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L, 1954487 519604 A3 T, 7 A7 AL HARBHF LIS b e BHIRD, BEREH
ERIUVHERBICHL T, £ 0ILEIRHE L & bIcFARARELED, FOYUHNLESE T, VW
POBBICEL THRES LTSk, ShbRRoBER, BLICERAE L, SROTRICESN B,
Tz, £ UTCRBIIFERSE GEER) 0L 20FRSORBRIC b2k b i M.

T TCHEOER Lo BT, AN ILEOLMAREICEL T, 4 To#dic LBl e %
Etszl, ZOMEOEREREZRIET S L, BLUOWL On0MECBELThLD THme T
BLLThD, LEedioT, {EERELTHAFECHEL THOSBEAHAT (—EIXTELC) #0iE
FZrict B,

BE COWERZUHTLUR SHROEELOMEELETIZLREY, B EROETL
WhihE 51, TP OWIGERICBEL TAE L Lo,

JRINFFEE & U Tid, AORRE « FILIERR « FEERE « (WEER - KRN - KT O RS
b5 ok 2 TH M« i, 1959a ; 1961a ; 1963, b ; 1964a), = b FKOEHFICY 2 1B ENES S
BV EThhv, ki, FRPTMESOREEOH ETREL DF 216, RN HIc> TEEOH
FREREFR/L Tl v,

TRX VR ZoMFo—EIcEL THEREEREOPILTROMERSH D (1950), K L igiFIE
Zll L L TRREOSEE B EIEE (1958, 1963), Jokuifiiid: (1958, 1961), {EHIRFEOBIH;HI K
f-E (1955, 1962) iR Sd v, FECIAEEARYOERBEK (1966) O LR 5. £izh
X D HF O TR, HAEERSEOMILAFEL (1959, 1964a, b) L{EMKFED MR- (19
57) OWELH B, EEOWRICIE, ThoDH A DHRERICHAD LIAREDHTEH,

Eie, HREKFORUEEEL, B EAEOBAR B ML R X UHILRFOWEFSHILE LIS §,
R CHEREBCTRE VIR E, ZORTOBFOHRICK T2 L2 A8boTk.

&, BEBT2ICHy, Uhob A icEELBHOEERTHIRETDH S,

L, TOWLEMERC D, EOBEHEN D LIERE A THH &1 5 R
Dice TOWX, WieblRVvERd 5L TiuE, TS TEFORELTHS. (1967423 A)
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NR7 40P =7 TR UbBHETH B, ZOEFICEHEEREEBSIESY, EHiC RSN 2~
ZTC HLhLEFHOPEME LCab i@ R3b 5,
WEREE, CoMEres, KEHEEE

Bl T v 7 A L A T

ANCEEH L T3, 2 L THEEEICAD

Th, BEOWNAERB b > 7Mook

ORI, REAREE O o 13

Wb i\, &2 CHEREHAETL, =Rl
DR, $TFBL OB 2l gﬂﬁié:“"
BB L BHINAER Th B, Lich Q% 3
oy e o 0% 0 200 km
DT, FEERH L B oA L AR /
MOM» O HRFT 52 LscE 5, Wl & &
FRICED L, BRUIHAEGE, S RSl bl Sty

: The Rydke metamorphic belt.

: The Median tectonic line.

: Western border of the so-called Fossa Magna.
: The northern Kiso district.

DR & YRR R A 1 OO =

IFEEALERVEVDOTEY, ERED
CE D I 2 i v, 2B - (A - 42l
B L CO M 0TI D i,

ﬂ%mwﬁﬁﬁﬂ,~%i*@éﬂV@M W8T 528, % OBATTRIIE L E—3T, gL
B, WA TR S b, IREIEREICBILT B,

WA QAL BREHIR L ED T, WESREE LY A MEDO A V— b EIRIEE O EE T,
EORPEAV— N CH S, FOMTIE, MBS (SvA78) « Fr—F e Fy— MEAL— B3
L, PEOFRE - ZRE (VbR B VY — AR FAL L EvDRELOT, BhICKUREEE
DEDHET) « AN EER TV 5,

PLlosgEsug, B u@ﬂ%%mAﬁT,W&%MM$§wT,N@M@Kbﬁ6n5o?kb%,
JLveAs BRI ﬂ#of,%ﬁﬁ BN « kg « BRI - §1EKE - wog )i « )2 - RBIHE -
B - FPETh B GE2KD). ZORFEWAETNEL, BEDLSERE»T TOHRT 2858
T, ZOHIGOREEN ~DOMEER X, Yabeina DR EET S (FH, 1952), L2 TI oS
RERRHTD 5. RV OSBRI, SHEE L AT HIERS T 323, Z oGRS
Wt s s, e EEPHANELbORRE CH 5. COHBE, HEMEEREOR» 6, BE
PREDES R CELR2>THMLT B, FLTULOTTORBTEAEG —HIrvy—7 40
F—BRTEL>TY S, 78, KEEREORS (¥ T, FEOZEPVEHIL bbb
VR, FHAOHERBLUZORASEEEN LS L, FOIEENE, ElEFNICESERED
TREOMIIETHS 5 (IVE),

BHoa, EREEZELASHI L, HEREP LERER L SO ERED S WERE &
THML TS, ZbOBHEE, FMOHREECKIECEDLNIVBAShSZ &z sy
LTS, COMFLIEF~{L, BREL VO LATERBHOMGBERL Tvws, Eik, &
HABOWEH MG, — oG CREEMEAEETH 54, BFHIE TR, A « LIRIERE & ST
EREHLTY S,

cawy

&R 5w

BE AGAREN O ERCE O BRI LT, i@%ifﬁﬁbf&é(Kmmm,W%>
LR, BB LR ERTHEEMONLET I L ST, 6L, FELELTHAL— -
T - AREEAERBLYE., LPLERALEEC L 298EROBDO L VED TV, Lo To
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Stote biotite, muscovite sitlimanite
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Basalt biotite, actinelite hornblende clinopyroxene
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Fig. 4. Index minerals for zonal mapping.

D6 ENL, WESHERNTIED 3, BESHCIAHHERELLLOTHLHCESM-H4KD.
SERTEF I, I, MikkkBIL, &6icla, Ib, Ic, Ha Ob, Mo 6#cHF7, I, O, MK
U7z, Z 0 3 FOMMASBRICHEF Tz <, MERAICERIS NI TEERS 5 L B2 kb
Thbd, FMEVERDTELELT, 2ORFER<S L, TO#HE, FOMWSDOERIERS 2L DT
ATHD, T« MIHHBROHEI 3 E LY OBMOERERIC L2 056 L1, MR, &6kl
H—ERE Lok O BRERSEL > TAELELD L ELLNS, £ L TIHE M#OEEOMIZ
i, BN AF Yy 556 Lv. WTROBSAL EREERMNLI LiTbIAOTuRVE, Zhbo
BOARRISECOMBEFOEERLO > T2 LT3

B O—FIMCIZ, WiksH (transitional zone) AR 7-HISH 5. Z OWHITIT AR -
LA L, WHEOWBNILER Th 5 (transitional rock) &AM IERMBIEEL T 5.
ZOHNE, V.2 BinrTcrh5skoi, Ta~ll OFH L ERFICIE<DZ LA TER.

SEER2BLELI, EAEOEBROEOEEL, 2 TY ) TR L IEERA L RN ER LS,

ELOME THEOMHENL, Av—rOEER L 2L bHEFICEML T, Ta #Hrblc HFE
TiE, MEROBEMMEL, 2okwic, Wi, Ko A v— o/ gk, FEEEE 2z En
bhRV, EEERSSREICR Y, KE2U TRMIERPESTRL2BETH S, L i
2, Ib B oEEREL SR, BERA Y OMSRESESED LD (KR4 6 KD.65F ¢
BLICEERORIC L 2/ CAHEAFEET 52 LR35, FORME, FEOAL— F2bLoEE
5% (mimetic fabric) ¢H5 9.

Ta #2 Ob #E T, BHABESCHEBRL TAELEL, A8 (il Rebr712) b
MLES RIS (BRI 8 ~EIMRIV-3811), 727 L, BBV THETIRB W TL I
OREEIPED L EFEER TS, MIEOA U — MEEOERR IR E R RS A oo
KCLABETH D, T2 T, FROHEFREOBETHRT S (RRV-H12K~KhREVI-FE14E). L
ML, A% RAOEREN 0. 7Tmmi -+ 2.

ERALFERE ETROSVLTEM TSI &, 2 20R, MEOHEFERIER
EOTT, BRESLUZEROS 5 6 005 HEE “BRET Th5. L THEFERERIC X 3 ERRER
BRD LI L 0N “FEERE" THDH, HELREROREL 5 Toi v EaPERMERE 5
FTeienkyd ERLUTES Tk, idEREE 1t BREREZ I TvwaL, ELIE
AR O & ¢ BRI L Ty 2o 2SIV ERERERE 5 13 Cr 5, AR (1966) oz
CENESHO VD D IFER G AL DS 1, i) OBEREREEL TS5 LYy, LALEE
BoBgic i, Zotl Tk, SERAREMUAOBRSRIER L, SEEERER 7 v — OB RiE
FAERMT2Z LidrETH S,

AV — FOYE, BERF? D OWFIZ AT To “FEERE X, BB L LTHEELDRON Y
EA #EL - AZN - BELFBERL RS, < M) v 7 AR - HER EER?)
Wz mRkI e EAR ONE, TOMPBEOREY (carbonaceous matter) SEEHEY L EEATIC A S
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e, ZO0HH= b Vo7 AOAZBROIEE, vWhdd A T4 bEvbiua L OIIERBEEELL 7
MR THY, “WBH LoD, ZOXIRABERLCLEIZED NI ERTHS (V.
2 ).

PED X d kA v— bR T, SEEERIERICE 2R00OERZREWE L CHE: b O BER
Thd. BERPEL TV EEFHE THRAKICHER: - BiEG - AXROFBESIEO 6%, L TERE
REIERM ORMEH > BRI L TR Y, WiBEEELRLT5 L, BEROAVERTZVELITR
HFLERER D 7 n A= DRI T CLRD LA,

ERE LM e A v— b 17 a OIS EH 1 -1 1wy, His) KO 234 <, CaO 2dix
COREMTH S,

1R Av~—biskFZOEEEDMLFERT B2% AERERE LR
Teble 1. Chemical compositions of slates Table 2. Chemical compositions of
and their metamorphosed equivalents. non-metamorphosed basalts.
No. | 1 2 3 4 No. | 1 2 3
510, 63.50 55.62 56.24 64.44 Si0y ! 44. 40 45. 31 45.10
Ti0, 0.71 0.81 0.98 0.65 TiO, | 4.00 3.45 2.20
AlOy | 16.88 22.13 19.75 16.73 AlyOy | 16.34 14. 61 14.98
FesOy 2.18 1.05 3.21 2.60 Fe 0y 2. 47 4,68 1.95
FeO 3.26 4.33 3.84 3.04 FeO l 10. 23 8.07 9.39
MnO 0.05 0.08 0.01 0.03 MnO | 014 0.17 0.16
MgO 2.23 2.28 2.61 2.11 MgO | 4.70 5.99 9.41
CaO 0.64 1.12 0.10 0.72 CaO | 5. 34 8.12 5. 67
Na,O 1.97 2.35 2,55 1.92 Na,O ! 4.53 4. 07 3.84
K50 4.00 6.90 3.96 3.28 K;0 | 0.46 0.42 0. 33
Py0; 0.18 0.19 0.16 0.11 P;0, | 0.72 0. 48 0.25
H,O 4 2.70 161 431 3.19 H,O+ 4.48 3.91 5.21
H,0- 0.53 0.10 0.46 0.46 H,O— 0. 44 0.27 0.34
C 1.07 1.54 1.75 0.96 C 0.16 e —
CO;, i — —— — — CO, | 1.44 0. 05 0. 88
Total 99. 89 100.11 99.93 100. 24 Total 99. 85 99. 60 99.71
1 : Average of 17 slates and their metamor- Analysts : E. OHMORI and T. OHMORI
phosed equivalents in the northern Kiso (KATADA et al., 1963b, 1964a. )
district.

2 : Andalusite schist in the zone IIb.

3 : Fine-grained slate in the transitional
zone.

4 : Non-recrystallized slate near Gonbe-toge
in the higher-grade part of the zone Ib.
Analysts : E. OHMORI and T. OHMORI.
(KATADA et al., 1963a, 1964a.)

YLREOLEE « FERBEORAIE AL — FOBEL Y LHETH S, FEERATHETS L, —K
i, BlER (FVF71R) CEBARBIC (ki) HEMEE2EL LT, FEERIEZLL,
BEARESIEEL S, 3 anfENAEREDILFRSEE 2RIRENS . Zhid, Na0,
H,0 23% <, CaO DL OREBHT, ZOHAYE, WhdwaAEITA MNEOLDTHET LERL
T3,
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I TIFERZRE L L TR BT b s HER, 1D BT SA LN, 2) MEEERALE
HrHmoRensZ LRh 5, ¥y WINCHELL (1951) oF#ic LhiE bowlingite ©h 5
(R v=1.632, 2Vx=22°), 3) b ey o AUERH% 5 3 7-BEDH T ANEE LTV 5,
Uin LEENAHET S &, WAl SEIcERL, Vo2, AZED - RBEL E0ELAE
LD, HT2LLTONBEEREESTLES, BER: AIBCH/~EHEER2E LD TV SEHLO L
LEINTHE, = F— 1 23b Y, FRCIFERED TLALNE AR - BER - BT - HER - R
WD, ki i N O 572 e L T 5, 2 b oFERES ML, o7 — el
FRLIZY, fiAvEREZEL L) LTy AH520,

W ORI TR, TRA L LRSS NRBELTCS 2 L EA L — FOBAERETH S, Ll

BESH # ®w T & KN

Zone Ia Ib J Ic ' Ta ’ ob m

Plagioclase ! [
Microcline T S—| A=

Orthoclase : e
Chlorite
Muscovite ———
Biotite : = ST 4

Andalusite
Cordierite e

Sillimanite S—
Pyralspite | | |
Tourmaline, green i
Tourmaline, brown =

Graphite L 9

Zone flallbllc‘ﬂa{ﬂb‘ﬂl
Albite |
Oligoclase-labradolite 9
Orthoclase )
Chlorite, optically negative

Chlorite, optically positive
Pistacite & clinozoisite | S
Muscovite .

Biotite, green variety ——

Biotite, brown variety
Actinolite
Tremolitic actinolite

Hornblende, biue green

Clinopyroxene
Leucoxene

|
Hornblende, green ' | S
\




Zone |1a[1b‘1c|na[gb

Dolomite — §
Tremolite N B -
Diopside G T
Albite
Oligoclase-bytownite
Orthoclase
Grandite ‘
Wollastonite ‘
Scapolite ‘
C
Fig.5. Mineralogical variations.
A : Metamorphosed slate.
B : Metamorphosed basalt.
C : Metamorphosed calcareous rocks.
Full line : commonly and abundantly.
Broken line : commonly but not abundantly.
Dotted line : rarely.
Quartz, calcite, sphene, apatite, zircon and ore minerals are omitted.
AMu,
Ep.
Cal \i
C Dal, F
Zone la Zone Ib
A Mu.
(Cord)
(Pyral)
. Ch,
Cal . Bi
G Dol. Act. F c Di. Hbl. F

Zone Tc Zone Ia

Mu.
G S

Zane 1b

HE6ERN #HWOHBEOACFH
Fig 6. ACF diagrams for rocks in each Zzone.
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BARL, Av— OBALEREADEES L, FHERB—BRINCEED N5 HE A L~ ATk B
FE-T 5,

Pbokdic, BRHEE, Ar—1 ZRALLEERPEHEEZ LD 2HALTHS. L TET
DOPSMIFIE (VIF) P37Rvbid TR, RE O RN L TR —1ic SR ofiH &
HAEPBEL T . SEMORERMIZE S RIoRSh, $HoSmNEeEEORERE 6 [MOAC
FRIkFHRENLTWS, BT, ZhoomEmasiHEznzt o,

Iatf AL~ b CREBER - AZEFN, TRETIEER - FRA, LRBOGKREOHS TR R
— b, A FRETE <A boRHICE > TBEST 5h5,

BERL, 2v— FOBREWRLCBRAETHY, ZRETIEOLBAEERBa TS, BE
B, D A v— P CRASEOBEROPBEY B S N GhRROES, DRERLEEDE O
RIBTHELIEbD, 3) HERLBRALOSTELELOND S, 2) L 3) OUSRE kA TR
shs,

5 Al-poor chlorite+ 6 muscovite= 6 biotite+ 3 Al-rich chlorite+14 quartz-+8 HyO-++crevvee- '€))
2 muscovite+410 (FeO in iton ores)- 2 quartz+ 4 HyO= 2 biotite+chlorite -ooovvviiiiniin (2)
2(H, Fey Sias) B0H, Fe Al 5i0y) TREORIET I, Lfiiic
FEMEIATHB, LD

HOBERBCE L —F —

VR EDLD TR, A

Elv, WERZERDR

=" W, <bLVREEMR Db

_____ v, L LB EZ by Ak

famM' Wl 5 L, 2R DIRCHIE

B o EHELCAD, An Ak

M Anl0Z3EL Tl v b5

o o 2 bbb, KB, HRBICE
=L FRICAFNT S AL v Bdh b

d iv5 (KATADA et al., 1966a),

/ p CDRAFT 7 AU, BER

4 —) = LEREREFEL TS, 2o
et ] e HEKITREO— < b -

/ T, WETHHME LT, TR

2(HaMgs Siz Os) 3 (HyMgp Al Si0s) IR L <, FRILTH

EITR B E & O X %%
Fig. 7. Optical properties of chlorites.
A : Five chlorites from the lower-grade part of the zone Ia.
A’ : Five chlorites from the higher-grade part of the zone Ia.
B : Five chlorites from the zone Ib.
(Diagram after WINCHELL, 1951.)

4 TS, —¥icZ oo
HHOBRINIAREL 1 YUN
DLOPERTHE. BEHL
ZOEAK, BALIDRFT

Fe BSJ4ELTHY, FIBRFAZT I AvrRHEIBBRLELOTHSS,
Ibds = oWk, ZEUECRIEE (actinolite) RFM LI LW ML L TH S, BIAOMKINZE

WD 2ODFEVEZ bND.

5 chlorite+12 calcite+28quartz= 6 actinolite+ 12CO,-14 H,O

3 chlorite4-10 calcite 21 quartz= 3 actinolite+ 2 epidote+10 COy4 8 HyO «-ocovvveeviereninnnes 4
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02 RIEPHERL LD BAEL, REFL 2 F— boRMERERLETERY, BLALRLT
b5,

IheoRMHEORMELIZTD 2HCEETHNND 55 (VIF), Zofitzozidd Ta #icik
BRAEAED b WORZOMFOREBEHTHS. TNERUHRE LOERE L LTRELE
Sulitjelma #i (VOGT, 1927) 235 525, i b A ¥ OERGE CIREIMNEE» bIFRE & & bickk
mﬁkiurwa BEHLZOME TR, Pmo % Poo: OWSMLEBNRZE L KE 0Tk

EEHRTAOTHAY, BELTOIEEAIEFAELEZ, TTRENIR ISR S, T
%7D015T,L@DmEM¥m%%$f6L,ﬁﬁﬁmm%ﬁﬁﬂlﬁﬁwkﬂak%m,mﬁm
e (0B LOME MgizBhr b o~ B35, £z Al PEREEL L LT, bTrinbiEnt:s
BRBRLONE, Tl BEHEEORIEA L, ARV LV E—F—Y a v OiF LAY RCRER & F—
N TRBCRD 52 L& b TERTH S, FOEhAEIcoV Ty, MEFRFRLERS
HOTHEL TS,

Ie# z o, ZREPoOERGEBANGTORETRLEE:S,

14 chlorite+24 epidote +-actinolite +28 quartz=25 hornblande(tschermakite) 444 HyO----v--onve- (5)

— R AN A RN E ORI TAEL TV 5,
FHWEHAR EFLOF +— FEA L — ML, EFABIO (E/21L) A4 TR FRET T
B, —MICEFAR, ETRIEGTLHERRSOMT A LICX o TALESTHAS S,

chlorite-+ muscovite+quartz=cordierite+biotite+ HyO -+reerrreeseininnninnn (6)

HHCIFERLEROS ML;ortLLﬁéf%é)

2 biotite+ 6 muscovite+ 15 quartz= 3 cordierite+ 8 K-feldspar+4 8 HyO revvvevvverviniiiiiiinninn €D)

BELL Le HPHRO Da FOFIEERE - AEROSBOFITH Y, Ko Ob #HEMHEHTEL
2L OREROSMOFIE G, TOFHLE LT, D 1b #ho Ta #HOBEELL, FLAET

r— FNEDAL— B HRD. &:5mnb LMHETIE, Fv— NETHARY “BHEO” 2 L— |k

2% L OERGRED b, SRS TERESETE CEMFIIE {52, HDaffl Ob#
kmﬁuﬁﬁﬁ)ﬁiﬂk%%ﬁ%kv7#&%ogﬂiﬂbﬁﬁbgﬂ%%MEﬂbbémgﬁbé
5. Efo, 2) ETOBEICL MY, IbHE TafHTil, EHFA (BIVASLITNAAL L) @FA Y
ERELBCHEFELTCRENEAR . Ll Ob# - MW TERELPIEFEL TS, b LER S
RL7=DThIE, D IVEALEKRCETL2THLI 006, DIERLIFEL VA TbH - Ta#f
DEFLE, ERBRSHLZLOTREVTHS .,

ZOEFR L) BAOHFERE, Eskora (1939) DokFEEA T 5HEIETZ, 2%,
B o I BT i IR, REE VBT TR 5.

AL FAASA ML, OB TR ENEEH TS AP, ERROL I IeHrbMEYTS, L
LEfiic, CheEhdmBilF v— v LFvr— PEAV—MZRON S,

Oa#® ZoHLROEE, AREEEDOHMICL > CED-, TZTCRREERLVIDE, A
Rl s ZRBPORKEDO Ay FRov v X, BLUEMWEORKEOESTHE., 205 b, LikE
POL OO, BXOMERSPO L0, BERIEH ORI, RESESHEPLCRELLLOT
bh, ZO3FRREODKERETTOCH LA, HAEE CORRMATRZING 3HEOHUYOMRE
Bk, AVWiBE-ELTv3, LB T “ARKESE” L BLTERTSZ LBETHS (2
7L, HEWHOAIREOMSE, la~Ta BTREEDBRARV),
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IMBFRED Fn<A VEOEHS (R I-52K) ©BwTit, la~Ib#ci, Fuwa b+
AREOEAEREPEETH S, Lol Dafilic A LBMANEANG L L LITEL T2, FRHDH
B, b0k LREREMOEEFIERF 0L 0T, BER - BANGL LI P v FBREELT
WL (FRII-% 7 KD, 722 LI et MIAROTFEELEZVESEFICABRENE, 22Tk
TTCIER, Fa<Ad M AELVIHATEIREERDOTHS .

INGLOBEE ) IREREMCE, BEERLIOL) A FevA NEADOFEKEZE b Thk\,
Lo LHFBHAEE O km (R EVES) @, 1c HOFRIBLICEGHREDOEFES DV, & ORH 2 55T
BEFawAd MAEL VI HEESRREETHOT, SHALHEARAZEL T

Fre-<A b 6EANE AT R,

5 dolomite- 8 quartz+H;O=tremolite+ 3 calcite+ 7 COyg «revererveeriomrrieeriiii, (€))

BRI BIEEA & £ 5 5URE,

tremolite+- 2 quartz- 3 calcite= 5 diopside+HZO+ B GOy srevvrsementneii s @

ZHBIZBIL Tt BOWEN (1940) LIk % < ofFERH v, FUk (8) Ak (9) X Y IKRER
HFTETT5 2 LT CIEBIRAE STV S, L30T, oMb tiE, [e #ATRE (8) 28
AT LIZOTHAE S,
BENHLEPLHWET S L, D LEoBEARNT « Ay v Mgilikaiziivwiks s > T v
b, HEEMELDTOL 5 Th 5.
BT BYPR a=1.610, 1.616; v=1.634, 1,637
Sl 2Vx=85°, 83°

% W7 BV a=1.667, 1.671; 7Y=1.698, 1.699
el iy 2Vg=56°, 54°

Eiz, Frwod boXFEMHZ, IDHEPOLOTELINUTOL S RERERTV 3,
TR w=1.681, 1.684

Zhit Mg SRV RS R LT B,

73, HHLE 10km (RHEDD o, Ib #FoBERMICE, A F e <1 MRBGES 1 HlA
WEENT, ETT, Frvd b—FRLCHIBIRET L2532 LR8P » bh 5. BED
$ Fewd bo—ERER s KERIBLTHERELELLLDOTHA I,

Ob# Zo®THE, FREOHEAICS T 4 MMET S, Rt LB BAEAE» 475,
P OREEEBE A b AT ERR U T L 5 Th 5.

2 epidote+ 5 calcite+ 3 quartz= 3 grandite+ 5 COa+HaOrrrrrerrimmeniinmiieiiiieniiinininnne, 10
actinolite+ 3 caleite+ 2 quartz= 5 clinopyroxene+ 3 COq+HagO «ovvvreveeiiiinininin. (11)

FHFEN 7km ONBEEEE) ©, ARBEORS E S0 ZRERKE T, BRI S5 4
A T, GUEMSLEERCESEND S, FLESPAREEERS OBMERIERE 5 0 Tv iR
D (ZORDEFHORRITIIREEHER G OB S LCIEREOBTN S %), & © BEKEN Ta
#LIOb#H BRI HS, MmLTy 23, HMEEERE (IVE) b3 Eicixdhiicd s,

M# = ORI EEROHBEIEROIR UL 5806 Th s (KIVI-514R).

muscovite+quartz=sillimanite4-orthoclase+HaO roveeeririoniinn (12>
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ZOEp, ZOWOEEGFYIZ VB Lo, HBRELREAERD S,

calcite+quartzzwollast0nite+002 .............................................................................. (13)

3 an()rthite+ Calcite:scapolicte (meionite) .................................................................. (14)

Lavl, ZOWMEMOERRSOLIAEMBEBLTERER2 IFHETTH S,

MAROHERGEA L, AEROBMEIER L ofiBBRRIHTH 5, FOMEE, 1) 20
HF AR OB ENRTH S, 2) ABROHBAER L o T, TRTOEE O QERN
AL L T 20 Tz, ZOBRBRLLAREHITLS. LN O THARDOSHO R EH
EROBRELERO FTREERICEET 5 2 L @8R LD SH L. 3) V.44 Heh<sk 5k,
MHHCHEC THIEAORGAED bh D23, ThE T CHERUERE 510 T T, EMELER
EAHohisv. COBERMUEMRL, BENOERAMERUMORRER TS 5,

ST, KOS (BEHD 2L LT, 20/MCAER R >R 3 BRI RS
NP, NMUTRHERERLERERRDLNE 00, ZONEEIHONERE Lz (B9
VE)., HiEA2EUER0OBREIC LS L bR oEE, KEYIE)<E, KEWE 63K
100m @FANHETH S, Ledi>T, il (1964 a) 2SE0MRRTHIR TH 72 LR T &
RICLIZEERA OB DR SH, D DE LEERAWSH 5 & Thid, & o3 100m o/ & W8 TXite
EO—ETh 5, LrL, KETHELSLO, ZOWHBEDE YV ABEOLOCIREVE L 2B
RANTTFETS 5 60, 5 1EEOHNE, 2ol TRz ELEEVD, o TLI LT VHlc
EIPB D b

F7m, ZOIEFTE, & VEME, el 2Vx=53"~64° Th 5, Ib #Tik, YMliAOEEIA
FLTIHoX 0 Linwds, MG, REOXRFEENSHETE, EEREADTYBDTHS Y. e
LAz X2 Tk —¥BA5E v & ¥ L7l (moiré appearance) %73 LTV 5%, Z20& 0 LAVA, =
OFFHIBACET () MBELTHS I 2.

BRERAEPOFRANAEL, Ib HETE “F HEOLORL LIS, MIHFCREOEEFU
LOFEH LR, Fi, AlL— MHOBELKAE, Ob #F CliFaawy LB B8E0LoRIEL A
Eehad, M#HETEREPHP D CBE (7 A6) Thh., £ L TER, REWICHE L TLERE
LAERHCESHKE (K 1D,

IV. HhH # &

Z oM H BRI T COFFH OB L iy, 19614E, LRITIEHE & L b
LTdhaL (H -, 1961a), Fi, HAEBORF - YEBMICHE UCGI R - FE (1959) BX v
FH R (1962, 1964b) i k2 THEL Th b, T TREFOKEER, 2,3 0B NE TRR3,

ERFRUNOES ZoOoHFOBAOERENPLELD T 2EV VRS2 L1, HAEBOIFELE
OB &, ZBRAEM ORI & 3R> T b, Fhidk, H110, WETER 2 IE# LBl L
WERBREO I LI O Th Y, 210, WAHOER & B OREOBER L DN B L
%,

BlstE, R B2 ) LAEMSHN B3R LEREINWIbr30ThER, 1T, Wik
WBLO IaosMRE, kS AR L TS, Tafie IbHOBRLFILMACRLELTE
Y, LbeIcHf, Ic» DaffBOBERLRL CREEICIZPTTRARY. TNLOHEEL, —oDHE
B, W OPOWICELEBOTHHL T A2 bbb s, Lz, BEE, LAz bok
HECARAES TR THM SO bh 2R ZME TH 525 BEMETR Ib&iICEL, JEy
~EWE S 2 TaBHc A D, BT ~BET 5 L BRI AL TLE 9. £/, FUURRFHEH O
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BicHh b AMETH B, OHER, WEREL, BEFHEC I 2B 2L 0B KRELFHTS
B, TOZERER, TR IbH#T, MAHCENTSL, Db#ETIHLIIERSNS, £LT
MHHALER DA LA ICE <, Wa iCEERRIEONRARTEEL T 500, RINBOILR LFH
2 TXVv. M#HOEET b FHROMBIEZF v— b « LR - AKREFER, BT © HfFE
HNED) 2D THEELTYEEL, 25V okt d BT w5, #E LAk Ibhifx
THT 5.

PAESR A7 X 9 irghsasng, el L, HESIME O TEARM 2 3mBRch s L RETED
DL LEHNTH S, ARSEOML N BRT, FWilkaic, Z ool LR o iR A
T L At S D, — Ve o, K-Arikic & 2HEEAORIER? & 2 T CER - i
1962), Aripd L G THHZAERERN TS Y, oA RE BRI (FL Ty 5.

TR & Tn~Ic BoOWERKE HMEBSCHEL T EEMRHIL Ta~Ic HEHEL TR E,
Mr L LI DN B HVEREEIC BT IR Y, BLEAYERRCETI LR TER Y, 2k 2,
g ol (N30~50"E) « gt (50~90°) offi, #mihoiFst, HEo LI, ks ik
L TEw, LieaoT, la~m I c#iClt, T TRboHEMBEZELAESET S LI
FRAEHHERT Uie, $EF CIIERLC b, PHESIERICEE S BUR oMo I/ S <, B
BT BB ERENL 0 b O T LIV THD 5, 2 & 24, FRI-4 K455 ik, Ib
WOF r— MNEAL— I NPIDF AT Y7 THEN, HFEEHOTOAT )T EIRL THABIEES
7o PR, WRShiz VEMSID LTw 2B, SO X 5 m3RE, RSN E LT
I, Ebhd THRRBATHS,

Ila . ITb #0MEEE Hafil Dbl T, EHIEHOBKE, RECHTIHTOWERDY,
PR L LOAEBIAE Uiz, L, Z0OUEERE b I EMEN IR - Y EoTv 5, ok 2
IEETE CRREOEELREILD [0 BRI Xk 2T 508, S OBOB B/ CHlER L
BBE, HEVRGEIBEREZZT Ty LAbn5. £/ Db WEESRBicmT5)
IR EA OB IET S, L L 2 RIS ONERE T, AEHEATIER Shicb o
T b,

LivL—3, Fss i A o — LTI TR X 5 G0k ) OWRER A L BID, T
bbb, FESEBEBENELTYS, Thid, Lo #brbANb Ly, Ha HofRtR Lk
b, BIHC IO TRAREEICA S, Eit, HEREH DA LN, TRAARIT 58 L CRR L 7-fT L
FRTIELH B (V. 3HD,

MAOHEEE =~ OWOEARBLIDTEETD D, ARSI ORISR & 2 3%
%, FLTCKRELHRDLE, JBEEIRE F— 2 iEEE LT 2008 8Th 2. o, Zoho
ARG TRIESEOLOME I NI {bhbiva, 1) EHOMOTWIRY, ZoFBL T
BRI O FEE R O ABICIER LRy, 2) T oMih s ORI To, FEREIRN RS
BEEFE T, X TN TV 5D, F—2E « - AVBERC(2hHCEERS, ZhbD
R, ERMAEREAL, ZOHMREE Lok, BFoBErUESh TEREShe B2
LRTV 5, 3) Zoll CIXI#EETIZ, Libhrk ) SRICEREHEEALNS,

PLED 3 Eh B L TH S L, IHFoN F—agE, meEmgosa LMk, ERa CRul
YITEEED AEA L, MHORE LY LRMICAE L0 Th 2 TRIEREY.

nh, IO BY AEBEEENLET S &, OB, AL > Tyl LAbr b,

B - OHFIC RS OBEARET S, CEERCHEO VWL ST, BiOWL (1961) Ty
AU WBAEESRICTT. L OWIBICERNIDESOLONRHY, b2l bR OO
o, ARIE R L T 0EREE, P TR, Hhah Lz LAanh, Bh -~ 70km Pl b
vz WBLAE, ThihEbirhtalek, MACLTHED), Z0OX 5k b BiiEai
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Fig. 8. Faults and their names.

ik {#bh, AEELE L, BOECEEEREOTWRED | 7ok 2 ITHENE 0B,
FRESCIEE 3km DL RIEL T3, b b S AEEEENE L, HIBIC L 272 FEbhTv v IiE
bbb, WEBTARMEL AL, BHLVEHREENS, b UEYARESRCESE, 20X 5 58
EERLICCCTHSH, Lo T, HREFOX S, BRIk 2 I <R Bk
LTwaiciE- v, fiic bR hick 2ic (1961), HAEGOBMEMCTE Lt s, 2OoREHL
b0, ZokH RHFCEDNEVEIETH T, EVEE#HZE>TYW S L0, FokilE
PEEDIRUIEFIL T3 b 0ic@v i, £, MFCH 5bhBiEL bbb vliEh, HEo
ERFTERZIERL TV 3L 08 KECH 5,

Z O OWIERY, RIS, WL IEE) L g, EARHTERE b, EERHETH B
LZIZTRORFELLBZZ LiITT 5,

I 1) SEOMC (1962, 1964b) THBUT “WIRY &5 b b i IEHE £ 72 I RBEFEIE & L 5 GRS v Tce L Lo 2 Tl
MU CBET L0 5 BERCR G
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MVIELTRBIL o b A DR BIOE 1k : — 21 - BRIHE « LawE - hEigic
Rofchlle, fo b 2 EEENIBNIF - BRHES RN - B - W iEy - R
Wi S, Wi Aasee-CiaR o2 pos (BNIFIROE 613 A B G OBAERERT X 3)
BERGEEND, THEPOTHR - i\ (1961) i2X-T, H4DF A 7O/BERL ILELDOT
FOBOWIC (FE «BER, 1962, 1964b) CLitk L. £ L CRAELE (1966) 1 /NEEWIE
DA TERER L OFHE L TV 5, Lizdi> T OB BoiEEhA & 2o BalEH & R % 721
FHUBC ERDEB T LERL T3, £, EROX S RAREL, BT U LE 8 MR L zWifE
MEHELTC50TREL, Thnbd l~2kmdnhkpicbAirviEaehs (KELEhE, &
TV BEMONITH D), Lo T, BEOMBITEL, §CIREDE GBS EZ{E2 Ty
e ATV s SR

DR L OO 213« —— T3 L M & OBEFICIZIEN 2 TR EYITERE O i R & 2o {43
MELAHMLT B, 2ot (M- i, 1961b), T CRFEL TV EIBIBE>TEA
Uizt 0@, Wi, JERAAROE ABLEAZIC LR L 72 CREUHECE)). hboifi,
D - olERERZIEFICIBECA/MERZRLTHEY, So8ThE, BiBCh>TEALRL TS LEL
RF Vv, COfERERES L LT, BRESEERE O ERHRICRE STy 306 (V. 48D,
B AR AR, T TR AT TVziRBE . BELLMHREBE LRV 20520THSH,
2) ZoEMEERCE T R b7 FAF v ZREBARD B E, OB, BT BNV,
BOILEHTIHEHEETH 5. Z OMBOTES, BEARRCEIEOWEHRH S/ LERL TV,
3) ZoHBEHEAOEAKICL T OEIBIRIEEL T3, WERGHAREL, 2L 23% 9 Kicx+
X9 THoT, EREFEROILERKD I, MRPOBERL L TES TS, ORMbb» 5 X 5
T, M RS &, HIRAYK X KHEIEREE, +O/NERR L OERSHFOSSMTSHT L bE—
BT, BOBDOIWHRESTwS. ZEIKBEENE ) 0BMLEREZYRES LOTH 5(V.
480,

ZOKRHEYIEEICE LT, KAYEREEZMRELLT, WS O»OERERTZZ L B ¢ &
Too LU T QWG o KF LT ORT 72 L1t (bofEWiE b~ T B2l e Lo T

" /(/Fault
é;//'z,,FauLt ?
7 v

Zone Tb S

Otagiri
granite

o 500m
S |

809 KEGRIN « pEFRm e oMb ih & WK TOV— b+ 2V
(flEL THB)
Fig. S. Simplified route maps from the zones IIb to III along the
Otagiri Kuro-kawa and Nakagosho-zawa.
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W HD TR, LB T, (DOEETEOEENL L KIS L P EE Lok ELTE W Th
%9y

MWYRLOTEMOE 3L : —Z A EEH O LRI AT 228, ZhbolfEng i, %
Zhie AT, BEOHRF VS AR EOHBOEMICEE L LEH b, TH S, Fhinhhic
RHITIZ A TR L2 ERbh 5 Lol 5, 7k 2 AN OBIE 228 ENEh
Th5,

PR~ T &7k 90z, Zolkicik, HEoRiingis 5B £ ClE omeindr b o, =
DX 5L 2P OEBOTEBIOM D IR L OIS LA T, H8RATMLTH S, BBEOLEA
ERIEORED, WEMEPEHLLEMLTIVESS, FLTIIT, L ERLETRIER
LRV, “BRAEHORHRY L IEE L CAREMER E b TRV WS 2 Th b, b LE D
EFhL, ZoOEHOEENT, EREOERICHIBMOFELRIFLTWHRTTH 5, ez, D
EREO—IIS Mo b, 2) BRI X o TE U ERAROBN B AFREOEBIC ok
Lz b, 3) BB T CRERFOFL Ly ’boltEL2zbhdl L, BEThHE. 20
TRGOESE, —oDTHEECH ZRHLE LT, SROBHROBICEREMLATHS S,

mE, ThbOREFE, whl, HERBOMEOST « HESERSEHE, TkEllvs
BhETW ST Tk, LB 2T, EIeESPEETH Y, MELEVELTEEILL
Pirb o, BHEEZREERERLOTRAVEVZ S,

V. R DB

TRAERZS E OREOREENFEOL LT, Yok ) RERERRTEIT L1 EVDH 2 L, B
HFREOFEREMAO—2TH 5. HEHED, EHIREHRE L LT, HENMEED G & o Ehid
DT, HEEREIZ AL VERETEL T E—2 v S ikl T i bL o235, 2h Tk
ZOHH TRERHFEOUEENRMIEE DL D R E . O TEDL 5 REREL =D TH 5 5 i,
ZOREEMNT 570G ELTEDOL I BEERDLZTHS 90, LTFRVL2206E HIFT
ELTHEY,

V.1 ZRRAER OB S S

BoR, SRR EFERONIER X > T, BRIEROMET LB IiOBREE &M, i By e
b2 TEl. TOBOBNERCHREAFALETH Y, KEOWATORELRA L {HHTLE
BISERDDH S, 22T, 2L L LVERBREZERNCLC, 2 FIEOEHRELEL
bRTHLES,

WHRoO X 9, WHTE, AZEN—IERT OOEA2), Hfga— KA (USA3)) o bR A
AR TH TS, BLORNE, Dl &L REIIFRETH 208 Y F—0ft (LR ALY
TV 5, ERAEA—EHA OIS, FHALEAOLSBIVRZST5 Th 5 5, ZOKRIE
by B2 IS E ONBERE, FIREEL <X bRvas, AREFGE, ATECE — A O S
BhTNCHAI LTV ERETHSH (IE),

EF, SR &G oW E RS, FE NEWTON (1966) » MATSUSHIMA et al. (1967) 2342
Wi, K TS 2EBD TS0 0, FNERMT 52 izt 5 GEL0EHECL D)),

FIER—EA (383 ORLHFD Odlifitik, EVANS (1965) A#Ek L O Eick>Tskw T8
Y, TITRIOMBERHLLS (B2, EEIZR Pro/Prock<l Th3h5, o
Lo KRB S TH A5 GERC3 D),

FRA—HRAOMEL, H AL DAL E > TEBPEHER R SR TR Y, I,
Bk (1965) I k2o THZ bR LDERLTHS (HH(4))., FL T, I0FELRIEL
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Fig.10. Pressure and temperature for metamorphism.

1 and T : Inversion boundaries for the Al3SiOs polymorphs and their triple point
(NEWTON, 1966 ; MATSUSHIMA et al., 1967).

2: Curve for reaction, muscovite+quartz=sillimanite+orthoclase4HzQ, when Prock
=Pr:0 (EvANs, 1965).

3 : Estimated corve, when Prock> Pusp, and Prock> Pgape, for the curve (2) and (4)
in this district.

4 : Curve for reaction, calcite+quartz=wollastonite+CQa, when Prock=Pgoz.

5 : Inversion boundary between andalusite and sillimanite (BELL, 1963).

G1 : Geothermal gradient, 30°/1km.

G3 : Geothermal gradient, 50°/1km.

A-D : Pressure and temperature distribution for the metamorphism in this district.

WIZiE, Poos/Prock«l oo T, B, FMAONMMARYE, FEBOSHFLMR (3) L, 3
F—H LT b,

FEERIEE LT, BERSHFRADP—HTOHMLTLES TSI T, W#HEERS, i
MBRGRLo2h HREERL T b, LB GEERICIIIIE O EEE, th#(3)e(1)En
RUbARELEZ B ENTEL Y., TOREIRKRISFICATE00° CHLT, EHiX 3kb, B Sz
PETH R 10kmic i b, ZOfEE, Y ORELERILLTOETHS, Lrl, BSCHELT
vz, #10km v HEIE, WMz A8EE, SDLIAFBELTWAL S LBIEv, ki
600°C L\ H L AEHRR DTk,

nE, kX {MmbhTv 7 BELL (1963) I X Afa—> A oftik (5) X sikkny, =
NEBATIERE - EAHL bEFLEEbEZ Lt 5.

V.2 iR 5 EE

HEHONT T CRIECHNLR, EEFFORIMRTIC, WBH LT sH08h 5. ZofiR
[a~Tl # & EAEMCRESIENE D Y, G L IR & o BN R Rt ofcd 5,

ZOHXEROZ LB L, BERHORIMEEICED b S, BEMETRIE LA ERT 58,
ZhilfEogBc ks borbahik L, ZOMBEO, WEolkEioSaEEO R ETH
2T, WBEOFEL b b biahky, TR, 5 —20WifEEs, Tah
& Ib #oBERMTIC, NE-SW HRICERE 2o TE > T 3 GE3RD. Z0H2 ol
1, —BEERSIRASER L TR D, WIS Lo TRIMEIBOW S D IEL Ty 200 Tk i <,
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Fle, Al UEHMERESZD TEUBYEL L LEL DRA Y, R, BIfHN 2 7T AR
B E R LT 2B, BREHOBRO—EIMIOSRmS, Ko X 5 AR Tt d, M
MOBHBWIEE L TWIEZ ik B0 DICE- v,

Zhvols, SRROWFHOHMZ, Lo L EEREOMMSICLHALND, T &k 23, FHOEER
(TAYTFYF) ZEEBOEMCHLLTEY, LrblcDBEe cREoBEREL T EH
Ft, 2L, ZOSEROEEECI ERERLTWBEDTHAH. £iz, MHOLHADL, Lok
IECHEH TG 5 LI L THMTE Ry, 22X oiFoM#E:, FoREOFERITRORHREN
WIS &, BRENTFo RS, ChLBEECEREEOBACEER L HREkD 2101,
LA, LELEEREAERCE ORI LIERDIEVELTH 5.

BREECOWLWT Nk (IFE) O L3Iz SEoERRES 5, Thbb, 1) HERES
DEAT, la HoEaLREEDO LD, 2) L BRIEROR %@Mwanmwkwr AR RAE
HERT IR IEEEE L o TEL O, 3) o THilsE L AT b DT, HEREIFERS X
DERIZELH, FoFVBERLESLNBLOREELVLD, THB,

7R UEREDL) ~3) o 3BMoEEERIRTRINT 52 LIZATRET, WiladbrEN T 5 2 &
i, LoEOETORBICEILE 3588k (BRI -4 33D,

ZOWBE L BT b0, WIBETICE R, EhTE, RO [Tadic b BERA L— MR
DTHBN, BERFAEATLTVEAL— T, BERZRFEIWBE LFEKETH S,

ZOBEAOHRTH B AERL, HFEREO< Y vy AP A A ER (BERE?) LRE
LA BITBY, KESGEEFEREED, AR THS, BE 0.1mmPF T, T CldshkEdgH
RTHY, BEALOES, BURITICEALT, BeaRbRHE CEfTES) 2/RLTw5Z En
B TH D, ZORIIE—F v — MNEORA L— FOBESIC L ICIEOE DB R—B o
WRICEFTFTH oY, BEMENRA r— DXL X2 TIERT, AvOFMICERL TWieh LT
WBEZERB B, OF Y, REICEETEA SN Y, BRI TR B35 5,

HERELTL, ZORPEOES VB b3 Lo LFEET S, Rk, KBThbsZL, B
Wi FORBHICH SR THAOTWAZ b, BYEST ERHICE T, RALECSELH S
ﬁO, MEORERLRRENS,

L ) —ERE LT b wIrgid, IEEAro WERY, A B, WisEvo b
@k#m I ETwBbThs, ol zid, EROVTHIIOTNL ELHBEZT OHKR TR

vV, RERESLENEFREOTVWARETTHS, Lnl, Wk i, EEREOHERL, MW
BAOAERICET A8 EN R FERRIL bR 2 TiEy, LAERST, HEDLIA, MiFEkE:
L LUTRMRERRZG CRAT M v, ZoERL, EEbEVERNLLOTERVA,
WCEEBIC, FEEERUE L WA L ORBINTTRETH 5,

FTITINODOAZRORRZOWTTH AN, FERECHALND~ MY v 7 AOHERE, Ll
ORI E 2 BH T, HFRAE L7, BEEOAS T4 T EAESR —MEEALcLoKD
Bueine,

— BB ER O NERE, BREACHEE LB TeS T 5 b, EEERER L
T, BUebDRIHER V. LM L—D20RML L e e RATIE S RRE L ko7, BIRESIE
BRGAED S OIET 2 DRBEEOHERL L OMEEETH S5, TRELCIBEPOGELD L,
Wiax, BERT7 A Y77y PRV REREOBALELZAT Lo L LHHTH S, L LERH
FIMBEBOTERE S ORRESMIC R L2 E L 2 L, BREFOHNBRR, “SUSRELICEL 2 HE0
HERTAL Y77y B =L T30 E9pRETERCTHS I, T35 LHBEOERED
BEoEh Lavz bichsd (VIE), Fhis o TEERE, Wik, BERALV— MRS EOT
TR Y WBR” Al EL TR ikt 5,

FIHROH S LT, WBAHOBER, 3BXUBRER L RN T 2 AR IS TSI
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BELZZ LEFRTLORE,
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B1ORFERHTIITIZRO L 5 REERH T RS, 2T, FEAEEICZ VRS
DT, FAROICA S L, FRREL IR —B L T3 L, FRERORBE LRy, BRED LR LA
F—H LT3, 22T BROHZERE, Ib HoMIIKREROH &K 500m Lo, &
FREGLPRF v+ — MEOAV— S5 (VIE), ZOxL— MIBABOBEICIE A THEEROR
EREATRY, BIFRECTHHERELTE, FLT, TOERFISEBEOERL Y L 5o
P, ZOBEARLIRL LMY HRERZTLLELONZEO& ) LR L Evh D, Zoi
A, HRASEA R IDICEL b D LBLTE .,

LAaLids, Ha bR TROFEREE DL AS L, FOMEOHME, YR
BRICH Y, LT LLEMEOBRE(C R DLSLFL bW T w(VIED)) L BT HRIcE v, £
HEREBELR2EDLTVAEY, WA TOBEBICE 3RY, FELOBRERVS AR THED
THACHY, ZONHASITFICLBLEDDTRMTH S, LedoT, &3, Ta Erhbok
i, LY, oW, JROSMESERIHCNb S EL TS, LI DD
FIER, Ta~ [HICIREDZL APDILEV DT TREL, 25 LicHRERFBEOTMREE
L7cnidoid ) BRI EA 72D THA 5, Thbb, Ha BT “HiEENEAEC LIz, —
R B L SEA TR, TR A T, BHOFRESMb 27w, FEERS LIz 2 S h,
Ta L bRIC ARRE I 27 b 07 EEZ BB, £ LT, GG/ BRI B>
WaeR, —RMaEme LT (ISR A A RSB A LMD, ZOZ kb, RO S ik
BAEETH S,
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SERIVET, ZoHBEOENED, ERIERAOBIC LITEIL, ZREOE VLSS Lo ki
PEERIETe, COFBZRELCLOLT L, BRIEROED, BlEO—IRoEs L orica
WHEERMb Y, FEPER SR BEL TORERTIRE v, BEMicy5 &, FEHEREE
ANEBIETE (BEURE S AR OEEINRH D, FoRMOBEREARE EorkiciEv v,
9 FThiE, 20EE LY OB, FHREOMb O HHER Da U Lo#ChoEL TI VO TR
D55 D,

HB (1966) L AR LIIED O, NERETBOMM TEREEOBERL, T
EW%@¢E%%@®@ﬁ,?KbBHb“@®§%L)§¥xTV% Fiz, PHEE b B
e IbBORPEEDN, T2 TOLIBICH LRSS, 2l 2 ERYEN S SkmfEx Yicid, 1b
W Uiz 2 FIRoATRENEE R A v — FOofRd 5. ZofloFED LERofEowy
MERRESRL T 3,

frds, MO RESLHRRECE, NI RSB I HET 28, Ch b FaEoRE T
iutlt@%%#T&%Hhk%a%hu%k(&ékﬁ%ﬂ%ﬂdzHE@T@&#%LK&&
FEEHLELTEELR Y,

)

V.4 ORI 5 [

e S 7e k D0, HeREnElch S WH L 2 oMU L ik, e rEBSUCBL T, BN
b o5,

B LIHERETH 5. Thicowv T, ok IF BT 3RV IVETHI TRz, £
1B (1965) 1, MEERL Y, DULANMEOBEICRIT AEEWAL TV
FE2LBABRCETAERTH S, BEBEEEGD Y b, KEEERSE « FEINERS < TEIER
HE, RS, VAVARDOERED L ZAICAHLTWT, THRE L OBNILERRELLR
150~y

LZAN, INEHOBRAETH S RKEYIERSE « <SS~ 24« BREREECBELTE, oS CRIL
WEBEL CERENEE T2 MEE 22 T35

;n&HML,ﬂﬂr@HTﬂmwmtm”@mmk&?7~owr—5zP’fv& BFzho
DL —2—2RF L THL 5,

V.41 R - KEEIERES XU~ <24 b oafh

ZHHEEREO 3 AEE, WHNEFONCRAFCREREERL TS,

FFEERE (X 2 8, BLUARE T TR CISHEEESE— I b OB ERER O

LieBAUz—1%, KEEPEFTR T, MHOPNERRET Gz {INBTlh, ML MET
BETOBHEE A CET L LNTES, LALEOMONE T, AT E L CEERE 24
Yy Tekzid, NEEEFER X O oldb i, ERNRESRACESh AR, AT, MR
B IR /e IR T L B R IR &Rz 2T Th 5.

FREYEREES, £EFBECT, FEHITRO S b Frofist: 080 (g, IO/
leH b, NEORCEEOBER A0S,

Y m A LS IEFIC, SEICREL T %, @3 em BUFO/NeRE, HEah ¢k lit-par-lit
injection # U721, ptygmatic f#iiZ LTV 52 LN FMTH S, ZOfMORSvx 4 biX, KEHE
PEFRR TR, MNP VL ORBRALRBH, ZhEVILEF TR, BLAFIHFHRNICR L
N, 2l 2 B NEMENGE TR S b, MO T b Tk 3EEsbhimFiTth s, 0k, h
PFRR T b, MBOIHEOL O, NIOLO LM EERIZL Ty 5, IHFNEO b OREZAIX
HEVEGERVDE, AMoL DI, BEAERAELE, BRESE on KT ABEAE ATV 5,
COBSHEEETLOE, BELL, TEHFCBLT3FEENERECHEEEE T 3RS w4 A T
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R 5 9 d, R, PEIERECET RS L BB LTE Y, Fhhdiei2Té
Wiz <y, WHEHBIRUATCRIBLAEALREVHLTHh S, —HFIFRICALRS, BRAOE
HEVEERCLOREWEMCOMLTE Y, L0 L I AAoMAEMIEA LR,

U ED#GPbH5 £, ZhbOBARE L ITH L o ElEAEREShS, L LAENIcZh
HOBAREREH L EECEET 500, b LAMEORE LY BT 500, ZhboOREEH
IR MERORIER DI { ey, Lin LR L, Lo HB&IT L5 L, EEREOM 0TS
fad, BRSHCELUTHETN Gz L, BEER oS bFEcsh 5. L2 Tihbnl
A, COHUROBETE, B0 ERICEERS LicbotidBbhiy, RiY, LAMEHD
BEEVCEEL Y ERLHFBRI . ELTEOLREARERD EEME" %2 5 10 LI
BCh 5,

RE#iz—oBE LA 6wk, PRHPTIRICRT 2 Tb L IH OB RTH S GEIKD.
T I CIIARE IR R & KR UITERA I I o TEER T 5L, ShEEE L CREORED
B o (BERURZ vA D7, FEA v— b F v — FNAREER, IERAOBMERS iz 1, HHSEEx
g2 ENTBHZ bk b, —HRO—FEMNOWNE L, ThEkie L TAOREE - ik
EREEOTEY (A v — b TABE, FAES VA 77 CRERD, LG KESIERE/
FRTEZOBBETHML TS, 2E), EREET2TL, ZOWEET “IIHEEERT 239k
IRV O THHUD, Lo To oGk, MO, ZEmE L oo SHEB b EriEny v
DTV 5biFChs,

53, Z O TH /BN OB AN, MiEE R & UBE— S~ ¥ A P> KHUIERETH 5,

V.42 B E

VWh SRR L WO Ok, TTREBELZE 5 (1959b), MEFSEOBIRT, L bLERIER
EFO T REATHS, RFEdA

A /SR, . e <
Ozag;;é/zéte eiiiloc LTV AEVORERTH S, 20K
2 ko 1 &SI RT. = OfE

& P TR L0 T, Zhic
Lo Tk X 5 i M OERRIER O
BREMDZ LHBTE S,

D Fy#hfef a0 5 EkiEH
BdY, 2) FEREORE (A
Tifike) 2ERE L TEAL,
3) DV T I UBRAER Db
D, R R & BDBERS LD
v | BERGRIC T DT, & OTERRIER I,
gneiss.- - B ' W%k cm FREE OISR T LA L
y TV RCETE 25 L, BEAERRE
LT Ao lcic g v,

, 7 UED XS, MiEEoERE
. i fEL UCERAER @ 3 > 0B % s
A BT ERTEDN, LM
s 13 BHEEBoE G D W W7 v » 71, S-S E L
Fig.1l. A mode of occurrence of metamorphosed diabase. b oThB,

I 2) Wb 48 MEFOILERE L HARERBIEYT 2 tEAL 505, U LEKNIE, Ib HoRRECRIMEEREAL—
HE L, IPFORNBIRIB T VA 5B, s biBOA L~ b7 v~ NAKREEBHNECBET 28 0TH3 5,

metamorphosed _
diabase
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o AETE, BT LEL TR ERBOEREEZ 2b0 T vd, P bbiheFHBELELE
Eidie,
I BERAOERERICEL T K. 28ic5Rh5.

V.4.3 KHEUIERE

ANBEIHERE T, Z OME CRIHE T IC R O L B MR ERETH 5, KRIOBEEE 211
DEHTHBE, TSNS S ERRO AR S L T 5, Z OEREOHHL T CIiclily
LTHoHH (1961b), ZoFZHEAREETEHEMLLY.

ZOTRAOREL, WRREBEERPGEEL, S T2 MR RUMERERAERT 754
NMETEREL LT F A nE (TF7 754 METEREE V) 02H bR %, 2 LTHAHDY b
TR, BT 754 VEDLOBREPLEAL T3,

FERHZ0R, 77954 MEDEHTHST, - 0OEETE, HERO—EAERAGICBLL Ty
Do BELTWE0i, BLiC, Ob #EOERMBEOHEE, LB 2RBI0HEIHIRLTHS
R R AR AR < b s, OEALER T, ZRkEdh o BeR{blEm
L, WTICBTSRY, ot AROERT, AZRERRLT, sHROERAEOEAESRBILLT
w5,

ZOHBAIERZ, EREDIZEERKEOZ L THSH 2, BFEEERICRERS LR Lz EZL 5
TERTEATHS, Lend> T, BRI, SN0 Pro PP T5Z LItk o THELLLDLE
ZADRETHDHY

ST b LI OHE O & AR FIc B AL BE—0# bR S NTELORE LT AR
OIF, KMUTERA D CoBRENE B2 6 {BURORBIORENT D3 E2 005, LE
BB, THhIVEENTH D Lk (MHERR O ERE OREEASGEHRBITREND 1 H)
HEENIC A TEZBLRAE VI L THH L, T VHGERENCHITERE O v Ik m %
ETDTCHAH5, LR o TREMTIE, LA OMBELIER L B2k 5 EAEET AT
REMEA R,

EZATKHEYMERENEA LI L &, BRI ED X 5 RRESMEThH 25 5 i, —HHMICE
2T, BRCER RS E R AT A AN RBEREE RO TRV I L TH D, TOBLNE
UPE S I TE ZWMERTZ LV, ROL D BIAMES TSI,

D 9, Head o RAERACID-HUE T, BReEiTtho@ia e g U CEbvA o kL
PHGICE Y, Rl 2IEKEEEN T, KEEHAOIICEL T 30m 13 L Oic@&R T 5 A s
0, 2 OALHF OFRE I L O KB EHER S O T 5 HUEORMERIEO R HEDH 5 b DT,
EPTERORAECIEESEOERARA LIS, Zhid, NHEEITEREOEMA & A kA OMHa 23
MR U 7e 2 LR ERT 5, 2% W KEYIERE O Pmo 2SS & FIFEE £ CIET Lz & 212ER
— R CHERA 23 U7 AT REME SR D T Hh 5,

2) g 3 em & ¥ O KEYTERMBED/NERTOHFAELZE LT 5560305 CREWEND. = o
WAL, HASET HEMGRESD 5T, FTRESERAE L UE &M Eithics
GEVIRESUTIZ b2k b LEEFBEZRTWEHSE S,

L7e3 2T, R KB FEL L i vy, KETERESEA UKT, JTRET, HHa & 5
W21 2 WERGE RS Tz TEL D i,

Kizh 5 1 ooXBEESCET 2 EELAFECHEHL CRRE 5, ka7, HHa e,
Ib # e oERRoMECERB L UEOMMEO/NERICSE VW EFRTI DD TN TH S, L
5 DL, T DS OEEE, M#O@RE ) O EOHBICR>TEALLEL DT, BARKC LI
JBOEEBRD Y, FORDENT w by T AFy ZHEPEC TS (IVE)., LT, HEaER
370 2T AFy A ELTLADREESIC S, TOEENLIEET S L, EEERETLE
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HESFez b l, EEo “BBIKN->7” BETH5Z L2, Pmo OEZED 500 k& hkEx
RELiRECR . 2D, BELoob 5 ENKOBEK L LToOREEZRL, F0kbicKn
BE» OEP LT <, Puo BETFLALHEESLIOTHS,

Pk, KEEERECE LT, VELMLE THAWAIRR, ZHicBET3:EAaRm 3k L5
KEEDBRS,

KHEGIEREL, MHOFE L) OB ALEL © Th 5. ZOHREOEA LR, kY
i, RISEERE AR LB S EE SR R0 TV TREME S M, & OWHEMEE, X HIiHED B L,
FADHREORHE, I#HORE LA ChLOTREMENRTTL 5, Z0EE, BOZEDOW 2
DR TIEER T —FD—2ILk5 D,

BEBZ T, MHKOERHFICBT 2HETEL S, FRICEET O 2EEE TN L
9. FhUZ, Wl (1959) IC X D THVWE SNIERE2 &L 7 774 NEERAOEETH S, =0
EHEIE, BERZLICEOBROKEL FOMEDID R ONAEL ko, KENEF OB, )
THEEHHECALNLDOTH S, WML LTI OEBSS - AZREE8LLOT, BEL L, 20
HEDOEATREOFZIRCTH 5. HETERIIZ, TFIMNTBIT Bl 6, ZofBIOERED H &G
FHOERELEZ OR TV B LD THS, b LI OEREOIERCELT, KEYEEEOHT
DA L FHRROHER R D Ioo7 b, ZOBEAR, KEYHEREL 0L X VEEOLET choicic
LRV, T2l 2 FELKOR (C) 0o B Th okt ThEI Vb Th 5. HATERE
MO EDEUTIREALIZEVD Z L1E, FHRTIEAY,

V. 4.4 FOEEHE O HERMEER

T CRAEA O BERMUER 2 MBI 3225, ZORNS, BEN LD, MR ORIk
FAumbEMNT L L.

AAEA R & Rk, EEMNRTEILE v, HEROSGBICE O TELLZOTHS S, LivL
BARLERADORELRER ST, EAZELD TRLNERICLIEL TV, 2R Z OHiE
DALY, HEERWEEMICATLRET, MHERESOETREDY THRERERSE o> T v
D, Tek 243 Si0y vz b, ALOs BT 3, B Ths (E1HR-2), ol oHT
Wz, Si0,=55.62%, Al03=22.13% TH 3. “h&, ZoOHFOALv— | ©SFEENR, Si0=
63.50%, AlO;=16.88% L keI, ZORK ERDLNETHH 5, ZOHFE DA L-— |38 (OKI
1961 ; J5Uf}, 1961 ; KATADA et al, 1963) OSHHED 5 HIi2id, $HAAIDLE I EES EH>/- A
V- FREACEER TV,

i, AR L OHBRREOE VI L LR TH D, €L bIT, REOLIGEIL, RS
aOPBETIEL55%, Ta~ 1o b 20Xl 14%, Ta-« Dbgo 4 =50.84%,, MHED 2 =2 30. 827
ThY (F3HK), Ib HoZOFAFEAEN LY L v o fHiR L B VETH D, EFTHRTEH, H
RSO REYE, —RCAREORATHRL TIEFICE -,

£z, ETOBEP ORI L THEP, EEHORPEL, BERAX B> THRBCEALTY 3,

U EDHEREZ—D>— 2RI L TH L H . E 7,510 B2 1L L TALO; BE W ETH B, T DHETER
FHE ORAEREOBHETHE 5 Th 5 L(KOIDE, 1958), filing { OB L% H Tb ) (Havama,
1964a), HCEERBEOZOWEIZ, HEHEE LO>TWEHLY, 20X A V— ML, AREEbo
THEIOR T TH D, EHLOSWRBD D 5T, 13 LA VHEROELET GIBE), IhiE-
LoL LT, Si0s=56.247%;, Al:O3=19.757% DL, 0Rd 5 (G 13K-3), ZOEAE, WA H IR
LTy EEem PLEDAL— b TH D, EERICIERT, I #ECESEmmOMSIET 500
BETHHPD, MECHEL RS, Si0,<56%, ALOs>20% OEEFTHALv— FARFHICIHE
OhRDHTHHH, Si0p & AliOs ORI, —RAICEDHBEE RTOREBETHE 10, KBEOLTHS

WIZEFETH BH, D Si0;=56.24% OWAHO A v— + DIRFEZL 5% Tho>TEHL D £\,
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ZDEEE, SiO: OPRCEREESRENZ L VIOILFIEL L vy F T 5, - RANKAMA et
al. (1949) 3, FUHFEHMEICL T LERTE D, Ll > THAGEOBEHHHORE L &
DOTeRUHEE, REMCHELS T bDLELDZ LRAETH 5.

VU EOEEPLLPZ LI, MHARRIE L TRERVFEHEZETSZE, LPLIOLY A
MR E Lo/ b — M, BEREEHEE LTAEROEFEEL TV THS 5 T L ilb2 b,

AFRIZ L E0T, BRIEHOEMREBL RO E LT, a0 BERUERRD 5. KOl
REVS o, Ob #Hizh b AHEEE, KPEAZRMUERE ST Tv 5 23, ZoRERMIEN
%, Ib #IERE, WEPEKRShLENCAECIEHTH S,

ZOFEHLE 7 B EEENE, MERICE, MR OREEELCAZROEEERANEENDEZ L TH
4, Lok LB L O, A YBEY 3.5km OHETOA LV— MEEOR AR TALNILD
Thod, FREFES lem, F5mmPUANO, HESEEEFZORTROHAEROESETHS, Zhik
e K& & WAORBREPLELZC, EAOEERE LTUSMCEEZ SRz,

Fh, THEEPRAIEERISAVINRE S, BELNL S REEOMEVAEROEEEILL
AVGEShS, Bkl sk, HxoaEbES 2 mmBECRELZESE (ZoHSRAER
EWROEEIEDEV) LAESTWRI RS, Z0Lk 5 RAEROHEESKDODE L &L FED—iT,
EHROL S, FTREADERBOAZBRMNEEL, FOEDIAEOL TRt LA CEW(ERRV -
FHI3RD.

L2 ATIHETE, FEF— MR OMIERER>SH Y, BE b PR SHEE O
WAL LA IC BRIV LR IE TR, &2 ANHBMEE LT, Zolhics, fEH
OHEHFUEAER D D272 & BRTEEOAWL A, AT TSTAERLL TSI Tho, I
HENHEERAZ 5 52 L ABRMUEREZ 20 T 5B 2 k1%, AERMLIERE =T 2R
FRERELTWEZ L, OF D BENARERIEHOETATR L Ty Z EEFRL TV 5,

nB, EROAZMUERICE, KOBBEBLETHY, ZoHEL RROHEEREMT T
B, THIEHALTIEWM.2HTAH-ERSNRE D,

V.5 & +

UEoV. 1fire V. 4Fichrld TR 7-#EEEZREL TAD L, ol OBEMIERICLE D RE
FENSEPOTEREERO LS THZ LW TE S,

D £, i, FENcAHT, BEALNS LY LMK, EBEREOERENRIHL T
i, BUE, RS RRE O ST L v A, FloBRBETED X ) BERERSRL Te
TONX bbby, LhL, BELLBIED Ta~1c HIZAbRL LA V— PV Liddwv
V7 2 WARIROBR TR AN DA D b

2) RS T/NREWIE L Y 2B LT Tb $ANES 15, Z OB CREED Da~ #OZRU
OFBEBEZ VLD B,

C o Ob X OMEOHIES EH LS, TTrERESAL EdLCvizoTan 5 9
. FLTEREO LRAMEIZ ETRL O LT, MR TEEBRRNMERBLI-TSS5,
b@v BRI D BRI 5F, £V EMLOT S L9 T LR Lich bt w#n

LT% R, FORSME, EATAMMCHIRL T, X D&, XY IGRKED S M
ot_%mvmwo

3) S TIHOHIIE T BT U FR- L. 3% 6 <, BEA LR MHOERR, Z
ORI T Th S 5, HHROBALERL Z OMIcEA L, Z LU TERARTEREHL T, &
SEOREEE L2 it b,

S OEREPEIORIC L > TRTE, DoBMTER (A) 0L KRBTSO L0R, 2)3)
OBEET, WiV E LT, REICH (B) ok 5 mRBiczoboBL LD,
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CZTIOEPLLbREZLETHEN, B (A) Ok REFOBRETIE, T ORESERIRITEH
FrHBLESRECETCELTYAP R THS 5. BELRLIE, bLELTWETHE (B)o
LK VIBECEtcA DL &, ORI ATV T IVETTH L, Ll
DOHST T, HE—IER OB E 1AL e LTz,

PLEo X5 e, V. 4B TR BRI 2 Fllic 9 £<LMfIL T 5,

P, METRLELSE, 22Tw5 2) &3 o, ol vobidcil, R
FOEFTNRSLOREYR BT,

4) R S BIc LR EFHT (B(C)), HBEFH(D)ID L 5 2R SIRFHICHEIYTT LT
ofc (EROEMEAIES). BB VREMOREDOLE, b LLT 7 I NEERAOBE AR
HiuE, V.42 HiTHRM L hiias B EREE AT LR TELTHL I,

Fie, R ONDEINENE THRBER L TRERR EBECORRENEEL, (B)kv L
(CODRATIR NS 5

kB, IHEEHAHSIc BT, 6k NUREKD (1960) i, i RENARIIEN D, oM
@}'-\Ut+;x/y7 E IS a}#;ﬁ%—jﬁz&: CRWTHIE Rz oM h O TakL Db #OEA, HBERT
WoBEGICENE 0, BOBOWEHS LEREHFERICL TSI L%
%Bmkbtom%Mk%xft,mﬁ_ﬁﬁfé%ﬁoﬁm%ﬁﬁ@%azﬁwmwﬁﬁﬁm&en
HOINRTHD

. ERASBICBD 2614

= O OB, KGRI D0 T 2 8E OHmAINBIT M E 2 L~ 2 A THEIL
T BMEL o fiyiE, BER: - BIE SEANE - BIEG - STV A L - HA ALY TH S,

LBALARD, ZhooEFEMOBLNEHE, <bLLANERLT—H»b -FiHbhs0T
<, M—EHOELTANTD, BEOERZ DS TLREIR (BHEMI) £ELHBD 50053558 TH S,
ZOETE, TO—FRADLILCAFIYEOHE 3FILFTHBI LTS,

BEEROHR BEEATOTAENRLRCE SREUD S8, 8 3 IR U2 aH o ik
BTeh B, Ml ETEERALIBENECES DT TH L2, WIBHRKDIHIETE SR
DAL~ b EBCBEERPAEL TS, FRTEH, FRICEBEBEEROLECL T AVAL— RBHY,
Wizl cik, IbHFHOBERBCLELL TS,

BENORAOER VS ok (), FEOWBEBEEENLEG, HERLE L oK
Bk 38E, ABRRLBRE OO X 286, b5, Zo320RBoEAE, Fy—NED
LORBRE, BLAEOAL—  ZhRTTHSE, FANE, FOSMCER L CHERREIT 5 /M,
IO REEROTTERAVCELRTE, o UMIFTHA I MG, I vEHNC EFEOL S
HEARbIUT L v, FRE SEROREES 0% 1, ENOMBEFCRELAL LB LT
B4

U722 CHIC TS 2 [N, RS L URHEEDETH 5, BEFOEAR, HHAEENO “RKo¥
bV ELTHEBCE > T30 Tha 0 (V.28), HEZDESH TSR bMm s, IS
HEOEFBBERTETHHH. FOBFAECEROE2EY LicZ kb bRy, wihic
LTh, HABPDERLEDD HTFro b N RMERIC BT 2 BEROGI L HEHHE o
EEELLOEEZBRD,

BERFORH OB AT BAE L Lk, Ib #ir2snl, HalisrtEo “geziks” »
BB, TR, BSEQILSEHIE->T, B 200m, £& 1~2km OfiflcamLTwsb0T, o
OFIIEEERY S A V— FCh B, ZOWMNE WEIC L2 THEhTy2bidTila {, HTH
fia e BERA v— [ EOMIC T E A E LA bR,
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Z ORI IR RS OTFED RN R BELME IR 22 LIREBTH B, FIALEIT O
BEhsLTY, SOERARLEKICRERRAER > Teabid Tliin {1 %4, HBicibhd A
L— Ml E e, Lo T, ZOBANRERLEH LAV TES TWRRIZRRIE D BUSHE
B FNDRILICRDDRETHHH. FRAELHEISLTIZOLIBBENVEZSTWEDOTH
59 b

Tk 9T, 558 MoEMEE, BEMEIEEIL, BRIERORHII LIEEL 7LD
5. THHOWBOWZEZFMEERE L AVIZLTY, ETHMOTE, Dl & LBl oMl
EFTHEL T THAH. bLEIRETHE, KEYNEOSA LRk (V. 4. 38D, WHEES)
THEUIEAROENEEZ, B X2 TEREOERE L TORBERLAETHS .,

CEMEOBEREEERVA L= MNE, AARBOBOR GBS PICOHL TS, ThER, B
BIEEID BB T Poo RNRIHICIET L2 & THIEEISHEEZ KL TZ 0 X 5 hE AR ELBLo Tl
BB 5,

Ia #schopigBE ZOHUED [aHTREBEMAREA LRV, LA LESMIS, Ta #HoEERH
D 2 HFTP SREERACE SRS, T, BYIEEH1500m T O RS D LREEIKA &, W
TEH1200m HE D ZREREIKE T, $PROBNFEEZ PRV ELEALTY S, ZOMHE, S, bh~3E
AT, B ~ETE ORI 20 T EROZRAEORIEL BHENICBT5 2 L8 TE 50, Z02
BN R IRV AR Tv v,

BEFERRAN AL TEY, KIER@) L D IRX>TELZLDOTH S, LIB2TIORIG
OIFHFHATIEEELIAME Piso/Prock & Peoog/Prock DEMNEEL T 5,

RS E 2 5 &, MEORIERoENEITT, T\, SaH - 8 - AEozEEA Y, i
EPOMEOER UIFTICH Y, Zofhfd, L EAOEINEETHS., LeidoT, Hiffich
272 5 912 Preo R Pooy OEFEERNC X 2 BEHKTHRTRTEL Y.,

Ib #hpEFE 1b #H T, WMINIEKHOKERTEIZIZ, T THRAF)Fv 7 OEFRE
ST r— NEDOALV— FNOBIENSS (V. 3HD., LZANRZOERZ. HMEOALV—FXIDL
BB IR R OBENEL TS, LenR>TC, ZoBEIHAMOBERL VEVCEREY BT 6 L
V. BELL IeOERBEICHYET2OTHS S,

ToLHie, ARV BREA T b E 2 R AL LB, Zolh s ol
HTEL TV

VIL & JBAw DX

METOTE» bbP5 K I, ZOHFTOERE OBRIMEHE TIX, 2 v— MROEFOEERIEY
LU THREOBERSED 615, 2 ZREPTHLIRIER—O#» b2k WV BA LU BEN 4
LTv4, 2o bMUTR, ZREPICE IR SN2 b Lb5 X 51T, Hi
BEROEBR B IEFI LRTERY, LEBDT, ZOMETE, Ray b7 FRBETCERSH
72X 97 (TILLEY, 1952) BBAEHIIKIML TWBZ LTk 3,

L, BIMEROWBHOMBEICE, REREALT TRV, LHLAERD, V.28 TRk
9, FAMEEIERROBESHIRICE 26, WEO TS TARROERICB T 5RBERT 4 Y
75y FUTFTORETELELD LIV EIRE., H0IE, TRUNRBAEFICETS L LTL, #)
RPN L TOBETTh © T, “B #FRLTw5bid Tk {, BREOIMERIC b hicfl
BEL TV ARETHS.
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IABELAER S, ORI L TESIN /A E L, T olenic 2 nBESERR B ek b
ThHI,

B b, EILER RO LIS 2 (8 5, R/ TUER & U aMissEa ofih
HREEH OB b OKEROER L 55 Th 5 93, FOKBIRZMOERETLL Y, Eiofbss
FOGE T M EROBR AL RETE Tt 5, BT HI22 oM T, BIREEICH Y+ 5 EES:
LIEFEL 72 b AR, BIRAEATER S AN A RBOon v EXBRERTHRL. 0 Th 5
Do

VIR ERZE AR

Vi1 # =

TREZERRIER (retrogressive metamorphism) &9 Dk, —EEERIER % O Oicamn, ok,
DR CERIERE S T AR IO Th S, OB, RUIOERIER L KOERER & Ol
Bg~1Z7291%, EH9TLEVOTH S, ZZ TRl T 5FEL, S TR TE HBEERIERIC X
DU OBFEE—EL TR 25, &L, 2HBNAVER CREREBRIEHO—HTh 5,

Fhit, 1) BHEA - CHEAORIEAER S ABRHUEM. 2 7794k, <7 =Z 41 i E0R
WoREAEH, 3) IFickd 5= F— MUEH, BXU, 4 ffCEREOBRNTH S, 20
56, ) iE. T oM TRIFFICHERBRTH Y, LMl T 5,

i, ZheOEHIE, vwbws “EERM" LIFEh Ty 3BE0—EThH 5,

FTTRELDAXIZE2>TIHE R T A X 5ic (FYFE et al, 1955 ; #f4k, 1965), —fkiic, F
BZERER A S % YV BN TRV RAROFRR, —EECEREICELZER ISR, SKE—IK
BREOERPH ORI N T 5— BRI BEFORBREL TV E1E6TH S,

R DB OA LV — b BIUEOERAEOK (HO04) o&HEEARZ L (F3%H), la~Ic
#HC, FEERFORNTY,, Ma~I HTRAA0ZITH T T 5. Z OEERLT L b SR I o Kk
BIZHHET 5 b3 Tl vTh B 92, ZOETE, MEERIERCHER S BKIERCELT—200
RThEZBE5TCHAI.

b O — O TREMEHINEEN ChVIRELE, KISEEORZ SIKdd, — 2> OBMIERT, Wkl
FAERPERICEL, SRR TRENRTRL TV L&, BESLEA TS L ECHBU T, BESLH:
FrbHEZTL, HopKIGEERBL B3 Th 5 (FYFE et al., 1955), Zo 1, Ml L
LT AR Dt insl, $TETOSRERBF{RETHEY,

R oM TTHRERMERA S EMBICED 5501k, KOMERLH Y, BERLZETLELEY
EFTh, @O VBHLEDTRACHEEDNBBATHS,

VIL2 #EA - AEE ORIEAEN & BERLER

SR O AZERMBERICEL T, V. 4A4AETER Lz, SThPXIEmcE “ I SiER sy 2
BeTHHIN, BEAOBALEHLTIZTL I —EHN S,

EHEOL, Ha HETOLDEX, EDLOTRAFYF Y7 LFERT BEERRELALES T T
v, LAl Db IO L ORFEMES Y BA XV F V7 Cidind, BETOLEERE 5 0 T
B, FREREROIMERLERRINS T (FhiiERemic), HERSSRIERRIMREL TS
LDTH B,

ThOHA L EFAIE T HRCHAT 2 EERAL, ChbpdEod “BEN” KAV S
Naz b Cths, BEAOREERIZ EHEOMBRD T, SHOLRERESEMER A LR
SEFOOREEAL, BT THAHMYIBLEALTHROLOTH S, Kz, {HOHERERRZ,
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ZOHF EETNIEEFRHEOSMTHVE SN EFAE LT A THAEERERL TS, ZOoEHEL, =
NOHDFERELT, HENZRLOERDATREE ORI ERRFLTYV S,

I D OB L TH R D ARBBELZ L35 2 TL AV, KBREEWICTIGRD
PZADZ LR TEDERMLE VIO, ZEAEBREHCESES SRR L2 2T IR R VT
BAHH. 2FED, FREARSEADTELAEMICBE o250 iTth B,

FAERIBIL T, TTilk/ck Hig, IMHPEBRENBEMNO, LRIERRRERAE LT
Wchs, EFHOEEFENZL LAARHOENSE, BTLLZOEETLHAS.

VI3 fERdA AR OfRTEA /RN
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Ef 2 LT REEEEE (VA SED oBETh 528, fEREOEFER, T bARER S ERO M
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FEEMEE LT, 20k ) REERAE, TEREEREZICAZTLENEESEL AV, LAL, K
RTRESEFV RIS LS ARRBTEE, 2L A EKBEUEMECEEL TELLO TRy L BD
ns,

fe b zad, KEEIEREE O LIRS IR, AROBICR o TROND Z LA DY, AxfrHl
OFFLENBICR>THELT, TAAEE L2245 5, 5, EhERB>THRELE
W, MRRICELMOTwA2 bbb, 20X 5 AENE, BERORRERERDLD, AR
Wi ar B L, ETTHET L, FREOTOSEYZEELL, HE UTHEHOHRER AR,

VL4 W#HACRT 5= € F~ MuEH

M# I 35T, —fEMiciEe 2 F— MEEED bz, LaL, B0 ZRERKE ST OFIK
HAENE O R, THRERERC L2 THERO=E R — 3ETTw5d. 20108 b HIH 4]
FiRX 5,

ZhiE, KEEIEARHE & B L QAT 53 100m FHRULAD, 2o TRASHRETIR LS <
2 A FOBTICEBCTTHDT, ZORT <A P, JEE 2 miE & CEEH RO, ZrEkE
PR O J RS ORER A E SRS, T ONEREE, SEG - BER - A50F - WHEE - 772
CEA b e FEVREEENLED, 20 SN0 (compositional banding) % {E> T\
B,

HEO= T — M, 77254 FEHEGEELROBSI, L UATHAILETATLTEY,
Lok LEELLEICE, AR 2m EEORAEELTVEI L LD S,

BT CHETS L, HNEATHERMUEREZY THEZALIFEEL, = F— ML, BbRIORE
HORERBERIEIETY B, MERIHHBTHORE2 TS (RIRVI-ELBED. = F— ok
WERTTOMRGE 2 29 A N Th 285, PEO, HEFOHeZ Y ) A 94 FeBbhab0eR T
2%, TEF— FEMELTWRESE, LELERNAERARFICHREL w5, Zofiimt, I
TERAHDLAAEVLOT, = F— 2RFCTEROICHELZLDTE S,

49—z F— MaLodd, KEEIARSE L PR & oA HRAL DA KA P TE

RohzbOThs, ZORFEE, AR« HH - BENER - 77 v & A b - G - BT -
HRhEh, Mo F— —ERIFPOHELTBELL 7 Y 2V A3 A R0 b6h5. &
OEIO—ENT, BERRLS T VA FPOBEREERE L TRIDLTw B2, S &b—fikicL
IMCTFRMICE L2 L3 b3

EE2F05 b, BREIOFHT i,:L‘—$i%6#km&«54%%6*@&%&9UT%E€&
77/54b&ﬁﬂbfibh%@f@% %2061, AFEPEELRSEGRETELTCSb
TV, DAV, BEAOBAOL I, FELEREMOBERD, KOG TR0 S
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2L,
VIL 5 SRR IR A o di HY
T T AR IEA v— MREOEREHILL Ty 2B ORI TH D, S EI2K

W12 W TERERME R CE U RS ARG RO
Fig.12.  Distribution of chlorite-spotted rock produced
by retrogressive metamorphism.
Hatched area : Distribution of chlorite-spotted
rock.
Broken line : Boundaries of metamorphic zones.
Full line : Faults.

Loz, HTE & NEBWIR RS oM CREAWIBHETAND F0Th Y, L, ThbW
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—HL T3 LRBETRNTH Y, BEMHOEN B> ORERENA N Shizic b i v inv,
BEEROBRAEELTORERE, Av—beFe— b ERALV— bTH D, £ OFBHITHI
AR &R, ZORBEOAEIE, TEAEREHOBNEZBE THro0Z L THY, RESRI
WHepizz oMo Eo#E Y LINRTH 5.

BRIEE ORI RARVI-E16[0 ~ [RVI- 518140 & 5 T, Kig4fEopMERICSIET 22 L3 TE 35,
=L, TROEHEVCEEBHTH Y, £200korA FTHRRRRZALNEZ & LA v,

1) 4,22 3V ORKIRI-$E16 12 bR SNIET 5 2 A4 7OfERTH 5. —2OFEHBOES
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FHIET, BER=a Z L TR LD TIORIERERD 5 Z LR TE55A1BEY (KRVI-FE17X),
z)wﬁmabr,m%ﬁmﬁébrva%ém@éa_@MTuyﬁoaiﬁéﬁofwaa

3) Wi E U BERE O TREAVEBICEE L TV 52 L 235 5 (XRVI-$516[1 - 17X).
FRFE S mmPANT, FEZESLEL TRV, BIEA L BERL, FhERRHERIRSE &
D, BROFESHO0.6mm £ THEEL TS, HENOFROHER - RIEAETERICHELTED,
HER LT G EARD EEEHL T b, FAHE - KAFKBIIMCRS TP R TH S, BHT
HERLTCIZOTRLLD D I,

) PEFITCIELINELD TEEMIE LD L LT, KIRVI-$EI8K DX 574, 1B&AERIEALG
BAWERD B, 2%D 3) OFORKEOBERLOLEBALLHESNILOTLHS,

ik, PERCE IR LB HER L BEME RS, AT RARBLALELR LRI, K
BAE, ZEMEVERITVEEALRVED, BT TCR—RLUTHEEROIIKRLZE, X AbL
(FELD PR TEAEFBETS L) £ OBROEREKTHEZ LR 5.

DIk, #EHEROERETIEELIZOTH SN, REAORIIH4THD, boLbERICADRS
DiE, FEO 4 OFRAOHRKEIZEHIC ) OWTET SHIEEP ML o7z b 0T, &F L UTRIE
HOFRITI0G I ET 5,

i, ZOEATE, BRI L HEROFEEAFESAEH L T3 0L, BEFOSMiTE -
7 BBEME D 3 Cvkvy, oM, Oy BRBRILIER E KB 5FTh 55,

X. EBE O

WE'@@J&V‘ 57—k, BERIFAOEROI BTLL 2L bEELT —~D—>2Thd, LirLH

TERAE E b0 &, BEYLICEOERN BRI Cwicd, BmpSZEEL T Vv 5 HE0%

vouvfd LLCEBEIOFEWE T 5200 Vi3, BEIOMMROZE-E ) LT aHlicL T
L, Skofwo@ehcgdilizve.

X.1 7K« RFEOWD

= O OEREE, BRREO BRI T, KBKECHEAI LTS (F3HR). ToFEEIL L

F3HE Av— bR IOZOERENOK (HO+) &REOTFEE
Table 3. Average contents of water (H3O+) and carbon in
slates and their metamorphosed equivalents.

|

| Metamorphic zone Number of analyses Hz(oa/gik) C?%)Sm [
Non-metamorphic zone 6 3.91 1.55 |
| |

: Zones la-Ic 5 2.70 1.14
Zones 1lla & 1lb 4 1.47 0.84 |
Zone III I' 2 1.57 0.82 ‘
|

Bhy ZLOEBEHTLROLNEZETHY (M, 1965), VR ELMMTLIZ L b ThB I,
RFEOWL LIE CH S, L, FERE TR, ERRORTohhricEBEh Tvy5, Thb o
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g, EEL LT REROPBAMEB—ox v ikE—%E LTy 22 228305 (UM I -5 1D,

LIARIO REYE, REFMETHELTL, GEEFORRERL - LI TERy, Lo
T, BELLARLE UTHBE LTy R L, #BOFBMOEEIHEL TS0 THS 9,

TERAIZAS &, LR oMRaickisbh, LT Ib #H7Y » o T OROMHN
Bbhiz Lo, MHTIEHRIZIDD TR THS. ERFEL IV REICA Y, Fhic, fi>Tikv3s
PEMRETTZERD Y, —RUTHEYOL > AR 525 (RIRVI-SUED, 20k dik, 4
WEOWR T, WERPS CIERECERBORBICELL TV L Z iz Eb2 v (FRENCH, 1964),

E7 TTIRRUAE 51z (KATADA, et al., 1964), —EimiRIEE, SO L B LT il
FEROTHBLILLEZLNS., DF D, C+2Fey0;=4FeO+CO, 1 L LTHbEN 3 HE T &
%o L L, EEOHIMARICCFSTEERT L TAR% L, ZORBICE 2 REOHDET,
FEORPED20%1 b TV,

—H LFROBEMSBEN SHWEIN D L 5, REOBIIS LT3 b hb b B0 Eso
WeiE, Y EERECH E TEBLEMOEEHE >TEH L, LEXRDT, Av— he&Eh
Twic “REW” oKX, PO EE, a2 dRkER L LTREBLCEEZ RTIERD
Ve

IX.2 Zieikse o L furEm

RS T RS L AR A ERCR B LTI TR Th S (1959b) L, FIEESICEL T,
V. 4. 2 Gzl <7z,

EHERRENT, W AEBRBOTREE IS T A5, T oMHE X D EHICHE S 5 FEINERE DI
b, BIRROHEEE L LEE L pviEans, 2 LTHFELS, 1, 2 082073 EME 5 L
BREFRT., T2 TRERETOL OB L THE RT3 L iet 5,

T OEADEREROREIL, b SIERELER L vbhg b o o WRIT, MigEEosE
5, PRCIEREEOEARCBITL T, £0t, FEKITWRG L, ERECEVCERS & ASFE—0
BRI, FRICRONEZ ENEL, ZoBOTMEOERML, WIRMCEELD THEETHS, L
BT, BRBOELEERIGE) T LR TESD, TORBERLIWEROREERTEE B O &5
W2 %,

B
brown hornblende sodic plagioclase sodic plagioclase
3 biotite _j quartz
calcic plagioclase quartz biotite
(green hornblends) (K- feldspar)
{original rock) (quartz diorite) (trondhjemite )
D
sodic plagioclase
| biotite
quartz
pyrdlspite

H13 R M ARG D E R GEEELERD

Fig.13. Metamorphism (granitization) of diabase.

o2& 9, JFECANE, ANEERSE T, ERASUEAMEL K R T, ARIEEOEAE(BIMD
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Fr e LEEORG(COIRBILT 5. £2(DNX, A4 TR MR BEEEHTHS, 0
A T NASA MR O R &MT, H1i, AKF %N T, A-Biotite-F 0=#FAIZASZ
L, B2IiT, BELLERAD = U H v BHIIS NI L TH A

IEBERE LY EhbR5 E, B Y EAOKREN (2Vx<60?) LHMGDE GERka0 L 013 &
SREV) PoHELT, BEAOHE L FREOEREICITEL TwictELLILS,

EESPEI2 2B Ty 3%, T2 CREIRCS aokBARLOEDEL, Z05 L, 1B
LI O, SRR BT Led A0 T, oL LEEIECL O ThE, tho 7
2k, LOOBEERORPT, EREUIEREZR ORI S L, ROBT T eIl & 2SR 28T
LTha3MoSHETH B, bbb, 2a-2b—2c, 3a—3b, 4da—db LF—EBkPNCIEREL
TERBSHEA TV 5,

O CHIMEECIT 1B &, FRICEEBIUE 23, 30 OSSR, T— ) —OFEAKREOFEY

B4R EHERES LoV HE S L SR oK
Table 4. Chemical compositions of metamorphosed diabases and their related rocks.
Il | : 1
No. 1B | 2a 2b  2c 3a  3b | 4a  4b 5 6 VL

|
Si0, 53.41 54.76 65.61 70.79 | 57.76 73.21 | 60.75 63.70 54.39 69.30 69.17
TiO, 0.69 1.06 0.57 0.47 077 0.14 0.87 0.57 1.29 0.23 0.39
AlyO4 15.52 18.31 16.43 13.55 18.21 14.76 i 17.81 17.39 | 16.72 16.81 15.00
Fe,O4 1.55 190 1.24 164 1.65 0.39| 1.73 1.64 i 2.49 0.28 1.05
FeO 6.36 591 3.13 203 503 1.33 4.96 3.96 7.15 1.26 2.48
MnO 0.10 0.13 0.11 0.08| 0.19 0.16 0.06 0.09 0.20 tr. 0.10
MgO 8. 62; 3.83 122 1.74| 3.8 0.75| 2.18 1.51 4.15 1.08 1.15
CaO 9.79 7.00 3.67 240 | 6.65 500 500 4.44 6.68 3.34 3.15
NayO 131 212 318 35| 0.8 27| 251 3.35 | 3.15 6.00 3.45
K,O 0.71 2.45 2.8 125 278 0.62 242 170 1.58 1.39 3.01
P205 0.12 0.31 0.28 009 032 015 0.26 0.22 0.35 0.03 0.13
H,O+ 166 1.43 103 1.8 1.53 050 1.19 116 1.8 0.50 0.74
H,O— 0.40 0.36 0.36 0.34 0.38 0.14 048 0.36 — 0.30

Total |1{)(). 24 99.57 99.71 99.78 |100.05 99.85 100.22 100.09 100.00 100.22 100.12

Plagioclase | 44.5| 50.2 520 49.5 | 56.5 5.8 |59.3 53.6
Quartz I 9.0| 10.8 262 325 9.8 385 |11.0 27.8
K-feldspar | 0 0 2.3 0 0 0 0 0
Biotite &7‘2&8 19.2 168:3&0 9.2 |25.4 17.2 |
Hornblende | 37.5| 10.0 0 0 0 0 0 0
Garnet | o 0 0 05 02 05| 40 08
Others 0.3 02 03 07 |05 0 03 06

1B—4b : Chemical analyses of metamorphosed diabases and their mineral constituents.
The samples, 2a-2c, 3a-3b and 4a-4b, are collected from the same diabase bodies respectively.
5 : Quartz gabbro (DALY, 1933).
6 : Trondhjemite (GOLDSCHMIDT, 1916).
7 : Average of Japanese granitic rocks (SiO, >55%) (FIATTORL et al., 1961).
Analysts : E. OHMORI and T. OHMORI (1B-4b).
(KATADA et al., 1959b. )
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Lo (1933) LT 5 &, NayO 230+ & 2 5 B id “Fepiss” ik <Pl Te 5,
2L, IBRELTTCRETERLEHEATHLILPOEL 3 &, AkoANaEAR TR EL
$s V=T NEBNIEIGE GRS B T TR RS 5 b,

—5, ERBLERER ST 57T, HoMEREE, A th beozm VoL o, H
AOJEEOFIHER b v = SO S L RT3 & 0PN E o2 DT 5. 72 £ L, NayO
BERENR P e =z AHEEE L, KO BTVIRIERENT i3 { v,

PDEDXS BHFHEEBRELTHDE, ez @EHELRY, E0X5RIELRT TLRSEE
BETHZERTERY. ROOBBMREOHMEN D T, BITEDIRENEZ ~To7eoni, bk
Bl As, BEUZZHEEEE, HERT, RREmiE s s 5. L ULAMSToBEMIEEL Nz IuE, ke
5L ZOMENETSTHSS.

ZoPiE, ZoMEOBERIEROBETLRERAFICET S5, L) 0k, KLEOERE ORI,
TEEETHST, 20OPTHE, BRAII FEREEOE R TS, 20k ik, ks
JAPROBEA L PR E RREEEFH O T2l &8, MEBHNESISKRERRRATH 2B LTLY
ThHH,

T TCAEHICE LIS D, ERERAD £ SR OFEREE (compositional banding)
FRERVILETHDLE, ZhkELTERESitRERES,

IX.3 2Rz %41

Z O O R ORI T IER RS R E TR L Ty B, (ORI F v — b 0 K
B FIREB LI, HIZEOZ0 LEERERL TV S, 2o EEe—B RN o &S E 0o/ -
LR « SRR 2L, L ICEORAR EEoE RIS, —RICBLAYERTB S
LHRTES,

BEHERICBCTE, 20X ) EEROEHMOLDIC, ELEOERER, WoZkE & g
W52 LRTES, 2 L CHELINRE S L, Tz T Lo EEEEED L o L KT
HTENTELRENRE . LiedoT, FFEHRBOmE L, B0 & ik hi, ZiEfi
S (LR A B EMAZ LR TEL Y, ZOFHECHLTLESCHEELTHDOT (1966b) Th
FEHLED.

ZOBOBMICEL TL o & b EEAFNEY, IR OEA LA O L BRI T X 50
EOhEwHHETH D, ZOMGOEERR L OEMEEROHECEL T, R - Hm959)
CI2THLUONE, 2OBROEBRTLLRSM, Z 0y oS OMERREHIIARMICEL R L h
3, MRIRDENY, HRANRROBLCEA AR E LG ORRBch 5, 2L Thul L TeHE
TOWEE, FEEREOWH L E /L FAETHS, FLTHa Ib#k Xz bS5 I
OFEE, Ib~ 1P LAMRPHRMIIB L RRNBOEETHEPE, PRVAEDOLDEEZ LR
3.

5 5 FX A RS X CE BRI SO AVHETH 5. = 0 9 bIFEREOSHEE 7 =2 045
BEBLCEE LS. ZOWEE, BEPLARDELLRET VAT ThHM, LERDENED
T A3 T 5 (PETTIJOHN, 1966),

MH OB E Y, — IS S RIBESICEZ VO RBRI S L ko TR Y, PEFIE LCTRIRE
HRENBERFETCE TR T3,

— A, o D BERNHEE, B5ED3~50NVHETHLND X DI, BN & Ho
+5L, MgO, CaO, CO; BHEL TR VOB TH S, —RL Thhr5X 0k, Thbidk
BRI T AEATh Y, REEAFEE TS L, REFEEL Tz Fr <A M2EE, Hi
BOREREOE BT E2TL TS LIBE OB LD, AR, IFERDE X, REEEY
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Table 5. Chemical compositions of coarse-grained sandstones and their
metamorphosed equivalents.

| |
No. 1 2 3 4 5 6

Si0, | 7256  60.60—77.74 |  78.24 78. 62 79.03 | 74.73
T, 0.32  0.18——0.50 |  0.30 0. 44 0. 40 0.28
Al,0, 10.45  7.29—11.32 10.82 10. 45 10.81 10.91
FesOs | 0.8  0.73— 1.05 0.48 0.81 0.55 0.35
FeO 132 0.66 — 2.62 1.84 1.48 1.63 1.87
MnO 0.04  0.01— 0.07 0.07 0. 04 0.04 0.19
MgO .25 0.72—1.94 |  0.80 0.89 0.94 0. 74
Eat 3.07 15— 423 | 213 1.24 1.68 8.51
NagO 2.57  1.56—— 2.96 2.12 2.22 3.08 0.27
K:O 2.86 214 3.16 2,37 3.37 1.43 0.12
P,0; 0.13  0.07—— 0.18 0. 09 0.10 0.08 | 014
H;0-+ 123 0.73—— 2.00 0. 64 0.64 0.39 0.75
HO- | 0.22 0.0l 0.40 0.08 0.01 0.01 0.02
C | 015  0.13— 0.40 0.16 0.08 0.03 0.64
co, | 272 120 — 3.49 0.02

| 99.52

Total 99.75 100. 14 100. 39 100. 12

1 : Weighted average of 7 non-metamorphosed sandstones.
2 : Range in compositions of the 7 sandstones.

3,4 and 5 : Biotite gneisses derived from sandstenes.

6 : Calcareous gneiss derived from sandstone.

Analysts : E. OHMORI and T. OHMORI.

(KATADA et al., 1966b. )

BHELT 2, 3% O LBYEEN50MNEET, 209 bR FHAETEYE Fe A b
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Wiz, ERoOBERAMACEENSRIREOR S (Ffa « 77 54 + - BEER - ARG %
Gie) THAHN, Zhix, Brbasl, BROLOERHEATE GLR) obord s, fioRco b
XX, MHE L 2, 3 DBELBLHCEL TV RPOES, TOROWAREOR, B/ RILmEHs5
km OB LVHKEXR ET, 2ROBREC LR HATEO LD EFZnE Lx,

£, TRAFOLOTHSH, TIVCEEU-EERBAND S, FHENTOHIT Lk <700,
FHOBEMA A, 7o & 2135 3 OB RHE P IC BN bR BT, WEiRiEOZER v
V7 v AR AIIRE IR O FIRE ANV v 7 =V ARERICRKE LT 5, X B hic REREES,
WRERBRROTBEILLZ LIk 2 CELELDTHS. TOHKEHRER L TSMEOHKRER
WRORIRE 2 % &, AHEBITEORPRE A R L SRR o 1) o B ¢ MR L 72 R ERHE S
MIREOEEBHLACTEY, FRUBRREN EATAIRLES2T, HUoZERAELRLT, f
WE R IS5 AL PR EBELELDEELONS.,

Wiz, BROLOTHLHN GEURD, ZoboL QBB 2 L o, —oWEE CRERA R
) BRI IEEL Ty 550 T, %<@WTi,%@EMEW@*MWk@%OE%E B DSy
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Ryoke Metamorphic Belt in the Northern

Kiso District, Nagano Prefecture

By

Masato KATADA

Abstract

Locality

The Rydke metamorphic belt, one of the most important regional metamorphic
belts of late Cretaceous ends in the northern Kiso district, Nagano prefecture. In
the northwestern area of this district, the Rybdke metamorphic rocks grade into
non-metamorphosed Paleozoic rocks (Fig. 1).

Throughout the entire Ryoke motamorphic belt, granitic rocks are more abundant
than metamorphic rocks, and cover more than two-thirds of the area. In this district,
however, the granitic rocks are only found in the southern extremity. As there are
few rocks and deposits covering the metamorphic rocks, the metamorphic sequence
is observable almost continuously in the field, from the non-metamorphosed rocks
to the highly metamorphosed ones.

Original Paleozoic rocks

The stratification and texture of the original Paleozoic rocks still survive in many
metamorphosed rocks except at the highest-grade area. A geological map of the
Paleozoic formation regardless of the metamorphic zoning is shown in Fig. 2. It is
important that, throughout non-metamorphosed and metamorphosed area, the kind
of rocks and their lithologic features are essentially identical.

The Paleozoic rocks form a thick pile of geosynclinal sediments associated with
basalt (pyroclastics and lava). The sediments consist mainly of slate, sandstone, chert
and a small amount of limestone and conglomerate.

Chemical compositions of slate, basalt and sandstone are given in Tables 1, 2
and 5. The slate has chemically higher content of K;O and lower content of CaO.
The sandstone is graywacke, as far as its textural characters are concerned, but its
chemical composition is similar to that of arkose (cf. Pettijohn, 1964). The basalt
is spilitic both chemically and mineralogically, and belongs to the alkali rock series.

The authigenic minerals which were formed before metamorphism in slate and
sandstone are mainly chlorite and sericitic muscovite. Besides, in basalt, clay

mineral (bowlingite), calcite and sphene are found, while epidote, zeolite or pumpel-
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lyite is not found.

Zonal mapping

In the metamorphosed slate distributed most widely, a sequence of mineral
transformations it so simple to settle metamorphic zones throughout lower to higher
metamorphosed area. On the contrary, basalt and calcareous rocks, though they are
only minor costituents of original rocks, are very sensitive to metamorphic grade.
Accordingly, these three kinds of original rocks are taken into consideration for zonal
mapping in this district.

The metamorphic belt is divided into six zones, Ia, Ib, Ic, Ila, IIb and III based
upon mineralogic variations (Figs. 3, 4, 5 & 6). Transition from the non-metamor-
phic to metamorphic zones in the field is very gradual. The petrographical descrip-
tions on the metamorphic rocks were already reported in the writer’s previous paper
(1965).

The brief remarks on each zone are given as follows.

Zone Ia : In both slate and basalt, brown biotite appears by reactions between
muscovite and chlorite or ore minerals (reaction (1) and (2)). Epidote
also appears in the basalt. Chlorite is optically negative and plagioclase
is albitic. This zone belongs to the green schist facies.

Zone Ib : In basalt, actinolite appears after the decomposition of chlorite (reaction
(3) and (4)). The chlorite is optically positive and has lower refractive
indices than those in the zone Ia (Fig. 7). Plagioclase in the basalt is
oligoclase.

Zone Ic : In basalt, bluish green hornblende appears associated with actinolite
(reaction (5)). Cordierite produced by a reaction between chlorite and
muscovite (reaction (6)) is incompatible with K-feldspar. This zone
belongs to the amphibolite facies.

Zone Ila : In calcareous (dolomitic) rock, diopside appears associated with trem-
olite (Platelll Fig. 7). It is possible that an assemblage, tremolite-
dolomite without diopside, is stable within the zone Ic, though no
dolomitic rock is found in the zone.

Zone IIb : In calcareous rocks, grandite replacing epidote appears (reaction (10)).
In the basalt, clinopyroxene appears in place of epidote and actinolite
(reaction (11)). Cordierite produced by the decomposition of micas
(reaction (7)) is compatible with K-feldspar.

Zone III : In slate, silimanite appears replacing muscovite (reaction (12)). Almost
all K-feldspar are not microcline but orthoclase. In basalt, bluish green
hornblende is not found but green or pale green one still prevails. In
the calcareous rocks, wollastonite and scapolite appear (reaction (13)
and (14)).

According to the Miyashiro’s (1961) classification of the regional metamorphism,

that of this district is a representative one of his “andalusite-sillimanite type ” which



3

is characterized by the presence of andalusite, sillimanite or cordierite, and the

absence of kyanite or staurolite as aluminum minerals.

One of the special features of the district is the absence of the chlorite zone
defined by Tilley (1925), and brown biotite appears as one of the first signs of
metamorphism.

General rock types of each zone are :

In the zones Ta to Ic------ slate showing not so different aspects from the non-metamor-
phosed slates (Plate II, Figs. 4 to 6). In the lowest-grade area the degree of
reconstruction is extremely low.

In the zones Ila to IIb----- mica schist frequently called “schistose hornfels” (Plate

I, Figs. 8, 9 and Plate IV, Figs. 10, 11).

In the zone IIT------ various gneisses and schists (PlateV, Figs. 12, 13 and PlateV], Fig. 14).
In the zone IIl there are many intrusive rocks such as hornblende diabase,

pyroxene-hornblende gabbro to diorite, pegmatite and granite (Otagiri granite). The

first two of them were intruded during metamorphism, and were metamorphosed

(granitized) after their intrusions. QOutside the zone III, these intrusive rocks are,

on the contrary, very scanty or absent.

When the zones IIa and IIb were formed, the area of the zones IIb to III might
be uprised. The formation of the zone Il was superimposed on the earlier formation
of zones Ia to IIb, when the zone III was uprised dome-likely. It is reasonable to
assume that there were two main episodes of metamorphism, i. e. the formation of
the zones Ia to I b and that of the zone III. Between the two, hornblende diabase
and pyroxene-hornblende gabbro to diorite were intruded (Fig. 11), and pre-existing

andalusite was muscovitized.

Geologic structure

The main folding of the Paleozoic formation occurred in early Mesozoic. The
period of metamorphism is not contemporaneous with but posterior to that of the
folding. Age determination by the K-Ar method of granitic rocks, whose intrusion
immediately followed the metamorphism, is reported as 60 to 80 million years ago
(late Cretaceous).

No tectonic line exists between the non-metamorphosed and metamorphosed
areas, but they form continuous and single structural unit. The boundaries of the
metamorphic zones cross the strike of the original Paleozoic formations in the low-
grade area, especially those of zones Ia and Ib. The outer boundary of the zone III
coincides with the Otagiri fault along which the Otagiri granite was intruded. It is
acertained by observations in the field that this fault was activated in pre—, syn- and
post-metamorphic periods.

High angle folding with the axis trending N30~50°E prevails in both the non-
metamorphosed area and zones Ia to Ic.

In the zones Ila and IIb, the major geologic structure, e. g. the inclination and

trend of the strata, is not so modified violently, but the rocks are perfectly recrystal-
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lized and have schistosity or limeation.

In the zone IIl, a half-dome structure is developed, and rocks show distinct
schistosity or gneissosity. The dome-like structure might be formed during the
period of upheaval of the zone III

Faults shown in Fig. 8, have repeatedly been activated in various ages, from the
period of main folding of paleozoic formations, in early Mesozoic, to that of the
latest upheaval of the present Kiso mountain range, in late Tertiary and Pleistocene.
Accordingly, it can be assumed that most faults shown in Fig. 8 were activated
at the time of metamorphism just as the Otagiri fault. These faults are traceable
for a long distance, e. g. the Narai fault and its southern continuations run up to 70

km, while they have, for the most part, rather small throws.

Pressure-temperature condition

Fig. 10 illustrates approximate pressure-temperature distribution during metamor-
phism. The metamorphic zones might become shallower gradually as shown by
curves from (A) to (D) in the figure. When the lower-grade zones to IIb were
formed, the pressure-temperature distribution lays on curve (A), and when the zone
IIT was formed, on curve (B) which gives approximately the values of 600°C and 3
kb for the formation of the zone IIL

Syn-metamorphic pressure was, as a whole, rather static, though mechanical
stress caused by deformation was slightly accompanied with metamorphism in the
higher-grade zones. Especislly, in the lower—grade area, stress pressure scarcely contri-
buted to the metamorphism (Plate II, Figs. 4 and 5). The absence of the chlorite
zone may principally be caused by lack of stress—pressure which promotes mineralogic

reaction as catalytic eflect.

Retrogressive Metamorphism

The retrogressive metamorphism is only rarely observed.

In this district, there are found two characteristic features of the retrogressive
metamorphism. The first is epidotization of plagioclase or grandite in calcareous
rocks (Plate V], Fig. 15). The typical one occurs in a xenolithic mass of basalt tuff
in pegmatite which might supply water to the tuff.

The other example of retrogressively metamorphosed rock is chlorite-spotted
rock in the area along the Ina and Koyashiki faults (Fig. 12). Some modes of
occurrence of the spotted chlorite are shown in Plate VI, Figs. 16, 17 and Plate VI,
Fig. 18.

It is of greater interest that the distribution of chlorite rock is restricted in the
area mentioned above, and the area, where they most remarkably develop, is disturb-
ed violently by faulting. The fact suggests that hydrothermal solutions which meta-
somatically formed the rock were introduced through fissures made by syn-meta-

morphic faulting.



Examples of migration of materials

The gradual decrease of water and carbon contents on a regional scale with
advancing metamorphism is obviously recognized (Table 3), as in many other meta-
morphic terrains. Carbon of the non-metamorphosed rocks is contained in organic
substances of plant-origin (Plate I, Fig.1). In the low- to middle-grade zones also,
the organic substances was not perfectly graphitized, and graphite crystal can hardly
be ascertained under the ore-microscope. In the zone III only, graphite crystals were
clearly observed (Plate VI, Fig. 14).

According to the chemical analyses of carbon, carbon dioxide and iron oxides
of metamorphosed and non-metamorphosed slates, it can be reckoned that the loss
of carbon as carbon dioxide as a result of reduction of ferric iron is only 10 to 20
9% of its total loss. Accordingly, it may be concluded that a large amount of carbon
escaped as organic compounds, such as hydrocarbons.

The metamorphism of hornblende diabase is a typical example of granitization,
and even in one outcrop both weakly and strongly granitized parts co-exist. The
process of the granitization is traceable chemically and mineralogically, as shown in
Table 4 and Fig. 13. The original diabase is converted into fine—grained trondhje-
mite with some variations.

Most of highly metamorphosed sandstone are biotite gneiss, a few being calcare-
ous gneiss, garnet-diopside-hornblende gneiss. The sandstone is one of the main
constituents of the Paleozoic formation and shows homogeneous characters chemical-
ly and mineralogically. In comparison with non-metamorphosed sandstone, biotite
gneiss contains small amounts of MgQO, CaO and CO, (Table 5). The decrease of
these components may be due to the bodily escape of dolomite and calcite which
are common in the non-metamorphosed sandstone. The calcareous gneiss, which is
contained in biotite gneiss (Fig. 14), might be formed by the reactions of veined

carbonate minerals with their surrounding biotite, muscovite or plagioclase.
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FEARRAE, BPEYT (StEHT 4.5km) Tadty, #JFILH 3.Tkm (FHEMEEHE 1 km)
Fig. 1. Non-metamorphosed siltstone containing abun- Fig. 2. Dolomite.
dant carbonaceous matter. Original texture of Collected from the zone Ia.

plant remains.

3 W ® =)
WifkHr, HifEsYs 5.5km
Fig. 3. Transitional rock.
Fine-grained muscovite showing parallel arrangement is dominant (S),
especially in parts along small fissures, probably slip-planes (F).
Collected from the transitional zone.
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HAN ERPHBEAL~ MOSUT Y HE5N  BEIRBHBEAL— MO UF Y

Ih#f, (EZSREE, RREFPE AT 4 km Ib #, BRI L 2. 5km
Fig. 4. Radiolaria in biotite-muscovite slate. Fig. 5. Radiolaria in biotite-muscovite slate.
Radiolaria, reconstructed of quartz and chlorite, Collected from the middle-grade part of zone
are not deformed. Collected from the lower- Ib.

grade part of zone Ib.

IS

HO6R B ZE B OH K v -
Ib WHZR, FEEFREPE 5.5km
Fig. 6. Biotite-spotted slate
Biotite is aggregated as spots and is also recrystallized in matrix part
with quartz, muscovite and chlorite.
Collected from the higher-grade part of zone Ib.
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iy

IR BEAEEANEFe<A M
Da #, HESTHIHEEIEHE 1. 7Thm
Fig. 7. Diopside-tremolite-dolomite-calcite rock of the zone Ia.
In the other part of the rock, quartz is found, while dolomite is not
found. Dj : diopside. T : tremolite. Dsg: dolomite with calcite. C:
calcite.

3% § SR S TN, N i RN X ) : : ;o '\&:' £=Y .f
H8H = & a3 <) EOE MMEBAMA S
Ma#lf, HETHiReEEPE 3 km b &, ST 4.5km (HEBD
Fig. 8. Mica schist. Fig. 9. Microcline-spotted mica schist.
Microcline (M), slightly spotted, is dark-colored since it Principal mineral constituents are the same as those of
contains dusty carbonaceous matter. Besides these miner- the mica schist of Plate 8.
als, quartz, oligoclase. biotite, muscovite are found. Collected from the zone IIb.

Original bedding, oblique to the parallel arrangement of
micas (arrow), is recognized, Collected from the zone Ila.
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H Bk b BT
B W oM B AR R A
b #;, GHIEEPE 5 km
Fig. 10. Microcline-spotted mica schist.
Dusty carbonaceous matter within microcline shows S-shape arrangement.
Parallelism in two directions occurs.
Principal mineral constituents are the same as those of the mica schist of

Plate 8. Collected from the zone IIb.

SR

B/IE = 3 2 k]
IIb #Hf, (RS 5 km ChRIKETA)
Fig. 11. Mica schist.
The rock consists mainly of quartz, biotite, muscovite, oligoclase, microcline,
and carbonaceous matter.
Original clastic texture, clayey part (C) and sandy part (S), still survlves.
Collected from the zone IIb.
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A
o4, Bus i/ 8 km (b))
Fig. 12. Gneiss.
The rock, derived from slate and consists mainly of quartz, oligoclase,
orthoclase, biotite, muscovite, sillimanite (S) contained mostly in
cordierite, Collected from the zone III.

EBE B =B R A

I, B9 #RJEIEm 7 km
Fig. 13. Muscovite-spotted schist.
Spotted muscovite, single crystal or aggregate of two or three crystals,
is possibly a pseundomorph from andalusite. Matrix part consists mainly
of quartz, oligoclase, orthoclase, biotite and muscovite.
Collected from the zone III.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 223 PLATE VI
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I, KHEGIRINRE (48D

Fig. 14. Sillimanite gneiss.
Felsic minerals : oligoclase, orthoclase and quartz. S : sillimanite
replacing muscovite. B : biotite. Opaque minerals are mostly
graphite which is grown to larger crystal than in the lower-grade
Zones.

R RN ek
151 THEREACELIZZEF~
1045, o #RpE75 4.5 km

Fig. 15. Epidote formed by the retrogressive metamorphism.
Epidote (E) and sericitized plagioclase (P) are intergrown each
other. Besides epidote, actinolite is also formed retrogressively.
The host rock is a xenolithic basalt tuff included in pegmatite.
Collected from the zone III.

et
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BI6 PRI THE Ui A
Ic #, HElepitidem 2 km
Spotted chlorite formed by the retrogressive metamorphism.
Some crystals are scattered and others, aggregated as spot associating
with newly crystallized muscovite.
slate. Collected from the zone Ic.

Fig. 16.

The host rock is biotite-muscovite

TN Rk, A v eRISE
Fig. 17. Spotted chlorite (ditto to Fig. 16). When the nicols are opened,
the chlorite in Fig. 16 (crossed nicols) can hardly be recognized.
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Fig. 18. Spotted chlorite formed by the retrogressive metamor-
phism. Chlorite forms compact aggregate in round shape
associating with muscovite and ore mineral.

The host rock is biotite-muscovite slate derived from cherty
slate, Collected from zone Ic.

Figs. 1, 4, 5, 8, 10, 12, 14, 17 : Open nicols.
Figs. 2, 3, 6, 7, 9, 13, 15, 16, 18 : Crossed nicols.
Fig. 11 : Slighthy oblique nicols.
Scale : Figs. 4, 5 and 14---++.ovvrs X 50,
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