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Abstract: Geological mapping (7x10 km®) of the Ryoke Plutono—Metamorphic Complex exposed in
the Tsukude area, central Japan was carried out to provide information about geological structure, the
nature of plutonism and metamorphism, and their relationships with the neighboring districts. The Ryoke
Metamorphic Complex (RMC) of this area is a 4,000 m—thick sequence of north—dipping strata composed
mainly of metapelite, metapsammite and metachert, which corresponds to the upper unit of RMC in
the Mikawa Plateau. RMC of the Tsukude area was intruded by the post—-metamorphic Ryoke granitic
rocks, including the Shinshiro Tonalite, Mitsuhashi Granodiorite and Busetsu Granite. In addition, the
distribution of pyroxene— and calcic plagioclase—bearing plutonic rocks was newly identified as the
Tsukude mafic rocks. Metamorphism in this area is divided into biotite zone and K—feldspar—cordierite
zone. The K—feldspar—cordierite zone represents contact aureoles of the Ryoke plutonic rocks. The
Shinshiro Tonalite is surrounded by an unusually wide contact aureole and recrystallization conditions
of rocks lying above the K—feldspar—cordierite isograd are estimated to be 230-240 MPa and >600 °C,
implying emplacement of the Shinshiro Tonalite at 8.5—9.0 km depth.

Keywords: Contact Aureole, Granitic Rocks, Mafic Plutonic Rocks, Ryoke Belt, Tsukude

C | 1.

5HAOTHIER [ =0 KB RENIZHWT, fHEK
mm?ﬁ&:/7v/72#%&?5%E%7xmkm
(W?ﬁﬁ)®%ﬂﬁﬁ%ﬁot AR bk D TR A B S
KR EIER O R L OB A & DR TEE, &
BRI S OIS 2 6 50, 2RO REIF134,000 m
K%Té.:@E%@EM%@K%H%%%%&%E@
2=y MIRbE D, AR o mE K2 S FHIC
3, rﬁ*mﬁm@& %%fmﬁﬁﬂﬁWF—f»E,
4%%fn%ﬁﬁ REERE) AEALTOS. %7,
O KRV CalFEOFEROEFOEREN ML, Th%
PET B A GTRR) & U7z, KMo MR 20 ke 1
HUEERP & 2 OB BIED 7 ) RAEE G SRS
TSR, RRSH b — OV TP O S o O R
ME IR EIZIAG. Bk b — LA O 7 ) BRAES
HOEAIE>600 °C, 230-240 MPaD W E—TE 140 CTH
FELTHD, Fk b —F LA OEEHEIL8.5-9.0 km
LEILND.

FC®IC

VYR HARPHFIZ 36 & 2 800 kmiZ D7z - THAIRIZ AT
DHRER-LR T Y TV oy 7 AL, FICERFPHERFO
Y 2 TR & & 9 5 A OIS S i 2 RO
e REOWKEH (EHEHE D ROESE A »
57 % (il Z13, Okudaira ef al., 1993 ; Nakajima, 1994 ;
Suzuki and Adachi, 1998). & 7-{EfmFAFHIE, KL SR
D IAIEZE AR FH & TRl H S 36 B U 7= oy B H A E b o M
&, IRIEZE A O # I TR B IS IEFANCE A
L, ZHUCEMZERAIER % 5 Z 7= B sERA G R 5 I X
WTE S5 (W A1E, Kutsukake et al., 2003). FHFE K%
WYy 7Ly 7 Z3BUHE, FAC ORISR ZE B T
HBZWNERT Y Ty o AL FYLEER %A T
ML THD, MHFKLINAEERIC T 2T EE Y
OYZABHRT DA THEHELMENRETH S BFIAIX
Miyashiro, 1972 5 Aoya et al., 2009 ; Brown, 2010).

ZHRIF RGO =W EFIE, HRER-ERI Y Ty
7 Z DB EHEBPWIZIT Db TE RO —D2ThH .
BN gnmﬁnnwwgm%l%Tﬁ INEYE
@1%EI%F@EJ%¢@&T%%@1 et Bt
Wi % 7N 3 IR A A FHD R 10 kmAH XY 238 f5er9 12

B ERATF A

B (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)

* Corresponding author: S. ENDO, Central 7, 1-1—1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: s—endo@aist.go.jp



WEGHENFR 20134 H64& H3/45

AN
»)

1 .
\ ¢ %
d

2

{2226
J
o

[ ] =

[] s tammsim
T - HEER
| R - B
T e LR
T TS - chERREHE

o MFCERERE, BARELE,
] B —BE, h2IL—YA b

ERRMEE RTEHEE)

\’J‘h

= - HH BRRNER (RARRTEEES)

=

=
!

V-5
1

41"\’
=
77
B 7 ] smxEmas Ty o R

SWIERIY TSR

— Wi ..-"" RTEHE - = THENE

o RTEHEE BB

BRI T L R

SIX =R E O MEREREIX]. 20 J755 0 1 EIXIE [EAE R OO LI | (HeARIE 20, 2004) % filjis(b. FHA b & BT

Y

Fig. 1 Geological outline map around the Mikawa Plateau, central Japan (modified after Makimoto ef al., 2004). The study area is indicated

by a bold black frame.
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Fig.2 Geological map and cross sections of the Ryoke Plutono—Metamorphic Complex in the Tsukude area. Orientation data of mesoscale
deformation structures (pole to schistosity, stretching lineation and crenulation lineation) are also shown on equal area, lower
hemisphere stereoplots.
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Field photographs of the Ryoke metamorphic rocks in the Tsukude area. (a) Pelitic schist (Rp) with abundant metapsammitic lenses
(Rs). Biotite zone. (b) Andalusite—bearing stratum of metapelite. Biotite zone. (c) Coarse—grained pelitic gneiss. K—feldspar—
cordierite zone around the Tsukude mafic rocks. (d) Foliated metapsammite (Rs) and psammopelitic schist (Rs—Rp). Biotite zone. (e)
Metapsammite (Rs) intruded by the Mitsuhashi Granodiorite (Mg). (f) Metachert. K—feldspar—cordierite zone.
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Fig. 6 Photomicrographs of the Ryoke metapelitic rocks from the Tsukude area. (a) Muscovite—bearing schist (TS103) in the biotite zone.
Crossed polarized light (XPL). (b) Andalusite— and K—feldspar—bearing schist (TS134) in the K—feldspar—cordierite zone. Plane
polarized light (PPL). (c) Cordierite— and fibrolite—bearing gneiss (TS140) in the K—feldspar—cordierite zone. PPL. (d) Cordierite—
and K—feldspar—bearing granofels (TS136) in the K—feldspar—cordierite zone. PPL. (e) Sillimanite—bearing gneiss in the K—
feldspar—cordierite zone (TS007). PPL. (f) Garnet—bearing gneiss (TS125) in the K—feldspar—cordierite zone. PPL. And: andalusite,
Bt: biotite, Crd: cordierite, Fib: fibrolite, Grt: garnet, Kfs: K—feldspar, Ms: muscovite, Pl: plagioclase, Pn: pinite, Qz: quartz, Sil:

X

sillimanite.
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Fig. 7 Modal composition of the Ryoke plutonic rocks in the Tsukude and neighboring areas. (a) Granitic rocks. (b) Gabbroic rocks. Modal
data of the Goyu and Asuke districts are from Nishioka (2008) and Yamasaki (2012), respectively. Qtz: quartz, Pl: plagioclase,
Kfs: K—feldspar, Px: pyroxene, Hbl: hornblende, QD: quartz diorite, TO: tonalite, GD: granodiorite, MG: monzogranite, SG:
syenogranite, GB: gabbro. Rock classification of the diagrams is after IUGS (Le Maitre, 2002).
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Slab photographs of the Ryoke plutonic
rocks. (a) Shinshiro Tonalite (Main
facies). (b) Mitsuhashi Granodiorite.
(¢) Fine—grained mafic rock in the
Mitsuhashi Granodiorite. (d) Tsukude
mafic rocks (mafic mineral—rich and
strongly foliated portion). (e) Tsukude
mafic rocks (mafic mineral-poor and
weakly foliated portion). (f) Busetsu

B 1cm Granite.
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Fig. 9 Field occurrence of the Ryoke plutonic rocks. (a) Dark inclusion in the Shinshiro Tonalite. St: Shinshiro Tonalite, Inc: dark inclusion.
(b) Dark inclusion in gneissose Tsukude mafic rocks. Mf: Tsukude mafic rocks, Inc: dark inclusion. (c) Busetsu Granite dike
intruding the Tsukude mafic rocks. Mf: Tsukude mafic rocks, Bg: Busetsu Granite dike. (d) Busetsu Granite intruding the Ryoke
Metamorphic Complex. Bg: Busetsu Granite, Ms: Metasiliceous rock of the Ryoke Metamorphic Complex, dashed line: boundary
between the Busetsu Granite and metasiliceous rock of the Ryoke Metamorphic Complex.

SEMERT. ARGIEEAY, RER (85010 A2HBEMEIRE Mg o
mm) TY = Z = @E-HHEE, X - REEO S EER SUBRBIERIDRES, Hl— EAEp A & Bkt
F.OLEUIE, WEOT T LERBED ) A2 SHIRE  TE A RSIREUILI L, AR 5 ()
N3RS AR (0, WADSAGRD N AMAE WAL 5. 5Ti50 LI (5] Mesio
55 (F10a). APIHERARD AL X 74 L ELIEL BRI TR A b & 5 M= 368 5 RO
At B, MRERT YTV s ALORRINECE B Chs. WERLREBIZHALTOS (s He).
F B - b — L G 101b) &, NI A AKBBIC Y 5 SIBREAERDIRE S, 90 RN
FLASHEY, WISBND SAMEERIRE PRAE AR R AN R RHERPRE (B8R KO
B EBPSMS B ORI 240, RHETOEARA SO ERHERECS 5. ARSI AT 3 BB AT
RPNV RERIEEASEEAOM TUTATRER  WERERIREL, 2B RO SRR
BT SRS, EHATOR 7 ) BEH £ (7). (28]t
BT BRI S & < B AR | —



TETHUK DO FEZG - AT Y TV oy o 2 (e - ilil)

B0 PRGOS PHHE. (a) Hidk b —FIUEFEM ARARER P —F L), sux=a). (b) #idk b —FLE

Fig. 10

JiligAe (GREERE b —F L), v uz=a)b. (o) =HEERIIRE (AP &R RERMERNRE). 2ux=a)L. (d)
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Photomicrographs of the Ryoke plutonic rocks. (a) Shinshiro Tonalite, main facies (Hbl—Bt tonalite). Crossed polarized light
(XPL). (b) Shinshiro Tonalite, marginal facies (Bt tonalite). XPL. (c) Mitsuhashi Granodiorite (Hbl—bearing Bt granodiorite. XPL.
(d) Fine—grained gabbro in Mitsuhashi Granodiorite (Fine—grained Bt—Qtz—bearing Hbl gabbro). Plane polarized light (PPL). (e)
Tsukude mafic rocks (Qz—Bt—bearing pyroxene—Hbl gabbro). PPL. (f) Busetsu Granite (Bt—Ms granite). XPL. Pl: plagioclase,
Kfs: K—feldspar, Qtz: quartz, Opx: orthopyroxene, Cpx: clinopyroxene, Hbl: hornblende, Bt: biotite, Ms: muscovite, Opq: opaque

minerals.
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Table 1 Representative compositions of orthopyroxene and plagioclase in the Tsukude mafic rocks.

sample ~ TS005 TS005 TS007B TS007B TS017

TS017 TS005 TS007B TS017 TS005 TS007B TS017

mineral Opx Opx Opx Opx Opx Opx Pl Pl Pl PI Pl Pl
core/rim core core core core core core core core core rim rim rim
Sio, 52.63 5249 53.62 5363 5243 51.76 4658 45.69 46.66 55.13 5321 54.26
TiO, 0.15 0.15 0.20 0.20 0.23 0.40 0.00 0.00 1.47 0.01 0.01 0.01
AL, 0.90 1.25 1.31 1.50 1.11 2.13 3436 3395 8.07 2794 2920 2845
Cr,0; 0.01 0.03 0.01 0.01 0.01 0.06 0.00 0.02 0.02 0.00 0.00 0.00
NiO 0.04 0.04 0.04 0.05 0.00 0.06 0.00 0.01 0.01 0.01 0.00 0.04
FeO* 29.19 28.68 27.69 27.07 2829 2720 0.57 0.05 20.71 0.20 0.04 0.09
MnO 1.04 1.12 0.70 0.64 0.75 0.77 0.00 0.01 0.38 0.03 0.02 0.00
MgO 1457 1434 1550 15.63 1430 13.73 0.03 0.02 10.07 0.00 0.00 0.00
CaO 0.93 1.16 1.50 2.06 1.24 2.17  17.84 1753 1053 1035 1133 1093
Na,O 0.10 0.16 0.13 0.15 0.14 0.17 1.59 1.56 0.95 5.68 4.98 5.29
K,0O 0.00 0.01 0.03 0.04 0.01 0.05 0.01 0.01 0.42 0.09 0.07 0.05
Total 99.55 99.43 100.73 100.98 98.51 98.50 100.98 98.85 9929 9943 9886 99.12
o= 6 6 6 6 6 6 8 8 8 8 8 8
Si 2.03 2.03 2.03 2.02 2.04 2.01 2.13 2.13 241 2.50 243 247
Ti 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.06 0.00 0.00 0.00
Al 0.04 0.06 0.06 0.07 0.05 0.10 1.85 1.86 0.49 1.49 1.57 1.53
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.94 0.93 0.88 0.85 0.92 0.88 0.02 0.00 0.89 0.01 0.00 0.00
Mn 0.03 0.04 0.02 0.02 0.02 0.03 0.00 0.00 0.02 0.00 0.00 0.00
Mg 0.84 0.83 0.87 0.88 0.83 0.80 0.00 0.00 0.78 0.00 0.00 0.00
Ca 0.04 0.05 0.06 0.08 0.05 0.09 0.87 0.87 0.58 0.50 0.55 0.53
Na 0.01 0.01 0.01 0.01 0.01 0.01 0.14 0.14 0.09 0.50 0.44 0.47
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.00 0.00
Total 3.94 3.94 3.94 3.95 393 393 5.02 5.01 5.35 5.01 5.01 5.00
Mgt 47 47 50 51 47 47 - - - - - -
An - - - - - - 86 86 86 50 56 53
*total Fe as FeO.
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Mineral chemistry of the Ryoke metapelitic rocks. (a—c) Zoning profiles of garnet. (d) Compositions of biotite. (e)

Compositions of cordierite. (f) Compositions of K—feldspar and plagioclase plotted on the orthoclase (Or)—albite (Ab)—

anorthite (An) ternary diagram.
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Table 2 Compositions of garnet, biotite, plagioclase and cordierite in the Ryoke metapelitic rocks.

sample TS125 TS125 TS136 TS004 TS004 TS125 TS136 TS004 TS125 TS136 TS004 TS136

mineral Grt(c) Grt(r) Grt(c) Grt(c) Grt(r) Bt Bt Bt Pl Pl Pl Crd
SiO, 36.39  36.02 3651 3660 3646 33.70 3421 3381 6249 6221 60.85 47.22
TiO, 0.03 0.05 0.02 0.04 0.00 3.38 3.92 3.93 0.01 0.00 0.02 0.00
AlO; 20.66 20.62 2095 20.70 20.94 19.02 20.00 18.05 23.42 2368 24.85 32.57
FeO* 3271 2934 32.08 3092 2745 21.11 2068 21.20 0.02 0.03 0.01  10.89
MnO 850 11.79 9.02 9.30 13.90 0.60 0.37 0.76 0.03 0.00 0.00 0.93
MgO 1.89 1.53 2.12 2.53 1.69 5.43 6.45 8.16 0.00 0.00 0.01 6.33
CaO 0.68 0.59 0.65 1.08 091 0.00 0.03 0.00 422 4.44 5.96 0.01
Na,O 0.01 0.00 0.02 0.02 0.01 0.08 0.12 0.10 9.05 8.79 7.67 0.22
K,0 0.00 0.02 0.01 0.00 0.00 1097 10.69 10.69 0.17 0.15 0.10 0.01
Total 100.87 99.95 101.38 101.19 101.36 9430 9647 96.69 99.41 9931 9946 98.19
O= 12 12 12 12 12 11 11 11 8 8 8 18
Si 2.96 2.96 2.95 2.96 2.95 2.66 2.62 2.60 2.78 2.77 2.71 4.95
Ti 0.00 0.00 0.00 0.00 0.00 0.20 0.23 0.23 0.00 0.00 0.00 0.00
Al 1.98 2.00 2.00 1.97 2.00 1.77 1.80 1.64 1.23 1.24 1.30 4.03
Fe 2.23 2.02 2.17 2.09 1.86 1.39 1.32 1.36 0.00 0.00 0.00 0.96
Mn 0.59 0.82 0.62 0.64 0.95 0.04 0.02 0.05 0.00 0.00 0.00 0.08
Mg 0.23 0.19 0.26 0.30 0.20 0.64 0.73 0.94 0.00 0.00 0.00 0.99
Ca 0.06 0.05 0.06 0.09 0.08 0.00 0.00 0.00 0.20 0.21 0.28 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.78 0.76 0.66 0.05
K 0.00 0.00 0.00 0.00 0.00 1.10 1.04 1.05 0.01 0.01 0.01 0.00
Total 8.05 8.04 8.05 8.06 8.05 7.82 7.79 7.88 5.00 4.99 497 11.06
Alm 72 66 70 67 60 - - - - - - -
Sps 19 27 20 20 31 - - - - - - -
Prp 7.4 6.1 8.3 9.7 6.6 - - - - - - -
Grs 1.9 1.7 1.8 3.0 2.5 - - - - - - -
Mgt 9 9 11 13 10 31 36 41 - - - 51
An - - - - - - - - 20 22 30 -
*total Fe as FeO. c: core, 1: rim.
72D TH B (H4alMa). Hib$2 K512, Tholl HUC KD RRBWHE S AEN L 2o &, BB

(RN A O B il T L IR R 8 A S A L 72 D

DM (FIZHERR) L ¢

R

RO AT L 72 Z & %

b, MeAc SREEICHBEBERE#H->T05. 20729,
JEIRZE AR I O BT R AT R DAY, BEAZEBAE
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FESI A A AT % 5 2 7= Hi I sERAE RS SO 58
EHEEICRETE 5. WE-TE R ICHW 28O
EPMA 73 1Tl % 25 2 R IR T

TS12513 H i R MR IS BUS I A 4 5 — 804G
TER PR E A O B> S ERE L 2R E S T o
3. &L ALIEEE03 mmAi O HIEASS T, £ & MR
AP (FITRHELFR) 25037 La@amcziny
LNRHETE D (FeX. X< ALOMEME T 7 UK
BNZIZIEYEE TH 52, U L TMaABENNS 2 06 B ks
BERT E11Ka). 20O &S AR R EEE R L

5. L7zd->TEL A4&E O THRIOBRETE
FMFERME B2 L3 TERV. £, EELDOSRY
LEZONIAZR-RAESGHKREGE. TS5 LR
WO FEEIZ L D, WEOEERHIMg/ (Mg + Fe)2d -
H, TidkAd 4 5 &5 ARz E2 7L BN, &
LTIO, I E MR SIS 2R ET 2 H 16N 5
(Ikeda, 1991, 1998). F 7=, #HELIZY &lZflh > TH
FNZAR S AT 2 Rk 2 &5, 27 O
Ang, ThH 2 GEILIXY. HEARILAHDI T, Tio,
ICEOHEELR MRAD2 T OMKEMASDYE, X<
AA-HEERHE RIS T (Hodges and Spear, 1982) MUY
< AA-BER-PHEA-AEHETESIET (Hoisch, 1990)
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NESNS GE12[).

TS136/ 3 HHE b — F IV E/INEERIE BT 2 08 &
77 7 2V AT, IS R B AR O RN
EWORE-TENRBOICEL TWab, LHERV
LED X< ARHIZEER &3 280 %ol
RINZHE TH 5 (FE11Ke). EHFEMIEELTE S
T (F6Xe), 7 DMK IEMg/(Mg + Fe) = 0.505+0.016
C, Bertoldi et al. (2004) D/R L 72 ICREREZET 5
ELiRBeZ GV NAEELHEELONS (Bl
Kle). 720D b — ZILH197-99 wt% & 2 AL
L, HBERS S FAEF v 2AALNICELZ L EHRT
3. RENZTAAEST 2RI Y A > TAnK S 2
WA (An172*5Anl) T2 BG4 R 4 GE1KXD.
TR ICE A ) EAREFAICEA ST B /MBI
VB R FHR (An20-24) &/, &< AR
FHEO-GREEITE NGNS K AL RERHE RS
Rl AA DY S L630-640°C, 210-225 MPa, Berman
(1990) D XL ATHDOWHHEET L EMARAALZ XL A
A-EHE ARG (Dwivedi ef al., 1998) ZfAAHHES
& 630—650°C, 210-245 MPak RAid 5h 3 (5 12X).

P EoEE-FEHRED 2R & EEa2eE fk

B2 HREREFHORE-TENRED. <A H-H
ERHVE RS G (Hodges and Spear, 1982), &
< Ah-EEAMEIRER (Dwivedi et al., 1998),
I AR-RE-RREAO-OEWHEIE NG
(Hoisch, 1990) DR &R, BERHEO
W -IE 1548 13 Miyazaki (2010) 12X 5. ALSIO;
FHIX e O A Z R4 9553 fif RS IR I3 Holland and
Powell (1998) DEII*-T — & & » b (2002 XE])
ICKDEEREL -

Fig. 12 Pressure—temperature estimates of the Ryoke
metamorphic rocks from the Tsukude area using
garnet—biotite geothermometer (Hodges and Spear,
1982), garnet—cordierite geothermometer (Dwivedi

700 et al., 1998) and garnet—biotite—plagioclase—quartz

geobarometers (Hoisch, 1990).

HO CE12[KD), TS125 X UTS136 % &H 7 ) BAESEA
TOZERIEE FIZHERA P PET 5 Z & (B4Xb) &R
KTHh 5.

S52EMEBENY 1— Kt 7 a @

TR A B 20 28 TR S D MBI R IZKFMASHSR 78 £ D
BGHIRAE T & NI TRE T d 5 23, FEEHTR Z 5 IsiE
ARSI 5. RERFOLIeE O AR,
UK (FBILREHE) AAKFIX] (A = ALO, — K,0, K =K,0,
F = FeO + Mg0) O L THER-HERI4 4 74 YV KDA
THRMHNCZ & 5 & 2 3ARA2A B L, KIENHZS % &
i) RASMNBIT S, 07, X0 OB
TIRKROKIBIZ &K 0 AZRRSE L, fAEA+ 7 ) BN
HAEPNEIZE D (5 12K).

HER =4I+ 7 ) B4 +H,0 (B6 1)

SEIEA (1992) 4F, [HH] HIROZ RS ICEEh
2 KA A BORZE S O WAL A fCi L, 2 &R
B OREHI B R A 5 IABE R AEH & 2R /EH <
BENFAEAPEN TE B2 L AE/RL7-. Adachi and
Wallis (2008) 1%, =4 (1992) A¥adak U 7= KLAE A i
k%, HREOFBAZIER L -2 (DIZEK) & ZOHi
ODEFEDHNEILHKELA Va2 =T b=y o (D) 4
47, DU T #h O BIF IS HR IR L 72K 2 b
T =y (P) #47, MFEDEE (C) x4 FO=F#
IZWD T - @i L7z, ZLTC, EMROENZ &
D IRIRZE AR FIRHIC R 2 0G0 7o ATAE A BEIRZS & (14 A4
TROCHAT), MO OB 112 KD AR L
7RO TR (PA A4 7)) LV 2SR ELC 722
EERLZ F£72, Z8IED (1992) R Adachi and Wallis
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Table 3 Whole—rock major element compositions of metapelite and GSJ reference rock samples.

sample TS125 TS134 JG-1a JG-1a

RV **
SiO, 67.31 61.91 72.09 72.30
TiO, 0.56 0.83 0.25 0.25
Al,O4 16.10 19.47 14.15 14.30
Fe,0;* 5.66 5.09 2.00 2.00
MnO 0.26 0.07 0.06 0.06
MgO 1.52 1.95 0.72 0.69
CaO 0.69 1.11 2.18 2.13
Na,O 2.19 2.01 3.39 3.39
K,0 4.44 6.86 3.99 3.96
P,04 0.10 0.15 0.08 0.08
Total 98.83 99.44 98.92 99.16
LOI 2.38 2.82 - -

*total Fe as Fe,0;. **Recommended values (Imaiet al ., 1995).

(2008) (&, FAEA+ AV B A AR 2 PEANES i D
SO BRI, 184 TDARESTCH A TOFMA
SIL AT B N6, kb —FLEBEAICE &
5 BB IR IR RIC A T W Z L BmRE L 72,
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HHHARRD A1 & BRIRT 51213, 4 DS A DA ERK
2T AT (22— R 2 Y 3 V) & O @A
A Th 5. KKK OZOWHERETH 2 [ X
MR D FEB = + OZRAMEH % BR S 5 720, —F8
HOREMEERIEEDY 2 — FX oy 3 V447 -
7. AHUIROREIE LT, » ) BRAETAEOIE S

(TS134) RO XL AL EGLIER IS (TS125) %3,

XRFEGHE AW 21T > 72 B34, F72, AER-HEE
RaA4 74 k0ATHAMIZH 2 7L I FEERTeS
LT, EEIEA (1982) ALk L 7z, [ g
M o+FhazE0RER S OIT, A27 LIE8) Ok
AFEHTE S BRENZIN A 72,

Y a—F ks v avoiE EPerple X 6.66.
(Connolly, 2009) % H\\72F 7 2 T 3L ¥ — i/ Mb ki
K0T -7 WK DB T — & 1ZHolland and Powell
(1998, 2002eE]), WEEIEEFIIE, XL AAH, A LA
FA4 b, HEZER (White et al., 2000), HGZERE (Coggon
and Holland, 2002), #%Jéfa (Holland et al., 1998), Kt
(Fuhrman and Lindsley, 1988), & A, #ikiA, +
74 (Holland and Powell, 1998) %M\ 7=, fEH—1ET
HIROHRE R L= o F ORI 1213885
VHIEARE (3 7~ 24 1) BB O NE W28, AL b
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IZE A LK A0 %G DTSI25E 105K 57 DMnO-TiO,—~
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ZFDTi-NCKFMASH%Z EF )L/ L L7z, 72, TSI25MD
L AAPIZHVERERAREMHR A B NS 70, WikiLiE
R E U7z, AR O )es 2R B &2 SEm I &
A, RBIEREHIEE L RN, TR, RIEE-IE
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+CH,) T, HODEBLGEBPIRRKERD X ITH/- 72
(Ohmoto and Kerrick, 1977;Connolly and Cesare, 1993). H,0O
MBI AR R & DKL A S HEEEIE WL D2 FE LS
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MAENERT 2 Z L EHRANTH 5. (] Higo R
ERPH OS5 Miyazaki, 2010) &> 2 — K222 3 VX
6, 184 THAMEAIL300 MPa, 550°CFEE DS&MTCF
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BHFADOLY) v 7 &2a0H0T 5 (GRAIEA, 1982) 2Tk &
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EEBEPTERELSH - IOKEL, x4 TR
oS RERR ICIAS FE 5 Z L 2P TE 5.
BT, TSIMEA Y EAEERTA VY Ty Fhk



WEGHENFR 20134 H64& H3/45

A27: Si02 72.52 wt% TiO2 0.59 Al203 14.9 FeO 5.18 MgO 1.42 b TS134: SiO2 62.72 wt% TiO2 0.84 Al203 19.72 FeO 4.64
a Ca0 0.32 Na20 1.72 K20 3.35 +Bt, Qz, PI, lim, fluid MgO 1.97 CaO 1.13 Na20 2.04 K20 6.95 +Bt, Qz, PI, llm, fluid
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Fig. 13

OL# A4 TR & GO REREE OB RS (A27 - ERIES, 1982). AmB3ALEA DS E — F# (vol%). (b) 7 ) &
LEEOTA VT Ty FEFEOPA A FHEAZ ELIRERE (TS134). ArfHIRHRADAME. (o) 7 ) RAEHH
WD E L AhEGUIRERIKE (TS125). () TSI2SOEL A0 7HIKDO 7 A v 7'V 2 KO & B - FEI#ER.
And, #LHEA, Bt, SBERE Chl, #kefH, Crd, ¥EEH, Grt, < AH, Ilm, f L XF 1 b, Kfs, #7Y)EH, Ms,
FZERE, Pg, 785354 b, P, #HEA, Qz, f%%, Sil, EH#A, St, +7A.

P-T pseudosection diagrams of the Ryoke metapelitic rocks with P-T conditions of the biotite and K-feldspar-cordierite zones (Fig.
12). (a) Staurolite- and I-type andalusite-bearing schist (A27: originally described in Asami et al., 1982) from the biotite zone.
Isomodes of andalusite are indicated by red dotted lines. (b) P-type andalusite-bearing schist from the incipient K-feldspar-cordierite
zone (TS134). Anorthite contents in plagioclase are indicated by red dotted lines. (c) Garnet-bearing gneiss from the K-feldspar-
cordierite zone (TS125). (d) Isopleths for actual garnet core compositions in TS125. Inferred P-T path of rocks in the K-feldspar-
cordierite zone is indicated by black arrows. And: andalusite, Bt: biotite, Chl: chlorite, Crd: cordierite, Grt: garnet, [lm: ilmenite,
Kfs: K-feldspar, Ms: muscovite, Pg: paragonite, Pl: plagioclase, Qz: quartz, Sil: sillimanite, St: staurolite.
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Fig. 14 Plagioclase An vs. olivine Mg#* covariation
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plots of constituent minerals of gabbroic rocks
from the Tsukude mafic rocks. Ol Mg#* and An
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denote 100 X Mg/(Mg+Fe) and 100 X Ca/(Ca+Na),
respectively. Opx Mg#s from the Tsukude mafic
rocks and Uzukiyama mafic plutonic complex were
conventionally converted to Ol Mg#s using Fe/Mg
exchange coefficient (Beattie ef al., 1991). Data of
the Uzukiyama mafic plutonic complex and fields
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6.1 fLEDF

fEF05 P8 S HIE, T (1970) 1280 T [THRS
] HERCE O —3 T 2 ok P A-FZE R E R
AR & LT ERIZ RS R ThWE,. 20
[T AR 13, BR b — LR & W IR AE B ks
& (Kutsukake, 2001) % —ff L 7= #FRT, Hrik b —F L
HICH L THEHAO SRS 2 6 M2, 10 kmfE
B R W R R R (AT N EE S e AN S A v P =
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2 WVIEEIBIER RS R & &, Wb B [HHTEMH
HHE oL TR EbIZD LTS Bl 21T,
Kutsukake, 2000, Kutsukake et al., 2003). 1ET-H8E A
L, BRICREERL 2 & 512, AR HER A KRN L <

40 of various gabbros are from Yamasaki et al. (2012)

and Beard (1986), respectively.
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FHEREAETHD b —F g, BN R e a & M
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B AMNEITIZOVWTE, AFECHRIWZEA
BAtRA S X IREERADOWBLUNI T S & VA 5. £
Do AAIE R A S [l XSO /FEF 5k %
HD & F 2 M2 A0 A 3 % e RS S (WU, 2008) &



TETHUK DO FEZG - AT Y TV oy o 2 (e - ilil)

DIAIBAR 2 RIE X5 A3, Nakajima ef al. (2004) {2
X ARIMEEHE S, 5 DY L3 Y DU-Pb SHRIMPAEA,
372412 MaThH D, RFEERE LD EH V. Lk
Mo, ERMSEAEIE, —H#AEERPIRA (CHIME
AR, 84.1 3.1 Ma—83.8 1.3 Ma; #iARIZAH, 1994b) IZ
BRI R T 2 WA LT, i —F L
A (CHIMEHAX, 86.0 £4.7-85.2%3.3 Ma ; Morishita and
Suzuki, 1995) HHUZEEMIZH Fh 3G @AHES & R
THHUEMENRD B, BEE, FK N — LA &R
ISWEEI L RIS ST, 1) =EIEIERE
FEIZB W TSP HIIN O aAEME LTET S Z
ER BT L, 2) IR N — LA L S EREAC R PO R
WEIEBIE I (CHIMESEAR) 2L Tl b, —Hidaiss
O THELES Z 256, 8 Mad L IEZhUiisr 5
TEF— IR B O THEE ~ 7w BB 2 E T T
aEErEe 5. —JF, BRICb Rz X302 [l X
WOAEF BB O W B A S A LI E & T
ENS, WEFHEUZHIBIZFEL 225 S, $TXTHIAE R
DB OEY Tl AW IHEME S TE TE v, WEEs
B & B 5 HH & BRI 1 BE R R0 fH K A D K2 A
ERAR D & 0 BURRNICBR S 5 720020, RSk
BEER 2 OO PE A OGRS ERE RS Z &5
BOBETH B,
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