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The Study of the Ryoke Metamorphism in View of
Metamorphic History and Conditions —
as Illustrated in the Metamorphic
Terrain of the Southwestern
Part of Mikawa Plateau.

By
Takafumi Sko

ABSTRACT : In the southwestern part of Mikawa Plateau, central Japan, there widely develop
the Ryoke metamorphic and granitic rocks. The former are composed of pelitic, psammitic and
siliceous rocks, associated with lesser amounts of basic ones. Various Kinds of granitic rock,
such as Shinshiro quartzdiorite, Mitsuhashi granodiorite and Busetsu granite, are distributed in
- the eastern and northern part of this area. Geological, petrographical and mineralogical
characters of the metamorphic and plutonic rocks are investigated in detail. Metamorphic rocks
in the surveyed area are litho-stratigraphically divided into the following four formations in the
ascending order ; the Chigiri, the Hongusan, the Kashiyama and the Sakuraiji formations. The
general trend of the foliation is ESE-WSW, dipping to the north. Total thickness of the
formations are estimated to be at least several thousand meters. Macroscopically, the area is
characterized by the prevalence of homoclinal structure. The area can essentially be inferred
to be a regional metamorphic terrain, but the contact effects by the acting of granitic rocks can
also be observed especially in the northern and eastern parts. On the basis of the mineralogical
parageneses in the pelitic rocks, the area escaped from the contact effects can be subdivided into
two zones of I and II. While the contact metamorphic area can be subdivided into two zones
of Younger contact metamorphic Zone and Older one in connection with the time of granitic
activity. Such a zonation of the regional metamorphic rocks is based upon the parageneses of
metamorphic minerals recrystallized during the final phase of the progressive metamorphism
which is contemporaneous with the deformation of the forth phase described below. Meanwhile,
recognition of the deformation phase has been made based on the analysis of timing of
appearance of biotite and muscovite in biotite schists (SE0 & HARrA, 1980). The history of
deformation and metamorphism of the Zone I can be divided into following four phases :

The first phase ; Deformation related to the formation of the schistosity of the first phase (=

initial Si) which is recognized as Si in A-biotite flakes at present.
The second phase; Appearance of A-biotite frakes (=inclusion-rich cores) under static
condition=mimetic recrystallization of A-biotite flakes on initial Si.
The third phase ; Intracrystalline slip-deformation of A-biotite flakes under compression parallel

* Doctoral thesis (Science) presented to the Hiroshima University in 1980
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to initial Si associating formation of small recrystallized biotite flakes (C-biotite flakes) in
them.

The forth phase ; Deformation related to formation of the schistosity of the second phase (=
Se) = formation of elongated platelets of A-biotite dimensionally preferentially oriented
parallel to Se which is related to its pressure solution under compression normal to Se but
not to its intracrystalline slip deformation, and appearance of B-biotite flakes showing
preferred lattice and dimensional orientation parallel to Se.

In this paper, the succession of metamorphic phases in the regional metamorphic zones (Zone

I & Zone II) can be understood on the basis of analysis of microtextures of metamorphic

minerals employing deformation-structures as time-markers in dating their appearance. The

metamorphic history of this area in the Ryoke belt has been discussed by this technique.

Common metamorphic minerals, such as plagioclase, K-feldspar, garnet, biotite, muscovite,

cordierite, staurolite and tourmaline, have been analyzed by means of EPMA. to clarify their

chemical characteristics. Using the results, physical conditions of the Ryoke metamorphism are
discussed from the viewpoints of mineralogical partition equilibria and experimentally
determined metamorphic reaction curves. Based upon these petrological results coupled with
the observations of textural characteristics, P-T path of Ryoke metamorphism in this area has
been determined. Summarizing up the geological and petrological characters of constituent
rocks, the geological history of metamorphism and plutonism of the Ryoke metamorphic terrain
under consideration can be inferred as follows: The metamorphism of the first phase is
characterized by the appearance of staurolite, garnet and biotite. These minerals are enclosed
as inclusion minerals in the porphyroblasts (A-biotite, A-andalusite and A-cordierite etc.) formed
during the metamorphism of the second phase. During the metamorphism of the second phase,
which is characterized by static conditions of lower to moderate temperature, lower pressure
and higher vapour pressure, such characteristic minerals as A-biotite, A-andalusite, A-cordierite,

K-feldspar and garnet were formed. The metamorphism of the third phase, which occurred in

relation to the deformation of the forth phase, is characterized by conditions of medium to

higher temperature, lower pressure and lower vapour pressure. In Zone I of stratigraphically
upper part, such minerals as B-biotite, B-andalusite, B-cordierite, and muscovite were produced.

On the other hand, in zone II of stratigraphically lower part, sillimanite, cordierite, K-feldspar,

garnet, biotite and muscovite were produced. Then basic (gabbroic) igneous plutonism occurred

in the later stage of the metamorphism of the third phase. On the basis of the above results, it
is shown that the abrupt depression of pressure occurs from the first to the second metamorphic
phase, and the rise of temperature occurs between the second and the third metamorphic phase.

Time and spatial relationship of the Ryoke metamorphism has been clarified in terms of

polymetamorphism.

8 R
I, FZATE v sreraseiniiines veenaee cereeress QF
11, HOETABRE e eeeeeee ETRTITIITS tersssesseanasinnaas ceeeenes Cerrsetirsstaesssentiiianane 99
HI. %Ega]l& ...................... seesessnee 4esssessessrsesesessnsnses ceseseons sessrresens 105
IV, SEMERSereeeerrrrerrererrmenennianns cesertriree e eeete e s esaaenne veeeennn114
V. ZERAER e eeees cererneren Cerersraserniennnienaiirens Ceestraneeuisesitreierasenes 131

VI. ;ﬁ- g‘ﬂ% .......................... S0000esasitrarreettaearsroteananancstatrererrtaerere 140



TR b B AR & RIHIRZRAF R ORR 95

I, $AH°&

SRR TEREE B AR ORI 2 KT 2 MEHBENIT TH ), BREEICH~ TR
EHD RIS AT 2 TH D, 20 ) LEREFIEEE & $ - THEE S HRUE
R—E/R, BE, SHEREES, £, 2L T SE-UHLEOBNETH S,

PESK, HIRERAERICHT 2MRTIE, ECRREA¥ENLS» LEmINTER —
5, ERERICHEBOMS AL, ZORMHEE & & D ICEbT 2 ERERONE 2
Lz LTWERIZ R BN T Wi v, ARITIIEASE - ey e iifucin g TERE
OB ATE L, TR LML RAr L & b2, MHERS 21T, Thb DA
BB L ARSI R L 220 & 5 ICERSE D LERRHE 2 RET L, ETHHHD
SEAFMRRR IO NEIRRE - EHEOBEAIC & » T, BREFAOWEEMSICOWT, LD Ek
TR EPRAZ, UEN LS B - HEICZ - T, ZREFVHENE L Z > THHT
2 SR EERIL 2 R R O ER e L GREL, B L ERMEL21T-
A

ARHIRE T LdBIchY, FIREMICHL ) HE—TERLEL S ICHBE 2 w2 dw
PR lm AR EOE, NELIREEICE(RHOEEEL Y. ILRERTREEE,
BIESES, HHEMEEEE, WAREMHEICIZEREIHITEEZB)ECHILBEL EITF5 K
HTF, FARRIFEIRICILE 2 2 HEORZ b WCHBE 2 W ic i nie, FLsaAREAREL
23ISR TR £ 13 U ORBABIRIE 2 W2 L L b IS, BRERZHA TV AR
BRIV, WHTREBOFZEL T T, BESEX HHHBERECRSENHEN &
BUEL TW7 %, BEiEHEIC: EPMA OFERICEL THRNZ2B -7, 2L C, tEFE
FR, AMIAEEXIIUORABENFRICBIFRLOREERZEICE D2 S WTnie
725, BABEARICRFEMSEERRYICHERAZ I > Thieidwni, §b' T, Milel &
FEd,

A. FIRSE

FHIFK, &) 4AFRi2 HARADA (1890) 2k DM THW b, FFENMEEE T
E LT THEN, 2 RTLOTIER {, Riokeschiefer GARKE) NEWRT, HEPH
WEAEPBIHRTAEIETH > 72, KOBAYASHI (1941) 13$AFHE 2 pRAERLICH T 2 4E)
EUSEBI O RIZE KA & L CTE R, MICHENGEFGEE 0 LIciLfED T2, 20k, 4k
(1952,55) RRWT (1957) 7 &ic & » THFRMT & SHENAF I3 IbIc EHAENERD & P LRI
P TORMENEH DRI 2 LT LN TH B v iHzriTbHE N2, LaL, Wl
(1962) Iz K ZRAERM D 2 H A ORI & 5 kR & 12423, RNl A
BRI BT ABRTH D L W) RIFEERL 2, UL, SREREOFE & L Tomst
BHERTUD A ISR FEL LW G DD, TDHEZD—D2DWRPL L ->Twb, L
ML, #Hibhd s LA LEDRRICE VAL, EARPT2T7RNILNLEHE
ZEL, /AT (1977) I3HERUER R ZERIER TN Z Tl &k & Lz, £L TONO
(1977) I & 5 & AHE-WIFHREENR D S5 NATERL D ITWENI, = OIEWHET
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Mzl o TL b 8N EERLL, B (1977) 12, RiFE L COERSHNDBFAIMER
THAER BRI RLTE Y, SEERERN LM ZLDELTWwd, 2D &) LR
BB MRS S, TTI2H5 (1933) < ISHIOKA (1974) 2L » TLREN TS,

SRACIE 1 & AT L DR IZTRAR (1960) 12k > T, WRARTOFFERA WL
BRYWTFEY SW S IcE N, B AICEWTIE, ZRIERITENITERSE L Bkl
ME LD E &N T2 (KODE, 1958) DT, MITEMEMDERNED & ZERAER DN b
HHTx B 82 5N, —RaNCIZ, 250U, 485N L i kh & R
WMDIZPITTTH A ) EHEEEINTER, &A% 1960 4ERIC 4 » TR AR & L BUE T
7 K-Ar i & 2O ERONEH R FEREND &, ZOKBGHIHERLWOENREZR
L7z LarL, 1EIEEH (KacaMl, 1973) 35 & UZERUCENT (ISHIZAKA, 1966) ¢ Rb-Sr #:
12 & BAERNETIE, K-Ar 2D LD L D HWIEGITRENTZ, 20 & ) LAERNEICHT 5
EPMiiE, SHIBATA & HAYAMA (1968) 2 & o Tiad h, K-Aric & 2 RO ESIZTE
IS & BIEMERIEROENR LW L, B EAE%2RT & L, Rb-Sr#kic & 5 4
DFHFREEAERADIUSIENL D TH B & Lize TOWFLEKEROEUSL T, I
(1969) i3, FEMEBOIIALINI O 2 2 T2 TH 5 & L, HHH(1977) RHKHII 7 L—7"(1975)
12, Y2 7%» s QiiRdIiTh 3 LRI T 5,
LRENFRENBERICOWTY, ka3 / Fr beiikdic & » ThRsEb e 2,
H R BB DR AET & % > T D, AWILHUZ 5T, 1920 440 I FT AR RT o B
WEHATHNIZBRS, FIREREIR THEN) »IaTha eEZbNTER, F/2, O
RIS B WT b, FIEMMRNT D ThAR ) & S NLBIIEDS, W 0EE-UHLRn K
FARNLC 7 2N AB L URRREDER I EMILE NS & Ui UNLS-FF, 1952), Zalf
BENENRD THER ) TH B LW I IREUE, FENIAKEDINERSL > P LET B8
SEBDILAEICE » T, ZDOKMGHZUARICIETE L ENTW b THhb. TN, JHE,
%Ki, ANB L CUORIEROBIIMEH BV T, ZHEEALENEI/ FrEHEY
RO 2 RN EERH R E N, & Hic, Tk, NB(1979) 13 KRN F x —
FRIBER Y LS, S Y 2 FRERTEIRR Z b {bAE» R EN, ¥ a7hoil
DL MEL T d, Lad> T, SRERENDIEICIEEEMZTTEL, Pkl
ELEMHRHDIVE YA TRICETILDIMEEETEIN TR LEZ LN L )ICU>TE
72e 3/ K P RMIRBDIE AT RANMED &, b 2 U0 Iz
LTI AW BE L e o T & 2o TOERE LT, HI2IE, RUBBIRITTR TI2552F (1976, 79),
AR (1979) I & D, F 22O VLHEROBTRIERC B TIE B (1974, 76, 77), B3 A (1977)
Lic ko THREDIG L EZ 5N TR Dbty 7TOHED 5 W IEHFINIciE A ) 2
PRI —LTHBZ EHBIL,

1950 4404 & 60 4EARIC A C, TR DI LAY, b BV IdHBE SR LR
HRIHES b 1, ER DMIRIC B 1T LRI O ERRPERELIL, BEGABIEEN
72 Z LT, WIFLECHI: MIYASHIRO (1973) I & » TREROERBABRIIC T2 L &
AR

AsaMi (1971) REFMBHEE» 5 +FAZ2EUERFE2KRAL2Z &b, HEH
(1973) IFFRERAER % 2 DDz, +FERZPEL S &) Lk FIRPERDOLRE
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Fic. 1, Geological map of the Ryoke belt of the southwestern part of Mikawa St
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Ah Y, WT, fAHE, EREEMRT 2% - BISEENOBRIERLEE L 22 ThetE
BFRLL, ZNIENLT, +FERSTLOEERGTTELS LIRS ZWoT, 2
R LR 2 HMETDLER 2V E L, WEMBUMMBOFERY L R CETRE > 2%
B Tho b THERLMENA (B, 1977), —F, /B (1977a, b) FEE-ER
WHICBWTEREG HEEL, BRASTENL4~5 Kb EREL Y, kL VEENE
ER LIz, TOM, ERERBOBBSEREMSCHL T, 24 1977) ok > TEmA
BEFICBWTLHL LN TS,

I, HEEHEaR

AHEOWERIE FI6. 1ICREN2, FRUROKBFIERENICL->TEHLND
P, F0dEB L UEFICBW TSRS E AENBGENZNENE ST 5., TRES
IR S & I KRB D BRSPS — P AV 25, LITLITBERE NG, AR
FATEEROIRIL A & ATFIC 21T T I HURAHT I 1 S S R B B R ARG 5 2 OB
BHaAT 5. & REREBOTHRICE W TUIEHALERE (BRERS L OB EHH)
ICd o TERERFECHEBENTW D2, FHA2ML 2 L PRIBERICHS LTSRN
LB, o

A. BREIUVER

1. ZRCES S

EREFIIEICRE, WHE BREROKEBLUERE, LHERE N, SROEEES
RS, BREZFELTL01, AHHICIE, TERBENTHE VL, EEOBKL,
TTIch s S ICEHLEONEY» b ZER~Z0R (—BP 252 55bosh b LALW)
DLDL LV, ‘

AHHO—RIE, I (1978) ok » THLEMABFLEN LR T EN TV B, &HE
AR—=F B L DT, HFEEROERE I FER S 3 7% & OMEHEE 2 BT
ENTWE, BHOKESFEVZS, BHELIHEZ L LT3, Lid>T, EHtn
Kt & RS2 TH b, FUL, FHA S EMICHY T, TRE, KEWLE, 8
W, BHEREVI 4FICANENL, £RE2—F2 &Iz, BiLHEIZ 3 2DN—
PEBEL, WERKEKZERLZ (FG. 2), UTZRZTANME MBS,

FRERF +— b EEERELL, HODHE, BE, HEEESSKEIN S, BEIZ500mb
£ThHo. AEWHRICECDES R E 2L, Fr—OWEIBESNEM, I
BiZe Ly RIS, HAME VRPN, — PREZZTERAVER, ZOWEREE
DTRAHED & FWF v — PRI TEET 2. FIFiE 2,000~3,000 m BETH ., Il
[Gi, 3,000 m BiEDREE b b, EioF+— b, BEB L USROBWENZNZRERKE
B¥. BHFFIZFr— FAEEKE L L, BE, BEOWE 20, i 2,000m L
HEEN B,
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FHUKDTRIUE IR EN & 5 T REHERMII e L L, TN =7 LEEFIESY
2HRUCHET 2 & 5 RIS T LI FIRBUHITHREA Y » T b, REWLFOTA
Do FMF v — FRICH T TERNEY S — PRICEET 2, »2THA (1976) 13,
RIS B 1T B LI EERUI RV ENER SRR EREN FRERICRH S L5 LB~
Tw3, ARIcEWTY, Wi, & 0EERERR CRIIA) SNV EHoEEEs
DWMBUIEA T, TBARDIRIGICAKT 5. LRt oiciy, b T IS EEH» RS
Naht, Kisy, TBHEFER FVIA P HRET, BREHUNLDVETHET L LA
v, TSI ERIC h 72 - THBEN DA, FRHIARE GO RRIRFED b TENTF
W »IIT, 7754 b-_7=2 4 MBS DT AN 4% 5 T M BUIIE 2 7R
o
2. TEMEN

IO IR R EFOMRIZ I (1970) & L CFEHEIN—7" (1972) &> Tk
ENTWD, ERENSIROATTICIED S METE RS I BT & &, 755 % o RRRALES
RRTIAI D B, WHIZHA L, HELTHIRRNEEDZF L WAERN S IEPIRY, 2L T,
NS THEDORERADE ISP 218 2 % U THAE T 5 PRBLIRTE N iR 13 SRR & L
TR ENT B,

B. &

WHE (Fic. 1), HARMER (FIc. 3) # & UHEHGER (Fi6. 4) &bl L7k &
918, BRERUII N2 RS NS o, KREIIIHEEDEMZ b B, JFEY
AL BT 2 L TR TH B HIIRICAT (IS L ht» TRMEIREE 2 D, Iiifi Tl
KIFEISEL 2D, BB, R CHIClET 28006, FRHADTFIEIHEE S
N5, 4, EETiRAbiciF Oz eauiste 220, RGBS BT 24HETIR, 13EA
YIS % do LA L, WiKIAHETENRAENT & MR AHE Tt v B A1 « HiFH
ELICELND Z 2 h B BRENIORTIE, NE60~90" n—iki % {5, 45~70" 7t
Yt & Rd, MAREIC & » TRE LA JERELE R RITERHRF » — F o Bm ET X
CHEEE N, 2T Y LA NEA0~60" T30 IND 7T %R d, LaL, AHROHE
MTIE SWHEZW B 7T P4 B,

ARzt NE-SW RO sk $ 3, 205 bRic RS s bald, EMin
DIALETRT o PHRIPCAITE T 2 NNE-SSW ROWiiGig, ZELLA T, Sk 2585
MRS I & A SRS v 2ol W EICIEERBLE N WA, KA <
ET B,

BRENE ORI T 5 A RMiks & MRz, RRITANRTH 2% MR
ROWEESTIRMITERMTH 2, F ARV £ b SDRETERE & ZHMGIERDNRE
BIIANGTERE7 9y 7 8457 5, BRESO—BIZRTMIER S0 EALICV—7»
7o b LToOSHERRERT,



LR E BRGS0 & B IR IR OB 103.

Gneissosity
Dip 0-20°  —p—
21-40° =
41-60° ~—p—
61-80° —w—
81-90° -—®~—

~Fi16. 4, Tectonic map of the southwestern part of Mikawa Plateau.

C. ZRSH

BB BT AT 2 BERAER I, BB OERIER L F L D RICIEB L 2 H\KIER S
M (THWL ERE) KL 2EMENERIER L ICFIT LN S, 2D 2 DDERIERIZZEK
BB & s R ), BEL Tw 30T, HIREBERERNER AT 3 2o,
EEFIC L 2 EEMEREROBHZERI LI NIE X b v, 22 LIiCBL T, KODE
(1958) HERFE HUR TIT - 2RI BB L LT, ¥ BN R ZHEREHICENT
NEET 2R ERZXAIL TR L2, %72 NUREKI (1974) I3, BHE-HEHEIC BT,
SRIHITERE S & R BTEREIC & 2 M ERIER & R O SIRERER L RIIL 72,
PEROMFERIEROMRIZEM T2 74 70 RY 5 ERIEROR i &Nl o2 &
ICKEZMEMSH Y, ALY, T Tiiiv, £ L TOEBRIERIZEWICEL
RS AS bR ERLTEY, ML AZEAER 2 M7 5 2o BRSO T i
BICEB L nEd s kv, LT, ERUEDERIER L HEME L ORIz BEOHIE
MR E L WIEPDBHRIC L > THEDITLANS,

EHZERERIZ L TiE, SEO & HARA (1980) »f, MILf}K o) MILRF o MELIRAT 7
by, KD & JI24DNZER - BRFEAEE AL 72,
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LB A-EHC G & N5 S| AEDOMBICIRT 2257 - ZiER.

WIEEE | FEBEMGT T A-BEROMIL, '

SSINEAE © A-IBEEROFE RN T BT & 2 st 5 BN SR (=C-BIEROTK)

$BIVERAR | Pressure solution % I & T 2 EWAEHIC & 5 A-BEBOTIEEHET] D
s Lo B-IRERE BESOEELER (=Se KEIER),

CONEBX S g, SEBENUUN O EBEBSIIC A L T h, MRRT I & o CGEEATHE &

*h, )
TABLE 113, AHWBDLEAEH % RT- W EDHEWHARDEICETNT, 2 D2DEE

LA E 22D 9 A 70 Fde BIBMIERAE & ISHMIL, SHMASbREDT S & 5 2 TR

LEbnThd, £WNFAE FIG.5 (2R 72,

TaBLE 1., Mineral Assemblages in Pelitic and
Psammitic Metamorphic Rocks.

Phase Metamorphic zone
Zone 1 Zone 11
staurolite
I biotite ?
garnet
muscovite
A-andalusite andalusite
. K-feldspar muscovite
II A-biotite A-biotite
garnet garnet
A-cordierite A-cordierite (?)
11 C-biotite
B-andalusite sillimanite
muscovite K-feldspar
v B-biotite B-biotite
garnet garnet
B-cordierite cordierite

Quartz and plagioclase are present in all samples.

FHIBNBESHFHE T (1973) DIEIRLRAER O iLIE X% YAMADA et al. (1974)
DIWEHEIZLIRENTW S, TNHICITEREFDIIAIL & 25 MERF IR E T
Vo LIZERGNF & U CHERAN Y 2 ARSI N, HEENME L2 LMY e uhh EN T
5. 209 bALMDEARAT IR ZERATICAHL L, BRE (7479354 ) Ol
REBEBIERICE 2 L nTId % (, EMERERICE2VDTHS (Zolicld 2%
BHIIE B R B IR FUE SR B IR T ERTW B),

ISR BIR & SHBER & MR IZ DWW TN 2, HEMERAHITIA L 2R ES 0K
M E N, EHEE (CEEHER) L3RI T 5. RRERAOM I3 L B L OHR



JERRSE b TR G & R SRR O F SR 105

v

W T Q 2Km

Fic. 5. Distributions of granites and metamorphic zones in the southwestern
part of Mikawa Plateau.
1; Post-Nohi granites, 2; Pre-Nohi granites, 3; Younger contact
metamorphic Zone, 4 ; Older contact metamorphic Zone, 5; Zone II, 6;
Zone I, 7;Zone boundaries, K; Kashivama, M ; Motojuku.

I HVE RS & FTREL, StE R A ENE-WSW Falicst L TR id NE-SW Hiicik
5, WHESDE» LA 5L, ZOWHRISBIEOR TSRS 5,

I, HAER
A. BEIHDER

1, REE» LEELILAE
(a) aEf-BER-KE ,
CHIBIWORT, Lo & VEVWAHE L DERATHD, MRLWLRKREZEL, B
EHALEHRBP BN 2HM TIEIIRMEMERT & S Icd 5, —RICHRT, FEEAEEFTIC
BELIEATH D, .
oK, LT, ALR»5%), BRAEHE LT, &< AHE, BiFA, SHEA,
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HVER, IBELXE DD, INOTRTBHETIRTIE LW, SCHARHERY
FRYGEMCHEBT 5, £, —BRcbh s MRS EYIRTERE, A/, Yva
v, DARRE, TEBEY (R, SR 2ETH5,

FIITMMEL (0.04~0.05mm) T, ERHUC L » THILE N A FBEHIAOF IS TS Z
ELHBBD, WA ZRISGES, FICEAROAK L BHERR ZOBA I ME 5, $i2, I
Tl ) BERY EORERES L FERICAIE (BR7—1LDGEL H5) IZHRROZEUES
LLTLmgEE NS (PLATE 1-1). ZOZEHGIEE b THiWIEIEEAEERY 2R T,

M SEo & HARA (1980) 12 & » TRENA & J i 3 M IMIF A H 5, T,
A-MIER LTINS L DIZIRERR ORERZ S (A-BIER) %R0 (PLaTe 1-2, 3), Xk
REF 1o EIGET B L H D, ARPTERLEY L ENBAhEGL I itk )RS
XUTTRT Ay 21> TWAIGANS L, Tnbnafihis, LiLITTHBEmET %
RL, #MAE(S) 2T 5. 2 WASERG RO RORICEL, HBRL
Twaiiabdsd (PLATE 1-3)e AEMEICETICY» 2 IcEWT, RISt E&H
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FIG. 8, Relative amounts of K-feldspar.

FhTHL3D0H L,
B. AKA

WeRITE R EN 2 4 Y RAICIIHBIBBICRD & 5 Ziltvasshd, Tibb,
BIHACE, Vv XRRWUIEOBEZ2 L THBIL, POcammeat, BT
¥, HHOIROAELHME R EOBEMEL NGO/ L UTEYT 2130, FIHORE
HTREEMES TR OHMMRAL -1 MEEETRT VORISR, HRBEEFO
AV EARINCE LTI FIG. 8 XRT & 5 CHIHOMMEIIzEWT, 20N MP T2,
BTIcHVT, 7 VRACREEYC & 2 BE02 REHRESED S 3 E b H 5 8,
EPMA I & 2 RIS EINIIE L A L 2L, BB AR ENS, ) EROSMAKERIE, 3
ETIRBRELDICEATA YIS ILKEL, HHEEEESRTHEAY (FI6. 9), kB,
REAR DWW T BIEKEOBHO RO L FDERO AL Ty b ENTWD, AV E
A DRI Orys—os DN H 5,



117

Lo b A & RICHIRERIFR OB
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© determined by perfect analyscs
rim in plagioclase.
# determined by the relative
intensity of Ca.
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FiG. 9. Compositions of coexisting K-feldspar and plagioclase in pelitic rocks
from Zone I and Zone II.
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Fi6. 10, Morphological variation of muscovite.
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Fic. 11, Composition of muscovite. Each field is defined by Miyashiro (1973).
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Fic. 12. Plots of biotite on Mn-Mg-Fe triangle in pelitic rocks.
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FiG. 13, Plots of biotite on TiO,-Mg/Fe.
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FiG. 15, Trjanglar plots of zoned garnets based on atomic percent of Mn, Mg
and Fe. Solid circles; core, Open circles; rim.
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Fic. 16, Triangular plots of zoned garnets based on atomic percent of Ca, Mg
and Fe+Mn. Solid circles; core, Open circles; rim.
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F1G. 17, Compositions (_)f garnets as related to the metamorphic grade. A;
granulite facies, B ; amphibolite facies, C; epidote-amphibolite facies
and greenschist facies.
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Fic. 18, Coexisting cordierite, garnet and biotite, plotted on Al,05-FeO-MgO
diagram. c ; core, r;rim.

ALO,-FeO-MgO 45’4 ¥ 75 sic7u v b Uiz (FI6.18), MLV IAIR»% Y Fe
EEHEATHD, Mg/(Mg+Fe) (LN IH0 DT, 0.53, BUAHFDHDIX, 0.58 TH %,
Z Dt EY 2 MAHGD Mg/ (Mg+Fe) AT, bIFh b REW{i2RYT, AFM=
54X 7S5 M BOTHUNA-RIF-EL 2A0HEKRE[BA T SN2 =ZM4FH ML
ST F SRR EEREE (FE) »iiv E ST 3 (CHINNER, 1962), AHilkoif
G, UMD INE D BRIWENZRL TV 5, ZOLA, 5 I WO MR B- LR
ThY, PIVEHEIOEREDLETH 2, Lo, MECREEHAROREBLETHS S,

G, 7N LHERE
1, fIHER

MR DIT bRz & Dz, IR RIGEERIER TA CIER I 2 DO HE
b D, TREFNBEL RS,



R b AR 5 RIGTIREERE R 0w 127

—DRRAFOTITAT 4 v 7 TREGBNEIEERL, A-RER L AROMEEELRT A
-HIRHAETH S, §—28EYEE T THEMSOMY B-IEET, 20RMAMIESA
EORTHEE L —BT 2, BERECY I BhotMliBERT L0352, LIRS
T4 GERAHNCHEY) T BEAEME LTRESh S,

MAAREMAHRICEL, ST TIREMLERT, R TIX, KEFI0ERBEREL
ETRT, ZOHENBAREENKE L, 30~40° 12T 2HENDH 2, 2D LD REFRES
TT G XBREIFEIC & > THNLY, RTELr o7, F-MnPFenSERI2H
LTHHEL 728, BHCRERMIITER» ol fAIRBEDREREI DL TIISHRKRE »
Y3,

2, iR 7479354 b

HARIAERERERL, 747054 MIBHERBRETRT. 7147054 MR
MM OERE L REDIEE M 5% 5T (BELL & NORD, 1974) &E i oh T3,

MFRHOEMBOERICOVTIHBEES L DERNRENT WS, 0S5 b HAYAMA
(1956, 60, 64) 13 R IFREY 7 iR T, BEAAIIBA, MEAEZZERLTEL, SHTHVE
RECE->THEROMRAC L > TER T2 L L, ZAFRE—EGAH, BoRERHL
Lice ZLT, THEDOEEENIWEEAELRIZTTHS LIBHLE,

FHUKTIR 7 4 7054 b EERBRBNTCET 2, 747054 MR FIG. 19 2FT
X5, BIW»SEREN AL THEIMICAZ L, BRFLAZR»RR L THELE
3, TOHBHRRITIEI D205 4 78H 2, £, RROFEPL—HE2RAL, HELH
MR RS RVLERERE LTHET 354 7, RiZZHB2TRT 2 HESESEFRREESE O
BRicBMT 2547, FLTHEFADI 4 71}, ARBORKICREIN2HDTHS
(PLATE V-2), DS 4 7, HIFOMmTCHE SN, L VEBOEBBERIER (F
B ADFEMb Do EZoND) 2FPIT747 054  BAZRCHET 21BB 2R
LTw3, ZRICHLT, HED220054 FRE[FNS 74 7054 FpERT 2 BEY
RBEBERLTVE VI &S, FIG 19 WRT LI, BHHTHIHRRMAET2L25T
i, ) ERARICEREGOHRERSERLTERL L L L L bIBEINSEEH, L
WLERZUI OGNS, ChIIEERLAXEORIEGR > THBRR LA VERAZE L RKIGH
#Zoh, MHEBARGHHEZTRLTVWLDTHS D, HUWHTY, L HEHHET 3845
Tk, 7470974 FERRENLZVAZRIKRES G0, BEFOAIZTAR SN 3 (FG.
19), &7, ERADESEEIMHAICHNEENTHIRT 2 B8V H D, RO HEER %
RLTW3, Z20f, BERAOHRBERRIAECHERORTICOEFRESAZZL2D
%, 2L T, ZOHIFTRERF L EMRCERBORERERIBESLS,

WIHTR, IRAGRGRE L THEETAZERITBRO LB CH22, ZOHBEIRA
FASHERCL > TMVEEhISEL, MOEBRENEE L TETIHEENDH D, Ly
L, M#HDGE, BEROLEAENT7 4+ 7054 POEBACTRI LBV, A
tX, CARMICHAEL (1969) 2SR L 7c & 5 KHEHRE DRI FOBHA TR I s7-0» b Lk
Vo ORI TIE, HikEMmE L TOEREOHBBUEIRITH, #ETIH1VRED
HBL T2, chid, BREREMRL SICL > TSRS 3BcMERshize b
fEREh2, SOV A 7OBMARTBEERATE Lo THELL D TIERL, £



128 m B # X

fibrolite replacing
two micas

fibrolite replacing
muscovite only

fibrolite replacing
biotite only

prismatic sillimanite
sillimanite enclosed
in K-feldspar

sillimanite enclosed
in cordierite

2km

:!. °T§"" 0

FiG. 19, Distribution of sillimanite and fibrolite.
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F16. 20, Ti-contents in amphiboles as related to the metamorphic grade.
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FiG. 21. Calcic amphiboles from each zone.
A ; actinolite field, B; blue-green hornblende field, C; field of green and
brown hornblendes in the high amphibolite and granulite fields (after
MIYASHIRO, 1973).
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HISNHC B 2FFERE, 1971 FEICIRFLIC & > TGO SR SR SRS
M, BRI EIEA T, ASAMI (1977,79) XPER% 22D 4 ZICRH LIz, T B,

Fe 90 80 70 Mg

FiG. 22. Staurolite compositions plotted on Fe-Mg-Mn diagram. Open circles;
this study, Solid circles; specimen 1 and 2 from AsAMI and HOSHINO
(1980).
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AADOBRFE EMOWMREDEETEIDETH S, ZOHER, +ERIMOEEER
SO I L R CTEHRET 2 L E X TV 5,

FHUIBO+FRIZE [0 A-IHEEERMETCIEYE LTREBE L, 88ME+F
BB, HXE, FEPREYE E oK MEERRRTI2RL T, HaRAES) 2
RT3, 2+FAR A-BEAPICLEHE SR I L0, B IKHOEREY TH S &
EEE TR R Al

REEROHAZHLNITEY L LT, REShi+FROEFHEK % Zn-Fe-Mg &
(FiG. 22) i Asami & HOSHINO (1980) @F—F Lk bicray b Lz,

GUIDOTTI (1970) K ZERE D EF I > THFERFD Zn0 OEHFMHSHAT 5 Z L &R L
o —HATHR, TFRACEENIIN0ORLERE L ONICHFEL2EET 2R/ LD 3
(KWAK, 1974 2 ¥), AHIRO+ERFD ZnO itk 1 wt.BLUTOffizRL, AsaMl &
HOSHINO DR L 7:ftik D b & 5L,

K. BXA

TERERE, TRTOHHSIENICRH SN MBI TH 2, HIWHLSETLE
[A BT RS ERL, POMOMERTFRERVLLLEREYEL, BUSHcE LT
WAL T 5, BT, HRAETVL, HEOHE LR THENARS % 50528,
BolERiE LI EORTAENT RAHENED Shb, ChoDZ ehd, BRARERED
LR T, hEsTHRO» SHALET HAsAON S, BRADERBEICL S
a0z icBIL TIX, SEKI (1957), HAvAMA (1964), /INEF (1977) % iz b R#iadh 2,

V. ERER
A, ZHE

=S ROEREREB IO WT, SEO & HARA (1980) 35 I H#wwE T 2 BEME
EPOREHOBMEFRTZ L > T, FIRBRDO LI 4 DO « BREFHEEEIIL
oo BEBPATRUSNOERIYNCL TY, BT 2170, ZOMER MR
Bk oT, BEBOFHD» LML SNLER « FREDHICHHE ST 5 2 L AT
b5, AR DIEYHEOTRZERRROHTBRTVLEDTHRIRE 2V, BEECIBL
THIHORBHICHBL EMRCRT 5108 3, 55 1 BETRTER, £ 2H,
Mo, AR, BX, TEBEEYRETH S, BIKETE A-REFOMIZ, A-FEEA,
A-TETHAE, €L 2HE, GE, fEREZYTH 3, HIEHEIZ C-REFO BB IZRER S
NTBAWL, o PIVIEHEICI: B-RER, G2, B-MiTE, B4R, AE, fIEA,
TERIY), L AAREVERIN TV S, BIEAFICEW T, ZOROIEIICE 1#
OFENEARICHIEL 5 2 S 2 T 2 TR TIET 5 LSHE, 1E & A CBIVEHRIC
BRSNS L > ThHD SN 3, BITEICBT 2 HIVIHEO B, Higa, 1S
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&, (Bf?), ¥< 34, WG, BEAE, 2YER, BX, TEWREML Y TH2, N
I TRIBHZERIERD € — 7 2@ 1 bEERERSFITL, wb 2 HsBERIER
ANEFE RN TV 5, COREIZ B I ORI ICHR T 27 754 b-RT<2 5 4 b
FUTEIE > TR B ) 5 O /NS 53 & U e iGN Hs b F S i, TRIERB 0TS Et Ot
¢ (WHREDET) eXOBERME LIz £ o035, 1, FHROER LT oy 7
DHTTH L CIF B TIRIEREFORAR CIAR DY, ZIICEED BRI RS & 97
WHERMZERRAE TR S e AHIBRDZERENS, BEEREROBIC b ERBO & 5 12 Filik
3, LobRUORE2EREMERIETA LIt o THES T &,

B. ZERNIG

ECRITEP ORI OWERMNFLHEICEE L T, ERRIGEEZ TV, RBEN
PIHBUFIE 5 & VBN ORI OREMFIT DV TIE TABLE 112 £ TRU .

1, 45 IHF

45 T RpAH D ZERR AR D S AR I S TLREAE I U U 2o Z5BES (B 208 A-JRLEE /30 A-fTA:
Br¥) CNESNARBUAREEER T 28k 2T, M3 enTE5, M IMET
i, +¥FaA, QTR RO, A, SAANERBEHFEL TR EEL RS, &
DUEFATE, +FEOEREING Lt RISHIEETH B, FERDERMIIZIER, 70 b 4
K25 DERRIEHHETIT S T B (MIYASHIRO, 1973) 3, AHUECRFER SR TR,
G5 1 RHECIRERBELFES ¥, BIRFOELMND 5T & Hh S HOSCHEK (1969) Ik =T
mahie, :
chlorite+muscovite—staurolite+ biotite + quartz 4 HyO ++sssesreervmmmmmmmieenniiiiiiinnie, (1)
DRIGIZ & > THFABSE UL EESDH 5,

IR R 2 BERZE I I B ET A T B W T, A-IEHS, A-STRA, A-TTTE, £¢
57, A VA, BRE, ALBH I, +FFERIEERCSTT SN, BURHE, J 4t
ULOBFELRVBI S, ARADERICBRORENH#I 505,
staurolite +quartz+muscovite—biotite+garnet + Al-silicate (andalusite)+H,Q ++++ (2)
7Y RO AR, A-IR E3ET 22 L 3MTh 24, £LB3FEIR, LI
LiddtEd 5, LedioT, EL2APUNARIHIDMMICE >TEL DM Lk

W, TORIGIFIZAE, ROLD e nsTFilans,

muscovite + biotite + quartz——sgarnet + K-feldspar+H,0 ++-sseeeeresvennieniiiiiniiniiniin. (3)
muscovite +biotite +quartz—cordierite + K-feldspar+H,Q  «:++eseseeeeeneeeininnnnnnnne (4)
FAEAOEBECHL TOHEIFETHREERL S

muscovite+quartz—andalusite + K-feldspar+H,Q +++sesseeressemnerniiennennenneennn, (5)

DRIGHEZ 5 7eD»db Lhin,

FUFAE T C-MEBOBRES IR, HIEMEHEREATLERY,

MBIV TIZ B, B-MEHY, B-{IHA, B-HifA, SHRE, Hits X ORRLy»E
HehT 50 B-MA/PLEEENL (), (4), 6) DRIEHHIAD 3 WIZBEETIC LY, EEM~
HTL e E L e EZ oM D, ThRTER-HETROLLRIT LA ) BREOER b
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BATHEANHE s YT ONL DI, LrrL, RFFNRESRL S Lk,
HAEPILAERREIFEL SEENFEFHV TV NS, INSDORERICE 2B
RS TuLo»b Lazwl, —BERRIEIC R > 2%, BEOEMESHLMIIT
bhi:tbFEzohd, BEIFTBLT, CORHCHELLZYYEREHRESATHERZL
ZEns, B-fIHFA, B-HHAOARKHELT, P VEANELCLWESRRIGE LTHIX
&, RS, BER, ARORSICE > THREAEH 2 WAL BRR, Ak En4EL2
RIGHE I o7z b Ly,
2. WA

B IHIRFRL TS L BT HHNICBITL Tool, NI FIG. 1906 H B 5
ZEDIZ, FTT747074 MBERFERALTEL S, LicdioT,
muscovite+quartz—sillimanite (fibrolite) +K-feldspar+H,0 ««osereseeeeerecsincniannanies (6)
BRI o, HERA LYY EABEEFELZOLEIHASEDLE T,
sodic muscovite+quartz—sillimanite--albite-+K-rich muscovite+H,0 (GuUIDOTTI,

1970) ............................................................................................................... (7)
garnet +muscovite——biotite+sillimanite+quartz (SCHREYER, 1966) «-«esereseesseesees (8)
cordierite+muscovite——biotite +sillimanite+ quartz+H,O (SEIFERT, 1970) «++-+eeer (9

REDRIEHTATL TR o7, Asami (1977) DsRU7: Tsillimanite zone, DEEARAHE
W BRI, ZOMORERMSHHBENB 2 b LR, |

BIHFORER T, HAA T MR A e UTHIE T 2B T, #
LT, MARRBMICERGHLE LTEET S 2L SRORIEHR I > T 5,
andalusite——sillimanite «-««eeeeeeeeeceeees e erteraeerereneetueetanereabheeraneeanireernnernassernns (10
L2L, fIiFEAEZORABEAZRICE > TV EE A, BRGRIEEUNOBITICEL
TH D, fEAED»SHERAENOEBIER 2 FURMICZRT 2 & 2 2B, $7RHEhT
Wiy, i, CARMICHAEL (1969) HSEEdhEH S EERRE DI BIL TRLI L S &
BREMBEI 5 TWB00, HEWIFHE (1967) »EET % & 5 W EREHOHWH - 72
ZEERTOLTETH D,

7z, BINWTE, UFERENA, YVRA, ARLELERCHET S, LT, #H
HROERIL, '
biotite+muscovite+quartz—>cordierite+K-feldspar+H,O ++eecceeeerereenennaiainnnnnns )
DRISRIC L > TREND, &z, FARERARUHFAPCEEHELLTLIFLIZES W,
BERLHETIZLDS,

2 biotite+ 8 sillimanite+19 quartz—>5 cordierite4-K-feldspar+ 4 H,Q «--+veeeeeeeees 12
EWIRIEAbEZOND, ZOLI2BMEWR LI > TRENAWHEOERIZHT 2
YIS b BT %,

FUHTE, INUTHBEELS AN 747054 bR EERFELTEY, Z0ERICM
LT, BER, BRORGICE-T, £3A, W VRA, keEU2L52RENER
shEd,

3. HBZRIER ,

e, FWFEHCB T BERERIEMIC DL TIREE (1967) % ONo (1976, 77 a,b) % KiC
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Bk H 25, BEALMUSRLZ Lotk , EREMEAE DR LI ZAL I Rt
W LRAER DI SIS h TR,

BRI AR BT, FFH BB EnD, HI2IE, BEEATOMRERICHELT,
AnfERDOZbIE A & &, EERHF L BB & 27T b OMWEECHEL, 0BT
ZHEWT Ab R HOEAIMBEIET 5. 7 4 70 74 PRUTAIE, LIZUIEBETERRIEN
ENTWw3, 2L THINCEET A, BRVRERL, ZORBIERTHEE
RTAMOBTFIC L > TRV EENE 2 e03H B, Eh, ELBARDVLTY, L 2AH
LIV O Fe-Mg O E#:4EH» 5 KaNo & Kuroba (1973) +° ONo (1976, 77) DikiR
Mo, L AADOYEPHIERTHTEE, XV BIREBTER LI L 2RBLTWION
bt BED & D R RPIBHSBEREMEHBET IR LW &5, FbORIBLE
A7 794 b= <=5 4 EIOTEREDIIANTB 2B e2 R Lic kX bh 3,

C. HIREENE

1970 4ERIC A o TREREREN 7 — 5 ORI & EVAARIEY P O TH O 5:TD) & Rl &
DIl a S Z LI & 2T, O BIFHMIIHNAMTEL LIk oM, D
& 9 fe BB EE DA B D S % 0 - M ETRIEE I 2 £ 4, BRIER DY
A % EUHNT KD & 5 LT AWIEMNBAIRC K > TEL, ThETIZE L OUIRFICL S
MAVGRENTD, FHBISHERATE S LHEZOND D EBMATHERTWVL,

1, ¥ 2H--1FA .

¥ AFH LHERMD Ferr & Mg O ARIMRICIET W TE & izl « FESHIE,
staurolite+ quartz +muscovite 2 biotite+garnet+andalusite+H,0 & \» 5 KIG T ¥ »
T, garnet®+stauroliteM® = staurolite™® +garnet™® & 3 5 ZHURIEHIRILL TV 5 T L
HETH 2, +FE LS AARBIERROEAMT, L 2R[ML TREENLOHFLERE
UMK iz, %L T PERCHUCH (1977) @ FIG. 14 12 & b P-T &2 BEY 5
iz FOFERIE TABLE 2 IR T

TasLe 2, Estimated P-T Conditions Using Partition Coefficients of Fe and Mg
Between Staurolite and Garnet.

Specimen

Jamunl XHe=Mg/Mg+Fe+Mn - o Mo IR, P (Kb T (0
(Zone 1) St Gar ,

Gar (rim)-St 0.1334 0.0749 0.6425 0.5772 3.3 490
Gar (rim)-St 0.1334 0.0834 0.5257 0.4697 3.8 515

Gar (core)-St 0.1334 0.0850 0.5150 0.4507 3.8 520

Gar (core)-St 0.1334 0.0762 0.6239 0.5600 3.6 495

Gar ; Garnet, St; Staurolite
InKoMg=1In (X $0-X &) /X & (1-X§)
InKye=In(X /X 8% after PERCHUK (1977)
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TABLE 3. Estimated P-T Conditions Using Partition Coefficients between Garnet
and Cordierite. ’

Specimen
No. 514302 InKjp, InKp, XS X InKp, P, T, T,
(Zone II)
G (rim)-C ~ —3.38 10.56 0.0993 0.5663 —2.47 2.7 392 538
G (core)-C  —3.56 8.88 0.1322 0.5663 —2.15 3.4 522 605

G; Garnet, C; Cordierite
P, & T, ; HUTCHEON et al.(1974), T,; PERCHUK (1977)

2. ¥ BAHE-MHA

EL A[ LA LHEME, FHICREL TV LEZ SN2 ERR, AtETiIP%
{, WHAKMALTHMCHE I 2 bDIE, I bTF”"TH3,

& A R-M AR « B8 i3 PERCHUK (1970), CURRIE (1971), HENSEN &
GREEN (1973), HUTCHEON et al. (1974), THOMPSON (1976), ONo (1977) = ¥ &EH b,
zhEh—E—EGndH s (Ifl, 1979), 2 Z Tk, HUCHEON et al.(1974) & PERCHUK (1977)
DR > T, BE - EH2RBtb o/ (TABLE 3), HUCHEON et al. DRIED D &
W, BHA, £, HHANKET LI LSNHRICHY, RO LS RV ERFR» S ER
anhtr,

Y SRS ax Fe MM 5
2 Fe; AlLSiO, + 4 ALSiOs + 5Si0, 2 3 Fe;ALSis04
s4 0= IEARTT R Mg MG
2 Mg,AlLLSiO,, + 4 ALSiOs+ 5Si0, @ 3 Mg;ALSi;0is
PERCHUK DB EEHIX cordieriteM®-+garnetF® 2 garnet™ +cordierite™ & \» 5 TR G
T VB TV 3,
3. ¥ »H-BER
XL AHE-BEFBHO Fer* & Mg DLHEAR 2 Mo LBERGORR LD bES (RE
shT8YH, THOMPSON (1975), GOLDMAN & ALBEE (1977), FERRY & SPEAR (1978),
PERCHUK (1977) 2 ¥HH %, FHIBMDE 2513 MnO D&HIMNFE <, FERRY & SPEAR
Db DY TR, LI2ht> T THOMPSON & PERCHUK D & D %o THE L 7z FEARH
i3, €L AEOETEE ENIchHET 5 B-RER & 207 L TEIVEHEORE O H %2 3
Blze Elz, ELAFOKERE A-BERNHD 5 DRE L RO 2, THIZFNREHOERIRE
DPHEETE 2, ZOFMRIE TABLE 4 1R T, BINFRERANICHY T 24, ZORES»
HRDIATETEL, HBERPERTLOLEENTLIDO,H Lk,
4, €L 2HE-REA
ZORTICL BIRE - FEHOREEIS Vi GHENT (1976) WXLk o TREN TV S,
3 CaAl,Si;0s =Ca;AlL,Si;0,.+ 2 Al SiOs+Si0, & v» 5 ZARRIGIZ 8 V> THER B D H Xt
¥ kol HIIRIELEDCHL THEMERDZ2 LDETEHOTHE, ZORKRE
TABLE 5 ZREN 5, HFUHOE L 27 LHHRAXH» SITH & WA ESid ONo (1977) D &
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TABLE 4, Estimated P-T Conditions Using Partition Coefficients between Garnet and

Biotite.
Specimen| Xy;=Mg/Mg+Fe+Mn . Fe/Mg
garnet biotite InKD, garnet biotite InKD, T, T, remarks
53518 0.0527 0.4514  —2.694  9.0909 1.1790 2.043 420 488 G(R)-B(IV)
0.0878 0.452  —-2.162  6.7109 1.1487 1.765 498 552 G(C)-B(ID)
5211266 0.0798 0.4383  -2.197 8.3726 1.2581 1.895 493 518 G(R)-B(IV)
0.0902 0.4404  -2.070  7.3992 1.2491 1780 514 554 G(C)-B(ll)
| 5211263 0.0813 0.4050  -2.040  8.9628 1.4479 1.823 519 540 G(R)-B(IV)
;":, 0.0799 0.4100 -2.080 8.3818 1.4275 1.770 512 551 G(C)-B(Il)
534272 0.0659 0.4176  -2.318  9.4318 1.3551 1.047 474 503 G(R)-B(IV)
0.0464 0.4199  -2.700 13.034 1.3533 2.265 419 444 G(C)-B(II)
53444 0.0813 0.5256  —2.527  6.8044 0.8767 2.049 443 475 G(R)-B(IV)
0.0738 0.4709  —2.413  7.1505 1.0903 1.882 459 524  G(R)-B(IV)
5061510 | 0.0777 0.4419  —-2.240  7.3100 1.2280 1.785 486 552 G(R)-B
0.0887 0.4419  -2.09%  6.5570 1.2280 1.675 509 575 G(C)-B
514302 0.0886 0.4397  -2.089  8.5600 1.2547 1.920 510 515 G(R)-B
0.1322 0.4397  -1.639  5.8819 1.2547 1.545 594 611 G(C)-B
f) 5211272 0.0920 0.4253  -1.988  7.0772 1.3092 1.687 528 585 G(R)-B
E 0.1012 0.4253  -1.883  6.2671 1.3092 1.566 547 548 G(C)-B
514303 0.1121 0.4663  —1.953  6.2979 1.1215 1.726 537 572 G(R)-B
0.1576 0.4663  —1.541 4.5817 - 1.1215 1.407 614 652 G(C)-B
5310223 0.1025 0.4646  -2.028  6.7011 1.0998 1.807 521 545 G(R)-B
0.1314 0.4646  —-1.747  5.2541 1.0998 1.564 572 606 G(C)-B

G; garnet, B :biotite, (C);core, (R);rim, (II); phase II, (IV); phase IV.

Ty ; PERCHUK (1977), T, ; THoMpsoN (1976)

TasLE 5. Estimated P-T Conditions Using Partition Coefficients between Garnet and

Plagioclase.
Specimen
No. 5310223 ) X Xar Xai Xpy logKD T(¢C) P(Kb)
(Zone 11)
Gar(core)-Pl(core) 0.2995 0.0306 0.6693 0.1274 -—3.1671 606 3.4
Gar(rim)-Pl(rim) 0.3009 0.0248 0.6804 0.1112 -—3.4589 545 1.7

Gar; garnet, PI; plagioclase
logKD= 3 logX &, ansi.0.— 3 logX Ehansio.
P(Kb) from equation (2) of GHENT (1976).
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TaBLE 6, Estimated P-T Conditions Using Xya
between K-feldspar and Plagioclase.

Specimen T
No. 518303 OXB o od (%)
(Zone II)

K-f(rim)-pl(rim) 0.0855 0.6333 466 509
K-f(rim)-pl(rim) 0.0165 0.6576 413 457

K-f(core)-pl(core) 0.0900 0.6406 472 516

K-f; K-feldspar, pl; plagi_oclase
T, ; STORMER (1975), T, ; STORMER and WHITNEY (1977)

{BBE-MHARENFICE > TEONAIE D IEW,
5. 7V ER-#HA

Z iz STORMER (1973) 1 & - THEAN A DFERMNICIRED BETL v 8B s e, TER
HANDBERANERTH o728, STORMER & WHITENEY (1977) &> T/ 5=a54 ¥
L U APIEHEO RO I b MAMERE NIz, &0 2 DDREHDEIZATE (T,)
DY =7 4 V-EIRE 7 AN PEBERRIID T -2 it DE, %H (T,) BHBBEA-TV
NA MEBE» S BEHEINLDDTH S,

#HRR & A VRO NaAlSiO; (Ab ) OFNVDE Xk & Xpll k> THREE NS, K
HU T 2 FFIORABEDICHEML T2 D EJEL, BEZREEL o, 2OBRIZ
TABLE 6 IZ/REN T3,

D. ER&M

FIG. 23 MO TR ARHFHEEFIB L TRO S NBE - ENRGEEZ 7oy b LD
Thd, 7NI=v LEREOZMAMHL Tid HoLpaway (1971) O b D 2HEA L., T
i, ANDERSON etal. (1977) K& o> TR 6 NLBIENT—2 L LLIEERT I EH
LXFENTV S, L A2AE-RRADTHRAEICHL TIES LRSS s hiess, oiH
BEGHCHEL TR, EAOMBHEELLELZ DIDOWTRP=3 Kb LTEHELE, 2 Z
THOAHERETGRECHT 2 ENOELD LD TH 2,

FTEIEHICBWT, BETH- L EION2EMEAEDLER, +FRA, XL 5F,
LT, HER, ARZECTIREARHHE L WREL 2V, I s 3BERD Barrovian
region DEYHHAELEOHRB L ENTWD, ZLTHER-EL 2/ Fe?* & Mgt 4
BCPIL Tid 3.5~ 4 Kb T 500°~550°C{ SWDBEFENFUENEES s b, +FERBE
ERFHICBIT 27V =0 AEMIERTH (IHEATOHRATLLRY) THi, B
BBFEL TR ELTLFHIRR Y, TR, B IHOIEAEHSAhCERAEERER
WHBASEEERZ I Ehs, BB, B2 o ERGRERE,LSHFEL, BRa
TEFREMAL CTEIETHRI oL ENTFHURENI NS TH S,

W, €< 3/, AR, A-TThE, 2 VEA, A-RER, fRA, G
REPEHRE L THEAL, AEBIRTERETH S, 2D EOEREKMZ, L A2RDK
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p(Kb) Zone I Zone II
R e
s, %
£ +
l. g pinq!oc:au o
Sl“ two-feldspar A
*
3 3 a 00 o
2 -
1 " " " i
300 400 500 600 700 T(°c)

FI1G. 23. Pressure temperature plots of data from TABLE 1 to 4. Phase diagram
of Al,SiO; polymorphs after HoLbAwAY (1971).

oy A-BERFO Fert-Mg* O ECME» Wit S 25, BERE, —MICHEB#E <,
OEFFHOAC MR 2 HEFF L T 20 E D pEEMTH 5, Z ORFHOWEESRMGZESIL 3 Kb
Nt T, WEIZE) 500°~550°CT, 5 I RIS THENO BB ETNED o5,

A-BE/D (001} 7 7 7V v 7 OFFERIZ T > ¥ AEOESIRRT 2 s, HIEH
Wz id e, MM T TOERIER L LTI S iz (SEo & HArA, 1980), %72 ED
EHSAE LD 2 e, ARGERHEMCEr > 2 EflEES NS, ZDK, ML
BCEE L, BIMTETICHE - TR SRR EEEAE Uz 7 DB, A-BERNOMEAT DI
£k FRESIERIC & > T, C-BERF GBI MRS, 2L T, BRHEROBIT
kb, BIVEHHA L5 Xk TwoctEZ o b,

BIVEHHOEZERRER T 2 b b, B 1 #H T3 B-FlEG, B-EHA, &< 20, HER, B-A
W} ENLEWTH Lo ZOROERBERMER, L A2H0BKLEE B-RERIC L > TR
K, 420~530°CRREDRE X TR T, ZOHE, &< AECHEIVREIC T L 72883 HFE
T2 2 L HHETH 2, PIVEHHO SRS, TabbBIH T, BRER, AER, HRA,
WG, X< A0, AKX, REAREMBRENT, 2 ORFOFMIIRE2 OB RE-TEI5
WZr o TR S, 2.5~3 Kb DFENT600°CRiiE DL RS &7z,

AESAE O MR AR B U TIX LA & i S M T & 128, Bl Tld KUTSUKAKE (1977) £
NEF (1977 a,b) 2 S k- T, BT —F o imshTnd, 2L, s
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BIFER A2 & Twlkwidh b, SHEFRHICEBT 2 FIVEHEOZEREGTH 3 LS
o, NFIRERARERRT, L 2G-HHRREENH2EAL, AEKELES
TR OYESEEERD, EAKERETTORBRERAE2ERL 2, ZhICL 3 LHIBAREN
6.5 bar/deg., Pio5Y Ptotal BEF L HEE LIze 2D & 5 BEARSKET COHEKTHRIER
DAEFTIFIHL (1962,64) 12Xk > THRINTW S, WY A ICBWT, LEAED»S
HEMANOHERPHER L AREORICEITT 2 2 L 2R LI, 2O Z Lid, fIAFG-ELR
AOEBR & BERFO SRR & O3 H M (Pu.o=44 P total Tid M/, ¥ P total Tiz M”
LLTHR) &0 EERE2MBARMNIAT S LETRL TS, AR TIRE I HH»S
BIHMARENRERED AN I > TwB ET5451E, R0 L > REHAEPYVE
FOHBKERD S ¥ L CHZHO ORI & 2 RGO HE LAY S OIFERI L 3 H
e, BLAYARELELIONSG (FI6.24), LieHo>T, P-TRHTIE, M2 M,
M "CRENS & BRIGHROREAFHEZ > THR L Z Lg%, HoLpaway (1971)

p(kb) | A

(Pt)

Kyanite

+
P20\ N ENNSRRD
.’ i

/<, bl

Anda‘ us it e /’ - | ""’n.,,.-.....u..,"

300 400 500 600 700 800

F1G. 24, Phase diagrams relevant to understanding the P-T condition in the
southwestern part of Mikawa Plateau.
A ; boundaries of Al,SiOs polymorphs after HoLbaAwAY (1971). B ditto,
after FYFE and TURNER (1966). C; ditto, after RICHERDSON et al. (1969).
D ; muscovite breakdown curve, at Pu,0=Pioa after CHATTERJEE and
JOHANNES (1974). D' ; ditto, at Pu,0=1/2 Pyoua;, D”; ditto, at Pu,o=1/4
Pwow. E; sillimanite breakdown curve after HOFFER (1976). F;
muscovite breakdown curve after ALTHAUS et al. (1970). G; granite
melting curve after LUTH et al. (1964).
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EXPLANATION OF PLATE 1

1. Lenticular porphyroblast of quartz elongated parallel to the schistosity.
Open nicol. qt; quartz, A-bi; A-biotite.

2, 3. Porphyroblastic A-biotite implying the rotation on the schistosity which
is characterized by the parallel arrangement of muscovite and B-biotite of the
younger stage. Open nicol. A-bi; A-biotite, B-bi; B-biotite, mu; muscovite.

4, Porphyroblastic garnet with the inclusions of quartz and opaque minerals,
pretectonic rotation of the porphyroblast relative to the matrix schistosity.
Open nicol. ga; garnet.

EXPLANATION. OF PLATE II

1. INl-shaped garnet elongated parallel to the schistosity. Open nicol. ga;
garnet. )

2. Poikiloblastic A-andalusite containing Si as straight lines of inclusions;
wrapped around by Se. Open nicol. A-and; A-andalusite, mu; muscovite.

3. Shimmer aggregate of white mica constructing the kelyphitic rim around
the porphyroblast of B-andalusite. Open nicol. B-and; B-andalusite, w-m;
white mica.

4. Elongated staurolite grains showing preferred dimensional orientation
together with other inclusions in A-andalusite. Open nicol. A-and; A
-andalusite, st; staurolite.

EXPLANATION OF PLATE III

1. Staurolite included in ovoidal porphyroblast of biotite. Open nicol. st;
staurolite, A-bi; A-biotite, mu; muscovite.

2. Lenticular porphyroblast of K-feldspar with the inclusions of quartz and
opaque minerals. Open nicol. K-f; K-feldspar, A-bi; A-biotite, mu;
muscovite.

3. The veinlike mats of fibrolite arised from breached biotite. Note newly
regenerated garnet. Open nicol. fib; fibrolite, ga; garnet.

4, Swarms of fibrolite needles friging biotite. Open nicol. fib; fibrolite, ga;
garnet, bi; biotite.
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EXPLANATION OF PLATE IV

1, Crystals of K-feldspar enclosing many quartz blebs and fibrous sillimanite
needles. Open nicol. K-f; K-feldspar, sil; sillimanite, bi; biotite.

2. A large grain of cordierite enclosing many fibrous sillimanite needles.
Crossed nicols. co; cordierite, sil; sillimanite.

3, Prismatic sillimanite in pelitic gneiss. Open nicol. sil; sillimanite, bi;
biotite. ‘

4, Crystals of microcline, turbid in the fringe owing to alteration. Open nicol.
K-f; K-feldspar, bi; biotite, qt; quartz.

EXPLANATION OF PLATE V

1. Granoblastic aggregate of plagioclase, hornblende and biotite in basic rock.
Crossed nicols. ho; hornblende, bi; biotite, pl; plagioclase, qt; quartz.

2. Muscovite porphyroblast with centrally placed clusters of fibrolite needles.
Open nicol. fib; fibrolite, bi; biotite, mu; muscovite, t; tourmaline.
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