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The mountain range of the Northern Japan Alps consisting of the Hida Granitic Rocks

The Hida Granitic Rocks, Permian to Jurassic granitic rocks which rarely occur in Japan, are distributed from
Unazuki to Mt. Tateyama, the eastern Toyama Prefecture. Due to the steep terrain and heavy snowfall in this area of
the Northern Japan Alps, the distribution and age of the plutonic rocks have remained unknown in many areas. The
snow-covered mountain in the center is Mt. Kekachi (2414.5 m), which is composed of the Kekachidake Granite
(~196 Ma), and the dark-colored peak behind it is Mt. Tsurugidake (2997.1 m), which is composed of diorite (~193
Ma). For the detailed ages of these plutonic rocks, see Takeuchi ez a/. in this issue.

(Photograph and Caption by TAKEUCHI Makoto)
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NAKAE Satoshi (2021) Intrusive age of Paleogene felsic plutonic rocks in the Tango District, northern
Kyoto Prefecture, and chronological correlation of the plutonism in the San’in Belt, Southwest Japan.
Bulletin of the Geological Survey of Japan, vol. 72 (1), p. 1-21, 7 figs, 2 tables, 1 appendix.

Abstract: LA-ICP-MS zircon U-Pb dating was performed for four felsic plutonic rocks, two of which
were collected from the Miyazu Granite (medium-grained and coarse-grained granites) and the remains
from the Kumohara Granite, to determine their intrusive ages. These granites are widely distributed in
the Tango district, northern Kyoto Prefecture, and geotectonically belong to the San’in Belt of Southwest
Japan. The obtained weighted mean values of 2°Pb/?*®U ages and 20 errors are 61.7 + 1.0 Ma (medium-
grained granite) and 63.2 + 1.0 Ma (coarse-grained granite) for the Miyazu Granite, and 65.7 + 1.2
Ma and 65.1 £+ 1.2 Ma for the Kumohara Granite. These ages are grouped into the younger and older,
meaning that the Miyazu and Kumohara granites can be distinguished not only by their lithology but also
by their ages. Formerly reported radiometric ages through Rb—Sr whole rock—mineral isochron and K—
Ar methods indicate 61.9 Ma, 60.4 Ma (Rb—Sr age) and 64.8-58.0 Ma (K—Ar age) for the Miyazu Granite
and 67.2 Ma (K—Ar age) for the Kumohara Granite. Among the above ages of the Miyazu Granite, the
Rb-Sr ages are almost same as or younger than the U-Pb ages, but the K—Ar ages have a wider range,
being not concordant with both of the U-Pb and Rb—Sr ages. On the Kumohara Granite, the K—Ar age
is much older than the U-Pb ages. These evidences represent that there is no trend of ages becoming
younger from U-Pb through Rb—Sr to K—Ar methods according to their closure temperatures.

As shown by the above, different dating methods may show different values of age, therefore using a
highly accurate and reliable method of dating is required to obtain more accurate age of igneous activity.
Based on this perspective, the felsic plutonism and its correlation in the northwestern part of Kinki district
were investigated, and the results are follows. One is that, in the southern margin of the San’in Belt,
granodiorites of magnetite series and granites of ilmenite series activated at almost the same time after
85 Ma, which is included in the plutonism of the San’yo Belt. And the other is that batholith of biotite
granite along the coast of the Japan Sea began to be active around 67 to 60 Ma, suggesting that it is
chronologically consistent with the stocks of granodiorite in the southern margin of the San’in Belt.

Keywords: Miyazu Granite, Kumohara Granite, intrusive age, LA-ICP-MS, zircon U-Pb dating, Tango
district, northern Kyoto Prefecture, Japan, Paleogene
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Late Cretaceous to Paleogene felsic plutonic rocks in the San’in Belt in the northwestern Kinki District including Tango
(northern Kyoto Pref.) and Tajima—northern Harima (northern Hyogo Pref.) provinces.

(a) Approximate distribution of the plutonic rocks is represented by dark areas with their names. Abbreviations G. and Gd.
stand for Granite and Granodiorite, respectively. (b) Index map showing the location of Fig. 1a. Distribution of the plutonic
rocks and their names are referred from the Seamless Digital Geological Map of Japan (1:2,000,000) V2 released from

Geological Survey of Japan, AIST (2019) and Sakiyama and Tainosho (1995).
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Paleogene felsic plutonic rocks in the Tango District, northern Kyoto Prefecture.

Plutonic rocks are classified into the Miyazu Granit, Kumohara Granite and Granitic complex. The Miyazu Granite is further divided
into coarse-grained and medium-grained granites, which are situated in the West and Northeast domains and Central domain,
respectively. The area of each domain and the sampling locations are shown in Fig. 3a. The geological map was created based on the
field survey conducted by this study. The GSI map of the Geospatial Information Authority of Japan (http://maps.gsi.go.jp) is used
for the base map.
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ALK IR 13 2 o 2o RifERa s & R RS 2B L THM L, ZOREICITEREREPBEL T 5. fERaUEs
HOSMIZENE.  (b-d) EEAERE & 5 CICEFER A OFHGE . () PERRES. JBfTiigeic & 2 sURREGE R
{22 T, Loc. Ne& Loc. Ktid Terakado and Nohda (1993) DFig. 3AIZ/R & 17z 55 %, Loc. Su& Loc. Ojid/N&EIZ A (2009)
IR X - g o S Il U 22 A2 PR L 72, £ 72, Loc. Nw&Loc. SnOME IZEIHFHEMERORMEIZHD . HEHI
V] - P BE o i BB HX] (http:/maps.gsi.go.jp) & {H .

Location of sampling points for dating

(a) Geological sketch map of felsic plutonic rocks in the Tango District and the sample locations. Medium-grained granite of the
Miyazu Granite occupy the Central domain and coarse-grained granite is situated in the West and Northeast (NE) domains. The
Kumohara Granite is exposed south of the Miyazu Granite. Distribution of the Granitic complex is omitted. (b—d) Sample locations
of the Miyazu and Kumohara granites are represented with their numbers. Those from previous studies are also indicated; Locs.
Ne and Kt and Locs. Su and Oj are respectively referred from Fig. 3A of Terakado and Nohda (1993) and description of Kotaki
et al. (2009), and Locs. Nw and Sn are based on the personal communication with Prof. Tsuboi. The GSI map of the Geospatial
Information Authority of Japan (http://maps.gsi.go.jp) is used for the base map.
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Bk MRS OERERBCGE A 5 W & W7z

Table 1  Magnetic susceptibility measured from felsic plutonic rocks in the Tango District
Unit Location Magnetic Susceptibility
lat. (north) long. (east) (x1073 SI)

- 35°31'31.12" 135°03'08.18" 4.3
¢ 35°32'40.76" 135°01'07.94" 4.7
5 (West) 35°2906.99” 135°01'49.15"” 2.6
b 35°32'34.74" 135°04'01.24" 3.5

o § 35°33'11.25" 135°01'12.23" 0.12
! § (Northeast) 35°41'56.40" 135°07'53.30" 3.1
G 35°41'58.10" 135°07°46.30" 2.2
= s 35°32'38.95" 135°04'58.25" 4.3
N ¢ 35°36'41.62" 135°07'00.70" 3.6
2 = 35°26'11.13" 135°02°06.30" 2.9
= ED (Central) 35°27'09.34" 135°02'16.11" 3.6
35°26'54.24" 135°04'18.63" 2.0
;—3 35°28'21.82" 135°02'40.83" 1.8
E 35°28'18.87" 135°01'45.98" 4.2
35°40'52.87" 135°06'37.67" 2.1
35°21'58.76" 135°00'37.47" 4.6
35°22'42.67" 135°00'40.25" 4.6
. 35°24'26.26" 135°03'25.17" 3.2
Kumohara Granite 35°25'18.19" 135°04°07.04" 3.7
35°25'21.34" 135°04'52.85" 3.9
35°25'50.17" 135°04"06.65" 3.4

35°24'24.74" 134°59'59.85" 0.19

Granitic Complex 35°24'10.39" 134°59'53.82" 0.05
35°26'42.35" 135°04'23.03" 2.6

Kappameter KT-9 (Exploranium G.S. Limited)

(FEA - M, 19655 B, 1968). —OBIZAEH Tk
H B0, BERIERE & & NSk B2 R E AL, Rtk
2~3mmDAOEERLRBRERETIREL - 1) B Ok
B3~ s5smmfE¥, mATTmm) ZEE L, BHEN (0.2
~ 15 mmfEE) =&, ARLIRHMGETE 2h 572,

3. 25{tFHEK

FHEH T 120 A § 5 HE R B SRS O b 22 2 B 5
BN <, HEAICPEE - @S (2007, 2009) %
EONZTEAK - BH Q019 12X 3 BELRDEDATH 5.
ZN6IE, RHIRHE & RIS B0 2 mafia & &
JFAERA DO AA AR (B 5 - MY 2 3lE L
28D THY, MEIZLITO®D TH 5.

FHEBE S ITLRTIE, Si0, &A =ICHINE 2 M@ 5880 5
n3. FHY-BREPLHE - gkl 4 50 EETRE
T, EATEREE (M - EBH, 2007, 200902 & B[R
fERA NWTAHY) T68.5 ~ 74.6 wt%DHIFHIZ /7T 5.
NS LEREES SOV TE, Sl (09E - %
I, 20091 & B[ HHBRAER S ]I2HEY) TR D EL 747
~ 774 Wt%DROFEIIZ,  F - AR PEERIC B 7= B K
XA OEFTCR S GEAK - #IF, 2019) T3 L DK
593 ~ 67.7 wt%DHPIZHEH 5. ZDZ &» 5 EFE
A, HUkIC AR S & 3R A 5810, 4582
ERENG, LA LEDSH{ERSEDEERI TR,
Si0, DAL - TTiO,, ALO;, Fe,0;5, MnO, MgO, CaO,

-
—

Na,0, P,0s 2394 LK,OZHENN4 % BRI 2 fdl— L~
FAEBERLTWS. 72, —BOMEKSICHE (La, Yb,
SHIZHWTIE, M{ERAE OB TREM BN H B Z &
IR X N7z G - F®H, 2019). 2D &S BRHEAH S,
EERTHOE AR ERE & BIFEERS T EOERA &
3% R (P - FEIE, 2000) Ab B & DD, AL
DEFICEE L SHEERESIELD, HRO~ 7~ EH
WZHIR§ A T REM: & RIE X iz (K - @ik, 2019).

4. wHEE

WMREAMET S Z LIk, SAPIZEEF M
G (FIREERE) DB B X2 DHNGEH B Z LN TE S,
FRCfERAE IS B TIE, LR & 7 4 v $R51
D (Ishihara, 1977) ICFIHE N B Z &0 %0, 22
TARMRIZE T Y, EEfERE - ZRAERE % 5 TN
MRS BEAE & I 2 MIE L 7. Exploranium
G.S B D F i ET (Kappameter KT-9) & FVy, FHHL D
FRELU 725 5 VR 0 YT I & %\ > 13 LIRS 3 2 B Wi
IZRL, BalRE & 3mIE U % o R F-45 % e il &
LTHo 7z, MERBRIEE1RICEBI 2B THS. &
B, BEERIE F 4 VSRS & RT3 2RI D0
C, Ishihara (1990) &% U’Takahashi et al. (1980) 23R L 7=
fiti (100 emu/g) i3 L¥7 (1987) DIHERIZH DI Lk &
Z3.0x10°SI& Kb 7-8%, ZOMEA—RRISEHEH I TH
3 (AKIEA, 1988). L2 LZ0DHKk, SrHbrAfmics
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I} 5810, A BmOBEINC L > THRIERIADT5 Z L2
HMohd k52 kD, 2O EEEETHHEMIIERM
XN TV 3 (Ishihara et al., 1995) .

EERIERE D S B RRER S TAROEXIRTIE, —Hfi
KW (012 x 107 SD 2R TREIAR 6 h 2 DD
ZFhLIZ2.6%x10° ~ 4.7 %107 SIDfEiE & 5, [FUL <
FRAE R S RO K g A 5 122D ADHIETH
B, THXIIC AR R 2.2 %107 SI& 3.1 x 107 SI
ARSIz R ER S A O PR IX I TOMEEIL,
1.8x107° ~ 43 x 107 SIOD HHL # A FiPH O i % 7R L 7=,
Z D &S ITEES BRSO AR, K & A I I3 R
RTRELZIRD SNT, WEGLRY & F & PhnR
FlOWHIZEES. —F, ISR A 5k % Fro
TEMA T, EA B SRR E W32 %107
~4.6x10° SIOWGEER L, & CHEKIRHIZ5HE
Eha. Zhoicxtl, fEMEEEAE» 53T 2 v #k
FRANZIET 5 0.05 x 107 SI ~ 2.6 x 107 SIOK ViR
BNESN.

5. U-Pb &£

EEAERES & b5 CICEZFRMEREIZ DT, ThE T
HEJK-ArfF ERb-SIEBSE 7 4 Y 7 a VAR
HE X h, k%268~ 58 Ma (H[E - KEH, 1966 ; /NiE
E A, 2000 5 PEIE - @EHE, 2009) & 61 Mafi #% (Terakado
and Nohda, 1993) DA ZhZhWME ST 5. AW
HTIEINEDOEBEHEDOBEANNAERET 2125720,
VL3 YU-PHHFRAEMIE L 7=,

5.1 RS

VL3 v U-POEEGHINE & S U 22 508HE, B EER
EHO 2T & ZIFIERE O 20 A 5 R h 7= (Bt 4
B 2 DTH D (BE2M, FHIMX).
EEtES
Loc. 1 [MDZ35-01] o oo

PR RS, PR TS N 2 5 FALHHY 2.5 km
DB DFEUE(35°36" 41.62”N, 135°7°0.70"E) TdH
% (3Xb). Z OFIIFEEAERE O P RXIgILRI &
Fh, FZERROBERHERE BVIAL AT 5.
ABIE PR L 72380602, SEaE - FROK T Rk
By EGOPREERERS Th . REAEIVE
OMEEHEEEIAERRLRZ L. A@ME LT
Kiff1 ~ 3 mmfEEOBERIEINICEE NS0, M
B gidw ot h > 72 A¥%L S CIZRRADRZRIZ
FNEFN3 ~5mmiEE L5 ~ 8 mmfEETH 55, )
FANKRIFERE 2 MKE (~ 15 mm) 127 AL D 5.

Loc. 2 [ MDZ49-01]
b, bR KIS ERIChE T 3 Eah R o
1.5 kmdE 5 O & B R iR ) O F2 U (35°31741.657N,

135°16' 21.59"E) T % (£E3Kd). ZoWHE» 565D
EHPEE 2 QMR O ARG R E R RS A 3403
%. VHIE - diSF (2009) 23 U 72 64.8 Ma (AR BEK-Ar
4K 1 Loc. Nw) & Terakado and Nohda (1993) 23#ke5 L 7=
60.4 Ma (Rb-St&25 7 4 v 7 1 V44 1 Loc. Ne) %15 7-
FUAIE, Loc. 2Kk DIEVHIZZ M Z N 1.7 km& $9660 m
Bth - TH 50, THEILESE LREROSEHE RT3

FACE NS ERI U 72508, SEabE - SRR O RR.
A BRERHEM S Th 5. KitdhA% - PHRATR6 ~

10mmfEE, #VEATE~ 15mm, BERITI ~3mm
Thy, FEAED)EAVIZIESERETHENE T A
W ARERRR2 ~ 03 mmiE TEAREHED L
< o,

EFEEE

Loc. 3 [MDZ40-01] .

SREC A, BRI T B B AR5 S AL o
BIEIR OO FETA (35°25° 20.87"N, 135°4'50.37"E) ThH 5
(BB3X¥c). Z DT ERAERE RO EERIZAE L,
FEVNZ IR 5 B 3 HRi O BERERES DAL AT
3. AFRHIE SRR 2230RHE, SEAE TR RERD
MR R RHERSE T 5. OEORFRIZ0.5 ~ | mmfEE
TH5. FEAZLCICH ) ERE] ~ 3 mmfEE Ok
BEHS, FRLIET SRR REVOLHYTH 3.
INODEARITIZTHRETH 5. HERHIREA03
~ 1 mmfEEThELSAEAREE DAV, ARNOIEED S
Nihkh 7=,

Loc. 4 [MDZ36-01]

HEUt A, EaaiieEs 68 1.2 kmigleIc BT 5
MR IZ A4 % 5298 (35°307 28.96”N, 135°1327.36”E)
THy, ERACME DAMIEOHTIFHIH YL 52 (53X
d). JEHOMERERME I, HR O HERAE R 2
MAERCEEM L, P9E - 25 (2009) 12 & 5T 67.2 Ma (R
ERK-ArAE{X : Loc. Sn) M5 65 N 7-5%5HIZ, Loc. 4005
¥ K 2200 mBLFOFHNIZH 5720, [F—aH%z R
THRERETH B E R xhs, FRMERICEHFRL 72
AEHE, RRBRERLZ-PR S Roh 52, MM
RERER A Th 5. AHEORTRIZ0.5 ~ 1 mm, FHE
A2V EARORZRIEI ~2mmA L. ZhoDEFR
BIZIZTHERETH 50, 1) ELABPLRL . HFEGHY
& LT, RN EOEER (0.3 ~ 0.5 mmfEE) 234
EEENSY, ANAEIHERTE L2 -7

5.2 BHIEFE

Y3 RO & A IR SH IR T 4
Vay . by ZIRIAL 2. AR sl L 22y
LV E UTIESISEAS R4, ZO0EImD
BT B LSIZPFAT 70 v v — MIHDAA R
NEXAYEY FX—Z b THIEL 2. HIEICIE, $5H
KPR FBE R R (L 2 R 3 S h /e

-
[,
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Bo2E ARRHIEICH W ZLA-ICP-MS & HllE 514

Table 2

Instrumentation and operational conditions for the LA-ICP-MS analysis

Sample name MDZ35-01, MDZ36-01, MDZ40-01, MDZ49-01

Laser ablation system

Model IFRIT (Cyber Laser Inc., Tokyo Japan)
Laser type Type-C Ti:S femtosecond laser
Pulse duration 230 fs
Wave length 260 nm (THG)
Laser power 45%
Spot size 10 um
Repetition rate 20 Hz
Duration of laser ablation 20s

Sampling mode 9 spots x 44 cycles with Galvanometric optics

Data acquisition protocol
Data acquisition

Monitor isotopes

ICP-MS

Model iCAP-Qc (Thermo Fisher Scientific K.K.)
ICP-MS type Quadrupole
Scanning (operation) mode Standard mode
Forward power 1400 W
Make-up gas (Ar) 1.00 L min™
ThO"/Th (oxide ratio) <1%

Time-resolved analysis
50 s (15 s gas blank, 35 s ablation)
29Si/ ZOZHg, 204Pbl 206Pbl 207Pbl ZOSPb/ZJZThl ZSSU

Carrir gas (He) 0.90 L min™ Dwell time 0.2 s for 2°“2Pb, 0.1 s for others
Standards

Primary standard (U-Pb) Nancy 91500 " ™, Wiedenbeck et al. (1995) ; %, Twano et al. (2012) ; , Twano et al. (2013) ;
Secondary standard (U-Pb, OD-3%%* ™ Lukécs et al. (2015)

MU AR S & A8 7 7 X~ B &5 H (LA-ICP-MS) 2
(1CAP Qc : Thermo Fisher Scientific) & L —%—% > 7
WEELTT x4 ML —+— (IFRIT : Cyber Laser
Inc.) EHASEDETHHALZ V-9 —HEGHIEEL T
BE—aFx 10 um& L, HEFNC DL 2 VR OHTE
Prm BT B20I127 3y b)) ==V (lizuka and
Hirata, 2004) % Jiti U 7%, 20F0MHL — —Hdst & 47 - 72.
HWERE LTE, AEHPHNE 2T Lra v+
DOFLE DM AZZEIRL 72, Dva y OEUERHT &
DA EIC I — R EEHER R & L T Nancy91500 (Wiedenbeck
et al., 1995) % FHvy, AEAGHIE KSR O IEFEYE: % FFAl§ 2
728 O TR IR & L C33.0£0.1 MaZ /R OD-3 (%5

PPIZ 7, 2012 ; Iwano et al., 2013 ; Lukécs et al., 2015) &
Sy L7z WE L 72 e KO F ORI AL, *Si, *Hg,

204Pb, 206Pb’ 207Pb, ZOSPb, mTh, WU H U , U-PbiE 18
L UCPO U & PSR AR 7.
DOFEH M CICP-MSDFESEMF &5 2 RICHHIT 5.

5.3 BIFEHRE

REMEY LI VRADHY —FLI Xy Y Z(CL)

M A S ARNCIER T 5. Bl oMEBRIZOW T,
gL VRTFOA YT —F 4 7R EEREE 54X
(B ORI 25K, Yra vkl EDu-
PR ZEH 6, AHMEOF AR 1ITRT.

ER O ITI1E, P IUER K D B EED /N XN
pp/ U ERMA L. Ak, WEBAICP-MSEE T
WE L 720D-3 D ¥ — 7 44 (I F-I591#) 133266 + 0.80
Ma (#82520) (MSWD = 0.51) TH D, WIhd K%
RO SCHiRAE (32.853 £ 0.016 Ma : Lukacs et al., 2015) A
52 %LINOFIIZINE 5 T 5. AT, *Po/ U
AR L TP U 20D FRENTEBET 2R 43 Y

-V, BELAVKTET A AI—-Z Y Ak
U7z, DUFICEadenms & 6 OIS ZFEIEMAE O & alkh
DN, fERELRT 5.

MDZz35-01 (Loc. 1 : EFHETHAEHT )

HlEshE, RIS A& 5 B e R (h
KERERMEMAE) Th 5. CLEGRTIE, 2THOviLay
RIZ W THIE R IR GF > 5 b ) —) BArkEE A EER
Xh3(Faa—c). YA V30K TOHIEMIZ663 ~
55.8 MaD PN F 5 25, 1K (no. 21) DAMBTF 4 X
I—H Y AR LZ(EB5Kla). 23 —& v b29
R DREENEM Qo) DTN THEBETELZ D, Th
5 —DENEMERK T 2 LW TE 5. RS
s (555X 1b) T, 63 Maff DR AE -2 & Zh &
DENSYMafPEDHE 20— AR NS, Zhb2D
DY — 2 Z T 5 HMRUE &l ¥ — 2 ORI Y72 344K
fili (62 ~ 60 Ma) &, HARZGIRBATFHENRO5N 3 4
PEHOENZEDTHD (FalKla—c), ZThH2DDHNK

BT EBRLDOTIREVWEELZLONS. 5T,
2y A=Y F 29K 6 R 22 MEEE (61.7+£ 1.0
Ma : #4320) (%5 6[Xla) ZMDZ35-01 DHFL & L TH o,
Z N AR OAERUE (U-PoR O BASHIFN) &4 5.
MDZ49-01 (Loc. 2 : E=EHEEERE)

WE OB, AT X I ma S 2 7 13 2 B e e Ofi
R PR RERERS) TH 5. CLE{ETIX, &ToOY
L3 ORI FEER IR R 72 R R RS A S h T
WBZEMNBIRINS (4. Yrarv3okitidse
Tarya—gy FThD(FE5KX2a), 67.6~ 57.6 MaD
b3 5, ®ERa AR (G5 sX2b) T, 64 Mafst
HIZRRMADHE Y -2 BR 6N 5. KHlEEORSE
F6H Qo) I3 T RTCEETE I 05, ZhoDR 2K
—OENREFAEREEL T 2 LWL, ZoOMEFHEE L
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(a)

MDZ35-01 (no.18)
63.5 + 4.68 Ma

(b)

MDZ35-01 (no.13)
58.8 +4.00 Ma

(0

50 ym 50 ym 50 ym

MDZ35-01 (no.10)
60.4 + 4.52 Ma

(d) (e)

§3)
MDZ40-01 (no.1)
64.8 + 8.82 Ma

MDZ36-01 (no.2)
63.5 + 4.68 Ma

i

50 um

MDZ49-01 (no.5)
63.1+5.16 Ma

4

50 um

AR REMEDLIVETFOHIY—FLIF w2 (CL)HIS:

(a—c) Sample MDZ35-01 (a: no. 18, b:no. 13, c: no.
(f) Sample MDZ36-01 (no.2). HHALIFYE — 4 (10

Fig. 4

10), (d) Sample MDZ49-01 (no.5), (e) Sample MDZ40-01 (no. 1),
pum) 2R L, Z OMlE S DO U-PhEAUE % (7.

Cathodoluminescence (CL) images of representative zircon grains

(a—c) Sample MDZ35-01 (a: no. 18, b: no. 13, c: no. 10), (d) Sample MDZ49-01 (no. 5), (e) Sample MDZ40-01 (no. 1),
(f) Sample MDZ36-01 (no. 2). Circles show the locations of analytical spots (10 #m) with corresponding U-Pb ages (in Ma).

TR 572632+ 1.0 Ma (2220) (B 6Xb) % Z DK
DAERE (U-Pb R D BIGI) &4 5.
MDZ40-01 (Loc. 3 : fBRILTER)

W arHE, B 56 2 BTG (R ERE
BHERE) THh B, &TO DI T v RiTI12 B 4 R 2R
WHENABR I N TS Z &, CLEGTEE XD
(ae). YL V30K TRETIYI—K Y TH
D (5K 3a), 742 ~ 55.6 Ma® HuHE A A 5 12 58K
5. FMUEMORREEN (20) 1IZEHL, ETORTH
W—DEREN AR T 2 LT 50T, ZOME
T E LTHE 5 N-657+1.2 Ma (3%3%20) (55 6[Xlc)
% Z OB O FERAE (U-Po R OBASHIE) &4 5. HEH
S AihgR (BB 5X3b) Tk, & V70 Maff iz e — 2
BRENSE. Ihoo2E, MEEEE S D HORERM
(70 ~ 68 Ma) IR L BN Z L ITRRT I EE X
5hb.

MDZ36-01 (Loc. 4 : E2HHE)

HrEslrhd, ZEAERHE MR RERHERE) T 5.

CLE{RTIZ) &R T3 Rohid, 2THOYL
3 VR B TR 2 R S i s s Bl S h b (B4
Xf). Yrarv3oRtETHraIrya—4 Y b EfEERT
(55X 4a). HIEMIZT71.4 ~ 592 MadD HBZH BN,
MEICUE O, HERS AR GESX4b) 1230 T 4 65 Ma
HEICPHE R -2 R 6N 5. SHEMOBREREM
(20) IZEMHL, &TORTHH—DOERER %2R T 5
EHIMTES. /E-C, TOMEFEMEE L THELN
65.1+ 1.2 Ma (#%20) (5 6[Xd) & Z DRI FERAE (U-
PbRDEHSHEIA) &5 5.

6. X

PR D E A S & ZIFRER S OFAAEIZB U TIERE
WO, BEHK-AF ERb-SIEH/-HH T AV &
a VARG TS (T8 - fliH, 1966 ; Terakado
and Nohda, 1993 ; /NEIE A, 2009 ; P§IH - @&EFF, 2009).
Zh o DHEREIZ68 ~ 58 Mazk n L, ALK S
FACHIEOEHRIZAHG T 5. Lo Lah SFERIEIZ 10
myrd D702 b 515D Th<, K-Arik &Rb-Srik
ETIRMIENR &5 2O SRR NI R s 5 Z

(=p.11)

B5X YL a v U-PYER O G R
(la, 2a, 3a, 4a) 2V 2 —7 4 T (FAEHKEMIZ20).
nlZMER TR CHERNEZI Yy -2 PR TR
(1b, 2b, 3b, 4b) H4% CCPo/ S ULER) SHEE 534 X ) OF
FEeHE 22 23 A it Grehifg) . FRIKNOniz 2 v 3 —
£y MR VLAV IkTFOARRT 4 A —K
Vb AR (1a s IKEBERIEM, 16 JKERR) T
H0, oYL avkTiZETaIvya—gr M fE
A9 (2a, 3a, 4a). MIEFHEEI Y I -4V MR
T 6B

Fig. 5 Analytical data of zircon U-Pb dating

(1a, 2a, 3a, 4a) Concordia diagrams (error ellipse=20).
(1b, 2b, 3b, 4b) Frequency distribution diagrams with
relatively probability curve (red curve). Horizontal axis
*pb/*U age. The discordant data shown by a
gray ellipse (1a) and an open square (1b) were excluded
to determine the weighted mean age of its sample. All
other age data shown by blue ellipses and blue squares are

concordant. Weighted mean ages were calculated by using

indicates

concordant ages.



PH&ITEERE SR O H AR & B RS B O RO (FhiT)

(1a)
e MDZ35-01
(Miyazu Granite)
0.0112- n=30 (29)
D -
2
&
= !
£0.0002|
g 00092
I
i
1
_\\
0.0072 L 1 1
.00 0.05 0.10 0.15
207pp 235
(2a)
MDZ49-01
0.012 - (Miyazu Granite)
n=30 (30)
2
2
<
-}
& 0.010-
5
0.008
0.01 0.05 0.09
207Ph /235U
(3a)
0.013| MDZ40-01
(Kumohara Granite)
N n=30 (30)
- 0.0111
]
<
=
= -
©
S
0.009 -
0.007 L
0.00 0.05 0.10 0.15
27pp 251
(4a)
i MDZ36-01
(Kumohara Granite)
n=30 (30)
0.0115-
) AR N
zd A 4 MV
: 2
“0.0095 |-
0.0075 L

0.10
207Ph 235U

0.15

12 MDZ35-01 -050
?* (Miyazu Granite) |
2 7 -o.40
[ Weighted mean age |
o0 61.7+1.0 Ma (n=29) ¢ 30
© 51
5 _
2 4
< -o.20
> L
z*? -
2 J0.10
1+ -
0 /] I} | S I | 0.00
50 60 70 80 90
Age (Ma)
101 —T=1 | | MDZ49-01 -0.50
:% (Miyazu Granite) |
g 7t -o.40
g} 6L Weighted mean age |
— 63.2+1.0 Ma (n=30) _| 0.30
© 51
; -
S 4
€ —0.20
S 3
4 _
2 J0.10
1+ -
ol 1 1 11 L1111 lg.00
50 60 70 80 90
Age (Ma)
of MDZ40-01 o050
8 | (Kumohara Granite)_
i [ |
w 7L l -o.40
£ Weighted mean age
S) 61 65.7+1.2 Ma (n=30) 7
Y —0.30
© 5+
a -
2 a4t
£ -0.20
S 3
Z _
2 J0.10
1+ -
o1 1 0.00
50 60 70 80 90
Age (Ma)
of - MDZ36-01 050
8 l [ | (Kumohara Granite)_|
«» 7|Weighted mean ag —0.40
£ 65.1+1.2 Ma (n=30)
[ N
)
Y —0.30
© 51
£
<
2 4L
< 0.20
=] -
Zz 3
2 0.10
1L
o1 L 0.00
50 60 70 80 90
Age (Ma)

~
—
=3
-

Relative Probability

ey
N
=3
N

Relative Probability

e
w
=3

N

Relative Probability

B
s
N

Relative Probability



WEFHAMZWE 20214 HB72% HlE

82
80—
78 A
76
74 A
72 A
70—

S i

(@) MDZ35-01 (Miyazu Granite)
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Fig. 6 U-Pb ages with 20 error bars of individual zircon grains
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(b) MDZ49-01 (Miyazu Granite)
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(a, b) The Miyazu Granite. (¢, d) The Kumohara Granite. Blue open circles and bars respectively represent U-Pb ages and their 20
errors for individual zircon grain. Red lines show the weighted mean of U-Pb age for each sample with its 20 error (red zone). A
gray open circle with a broken line indicates the grain with discordant U-Pb age.

Enb, HHIZZh s OFRIEEEREDOEA - &R
e 1IC3MERS 5. 2 ZTUTIS, PHEAMG» 5
2B oY a v U-PHERIEIZH D &, Egih
JiAEVEERIC 50 B 1 LRE R R GRS B O3 & BET
5Lz, ZhE T & R SRR AR OO R g
R AEGHKL, BA - @EIZDOWCHERT 5.

6.1 <L U-PbEMR(E
AR S T, PRI R R ERAE RS (Loc. 1:

MDZ35-01) & ALHIX Ik D MR A PO A R ERHER A (Loc. 2
MDZ49-01) 7 6, H—HREM AT 2 DL a vk
T OU-POFAE (P, Fi2520) L LT Th
61.7+1.0 Mak 63.2+1.0 MaZfR72. Zh o OFENRMEIZ
MEHFATELVEBETIL00, AEOICHENAE L
EZhDHB(E6Ma, b, HTXa, b). TDT &iF, KL
YIOF-HI0) 7 R E L2 & - TRl & 7= Kk (hoRiAE
LD e X & RDREAE A D JE R X IR) DRI,
EEREREIC B SR 3 EHOE AR & LT 1.5 myr
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Epoch Late Cretaceous Paleocene
Age Maastrichtian Danian | Selandian Thanetian
(a) C Loc. Kt

Central
£ Domain = Loc. 1
g
E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
S (b) ~ Loc. Nw A Loc. Su
S A W/
N NE Loc. Ne
S Domain
2 Loc. 2
3

West (€) Loc. Oj

Domain

(d) o Loc. Sn —l— U-Pb age (Zr)
Kumohara = Loc. 4 ——  Rb-Sr age (whole rock)
Granite - Loc. 3 —O— K-Arage (BY)
I I I
(Ma) 68.0 66.0 64.0 62.0 60.0 58.0 56.0

TR PR OHERERBCERD & B S 7 iR

K-ArfEA & Rb-SHEERIZ DWW TREATIIZE CNFEIE A, 2009 5 Terakado and Nohda, 1993 5 PHIH - &3, 2009) 1235 <.

AR & 4EAAB (Ma) 13 Cohen et al. (2013) 125D <.
Fig. 7

Radiometric ages reported from felsic plutonic rocks in the Tango District

K-Ar and Rb-Sr ages are referred from previous studies (Kotaki et al., 2009 ; Terakado and Nohda, 1993 ; Nishigaki and Tsuboi,
2009). Geologic time scale and age (Ma) are adopted from Cohen et al. (2013).

TR DWEHZEDL S > 72 Z L BT,

ZIFIERED 5 BRI 2MA» S, FhEPhH 4
RIEM Z RS 5 VL3 v RiF OU-PoFRUE (IE
i, #3%£20) & LT, 65.7+1.2 Ma (Loc. 3 : MDZ40-01)
&£ 65.1 £1.2 Ma (Loc. 4 : MDZ36-01) 23§ 5 h 7z, W%
BOBEHPII» LD EHEL THD, ARLEEIIHNE
e 5 (56K, d, H7Xd). FREGEIE2 %D Eih
T3 (915 km) 2, WiFE EMITHEL, LRBIR
FETIMNOREREMAE TS 5.

&2 AT, YraryU-PoEROASRE I 1,000 CHi
% (Cherniak and Watson, 2000) & Eh 2D T, FHES
NAFERAE T E AR - BRIEMEOEAFERELL
T3, L4 DDU-POHFENIEZE T 5 &, FEEAER
FIEXIR CAEH) 21222 DEMR2E(63.2 ~ 61.7 Ma) 23
»HbBBDD, ERFAEHEA (657 ~ 65.1 Ma) & IZF4EHIF
PHEE BT T ARBAENEE (4.0 ~ 1.9 myr) 23 5 & f
Wrc& 5. WifEhEs o m b EICBE L CbE - @t
(2009) i%, SiO, DEEMNI X3 5 fthod FEEICR D WA E.
M LR — L Y FEBRT S Z 2RI, 2L
LA A O BT S & ZEERE I D D &
EZT05. L2 LU-PMERIZEDC L, Thbids
GARICHAUZRREHE AL T PR TH S.

6.2 TEROBHENEE DB
AR S O A MBIEIERD & 512, HoR{ER S

B 2 rhe X, HDRA BRI & ik & 2 A0 &

CIZHIXIZIX 7y a5, X TId, Aif7E2 & D

Loc. 12656 7261.7+ 1.0 Ma (U-Pb4ER) DIEH, Z
Z & DB 15 kmD G-I AT (Loc. Kt @ 58 3 [Xla)
2 BRb-SIEE-SET AV v a VERE L T61.9+09
Ma (Terakado and Nohda, 1993) 35 T\ 5 (BE7
a). ZN52D00MEIE, FHEE U TRb-SHE D J 48
FEMITH WA, TR ZhOBRER A & OH I3 IRE—
T 5. JLHEIKICIELoc. 228& £h, SE Z DM
563.2+ 1.0 Ma (U-PbH) M 5 M7z, EfE»5 ZhE
TIZ, Ro-St&E-HMT A4V 7 a R ELT604+09
Ma (Loc. Ne : Terakado and Nohda, 1993), % 7zH =R}
K-Arf-f4 & L T64.8+1.5 Ma (Loc. Nw : P4 JH - 4 JF,
2009) ARG E T3 (F3XId, FE7XIb). Rb-SrF
WFU-POER & D R HiH 2/ A THRICHEVLDIZXL,
K-ArfE UMt 2 5 O AEAME & D BRI IS &5 Ol 2 7R 5
X512, ZOAeAEPER 20 kmlZ A7 3 % 5PHL 7R ]
ZANHIE (Loc. Su : 853 Xa) 2 51F, /NMEIE A (2009) 12
£ T58.0+ 1.3 MaZin T HERK-ArfER A HE SN T
W5 CEETXb). I ORI O ERERE X, BT
JLEEBRHCANBA THE X N, & 51/ (IF2 ~ 3 m)
BRIEEARICEA SN ZBHE BRI W DFD,
58.0 Ma% /N T K-ArfERUTIEMZE R B T L 726 T
» BRI HERR T & v, WEIXKIE T, sUPHE &L
MRS (Loc. Of & 53 [Xla) 7 5 61.1 + 1.4 MaD R}
K-ArfER PR S5 N T3 (7Rl 5 /MNEIZ A, 2009) D
ATH5D.

—, ZBFRAEESICBOTRAMZEICLD, B
V% (Loc. 3+ fEANLTIER) 2 5 65.7 + 1.2 Ma (U-Pbif-
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) BN (E3Xe). 51, HEiliHreE LT

65.1+ 1.2 Ma% /R 3 U-POE A & 17z K5 (Loc. 4) i,

VI - FEH (2009) 2367.2 + 0.9 MadD EHERK-ArER %
5 U =2 iFfRAE R (Loc. Sn) 222 DI L TH D, 1F
IXR—DEM & Ak &b (53Xd). Loc. 3&Loc. 4D
U-PoE RIS RN T— R 5 DIz L, [H—it
HER SN BLoc. 4 £Loc. SnDFAAB IS RS HIPH 3T
EHH#HT 5 L DOK-ArERDOF B S T HVEE R L
TW3 (GE7Xd).

ZD XS, wEtRAE» 55 5 N72U-PbE & Rb-
SrAEAUE PG XK A B 72 DX C By o i I Vg % R
LTWBDIZHRL, K-ArfERUSTERS R XD I
Bb 530 —F & I3RS R A D67 ~ 58 Mall H 5
fRIEAZTRL T3S,

LT AT, HEHMEITE A O EREIEIC B BB
W I —%IZ, BEMK-ARETHI300 C (Dodson and
McClelland-Brown, 1985 ; Harrison et al., 198575 £), Rb—
SIEE-GMT AV o0 VIETIEHWBHMIZ & - T 700
~ 650 “C (Harrison et al., 1979) %* 5 500 ~ 300 C (i) -
%23, 2007, 2008) &MEAH D, 7232 U-Pbik

T3 1,050 ~ 980 ‘CFEE (Cherniak and Watson, 2000) & &
NTw3. Z0OXH1Z, ZhZhOFMRYEE#ES L 72
FidRE>T05, R R HE—OKEEERIZENT
BASHR DI I24E 21F, U-PoERA e Ei <, W
TRb-SrFX,, K-ArfERODIEIZHE S &5 Z el Eh
3. L LarsRgTid ko k5o, ik
FZ & > THEL L - ATREME DS & Bl & BRIV 4 % &, Bt
TER A DK-ArER DS U-PHFARRb-SHE & D B & 221
BVl A & B (F7Xb). BIFTERMS T8 FEIMIZ, U-Pb
AU U EE - &R (2009) DK-AERUIE I 5 A s
W 7K. Rb-SHEIZ DWW TR, U-PHE & IFIE
F T F VM Z 7R L (55 7Ka, b), SRS & OB%
IZREIEFEL TR,

JREERIZ I, KBS OB AR K D #F O IR &
e TN AK-ArERBERE L D E e S h 5 HE L
LT, BEv (o TORE7 LT v k&
TALITYDRA, %5uuﬁ*ﬁg‘iéﬁuv4®
ﬁ@&a#ﬁbhmm. , /NIB - 3fERR, 1967 5 {EREIE
%2, 2008), _%vech&ﬁabf,nmﬁﬁ
&tﬁﬁé%%ﬁﬁﬁ@ﬁﬁECémﬁﬁéamﬁﬁ%
(Dodson, 1973 ; BIFHIZA, 2011) & HiF6hB. L1l
26 BRI, P - 3 (2009) DK-ArfF-UE % 51
flidsZL3EHTEEL, HLETHEMWE L D
B E/EN.

6.3 EEREEAERVERTEESDERHL

AFHIIEN TIE D 528, HHRAEEEIZZOWEZET
RHENEHHCEHA L 2SR % 5 2 Tv 5 (SR
I 1961 ; Terakado and Nohda, 1993). #t- T, &HJI|

JEROHRII SRR E T L0 TH 5. KH
JIEBEDORb-SI&H-SE T 4 v 7 a VAERERE L -
Terakado and Nohda (1993) iZ, WIEIZH W72 EREE KA
REPERBES L RIUEEWELEDRA L > TE25 &
MRS R LDDE, B5N7262.6+1.6 MaDAE
RAIZEHRIAEZ R L TOB SR L 72 2 O 4 s
TERIE DRO-SIAE-SE 7 4 V) 7 1 VAR (61.9 £ 0.9 Ma,
60.4 +£0.9 Ma : Terakado and Nohda, 1993) X Uf¥ L v
U-PbAAX (63.2+ 1.0 Ma, 61.7+1.0 Ma : Afiff4E) & Mg
T5E, BEL CRRERANT %R L Tk, RHENIEH
DOHERE & e A e A OB AN L 72 HIcikRZ 5722
EEBHKL TS, 2F D, KREIEHDRbL-SHEAIL
EHIEME OB AENR L LTOTRE L HKT 3. —7,
65.7+1.2 Mak 65.1+1.2 Ma® ¥ )L 2 Y U-PoiEMR & 45D
EIFICR & R H) | SR L OB 2 R BRI AT T
»H BN, RHENBEC KT LU TERIERS OB AN
o7z b ET HIIEFRNICRELR S 5. HRIZ, &
EME%CEAL%%fm%%zt%EMmﬁ%ﬁ%®
M5 ERb-SIEHT AV ra v HEMRE L T69.3+£3.6Ma
BEENTIE D @ERIEA, 2001), R0 FHICRIERX
N3 Btk & AU FIE L T 5

6.4 ROHbiE & DOXTE

PR E 5 BEE S 34 S B G AR IR O BE BB B
%ﬁiﬁm m%iﬁ&aaﬁaé HEAL & Dkl
#E%E<mﬁﬁkﬁ@ D5 B A & 58 = Aokl
SR A B LI AU AR X h T B (TEENE
2, 1979 5 Jeill, 1982 5 PHHNIE A, 2005). F7-Zhbd
Hi 5, FERBERAHICE TN 2WEEEE 7 4 » §hL
OEA R bR - I - LRI Eh T b
(Ishihara, 1971) %3, HEEEHD % < HMEEKIRIIDLER
BHHTH AMEERAFFITILER ISR T R, 1979) &
INTE.

A Hiudsk % & 0 A A ALV (FF R H SRS IEER) ©
i, REBASRED S 5/ AR WA & 2 il
ABRROIER N SRA 2 6 %5 5 FH O35 8 (69-61 Ma)
2T, AR O BERERS 2 5 &5 3 RO H)
(68-55 Ma) 2155 T HH, $HLB ASHOWGE) A5 M HH &
S (HFEHEIZ A, 1985), IZE THICkRITT B H
WEASHOFBEN S >7-Z L g a3 ki,
1982 ; WHHIE A, 2005). ZHE TORIITHEIZHT S
PRBCE SO AR R B B O R 12 IZK-AREIC &
BWHERDBHNSONE Z LN h 5 7-08, FHEHTIC
B AAMBEOKEL» S WAL ~D K512, K-ArfR
A LS EREHOBEA 2R T 0 TEL, 20
7= DAEMRIEO I EEIC 2 6 L2 28 5VWEAYH 5.
2%, FHEAEA - EEOBIC W TIZ RS RIHE
DEEFHENATVBOLBURTH 5. .

VL 0 T B 5 8 o Wy 5 3 )



PHEITHER B GRBCE O B L (LRI B O -0 (i)

BBk ThEz LBHDA

W ZHISHS &1, KJH - SFab - Ry WHE -k
(FFE) - BTHA &2, fERPIfs % FRe L —F s
RAEPIRE 2 & % PF > A HRIRO B AR & LT
W AMICRIEL, ZHUCHERS 2sHET 5. Zh
S T WomENcEEh 5. 2odefilizi, MHLE
AT 5 GE1X s el - BHASH, 1995). EEEo
fEfE D 5 BRGNS - AW ERE - FIEILfE
n%u/m%m SRR F & Y HIERINIZE T (&
-AlE, 19735 Jeil, 1982, 2005 5 T, 2002).
%%ﬁwm@ﬁ&bf:hi?t,#%ﬁﬁ%ﬁ%
» 5 75 7Ma, BEAER K A 5 66.3 Ma, 1/ LB
Pfa 2 5 68.3 Ma, FHSEIERPIFRE 2> 5 78.2 Ma, %5
TN W ERIA 2 © 809 Ma (SEH, 1979) »%, % 7-H1H

INAERIE 2 5 793 Ma (FEIEA, 1988) AHIS N TS,

12, KHIAERPARRE A 6 13 61.3 MaDK-ArtEAR Gl g
BHRFTAILX -, 1988) MG 5 hi=h, Zhidaes
TUE I N7 Z 21T A FL - ZEL1FE Lo (@FHNNE 2,
2005) Z & A6, FRKEE L VI TR REEMEII X
5. FRifEREEEE onfi 67.1MaD 7 4 v ¥ 3
/l7/7¢ﬁ%ﬁOtEMFAm%ﬁmﬁ%ﬂﬁwﬁ
EIZEAT S (LICIED, 2002) 2 E2ERTBE, 757
Mak W I K-AfERIZHAS 22V TH 5. ZHhET
AR O HE BN —E RIS IC DT, &
K-ArfF- X T71.9 MaZs 5 U'I264.9 MaZ"d T4 ¥4
KEWFTRHERICE AT 2 (1LTTiE A, 2002) Z&2 6, 4
&<&é%hu%tﬁﬁbtg%ﬁbﬁﬁhw&6&
V., IEACRPIRRE &b LB PIRREE IXIIE R U BE
RK-ArEREZR L, ThZhos ﬁ#iﬁ?%t@%
fiit (FHAEIE, 1986) b 5. fe->THhid 2 k51, W
BRI PO A 513 & D HORb-SHER 2SR E S Tn
5 Zens, PIEERNEE S FRISEHORROFDT
HolBEND D, ZDLDIZ, NUELEKRE 2T
KM - SFHT - —F OFER PRS2 D0 T RGO it
Db DEOD, HIA-EE AR (66.0 Ma) B IS
FLZZENREEINS.

Rb-Sr&& 74 V7 u VL LTid, o/ ILifeh
PIfa 22 & D 81.5 + 11.8 Ma (Shibata and Ishihara, 1979)
&, BUECRPIRE & 5 CICHEERAE 2 6 2 h T h
80.7+0.6 Ma&k 79.2 + 0.4 Ma (AR, 1986a, b) &5 Hi
R POMEAHE S h, Zh o OFEAREILFREFIAN T
EIE—803 5. ®uH/ERNRS & B ER S ORb-Srif
RIZZN 21782 Mak 80.9 Ma? HERK-ArFAR (2EH
1979 ST 2 DIkt L, w/ IifEE PRIk S ORb-Srif-
RIZHZRIK-ArFR (68.3 Ma 5 48H, 1979) X HHH S 2
1210 myrPd B WOME AR, 272 LHPEIEORE K =
WiMEE E B L, KA EIZIE—807 5.

BT, Tida et al. (2015) I3V H ARNFIC B 2 HERE
IR B ORI 26 22T 572012, 2DV

L3 U-PHEROMERBREAEZLZ Zhitkb L,

BIYELERA DR & FIERE 2 6 2 2181.82+ 1.1 Ma,
852 ~ 83.81 MaMHF 5N Tk 1, ZTH 5 DFIZRb-SHEA
O FTH ORI il 2R 7.

k& &n - AR (1973), # E(1979), 4 (1979),
Jpi5 (1982) 7 E AR L 22l 0, BUEIERPIRS - FIE
e - AIHEILTERAIZ DV T, KOERRERT
S F & Y EHRANT B B LB AC RS S & D%
PERFED SN, ZDZ L1380.9 ~ 782 Ma% v HEA}
K-ArfAR (S6H, 1979 ;5 AJEIE A, 1988) A LLF&H Dt
DIEREHEL D EHENZ L EFML TS, LELOEIT
TTHE XN RGERDO S BEFELIESVEEEA
HFRE UTHRAL TS, HIHERPIRE T81.82 Ma (U-
PbAf-fR) & 1°80.7 Ma (Rb-SréF-fX), FIMALERE 25 T85.2
~ 83.81 Ma (U-Pb#F-fR) K 1°78.2 Ma (Rb-Sréf-f) & 7% 5.
MEILAER A A 51379.3 Ma?D BERK-AFER (G FIF
2, 1988) LG hTtnany, ZoOFERBEHET
XBMEET 3L, BARKEIZE0 Mallfi Tdh 5 L H#HeE X
ha. Zhoicxtl, WEIERHITH 5/ (L{Em K
a2 5 ERb-SIHEAC & LT 81.5+11.8 Mad#fits & h 7z
(Shibata and Ishihara, 1979) Z &2 5, Ek§i R4 DGR
POt T & 7 & v $k8 RPN DG RE £ 4H & 1R RIS S B
BHESTVWREEZEZLIENTES., ZDLHITHTE
AL O LB IZE, (LB OSBRI A Eh B
85 Ma (AR HACO P EE) DI IS # BiG L 2B AS
MDIAEN LD TRl X N 5.

A MU % B e PHR U A B {H 5 AL 2 1 TR,
ARWFFE CHRA R RIC L 72 BHeias & & NS EFEER S
EATE - REN - BIROERE A, B ARMRE % V51217
UCaA L GBI s Jeil - HASHE, w%)éea%m
%%%ﬁhtﬁﬁ 3B UL CNGAER & - K B
mﬂﬁﬁ%@téﬂ%hfﬁé@ﬂhl%y._hé
W E TERR OB A GRERERE £ Fh e L
RFUR e AR A A & TP % (HIASEIE 2, 19855510
FHAEFE, 1995). £/, 7V RAVKIMEGAEET S I L
LTS, LA LS F 2y EEhRIOUIRIEH S
AR E, ZOHISOIERE @ OHREE 2R LILEEHO
T b 2 EERSERINC S B (BB, 2005). AFHF

IZRWTE, EEERE KO EFEIERS 2 6 B
ENLIFoN DL EOERA L, HREEIZS2 (1985)
NEFRLUZBIHICES L ZREBEAGHE I HEI NS
EDTH2H, BFFEROBEEZHEVL K. Th
FTITRENAEIZATOEY TH 5.

EHAE A A B 1364.8 ~ 58.0 Ma® HE RFK-ArfEAR
CINFEIZ A, 2009 ; PEIE - @EFF, 2009) & 61.9 ~ 60.9 Ma
DRb-St2=H-F T 4 7 1 v 44X (Terakado and Nohda,
1993) ARG N TH D, Y a v U-PoERE L T63.2
Mak 61.7 Mah Kiff % & » TH 6 h 7z, ZEFEIERE T
B ERK-ArfE L U CT67.2 Ma (V538 - S, 2009)
NG XD, KFRICEK > TZh& D657 Ma
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&£65.1 Ma®D ¥ L v U-PYFA R 6 iz, KEAJITER
A BB, 69.3+3.6 Ma DRb-SIEHT 4V
ra VAR (EURIE A, 2001) A@E EhTws, BH
ERE 2 513 64 ~ 57 MaD BZERK-ArH-AX (Shibata and
Yamada, 1965 ; J[%F - ffifH, 1966) DIEh, 5T 4 Y
sayegmr Ay rayn—%T 3Rb-SHEE & LT
61.0+0.3 Ma, 60.4+0.2 Ma, 60.3+0.1 Ma%® 28 & (T A
(1988) I & » T a /=, ks, WEHAERE D HGHE
RiIFZhETHSh T Eh 57208, BRI (2019) 12
XD EROVWER A 5323406 Mak 31.5+0.5 MadD V)L
I Y U-POAEMR U 5 T2 0.1 x 107 SIORWHREER 25 5
N ZoZEid, fEk» o mIRIERE DI IRHEERE
TR E LTRSS F 2 8hRANIC M E N B
(Jatl, 2005) ZEIZAET B 00, FRMBHE IS
IHEIREA A A B B

b &5z, hfan o FE A RERBREEIZI OV
THM - R - WEERORE 2 BET 5L, DTO
&9 BBEBIGE DR A H - ICIBiE E h B,

BB (R OHZR ) 120§ 5 HER B SRS i Al
AR BI L 72 F & VEERAD DB EKRTH D, 3L
TR T =ACWITED & IRE) U 7= BEEEEE R 51 D
BEEATARE ENTE -, ZOBEAICHENT, L
FRES OAREEALES T3 7 & v SR 3 X T Btk
IR 0D ok & W RS FE O A 3 1% B 3 g o0 v e DA RR
(85 Ma ~) IZWEB A BME L 7= Z & ¢, LB & DB M
MEREH X hCE WA, BIE, 20025 e, 2005).
EZANPBRITHE INTOABR-SIEHE T A V7 u Vi
{ (Shibata and Ishihara, 1979) 12325 < &, F & v #§i
TN 7203 T 7 < BEak 8 R D PRBCAESE (i 1LIAE i P
) BIRIFRFIICEA L= Z AR, IUEe L
TOWEFMBRRICZOEIZIHE > TR I ENTE
5. —h, BEfERE TRE ST 3 HARMRE (FH%
AHBE) IZEN T 2 RO BRERAEREE, A - SR
ORUIED 5\ 5 5 e EIC & B BEHFER O ZIRRA
BEITEOY D B0, MEESICAMT 5 ERIROSER
ks O - S - —) &3, RBEREEENLZ L0
D67 ~ 60 MafiE DFNIR AR ORI TIEL T B, Z
DZeid, KEEASHEICBISE 1Y - FIHOX S
(AREEIE A, 1985) 13, FERERRLETZZ L3 TET,
BHRPEIRIZHE DS NETH B L ERET S,

7. iR

K TG L2NE LI, DT Th 5.

1) SCARIFACER O FHR T 12 5340 2 HERBERBUA IS
FCHD &, FEfRz L EEfesE & € OMRIC (T
T B3EFAEME, &5 CICliEOHRITIH - THREIC
A LA EARG A IS E NS,

2) EHAER A & S ISHORER S & HDRAER EHZ X o &
M, HIE A BT 2 X & B H BB 2 VR X i

5 NZAE R IR 3R & h 5.

3) EEAERA O HEERIE - TEWVEE R TS, FH v
BEILRF & BESEER N (2.6 x 107 ~ 4.7 x 107 SD) {25
5. ERAERA T, EEEES X O M EY
32x10° ~ 4.7 x 107 SIOHER AR L, kLRSI
SN S, (EREBEEAE Y 5I13F 2 ¥ ER7
2B 21RO (0.05 x 107 ST~ 2.6 x 107 SI) 415
s5h-.

4) VL3 v U-PHFER A HIE U 2258, EEEiao s
H R RERTERME (FRXIR) 2 5 61.7+1.0 Ma,
A P R RE S (AL IXIK) 2° 5 63.2+ 1.0 Ma,
F 72 EFAC A TR R0 BUR O MR B REE A
5657+1.2 Mak 65.1+1.2 MaDfli %572, Z DOHEH
X & BB XK 35 T S RE O B AR IS
15 myrfRE ORZEDN S > - Z L3 EfiEhb. —
7, EFEAGREE T ERERE & D ARICHOREICE
ALZ=Z B ENE 7=

5) EEHAERA OU-POAAR & e THFZEIC & 2 iR A& T
B4 2 &, Ro-SIEHEFMT 4 V7 a ERERITIE
—HT B2 LD EEETR LRGN TS 55, HERE
K-ArfERIB A RIS WERE R THEAZRD 5 h i
ZIRAEREIZBNTE, IR ORERK-AENAIR
U-PHFER & D FRICHOVFERERTHERE L2 £
DFIIZDONTIEAHTH D, HATIHTEIC K D K-ArdE
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Appendix Table 1 U-Pb analytical data of zircon grains

Isotopic ratios Age (Ma)
Grain 27pp Error 2%5pp Error 27pp Error 2%°pp Error *7pb Error
— — — — —— Th/U Remarks

no. Pb 20 U 20 U 20 U 20 U 20

Sample name = MDZ35-01
1 0.0514 + 0.0223 0.0097 + 0.0010 0.0689 + 0.0309 624 + 6.36 67.6 + 309 1.32
2 0.0592 + 0.0228 0.0100 + 0.0010 0.0813 + 0.0326 639 + 6.15 794 + 325 0.44
3 0.0442 + 0.0134 0.0098 + 0.0007 0.0597 + 0.0187 628 + 431 589 + 18.8 0.82
4 0.0440 + 0.0153 0.0093 + 0.0007 0.0565 + 0.0203 59.8 + 4.64 558 + 204 0.43
5 0.0644 + 0.0316 0.0092 + 0.0012 0.0817 + 0.0415 59.0 + 745 79.7 + 413 0.85
6 0.0450 + 0.0120 0.0098 + 0.0006 0.0606 =+ 0.0167 626 + 3.85 59.7 £ 169 0.81
7 0.0538 + 0.0227 0.0100 + 0.0010 0.0743 + 0.0325 642 + 649 727 + 325 0.80
8 0.0283 + 0.0167 0.0094 + 0.0010 0.0366 + 0.0220 60.1 + 6.36 365 + 221 1.09
9 0.0472 + 0.0131 0.0093 + 0.0006 0.0609 + 0.0176 60.0 + 3.90 60.0 + 17.7 1.08
10 0.0467 + 0.0152 0.0094 + 0.0007 0.0606 + 0.0205 604 + 4.52 59.8 + 20.6 0.28
11 0.0486 + 0.0166 0.0093 + 0.0007 0.0624 + 0.0221 59.7 + 474 61.5 + 222 0.78
12 0.0397 + 0.0217 0.0093 + 0.0011 0.0509 + 0.0286 59.7 + 6.81 50.5 + 28.6 0.77
13 0.0397 + 0.0124 0.0092 + 0.0006 0.0501 + 0.0162 58.8 + 4.00 49.7 + 163 0.73
14 0.0373 + 0.0137 0.0095 + 0.0007 0.0486 + 0.0185 60.7 + 4.67 482 + 186 0.52
15 0.0469 + 0.0211 0.0103 + 0.0010 0.0668 + 0.0311 663 + 6.75 65.6 + 31.1 117
16 0.0379 + 0.0112 0.0103 + 0.0007 0.0539 + 0.0162 66.0 + 4.59 533 + 163 0.55
17 0.0478 + 0.0144 0.0100 + 0.0007 0.0657 + 0.0202 639 + 476 64.6 + 203 0.96
18 0.0415 + 0.0130 0.0099 + 0.0007 0.0567 + 0.0180 63.5 + 4.68 56.0 + 18.1 0.72
19 0.0441 + 0.0142 0.0098 + 0.0007 0.0595 + 0.0195 62.7 + 4.80 58.7 + 19.6 0.79
20 0.0343 + 0.0176 0.0097 + 0.0010 0.0458 + 0.0240 621 + 647 454 + 240 0.57
21 0.0121 + 0.0129 0.0089 + 0.0011 0.0149 + 0.0160 573 + 740 150 + 16.1 0.72 discordant
22 0.0393 + 0.0154 0.0098 + 0.0009 0.0533 + 0.0213 63.0 + 548 527 + 214 0.65
23 0.0479 £ 0.0189 0.0090 + 0.0008 0.0594 + 0.0239 57.6 + 5.38 58.6 + 24.0 1.02
24 0.0477 + 0.0184 0.0087 + 0.0008 0.0573 + 0.0225 558 + 5.09 56.5 + 22.6 0.74
25 0.0401 + 0.0196 0.0100 + 0.0011 0.0556 + 0.0277 644 + 681 549 + 278 1.36
26 0.0292 + 0.0145 0.0099 + 0.0009 0.0398 + 0.0201 633 + 6.05 39.6 + 202 0.72
27 0.0411 + 0.0191 0.0098 + 0.0010 0.0553 + 0.0263 626 + 640 547 + 263 0.83
28 0.0414 + 0.0176 0.0101 £ 0.0009 0.0575 + 0.0250 646 + 6.12 56.8 + 25.1 0.93
29 0.0608 + 0.0497 0.0096 + 0.0019 0.0804 + 0.0678 614 + 1254 785 + 66.6 0.85
30 0.0396 + 0.0186 0.0100 + 0.0010 0.0545 + 0.0260 639 + 648 538 + 26.1 1.48

Weighted mean of youngest group (n=29) 61.7 + 0.98 559 + 413

Standards

OD3 3-1 0.04530 + 0.01236 0.00525 + 0.000329 0.03278 + 0.00915 337 + 21 328 + 9.25 1.03

OD33-2 0.05500 + 0.02955 0.00523 + 0.000676 0.03966 + 0.02140 336 + 44 39.5 + 21.50 0.96

OD3 3-3 0.04605 + 0.01808 0.00498 + 0.000454 0.03165 + 0.01246 320 + 29 316 + 12.58 0.67

Sample name = MDZ36-01
1 0.0433 + 0.0214 0.0109 + 0.0011 0.0649 + 0.0257 69.6 + 7.33 63.8 + 33.0 0.93
2 0.0512 + 0.0157 0.0099 + 0.0007 0.0699 + 0.0209 635 + 4.68 68.6 + 222 0.59
3 0.0789 + 0.0269 0.0093 + 0.0009 0.1015 + 0.0204 59.8 + 5.78 98.1 + 36.0 0.99
4 0.0554 + 0.0275 0.0101 £ 0.0012 0.0775 + 0.0215 65.0 + 7.67 758 + 39.6 0.90
5 0.0713 + 0.0288 0.0094 + 0.0010 0.0927 + 0.0201 60.5 + 6.56 90.0 + 38.8 0.71
6 0.0496 + 0.0223 0.0098 + 0.0010 0.0669 + 0.0210 628 + 6.44 658 + 31.0 0.88
7 0.0508 + 0.0244 0.0101 + 0.0011 0.0706 + 0.0209 647 + 7.13 69.3 + 35.0 0.86
8 0.0608 + 0.0179 0.0100 + 0.0008 0.0839 + 0.0248 642 + 4.89 81.8 + 257 1.10
9 0.0554 + 0.0286 0.0092 + 0.0011 0.0705 + 0.0279 592 + 7.24 69.2 + 374 0.66
10 0.0521 + 0.0260 0.0111 + 0.0013 0.0800 + 0.0189 714 + 827 782 + 414 0.74
1 0.0526 + 0.0199 0.0104 + 0.0009 0.0754 + 0.0249 66.7 + 599 738 + 296 1.08
12 0.0298 + 0.0186 0.0104 + 0.0011 0.0427 + 0.0206 66.7 + 7.39 425 + 272 1.01
13 0.0633 + 0.0249 0.0111 + 0.0011 0.0965 + 0.0306 709 + 7.14 93.6 + 39.6 1.07
14 0.0378 + 0.0164 0.0110 + 0.0010 0.0576 + 0.0175 708 + 6.26 56.9 + 25.8 0.96
15 0.0586 + 0.0220 0.0104 + 0.0010 0.0841 + 0.0173 66.7 + 6.22 82.0 + 328 1.04
16 0.0573 + 0.0266 0.0104 + 0.0012 0.0827 + 0.0218 67.0 + 798 80.6 + 389 0.82
17 0.0512 + 0.0214 0.0103 + 0.0011 0.0727 + 0.0169 659 + 692 713 + 30.7 0.92
18 0.0620 + 0.0236 0.0102 + 0.0010 0.0870 + 0.0232 65.1 + 6.76 847 + 333 0.79
19 0.0529 + 0.0247 0.0109 + 0.0013 0.0797 + 0.0213 700 + 8.14 779 + 377 1.04
20 0.0569 + 0.0198 0.0100 + 0.0009 0.0789 + 0.0183 644 + 6.08 771 £ 27.6 0.72
21 0.0460 + 0.0200 0.0096 + 0.0010 0.0608 + 0.0198 615 + 6.14 60.0 + 26.6 0.91
22 0.0619 + 0.0239 0.0105 + 0.0011 0.0898 + 0.0214 673 + 7.09 873 + 35.1 0.60
23 0.0309 + 0.0174 0.0100 + 0.0011 0.0425 + 0.0225 638 + 7.11 422 + 242 0.64
24 0.0594 + 0.0298 0.0097 + 0.0012 0.0795 + 0.0180 622 + 8.04 777 + 405 0.65
25 0.0281 + 0.0219 0.0111 + 0.0015 0.0430 =+ 0.0184 710 + 9.97 42.7 + 339 0.60
26 0.0406 + 0.0153 0.0106 + 0.0009 0.0592 + 0.0197 67.7 + 6.10 584 + 223 0.71
27 0.0480 + 0.0104 0.0102 + 0.0007 0.0673 + 0.0286 652 + 4.38 66.1 + 139 0.93
28 0.0715 + 0.0367 0.0097 + 0.0014 0.0961 + 0.0223 625 + 8.86 93.1 + 50.1 0.56
29 0.0522 + 0.0123 0.0100 + 0.0007 0.0720 + 0.0205 640 + 4.56 706 + 163 0.77
30 0.0346 + 0.0172 0.0100 + 0.0010 0.0478 + 0.0187 642 + 6.74 474 + 240 1.04

Weighted mean of youngest group (n=30) 651 + 1.18 684 + 524

Standards

OD3 4-1 0.04907 + 0.0087 0.00496 + 0.00024 0.0336 + 0.00607 319 + 1.52 335 + 6.14 1.01

OD3 4-2 0.06038 + 0.0130 0.00493 + 0.00034 0.0411 + 0.00819 317 + 220 409 + 828 0.94

OD3 4-3 0.05058 + 0.0138 0.00503 + 0.00038 0.0351 + 0.00912 323 + 248 350 + 9.22 0.25

OD3 4-4 0.03086 + 0.0124 0.00514 + 0.00044 0.0219 + 0.00864 330 + 2.86 220 + 874 0.70
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Appendix Table 1 Continued.

Isotopic ratios Age (Ma)
Grain 27pp Error 25pp Error 27pp Error 20°pp Error 27pp Error
—— — ———— —— e Th/U Remarks

no. Pb 20 U 20 U 20 U 20 U 20

Sample name = MDZ40-01
1 0.0642 + 0.0339 0.0101 + 0.0014 0.0894 + 0.0494 648 + 8.82 87.0 + 49.0 0.71
2 0.0521 + 0.0223 0.0108 + 0.0011 0.0778 + 0.0349 69.4 + 7.23 76.1 + 348 0.91
3 0.0313 £ 0.0277 0.0108 + 0.0017 0.0465 + 0.0421 69.0 + 11.05 46.1 + 419 0.60
4 0.0301 + 0.0189 0.0107 + 0.0012 0.0446 + 0.0288 689 + 7.99 443 + 288 0.91
5 0.0536 + 0.0242 0.0110 + 0.0012 0.0813 + 0.0386 705 + 7.79 793 + 385 0.92
6 0.0749 + 0.0276 0.0103 + 0.0011 0.1066 + 0.0418 66.1 + 6.98 102.8 + 41.6 1.00
7 0.0612 + 0.0307 0.0093 + 0.0012 0.0786 =+ 0.0411 59.7 + 7.61 768 + 409 0.68
8 0.0630 + 0.0235 0.0099 + 0.0010 0.0857 + 0.0337 63.3 + 6.31 83.5 + 33.6 1.04
9 0.0439 =+ 0.0177 0.0106 + 0.0010 0.0639 + 0.0269 67.7 + 6.30 629 + 269 0.85
10 0.0557 + 0.0256 0.0108 + 0.0012 0.0828 + 0.0399 69.1 + 7.86 80.7 + 39.8 0.66
11 0.0368 + 0.0175 0.0106 + 0.0011 0.0538 + 0.0265 680 + 677 532 + 265 0.96
12 0.0426 + 0.0151 0.0103 + 0.0009 0.0602 + 0.0225 659 + 552 594 + 226 0.71
13 0.0482 + 0.0210 0.0094 + 0.0010 0.0627 + 0.0284 60.6 + 6.21 61.8 + 284 0.99
14 0.0680 =+ 0.0235 0.0111 £ 0.0011 0.1037 + 0.0383 709 + 6.85 1002 + 382 0.89
15 0.0609 + 0.0250 0.0101 + 0.0011 0.0848 + 0.0366 64.8 + 6.92 827 + 365 1.00
16 0.0471 + 0.0207 0.0099 + 0.0010 0.0641 + 0.0288 633 + 647 631 + 288 0.62
17 0.0496 + 0.0204 0.0108 + 0.0011 0.0736  + 0.0310 69.0 + 6.81 721 + 310 0.92
18 0.0566 + 0.0208 0.0093 + 0.0009 0.0728 + 0.0274 59.8 + 5.64 714 + 274 0.96
19 0.0346 + 0.0213 0.0092 + 0.0011 0.0441 + 0.0276 59.2 + 7.15 438 + 27.6 0.93
20 0.0562 + 0.0151 0.0099 + 0.0007 0.0764 + 0.2090 63.2 + 4.69 747 + 21.0 0.85
21 0.0287 + 0.0187 0.0116 + 0.0014 0.0459 + 0.0305 742 + 875 455 + 30.5 0.65
22 0.0602 + 0.0207 0.0100 + 0.0009 0.0832 + 0.0294 642 + 587 81.1 + 294 0.86
23 0.0452 + 0.0163 0.0105 + 0.0009 0.0656 + 0.0241 675 + 581 645 + 242 0.55
24 0.0419 + 0.0179 0.0112 + 0.0011 0.0649 + 0.0284 719 + 6.90 63.8 + 284 0.99
25 0.0479 + 0.0240 0.0098 + 0.0011 0.0651 + 0.0333 63.1 + 7.26 64.0 + 333 0.88
26 0.0385 + 0.0113 0.0107 + 0.0008 0.0571 + 0.0171 689 + 493 564 + 17.2 1.28
27 0.0441 + 0.0157 0.0109 + 0.0009 0.0665 + 0.0242 70.1 + 594 654 + 243 0.89
28 0.0477 + 0.0210 0.0100 + 0.0010 0.0657 + 0.0295 640 + 6.57 64.6 + 295 0.93
29 0.0404 + 0.0207 0.0102 + 0.0011 0.0568 + 0.0298 654 + 7.18 56.1 + 29.8 0.91
30 0.0565 + 0.0313 0.0087 + 0.0012 0.0675 =+ 0.0383 55.6 + 7.47 66.3 + 38.1 0.81

Weighted mean of youngest group (n=30) 657 + 121 664 + 5.61

Standards

OD3 5-1 0.0690 + 0.0235 0.0046 + 0.0004 0.0437 + 0.0153 29.6 + 2.82 435 + 154 1.37

OD3 5-2 0.0667 + 0.0317 0.0053 + 0.0007 0.0486 + 0.0023 340 + 423 482 + 233 0.91

OD3 5-3 0.0469 + 0.0158 0.0050 + 0.0004 0.0324 + 0.0109 322 + 2.65 324 + 11.0 1.37

Sample name = MDZ49-01
1 0.0447 + 0.0178 0.0102 + 0.0010 0.0630 + 0.0257 656 + 6.18 62.1 + 257 0.39
2 0.0496 + 0.0155 0.0096 + 0.0008 0.0658 + 0.0209 617 + 5.00 647 + 21.0 0.56
3 0.0481 + 0.0149 0.0098 + 0.0008 0.0649 + 0.0204 62.8 + 5.01 639 + 205 0.61
4 0.0358 + 0.0152 0.0101 + 0.0009 0.0499 + 0.0215 647 + 592 494 + 216 0.44
5 0.0439 + 0.0146 0.0098 + 0.0008 0.0595 =+ 0.0201 63.1 + 5.16 58.7 + 202 0.46
6 0.0553 + 0.0146 0.0103 + 0.0008 0.0783 + 0.0210 65.8 + 4.89 76.6 + 21.1 0.60
7 0.0549 + 0.0159 0.0094 + 0.0007 0.0709 + 0.0209 60.1 + 4.76 69.6 + 21.0 0.59
8 0.0329 + 0.0170 0.0104 + 0.0011 0.0470 + 0.0248 66.5 + 691 467 + 24.8 0.39
9 0.0666 + 0.0205 0.0096 + 0.0008 0.0884 + 0.0279 61.8 + 544 86.1 + 279 0.44
10 0.0386 + 0.0132 0.0102 + 0.0008 0.0543 + 0.0189 654 + 524 53.7 + 19.0 0.56
11 0.0522 + 0.0181 0.0098 + 0.0009 0.0705 + 0.0249 62.7 + 5.58 69.1 + 249 0.53
12 0.0580 + 0.0153 0.0096 + 0.0007 0.0772 £+ 0.0206 61.9 + 4.66 756 + 207 0.58
13 0.0516 + 0.0242 0.0090 + 0.0010 0.0639 + 0.0306 576 + 6.55 629 + 30.6 0.37
14 0.0485 + 0.0127 0.0099 + 0.0007 0.0661 =+ 0.0175 634 + 453 65.0 + 17.7 0.62
15 0.0466 + 0.0124 0.0100 + 0.0007 0.0644 + 0.0173 643 + 459 634 + 175 0.48
16 0.0511 + 0.0148 0.0105 + 0.0009 0.0742 + 0.0218 67.6 + 5.62 727 + 219 0.53
17 0.0358 + 0.0124 0.0098 + 0.0008 0.0485 + 0.0169 63.0 + 532 481 £ 17.1 0.58
18 0.0479 + 0.0182 0.0091 + 0.0009 0.0604 + 0.0232 586 + 574 595 + 233 0.54
19 0.0500 + 0.0149 0.0102 + 0.0009 0.0704 + 0.0213 654 + 551 69.1 + 214 0.60
20 0.0349 + 0.0137 0.0095 + 0.0009 0.0459 + 0.0183 61.3 + 559 456 + 184 0.59
21 0.0457 + 0.0145 0.0098 + 0.0008 0.0619 + 0.0198 629 + 537 61.0 + 20.0 0.47
22 0.0435 + 0.0161 0.0095 + 0.0009 0.0568 + 0.0214 60.7 + 5.68 56.1 + 215 0.45
23 0.0533 + 0.0161 0.0099 + 0.0009 0.0732 + 0.0225 638 + 552 717 + 226 0.60
24 0.0336 + 0.0128 0.0100 + 0.0009 0.0465 + 0.0180 643 + 5.69 46.1 + 181 0.46
25 0.0418 + 0.0128 0.0103 + 0.0008 0.0593 + 0.0184 66.0 + 540 58.5 + 185 0.59
26 0.0505 + 0.0140 0.0100 + 0.0008 0.0701 + 0.0197 645 + 521 688 + 198 0.60
27 0.0496 = 0.0201 0.0101 + 0.0010 0.0688 + 0.0286 645 + 6.74 676 + 28.6 0.46
28 0.0432 + 0.0163 0.0097 + 0.0009 0.0607 + 0.0223 62.5 + 581 59.8 + 224 0.49
29 0.0523 + 0.0150 0.0098 + 0.0008 0.0707 + 0.0205 629 + 523 694 + 20.6 0.66
30 0.0353 + 0.0138 0.0097 + 0.0009 0.0473 + 0.0187 623 + 5.67 469 + 188 0.45

Weighted mean of youngest group (n=30) 632 + 099 60.9 + 3.89

Standards

OD3 6-1 0.04847 + 0.01584 0.00474 + 0.00039 0.03173 + 0.01029 30,5 + 253 317 + 104 124

OD3 6-2 0.06007 + 0.02267 0.00549 + 0.00057 0.04547 + 0.01714 353 £ 3.70 451 + 173 0.82

OD3 6-3 0.03519  + 0.21010 0.00508 + 0.00063 0.02465 + 0.01471 326 + 4.07 247 + 148 0.65
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IMANISHI Kazutoshi, UCHIDE Takahiko, SHIINA Takahiro, MATSUSHITA Reiken and NAKAI
Misato (2021) Construction of Crustal Stress Map in Chugoku Region, western Japan. Bulletin of the
Geological Survey of Japan, vol. 72 (1), p. 23-40, 14 figs, 3 tables.

Abstract: A crustal stress map of the Chugoku region, western Japan, was constructed from earthquake
focal mechanism solutions. In order to increase the spatial resolution of the stress map, we included more
data than the routine catalog by determining focal mechanisms of small earthquakes down to magnitude 1.5
in approximately the past 12 years. We obtained 2988 well-constrained solutions using P-wave polarity
data and body wave amplitudes. We merged our focal mechanism catalog with the Japan Meteorological
Agency earthquake catalog, which have become a source of information on the stress map. For each
earthquake, we determined the type of stress field using rake angles and the direction of the maximum
horizontal compressive stress (Suma) based on P-, B-, and T-axes. We then computed the mean Simax and
type of stress field on a mesh interval of 10 km. Compared with previous stress maps in the present study
area, our 10-km mesh stress map provides higher spatial resolution in stress fields. Our stress map shows
that the area is predominantly strike-slip stress field with E-W compression but the stress orientation
rotates clockwise by about 20° in the Sea of Japan side of Shimane and Tottori prefectures. Based on our
stress map, we evaluated the fault reactivation potential of 30 active faults targeted by the Headquarters
for Earthquake Research Promotion Investigation Committee (2016), revealing that 28 active faults
satisfy the condition for reactivation under the present-day stress field and typical friction coefficient. The
remaining two active faults are unfavorably oriented to the present-day stress field, requiring external
factors such as a development of anomalous high fluid pressure and a stress triggering associated with the
rupture of adjacent active faults for reactivation.

Keywords: stress map, Chugoku region, small earthquake, focal mechanism
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Target area of the present study. The blue lines represent the region of long-term evaluation of active faults in the Chugoku
region by the Headquarters for Earthquake Research Promotion Investigation Committee (2016). Gray circles show
shallow inland earthquakes larger than magnitude 6 in Chugoku area listed in Utsu (1999) and the Japan Meteorological
Agency (JMA) catalog. The ‘beach balls’ represent the centroid moment tensor solutions by JMA. Red lines show active
faults based on the Research Group for Active Faults of Japan (1991). Triangles are active volcanos (Japan Meteorological
Agency, 2013). Topography is based on Kishimoto (1999).
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Fig.2 MO+ background seismicity shallower than 25 km based on the JMA catalog (orange circles: January 2000—August 2018)
and earthquakes whose focal mechanism solutions are listed in the catalog (blue circles: October 1997—August 2018).
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Fig.3 Distributions of target earthquakes (red circles) and
seismic stations (squares) used for the hypocenter and
focal mechanism determination: yellow squares; National
Research Institute for Earth Science and Disaster Resilience
(NIED), blue squares; Japan Meteorological Agency (JMA),
black squares; Geological Survey of Japan, AIST (GSJ);
green squares; Earthquake Research Institute, University
of Tokyo (ERI), light blue squares; Disaster Prevention
Research Institute, Kyoto University (DPRI); orange
squares: Kochi University (KOC); purple squares: Kyushu
University (KU). Vertical cross sections of the earthquake
distribution along profiles are shown below. Refer to
Table 1 for earthquake information of each region. Gray
circles represent M 1.5+ seismicity during the period from
April 2004 to December 2016. Hypocenters are based on
the JMA catalog. Earthquakes within bold rectangles (the
source area of the 2000 western Tottori earthquake and
the 2016 central Tottori earthquake) are excluded from the
present analysis. The upper surfaces of the Philippine Sea
slab (Baba et al., 2002; Hirose et al., 2008; Nakajima and
Hasegawa, 2007) are shown by blue curves.
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Table 1 Details of the earthquakes analyzed in the present study
Region Period Number Magnitude
R1 April 6, 2004 — December 31, 2016 323 1.5—4.0
R2 April 5,2004 — December 15, 2016 1487 1.5—54
R3 April 20, 2004 — December 22, 2016 772 1.5—4.0
R4 April 7, 2004 — December 24, 2016 595 1.5—4.2

B2k TR & FERRMMEAR O YLE (S HIO 2 PUGHEREE £ 7L, SBORELIZPIGHEIE D 1/v/3 L E.

Table 2 P-wave velocity structure model used for the determination of hypocenters and focal mechanisms.
The S-wave velocity is assumed by scaling the P-wave velocity by a factor of 1/1/3.

Layer h (km) Vo(km/s)
1 0.0 5.5
2 4.0 6.1
3 14.6 6.7
4 31.5 8.0

B3k Pide K USSIDERIRZED " -7 7R (RMSHE) D2 1L

Table 3 Changes in the root mean square (RMS) value of P- and S-wave travel-time residuals

RMS value of P-wave (s) RMS value of S-wave (s)
Region
Initial Final Initial Final
R1 0.09 0.06 0.26 0.13
R2 0.10 0.06 0.28 0.14
R3 0.08 0.07 0.24 0.16
R4 0.11 0.07 0.25 0.17
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Fig. 4 Hypocenter distributions determined in the present study (red circles). Black circles indicate hypocenters of the JMA catalog.
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Fig. 5 (a) Spatial distribution of focal mechanism solutions determined in the present study (lower hemisphere of an equal-area
projection), where different colors are used to differentiate reverse- (blue), strike-slip- (green), and normal- (red) faulting
mechanisms. A triangle diagram (Frohlich, 1992) with a color scale is presented in the upper right. (b) Distributions of focal
mechanisms for each faulting mechanism. The number within each set of parentheses indicates the number of events for that

faulting mechanism.
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Fig.6 P-and T-axis distributions of focal mechanism solutions, the plunge angles of which are less than 15°.
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Shmax direction and type of stress field. The Spmax direction is based on the definition of Zoback (1992). The

type of stress field is determined by Shearer ef al. (2006) and is represented by color. Focal mechanisms

listed in the JMA catalog is also compiled.
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Fig. 8 (a) Stress map in the Chugoku region determined in the present study. The Spmax orientation is indicated by a straight line,
and the type of stress field is shown by the background color. (b) Standard deviation of Symax and fptype.
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Fig. 9 Average depth of earthquakes used to compute the stress field of each mesh.
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Nakajima and Uchida (2018) 3B 5 Hblsk T RD 1} 7= 3G 8y &
DR, S, 74 VE VTV — MRS SR S
72RO EFICPE S SBREEIGBI O REE S B 5. Z O
BWOMERARXE MG T2 L CIEEICEELNETH
50, ZTOREIHS ZLEARRXOHNZBAL T35,
Sk, WERBOR P T HRTEEOR L AbE T
Heam L7z 1T, BlOmXE L THETIPETHS.
FeXlazEld s &, ZOHIRDIE IS OR B FER
TES. Bz, () BEREVEER O T hIG TRED
5% Z & (Huzita, 1980), (2) RN - HURO AA
W T Sima TR PEIEVE — KR R TR 2R § &k 5 12 %
% Z & (Kawanishi et al., 2009), (3) BREOMHARHF
D —ER DRI W R 7 & B LG A T ET 5 Z &
(Terakawa and Matsu’ura, 2010), L ENETF o5, F—

ARHBEA, 10kmA v 2 DTy TEFBTLIZKD,

INLDREBPEOTERIZES7EFA 5.
6. B
6.1 HITHRDIEHY v TEDIEK
F10Xa-diZfREN L 4DDI5 1< v 7 (Townend and
Zoback, 2006 ; Terakawa and Matsu’ura, 2010 ; Yukutake et

al., 2015 ; Saito et al., 2018) A/~ . LD 720 IZ AN
DOFERAZFIOXAIR TS, F8Xak By, BHHOD

2 A TIARATF U CSpman TR 2 /N EFUZ B Z (T TS,

WIS NG OXRBO AR @A R 55, i
WHEMHOM TG TRE O h,Z L, BRE - B
HUUE oD B AU C Stma 7 7 23 AL PE — BRSO M 2783
K2k ek, KRNEREBIZFENKN TS S Z
Ehba B, EIRE O ME R W O — 5O kIS
Wil o3 & & e FAE L T B R Terakawa and
Matsu’ura (2010) THERTZ 5. F/2, —HLTHG» &
K912, NG OZER AR ATRA—FE . Zh
1, /N BB O AT 5 72 2 & TRERRMO T —
AHWEZ T2 Z EISRET 3.

6.2 BEETHOMBLEEE DLLE
BIHHIR PR A ) 7+ L =T 5 ETid, WREds —
A HHEE XN BIEMEEADFMERTI~ Y T TREh
B Suma JAZHHMED & B Z EBRE XN TS (5
1%, 2019 ; Yang and Hauksson, 2013). 2D Z & i, b
By —anbinthia e, vy 7OREAEE
W5 ETEMREOEM S MAEELERIZE OGS
ZEERBLTNS, ZZT, [ARROEDIMES PIE %
IZBEWTERD L ODMIZDOWTHERT 5. F10Xeld
GNSSIZ & 0 58 & M7z A E Al 47§ (15 1 PP,
2011). HUERRNEFHOEED D K % EA TIE
LK TH %728, EHBFOAKFEERBE AR L T
%R s, RERIC KB 2K FEREE LT 4 )
EYiT L — b ORAAADFEE L Z T LI — R/
H L HAEHADIEMEEAZRLTED, Suma il &4
WHIE T & LTy, DF ) 2O TR, Higs
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(a) Townend and Zoback (2006) (b) Terakawa and Matsu’ura (2010)
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Fig. 10  Stress map determined in the present study and those of previous studies: (a) Townend and Zoback (2006), (b) Terakawa
and Matsu’ura (2010), (c) Yukutake et al. (2015), (d) Saito et al. (2018), (e) Horizontal strain rate derived from continuous
GNSS measurements (Geospatial Information Authority of Japan, 2011). The reference period is from January 1 to January
15, 1999. The analyzed period is from January 1 to January 15, 2000. (f) Stress map determined in the present study.
Unlike Fig. 8a, the line of Spmax orientation is colored depending on the type of stress field. Black lines show the Spmax
orientation of the mesh at which the standard deviation of fptype exceeds 0.3.
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B — 2o h~y TOHRIFEICEDBLNT LIk 3.
TiE, ZEWFRZ—FLEVDTH A5 5. Fhid,
WREH T — 2 o Eh 3 ELHEE LB~y 7T
TR ENBIGIT I % B R 2 r — L DOBIS & KL T
52 ENRELERTHA S (Wang, 2000). FaRdHAD
IS SIS E PR S B L T B EIZ oW TR A &
BN EINTEEDY, 7HA—LTL— FOHEAEIZE BT
i, ®B50E T+ v~ rFHICBFAHILHA & VERE H
KROMWFEIES FEMIT AT 5 &0 EFANARIIZ
ARG R TWS (il 212, Huzita, 1980 5 1k, 1995 ;
HEEP, 1995). EBO6DETFIANRYTH DD IE AR
XOHMNEBAZ B72DHADIIL VD, WFhos
SRE TS H 2 DIEME S il TE 22858, sROEm
IEfEsEhER Ehi-eEi2o6N0s. —F, 74 )V
TV — b OYRARABRINE S EHHIRTT1E 100 ~ 200 F-1F £
ORFRATHRAET 2 P 7 7OKRMEOE ICHIKE N3
72, REMICEER ST, BHGICRBEIZS N
LDEELLENS.

6.3 HEMEOIEHES

FEIF R UG JTIRBIZ H L & AT B g e 11X
(Zoback and Zoback, 1980) XN 5. S P4IEH (2019)
BRI ORI~ v 72 5, BRI T km 2 o —
LDRNMER BIGIRDIBTIE» BRI TB T L %
HWEL WD, hEREOIGH~ Y 7 (558Ka) # R 5 &,
SARE - BHUR O H AWM O K (0 17 1XA, PEEE —
TR BT D Suma) & Z NLATL ORI (B TIIXB, 1FIFH
PRI Stimar) D2 2 DIESIXIZIK 53 TE S, 511 Kal
BROMEART. G0 a4 TICEHT 5L, Wil
JEH Sy % B O EBDIRIX 2 EH%TH I L B EETH 5.
Lo L, BN OZIEEHETIR N0, KX
TR EOITHIMLT 22 MEBETH DI 2T /KT S
I TEL.

J6 FT XBD Strimax A 242 5 U T IS T X AD Syiman 5 L 13,
Eigtml 0 I28920° MR LT3, 20k s AN
BEE D DEFEAE LB A A= XL E LT, TEHET
GHTIOIEMEMET XD (3 LZER) BHELC T35
ET B ETIAMPRE XN TS (Kawanishi et al., 2009) .
B O IEH RN D F A IZE A IR I IG
TR AL 2RI L, BEEHRID IS RS 5 Z
EPBUEFIFI TR I N TS, L 72GNSST — % Do
12D, WHXADHBICAH T h &R T EAERREA
FET D2 ERFEHS I XN Ty 5 (Nishimura and
Takada, 2017). ZOEAEFIZ, TEHRIZHEWTHS
mm/AE DT R ORKHEE 234 U T IUEFHITE 5
TERMEINTVWS, ZOWEHEROT Y (F7-
BET) INBEEB OIS i B E L TeHH S I T
0 (lio et al., 2002 ; Kenner and Segall, 2000), E &M%
EFMCHELEES LCHEMSIZER LT X N T 4 —

LFIZEDTHAD.
IEHNEAZEALT B HEK E UT, A TIEBIOAEE
PEIZDWTEF KL, 511 RIbl BEERR & 0F2E
Fro&ES 57— 4 X — Z (GALILEO) TIEK L 72 7 — 7 —
BEXERT. IWHXALE T -7 —2ER R < 36
LTHD, ISHXADTIZEEEOEERL ML T3
ZEMNRB NG, HHHIEA (2002) 13599,500 O E S
WET — 4 & HT, JE - MUEHEO 3 RICE &S
EHEE L7z, S D3RILEERED LIRS DT 2
IBHIXALELE > TH D, MERERTHEEE 13 kn
P I & D  @EEORHENRA A =Y IR TN 5.
PUF Tl RO B3 IS RE IS IXAZKIZ T 5
DLFEZ Cikinz D 5. Sonder (1990) i — AN HE
HEERPET TG4, BERETO LEIZE, 20
ETNZE AT 5 ANCe", SRS AN —o" DR ZE 5 11 A3
fED &3 2 & AR L 72 (K& TIEEME % & RE) .
BRSO SRS LT AESIIADTIME R,
B REw O LT OMED i Eh b, 0, K
BRI OEERBIMG L T BB EOF A %,
BIEESAED X 5. Sonder (1990) 12 X 512, FHEBIG
TBIZZ ORI LGN EL S Z LT, BEREHHE
ADWH AR E S ZAT 2 2 B C %
J& FERF O AE T & MR IS T35 D Stima 7 LD B D 4 %6,
Stmax J7 VL & 5 FE SRR RA D IS 1 5 BLSnD [ D 1 5 %,
IO KF2EIE T EASET 5 &, DITORIGRRAL
B0 D G 2B % 28 120G T ITRT).

tan 2y =sin26/(k — cos26) (1)
k = AS/ct

HRKIZIEDK (D D BEMN) I LT R%E
Tay L DTHD. FEERERIIRILTEDLS
HITREH 5 StmaS A 5 TV B ITIRIEL T, IS
SREEHIE O (2 [BIHE g B 2 IREET Rl D 12 [Blf5d 2 2 A P &
B2 Nbhs. KICIEREEVE, kKBEOE (235
IO ZF2ROFARRICT oy M Eh b, K%
DA, 03K15°, 20 THBDT, ZD2ODF
JENW 72 XN B 7=DIiE, ISk 1.5 Th % &
o5 GERROER). SWikisE, IBHXADT
ICREEOERP ML, R A S IZIEHEIE S 17D Stma,
150" DK & X ORFZEIB I AEH» > Thiug, B
XADIE I FTAL A EEFHE D 1259 20° [I59 5 Z & % 3
T%%. Sonder (1990) DEFIIZ, B D241
EHE I HEE OB SR TV RN & RS 5 2 ki
ST E 5. I NRAREE & 3ROUE S S % 1
EMZ L7z LT ERME L, ASOHEELRTTREE &£ 5.
Z OfEEMIT SEEHIRIC B A EREDETF LLIZE
WTHELEHRE LS.



WEFHAMZWE 20214 HB72% HlE

(@) 36°N
km Stress district A > St OTiENtation
oy = _\\.\ \\\\\"i:::} 180° |
0 50 - Sissenesteeas
N~ \-\\\\\\\\T/‘\\
. N\ SaassSen
35°N 135° N\
o -y 900 -
34°N }(,(W S ‘\:’ ;-. PE
WS -
SR P Sj a
131°E 132°E 133°E 134°E 135°E
(b)
36°N
35°N
34°N

133°

131°E 132°E

E 134°E

-40 -20 40

mgal

60 80

IJGECTEMNIT IR TS, FIEHXA
y—R1EK. #H)JF— 4 X—Z (GALILEO) (https://

BUK (S VRS

(a) Shmax orientation and stress province in Chugoku region. The line of Spmax orientation is colored depending on the

tress province A and B. (b) Bouguer anomaly map computed

for an assumed density of 2.67 g/cm’ by Gravity Database (GALILEO) (https://gbank.gsj.jp/gravdb/index_En.php,

% 11 ( ) SHmaxjj{V & ‘:P.iﬂi”i@m)‘”:: SHmaxﬁ’fl%ﬂ_ﬁg‘ﬁ‘ﬁ iﬁh’ﬁ
EIBHXBOHERERT. (o) IREEE2.67 g/em’ 12k 5 T —
gbank.gsj.jp/gravdb/index_En.php FIEH : 202045 H 28 H) I

Fig. 11
azimuth. A red curve corresponds to a boundary between s
Accessed:2020-5-28). The red line is the same as in (a).

6.4 JEHE & DRIF

Hh 22 BRI HEEA SR AT B2 (2016) 235
MR E U e rh E bk o WG ke i, R L R A R
ETHTIhA2ERE T2 ZTHEOMECTH 5. HTh
Wik DA, Wik OAETT & Suna D O 4 (o) 2 FHN 2B
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Shmax orientation (blue lines) plotted on a distribution of active faults (red lines) evaluated by the Headquarters for
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estimated from the fault displacement topography is in disagreement with that estimated by the stress field. The base
map is Fig. 2 by the Headquarters for Earthquake Research Promotion (2016) (Accessed:2020-06-05).
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FERRAE T 2 EFDONNEANBEE PRI NS,

I EBIICRETT 5 720, 9514 XN AR L R
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VAN ERFIMLTFEALE DR L2 (X Y
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PEHE(RE0.6 DA, lock-upfid60° TH 5. 1 DDWikE
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Fig. 14  Histogram of the angle between fault strike and Spmax
orientation (a) for active faults in Chugoku region.
Dotted red line shows the lock-up angle for a friction
coefficient of 0.6.
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TAKEUCHI Makoto, JIA Sui and SHIMURA Yusuke (2021) Zircon U-Pb ages on plutonic rocks in the
eastern area of 1:200,000 quadrangle, Toyama, central Japan. Bulletin of the Geological Survey of Japan,
vol. 72 (1), p. 41-64, 10 figs, 3 tables.

Abstract: With the revision of the Geological Map of Japan 1: 200,000 “Toyama”, zircon ~*U—""Pb ages
of pre-Paleogene plutonic rocks in the area were measured, and the igneous history in the Hlda Belt was
discussed.

Of the Hida Older Granites, the intrusion age of the Hayatsukigawa Granite in the western area is 224.8
+ 1.7 Ma, and that of the Unazuki Granite and Funakawa Granite in the eastern area is 236.5 £ 3.1 Ma
and 240.7 £ 4.1 Ma, respectively. The Hayatsukigawa Granite is an independent body from the adjacent
augen mylonite, because its intrusion age is different from that (250-240 Ma) of the protolith of the augen
mylonite.

On the other hand, parts of the Otodani Gabbro and Unazuki Granite in the Geological Map of Japan
1:50,000 “Tomari” area show 195.6 = 2.0 Ma and 192.0 + 2.4 Ma, respectively, indicating the intrusion of
Early Jurassic time. It was found that these should be classified as the Hida Younger Granites.

Keywords: Hida Granites, Zircon, U-Pb dating, Toyama Prefecture, Unazuki, Triassic, Jurassic,

Cretaceous
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253.0 + 1.9 Ma2s#fits X Ty 5 (Horie et al., 2010, 2018).
AHNAERE (B - B, 1994) iR BRERAERS T, &
HEAER S 2 5 & 5 AFNLTER S 2 FRICHES. /-,
MFIEBEAIZ L -4 MMeE S5 T3 (ITRIED,
2017a). .

ﬂx%*ﬁﬁfﬂfﬁ%‘@ i, % ﬁaF‘ﬂEE%FAEIﬁE, %
Hﬁfﬁfn%‘(ﬂﬂ%ﬂ 1973), Bl A e 235 P (TTNIE
2, 20172) 205 5 5. EmAK A AEPEEE, TTNIE
72 (2017a) TIEEF BB NE O3 £ PO 4 BEIR B

—ERE INTEN, AWEIZLIFRAEIZLD
AR TEXA U CREERT BIfER A e LTS 2 e n
5, BHNIZEAHATIFHRT 2 Z L4 5. BELRH
aARIERIR O BERER S PRE Th 5 (FILE
A, 2000). AWEOILED 5T 50 1 HUBEIRIE G ] sk
T, FRAMLRELE XN T DDO—EBAREIC
KBFMMEIC LD, BRBHEREICED SNz, KR
HEHIROREBO BB EFLOARE S 6, 196.1 £18.8 Ma
DRb-SrAE T4 V7 a VA (AP - 43, 1987b) 28
WE T T 5, RS ARENREE, HoRia e
HTHD, ZROLREEHESLLTIAL, —HT
IV A4 MEBRBD 5N B (TTAIEA, 20172). 7Rk
BAARNREE, AH (1961a) DIRKIE S FFRIA Bk
i (Syntexited) 12— 5. IRKE A AERIRRE 2 5
13191.1£03 Ma®D VL a2 YU-PHER A RE ST 5
(Horie et al., 2013) .

A HUgALER T, LEEOJEE%&T%E@%%HREﬁ%
EEMRN LR - %ET%HF#T*W\ ?E')'C“%f) (rr
IE A, 2015). itzlsﬂﬁfﬂtﬁuﬁﬂi;ltxféfﬁlaﬂé@
A (Suwa, 1966) 73, “B@@»f%mtf iE%ﬁﬁﬁz’%#
REAERAETICEAL T3, JEXATERPIE» 5
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3 TR HER A HOEH B X CRGHMETE. (2), () @ FHAIITERS (180916-1), (o), (d) : T4 ALEHR A (180916-4),
(o), D AHIHERIA (101012-1). (b), (d), (DId 27 v 2K =7 — 12 THRi. Qz: A, PLRHRA, Kis: 7 U A, Chl:fkef.
Fig. 3 Photomicrographs and lithology of the Hida Older Granites. (a) and (b): Hayatsukigawa Granite (180916-1), (c) and (d): Unazuki
Granite (180916-4), (e) and (f): Funakawa Granite (101012-1). (b), (d) and (f) were taken under cross-polarized light. Qz: quartz,

PI: plagioclase, Kfs: Potassium feldspar, Chl: chlorite.

R 0D B 23 S MU > 6 88+ 9 Ma)
HERK-ACE (BN, 1970), AL o R i o b X
INBAES S 89.9 £ 0.9 MaD BERK-ArAX, 85.1+1.1
Ma® I K-ArFEAR (NHEE A, 1995) A X hTn
3. 7z, AHUKPHEBO B O 0L XA ERPIRE
M 5980+ 1.4 Ma, 99.7+1.1 Ma, 102.8+3.1 Ma® ¥
L Y U-PHERDHE XT3 (to et al., 2013).

3. AlEHH

AWFETIE, RHIBNOLL TO 73BTy L
v U-PoARHIE & 17> 72 .

180916-1 1 5L 1| e I 25 17 F1 1| & >4 et
K01 km Ly SO BN A7 5 B MR R TEREL
U 72 MR SR ERHE RIS Td 5 (Fig. 3a, b). JFNE»
(2000) T, FANIFERES (F1LIEA, 2000) & X4 & iz



WEFHAMZWE 20214 HB72% HlE

BDTHB. Kk~ a4 PBEIRD STk
W, LaLl, v =94 MEEZY, #REIZHS
THRA L ) H A PR SR, EhE RSO g
LARAICE B ERR ) 4 MEsRD oD, BHE
RHEfRea b L 5.

180916-4 : BB LR H B DO REI & DA &
D #9500 m_EFiHh R O B TR U 22 oRi g B R
FRIRIERES TH B (F3Kle, d). TTNIEA (2017a) T, F°
HAMMEEX D ENZEDTHS. EES mmfEED
B EORHRELADER-T 1052 b ER#HEL, £
OB ZEMR OB ZEX XN - AP E v 4 aF 4 b
g znT. fEARY - 254 MELTW3, F7=,
HEAONRE A LGNS,

101012-1 @ BRI & B OIE R 400 mib i THA2 5
BT 5 IROIEE 440 mith 5 THREL U 7= HI0kz FrRRIR B2
RERETH 5 FHE3Ke, £). TTHIEA (20172) T, FH
Aftfn e Ry Ehze0Th 5. AkhE, A% 2
Ef, #VEAH, BEN»G LD, HEROEAESIC
L BHHISE SR 6D, BEROL  IZFEAIL
LTwW3, 7)) EREFIEOOMRSE &K FY
74 v 7Rk ETR L, TR T 5.

100509-2 : & #1LD VR PEHI 700 mD ME IRV 2 5
FREL U 72 3 38 £ PO SR G SIS T d 5 (584 Xla, b).
TTIE A (2017a) T, BN WVEEX G EhTnizE
DTh5. KL, K1 cmDE B AP GRS H
5, FHEOREAAMEHY S, PREOAK L HER)
S, MEANOERIROO/NMEREER, POET
o, B TRkanSEtEnd. BRAIEENR
HHER AL ON, BIBEROTY —v 254 M
NALNG, BERIFeHLL TS, TEF—-®
7o F AR bENER I TS,

101008-4 : /NIEFE T/NINZE A 6 BT 2 IO IR
360 mithsiA & FRE L 22K o BRIR B ERHER S Td 5
(#4aKc, d). TTRIEA (2017a) T, FLRALERSE & 1X5
ENTWEDTH B, KilFHE, 1 cmfEE DRk %E 2
50 RAESPREN T, A, 6% BER
5hk5. BERISEALKL, RRAKY—-Y254
LT3, bERrICTEF— FBERER TV 3.

180920-1 : BRKK A D EEBI & D AR A 6 BRI
#9250 mit i CEREL L 72, MR A ZRERZ RGPS
TH5 (H4Ke, ). TTHIEH (2017a) T, HAREAAE
BlfeE XX 7= 0 Th 5. ARRkHL, FEAEOFH
BAOLfEoRE» 550, BER, AER, ASZHE
MEES. MikoR%E fEAL, AZR2»L6 KD, BHE
BRH ) RAEESI T E H 5.

180919-2 : 1 » & DL HI 400 mDIERE; 1770 mithyid
L8 THREL L 7= Mk B P B2 B A PR R e
FETH S (ES5Ka, b). AEFAEBOREGEZNLS
D&MD 3 BER, EHEMANG, HRPEA, AELS

%%, HWRMHARIREAKAO T T & k356 L BT
FIRAKGHAER 2 55 e 23R b h b,

4. RFE

HEED LT Yy OU-PVERGEED 72D VL v D
iR X OB I DWW TE, ITINIE 2 (2015) I24E - 7=,
WIZHEBRFEIIEDO S Y — P LI 2w £ 2k
(GATAN#MiniCL) f+ & & AR 1 WiMEE (H g 7 2
/Y —ZBIS3400N) T, VLI VDAY —FIL Ity
Y v 21% (CLI§) & I E FE O % 17\, AN o
Mgl v o BXOEAEMOEBROMERET>72 (56
X).

UL v OU-PHIER O, %R KFERFBEER
BEWRMOL - — - 77—V 3 VEEREAT I X
v B RO E (Agilent 7700x 35 & TFESI NWR-213 L —
Y=o 2F 4) B &k, SEERHETERZ
FEAR NI & HIZE A (2015) R Orihashi et al. (2008) 1248 U,
V=% =T X 0UF¥— 117 Jem’, JEWE :10Hz, 7L
TV =g VIR 8, FERER 108, s —4—
25 umTh B, FMAESHOMIEIZIE, —&kRA4 Y
S5 — F 91500 P v (PU-"PbEA 10624 £ 0.4 Ma ;
Wiedenbeck et al., 1995) THIME L L 7z f5¥%E &7 5 ANIST
SRM610 (Horn and von Blanckenburg, 2007) & v 7z, %
MR O A BB IS HlE U 72 BEYE 57 5 ZANIST SRM610
0) 206Pb/238U, 207Pb/206Pb, ZOSPb/ZBZThJ:ba);{ﬁgnE D i’g [/ ﬁﬁ‘l\i
(%2SD) 1, ZNZFN1.0~42% (F¥25%), 0.8~ 3.0
% (CF¥91.9 %), 09~3.8% (FH1.9%) 7Z-7= 7z,
FAERBHAE & R k2 4 v & — F & L TPlesovice
YIL Y (337.13+0.37 Ma ; Slama et al., 2008) %l L,
Z OFUCPoF- R O I E P ¥ il 1, 3384+2.1 Ma
(MSWD : 1.8, n=29) 7257z (5 1%).

BRELAEZF—2ICHLT, F3vraryoiEng, &
A1, BLUBIRIIE - 228 xh7z8 0%, HiEdh
IZVNLAVHAPEHELZEDIZONWTIE, EEET— 20
HETETCWEWTEELRD 5728, Zhs EBIL 7.
iz, PULCPIERE PUPh RO vy 3 -5 4 TR
&R, % Dprobability230.1 A EDESE, ava—%
v b &AL, Isoplot/Ex 4.15 (Ludwig, 2012) & FHwWwT2
Y aA—& Y b T — 2O U P AR O HERE S A X
L2 M I ARy a—F 4 TRERRL 72 (55
79X, Ak, KiFFIZE T B ERIZTPUPHENR E
v, FRFEEICOWTIR 20T Y. 72, Ko
FFIME I 95 NIEHHE TR 7. KD T — 4 %
F2RITNL .

5. ¥Jba> U-Pb &£t

KBCE DAL, —RIgIZ Y2 Y U-PbAER D
MMEPEHEIZER I NS ZERnEn, LarLl, AT
BOENTAERT — 2 I3H—20 5 28 — &g XM
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A REHTHITERETHO S H K OCMLHMEEE. (a), (b) @ El ARG G ERRE (100509-2), (c), (d) @ BFEIERE
(101008-4), (e), (f) : TRAIRAAHEIFRE (180920-1). (b), (d), (DEr @ AR —F —IZTH¥. Qz: A%, Pl: flEA,
Kfs : 5V £, Hbl : ¥aEAPA, Bt: BER Ms: AER, Chl: #kEA.

Fig. 4 Photomicrographs and lithology of the Hida Younger Granites. (a) and (b): Hornblende quartz diorite (100509-2), (c) and (d):
Kekachidake Granite (101008-4), (e) and (f): Yatazodani Quartz Diorite (180920-1). (b), (d) and (f) were taken under cross-
polarized light. Qz: quartz, Pl: plagioclase, Kfs: Potassium feldspar, Hbl: hornblende, Bt: biotite, Ms: muscovite, Chl: chlorite.

FRMMERTZIEE DD, MEPEHEOATIIY LD Compston (1994) D Mixture modeling!Z3£D %, Isoplot/Ex
VAR EGHIIG A Z AR CH B, 22T, £9, 2 4.15 (Ludwig, 2012) DUnmix b —F ¥ Z T, YL
VA=KV M7 =4 EHOTINEEE E2RKD, 20 YU-PYERD Y 7 28 =53t eiTo72. 77 A& —4)
MSWDAS.0LL PO &EEREL, —DDI 7 X4 — WO Yy R—3 v b EUI 2@ 2 S IERHER LT ¥,
& A Uz, INEEYE 28 5.0 % 8% 2 72 308 180916-1, misfiti DD 250,05 A FiZ x5 £ THEEIT -7z, »
180916-4, 100509-2, 180920-11=%F L CiZ, Sambridge and S22 =T VE-F Y R 1B LT & misfitfil



R R AR 7T A

20214 H/72% W1e

5 AL A YEPIR (180919-2) DEMH(a) 5 & UMREEHAMBIE E(b). (b)idr v 2R —F =T, Pl: #EA, Cpx: i
FHEA, Hbl : EEARKG, Bt HER

Fig. 5 Lithology (a) and photomicrographs (b) of Cretaceous quartz diorite (180919-2). (b) was taken under cross-polarized light. PI:

plagioclase, Cpx: clinopyroxene, Hbl: hornblende, Bt: biotite.

DA 23005 T2 A 254, I VvF— 3 M REERP
FTRENZWEALL, REOIVF—3 Y M LD —
DHBNTYR=Z Y P ETD Y T A H — Sy Hifie & $RH
L7=(553%). LTI, YLa v U-PoEROFE AR

180916-1 : 37K TS6 A K v PHIEL, I v -4
VIiETF—2LLTHMARy bESNZ ARBO
U-PbH-1X 13244206 Mad £ 510 % 78 L 72 (BB 7IX(A).
&5 — 2 OMEYEEOMSWDIZILSTH 5. 2
T AR =B D FE R, 238.4+2.0 Ma (fraction = 0.35),
2248+ 1.7 Ma (fraction = 0.44), 213.6+2.6 Ma (fraction
=021) DERDPEONZ(FEILR). RAKDY T 24 —13,
2248+ 1.7 MaTh 3. KABO—FDOY L3 /1E, CL
Bizcar ) 20RO Nz, Zhoid, a7
T236.7+6.8 Mak 230.6+6.9 MaT, Y & CTHMAEIZE
ENTOAEND, BHEZWCLIREZRT S D (E6Xa), 2
7 2233 4.6 Ma, ') & TH] 3 WCL{% T217.8+4.7
MaZ/Rd & D (EE6Kb), ZOfiza 7 DORFWCLIRT
216.1£4.5 Mak ) & THERMEIZHF STV, B
Z0CLIEARTEDEIAET 5 (BE6Xc). 27 DR
CLIETIEA v 7 b — B8 5 5. ThUld
20-05DEDNLL, 1MHDA0.09 & RVNVEER L 72 (5
2%K).

180916-4 : 31 FS0 XK v MHIEL, 2 va—4 YV
METF—2BIT12 2Ry P EDBEVREITH B, KR
DOU-PbHFAR1 271228 MaDHR 5% R L 72 (BB 7XIB).
T — 2 OMEFEMEOMSWDIZ115TH 5. 275 A
B — 3 OFER, 260.5 + 3.7 Ma (fraction = 0.50), 236.5
+3.1 Ma (fraction = 0.50) DFRABH SN (E3%K). Z
DERIZHIB LT v & LT, FDFOI 5\ CL%
T267+12MaT, U & THIWCLIEZERT S DR (36X
d) R, a7 DOWBNCLIET243.8+8.1 Ma T, V) LD

WCLIT233.3+6.7 Mak R T & DA H % (FoXe). Z
hoDoLavizry s by —RiEE4+2 295, ThU
1213-05CTh 3 (FH2HK).

101012-1 : 38K 50 2K » FHIEL, a2 va—4 "V
FAEF—-2ELT29AKRy MEEN REIOU-PH
F 13276227 MaD R i AR L 2 (BB7XC). &
7 — & OIIEFEIX 240.7 £ 4.1 (MSWD = 1.4, n = 27)
Thb. KRBOY LT IZ, 37 T2585 +£89 Ma®
226.6+52 Ma%zRL, CLIETH T 7 ) — Bk %=
2L, VAIZHEOWHZWCLE» R 515 8 D (GE6IXf,
g HIILBHELT, V) AT240-230Ma%RL, £ F b
) -BRmHEEE RTS8 D CGE6XN, ) AR LN
3. Th/UiZ% < 1320.94-0.19T, 11D A0.09 &KW ViE %
INL7z (25K,

100509-2 : 38K 740 2K v PHEIEL, T2 va—-K Y
FAEF—-2ELTI9AKRy MEFENIZ KB DOU-PH
HRIZHS 222002 5 24—k 5T EESKA). &
T — 2 ONMEFEDOMSWDIZ38TH 5. B aAICHN
FEROY T 2 4 —ONIEFEIE193.7 £ 3.8 Ma (MSWD =
27, n=11)T, HWHD Y T 2 & —OMEE13247.7
+82MSWD =33, n=7)Tdhbb. 77 AZ—="0HD
fiE R, 247.7+3.7 Ma (fraction = 0.37) &£ 195.6 +£2.0 Ma
(fraction = 0.63) DR/ E N (5E3K), DO I 2
A —Z L OMEEEEEIZIER CRERE 572 AR
DIVNLIAVIFATT M) - REHEEZ RTS8 D08F L
AETH B, PDLEBTH236-254 MaX 193 MaZk ED Y
N yd BB EEK, k), THhEDWT iz En
) ADKENRD 5N B, Th/UIL0.78-029 T, 1R DA
0.08 E{KWMEZER L 72 (BE25K%).

101008-4 : 31K ¥ 51 XKy MHIEL, 2vya—4 YV
T -2 LT3 ARy bELRL KXBDOU-PL
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HolXl FRPEEIT 520N T YOI Y — FIL I 3y £V 2 &M K UPU""PoER (Ma) . AL & AU WO L —
P05 um). ARBIVI—FY FEER, BRIZF 4 Z2a—-2 2 b 5ER. (a): 180916-1, nos. 2-4, (b) : 180916-
1, nos. 52-54, (c) : 180916-1, nos. 22-23, (d) : 180916-4, nos. 13-14, (e) : 180916-4, nos. 48-49, (f) : 101012-1, nos. 2-3,
(g) 1 101012-1, no. 20, (h) : 101012-1, no. 22, (i) : 101012-1, mno. 29, (j) : 100509-2, nos. 4-5, (k) : 100509-2, no. 15, (I) :
101008-4, nos. 30-31, (m) : 101008-4, nos. 42-43, (n) : 180920-1, no. 30, (o) : 180920-1, nos. 4-5, (p) : 180920-1, no. 7, (q) :
180919-2, no. 11, (r) : 180919-2, no. 14.

Fig. 6 Cathodoluminescence images and analyzed spots with Pb age (Ma) of zircon. White and black open circle shows diameter of laser
beam (25 um). Ages with white open circle are concordant and those with black open circle are discordant. (a): 180916-1, nos. 2-4, (b):
180916-1, nos. 52-54, (c): 180916-1, nos. 22-23, (d): 180916-4, nos. 13-14, (e): 180916-4, nos. 48-49, (f): 101012-1, nos. 2-3, (g): 101012-
1,n0. 20, (h): 101012-1, no. 22, (i): 101012-1, no. 29, (j): 100509-2, nos. 4-5, (k): 100509-2, no. 15, (1): 101008-4, nos. 30-31, (m): 101008-
4, nos. 42-43, (n): 180920-1, no. 30, (0): 180920-1, nos. 4-5, (p): 180920-1, no. 7, (q): 180919-2, no. 11, (r): 180919-2, no. 14.

238 206
U=



WEFHAMZWE 20214 HB72% HlE

B1E 2 RIEUEGE (Plesovice) DU-PbT — & .

Table 1 U-Pb isotopic data of secondary standard zircon (Plesovice).

Isotopic ratio Age (M)
201y 26y 20 Mepy,my 20 gy /235 20 239 206y 20 Py 20 Dpy/py 20 Th/U
100509-2-p6 0.0521 =+ 0.0028 0.05599 =+ 0.00159 0.4022 =+ 0.0241 351.2 £ 10.0 343.2 £ 20.6 291 £ 15 0.13
100509-2-p7 0.0538 =+ 0.0023 0.05602 =+ 0.00177 0.4154 £ 0.0222 351.4 =+ 11.1 352.7 +18.8 362 = 16 0.12
100509-2-p8 0.0525 + 0.0024 0.05594 =+ 0.00228 0. 4050 + 0.0251 350.9 =+ 14.3 345.3 + 21.4 308 + 14 0.13
100509-2-p9 0.0541 + 0.0028 0.05523 =+ 0.00139 0.4123 + 0.0234 346.5 £ 8.7 350.5 =+ 19.9 377 £ 19 0. 11
101008-4-p6 0.0520 =+ 0.0037 0.05512 =+ 0.00185 0.3951 £ 0.0308 345.9 £ 11.6 338.1 £ 26.4 285 = 20 0.09
101008-4-p7 0.0542 £ 0.0037 0.05417 =+ 0. 00204 0.4048 £ 0.0313 340.0 *12.8 345.1 £ 26.7 380 = 26 0.09
101008-4-p8 0.0513 £ 0.0035 0.05406 =+ 0.00127 0.3824 £ 0.0273 339.4 £80 328.8 £ 23.5 255 = 17 0.09
101012-1-p1 0.0509 =+ 0.0028 0.05538 =+ 0.00167 0.3889 =+ 0.0244 347.5 £ 10.5 333.5 £ 20.9 238 = 13 0.10
101012-1-p2 0.0536 =+ 0.0029 0.05306 =+ 0.00213 0.3922 + 0.0266 333.3 £ 13.4 336.0 +22.8 355 = 19 0.1
101012-1-p3 0.0523 =+ 0.0029 0. 05465 =+ 0.00090 0.3939 =+ 0.0231 343.0 £5.6 337.2 £19.8 298 += 17 0.13
180916-1-p1 0.0527 =+ 0.0025 0.05348 =+ 0.00152 0.3883 =+ 0.0213 335.9 9.5 333.1 £18.3 314 £ 15 0.15
180916-1-p2 0.0535 + 0.0023 0.05295 =+ 0.00080 0.3903 + 0.0179 332.6 =50 334.6 =+ 15.4 349 £ 15 0.15
180916-1-p3 0.0524 + 0.0023 0.05281 =+ 0.00103 0.3817 £ 0.0186 331.8 £6.5 328.3 =+ 16.0 304 + 14 0.15
180916-1-p4 0.0524 £ 0.0021 0.05371 =+ 0.00112 0.3877 £ 0.0173 337.3 £7.0 332.7 £ 14.9 301 = 12 0.15
180916-1-p5 0.0510 £ 0.0022 0.05365 =+ 0.00100 0.3775 £ 0.0179 336.9 *6.2 325.2 £ 15.4 243 = 1 0.15
180916-1-p6 0.0545 £ 0.0021 0.05328 =+ 0.00126 0.4003 =+ 0.0181 334.6 7.9 341.9 £ 15.5 392 = 15 0.15
180916-1-p7 0.0557 £ 0.0024 0.05310 =+ 0.00107 0.4075 £ 0.0192 333.5 £6.7 347.1 £16.3 439 £ 19 0.15
180916-4-p8 0.0542 + 0.0023 0.05351 =+ 0.00130 0.3997 £ 0.0193 336.0 = 8.1 341.4 £ 16.5 379 = 16 0.15
180916-4-p9 0.0529 =+ 0.0025 0.05341 =+ 0.00214 0.3896 =+ 0.0239 335.4 + 13.4 334.0 £ 20.5 325 £ 15 0.15
180916-4-p11 0.0523 £ 0.0025 0.05475 =+ 0.00153 0.3945 =+ 0.0218 343.6 £ 9.6 337.6 £ 18.7 297 = 14 0.15
180919-2-p1 0.0536 + 0.0017 0.05505 =+ 0.00112 0.4066 + 0.0151 345.4 7.0 346.4 + 12.9 353 + 11 0.12
180919-2-p2 0.0541 + 0.0018 0.05335 =+ 0.00225 0.3981 + 0.0214 335.0 =+ 14.1 340.3 +18.3 377 £ 13 0. 11
180919-2-p3 0.0521 £ 0.0022 0.05404 =+ 0.00175 0.3885 =+ 0.0204 339.3 £ 11.0 333.2 £ 17.5 292 = 12 0.13
180919-2-p4 0.0526 =+ 0.0020 0.05391 =+ 0.00140 0.3910 £ 0.0182 338.5 + 8.8 335.1 £ 15.6 312 £ 12 0.12
180919-2-p5 0.0558 £ 0.0023 0.05392 + 0.00115 0.4150 £ 0.0192 338.5 7.2 352.5 £ 16.3 446 £ 18 0.13
180920-1-p13 0.0544 £ 0.0027 0.05416 =+ 0.00141 0.4060 =+ 0.0228 340.0 + 8.8 346.0 £ 19.4 387 £ 19 0.14
180920-1-p14 0.0538 £ 0.0024 0.05334 + 0.00117 0.3955 =+ 0.0194 335.0 7.4 338.4 £ 16.6 362 = 16 0.15
180920-1-p15 0.0535 £ 0.0024 0.05301 =+ 0.00111 0.3908 =+ 0.0191 333.0 £7.0 334.9 £ 16.3 349 = 15 0.15
180920-1-p16 0.0536 + 0.0023 0. 05360 =+ 0.00161 0.3962 + 0.0205 336.6 + 10.1 338.9 + 17.6 355 + 15 0.15

FRIZIB Maz =2 L §T5-DDI FAZ bk
% (B8XIB). HMDOMET-1132192.0+2.4 Ma (MSWD
=36, n=25Ths. KkBoOvLIVEZ *¥TF )

)R BEEARETRLO0MELALETH S, ThUIL
0.75-035TdH 5 (HH25K).

180920-1 : 250 XK v FHEL, a2 vya—4V
MEF—ZELT2T ARy MEo Nz KR DOU-PL
FRIZ I MaB =2 LT 20T AL —nEKDBH, #
WERIZN 2 W E - 28R eh 5 B8KC). &7 —
2 DOMEFEDOMSDWIZ6.1TH B, 75 X & —43#
D FER, 193.5+2.1 Ma (fraction = 0.52), 184.7+2.5 Ma
(fraction = 0.37), 171.3 +3.1 Ma (fraction = 0.11) DA
BELNLEEIR). ARBOYLI VITEAKRDED
NEL, AT M) —REEEE T8 0OMFLAL
TH5 (FE6Kn—p). ThHUIZ085-0.15TH 5 (F2).
180919-2 1 44 K49 XK » FHIEL, 2 va—-4V
MEF—Z2ELTI6AR Y MEo Nz KREDOU-PL

FERIZSMatk ¥ =2 £ T5—-DDI I 24 —hbk3
(559[X). HFDME 113957+ 1.8 Ma (MSWD=4.5,
n=16T» 5. KikBOY Lo 3aEMEEDL L DR
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Table 2 U-Pb isotopic data of zircon from unknown samples. Gray-shaded data are discordant data.

100509-2  Isotopic ratio Age (Ma)
*pb/*Po 20 "/ 20 *Tpo/**y 20 28y-*%pp 20 " 20 A mp 20 ThU
100509-2-3 0.0556 = 0. 0055 0.03819 = 0.00146 0.2927 =+ 0.0310 241.6 *9.2 260.7 + 27.6 437 + 43 0. 44
100509-2-4 0.0515 = 0.0045 0.04013 = 0.00138 0.2849 = 0.0268 253.6 *8.7 254.5 + 23.9 263 + 23 0.32
100509-2-5 0.0506 = 0. 0054 0.03729 % 0.00145 0.2599 = 0.0294 236.0 *9.2 234.6 * 26.5 221 + 23 0.37
100509-2-6 0.0476 = 0.0051 0.03862 = 0. 00150 0.2536 = 0.0291 244.3 +9.5 229.5 + 26.3 82 + 9 0.41
100509-2-7 0.0527 =+ 0.0033 0.03328 = 0. 00095 0.2418 = 0.0165 211.0 *6.0 219.9 =+ 15.0 317 = 20 0.08
100509-2-10 0.0506 = 0. 0061 0.03150 = 0.00114 0.2199 * 0.0276 199.9 7.3 201.8 =+ 25.3 225 + 27 0.44
100509-2-11 0.0506 = 0. 0050 0.03207 % 0.00108 0.2238 = 0.0235 203.5 *6.8 205.1 % 21.6 224 + 22 0.40
100509-2-12 0.0524 =+ 0.0058 0.03024 = 0.00106 0.2185 =+ 0.0252 1920 + 6.7 200.7 + 23.1 304 + 33 0.41
100509-2-13 0.0566 = 0. 0065 0.03982 = 0.00146 0.3110 * 0.0375 251.7 *9.2 275.0 =+ 33.2 478 + 55 0.55
100509-2-14 0.0555 = 0.0063 0.02924 = 0.00105 0.2238 =+ 0.0266 185.8 + 6.7 205.1 =+ 24.4 434 = 49 0.37
100509-2-15 0.0463 =+ 0.0054 0.03040 = 0.00107 0.1940 =+ 0.0236 193.1 +6.8 180.0 =+ 21.9 13x2 0.29
100509-2-16 0.0502 =+ 0.0058 0.02929 = 0. 00104 0.2026 =+ 0.0244 186.1 =+ 6.6 187.4 +22.6 203 + 23 0.59
100509-2-17 0.0521 =+ 0.0080 0.02873 = 0.00130 0.2063 = 0.0332 182.6 + 8.3 190.4 = 30.7 289 =+ 45 0. 41
100509-2-18 0.0480 = 0. 0061 0.02981 % 0.00120 0.1971 = 0.0263 189.4 + 7.6 182.7 =+ 24.4 98 = 12 0.35
100509-2-19 0.0478 =+ 0. 0059 0.03069 =+ 0.00122 0.2022 + 0.0263 1949 + 7.8 187.0 =+ 24.4 89 + 11 0.30
100509-2-20 0.0578 = 0.0091 0.04210 = 0. 00199 0.3354 + 0.0553 265.8 * 12.5 293.7 =+ 48.4 522 + 82 0.78
100509-2-23 0.0559 = 0.0038 0.04635 = 0. 00157 0.3574 % 0.0274 292.1 +9.9 310.2 =+ 23.8 450 = 31 0.20
100509-2-24 0.0387 = 0.0059 0.02942 = 0.00123 0. 1572 % 0.0248 186.9 + 7.8 148.2 + 23.4 #VA = #N/A 0.37
100509-2-30 0.0738 = 0.0049 0.02620 = 0.00118 0.2665 =+ 0.0213 166.7 + 7.5 239.9 *19.2 1,036 =+ 69 0.70
100509-2-31 0.0505 = 0.0049 0.03928 = 0.00195 0.2736 = 0.0298 248.4 * 12.4 245.5 + 26.7 219 = 21 0. 41
100509-2-33 0.0467 = 0.0042 0.03091 = 0. 00090 0.1991 = 0.0187 196.3 + 5.7 184.4 = 17.3 36 + 3 0.53
100509-2-34 0.0715 = 0.0068 0.03306 = 0.00109 0.3259 = 0.0326 209.6 * 6.9 286.4 = 28.7 972 + 92 0.83
100509-2-35 0. 0508 =+ 0.0071 0.03033 + 0.00115 0.2127 =+ 0.0309 192.6 + 7.3 195.8 =+ 28.5 234 + 33 0.34
100509-2-36 0.0595 = 0. 0061 0.02934 = 0. 00097 0.2406 =+ 0.0260 186.4 = 6.1 218.9 * 23.7 585 + 60 0.33
100509-2-37 0.0611 = 0.0059 0.03389 = 0.00109 0.2857 % 0.0290 2149 *6.9 255.2 * 25.9 645 * 62 0.53
100509-2-38 0.0478 =+ 0.0039 0.04248 = 0.00120 0.2797 + 0.0241 268.2 * 7.6 250.4 + 21.6 88 + 7 0.47
100509-2-39 0.0509 =+ 0.0055 0.03086 + 0.00100 0.2168 =+ 0.0245 195.9 =+ 6.4 199.2 =+ 22.5 239 + 26 0.38
100509-2-40 0.0556 = 0.0049 0.03989 % 0.00121 0.3056 =+ 0.0287 252.1 *17.6 270.8 * 25.4 436 + 39 0.5
101008-4  Isotopic ratio Age (MB)
“7pb/ Py 20 “mp/®y 20 “Tpb/2Y 20 28y 2%y 20 U 20 'R/ mp 20 ThU
101008-4-1 0.0463 = 0.0055 0.03161 = 0.00122 0.2019 = 0.0250 200.6 * 7.8 186.8 =+ 23.1 15 + 2 0.47
101008-4-2 0.0549 = 0.0043 0.03034 % 0.00105 0.2296 = 0.0197 192.7 +6.7 200.9 =+ 18.0 409 * 32 0.49
101008-4-3 0.0505 = 0.0057 0.03135 = 0.00121 0.2183 =+ 0.0259 199.0 + 7.7 200.5 + 23.8 218 + 24 0.53
101008-4-4 0.0737 = 0.0050 0.02831 = 0. 00097 0.2876 = 0.0219 179.9 +6.2 256.7 =+ 19.5 1,034 £ 70 1.17
101008-4-5 0.0538 = 0.0028 0.03052 % 0. 00097 0.2263 = 0.0138 193.8 +6.2 207.1 =+ 12.6 362 = 19 0.40
101008-4-6 0.0724 =+ 0.0087 0.03156 = 0.00135 0.3152 =+ 0.0400 200.3 + 8.6 278.2 + 35.3 999 =+ 119 0.41
101008-4-7 0.1997 = 0.0187 0.03016 = 0.00148 0.8305 =% 0.0878 191.5 + 9.4 613.8 =+ 64.9 2,825 * 265 0.37
101008-4-8 0.0615 = 0.0029 0.02724 = 0. 00088 0.2309 + 0.0132 173.3 £ 5.6 210.9 =+ 12.1 656 = 31 0.43
101008-4-10 0.0552 % 0.0051 0.03101 = 0. 00087 0.2360 = 0.0228 196.9 5.5 215.1 =+ 20.8 421 = 39 0.44
101008-4-11 0.0520 =+ 0.0072 0.03147 = 0.00112 0.2255 + 0.0322 199.8 + 7.1 206.5 + 29.5 285 + 39 0.35
101008-4-12 0.0628 =+ 0.0029 0.02494 + 0. 00054 0.2161 = 0.0110 158.8 =+ 3.4 198.6 = 10.1 703 + 32 0.96
101008-4-13 0.0561 = 0.0050 0.03038 = 0. 00084 0.2350 = 0.0219 1929 +5.3 214.3 =+ 20.0 457 £ 41 0.36
101008-4-14 0.0500 =+ 0.0076 0.02904 = 0. 00109 0.2002 + 0.0314 184.5 +6.9 185.3 =+ 29.1 195 + 30 0.56
101008-4-15 0.0537 = 0.0033 0.02941 = 0. 00068 0.2177 % 0.0144 186.9 + 4.3 200.0 =+ 13.2 358 + 22 0.38
101008-4-16 0.0525 = 0.0053 0.03026 = 0. 00088 0.2191 =+ 0.0230 192.2 + 5.6 201.2 + 21.1 309 =+ 31 0. 44
101008-4-17 0.0662 = 0.0030 0.02595 = 0. 00056 0.2368 = 0.0118 165.2 + 3.5 215.8 =+ 10.7 812 + 36 0.37
101008-4-18 0.0505 =+ 0.0031 0.03017 = 0.00111 0.2100 =+ 0.0149 191.6 = 7.1 193.5 =+ 13.7 218 = 13 0.47
101008-4-19 0.0534 = 0.0046 0.02839 + 0.00112 0.2090 =+ 0.0198 180.5 =+ 7.1 192.7 =+ 18.2 346 + 30 0.75
101008-4-20 0.0500 = 0. 0056 0.03129 = 0.00131 0.2157 = 0.0257 198.6 + 8.3 198.3 =+ 23.6 195 + 22 0.48
101008-4-21 0.0526 = 0.0040 0.03079 = 0.00118 0.2234 = 0.0189 195.5 + 7.5 204.7 *17.3 313 = 24 0.42
101008-4-22 0.0461 =+ 0.0083 0.03018 =+ 0. 00150 0.1919 =+ 0.0360 191.7 +9.5 178.2 + 33.4 4 %1 0.50
101008-4-23 0.0624 =+ 0.0035 0.02503 =+ 0. 00092 0.2152 =+ 0.0144 159.4 + 5.9 197.9 =+ 13.2 687 =+ 38 0.35
101008-4-24 0.0987 = 0.0087 0.03121 = 0.00134 0.4248 = 0.0416 198.1 +8.5 350.5 * 35.2 1,600 £ 141 0. 60
101008-4-25 0.0486 = 0.0044 0.03191 = 0.00126 0.2139 =+ 0.0211 202.5 + 8.0 196.8 =+ 19.4 129 + 12 0.46
101008-4-26 0.0874 = 0.0034 0.02089 = 0.00028 0.2516 = 0.0104 133.3 + 1.8 227.9 + 9.4 1,369 =+ 54 0.42
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Table 2 continued.
101008-4-27 0.0541 = 0.0065 0.03191 =+ 0.00088 0.2380 =+ 0.0294 202.5 *5.6 216. + 26.7 376 £ 45 0.41
101008-4-29 0.0571 = 0.0054 0.03069 = 0. 00071 0.2415 =+ 0.0237 194.8 * 4.5 219.6 * 21.5 495 = 47 0.68
101008-4-30 0.0518 = 0.0073 0.03007 = 0. 00093 0.2148 =+ 0.0311 191.0 +5.9 197.6 + 28.6 277 + 39 0.39
101008-4-31 0.0525 =% 0.0029 0.02870 = 0. 00043 0.2080 =+ 0.0118 182.4 +2.7 191.8 + 10.9 310 = 17 0.31
101008-4-32 0.0432 =+ 0.0042 0.03440 = 0. 00073 0.2051 =+ 0. 0202 218.0 * 4.6 189.4 + 18.7 #N/A £ #N/A 0.46
101008-4-33 0.0640 = 0. 0036 0.03088 = 0. 00050 0.2727 =+ 0.0159 196.0 + 3.1 244.8 =+ 14.3 744 £ 42 0.41
101008-4-34 0.0566 = 0. 0067 0.03038 = 0.00084 0.2371 =+ 0. 0287 1929 +5.3 216.0 = 26.1 477 + 56 0.54
101008-4-35 0.0505 =+ 0.0042 0. 03070 =+ 0.00078 0.2137 = 0.0184 194.9 £ 50 196 + 16.9 218 + 18 0. 42
101008-4-36 0.0460 = 0.0039 0.03198 = 0. 00081 0.2027 = 0.0180 202.9 *5.2 187.4 + 16.6 #N/A £ #NV/A 0.50
101008-4-38 0.0521 = 0.0029 0.03055 = 0. 00067 0.2193 £ 0.0130 1940 + 4.3 201.3 *12.0 289 = 16 0.50
101008-4-39 0.0525 =+ 0.0063 0.02874 = 0. 00092 0.2082 =+ 0.0257 182.6 =+ 5.8 1920 + 23.7 310 + 37 0.72
101008-4-40 0.0480 = 0.0044 0.02978 =+ 0.00079 0.1969 = 0.0187 189.2 *£ 5.0 182. *17.3 98 £ 9 0.51
101008-4-41 0.0517 = 0.0033 0.02898 = 0. 00066 0.2067 =+ 0.0138 184.2 + 4.2 190.7 =+ 12.8 274 £ 17 0.44
101008-4-42 0.0512 = 0.0036 0.03028 = 0.00072 0.2136 =+ 0.0157 192.3 + 4.6 196.6 =+ 14.5 249 = 17 0.36
101008-4-43 0.0510 = 0.0057 0.02974 = 0.00113 0.2091 =+ 0.0246 188.9 + 7.2 192.8 +22.7 241 + 27 0.61
101008-4-44 0. 0496 =+ 0.0044 0.03056 =+ 0.00108 0.2089 =+ 0.0201 194.0 *£6.8 192. + 18.5 176 £ 16 0.38
101008-4-46 0.0479 = 0.0055 0.03294 = 0.00125 0.2177 £ 0.0262 208.9 *7.9 200.0 =+ 24.1 96 = 11 0.46
101008-4-47 0.0504 = 0.0042 0.03098 = 0.00107 0.2152 =+ 0,0195 196.7 + 6.8 197.9 %+ 18,0 213 + 18 0.50
101008-4-48 0. 0497 =+ 0.0045 0.02981 =+ 0.00105 0.2041 =+ 0.0198 189.4 =+ 6.7 188. + 18.3 180 %= 16 0.71
101008-4-49 0.0565 = 0.0071 0.03048 = 0.00125 0.2376 =+ 0.0314 193.6 = 7.9 216.4 =+ 28.6 474 59 0.44
101008-4-50 0.0507 = 0.0070 0.02951 = 0.00123 0.2062 =+ 0.0297 187.5 = 7.8 190.4 + 27.4 228 = 31 0. 60
101008-4-51 0.0487 =+ 0.0058 0.03014 =+ 0.00117 0.2025 + 0.0253 191.5 + 7.4 187.3 + 23.4 135 + 16 0.64
101012-1 I sotopic ratio Age (M)
*7po/*"Pb 20 "mp/*y 20 *pp/**y 20 25y-2%pp 20 *U""mp 20 /™y 20 Th/U
101012-1-1 0.0558 = 0.0048 0.04022 =+ 0.00137 0.3093 =+ 0.0287 254.2 *8.6 273.7 + 25.4 444 + 38 0.32
101012-1-2 0.0511 = 0.0047 0. 04091 =+ 0.00141 0. 2881 =+ 0.0286 258.5 *+8.9 257. + 25.5 245 £ 23 0.31
101012-1-3 0.0575 % 0.0037 0.03737 % 0.00117 0.2960 =+ 0.0214 236.5 * 7.4 263.3 =+ 19.0 509 + 33 0.14
101012-1-4 0. 1101 % 0.0086 0.04117 = 0.00152 0.6248 = 0. 0538 260.1 =+ 9.6 492.8 * 42.5 1,801 £ 140 0.28
101012-1-5 0. 0538 =+ 0.0041 0.03901 =+ 0.00127 0.2896 =+ 0.0240 246.7 =+ 8.0 258. + 21.4 365 + 28 0. 52
101012-1-6 0.0462 = 0.0038 0.03740 =+ 0.00122 0.2384 =+ 0.0211 236.7 £ 7.7 217. * 19.2 10 =1 0.52
101012-1-7 0.0776 = 0.0094 0.03957 = 0.00171 0.4232 =+ 0, 0547 250.2 = 10.8 358.4 =+ 46.3 1,136 =+ 138 0.67
101012-1-8 0.0532 % 0.0041 0.03867 = 0.00127 0.2836 + 0.0238 244.6 +8.0 253.5 + 21.3 338 + 26 0.51
101012-1-9 0. 0497 = 0.0058 0.03781 =% 0.00173 0.2592 =+ 0.0323 239.2 = 11.0 234, + 29.2 183 = 21 0.33
101012-1-10 0.0529 * 0.0029 0.03617 =+ 0.00145 0.2639 = 0.0177 229.0 x=09.2 237. + 16.0 326 £ 18 0.94
101012-1-11 0.0527 = 0.0041 0.04013 = 0.00169 0.2915 =+ 0, 0257 253.6 =+ 10.7 250.8 * 22.9 316 = 24 0.20
101012-1-12 0.0521 = 0.0035 0.04001 = 0.00164 0.2872 * 0.0225 252.9 =+ 10.4 256.4 =+ 20,1 289 + 19 0.33
101012-1-13 0. 0528 =+ 0.0055 0.03757 = 0.00168 0.2735 = 0.0310 237.8 = 10.7 245. * 27.8 320 = 33 0.43
101012-1-14 0.0724 = 0. 0066 0.03562 = 0.00160 0.3558 = 0.0360 225.6 =+ 10.1 300.0 =+ 31.3 999 = 91 0.38
101012-1-15 0.0524 % 0.0053 0.03899 = 0.00173 0.2819 =+ 0.0312 246.6 =+ 11.0 252.2 * 27.9 305 % 31 0.36
101012-1-16 0.0512 = 0.0046 0.03663 = 0. 00158 0.2586 = 0.0256 231.9 =+ 10.0 233.5 + 23.1 250 + 22 0.36
101012-1-17 0.0519 =+ 0.0038 0.03642 =+ 0.00070 0. 2607 = 0.0196 230.6 =+ 4.4 235. * 17.7 282 = 21 0. 62
101012-1-18 0.0907 = 0.0076 0.04141 = 0.00107 0.5179 = 0. 0455 261.6 =+ 6.8 423.7 £37.2 1,441 £ 121 0.30
101012-1-19 0.0484 = 0.0046 0.03804 = 0. 00087 0.2540 =+ 0.0248 240.7 *5.5 229.8 + 22.4 121 £ 1 0.35
101012-1-20 0. 0497 =+ 0.0047 0.03578 =+ 0.00083 0. 2450 = 0.0241 226.6 =+ 5.2 222 21.9 180 %= 17 0.34
101012-1-21 0.0492 =+ 0.0048 0.03943 =+ 0.00092 0.2676 = 0.0267 249.3 5.8 240. + 24.0 159 = 15 0.09
101012-1-22 0.0489 = 0.0048 0.03816 = 0. 00090 0.2572 =+ 0.0261 241.4 £57 232.4 * 23.6 143 + 14 0. 50
101012-1-24 0.0572 =+ 0.0026 0.04132 = 0. 00061 0.3257 =+ 0.0154 261.0 +3.9 286.2 + 13.6 498 + 22 0.51
101012-1-25 0. 0524 =+ 0.0049 0.03848 =+ 0.00110 0. 2780 =% 0.0270 243.4 = 7.0 249, + 242 303 £ 28 0.33
101012-1-26 0.0511 # 0.0038 0. 03826 =+ 0.00092 0.2696 =+ 0.0212 242.0 5.8 242. + 19.1 247 £ 18 0. 45
101012-1-27 0.0617 = 0.0043 0.03815 = 0. 00093 0.3243 =+ 0. 0241 241.4 £5.9 285.2 =+ 21.2 663 + 47 0.32
101012-1-28 0.0519 = 0.0046 0.04298 = 0.00119 0.3075 =+ 0.0288 271.3 * 7.5 272.2 * 25.5 281 + 25 0.45
101012-1-29 0.0527 £ 0.0048 0.03679 =+ 0.00103 0.2674 = 0.0253 232.9 *6.5 240. + 22.8 317 £ 29 0.41
101012-1-31 0.0638 = 0.0034 0.03074 = 0. 00065 0.2705 = 0.0155 195.2 % 4.1 243.1 *13.9 737 £ 39 0.12
101012-1-32 0.0497 = 0.0029 0.03706 = 0. 00078 0.2538 = 0.0160 234.6 *5.0 220.6 * 14.4 180 = 11 0.30
101012-1-34 0.0529 + 0.0046 0.03744 £ 0.00119 0.2732 =+ 0.0255 236.9 = 7.5 245, + 22.9 326 + 29 0.48
101012-1-35 0.0599 =+ 0.0041 0. 04022 *+ 0.00120 0.3324 = 0.0249 254.2 = 17.6 291, + 21.8 602 + 41 0.28
101012-1-36 0.0499 £ 0.0047 0.03800 = 0.00123 0.2613 =+ 0. 0262 240.4 * 7.8 235.7 * 23.6 190 + 18 0.54
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Table 2 continued.
101012-1-37 0.0518 £ 0.0051 0. 04080 =+ 0.00135 0.2914 £ 0.0301 257.8 *8.5 259. + 26.8 2771 £ 27 0. 42
101012-1-38 0.0555 = 0.0051 0.03755 = 0.00122 0.2876 = 0.0278 237.6 7 256.6 =+ 24.8 434 + 40 0.50
101012-1-39 0.0531 =+ 0.0056 0.03834 =+ 0.00132 0.2805 =+ 0.0311 242.6 +8.3 251.0 =+ 27.8 332 + 35 0.29
101012-1-40 0.0471 = 0.0044 0.03812 = 0.00121 0.2474 =+ 0.0242 241.2 £ 7.7 224.5 * 22.0 53+ 5 0.65
101012-1-42 0.0564 = 0.0044 0.03547 = 0.00106 0.2759 =+ 0.0231 224.7 .7 247.4 *20.7 469 = 37 0.51
101012-1-43 0.0558 = 0.0039 0.03593 = 0.00104 0.2764 =+ 0.0211 227.6 .6 247.8 * 18.9 444 = 31 0.61
101012-1-44 0.0518 = 0.0041 0.04057 = 0. 00120 0.2896 =+ 0.0247 256.4 + 7.6 258.2 + 22.0 276 + 22 0. 51
101012-1-45 0.0734 = 0.0046 0.04217 % 0.00121 0.4268 = 0.0293 266.3 = 7.6 360. + 247 1,025 £+ 64 0.17
101012-1-47 0.0527 =+ 0.0039 0.04374 = 0.00127 0.3180 * 0.0252 276.0 *= 8.0 280. +22.2 318 £ 23 0.19
101012-1-48 0.0544 = 0.0062 0.03704 = 0.00129 0.2779 =+ 0.0329 234.5 *8.2 249.0 * 20.5 389 + 44 0.44
101012-1-49 0.0546 =+ 0.0049 0.04191 = 0.00131 0.3153 =+ 0. 0301 264.7 *8.3 278.3 * 26.6 395 + 36 0.24
101012-1-50 0.0545 = 0.0044 0.04259 =+ 0.00128 0.3199 =+ 0.0277 268.9 = 8.1 281 + 24.4 391 £ 32 0.33
180916-1  Isotopic ratio Age (Ma)
*7po/2 %Py 20 /%y 20 2po/*y 20 28y % 20 um 20 2'R/*mp 20 ThU
180916-1-1 0.0524 = 0.0026 0.03242 =+ 0.00093 0.2341 £ 0.0135 205.7 *=5.9 213. + 12.3 302 £ 15 2.04
180916-1-2 0.0517 = 0.0032 0.03642 = 0.00108 0.2594 % 0.0179 230.6 *6.9 234.2 161 270 = 17 1.19
180916-1-3 0.0507 =+ 0.0026 0.03740 + 0.00107 0.2615 = 0.0154 236.7 +6.8 235.8 + 13.9 228 + 12 0.58
180916-1-4 0.0727 = 0.0067 0.03852 = 0.00137 0.3859 = 0.0380 243.7 £8.7 331.3 *32.6 1,005 * 92 0.50
180916-1-5 0.0528 =+ 0.0038 0.03298 + 0.00102 0.2399 =+ 0.0188 209.2 * 6.5 218. + 17.1 319 £ 23 1.04
180916-1-6 0.0696 = 0.0055 0.03398 = 0.00112 0.3259 =+ 0.0278 215.4 =+ 7.1 286.4 * 24.4 916 = 72 0.67
180916-1-7 0.0501 = 0.0024 0.03601 = 0.00104 0.2486 =+ 0.0138 2281 +6.6 225.4 +12.5 199 + 9 0.14
180916-1-8 0.0525 = 0.0023 0.03721 =% 0.00106 0.2694 + 0.0139 235.5 =+ 6.7 242. + 12.5 308 £ 13 0.08
180916-1-10 0.0731 = 0.0032 0.03418 = 0. 00055 0.3447 % 0.0159 216.7 *3.5 300.7 =+ 13.9 1,018 =+ 44 1.22
180916-1-11 0.0517 = 0.0070 0.03427 = 0.00110 0.2444 = 0.0340 217.2 £ 7.0 222.0 =+ 30.9 274 + 37 0.96
180916-1-12 0.0510 =+ 0.0036 0.03524 =+ 0. 00068 0.2477 + 0.0180 223.3 +4.3 224.7 * 16.4 240 + 17 1.27
180916-1-13 0. 0541 =+ 0.0036 0.03376 =+ 0.00064 0.2518 * 0.0175 2141 = 41 228. + 15.9 375 £ 25 1.05
180916-1-14 0.0483 = 0.0033 0.03616 = 0. 00068 0.2407 £ 0.0171 229.0 .3 219.0 * 15.5 13 +8 1.08
180916-1-16 0.0528 + 0.0041 0.03637 = 0. 00077 0.2646 =+ 0.0214 230.3 +4.9 238.4 + 19.3 320 + 25 0.38
180916-1-17 0.0537 = 0.0034 0.03452 = 0. 00076 0.2554 % 0.0172 218.8 * 4.8 230.9 =+ 15.5 357 % 23 0.80
180916-1-18 0.0519 = 0.0030 0.03477 %= 0.00073 0.2490 %= 0.0154 220.3 = 4.7 225. + 14.0 284 £ 17 1.33
180916-1-19 0.0518 = 0.0046 0.03303 = 0. 00084 0.2361 =+ 0.0216 209.5 * 5.3 215.2 *19.7 279 + 25 0.53
180916-1-20 0.0562 =+ 0.0037 0.03538 = 0. 00080 0.2743 + 0.0192 224.1 + 5.1 246.1 +17.2 462 + 31 1.03
180916-1-21 0.0525 = 0.0026 0.03516 =+ 0.00071 0. 2547 = 0.0137 222.8 = 4.5 230. + 12.4 309 £ 15 1.57
180916-1-22 0.0512 * 0.0029 0. 03409 =+ 0.00071 0.2406 =+ 0.0147 216.1 * 4.5 218. + 13.4 250 + 14 0.94
180916-1-23 0.1170 = 0. 0065 0.03568 = 0. 00086 0.5758 = 0.0347 226.0 * 54 461.8 =+ 27.8 1,912 £ 106 0.67
180916-1-24 0.0507 = 0.0046 0.03453 = 0. 00090 0.2415 =+ 0.0229 218.9 *57 219.6 =+ 20.9 228 + 21 0.72
180916-1-25 0.0504 + 0.0059 0.03713 =+ 0.00117 0. 2580 =+ 0.0313 235.0 = 7.4 233. + 28.3 214 £ 25 0. 64
180916-1-26 0.0689 = 0.0024 0.02450 = 0. 00051 0.2328 + 0.0093 156.0 = 3.2 212.5 *8.5 897 = 31 1.40
180916-1-27 0.0521 = 0.0046 0.03591 = 0. 00098 0.2577 = 0.0240 227.4 *£6.2 232.8 * 21.7 288 + 26 0.76
180916-1-28 0.0534 =% 0.0047 0.03508 = 0. 00095 0.2582 + 0.0236 222.3 * 6.0 233.2 * 21.3 346 + 30 0.76
180916-1-29 0. 0553 =+ 0.0038 0. 03569 =+ 0.00088 0.2721 = 0.0199 226.1 =55 244. +*17.9 425 £ 29 0.79
180916-1-30 0.0543 = 0.0042 0.03455 = 0. 00088 0.2586 = 0.0210 219.0 *5.6 233.6 =+ 18.9 383 % 29 1.23
180916-1-31 0.0508 =+ 0.0033 0.03670 = 0. 00087 0.2570 + 0.0180 232.3 +55 232.3 + 16.2 232 + 15 1.13
180916-1-32 0.0501 = 0.0034 0.03701 =% 0.00088 0.2559 =+ 0.0183 234.3 5.6 231 + 16.6 202 = 14 0.83
180916-1-33 0.0507 £ 0.0034 0.03746 + 0.00081 0.2618 *+ 0.0185 237.1 * 5.1 236. + 16.7 228 £ 15 1.31
180916-1-34 0.0559 = 0.0035 0.03627 = 0. 00077 0.2797 =+ 0.0184 220.7 *4.9 250.4 * 16.5 450 + 28 0.14
180916-1-35 0.0558 = 0.0038 0.03923 = 0. 00088 0.3019 =+ 0.0218 248.1 +55 267.9 + 19.4 446 + 31 0.76
180916-1-36 0.0593 £ 0.0032 0. 04038 =+ 0.00082 0. 3303 =+ 0.0192 255.2 *5.2 289. =+ 16.8 579 £ 31 0.97
180916-1-37 0.0501 =+ 0.0026 0.03851 = 0.00075 0.2661 =+ 0.0148 243.6 = 4.8 239. + 13.4 201 = 11 0.56
180916-1-38 0.0503 = 0.0034 0.03857 = 0. 00084 0.2675 =+ 0.0191 2440 *53 240.7 *17.2 210 = 14 0.83
180916-1-39 0.0515 =+ 0.0026 0.03530 = 0. 00069 0.2507 + 0.0138 223.6 * 4.4 227.2 +12.5 265 + 14 0. 60
180916-1-40 0.0538 = 0.0080 0.03794 =+ 0.00141 0.2815 = 0.0433 240.0 *=8.9 251 38.7 364 £ 54 0. 47
180916-1-41 0.0489 = 0.0040 0.03397 = 0. 00096 0.2292 = 0.0200 215.4 * 6.1 209.5 * 18.3 145 + 12 0.68
180916-1-42 0.0818 =+ 0.0038 0.02896 = 0. 00073 0.3268 =+ 0.0172 184.0 + 4.6 287.1 =+ 15.1 1,242 + 58 0.93
180916-1-43 0.0537 = 0.0030 0.03553 = 0. 00089 0.2630 = 0.0160 225.0 + 5.7 237.1 =+ 14.4 358 + 20 1.35
180916-1-44 0. 0436 =+ 0.0036 0.04146 =+ 0.00115 0.2492 =+ 0.0218 261.8 = 7.3 225, + 19.8 #N/A £ #N/A 1.14
180916-1-45 0.0559 = 0.0042 0.03606 = 0.00101 0.2782 + 0.0224 228.4 * 6.4 249.2 =+ 20.1 451 = 34 1.42
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180916-1-46 0.0471 = 0.0047 0. 03577 =% 0.00108 0.2325 = 0.0241 226.5 *6.9 212.3 +22.0 57 £ 6 0. 56
180916-1-48 0.0497 =+ 0.0047 0.03857 # 0.00115 0.2641 =+ 0.0260 243.9 = 1.3 238.0 =+ 23.4 180 = 17 0.57
180916-1-49 0.0508 =+ 0. 0029 0.03557 % 0.00077 0.2491 = 0.0153 225.3 *4.9 225.9 =+ 13.9 232 = 13 0.77
180916-1-51 0.0520 =+ 0. 0056 0.03719 =+ 0. 00109 0.2664 =+ 0.0295 235.4 + 6.9 239.8 + 26.6 284 + 30 0.85
180916-1-52 0.0459 =+ 0.0028 0. 03875 =% 0.00084 0.2454 = 0.0157 245.1 %= 5.3 222.8 = 14.3 #NV/A £ #NVA 0. 66
180916-1-53 0.0511 = 0.0025 0.03525 = 0.00073 0.2481 = 0.0134 223.3 * 4.6 225.0 + 12.1 244 = 12 0.85
180916-1-54 0.0518 = 0.0029 0.03436 = 0. 00074 0.2453 % 0.0147 217.8 *4.7 2227 = 13.3 276 + 15 0.87
180916-1-55 0.0494 =+ 0.0026 0.03526 =+ 0.00074 0.2402 =+ 0.0135 23.4 +4.7 218.6 + 12.3 168 + 9 0.91
180916-1-56 0. 0527 =+ 0.0031 0. 03795 =+ 0.00084 0.2757 + 0.0175 240.1 _*+ 5.3 247.3 *+ 15.7 316 = 19 1.13
180916-4  Isotopic ratio Age (Ma)
b/ *%pp 20 pp/*%y 20 *Tpo/*y 20 2%8y"%pp 20 u"'m 20 'R/ Ry 20 ___Th/U
180916-4-1 0.0718 = 0.0026 0. 02802 = 0. 00067 0.2773 £ 0.0119 178.1 =+ 4.3 248.5 * 10.7 980 *+ 35 1.07
180916-4-2 0.0595 = 0. 0024 0.03914 = 0. 00095 0.3211 = 0.0151 247.5 £ 6.0 282.8 =+ 13.3 586 = 24 0.83
180916-4-3 0.0536 =+ 0.0033 0.03843 = 0.00101 0.2840 =+ 0.0188 243.1 + 6.4 253.8 =+ 16.8 354 + 22 0.57
180916-4-4 0.0655 = 0.0033 0. 03365 =+ 0.00086 0.3037 £ 0.0174 213.3 £ 5.5 269.3 15. 4 789 + 40 0. 60
180916-4-5 0.0683 = 0. 0027 0.02912 = 0. 00071 0.2742 =+ 0.0126 185.1 + 4.5 246.1 = 11.3 878 + 34 0.89
180916-4-6 0.0837 = 0.0032 0.02155 = 0. 00053 0.2487 = 0.0114 137.4 +3.4 225.5 =+ 10.3 1,286 + 50 1.06
180916-4-8 0.0627 = 0.0036 0.04006 = 0. 00106 0.3463 =+ 0.0218 253.2 *6.7 301.9 =+ 19.0 698 =+ 40 1.09
180916-4-9 0.0694 = 0.0027 0.03105 =% 0.00123 0.2972 = 0.0166 197.1 £ 7.8 264.2 = 14.8 912 = 36 1.10
180916-4-10 0.0541 =+ 0.0039 0.03997 % 0.00167 0.2981 = 0.0247 252.6 =+ 10.6 264.9 =+ 21.9 376 + 27 0.72
180916-4-11 0.0623 = 0. 0036 0.03382 = 0.00139 0.2905 = 0.0206 214.4 +8.8 250.0 =+ 18.3 685 + 40 0.93
180916-4-12 0. 0534 =+ 0.0039 0. 03794 =+ 0.00159 0.2795 = 0.0237 240.1 %= 10.1 250.2 % 21.2 347 + 26 1.00
180916-4-13 0.0583 =+ 0.0025 0.03365 =+ 0.00134 0.2704 =+ 0.0159 213.3 £ 8.5 243.0 =+ 14.3 541 + 23 0.78
180916-4-14 0.0508 = 0.0045 0.04229 = 0.00184 0.2963 = 0.0294 267.0 * 11.6 263.5 * 26.2 233 =+ 21 0. 60
180916-4-15 0.0640 = 0.0039 0.04342 = 0.00179 0.3830 =+ 0.0281 274.0 +11.3 320.3 =+ 24.2 741 * 45 0.52
180916-4-16 0. 0530 =+ 0.0035 0. 04096 =+ 0.00170 0.2991 =+ 0.0235 258.8 =+ 10.7 265.7 =+ 20.9 328 + 22 0.71
180916-4-26 0.0570 =+ 0.0028 0.03931 % 0.00113 0.3089 = 0.0177 248.6 =+ 7.1 273.3 =+ 15.7 492 + 24 0.66
180916-4-27 0.0531 = 0.0030 0.03628 = 0.00106 0.2659 = 0.0169 2207 *6.7 239.4 + 15.2 336 = 19 1.25
180916-4-28 0.0577 = 0.0026 0.03886 = 0.00110 0.3089 =+ 0.0163 245.7 +6.9 273.4 =+ 14.5 517 + 23 0.59
180916-4-29 0.0577 = 0.0024 0.03772 =% 0.00105 0.2999 = 0.0149 238.7 *x6.7 266.3 =+ 13.3 517 £ 21 0.84
180916-4-30 0.0671 = 0.0030 0.03393 = 0. 00096 0.3139 = 0.0165 215.1 *6.1 277.2 * 14.5 841 = 37 0.83
180916-4-31 0.0559 = 0.0033 0.03381 = 0.00100 0.2604 = 0.0172 214.4 +6.3 235.0 =+ 15.5 447 = 26 1.29
180916-4-32 0.0623 = 0. 0026 0.02998 = 0.00084 0.2574 =+ 0.0130 190.4 + 5.4 232.6 =+ 11.8 684 + 29 0.91
180916-4-33 0. 0531 = 0.0032 0. 04070 =% 0.00120 0.2980 = 0.0199 257.2 = 17.6 264.8 = 17.7 333 = 20 0.72
180916-4-34 0.0881 = 0.0033 0.02187 % 0. 00060 0.2658 = 0.0124 139.5 + 3.9 239.4 =+ 11.2 1,386 + 52 0.93
180916-4-36 0.0538 =+ 0.0026 0.03692 = 0.00104 0.2737 =+ 0.0152 233.7 +6.6 245.7 +13.6 362 + 17 1.08
180916-4-37 0.0541 = 0.0028 0.03873 = 0.00110 0.2886 = 0.0169 244.9 *6.9 257.5 =+ 15.0 374 = 19 0.89
180916-4-38 0.0534 = 0.0040 0.04287 =+ 0.00133 0.3154 £ 0.0257 270.6 *= 8.4 278.3 £ 22.7 345 = 26 0.63
180916-4-39 0.0538 = 0.0038 0.04073 = 0.00124 0.3020 =+ 0.0232 257.4 +17.8 267.9 =+ 20.6 362 + 26 0.51
180916-4-40 0.0623 =+ 0. 0025 0.03192 = 0.00088 0.2740 =+ 0.0134 202.5 + 56 245.9 =+ 12.0 683 + 28 1.30
180916-4-41 0.0769 =+ 0.0028 0.03698 =+ 0.00101 0.3922 = 0.0177 2341 = 6.4 336.0 =+ 15.1 1,119 £ 40 1.25
180916-4-42 0.0532 =+ 0.0082 0.03605 * 0.00150 0.2645 =+ 0.0421 228.3 * 9.5 238.3 37.9 338 + 52 0.95
180916-4-43 0.0905 = 0.0044 0.01849 = 0. 00050 0.2307 = 0.0128 181 +3.2 210.8 =+ 11.7 1,437 £ 69 1.10
180916-4-44 0.0664 = 0.0031 0.03036 = 0. 00080 0.2780 = 0.0149 192.8 + 5.1 249.1 + 13.4 820 + 38 0.88
180916-4-45 0.0745 % 0.0031 0.02799 =% 0.00072 0.2873 £ 0.0141 177.9 £ 4.6 256.4 = 12.6 1,054 £ 44 1.10
180916-4-46 0.0790 = 0.0034 0.02482 % 0. 00065 0.2705 =+ 0.0136 158.1 = 4.1 2431 *12.2 1,174 + 51 0.92
180916-4-47 0.0817 = 0. 0032 0.02460 = 0. 00063 0.2772 = 0.0130 156.7 % 4.0 248.4 = 11.7 1,239 + 49 1.15
180916-4-48 0.0534 = 0.0039 0.03685 = 0.00107 0.2711 =+ 0.0213 233.3 +6.7 243.5 +19.2 344 £ 25 0.57
180916-4-49 0.0486 =+ 0.0052 0. 03854 =+ 0.00128 0.2581 £ 0.0291 243.8 * 8.1 233.1 % 26.3 127 = 14 0.83
180916-4-50 0.0574 = 0.0029 0.03695 % 0. 00098 0.2924 =+ 0.0169 233.9 *6.2 260.5 = 15.0 507 + 26 0.67
180919-2 Isotopic ratio Age (M)
207Pﬂ/206F,D 20 ZOGPD/Z%U 20 207%/235U 20 ZSBUJOGPO 20 235w207pa 20 ZU7PO/ZDGPO 20 Th/U
180919-2-1 0.0577 = 0. 0068 0.01483 % 0. 00056 0.1180 = 0.0145 94.9 *3.6 13.2 % 14.0 519 + 61 0.99
180919-2-2 0.0544 = 0.0043 0.01484 =+ 0.00038 0.1114 =+ 0.0093 95.0 =+ 2.4 107.3 +8.9 390 + 31 1. 40
180919-2-4 0.0496 =+ 0.0046 0. 01554 =+ 0.00043 0.1064 = 0.0103 99.4 + 2.8 102.6 *£ 9.9 179 = 17 0. 95
180919-2-5 0.0574 = 0. 0066 0.01464 = 0. 00054 0. 1158 = 0.0140 93.7 +3.4 11.3 = 13.4 506 + 58 0.84
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180919-2-6 0.0598 = 0.0077 0.01612 = 0. 00069 0.1328 = 0.0181 1031 + 4.4 126.6 = 17.2 596 = 77 0. 94
180919-2-8 0.0577 = 0.0047 0.01371 = 0. 00036 0. 1092 =+ 0.0093 87.8 =23 105.2 + 9.0 521 % 42 1.36
180919-2-9 0.0541 = 0.0050 0.01412 = 0. 00041 0. 1054 % 0.0102 9.4 2.6 101.8 +9.9 377 + 35 1.09
180919-2-10 0.0511 = 0.0037 0.01428 = 0. 00035 0. 1007 =% 0.0076 91.4 =23 97.4 7.4 246 + 18 1.28
180919-2-11 0.0496 = 0. 0061 0.01475 = 0. 00048 0.1009 =+ 0.0128 9.4 3.1 97.6 +12.3 177 £ 22 0.79
180919-2-12 0.0708 =+ 0.0064 0.01820 = 0. 00055 0.1777 =+ 0.0169 116.3 + 3.5 166.0 % 15.8 952 + 86 0.69
180919-2-13 0.1079 =+ 0.0122 0.01458 = 0. 00059 0.2169 =+ 0. 0261 93.3 +3.7 199.3 =+ 24.0 1,764 =+ 200 0.81
180919-2-14 0.0504 = 0.0041 0.01499 = 0. 00039 0. 1041 = 0.0089 95.9 +2.5 100.5 + 8.6 213 + 17 1.25
180919-2-15 0.0902 =+ 0.0082 0.01463 = 0. 00047 0.1819 = 0.0175 93.6 =+ 3.0 169.7 + 16.3 1,430 =+ 130 1.12
180919-2-16 0.0824 % 0.0121 0.01639 = 0. 00073 0.1861 = 0.0286 104.8 + 4.7 173.3 % 26.7 1,254 =+ 185 0.96
180919-2-18 0.0511 = 0.0062 0.01492 =+ 0. 00074 0.1050 =+ 0.0138 95.5 + 4.7 101.4 + 13.4 244 + 30 0.94
180919-2-19 0.0530 = 0.0043 0.01437 = 0. 00065 0.1050 = 0. 0097 92.0 * 4.2 101.4 +9.4 330 + 27 1.33
180919-2-20 0.0881 = 0.0088 0.01359 = 0. 00068 0.1651 =+ 0.0185 87.0 * 4.4 155.1 = 17.4 1,385 =+ 139 1.05
180919-2-22 0.0471 = 0.0043 0.01399 = 0. 00064 0.0908 = 0. 0092 89.5 =+ 4.1 88.2 + 9.0 53 5 1.26
180919-2-24 0.0507 = 0. 0051 0.01410 =+ 0. 00066 0.0986 =+ 0.0110 90.3 + 4.2 95.5 =+ 10.7 229 + 23 1.26
180919-2-25 0.0550 = 0.0056 0.01492 = 0. 00071 0.1132 = 0.0128 95.5 * 4.5 108.9 + 12.3 415 + 42 1.17
180919-2-26 0.0637 = 0.0049 0.01583 = 0. 00057 0.1390 % 0.0117 101.2 +3.7 132.2 = 11.2 732 + 56 1.26
180919-2-27 0.0522 =+ 0.0047 0.01505 = 0. 00056 0.1082 + 0.0105 9.3 *3.6 104.4 % 10.1 293 + 26 1.02
180919-2-29 0.0408 = 0.0052 0.01500 = 0. 00060 0.0843 =+ 0.0113 95.9 *3.8 82.1 = 11.0 #N/A £ #NVA 1.00
180919-2-30 0.0422 + 0.0073 0.01577 = 0.00074 0.0918 = 0.0164 100.9 + 4.7 89.2 + 16.0 #N/A £ #NV/A 0.52
180919-2-32 0.0518 = 0. 0050 0.01575 = 0. 00059 0.1125 = 0.0116 100.7 + 3.8 108.2 % 11.1 277 * 27 0.48
180919-2-33 0.0507 =+ 0.0047 0.01556 = 0. 00058 0.1087 =+ 0.0110 99.5 +3.7 104.8 =+ 10.6 227 + 21 0.96
180919-2-34 0.0878 =+ 0.0095 0.01601 = 0. 00062 0.1938 =+ 0.0222 102.4 + 4.0 179.8 % 20.6 1,378 =+ 148 0.77
180919-2-35 0.0453 = 0.0045 0.01514 = 0. 00048 0.0946 = 0.0098 9.9 3.1 91.7 = 9.5 #N/A £ #NVA 111
180919-2-36 0.0481 = 0.0054 0.01595 = 0. 00054 0.1057 = 0.0124 102.0 +3.5 1021+ 12.0 104 + 12 0.89
180919-2-37 0.0866 = 0.0092 0.01627 = 0. 00062 0.1943 =+ 0.0220 104.0 + 4.0 180.3 =+ 20.5 1,353 + 144 0.92
180919-2-38 0.0930 = 0.0087 0.01545 = 0. 00056 0.1981 =+ 0.0198 9.8 +3.6 183.5 + 18.4 1,488 £ 139 0.77
180919-2-40 0.0584 = 0.0080 0.01617 = 0. 00064 0.1302 % 0.0185 103.4 + 4.1 124.3 = 17.6 546 = 74 0.68
180919-2-41 0.0502 = 0.0047 0.01432 % 0. 00046 0.0991 % 0.0099 91.7 =29 95.9 9.6 203 = 19 1.09
180919-2-43 0. 0459 = 0.0046 0.01478 = 0. 00042 0.0935 = 0.0098 9.6 +2.7 9.8 +9.5 #N/A £ #NVA 1.07
180919-2-44 0.0519 = 0.0047 0.01481 = 0. 00041 0.1060 = 0.0101 9.8 =26 1023 +9.7 282 + 26 1.14
180919-2-45 0.0447 % 0.0041 0.01455 = 0. 00039 0.0896 = 0.0086 931 =25 87.2 =83 #N/A £ #NVA 1.19
180919-2-46 0.0693 =+ 0.0057 0.01466 = 0. 00041 0.1401 =+ 0.0122 93.8 =27 1331 + 11.6 909 + 75 1.28
180919-2-47 0.0516 = 0. 0040 0.01401 = 0.00036 0.0997 = 0. 0082 89.7 *2.3 9.5 * 7.9 268 =+ 21 1.30
180919-2-48 0.0491 = 0.0053 0.01494 = 0. 00045 0.1012 = 0.0113 95.6 + 2.9 97.9 =+ 11.0 154 = 17 0.95
180919-2-49 0.0514 =+ 0.0045 0.01479 % 0. 00040 0. 1048 + 0.0097 9.7 +26 101.2 +9.4 259 + 23 1.04
1809201  Isotopic ratio Age (Mb)
“7pb/*Pp 20 "pp/*y 20 “Tpp/*%y 20 28y-2%pp 20 *u""mp 20 *'m/™mp 20 Th/U
180920-1-1 0.0520 = 0.0041 0.03014 = 0. 00088 0.2162 % 0.0181 191.4 +5.6 198.8 =+ 16.6 287 + 22 0.33
180920-1-2 0.0522 =+ 0.0040 0.02926 =+ 0. 00085 0.2107 =+ 0.0172 185.9 + 5.4 1941 + 15.8 295 + 22 0.24
180920-1-3 0.0646 = 0.0043 0.02804 = 0. 00080 0.2497 + 0.0181 178.2 + 5.1 226.3 =+ 16.4 761 =+ 51 0.38
180920-1-4 0.0489 = 0.0029 0.02878 = 0. 00077 0.1939 =+ 0.0125 182.9 =+ 4.9 179.9 + 11.6 141 + 8 0.79
180920-1-5 0.0529 =+ 0.0031 0.03039 = 0. 00082 0.2216 = 0.0145 193.0 5.2 203.2 * 13.3 325 + 19 0.80
180920-1-6 0.0469 = 0.0043 0.03077 = 0. 00094 0.1990 =+ 0.0191 195.4 =+ 6.0 184 17.7 45 + 4 0.22
180920-1-7 0.0521 = 0.0028 0.03007 = 0. 00082 0.2160 =+ 0.0130 191.0 =5.2 198.5 = 11.9 289 % 15 0.75
180920-1-8 0.0539 = 0.0048 0.03194 = 0.00101 0.2373 + 0.0225 202.7 * 6.4 216.2 * 20.5 367 + 33 0.29
180902-1-9 0.0553 = 0.0041 0.03064 = 0.00117 0.2338 + 0.0195 194.6 + 7.4 213.3 +17.8 426 + 32 0.35
180920-1-10 0.0519 = 0.0034 0.02890 = 0.00108 0.2068 =+ 0.0158 183.7 +6.9 190.9 + 14.5 281 = 19 0.21
180920-1-11 0.0546 = 0.0035 0.02861 = 0.00107 0.2155 =+ 0.0160 181.9 +6.8 1981 + 14.7 397 + 25 0.20
180920-1-12 0.0497 % 0.0036 0.02969 = 0.00112 0.2034 =+ 0.0164 188.6 % 7.1 188.0 % 15.2 181 + 13 0.36
180920-1-13 0.0530 =+ 0.0037 0.03016 = 0.00114 0.2203 * 0.0175 191.6 + 7.2 202.2 + 16.1 328 + 23 0.30
180920-1-14 0.0535 = 0.0040 0.02923 = 0.00112 0.2157 =+ 0.0181 185.7 + 7.1 198.4 =+ 16.7 352 + 26 0.21
180920-1-15 0.0550 = 0.0040 0.02948 = 0.00112 0.2236 = 0.0184 187.3 = 7.1 204.9 =+ 16.9 413 = 30 0.27
180920-1-16 0.0513 = 0.0036 0.02979 = 0.00112 0.2106 = 0.0169 189.2 = 7.1 1940 + 15.6 254 = 18 0.27
180920-1-17 0.0487 = 0.0027 0.02980 = 0.00108 0.2002 + 0.0132 189.3 + 6.9 185.3 =+ 12.2 135 + 7 0.42
180920-1-18 0.0507 = 0.0043 0.03075 = 0. 00083 0.2151 =+ 0.0192 195.2 +5.3 197.8 = 17.6 229 = 19 0.22
180920-1-19 0.0527 % 0.0038 0.02870 = 0. 00073 0.2084 =+ 0.0160 182.4 * 4.6 192.2 + 14.8 315 + 23 0.24
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Table 2 continued.

180920-1-20 0. 0484 =+ 0.0042 0. 03062 =+ 0.00083
180920-1-21 0.0563 + 0.0046 0.02899 =+ 0.00079
180920-1-22 0.0560 =+ 0.0045 0.02991 = 0. 00081
180920-1-23 0.0580 =+ 0.0051 0.02989 =+ 0.00085
180920-1-24 0.0490 =+ 0.0030 0.03011 =+ 0.00071
180920-1-25 0.0510 =+ 0.0040 0.02768 = 0.00072
180920-1-26 0.0498 + 0.0031 0.02981 =+ 0.00101
180920-1-27 0.0524 =+ 0.0038 0.02895 =+ 0.00101
180920-1-28 0.0517 =+ 0.0040 0. 02553 =+ 0. 00090
180920-1-29 0.0638 + 0.0037 0.02974 =+ 0.00101
180920-1-30 0.0507 =+ 0.0031 0.02719 =% 0. 00092
180920-1-31 0.0524 + 0.0040 0.02921 =+ 0.00104
180920-1-32 0.0651 =+ 0.0049 0. 02828 =+ 0.00102
180920-1-33 0.0542 =+ 0.0047 0.02919 = 0.00107
180920-1-34 0.0465 + 0.0038 0.02937 =+ 0.00104
180920-1-35 0.0581 =+ 0.0041 0.02914 =+ 0.00072
180920-1-36 0. 0498 =+ 0.0038 0.03103 =+ 0.00077
180920-1-37 0.0614 =+ 0.0042 0.03008 =+ 0.00074
180920-1-38 0.0586 =+ 0.0047 0.03093 = 0. 00082
180920-1-39 0.0522 + 0.0039 0.02844 =+ 0.00071
180920-1-40 0.0480 + 0.0036 0.02960 =+ 0.00072
180920-1-42 0.0529 =+ 0.0035 0. 02882 = 0. 00069
180920-1-43 0.0537 + 0.0032 0.02983 =+ 0.00093
180920-1-44 0.0712 =+ 0.0049 0.03032 = 0.00101
180920-1-45 0.0507 =+ 0.0041 0.03135 = 0.00105
180920-1-46 0.0530 + 0.0036 0.02745 =+ 0.00088
180920-1-47 0.0474 =+ 0.0044 0.03052 =+ 0.00105
180920-1-48 0.0462 =+ 0.0040 0.02995 = 0.00101
180920-1-49 0.0536 =+ 0.0030 0. 02945 =+ 0. 00092
180920-1-50 0.0530 =+ 0.0040 0.02979 =+ 0. 00098

0.2043 + 0.0184

0.2252 + 0.0195

0.2311 % 0.0197

0.2390 =+ 0.0222

0.2034 £ 0.0134

0.1946 % 0.0161

0.2046 =+ 0.0145

0.2091 =+ 0.0169

0.1818 =+ 0.0153

0.2617 £ 0.0175

0.1902 =+ 0.0132

0.2112 £ 0.0178

0.2536 =+ 0.0213

0.2182 =% 0.0206

0.1883 £ 0.0168

0.2334 =+ 0.0174

0.2130 % 0.0170

0.2548 + 0.0183

0.2497 % 0.0212

0.2047 £ 0.0160

0.1959 =+ 0.0154

0.2101 =% 0.0149

0.2208 £ 0.0147

0.2978 =+ 0.0227

0.2190 =+ 0.0192

0.2008 =+ 0.0150

0.1996 =+ 0.0199

0.1907 = 0.0177

0.2176 =+ 0.0140

0.2176 * 0.0179

194.4 + 52 188.7 £ 17.0 119 = 10 0.36
184.2 *£5.0 206.2 +17.9 466 + 38 0.17
190.0 =+ 5.1 211.1 £ 18.0 454 + 37 0.20
189.8 £ 5.4 217.6 =+ 20.2 530 £ 47 0.18
191.2 * 4.5 188.0 =+ 12.4 148 = 9 0.32
176.0 = 4.6 180.5 =+ 14.9 241 £ 19 0.30
189.3 £ 6.4 189.0 =+ 13.4 185 = 12 0.85
183.9 =+ 6.4 192.8 =+ 15.5 304 + 22 0.20
162.5 + 5.8 169.6 + 14.3 271 £ 21 0. 20
188.9 =+ 6.4 236.1 =+ 15.8 737 £ 42 0.40
172.9 = 5.9 176.8 =+ 12.3 230 + 14 0.27
185.6 =+ 6.6 194.5 + 16.4 304 + 23 0.31
179.8 =+ 6.5 229.5 + 19.2 776 + 59 0.23
185.5 =+ 6.8 200.4 =+ 18.9 380 + 33 0.32
186.6 =+ 6.6 175.2 =+ 15.6 24 £ 2 0.37
185.2 =+ 4.6 213.0 * 15.9 534 + 38 0.25
197.0 + 4.9 196.1 £ 15.6 186 + 14 0.32
191.0 *+ 4.7 230.5 =+ 16.6 655 + 44 0.40
196.3 =+ 5.2 226.3 * 19.2 551 + 44 0.19
180.8 £ 4.5 189.1 £ 14.8 295 = 22 0.33
188.0 =+ 4.6 181.6 =+ 14.3 100 + 7 0. 42
183.2 =+ 4.4 193.6 =+ 13.7 324 + 22 0.43
189.5 £ 5.9 202.6 =+ 13.5 359 £ 21 0.28
192.5 =+ 6.4 264.6 =+ 20.1 965 + 66 0.20
199.0 + 6.7 201.1 =+ 17.7 226 = 18 0.15
174.6 £ 5.6 185.8 =+ 13.9 331 £ 22 0.28
193.8 + 6.7 184.8 =+ 18.4 nx7 0.22
190.2 + 6.4 177.2 £ 16.5 FAEER 0.33
187.1 =+ 5.8 e s 0 354 + 20 0.30
189.2 + 6.2 199.9 =+ 16.4 329 + 25 0.27

2248+ 1.7 Mak Bx 22 L5, RERKIRvA 24 +D
FA e FANMERE 3R > 2 BRTH 5T LWL »
257,

P EoREEBERE O AR L 7 Ak, A
JI sk, e - RIS Tl ch b YL
YU-POERREZFIORNICE &0 7= BEHOFTLE AR
A ETNITERE OB AERITH 240 MaTH % A%, Horie
et al. (2010, 2018) %, FHRHATER S 5 5 258.0+2.3 Ma,
256 +2 Ma, 253.0+1.9 Ma, 229+ 8 Ma® ¥ )L 2 > U-Pb
FERAEREL T3S, #9255 MaDFRITARHE DFNX
KO FEFEL, 229+ 8 MaDERIEFE V. —TF, TEED
BRHNTER S O EAERIZH225 Mak, HEBOFRH
TEiE & IERE, PEEHOIRERIR~ A 2+ A4 P aED
250 MaRli# DTERIAHE ZENH B Z E N6 » itk 5
7. B OFL AfERE A 5 € 229 + 8 MaDFR WS
ENTWB DT (Horie et al., 2010), HIRIZ & 9225 MadD
BAWEES D - =BeErd 5. LIED K & kkiGs)
S TRBEA R D AR - ITEIRMIR T8 A5 h, fEREHE
®D Y 3 Y U-Pb-1X242.6 + 1.9 Ma (Takehara and Horie,
2019), 235.4+ 1.6 Ma (Horie et al., 2018), 241.4+2.0 Ma,
2413 +3.0 Ma, 229.3 + 1.9 Ma (fTPIE A, 2019) A3 X

nTHko (GEI0X), FENIHIER S S 255 Mah 5
#9225 Mag TORIZKBIOMEREFDOEAN D > 125
5.

6.2 MENBEEEBOEAEAR

5@ A1 PO BEIR A S BIRk S (100509-2) 12, 29 2 4 —
Sy T247.7 +£3.7 Ma (fraction = 0.37) &£ 195.6 £2.0 Ma
(fraction = 0.63) BfHE 5N T\ 5. FHoXjD VI a g,
a7 O 236-254 MaDHA % IR ¥4 53247.7 £3.7 Ma
DI FARL—EWWKTEFNTHEH, ZOVLavid
FT T M) - REhEERT Y ABEET B, U LD
Riz\BohTnmny, a70FERDPET 5247737
MadD 2 7 Z2 4 — DRI, KEEBR L7z 7~ DR
= R ARVEY i[O = SV NSRBI BV FAWAL 4 S T Pt
Ehb. 7724 —=SHTHON1956+2.0 Ma% K
KB oLaviE, 35 b)) -SiEEs R0, ThU
13 KER53730.78-0.29 T, KRG IRIEEE 2 515 (Corfu
et al., 2003 ; Hartmann and Santos, 2004). &X->7T, 75
2B =3 THESN195.6 2.0 Mah ELAFEN & Ak
Eha.

3 £ PO BER A DA E, TTIE A (20170) TR
TREE W ER A D F N NVED—EE I T&E -8
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Table 3 Cluster ages and fractions by cluster analysis of zircon U-Pb ages of the Hida Older Granites.

238 )_206py,
age 20 fraction misfit
(Ma)
2136 £26 0.21 0.481
Hayatsukigawa
Granite 2248 1.7 044
(180916-1)

2384 +20 035

Unazuki Granite

236.5 * 3.1 0.50 0.548

(180916-4) 2605 +37 050
Quartz diorite 1956 + 2.0 0.63 0.242
(100509-2) 2477 +37 037

1713 £31 011 0.582
Yatazodani
Quartz Diorite 1847 + 25 0.37
(180920-1)

1935 + 21 0.52

DTHBH, LALOFRITAEE S BIERAHOFR KD
LHBITHE V. Ko T, RFEITH S » ICTREH B GRS
FIZEDONIZNEEDTH L. FTHHNONEILE, F
RATEHESOWMBRAEREET 7 7 4 F B AHAIHEIR
ICmRICE AL, ARG EIZEE A5 2 T\W5 (K
FH, 1961b). AMuIKDOILE, R 5530 1 B XIE A
I Tl U UIRZE % PF b 2 58 £ PG A 5 PO
D/INEERD, TREMER S MIRIC M T 5. Zhbid
FTRTCHFEAHNOVEIZED SN (FTNIE A, 2017a),
FRAEREE DT, E2HE2ZT s iia
AERREA I, RS LR LAY 2 F KO REEHTITE
MESHICED b WREME A E .

HELR: Fr BRIR SR E R E R A (101008-4) 1%, SMH»FTARH
fEfEa CKH, 1961a, b) ICHEPIL, —&BCHRERIOEM
BH A58 60, TTAIE 2 (2017a) TIEAE S AE RS
HOFRAEEE TR IR T 2GR 2 5L 28
DTHB. U-PERIZ—DODIr I A2 —%KkL, £ F
Y R EEE 2L, Th/UIZ0.85-0.15T, KA
HEZZ 5N 3 (Corfu et al., 2003 ;5 Hartmann and Santos,
2004). ZOMEFI2192.0+2.4 MaT, ZDHFERBE
AFERE AR EIND. ZOFEMITTRER ARSI E
HONBERELEDTHS. 5570 1 EKIE A ik
DOFHEALERAEDO BT HENO B ARSI~ 1 1)
4 MEDRE®H ENB L DD, KL Tid~ 1 v A
MEIZEED S ey, RERHRELSRTE, DNIWRE
(Fit, 1935) Iz dH 720, Ha 2L —H4 MLE32T,

—IHICHRSE DS FET DAV D EDATH S, AME
Hissk ORI O BIFILEL O BIFFACRE S (0, 1973) 13,
HRBIR O BERER S -G EPREAE 2 2 L, F1 omfE
O H) BAOBIREESA LN L 2R MET 5. $77,
B EIERAH S, 196.1 £ 18.8 MaDRb-SIE&HT AV &
v VAR (R - M4 25, 19870) At hTw 5. U-
POERDOWME T VA, SHEERID, KEITERS
fEmEictbehs 0 £z oh, WEXTIZEBHE
ferA & L.

PRI B PP (180920-1) DU-PLAEARIZ, 2 5 2
B =3 HTOFEE, 193.5+2.1 Ma (fraction = 0.52), 184.7
+2.5 Ma (fraction = 0.37), 171.3 + 3.1 Ma (fraction = 0.11)
DERELRT. KEFOOILTVIZHY T b —BRiEkE
BEAEREL, ThUIX0.85-0.15T, KRKAHREEEZZ 5h
% (Corfu et al., 2003 ; Hartmann and Santos, 2004). L L,
*T T M) —REMEERTOLI VDY) AL TR
3DDFERBH/ENTHD E6MXn-p), ThdDFERD
SRR Ly, BB WY T A X —IZBIR L - FRUE &
L C162.5+5.8 Ma (Th/U = 0.20), 172.9+5.9 Ma (Th/U =
0.27), 176.0+4.6 Ma (Th/U = 0.30) 2% 2 %, \WFh i
VT ) -FmiEE R L, ERMERICEKS ) AT
Ziohmwv, 72, 171.3+£3.1 Ma®D 2 5 X & — 3R
FTEF—ABDDE IS ZDOERADEARICIER X
DL EFELINL, SHEORELEFIZL2EDLFE
Zbhb. 72, 252X & B2 D2 D DR
£193.5+2.1 Mak 184.7+2.5 MalZBIL T, CLI%E» 513



20 J3453 @ 1 WE XiE

280 260

L] ko DL a v U-Pb 4 (TTANIEA)

200

24|l-0 22|0 18|O (Ma)

260.5 +3.7 Ma

236.5+3.1Ma

180916-4

(Unazuki Granite)

240.7 +4.1 Ma

101012-1

(Funakawa Granite)

247.7+£3.7 Ma

195.6 £2.0 Ma

100509-2

(Hornblende quartz diorite)

192.0 £2.4 Ma

101008-4
(Kekachidake Granite)

Unazuki

189.2 £2.2 Ma

180920-1

(Yatazodani Quartz Diorite)

258.0 +2.3 Ma

229 +8 Ma 191.1 0.3 Ma

(Horie et al., 2010; 2013; 2018) —
256 +2 Ma

180916-1

253.0+1.9 Ma

2384+20Ma  224.8 £1.7 Ma 213.6 £2.6 Ma

(Hayatsukigawa Granite)
(Ishizaka and Yamaguchi, 1969;

245 +2 Ma
250 #2Ma e 240 +3 Ma

197 +3 Ma 19123 Ma

Takahashi et al_, 2010;
Zhao et al., 2013)

(Horie et al., 2018;

©
=
©
2
e
>
w
@0
©
>
©
I

2426 +19Ma
2414 +2.0 Ma ==

199.1£1.9Ma  183.6 +1.8 Ma

2354 +1.6 Ma

Takehara and Horie, 2019;
Takeuchi et al., 2019)

Kamioka—
Kagasawa

M3:30Ma  2293+19Ma

= |nherited age

= |ntrusionage = === Hydrothermal alteration age

10X

TREESE [ A B0 D P U"PbEfR. 180916-4, 101012-1 & 180916-11F7 5 A & — Ak > CEE ENhZE=2 7282 —0D

FRER U KBHIAFAUE + 342 (20) Ma) D 278 L 7z

Fig. 10
line indicates the range of age + error (20) (Ma).

ZFNED2ODFERDAT LY 4D K S HERIZAD S
nicwn, PLaryori s b —RipEgEiEhoie s
B E THGEL T D, F BRI 55190 Mad -
RE[BoENTBZ NS (H6Kp), ZD2D00D27 5 A
A4 —THEREFT BB AEY L ENs. ko,
180 MaKii DR AR L, KD OF — I TINEF
BRDBE, 1892+22Ma(MSWD =34, n=23)Th 5.
ZOHFERBPEKEDBEAFNREEALT I ENTE, ZOF
RISREEFTHER S I ED O NEINE LD TH S, K
FAOBHREUE SO AEE DR (FIR) 12T, 191.1+£0.3 Mad
VL 3 Y U-PoiF 2V RE S TE D (Horie er al., 2013),
AAER LTI A0,

Pl o eEEg G A O & 4 H bk, F AN
Hudsk, FRRE - NS T & T B TR T
feRAHO YL a v U-PYEREHEI0RNCE LD/ i
W ki, AN Tk, KEEILAER A2 6
191 + 3 Ma (Takahashi et al., 2010) %197 + 3 Ma (Zhao et
al., 2013) O VL3 YU-PHERZME T AT 5B, £

“U—""Pb of Hida Granites. 180916-4, 101012-1 and 180916-1 show the ages of clusters calculated by cluster analysis. The bold

7z, FRAMBOZFR T, BAESLENRES? S
191.1£03 Ma® Y )L 2 YU-PHER A HE chTnw 3
(Horie et al., 2013). —7J5, ffild - DIRERMKTIE, {EM
HvAut 4 MCHEATAEREIRE D 199.1£1.9 Ma
(Takehara and Horie, 2019) RRTRERF KA IZE A G
EWR & 1 183.6 = 1.8 Ma (Horie et al., 2018) A X T
W5, AHEOER ALY S L, REFHATGR S HHIZ
200180 MalZ E{ATRBIA H > 72 Z LIZ% 5.

6.3 HEHLBEAENEAZER

108 o S AR 0D AR A AR A B SR e i o X 40 40 PRt
7 (180919-2) DU-PbEUZ1 DD F A& —% kL, %
OIMEFIE95.7 £18MaThB. ThHDYVIILT VI,
RRAHELE NS AT T b R EEEE L (B6Mq,
1), TWUIXLOOEIRDE DML, KREERFEEEZ S
M5 (Corfu et al., 2003 ; Hartmann and Santos, 2004). X -
T, 957+ 1.8 MasBAFRE AL I 5.

WERED RO RS & LT, A diiBolt X s
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TIPS 2> 5 98.0£ 1.4 Ma, 99.7+1.1 Ma, 102.8+3.1
Ma® ¥ L 2 YU-PHEU A M & T w3 (Tto et al.,
2013). F 7z, HARWIZW T 35550 1HEXIE R
TN 3N O EHiAE RS A 5 1%, VL3 Y U-PbAE(R
DU T AL =Sk D, 90.8+1.1 Ma, 94.8+0.8 Ma,
100.5+ 0.7 Ma, 1082+ 1.2 Ma, 114.0+ 1.6 Ma® - A
WEEN TS (EHRIEH,, 2018). 72, SHSD1H
BIXEN A ISR N OBARE Y s e BE6T4 4 b
&£ 0 109.2£0.8 MaD MG E T B (FTAIE A,
2017a). 2D &S5, SERIE U 7= fR HL R A RE R
WAL AR L, 2R D OB ARIEE)
D—HEDOKKEFHTH S EEL 6N 5.

7. iR

1. B E LA EHD > 5, WHElO R AR S D
HAEMRIZ224.8+1.7 Ma, MO T4 AIERE I
236.5+ 3.1 Ma, JH)II{ERIE13240.7£4.1MaThH 3.

2. FANAERAE OB AFRIE, WiFEREKRICH L ESHh
TWARERIR~ 4 2+ 4 b OFEER (250240 Ma)
EREED, WMHFIHOEKRTDH 5.

3. 5775y O 1R XTI ] bk o AR5 v I AE iR S
DEARMOEETFRAERGE L2 DD —E
&, VLT YU-PHEA, ZhE11956+2.0 Mak
192024 Maz/N L, Wiy 2 ZHUICH A U 22 7R
FHITEREHICAEY O NERNELDT, BEIEH
oY (AT p =g S s o )

4. BRSO S OB AEMRIZ189.2+22 MaT,
WD & PIFIE 0.

5. 8 EIEMNIZ 95.7 + 1.8 Ma®D B AF-R D45 % POk A
D/INERE RN L 7=

B ORAFZRIE, 20 4y 00 1 YR IXKINET 1L ] oo B AR
ICBWTHEML 728D TH 5. iR RFEREHERGIY
MR O LA E Bz, BIFE BRIk, Yray
U-PbEHIEIZ I WT, T & T\ 2. [Erif%ER
ik NP R A I i AR A £ v & — HhPER
BRI 2B O EAY LM HERR L LTO
ZER, B BUWHLO#RZGEM U CHW A A
Mk, REmIKEIZSEE S hz LD J; 4 12 i&H
DEERTS.
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SATO Yoshiki, MIZUNO Kiyohide and NAKASHIMA Rei (2021) Sedimentary environmental change
after the Last Glacial Maximum in the Miyagawa Plain, southwestern coast of the Ise Bay, central Japan.
Bulletin of the Geological Survey of Japan, vol. 72 (1), p. 65-80, 6 figs, 2 tables.

Abstract: Miyagawa Plain (Miyagawa Delta), located in southwestern coast of the Ise Bay, is a deltaic
alluvial lowland dominated under wave and tidal currents. A 57.6 m-long core penetrating the incised
valley fill, “Chuseki-so”, was obtained from the lowermost part of the plain. Sedimentary facies,
radiocarbon dating, diatom fossil and tephra analyses of the core material were conducted for revealing
sedimentary environmental changes after the Last Glacial Maximum [LGM] and development of the
Miyagawa Delta with the help of borehole logs. The alluvium deposit comprises six sedimentary units,
Unit 1 to 6 in ascending order: Unit 1; braided river channel, Unit 2; estuary, Unit 3; inner bay, Unit4;
lower shoreface, Unit5; upper shoreface to beach, Unit 6; inter-ridges marsh and artificial soil.

After the LGM, an estuary environment was occurred until ca. 10.3 ka, and then inner bay environment
was established around 9.5 ka associated with post-glacial sea-level rise. After ca. 7.5-8.0 ka, deltafront
or spit was presumably occurred around the GS-ISE-1 site.

Keywords: Miyagawa Plain, wave-influenced delta, alluvium, incised valley fill, tephra, diatom fossil, Ise

Bay, Holocene

® B

EIFE TRIGROBE 2T 2T L 2P REET 2.

SEROMREREEEL A - vy a TR & BRELL CHERE
FHBER R AFAOHE 217, BTV &4 DOTEHGHTFZIZ D
TRREF L 72, WP FAA S, MIRMII 5 v R L HERE
Yo, REWRA)IHERY, WNIEHERTH, TERSMEHERTH, L
AR~ SERNTHMERY - AT R Ot
6L=y MIXZEhb. FHIEETIE10.3 kabd 2w
DOWEN KSR E D, 9.5 kaBEIZIZNEBRBE K
M U7z, 75 ~80kallfRICT L2 70y | & 723 abwE s
ER SNz mBeERA S 0, 4.3 katH F TIZHAEDWEAE#R
TSRS IR S 7z,

1. FUBHIC

HAF S O BRI I T 2 % F S RIS A 2 < 4
fids. —f%IC, FLaEgokBomkidE ERIZL -
TIZF 27 ) —RNBPE S Wiz, AR RS
AW LR 5 6 ~ 8 kallfk, WA & 4G < h 7z 1w
MUK A R T 5 Z & TRk & 17z (U, 1992 5 Hori
et al., 2004 5 #FHE, 2005 ;5 YEIZ A, 2006). T &L
K26 BEEK, PR, LMK, Bk a e icaH

N, THASIFHEE OIS v Z2DENERKML TS
(Galloway, 1975 5 Orton and Reading, 1993 ; $iA, 1998).

INETHARIZBT 27L& OFRERIZE 4 5%
D% <L, IRETEE R R KH, W, W ARl
TR (5 27— V) ICHAT 5m &% & LTirb
NTEZ WAL, (LMEA, 20035 MEBIEA, 20065 M,
2008 ; FH3, 2013 ; Ogami et al.,, 2015 ; ¥4, 201974 E).
25 OMREAKHNZE A O KW O T F B I A E
L, WIEIRKRE W, £, NELLRTOERh TV
728, FYIEE0 ~ 025 mFEE & IR E S A T/ &
V. HHHEBIREOFEETFIHR B (FiEd,, 1994 5
R, 199772 &), W IR R O IRV B (F#h,
1985) & &, MWW E IR IR KR E VWK THREL 257
LA HBH, %< OWETFEITFEEIZE 1 miith Tl
WEZZREEREL B, —FT, HREEWD
RN K Z VT IL & (wave influenced delta, tide-influenced
deltag U]FSOhattacharya and Walker, 1992) {22\ Tix, EWN
TI/MENT T 2 (588, 1991) 2 ETHIE IR TS S
ODOHERRDEL, EDOLD HHBOHFEE 728 5 D0iE
< bhroTnkn, ZOHROVEDELT, HAD
SREEIZTES B P RCEE I S U iR s
KREL, T Tidz < IEIEFPF (strand plain) 23 F 3 L

" SRR AT W RER A £ v 4 — W EIFZEEM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
* Corresponding author: SATO, Y, Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki, 305-8567, Japan, E-mail: satou-yoshiki@aist.go.jp
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TN &Y HIF 5N D (Saito et al., 2016 5 HFf, 2018).

ZOKI i RERE A, $ﬁhfiﬁ%@ﬁﬁh
ENT O RKH (BT T, ﬁm?ﬁ&ﬁ& 5 11X)
ERRELT, TILADOBBGEBIZOWWTHREI L. &
N O FEIk % 920 km®, REERIZ91 kmTH D, Hitko
AE R KB A3 2,000 ~ 3,400 mmiZ3E S 3 £ I (i
o7 g R, 2015) TdH %728, MIIFHEA62.1 m'/s&
PEGEIZHRAT B TIEARE =N RGN - BRI -
NN 12PN TR & (B 1 58@ 8 ki 5 #6542k
BB 2R RA R BT, 2020). 29 L7z KE &
nghod &, SNERTETLE (TR, ST
LA EMER)BFEREL TS GBI ; 85K, 1998 ; Saito
et al, 2016). M5, Frid - BEAK (2018) DI E 7570 & S
?6&,%M¥ﬁ%ﬂc%ﬁé¥%%@ﬁ%%%nﬁ
BeffiEEhsg, 7, BIERICR SRV SPIEE
FRZ BT 5 E124131.0 ~ 1.2 mCTH % (Mazda, 1984).
Davis and Hayes (1984) R*Hori et al. (2002) DX 531235 <
&, LEOBAED & BT 2 I3 IEERESE T L &
KXy Ehs. $abb, ENEETIE, BAICMET
DIRE PR KA E XD &, MR HEROBE
AR ZITTTF L AN EN TS,

ZNETIZENES 23R & L - EICBE$ 5
igeizd <, K - Hi5(1962) &I (2012) IZFR S A
3. $WK - Hi5 (1962) 13 A T 240 2o SERE DR i 4 B
MELT, =1 v @RS TI3EN~FERED
%mﬁmeE%JﬁWTW#BW , mifrEERE, ¢
EE,@%@FE,@Hﬁ%E,mmﬁgﬂliﬁbt
JITHE (2012) 138 — 1) ¥ 7 &R & R R 3 (M) A0
ERERICHD X EIPEBOMERE & T 5 IEIC LR
HERE, FEcEbRE, rhiEkUeRs, R, & LEREICX sy
T3 &L 31T, KoK BT 2 EIBNI B ORIRRH
EoA & L7 (BB 1XIB). JIIHE(2012) O FEISH#ERG D —
HiggnA - Hi5 (1962) OFHEEGIZ, FE#bR IS pE =
E@L%L,¢%EEiEH$%E_ Lk Em
mEIzEhZhatlbeh s,

Lo Leh s, ThbOBAFNIZE TIEIIPEE O
BOWEIRENTOBEDAT, BIIFLEZDOFHELWE
BOBFIZH S Mk > Tugy., ZHRERGFEDORBFEX 4
PHER ORI RPN 22 & OPEIZ S 3D TH
D, HERERRHEREBEIZ DWW TOBHRB D T &I
TS, 25 EZHS2IZLTEIT L Z DR ETE
EMETT A28, HARICET S T 2RO AE %
B ZLiogokhiny, BEETHS.

ZHL-EseE A, WERERAY Y 4 —-TIF
B 29 4R IS AT R IR O S - ISR AT O —BR &
LT, BIIPFBOR PRGOS ORI VTR —
VU EEAERL, -7 AR AL 2. A
2 TIE 2 D3 7 RN O W T A A HERERE IRAT & MO
RHE, KILIK AT %470, PPk O HERDEFE % T L 72,

2. st

HIEEE, PN U CIbRE~ eI %
TEUZABROIEIR AR L, RS km, ¥

SRR T O MR (AL PE — B H 71)) 910 km,  TAITEHY 50
km’DOKE S EHTHEE1IX). FHHx iiﬂzgiﬁﬁ
&Lf®¢%%Lﬁ FoTRUIS N, T ORI
#&mﬁmﬁé%@f%ﬁ@ﬁﬁakmﬁmﬁAwﬁ
BB L - FEEA AT B (PERIEA, 2010). F7z, b
A0 13 Hp B ~ 14 B S T L TR & L 7= TR B e 1 3 3 A
‘a—% [

Emﬁﬁ FENOE»Z, EINARRICET 5 018
Jil, %ﬂﬁﬂlll&&b\f*?‘f% E‘L:’JII(E}L\’C V3 BH I 25 FertR b
ZRE, i (ﬁ}%ﬂiﬁﬂiﬁ’l’i ; B1KIB) 7 5 Tk
HIZWOEIRE FL 2 (FL AT LA V)BIERS GBI
B, O). JEEFEIZENN WL O2 & FHMizh7 ~8
km® P2 5046 U, @R 1/1,000 28 T H AR IH
T, R AT 5 (WRIE A, 2010 5 [F PR
B, 2014a, b, c). JEEEH O FHRMANIZFESE 1 ~ 2 m2)
TOFLET VLA VRFAEL, FOMEFHE 1/1,000 A i
LIFETH B, BINETFLE LA v TEL DIRIIEE
C, %0)7%0)L\<’)7J ilHJﬁkZﬁo“G\é ho
B - ga)1l, ﬂwmn B, BT 2E
[ZEIRT L2 (85K, 1998) IOZIRE 23 5. PR
EBOBAE D WA 58 1.5 kmD &2, H~db s
AU 5 513 5D REES 235464 5 (FRIE A, 2010 5
H1XB). WEEEHID S Hix S BEMO G OFPEINITIB AT
5595102, WROEORMWANCEN TS K5 ICHMmT
5. Fio, BUEOERM OISR INARET 5 (B5A,
1998).

BRI O e (HAKEE 2, 2015) & BB 55 A
(E LM EERE, 1973, 1974, 1976) % A5 &, WHH» 559
4 kmD P IZIW~WELP SR B TN & 70y b B4
L, 205 B0 682 kmDHEFIZAKE2 mPIik THE
B (1/1,000F2) DFLE IO Y L T Ty b T+ — 4
2%, Z OWENZAKE2 mA 6 15 mE TEUEF(1/30 ~ 1/400
BE)T3FLa7a Yy b 20— 2504015 (551 XB,
C). 2D SO KRES mPAEICIIWIEE ~JeE
R 5D T TN 2R304 T 5. TaT L4 D
#FHI va00 K 0/hE <, WENCEAD > TE H5ICHELS % 5.

3. RAEBLVBAFE
3.1 K—ULTa7OEH _
mnw1hi0mnw1:7d B et
MIHEREX 12 350 TR B RS & 0 4 & e, 3%
M3 KH 23 TE S 72 @8t T, BlfEIdE it e
BoTwWad, M7 OHHIM AT 10 cm L2 Eih Tk
57, EIFE—HEE AkE 5. GPSHIEIZFHED < HHH
MDA E F & O E A0 34° 307 21.87, HAE136°
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HOMBEX. #1320 7750 1 VB X (FERIE A, 2010), EREP 3 X ONHME O 5546 13 E -+ s FE R (E 4 s H
Bt, 2014a, b, c), HHEOHAKEGE (AARKEHS, 2015), BEESMIE (E P 1973, 1974, 1976) I2ZhZTh#kD
<. MR RS EERIIA (2012) 123D %, KIFRORE%ZF T—EBIEL 2. Loc AIZBEAFO M (1134,
2012) MR SN TV B I 7 OIRHINEZ/7 . C: BUEDE] T L 2 OMEWrE (C-C MR . JHRTEILEE 1 XB % S,

Location and geomorphological and geological distribution map of the study area. A: Index map, B: Location of coring sites and
geomorphological and geological distribution around the Miyagawa Plain. Geological distribution is based on Nishioka et al. (2010)
except for natural levees and abandoned channels, which are based on Geospatial Information Authority of Japan (2014a, 2014b,
2014c). Bathymetry lines and bottom sediments are based on Japan Hydrographic Association (2015) and Geospatial Information
Authority of Japan (1973, 1974, 1976) respectively. Depth contour of the Alluvium basement was modified after that suggested by
Kawase (2012). Loc. A indicates the location of the coring site for radiocarbon age reported by Kawase (2012). C: Present deltaic
profile of Miyagawa Delta along the C-C’ section. Location of section is shown in the Fig. 1B.



WEFHAMZWE 20214 HB72% HlE

45" 562", fEE152mTHh 5. I T7EIF6mMmTH 5.
JBohlzar7osb, kEHNTRE LR HFIT
% 72GS-ISE-1” (JEHIE 57.64 m) & T E 230k & L THW,
GS-ISE-1 3 7 & %R £ 20.00 ~ 32.40 m, 34.40 ~ 35.60 m
B X 1°36.85 ~ 40.65 mD A Al 7=,

3.2 a7DOREH - 2

3 7 IIPERRIHZ AL NI L, R 0w,
BRI EELKRT 5 L LIS, a7 REDOGERY
frofz. a7k gfg#en 615 6 h - H{LAIZ DWW,
WA (2000) £ E A BB LUTHE L2, EDH 5V I3HE
HIGUHEIZ DWW TIE, BRI A2 5 4 em x 25 em x 1 em®D
TFIAFy 25 —=2A VT T Tk & 2E L, )X
BB E & iy Labill 2 HERTRE 2 R L 72, 3 73l
LAE23 mm, BT ccD T I AFy 28lE 2 —TEH
WTHEIZ 10 emIFE (5 ~ 82 emfBIFR) TRARI A FELL, 1
F¥0r & EARE RS ML (TR - b)) oWlEl,
B0 & EEBLASITIS AW,

EARE LR LR O M 1 20 ~ 100 cmlHI B TEF96 fe
HIZDOWTHE[EL. £, F2—- Tk %60CT2H
Mzl X2, MiROBEEZEZ2NET S & THERELH
E L7 BARBUEZRDOABHZIDWT, 63 um& 250 um
DAV TREX S ZEDEREEAHEL, GlRELS
W (BHk ~ AR 4 2, dokid Ll b) 25 L 7.

A LA M, 351220 emfIRE (18 ~ 100 cmfll b))
TaMQ2EHEIZONWTHIEL 2. £F 21— T2 68
1 mgDHEREY % 4YHL L, 287K & 0 A CRRERE & RRC L
7z, IREAEERAEL 505 R E N — 2 T 2T
LU, dv bFL— LTI, LR LEEE
FWTE A U7z, SR BAMEE & O T 11,0005 D5 T
MEL, +oaREOEREADOEH PR X N/zE40
JEHEIZDNT, AEFAI20058 2L FI 7 % % ORI E L G
W7o 72, RIEIEIRIED (2006), P85 (2005) 7% & %,
A QBRIEIETHE - B (2014) 2 2HE L 72,

a7k 515 5 M - AR RUic DWW,
JHEE BT (AMS) 1512 & B CHER & N S 2 M
ZERTICHRME U T U 72, AEARHIE 5 SR IZCALIB 7.1
(Stuiver et al., 2020) # W TEFRE L 72, B ED 7=
BOT — & ¥y MIIHIH RAR % &P HRK DR
$HiZIntCall3.14c (Reimer et al., 2013) %, W40 Hid
Marinel3.14c (Reimer et al., 2013) 7=, &k, 1
B DLoc. AlZ 36\ TINE (2012) 233 U 72 BEfF D4R
HWEMEIZ DWW, RO H I TEERIE A 1T - 7.

a7 RHICERD S kIl T AR DV T
% O TBRATRI ~ RS 5 4 TR #FIL, 20
iz Eh 5 kLH 7 2R FOEITFEIZ DWW TMAIOT
(v 3 5 53, 1995) 2 VW Cllle L7z, e kR
12+0.001 TH 5. KILH T 2D FRITALZAAK M 1
HEHEICHIEL, 3L F - GEIXH~ A ra 77

4 ¥ — (EDX) W\ Tirbhi.

3.3 K—ULJTEBOENR

FiaH & ERIE T 2 S F5RTHEEl & h =BG
A=) B EDEL 72, BRNE = E IR v v
& =2 5Et18 s, FHEAH A SEF s A, [E L
MRIEWREY 4 b [Kuni Jiban) (HABFZER, 2018) TA
I Cnsat2i 2L 2. = HEE ST
& -k XU OBRHI DWW TR, SERAEICHESH
TXMLIER T — & 24EK L 72, £72, Loc AORIRKIZ
JIHE (2012) DB WA A S FHA > 72, ZhE5DT — 4
EHWT, K= Y ZHIRKIEN > 2 7 4 KK, 2011)
A U CH B BT A& AR L 72,

4. HBEYORLE LHER

GS-ISE-12 7 ¥ K U'GS-ISE-1” 2 713, R)E &3,
Hehdis, Hth, HEWCAHEORE» 5, Thir b
MEIZ 2= b1 ~6lcXpEN 3 (EE2X).

4.1 3=y M @RAIF v R IVHEREY)

RE : GS-ISE-1" 2 7 DHE 40.71 ~ 57.64 m (FEi5-39.19
~—=56.12m).

JBAE: HEEH VYY) - T EE RS SR T,
PE2 ~ 10 cmf2E O]~ iz kL 45, £25
EZAIZa7ERED g REVEEIRL 3. KT iE
ERBER RO AR 55 (BE3XA). B IEHIR
W~HRENREC O VLt Th 5. BRSNS AE, F v —
b, BER SV BB L,

7R Bt &%, MH~MAiEs Bk 4 2000
MOEREND Z &n 5, KL=y MIEENIIHERED
ThHEHEIND. KRG & SESREERE O
Je& AR HE R I R B & & (Miall, 1977), &K
2=y MR F v 2L HERE L R & h 5. b
D=y b2 6/ 5 N7ERPEME (%) 25, K2
=y MIDEL LB 105 katH & V) & ATISHERE L 72 & HfEE
N, REOKMRBEINCIER & Wz AT IS HERE L 729
FEFGRSEERG IT b X 2 aTREME S V. K=y Mg,
$A - B (1962) DEHEIZHYS T 5.

4.2 1=y b2 (BEA)IHED)

SEFE © GS-ISE-1" 2 7 DR 30.40 ~ 40.71 m (FEi5-28.88
~—39.19 m). GS-ISE-1 2 7 D 31.61 m (F/E-30.09 m)
DI,

B : ERYRC D OMRERE» 5K 5. Thio1=y
FEDOBERIZTTOENICLDAHTH 5. GS-ISE-1’
a7 OVEME 38.85 mUAE IR TR B HEREM A BT, HeR
60 ~90%THhH 5. ) —THED BV ITHEL Y —
TIKGERETHIEHE S L MZEEL ~2 cmfEED v
N BERORED DG R RAE T 5. GS-ISE-1" I 7 DEE



[ZIlIRE 1

FTeN

5 1F % iMOK I e B AR O HERABR BT A4S &

(FEREIZA)

GS-ISE-1’
= Water content (% Clastic contents mud or >2phi (% .+ Sedimentary
£ M) 4 Snd | Gy I I I ) I I I I I v Uit = environment
£ 07T RoE 6 |marsh and
8 v » . i ———_artificial soil
~e © * ® o
.‘ o O
" . - upper shoreface
. s ... -:i S . o mud (54 phi) 5 ~ beach
“' 3,. ’ @ >2 phi (deltafront
o 08 :. or spit)
. i( '?.E. oo e
° p .
x. N,
%’
% o .o
GS-ISE-1 ’ ¢ lower shoreface
= » . 2o 4
3 o % %, (deltafront
= I.. . &, or spit)
a LIS ‘e,
o) . ® o ° * o
o Mud‘ Sand ‘ Gravel Unit % ®e o .
20— s 2 <
i o fi.'. 2
— o= 1% — L] )
417= # L]
25% s
4z - .&' } o® 3 |inner bay
12 - .“' -":‘
= s % b o °
L] L
0% 30 % 9422-9522 < !-. o o o0°
=— 1 e c e A -
B OD0000008 — <110106-10226 y, () .ﬁ' . ®
4 . ° o o .
. L4 s
4 .... J o % °®
— 35 — %’ ®e < %0 © ° % tide-influenced
] $ ° of 2 i
[ ° ° [ ] ver
o ) ° e
1 s ! oo e .
4 o o . P ) ° (] o o
! < <110431-10652 . "., f M Y
—— 40 T $ e, %2 . o ® .,
1 &Fsleeeeee: 1 *
©"88888588 T & ae R0 e
2LEGROC ] I T T [ T T ) T
EE2 85 B 10 20 30 40 20 40 60 80 10
5 g8 é;: 45 —|
g i [ chay tossit = plant fragments | rootlets
4 very fine sand = wood fragments
i to fine sand o \ fining upward 1 |braided river
50 @ medium sand "\o shell/ shell fragments ' ' J channel
3 v coarse sand coarsening upwar
i Pl to very coarse sand U burrows
i granule to cobble @ bioturbation
B = . . A < tephras
3 h d / peat — le | t
55 | - ! - umic mud / pea ripple lamination <15106.5245 radiocarbon ages
= 0= 5 0= 57 == mud clasts ©  granules (20, cal BP)
EEEERREOEE
8583882582
22Eg35Es
> 888
g E" 5
3
52X GS-ISE-14 X U'GS-ISE-1” 2 7 DHUE IR F6 L OVE KR, R HIK.
Fig. 2 Geological columnar and water and clastic content of GS-ISE-1 and GS-ISE-1’ cores.
= N N N SE -
38.85 mLARIIWEHER A EBLT, FUREBEA240 % EERAER - VUK~ AR & KA DORIEIC K - T

DTFEexns. v bEERS -~ E ke L, %
iR~ MBS C 5. F72, EHEM!
R bR HEE RS 53 (SE3IXIB).

i%ﬁﬂi—ﬁh‘“(n%ﬁ\

GS-ISE-1" 2 7 DK 35.37

ZIRU 5T,
ESNEN

RO o6h s (E4X).
BB HERE D Cocconeis scutellum,
Planothidium hauckianum& & & 12,

PRI 38.20 mLATE Tl A
WK E TR RO
o~ e

~36.20 miZ PATREH RO ARZEER, HL UMYy T
LARDS5ND (FHEIXC). EFARFIIWA220 ~ 40 % THE
%35,

BE1tH : GS-ISE-1" 2 7 DA 31.65 m, 32.51 m¥b &K
37.58 ~37.60 m, GS-ISE-1 27 D& 32.16 m, 32.81 m
B L3736 mp S XM ODOEAKRIZER TS Y~ v
¥ 2 Corbicula japonica Prime® HALA BEAFEOIRRE TpE
H L 7.

T FE O Melosira varians, %7K ~ Y8, 7K 4 FH D Rhopalodia
gibberulaX° Thalassiosira bramaptrae/® % FE§ 5. WE
37.60 mLAVR TR o IS A L, b o
THVEEASEERE O Thalassionema nitzschioides<2 NI 6 FE
D Thalassiosiralg, Cyclotella striata’’® 5 ~ 10 %Hitk D
HHEZ R L ZET .

775 1 GS-ISE-1 2 7 D 36.96 m¥ & U'GS-ISE-1” 2
T DOUE36.58 ~ 36.60 mIZFF/FAY 1 ~ 2 emDIEIKD R
H AR 2 5 5% 2 KILIKJE 588 6 7= (B 3[XIB).



WEFHAM WS 20214 E72% H15

A B C D E F G H |
42.20 m 36.25m 3550 m 26.50 m 18.10 m 17.50 m 6.75m 3.11m 1.23m
0 photo  soft-X  soft-X soft-X photo  soft-X  soft-X soft-X soft-X photo  soft-X

/E\ x
L,

10—

20—

30—

40—

20— 42.70 m 36.75m 36.00m 27.00m 18.60 m 18.00 m 725m 361m 1.73m

H3X GS-ISE-1" a7ichbhbd =y Ml ~6cDHMMKaT
B:¥%36.25 ~36.75m, == b2. ShFE@FERY. C
2=y 3. E:¥RE18.10 ~ 18.60m, L=y | 3.
M4, H:HE311~361m, 2=y M5 [:%HF123~ 1.
Core photographs and Soft X-ray images of GS-ISE-1’ core. A: d
indicates shell fragments; C: depth 35.50-36.00 m, Unit2; D: de
depth 17.50—-18.00 m, Unit 3; G: depth 6.75-7.25 m, Unit 4; H: de

Fig. 3

ZOKIKBIZEEN S KIUFT 5 23 BAT & ke L,
Z ORI FIL1.521-1.523 29 (F 1K), 72, KhF
5 2 D ER KL, K0437.31 %, Na,0436.39 %
EFELLEL, Si0 46150 %ThH B (1K), ZThb
OREAREMORE (55 155 5 BIH - #iJF, 2003 5 Park et
al., 2007 ; Smith et al., 2013) & —HT 52 &n 6, ZOT
7 5 e BRI 7 7 5 (U-Oki 5 10,177-10,255 cal BP,
Smith et al., 2013) 123tk & h 5.

“CHEMR : GS-ISE-1I" I 7 DHIE 30.43 mD K% 59,422
-9,522 cal BP, #¥31.65mDY~ ¥ Y IDEMALS
10,106-10,226 cal BP, ¥ 39.11 mOEM 7 5 10,431
10,652 cal BPOFAMIEME A 5 7z (BE2%K).

BIR  Ax =y M, VR~ S & R HEEE A
BETAZERVY2 LoV I0BIVABLETSZ N
5, WK EUEAKIES T 2 B OWIIE (= 2 F o
71 — ; Dalrymple, 1992) THEFE L 7z & & h 5. ¥
£38.85 m (FEf-37.33 m) & 0 & TA TITHIK: CIEREE

BHIRXHEE., A: HE4220~4270m, 2= 1.
TEREE35.50 ~ 36.00m, = b2. D:¥%E26.50 ~ 27.00 m,

F:VEE 1750 ~ 18.00m, 1= 3. G:¥E675~725m, 1=

73m, =y 5B L.

epth 42.20-42.70 m, Unit 1; B: depth 36.25-36.75 m, Unit 2, Sh
pth 26.50-27.00 m, Unit 3; E: depth 18.10-18.60 m, Unit 3; F:
pth 3.11-3.61 m, Unit 5; I: depth 1.23—1.73 m, Units 5 and 6.

GREMEE G Z L, RAKEHERRRLENTSZ
ENG, FEPEES SN D BV IE TR THERL -
LEZoNS. FRMEMEE T 7 720 Eh3 3
7 OHERERE, BRI CIE T X - Ak HEAE B
(HZE A, 2012) &M 2ETHBE TS 05 (56
SH), BEFOHAKRERO miHETH >72Z L BRB N,
FRIOHMBIEOMMRE TN TH 5. HIE38.85 m
0@ EREHIL Y MY e EDWAKDEELZT
722 L BN THERERE SR S D Z &, Rl ko
MR AR E £ G2 h 5, TIIOTFRERZD
WEEIZALE LT EE A E . & 51D, IR
DWED U CNBIEEERE ST 5 Z &2 5, AT
TRENBEMU 222 EARE X NS, ZhsOR#E» 6
REE38.85 mEIIXKIZ T & 0 & & S IZW AN E T S tidal
sand bar (Dalrymple, 1992) D HEREH T & 5 W EEME: 2 &
V. 3043 mOAR 2 5185 2 ERHIEEIE, 4
BOWAUEL D WS A EAICRIE L GHS5K), kid

I



Freshwater

Brackish to freshwater

Marine to brackish

BP0 B ORI DI O HEREBURAGE (ERRIE )

‘dds enwayydg E

-dds eweauoyduwo9 E |

“dds euenuuid |

20

gndnd eioydejjes |

20

sisuauibjo s1euooe|d E |

‘dds euejbel

20

sueLieA elISO[O E

ejniaqqib eipojedoyy

20

ejeinaiqqe E
ejusydsooloyy

eimuaoe|d s1eu02200

20

gjjayoind esoydous)d

20

eseljixed euejjeg E

SUBNJISUOD BIISOINE]S

R e e e e e = B B A

T

20

T

asesndewelq E
eJisoissefey |

[ gjje.uns sraulydisg E

Llwn

TITRWA T

sijeropnasd siauojdig

L

sl
20

T

snquioq sreuojdiq E

Luln

TITH N

Il

wnjjapnas s1eu09209

20

wnueponey
wnjpiyjoueld

20

sadinaiq sayjueuyoy

20

20/UB8I0
eJoydojewels

Lol

ejeINge; euenge)

nwnsemey ejjesed

ejes)SOUS) BljRIEd

HJM i

fli . .

20

ejeL)s ejjejojofo

Ll

20

-dds eJisoissefey |

i i

20

saplolyosziiu

I

|

40

20

ewauoIsseley|
; « 0 oo
=
73 [=3 N{e)
23 2
52|
T ]
8:| & 8
Ne| B 3
R (O] 2
| N
4
= 4
c |
©
»

Mud

<]5612-5861

<15744-5916

<16113-6271

<4K-Ah

74997639

<]8092-8297

AR

<lgaz79522

<110106-10226

<]10431-10652

o

(w) wdeg

GS-ISE-1’

10 —

15 —

Relative abundance (%)

GS-ISE-1' I 7 DHEL A 77T L.

-
®

5}
=
Q
o
—
|
m
0
n
v
&)
G
]
v
]
en
<
—_—
E
(5]
7]
1]
<
g}
17
1]
=
Q
=
=
a
<
.20
=9



20214 2% H1HE

R R AR 7T A

(Z102) esemey N C2EI-VINN 0ge. 000L €6€L - 990/ 0. ¥ 00.9 ZL'L- IEEES 05°8- cL oL V007
€9 Zs90L - 0zZ90L
g'/8 090l - 980l
Apnss sy | 9208L-VVVI £¥350L 29 29v0L - LEVOL 0¢ ¥ 0€€6 L0 ¥ 9lL'6C sjuswbely jued 6G°.¢- L1'6€
(owd eojuodel ejnaiqio))
Apnss siyL N G2y08L-VVVI 0/lL0L 0°00L 9220l - 90loL 0€ ¥ 02€6 €60 ¥ vl'G- 118ys £l°0¢- S9'LE
Apnis siyL | ¥2081L-VVVI 89t6 0001 2CG6 - TZv6 0€ ¥ 0E¥8 Z€0 ¥ 66'9¢- sjuswbe.y poom 16'8¢C- £1'0€
((eneay) wnaojuodef ewosooeyd)
Apnjs siyL N £208L-VVVI 0618 000L 1628 - 2608 0€ ¥ 02lL Zr'0 ¥ ¥9¢C l18ys 9¢'¢e- 88'€C
((1ddilud) esojnbue "y ejjdUISOQ)
Apnjs siyL N 2208L-VVVI 696/ 0°00L 6£9. - 66%. 0€ ¥ 060/ 620 ¥ SG60 l18ys 0L'8L- 296l
((A1as|id) esoiw edjowsjop )
Apnss siyL N 1Z¥08L-VVVI 2029 000L 1429 - ¢€L19 0€ ¥ 0..§ 8¢'0 ¥ 80¢C l18ys 90°€L- 8G'vl
Ud SIsuauiyo esjoepy)
Apnss siyL N 0208L-VVVI 298G 000L 9l6G - t¥¥.S 0€ F 0.¥S /20 ¥ G20 l18ys 1€°8- £8'6
S9 1986 - /28S
106 286 - Ly9s
Apnss sy | 61108L-VVVI 004G 8C c€96 - Zl9s 0€ ¥ 086¥% 9€'0 ¥ 98'9¢- sjuswbely jued 6.°G- L,
0¢ 66ty - 98hY
0'v6 6evy - Z8¢y
Apnss sy | 8l108L-VVVI 99¢h (4 vicy - evey 0€ ¥ 0€6€ ¥€'0 ¥ 68/¢- sjuswbely jue|d £9'¢- SL's L-3S1-S9
(dg 1e2) (%) (92 ‘dg [e0) (dg 4A) (°%) (dLw) (w)
ELIETETEN 19seleq ‘'ON ‘ge1 [EIDEN B
ueipspy  Aujiqeqoud abe pajelqied abe 9, 0,0 uoneAs|3 ydeg

(€107 7w 12 IOWINY) [ "€ [QULIBIN (A (E10T 70 12 JOWIY) O € [[BDIU] :] ‘UONRIQI[Ed 10 J9seie(] "S98e U0qIedOIPEl JO ISIT ¢ 9[qR],
BT 2 DO & (E10T 7 g0 W) Op [ ETOULBINGIN ¢ (10T 70 2 DWIRY) Op ['€TRONIYT ‘PI 4 % £ — LOR YO T Wi B M M S M My T

(€002) teay pue epiyoep 00'00L 08¢ 09¢ 00C 0G0 ZL00 0SC 00€L €50 006G u'oNY 91G'L-80G°L
600 600 OLO0O +00 SO0 LLO LL'O 900 44 ,as
- 00'00L 00€ LZ€ 00Z 90 LL'O ZPZ 062 650 I8¥. oAV
800 00 L0 ¥00 SO0 <¢L'0 6L0 900 080 ‘as
Apnis siy 2996 06C 65¢ €61 vr0 0L0 vE€ETZT Lyl LS0 82l EA\ 8¢ 0LG'L 0LSL-906°L  9¥'8L  .L-3SI-SO yv-m
(£002) " 1e 39 Yed 0000k 299 929 €¥L 920 LL'O 88€ 696L ZF0 0L09 9NV -
(€102) "8 1o YHwS 0000, 60°Z €59 191 0€0 ¥L0 LL'E 196L 0S50 GO'L9 oAV -
(€002) teay pue epiyoep 0000, 0€9 0.9 0SS} 0€0 020 06C 0L'0Z vv0 0919 oAV ¥2G1-81G’L
€20 6¢0 GL'0 800 00 ¥LO LLO LLO 920 ,as
0000L LEL 6€9 ¥SL G20 LLO L6T 8E€6L 8Y0 0SL9 W OAY
st 80 ¥€0 €0 00 00 €0 Zv¥ro oOLo Ll ‘as
Apnis siy y9¥6 269 G099 9¥'L P20 LL'O 18CZ PE'8L S¥0 0C8S B0\ 4 €28l €Z§L-les’L  96'9¢ L-3SI-S9 MO-N
cousIY N elol 0% O°%N 0BD OBAN Oum .0°d fQiv °0OlL  °OIS N  epow abuel (w) . endo)
(%) spleys ssejb jo uopisodwod [eaiwayo Jolepy (u) sse|b jJo xapul aAnoeIRY yidaQ

.vam%m X4 ut sjudjuod Iy} UDﬁ.—QEOO pue mOmm\Ew AU} Ul O Se ISIXd P[NOYS 9 PIZIPIXO 3y} [[e pawunsse am jey) suedl ., (9] AmﬁHZ onJeA Umwm.u®><v 9% 001

2q pnoys way} Jo €0 jeyy) uonduwnsse U0 paseq PAJe[NI[es dre uonIsodwiod [eOTWAYD JO San[eA 'SpIeys sse[S Jo uonisodurod [eorwaydo pue Xpul dATIIRIJAI JO SINSAY [ 9[qeL

AR DN RO HFPRIF 10 Y1 % 001 R PG OUNEE QA QLT STRIRAL WL LN QT Sl r £ LY F 1



EPFEIZ 35 B RO R B DI O HERBURZSE  (FEREIE )

GS-ISE-1’ ] . [
— Mud, Sand | Gravel Unit [ Unit 6 RTLLLLLLLLLY 7N L E
E Opromereeeie: Ta | A== ||\“ % + ~
~ 6 | ] |~ U.”||IIII|I| ) Lo <
< ] ’, Say A - L kel
% - TTIN ik ‘ - ©
=] B e % L >
5 <14249-4499 | 5 | ] ~ ’ I o
] i e, L
<15612-5861 ] Unit 5 “, L
i . | ’
10 57445916 1 e r
. —-10
<16113-6271 4| A L
<K-Ah ] L
<17499-7639 ]
. —-20
<18092-8297 4 N
3| 7 L
30 194229522 1
~<110106-10226 ] - -30
35-E | ] C
b " U-Oki - Accumulation curve N
= ] GS-ISE-1’ C
<110431-10652 ] — .
40— ] 8.25 accumulation rate (m/ky)
1 £ Z - —-40
AD_ A7 "0_ 07 . -
] © =0 i —— Tephra L
45 ] +—— 14C age (cal BP) L
7] error (26) N
1] ] median (cal BP)
— Unit boundary —-50
] nnnn Sea-level curve
: i (Tokyo lowland)
T‘g ﬁ g %E % E % %% ] T | T | T | T | T | T | T | T | T | T | T
soE 5 é g83 0 2 6 8 10 12
$°388 Calibrated age (cal. kyr BP)
g ET 5
1
g

5 GS-ISE-1" 2 7 OHEREGHIRR. Wk HEZE BHHAR IS HIE 2 (2012) 12 & 2 W E{KHE T T & uZzdhifg. AR o

BoEKIIRNT.

Fig. 5 Sediment accumulation curve of GS-ISE-1". Sea-level curve in Tokyo lowland is based on Tanabe et al. (2012). Details of

radiocarbon ages are shown in Table 2.

OHEREBRBIRINE FIET 52226, HHERL 2Rk %
ML =meEErEnwEEZoh5, FERUEEE T 7
5 REUED & HERDHE 137.68 ~ 8.25 mky& Rfid 6 b
(72721, EEOEEIZEL Tk $5K). K2
=y M, BIF - BH» 58K - HE (1962) OB
J&, JI1HE(2012) D FEBRbREIZ 2 Z Y5 5. $ik -
H 7 (1962) 138l = g % S B & L T b
2, U-0ki7 7 7 X "CHEMREEM 2 5 AL = v M3
9.5~ 105 katFIZHERE L 72 & & 2 5 h, EFMISx X
n3. Kazy MIBHEMOTZZ2F 27 -V AT L%
MER S 2 HEFEMI C b B LRI & 5.

4.3 1= b3 (RNEHEDY)

PR GS-ISE-1" 2 7 D% 21.31 ~ 30.40 m (FEE-19.79
~ —28.88m). GS-ISE-1 27 DFE21.93 ~ 31.61 m (15
—-20.41 ~ —30.09 m).

B A - THEE RS 2RO TEHER S A 6 KD
VU b EERD L ERANE BRI T 5. AR
60 %Ll 1T, VREE25 mfhiE T4 ICHEIML T96 ~ 99
WICET S, PRBED EHOKTFIRIZIEEEN L.
GAREIL25 ~ 35 wRIHTIE D END AL, EHICH
md 2EmERT. &ERICHBRE %2 < &4, EWEL
MEETH B (E3XD). 7=, W25 mRAE IR
MELZL G, FNOI=y b2 &SRB R A il
FTHRTXAENZ A, W=y | OHFFHERITHLN
TARMHIETS 5.

BEA1bA : GS-ISE-1" I 7 @ YR 23.88 miZ W[4 T & 2
57K 60 mIZH ST B B H I A A Phacosoma japonicum
(Reeve), THFE23.77 ~23.85 miZ ={bAh a8 6.
%72, GS-ISE-1 27 DR 22.95-22.98 m#»* & AEMED A
I X & U Paphia undulata (Born) (9%), WE24.55m» 5
2 11 9 A4 Niotha livescens (Philippi), ¥R 24.56-24.59 m
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S WNEBMEDY A2 ¥ J # A4 Dentalium (Paradentalium)

octangulatum Donovan2 FEHI§ 5.

R LT - NERER DT nitzschioides° WIE 15 EFE D
Thalassiosiralg, C. striataDZFEIZ & > THEO T 5NM 5

(AR . 2T EINHBIERIODT. nitzschioidesid 20 ~ 40
WBEEBETHS., L=y b 2THAND & FEICREI 2

Achnanthes brevipesX°P. hauckianum, Cocconeis scutellum
75 E DPEIMBE D 500,

“CHEA 1 GS-ISE-1" I 7 DL 23.88 mD NEMED HAL
A1 (B 97 397 4) 705 8,092-8,297 cal BPOEAHIE N 2375
b7z (BB2%).

IR A= MRREAER E EhET5 2L, NI
IR s B384 (C. striata, Thalassiosiral@ s &) R H
CERZETLZI NS, MBERMITH S LHEETE

3. o nAERIEEA 5, A=y MI48.0~9.5
kaICHERE L - & HEE X 5. BANIEENBIREMOH
EACA PR 2 Z & 6 EITISKESBEIML 722 & 28

RNV E A, i RUEZ BN (FHIE 0, 2012) & DX A

SAREIN 2 mA SN mETHML - LHE SN S (5B
S). AKEBEMT 2 Z &R, EREMOBREAZ E DM

HHOMKERTEE SR ohsnwl ers, K
=y MIMEHOREI THELELLNS. - T,
Aax=vy ME, THOZ=y b2E&&3IC, WHEHOT

AF 2T )=V AT LEMKT B EMMTE, T2F 2

7 YV — Dcentral basin DHEFEM TH 5 LHEE S b, FAXR
AT A & HERDHEE 125,13 ~ 6.86 mkyk REEE 51 3

(BESK). A=y MEIgA - HE (1962) O H iR,
JITHE (2012) DHESYERE IS § 5.

4.4 1=y b4 (TEHEHED)

R E D GS-ISE-I" I 7 D E9.00 ~ 21.31m (1 5—7.48
~=19.79 m). GS-ISE-1 2 7 DE 21.93 m (FE-20.41 m)
PIFX.

BH: A) - THE~EAY - TIKEAEET HEADO R
BARE T D L b~ MBI 2 5D,
MR 5. 2ERICEBREPEIRED, EWEELH
FALG AR 5N 5 (FE3XE, F). %72, BHEHOREA
ARHOSN, EHFIZET TERERIEMNT 5. &Gl
95 %A 5 10 %A% % T EHIZHRA4 AT 5.
Kbk S HNRTOERREIZIZIE0 %THRT 24,
2=y M EEBOEE 1 mfHEX D & BRI TIES ~ 10
%HIHE & B 5. GAKTIZEE 18 mfhiE T 40 %ni 4
ERRXEL BDBDEBRE, 25~ 35 % TREMIZHRE L,
LRSI aEAERYT. FEOZ=y F4EOHR
IERN TR TS 5.

BMEH : GS-ISE-I' I 7 DO FE 9.83 m#A* & Wi 4 T &b~
AKHFE20 miZHAE B B350 # 4 Mactra chinensis Philippi?,
TR 14.58 mA» S Wi T~ AR 20miIcE B35k 2 5
J 27 %Y Velemolpa micra (Pilsbry) 2%, %)% 19.62 m”> 5

Y 5 71 71 2 Dosinella cf. angulosa (Philippi) 23PEH$ 5. %7z,
1575 mAd 6 NEMED 4 3 2 5L (B9) A%, GS-ISE-1
DEE16.23 ~ 1625 mA» S M ICAER T2 I =
Batillaria multiformis (Lischke), R 17.63 ~ 17.65 m»* 5
HIHHZA B % 4 SR I = J Batillaria zonalis (Bruguiére)
DEMT 5.

HELER: VLM ETRET2HE19.20 mPIRTIRHE
WAL AN % < B L, SNEBEREDT nitzschioides,
WNYEIERERE D Thalassiosiral@, C. striata, Paralia fenestrata
NENTNI10~ 15 % Lo HEE L R L, BH5
ZREM T B (BBAX). F 7=, WEARE T B REO
Delphineis surirella, YRAK~Wg/KEFED Paralia kawasumii
¥ & U'Grammatophora oceanica?’5 %¥it% O pE HAHEE %
AT RE19.00 mPUFRIEHEBELLAOERES D &L,
WE14.00 mCTOAFE L7z, ZORBUETIZHE 1920 m
DIZREEBIL, S FiaEiE e NI A i 4 5 #f
WAl 2 78323, Thalassiosiral® ¥ X O°C. striata® g M
BHE 5 ~ 10 %fEEIK L, b TTEICHEN &P
haukianum=°C. scutellum, D. surirellad3H$712% < BEH
5.

575 GS-ISE-I' 270D =y FMEKAN S 285 m (FE
18.46 m) IZ A% 5 2 FEAY S mmDMIKED 4 XDk
o 2RERHED SN2 (FIRE). Zokbs T
2 DRI HI21.506-1.510 T, K H 7 2 DKL
K 1L, Si0,72374.81 %, MgO#A30.46 %, CaO#32.00 %
LEWEE1E). BEROT 77 L 0x» 5, 2077
FJBUE A T /YT 7 F (K-Ah 5 7,165-7,303 cal BP,
Smith et al., 2013) IZxttb & N 5.

UCHEMME : GS-ISE-1" T 7 D 19.62 mD EALA (7 5
B H )55 7,499-7,639 cal BP, " 14.58 m®D HAbL A
(B AH a7 1)) 56,113-6,271 cal BP, £ 9.83 m
@ BALAH (N4 7 A4 Tegillarca granosa (Linnaeus) ) 7 5
5,744-5,916 cal BPOFAHIEME A F 5 N7z GE2%K).
IR - A=y MIEK~AEERESELG % 25
THZEDOLWBTHRLZZZ &R Ehs, X5
12, WEHERE® > SR, LA KA LS Ea R
LWMT 2225, MIINOEENMELIZHMLZEE
ABHMB. GS-IISE-I' a7k &k iys 2=y b3
OHERIFHARARHTH 2720 (F6X), x2=» 1ZID
FILaTa Y bO—FB, O (spit) HER O —FBD 2D
OHRMEREZ S A 5. AiFIEEMO 2=y b3 4R
A=y P HHER L 22858, %EIXGS-ISE-I’ 2 7 D
2=y MABHERBIZEEMT = 3OHER Ak
L7=BARENT 5. BT L2 3RS HOME 52
72T ETHD, BRE FOIRFIRE L TOMKE
Bt T3, Ik B UOHDR R I T /M (ower
shoreface) IZFFEIM) & XN GIRE, 1989), EWiEEL%E =)
7ML RS L TR MERER I O R ROV E DL S h
% (Yagishita, 1994; J\KF, 2002). ft->T, KL=+ b
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Fig. 6 Geological sections in the Miyagawa Plain. Location of sections are shown in the Fig. 1B. A: A-A’ section, B: B-B’ section.

TR Ty b d BT AR 5 T e R
WMThdLMMTEs BohFERIUEHEST 752
5, A=y M58 ~8.0kalEIZHER L - L HEE SR
W AKHEZE Bl (H2IE A, 2012) & HEREIER O A &
HiKZEA 20 mAT#HE THERE L 72 Z L ARB X b (554 X))
ZHUIBHED S 7L & O fEr i & S 20 A (55 11XIB
C) & &HMBTH 5. GS-ISE-1 2 7 TREH L = #IM 4
AT AT I = R4 Ky I = FoEAIR, i

’

’

BAL T TEAE, S RINZE 726 SN THERL
7earRetE . AEUHIEME L 7 7 7 RgdE S, HERGH
JEi33.46 ~ 376 mky& RFEE 615 (FSK). K=y
MiE, #K - Hi5 (1962) D& HEERE B & OJI1HE(2012) D
FEEEOTEICHY 5L EA 6N,

4.5 1=+ b5 (EEBHE~BEHETEY)
TR :GS-ISE-1” DWIE 1.60 ~ 9.00m (FEi5-0.08 ~—7.48 m) .
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B : K=y b O TFEB R 5.70 mLIZE) 13VEIA DTN
MR R~ R 2 5 5. FROZ=y b4 &3k
VR TFEELZ R ARG Eh AN LT
XAl adh, HEERTERNTAMHKRTSH 5. &l
IS5 ~ 20 %RIRTH B, IE5DENKRE V. $/2,
R & 0 S HOR T OBIGH FAISHERTEL, 10 %
P EERTIEUEL £ Eh5. &AKEIZI0~25 %
T, E56D2&EMAKRE V. A=y P O—FIZIHEAD <
SUREH2RD 5N 5 BIXG). 72, —HBICEY
BALpE o b H, TROZ= v F412HNR 3 &L
OB K. K=y b LI (ZEE5.70 mPIE) & FEB
IZHRTHEIAD BRI 5K D, L ZAEZAICH
Kb~ A ER &3 BRIE1 ~ 3 cmPEE D HRE % Bt
VRIEE 2.23 ~ 2.73 mIZ I3 R JE g DK ) ~ Ml g 3 e
T5. F7/2, K=y b EEOTBITKARIRER S 5
WIEPATEERZSGED 515 GE3IXH). HES2 mifite
W65 mEIIER G s R4 2 6KE L OHE
N obhsb,

BHEAeR A=y FCdERCOoERS DL, B
BN TELEDP -7 (H4X).

“CHEME : GS-ISE-I" T 7 DEE5.15 mD W » 5
4,249-4,499 cal BP, 731 mOFEMIF A 6 5,612-5,861
cal BPOFRPEMATE 5 7z (5F2F).

BIR: K=y PEITNOIZ=y M b LTES
R e 2R3 BRI 2 5D, 2= M4 &[H
RRIZTF g 7ay FHEEY S 5\ VIS EHERE Y O — 58
ThdLELOND. A=y P OFRST0 mELERIT T
Moz =y FAIZHARTHETHBENRATSZ 05
R EAHEA THIRDOE N # KDL ZIT B2 X510k >
TeZ R EhG. 7 7R ERORET 5 HR
C Y ok~ R EE BB OO0 LD &
XN 5 (K, 1989 ; Bhattacharya and Walker, 1992). %7z,
HBF &%, EWEilod o ngil e By mmE R
W b WmE ST B Bl 2L, BHEIZ2, 2006). Zh
5 DR LD M EREREY (2= 1) 2ES Z
ENG, K=y FFEEFILE 70V P23 BEE
RS 2 LM L IR S h 5. i, R2=y
bR (B 570 mRAVR) 12, EERSMIRMERE A B, P
THEFLDRET 2 1AD R ORI % Btk & U, Wi
DEBERERE L MREERIET 2 Z L2 5, HiEs
5 R T OHERY) (Ul HERTY ; Bhattacharya and
Walker, 1992) Th 3 &z 6h 5. FRMEMEL S HE
EENBHREEIE, 2= F TETI13.57 ~ 16.58 m/
ky, LE&EBT1.62 mkyTd 2 (BESIX). g AHEZS Bl
(FEA, 2012) 2235 L, A=y F OAEEH
15m» 5 EMIZHE TP LT EL 6N 5 (5
SE). Az=v M, &K - HE (1962) O HERE I &
I (2012) O _EFEBWRE D _LFBIZHY T 5.

4.6 1= b6 (EEEMHEENS SCAILLERE)
RFE 1 GS-ISE-1" DY 0.00 ~ 1.60 m (fE15 1.52 ~—0.08 m) .
B : A= bR 1.35 ~ 1.60 m) 3R @& H
BDRARIRC D YL F A 6D, Fioxz=y b5k
(TP A MR B R TS 5 CE3IXI). & Z2AEZ AICHE
YRR D 5N 5. 2=y I LB (FE1.35 mRli%) i3
AR OB C 0 MR~ 5 5. BEEE
2 ~ 3 mmfEE, AFE10 mm T, A~ HAEE BRET 5.
HEERA  HF1.42 mB X O1.60 mTIIRAKE L KU
IR~ FRARA TS BB L, AR~ WK AERRIEE AL
BEHN L 20 GE4XD) . 3% 1.60 m TIEIRA~VUKERD
Staurosira contruens?330 % & LT 5D, WE1.42 mT
1387 %IZEEIBHIE 2R U, b > THRAKEFED BN
T 5. WWAKEM TS Fragilarialg& 73 % <, ROTIEAKISRIC
WY 25 Pinnularia)@ 2 Gomphonemalg, 1EINTE 5 FE
D Placoneis elginensis’s E N LFET 5.

BRI LATE~ SR =y P FEB(EE 1.35 ~ 1.60
m) DEREE &2 L M IZRAKIEMERY L5 X 5 h,
P b s O WHAN ISR 720 - T B Z &
Ko T, WiEH, SRR AN L BN L 7z & HEE X
N3 K=y NI, $8K- Hi5(1962) OFHEERRE &
KON (2012) O SIS HY 5 E L1605, 2
= v b EEOMIEIER C O ORR~ AR E, AR
THEEINRET 5 Z &%, HMHBtEAKBAEZHBHTOL5
NEEEMTHE I LEETLE, ALTERTH LW
HEERE W E RS T 5.

5. TFHESH

ABETE, BAEF—) VBB OER L ZAA B
K OB-B’ HIHRIZ 51 2 B Wi X (55 1 XIB, 5 6[X) 12
O, a7HAB T LZEI=y FOSFMIZDONT
BT 5.

A-A W T3, 2T =29 F3H 5 W0IF4DTF
PLIZHRE - LA 2 DB FHEN A 5. F72, His
8 - ORI TCTIXEEE LI 8 mDBEEENRD b, Mt
10125 W THEE 40 mfHTIZ 0 Am 9 P8 O — B A Nl
500 AR, Zhens, ok ALl
IR RIS EE L TR AR A SV E ZE A 60
5. H#E-T, BEOKBIRBIHOENMITAIE, Mzt
M2 EGS-ISE-I" a7 O, dtkxaithiris & 9 DIz firE
35 EMRTE 5. MK RO L3 demE s k< &
D, S 12 CREE-12 m, S 13 ~ 20 TIEIIEE-8 m
PIRISET 5. 25 LB i O AR 11
(2012) DHftdn & A LFFT 5.

2=y b1iE, Nfi40 ~ 50l Lo EH 5 ik
e U BT, AA Wimic kv TREE-40 m
HEATER & UTHIANIC o/ §5 2 L ERTE 5.
ZORMEEN S, PINADOIEIZRN2.5 ~ 4 km& #HEE &
Na. BMBNTIENIES ~ 15071 %83 IR A RE 2
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TR X < i L, GS-ISE-I" 27 & DOXt» 62
=y b2izxtbEhd. 2=y 2O IE28 ~—
40 mT, ISR IICEHMTHI s, 2=y
bl&héﬁwﬁl‘%ﬁbt:aﬁﬁ@éhé B-B’
Wit 2> & 2= b 2(3BEMIAN & HLGRIZEHR 4 5 2 & a8
TE, b7 TiEHbd s 2=y MBXU5E&—HD
Wik (VL VER) AASGNSE. 2=y M- 20H)kE
BRI LWicmh > TR &0, k2 027 Tl
FEE—26 ~ 28 miIChIE T 5.

JI1 98 (2012) 13 BT & D BEMIZE & % BAE D HH I DL
%mm IRET S LR, REOKBIREIICEN 2
%@%m~%mwaﬁmlm%$muf%mmwﬁm

BITHEN TR AR L TS, L2Lads, Z
OB/ITIHEN I K OB EE LA & 75 2 THofh
LTHO (FHEIXB; WIIEA, 2010), KO E]]
NINEZEVTHRFLTWzEREEZIZ W, Bl
72B-B’ Wrifiic %1y 5 2= v b 1 OGMTEREN 5 1F, B4H
JUOILHEH TR D & X 5 ICVEANC & BT 2358 L Tn
ZENRBEINDG. BT, BIIORMAEIEREDSE
Mot Z28 D, HE 2782 S BHEL Tz ke
RS 200 ZETHAS (F1XB).

2=y b 3IENIE2 ~ SFEE DRSS A ibekd & 5 WiV
JEE UTGERTE, AA WO 1 ~ 11, B-B’ Wrifi
DGS-ISE-1" 2 7 7 5 i 26 £ CTHIA 12 #eM: & < 58
bhb. ZONMEEE, BAEOWERE (A-A W)
T-10~-28mToh D, PEANZHTT1=y b EEX
AEDHERET 5. HN23 kD & EMTIEME S L b
DT 5.

2=y b4~6i%, K-V Y IEROILED S WIS
XA§2ZERRETHZ720, TZTEHDOTFILA
TJaY b ~FINETUA VI E RS B HERE Y
ELT—HELTIRS. 2=y M4~ 63l I I
BITE, ZOHBIIEE-8 ~ -15 miHTICiEL, B
TN TELS 5. A-A’ BRI O3 R 41213
T DRRFREB ISR EHER 2 M LTl D, LEMEH
REEHNOTFRIIMNBET S Z 06, 2= b elZxttt
ENBEEERH 5. 72, HH10 ~ 133 K OHIS 22
~ 27 TIRHEMEDBmIEE ICHVE AR A 2 <R 5

. ENOF v FHERIIA 3 LTS iTREED B 5.

6. HHEOHRBIE

A TIE, GS-ISE-1" I 7 DEFTHER R HufE O 3 A
REL ., JIIA (2012) DR U 7= bR IX 4y F6 o ORI e fili
RICEDE, BIIFEOMEREOREREIIZ DOV TEE
3 5.

RAOK IR S (]9 20 ka) 121X, FEPRIEIBICIR S B
My & BRI 23RS _ﬁ JTHTFLTCWREE
ZbN5. BKENIHAKEDS FRICET 5 & REIZHE
KOBENENFEFIZE RSE 124D, 10.5 katHIZiZ

(FEREIZA)

GS-ISE-1" 2 7 {3t fi R Tl AR D EN KRS &K 512
0, SEMREH SR, X SIS AR YED |
FZIEE U TAREIBEIML T2 E X2 605, GS-
ISE-1" 2 7 it 1) 3t 55 C1 10.3 kabB 1 &I 1] D30]I A3,
9.5 kaFIZNIBBRIEAS Z N E KL L 72, INIBERE I3
KU EFAZ K > TIRA BN SR LT o 7z &
Eh, 2=y F3IDOHAHPH 5 M 26 HEE TRAT
EEZEio6N5.

INTEHER (2= v b 3) OHERDHEE 13513 ~ 6.86 m/ky
LRME 5N, BEEPY (Ogami ef al., 2015) R HH{KHE
(H3E A, 2012 5 HA, 2013) 2 & & g LT 5 212
KWV, ZOHEROOEDE LTI, EIFEEF ORI
WLUTHEMHGEARZ VI ENELSNS. HITY
O MFHEHE O RS (K9 50 km?) 1233 5 B AR O Wik
7 (920 km®) R IR (62.1 m¥s) 3, ERETH QhRHE
Hh OO T 1,300 km’ (2%t U AR 22 & 0§11 0 itk ihi
FEOF 10,110 km®, “F¥73 & 169 m’/s ; Hasada and Hori,
2016) R H F KM (PP RUEHb O T FE 960 km® 125t UFIARS|
75 & OFEM ) O Fisk i i D 112,900 km®, -3 & 290
m’/s ; Komatsubara et al., 2017) & HiR L TR Z ., 7=,
BIFESIE LW TH 0, BEAET TIERAESS
W E IO FHESKE L A2 EAN D S5 Z & (I,
1985) 5T 5 &, THBOEIIEFIZEZ68h3
i@&%ium%mkéwamﬁéhé FZEEZ, =
O LW HAGE (BRI 5 72 D OFM LG R) &
370 m/km’ - yr& RFE S 5h, EINTELIBHGEEDS
WL — T 1Z)E§ % (Yoshikawa, 1974).

2=y MBXUSETFLEZ 7O Y FHEE S B0
WHEHERE & RIS h 5. BEHERIOSA, 2= b
ulﬁybsaﬂﬁimmbﬁﬁb,ﬁﬁw IS %
HOZZ2F 27V -V AT 25BRLTWEEELILN
3. GS-ISE-1' 272 6186 h=FRMEMA» 51, 7.5
~ 8.0katE [ RV D FE L 3 it & M7z vl REME AVRIE S h
5. by, GS-ISE-1I" 2 7 & 0 & 95 kP BEMI I A7 &
3 %Loc.A (3B 1[XIB) T, JIIHA(2012) 12 & 0 [ L E
=T s 7ay HER) | OREE-8.50 mA 5 7,066—
7,393 cal BP (6,700 + 70 yr BP) DHACHIEE A X h T
W5 (6B, 2. Zhid, B & E 72~ 73katH
FTIZT LA 78y b ORGENEE > TR 4R
LT3, ffica=y M4AFraTay N HEEMTH
5L945E, GS-ISE-1" 27 & Loc ATIZIERFHHIZF L
AP I N TN ZZ&IZhD, T~8katHDTIL &4 T
T Y b OFERE S E 572, FALEZTaY b Aa—
TOMERIAFED - BRI X TS, %EHE, g
SER IR R ATEBA L TV, #WERIZ K-> TA
P IR EHERE OHERE L 09 5 - 72 (U - 75, 2003)
ZEN—RTHhHB»E Lk, ZDOH%, GSISE-I
3 7 HE il T HERE I O RAEIT & > TREDSRA L
43m@ifhﬁﬁﬁ%%¢6ivL&ott%zzha
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Bk, 2= M4id, WIRHEIRIC X 3 LRt o
BA PRI TH L2 E 2 65— T, HERDEE
2=y P3ICHRTNELS BB (K. ZOBERKD
Ve DELT, 2=y MPMREBRHEES 2L (6
KA) 6, BENIIFIL 2 OHERSE AP T ik UHERG
N KRE LA L -HENREL NS,

7. £&O

KR TIE, WRENOMETTT LA RET 500
o0 &2 L LTENFHEZHD B, A—ra7
VRO HERUHIENT, “CHRMIE, KK 3T O fE R
SHEMBRBIZSE A THILL, BTN & OJEEGETRIZON
THETL 72, ZORR, DTORRAES h-.

1) FEBP R E D GS-ISE-1” 2 7 ¥ & U'GS-ISE-1 2 7 TH
Eh7zmpRiRE L, TR SIEICZ=y b1 f@RmI
F v FOUHEREY), 2= b2 RE R, 2=
b3IPEHERY, 2= b4 FIERSMEMER, 1=
bS5 RERSM R~ EERERT, = b6 BRI
L K OCANTLLERIZK 7 Eh 3,

2) AR BRI O B I A&, 118 (2012) 285K L 7=
&I ICBHED W R BRI TR PE R ICAE LT
LRI NS DD, T OREERFIZZEBIIO LM
WO s < N I IER Uo7z o gedE s
[=1RR

3)ENIFETIE, BoKEIOUEAHE FAIZHE > T 10.3 katd
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Abstract: Petrophysical measurements such as density, porosity, magnetic susceptibility and Natural
Remanent Magnetization (NRM) of Jurassic, Cretaceous and Paleogene granitic rocks which constitute
the Japanese Islands had been conducted to clarify their physical properties. Similar measurements
have been conducted for Neogene granitic rocks in Japan this time. Neogene granitic rocks in Japan are
distributed widely from the backbone mountains of Hokkaido, the northernmost big island to Yakushima
and Ishigaki Islands in the southern island chains. However, most plutons are relatively small except the
Kofu, Tanzawa and Yakushima Granites with some outcropping areas and it is not easy to collect samples
from every small pluton. Therefore, samples of Neogene granitic rocks were collected mainly from
the Kofu and Kai-Komagatake Granites, and the Chichibu and Tanzawa Granites in the outer zone of
Southwest Japan and measured in this study. The total number of measurements amounted to 210.

The results of the measurements were classified and summarized as in six areas: 1) Echigo-Yuzawa,
Wada Pass and Nasu-Dake Granites, 2) Chichibu and Tanzawa Granites, 3) Kofu and Kai-Komagatake
Granites, 4) Cape Shiono and Cape Muroto Granites, 5) Southern Kyushu (Satsuma Peninsula and Osumi
Peninsula) Granites and 6) Yaksushima Granites.

The mean density increases from the Southern Kyushu Granites (2.62 g/cm’=10" kg/m’) to the
Yakushima, Kofu and Kai-Komagatake, Echigo-Yuzawa, Wada Pass and Nasu-Dake, Chichibu and
Tanzawa, Cape Shiono and Cape Muroto Granites (2.96 g/cm3) in this order. The mean porosity is almost
inversely proportional to its mean density and ranges from 0.29 % to 1.94 %.

The mean magnetic susceptibility indicates 2 x 10™ and 5 x 10™ (SI) for the Southern Kyushu and
Yakushima Granites, 5 x 10” for the Cape Shiono Granites, 10~ for the Cape Muroto Granites, 2 x 10°
and 3 x 10” for the Kofu and Kai-Komagatake Granites, 3 x 10~ for the Echigo-Yuzawa, Wada Pass and
Nasu-Dake Granites and 4 x 10~ for the Chichibu and Tanzawa Granites.

On a basis of petrophysical properties and their lithology, granitic rocks of the Southern Kyushu and
Yakushima Granites are defined as paramagnetic to weak magnetic. The Cape Shiono and Cape Muroto
Granites are paramagnetic to weak magnetic and medium magnetic, respectively. Those of the Kofu
and Kai-Komagatake Granites are high magnetic and medium magnetic, respectively. Both the Echigo-
Yuzawa, Wada Pass and Nasu-Dake Granites, and the Chichibu and Tanzawa Granites indicate high
magnetic. No relationship between the density and NRM is observed except the samples of the Tanzawa
Granites. Konigsberger ratio (On) of the rock samples shows less than 0.4 except the samples of the
Yakushima Granites, and the Cape Shiono and Cape Muroto Granites.

These results are summarized in Table 1 (physical properties of Neogene granitic rocks in Japan).

Keywords: density, porosity, magnetic susceptibility, NRM, Qn ratio, granitic rocks, Neogene
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Sampling sites of Neogene granitic rocks in Japan (this study).

Area 1: Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, Area 2: Chichibu and Tanzawa Granites, Area 3: Kofu and Kai-
Komagatake Granites, Area 4: Cape Shiono and Cape Muroto Granites, Area 5: Southern Kyushu (Satsuma Peninsula and Osumi
Peninsula) Granites, Area 6: Yaksushima Granites. The distribution areas of Neogene granitic rocks were plotted from the digital
data of the seamless geologic map of Japan at a scale of 1:200,000 DVD edition (Wakita et al., 2009)
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Fig.2 Relationship between density and chemical compositions

(Si0,, total Fe as Fe,0;) of the Chichibu and Tanzawa
Granites. Black solid lines indicate linear regression
lines. (a) Relationship between density and SiO,,
(b) Relationship between density and total Fe as Fe,Os.
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Table 1 Physical properties of Neogene granitic rocks in Japan (this study).
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Fig.3  Histogram of dry density distribution.
(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (¢c) Kofu and Kai-Komagatake
Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi Peninsula) Granites,
(f) Yaksushima Granites.
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Fig.4 Histogram of porosity distribution.
(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (¢) Kofu and Kai-Komagatake
Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi Peninsula) Granites,
(f) Yaksushima Granites.
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Fig.5 Histogram of magnetic susceptibility distribution.
(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (¢c) Kofu and Kai-Komagatake
Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi Peninsula) Granites,
(f) Yaksushima Granites.
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Fig.6  Relationship between dry density and magnetic susceptibility.
Three straight lines indicate the boundaries of paramagnetic and lower magnetic, lower and medium magnetic, and
medium and high magnetic zones, respectively.
(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (c) Kofu and Kai-
Komagatake Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi
Peninsula) Granites, (f) Yaksushima Granites.
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Fig.7 Relationship between dry density and NRM.

(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (¢) Kofu and Kai-Komagatake
Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi Peninsula)

Granites, (f) Yaksushima Granites.
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Fig.8 Histogram of On ratio distribution.
(a) Echigo-Yuzawa, Wada Pass and Nasu-Dake Granites, (b) Chichibu and Tanzawa Granites, (¢c) Kofu and Kai-Komagatake
Granites, (d) Cape Shiono and Cape Muroto Granites, (¢) Southern Kyushu (Satsuma Peninsula and Osumi Peninsula) Granites,
(f) Yaksushima Granites.
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Relationship between magnetic susceptibility and NRM. Solid lines show On = 0.4. On ratio was calculated, assuming that the
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