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PIEALPEER OG8RI Y Z DPEH IO T % “B=%" (Fig. 1 DO IRE - AfEEE - Lik)E
HE2ErHd0) I o0nTIE, & I3/NVIN(1902) REFH - wiE (1910), 8% (1929, 1931, 1938)
WX B XIEHAESR, FZREF (192]) R X 28R HLID D, T2, KK (1935) LHA
(1937) » TARBILEE =3 - TAREE =R A THMA TV S, ZRLETCS, Nathorst (1888)
M O OHIE D S FEH LMY LA ZHRE L TWT, A2 oisioE - H4EYEN k2
WEE LT, Bodbo0—oThsEZLNS. HEYMLAICOWVWTIE, EoMEXIE
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BHEIC 0B D 2132, Endo and Morita (1932) S/)#k (1950) & 3 EH Z#iE LTV 225, W
THNDIEMRENEIIAETH S, HEICET 2 X DFELWIIOMEE LTiE, Tsuya (1935)
WEAHREOHBEHROKSEHICET 250055, LrLl, ZOHBOHBESEICIOWTOD
7203 Z DR TIZHEATE S F, Tsuya (1935) 3 [ERHID KIF (1935) AR (1937) & L [FE
W PAESBILE =B t L TERDATH 3.

HEREA R G- Z OO EHE R, FH (1951) kH: (1951) DU, Fi2kH: 2 Yo —
HOZE (] 203, KFHF - JEB, 1953, 1954, 1955; 7k F, 1956, 1972; Bk, 1957; Nagai, 1957, 1958,
1959, 1968) I X WL X /=, Thbb, ZOHIBO “B=%2" 1%, =ZFRIIEREHEYL —E8THR
[EEEEAEEESTEY, FUTERERESE» S22 AHERY, ZOEMICTAEETER S,
KILPEEAESCKREEE L T2 BRI LR 2 T2bDTH S kI, 1956; JEilk, 1957;
Nagai, 1957) (Figs. 2, S1). &M (1951) 1%, ZOALEH L ABERICHY ST 2502 T TH
REIERE Y B L T3, 7KH: (1956) RUaik (1957) 12 X 2 HERLIRX, HEZ TR _EDER
DOPHHADBHNSENTWVS. 207D, UTFTIE, ZORRTODLEIREL BFEMICXESh
TWa AfERFICOVLTIEfhZ v, PR (1957) % Nagai (1957) 13X 512, mﬁﬁﬁiciﬂmﬁ
b e OB S 75 3 b Ui (BEO S0 7 OMRE O E AT L) (Figs. 2, S1).

BRICODEIRE Lfﬁ&ﬁ%ﬁﬁ)aﬁjﬁggpét@%ci, KR —H D H A 8 F AR5
DYBADEFET, 3T A SUIE MRGIREESE & A TWiz; KIE, 1985 ORI DOERE &
R 2 ZLICHER) OEHO LI Z SR TWD GRIH - Bk, 1953). %8 & iME o R%
%, —RHIREE v xh7=h (1213, Nagai, 1968; 7k, 1972), FEBUICIEZ _ZED S BLHRAEDH
aEE c:*ﬁ%a‘%%@ YHHME 2 3R EBRICH B Z e pbhroTWS (BlZ1E, HEE - °F, 1979;
Fitg - 1LF&, 2001; BEIZ 0, 2014).

ATTBRZ & “B=3"12OW\WT, £ (1929, 1931, 1938) IZh#iv E 2 7=, =721, Kk
(1929) 1&Z DRHMIT D WT Nathorst BEVH LA ZHFHHO D DL Lz b2 DA TR E 5|
L T2 W (Nathorst, 1888 I ZMEVMLAICOWTHEHE X D H Bz v 2R L DD, FARMIC
ERTBHE LTW3). R (1931, 1938) HFRHCBRIII R L TWw., KK (1935) 3 Nathorst
WIOWTHEBRDERZ L TWA A, Rk RS ThwiRwn. £z, K (1935) 1%, H#Hi%E
KO 2 lREE D & 2 HEVIME D PEHL . LT, AT EREDAIEOHA 25TV 5. Mk (1950)
 TOERFRHRE) CMEATED, KH - R (1955) DEF T, EELZBILIRIA TR WS
DD, ZOHIBD “F=FR" IR LTHHM e EREEZ SN TV,

Z Dk, KFH (1956) 1%, AFJEEERIR (ki 48 bt ) 23 iishastht 2R 5 KA 1L
HEPET 5 (124 Hanzawa, 1959 2S5 #L; 7238, Hanzawa, 1959 136 fLHE O/R T HEMRE F~Z %A
it LTwa) 2eh s, FEH T2 PEETHRE Lz (2L, (LEDPEHR LD =4E
DS BHEDODLREIREDA). FIEFERIC, AT ERO LI RoME) 2 SEN T 28t ha
12, IR FEE R H O RHTR T ERE D S FEH S % Sabalites X° Nelumbo 38 F1 % Z & =R
W2, FIEREEIRE EIEH e HEE Lz, Thbb, ANBREE2R: LTHEIEeE 2 oh
K5 khot. 2Tk, BEOFEHIEKEOAHEETFENLRER B, 1957; L) & fif
BC, SR AT EREPER I N0 TH 3. RICHE (1980) PEYH LA IcE S E, AH
JEREFICH RO TEE T 2 RIREMEZ R L 722, AW EHEROERPNREE LXK, Z0%d LI
LLENB i hrolz. FLT, 1990 FEEICK 2 ¥, “bAFH AR BRI =R ERAEE
TEETESRGOMEYL LT, MERGHOMBADBHEREHNT 2EIONE XS
Ro7=DTH 5 (Hl 21, Isozaki and Itaya, 1989, 1990; Yokoyama and Itaya, 1990).

KPS L D b HBRDODUDLLINE - ATTEROEFHEE L TEELDIX, KRE (1985), K
HIED (1999), B XUBEIZ 2014) 1I2X 2D THD. I I TRODLIRE L BfR$ 255812
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o TihR2 DT, AHEREKE L TOREFHTICOWTITEEIZ) (2014) 22 I 0.

KRB (1985) W FA T BHOEHEF % KIgIC RIE L7z (Fig. S1). ARJE (1985) O TEELD
X, ZOREFOPHATIIR S (BFBERICITEEEDIZ V), KH OB ZHE e A AHEF I, B
EDOUODLRIRE HaRBITHY T 2222 56HAEZENTVWS Z e 2AMICL, MELZHEL
LTRAILI-Z e ThH B, EEE, BHEE - F (1979 diEfL Tk 512, ObFIREIX T ICEE
D B2 0 (AXESR), HaBEE LAY Z B 32 X5 RIBEEE B 21X, G -
(L%, 2001; B IE 2, 2014) T, MEFDOEHIZEL Bz s, b, KRE (1985, % 1; 1986, £ 1) I,
X OEFRTIE, “ODEIRHIEERE (= ObZEIRE) D=8 EREHEEHBETES L5
WZHENT W A28 (Fig. S1), W& ORRICEE 3 2 MR ELEIE L TV,

BEWTHHIZD (1999) 1%, AR (1985) OFEX 57 % —EFH S 2T, AHNEEHOEFZH
EFE L7 (Fig. S1). 20, kHLOZHEEIEANCODOERE HEaRE VWS ZODFIC
MFohns (EBICE MRIBHEE 3 8D T=2DBIcmIonn, “TIBEE” ks EE
D—ERTH B Z L BB IED, 2014 IZE D REINTWD)., £/, BHEHIED (1999) 1ZFEFIZ, i#
WEROBERERIKEDI LAY - 74vvay - bov 2 (FTD)ERBIEICED, [ERAT
R SR TOWRHIEROHR T, OOFRIRERE IBEHHT, RO ORBTIFHHTH2 L L
T, ObFPIRBEE AT BRSO DHEL. Z2IRE ST, OOFIRBIIAT B 138 357
LI-HIETHZ Z e BHLNICEINTDTH S, 2B, AFEEHIIOWTIZREIED (1999) BIA
W2, Iray FTEREE (BE - RE, 1996), HER K-Ar £RYPIE 7T FiEH, 2000), P
> U-Pb FEHIE (BHIE A, 2020, 2022; #1E - #T48, 2021) & & D B~ o e e
(18~15Ma) 23MfF 6N TWVW5. ZNLIEE, HHHTH 2 Z EBHL2ICR o AT ERITHD -
T, BHMOUOLREIRES =N EREEOBHEREFHNT 2EIONE X 5ICREDEN
(B 22, BEE D, 1999; B&)I11E A, 2019a, b), AHIED (1999) d %72, UbFFIRE & HBELA
R OBRICOVWTIEE R LTWARW., LEdoT, TAETIE, ATBES=HIIZRE
FEABEETE L WHIEED, 20T UbFRBICHEHAINIET, FED =IIINERE
HELEEIES L “RE SN TV TERP-7-DTH 3.

BENED (2014) 1%, FIRGIRMGEDOHERETIZ, ObEIRBICHRT 22 EEN5
ZeEAHL, ObRIRBEEATEHEDPITIEGERICH 2 EZ T, £MoFRARIC, KE
(1985) &, Zh e —af5| &RV REIED (1999) DEFORMERIEH L, ALEEII FITEL
L CTEBO=RINNERGHEICHXT 20 ET 2 aER- (HIZD, 1999) &, 2D A7
BAWCERD, WEH - Jeat - b aElEL TR 7 2E00E - Tead o7& 2 HfE R,
1957; Nagai, 1957) 2> HME X5 & L7z (Figs. 2, S1). &EREIZKHRIEEO — 405 O0b
PIREZFRN=2dDICBB X ZHE L, MBI KH S DM L IZIZFECTH 2. T4bb,
BNED (2014) 1%, AT ERE DT % ARSI S OMHANE R LD TH 5. Zh
Wb 53, BEIED 2014) DA BHO FHEHK T 2O L TZAETIER W
BREBEHOTVZDIEX, —4BOBRMTH 2 AT EREI L0 200 EICODEIEE
ThHH KRB, Lo TULEIRBEZEEFHRWATBHBREOSLIE LT, Z4BIXS
EHLLBWRLLTHS. ZOEKTIE, ARESIZUVODERBIEIZAEEMIIhsRExEe &
bILBH, ZORITOWTEEIZD (2014) 13, —HEIKL FCHERBOEHEL SR 2EDL
Fre LTHAXIATERZ e, EREET 2 7-DIC AB TR ObEIREO 4 E #H
TRIEEBEELTWS. B, BT, (2014, fig. 2) B, UOFIEEH =) 12 RS 1H % M
BTHES LOCBEFRZHOTVWE D, ZOBBREZHMICEHK L TVW2 DI TIERY. £, O
OIEIEE AT BHOBIRIZIOWTD, BOBEOAICESIWTHELZD D TH - 7.
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BFE&H (ObrZiREUI)

1. =R ERELE

ObZPIRE (BXUATER - AfER) oL 2. FAEHBICXF IR ESEI D
is5., ZOHBTE2AR: LTHERERAPEBL, RO TRE SR TR 2
CALNDG. Fio, —HWTHEREPIHENS. HRAEEO R EEIE—BIRER W UILH -
PEERCALICMERN S 223, ZDEBIIIIGANC & 2 ZEH K Z= W (Figs. 3,82). %72, sAEHuISAS
WD =oAL T, ERAEETCEEREESS I —ETHEHNL, 0DbRFRBEIXZ &
A% S ERETE > TW3 ((HIED, 2019). BifE, ZHEEMETREIZRE S Q- Th 35
gggh%uﬁ?ﬁv%M@Eﬁ#@m%,%@Lk%ﬁﬁ:@%ﬁuﬂf%?ﬁ%%kﬁ,:%
& (Fig. 5a), ¥/ DI TEBHI2BAHTEF YT, OOEIRERICHEED S EfEY 4 X
DL LTEENTVWS. 2Dk, UOFIEEHMERICIX, ZEAMEARIBHEZEHN TSI LD
SHTET, #EMND 2 WVIEMRNICHER R AR EATEHR L ol gEEsER I h T
% (fhHEZ2, 2019).
2. A EE* s
21. HERE FAEHucB VT, HEREI NRIGIREE & 5 IR PO B BB AT 3
% (Figs. 3,82). 2D 55, FYBIEEIDO DMV TIEBE FD (2014) 25FEL L BRTWVW S
DT, ATV, 28, FBRELITE, - TAREIR OO IREZERNAEETHE-
TV e HEEIN S D (Fig. 3), MEFERAEEGHEHIIMRTETVRY. £, FAEMIEBELNT
&, BHIED S AT BHAT D ZHESZ OFHEDORIVIC, FEED» & B 4 XOFEEF S D
A~AE» 525, HKOEWEAENFEH T2 (Fig. S2). ZOBSIIA T BTN T 2 A0
JEEER T 2. BEEOBEHEEEREOZNTH 203, A TIEPR FIOEETDH, X
KeWs - lBGE 2 R 3258 (EREME r XhTw3) 128k 3 % (Fig. S2). HAMEICD,
B OFRBEEGHCIIERAEHI SR IBENRON L Z e PHISNTE D (OKE, 1985; B
BEH, 2014), FAEHEEFGD ZOBEZ HEREE E T REXPHMEO -G TXEI I, KIF
JE DA > & X WM T = 7.
HREBEMEOEERBEDDMHIZBHIB SN T WS, #EIN 200, NEI KA EHE
CULFIRERREL TR LA EZEEL TWA 2 RLTWS. 2L, M aE
Y OEBAEFIIHTHEHLTVW2300D, ODOFIKEE ORNEAEBHEIIKRERTHS. 2F
JEiZ 100 m M ErH#EEEXnsh, BHAEWZ L FRADR SR W0, EHIZIETRIHTH 3.
OO ERBIETICHEEr R, T EEE LY. BAIXFEY 1 XD oA
~HEED 5 72 2RO BN D DHKED T, MRS GEE E e 35205, ObREIRESD
MO TRAEABEOREEH M LTEZA6h 3. BHICX->TiE, 0OLEIKEOMES
HOQEZ 2m 282 2EK70ny 7 LTEEA TS (Fig. S8a) (BRIFN, 2017) .
HEFGED 2o Mg X, FRGIKEIIO S ERE & 2ma%Eh Lk, £z Z oHiEic
A X LRV, 2070, Zhs OB DIRBIZEEICIZASL 2T RV, L Ly
b, A EEL ObPIRBERZTEEICE N, »pOZhooEwEEEr LTazy, HAR
R ¥ E 2 5N 2 RNEK RS2 FRE 32 221X, HAEE RO LRI NRGIREZ
DEERBE) OEHEEEMLTEY, HEFMIODDIHERBO—HLEZI LA TVWS (BR
E2, 2017).
2.2. BBfE AEZ, FEHEICBO T, ZAIRED S R E R TR REE IS
TIRFHEGINCAMAT 5. 2R, ErAEErSHBICO T CIRVHIROHE D, Bl
HRARV., HEMBTEAE e HEREr 0 REBARIKEZR TE RV, s cidhEERE
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W HHMEANIXREEWE T 2 Z e IS TV S (B 20X, G - LR, 2001; BUE1Z 2, 2014). #f
BB 2HMEOBE NI ORI, ZAJTRETIE 400 m f2E (B Z, 2014, fig. 9),
FREEIPSHEHETIIEVEV200m BETHZ. FAEMROAE X, FICWiEZ N L=
EREEBIOUDLERBEELTWS eHEEINED (AXER), PR b AFELICBL
TiE, —HCAEIHR G EESICE > TV 5.

Z ORI OB XS B E TR L L (Fig. S8b), AL E S L MEEEHT. S E
LR LIEKEEEA, WIKOHDEHDELIEWVW DL, FREBIEHIKENTVWEDD0H 5. &
B+ cm 25 20miinWdbDETHAT, LEILIXMIBERZRELTWS. FBEEHIC
N L U RIS ENR B e D 5. BREIIIE - BE L Vo VB S LRAEEN T T,
A aEMEEL D 5. AHNRWVICEN T 2HMEICIIEREEENIIE AYEEN
RNDS (B 2R, R, 1985), HEFHREETIIABTEFICBVWTY, EREGHEZIERVWDIOD
By L CE@EcEEhTtwn3.

WaERE IR EE D SN EEEF TIEXERNEDDDAR LN, LIZUIRER
LRt 2Ry, BEIZ 10cm BE2S 2m I EET, MIEZRELED HEIRE
ENDTEIEHBN. T2, BEETICLYRICHENZ 2D 5. BIKIE—BRICHE
DR, BIZXo TIEMEgECH L &, HTEHECRKREROREST 2 DL, JURICA
ZB5bDenDH5H. WEHI VAT cm o8 T om BT, FiIhaEiciiEns. I HEK
BHEDELZWEENRZ V. WAPHWEI LV FMERLIELEREM &R, EREREITHE
HE2ESDBDODRERLNS. MR EBRHES L NEED»SIZ, Elazhhe 33 a
DEHRT 2220, HAEHBTIIRFEORWMEAIXELHERTE TV,

3. AREERT

FEHUR T3 Rz e, ARERO KU ESEI S IAMEZHE L, KU aE A
HWEHEAREED FUOBEKICEAT S, 12770, —RCEBIZRL V. KLfEESE o—8i
= E (AR R R NERERE; R, 1957) OREREBPCATH % (Fig. S9a). m¥FE X Mo
HEBIKA Y EOSEERKED» B3 e 350 JE, 1957), AEEcE W T3BRaY
BICEERONT, MAEEEKEPEZAMEEZE > TW5. 1277 L ZoMRERKENR Oh
DMk, SBHIEELD? S AT IO T TOESHRHET, ThI VL OESHREED» > 4
NIRRT TE A LD, BB WIEEH L ThiRWw., £/, ABES TIEAREAZEHEITHE
WTETVWRVWDHDOD, —HTUODLRIRED/ M it ez EESTEIE-> TW5.
e B EICE DN O KL B S (RILEE RS2 ) LKA OWTIX, AREROME I
LEATREDBRRF R CIEARHZ DT, ZZTRETrAMER: —HFHLTEL. BEVODLFIKE L B
BELTWA2H0r LTIE, ER0EFHEDIENIC, BHIERETOESER 795 m O ¥ — 27 FEH4I2
BWCHBEICE AT 2 ZIEE R/ MNEBAIRDH % (Figs. 3,52, S9b). 7272L, ZOEKITEH
HEW RIC, BEHOZIEEL LR - ZEEATVLS.

BEM2 )L 2> D U-Pb ERBIED D FE

ERPER, DvaronlEd oot CEVAAEYE W TE ZRo/k. Ira vkt
X, EEE OV ZRIRENREEEE (Selfrag Lab) 1 & 2 3URME, BT 12 X 2 BEEMIBRE, WG
(NEOMAG 8000) i< & 2 BEMSEIIRRZ, 3 X CEMEE (3 — KA XY, 33 glem’) ZFETRE
o L7z, ZRoDHLONY Ry ZICE D EBIEAIGEATZ I VA Y RTFDIE,, I
a UFEHEE R TEMORA?2 (417 Ma; Black et al., 2004) 5 X ¢f OD3 (Iwano et al., 2013) &, '



WFGIE D HIE2EHESE 55 128 &% 2022 4F) F—&X 7 7 4 )L

A REHESRE NIST SRM610 %2 =R F OBIETE AL, 1um FTOXA YEY FR—X MNTHEL
72, FOtk, ETERIEFHEMEE JSM-6610, JEOL) T a R FORFEELE R Y — F
NIty RABEBEL, AIEERRD, A5 M) —BEHEE2 R LEELENEHDZ WY
LRG3y " ST AR v MICEE L7z (Fig. S10). HTICFIAH L7225, Nd-YAG % RIRE & § 5%
E213mmOL—¥—%2H\W3 L —H%— - 771 — 3> - A7 24 (NWR213, Electro Scientific
Industries) &, PUEMAEEERS 72 X< HE0H3EE (Agilent 7700x, Agilent Technology) & %,
buffered type X % &5 4 % — (Tunheng and Hirata, 2004) Z /1 L CT##Hi L 7= DTH % (Tsutsumi
etal,2012). L—¥—fRF25um & L, 35]/cm?, I0Hz T7 7L —>a vy 2BIho7.
¥ ¥ U 7 H 2124 He (660 ml/min) % W7z, 0#1E 2 NS5 CRIZHTEB 272 - 7=.

U B XU ThEEZ, &7 2 EHERE SRM610 OHlE T — & #HWT, 2Si 2%y LTH
H L7z, 206Pb /238U b iEICE L Tid TEMORA2 Z ek » L, —KEHESRNCI1Z OD3 %
Fw7z, PIEShOMER, 3> a—7 ¢ 7 KEICIE 2%Pb #iE (B 212, Williams, 1998) , 4
RAEFTEIZI1Z 207Pb #H1E % 35 Z 72 - 7= (Stacey and Kramers, 1975). AW T, a>a—&X > b
BT — RIZONWTOAIR, FRYEIR 28U0-20Pp FRDMER VS, 1B, “XiEHEFE OD3
2l 1 EH oM INE T B8U-200pp 4£48 32.32 + 0.38 Ma (n = 10, mean squared
weighted deviation (MSWD) = 1.51, 327213 95% X)) 43, 2 FIHIZIE 32.37 + 0.38 Ma (n =
15, MSWD = 0.76) 25§ 57z, M XA OHFA TR L TV B8, RFFEOHKMmTIE 1 [
HY 2 B HOOHFERZ M TS . Iwano etal. (2013) 1, FEARHTOWTHNE T 238U-200pp
18 33.0 4+ 0.1 Ma (20) Z#E LTW3. F7, Lukdcs et al. (2015) 13 32.853 4 0.016 Ma (95%
BEXME) 218 T3, R THSALMEFIERIOTIAD, o DEE EEOHIFE D
FOEBA TREEL TV 3.

T—27 74 IILD5| AR

Black, L. P., Kamo, S. L., Allen, C. M., Davis, D. W., Aleinikoff, J. N., Valley, J. W.,...Foudoulis, C.,
2004, Improved 2%°Pb / 238U microprobe geochronology by the monitoring of a trace-element-
related matrix effect; SHRIMP, ID-TIMS, ELA-ICP-MS and oxygen isotope documentation
for a series of zircon standards. Chem. Geol., 205, 115-140.

Cox, E. P, 1927, A method of assigning numerical and percentage values to the degree of roundnness
of sand grains. J. Paleontol., 1, 179-183.

Dickinson, W. R., Beard, L. S., Brakenridge, G. R., Erjavec, J. L., Ferguson, R. C., Inman, K.
F.,..Ryberg, P. T., 1983, Provenance of North American Phanerozoic sandstones in relation
to tectonic setting. Geol. Soc. Am. Bull., 94, 222-235.

Endo, S. and Morita, H., 1932, Notes on the genera Comptoniphyllum and Liquidambar. Sci. Rep.
Tohoku Imp. Univ., 2nd Ser., Geology, 15, 41-53.

Folk, R. L., 1974, Petrology of Sedimentary Rocks. Hemphill Publishing Company, Austin, 182p.

Hanzawa, S., 1959, The foraminiferal species Fabiania cassis (Oppenheim), in Japan. Contrib. Cush-
man Found. Foram. Res., 10, 119-122.

EA)I & - RIFITHE - KT - 52 278, 2019a, LSRR (MTL) OTEEIFAaaR I = K%-
IR DR FE MTL (B3 2 =0 B fRMWE OB IE Y L a »HR00 5 OfilfR.
Hu~#HE, 128, 391-417. [Hasegawa, R., Isozaki, Y., Ohtomo, Y. and Tsutsumi, Y., 2019a, Onset
timing of Median Tectonic Line (MTL): constraints from U-Pb ages of detrital zircons from 3



WFGIE D HIE2EHESE 55 128 &% 2022 4F) F—&X 7 7 4 )L

distinct Cretaceous sandstone units adjacent to the low-angle MTL in the Mikawa-Ono/Idaira
area, central Japan. J. Geogr. (Chigaku Zasshi), 128, 391-417.]

R & - BRIEITHE - 32 298, 20190, mH5/ =) 5 S o 5 H: Phrg HA il O 5 =
R B =RBEBED YV a VERANE. HAMEYRE 126 2R R#EHE 5, T7-0-
2. [Hasegawa, R., Isozaki, Y. and Tsutsumi, Y., 2019b, Provenance of the Ryoke/Sanbagawa
transition domain: dating for Paleogene-Neogene clastics from the axial SW Japan. 126th Ann.
Meet. Geol. Soc. Japan, Abstr., TT-O-2.]

YERRANTE, 1957, PRSI OHVE . ZIRRFCE, 5 11ER (HARS), 2, 127-142. [Horikoshi,
K., 1957, Geology of the Neighbourhood of Ishizuchi-yama, Shikoku. Mem. Ehime Uniyv., Sec.
Il (Sci.), 2, 127-142.]

Isozaki, Y. and Itaya, T., 1989, Origin of schist clasts of Upper Cretaceous Onogawa Group, South-
west Japan. J. Geol. Soc. Japan, 95, 361-368.

Isozaki, Y. and Itaya, T., 1990, Chronology of Sanbagawa metamorphism. J. Metamorph. Geol., 8,
401-411.

Iwano, H., Orihashi, Y., Hirata, T., Ogasawara, M., Danhara, T., Horie, K.,...Yamamoto, K., 2013, An
inter-laboratory evaluation of OD-3 zircon for use as a secondary U-Pb dating standard. Isl.
Arc, 22, 382-394.

BEEEZ - WEER, 1996, ME, AILE=AATEHOBEIKEDT7 1 v a v - b7 v 7HER,
Ak, 91, 196-200. [Kashima, N. and Takechi, K., 1996, Fission-track age of tuffs from the
Kuma Group, Shikoku, Japan. J. Mineral. Petrol. Econ. Geol., 91, 196-200.]

FHRERED « - §AZ, 1979, A EE OB, '8 = 2 — X, 293, 12-21. [Katto, J. and Taira,
A.,1979, New observation of the Kuma Group. Chishitsu News, 293, 12-21.]

A, 1985, S4B A e ik, A H] AL Ot AT ERE D& e & HERE BRI, WS U E
Ry - EEHEYHA AR, X7 > 7Tl O e 727 8 =2 X, 133-144. [Kihara, S.,
1985, Stratigraphy and Paleoenvironment of the Kuma Group around the Kuma Town in central
Ehime Prefecture, Shikoku. Memoirs of the Symposium on Formation of Slump Facies and its
Relation to Tectonics, 133—-144.]

AR, 1986, PUEALPEHER, &5 =RA T B O =) £ RCEHRHERY IO WT. BB
HEREY DR (ReE MEHERE I 72 ), 4, 33—40. [Kihara, S., 1986, Unique sediments of the
Paleogene Kuma Group, consisting mostly of clasts from the Sambagawa metamorphic rocks
in the northwest Shikoku. Clastic Sediments (J. Res. Gr. Clas. Sed. Japan), 4, 33—40.]

/INMKE—, 1950, H A5 VB EE, PUEHLYS . 818 )&, 243p. [Kobayashi, T., 1950, Regional Geology
of Japan, Shikoku. Asakura Publ., 243p.]*

Fate 18 - (s 2, 2001, 2202 R A s o A B REDSR 3 PR H A O H# 7 27 = 7 2. M,
107, 26-40. [Kusuhashi, N. and Yamaji, A., 2001, Miocene tectonics of SW Japan as inferred
from the Kuma Group, Shikoku. J. Geol. Soc. Japan, 107, 26—40.]

Lukécs, R., Harangi, S., Bachmann, O., Guillong, M., Danisik, M., Buret, Y.,...Szepesi, J., 2015,
Zircon geochronology and geochemistry to constrain the youngest eruption events and magma
evolution of the mid-Miocene ignimbrite flare-up in the Pannonian Basin, eastern central Eu-
rope. Contrib. Mineral. Petrol., 170, 52, doi: 10. 1007/s00410-015-1206-8.

MEEF5FR, 1980, AfBILIR, IR » AMEIC BT 2 25 ) BRI R OWT. WE ol EE el
AW (AR B AROE S &R SR ), MREFaATE = & HISER, 49-56. [Matsuo, H., 1980, On
the Nanokawagoe flora from the Kamegamori-rindo (forestal road), Ishizuchi Range, Shikoku,



WFGIE D HIE2EHESE 55 128 &% 2022 4F) F—&X 7 7 4 )L

Japan. In Taira, A. and Tashiro, M., eds., Geology and Paleontology of the Shimanto Belt,
Selected Papers in Honor of Prof. Jiro Katto, Rinyakosaikai Press, 49-56.]

A NIE(E, 1921, ML MR E & 55 =4l 8. HEME, 28, 93-94. [Morishita, M., 1921, The
Izumi sandstone and Tertiary around Matsuyama, J. Geol. Soc. Japan, 28, 93-94.]*

ARG =, 1951, ASEILEE =R DR ZIINIZE (1) ZRM BRI E L. HEHE, 57, 291. [Na-
gai, K., 1951, Stratigraphic study on the Ishizuchi-yama Tertiary (1) Kuma region, Kamiukena-
gun, Ehime Prefecture. J. Geol. Soc. Japan, 57, 291.]*

KHTE=, 1956, FaE LS =F 8 O E R & A H AT B =L O i, ZE KRR, 5 11
5 (HREL), 2, 145-154. [Nagai, K., 1956, Geological age of Ishizuchiyama Tertiary and
Paleogene paleogeography of west Japan. Mem. Ehime Univ., Sec. II (Sci.), 2, 145-154.]

Nagai, K., 1957, The upper Eocene flora of the Ishizuchi range, Shikoku, Japan. Mem. Ehime Univ.,
Sec. II (Sci.), 2, 73-82.

Nagai. K., 1958, Some geological problems of the Ishizuchi range, Shikoku. Mem. Ehime Uniyv., Sec.
I (Sci.), 3, 95-108.

Nagai, K., 1959, Some geomorphological problems of the Ishizuchi range, Shikoku. Mem. Ehime
Univ., Sec II (Sci.), 3, 251-263.

Nagai, K., 1968, The Eocene Kuma Group. Mem. Ehime Univ. (Sci.), Ser. D (Earth Sci.), 6, 1-4.

KHIE=, 1972, VIR, 4R ERE. ZIRAR AR, BARE, D 2V — X (17#), 7, 1-7. [Nagai,
K., 1972, The Eocene Kuma Group, Shikoku. Mem. Ehime Univ., Sci., Ser. D (Earth Sci.), 7,
1-7.]

KHE= - YR, 1953, ZREOHPERANITHGL 08 =408, B, 5 I (B9, 1,
119-132. [Nagai, K. and Horikoshi, K., 1953, Tertiary deposits distributed in the neighbour-
hood of Tobe, Iyo-gun, Ehime-ken. Mem. Ehime Univ., Sec. II (Sci.), 1, 119-132.]

G = - YRR, 1954, ZRIR BB TG OHE . BB RAAIEE, 58 A (RFE) (A 2 ) —
), 2, 49-62. [Nagai, K. and Horikoshi, K., 1954, Geology of the neighbourhood of Kuma,
Kamiukena-gun, Ehime-ken. Mem. Ehime Univ., Sec. II (Sci.), Ser. A, 2, 49-62.]

ARG = - SR, 1955, ZUR IR RAL AR OHUE . ZIRAARCE, 35 1R (R (A >
1) —X), 2, 141-153. [Nagai, K. and Horikoshi, K., 1955, Geology of the neighbourhood of
Kuromori-toge, Onsen-gun, Ehimeken. Mem. Ehime Univ., Sec. II (Sci.), Ser. A, 2, 141-153.]

HCHE - G 5 - 750k 1 - RIRROAR - & RIEF, 2019, Z4R IR &R HT O =) 2 leaEh
W7 D0 o 72 KR 72 2886356 a IR, B HME, 125, 447—-452. [Nakata, K., Kusuhashi,
N., Saito, S., Ohfuji, H. and Nara, M., 2019, A “coarse-grained” metabasite body newly found
in the Sambagawa metamorphic rocks in Kumakogen Town, Ehime Prefecture, SW Japan. J.
Geol. Soc. Japan, 125, 447-452.]

REIEM - WG E - WA B - 518, 2017, AL @R ZIRJEE: HAMHE R o va R H AIHT
IR DY ELER T B B . HUEME, 123, 471-489. [Nara, M., Kusuhashi, N., Okamoto, T. and
Imai, S., 2017, The Kuma and Misaki groups: Geological and palacoenvironmental records
preserved in the Miocene forearc deposits during the opening of the Sea of Japan. J. Geol. Soc.
Japan, 123, 471-489.]

SRR - G E - A& —HR, 2022, ZEERE TS ERA o P asEi a5 E. HA
HB 8 129 A2 K 2F#8IHEL |, T7-P-1. [Narita, K., Kusuhashi, N. and Tani, K., 2022,
The Middle Miocene Takano Formation (Ishizuchi Group) along the Namekawa gorge, Toon,
Ehime, SW Japan. 129th Annu. Meet. Geol. Soc. Japan, Abstr., T7-P-1.]



WFGIE D HIE2EHESE 55 128 &% 2022 4F) F—&X 7 7 4 )L

AR - A& JE—EF - AR E, 2020, ZER O AL ERAHE & AitERE T E>» o155
Nleonar U-Pb 4 5 20 B HAMEFRMNESER S - ER 70277 4 - fEEE
5%, 15. [Narita, K., Tani, K. and Kusuhashi, N., 2020, Zircon U-Pb ages from the Miocene
Myojin Formation (Kuma Group) and the Takano Formation (Ishizuchi Group), Ehime. 20th
Ann. Meet. Shikoku Branch Geol. Soc. Japan, Abstr., 15.]*

AR FF—EE - 11 20 H B - SREAR - DM iR F - AR ETT, 1999, PUIE QS =RATT &
HOHEENR Y ZOEF. #HEHE, 105, 305-308. [Narita, K., Yamaji, A., Tagami, T., Kurita,
H., Obuse, A. and Matsuoka, K., 1999, Depositional age of the Tertiary Kuma Group, Shikoku,
and its significance. J. Geol. Soc. Japan, 105, 305-308.]

Nathorst, A. G., 1888, Zur fossilen Flora Japan’s. Paleontol. Abh., 4, 197-250.

EYHEARER - R, 1910, M LE IS E R E . R & B AN, 196p. [Noda, S. and Kozu,
S., 1910, Explanatory Text of the Geological Map of Matsuyama, Zone 6, Col. V. Geological
Survey of Japan, Ministry of Agriculture and Commerce, 196p.]*

BUEE A - R FEAR - ARG 15, 2014, WEOHFHIA T BRE P O BARE: “TiRGIRE ¢ “EH
J&”. #EHE, 120, 165-179. [Ochi, M., Mamiya, T. and Kusuhashi, N., 2014, A reexamination
of the stratigraphy of the Miocene Kuma Group, Shikoku, SW Japan: the “Shimosakabatoge
Formation” and the “Tomishige Formation.” J. Geol. Soc. Japan, 120, 165-179.]

ANIEIR, 1902, SAIEIEEHHE. BiEtEFAER, 118p. [Ogawa, T., 1902, Explanatory
Text of the Geological Map of Kochi, Zone 6, Col. VI. Geological Survey of Japan, Ministry of
Agriculture and Commerce, 118p.]*

KIFT 2B, 1935, Pim H A H SR & RIG =M L 1Icfil 3 2 Z =0 &%, EMiER, 13,
457-468. [Otuka, Y., 1935, Median Dislocation Line of Southwest Japan and the Nagasaki
“Dreiecke.” Bull. Earthq. Res. Inst., Tokyo Imp. Univ., 13, 457-468.]

eIk, 1929, AT VB RERAEE, MEAT 19 ME1T 32 [BIRES 245 5%, v L&t EFRE AR, 23p. [Sato, H.,
1929, Explanatory Text of the Geological Map of Japan, Scale 1:75,000, Kuma, Zone 32 Col.
XIX, Sheet 245. Geological Survey of Japan, Ministry of Commerce and Industries, 23p.]

PRSI, 1931, AR ET S BAEE, ME4T 19 #i1T 31 EIEES 240 5%. r LAHEFAEFT, 34p. [Sato, H.,
1931, Explanatory Text of the Geological Map of Japan, Scale 1:75,000, Matsuyama, Zone 31
Col. XIX, Sheet 240. Geological Survey of Japan, Ministry of Commerce and Industries, 34p.]

ek, 1938, FrmE M E FAE, HE1T 18 MifT 31 EEEE 239 9%, rs LA E AR, 70p. [Sato,
H., 1938, Explanatory Text of the Geological Map of Japan, Scale 1:75,000, Niihama, Zone
31 Col. XVIII, Sheet 239. Geological Survey of Japan, Ministry of Commerce and Industries,
70p.]

FTIEM - PR, 2021, PAE PSSR A R R ORI RS D 2L a > U-Pb X, HEHE,
127, 595-603. [Shinjoe, H. and Orihashi, Y., 2021, Zircon U-Pb age of the acidic tuff from the
Miocene Kuma Group, western Shikoku. J. Geol. Soc. Japan, 127, 595-603.]

Stacey, J. S. and Kramers, J. D., 1975, Approximation of terrestrial lead isotope evolution by a two-
stage model. Earth Planet. Sci. Lett., 26, 207-221.

K B2, 1937, PhrE H AR & OHRERYIE 2 821 5 M0k 5 E e A IV T U, 44, 625-660.
[Suzuki, J., 1937, Granitic rocks in the outer zone of Southwest Japan and Ryukyu Islands. J.
Geol. Soc. Japan, 44, 625-660.]*

Takashimizu, Y. and liyoshi, M., 2016, New parameter of roundness R: circularity corrected by aspect
ratio. Prog. Earth Planet. Sci., 3, 2, doi: 10.1186/s40645-015-0078-x



WFGIE D HIE2EHESE 55 128 &% 2022 4F) F—&X 7 7 4 )L

PIs - 3592 - i foiL, 2000, PUEIPEES AEBILE =R © K-Ar Rt 2z OEE. HEH,
106, 308-311. [Takeshita, T., Tanaka, H. and Itaya, T., 2000, K-Ar ages of the ‘Ishizuchiyama
Tertiary System’ in western Shikoku, Japan, and their implications. J. Geol. Soc. Japan, 106,
308-311.]

Tsutsumi, Y., Horie, K., Sano, T., Miyawaki, R., Momma, K., Matsubara, S.,...Yokoyama, K., 2012,
LA-ICP-MS and SHRIMP ages of zircons in chevkinite and monazite tuffs from the Boso
Peninsula, Central Japan. Bull. Natl. Mus. Nat. Sci., Ser. C, 38, 15-32.

Tsuya, H., 1935, On the Omogo acidic rocks. Bull. Earthq. Res. Inst., Tokyo Imp. Univ., 13, 910-924.

Tunheng, A. and Hirata, T., 2004, Development of signal smoothing device for precise elemental
analysis using laser ablation-ICP-mass spectrometry. J. Anal. At. Spectrom., 19, 932-934.

Williams, L. S., 1998, U-Th—Pb geochronology by ion microprobe. In McKibben, M. A., Shanks,
W. C. P. and Ridley, W. L., eds., Applications of Microanalytical Techniques to Understanding
Mineralizing Processes, Rev. Econ. Geol., 7, 1-35.

Kibfre, 1935, i, NElEafEAL. SRALT BIORSRBRE A B 52 T A W) S B S T S8 S s, 12, 1-28.
[Yabe, H., 1935, Middle and lower Mizuho Series. Contrib. Inst. Geol. Paleontol. Tohoku Imp.
Univ., 12, 1-28.]*

Yokoyama, K. and Itaya, T., 1990, Clasts of high-grade Sanbagawa schist in Middle Eocene con-
glomerates from the Kuma Group, central Shikoku, south-west Japan. J. Metamorph. Geol., 8,
467-474.

EHTEE, 1951, AR8LGEHE O =F K BCEFICERN T (BR). B RIS, 1, 37-47.
[Yoshida, H., 1951, On the Tertiary igneous rocks in the vicinity of Ishizuchi-yama, Shikoku
(preliminary report). Geol. Rep. Hiroshima Univ., 1, 37-47.]

*English translation from the original written in Japanese

Nagai (1957)

Horikoshi (1957) Kihara (1985) Narita et al. (1999) Ochi et al. (2014)
Ishizuchi Gp Ishizuchi Gp Ishizuchi Gp Ishizuchi Gp
L—T——— —~——| L— T~ — — —  —  — LT ~—~———| L— T ——

gf Tomishige Cgl & Sst Mem Tomishige Fm
. AWD/Mem? Kariba Sst & Mst . i
2 | Myojin Fm o 2 | Kariba Fm 2 | Myojin Fm
(O] (O] ok M (O] O]
g g uE_ SSB Mem em g g
S S| o Sagayama Cgl S | Sagayama 5
x x|z Mem < Fm X
S
Nimyo Fm Fruiwaya Bre' Mem Furuiwaya Fm Furuiwaya Fm
L~ — —| L— — — — —  — L — —— b — —|
SMB Sambagawa metamorphic rocks (SMB) SMB SMB
& lzumi G & lzumi G & lzumi G
(& Izumi Gp) (& Izumi Gp) (& Izumi Gp) (& Izumi Gp)
*Hiwadatoge Gran Cgl Mem /////////////// .
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(Stratigraphic position unknown)

Fig. S1. Schematic stratigraphic columns for the Hiwadatoge Formation and the Kuma Group proposed by previous studies (adapted
from Ochi et al., 2014). We adopted the stratigraphy of Ochi et al. (2014) in this study. Column heights are not representative of
the thicknesses of formations or members. The colored formations and members were originally included in the Nimyo Formation by
Nagai (1957) and Horikoshi (1957), and the Hiwadatoge Formation is hatched. Bre, Breccia; Cgl, Conglomerate; Fm, Formation; Gp,
Group; Gran, Granule; Mem, Member; Mst, Mudstone; Sst, Sandstone.
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—Legend (outcrop map)
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_/" Columnar sections (Fig. 4)

Fig. S2. Geologic map of the study area showing outcrop locations. Arrows a to m indicate the sections along which the columnar sections in Fig. 4 were measured. Locations of the outcrops photographed
and sampled (Figs. 5-7, S3-S9, sandstones, and U-Pb dating) are also shown. Samples in parentheses were collected as floats. bld, boulder; cgl, conglomerate; cob, cobble; Fm, Formation; Gp, Group;
peb, pebble; siltst, siltstone; sst, sandstone. The topographic map was adapted from the 1:25,000 maps of Sozu and Kuma published by the Geospatial Information Authority of Japan.
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Fig. S3. Nonconformity (dashed lines) between crystalline schists of the Sambagawa metamorphic rocks (SMB) and the Hiwadatoge
Formation (HWD). (a) Pebble to cobble conglomerate (cgl-pc) overlying the SMB. The hammer in the dotted ellipse is ~30 cm long.
(b) Pebble conglomerate (cgl-p) overlying the SMB. The pickaxe is ~90 cm long. The outcrop locations are shown in Figs. 3 and S2,
and more photographs are shown in Fig. 5.

Fig. S4. Outcrops of the Hiwadatoge Formation. (a) Trough cross-stratified (arrow) medium-grained sandstone bed overlain by a
pebble conglomerate bed. The hammer is ~30 cm long. (b) Stratified calcareous pebble and granule conglomerate beds. The hammer
is ~30 cm long. The outcrop locations are shown in Figs. 3 and S2, and more photographs are shown in Fig. 6.

Fig. S5. Fossils from the Hiwadatoge Formation. (a) Photomicrograph taken under plane-polarized light of a sandy limestone collected
at the outcrop shown in Fig. 6a. The scale bar is 1 mm. (b) Mode of occurrence of molluscan fossils (arrows) in a pebble conglomerate.

The lens cap is 4 cm in diameter. The outcrop locations are shown in Figs. 3 and S2.

12



ifGIE 0 HUEEMERS 55 128 % (2022 4F) 7—& 7 7 4L

Q an
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Fig. S6. QFL (left) and QmFLt (right) diagrams showing differences in the framework modes of the quartz-rich (Qsst1-3) and other
(Sst1-2) sandstone samples collected from the Hiwadatoge Formation. Sstl is a calcareous sample and Sst2 is non-calcareous. The
sandstone classification in the QFL diagram is adapted from Folk (1974), and the provenance types in the QmFLt diagram are from
Dickinson et al. (1983). The sample locations are shown in Figs. 3 and S2, a photomicrograph of Qsstl is shown in Fig. 7b, and the
modal composition of each sandstone is listed in Table S1. F, feldspars (plagioclase + K-feldspar); L, lithic fragments; Lt, total lithic
fragments (L + polycrystalline quartz); Q, quartz (monocrystalline + polycrystalline); Qm, monocrystalline quartz.
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Fig. S7. Box plots of two roundness parameters, circularity (Cox, 1927) and R (Takashimizu and Iiyoshi, 2016), of the framework
grains of three quartz-rich (Qsst1-3) and two other (Sst2-3) sandstone samples collected from the Hiwadatoge Formation. Sst3 is a
calcareous sample. Both parameters were calculated by analyzing thin-section images using ImageJ software (version 1.53e). The
number of grains examined for each sample is shown below the label on the horizontal axis in the left plot. Whiskers represent all
grains lying within 1.5 times the inter-quantile range of each sample. The sample locations are shown in Figs. 3 and S2, and a photo-

micrograph of Qsstl is shown in Fig. 7b.
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Fig. S8. Outcrops of the Kuma Group. (a) Poorly sorted conglomerate of the Furuiwaya Formation containing large clasts from the
Hiwadatoge Formation (arrows). The ruler in the dotted ellipse is 1 m long. (b) Pebble to cobble conglomerate of the Myojin Formation
with discontinuous interbedded sandy beds. The hammer is ~30 cm long. The outcrop locations are shown in Figs. 3 and S2.

Fig. S9. Photographs of the Ishizuchi Group. (a) Outcrop of a crystalline tuff of the Takano Formation. The hammer is ~30 cm long.
The outcrop location is shown in Figs. 3 and S2. (b) Photomicrograph taken under cross-polarized light of an andesite collected as a
float near the outcrop shown in Fig. 6a, which most likely originated from the intrusion to the southeast of the sampling locality. The

scale bar is 1 mm. Cpx, clinopyroxene; Opx, orthopyroxene; Pl, plagioclase.

NMY-HWDO01
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Pear=0Te 44224163 8193143
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Fig. S10. Backscattered electron (left) and cathodoluminescence (right) images of selected zircon grains separated from the NMY-
HWDO1 (upper) and NMY-HWDO02 (lower) samples of the Hiwadatoge Formation, with the 233U-2%Pb age (2Y7Pb corrected, 1o
error) obtained from each. The locations of the analyses are shown by circles on the cathodoluminescence images. The scale bar is 100
um. The sample locations are shown in Figs. 3 and S2.
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Table S1. Modal compositions (% except for total counts) of three quartz-rich (Qsst1-3) and two other (Sst1-2) sandstone samples
of the Hiwadatoge Formation analyzed by point counting. Modal proportions and total counts in parentheses are those when only
quartz, feldspars, and lithic fragments are included. “~” indicates that no points were counted for that type of grain in the thin section.
The sample locations are shown in Figs. 3 and S2, QFL and QmFLt diagrams for the sandstones are shown in Fig. S6, and a photo-
micrograph of Qsstl is shown in Fig. 7b. Bcl, bioclast; Kfs, K-feldspar; L, lithic fragments; Mtx, matrix; Pl, plagioclase; Qm,
monocrystalline quartz; Qp, polycrystalline quartz.

Sample Grain size om Quartz o) Pl FeldsparstS L Bcl Mtx  Total counts
QSstl  medium—coarse 40.5 (46.0) 26.8 (30.5) 1.1 (1.3) 17.0 (19.3) 26 (3.00 - 121 1809 (1591)
QSst2  medium—fine 41.8 (49.2) 244 (28.7) 1.0 (1.2) 154 (18.1) 24 (2.8) - 150 2019 (1716)
QSst3  medium-very coarse 38.0 (45.0) 27.6 (32.7) 0.8 (1.0) 11.7 (13.9) 63 (74) - 155 2511 (2121)
Sstl coarse 0.5 (0.7) 499 (68.7) 0.1 (0.1) 0.0 (0.1) 222 (30.5) 6.5 20.8 2699 (1963)
Sst2 fine 8.1 (11.1) 42,6 (585) 12 (1.6) 1.7 (24) 193 (265) 1.9 252 2509 (1828)

Table S2. U and Th contents, U-Pb isotopic ratios (298Pb corrected), and calculated ages (397Pp corrected) of detrital zircon grains
from sandy siltstone samples (NMY-HWDO01 and NMY-HWDO02) of the Hiwadatoge Formation. See Figs. 3 and S2 for the locations

of the sampled outcrops. Errors on isotopic ratios and ages are 10. Pb* indicates radiogenic Pb.

Analysis  Grain v Th Isotopic ratios 238J_206pp* ages (Ma)
(ppm) (ppm) 23U /200pb 207 py /206 ppye
NMY-HWD01
1 1-01 619 313 64.99 + 0.87 0.0477 + 0.0017 98.44 £+ 1.30
1 1-02 473 379 93.93 + 1.03 0.0472 £ 0.0021 68.27 + 0.75
1 1-03 279 75 64.36 + 0.84 0.0527 + 0.0029 98.80 + 1.29
1 1-04 616 189 63.87 + 0.75 0.0474 + 0.0013 100.14 + 1.17
1 1-05 653 312 104.12 + 1.50 0.0441 + 0.0017 61.62 + 0.88
1 1-06 481 135 63.67 + 0.81 0.0463 + 0.0016 100.46 + 1.28
1 1-07 289 132 68.58 + 1.03 0.0457 + 0.0026 93.33 + 1.39
1 1-09 257 138 96.98 + 1.55 0.0468 + 0.0050 66.17 + 1.04
1 1-10 404 339 69.83 + 0.98 0.0448 + 0.0023 91.67 + 1.28
1 1-11 387 255 76.96 + 1.21 0.0452 + 0.0043 83.37 £ 1.25
1 1-12 829 303 65.16 + 0.72 0.0483 + 0.0014 98.15 + 1.09
1 1-13 739 254 66.99 + 0.79 0.0488 + 0.0027 9541 £+ 1.10
1 1-14 462 153 69.93 + 1.09 0.0474 + 0.0031 91.59 £+ 1.42
1 1-16 572 276 9325 £ 1.21 0.0479 + 0.0019 68.72 + 0.91
1 1-17 293 173 132.78 + 2.43 0.0450 + 0.0027 48.37 + 0.88
1 1-18 637 541 67.45 + 0.77 0.0492 + 0.0015 94.71 + 1.09
1 1-19 248 91 67.68 + 0.97 0.0486 + 0.0043 94.48 + 1.33
1 1-20 386 445 76.59 £+ 1.23 0.0474 + 0.0019 83.62 £ 1.34
1 1-21 295 173 79.69 + 1.35 0.0471 + 0.0034 80.39 £+ 1.36
1 1-23 398 236 9529 + 1.40 0.0536 + 0.0044 66.77 + 0.97
1 1-25 491 271 97.90 £ 1.55 0.0467 + 0.0048 65.54 + 0.99
1 1-28 467 282 102.53 + 1.35 0.0492 + 0.0021 62.42 + 0.84
1 1-30 315 134 105.07 + 1.72 0.0467 £ 0.0043 61.10 £+ 0.99
1 1-32 345 153 7523 + 1.38 0.0439 + 0.0055 85.53 + 1.52
1 1-33 774 118 65.61 + 0.72 0.0514 = 0.0016 97.10 £+ 1.08
1 1-36 569 333 106.59 + 1.80 0.0386 + 0.0056 60.71 £+ 0.96
1 1-39 406 231 94.40 + 1.37 0.0440 + 0.0021 67.93 + 0.98
1 1-40 659 202 119.33 + 2.33 0.0490 + 0.0026 53.66 + 1.06
1 1-41 471 209 57.35 + 0.88 0.0456 + 0.0037 111.73 + 1.63
1 1-42 382 84 61.08 £+ 0.73 0.0503 + 0.0019 104.40 £+ 1.26
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Table S2. Continued

Analysis  Grain v Th Isotopic ratios 28U_206pp* ages (Ma)
(ppm) (ppm) 238U/206Pb* 2O7Pb*/206pb*
NMY-HWDO01
2 2-01 541 174 112.77 + 1.47 0.0427 + 0.0031 57.07 £ 0.72
2 2-02 143 74 69.29 + 1.25 0.0510 = 0.0034 92.00 £ 1.70
2 2-03 478 281 107.94 + 1.49 0.0493 + 0.0036 59.29 £+ 0.80
2 2-04 240 133 83.36 £ 1.25 0.0494 + 0.0031 76.70 + 1.18
2 2-05 296 143 99.97 + 1.74 0.0519 + 0.0028 63.79 + 1.13
2 2-07 223 136 93.02 + 1.76 0.0399 + 0.0063 69.33 + 1.22
2 2-08 252 157 103.29 + 2.12 0.0438 + 0.0061 62.35 + 1.21
2 2-10 265 128 93.59 + 1.80 0.0457 = 0.0047 68.66 + 1.30
2 2-11 456 236 105.45 + 1.62 0.0468 + 0.0024 60.84 £+ 0.93
2 2-12 633 291 119.28 + 1.86 0.0446 + 0.0087 53.99 £+ 0.85
2 2-15 110 153 109.16 + 3.14 0.0410 = 0.0047 58.79 £+ 1.68
2 2-16 231 199 98.05 + 2.16 0.0546 + 0.0045 64.81 + 1.47
2 2-17 278 271 101.66 + 1.90 0.0489 + 0.0030 6297 + 1.19
2 2-18 221 124 102.64 + 2.01 0.0490 = 0.0060 62.36 + 1.18
2 2-19 264 175 80.96 + 1.50 0.0458 + 0.0027 79.14 £+ 1.46
2 2-20 255 117 82.66 + 1.50 0.0489 + 0.0043 77.38 £ 1.38
2 2-22 221 207 93.72 + 1.94 0.0376 = 0.0075 69.26 + 1.33
2 2-25 346 170 83.93 £+ 1.61 0.0531 + 0.0050 75.82 + 1.43
2 2-26 479 219 62.55 + 0.96 0.0491 + 0.0019 102.11 + 1.58
2 2-28 500 428 106.00 + 2.10 0.0420 = 0.0069 6091 £+ 1.12
2 2-29 132 88 95.65 + 2.80 0.0547 + 0.0107 66.43 + 1.91
2 2-30 433 302 65.25 + 0.94 0.0535 + 0.0023 97.36 + 1.42
2 2-32 418 302 79.48 + 1.21 0.0481 + 0.0048 80.55 £ 1.18
2 2-35 44 55 35.61 £ 1.11 0.0474 + 0.0065 178.55 + 5.47
2 2-36 247 218 98.05 + 1.74 0.0368 + 0.0068 66.24 + 1.07
2 2-39 234 164 101.54 + 2.28 0.0477 = 0.0041 63.14 + 1.45
2 2-40 197 138 59.50 + 1.03 0.0498 + 0.0060 107.23 £+ 1.80
2 2-41 1219 650 103.75 + 1.14 0.0473 + 0.0016 61.83 = 0.69
2 2-43 325 245 101.49 + 2.28 0.0364 + 0.0081 63.75 + 1.32
2 2-44 375 212 61.57 + 1.04 0.0525 + 0.0052 103.30 £+ 1.68
2 2-45 257 149 61.37 + 1.00 0.0404 + 0.0046 105.21 + 1.66
2 2-46 1093 480 68.37 + 0.88 0.0492 + 0.0017 9345 £ 1.21
2 2-47 131 61 112.81 + 3.81 0.0298 + 0.0122 58.03 + 1.84
2 2-50 533 156 65.03 + 0.83 0.0488 + 0.0027 98.28 £+ 1.25
2 2-51 78 66 93.78 + 3.26 0.0447 = 0.0065 68.38 £ 2.36
2 2-52 247 113 81.04 £ 1.52 0.0532 + 0.0057 78.50 + 1.47
2 2-53 289 162 86.58 £ 1.51 0.0529 + 0.0031 73.52 + 1.30
2 2-54 246 121 61.79 + 1.09 0.0481 =+ 0.0031 103.50 + 1.86
2 2-55 385 305 101.03 £+ 1.58 0.0471 + 0.0027 63.49 + 0.99
2 2-56 289 235 94.76 + 2.15 0.0269 + 0.0139 69.42 + 1.46
2 2-57 51 24 85.35 £ 341 0.0343 = 0.0142 76.34 £ 2.97
2 2-58 120 74 145.32 + 5.61 0.0419 + 0.0111 4422 + 1.63
2 2-59 290 139 78.47 + 1.39 0.0447 + 0.0044 8193 £ 143
2 2-60 152 86 102.67 &+ 3.10 0.0394 + 0.0085 62.97 + 1.81
2 2-61 403 179 70.51 + 1.35 0.0355 + 0.0072 92.19 + 1.66
2 2-63 184 96 95.88 + 2.17 0.0463 =+ 0.0090 66.98 £+ 1.48
2 2-64 334 236 96.97 + 1.81 0.0484 + 0.0069 66.05 + 1.18
2 2-66 399 288 71.15 + 1.43 0.0471 + 0.0057 90.06 + 1.75
2 2-69 750 271 60.70 = 0.71 0.0511 + 0.0016 104.94 + 1.24
2 2-70 583 570 105.82 + 1.71 0.0540 = 0.0025 60.11 £+ 0.99
2 2-73 938 209 65.47 + 0.74 0.0463 + 0.0027 97.93 £+ 1.10
2 2-74 262 118 63.84 + 0.93 0.0510 = 0.0026 99.82 £+ 1.48
2 2-75 276 220 65.82 + 0.88 0.0520 + 0.0027 96.71 + 1.32
2 2-76 299 179 67.66 + 1.28 0.0604 + 0.0067 93.10 + 1.74
2 2-81 813 320 107.19 + 1.39 0.0431 + 0.0041 60.17 £+ 0.76
2 2-82 71 36 139.66 + 7.15 0.0593 + 0.0120 45.28 + 2.41
2 2-83 145 74 66.67 + 1.39 0.0546 + 0.0040 95.18 £+ 2.03
2 2-84 373 254 86.74 £ 1.67 0.0444 + 0.0027 73.90 £ 1.42
2 2-85 214 218 107.36 &+ 2.69 0.0512 + 0.0044 59.47 £ 1.52
2 2-86 722 218 64.26 + 0.79 0.0523 + 0.0023 99.00 £+ 1.22
2 2-88 290 215 129.86 + 3.03 0.0439 + 0.0089 49.65 + 1.11
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Table S2. Continued.

Analysis  Grain v Th Isotopic ratios 28U_206pp* ages (Ma)
(ppm) (ppm) 238U/206Pb* 2O7Pb*/206pb*
NMY-HWD(2
1 1-04 1305 1188 111.40 + 1.46 0.0502 + 0.0019 57.39 £ 0.76
1 1-05 512 217 85.82 £ 1.55 0.0480 + 0.0023 74.64 £ 1.36
1 1-08 265 109 68.57 + 1.38 0.0442 + 0.0027 93.33 £+ 1.87
1 1-09 449 208 96.18 + 1.52 0.0473 + 0.0040 66.68 + 1.02
1 1-13 460 284 96.19 + 1.42 0.0473 = 0.0020 66.67 + 0.98
1 1-15 812 253 65.60 + 1.03 0.0486 + 0.0016 97.45 + 1.53
1 1-16 460 237 85.38 £ 1.24 0.0479 + 0.0037 75.03 £ 1.06
1 1-19 252 128 102.30 + 1.72 0.0374 + 0.0053 63.25 £ 1.01
1 1-23 660 302 107.28 + 2.68 0.0492 + 0.0055 59.66 £+ 1.47
1 1-26 602 276 67.39 + 0.82 0.0477 + 0.0027 94.99 £+ 1.13
1 1-28 625 185 62.66 = 0.73 0.0449 = 0.0023 102.47 £ 1.19
1 1-29 611 282 82.53 £+ 1.00 0.0459 + 0.0016 77.64 + 0.93
1 1-34 279 115 84.58 £+ 1.57 0.0396 + 0.0052 76.28 £ 1.35
1 1-37 482 275 106.39 + 2.06 0.0476 = 0.0027 60.28 £+ 1.18
1 1-38 380 200 89.83 £+ 1.54 0.0450 + 0.0041 71.47 £ 1.18
1 1-39 295 248 93.79 £ 1.99 0.0353 + 0.0092 69.20 + 1.28
1 1-41 581 355 76.77 £ 1.23 0.0468 + 0.0037 83.52 £ 1.30
1 1-43 385 187 79.67 + 1.51 0.0471 + 0.0044 80.46 £ 1.51
1 1-44 123 73 91.47 + 2.32 0.0465 + 0.0038 70.10 £ 1.77
1 1-45 138 131 103.57 &+ 2.61 0.0486 + 0.0049 61.84 + 1.59
1 1-46 332 112 81.82 £+ 1.36 0.0468 + 0.0049 78.40 £ 1.29
1 1-49 270 124 97.05 + 1.88 0.0513 + 0.0030 65.75 £ 1.29
1 1-50 1154 472 73.01 + 1.02 0.0484 = 0.0014 87.63 £ 1.22
1 1-51 346 177 93.05 + 1.40 0.0523 + 0.0048 68.48 + 1.01
1 1-52 315 139 67.65 + 1.01 0.0493 + 0.0024 9443 £+ 1.43
1 1-53 174 91 99.34 + 2.95 0.0418 =+ 0.0039 64.57 £ 1.90
1 1-56 225 134 89.31 £ 1.73 0.0570 + 0.0037 70.92 £+ 1.40
1 1-58 174 131 103.50 + 2.92 0.0414 + 0.0102 62.44 + 1.68
2 2-02 137 104 86.79 £+ 1.86 0.0436 + 0.0048 73.85 £ 1.57
2 2-08 221 116 84.59 £ 1.73 0.0416 + 0.0070 76.33 £ 1.50
2 2-09 237 199 94.76 + 2.00 0.0409 + 0.0081 68.17 + 1.30
2 2-14 219 117 136.96 + 3.91 0.0445 += 0.0093 47.04 + 1.28
2 2-15 146 85 91.99 + 2.43 0.0545 + 0.0052 69.08 + 1.87
2 2-19 97 107 105.29 + 5.15 0.0475 + 0.0363 60.94 £+ 2.86
2 2-20 533 306 106.36 + 1.80 0.0466 + 0.0043 60.37 + 1.00
2 2-21 379 129 61.80 + 0.94 0.0514 + 0.0023 103.04 + 1.59
2 2-27 224 64 65.19 + 1.23 0.0460 + 0.0043 98.19 £+ 1.81
2 2-28 186 103 83.99 + 1.84 0.0462 += 0.0081 76.43 £+ 1.61
2 2-29 329 218 93.69 + 1.77 0.0428 + 0.0028 68.44 + 1.29
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