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Cover Photograph

Lake Gando against Mt. Iwate and zircon crystals in sandstone in the Jurassic accretionary complex

Lake Gando, whose flood area is c.a. 6 km?, was constructed for irrigation and hydro-electric generation in the
Sotoyama district, eastern Morioka City, Iwate Prefecture. The mountains in the middle are, from left to right,
snow-covered Mt. Iwate (alt. 2,038 m), an active volcano, and Mt. Himekami (alt. 1,124 m), which is composed of
Early Cretaceous granite.

The basement around the lake consists of the Jurassic accretionary complex in the North Kitakami Belt. The
inserted photos are, from left to right, a pale green sandstone (“Yonaigawa Sample”) in the Jurassic accretionary
complex, detrital zircon in a thin section of the sandstone (crossed nicols), and a polished zircon grain for dating. The
obtained youngest cluster U-Pb age is c.a. 190 Ma, middle Early Cretaceous (see Uchino (2019) in this volume). The
length of the sandstone specimen and zircon grain is c.a. 10 cm and 100 um, respectively.

(Photograph and Caption by Takayuki Uchino)
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Toru Yamasaki (2019) Whole-rock major and trace element geochemistry and geotectonic attribution of
granitic rocks around the Higashigata, Akechi Town, Ena City, Gifu Prefecture, central Japan. Bull. Geol.
Surv. Japan, vol. 70 (5), p.335-355, 11 figs, 1 table.

Abstract: During the national mapping project for Quadrangle Series, 1:50,000, Akechi District, a granitic
mass with 4 X 3.5 km in diameter at the Akechi Higashigata area, Ena City, Gifu Prefecture, central
Japan was newly confirmed. The granitic mass is separated into Eastern and Western masses by overlying
Akechi Conglomerate. Based on the results of whole-rock geochemical analyses, the Earstern Mass
and Western Mass are correlate with the Busetsu Granite and Naegi-type biotite granite, respectively.
The Busetsu Granite is characterized by relatively clear whole-rock geochemical trends and chondrite-
normalized rare earth element patterns showing gentle slopes up to the left with negative Eu anomaly.
On the other hand, the biotite granite shows rather scatterd whole-rock geochemistry and relatively
flat rare earth element patterns with clear negative Eu anomaly. Most of the samples from the Busetsu
Granite show higher alumina saturation index (>1.1) and fractionation of garnet from sediment-origin
parental melt is suggested. On the contrary, the biotite granite show wide range of alumina saturation
index due to heterogeneous assimilation of host pelitic metamorphic rocks. Although the parental magma
of the Naegi-type granite (including biotite granite in the study area) has probably been similar to that
of the metaluminous granites in the Ryoke Belt in the Chubu district, partial melting at shallower crustal
condition has possibly resulted in SiO,-rich nature of the Naegi-type granite.

Keywords: Ryoke belt, Busetsu Granite, Naegi Granite, Toki Granite, whole-rock trace element
composition
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Location map and simplified geologic map of the 1:50,000 Akechi district with sampling locations. (a) Location
of 1:50,000 Akechi district. MTL and ISTL denote Median Tectonic Line and Itoigawa—Shizuoka Tectonic Line,
respectively. (b) Simplified geologic map of the 1:50,000 Akechi district with sampling locations.
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Fig.2 Modal composition of studied samples plotted on
quartz (Q) — K-feldspar (A) — plagioclase (P) diagram.
Classification boundaries are after Le Maitre (2002).
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FIX AR OMMEERE. (a) REERE (AKS14), (b) BERIERE (AKT723), (c) B R A &K
(AK525), (d) HAVEAHA (AK608). HEIZATru A =2, EIH45 mm. WS Pl AHEA,
Amp : PO, Qtz: G, Kfs : # ) B, Bt : BER, Ms @ [ER}

Fig. 3 Photomicrographs of studied samples. (a) Busetsu Granite (AK514), (b) Biotite granite (AK723), (¢)
Higashigata Eastern Mass (AK608), (d) Higashigata Western Mass (AK608). All panels are crossed-polarized
light. Field of view for all panels are 4.5 mm. Abbreviations; Pl: plagioclase, Amp: amphiboles, Qtz: quartz,

Kfs: K-feldspar, Bt: biotite, Ms: muscovite.
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Fig. 4

Selected field occurrences of studied samples and photographs of hand specimens from the Higashigata
mass. (a) Biotite granite (NG) intruding the Inagawa Granite (ING) (Ori, Inazu Town, Mizunami City, Gifu
Prefecture), (b) Biotite granite (NG) intruding the meta pelitic rocks in the Ryoke Metamorphic Complex (RM)
(Toki City, Gifu Prefecture), (c) Vein of the Higashigata Mass (TH-W) intruding the Inagawa Granite (ING)
(Higashigata, Ena City, Gifu Prefecture), (d) Hand specimen from the Higashigata Eastern Mass, (¢) Hand
specimen from the Higashigata Western Mass.
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il 5 13 74.6-77.1 wit%e, W HUAKRIZ 73.0-74.0 wt%, <
U CH G AEERIZT743-76.1 wt% T, ASUTIZIT 4 TA/
CNK>1.0D/S— 7L 3 F 2 kMR AR (E5X).
ARHUAE 7 (A/CNK = 1.04-1.11) 1%, Chappell and White
(1974) 12 & 314 4 FAERAA ARG T2k E R L,
O EERIZIZ A T RUSE 4 TRIEKIZT Oy b &3

Mk zmnd g oo, REfERE (A/CNK =1.09-1.23) Tid
2 MSH A T, WHPER (A/CNK = 1.06-1.13) Tid
A3 EBIRA TR T 5.

W OFE RS S & SI0, DEMNIZ££1y, Tio,, ALO;,
Fe,0.* (&8 #Fe,0, & LT/ L 721i), MgO, CaOX& T*
P,Os 280k L, KOW M3 % (56[X). Na,0ld iiHifE
i TTSIO, DM 3 L TEIF—E L0 Ub T Ic i
T3 &R T A, MMOERIZ DV TZ IR A 25 {1
BN E 0. AU O RETTER S ORI iR bR o
RETERES OSCHMEIZIZIEE &2 2 48, Si0, I2/$ 3 Tio,
EALO,D ML Y FOMHZEBDEMIEESZ LS IZRZ,
% 726 USi0, ®IZ 5 W\ TIEK,0 &£ PO, AHRIZ 55 1) 5
REAERAESH TEWEAY 5 5. HEARLE RS SO
D HEHFT 5810, 5 75-78 wt%DHIE & IZITX AT % &
V. R AR ETER S ORBREIPAINIC 71y b &
h, REEREE —HOMKZENL ML Y FERT (H6
X). —7F, ®AESKRIEREIERS & HASERA D
MR Iz 5T T ay b IR3H, &ESio, Mo 2
FORE O HLUE AR Fe,0,%, MgO, CaOl U'P,0 & M U
VNa,0 & KORDOMAER %R L, WATITER S & Lm
T AR AE S D,

RERM 2 A A0 (high-field strength element: HFSE)
TH B2 T 0L D DWER S ITCEDOET 457
KiZmRd. IRz NT, ERBOSEE, zZrEf
BOWDITH L CTIiEHEBESHFIIRD T 2 H—0HUK
FLYREIBKT S, ERATCEMR TIE, Tio, AHE
2SI, BHEROIMIN L THD T3 LY FERLT
WA (M) Z &6, ZrEAE S SIoFAEDHMIC
HUCTHREICWRD T 2EFHERLTWAZLIIAS. K
HERE X Zr ORI TV, Sr, Y, Balk UHED IR,
Rb, Nb XU URDTITEENMT S L v FEmRL, Thid
Zr = 80-120 ppm TR AL, Zr>120 ppm TIFIEIE—7E
DLV Y FERYT. fRTREROMKIE, BN
DMLY FIZEES., ), HARBEREEZe ORI
o TETOILETKBINZIFEMT 2 K5I/ A %73,
ZrDRIZXT L TZENE N DOWMEICEDEIRA K E < 4
BT aEmAERL, FL Y FORERNETHS. Lr
L6, Zre KO ZhIUsxtd 5 St o M i
RLEE, FOKE NI & E SO TSGR L TR
Tbh5b.

Clay F74 b THIRRILL =& HETE 2 — v /RO
Sun and McDonough (1989) 2k %/ — <L & 4 T hijuif
LA (N-MORB) K THIRE{L L 2w L F 2L A v
P88 =V EZRZTREIREFBIRNIIRNT. HIX
1213 bl 0> 72 8 12 Ishihara and Chappell (2007) (2 & % gt ffi
Teha e (R ) T O AR BUAE R 0 A TR &
RLTW3, RETERAOFIHICR sS4 —viE, 3V
FI4 FD10205FE DOLuA 5 10020052 DLak
T, La/Ybw =5.1-224DkE LR DI 8 -V &RL, 55
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1%, La/Yboy= 10.9-183F2E A/~ L, REAEARORTIH
TLEME E S 2 =V - FERVTHhE T3, &6,
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5. IS OEMAIEA LTRSS OMETTE AN A 72,
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O — KA ATITER S (B ORI Ud), 1EIE5 e K
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12 — & (o] B S A
0. 2% % 5. &R
A <><>Q§z> O A |
7 %5R B 5. 1 &HEBORE
SRR e 3 % 0%, RIS L, 2 hE CRETERE D &
o e 00 5 N R O ARG R & A & C & 2 BT
A 000 a8 - TEREE, LA E & ko0 B G 1 R O AR
Peraluminous 0 A B L T A & 5, SERORBL O A 2
o P T WCh BT L AR E N BTSSR & =l
caliminons e . FEKIZOWTIE, TR L2 T M OBk
3 A SOREBOBERITER 8 — B E Ak kS 1o,
0.9 +—————1——————————" SR AR ETERE S, BT AT ) —
65 70 75 80 WChH B BEREMAITHILX NS, HHERANE D

BERTH B0, alkafke LT, mETERS ICHEET
% WERAL“ AR B0 & BARTUAE R A 2 FEL S % HER(L
B L N RN 2L Rz e > Lichs. LarLah
5K B ES R R "R E 3 F M (A/CNK = e o e s 1= G b 25 B S
AlLO; / [CaO + Na,0 + K,0] E L) -Sio, wt% [X. S 5, ﬁﬁméfﬁfi%ﬂ:?h%nﬂi?@% L’ﬁﬂﬁ%gﬂﬁ
24 TROTZ A THERE DL i3 Chappell and HLB (FHOM) IS DS T, ThTNTHMIZSA S
White (1974) (2365 <. L AL % & LW ARIE WMERITCRAR (B 7-9X) 2 & > Tk b, MR LZLR
fiil ¥+ 0 SCHkfiE 13 Ishihara and Terashima (1977), HJ& I 2 MR A FE O B DR IR EZ 2124 v, Lzt
(2002) &Usu_l[h%} * *EEEI (2012) l:, ﬁﬁjﬁlﬁ%@Y@k T ?iﬁ%‘ﬁiliﬁﬁi& LT*%FQ)TZ@%**)I?%@%?E %ZT_\‘_g_

ﬁ . . N . b
ffil3Nakai and Suzuki (2003) &% U'Ishihara and Chappell E3ICHA BB D0, FEIZIE2 OO ER A

Si02 (Wt%)

(2007) 12k 5.
Fig. 5 Alumina saturation index A/CNK = AL,0, / [CaO + HA® 20 EIRBIGR TR L, T OBIFEA IR R
Na,O + K,0] in molar ratio)-SiO, wt% diagram of CEbLN TS DL Ens.
studied samples, and literature data. Boundary between FAKdE KellR L2 & 512, HAFREREFGIEE
S-type and I-type granites are from Chappell and White R X P AEHAERLTWS, KIRLUZ23008 72
G s and Tt (1977 s Gooy, VAL EMGH AT GHIO REA K T35 5 60
and Yamasaki and Umeda (2012): Busetsu Granite: Nakai O, HEREEE U TR 3 & oy, K
and Suzuki (2003), and Ishihara and Chappell (2007). GHY ORI G BEREPIL T 5 GE2X). 28T
JRAEERRIZ BN TR, Iy OMBIZZ hZEho 7
U — 7 THRRHBRIZ R L 2 2 00, —HTIdMk 3 Z
WEuD L EHE 25 (GB8X¥a). Z D5 % — »idIshihara FEE > TS (EE6M). Ln->T, HAREARE R
and Chappell (2007) 12 & % i sk O RAERE D 7 h HWHERZHEThOERNTOEMEEEZET S &
LX< 5. mARTERE ORI RICR S 4 — Vi IS DERE SRR L AWBEEICHWT, KT
IV FI4 FD1040f5DOLuA 5, 20-100 528 DLaF M T % 2 EARTERS TH 2 2 2 WA CHIET 5D
T, La/Yby = L.O-93RED 7 7 » Mg — v % BWEETH D, AEREZELEARIF IS TEHEL
N EE IS, HEBEAERE NS, Zonss - V. RITEER (B T2 OB ABBROBEIZE VLT,
Ishihara and Chappell (2007) {2 & 2 ABIERAD ZTh & EERARED ST 5 & HEH & 5 5RO AFAE A AR L

kBT 3. —F, FHESMMEOREHETCE 2 -V D—oLkBH, Z5L-ERITEEREOREREHE X
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This study Literature data
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(including Toki Granite)
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52— Z2FE S LA L.
Fig. 6 Harker diagrams of studied samples and literature data. Data sources are same as those in the Fig. 5.
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DEMETEEAETH AL BlAIE, HaKlak
We), ER & EHRARE OBIRIZESEE ORI HED <
ZENEETH B, BBAA, HERLESHAONAIZH
FrORGICkAS LS, MEHRATICH T 3B TOR
B 2 D W BHIX Sy OERE T L RS
20 TIEA. UL, RIFEORBRIE, BARLHET
IZB BB TRIBAIET 5 Z L 238 LVl
IZDWC, EEMEICEM A Z DI A I R %
52185 ZRL T3,

5. 2 REERAERUVEAREESDHIKEZIIFRE
ZDRE

FRERHh T RS I, TR EB—EUE S O KER T A 6 TR
BENZ EEH D, AETRE BV 2 & D Huk
D—D2TdH 5 (LK, 2012b). FHW A IZ4E FRAL
PRUR, SREMRRILZ U CEROBREHE, 2hEFho
FHEOBRIZE & o> TROERE TR INICITbh T
7. L LAaWE, B 200, HmlliEss
DEEMBER SR A ORI hETITETLE
iR EBX A TOEN, 22T, ShES SR
& &z, BEERS RO ARIER S ORI R o 4
BRAZBEY 2 MERLE R & 72 ORINZ DWW, TS
TERNIC i 5.

5. 2. 1 HEfERA

REERA T A1 2B 5AS1%2/RL, 73
F2GE L TAZN# G0 LRIV RD I AH%E
G M 57, Chappell and White (1974) 12 & %
SH A TIEREIZIX 7y Eh B LRI & T 5 (Ishihara
and Chappell, 2007). % ®—J} T, Ishihara and Chappell
(2007) 12, TAAVHIZOWTIRE L AIZ A Sk

MEEZR SRR EZE DI L 2L T 5.

Nakai and Suzuki (2003) 1, 2#8"074510.5-12.5%0 % 7
4" (Ishihara and Matsushita, 2002) Z £ R E€) 75+ A b
DE*SH3-5.7 e V-6.0%0 % 73" (Ishihara and Sasaki, 2002)
Zehn, g0 RETER S 2R EHERE 4R &
THEIR~YII~VICHRLAZEEZ . L LAaMRS, Nakai
and Suzuki (2003) ZS[EIFFIZHERG L Ty 5 K512, ¥Se/Sr
RN AR AEL 0.7096 £ 0.0002-0.7097 % 0.0001 (Shibata
and Ishihara, 1979 ; I, 1982) #/R8 L, H &0 i 5 fH
Kigotho x 2 7L 3 F ZAEREFHDETH 5 0.7078-

0.7095 (FR=EZ /N L 5 Kagami, 1973) & k& <IidEH T,

ERAIE U 729 B 2SO SrRIN AR R (1 212, ¥Sr/*Sry,
va = 0.7154 =% 0.00001-0.7200 = 0.00001 ; Al & - i %
E, 1995) LD & FH LKW, ZDZ &H 56, Nakajima
(1996) 1%, 78—=7 L I F 2{ERBFHORIK E LT, *4
T 3 F ZERE 7 7 AN OTREE S R O3 VA Rl
AU OBES- ORISR 2 A AT B ATHEME A FahE L
T3, YLaryOU-PEROMGE 2 513, KEifeEHS

PR OERE AR E RS ISR U 22 L IR & h B4R
ROMFEAE GOV TV PFETE T LN EREhTn
% (Takatsuka et al., 2018). Nakai and Suzuki (2003) i, [¥
Ik o> EEITE R SR R BB R DO, PR
BEERNE, PRAZEERERE Y UTERE, 2L T
MR 22 RERZERHER DI G D 4 D DEMEIZX sy Eh b
e g, BEMMEENGEE AZRERE Y U(E
Ea & ORIZH T 2 LR ER OB WA H 5 Z & %
L, Zho %% 55 H2Rb/Sckk f OREE/Ze LD
HBHi3208 L XZThLE0RL 3~ s ~IZh¥k

L, WEIIRREORLIH —-OAREE L~ ~IZ
BHXLU/z&# 272, —7, Ishihara and Chappell (2007) I,
fi i e 35 > B EHIAE e 45 D E A B M 2 BT L, Rb/Sr
HRMETTRAROE NI E LTHA - EBEF O~
VAANL Ry aDTF 4T 7Ly Yyl TH— - L—
TAYVMIESTHELREEZ T,

A7 i oo BE TG i 5 O &5 bk, § Tl
ATz &5 12 [ I sk o0 B ETE R S O MUK HEIPHIN T &
D, 1HERZXET—TALIFALGHERETTEL S
12, %< A'Chappell and White (1974) 12 & 5S4 14 T{tiw
AHOMKAETRT CGESKIKRUE ). RETERAOME
B HRIE, 2 L) OFIFITR/ S — v Isk - TR
BOU SN, FichAm LEUREER LEILRDOLT
HB5Sm/Ybaid1.5-7.0Tdh % (1K), EAHLFILHRIEL,
HEEBAL MOFIHIZELWTIZEL AR YLD
VIR R E NS Z SN TS (A, Arth,
1976 ; Irving and Frey, 1978 ; Mahood and Hildreth, 1983).
REERMEI I ALE2ELI LD D, FROMEN
T AL D R i sk O R B R EEREE v U ERIE IS B
WTREZRICEEND Z AW N T 5 (Nakai and
Suzuki, 2003). SiO,1Zx+F % Sm/Yboolt (58 10[Xla) £, 47
Uz kZ2 W OO, KFEMIZIESIo, nHEFIcO>h Tk
kA, T4abb, HMEEL Iz O g LIS
MUTHEALHICI OB T 2EmERL TV 5 LR
WuRETHh 5. —JF, Zrlli ¥ 5Sm/Ybylbid, Zrduk
AT L THE2ITHEMNT % EE10Xb). #ihbdL7zk>
IZZIRTiE BHFEMICEAS L, 2o, RS ICEDTIO, I
Si0, BNk > THA T 5 (Be—TK). ThesnZ &
25, SiONZH T % Sm/Yblb (5 10[Xa) 1255 % b L
VIOREREZIEIR2T EDOEOTH BHRENED S B
EOD, S Ly, VLaroSMRhEEITHIC
W 2EAGTITEOMBOFEAKINTIZ AN &Ik
WMo THB. LEN-T, ZOMEENZX L AHED55
IZHERKTZEDEEbLNS.

Ak O R ETEH AL, HREXENE 00, &
BB AR RO R DIE & A 813 A
WP LY FERLTOWS GERRUEIR). L v
FOFRMAHEL <, KRELAFBHIRAD 5N DZDIF, Hik
IZE->THZERTWNEINEA A VEREOKRE EAEHE
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Fig. 7 Trace element (ppm)-Zr (ppm) diagrams of studied samples. Symbols are same as those in the Fig. 6.
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i, Zheh (@) KT (b) OAWRRUKO S HHEOHUKHEI 2R §. CI12 ¥ FJ 4 b OBUE(LIEIZSun and

McDonough (1989) {255 <.
Fig. 8

CI chondrite-normalized rare earth element patterns of studied samples and literature values. (a) Busetsu granite and

literature values, (b) Biotite granite and literature values for Naegi-type Granite, (c) Higashigata Eastern Mass, (d)
Higashigata Western Mass. Gray field in panels (c) and (d) corresponds compositional range of studied samples in
panels (a) and (b), respectively. Normalization values for CI chondrite are from Sun and McDonough (1989).

JC % (large ion lithophile elements : LILEs) T& % Rb& Ba
TH5EETR). LEi->T, SioRzrgf % o
L T2561E, HUBREOKE < B 5 5HMNRE
LT3 LW RKTAEETEIH S 00D, L
VP &AL & S ZEHIEERR] X k. Nakai and Suzuki
(2003) 1= & % g HblR o fUEIE RS O AR IS, R
BEfERPOfE M & B REREREE v VB S & OfIZD
T2 AR ZAUEA O EED 5B 28, Ktk
ORHEfERAGE ZTh o OMKHEHEHEHE D, »D, HE
TLHNE — VR TIERIE AT TH 5 (BHSIX M
VEIX) T &n b, MEILHRILAKE S Rk 5404 £
Nt DOAREE LRGSR, WMEITEMKOKEZ S EL LY
B (EER) ORI, Z L TE2h 5 OFRE OIS &0,
LILEZRITIE S IFEFA TR BN D L@RE 5.
REAERE DL L) DMBEILR/SZ — B EL A4

DA KEEN TS ETEL, D EdBEA-E
BORRIZEWT, REERGEBRLERE~Y S~
L AAPEH TR AFEEIZ S— 7L 3+ 22k T
$ 572133 TdH 5. Ishihara and Chappell (2007) i, T&B
MFRIZE A L 7288V E ~ 7'~ BHER B S FHO BT & 72
D, FEMBTOBABERIZLD X2 TV IF A 024

T IERREED, 2 U THEt@ ToFSEmIz & R
HfERAE PR SNz E L. Z0EZIE, <A hH
DRBOGHEFRBTH D, FL L EOASIREE -

T RN R L OG5S (Ishihara and Matsushita, 2002 ;

Ishihara and Sasaki, 2002) & »bH¥TH L 5 &, HKHifE
s~ 7~ IZRBERE OSBRI LD BRIz L

BABDONENTHS. LrL, ZITRHEE LSO,
TR R O Srialfi it 23 IRETE RS 0 2 DD FHE A
DAZTNIFANEA I)MEREHEIRES RED
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Fig. 9 N-MORB-normalized trace element patterns of studied samples. (a) Busetsu granite and literature values, (b) Biotite
granite and literature values for Naegi-type Granite, (c) Higashigata Eastern Mass, (d) Higashigata Western Mass.
Gray field in panels (c) and (d) corresponds compositional range of studied samples in panels (a) and (b), respectively.
Normalization values for N-MORB, and element orders are from Sun and McDonough (1989).

FTh3d. ZOZLIZONT, DTICHMaiEs ¢ &
KRGS 5.

REHERE 2REZRAIERT, AU DOSrEaE.
KWz IR O REERMEDORAEER%ZETH D, 20D
RN AR ARG 23 H A RS ORI S IRE L, 1RIF
EIRFHNCAEE L, R EEHEL Th 3 IRITER
H (X 2T I3 2FERE) OSrRNRIAEME & OSra A
HEL LICHMARAICK 2SraH & & Selal i AwIE
DEALE RIS 572 (F11Ka). Z DR, Shibata and
Ishihara (1979) {2 & 2 BEAE 5 DOSrIRINL AP AE T &
%0.70931-0.71074 (Takatsuka et al., 2018 %% 1270 Ma
THRB O % £ AHH IE) PR ISR A A L+ OIFRIRL
HHPRE NS 2D121F, 70-90 winD PRI A
AN PERAESEETREEL BV, ZOMBRIE, §
FRVEELE A HLIT DG ER A L P OWZE LT Ak

LAz, LA, BERINERE AL N (X2 T IS
ZLERA) NOIBZE B IR O 5 5w A L b oL
(Nakajima, 1996) % /RUE4 5. H37AR 2 L b (W14 A
L) ORBEFERSCEMR A RET 2 DI H L W20,
ZZ i, EloREIZHE L 22N E 2L b (*
A7) 3 F Z{ERAE AL b 2 AST = 1.01) 12, JREZRS
(ASI = 1.60) AL =7 — 2 & kRat§ 5 &, ASIA
IN=TNIF A -SEAT{EMETH S 11 %50A 5728
12, REERUE F 21 wild LR 2 BB H B (5F
1HXb). 2O —2I22WT, SrégA R E L TNakajima
et al. (2004) 12 & 2 FrRREHE O AR L, Lidk
[k D WAL Z R A R CSrlrfi kb 2 WAE S 5 &, SrlFl
PAPIAAGIL0.71461 & & 0, RETER O SRR A
HAETH % 0.70931-0.71074 (Shibata and Ishihara, 1979 D
BRI OME 2 70 Ma THEAMAIE) & iF k&< Hk b, —ik
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Fig. 10  Sm/Ybw~SiO, and Sm/Yba—Zr (ppm) plots for
Busetsu Granite and Higashigata Eastern Mass. Arrow
represents possible variation trend.

ISR ARG ORI L T, @ T7 LI 2
BREVFROME B ER X NS 20 (B ZIE, DNLHNIED,
1997), ERFVARLA L P DASHITEAE LD 3K KB, L
e, FEFITE, BREHIED EBICZEDO AL D
RAVBEE ENZIETT, ZOLI 5 AL OIS

& o TREERAE DASI (BB SIX) 2FHHAT 201, R
DINEETH 5.

LROBMEHERIE, Thbb, WEERAREOIER
HANLPANDARTILIF AEEE AL P ORE, 55
WiE, A XTI ALERE AV P NOPRBEZE IS D
BE@MAL P DEEGONThOr — 22k W T, Hid
BRGEIRIC W CdStf R b & v 7 < fE (ASD &
DOENCTFEBEL, HHBRBETHEILERL TS
ZDOXIEEANT I, Ax2 T3 F AfEREHEE
IE[R U SrlRIf Ak kb & & DYRBEZ I A AL L NEiTER &
v v DERICBG- L=, &5 WIEARIZTREE RS
DA IR LT REER S (v 27 ~) DSR2,
M ZBAUND A S Z XL TA LTI F RS
HEMBREIIWE I NZrONThr 2 BET S Lk
V. FHRER T VTV o ZOPRBERBE O SR A L
i, WEEMICRESAITDOATOH S DI TIEAEVS, Zh
FTICA LTI ZEREH L TR USRI kb %
EOLDIIWME SN THE ST, MFEOIEITITMEY D
. 7=72L, AR, R R O R ITERE 1
FE—=F354 MZBWT, 77524 &0 7=SRf &
DT & D H—DBEERNTEE < ORI AYIAED
e 2 & I (Tsuboi and Asahara, 2009 ; Tsuboi, 2005),
BERITERE A 6132 ¥St/*StT = 0.7093-0.7096 DRI St
RIS RS & FLTUy B (Tsuboi, 2005). L7=4%5
T, REEREOSITRMNALEIAVIEE & > ThD, &
DPRBEZEBEITIME S TAET 2 ATREME S & 5.

—H T, StRfifRIE, SRS T TR &R
LD BRIIWE NG S Z L PREA RIS
NHMHE N> T3 (Bl Z1X, Spooner et al., 1977 ;
Berndt et al., 1988 ; Slejko et al., 2004). L7243 >7T,
ROIEAET B iRt T T, SriRfiRIZE S I
RIS L, 2D, ZOHREICTE, SrZ2DEDODOKE)
AEBFLEREE LEVWI &AL, WikEN LR
RUZ K 5T, HMRBEAHE LD 8E,ICKEAEE
DSt ZE D U 2= TR 5 5.

ZO & mfiAOB GO REM I, RETERS O FER
BIREOBR, S ERBEE NS, T TITBRELI I,
Ishihara and Chappell (2007) &, BEIfERE IZASIORE M
72 5 1342 Chappell and White (1974) 12k 584 4 F1Efd
HOWRKAEEDIZEED ST, Na,0RK0DGHE/
B ZSsa A THERAE & D &<, 144 TIERAE DR
EEOLBNRTWS, —f%IZ, ERSICRIZENT, Na
A X VHREBRE AL TR SOBEIEEZRL, K0
TKA XV, X5IZCalk A & ¥V Z DIEIZHEL (Bl A
I¥, Morgavi e al., 2013). HEMIE 2L b &HiA L1301
GPa F CoE& iM% 4K L T\ 5 (Thomas et al., 2000)
ZEMS, ZTheDA 4 VIFBEHICHAHBABE T
by, SiOMUHERNBES L MEE S DAL MIRT,
WRH (B B2 VIEWmERSIZED AL P ) TR 5I0E
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PRNRERE L HRER T VT Ly o ZDOPER SRR SR AL b & ORAGHEBREOBERNEEEIZX S
TBERIRE OFLIERIC & 2R L. (2) FEBFRREEIROT AR A L+ EFERNEREE L 72 2L+ L DR
FI2k D, SriREE &St Y EME ORI R, JeB FIRE IR OSSR A L+ OSrRIFIAIIR, Nakajima ef al. (2004)
12 & BB A OO0 0.71652 & FVy,  SrérA BIEAHEMIRORETERE OSrEA RO R KM (425 ppm)
AR L 2. PRIITERAE OSIEIRLR LK OSr& A BIE, Tsuboi (2005) 12 & 2 Type ISMHOFEHMHE LT, ZhFh
0.70965 X 1244 ppm & FV 72, 'L — TR L - RE{ERS O SriAlfz AR L D fEPHIL, Shibata and Ishihara (1979) 12 & % %
AP DIE %, Takatsuka e al. (2018) #2% 1270 Ma THAAMHIE Lk 72, (b) PRENTERS 2B L 72 2L Mk B
BRIREDFILIERIZ L 5 Sio, &A & (wt%) & 7L I FFIF1E (ASI: A/ICNK = ALO,/[CaO + Na,0 + K,0], EILLk) DB
. FRNITERE QMBI Tsuboi (2005) 12 & % Type IEMHD V-l %, Je/E v kS DM IE Nakajima ef al. (2004) 12 &
BYCE A DIEOTFE A v 72, fiftiZChappell and White (1974) 12 & 5S4 4 FIElE S 18 4 THERE & DR,

Result of mixing calculation between Inagawa Granitic melt and partial melt of pelitic gneiss in the Ryoke Metamorphic Complex,
and compositional variation with assimilation of pelitic gneiss by Inagawa Granite melt. (a) Relationship between Sr content (ppm)
and Sr initial isotopic ratio for simple mixing between partial melt of pelitic gneiss and Inagawa Granitic melt. Sr isotopic ratio of
pelitic gneiss (0.71652) was after Nakajima ef al. (2004: averaged value). Sr content of the partial melt was assumed as the highest
value of Busetsu Granite (425 ppm) in the study area. Sr content (244 ppm) and Sr isotopic ratio (0.70965) of Inagawa Granite
were averaged value of the Type I litho-facies by Tsuboi (2005). Gray-colored area denotes range of Sr initial isotopic ratio (corrected
to 70 Ma; Takatsuka et al., 2018) reported by Shibata and Ishihara (1979). (b) Relationship between SiO, content (wt%) and
alumina saturation index (ASI: A/CNK = Al,O4/[CaO + Na,O + K,O], in molar ratio) in assimilation of pelitic gneiss by Inagawa
Granitic melt. Composition of the Inagawa Granitic melt was averaged value of the Type I litho-facies by Tsuboi (2005), and
composition of pelitic gneiss was averaged value of that in Nakajima ef al. (2004). Black broken line denotes boundary between
S-type Granite and I-type Granite proposed by Chappell and White (1974).
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WREEIM AR Z AR, RETERE T O
WSS BRI, BERER S E R AV LR
ERHARAEREE, SRk S h, &TI2 4 TEME
1258 & 5 (Bl A2 1L, TIshihara and Chappell, 2007). L
722 5T, RETEREIZH T 3Na,0RK0&H RDOF; R
PEGZ, [RIBEFHACTEE) L 22 R 014 4 FIERE D 6
3725 Eh/zNaf & ¥V RKA X VIZHE A FRK S EKEITE
a7 2T Z8Ic&k->THECREEELBRZ &
MNTES. ZLT, ZOBRIT, MELAHEZHRIZ K 5 SHlHE
PR O WZ & [FAFREICHATRE T H 5. WFHIZL T,
ERDIRFOREED 7201212, HERNTO LD 2 < DR
BoSrRf A LOREI A BETHZ L EL 5N 5.

5. 2. 2 BAE{EEA

HIE2 (2010) (3, TEAERR SRS 5 483 B D 4%
TR T 21T\, Ehicik e & b TERD
B &2 DONMBRREHL»MIC L. Zhitk s &,
TEAERE AR, BEROBIIC AT 5 AERNEERE
s, HOEICamT 2 BEREME, ZLTEALD
RN A3 2 5@ A A RERERE 2 DMK S h b
PR L X5 BEIES, 2010). T OEMZEAL
IZXHB LT, Lk & Spoifox 2 70 3+
255 BB OIS— 7 I F 2IELT B, HEIEH
(2010) 1Z, AHAFPOE2 5 HEHIC & ToOEE LM
BRZEALIE, BEATH BRI Y 2 TR L
VT L ADERIVER AL b EOREAEHICE > TED
=AM A RIE L DD G, 3EMHDSIO, B HLK HE
WAELE S Z LI, ThEhOEHENH 42 DH~ 7~
ik U, [EHHAICEA L ZZaTREME S e T an el
NTW3. X512, Yuguchi et al. (2013) T, ZTHh 5D
EAHIZ OO T OSHARAR O BE 270, Eikake L
TREA OSSR HEREE SH & O [Eb 2 B L 1E T (AFC) 12
o T2 OEMERAFH S h, HERRZE OB VASI
L OAMIZEL TiE, BAOBRORESORHLIEH O
BARE T T B &bz,

AW ZE M D T ARTUAE e 45 T OV 5 P4 45 1R D M Bk AL
FWEBUIE, (1) ASIZS—T L 2 F 2T, KESH
Chappell and White (1974) 12X 312 4 FIEREIZIX S &
haeldic, #sa 4 TEREDMk+*e>Z &, (2)
SE RS - BRI A Z 2 hSi0, £ ZrZxf LT
SrERUBHRR b LY R AR AWZ E, ZLTC (3) BHE
BEuEREARTIET S5 v Mo LEITR V2 —
VERTZE, ThHEHESKFHEIX). HsREVFEE
RN I3 HEME X %8 B 72010 R L Thng, HIE
22(2010) 12 &k B, TIETERG S RO 483 50RO 43 Al & 4
fRe LTkl (1) RO Q) Mok smRd. 22T,
HflZZr& L I N T VIl Bl Eh B ILETH B
(Bl 72 1E, Bau, 1996) A%, 7RIS HBWT, Zrk HAZRH
TERAE TIZR OB A RT OIS L, HABTERA Tl

TSR EV. ZOZEIX, HEHRHES AR~
I EDOVILI VDGR, MBZEDY LTy Dff
FERUADOERIZ L 5T, ZrRiZx L IRz v
PE—LENTNWBEIZLERLTOS, 512, HARR
FERa £ 13510, DB 3 ETHERS & D 23EA I/
WIZEDHS T, MEILRRERV S —DIX6D%
ARAVERGE LD B RZFOEETR-EIX) . HARRAER
BTIE, ASIN L1 LL EDSZ 4 FiEiEERIKAE DB D
BHHIZEMbET, HEFILR X —VIZkIT2EA
THIUCEOMBRIFE I aWZ &2 5, REHEME~
v &L ARESN - AT BB S 5
REEIObNS. ThoDZ liF, AZTLIFAND
IS=T NI F ZETOERAMIEE S DL L 22k o
INBRE = 7Ny F RO ODPFIEL 22N S kD B,
SR BATIC & o THARBIERS ~ 7~ DMK A HZE
SN, ZOREIHIERCHEIE, &5 WIidilHc k> T2
BBHZEHERLTOBEEDEMIRENS. — ORI
BVASIZRY Z e 5T 5 &, fHREK T Y TV Y
2 ADERICE T OB AL &ML L2 &1
& o THATER A OMKINE 5D ENECZEE LS
DOREHNTH 5. WATITER S I TARWFEHIRIC BT
R 2 NE R E LTREL, Ak & L TId AR E R
EAMBOMEICMNET S, Lz -T, ZhTho
ARTHIIES (2010) R Yuguchi ef al. (2013) TR E i /z,
T AE RS R ETB D E O ASTE & DA L kD 7 1
Y ARAEHBEIZE L TR EDEEZENS.

BINED (2010) 12 & B &, LEfERa AR iR
FETBHREREREITAZTLIF XA EMKE RO,
Ishihara and Chappell (2007) %, BARBISERES % &L dhE
M fERAIL A TIEASHDO M 28, s &
Jbictr iy THARINCHERBE L 20, 2 OREISAS L
fEFHE WS &0 S EEMEOHEEZ KL= DTH 5
EFHEL 72, Yuguchi et al. (2013)12& 5 &, LifERS
IZB W TR & REE OREE O/ X ORI O SR (4714 il
12 YSr/*°Sr = 0.70894 £ 0.00001 TH 1, Z OfEiE A HE
FREZRAD A 8 T 3 F ZJERAETHD 0.7078-0.7095 (G
ZFNEEL ; Kagami, 1973) OHIFHANTH 5. ZDZ &
25, EEWEARIHE TREL BE STV LRE
2w, EREAL FOBSBEHICBOTE, BEHoO
WP T O fERE RO AR =F 1 VAR
AREERAEIZY 7 b L, BROIERIZE L) HICE
AN b BNRE L 5 5 (Gualda and Ghiorso, 2013). &
512, ZDZ &, AN TTHEKTERETDH 5 7=
B, [KNETOY 7 vORELFRMOKREE 2567, L
7o 5T, RISEFEWE LR A TR > Tz
ELTE, EBAERETA U 2 HHBOIR 2 13Si0, =IZBY
U T ER BB O I 505 S B IR & h, oK
ELIRREOEVWEHEESNS., T2 EPEKRTH S
728, KEIOXIZIZAR LTV, BIE (2010) 12
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&35, TE{EREARD 483 3B D s TR AL /LR 5y
MrisiE, LUEfERA IR 5Si0, 54 21 71-80 wt%
AL, ZOMBHEHIZ, sS4 SERSETH 2
HiAE R A DML I & 121X 7 % (Ishihara and Chappell,
2007). L7=2-7T, EEWEDOENEIDE, ZThbD
v 7" OFEEAER R R D 23K R 25 M P O 22
6L 0EEZILNS.

6. £&O

5553 D 1 HUE XINET W | dthidsk oD iy B2 I RS o B 4t
WIZBEWT, ZhETHMBE->ZDEREh Tk
2o 72HVERI 4 km, FEAERY3.5 kmDTERA SHO 546 %
S 2T L7z, ZOfERAEHI, HER%EE S H =R
PSR O & P & CRAETER B R IC = 2 D,
FUIRETER SIS, TIREAREER SIS s, T
nbhb, REHERSIE, Si0, KU ZrZ i U T Huisg it e
BN LY FERTREERST - MER K ETRL,
EATHCRICHEB LA EBADDa Y F o4 kL
HmIMTLR/ S4 -V TRMO T o h 5. —7F, MARHE
e A A 12 B Si0, B U Zei2 i U C sy ik L 7z
ERFERS - MERHE AR L, EuDHF L ARE L
R &Ltk LTT7 9y MOEWRE TGRSy — Vv %
A REERMEEHIZZ L AT I FREMELIMU ED
IS=T NI F MK AR, REHEERED s~
No XL AL L= ENRBEINS. HATTERH
B, TAIFENELRAZTLIFZAAE 118 EE
THET AL L3I, WMERSITEOMMNESE KEWT
e, REEOERIEAE OEILIERAA AR EIZEEL T
W3 ZEAREINDG, HATTERE OE~ 7~ I394E
BN A 2 73 F 2T, O D ER O X 2
TOU I F AfER A E BB 2R EE ISk L T B
2, ZTORAENHBO L DERIBTH > 72720124k L
TSIOIEHOHE A HES L 7= REEN & 5.

B RFHROMERIE, BEEEXN T e 2 b 5HSO
13 XN [ A | stk o0 B A 22 1 BEE L 72, 2017411
AL TORPIZHE STV E, FAXICH 72T, FiF
TR ) SRR AR A PR My OV RIS B 5 T U {58
H%EK > TV, LA-ICP-MSZHHHZEE L Tld—F, 2
RIEY ¥ —F7 > 28 2 b (Y1) O L PR (LE
KRB A R B 2 IR OB ) & THW 7=, 3
EREMS XIMERR S & 72 > THE,  HUBES R ZE ] oo B
BRITER P OMWEX T — 24 2 FHETHE, 2FIC&8TC
THW 2, VR B ZEERr o M F 4 B RIC K 5 T8k
Eaot L OCHYRERZBORE GGG - KL%
) O ZHRREIC X D ARIERIRICEGE S h . DLED
J5 % K OB RAEREBIIC D U TR L 1P 5.
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Abstract: U-Pb ages of detrital zircon from sandstone samples from the Jurassic accretionary complex
in the southwestern margin of the North Kitakami Belt in the Sotoyama District, Iwate Prefecture, were
examined in this study. Four samples were collected at four locations from the boundary area between
the North Kitakami and Nedamo belts to the northeastward: the Tatezawa, Yonaigawa, Okawa and
Mukaizawa samples, respectively.

Zircon from the Tatezawa and Yonaigawa samples shows youngest cluster ages of c.a. 190 Ma, and
these sandstone samples probably deposit in the Early Jurassic. Zircon from the Okawa Sample shows a
youngest cluster age of c.a. 260 Ma, and this sandstone sample probably deposit in the Late Permian, Late
Triassic or Early Jurassic. Zircon from the Mukaizawa Sample shows a youngest cluster age of c.a. 170
Ma, and this sandstone sample probably deposit in the Middle Jurassic.

Keywords: U-Pb age, detrital zircon, Jurassic, accretionary complex, sandstone, North Kitakami Belt,

Sotoyama District, Northeast Japan
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Fig.2  Photomicrographs of thin sections of sandstone samples for zircon dating. (a) Tatezawa Sample, (b) Yonaigawa
Sample, (c) Okawa Sample, (d) Mukaizawa Sample. All photographs are under cross-polarized lights.
BS: basalt fragment, Ep: epidote, Pl: plagioclase, PS: pressure solution cleavage, Qtz: quartz, Scr: sericite, Ttn:

titanite, Tur: tourmaline.
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Table 1  Instrumentation using a quadrupole and a multi-collector inductively coupled plasma mass spectrometry for the analysis.

Tatezawa and Yonaigawa samples Okawa Sample Mukaizawa Sample

Laser ablation

Model Analyte Excite (Photon Machines) IFRIT (Cyber Laser Inc.) CARBIDE (Light Conversion)

Laser type Excimer ArF Type-C Ti:S femtosecond laser Femtosecond laser

Pulse duration <4 ns 230 fs 224 fs

Wave length 193 nm 260 nm 260 nm

Energy density 3.0 em?2 2-3Jem™ 1.57Jem 2

Laser power 30% 30% 45%

Spot size 25 pm 15 pm 15 pm

Repetition rate 5Hz 10 Hz 10 Hz

Duration of laser ablation 18 s 20s 10s

Carrier gas (He) 0.80 Lmin"' 0.90 L min"' 0.60 L min '
ICP-MS

Model iCAP-TQ ICP-MS (Thermo Fisher Scientific) Nu Instruments Nu Plasma II (Wrexham) iCAP-TQ ICP-MS (Thermo Fisher Scientific)

ICP-MS type Quadrupole Multi-collector Quadrupole

Forward power 1550 W 1300 W 1550 W

Make-up gas (Ar) 0.95 L min ' 0.70 L min ' 0.95 Lmin "'

ThO/Th (oxide ratio) ~ <1% <1% <1%

Data acquisition protocol ~ Time-resolved analysis Time-resolved analysis Time-resolved analysis

Data acquisition 50 s (15 s gas blank, 35 s ablation) 305 (15 s gas blank, 15 s ablation) 25 s (15 s gas blank, 10 s ablation)

Monitor iSDlGPES Z‘ISL DI)EHg!ZU-le‘ IEM\Pb- 307va IUSPb- DiﬂTh‘ 2}:<U ZUEHg' 1”4Pb, :U(‘Pb. EIITPb' lllpr! ZSITh‘ E.WU Z‘FS]-, 2‘]2[lg,zmpb, leﬁpb‘ 1[]7Pb, J{IH])h, HZT]’I, E‘ssU

Dwell time 0.2 s for 2°6Pb, 207Pb; 0.1 s for others 1's for all 0.2 s for 295pb, 207Pb; 0.1 s for others
Standards

Primary standard Nancy 91500 Nancy 91500 Nancy 91500

Secondary standard 0D-3"%2** plesovice >, GI-1"® OD-3, Pledovice, GJ-1 OD-3, Plesovice, GJ-1

*1: Wiedenbeck ef al. (1995); *2: Iwano et al. (2012); *3: Iwano ef al. (2013); *4: Lukacs et al. (2015); *5: Slama ef al. (2008); *6: Jackson ef al. (2004).
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Table 2 Zircon U-Pb isotopic data for the Tatezawa Sample determined using a quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios Age (Ma)
Grain — 207py, Error 206py, Error 27py, Error 206py, Error 27py, Error Th/U  Remarks
. Tmp 20 By 20 Fy 20 By 20 Wy 20
1 0.0543 + 0.0137 0.0409 =+ 0.0025 0.3062 =+ 0.0855 2583 £+ 159 2712 + 833 0.60
2 0.0219 + 0.0111 0.0417 £+ 0.0034 0.1259 =+ 0.0680 2633 £+ 21.6 1204 + 66.8 0.54 dis.
3 0.0599 + 0.0125 0.0449 =+ 0.0023 0.3716 =+ 0.0851 2833 + 150 3208 + 83.0 0.73
4 0.0511 + 0.0119 0.0304 =+ 0.0017 0.2142 =+ 0.0528 193.1 + 10.7 1971 + 523 0.42 *
S 0.0551 + 0.0132 0.0423 + 0.0025 0.3215 =+ 0.0854 267.0 + 158 283.0 + 83.2 0.67
6 0.0491 + 0.0190 0.0434 =+ 0.0038 0.2940 =+ 0.1287 273.6 + 244 261.7 + 123.0 0.79
7 0.0512 + 0.0109 0.0416 =+ 0.0021 0.2941 =+ 0.0672 2627 + 13.5 261.8 + 66.0 0.41
8 0.0490 + 0.0095 0.0387 =+ 0.0018 0.2617 + 0.0536 2449 + 11.5 236.0 + 53.0 0.64
9 0.0497 + 0.0087 0.0386 =+ 0.0016 0.2646 =+ 0.0476 2439 + 10.5 2383 + 472 0.45
10 0.0562 + 0.0146 0.0404 =+ 0.0025 0.3135 =+ 0.0905 2553 + 164 2769 =+ 88.0 0.48
11 0.0544 + 0.0123 0.0398 =+ 0.0022 0.2992 + 0.0734 251.8 + 14.0 2657 + 719 0.65
12 0.0536 + 0.0127 0.0574 + 0.0033 0.4240 + 0.1157 3595 + 2I1.1 3589 + 111.2 0.56
13 0.0585 + 0.0185 0.0430 =+ 0.0033 0.3469 + 0.1253 2714 + 214 3024 + 1199 0.46
14 0.0535 + 0.0099 0.0386 =+ 0.0017 0.2845 =+ 0.0554 2439 + 112 2542 £ 547 0.67
15 0.0520 + 0.0102 0.0386 £ 0.0018 0.2767 + 0.0573 2441 + 11.7 2480 =+ 56.6 0.43
16 0.0410 + 0.0142 0.0401 =+ 0.0029 0.2270 =+ 0.0859 2536 + 18.8 2077 + 83.7 0.26
17 0.0524 + 0.0124 0.0390 =+ 0.0022 0.2817 + 0.0723 246.5 £+ 14.0 2520 =+ 70.8 0.64
18 0.0527 + 0.0089 0.0426 + 0.0018 0.3098 =+ 0.0544 2689 + 114 2741 + 537 0.43
19 0.0521 + 0.0117 0.0396 =+ 0.0021 0.2849 =+ 0.0695 2505 + 137 2545 + 683 0.60
20 0.0525 + 0.0074 0.0526 =+ 0.0019 0.3812 + 0.0535 3304 + 121 3279 + 53.0 0.67
21 0.0527 + 0.0171 0.0394 =+ 0.0031 0.2868 =+ 0.1069 2493 + 19.8 256.0 + 103.1 0.58
22 0.0548 + 0.0093 0.0423 =+ 0.0020 0.3195 + 0.0629 266.8 + 12.6 281.6 + 62.0 0.40
23 0.0577 + 0.0092 0.0412 + 0.0019 0.3278 =+ 0.0609 260.1 + 12.0 2879 + 60.0 0.65
24 0.0526 + 0.0093 0.0399 =+ 0.0019 0.2895 =+ 0.0587 2524 += 121 2582 + 579 0.78
25 0.0599 + 0.0202 0.0439 =+ 0.0038 0.3631 =+ 0.1450 2972 = 242 3145 + 1375 0.62
26 0.0494 + 0.0105 0.0403 £ 0.0021 0.2746 =+ 0.0666 2545 + 13.8 2464 £+ 65.5 0.43
27 0.0522 + 0.0095 0.0414 £ 0.0020 0.2979 =+ 0.0627 2615 £ 129 2647 + 61.8 0.64
28 0.0409 + 0.0135 0.0420 =+ 0.0030 0.2373 + 0.0881 2653 + 193 2162 + 85.8 0.63
29 0.0537 + 0.0130 0.0419 =+ 0.0025 0.3105 =+ 0.0868 2648 + 164 2746 + 84.5 0.36
30 0.0563 + 0.0092 0.0393 + 0.0018 0.3054 + 0.0573 2487 + 11.5 270.6 + 56.6 0.44
31 0.0511 + 0.0082 0.0397 + 0.0017 0.2799 + 0.0515 2512 + 112 2505 £ 51.0 0.54
32 0.0598 + 0.0099 0.0559 £ 0.0026 0.4608 =+ 0.0939 3506 + 17.0 384.8 + O91.1 0.61
33 0.0586 + 0.0116 0.0448 =+ 0.0024 0.3622 =+ 0.0850 2827 + 155 3139 + 828 0.45
34 0.0529 + 0.0081 0.0401 £ 0.0017 0.2925 + 0.0510 2534 + 11.0 260.5 £+ 50.5 0.72
35 0.0544 + 0.0148 0.0422 £+ 0.0029 0.3162 =+ 0.1002 2662 + 18.4 2790 £ 969 0.51
36 0.0448 + 0.0132 0.0424 =+ 0.0028 0.2615 =+ 0.0876 2674 + 183 2358 + 853 0.19
37 0.0511 + 0.0085 0.0401 =+ 0.0018 0.2825 =+ 0.0538 2532 + 11.6 2527 + 532 0.52
38 0.0576 + 0.0094 0.0398 =+ 0.0018 0.3163 =+ 0.0600 2519 + 11.8 279.1 = 59.1 0.68
39 0.0491 + 0.0071 0.0440 =+ 0.0018 0.2977 + 0.0493 2775 +£ 114 264.6 + 488 0.43
40 0.0502 + 0.0078 0.0399 =+ 0.0017 0.2760 =+ 0.0489 2522 + 109 2475 + 485 0.42
41 0.0520 + 0.0060 0.0403 =+ 0.0018 0.2893 =+ 0.0352 2547 + 114 258.0 + 352 0.62
42 0.0548 + 0.0151 0.0397 £+ 0.0029 0.2997 =+ 0.0940 2508 + 18.7 2662 + 91.2 0.62
43 0.0496 + 0.0073 0.0413 £+ 0.0020 0.2826 =+ 0.0449 261.1 + 12.8 2528 £ 446 0.53
44 0.0553 + 0.0168 0.0485 =+ 0.0039 0.3698 =+ 0.1327 3053 + 249 319.5 + 126.5 0.46
45 0.0545 + 0.0133 0.0423 =+ 0.0028 0.3178 =+ 0.0888 2669 =+ 182 2802 + 864 0.46
46 0.0508 + 0.0071 0.0419 =+ 0.0020 0.2938 =+ 0.0445 2647 + 12.8 261.6 £ 442 1.01
47 0.0531 + 0.0062 0.0305 =+ 0.0013 0.2233 £+ 0.0264 1934 + 8.7 2047 + 26.5 0.51 *
48 0.0567 + 0.0084 0.0409 =+ 0.0020 0.3200 =+ 0.0522 258.6 + 13.1 2819 =+ 51.7 0.72
49 0.0537 + 0.0054 0.0387 £ 0.0016 0.2869 =+ 0.0288 2449 + 10.5 256.1 + 289 0.39
50 0.0584 + 0.0183 0.0397 + 0.0033 0.3199 + 0.1154 250.8 £ 212 281.8 + 1109 0.51
51 0.0466 + 0.0077 0.0401 £ 0.0020 0.2576 =+ 0.0465 2534 + 13.0 2327 £+ 46.1 0.58
52 0.0540 + 0.0071 0.0394 =+ 0.0018 0.2937 + 0.0415 2493 + 11.8 2615 + 413 0.50
53 0.0535 + 0.0076 0.0399 =+ 0.0019 0.2944 + 0.0455 2521 = 124 262.0 + 452 0.58
54 0.0494 + 0.0113 0.0425 =+ 0.0026 0.2898 =+ 0.0748 2683 + 17.0 2584 + 733 0.31
33 0.0611 + 0.0133 0.0377 + 0.0024 0.3176 + 0.0780 2383 + 154 280.1 + 762 0.59
56 0.0508 + 0.0226 0.0441 =+ 0.0047 0.3090 =+ 0.1587 2782 + 302 2734 + 149.6 0.46
57 0.0509 + 0.0096 0.0566 =+ 0.0031 0.3973 + 0.0875 3549 + 202 339.7 + 852 0.69
58 0.0461 + 0.0139 0.0444 £ 0.0033 0.2824 £ 0.0966 280.0 + 21.2 2525 £ 936 0.47
59 0.0433 + 0.0189 0.0442 £ 0.0043 0.2642 + 0.1308 279.0 + 279 238.0 =+ 124.8 0.36
60 0.0621 + 0.0104 0.0397 + 0.0021 0.3398 + 0.0639 2508 + 13.8 297.0 + 629 0.42

Asterisks indicate the data adopted as the youngest cluster. "dis." indicates discordant data.
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Table 3  Zircon U-Pb isotopic data for the Yonaigawa Sample determined using a quadrupole inductively coupled plasma mass

spectrometry.
. Isotopic ratios Age (Ma)
el T — ph  Error “"ph Error 2py Error p,  Emor  Th/U Remarks
no. Wy, g B 20 25 26 238 20 235 20
1 0.0507 + 0.0091 0.0652 =+ 0.0028 04561 + 0.0815 407.0 + 18.2 3815 £ 795 0.31
2 0.0534 + 0.0086 0.0396 + 0.0016 0.2924 + 0.0428 2505 + 10.1 2604 + 426 0.96
3 0.0544 + 0.0128 0.0395 + 0.0022 02964 + 0.0724 2494 + 142 2636 + 710 0.71
4 0.0551 + 0.0116 0.0420 =+ 0.0021 03192 + 0.0685 2652 + 13.7 2813 + 673 0.43
5 0.0618 + 0.0137 0.0378 =+ 0.0021 0.3225 + 00738 2393 + 133 283.8 + 723 0.81
6 0.0488 + 0.0119 0.0388 =+ 0.0022 0.2616 + 0.0665 2455 + 14.1 2359 + 654 0.49
7 0.0565 + 0.0121 0.0423 + 0.0022 0.3301 + 0.0728 2672 + 14.1 2806 + 714 0.50
8 0.0518 + 0.0101 0.0414 + 0.0019 0.2955 + 0.0569 2613 + 124 2629 + 56.2 0.56
9 0.0565 + 0.0117 0.0392 + 0.0020 03057 + 0.0638 2478 + 126 270.8 + 628 0.75
10 0.0576 + 0.0115 0.0409 =+ 0.0020 0.3250 + 0.0654 2583 + 12.8 2857 + 0643 0.75
11 0.0522 + 0.0096 0.0414 =+ 0.0018 02985 + 0.0533 2616 + 11.8 2652 + 527 0.81
12 0.0532 + 0.0150 0.0435 + 0.0029 0.3190 + 0.0977 2743 + 185 2812 + 947 0.38
13 0.0495 + 0.0094 0.0300 + 0.0013 02055 + 0.0371 190.8 + 8.7 189.7 + 37.0 0.59 *
14 0.0611 + 0.0158 0.0396 + 0.0025 03341 + 0.0931 2506 + 163 2027 + 904 0.67
15 0.0490 + 0.0125 0.0299 + 0.0017 0.2025 + 0.0527 190.2 + 11.2 1873 + 522 0.38 *
16 0.0527 + 0.0118 0.0409 =+ 0.0022 02978 + 0.0688 2584 + 14.0 2647 £ 676 0.33
17 0.0494 + 0.0097 0.0307 + 0.0014 0.2093 + 0.0398 1949 + 9.2 193.0 + 397 0.59 &
18 0.0588 + 0.0251 0.0401 =+ 0.0041 03258 + 0.1576 2537 + 26.7 286.4 + 148.6 0.65
19 0.0533 + 0.0092 0.0311 + 0.0013 02292 + 0.0368 197.7 + 8.4 209.6 + 36.7 0.38 *
20 0.0475 + 0.0139 0.0428 + 0.0028 0.2801 + 0.0885 2699 + 18.2 250.7 + 86.1 0.77
21 0.0533 + 0.0138 0.0431 =+ 0.0025 03173 + 0.0866 2722 + 16.1 279.8 £ 843 0.58
22 0.0565 + 0.0104 0.0389 + 0.0016 03032 + 0.0523 2457 + 103 2689 + 51.7 0.69
23 0.0540 + 0.0090 0.0401 =+ 0.0015 0.2992 + 0.0439 2536 9.5 265.8 + 43.6 0.65
24 0.0535 + 0.0117 0.0406 = 0.0020 02998 + 0.0662 256.6 = 128 266.3 = 65.1 0.44
25 0.0488 + 0.0102 0.0405 = 0.0019 0.2730 £ 0.0562 256.0 = 11.9 245.1 + 3555 0.45
26 0.0550 + 0.0205 0.0423 = 0.0036 03217 + 0.1336 2674 + 233 2832 + 1273 0.51
27 0.0391 + 0.0115 0.0426 + 0.0025 0.2300 + 0.0706 2688 + 163 2102 + 693 0.53
28 0.0579 + 0.0129 0.0420 =+ 0.0021 0.3361 + 0.0766 2654 + 13.8 2942 + 749 0.73
29 0.0599 + 0.0110 0.0397 = 0.0017 03279 = 0.0571 250.7 + 10.7 288.0 = 564 0.79
30 0.0547 £ 0.0102 0.0301 = 0.0013 02270 £ 0.0395 191.1 % 8.1 207.7 £ 393 0.40 *
31 0.0589 + 0.0161 0.0411 =+ 0.0026 03344 + 0.0982 2598 + 169 293.0 + 951 0.87
32 0.0533 + 0.0128 0.0411 + 0.0022 03022 + 0.0754 2597 + 143 268.1 + 73.8 0.51
33 0.0564 + 0.0096 0.0408 =+ 0.0015 03177 + 0.0485 2578 £ 9.9 280.1 + 48.1 0.33
34 0.0538 + 0.0166 0.0417 =+ 0.0029 03097 + 0.1036 2635 + 187 274.0 + 100.1 0.44
35 0.0492 + 0,0102 0.0302 = 0.0014 0.2049 £ 0.0408 191.7 % 8.8 189.3 £+ 406 0.42 %
36 0.0436 + 0.0117 0.0306 + 0.0017 0.1842 + 0.0503 1945 + 11.1 171.6 + 499 1.22 s
37 0.0611 + 0.0135 0.0384 + 0.0020 0.3235 + 0.0723 2427 + 126 2846 + 709 0.84
38 0.0586 + 0.0127 0.0409 + 0.0020 03312 + 0.0723 2586 + 131 2905 + 709 0.72
39 0.0560 + 0.0136 0.0293 + 0.0016 02269 + 0.0553 1864 + 104 207.6 + 546 0.55 N
40 0.0517 £ 0.0126 0.0419 = 0.0023 0.2992 + 00758 2646 + 147 265.8 = 742 0.66
41 0.0475 + 0.0086 0.0302 = 0.0017 0.1980 + 0.0367 191.7 + 11.2 183.5 + 36.6 0.56 ¥
42 0.0439 + 0.0110 0.0407 + 0.0027 0.2463 + 0.0671 2572 + 17.7 2236 + 66.0 0.41
43 0.0574 + 0.0129 0.0397 + 0.0027 03144 + 0.0776 2507 + 17.2 2776 + 759 0.71
44 0.0415 + 0.0103 0.0457 + 0.0030 0.2616 + 0.0714 288.1 + 195 236.0 + 70.0 0.28
45 0.0563 + 0.0198 0.0391 =+ 0.0036 03035 + 0.1211 2472 + 233 269.1 + 116.0 0.79
46 0.0321 + 0.0167 0.0386 + 0.0040 0.1709 + 0.0964 2441 + 256 1602 + 934 0.63
47 0.0518 + 0.0098 0.0397 =+ 0.0024 0.2838 + 0.0575 251.1 + 153 2537 + 56.8 0.45
48 0.0438 + 0.0093 0.0386 + 0.0024 0.2320 + 0.0528 2439 + 153 2126 + 522 0.50
49 0.0575 + 0.0103 0.0293 + 0.0017 0.2324 + 0.0429 186.1 + 11.2 2122 + 427 0.44 ¥
50 0.0560 + 0.0078 0.0399 =+ 0.0021 03084 + 0.0429 252.1 + 13.6 2729 £ 426 0.49
3l 0.0681 + 0.0233 0.0402 <+ 0.0039 0.3775 £ 0.1498 2538 + 249 325.2 + 141.7 0.42
52 0.0561 + 0.0105 0.0375 = 0.0023 0.2903 + 0.0575 2372 + 145 2588 + 56.8 0.75
53 0.0499 + 0.0092 0.0409 + 0.0024 02814 + 0.0547 2583 + 154 251.8 + 541 0.29
54 0.0603 + 0.0181 0.0443 + 0.0037 03684 + 0.1275 2793 + 239 3184 + 121.9 0.35
55 0.0478 + 0.0140 0.0391 =+ 0.0030 02579 + 0.0834 247.0 + 192 2329 £ 813 0.69
56 0.0551 + 0.0102 0.0388 <+ 0.0023 0.2955 + 0.0585 2456 = 150 2629 + 577 0.60
57 0.0457 + 0.0083 0.0392 =+ 0.0023 0.2470 + 0.0469 2479 + 145 2242 + 466 0.68
58 0.0410 + 0.0130 0.0438 + 0.0034 0.2474 + 0.0870 276.1 + 21.8 2245 + 847 0.52
59 0.0462 + 0.0111 0.0426 + 0.0028 02714 + 0.0710 268.7 + 182 2438 + 069.6 0.69
60 0.0536 + 0.0125 0.0387 = 0.0026 0.2865 + 0.0733 2450 + 17.0 2558 £ 719 0.45

Asterisks indicate the data adopted as the youngest cluster.
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Table 4 Zircon U-Pb isotopic data for the Okawa Sample determined using a multi-collector inductively coupled plasma mass

spectrometry.
. Isotopic ratios Age (Ma)
(J;mm pp Error 26py, Error “Tpp Error 26py, Error 27py, Error Th/U  Remarks

0. Wopr, 2q Y 20 5 2g e 24 Y 2 ¢

1 0.0506 = 0.0015 0.0403 <+ 0.0006 0.2809 = 0.0100 2544 £ 3.0 2514 £ 10.1 0.38 *
2 0.0503 + 0.0015 0.0419 = 0.0006 0.2902 + 0.0105 2643 + 3.7 2587 + 106 0.89

3 0.0511 + 0.0023 0.0469 + 0.0007 03307 + 0.0170 2054 + 48 2001 + 17.1 041

4 0.0501 = 0.0018 0.0411 + 0.0006 0.2839 =+ 0.0121 2597 + 39 2537 + 122 0.89 *
5 0.0505 = 0.0024 0.0439 =+ 0.0007 0.3056 = 0.0164 2768 = 4.6 2708 £ 165 0.74

6 0.0531 = 0.0025 0.0412 = 0.0007 0.3016 =+ 0,0165 2600 £ 44 2677 = 16.6 0.65 &
7 0.0525 + 0.0021 0.0429 = 0.0006 03108 + 0.0143 2709 + 42 2748 + 144 0.53

8 0.0495 + 0.0031 0.0463 + 0.0009 03161 + 0.0226 2015 £ 57 2789 + 227 0.52

9 0.0532 = 0.0023 0.0409 + 0.0006 0.3005 =+ 0.0150 2586 + 4.2 266.8 + 151 0.71 *
10 0.0511 = 0.0019 0.0401 £ 0.0006 0.2832 = 0.0120 2538 = 38 2532 £+ 121 0.60 ¥
11 0.0506 = 0.0019 0.0425 = 0.0006 0.2966 =+ 0.0127 2683 £ 4.0 2637 = 129 0.85

12 0.0492 + 0.0024 0.0445 = 0.0007 03018 + 0.0170 2806 + 4.8 2678 + 172 0.56

13 0.0527 + 0.0027 0.0455 + 0.0008 0.3311 + 0.0191 2870 + 5.0 2004 + 192 0.60

14 0.0505 = 0.0024 0.0460 =+ 0.0007 0.3199 =+ 0.0172 2898 + 48 281.8 + 173 0.58

15 0.0547 = 0.0023 0.0454 £ 0.0007 0.3423 = 0.0169 286.0 = 4.6 2089 + 17.0 0.57

16 0.0501 = 0.0022 0.0437 + 0.0007 0.3018 = 0.0155 2758 £ 45 267.8 = 15.6 0.54

17 0.0521 + 0.0022 0.0473 = 0.0007 03402 + 0.0165 2082 + 4.7 2073 + 166 0.46

18 0.0586 + 0.0035 0.0455 + 0.0009 0.3682 + 0.0252 2870 + 56 3183 + 253 0.49 dis.
19 0.0503 = 0.0019 0.0433 + 0.0006 0.3005 =+ 0.0132 2735 £ 4.1 2668 + 134 0.36
20 0.0511 = 0.0017 0.0467 £ 0.0007 0.3296 =+ 0.0134 2044 = 43 2893 £ 135 0.41
21 0.0524 <+ 0.0021 0.0455 + 0.0012 0.3291 =+ 0.0170 2868 £ 75 2889 £ 17.1 0.38
22 0.0506 + 0.0021 0.0419 + 0.0011 0.2924 + 0.0153 2644 = 7.0 2604 + 155 0.62 *
23 0.0541 = 0.0020 0.0423 = 0.0011 0.3157 =+ 0.,0155 2671 = 7.0 2786 = 150 0.65
24 0.0514 + 0.0017 0.0411 £ 0.0010 0.2909 + 0.0132 2595 £ 6.6 2593 £+ 133 0.82 »
25 0.0486 =+ 0.0057 0.0572 + 0.0021 0.3836 =+ 0.0515 3587 + 134 3297 + 51.0 0.59
26 0.0504 =+ 0.0029 0.0458 + 0.0013 03184 + 0.0223 2888 + 8.1 2806 + 224 0.33
27 0.0535 + 0.0021 0.0405 + 0.0010 0.2986 =+ 0.0152 2557 = 6.7 2653 + 153 0.56 ®
28 0.0515 = 0.0016 0.0424 = 0.0011 0.3007 =+ 0.0134 2675 £ 6.8 267.0 £+ 135 0.65
29 0.0525 + 0.0029 0.0463 =+ 0.0013 0.3352 £ 0.0223 2916 = 8.1 2936 £+ 224 0.30
30 0.0571 =+ 0.0016 0.0801 + 0.0020 0.6311 =+ 0.0271 4967 + 12.8 4968 + 27.1 0.601
31 0.0505 =+ 0.0018 0.0435 + 0.0011 0.3025 £+ 0.0145 2743 + 7.1 2684 L+ 146 0.39
32 0.0517 + 0.0020 0.0421 + 0.0011 0.3000 + 0.0150 2659 + 6.9 2664 + 152 0.42
33 0.0541 = 0.0024 0.0431 = 0.0011 0.3216 =+ 0.0182 2720 £ 7.3 283.1 + 183 0.62
34 0.0559 + 0.0026 0.0465 £ 0.0012 0.3588 <+ 0.0210 2033 £ 79 3113 £ 21.1 0.56
35 0.0523 =+ 0.0024 0.0460 + 0.0012 0.3317 =+ 0.0190 2899 + 178 2909 + 19.1 0.46
36 0.0536 =+ 0.0020 0.0426 + 0.0011 03149 + 0.0154 2687 + 7.0 2780 + 155 0.74
37 0.0540 + 0.0018 0.0419 + 0.0011 03117 + 0.0145 2643 + 6.8 2755 + 146 0.54 *
38 0.0507 = 0.0019 0.0446 = 0.0011 0.3115 =+ 0.0156 2812 = 7.3 2753 = 157 0.34
39 0.0501 + 0.0023 0.0457 £ 0.0012 03163 + 0.0185 2884 + 78 2790 £+ 186 0.48
40 0.0544 + 0.0025 0.0415 = 0.0011 03116 + 0.0182 2624 + 7.1 2755 + 183 0.53 X
41 0.0502 + 0.0010 0.0439 + 0.0011 0.3040 + 0.0113 2770 £ 7.0 2695 + 114 0.40
42 0.0527 = 0.0023 0.0448 + 0.0012 0.3259 =+ 0.0183 2827 £ 7.6 2864 + 185 0.47
43 0.0515 = 0.0018 0.0463 = 0.0012 0.3283 =+ 0.0162 2915 = 76 2882 £ 163 0.38
44 0.0526 = 0.0015 0.0418 = 0.0010 0.3034 = 0.0131 2643 £ 68 2691 = 132 0.64 *
45 0.0501 + 0.0025 0.0460 = 0.0012 03176 + 0.0197 2899 + 79 280.1 + 198 0.52
46 0.0513 + 0.0014 0.0428 + 0.0011 03025 + 0.0127 270.1 + 69 2684 + 128 0.17
47 0.0568 =+ 0.0028 0.0449 + 0.0012 0.3513 =+ 0.0217 2830 + 78 3057 + 21.8 0.32
48 0.0522 = 0.0017 0.0429 £ 0.0011 0.3091 =+ 0.0146 2710 = 7.0 2735 £ 147 0.42
49 0.0540 = 0.0021 0.0417 = 0.0011 0.3106 =+ 0.0164 2635 £ 7.0 2747 £ 165 0.53 W
50 0.0465 + 0.0023 0.0421 =+ 0.0011 02702 + 0.0165 2657 £ 7.2 2428 + 16.6 0.53
51 0.0490 + 0.0014 0.0424 + 0.0011 0.2869 + 0.0124 2678 + 6.8 256.1 + 125 1.06
52 0.0535 = 0.0021 0.0433 =+ 0.0011 0.3199 =+ 0.0170 2734 + 73 281.8 = 17.2 0.50
33 0.0502 = 0.0020 0.0488 + 0.0013 0.3379 £ 0.0182 3072 £ 8.2 2956 £+ 183 0.39
54 0.0487 = 0.0017 0.0441 = 0.0011 0.2964 =+ 0.0146 2785 £ 73 2636 = 148 0.41
55 0.0508 + 0.0012 0.0431 =+ 0.0011 03020 + 0.0121 2719 + 6.9 2680 + 122 0.78
56 0.0505 + 0.0013 0.0432 + 0.0011 0.3008 + 0.0125 2725 £ 69 267.0 £ 126 0.71
57 0.0513 = 0.0023 0.0483 + 0.0013 0.3416 + 0.0200 3040 = 82 2984 + 202 0.61
58 0.0547 + 0.0020 0.0443 £ 0.0011 0.3338 + 0.0170 2793 £ 74 2925 £+ 17.1 0.40
59 0.0525 = 0.0026 0.0444 + 0.0012 0.3212 = 0.0199 2800 = 7.7 2828 = 20.0 0.38
60 0.0530 + 0.0022 0.0447 = 0.0012 0.3267 + 0.0177 2819 + 75 287.0 + 178 0.70

Asterisks indicate the data adopted as the youngest cluster. "dis." indicates discordant data.
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Table 5 Zircon U-Pb isotopic data for the Mukaizawa Sample determined using a quadrupole inductively coupled plasma mass

spectrometry.
~ Isotopic ratios Age (Ma)
Gt 7pp Error 206pp, Error pp Error 206pp Error 7py Error Th/U  Remarks
" e 20 Wy 20 Wy 20 By 20 Wy 20
1 0.1106 + 0.0070 03169 + 0.0034 4.8327 + 03511 17744 + 17.0 1790.5 + 633 0.17
2 0.0519 + 0.0049 0.0415 + 0.0008 0.2972 + 0.0314 2624 + 49 264.1 + 249 0.46
3 0.0511 + 0.0041 0.0273 + 0.0004 0.1926 + 0.0l166 1740 £ 26 178.7 + 143 0.42
4 0.0508 + 0.0051 0.0406 + 0.0008 0.2841 + 0.0322 2564 + 52 2538 £ 258 0.69
5 0.0482 + 0.0052 0.0307 = 0.0007 0.2038 + 0.0244 1947 += 423 188.2 = 208 0.54
6 0.0503 + 0.0044 0.0394 <+ 0.0007 02730 = 0.0266 2490 £+ 42 2450 £ 215 0.60
) 0.0500 + 0.0034 0.0399 + 0.0005 0.2747 + 0.0206 2521 + 3.0 2463 =+ 16.5 0.33
8 0.0492 + 0.0039 0.0268 + 0.0004 0.1818 =+ 0.0157 1704 + 2.5 1695 + 136 0.35 *
9 0.0509 + 0.0054 0.0419 £ 0.0009 0.2942 + 0.0352 2645 + 5.7 261.7 £+ 28.0 0.48
10 0.0474 + 0.0038 0.0271 + 0.0004 0.1771 + 0.0155 1725 £ 26 165.5 =+ 135 0.53 *
11 0.0500 + 0,0041 0.0341 = 0.0005 02352 = 0.0212 2162 £ 3.3 2144 = 17.6 0.41
12 0.0495 + 0.0037 0.0275 + 0.0004 0.1874 =+ 0.0151 1748 + 24 1743 = 13.0 0.44
13 0.0510 + 0.0040 0.0353 £+ 0.0005 0.2478 + 0.0214 2235 & 33 2247 =+ 17.6 0.96
14 0.0523 + 0.0081 0.0300 £+ 0.0010 02162 + 0.0374 1906 + 6.5 198.7 + 31.7 0.80
15 0.0492 + 0.0040 0.0358 + 0.0005 02426 + 0.0217 2265 + 34 2205 = 179 0.65
16 0.0497 = 0.0043 0.0419 = 0.0007 02875 = 0,0277 2647 £ 44 256.5 = 221 0.52
17 0.0509 + 0.0038 0.0270 = 0.0004 0.1898 =+ 0.0153 1721 = 23 1763 = 132 0.35 »
18 0.0522 + 0.0056 0.0393 + 0.0009 0.2825 + 0.0340 2484 + 55 2525 = 273 0.61
19 0.1471 £ 0.0095 04218 + 0.0051 85574 + 0.7244 22687 + 236 22919 + B804 0.58
20 0.0511 + 0.0039 0.0348 + 0.0005 0.2455 + 0.0207 2207 + 3.1 2228 £ 170 0.79
21 0.1112 = 0.0035 03078 = 0.0038 47215 £+ 022064 1729.8 = 19,0 17709 = 414 0.49
22 0.0515 + 0.0027 0.0358 £+ 0.0005 0.2542 + 0.0148 2268 + 34 2299 =+ 121 0.78
23 0.0518 + 0.0037 0.0298 + 0.0006 02128 + 0.0170 1802 + 35 1958 + 144 0.66
24 0.0470 + 0.0028 0.0320 =+ 0.0005 0.2073 + 0.0137 203.1 + 32 191.2 + 116 0.47
25 0.0488 + 0.00306 0.0309 = 0.0006 0.2079 = 0.0168 196.1 = 3.6 191.7 = 142 0.55
26 0.0508 + 0.0033 0.0307 = 0.0005 0.2148 = 0.0156 1949 = 34 197.5 = 13.1 0.58
27 0.0509 + 0.0026 0.0397 <+ 0.0006 0.2785 =+ 0.0161 2511 + 37 2494 =+ 129 0.76
28 0.0490 + 0.0035 0.0403 + 0.0007 02724 + 0.0221 2547 + 46 2445 £ 178 0.50
29 0.0481 + 0.0031 0.0394 =+ 0.0007 0.2610 + 0.0192 2490 + 4.2 2353 £ 156 0.53
30 0.1096 + 0.0034 02690 = 0.0032 40672 = 0.1702 15358 + 16.5 16476 = 351 0.53 dis.
31 0.0501 + 0,0022 0.0264 = 0.0004 0.1824 =+ 0.0087 1679 = 23 170.0 = 7.5 0.33 ¥
32 0.0527 + 0.0041 0.0383 + 0.0008 02785 =+ 0.0247 2427 + 4.8 2494 £+ 198 0.46
33 0.0507 + 0.0034 0.0266 + 0.0005 0.1861 =+ 0.0135 1694 + 3.0 1732 + 116 043 *
34 0.1147 + 0.0034 0.2926 =+ 0.0034 46283 =+ 0.1730 16544 =+ 17.1 17542 = 322 0.10 dis.
35 0.0544 + 0.0050 0.0410 = 0.0010 03074 = 0.0325 2589 £+ 59 2720 == 256 0.38
36 0.0524 £ 0,0044 0.0350 = 0.0008 02529 = 0.0242 2219 £ 47 2288 = 198 1.01
37 0.0544 + 0.0039 0.0416 + 0.0008 03118 =+ 0.0258 2626 + 49 2754 £ 202 0.38
38 0.0483 + 0.0025 0.0302 + 0.0004 0.2007 + 0.0115 1916 + 28 1856 + 98 0.44
39 0.0500 + 0.0027 0.0302 = 0.0005 0.2084 =+ 0.0124 191.8 + 29 192.1 + 10.5 0.98
40 0.0576 + 0.0028 0.0414 + 0.0006 03290 + 0.0182 2618 + 38 2887 =+ 140 0.53 dis.
41 0.1608 £ 0,0055 04696 = 0.0067 10,4153 £+ 088065 24820 = 297 24723 £ 825 1.30
42 0.0531 + 0.0026 0.0402 + 0.0005 0.2947 =+ 0.0162 2543 + 34 2622 = 128 0.50
43 0.0494 <+ 0.0022 0.0277 £ 0.0003 0.1885 <+ 0.0091 1759 o 22 1753 = 7.8 0.38
44 0.0485 + 0.0028 0.0417 + 0.0006 02780 + 0.0186 2637 + 4.0 2497 £ 149 0.70
45 0.0541 + 0.0030 0.0387 = 0.0006 0.2890 + 0.0184 2451 + 3.7 2577 £+ 146 0.75
46 0.0489 + 0.0023 0.0271 = 0.0004 0.1827 = 0.0093 1724 + 22 1703 + 8.0 0.36 *
47 0.0507 + 0.0028 0.0396 + 0.0006 02767 + 0.0176 2503 + 37 2479 =+ 14.1 0.63
48 0.0572 + 0.0066 0.0428 <+ 0.0012 0.3377 + 0.0459 2703 + 77 2053 =+ 355 0.43
49 0.0492 + 0.0024 0.0276 + 0.0004 0.1870 + 0.0100 1753 + 23 1739 + 8.6 0.36
50 0.0521 + 0.0030 0.0302 =+ 0.0005 02171 + 0.0137 1921 = 29 1994 =+ 11.6 0.70
51 0.0533 + 0.0040 0.0401 = 0.0008 0.2947 = 0.0252 2536 + 47 2622 £ 200 0.60
52 0.0521 + 0.0034 0.0404 = 0.0007 0.2905 = 0.0215 2554 £ 4.2 2588 = 17.1 0.37
53 0.0513 + 0.0063 0.0425 + 0.0012 0.3006 =+ 0.0429 2683 + 177 266.8 £ 34.0 0.61
54 0.0511 + 0.0048 0.0419 + 0.0010 0.2957 + 0.0323 2649 + 6.0 2629 £ 256 0.64
55 0.0496 + 0.0028 0.0300 = 0.0004 0.2052 + 0.0128 1906 + 2.8 189.4 + 10.8 0.48
56 0.0491 + 0.0027 0.0286 = 0.0004 0.1935 = 0.0117 1816 = 26 1795 = 100 0.89
57 0.0485 £ 0.0026 0.0279 = 0.0004 0.1869 = 0.0109 177.6 = 2.5 173.9 = 9.4 0.44
58 0.0482 + 0.0027 0.0316 + 0.0005 0.2102 =+ 0.0129 2008 + 29 193.6 + 109 0.48
59 0.0498 + 0.0020 0.0347 + 0.0004 02383 + 0.0104 2199 + 26 2169 + 86 0.54
60 0.0521 + 0.0039 0.0447 =+ 0.0009 03215 + 0.0283 2822 + 53 2829 =+ 22.0 0.56

Asterisks indicate the data adopted as the youngest cluster. "dis."” indicates discordant data.
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N7 T A EHRHER AR 2 B4R T, Thb
ORI, w4 2av 7 MEOFKGFEY T bExcel HO 7
KA VY 2 =L Td %lsoplot/Ex 4.15 (Ludwig, 2008) %
FIWTHERR U 72, HEFEEAC 0 iam 13 EE A 1213 Dickinson
and Gehrels (2009) DYC26EEIZHEVY, iR 2 THIE T
2R QR E) 05 Bk g H OV ERONEE
BalRE2 7 AL —FRILLTRDZ 2L, #
FEZ 1o T HEL 205 M L7z, 72, BREV T2 X —
ERIZOWTIE, B2F L LT, HREHTY 7 b [Density
Plotter] (Vermeesch, 2012) ®Mixture modeling (Sambridge
and Compston, 1994) T& 3K 7=,

W1 OMERRRNE, 9oy rarypraya—4
VIERERT. AV TV TEROY LD VidE
<, 254 MaidDIZh D KREH Y — 2 %, 195 Ma, 333
Ma, 356 MaldDIZ/NE ¥ — 2 %R F. 195 MaD i
=232k T0A»5%0, 3K EEMBELTS
Dickinson and Gehrels (2009) DY C205:2 5 H T X 1173,
Kim Tl Z o2k 74 & > TIRERTHEAE Lz &E
25 A8 —4FR13193.3 £6.6 Ma CRi 73 : 2, MSWD :
0.0023) TH 5. %7z, Density Plotter T 193.3 + 6.8 Ma
CRFHEMEC: 3) 28T, A YL Y OEMRIZ193.1 =
107 MaTh 0, tir 7 A4 — R EB\BEDHFNT
—HT 5.

M2 OKRMIEARHE, 60T XTHOY LT vHa
va—-xv VM ERERYT. v T 7RO YLD
VidE<, 256 Mall D Ich kD KE B Y — 2 &, 190
Mad D IZR R K E &, 406 Mad D I/ B ¥ — 2 %R
9. o 7 AR —ERUE191.9£3.0 Ma CRi 7% ¢ 10,
MSWD : 0.55) T& 5. %7z, Density Plotter Ti192.0 +
3.0 Ma (RIFHERE : 3) 289, &GV LI YV OFERIE
1861112 MaTHh D, I r 7 A4 —iFEREDH
FHNT—3%§ 5.

HE3DKNEARHE, 9o ravypaya—%
VIERERT. KAV T TEHROY LT VidEL,
270 Madd D IZKRE B Y —2 %, 289 MaidDIZH < 50D,
359 Mak 498 Maid D IZ/NE ¥ — 2 28T, A7V T
2 4 —4ERI3258.6 £ 2.4 Ma CRi 73 : 12, MSWD : 2.3)
T 5. %72, Density Plotter Ti%266.1 = 1.1 Ma (ki 14
M# :4) 2Rk 6h, RRHWERERT. REV LD
v DFEAIL253.8 3.8 MaTH D, Isoplot THEM X 7=
w7 7 24 —FREFBEOHFANT T 5.

M4 O RAIRGURNE, STEO P LayRaya—
&V MERERT. 209 5 4fEIZ2500-1700 Ma (457
V7)) 7RO EFER) OERERT. T h DAL
AR D290-170 Ma (NIL Afe~2 2 F42) DREIIZES L,
173 Ma, 191 Ma, 252 Mafi D IZ K& &L ¥ — 2 %, 221
Mad 264 Mald D IZRe R KE B — s &R L, hoik
EHRELDE - RO ENDE. T T A4 —4FR
131708 £2.0 Ma CKi 73 : 6, MSWD :2.5) #/7¢. %7z,

Density Plotter Tid 173.8 0.7 Ma (SR DR FHERIEK
3)ERY. mEYVLTYOEMRIT1679123 MaTH D,
Isoplot CHRM Szl 7 T 2 4 — R L IFFRE DO HiH
NT—3d 5.

4. HRFROHER

4. 1 ERREHRUXAIIES

Hipi1 & 2D E (RGBS OCRWITEDR (12901 T,
Hi&I3A% - RO - GRPABMAEREOROEY v 7, #%
FHIERICECAREY v - T, EE— PRIk E R
BAAH B EEIX). LrLass, YiayERico
WTIE, L ICERE Y 7 2 8 — A9 190 Mafhii (1
WY 2 75ddhE) TH 0, 250 Maid D 12k % HERE -
I EFD, BTV TRHROI LIV EEEROEN
IBMIL 2R/ S8 — VBN T. WGV T AL —
FRUL, BEHEREERO TIREHINTE 2720 (Bl A1,
Brown and Gehrels, 2007), Z# 5 OMSOEE, il
Vo FRRPEDRICHERE L 22 20 2 B RlEIE 2 (2009)
(BRI 2 LR G0 oD 7 AR B SART R 5 (2 88 9 % EERE
FHoRE» 6, MY 1 7 oREERIA % R L,
W CIZAEIE Bl & & B Bl e A R A
L7z, ZOWRORBEREREIZS & 5 &4t LilstiodbH
b B RARICHEY L2 Z &5, Aok
DIEBAERPFIHIY 2 74 Th 2 RIS . B aA
12, RN (1988) Ik - T, MM LEFBORGF v — 2
5 Parahsuum simplum, Canoptum sp., Pantanellium sp.&
Vo 2 ta A S s Tl D, FRUTHIHTY 2 78k
HiEZmg e and. BRGERO FRFEUIZORE
Fr— KD EHEL, AEFHITANTOWET L — M F

(p.367 =)

HalX BEFREEY LD Y DRT - 4. (a,c e, g) Y
LaviEfioaya—-F4 7K. ava-547
B DK@ RRENTIE T 4 A3 — %V b F =2 &R
9. (b,dfhi)IVI—FVIIT—-KIIBITHLZ
2T A RORSHER AR, B U-—"Pb4
o FARRIRER FIEMEZ#RT 5o ravick
7% 20D EE GAZFENETRL, FidZ OINE
TFIERUE RS, (a, b) FEIRGURE, (c, d) KRNJITEORE
(e, ) RINGHKL, (g, b, 1) FFIRGORL

Fig.4 Analytical data of the detrital zircon grains from the
sandstone. (a, c, e, g) Concordia diagram of zircon ages.
A gray ellipse in the concordia diagram is discordant data.
(b, d, f, h, i) Probability density plot and histogram of the
concordant data. Horizontal axis indicates a >*U—""Pb
age. A blue bar indicates the zircon ages with a 2¢ error
composing the youngest cluster. A green line indicates a
weighted mean age of the zircon ages.
(a, b) Tatezawa Sample, (b, ¢) Yonaigawa Sample, (d, e)
Okawa Sample, (g, h, i) Mukaizawa Sample.
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PR shTn g,

DD Z &h 6, ARHIROACHAL i i v o A
¥ % AEIRGEOR R OORNIEOR O HER AR, 1Y 2
FCOFTREE S B,

4. 2 KJIE#

MR 3 DfbE (KNEEH 1220V TE, BET 724 —
HAR23258.6 124 MaTdH % 728, KRR OHERIEIZ
B~ 2L TH 5. HERSERIZ DWW TIE =D o]
RMErEZ NS, —DHIE, BV LRICHER L
=i, b bR ARHIIRDEHEH Z D
C%ﬁbfné&nﬁé@?@é.%im%gﬁﬁé
BIH~OL 2D NIIAIZ, BRI 06T 2N T v
TV o ZDPE D S B LR A 2 R
PENEZErE, ZOMFIEIER SN TV 5 (Nakae
and Kurihara, 2011). fidN2 v 7L v 7 213512
BT L oEN R LM ET s Eh, M
ERAL b O AER L W THET % (Bl 21, Suzuki er al,
2007 5 Nakae and Kurihara, 2011). THCAE RS R BLIR
WaEETHREe L, HERARLPHERERIKEEMES>. 20
FAZ Y 7Ly 7 24 RE ALK O ¥ 2 5 fe Nk
FICHEHEL TS REMEIEH 5. Lo L, H3DSEM
3, IR v - PR, eEHEAEAERNEE G
WHNZ Y 7Ly 2 2L R e S5 THED, &L AHII
R 2 FADSEME T 5. WEOER - BRUEIC
DWW, HiE 1 OEFIRGURRR R 2 DR ANIER & D
HRZ Y 7Ly 7 ZOREIZRR 5 53, AiiklbEsit
LR TOZERL - B R U 3 R O MBS E O R
IZDWTIERAR Z 720 Zh L EOEGRIZ T E &,

TOHE, KRJGEORHE S 1 O ARG R R 2 Ok
WIERR & A CHEREFER AR T L WS 6D TH 5. K
REO YT VRIS E = ViE, 190 MafhE iz e —
2 ERE BN T LIAHIEERGRE R K NNIGAR O & D
LIEEAEEDS V. RGOV KAIEOR DR S
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AT, FEIREARRHCE 5 T, ek THEIZ 2RO A
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HAE LA T Y 2 5 RIEORMEED UL T VAR
& — Y (Okawa et al., 2013) &A% &, FEFIZRA LD
V13237.6 4.0 Ma (FFH] = BAK ~# M = Bidwm) &
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KINFRED £ — FRBE, FERGABID L D 135k 3 5,
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PRI, SEIREVR R OORITEVE & 0 A 20 S
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Fig. Al Locations of sandstone for the zircon U-Pb dating. Topographic map is from the GIS map (http://maps.gsi.go.jp/, accessed:
2019.5.20) of the Geospatial Information Authority of Japan. (a) Tatezawa Sample, (b) Yonaigawa Sample, (c) Okawa
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&1 WEEURCLFaL s 2 —BERFHET 7 X R IREIC & 5 2 WIEEHEGOR O U-PbRINL AT — 2.
Table A1 U-Pb isotopic data from secondary zircon standards using a quadrupole and a multi-collector inductively coupled
plasma mass spectrometry.

Isotopic ratios Age (Ma)
S:ammp;e 27pp Error 2pp Error Dppy Error 2pp Error “7pp Error ;ai;g;;
200p), 20 28 20 235 20 238 20 235 a

GJ-1(610.0 =0.9 Ma)

GJ1 141 0.0613 + 0.0087 0.0960 + 0.0035 08122 + 01238 5909 + 228 603.7 + 1185 =1

GJ1 12 0.0605 + 0.0055 0.0957 <+ 0.0032 0.7985 + 0.0964 580.2 + 204 596.0 + 93.5 *1

GJ1 1-3 0.0655 + 0.0063 0.0955 <+ 0.0041 0.8627 + 0.1002 5879 + 26.2 6316 + 97.0 *1
589.5 + 13.2 weighted means

GJ1 31 0.0598 = 0.0017 0.0972 <+ 0.0013 0.8014 = 0.0275 5978 t 85 5976 = 275 *2

GJ1 3-2 0.0594 <+ 0.0016 0.0971 < 0.0013 0.7957 + 0.0273 5976 + 8.5 5944 t 273 "

GJ1 3-3 0.0593 + 0.0014 0.0982 + 0.0024 0.8029 + 0.0303 604.1 + 155 598.4 %+ 303 7

GJ13-4 0.0603 + 0.0014 0.0983 + 0.0024 0.8178 + 0.0309 6044 t+ 155 606.8 + 309 2
599.2 + 53 weighted means

GJ14-1 0.0590 =t 0.0040 0.0067 + 0.0012 0.7867 * 0.0601 5950 + 6.9 589.2 t 348 *3

GJ14-2 0.0592 + 0.0022 0.0069 <+ 0.0012 0.7920 + 0.0369 5965 + 74 5022 + 21.2 *3

GJ14-3 0.0592 + 0.0022 0.0972 + 0.0011 0.7934 + 0.0363 598.3 + B.7 593.0 + 208 *3
597.0 * 4.0 weighted means

Plesovice (337.1 = 0.4 Ma)

PSV 141 0.0495 + 0.0073 0.0529 <+ 0.0019 0.3611 £ 0.0534 3320 + 125 3131 + 528 *

PSV 1-2 0.0543 + 0.0051 0.0526 <+ 0.0017 0.3936 + 0.0437 3302 + 111 337.0 + 435 1

PSV 1-3 0.0527 + 0.0054 0.0530 <+ 0.0022 0.3853 + 0.0415 3328 + 144 3310 £ 413 *1
3315 £ 7.2 weighted means

P8V 3-1 00524 + 0.0015 0.0521 + 0.0007 03762 + 00128 3273 + 45 3243 + 129 *2

PSv 3-2 0.0532 <+ 0.0015 0.0530 <+ 0.0007 0.3883 + 0.0132 3327 t 46 3331 &+ 133 e

PSV 3-3 0.0531 £ 0.0012 0.0512 + 0.0013 0.3752 + 0.0139 3219 + 81 3235 + 140 2

PSV 34 0.0529 <+ 0.0012 0.0515 + 0.0013 0.3758 + 0.0140 3237 + 81 3240 t 141 *2
328.3 * 28 weighted means

PSV 4-1 00529 + 0.0036 0.0517 + 0.0006 0.3772 + 00282 3263 + 38 3249 + 210 *3

PSV 4-2 0.0524 + 0.0020 0.0523 + 0.0007 0.3782 + 0.0159 3287 + 40 3256 + 11.8 3

PSV 4-3 0.0528 + 0.0020 0.0518 <+ 0.0006 0.3770 £ 0.0161 3254 + 37 3247 + 120 '3
326.4 * 2.2 weighted means

0D-3 (33.0 + 0.1 Ma)

oD3 1-1 0.0516 + 0.0134 0.0052 <+ 0.0003 0.0370 + 0.0094 334 + 20 369 t 95 L |

oD3 1-2 0.0666 + 0.0169 0.0053 + 0.0004 0.0485 £ 0.0123 340 + 23 481 + 124 |

oD3 1-3 0.0513 + 0.0124 0.0052 + 0.0003 0.0367 + 0.0089 334 + 20 366 + 9.0 *1

0oD3 1-4 0.0536 + 0.0125 0.0052 <+ 0.0003 0.0385 + 0.0088 335 + 21 384 t B9 5|
33.5 = 1.0 weighted means

0oD3 3-1 0.0440 + 0.0025 0.0050 + 0.0001 0.0307 £ 0.0019 325 + 09 307 £ 20 2

oD3 3-2 0.0469 =+ 0.0017 0.0050 <+ 0.0001 0.0323 = 0.0015 322 = 08 323 £ 15 2

0oD3 3-3 0.0475 < 0.0017 0.0051 <+ 0.0001 0.0335 + 0.0015 329 + 08 334 £ 16 *2

0oD3 3-4 0.0476 + 0.0017 0.0051 + 0.0001 0.0336 £ 0.0016 329 + 08 335 + 16 “2
326 * 04 weighted means

0D3 4-1 0.0481 =+ 0.0052 0.0051 £ 0.0001 0.033¢ £ 0.0037 33.0 = 0.7 337 t 37 *3

0D3 4-2 0.0432 + 0.0044 0.0050 <+ 0.0001 0.0297 + 0.0030 322 + 07 296 + 30 *3

0OD3 4-3 0.0438 + 0.0066 0.0050 <+ 0.0002 0.0302 £ 0.0045 322 + 1.0 301 £ 45 *3
325 = 0.5 weighted means

*1: Tatezawa Sample; Yonaigawa Sample, *2: Okawa Sample, *3: Mukaizawa Sample
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