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Cover Figure

Crustal stress map in the Kanto region

The 10 km-mesh map of the crustal stress in the Kanto region was constructed based on the analysis of seismic
data. The direction of the maximum horizontal compressive stress is shown by bars, which are color-coded by the
type of stress field. Black bars indicate that their stress type could not be determined. By analyzing small earthquakes
in the past 14 years, the spatial resolution of the stress fields has been significantly improved compared to previous
studies, revealing a complex stress pattern in the region. For details, see Imanishi ef al. (2019) in this issue. Red lines
are active faults (Research Group for Active Faults of Japan (1991)). The base map is the Seamless Digital Geological
Map V2 of Japan (1:200,000) (https://gbank.gsj.jp/seamless/v2.html April 15,2019).

(Text and figure by Kazutoshi Imanishi, Takahiko Uchide, Makiko Ohtani, Reiken Matsushita and Misato Nakai)
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Kazutoshi Imanishi, Takahiko Uchide, Makiko Ohtani, Reiken Matsushita and Misato Nakai (2019)
Construction of the Crustal Stress Map in the Kanto Region, central Japan. Bull. Geol. Surv. Japan, vol.
70 (3), p.273-298, 15 figs, 2 tables, 3 appendices.

Abstract: We constructed a crustal stress map of the Kanto region, central Japan, from earthquake focal
mechanism solutions. In order to increase the spatial resolution of the stress map, we included more data
than the routine catalog by determining focal mechanisms of small earthquakes down to magnitude 1.5 in
approximately the past 14 years. We obtained 1142 well-constrained solutions using P-wave polarity data as
well as body wave amplitudes, which successfully filled the gap in the stress fields left by previous studies.
We merged our focal mechanism catalog with the Japan Meteorological Agency earthquake catalog and that
of our previous studies, which have become a source of information on the stress map. For each earthquake,
we estimated the direction of the maximum horizontal compressive stress (Sumax) based on plunge angle of
the P-, B-, and T-axes. The type of stress field was also determined using rake angles, which provide a single
scalar value on a continuous scale varying from —1 (normal faulting) to 0 (strike-slip faulting) to +1 (reverse
faulting). We then computed the mean Sumsx and type of stress field on a mesh interval of 10 km, which we
refer to as a stress map. Compared with previous stress maps in the present study area, our map succeeds in
reducing the blank area of stress information and provides higher spatial resolution in stress fields. The stress
map reveals a complex stress pattern, which includes sudden changes in the Sumax direction, clockwise Stmax
rotation from the Izu Peninsula to its north area, the existence of multiple tectonic stress provinces in the
spatial scale of a few 10 km, and normal-faulting stress fields prevailing in the coastal region of the Pacific
Ocean. These features are important for understanding local tectonics and evaluating future earthquake risk
in this area.

Keywords: stress map, Kanto region, small earthquake, focal mechanism
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Fig. 1 Target area of the present study. Blue circles show earthquakes shallower than 25 km, the focal mechanism solutions
of which are listed in the Japan Meteorological Agency (JMA) catalog (October 1997—October 2016). The gray line
represents the region of long-term evaluation of active faults in the Kanto region by the Headquarters for Earthquake
Research Promotion Investigation Committee (2015). Red lines show active faults based on the Research Group for
Active Faults of Japan (1991). Topography is based on Kishimoto (1999).
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Distributions of target earthquakes (black circles) and seismic stations (squares) used for the hypocenter and focal mechanism
determination: orange squares; National Research Institute for Earth Science and Disaster Resilience, purple squares; Japan
Meteorological Agency (JMA), green squares; Earthquake Research Institute, University of Tokyo (ERI), and light blue squares;
Disaster Prevention Research Institute, Kyoto University (DPRI). Hypocenters are based on the IMA catalog. A vertical cross section
of the earthquake distribution along profile X-Y is shown below. Refer to Table 1 for source information of each region.

1k AW TR L 22 3B OFEM

Table 1  Details of the earthquakes analyzed in the present study

Region Period Number Magnitude
1 April 7, 2004 —February 2, 2016 | 368 1.5—52
2 June 12, 2002 — April 2, 2013 1175 1.5—4.1
3 June 11, 2002 — August 23,2014 | 1129 1.5—43
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Fig.3  P-wave velocity structure model used for the determination
of hypocenters and focal mechanisms. The S-wave velocity is
50 assumed by scaling the P-wave velocity by a factor of 1//3.
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Fig. 4 Hypocenter distributions determined in the present study (orange circles). Black
circles indicate hypocenters of the JMA catalog.
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Fig. 6 P- and T-axis distributions of focal mechanism solutions, the plunge angles of which are less than 15°.
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Fig. 5 (a) Spatial distribution of focal mechanism solutions
determined in the present study (lower hemisphere of an
equal-area projection), where different colors are used
to differentiate reverse- (blue), strike-slip- (green), and
normal- (red) faulting mechanisms. A triangle diagram
(Flohlich, 1992) with a color scale is presented in the
upper right. (b) Distributions of focal mechanisms for
each faulting mechanism. The number within each set
of parentheses indicates the number of events for that
faulting mechanism.
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Table 2 Definition of Smmax based on the plunge angle (pl) of the P-, B-, and T-axes (Zoback, 1992).

Plunge of Axes
P B T Regime” | Sumax Azimuth
pl = 52° pl < 35° NF azimuth of B- axis
40° < pl < 52° pl < 20° NS azimuth of T-axis + 90°
pl < 40° pl = 45° pl < 20° SS azimuth of T-axis + 90°
pl < 20° pl > 45° pl < 40° SS azimuth of P-axis
pl < 20° 40° < pl < 52° TS azimuth of P-axis
pl < 35° pl = 52° TF azimuth of P-axis

*NF: normal faulting, NS: predominately normal with strike-slip component, SS: strike-slip faulting,

TS: predominantly thrust with strike-slip component, TF: thrust faulting.
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if (abs(A1)>90) A1=(180-abs(A1))*( Al/abs(11))
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else

A=A2

end if
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Fig. 7  Sumax direction and type of stress field. The Sumax direction is based on the definition of Zoback
(1992). The type of stress field is determined by Shearer et al. (2006) and is represented by color.
Focal mechanisms listed in the JMA catalog and Imanishi ef al. (2012, 2013) are also compiled.
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0.0 w w w w Fig. 8  Weight function used to compute the stress field at each

—-4a -30 —2a -a 0 a 2a 3a 4a mesh. The equation is shown in the upper right. The weight
of the data depends on the distance from the mesh point.
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Fig. 10 Average depth of earthquakes used to compute the stress field of each mesh.
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Fig.9  (a) Stress map in and around the Kanto region determined
in the present study. The Sumex oOrientation is indicated
by a straight line, and the type of stress field is shown
by the background color. The meshes within a dotted
ellipse contain earthquakes induced by fluid injection
due to drainage from the Philippine Sea plate (Nakajima
and Uchida, 2018). (b) Standard deviation of Sumx and
fptype.

vy FIZTBILIZkD, ZOMIROIGHEOR A &
DHIRIZRZ 2k 510k 5. REMNARE LT, &k
&L TIIHEMET D 5 2 Hkm 2 r — L TIZABLL 228
NGOREERT Z L, Sume FNA 90 EN S BET 58
Find s Z &, PFPEEE,S BRI, WAEIZEG T
Suma AL AREEHEN D IZEIE§ 2 2 &, KFFIRFEITIE
Wi AT 2 28, RENFTONS. KEFRE
AW RS % N SRR LA IR - thE (1983, 1991)
AR (1989, 1992) TEHIEM I N T\, 7 — 2 KH
WA/-ZLT, ZTONBPLOMERIZE-72EE X 5.
59X D IEHEOWEH T - 72 X v ¥ 2 NDOMEIZE 4K
DC-C WEDHTD Y 5 2 & — (B E 30 kmPA%) 12 G
LThD, 740V L— MER» PR X 7=k
D RIS BRI E N E) & #EE & T B (Nakajima
and Uchida, 2018). FRLIGEICTH 54, WARED 5
ISR 2B AMETHNISTIGOMEICH $ s
LEWEEZLNDE 0, ARTE~Y Yy 71Tk Z &1
5.
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SIEEE L7210 km& D v 2 o & 294 & HL
L, XSSl BB Ay — LD IS EHEET 5 Z
ENTES. LAL, Ayvad g X ailint+5I
DONTA Y Y 1 BORKEEERT - 28D h kb
W, HEEREENEL &%, b0 HEEARTE R &
DLWV MENEC S, KO MAZEBZ r — LD
vy TEB/BHITE, XLIITF -2 AERMT 3 HER
b 5. WAIGAHZEOFA IR O (LB AL S TG
BINETO, SROREBEMMBT — 2 2HEEL TR
(BZWIEA, 2016), ZhiaF—2 & LTHY, FUNE
TN EHEE LR EMAHXK2IORT. 2Ok, 7—
APAEZRLT Ay Y 2% Skm& L, (1) XDa% 2.5
km, FEb$ 5 & ZOEMERAIZA v ¥ 2 OFH L0256
F1ETS kmPAN & U7z, S oalXl & iR § 2 & KR 23
B —IFTO B, MW % 2 < GO £
720, B A RO PR R TEZD &, b
IGOFMAERETZE B &Ik 722 ibh b,

HEZETIZ, 1997410 A 5 20164-10 HZ TOXR
fF—ifbr suas a7 -2 L, AU THEEROTHEE
L7=HARINSDIE I~ v T EMKBITRT. 77— 2 8%
ERLTAy Y220 kmE L, (1) XDa% 10 km,
LT % L Z2OHIPAE X v 2 2 OHFLA 5 F1E30 km
PINE L7z, A w v 2 BIBRDIAW 72 022 [ 5 R B3 75 5
25, HARVEOIRIG%ME T 2 ETldE%ko b 5
vy TS THB.

6. @R

6.1 IBHAFUIINALN= a3 iEEDLR

RERERL SIS NS HET IR, Bhy vy
A UN=D 3 ViEWl AL, Gephart and Forsyth, 1984 ;
Michael, 1984) 2* LI LIZEEH S5, 617 v v A
UN=DUa VHEICK ORI NS ST X —21F, kK
FIeHoe, HEFEHe, wNEEHeDJf, ZLT,
Wkt @=(o,-0)/(0=0;) D4DTH5. —J, KWIET
FHEE ST R % Sima EIB B D 2 4 FTO2DIZREL, H
B O IR NG E RO B 7 T a—F &AL
7= (BT, MifHBkegs). 22 TRIBHTF Y YA v
IN= g VIREEEELEOMRPFEME TS 55 E 5 »IiC
DWVTHENT 5.

WO AR L7=ED X v ¥ 2 0hh» 5 RENL A v
VA E4DEY, TNEFRDA vV LIl EEN S BEM
WA S TR T Y INA VIS—=D 3 VEEHL 7-.
HE5E /7% 1 d Imanishi ef al. (2011) O FMEIZHEVY, Michael
(1984, 1987) D FEAEH L2 HEEMSREZ S 11X
AT Ay Yo alde, BMEITHE, o MFIEARFETIEN
MG AERTHWEL TH 5. BFEOEREE A S
&, Sume IV GENKD AT LA v bNDOIKED AL
oo LD R & IFIE—BHL TV, & 5 I fptype
13064 THD, WMELTHEZ L EHFANMNTD 5.

Ay ¥ oa bl BT, o, 2MEIEAFETILIL -
MR AAERTIENESTH 5. LIESEO%A, o
R A St ZXHIET B Z & A2 528, B EIZ K B Stma/T
Wiido, HAL OB L IFIT—BL T\ 5 Z LDHERTE
5. IEWEHTH 5 Z LIZBIL T3 fptypehi-0.76 & 3K &
ENTHD, MAMEHESESOIA TS, Ayvac
(do, 2EIFACECIEALYs — RER R A IS HEE STk D,
2130 I & B Suma I 10y T O FB R &1 IF—
HL T3, BHIBIZBE L Tlde, o, D95 % EHHX R A
HEDAE-TEY, WlkEGEEThERET 5158
R T 5. fHEAICK 2iptypeld 033 KD SN TEH
D, ANNERERTH S, DED3IDD Ay Y 1 I3HE
BB OB A 204 BATHD, +0aKE CHER
BAEENTWE. —F, A2 dFFEEEREM O
BR5ODGETHD, 5% EHXMER THb25 L5
2, BT VUL UN—D g VEERIBIEEICARE L
5. BHHIZE S TR 5% EHEX B O S 5 mis ¥ —
IBRSENT, 05K KEVHA/DEVLDOHIE TE
W, B, Z0LIEGAEDRNT VI, VIN—
U VEEREMbHND Z L3N, o FIZERKTE
TR R AEERLTWEEVWS ZEIFEAZST
bHbB. Fl, A v PackEfkiZo &o,D95%ETHEHX M
BELEZDA->TED, WWkESEEThIErITET 28
EIRRTE S, fEEOREREAD L, Sumailiido, 7
FED IS %ISTHX B DBICINE - TH D, WHIHIZEL T
& fptype230.45ThH 5728, HEARMIZITBEAN LHRE
5A5.

LED &5z, fEifikic & 3HeefERishs v v
L UN=Va VEREFFLENWZ b, D, 72750,
TV INA VIN=D 3 VERHEEI ST A — 2 B
HEEDZL A B720, k2L ORERMRLT — 4
ELTRENI A D, WEIXRE L el E4H8 5729
12, 20fALL LOREBRERAHEDLNL Z N0 HBIA
I¥, Townend and Zoback, 2006). AH9ETIZZL < DRE
WA HEE S5 Z ENTE LD, T BB
OB A20% EFEB A 5 ¥ 2 13RO EBISHE X T,
BTV I 4 VN=D 3 VEETEIRIOD & S Ak E
BEDBH~y TEMERT S Z L BRHETH 5. SumaFHE
LIWNHD 24 TIZHERTALEAE, KFROXS 57
Tu —F (k) 265 ZEXHEDITHA .

6. 2 EHEOEEZEIL

AFZE T - 7= FEBEREMRIL 1997410 H 2 5 2016 4
WHETEENTH D, 2011 Fddbh )5 A FEaem 2
(Mw 9.0) DFIHD T — 4 & —FHZ LTI L T d. L
22U, WAEH S K E-PE R % B2 B ARSIS OIe 15573
oLz M8 0 (BlZI1X, Yoshida et al., 2012),
SHIBOTF - 242 F L THHAT S Z L DRYMIZON
THET2REND 5. 72T, S A ErEh i
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B REMZADDX Y 2 @~DITBFRBIT Y INAL VN—2 3 VIR, F7iE 49 Y 2 DMEARL, 2O
DEDOIIT R ONEE T, B A v ¥ 2 OMRERMOEITIRT. (L) RKFIRTIH O REME & 95 % {5 HHIX
B (SRIRE O T REEY) . BMOBAII RSO E /R, IKEOEBIIANIZE K 12X 2 Sumadf. (K
T)RERICNTEIZAT 4 MO X NS4, ZZTIAT 4y MHZRERY» SEHE XL EAWIGH ML
REBBROT RO FHAOBOAETHS. (HT) S5%REMXBIEEFIIENILLsDOE 2 Mo T 4, W= AR
ROt

Fig. 11 Result of stress tensor inversion at four representative meshes (a through d). Crosses and purple circles represent the position of the
mesh and the epicenters of focal mechanism solutions, respectively. The result of each mesh is shown at the tip of the arrow. (Upper
panel) Principal stress axes with their 95% confidence regions are plotted on lower hemisphere stereonets. The number next to the
stereonets indicates the number of events used for the inversion. The gray line corresponds to the Sumax direction determined in the
present study. (Bottom-left panel) Misfit angle for the data with respect to the best stress tensor. Here, the misfit angle represents
the angle between the tangential traction predicted by the best solution and the observed slip direction on each plane determined
from the focal mechanism. (Bottom-right panel) Frequency of the stress ratio @, which belongs to the 95% confidence region. The
inverted triangle represents the stress ratio of the best solution.

DREFMEREBREINThOT -2 Xy F&1ED, HL

FIETIR NI~y 7H2EKL 72 (F12aX). WA TR
PHEEEN TS Ay Y 2% IR 5 L, WEAFHNNL
GG THBZ ENAlZ 5. FEptype & Stme ST HLD
EEMW>TAD L, RFEMEZEZRS g (G 12bX).
ZTDENPRKENA Y V2T L RTASE, T—4K
A5 S HEEREE DB G 2R E, WEOREL
Ay Y aNTRESTWAZ Exbro72. DFEDE12
XTH 5N 223011350 RBZLA B Tld 0. 1
NIRRT U T B BEHER 2 226 ) IS R B R B A Byerlee
Al (1=0.6-1.0) (Byerlee, 1978), MIFEKHEMHFIKETH D,
RE TR T WHRNS S B Wk (optimally oriented
faults) ECO Y —a VERERD 251 2RI TI0NTRS

ERITE R E XN TS (Bl Z1E, Townend, 2006). Z

DA, S 10 kmDZEIBJTILIEWEYE T 100 MPa% i
Z, BE$HIET150 MPa%x B 2, WS Tk 300 MPa
#H A 5. HALHT KRR 12 & 2 AR OIS
NZEACIZEAR L MPaLI T THh B 225 % 5 L (5IHIF
M, 2013), % &% BIBBEOBIN LA L &5 Z
I ZEREHTHA . KAy Y2 DIBIBIEORE %
EBOAZHICIETELRTT—ARLNIENEE LWL
728, AW TR HALH A KT E O %O 7 — &
EETED AR (B oalX) 2 ANk~ v T2 5.

6. 3 fDICAERERT T — 2 EDHLE

K TH OIS~ v 7 % OB E# 2R3
37— 2 LT 5 CEE13X) . 5 13l E e 1l
EIZ KBS EBSIZDOF 4 TERT. F—4 (KHAK
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Fig. 12 Stress map determined using data before (left) and after (right) the 2011 off the Pacific coast of Tohoku
earthquake. (b) Histogram of differences in fptype (left) and Sumax orientation (right) of the same mesh.

MRS Il 7 — 7, 1984 5 /NHIE A2, 1986 5 Tanaka,
1986 ; WH - 355, 1987 ; Tsukahara and Ikeda, 1987 ; 5 -
Wi, 1988 5 WhH - HKJH, 1990 5 Tsukahara ef al., 1996 ;
SARIZA, 1997 5 WUBEFET, 1998 5 /MHEA, 2003) i
PEETITR AT B AR A Y v 4 — OIS 3
7 — 4 X — Z (https://gbank.gsj.jp/crstress/, 2018 -8 H 10
HIER) IZEEh T30 TH 5. MEHEE T —BE
WO THIAR BT RREIIZE T %900 mD T — 4 4
& % 73 (Tsukahara ef al., 1996), £ 13aXlDk 2 &' F Al
RENDB X, IFEACEEEmZEOEME TS 5.
KFZEDIR T~ v 7 (513d X)) & EZ > TV B HHIED
F—2 T3, MEOHNEERIEISLT LIRS &

V. ZOREFIEHEE < OIS IERIIHE S H A B %
EFOBNEBTLERML TWANWI EERELTED,
JE AL IS ST E RS SR A Hs s )~ 7Sl A2 B BRI
BRABETH B, 55130 KIOFRANL, B $2101E 5,
1997) 7 5 HEE & N B Suma T B TR T, KIFZDIB S
vy TEEE S TORHEADE L, SEBERIZIE- &
DLZEWV. LaL, MENRETIHEE E TEAHYD
TAEH L Cohang, F13bRICiciish s 27 —
LOEHEZED T Z L BREETH A 5. WD
HHEE XN BB HMIEHEE T — & IR+ 53 RIS OIS
NERAEMD S FTEETHL 2056, 5, il
TOHFFIEFEAE R THRE L TS DERDH B, Fl13c
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13X AMEDIBI~ v T DG HEREZTRE T2 57— 2 LD (a) FAVEIGRESR (MRS 5T — 2 X— 2,
https://gbank.gsj.jp/crstress/) . SREIGI AL I N TV EWT — 2 DIFA, HE % 2,600 kg/m’ & IRFE L CHITERE OB
DIEAEE L, KEHEDIESEE D KR/NERD» SIETED & 4 TAHEFE L. K RECEEREDOL X 2T L %RT.
(b) ¥WEFEHh AZIE A, 1997) 2 SHETE U 72 Shma T, (¢) GNSSIZ & 0 HEE X N7z AKETE A5 (B 4 PEfE, 2011). JE
UEIAR)IZ 1999451 H1 H~ 199941 H 15 H, 2200041 A1 H~ 200041 H 15 H. (d) A2, SHox L Hi
D, WIEO %A TIUHKLE LU CSuma T AR T EHUCEE T TS, fptypeDFZMERZEA 03 2 EATH D, 11
DEATHRD SNENA Y ¥ 2 DS T AT BOEH TR

Fig. 13  Stress map determined in the present study and other stress indicators. (a) In-situ stress measurements. The data is from the Crustal
Stress Database (https:/gbank.gsj.jp/crstress/). For data for which vertical stress is not described, the overburden pressure at the
measurement depth was calculated assuming a density of 2,600 kg/m’, and the type of stress field was inferred from the magnitude
relationship with two horizontal stress values. A histogram of the measurement depth is shown in the top left. (b) Sumax orientation
inferred from active folds (Sugiyama et al., 1997). (c) Horizontal strain rate derived from continuous GNSS measurements
(Geospatial Information Authority of Japan, 2011). The reference period is from January 1 to January 15, 1999. The analyzed
period is from January 1 to January 15, 2000. (d) Stress map determined in the present study. Unlike Fig. 9, the line of Srmax
orientation is colored depending on the type of faulting. Black lines show the Sumax orientation of the mesh at which the standard
deviation of fptype exceeds 0.3.
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KIEGNSSIZ & 0 #EidE X 7= AKCEE A HE &R (E L
HBE, 2011). B RWE B OB O D LR & %
ATHERLZRTH S Z b, ZORITEHEFDOAKT
ERBE L Wb, ERHE ORI &SmO %
W5 &, fimvEnZs 5300, FEXE» M
Jlith, AR FY CRETI O ISR S RS B,
SR aEmE L YT S. F72, KERRFRICE
WCHIRE A BT 2R E IR~ v T LA TS
3. 01V y TTRENDZILT L HWREE T — 4 2 5
EXINDEARE I T 2R 2 7 — L OB R % KL
T30 LE—3T 5 LEITM A (Wang, 2000 ;
Townend and Zoback, 2006), AFEHAHIRIZIE - TIZIEW
HiPHCHOMARL TR, I8~y 7ORAEOIEN
BiafeEd 5 ETHEEAERICADF/LIEELONS

6. 4 FITHRDIEH~Y Y T EDILE

BL4KNIAMETH O Wz I~ v 7 & BITI%IC
K B8 )1~ v 7 (Townend and Zoback, 2006; Terakawa and
Matsu'ura, 2010 ; Yukutake et al., 2015) L 724 DT
b3, MEBIZIBHGOAHENSBRE LD THH2DIC
SWVA, —fHk 4R %, KRN SREITHNNTH
5. 7, —RUTHE» R XD, IBSIGDRM 5/
BEIIARIIZE A —F @, Zhid, NS aZom %
o722 & CREBBRO T — 4 M8 2 72 2 L ISR
5. Lh2L, ZEESHEIT EN->TIIRRELTT—4
DA 5 WIS DB WO RIS A > T b, —,
Terakawa and Matsu'ura (2010) D1~ v 7 (58 14b [X]) T
3ZD &S REABAR S ng, LIBT3 %2
RIS S 2ICZL T 5 S WS gt 2 5- 2 s 15
AHELTWA72OTHD, T— AWML VGO
WBHIGEHALIZHEI A TIN5 THSE. LarL,
AWFDFER» S R ENB K512, WG s Iz
MZENT2HAE DD, ZOFRENEIZRD IO T
I3y, —fl #2155 &, Terakawa and Matsu'ura (2010)
TIET — 2 2L HOFIRIEALE 2 & 15 5 I 058 0 Mk
122 TOIS I35 % LM QMW S L HEE L T\ 5
2, ZOHIEIIRATRICIEWES Th 5 2 L S 2
7 > CH D (Imanishi et al., 2012), BELFFT 3 ER
Lo Tw5, 20k, HMIZFLOISIE#RE N
L TEAREMD TIWTEWEERH 5 Z L ICHER
THERENDB.

6. 5 HYy7OMEFE - HERYIEFRIER

RBICAMETH NI~y 7O ER SR
Z3DOHD B, T OHUEER - REERYIBLE R R %
kA%,

6. 5.1 XKNSHFIELEHOIEHEK
FIF[E CIS JIRRE 12 SR & T 2 g s I IX

(Zoback and Zoback, 1980) &FFIEN 5. $5AK (1989) 1224
REDRR S Mz 7 — & 5 6 B b A 13 A D6 JI X IZ X
HENBZEERELTWEDR, KifETRIEH~ Yy 7
D2 RN LR 5722 8T, X612 DIEHIXIC
XA HETH 5. EEIIBHIX 28T 512 3 B s
R RGE, HMEBEIOREA L S &0 THEICHRETL
TV RERHD, KiGXOHWEBALSDT, ZZ
T Fkm2 7 — L OFNEL EIZIROIE T (78 &
VPR EINTNBEEVIFRICHDTEL. ZD
ko Tvy ZIROMED L <I1Z, HARUWIEKEO MR
W & THREPEHEN I S OBR & h 7z Z iR
T2LEL6NS. F8A0989) IZBNKX (T y )
DRI HERERP W E S A H T 256086 5 2
LAERLTWS, F1SXO SIS
MAERL TH 0 (HFIEA, 2000 5 HAMES, 2008),
I I RE AR (P LG AR D — ) LR R34
W, SRRSO L &, B0 a%E
L BB L T, 20 &5 AHUESRIZ IR
BEREHSEAEL TH D, 2 ZOEEWIEIFEME Bk 5
TWB728%, FHEB» &b - 7B JIH 2 Z % B
AEART, WHMAEERL 72 & PR NS (Fl 21T,
Zang and Stephansson, 2010). HlEUREE K7 R0 1% W g A3 4%
FTLEWHRERICE > TOWAEWERR 555, Zhid
Wi kgt & R OB BYEDZEN S Wz d Lh
o, —f, WEEERPWENE & RE S hTusng
P I XA OGS S BERHTE 24, ZThoo
BT I AARTE W R 0 MBI D BHEE e AN — B EAE L T
WEO2E LTsn, WIS K, S KM
FBIROTa v s o ENATED, ThonEnE
HoTVBRTHA A=V NS, JGHXERTOME
VA2 TEBELEMERETHD, Z0DIZETey s
RO EB ORI A ARAIRTH 5. —AILGNSSD
BUHLSEE TIRA S TG WA, InSAR%E FIW =itk %
T % Z &1 & 0 v MxhEB) 23 8 T % % mTaetE
L ENTH Y (21X, Takada, 2018), SHOWED
EEAHEENS.

6.5.2 FEFELSERIUM HARICEAITTO
Stmax 7 LD [ElER

FEISKIORITRT & 5 ISP EES & B L, 5
ARIFAZ A T Suma AL ARG D IZ K 2 R R 5
5. 6 3HITHNARZ LS ITAKFEEREE O S
[\ CA#EA 2. Z OFREIC O W TP E B O AR
NOMWEAEZRE L =R RIC K O R TcE 5 2 &
Nbhr->TED, FHEIAZEHIEML — NMIFERE
DOFIRETT 4 )V Y EVIRT L —  OIE SR % A
WTED, Z2IZHh 5N 5I2H - TREHIRIZIEN 5 T
< (A%, 1998 ;5 Hashimoto and Matsu'ura, 2006 5 5 - %5,
2011). 7L — FOREFIC KD ER SN B EBO T 2 b
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(@) Townend and Zoback (2006) (b) Terakawa and Matsu’ura (2010)
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Fig. 14  Stress map determined in the present study and those of previous studies. (a) Townend and Zoback (2006), (b)
Terakawa and Matsu'ura (2010), (¢) Yukutake et al. (2015), and (d) the present study.
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Fig. 15

AR (B 2L, HAMESZ, 2008 5 HIEKIEA,
D H AL T i 355 203 s RS % WIS & TR T

ed lines show principal geological tectonic lines (e.g.
, 2000), and arrows show the clockwise rotation of

Shumax. The area bounded by the red line is the area in which the normal faulting stress field dominates.

=y B EAMIZIZ T L — FERMENRET S &
kx5 728, BHMIZISIGEANDFGII/N N nE
EZboNb. ZTHICH L THEEEOMEET I & Z 100
TR BT oML TH D, ZOHIKOBAEDIEN
LT 3 BRI E->TWBEEZENRD.

6. 5. 3 XFHEAFBICHTBEWES

370 H ORI 15 XD AR TH F N7z K- HER R
2B 2 EWMBGEOTETH 5. EigT 7 b =2 2
BT INZEFIENFEH TIERESEA R 5 5 038
. KPR R CIEW 5 2 54 5 EAIZ D n»
TIEWL D2 EZL S5 D. Umeda et al. (2015) IZKIKIEL
JLETMTHE#FME L, R AHEBRHHOE T (20 km
D) KR A S AE T2 Z L 2L I L. %2
ZIZRRAEDBE S FAEL TV B LHEEI NS D, Z DM
R, X EEMEL £5. ZO LD HIKEEIKA
RREBICTAET 2 &, Bk Z2ols EFL XS
LU, MERMTEIZBENL L ZIEWES AR IS Z &
127 % (Levandowski et al. (2017) DFig. 3c& ). F 7z,

Imanishi ef al. (2011) {EFEMIA & KFEHET L — MZEh >
THERE U 72 23 M6 Wi g 3 IE W R 35 D2 3 54 5 £ 7
NERBRELTWS. ZOSEWEBRERBTR) 42
T2 T, AR LiEthE e ER 24T, RfEL
LZ-IEW Gk ehs Zicks. L, HI15K
DFHETH - 725 NHIZ b 72 > THGREER IS HRA R £
ABALTNB EFHE AL L, £ 7257 A3 K H A
AL TnwaedEZICS WD, ho2oid, &
B oL WS LRI IERESE#ED T A =X 4
EEZOND. KD IEWES EED 2 =
XL ELTT V= F OIRAABISE S Mk EEEORITIG
H7»#E % 5N 5. Fukahata and Matsu'ura (2016) 12K 5 &,
ZOMFIBENE TV = FEROBIRICEL KL, 7
L — b OB EZEINE L B BIEE GLAAAANE 2
2B 51FE)RELS &5, BUKTIZT v — I OifiERP1%
DENEHEIMTE DI EORE TEIRARE > Tk n
7= OB R & D HBIZ T E VA, IEWHEHICEWE
WaEfEO 2T E LTESEBRET LT L Miflid &
3.

— 290 —



B D RIS S~ T DR (5 41E2)

AR TIEIIMENRD 72 R BERER H 4 0 2712 A
T, [RET—ICAL A 2 0 7 RIENED T — 4 & 3 VIS
AL, BEF34554 XVt OFEEREREIE S © B o Mk
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Fig. A2 Stress map of northeastern Yamanashi Prefecture using focal mechanism solutions by Imanishi ef al. (2016).
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Fig. A3 Stress maps of the Japanese islands based on the earthquake catalog of Japan Meteorological

Agency at depths of (a) 0-25 km, (b) 25-50 km, (c) 50-75 km, and (d) 75-100 km.
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BRILMIC A 2L wmMa > TLy 7 AAKRI=Zy D)L U-Pb &K

BT - R OER? BELOHC

Kohei Tominaga, Hidetoshi Hara and Tetsuya Tokiwa (2019) Zircon U-Pb ages of the Kashiwagi Unit
of the accretionary complex in the Northern Chichibu Belt, Kanto Mountains, central Japan. Bull. Geol.
Surv. Japan, vol. 70 (3), p.299-314, 7 figs, 3 appendices.

Abstract: The Kashiwagi Unit is the youngest unit in the Northern Chichibu accretionary complex. In
this study, we measured zircon U-Pb ages from sandstone and felsic tuffaceous phyllite in the Kashiwagi
Unit to determine their depositional ages. As a result, we obtained depositional age of 128.2+1.4 Ma and
126.7+2.0 Ma from two sandstone samples and 134.2+1.5 Ma from a felsic tuffaceous phyllite sample.
The depositional age of this unit was previously estimated by radiolarian fossils from shale and siliceous
shale, presenting a wide range from the Middle Jurassic to Early Cretaceous. The zircon U-Pb ages from
the sandstones are assigned as the Early Cretaceous, presenting younger than the radiolarian age. Detrital
zircon U-Pb ages of sandstone suggest that the uppermost age of the ocean plate stratigraphy of the
Kashiwagi Unit is younger than the Barremian age.

Keywords: Northern Chichibu accretionary complex, Kashiwagi Unit, zircon U-Pb age, ocean plate

stratigraphy, Kanto Mountains
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Fig. 1 Geological map of the Kanto Mountains. Revised from Hisada et al. (2016).
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INZBAER 25388 6 91T % (Hirajima and Banno, 1989 ;
WA - TN, 1992). ZERAEROHE AR ZTTHWEH
BB, R R UBEERE TRCS, BIKET
BeAE & 5> Tns, MR =y M3AEE MR T ~
TV I ZAORTIIEREDE L=y b T, {LADFE
WidfTh b, ZORMFRELE RS ZV. ZO0iE
BHORRERDTHHIRD s h T 5 7.

3. EEH
KWFR IR, TSR, T, RO
ST, FIAZ=y b OB R OB TGS % 3
SEURHRILL 7= (5 11%) . PRI BRI k< 12 PG g
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a) 1weses0E =7 NP N

M =

—

\§§mm <
\L

Kashiwagi Unit
(Nishimikabo Unit)

—>z|

Early Cretaceous radiolarians
(Matsuoka, 2007)

. KashiwagiiUnit__
(Ha

g/idaira(Subunit)
{¥%§>

_KTO1
Kashiwagi Unit 7, ;

<> Sample location

2K Y v TUREGE SO EX. FEXIEE RO
HAIRIER (10 mA v ¥ 27 7 A ) &8, a: 7§
ARSRIL IR, b ATHIK, o TS K=y
b D534 S B L B AR 72 27 L — 77 (1994, 2002),
MERE (2013) % & &SRR,

Fig.2 The locality map of the samples. Base map was based on
digital elevation model data (10 m mesh) of the Geospatial
Information Authority of Japan. a: Mt. Nishimikabo area,
b: Hagidaira area, c: Mamba area. The distribution of each
unit is based on the Kanto Mountains Research Group
(1994, 2002), and Matsuoka (2013).

IHTER A OME RIS, s GURIKS01) 2 R L 72
(FB2Xa). ZoMukoMARL=y Mid, BEHLHF AT
Feo L —7°(1994, 2002) 12k D BICHEAHS & IKAGH
5 BRI AR =y b2 S X
hEFKS N7z, LhLABIERTIE, HmEiEr=y %

FARAIE A2 (1998) IZHED EMIR L= » + DPREE DLW
e LT . RpHE, WO BOHRRORLEY v
rCH 0 (E3Ka), T— FHRE, A%43.7%, E4
17.0%, KILFEF10.7%, HEREE R 0.7%, ZEHE 0 0.3%,
I 263%TH 5.

MOPHIR T, BB E AR OMERDIC TR A
%mmm%%mbkﬁmﬂw.$%ﬁ®ﬁﬁ1:vb&
F v — P ROHEEKE» O RBEYT 2=y b e, &
B, Fr—t, TREOEAGORBERAESE» K5
MY 7 2= M T 5 (R, 2013). ARk
BHIFES T 2= F OBETH D, TOREHOHEEH
A5 51XUAZ (unitary association zone) 14 ~ 18 1241244
B b 2 E LT B (BB, 2007). Zds, AR
(2007) TIZUAZ14 ~ 18 DFR A pi A HALD /YT v ¥
=7 V6L I TV E LTV 5 A, Baumgartner ef
al. (1995) IZED EIELK @Ry TV 7 VN EN S
X7 UHITH B, AWIZETIE, R (2007)I2k 5T
WG XN bR L, N7 T VRS NS
v =7 VHOFERERHT 5. RRBHIEIE 200
WRABTVFA FThD (GE3Xb), TDE— FHK
1, F959.0%, £A24.7%, KIAER 10.0%, HERUSH
1.3%, WH4T%TH 5.

T3 T S R DR O MR I FE 5 5 BEIKE
THeE GREIKTO1) 2 FREL 72 (552 [Xc) . Z DR idH
K=y b ORERN LIS L, A=y PORE
TETHEY EEH2I=y PO TFMIZT7 2 v 22 —1RIC
A LT B (BRI 70— 77, 1994) . REX
L 7zabehE, FrBEsgh < I8 U - REaie Bl THUE hick
EFNBEX10 cmDEFEIRETET, BEEZITTRR
T=F 4 ML T 5 GE4X). ST T, RMSEED
FEHPIZ100 ymFBE OO RS, BRARF2AEEN
Z00BE SN, AP KUEOW & Sd@igcE ik
WEE3Ke, d). %72 ZOBIKE TR IE, XRDAHIC
koT, %, B, 494 M aEoMLEm» sk,
WEES» SEB L TALARBAG L 2 BA TV
WZ L AR LU DIE&D, REBHIMREE O R
BRIREERFET 5 EEZONS. YL kiTI330
~ 100 nm'T, FAEROBAMMEE U THEE SIS,

4. BAFE

AR Y 3 =259 v v —RUIZZ VT INIZT
B L, &2 W I2H ) T#65 (212 nm) LT OR 75 5 #&
% i & 200 ~ 300 gHEfi L 7=, Z Ok & A iz &
DYLA Y EEODEEME LT, ZTO%ICHENIEH
WS S A B B 72, X SICEHG AL DL
aIVRTEMLLE YLavRTIE, e Yy — b
DAL, X4 VEY P LT, EERmRE
WIFEAr D H Y — FIL I 2y & v Z(CL) & (Gatan Mini
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Plagioclase

200 pm

200 pm ‘

3 WAEKSOL (a), WEKS2 (b), BEKETHAEKTOL (c, d) DFHEHE. (2, b, DERE—T—, () FTH-7—
Fig. 3 Photomicrograph of sandstones KSO1 (a) and KS02 (b), and tuffaceous phyllite KTO1 (c, d). (a, b, d) cross polarized light,

(¢) parallel polarized light.

4l FRE TS (KT01) OFFFHEH.
Fig. 4 Photograph of outcrop of tuffaceous phyllite (KT01).

CL) % 5 L 72 L &V E T 5 EE JEOL JSM-6610LV) T
BE AT, KAE TR ECLB AR L 72 (5 X).

A BRSO 1 & UM KB T A0S AR TO 1 0 4 A
TE L4 R R R BB E T AR DOICP-MS (Agilent

7700x) KL —H — 3 2 F 4 (ESI Nd-YAG, A = 312 nm)
ERAWTUT - 2. AR O T — 2 OIS HE
(2015) B OXTIE A (2015) 12 L 7= A3 5 7=, 3Tl L —
BB & 117 Jem®, JWEE 10 Hz, R4 BERE % 10
B, 2L —4—1F%25pm& L7z RN OMIEIZ I,
—RAZ Y Z—=F &L TI500 YL v (FU-""PuéEmR
731062.4 & 0.4 Ma: Wiedenbeck et al., 2004) T A& AL L
72 HE4#E 7 5 ZNIST SRM610 (Horn and von Blanckenburg,
2007) & 7z FRERSR A 34 5 72912, 23k %
2L —FELTI500V LY FREFFCHIEL . %
DFERPUCPoE R O A B R 1X 1024 ~ 1087 MaTH D
MG (Wiedenbeck et al., 2004) * 5 4% LA 0§ #LIZIL
F 57z,

WEARKS02 D4 HT L, HEKFKF B R R
B A2 FEBRERE DICP-MS (F—E 7 4 v ¥ v —H A T
VT4 T 4w 748 ICAP-TQ ICP-MS) K TF L — ' —
Z 7 2 (Photon Machines Analyte Ecite, A =193 nm) % F
T o7 &ML, v—%—%E %30 J/em’, J&
Wk %5 Hz, MEGTRER A 2080, 2L — 4 —1%%25 um
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KS01-050
126.8+3.1 Ma

KS01-061
129.3+3.2 Ma

KS02-060
128.2+3.0 Ma

KS02-059
125.4+2.8 Ma

KT01-033
137.7+1.9 Ma

KT01-048
131.0+2.2 Ma

B5X DL vhTFOHY—FILIxy by 2GR
WO (KS02).

(a~d) PUAEfAT 821 L IR D b (KS01) .
(i~ HiGHIROHREEK S (KTO01).

KS01-024
135.9+2.5 Ma

KS01-083
1841+28 Ma

50 pm
KS02-041 20 um B
132.3+3.1 Ma —

KS02-019

1903457 Ma

KT01-007

147.4+2.3 Ma

(e~h) #F-Hh

Fig. 5 Cathodoluminescence images of selected zircon grains. (a—d) Sandstone in the Mt. Nishimikabo area (KS01).
(e~h) Sandstone in the Hagidaira area (KS02). (i-1) Tuff in the Mamba area (KTO01).

Ll —WAZ VA —FELTIE, 915000 L3 Y
(Wiedenbeck et al., 1995) Z N 7=, AR HIE &5 5 % B¢
i 37812, 2kRA &Y & — F&LT610 MaDGI-1
(Jackson et al., 2004), 337 Ma® Plesovice (Slama ef al.,
2008), M UF33 Ma®OD-3 (Iwano ef al., 2013) D 73 #r %
1572, Z ORRPUPOFEROZETEIL Z 7598
~ 614 Ma, 332~ 348 Ma, 31 ~32MaT&», \WTh
& SCHRME 2> 5 8% AN D F I E - 7=,

AWETIE, T—20BIIcaya—-g Y T —
BDOBEMNN, ava—g&y beT—20HBNZI3,

100 X CPUL"PoAAR) / CPUL"PHAE{R) D A190 ~ 110
OFFAIZINE B F -2 &AL, HOO LT VRTT
13 "Pb—"PbAEAR O T A X 23 U POAEAR D AN A X
% Fll3 728 (A 1E, Spencer et al., 2016), “*U-"Pb#-
RA31000 Ma%#Z % & DI, *"Pb"PoF-fAii % M L
72, F— & ORMTIZ 3 Isoplot/Ex 4.15 (Ludwig, 2012) %
W, ava-—7 4 7R, HEREERSMX, KOk A b
77 LEARRL 7 (FEeX). FRIEHREFRAL ~
AITRT. AMETIEOLT VHERICE T 2R EEW
25 2 & —DARIZDW T, Dickinson and Gehrels (2009)
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Fig. 6 Concordia diagrams (a, c, €) and probability density plots (red lines) and histograms (b, d, ) of zircons from sandstones KS01 (a, b)
and KS02 (c, d), and tufacceous phyllite KTO1 (e, f).
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DYClo#HRH L 7=, YClold, HREEL 1cDEPHTH
BHY 22 TUETHRENEZ25 24 -D5B, &
HWNY T A4 —DOFROMETETH 5. &, &K
TOHMRAET — 2 B LUVYClolb T 24134 Clo
AL 7.

5. )3l U-Pb F

5.1 FEEF#RLBEOBE GEHKS01)

AL 90K, 203 b6k avya—4
Vb EERBEEN(E6RE). 2D 5 H72%I1F125 ~
380 MaDEMRE/R L, 1700 ~ 2000 Ma®D WY P)L T U ok;
T % 28% 5T (FE6Xb). A HER 3 AR i & A
275 AR —13126 ~ 139 MalZfFfE L, ZhPIsHiz167 ~
191 Ma, 217 ~ 239 Ma, 251 ~ 267 MalZZ 5 A &4 —H\F
95, 72, KiFHZEEhomEFT VI LT VRIT
DOFRUE, 126831 MaTdh 5. YClold 5K+ 4 6 i
XN, ZOMEFESEIZ1282+14MaTH 5. HMIEFE
Pl 5 DEED T — 2 DIE 5D % &K TMSWD (Mean
square of weighted deviations) iZ, 0.15 & 28— 7z. 380 Madk
DEHEVY LT VRITIE, CLIETA Y I b Y —Rirkis
ERTEHBOR TR L, KBIRBIHEITEO nTREEA &
(Corfu et al., 2003) Z &£ &ERL TS (E5Ka~c). —1,
1700 MalAHf Ot WA 2R 3R I2i, BRLA Y 7
P —BRERREE RS AW L H B (H5Xd).

5. 2 FFEHIBORE (FHFKS02)

AL z60RiFrh, s2RiFA Ty a—& Y b RER
ER L7 (E6KC). ZD S5 B T73%AH 125 ~ 430 Mad 4.
RARL, 1800 Mak D WD LT VKT & 27%& 8 (G
6 Xd). FHXMERFIMAR TG G NI T AL —1F125
~138MaTd» Y, ZDOfhiZ168 ~ 187 Ma, 218 ~ 237
Ma, 252 ~281 MalZ 2 7 2 &% — W EfET 5. RdEHWL
UL VR TOENRIZ1254+28 MaTH B, YClok
KT 5YNavkiridoT2skD, ZOMETFHE
fR1£126.7 2.0 Ma (MSWD = 0.45) TH 5. 330 Mall
DFKRTDELBA Y T MY — RS % 1502 (5
Kle ~g), 1800 Mallii K134+ > J b ) — Sk
BRI BEWVIEAEN L0 (FE5Xn).

5. 3 FIGMIBOERKETHE GEFKT01)

gL z60ki T2tk b6y a—2 v b EFER
PRSI, FDETHII30 ~ 160 MaD AP IZIN
% (5FoKe, £). kT OMEFEHIFMRIL139.8+1.3 Ma
THD, MSWDIZ5.0 k-7 ABHCEEThb®
UL VR THERIZ131.0222 MaTH D, YClold
3RET- ONMNESEYE T 1342+ 1.5 Ma (MSWD = 0.112) 48
fBohiz. kb, ARFHITYCloZ G5 L 72 EIE S 6
FTHBT S, ZhoovnavkiFidtrss by —8
WSS KBS TE S (FESRi~1).

6. YJar U-PbERDEE

KT TR S N 2306 GURIKS01, KS02) D #%
JEYEY L a YUPMERBEE /3 A i, & 312125 ~ 140
Ma, 170 ~ 190 Ma, 220 ~ 240 Ma, 250 ~ 280 Ma, X
T*1700 ~ 2000 MadD 7 7 2 & —H#B® 5, IEHIZ X
L7k & R4 (B 6Xb, d). FBKS01 K UKS02 D
wEHEWIL T VRIFOERIZZE N ZH126.8+3.1 Ma,
1254+£28MaToh 0, FIAMLO/ L I 7V HICH
W43, 72, WHKS0I K UKS02DOYClold ZhZh
1282+ 1.4 Ma, 1267220 MaThDREF NI IV
KRR ERBRIZ Y 37 VSN T3, ZoZen
5, AHBOMAL= y F OBWEOHERBERIZ L I T
VDB TH B L ELZ OGNS, Bk, A=y DR
BB BRSO A 2R TR OB IZ Y
TITVHNONT VR T VHTH B, TabbWE
DOHERERITE S » 6 BT 2 iRt FRER LD
HOERERT CETIX).

FEKE TRCE R GRORE KTO1) 13, 4Tk 128130
~ 160 MaDFEREPHIZUN E 5 (FeXf). ARBORD
HoorayRFoFEREEEA#HLOr -7 )T
VHIZ, YClod/N s v ¥ =7 VIARIIICH YT 5 (557
X). &k OMEES#EIZ1398+13 Ma (R TV 7
VI~ X2 7 V) TH B, BIKETREDY L
I VAR 30 my. DJAWERIIEL 50 5, MSWD
50 KREVEERT. M2y 7Ly 2 2dHho
HEAFRKAEOPIZIIEERE LTHIERBL - 0N
T B Z RSN TS KFHEA, 1996 5 HiAIF
A, 2012). 7 2T, A CIREIKE T BOS Y EHE R
L7-hiT2a0 et ils 2, ZOFERBIRELTE
YClo# KM L7z, &Ko T, KBOHMFERIXYCloD
HFRTHEINT Vv F=T VBRI THEEEALONS.

DEDF—4szdiciika=y tOWHETL —
RO TEBRE 215 GE7X). fARk2=9y 1 D
F v — MIFL OB RCa 2 Py MR E
TN THD CNIZEA, 1980 5 $5H, 1992), #EETL —
FEFOTRIZANL AL E TS, F£/2F v — b
2HiE, BV 7RROBRERMEAEEME SN TED
(Hisada et al., 1986), #HY 2 S ETF v — b DHERY
DR L T2 LA RLTWS. BAEY» 5 IZBH L
FERICTHIAY 2 TR DIREHYLARBET L T 52
(48H, 1992), FHHRMIHTEIHIA~BRY 2 S KDk
AL A A (Sekine et al., 2001), #HK Tk TIZBMAY 2
5%~W%Eﬁﬁ@mﬁmmaﬁm%Lw%zmn
2009, 2013) WE XN T 5. KifZEIZ LD, BIKETHK
B 6N X7 VBRI méﬁéﬁﬁ# shz.
ZDY, tARkZ=y MIZA L EgNT v E=T YV
%%%t%mbtkmm#aihfné.ée_,@ﬁ
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Fig. 7 Summary of the zircon U-Pb ages and radiolarian ages in the Kashiwagi Unit.

Ma, 126.7+2.0 MaA\f8 5t 7z, WIE RO ILEBREAL
WOMARZ=y (A= M) DBEL2513131.2£3.8
Mal WO R EFH WY 7 2 4 —DOMEFHERRE LR
T\ 5 (Endo and Wallis, 2017). AW H#EHEIE, Endo
and Wallis (2017) DFER & D R RE WA RZEDFFHNT
—KT 5. ZhETARMBOMAL= v I DREEDH
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Z0 FRIFFHHAHELD N v X =7 VHITH 5 7.
B, WEREETL - MEFOR LA L TED,
Z OERTHIMERTOEREHFTEZ LB THTH 5.
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AHEHMERE, NI 7 VLTS 5 Z AL H IS
£o7z.
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1Al LA-ICP-MSTHIE U 7= Pufiifar g1 L IS O b GRURKS01) DU-POIAINLfAT — . 7 — & DFFFTIZIZKF TR L 2R
% H\\72. *I13YClo (Dickinson and Gehrels, 2009) IZEH & N7z T — X &9, mEI3 loDE AR L 7.

Table A1 LA-ICP-MS U-Pb isotopic data for sandstone (KS01) in the Mt. Nishimikabo area. Age data used for the analysis are indicated
by boldface. The asterisks indicate the data adopted for YC1o (Dickinson and Gehrels, 2009). All errors are quoted as 1c.

Sample No. 27pp Ay 26pp iy 207pp2%ph 23U-2pp age Ma)  ***U-"""Pb age (Ma) *"’Pb—*"°Pb age (Ma) Th/U Remarks
KS01-001 48334 £ 0.1099 03200 + 0.0036 0.1095 + 0.0022 1790.7 + 40.7 1789.8 = 20.4 1792 + 35 0.59

KS01-002 0.7827 + 0.0142 0.0544 + 0.0006 0.1044 + 0.0016 5870 + 10.6 3414 = 3.5 1704 + 26 022 Discordant
KS01-003 50086 + 0.1176 0.3337 + 0.0039 0.1088 + 0.0022 18207 + 42.8 18565 + 21.5 1781 = 36 0.85

KS01-004 0.1969 + 0.0057 0.0283 + 0.0003 0.0505 + 0.0014 1825 + 53 1798 = 2.0 218 + 6 0.16

KS01-005 04233 + 0.0183 0.0531 + 0.0007 0.0578 + 0.0024 3584 + 155 3337 & 45 522 + 22 0.24

KS01-006 02894 + 0.0166 0.0399 + 0.0006 0.0526 + 0.0029 258.1 + 1438 2524 + 3.9 310 + 17 0.65

KS01-007 0.1965 + 0.0080 0.0278 + 0.0004 0.0513 + 0.0020 1822 + 75 176.7 = 2.2 255 + 10 0.36

KS01-008 03028 + 0.0165 0.0413 + 0.0006 0.0532 + 0.0028 268.6 + 14.7 2607 + 3.9 339 + 18 0.72

KS01-009 0.1657 + 0.0176 0.0226 + 0.0005 0.0531 £ 0.0055 1557 + 165 1442 + 35 335 + 35 0.81

KS01-010 02541 + 0.0112 0.0356 = 0.0005 0.0517 + 0.0022 2299 + 10.1 2256 + 32 275 + 11 0.84

KS01-011 51535 + 0.0907 0.3309 + 0.0039 0.1130 + 0.0015 18449 + 325 18427 + 21.9 1848 = 24 0.27

KS01-012 04534 + 0.0138 0.0593 + 0.0008 0.0554 + 0.0015 379.6 + 115 3716 = 4.7 430 + 12 035

KS01-013 02176 + 0.0123 0.0416 + 0.0006 0.0380 + 0.0021 199.9 + 113 2624 = 4.0 No data 0.59  Discordant
KS01-014 0.1524 + 0.0181 0.0213 + 0.0006 0.0518 + 0.0060 1440 + 17.1 1361 = 3.6 277 + 32 0.88

KS01-015 03070 + 0.0082 0.0414 = 0.0005 0.0538 + 0.0013 2719 + 73 2613 + 3.2 365 + 9 0.48

KS01-016 0.1245 + 0.0154 0.0212 + 0.0005 0.0426 + 0.0051 1190 + 147 1352 = 34 No data 1.06  Discordant
KS01-017 03124 + 0.0336 0.0451 + 0.0011 0.0503 + 0.0053 2761 + 297 2843 = 7.0 207 + 22 036 Rejected data
KS01-018 02157 + 0.0160 0.0300 + 0.0006 0.0522 + 0.0037 1984 + 147 1904 = 3.7 205 + 21 0.57

KS01-019 02506 + 0.0067 0.0355 + 0.0005 0.0511 + 0.0012 2271 + 60 2252 + 3.0 247 + 6 0.69

KS01-020 49978 + 0.1308 03289 + 0.0046 0.1102 = 0.0024 18189 + 476 1833.0 + 257 1803 = 40 0.74

KS01-021 03761 + 0.0132 0.0511 + 0.0007 0.0533 + 0.0017 3242 & 114 3215 + 4.6 344 = 11 0.20

KS01-022 03344 + 0.0161 0.0423 + 0.0007 0.0574 + 0.0026 2929 + 14.1 2668 + 4.3 507 + 23 0.48

KS01-023 0.6944 + 0.0276 0.0377 + 0.0006 0.1337 + 0.0048 5354 + 213 2383 + 41 2148 = 77 0.58  Discordant
KS01-024 0.1450 + 0.0095 0.0213 + 0.0004 0.0494 + 0.0031 1375 = 9.0 1359 + 25 167 + 11 0.38

KS01-025 02531 + 0.0169 0.0351 = 0.0007 0.0523 + 0.0033 2201 + 153 2225 + 42 298 + 19 0.27

KS01-026 02689 + 0.0098 0.0353 = 0.0005 0.0552 + 0.0018 2418 + 88 2238 + 32 01 + 14 0.15

KS01-027 02451 + 0.0106 0.0343 + 0.0005 0.0519 + 0.0021 2226 + 96 2172 + 33 281 + 11 0.44

KS01-028 0.1417 + 0.0057 0.0209 + 0.0003 0.0492 = 0.0018 1345 + 54 1332 + 1.8 158 + 6 0.77

KS01-029 02542 + 0.0151 0.0359 + 0.0006 0.0514 + 0.0029 2300 + 13.7 2273 + 3.8 258 + 15 0.41

KS01-030 0.1918 + 0.0110 0.0267 + 0.0004 0.0522 + 0.0029 1782 + 102 169.7 + 2.8 293+ 16 0.47

KS01-031 37830 + 0.0891 02541 + 0.0032 0.1080 + 0.0022 1580.1 + 374 14597 + 184 1766 + 35 0.96

KS01-032 0.2549 + 0.0463 0.0309 + 0.0013 0.0598 + 0.0106 2305 + 41.8 1961 + 8.2 599 + 106 0.50  Discordant
KS01-033 29364 + 0.0578 0.0518 + 0.0007 0.4108 = 0.0061 13913 + 274 3258 = 42 3950 + 59 0.45  Discordant
KS01-034 53026 + 0.1012 0.3302 £ 0.0039 0.1165 + 0.0017 1869.2 + 35.7 18394 + 21.9 1903 =+ 28 0.09

KS01-035 0.1877 + 0.0111 0.0274 + 0.0005 0.0496 + 0.0028 1747 + 104 1745 + 2.9 177 + 10 0.35

KS01-036 02753 + 0.0094 0.0376 £ 0.0005 0.0531 + 0.0017 2469 + 8.4 2378 + 3.1 335 + 11 0.43

KS01-037 0.1637 + 0.0135 0.0199 + 0.0004 0.0597 + 0.0048 153.9 + 12.7 1268 + 2.6 595 & 47 0.95  Discordant
KS01-038 0.1378 + 0.0161 0.0202 + 0.0005 0.0496 + 0.0057 1311 + 154 1287 = 3.1 175 + 20 1.04 *
KS01-039 0.2391 + 0.0188 0.0298 + 0.0006 0.0583 + 0.0044 2177 + 17.2 189.1 = 3.7 540 + 41 0.61  Discordant
KS01-040 0.1895 + 0.0294 0.0211 + 0.0007 0.0650 + 0.0098 1762 + 27.3 1348 = 4.6 775+ 117 1.09  Discordant
KS01-041 3.6860 + 0.1258 0.0275 + 0.0005 0.9725 + 0.0270 15683 + 33.5 174.8 + 3.5 4597 + 127 0.62  Discordant
KS01-042 54936 + 0.1063 0.3442 = 0.0035 0.1157 + 0.0019 1899.5 + 36.8 1907.1 + 193 1892 = 31 0.34

KS01-043 0.2373 + 0.0145 0.0305 + 0.0005 0.0563 + 0.0033 2162 + 132 1940 = 3.1 466 + 28 0.72  Discordant
KS01-044 0.9823 + 0.0417 0.0786 = 0.0011 0.0907 + 0.0036 6948 + 29.5 4876 = 7.0 1440 + 57 0.37  Discordant
KS01-045 52739 + 0.1056 0.3385 £ 0.0035 0.1130 + 0.0019 1864.6 + 37.4 1879.6 = 19.2 1849 + 32 0.41
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Table A1 Continued.

.

Sample No. 27pb/y 26pp/28y 27pb/**°Pb P5y-2"pbage Ma)  Z*U-""Pbage Ma) *“Pb->"°Pb age Ma) Th/U Remarks
KS01-046 0.1622 + 0.0141 0.0212 + 0.0004 0.0554 + 0.0047 1526 + 133 1354 + 2.8 431 + 36 0.90  Discordant
KS01-047 0.1273 + 0.0187 0.0203 + 0.0006 0.0455 + 0.0065 1217 + 179 129.6 = 3.9 No data 0.69 *
KS01-048 43369 + 0.0762 02778 + 0.0026 0.1132 + 0.0017 17003 + 29.9 15804 + 15.0 1852 = 27 0.34

KS01-049 3.6953 + 0.0512 0.2365 + 0.0021 0.1133 = 0.0012 1570.3 + 21.8 13684 + 12.1 1854 = 20 0.63  Discordant
KS01-050 01222 + 0.0143 0.0199 + 0.0005 0.0446 + 0.0051 7.1 + 137 1268 + 3.1 No data 0.97 *
KS01-051 55253 + 0.0891 0.3587 + 0.0033 0.1117 + 0.0015 19045 + 30.7 19759 + 182 1828 = 24 0.29

KS01-052 02716 + 0.0132 0.0362 + 0.0005 0.0545 + 0.0025 2439 £ 119 2290 + 3.1 391 18 0.48

KS01-053 02004 + 0.0138 0.0280 + 0.0005 0.0503 + 0.0034 1855 + 1238 1837 + 3.1 209 + 14 0.39

KS01-054 54273 + 0.1009 03483 = 0.0034 0.1130 + 0.0018 1889.1 + 35.1 19263 + 18.6 1849 = 29 0.21

KS01-055 04211 + 0.0267 0.0211 + 0.0005 0.1446 + 0.0085 3568 + 22.6 1347 = 3.2 2283 + 134 0.99  Discordant
KS01-056 0.7979 + 0.0310 0.0383 + 0.0006 0.1511 + 0.0053 5956 + 23.1 2422 = 41 2359 + 83 048  Discordant
KS01-057 0.1472 = 0.0111 0.0200 + 0.0004 0.0535 + 0.0039 1394 + 106 1274 = 26 351 + 26 0.69 *
KS01-058 0.1917 + 0.0088 0.0263 + 0.0004 0.0529 + 0.0023 1781 + 82 1673 + 2.5 324 =+ 14 0.14

KS01-059 02711 + 0.0278 0.0334 + 0.0009 0.0589 + 0.0058 2436 + 25.0 2117 = 55 563 + 56 0.74  Discordant
KS01-060 03061 + 0.0236 0.0412 + 0.0008 0.0539 + 0.0040 2712 £ 209 260.1 + 5.3 369 + 27 0.67

KS01-061 0.1393 + 0.0144 0.0203 + 0.0005 0.0499 + 0.0050 1324 + 137 1293 + 32 189 + 19 1.07 *
KS01-062 0.1557 + 0.0183 0.0238 + 0.0006 0.0475 + 0.0054 1469 =+ 173 1515 = 4.1 74+ 8 0.64

KS01-063 02523 + 0.0123 0.0371 + 0.0006 0.0493 + 0.0023 2284 + 111 2351 + 3.6 161 + 7 0.17

KS01-064 02801 + 0.0304 0.0398 + 0.0010 0.0510 + 0.0054 2507 + 272 2516 + 6.3 243+ 26 0.48

KS01-065 0.2513 = 0.0168 0.0310 + 0.0006 0.0587 + 0.0038 2277 £ 152 1971 %+ 3.5 557 + 36 0.77  Discordant
KS01-066 0.1533 + 00118 0.0197 + 0.0004 0.0565 + 0.0042 144.8 + 112 1256 + 2.5 474 + 35 0.77  Discordant
KS01-067 0.1555 + 0.0164 0.0209 + 0.0005 0.0540 + 0.0055 1467 + 154 1331 = 33 373+ 38 1.17

KS01-068 02368 + 0.0121 0.0323 + 0.0005 0.0531 + 0.0026 2158 £ 11.0 2051 + 3.0 335 = 16 0.69

KS01-069 0.1167 + 0.0102 0.0198 + 0.0004 0.0427 + 0.0036 1121 + 98 1266 + 2.5 No data 0.60  Discordant
KS01-070 0.1897 + 0.0117 0.0219 + 0.0004 0.0628 + 0.0037 1763 + 108 139.7 + 24 702 + 41 107 Discordant
KS01-071 0.2076 + 0.0083 0.0260 + 0.0003 0.0580 + 0.0022 1916 + 7.6 1653 = 2.1 529 & 20 044  Discordant
KS01-072 54482 + 0.1514 03336 + 0.0041 0.1185 + 0.0030 18924 + 52.6 1855.6 + 22.9 1934 + 48 0.86

KS01-073 0.3992 = 0.0264 0.0340 + 0.0006 0.0853 + 0.0054 3410 + 225 2153 = 41 1322 + 84 0.94  Discordant
KS01-074 02414 + 0.0191 0.0365 + 0.0007 0.0480 + 0.0037 2196 + 174 2308 + 4.1 102 + 8 0.68

KS01-075 0.1558 + 0.0062 0.0218 + 0.0002 0.0519 + 0.0020 1470 =+ 59 1389 = 1.6 280 + 11 0.46

KS01-076 0.6617 + 0.0463 0.0398 + 0.0009 0.1205 + 0.0080 5157 + 361 2517 £ 5.7 1964 = 130 0.92  Discordant
KS01-077 03302 + 0.0155 0.0469 + 0.0006 0.0510 + 0.0023 2897 + 13.6 2957 + 3.7 242+ 11 0.24

KS01-078 57830 + 0.1090 03579 + 0.0032 0.1172 + 0.0019 19438 + 36.6 19723 + 179 1914 = 32 0.20

KS01-079 0.1723 + 0.0064 0.0255 + 0.0003 0.0489 + 0.0017 1614 + 60 1626 = 1.7 144 £ 5 0.76

KS01-080 42689 + 0.0752 02714 + 0.0024 0.1141 + 0.0017 1687.3 + 29.7 1547.9 + 13.6 1866 + 29 0.03

KS01-081 02557 + 0.0188 0.0377 + 0.0006 0.0491 + 0.0035 2312 + 170 2388 + 4.1 154 + 11 0.47

KS01-082 0.1952 + 0.0122 0.0287 + 0.0005 0.0493 + 0.0029 181.0 + 113 1826 + 34 162 = 10 0.60

KS01-083 46810 + 0.0980 03018 + 0.0043 0.1125 + 0.0017 1763.8 + 369 1700.0 + 245 1841 = 28 0.17

KS01-084 03227 + 0.0226 0.0365 + 0.0008 0.0641 + 0.0043 2840 + 199 211 £ 49 746 + 50 0.34  Discordant
KS01-085 13924 + 0.0438 0.0243 + 0.0005 0.4152 + 0.0106 885.7 + 27.9 1549 = 2.9 3966 + 101 0.51  Discordant
KS01-086 0.1365 + 0.0063 0.0215 + 0.0004 0.0460 + 0.0020 1299 + 6.0 1371 + 23 No data 0.52

KS01-087 51332 + 0.1152 03365 + 0.0049 0.1106 + 0.0019 18415 + 413 1869.8 + 273 1810 = 31 0.27

KS01-088 55391 + 0.1214 03491 + 0.0051 0.1151 + 0.0019 1906.6 + 41.8 19303 + 28.1 1882 = 31 0.18

KS01-089 02431 + 0.0118 0.0338 + 0.0006 00522 + 0.0024 2210 + 107 2140 = 3.7 29 + 13 0.63  Rejected data
KS01-090 0.2747 + 0.0164 0.0216 + 0.0005 0.0924 + 0.0052 2465 + 14.7 1375 + 2.9 1476 + 82 0.91  Discordant
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Table A2 LA-ICP-MS U-Pb isotopic data for sandstone (KS02) in the Hagidaira area. Age data used for the analysis are indicated by
boldface. The asterisks indicate the data adopted for YClo (Dickinson and Gehrels, 2009). All errors are quoted as 1c.

Sample No. 27pp/Py 2%pp/2iy 27pb/*"Ph 3U-2""pp age (Ma) 2**U-"""Pb age (Ma)*"’Pb—>"°Pb age (Ma) Th/U  Remarks
KS02-001 02328 + 0.0148  0.0347 = 0.0005  0.0487 + 0.0029 2125 = 148  219.6 + 3.1 133 = 139 0.61
KS02-002 02764 + 0.0119  0.0372 = 0.0004  0.0539 + 0.0023  247.8 = 119 2352 * 2.5 368 + 94 0.14
KS02-003  0.1901 = 0.0084  0.0272 + 0.0003  0.0507 + 0.0022  176.7 + 8.5 173.0 + 1.9 225 + 102 0.42
KS02-004  0.1644 = 0.0134 0.0286 + 0.0005 0.0416 + 0.0032 1546 + 134  182.0 + 3.0 =248 + 194 091 Discordant
KS02-005 52451 + 0.1469 03365 = 0.0026  0.1130 = 0.0033 1860.0 + 130.8 1870.0 = 17.0 1848 + 53 0.05
KS02-006  4.8396 = 0.1812 03115 = 0.0027  0.1127 = 0.0034 1791.8 = 157.0 1747.9 = 173 1843 + 55 0.44
KS02-007 02677 + 0.0160  0.0374 = 0.0005 0.0519 = 0.0029 2408 = 160 2368 = 3.2 280 + 127 0.4l
KS02-008  0.5442 = 0.0229  0.0687 = 0.0007  0.0574 + 0.0022 4412 + 227 4285 * 4.4 507 + 85 0.07
KS02-009  5.8475 = 0.1887 03379 + 0.0028  0.1255 * 0.0037 1953.5 + 162.5 18764 + 17.8 2036 + 52 0.05
KS02-010  5.1371 = 0.1993 03234 + 0.0028 0.1151 * 0.0035 18423 = 170.3 1806.5 + 18.2 1882 + 55 0.36
KS02-011  0.1723 = 0.0214  0.0203 + 0.0006 0.0616 = 0.007]  161.4 + 21.2  129.5 + 3.7 659 + 248  0.89 Discordant
KS02-012  0.1968 = 0.0069  0.0292 = 0.0003  0.0489 + 0.0018 1824 = 7.0 1853 = 1.7 144 + 86 0.20
KS02-013 02080 + 0.0095  0.0293 = 0.0003  0.0515 + 0.0023  191.8 = 9.6 1859 + 2.1 265 + 103 0.45
KS02-014 02038 + 0.0164  0.0285 = 0.0005  0.0518 + 0.0039 1883 = 163 1811 + 3.2 279 + 171 045
KS02-015  0.2857 = 0.0191  0.0418 = 0.0006 0.0496 + 0.0030  255.1 = 19.0  264.0 + 3.8 174 + 141 039
KS02-016 02015 = 0.0132  0.0306 + 0.0004  0.0478 + 0.0030 1864 = 133 1942 + 2.8 87 + 147 052
KS02-017  0.1521 + 0.0116  0.0216 + 0.0004  0.0511 + 00037 1438 = 11.7  137.7 + 2.3 244 = 168 0.67
KS02-018  0.2880 + 0.0269  0.0444 = 0.0008  0.0470 + 0.0039  257.0 = 26.6 2803 + 5.3 48 = 197 036
KS02-019 47681 = 02101  0.2968 = 0.0028  0.1165 = 0.0037 17793 = 178.1 16753 = 17.7 1903 = 57 0.57
KS02-020  0.2387 = 0.0099  0.0345 + 0.0003  0.0502 + 0.0021 2173 + 100 2185 = 2.2 203 + 95 0.33
KS02-021 03155 = 0.0376  0.0437 = 0.0011  0.0523 = 0.0053 2784 = 368  276.0 = 7.3 208 + 231 047
KS02-022  0.1980 = 0.0148  0.0294 = 0.0006  0.0489 + 0.0033 1834 = 149  186.5 * 3.6 143 £ 159 057
KS02-023 53190 = 0.1727 03369 = 0.0043  0.1145 = 0.0017 1871.9 = 150.6 1871.8 = 27.4 1871 = 26 0.48
KS02-024 51782 + 0.1408 03214 = 0.0040  0.1168 + 0.0015 1849.0 + 126.0 1796.6 * 25.7 1908 + 24 0.17
KS02-025  0.1836 = 0.0056  0.0277 + 0.0004  0.0480 + 0.0013  171.1 + 5.6 1764 + 2.4 98 + 65 0.43
KS02-026 02531 + 0.0144  0.0350 = 0.0006 0.0524 = 0.0026  229.1 + 144  221.8 * 3.7 305 + 114 059
KS02-027 57061 + 0.1144 03547 + 0.0043  0.1167 + 0.0013 19323 + 1046 1956.8 + 27.7 1906 + 20 0.29
KS02-028 53990 + 0.1134 03379 = 0.0041  0.1158 + 0.0013 18847 = 103.8 1876.5 + 26.5 1893 + 21 0.29
KS02-029  5.0670 + 0.1693 03229 + 0.0041  0.1138 + 0.0017 1830.6 = 148.1 1803.8 + 26.4 1861 + 27 0.37
KS02-030  5.2332 + 0.1830 03329 = 0.0043  0.1140 + 0.0017 1858.0 + 158.3 18523 = 27.4 1864 = 28 0.64
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Table A2 Continued.

Sample No. 27pp/Py 26pp/ 2y 27pb/*"Pp #3U-2"pp age (Ma) **U-""°Pb age (Ma)*”’Pb—""°Pb age (Ma) Th/U  Remarks
KS02-031 03175 + 0.0282  0.0419 = 0.0009  0.0550 =+ 0.0042 280.0 = 279 2644 + 5.7 411 = 169  0.52

KS02-032 21755 + 0.0733  0.1523 + 0.0020 0.1036 0.0020 11733 + 694  914.0 129 1689 = 35 0.18 Discordant
KS02-033  0.2938 + 0.0187  0.0428 = 0.0007  0.0498 + 0.0027 2615 + 187 2700 + 4.7 185 + 128  0.78

KS02-034  0.3417 = 0.0311  0.0420 + 0.0009 0.0590 + 0.0045  298.5 307 2652 + 5.9 567 + 167  0.69 Discordant
KS02-035  0.1827 = 0.0063  0.0268 = 0.0004  0.0494 = 0.0015 1704 + 63 1705 = 2.4 168 + 73 0.20

KS02-036  0.3855 + 0.0153  0.0516 = 0.0007  0.0541 = 0.0018 3311 + 153 3245 = 4.7 377 + 74 0.27

KS02-037  0.3208 + 0.0128  0.0432 = 0.0006  0.0539 = 0.0018 2825 + 128 2725 + 3.9 365 + 76 0.50

KS02-038  4.2582 % 0.1033 02705 + 0.0033  0.1141 = 0.0015 16853 = 953 15432 = 21.5 1866 + 23 0.15

KS02-039 01564 = 0.0130 0.0204 + 0.0004 0.0555 + 0.0043 1476 = 13.0 1303 + 2.8 434 + 171 116 Discordant
KS02-040  0.1869 = 0.0076  0.0265 + 0.0004  0.0511 = 0.0019 1739 = 7.7 168.7 % 2.5 245 + 85 0.19

KS02-041  0.1376 = 0.0109  0.0207 + 0.0005  0.0481 = 0.0035 1309 + 109 1323 = 3.1 106 + 174 124

KS02-042  0.2682 + 0.0303  0.0432 + 0.0012 0.045] + 0.0044  241.3 + 298 2724 =+ 7.5 -53 + 238  0.46 Discordant
KS02-043  0.2721 + 0.0107  0.0399 = 0.0008  0.0494 + 0.0017 2443 + 107 2522 + 438 169 + 81 0.27

KS02-044 02394 + 0.0112  0.0356 = 0.0007 0.0487 = 0.0020  217.9 + 112 2257 + 45 133 + 98 0.49

KS02-045 49713 + 0.1571 03151 = 0.0057  0.1144 + 0.0027 1814.5 + 1387 17655 + 36.6 1870 + 43 0.13

KS02-046  0.1932 + 0.0084  0.0282 = 0.0005  0.0496 + 0.0019 1794 + 84 179.5 + 3.5 177 + 92 0.53

KS02-047  0.1644 + 0.0090  0.0250 + 0.0005  0.0477 = 0.0024 1546 + 9.0 159.0 + 3.3 86 + 119 031

KS02-048  0.1958 + 0.0504 0.0341 = 0.0017 0.0416 = 0.0096  181.6 + 487 2161 + II1 =249 + 585  0.58 Discordant
KS02-049  0.1888 = 0.0102  0.0289 + 0.0006  0.0474 = 0.0023 1756 + 102  183.6 = 3.8 69 + 116  0.16

KS02-050  0.1845 = 0.0108  0.0282 + 0.0006  0.0474 = 0.0025 1720 + 108 1795 + 3.8 68 + 126  0.60

KS02-051  0.2895 + 0.0096  0.0408 = 0.0007  0.0515 = 0.0015 2582 + 9.7 2575 + 4.8 264 + 68 0.33

KS02-052  0.3832 = 0.0364 0.0436 + 0.00I1 0.0638 = 0.0050 3294 + 356 2749 = 7.3 734 + 167  0.30 Discordant
KS02-053 03138 + 0.0096  0.0418 + 0.0008  0.0544 = 0.0015 277.1 £ 9.6 2642 + 4.9 387 + 61 0.04

KS02-054 57017 + 0.1815 03480 + 0.0063  0.1188 = 0.0028  1931.6 = 157.3 19252 = 40.3 1938 + 43 0.06

KS02-055  0.2355 + 0.0103  0.0318 + 0.0006  0.0537 + 0.0021 2147 £ 103 2017 + 4.0 360 + 88 0.73

KS02-056 02572 + 0.0090  0.0364 + 0.0007  0.0513 + 0.0016 2324 £ 9.0 2303 + 4.3 252 + 72 0.31

KS02-057  0.1986 + 0.0082  0.0290 = 0.0006  0.0497 + 0.0019 1840 + 82 184.1 = 3.6 181 + 87 0.18

KS02-058 02790 + 0.0259  0.0404 = 0.0010  0.0500 + 0.0040  249.9 + 256  255.6 6.5 195 + 187  0.78

KS02-059  0.1386 + 0.0095  0.0196 = 0.0004  0.0512 + 0.0033 1318 + 96 1254 + 238 248 + 147 071 *
KS02-060  0.1444 = 0.0109  0.0201 + 0.0005  0.0522 + 0.0037 137.0 £ 11.0 1282 % 3.0 202 + 160  0.56 *
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Table A3 LA-ICP-MS U-Pb isotopic data for tuffaceous phyllite (KTO1) in the Mamba area. Age data used for the analysis are indicated
by boldface. The asterisks indicate the data adopted for YC1o (Dickinson and Gehrels, 2009). All errors are quoted as 1c.

Sample No. 27pp/y 20%pp/28y 27pb/*"°ph 3U-2"pp age (Ma) “**U-""°Pb age (Ma)*’’Pb—>"°Pb age (Ma) ThW/U  Remarks
KT01-001  0.1637 + 0.0165 0.0211 + 0.0005 0.0562 + 0.0055  154.0 + 156 1348 + 3.2 461 + 45 0.57  Discordant
KT01-002  0.1508 = 0.0146  0.0230 = 0.0005  0.0476 = 0.0045 1426 + 138 1464 + 32 81 + 8 0.55

KT01-003  0.1582 + 0.0141  0.0222 = 0.0005  0.0518 = 0.0045 149.1 + 133 1413 = 3.0 275 + 24 0.98

KT01-004  0.1929 = 0.0260  0.0230 * 0.0007 0.0609 + 0.0080  179.1 + 242 1464 + 4.4 637 + 84 1.43  Discordant
KT01-005  0.3838 = 0.0423  0.0260 = 0.0008 0.1070 + 0.0113 3298 + 363 1655 = 353 1750 + 184 145 Discordant
KT01-006  0.4125 + 0.0171 0.0217 + 0.0004 01380 + 0.0052  350.7 + 145 1383 + 2.3 2202 + 84 0.62  Discordant
KT01-007  0.1440 + 0.0153  0.0225 + 0.0005  0.0465 + 0.0048 136.6 = 145 1433 = 33 2+ 2 0.53

KTO01-008  0.1775 + 0.0179  0.0250 = 0.0006  0.0515 = 0.0051 1659 + 16.7 1592 + 3.7 264 + 26 0.97

KT01-009  0.1871 + 0.0109 0.0212 + 0.0004 0.0640 + 0.0035 1741 + 10.] 1353 + 2.7 741 + 41 0.65  Discordant
KT01-010  0.1574 + 0.0106  0.0227 + 0.0005  0.0504 + 0.0032 1484 + 10.0 1445 + 2.9 212 + 14 1.48

KTO1-011  0.1643 + 0.0111  0.0228 + 0.0005  0.0523 + 0.0034 1545 + 105 1454 + 3.0 297 + 19 229

KT01-012 02131 + 0.0072  0.0254 + 0.0004 0.0609 + 0.0018 1961 + 6.6 1615 + 2.6 636 + 19 0.84  Discordant
KT01-013  0.3248 + 0.0200 0.0245 + 0.0005 0.0963 + 0.0055 2856 + 17.6 1559 + 3.5 1553 + 89 0.78  Discordant
KT01-014 03237 + 0.0143  0.0225 = 0.0004 0.1042 = 0.0042 2847 + 126  143.7 + 2.7 1701 + 68 0.92  Discordant
KT01-015 02192 + 0.0114 0.0187 = 0.0004 0.085] + 0.0041  201.3 = 105 1193 + 2.3 1318 + 64 1.44  Discordant
KT01-016  0.1551 = 0.0127  0.0211 = 0.0005  0.0532 = 0.0042 1464 + 12.0 1349 + 3.1 338 + 27 0.55 *
KTO01-017  0.1414 + 0.0183  0.0209 + 0.0016  0.0492 + 0.0052 1343 + 173 1332 = 99 156 + 16 1.89 Rejected data
KT01-018  0.4701 + 0.1619  0.0244 + 0.0058 0.1399 + 0.0350  391.3 + 1348 1552 + 36.8 2227 + 557 0.46 Discordant
KTO01-019  0.1446 + 0.0208  0.0233 = 0.0019  0.0451 = 0.0053 137.1 + 19.7 1483 + 12.3 No data 1.16 Rejected data
KT01-020  0.1430 + 0.0190  0.0210 = 0.0016  0.0494 = 0.0053 1357 + 18.0 1340 = 104 166 + 18 0.68 Rejected data
KTO01-021  0.1452 + 0.0283  0.0209 + 0.0025  0.0504 + 0.0077 1376 + 26.8 1333 £ 16.0 213 + 33 0.75 Rejected data
KT01-022  0.1580 + 0.0981  0.0209 + 0.0087  0.0549 + 0.0253 1489 + 924 1331 + 554 410 + 189  0.69 Discordant
KT01-023  0.5333 + 0.0714 0.0247 + 0.0022 0.1564 + 0.0156  434.0 + 581  157.5 + 14.1 2417 + 241 116 Discordant
KT01-024  0.2937 + 0.007]  0.0274 + 0.0004 0.0776 + 0.00l5 2615 + 6.3 1745 + 24 1138 + 22 1.85  Discordant
KT01-025  0.1177 + 0.0247  0.0214 + 0.0008 0.0399 + 0.0082  113.0 + 23.7 1364 + 5.3 No data 1.28  Discordant
KT01-026  0.1766 + 0.0141  0.0214 = 0.0004 0.0599 + 0.0047 1651 + 132 1363 * 2.6 602 + 47 1.00  Discordant
KT01-027  0.1711 = 0.0110  0.0231 = 0.0004  0.0536 = 0.0033 1604 + 103 1474 + 23 357 + 22 2.03

KT01-028  0.1593 + 0.0117  0.0213 = 0.0004  0.0543 = 0.0039 150.1 + 11.0 1357 + 24 384 + 27 1.39

KTO01-029  0.1484 + 0.0143  0.0212 + 0.0005  0.0509 + 0.0048 1405 + 13.6 1349 = 29 237 + 22 0.97 *
KT01-030  2.1760 + 0.0605 0.1086 + 0.0012 0.1453 + 0.0037 11733 + 32.6  664.7 + 7.2 2292 + 59 0.58  Discordant
KT01-031  0.1269 + 0.0136 0.0214 + 0.0005 0.0430 + 0.0045  121.3 + 13.0 1366 + 3.0 No data 1.39  Discordant
KT01-032 02360 + 0.0234  0.0227 + 0.0006 0.0754 + 0.0072 2151 + 214 1448 + 3.8 1079 + 103  1.11 Discordant
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Table A3 Continued.

Sample No. 27pp/ABy 206pp/28y 2pp/2*Ph P3U_2"Pp age (Ma) **U—"""Pb age (Ma)*"'Pb—""°Pb age (Ma) Th/U  Remarks
KT01-033 0.1551 + 0.0080  0.0216 + 0.0003  0.0521 + 0.0026 1464 + 76 1377 + 1.9 200 + 14 0.60

KT01-034 0.1571 = 0.0132  0.0229 + 0.0004  0.0498 = 0.0041 1482 + 125 1458 = 2.8 187 = 15 0.77

KT01-035 0.1383 = 0.0256  0.0222 = 0.0008  0.0453 = 0.0082 131.6 + 243 1413 = 5.1 No data 1.43  Rejected data
KT01-036  0.2110 = 0.0122 0.0224 = 0.0004 0.0682 + 0.0038 1944 = 113  143.0 + 2.3 875 = 49 1.10  Discordant
KT01-037  0.1854 + 0.0108 0.0217 + 0.0003 0.0619 + 0.0035  172.7 + 10.1 1384 = 2.2 673 + 38 0.74  Discordant
KT01-038  0.2023 + 0.0165 0.0228 + 0.0005 0.0643 + 0.005]  187.1 + 153 1453 =+ 3.0 754 £ 60 0.91  Discordant
KT01-039 0.1928 + 0.0172  0.0247 + 0.0005 0.0567 + 0.0049  179.0 + 16.0  157.0 + 3.3 481 + 42 0.66  Discordant
KT01-040 0.1512 + 0.0388  0.0234 = 0.0011  0.0469 + 0.0118 143.0 + 367 149.0 + 7.2 4 £ 11 0.77 Rejected data
KT01-041 0.1475 + 0.0093  0.0225 + 0.0003  0.0475 + 0.0029 139.7 + 88 143.6 + 2.2 75 + 5 1.87

KT01-042 0.1279 + 0.0192  0.0232 + 0.0007 0.0399 + 0.0059 1222 + 183 1481 + 4.3 No data 0.87  Discordant
KT01-043 0.1866 + 0.0134 0.0221 + 0.0004 0.0611 + 0.0043  173.7 + 125 1411 + 2.6 644 + 45 1.42  Discordant
KTO01-044 0.1541 + 0.0130  0.0215 + 0.0004  0.0520 + 0.0043 1455 + 123 1369 + 2.7 288 + 24 0.88

KTO01-045 0.1470 + 0.0110  0.0214 + 0.0004  0.0497 + 0.0036 1393 + 104 1368 + 2.4 183 + 13 1.12

KT01-046 14672 = 0.0692 0.0318 = 0.0007 0.3347 = 0.0140 9169 = 432 2018 = 4.4 3639 + 152 2.14 Discordant
KT01-047 0.1452 + 0.0086  0.0215 = 0.0003  0.0489 =+ 0.0028 137.7 + 82 137.3 £ 2.0 145 = 8 0.96

KT01-048 0.1252 + 0.0091  0.0205 = 0.0003  0.0442 = 0.0031 1198 = 87 1310 = 2.2 No data 0.95

KT01-049 0.1731 + 0.0114 0.0220 + 0.0004 0.0572 + 0.0037 1621 + 10.7 1401 + 2.4 498 + 32 1.01  Discordant
KT01-050 0.1339 + 0.0244  0.0227 + 0.0008 0.0429 + 0.0077  127.6 + 23.3 1444 + 5.1 No data 0.68  Discordant
KT01-051 0.1639 + 0.0109 0.0209 + 0.0004 0.0568 + 0.0036 1541 + 10.2  133.6 + 2.2 483 + 31 0.79  Discordant
KT01-052 0.1636 + 0.0118 0.0211 + 0.0004 0.0562 + 0.0039  153.8 + 111 1347 + 24 460 + 32 0.57  Discordant
KT01-053 0.9502 + 0.0356 0.0256 + 0.0004 0.2692 + 0.0091  678.2 + 254  163.0 + 2.7 3302 + 111 0.88 Discordant
KT01-054 0.1641 + 0.0087 0.0213 = 0.0003 0.0558 = 0.0029 1543 + 8.2 1361 + 1.9 444 + 23 0.94  Discordant
KT01-055 0.1712 + 0.0102 0.0211 + 0.0003 0.0588 = 0.0034 1604 + 9.5 1347 + 2.1 560 + 32 1.38  Discordant
KT01-056  0.1818 + 0.0180 0.0213 + 0.0005 0.0618 + 0.0059  169.6 + 168  136.0 + 3.3 669 + 64 1.21  Discordant
KT01-057 0.1472 + 0.0097  0.0209 + 0.0003  0.0510 + 0.0033 1394 + 92 1335 + 22 242 + 15 0.94 *
KT01-058 0.2678 = 0.0146 0.0211 = 0.0004 0.0922 = 0.0048 2409 = 131 1344 = 2.3 1472 £ 76 1.26  Discordant
KT01-059  13.9385 + 12675 0.1317 + 0.0068 0.7675 + 0.0576 27454 + 249.7 7977 + 40.9 4597 = 345 430 Discordant
KT01-060 0.1610 = 0.0073  0.0208 = 0.0003 0.0563 = 0.0024 1516 = 6.9 1324 = 1.8 464 = 20 0.88  Discordant
KT01-061 0.1418 =+ 0.0116  0.0203 =+ 0.0004  0.0506 + 0.0040 1346 + 11.0 129.7 + 2.5 223 + 18 0.59 Rejected data
KT01-062 0.1475 + 0.0157  0.0214 =+ 0.0005  0.0499 + 0.0052 139.7 + 149 1367 = 3.2 191 + 20 0.86

KT01-063 0.1494 + 0.0122  0.0222 + 0.0004  0.0488 + 0.0039 1413 + 115 141.6 = 2.7 138 + 11 1.23

KT01-064 0.1641 = 0.0172  0.0223 + 0.0005 0.0534 = 0.0054 1543 + 162 1422 + 3.4 346 + 35 0.85
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