ma® Buluk Member Tuff (Danhara and
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IcTHRL TS A, Kan TIIFEMREZE & D IEMEAMEE
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FLEd WHo7T, FTHEMRERZX -2 £y b &N
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SEMEIZ9.9 £ 1.7MaTh 5.
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Table 1
Table 1

AEAHITE 1 F O 72 LA-ICP-MS & JIlE G104

Instrumentation and operational conditions for the LA-ICP-MS analysis of this study.

Sample name

Laser ablation
Model

Laser type (wave length)

180607-1

CARBIDE (Light Conversion)

Femtosecond laser

Pulse duration 224 fs
Wave length 260 nm
Energy density 3.7 Jem?
Laser power 50%
Spot size 10 um
The number of pits 4
Repetition rate 10 Hz
Duration of laser ablation 24s

Sampling mode

Multiple-spot per grain with Galvanometric optics

Sampling area 20 x20 pmz
Carrier gas (He) 0.60 L min "'
ICP-MS

Model Thermo Fisher Scientific iCAP-TQ
ICP-MS type Quadrupole
Scanning (Operation) mode Single Quadrupole mode (no collision gas was used)
Forward power 1550 W
Make-up gas (Ar) 0.95 L min”'
ThO"/Th (oxide ratio) <1%

Data acquisition protocol
Data acquisition

Monitor isotopes

Dwell time

Standards

Primary standard (U-Pb)
Secondary standard (U-Pb)
Primary standards (FT)
Secondary standard (FT)

Time-resolved analysis

50 s (15 s gas blank, 35 s ablation)

2g;, W2pyg Wipy, W6pp, 07py, WSpp 22py 238
0.2 s for 2% 207Pb, 0.1 s for others

Nancy 91500 !

*234 CnriantS
, PleSovice

OD-3
Fish Canyon Tuff"®

Tardree Rhyolitc"’

Sample name

Laser ablation

Model

Laser type (wave length)
Pulse duration

Wave length

Energy density

Laser power

Spot size

The number of pits
Repetition rate

Duration of laser ablation
Sampling mode
Sampling area

Carrier gas (He)

ICP-MS

Model

ICP-MS type

Scanning (Operation) mode
Forward power

Make-up gas (Ar)
ThO"/Th (oxide ratio)
Data acquisition protocol
Data acquisition

Monitor isotopes

Dwell time

Standards

Primary standard (U-Pb)
Secondary standard (U-Pb)
Primary standards (FT)
Secondary standard (FT)

170516-1

IFRIT (Cyber Laser Inc., Tokyo Japan)
Type-C Ti:S femtosecond laser

230 fs

260 nm

2.83 J/em®

45%

10 um x 9 pits

9

20 Hz

20s

Multiple-spot per grain with Galvanometric optics
30 x 30 um’

0.83 L min '

Thermo Fisher Scientific iCAP-Qc

Quadrupole

Standard mode (no collision gas was used)

1400 W

1.10 L min”'

<1%

Time-resolved analysis

50 s (15 s gas blank, 35 s ablation)

;) ZOZHg, 20i4py, 206py, W7py, 208py, 232pp 238y
0.2 s for %2"Pb, 0.1 s for others

Nancy 91500 ™

*234 * P
, PleSovice

OD-3
Fish Canyon Tuff™®

Buluk Member Tuff"

*1, Wiedenbeck et al. (1995); *2, Iwano et al. (2012); *3, Iwano et al. (2013); *4, Lukacs et al. (2015); *5, Slama et al. (2008); *6, Danhara and Iwano (2013)

TH X 5 (White and Hedenquist, 1995 5 &54, 2001).
RARHIAD L2 5 $EBEEHAIC LS TFTR T == v
N, HR-ERERTTRESZEL SN S.
FRHEREH 2> 631[;35,%@4 kmDHSTIX, EEJIEHIZ
SRS B GRINSEIL) . 2 DR, 515109 + 1.4
Ma® Y 4 FK-AEAE ST\ 2 GRRGE (A E
TR LX -7, 1986). Z Dl & AM5E TH7ZFTHA
I3 ERERPAC— T 5. Ailkhd, BUKZEEM% 1
~ 10 MabEHIZH > 727, HERETR A 5 2 DE & THEHE L ¢
B> T REEDRIE XN 5.

PE&by, ARBOEMRE U T3S EREREZ RS
U-PoiFfRIE AR L, 132 £ 0.6Mak$ 5.

3.2.2 #H#170516-1 (FAIIIEORPERLRERZ)
AARHZEE LB LT VA & (5 0.3 kg
12#93,00007) . U-PbAEACHIE T, IR 730 K7+ 28
Wyn»rsava—gv e flisBe. 2ho055

D26 K T DR PN & Ak X, 7 ONEFEEEIT
137 £ 03 MaTh 5. —HOFTHENHIE TIE, &HE
RF30RDEMRMEIZ L £ & F 5. K Tid EiCU-Pb
FARAE DG TR 72 iR T OFENRE 2 v, 2
NS DMEEIMES S 12.6 + 1.4 MaDFTHEAUE %1572
U-PoAFAAE & FTARRAEIE S B 2523 b 5 L X5
A0, R TEAEN S EMAUEL 5 5 N7z U-PoAAE
AL, KRABOHENRE13.7 £ 03Mak T 5.

4. BEBIIBEOEREXE

ek DIRIRE) B A T, BEES R BRI
YR, WIRINE R RN IS S oz (FHRIE
A, 1980). ZAud, EEJNENKILIETZEHRTS 5 DI
MU, WRINEPHEBREEARTH S5 Z L2k % (HH
1Z2, 1980). L2 L, EENEIZSISHRIINIEOS
& REOBEERS 2t —F4, WIRIEZEERS
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0.0032 MSWD = 2.2 ) E
Q
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® 0.0028} L @
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& 00024} z g
o Q
N 6 g
E
0.0020 <
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0.0016 | 2
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207pp/235(J

Age (Ma)

W5 YLavU-PbaIvI—T 4 TREFERE Z M T 4, MRS 2Y3—F 4 7R Lo
TRL 7T — 2 IFERIEOR R 2 SRS L7z, LB & FEHEE 2 ikl 180607-1 & 170516-1.

Fig. 5 Zircon U-Pb concordia diagram and age data histogram with probability curve for each sample. The age
data shown by dotted ellipses in concordia diagram were excluded to determine the ages of the samples. The
upper and lower side are sample 180607-1 and 170516-1, respectively.

EEERETE 00, BR)IBOEMHE Rk LKLEE
aBEPD. RV S ORI, EIITKNTEE &
Bt oo, WHERS, WKEIRE % Tk LzHifET
(5 - HI, 1994), ARk PIRIINEE & i3S 2k
3. ZhoOEMHOEIZHESHE, W@ L)@
Y TIE AL, HERREHYTH 2 RENE L6135,
AHUFEIZ AT 2 BENEDO TEH & LEORE 2 6,
ZFNFNI132 + 0.6 Ma & 13.7 = 0.3 MaDU-Po4A-ARE %
7z, T & EEOEREIL, SEE2FET 5 LIRITH

CThd. Lih-T, HENELEROENR, SxhH
BN L 2 & BE128 S MR o BEREMRIE, 14
~BMaHEEZ 5N,

VH LR & 72 13V SRS Y R & &1 R D BER AU,
12 Mak T3 (FEBFIE 2, 20115 BERF, 2018).
DITFTiE, B E R ORISR 50
BRRE - ZNHHEHYEOFRFERIIOWTHME T 5. &
B, MALH O 4F Xl iZ Anthonissen and Ogg (2012) &
Yanagisawa and Akiba (1998) K UHEEFIE A 2011) 12K 5.
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Fig. 6

Diagram showing the U-Pb and FT ages with 2c error bars of individual zircon grains. The blue and red zone show the

range of zircon grains for weighted mean calculation, and the height of them show 2c error bars of the weighted mean
of U-Pb and FT ages for each sample. Vertical dashed lines indicate boundaries between groups of U-Pb ages. Conc.:
zircons with concordant U-Pb age, Disc.: zircons with discordant U-Pb age.

Table 2 FT R OU-PoAfRHEIE DR
Table 2 Results of fission-track and U-Pb dating of the two samples from the study area (Fig. 2).

Locaﬁty
. . . FT ages +20  U-Pb ages +20
Sample name  Stratigraphic unit Longitude Latitude Surface n (Ma) (Ma)
180607-1 Mahirugawa Fm. 39°37°33’N  140°42'39"E Int.S 11 9.9+17 13.2+0.6
180607-1 Mahirugawa Fm. 39°37°33’N  140°42'39"E Int.S 30 106+1.2*
170516-1 Mahirugawa Fm. 39°31'40"N  140°39'26"E Int.S 26 126+14 13.7+0.3
170516-1 Mahirugawa Fm. 39°31'40"N__ 140°39'26"E Int.S 30 127+14*
Fission Track Data LA-ICPMS Data
Sample U-standard Uranium
Sample name Ps . Pu-sp Ny Pu-std Ny Zeta value r content
(x10° cm™®) (210" cm?) (x10%cm?) (ppm)
180607-1 198 172 3.20 2646646 5.575 17504 546+1.6 0.985 425
180607-1 1.87 439 2.96 6271117 5.575 17504 546+1.6 0.986 393
170516-1 235 871 2.1 7585761 4.717 42453 464 +2A1 0.921 331
170516-1 2.23 969 1.98 8336535 4.717 42453 464+ 2.1 0.918 311

FT age (T) = (1/4p)* IN[1+2p-0.5- 5 (Ng/Nyesp)* Pu-stals 6T = TXNGH 1N, 5o+ 1N s+ (0/C) T

Int.S: Internal zircon crystal surfaces used for spontaneous track counting, n: Number of counted zircon grains for FT dating, p:

Spontaneous fission track density, Ns: Number of spontaneous fission tracks, p .. Density of area-corrected total count of 28 on

unknown sample, N,.s,: Area-corrected total count of 28U on unknown sample, p,.q: Density of total count of 22U on U-standard sample,

Nusig: Total count of 28 on U-standard sample, r: correlation coefficient between p; and p,, *: reference age, Lp: alpha decay constant

for 28U (1 .55125><10'1°yr'1: Steiger and Jager, 1977), : zeta values for fission track age calibration.

TP FS 12041 4 % PEERRE 20 5 IIN9 4 & CN3 e UF

CN4rizzh Fhtlb e h s EHRILA, RIKEF Y/
b4 5 M (Saito and Maiya, 1973 5 7o, 1982 5 1IF}
EA, 2010), KIIFEH 5NPDSA ~ TAD M EELG 2 H
5 M T 5 (Kanaya, 1959 ; Koizumi, 1968 ; /NR - 4

&, 19775 /NE - 0935, 1989 ; Koizumi et al., 2009 ; FEEF

E2, 2011). & 512, WEURRE FROMBEAE O -
FRANPDSBA D L - T O “Planktonic Foram. Sharp
Surface” OR# - HF b, 1981 ISHIS$ 2 Z &5, R
(2018) X HHELH DOV ERRAE - KNEHEAOFREH
123Mak L 7. .

AL DR~ &R T, WRREIIHEh S
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Table A1 U-Pb analytical data of zircon grains
sample Isotopic ratios Age (Ma)
name Th ) Error **Pb Error *"Pb Error *Pb Error ) Error  Hemarks
grain No. U pr 20 238 20 T 20 238 20 235 20
180607-1
No.1 0.81 0.1446 + 0.0809 0.0023 = 0.0005 0.0455 =+ 0.0244 1477 + 290 45.04 + 24.02 Discordant
No.2 1.08 0.0771 = 0.0580 0.0023 = 0.0005 0.0247 + 0.0182 16.04 + 3.05 2466 + 18.15
No.3 0.37 0.1167 + 0.0656 0.0041 + 0.0007 0.0662 + 0.0366 2656 + 4.80 64.99 + 3550 Excluded from mean
No.4 0.52 0.2452 + 0.1532 0.0025 + 0.0007 0.0829 + 0.0488 1587 + 435 80.79 + 46.83 Discordant
No.5 0.64 0.0481 + 0.0326 0.0020 + 0.0003 0.0130 + 0.0086 1269 + 1.86 1299 + 869
No.6 0.79 0.2595 + 0.1006 0.0024 = 0.0004 0.0863 + 0.0315 16.62 + 259 83.97 + 2987 Discordant
No.7 0.92 0.0589 + 0.0260 0.0020 = 0.0002 0.0163 + 0.0070 1298 + 1.34 16.28 + 7.04
No.8 0.39 0.1929 + 0.1697 0.0014 = 0.0005 0.0379 + 0.0312 926 + 327 3765 + 30.99
No.9 1.38 0.0956 + 0.0261 0.0021  + 0.0002 0.0271 + 0.0072 1331 + 098 2704 + 7.10 Discordant
No.10 0.78 0.0258 + 0.0301 0.0025 + 0.0005 0.0088 + 0.0101 15.92 &+ 3.02 874 + 1015 Excluded from mean
No.11 0.91 0.1243 + 0.0648 0.0025 + 0.0004 0.0434 + 0.0219 16.37 + 2.80 43.00 + 21.50 Discordant
No.12 0.83 0.0894 + 0.0579 0.0024 + 0.0004 0.0295 + 0.0186 1650 + 288 2941 + 1855 Excluded from mean
No.13 0.46 0.0823 + 0.0744 0.0023 + 0.0006 0.0261 + 0.0230 1489 + 375 26.05 + 23.02
No.14 0.49 0.0434 + 0.0506 0.0029 + 0.0007 0.0176 + 0.0202 18.95 + 4.59 1756 + 19.98 Excluded from mean
No.15 0.55 01713 = 0.1127 0.0016  + 0.0004 0.0379 = 0.0236 1042 + 2.60 3766 + 23.33 Discordant
No.16 0.47 0.0444 + 0.0503 0.0024 + 0.0006 0.0150 + 0.0168 15.86 + 3.73 15.00 + 16.65
No.17 0.51 0.1459 + 0.1112 0.0022 + 0.0006 0.0443 =+ 0.0324 1426 + 3.84 4391 + 32.08
No.18 0.36 0.2009 + 0.1460 0.0023 + 0.0007 0.0638 + 0.0441 1492 + 437 6272 + 42.96 Discordant
No.19 0.99 0.0595 + 0.0244 0.0020 + 0.0002 0.0168 + 0.0067 1324 + 123 16.78 + 6.76
No.20 0.80 0.1358 + 0.0799 0.0023 + 0.0005 0.0428 =+ 0.0243 1479 + 294 4240 + 2391 Discordant
No.21 0.83 0.0735 + 0.0490 0.0026  + 0.0005 0.0265 =+ 0.0173 16.88 + 291 2640 + 17.26 Excluded from mean
No.22 0.37 0.6052 + 0.2690 0.0026 + 0.0007 0.2191 + 0.0882 16.98 + 435 201.01 + 76.30 Discordant
No.23 0.67 0.0675 + 0.0318 0.0023 + 0.0003 0.0212 + 0.0098 1473 + 169 2115+ 978 Excluded from mean
No.24 0.60 0.1351 + 0.0587 0.0026 + 0.0004 0.0482 + 0.0203 16.74 + 2.38 4769 + 19.86 Discordant
No.25 0.89 0.1063 + 0.0593 0.0024 + 0.0004 0.0345 + 0.0187 1626 + 257 3436 + 1855 Excluded from mean
No.26 0.42 0.1156 + 0.0886 0.0021 + 0.0005 0.0330 + 0.0244 13.40 + 3.28 3281 + 2430
No.27 0.83 0.0276 + 0.0284 0.0024 + 0.0004 0.0092 + 0.0094 1662 + 2.66 919 + 939 Excluded from mean
No.28 0.46 0.0688 + 0.0669 0.0024 = 0.0006 0.0230 =+ 0.0219 1569 + 3.88 2297 + 2202
No.29 0.98 0.0418 + 0.0250 0.0020 + 0.0002 0.0113 + 0.0067 1274 + 151 1132 + 672
No.30 0.74 0.0630 + 0.0345 0.0022 + 0.0003 0.0195 + 0.0105 1451 + 190 19.47 + 1048 Excluded from mean
Weighted mean of the youngest group (n = 11) 132 + 06 161 + 33
Standards (PSV: PleSovice, OD3: OD-3)
PSV 6-1 0.09 0.0535 = 0.0097 0.0538 + 0.00200 0.3976 + 0.0739 338.04 + 1226 339.81 + 5517
PSV 6-2 0.09 0.0521 = 0.0097 0.0524 £+ 0.00160 0.3762 = 0.0724 32917 + 9.81 32415 + 54.88
OD3 6-1 0.97 0.0588 = 0.0229 0.0049 £ 0.00044 0.0394 =+ 0.0152 3129 + 285 39.09 + 14.94
OD3 6-2 1.1 0.0523 + 0.0141 0.0051 + 0.00027 0.0370 + 0.0099 33.05 + 1.76 36.76 + 9.73
170516-1
No.1 0.36 0.0425 + 0.0296 0.0020 + 0.00029 0.0120 + 0.0083 1317 + 1.88 1210 + 8.35
No.2 0.47 0.0482 + 0.0279 0.0021 + 0.00026 0.0138 + 0.0079 1338 =+ 1.70 13.92 + 7.99
No.3 0.41 0.0626 + 0.0375 0.0029 = 0.00042 0.0247 + 0.0146 1842 + 272 2480 + 1476 Excluded from mean
No.4 0.46 0.0407 + 0.0231 0.0023 = 0.00027 0.0130 + 0.0073 1488 + 1.72 13.08 + 7.40
No.5 0.38 0.0332 + 0.0269 0.0023 + 0.00034 0.0105 + 0.0084 1474 + 218 10.60 + 853
No.6 0.32 0.0652 + 0.0459 0.0021  + 0.00036 0.0186 =+ 0.0129 1333 + 235 18.72  + 13.00
No.7 0.32 0.0505 + 0.0367 0.0023 + 0.00036 0.0157 + 0.0113 1452 + 235 1581 + 11.39
No.8 0.82 0.0390 + 0.0134 0.0022 = 0.00016 0.0117 + 0.0040 13.97 + 1.00 1179 + 4.06
No.9 0.50 0.0757 + 0.0305 0.0021 + 0.00023 0.0217 + 0.0086 1340 =+ 147 2181 + 872
No.10 0.32 0.0420 + 0.0282 0.0021 + 0.00028 0.0119 £ 0.0079 18321+ 1.81 12.00 + 7.98
No.11 0.48 0.0556 + 0.0214 0.0025 + 0.00023 0.0189 + 0.0072 15.86 + 146 1899 + 7.31
No.12 0.50 0.0718 + 0.0349 0.0020  + 0.00025 0.0196 + 0.0094 1275 + 164 1970 + 948
No.13 0.59 0.0752 + 0.0296 0.0022 + 0.00024 0.0231 + 0.0090 1432 + 153 2316 + 9.06
No.14 0.33 0.0585 + 0.0240 0.0021  + 0.00021 0.0173 + 0.0070 1381 + 138 1742+ 71
No.15 0.75 0.0457 + 0.0177 0.0020 + 0.00017 0.0127 + 0.0049 1297 + 111 12.80 + 4.96
No.16 0.62 0.0450 + 0.0155 0.0021 + 0.00016 0.0133 + 0.0046 1877 + 1.04 1337 + 463
No.17 0.36 0.0643 =+ 0.0211 0.0021 + 0.00018 0.0188 =+ 0.0062 1366 + 1.14 18.92 + 6.24
No.18 0.33 0.0160 + 0.0126 0.0022  + 0.00023 0.0049 + 0.0038 1426 + 147 494 + 388 Discordant
No.19 0.38 0.0449 + 0.0252 0.0023 + 0.00027 0.0143 + 0.0080 1488 + 177 1443 + 808
No.20 0.32 0.0950 + 0.0458 0.0022  + 0.00031 0.0284 + 0.0134 13.95 + 1.99 2840 + 13.56
No.21 0.92 0.0742 + 0.0282 0.0033 + 0.00033 0.0333 + 0.0126 2096 + 213 3329 + 1275 Excluded from mean
No.22 0.31 0.0609 + 0.0372 0.0020 + 0.00029 0.0165 =+ 0.0099 1262 + 1.87 16.59 + 10.04
No.23 0.75 0.0516 + 0.0135 0.0022 + 0.00014 0.0158 + 0.0042 1434 + 0.89 1596 + 4.24
No.24 0.71 0.0633 £ 0.0190 0.0020 + 0.00017 0.0150 =+ 0.0053 1315+ 1.09 1613 + 540
No.25 0.30 0.1253 + 0.0498 0.0022  + 0.00029 0.0382 + 0.0149 1422 + 188 38.02 + 14.99 Discordant
No.26 0.74 0.0346 + 0.0118 0.0021  + 0.00014 0.0099 + 0.0034 1341 + 0.90 10.05 + 344
No.27 0.32 0.0685 + 0.0389 0.0020 + 0.00029 0.0189 + 0.0106 1285 + 187 18.97 + 1067
No.28 0.68 0.0402 + 0.0161 0.0020 + 0.00017 0.0113 + 0.0045 1311+ 1.08 11.40 + 457
No.29 0.42 0.0688 + 0.0342 0.0023 + 0.00030 0.0221 + 0.0109 1499 + 191 2216 + 1097
No.30 0.69 0.0559 + 0.0169 0.0020 + 0.00015 0.0155 + 0.0047 1294 + 094 1660 =+ 475
Weighted mean of the youngest group (n = 26) 137 + 03 144 + 12
Standards (PSV: PleSovice, OD3: OD-3)
PSV 4-1 0.09 0.0543 + 0.0045 0 0.0513 + 0.00162 0 0.3841 + 0.0394 3224 + 104 330.0 + 39.19
OD3 4-1 0.93 0.0432 + 0.0111 0 0.0051 + 0.00029 0 0.0304 + 0.0080 328 + 1.89 304 + 8.07
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Table A2 Fission-track data of zircon grains

Sample Fission Track Data LA-ICPMS Data Calculated
Grain No Area Ps Area-corrected Pu-sp Uicp Age (Ma)

° (10°%m?®  (10°cm?) Nusp (10" cm™) (ppm) t +2c
180607-1 P usta= 5.575 x 10° /cm? Gis =54.6 1.6 (10)
1 13 9.0 1.44 189913 2.110 280 10.4 5.8
2 11 9.0 1.22 177087 1.968 261 9.4 5.7
3 4 9.0 0.44 118607 1.318 175 5.1 5.1
4 13 9.0 1.44 83254 0.925 123 237 13.2
5 20 9.0 2.22 357873 3.976 528 8.5 3.8
6 15 9.0 1.67 215882 2.399 318 10.6 55
7 46 9.0 5.1 700093 7.779 1033 10.0 3.0
8 9 9.0 1.00 72312 0.803 107 18.9 12.7
9 49 4.0 12.25 616720 15.418 2047 121 35
10 7 6.0 117 103352 1.723 229 10.3 7.8
1 16 9.0 1.78 222033 2.467 327 11.0 55
12 17 9.0 1.89 188731 2.097 278 13.7 6.7
13 4 9.0 0.44 107397 1.193 158 5.7 5.7
14 7 9.0 0.78 87758 0.975 129 12.1 9.2
15 13 9.0 1.44 142616 1.585 210 13.9 7.7
16 5 9.0 0.56 102536 1.139 151 7.4 6.6
17 5 9.0 0.56 88696 0.986 131 8.6 7.7
18 5 9.0 0.56 68027 0.756 100 1.2 10.0
19 39 6.0 6.50 574646 9.577 1271 10.3 3.4
20 8 9.0 0.89 178277 1.981 263 6.8 4.8
21 11 6.0 1.83 127847 2.131 283 13.1 7.9
22 7 6.0 117 56073 0.935 124 19.0 14.4
23 33 9.0 3.67 465021 5.167 686 10.8 3.8
24 13 6.0 217 176922 2.949 391 11.2 6.2
25 12 9.0 1.33 202869 2.254 299 9.0 52
26 5 6.0 0.83 68244 1.137 151 111 10.0
27 5 6.0 0.83 128653 2.144 285 59 53
28 4 6.0 0.67 63013 1.050 139 9.7 9.7
29 24 6.0 4.00 334750 5.579 741 10.9 45
30 19 6.0 3.17 251915 4.199 557 11.5 5.3
Pooled (n=11) 172 87 1.98 2646646 3.199 425 9.9 1.7
170516-1 P usta= 4.717 x 10° /cm? Lis=46.412.1(10)
1 11 16.0 0.69 125213 0.783 123 9.6 5.9
2 18 16.0 1.13 175524 1.097 172 1.2 5.4
3 " 16.0 0.69 103643 0.648 102 11.6 71
4 36 16.0 2.25 234187 1.464 230 16.8 58
5 23 16.0 1.44 160683 1.004 158 15.7 6.7
6 17 16.0 1.06 120497 0.753 118 15.4 7.6
7 22 16.0 1.38 146435 0.915 144 16.4 7.2
8 84 16.0 5.25 808526 5.053 793 1.4 2.7
9 24 9.0 2.67 178176 1.980 311 14.7 6.2
10 36 16.0 2.25 194448 1.215 191 20.2 7.0
1 17 9.0 1.89 197023 2.189 343 9.4 4.7
12 18 12.0 1.50 169121 1.409 221 11.6 5.6
13 41 16.0 2.56 256159 1.601 251 17.5 57
14 40 12.0 3.33 212230 1.769 277 20.6 6.8
15 39 16.0 2.44 351692 2.198 345 12.1 4.0
16 34 12.0 2.83 333902 2.783 437 11.1 3.9
17 28 12.0 2.33 271323 2.261 355 11.3 4.4
18 38 16.0 2.38 252373 1.577 247 16.5 55
19 15 12.0 1.25 140768 1.173 184 1.7 6.1
20 29 16.0 1.81 149767 0.936 147 212 8.1
21 19 16.0 1.19 216606 1.354 212 9.6 4.5
22 23 16.0 1.44 159567 0.997 156 15.8 6.7
23 43 9.0 4.78 494678 5.496 862 9.5 3.0
24 67 16.0 4.19 524044 3.275 514 14.0 3.6
25 30 16.0 1.88 178152 1.113 175 18.4 6.9
26 67 16.0 4.19 842330 5.265 826 8.7 2.3
27 21 16.0 1.31 177327 1.108 174 13.0 5.8
28 37 12.0 3.08 384930 3.208 503 10.5 3.6
29 24 16.0 1.50 170738 1.067 167 15.4 6.4
30 57 16.0 3.56 606474 3.790 595 10.3 29
Pooled (n= 26) 871 371 2.35 7585761 2.107 331 12.6 1.4

Ns, Number of spontaneous tracks; ps, spontaneous track density; N, total count of 238 Pus 238-count density; sp, sample; std,

standard; U,cp, uranium concentration; *, zircon grains of youngest cluster with U-Pb age
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BEHl - f2 - Notes and Comments

1946 FRBMERICIKFFERAFRH CHR I NWAHFAPBKAL ENOEIL

HgH RREA" T - WRi5 BB®

Yasuhiro Umeda and Satoshi Itaba (2019) The changes of well water and sea level witnessed on the coast
of the Kii peninsula prior to the 1946 Nankai earthquake. Bull. Geol. Surv. Japan, vol. 70 (4), p.327-334,

4 figs, 2 tables.

Abstract: Abnormal phenomena observed on the coast of the Kii Peninsula prior to the 1946 Nankai
earthquake were collected and examined. Most of the information was acquired from literature and some
testimonies were obtained by interview with residents. Water level lowering and/or turbidity of well water
was witnessed two or three days before the main shock. Land subsidence had been observed on the eastern
coast of the Kii Peninsula. The subsidence is thought to be the post-seismic deformation of the 1944
Tonankai earthquake. Oscillatory sea level changes which were witnessed in some areas suggests that a
tsunami might have occurred. Testimonies by some residents that they had heard roaring sound and/or felt

tremor prior to the main shock were also recorded.

Keywords: 1946 Nankai earthquake, witness testimony, well water, sea level change, Kii Peninsula
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KRN DZEAL, HxEDREHREINEL 72, BR
DOPHETFITHRIC K 57288, ERAOBZID 175
7z. KED?2, SHENIHFABKD L2 LR85 7
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TR HZ XN TR, T OB T I3 1944 4 1
THEORNEH BN TV D EE L bRl R

Rk iz L s HE S h, Ao RS i X hie.

FEEWED, WEAKCZD LA W

1. FUBHIC

1946 F- R EE (LT CldA®R) 1, FE12A2189
BT 4B 19 7 EUSAEORE B O k8 135.8 1%, dbH#32.9/%
(KT, 2018b) (L& EHE LTCREL Yy =F 2 —
F 8.0 yaDHIEETdH 5. ALHHEE A & IUE O K-
HIZBWT, KEOFNIIFF AR U7z 0 AR 23 %
bl 05 HEESE A REZ < ME SN T 5. il
E4 (2010) 1, /NS 2 =AML & ED—BOIFF T
&, E A THOBEIZE > TS KRELKTTSEZ
EER LU WK OZIZ R - TRk 5 8
DOfth, REHEOZENE HEIN TS, HHIZONWT

1, N AR A RE LT R S fER S T
2 (MgHIZ 2, 2016). HEH - #i85 2014) T, MWEODK
SEFRREH TOHEGES 2 EL T 5 h, AEOME
BIIRIRERIZE RA TV Z &0 5, EIEEINAER
ZBOWTEFRBRORAE AT - 72, FAaFARIAEZOIE
FAR LA DOZEATSH %25, FePEE Tl
BHEOBMME NS 5 Z en 5, WL FITBT 5E
SHMEL 7.

2. #FKOE(E
HAD SRR DA T D 2. ARATHZ AR
KT LT, YMORIAR Z L8 TE 2120
TR EHD A A AT - 7

2.1 24OHEHER

AREEHT & RDOIFFARKDRWK OB S 5 25 HIH %,
H 2 i & L2581 RIS 72 AU FNIZ X5 | FH TR
LR EN TS R=VEELT &y IR FTRL .
AREEOHNZHFAKRIPME T W 72 &0 9 GES 13635
T8 5. HIFOED Z6ff, WROWED Lt R(K
TaENTNIS B, ARERNZIFKE ST RO
WOAHBIN G EE IR L 2. KRR RR 2
SIRIRIS £ T, WEATOM T ARENAHEI LTV,

! PEERR AT WEFHERE v & — WG - KILRFZEERM 28 B FZ% B (Visiting researcher of AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology)
PR BT AT B RERA £ v & — W - KILEFFEERM (AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology)
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Fig. 1 Distribution map of wells and hot springs where changes were witnessed before the main shock. Open and gray circle
indicates a decrease and a turbidity in well water, respectively. Circle with black dot indicates a change in hot spring.
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Fig. 2 Precipitation in Owase, Shionomisaki and Wakayama. Quoted from Japan Meteorological Agency (2018a).
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Table 1  List of witness testimonies on well water.
&% ® % X E W xE#® ToROSESE Pl
=F & (Mie P.)
W-1 FEET (Shima C.) 1944 HEBHED?2, 3SAMENSEIL B (25)
FNE (Wagu.) 146 EFIBROMIEEEEZRHT
#2ALET (Kihoku T.) T EBIAKBLIE T AR
W2 31K (Hikimoto) Shi- B (26)
w-3 | RE (Owese C) MECKEETEERE | SRIORERS2 98 | B/ERRTRENSRHEEORE B (27)
W-4 =K E (Mikisato) 1~2BHTZHFKESD A (59)
(41 E P = RBEDOIRXEOEADOTJHELHED
W-5 B (Kada) sEHL #EAksEAns | RECEAMGUARKRE | onmasnes BakaEko B (28)
™ R (SRR
W-6 E 1R (Sone) 1~2881HFKES A (59)
#E%FTH (Kumano C.) 5 = [EERVI, oE 3 (AUFOHF THEEZIBLBLEKE
w-7 H (Tomari) EHOHFK, HERICES 2BRECHNED CEEANORE LA EEED B (28)
FNFILIE (Wakayama P.)
w-8 | #HE (Shingu C) %gﬁiﬁ%“ﬂa‘ﬁﬁ B (20)
B0 %8 BRI ET (Nachi — SRFDFEHEN, 6FFRAAT = Eh = BEFYOHF TIIHMEERICHFKA
w-9 Katsuura T.) i 2, SHEIXRR DB L EEM AL B (29)
w-10 | E(Uragam) PR il B (30)
& 7K BT (Kushimoto T.) R, o .
W-11 T RE(Koza) MEREZRDAHET- B (30)
W-12 TR (Nishimukai) E#10B<VEST B (30)
W13 2, SHRINSHFKMNRIRL C (389),
T-ERAZL D (19-44)
_ 27K (Kushimoto) BMEETIZRTRFF KL o -] 4 A (54),
W-14 ﬁjf: EEIBICEL: C (388)
- S I frd fr CEBEOFFITIEKHIE B (31),
W-15 KEETLEHFODEEN | i B bk 2By C (388)
w-16 | ESRAEN(Susami T) FHEIDAERBISLRE | WOBORRUREOSHEL S B (31)
KB TIX12814, 158 L e —
w-17 ANl HEERIZIEED AGY)
B ;EHT (Shirahama T.)
Wets —RISEASRERBEEEL | BRIZOBHTON, BHEILIZSHH B G2
= KERS F1HALINIZEIR ZDSBEINFRIE1AN A LIAIZEIR
W-19 33 (Tanabe C.) RREANRLNT B (33)
BT D HF K, HERTIC
w20 RS B (33)
ENEFET (Inami T.)
W-21 BB HFF KR /(\)((53‘%)
W22 H & BT (Hidaka T.) MR OFTIZKEARZIZT E3
e (Hii) Motz 1 /L EZEEmY
W-23 HEM&VESREEEL 1NABRIEADHD B (33)
fTFB RET
W24 (Kii yura T.) WEFTA2, SHFAOFHFF K A (54),
WL, VEDETF LML C (388)
w-25 | sEH(Kainan C) ggﬁg;ﬁg@#ﬁ)mﬁmw B (33)
W-26 T i#(Shimotsu) BRGEMIFE B B (33)
- FNFr L (Wakayama C.) EVHFTEEZGBRECHL
w-21 MA(Kads) Bt BG4
EJE & (Hyogo P.)
w-28 SMATH (Sumoto C.) BHRKEOETRUES B (34)
w29 | HEEEEAwaivura) | HERIS—ECHENL: S RERIARET B (35)
w=30 R &HH L (Minamiawaji BTN (EBRTEICKEL ERE B (35)

C) #8R(Fukura)

TRLIzECAMNELT:

A HRFRE (1947), B:KEEE (1948), C:FIFRILIR (1963), D: BEREIH FIfRiRES FFRILIR AR (1948)
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Table 2 List of witness testimonies related to the sea level, ground subsidence and others.

s W& X EH OB K TOMDBESE o)
ZEBR (Mie P)
S-1 S$I (Toba C) LT B, C (398)
S-2 BB (Owase C.) 208 F 7N KYTRHEZ/MID KA A (59)
B H(Haida) BEEITEKLZ
FFRILIER (Wakayama P.)
S-3 #E (Shingu C) T B, C (397)
S-4 %B%’ﬂﬁ;ﬁm(Nachi AT B. C (308)
atsuura T.)
55 2, SHAINSHFTD A AASEYIZ
EELEEM DT

| s &Er(kushimoto T) - 2, 3AFIADEIBYERL = C (389),
s-6 senmeRe - TERMRTAS A B EN ot | D (19749
S-7 AL T

_ A8 i(Tanabe C.) (RIRA S HR) BAKECEINT

S8 X B (Mori) (VA E (108)

. ENEIRT (Inami T.) . - . N -

S-9 18 (Kirime) BDEEHERTIof BRYZEICLI-ELHY C (389)

_ #1447 (Gobo C.) . REE " = et S §
S-10 15 (Shioya) BIkIFERECONT REGEE o D (19-44)
s-11 | wEmKenanC) | REBLLLOERDEM L AN

A:FRRFRE (1947), B:EAB#E KBRAR (1946 ab), C:FIFRILIE (1963), D: REGEIE RARIEES FALIESZER(1948),
E:HAHHELRE, BMOEKEZNZES R (1999)
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Fig.3  Distribution map of changes in sea level and land subsidence. Open, gray and closed circle indicates low sea level, land
subsidence and others, respectively. Circle with cross mark indicates no change.
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Fig. 4 Time series of vertical deformations at Uragami and
Kushimoto. Quoted from Fig.4 in Umeda and Itaba(2018).

7= AR HEE - B (2018) DFEAX A FHIE L 72,
PREE R A —HIZ T B 1944 530 g i 2 DL o ikt
SRtk sy AN E A S AL R s b oY (R

3.2 IREMEDBKLE

WA ORI B A S &, AU EE RO
M, M, BARTHLN TS, B ESHREE
(1977) 12 & 2 [ 1946 F-madE IR D FLER | Dp.12121F, &
KIMBOFRERZORDFS[4 4 I & LTEEEZ]|O
HIZ[4E, BREAR)BPARER S TWEhkbb,
WETIE-Z2 A2 L TWAATTY. W% 72 < OIZHKERA
I ETHITE ZVDIZHIA OV T WD, 25
WAZATL LAV SITORZZD LEAT, BRI AN
MPENZ NI BIALE BRI N EESTZATT.
T ZALZELRORASEMHFIZ LG 572ATT
2, HOWENODS7-DIF, TORETLZ]IEDH D (F
2% S-7). M- FRESATOHEIERETH Y, HL Lok
FAES BN TR & 5 (W - B, 2014 Dp.138).
F2ERDS-5 [2, 3HATA MO A 12 L,
Hi#»o7- (BB [FIiE SRS, 1948)
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