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Abstract: In order to provide a geochemical basis for the lithological classifications of the plutonic rocks
identified during the preparation of the 1:50,000 scale geological map of the Ogawara Quadrangle, an
analysis of the major and trace elements of the rocks from the Ryoke Plutono—Metamorphic Complex
within this map area was conducted. Previous studies have suggested that the plutonic rocks in the
Ogawara area are similar in lithology and that in some cases it is difficult to distinguish between
rock types or the existence of intermediate lithologies. The results of this study show that lithological
classification based on field occurrences and petrography can also be distinguished by a combination of
different indices of whole-rock chemical composition. While the whole-rock chemical compositions of
these lithological types correspond to the modal compositions of the constituent minerals, they cannot be
explained by a simple parent-child relationship, suggesting the existence of individual parent magmas.
Furthermore, based on preliminary examinations, the compositions of these rocks are similar to those
of plutonic rocks in the Akechi area of the Mikawa—Tono district, about 60 km away. This suggests that
an inter-regional comparison of the lithological types can be made by combining whole-rock chemical
compositions with field occurrences and petrography.

Keywords: 1:50,000, OGAWARA Quadrangle, Ryoke Plutono-Metamorphic Complex, granite, gabbro,
whole-rock major element composition, whole-rock trace element composition
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A Fig.2 Solidification ages, mutual relationship, and modal
composition of Ryoke Plutonic Rocks in the Ogawara
area. (a) Solidification ages and mutual relationship

\ of Ryoke Plutonic Rocks in the Ogawara area. *1:
Pl Nakamura et al. (2022), *2: Yokoyama et al. (2016),
M f *3: Sakashima et al. (2000). (b) Modal composition
afic of Ryoke Plutonic Rocks in the Ogawara area. Qtz:
quartz, Afs: alkali feldspar, Pl: plagioclase, Mafic:
mafic minerals, TO: tonalite, GD: granodioraite, MG:
monzogranite, Minakata-C: Minakata Granite coarse-
grained facies, Minakata-F: Minakata Granite fine-
grained facies. Qtz—Afs—Pl discrimination diagram
Qtz+Afs after Le Maitre (2002).
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Fig. 3 Field occurrences of Ryoke Plutonic Rocks in the Ogawara area. (a) Irregurarly shaped enclaves (Mf) of fine-grained facies of
mafic rocks in the coarse-grained facies of Ikuta Granite (Cg). The contact between the enclaves and the host granite shows
crenulate or caspate structure as in the panel (b). (b) Contact between fine-grained facies of mafic rocks (Mf) and coarse-grained
facies of Ikuta Granite (Cg). (c) Coarse-grained facies of Ikuta Granite showing gneissose structure. (d) Mode of occurrence
of fine-grained facies of Ikuta Granite. Grain size changes rapidly within a few centimeters and the relatively coarse-grained
portion (C) and fine-grained portion (F) were irregularly distributed. (¢) Hiji Tonalite with banded structure. (f) Ikuta Granite

showing gneissose structure.
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ELTEROEGREAREREOMERE G LTn
%. %72, Yamada (1957) Tif, —#BizduWCAEHTERA
FHIRAEOLEEROSAS &0, AEH{ERS H FRRIRAE
FACHET 2ERERBOEND EBRTWSE. T4ab
b, SEATIFZER C A BRI O RO RRE R 43 A | A&
NHD, ThoDildaSEICAWNEOX FIZHHE &,
IR TEROEPEAOAAME GO LB Eh T3
orid, AR OMEAERSMRAICHEY L, kg
LEERO S &, AHERAEBWifE T 5 L ShTwa ki
FRIRAER S L, F e UTHmfei SRS L, —
2, RN —FLEEED LRI NS, &, Yamada
(1957, 1967) T, AKHFFEO4 WA AT EIRO IR
FRZTEIRTERPIS (Yamada, 1957 CIZIEIRAER) DR
VLR ARNTER D, T ORERIZERTERE D S i
By 2RMNASHE XN TWS. KIFETIE, ZoN
FAER S 3 BIER A O BERER S 2 &0 7.

EHERE R, £< OBA, JEFE b — P LA R EIATE
fa g & & < BRIz BRIREE 28328, mmfeRe & X
3 &, ARAOICEARGHEDRARE L TEEOREE
D, F72, MIA{ERAEICIE, BEICHOLTUZ LIRS
BEEEOUAEEREENS OIS L, EHEREEIZIRT
haedw ohmn, —J, JEFE b —F S &3 A @
DRI EHEELT 22, JEHFr—FrFicurLl
RONBMEREE 2723, £ OBA, AEHTERSAIC
FREMICERBOARNAO G Eh I T Ehd. &
512, MBS ISR & LT A G2
WA DOEN L EIZEEN 2D L, JER N —F LS
RLEAERSEINERL 2, T bFrLrEEhik
V. BRAGOATEE B CEANT 5 D1k I I IR
Th 50, EHERSE TIE LI LI — XTI T EE 4
KEDwBhAONEENS.

K ik & W 3 2 RHAR VRS FHIZ D W T, D
W2E THFRD R % 25 A4 & oo Thi b 5
SRTHA A TS AL TERET 5 L, JEER, K
I (RIFITER R, AR (& U <132 A -
AR KOS A E R . RITZRICE DV TR
MO AE S S - TEHT L, DUTOE) k5.
(DWFThoOBER S A EH» SRR Eh 5. fil Xk
FROIIERPIRRS, b — s, RIS 2 & MK X
N5 L& IS EEAI (MRS MPIS & o) %1
W, KEBANIIERE, ERPIE, = FLER0D
EORINE GEPER) 2 ok X 5. AHIIAIER
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PO, b —FLEROTERSE 2> 5K S h, 2RO
PEARERAOES 258, Tho oS, £
FifkE LB E N TWIEEEH 5. 2 IFFRRIKRUK
WAL, ISR RIS TR 5 a h, Bk
WREEZF < BRIRISEWE e b 5. —F, WAL
MBI IZT D, kRS 2 R385 8 5 5. (3)
WINOERE, A OEMER T Tt 3 2 Rk 8l
AN, BAIT &k - TUEEONE SR RE 2 h A
AR

Pllhofsic ko< &, KFE U O SHRFRS I,
PR SE DO MW SR EE S OF R E W5 285 T
DEERR, E— FHUK (BA%OEN) 12K 5 iR
oL, FEAERATERWZ EIZRD. ZLT, &
BRiZ, 3) D &5 ICRIBOHIE N AT HE 2 P B EH O
FESME XN TS, 25 LEOWL O3, |k
WO, AWROBEKERE & LITEH T L1250k
BT LIk TN I NS 2, wWThitd &
WA B BREEIR K OB F T ORERIZ & B 380 o R #E &
2, A (WEHID) OEFRICAME» &S 7256 LTW5.

2.2 KABRERMBOEFRREREBOERBENR

K2 5 MG N TR ERBIRIZTLE S
=8, LITORRTIE, R USRI REI S, 5
Boh7=FREGOTEMT 5. ZZTHEE & 2D,
INFTHRARTEZ LS ICREMDERZENBITNIE S
CICAHIHETH 5 728, FRUEEA, HiZZ i
ICEBT28DTH 5D, W, FHEHIRTHE SN
A, HICKMFEHBSO ST E LIS 28D TH
BOMNIZDONT, BT LEMEREA L VWHTH S, AT,
SETIE O 5 R RN A RO, Th
ZHOEETO~ &7 < IRA R FHLAEFH O arRgE % PR
TET, 25 ChbeT5L, RNAKERDES, RO
RIRAR TR AR L T BE»ORMEE A TS
(FEAl 2 a2 LG, 2025 2B X h/zv), 22T, K
T, TN EhOEERDRENREFN L LT, CHIMEAEAR
& VL3 VU-PYVEAR & & B Tl ik & B IEMEA S
tDELT 3. 2L, EFYA FCHIMEENRIE, [H—D
k- HRIA S/ NAEY LT YU-PHER K D & R
VMBI A & O FTREME S BRI M TR D, ZhoD
— I REE DR ARG 6 DT F YA F DRAISH
E4 2 ArEe: & R X T b (Bl 213, Takatsuka et al.,
2018). AFWTIEZ S LRI OV TUIEBALT, ¥
a2 YU-PHEM & CHIMEER D ARG Eh Tk D,
M, VI3 YU-PHHFERDIE S WGP IL T Y U-
PoEE & BEREEN E LCTHRT 5.

Nakamura ef al. (2022) 13, AXIEBIRO~ 4 24
AbEs sk D RB A S DL 2 Y U-PHEE & KW, 85.6+ 1.5
Ma, 77.7+0.4 Ma, M 1U°70.9+03 Ma® 3D DHE L
2 %5 L7z, Yokoyama et al. (2016) 1%, HAZE? 6

40050t D Y 5 =4+ 4 b KT b —F 4+ CHIMEfF- %
WLz 205 B3R AKRKIIE S O R A E A A
5DEDT, 726+09 Ma, 722+12 Ma, KU71.6+1.0
Ma®dD v 7 =+ 4 FCHIMEF-RZRT. &k, 3D
5B IRE 2RI E 7= fiiE GRIE O W) DOREfER S I,
Yamada (1957) 12 & - C, SUAYRY 2 KRG S & A
MICEl—Td B b R5ENT 5. K5 T, Nakamura et
al. (2022) 12X %709+ 03 MaD#ER L 212, FEIAER
AROZ N & R ED) U 223 RS SO BRI
YT 2 EHFEh 5 (BE2Ka). WEIEL (2000) 1, &
XM HbISR A & FI BT & 5 SRR LR E T O D “BRIR” D IEF;
k= FILEA 5 86+ 7 Mad ¥ )L I » U-Pb SHRIMPAH-AR %
WME LA, ZZTUHIRTERBHE SN2 3013, FEFF b —
FIEERBO T 2 EIREE 2 RS EHE WS BT,
RIS Z /K< b Tid vy, Nakamura ef al. (2022) 12
X %856+1.5 MaDFAR L 21, Z DIEIEH (2000)
12 BEMRE L, JEH b — FILEDOREREERITHY
T3 BRI ND (F2Xa). FEIEAH (2000) 1%, Lbib
O IR D IEFF b — FILE ORI A 571 +3 Ma
DY )3 YU-Pb SHRIMPHER G E L TV 528, ZD
EARMEE, FROREMAERE R U2 h & [FREE IS L
RO BRE R E — T 5 -0, 5 FERD
WHYEBSOFRTHY, PaEBERUWEET -7
REHZBWTIE, JER - FILEOESE I BROE A
KCTHBZLEBKRL TS EHEREN S, AMfERE
2561, Y3 vU-PHERCHIMEE R O#HE T 4% <,
84.1 MaDRb-Sr& 5 7 4 ¥V 7 1 v 44X (Kagami, 1973)
K U142 Ma®DRb-Sr 25 7 4 Y 2 1 V4R, (Hayama and
Yamada, 1977) G XN TWBEDATH 5. HATHIZRIC
BT, ARfEREIE, KR 2 ot Tos
AZEATAREFTVEITH 2 LR TEHD, &
LEZMBIELWET S &, Ro-SIEBETA Vo a Vi
g, FIZ@BRAZRED VL3 Y U-PhERIZIES L il
AHOEMFENRE S RELSFIET S, sz & 51z,
A AEREI IR BT IS & B IS b — LA AT
e (ORI O SV A SH) & OFEA EoEEL2 R S
N -7, BETA Vo a VERREEC O 2RR
IS RIOGBIANRA L T B AREME e PR T X, Kk
L B BRO-SIEETA V70 VIERDOE S L2 AR
M2 EH2 Z LW CH . 72720, 84.1 MadD
MR (Kagami, 1973) 122 & 535418, EHAERSE
JEF b —FLED—EBTH B0, HD5VIEAKFFEDIER:
b — OIS E AEHLERE & U T L 2z nTRgtE A
MBI ND, —F, KFEICHNTE, MBSt
e OBty 5, AHfERS OB AR JER b —F L
Hemmfeias (ROHEHES) LOMEBEL 0BT
e 5, IHEHENIZ, Nakamura ef al. (2022) D 77.7+0.4
Ma®/ )L 2 H34: TG R O BEREERIH Y 35 & 0 &4
EL, ZhERAT 5 (EE2Ka).
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3. SFE

EELEIR SO 720 AR, 8 & Bmmod
2778 LIidFy FRICUIWT L, UIlrmmic s Lzs
fAhy 4 —DEFELAVYEY FTF 4 27 THIDE S 72
%, A A VAR TI05 D LEERIFL . iRl
AEHE 110°CDF — T v T BRI XY, RV AT
V=54 FIBETHBRE L 728, WXk THiZT L,
HWERERA Y v 4 — HERHERE (GSJ-Lab.) XED
EHEREEE (8 V7 2F V=34 F - I)IZTH
KEAREER L. &k, SEHIEREEIZL S5
PUZ B 72 5T, WENIRSMIIZREIZ L 30450 v
B3It —T g 3N &R XN T B (Yamasaki,
2018).

AETRCFHURIE, GSI-Lab. 3% O BOEXHR
& (XRF : PANalytical Axios) & FIWCTorbF L, 2rHiH
7T A2 ¥ — F O EE & #1513 Yamasaki (2014)
IZHE 5 72, AEMEITTEMEIE, XREGHHIZHWZH 5
Z¥— FZ&HHWT, GSI-Lab. REDL —HF =T T L —
Voa VIEEREE T 7 A BREANEE (LA-ICP-MS) %
FWTHMT L7z, SWieE RO FEOREIL 2 h 2
M Yamasaki et al. (2015) } UFYamasaki and Yamashita (2016)
IR ENT WS, XREEULA-ICP-MS/T M OREE 122
Zh, KEMEHFEAT (USGS) HER{L 3 FEHEY) B BCR-2
(Wilson, 2000) F OB SEFEAHR O AT SE T B SR AR A
v 4 — HER(UFREHEMI B TA-1 (Imai ez al., 1995) % FW T
o4 = L7 FIRICENS OHERLZHENE D 5
WitsR%E=RT.

4. HREHM MR

MR OREWN 2 AR EF 1RIORT. SRk
FHI162ARE 2T H %720, ETOHNEIR e
U CRERREFY R Y P UICAB L T (URLIZEH 1 &
FITRLT).

4.1 HEEFAOERTE

INEFTARNRTEALS IS, Kuflghtss /4 % 8
RO AL, AP KR E L, MIIOHEE
F, B SRRETOR e Rl 5 2 LIENEETH 5.
Z 27T, BEMMANEY 5 AR R EHIZ DL TLITIS
il g 5.

FEFb—FILE

VHE 2 RIS A R T ARG RER P - LA RT
TR B 2 5 R X 5. BRI FHEN, ik
HERN, ALV TL Y NEEREL, PEOTLA Y E
BEGODGEDR D D, HEEMORILITEZAIZE ST
R, MICHBEEERTHAEGE G I8 H 5.
SEEVE T, BHROFIL Y TL Y R ERIROBEER L

Bigl L, 25 HEsE L2zl U CRE L - (EH
B L, AERABOBAER L 2 mmEE ORIET
BORLENZ ZEI2XD, MRS E25R 3 (4K
a). FIRTEEPOREIZ LS mmA» 5 0.2 mmfEE £ CTH
Bz Z LT 5. FEOIREAR TITO RS R E
THEHEAENH D, TR RAMMETRIRIZEL, H
MM ERTZ ENH 5. P oM Ok
ARHL, SHOKENEARD 5h 5. HERTAE-
FrEHET, BECkERoLsatERY. ALy TL
Y FIREAEAME T, U LIEHREOIROME RS
Wi e L < IR EIREao L aMsRL, H
MONSZ R TIHARH 5. HEMEASEZh 54, f
- Rk g U <3RS e LCREL, JEPH %
ALY TV Y RIZRDEhs 81, B@mAIcE T
Ly ZTIRIZHL Y TL Y FHRELC TS (B4 KXD).

SHEEE

Fe LT PRANAEEERZER N —F LY, A
Pa &R TER PR R R ERER PR 22 & B & 1,
EZAICKDEENEY BRSNS, IRTEENIC
FPORBRIRERGE 2R L, SIRISOEWEIEMTH 5. 7
2L, JEF b —FILEIZERD 5B &5 BRI FrRRIR
IR &8, 72, L CHmfeREE & » & PRk
WEHRFINEANC & 5. 4GRS DS ALK ORI
BIEMOmWNEAL Y TL Y Pl & (FB4Xc) &, H
ETRFEOKRE fahAA (RAKEFE mmfEE) 2%
BIZEOL I L (B4Xd) TH 5. WK EAHOE T T
DERIE, BAHET, RROBZERIFH BT 5. 7=
7L, ERROFLY 7L Y FORZLT L & Emd
WERNET, £, BERSESMICREL THOEM
BB A48 DD, HEEIZR < v, BRI Ok
JE135.0 mm2 6 0.2 mmFEE F THGMIZELT . #
ROZAB A CRARMEERT IR D 5. F72,
AREEDORATINA A METRTZER DS,
YA TRUDSEMI DRI 2 FEHE L, S5O IEEITHYE AR
oD, 7K EOIIME OSSR E
BT 3. s r 7Ly FREAB-LHET, Wik
@ L IIHEGIREBAaD S G AR L, HMNSE
NTEAY D 5. BRERTABLAEE T, KRBEI%
wEoLalERL, 7oy MRICIET AL H 5.
Eff2.1 mmiET 3 HEOWhAOERBMIZZEICE
. BHAGIIHEAN SR RS2 R TI L1 d 5.

mEfERE A AR

—UZ FRRIARGE 2 A 2 RERHER S = £k § 5.
FIRRRREORERCHM O RILIZ L 2 A1 K > TELL,
AMHECEARO S A RERMEE RY oMb, HE
WHEEUAT A, FEOmMEERE AR I A
S E o s 0, ARAEA RGeS 2
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Fig. 4 Photomicrographs of Ryoke Plutonic Rocks in the Ogawara area. (a) Hiji Tonalite. Aligned hornblende and biotite
and transparent minerals show banded structure. (b) Mode of occurrence of clinopyroxene and hornblende in the
Hiji Tonalite. Clinopyroxene crystals include bleb-like hornblende. Hornblende crystal at the upper right of the field
show simple twin. (c) Ikuta Granite. Euhedral hornblende is a distinctive feature of Ikuta Granite. (d) Ikuta Granite.
Concentrated portion of the coarse-graind euhedral allanite. The scale of the photograph is the same as (c), showing
that the grain size is comparable to that of hornblende. (¢) Minakata Granite, coarse-grained facies. While biotite occurs
in ribbon-like shapes between the grains of feldspar and quartz, the continuity is not well-developed compared to the
Hiji Tonalite in (a). Large alkali feldspar crystals are characteristic. (f) Minakata Granite, fine-grained facies. The
scale of the photo is the same as the coarse-grained phase in (e), indicating the relatively fine-grained characteristics.
Large alkali feldspar crystals are characteristic. (g) Mafic rocks, fine-grained facies. Phenocrystic dusty plagioclase due
to numerous fine-grained inclusions is characteristic. (h) Cortlandite (spinel-olivine-orthopyroxene-clinopyroxene-
bearing hornblendite). Spinel, olivine, and orthopyroxene are included as chadacrysts in the hornblend oikocryst.
Hbl: hornblende, Bt: biotite, Cpx: clinopyroxene, Qtz: quartz, Pl: plagioclase, Afs: alkali feldspar, Aln: allanite, Opx:
orthopyroxene, Ol: olivine. (a) and (g): open nicol, and (b)—(f): crossed nicols.
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Fig. 5 Whole-rock major oxide Harker diagrams of granitic and metamorphic rocks in the Ogawara area. Fe,05*

denotes total Fe as Fe,Os.
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Fig. 7 Whole-rock major oxide-FeO*/MgO diagrams for Ryoke Plutonic Rocks in the Ogawara area. Fe,O3* denotes
total Fe as Fe;O3 and FeO* denotes total Fe as FeO, respectively. Symbols are the same as for Fig. 5.
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Selected whole-rock major element geochemistry of mafic rocks in the Ogawara area. (a) total
alkali-SiO, diagram, after Le Maitre (2002). BTA: basaltic trachyandesite, TB: trcachybasalt.
(b) FeO*/MgO-SiO, diagram. TH: tholeiite and CA: calc-alkali. CA-TH boundary is from
Miyashiro (1974). FeO* denotes total Fe as FeO. The same also applies to (c). 7}, T, and T}
are apparent magmatic trend. (¢c) FeO*/MgO-FeO* diagram. Symbols are the same as in Fig. 5.

Fig. 9
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Si0,, TiOs, Fe;03*, MnO, MgO% L TP,0s 23\ Tl
Z < OB OMIE PN EP T HHIK A VLTIV Y F2 5
KELENZZMZERL TS EIR). #£-T, 20
RBHZ DWW TR & TR L Ty, Bl 2 B
RTOV T vDHIZ & > TR E W7/ E R LT
oL ns. ZolkE, FHIXbIZHWT,
BT EDO L Y FLOBRRLE 28D THE I N5
LMY FEER DL L Y FE L TOREK
ARV LBREh, FIRbIZEWT, v~
TAwIEIV Y FTHLAREMNDD 28D, T, KV
TIZR5 N 5.

HIXIbiZ 5 7 DSiOFeO*/MgOK &[] —TH D, *
7z, HOMXcd MNP EERT 2 LV BKTE TN
DFe,05*-FeO*/MgOX & KBMIZIHI L THh 5. £ Z T,
BIKNCB O THIAMERS & ORRE GO TRETT % &,
FORbOT ST B, ALy - FLHAVED L VK
F, WIHIC B W TERAED b L v Pz > TEY
TW3, 72, H6KTIE, NaORK0D&H EIZ#
BA SR & BIfERE & TIRIZERE Th 528,
PEESEMRAR R A B R S T S 2 IS T
b0, £, WMEITEHBRIET LAV ENTEENZD
AERTH 5. BUHICE W TBIR I NSRS S SO
v 7 VIREROERIZ, R 2 N OERMEES L 5eICE
BRAELTOWAEWI L E2BWKT 2800, &K L
EARZ b EDOETH S OMHASEHBEL T DH—
T H B (il 21, Yamasaki, 2022). 2D & ¥, gk
Bvrv L HERE~Y s~ L3, BERCHESKE L Bk
5728, EHIZEHEAET, WEIC K-> TliHE ORI %
WA TIENIBHL, ZOREIEITCRIIE->TELES
ZEeBHMEN TS (FlZIE, Sparks and Marshall, 1986 ;
Debon, 1991 ; Grasset and Albaréde, 1994 ; Bateman,
1995 ; Perugini et al., 2008 ; Morgavi et al., 2013). 5>
TEOH TR BHEDE VIR ANaTH D, KT h
1IZHe< AL, Morgavietal,2013). ZTNE5DT EH 5,
FeO*/MgODIENMNZfEVY, {ERAETRICHIA 5 TSi0,, Na,0
FRUK 0 EEMT 5 MLV F, $48bbEIRbDT,IE,
EPE~ DML LY FTREL, BRE~ s~ (fE
WEE~ 7 ~) LD EEHE RS2 Y bu—n
T4V GRER, 7272 UILRICK->TEHNELS) TH
25DLMEMEND. WH-T, HPE~I <, HIX
bDTIREN S, FeO*/MgODIENNZE > TSi0, A4
LFeO* M4 5174 VEDOSEL ML Y FERL
TW5EDEEZLEND. X5, FIRbIZBWTT, %
Wi T % Si02>55 wt.%Dilkt o3 kk 4 LR ICHRE < o
v O EMMHEERZT > T0n5 &35 &, FoXall
RENDLREBRINEDOE Y ) A2 & RIE T
ToOREHE, v~k > TR Iz DT
BOHREMEA S <, FHEREREHS 5 IR 22 ER
% & OB P OMPEE RO S B ORI B

WTRFESVETH 5.

PDEoketzs izdae, N—a—IX GHelX) itk
W, AT Si0, DI T EKE A SENRIAE & fE R
MHEARP T EH—OHK LY FERTEOD, v
2 DG b LS Bl SIS E A S B S L 3K
RN EERTH D EEA 5. —J, B ETEHRAH
DS HbAKEMROMMAERT & DIZOWTE, WLk
KB TR T S O EEROEEN ZEMBIZX - T,
T8 THARL U 7= O 8B ~ &'~ A3k 12 WIS
725 T(600 TH-H ; 2 Kla) 784 L 725 R, AR
AR EDERZITTOAENEDEDBFET B AHREN S
TRIETE RO, BEFRS - MERSHKIZ BT
XA TE BN &R, KRIMEHR O THZZE RS FHH 2R
ENICANEDORBLRD ENBIZED TGN BN &n
5, BHS A2 KB & s 3 v g EUE SERIR A & Rl — o
v v DO—E,H, BEAREORELE A%OEAERIC &
DHRIR & 72 I ZBAIRO S B L 72 & DT b 5 n g
AE.

5.2 SEFREREFOLEHNLL - BEANDORR
ENEEE

R IR & RIS, VBB 2 5 R R I B 0 T
PR $BCS A OB S E IR T 5 EiRiE, &
EBH T DRERIEREFAD 5 5, IREI{ER S (shihara and
Chappell, 2007), —#FEAERPIRRE (LW, 2012), %
L CHRENITERE (LI, 2020 ; Yamasaki, 2022) (2354
THE I TV 3L, HPEEHRPICEROEND
(Nakajima et al., 2004). i85 DFHERIZT T, T
5 U 7 MR B AT, (BRMICEERS (b 20
I FNES) LR T % 72 (B 21, Hayama, 1959 ;
Yamada, 1959 ; [UHIE A, 1974 ; Kutsukake, 1975, 1997,
2000 ; A5, 1980). ZD &S &, WIRHEHESEL?H 5
FEOZEBAEHA B > 725 TH B LI F L H1E, 1980
AEAR LI DORD-SIR + Sm-NAREAH 7 A YV 7 1 VERD
MEHz &0, sy LSt & GO RGOSR PEINE
RoD L —8r» 5, HREREHOMEMEHLD
S IS WD HE 2z (I 21, Kagami et al.,
1995 ; Okano ef al., 2000 ; filil - M4 35, 2007) 2 &% &
S E A, EEEEEER S ICRAT 5 ARG E) O
FEMIE B SN S R &2 KL T3 (il 2
W, i, 2012 5 1T A, 2012 5 hEIEA, 2021). L
DLENE, FEIRITR SN S X5 S HERKEREHOER
EHH & RIRA O SEUE D, R Wb > T
5 &L, IFiEs (2012) THBRTW B K312,
vV P VHREERE v v B O & LT DR
DOELRIZHOENES 2 5. 22T, UTTiE, thifi
HOWEBRERER I Y TV w2 22k 5~ bLisk
WHE~ I IEBEEZ D0 OEREHEO—BRE LT,
S-SRI A E B B bk o RS TNTE R A R o
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RSB A (Yamasaki, 2022) & D4 F bR o Huig
179,

K] bk & HHAS sk oD MUK ¥ S0 A5 O N-MORBHUE
L2y F 74 FRRLAEERETTR S -2 Th
FRHER2Kakbliimnd. ~RUTHS 2R K51, M
BHI OB SVE R O — I BT, RPTaDHERE
MNIAETH D Z L #BRNE, GFE - /54 —-VD ETK
T s & PRSI D MR BB ORI, 1RIE 3
4%, Yamasaki (2022) T, PHE M O MRS #KE S A3,
JABDOHEIITER S & RIRHARISEEI§5 Z ik - T
kA BREEICALENRAE 21T > TWB Z &R ER T
5728, ZhoOMEITTREMRIE, < PLHEEEVE
VIR EDEDODRHMAERLTOA LIRS V. Zh
2D S, FERE U Ol ik oo MIDR A SRS O MUK
B=T 5L, WE~YTvOMKP, WRNTOM
BRWZE 70t 25, g CIEIERCTH 5 2 & % K
LTWBLffflahs.

Nakajima ef al. (2004) %, MK FFEE S B4 AL T
OHRUKH RS AR L T b Ean L, EMgRILIAH
KThHomtZ277-. ULI2rLEDNS, Yamasaki (2022)
REOEMTHRNTWIEY, —fftAEPF T~
VIRZRRDFER 2R TR SRS OEMIE, A2 D
TEREE~ 7~ L k2 R I LRI B 21T 5> C
W3 ZENWET, FEERICHBIKIC T 2D LS
BERMHER SN TS, #-57T, v PILHER AL b
DHERALZMEIZ DWW TIE, vV b e IR A e
EioMgloE @M % & A, HBNTOLENER
fEHOMEBEAWE T2 L dhaF 24614 PO
RS OB DOMET Nt b E&ELZEN5. 25 L
Poke ERVAR V0 B N7 R RY 5111 P Bl NUAVZP o B N o 7% (A
FHONERE UTHEFO KA 6 WG X hTn 3 (i
2, BB, 1979; WWFEs, 2012). 2hs02a— b
T VA4 PREAINED/NERI, U U N
LBt THET D0, HENABKRIZAHET
Hotz. THITHRL, KumEHIR T, MR
DRI 2 S P T RRE NS A RIS 2L T 5
LB, MAMBHED AR TIIm AN ERIIE - T
PEL, RINMICHERTH B Z &N REIND, I—
FI VAL PEPALAREEUEREDORE LT L L
A NTHBIENS, T LBErIEme & &HIcE
THAH =LA TR, K R
DER»BIZ, F 214 b SHRESVEEE (e
AR & B U 25U AE T B 0, - T SR
TNEBIG S ED E LTRIE L 22h, AR
BHOE A > THI I 858 THilE & 8l
DIEIZE 726 SN2 ERRBEIhSE. £Z2AT, K
WEHUS LRI, T — 5 v 24 R EtikisBh
WEONERNFE L U THEILIROBERHEIC R % L7
ET2Z Mo T05 BlAE, T, 1979, 1980 ;

FIH - IR, 1980, 1EIEA, 2012). 25 L=HEE,
KJFEHIRKDOR BB AL O AR AL L, ZhUmIcH
RSB AE (Fa o4 ) O/NERPEBT 2 &0
5 R BAEA 2R LW B ATREME A S, 25 THh 5D
E¥dE, 25 LR - BHOENICE, HFHL L
DENEFEOM S DWE FNESRY H 5 & D EHRI N
5.

—7, HEBIEA (2021) 1%, Nakajima et al. (2004) TH
i L 7= fEfd 5 O[S AR (syn-plutonic dike) O 8
B (fEiEPIReE) A5, 94 Mak 70 Mad ¥ )L 2 ¥ U-Pb¥-
KD2ODFER s 724 -k T L&, $990 MadD
IT7ENIOMaD Y L m gDV VEEFEL I LD,
9490 MalZE A - EE L 2B IS #$E~v s~ E
AT BZEi2&k-T, FEHEDIERSEHHTHNEFE L T
HE~y Y2 lReEkD, ZOHSPEE~ T~ &P
FHZIRA U CRIBMEEIRBEDPERPE L2 Z 2 2. &
DAERHIE 53R R O ERUIE, KEBKRENLDTH B
2, HWEZER - AAENSERPORET AR E o Tidk
<, BURTILFH2EE Ly, (HEIEA (1974) R Kutsukake
(1975) 12 & 2 EAF OB ZIBRICHE D &, 2Ok
BURFORIC A 2 580%, —“H#EIERPIE (¥
JL 3 Y U-PbiF-f{ 81-75 Ma ; Takatsuka et al., 2018, LA
HUL) & L IEHRINERS (75-69 Ma) & KEWAE A
(81-75 Ma), HEAERA (75-69 Ma) % L T b —F
N (99-95 Ma) TH 0, FIRMESEIROE HEER2, Z
N60D5 5 EDEMIZHKT %D, IEHEICIIAHTH
3. thEIES o211z kL, BAEHE PR AL R
ERHER NS 2> 5 MR OB VBEIEREG £ THRATH D,
Z0DH B YN yU-PYERIE%4T - 72D, A
PG EEREEINEA TH B L XN D, ZOHOERM
DY 5 AR —=I12FD L, ZoftBkkE 2 —F
LA (99-95 Ma) IHIM T 5 D L ch 5. HhiEIE
722 (2021) DFFRO & 512, TERPIREAE RO YL a3 i3
PEH~ I ~vOEAICEK > T8 A — - a—-2L7%
DEEbNB A, EHAEIZIE 70 MabE o EF5ER E R
FTHERNERECREEREVNTET LI &5, [AkE
S IREIER D WK OB BACR S 23, e (b
JHbE—F g ER—TH 3RS FLEHS A2 TR A
V. T B, HIRGE SV & MR VR GRS O
ReMEE IR, B, WEHEE & RIREILAE L 22 DR )IHE
FEHROEBAE~ 7~ L BFAEMESERE LT, {EEN
fRE (FE b —F LB ICHE AL T 3 g HEkR T
EREW(ZOBA, 90 MatHD I 7 % DY Vidhtk
WEEE 7w B) . F£72, 294 MalZ [l fE L 721 = POk
(FE b —FILE) BESE~ DB AL L > TR
BRI -0 ThIuE, T OBRIIEHEPTES % T
& L7=TRaE A fE S SiREBIER LR A 5h, hEIE
Q021 BHELTWAY LI VDA TIZRD LN
BROE & FROBR, 50325 LBk T
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RbThNbLaPbSrSmHfTi TbY ErYb LaCePrNdSmEuGdTbDyHoErTmYbLu

Ba U Ta CePr NdZr EuGdDyHoI'mLu

12 AUFEHIRIC R 2 VRECE T, SR WV SRR 2 TRICE T L DO AR TR D IR, (a) KiJE

Fig. 12

MR PE S 2 P S IR & B PR B IR S (Akechi-MME) D45 Tl B 43R O Fh Y i Xl
& (N-MORB) Higft/ S 4 — IC X B IR, (b) AT MR I B 3 5 v S B0 JEIDRTAE & B Hiudsk 12 o 3 % IR 05 SR RL
2 (Akechi-MME) D& THETTEMR O T v F 7 4 ML S4 — 2V I2 KB R (o), (o), () KIMEIRIZpET 3
B 5 HH & BRI 2 3 4 2 AR NHERUE O 2B e B R O R sl s (N-MORB) #ifs{l S8 — ik B kb
B (d), (O, (h) KBRS 5 TEME T & RIS B $ 2 DHR)IITER S O 28 & L EC R o3 Y F 54 b
B b, s 2 — /2 kB iR, BREALICHOWZZN-MORBR U2 ~ F 7 4 | DfEidSun and McDonough (1989) 12 & %.

Comparison of whole-rock trace element patterns of Ryoke Plutonic Rocks from the Ogawara area and the Akechi area in the
Mikawa-Tono region. (a) Comparison of N-MORB-normalized trace element patterns between mafic rocks in the Ogawara
area and fine-grained mafic rocks (Akechi-MME) in the Akechi area. (b) Comparison of chondrite-normalized trace element
patterns between mafic rocks in the Ogawara area and fine-grained mafic rocks (Akechi-MME) in the Akechi area. (c), (e), (g)
Comparison of N-MORB-normalized trace element patterns of granitic rocks from the Ogawara area and the Akechi area. (d), (f), (h)
Comparison of chondrite—normalized trace element patterns of granitic rocks from the Ogawara area and the Akechi area. N-MORB
and chondrite values are from Sun and McDonough (1989).
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&N B A ERPIRE T IZE8D & 5 ITREME AV AN,
B AL REROSRIIGR, FHRA DI 5 RiHE 2
VEFE IS OB Z L hHIFEh, TOXS BRETA
XHECE R IR TV EWZ e S, kL LTHhEIE
722 (2021) PHEERT 5 £ 5 BHE A LT 702 I35
M2k s. & 25T, hEIEN (2021) 1, 94 MatHIZE
BB L W fbEa~ 7w ED A, 70 MaRix D
EPE~ v OWEIN L > TEHHMIZHELZE WS K
BeHHL WA, ZORIZBIL T, Cooper and Kent
(2014) ®Cooper et al. (2017) DKEA L TV INP = 2 —
V=5V FIZBIFAMET S, HESIZ, ‘v ED”
NOERDOV 72 DFEAD 5 VIEFHHRAIZED, LA
P A IIZIEAL (rheological lock-up) L 72 RE v 27 <
SURICHREIT 2 BANAECHL Z N HE IR T 5.
L LR s, BIEOHFKFERER T Y TV v 7 A0
RNTZ DL D BRI D15 EE LW EIRER
WX T =00R, 25 LEHEENEC -ZBEOEK
GHEICB T BN EERFNA S =X L1200 TR &
D LA SRS VET, Y3 YO U-PHEMR
BOAE»SHW§ 5 Z &L, DEoZ &id, s
E2 021) DR THEE#FIRT S LD TidA
WA, AR IRICTE D B BRI AT g - Az
WTE, K OFHFll AV AR - BAYIIRET S SO
MThHENL S,

F(Ab=k]

KM & WK 3 2 AE RS R IE, P T RAR D/ §
2 —VIZHBWTC, KBENCIZMEHEIZIER 2P U 72 ek
LEBBAERT. 20T &3, ThZPhoBis 50
3 a2 R, ROERTHTRRIZH 572,
HWMORFEWE IZHR S B TREM: A RIEd 5. § T
NIz k912, Kbk % &8, SERNIERSFRIC
BT HEDEREDNTET S Z &2 5, 1EIFRHOE
RIDAMIH FRIRAREST 2 Z 3T, AifiORG
26 L HMARTFBERIEEZ LIS V. Zhicglbse g
KBNS B TE R A Z W2 h oS RCIER I SHLS
52803, FIXAEOREWEY» 5, HIEWE- AN -
s th B O ITCR DO DB ZE D & WREIZ, T4b
5, EHREEERKE S BA L &y, FlLABET
7 /82 U 1 | A O il N 3 R

1970 - & T2 — HIZIEHES. X 2= hiE b 7 O RERK
WA DR (B2, IHHE2, 1974) 12k % &,
S HEHFEERE R T Y Ly 7 2B W TR B AT
125043 B PR IAE R A S AL SRR P 5 AR 95 km, ¥R
WAL o34l & N T R EBAER S 138 75 kmiZH 7z -
THMT 5. ZhoDEREROERSEED, R
H—DNRIGEE TR I N EMEEAHDO Z & Tidk
<, BICRIAN 2 KRMEROENTH 2L LTE,
K100 kmFEEE IS D 72 > THBE LEEMESTEL 22h 8

INEARATH S, ZDO—HT, 19704 EF TITHEH
(RUERMR B % & L icxt b X h = R0, wiffix i
XNk 512, W72 HOHEMME S A =R O
BUEIZRIE LT D, (LRI & RIS I (&
L—TF) CE Bk E +FICELI OIS, 25 LF
KD, RICMETTE S Z — v ORE 55 IR, 7
o DERIRDE—TH B3I Ea+BTLEREKTSZEDT
VA, TR & o TR & h ST O IR &
wiba, B FHROBE > 6B TR, T
kA E (RA2H) ot E ¢ LIt Ehik
AANCHIERLF R AE N Z 5 Z &8 EEE 55, 22
T, MRESES LRI <, HEbs OFHEESSE HO
LSRG 72D OEHEMO B E LT, FUILHE
Yy P OfF ST B IR OfE RS FH & E TR
KA g 5. IR & 13, (AR)IERYS (Yamasaki,
2022), EEIERES R OEARIER S (LK, 2019) D4
MEITCEHR ARG XT3 A, REITER S R OEAR
TEHEEIZ DOV TIE, KE RO EE AR & B 6 s R’
BHMEETRT 20, UTORF»613H5H» UK
shU, BERIIERE (Yamasaki, 2022) & D #4475 72,
ik, RETERAE, 28FERSERRO 7L 3
FEN112BA 5/5—=7 0L I+ 28K TREDO TS
na Wlz, (L, 2019). KE kO mERETERS 1,
X ARRAE}A G EDNH B H, 73 F g
FIZIFLIRNT, Zha#41 530136040 TH 5 (58
8. ft-T, REHEREICIUT 31FE/ =T IF
2 2 R AN SAERS B, A ARRUR C IO m R Hisk 12
BAEAEES, 73 FRaREN 1.1 2B A 5 MIAfeEs
WAL, & < T8 RIS EZ RS O FLIER
kDRI D LHfigch 5.

Yamasaki (2022) 12 & 2 BHZ sk O BRI G R 5 D &
MRS L, KIS Ik O 8 [ 5 ON-MORBHL
B ESEMEITTE Y2 — V& 12K, d, f, ZLTa YV
FIA4 MBI EEREBEILE Y — V212K, e, g
IR, KIS O JER; b — LA, SR RO
MR OB TCRMR A BRI 2 720, R
IO T RIERS 2 KBMIZIEZh o & TE K<k
A=V ERT. L2L, ElIcR S &, WO G
FNAEREE IEuD BRE 2P Tl <, FMIAfERE D
Rt xXplch s, JER b —FILE RO ERE &
PR ISR O AR I{ERS & 1%, N-MORBHUZ{LE I~ F
FA4 MBI ESEMETR/ S — YT hitb T EiE
IERURHIH A E % 52, AEHAERA 25D %, REE
IS4 =V DLa-Cell & TrfiHM, Z L TN-MORBHELS
H—VIZHB T ANAOIERE 23, PR IO FR)I1E R
AWML CRB OIS, —T, LHERE 2RO T
%, N-MORB#IEAL /S & — v Ozr-HAZE e mnE, #
B O FRNIERSE CIERi® 5 hawv, AHERS
RCERAIC & R O AR NITE RS & L L T
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RG] Skl 2 pE 4 2 VRICA BCE FHO LA (1)

B, Rk AEhAGEEOIBL 2 E D7
B, FERIICALERIR O T8 KIS O B S o rh
TIFAEHERE RS KPR ERL TS, =
TR DR NIERE D ¥ L 2 Y U-PbHEAR I 75-69 Ma
(Takatsuka et al., 2018) TH B Z &6, ZDFRIZ KM
JRHIk Iz fs W T IfEfR S L EA 52, KTk
THAHTERA OB FE & e L Ty b Nakamura et al.
(2022) D 77.7 £ 0.4 Ma& FRR)IAERI S DI & 75+ 1
Ma (Takatsuka et al., 2018) & 1F, mEAEFET S5 L 13
Maf2EDZETH D, ALHEMAEDEREERLZE 23
78 MaTIEZWAREM S BT 5 &, FIHEL TS L
FTIEE ARV, KM HIEO PERED 57775 0 1 VB [X]
W[ AR s ©id, K3 BeA crilic R IITERE
NIAL 539 5728 GufH - (LH, 1957), EH{EREIE
ZNDEETH AN H D, KibR~zkS51Z, K
s 2 AERIEAE & T B =3[ A 6 1390 km
LN T 27280, ZOfFHEDPZENITERE O EASE
2378 MatH T % nREM: & BIRF A TR ETE A
Pk HTER S & A RO PR NNTE RS & OfE
TLFAE LRIV, FORIREIC IR U 72 b
UK EOR B E FARAEIC K > T, HhEBHs ORERIER S
DA TR ER T 2B AREL T3, Al
HTIE, HEIZ 60 kmll RN 72 O, 23U
BRI BEAR OB 5 2> Tld 28 WA e B bt % a7
A, RS 2HFATOME FERIERTSZ LI2k- T,
& O YD SO AR 22 A B O R A T BE T d B
EEIOND. X561, HERWEKIIEbLLIHEE LT
(&, R R0 v EL b T O ~ W N i S A Sy
i BEHRERAE R, VUE 3K 540§ 5 R
e BPARER S R 5 Z MRS Tv 5 (EiRiE
A, 2016 5 BE - BH, 2021) 2 &L 5, BRAEHEOE
Py 7 AU ERUR O ol & B b, MRS FHIZD
W, MR IEOMKINZERY? 5, HAK (Hk-
AR, 1975) HEEAl S B TREMEA B 5.

6. £&O

535500 1 R DR [ ] it | MR P 3 2 SR VRS
FH M ORER S A 25 VIR - TR R A, &
B2 L O e —3% L, B RUE T ORISR
ROBEMNFEHEOEBDZ AR L2 KiulJFE I E R
THHRERSTTH 5, b —F s, LHERS
KUm AR A, 22k 50 LI T & %S0, & FeO*/
MgOIZid 2 FRPTTREOZALEA &, METTHRAK D
IV F 74 MR LTRSS 4 — v EN-MORBHIE
fbwFzL Ay bSg—VOMAADEIZE ST, H
HAZH 5 B R R OGN AT BE T d 5. KIM
JHH O IERE b — s, A TGRS & ORISR I,
R TCEMRIZ W TRBIICEOICHERIL, FREDIt
RITRET Ao RERLEILICRRT 2, by

T D EDBRMEMN B ZENRD SN BT, HHELE
WERABLNEW. ZOZEIE, IhSOWREHED~
e, IREFEEORLEEH» &, #oEE & oKt
DD BRI DL D 5 e WFE I P L 7= BB TR
L7 L ARBT 5.

WEREA TR, RURINE & HRAE & TR S 2 A i ER{L A
WRMOZERERL, WIERF24LA4 bTHD, B
PWHIR Z R LT B Z L ITHIB LT 5. ik 5 2k
B (MR 1, &8 FR AL EMRIc B W TR
ARSI T B P L Y FARTS, ZOF-BH
FNZ, AW TRISIROEEIR 2R 34 HIERA & O
HURIRA TH 0, w7 ~D iz 3% IKBEH% R
TR Tk e Rehs, BAEICX2HERUED
AIREZELTI &, MPEAHEZY VT A VRO
LY RERT.

R DR ERCE D S B, FUTTE Ly O
7 — & H3H AT 2 = -SRI O BRI 2 S B
IR SR & O L TIE, AT b3S o IR 35 B A
EIRIER DM AR T Z EBHE N RS2 ZDZ
EZ, WA~ 7~ OB R BN TOMKRZE T 1+ 2
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