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Tectonic development of the Hida Belt — with special reference to

its metamorphic history and late Carboniferous to Triassic orogenies —
Morihisa Suzuki®, Shinji Nakazawa™* and Tetsuya Osakapg™*™*

Abstract The Hida Terrane comprises the Hida Gneiss Zone and the Unazuki Zone.
Gneisses of the former overlie schists of the latter as nappes and the metamorphites of
either zone are intruded by the late Triassic to early Jurassic Funatsu granites. On the
basis of the detailed analyses of mineral equilibria and the estimation of P-T conditions
by means of several geothermo-barometers, the Hida Gneiss Zone is subdivided into two
parts : the Inner and the Outer regions, since the P-T-t paths of the two regions are diffe-
rent from each other. Rocks of the Outer region, situated between the Inner region and
the Unazuki Zone, are more intensely metamorphosed than those of the Inner one. The
textural and chemical analyses of zoned garnets in metapelites from both regions have
clarified the relationship between P-T changes and deformation. The core part of each
zoned garnet has preserved growth structure characterized by the development of concen-
tric rings of inclusions, but chemically homogeneous part overspreads independently of
the growth structure. Therefore, the chemical homogenization of zoned garnet can be
supposed to have occurred after the prograde metamorphism, during which the growth
structure had been formed. Estimated P-T condition during the homogenization is lower
than 600-650 C, 4-5 kb in the Inner region, while it is as high as 730 ‘C, 7 kb in the Out-
er region. After the homogenization, metamorphites have regionally undergone brittle
deformation and garnet grains have been fractured. During the deformation, chemical re-
set of each garnet grain has been performed along the fracture or the peripheries. P-T
conditions during the reequilibration in the Inner and the Outer regions have been infer-
red to be 500-550 C, 3 kb and 600-650 C, 3.5-4.0kb, respectively. Judging from the
structural features, the Inner region tectonically overlies the Outer one. Along the
boundary between the two regions, develops the thrust zone characterized by intensely
mylonitized granites. The isotopic age of the granites is about 300 Ma. At that time,
some subduction zone would have existed on the oceanic side of the Hida Terrane. The
regional thrusting mentioned above is inferred to be closely associated with the early to
middle Triassic medium P/T type metamorphism of the Unazuki Zone.
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ZEERT.

MBI, BEERHFZOLDTIIRL,
AR EZTI2" B OKERITIZBNT, 20
LA RBNIET B 2725 T, OB X %0
Bh BT DX ARSI N0EERL,
BREORBEMFEROT 7 b=v 2 T4 T—2
ZHERERYICIER L T AR,

BRPARIC~ =SS 1 TORES
B LU ZDFE DM

Wb W BHREET L VI REBEH R (DL T R
EIER) EFREATFEL SRS, BERIESSIC
B CREE MR BT A (Fig. 1).

REEH I DT, 12— 53 7 RKEDO—I 2R
LTz vwbia., RIEEREEATEH AR
WOWHERTH S LT DAL, BEOREBHEE
B, 5 & F U 208400 (M - 2B, 1987)
TEPDIEY S 5.

JRAEAAR I LI AT S OB L WEEE, - 1R
TRVREESREEE, BIARRKICRS LB
G OKEIERSE) OB A2, 7220, X
FERIAZEBIC BT AR RTHEAE L, SERZE
REEVPER SN EZONB.

A~ = BRI, REHNRE L OFES
AFIIBWT, ZNEIVEE TR PR
RaEoEgG/RIY, ZOBEHIETV L5 %
Y¥— 27 L3 HMEEREEDEE & 2 UiE ) By
HERZIHLI LIRS,

COEI)RBHARE~-ZERICBITALEEH
AARHRE LT, T, REFHOERAME
DEREZDWTHEIZE L O THI.

REEOEREE

FREEL I T 2EREEICONWT, B R
Yl ae LD E b L 1C, BERRECS
LOKEMEREENGIZ BT, By RMBics
JAERE - 7RI BITARE-EH&BEERED,
ZOIRBHE L ABZ &I X 5T, FREEH X
T (Inner Hida; KRR, Hxda9IIKERE) &,
HMEIHH (Outer Hida ; MXTAYIC & 0 KEEME, B
BRRE) EICKEL S END T EFHELhE 5T
(87K, 19872, b). LTI, EEMROEHEE

DMEE, ELICRERREICET 2R TRT

(Table 1).

1. POt

R 2L, BEK, FBRUI, BE-KE A
Kl DK HIFTAVE S 5 (Fig. 1, Table 1).

a) HFEKFE)MIEE (Asavt & Apacm, 1976
HR, 1979 0nAh, 1980 ;M - Fk1l, 1984 :
FHE, 1982)

FEE&LTRERWE, RERIKE, EEERKE
Noil, BERT F X DEAKD roof pendant %
% ¥, FIR#EE 13 NNW-SSE, #H& o F ik
NNW Tdh 5. A#BORERIKRAICIE, S<KAHH
+RBER, TTFAHEFAHEBERAFEERE ]
ARTHMEH, EEA+ S AA+HEER, EFHA
+ERAE+EZHOIIS, ThICERAE+SAA
+AVEA+EER, 25K as vy ath)ER
+HEBOMAEIAONS. T/, HIVI NV
EVHBETHILNH D, ELAHHFD pyrope £
V%IZI0LTTHAE. FEEREYOREBRSB
JUOWEENREF (S AH-BER, < AH-
EFA, REBMAELZLE) 2 HOEREEO R
DRERIE, 600~650C, 4kbHiR%ERT.

b) FEUIMIE (K, 1958 ; FHIEB, 1983)

AR EIRE ~ AIREE A s, R~k
RRREDRERT, REFKREIE RV, FiRiE
E-WARFEBRL, MBEEEINTARSICEELT
Wh, RERFRETICEEFTATEEL, -8B
ALAONLIENHLD, WIEREDIAITE
NTHLH. BERA+SKAA+HEZER+HHERES
TEHAVCREENEGLREL L, S<CARa7
12 600~630C, 4.5kb, ¥ AHY 41%550C,
3.0kb EWVIHMREE 2B, ELAFHD pyrope
EN%I1E12~15Th 5.

c) B#E-KEMIEEFRA, 1980)

A AIRE ~ IR S, EEE~hE
FREDPERT, RERFRE BN 2w, #E
HEENIOE, kLT LD Y7 4 — LADFF
X DVEEOITONDG, BEED N-S RHTEM
5. REAREFICERASAONLZLLH D
A, AIVEREEHE LRV, EAA+BEERM
BETHVWRESHFORE D EFRIE, 600C 2E
DIEL 52 5. ELAHAP D pyrope EIV % i3 8~
11THb.
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Fig. 1. Subdivision of the Hida gneiss zone.
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As for the names of areas (a to j), see Table 1 and text (Chapter 3). Abbreviations for critical minerals

are as follows: amph ; amphibole, and ; andalusite, cor ; corundum, cord; cordierite, gar ;garnet, graph;

graphite, kf ; K-feldspar, opx ; orthopyroxene, sil; sillimanite, sp ; spinel, st ; staurolite, C; garnet-core, R ;

garnet-rim.

d) AAREHE EFRIEA, 1981;3 I, 1982;
HIR, 1982 MR - AL, 1984)

GIRE ~ ARG RS, RN~ PR RRED
BETH DS, BERICBL TCERERME b I#
W% I 5. WEEEIREROERB LUH
Ay ETH, BIENER L, BEEDN-S
ATHL. BRENBKREICE, 7VRAOEHITZIN
ThhH. B, PO TEEROEDRIHRE LR,

1042) STV BAS, ZOHBAIATHRN. &

AR+ EEZEBMATEHAVCRESRA L RES
L, XA/ TIE620~650T, ELLAHAD HEF
500C BEMEYS5 2 5. €L AHHD pyrope &
V%X 11~17 TH 5.

P bR I B W T, £ &L TRICHE
ELRBEENEE L, RERMERIIIERAD
L@ICHET A2, VIRALIZIIEALH]ELR
v, I, EFACHEASHEATAIENHLD
LM THE. L AHEHRD pyrope BV %1% 17
UTThb REEMSHIL600~650T, 4kbiE
EThb.

2. SMEIMHE

ST 20X, LB, NBII, AR, BRI,
FEJ, BAN-F BN o&LMigs B3 5 (Fig. 1,
Table 1).

e) AFEEIMK (HAM, 1980;8 K - HAY,

1981)
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4 BAR BA - IR G - IR
Table 1. P and T estimations for Hida gneisses of the Inner and the Outer regions.
Areas Critical Minerals Xpyr ¥ TC Pkb
[ U5 (Inner Region)]
a) BiEAk gar+bi <0.10 600~650 4%
(Koshimizu) st+cord+sil+bixgar+and +nus

gar+Ca-poor amph+bi

gar+nus+sil+kf+bi (rare)
cor+mus tkf+graph(rare)

b) F B gar+hi
(Tedori River) silt+cord+bi
sil+gar+bi
sil+nus+kf+bi(rare)
o) B — kB nus+bi
(Momose gar+mus+bi
-Mizunashi)  siltmus+hi
sil+gar+tmus+bi
d) HARME gar+bi tkf
(Shirokimine) sil+hi

[4+flis#F (Outer Rigion)]

e) LEERI bi+kf
(Kuzuryu River) opx+qz
)R gar+sil+kf+bi
(Odori River) gar+bit+kf
cor+kf+mus+bi *+graph
sil+mus+kf+bi (rare)
sptgar+sil+kf+bi
opx+qz
) Pl
(Kanmioka)
h) BB sptsil+cor
(Nagato River) opx+qz
i) gar+sil+kf+bi
(Wada River)  gar+bi+kf
cor+mus+kf+bi+graph
JRBM—~-FHN  sptcor
(Hayatsuki R. sil+kf+and+cord

- Katakai R.) opx+qz

0.12~0.15 C:600~630
R:550

O =
oS

0.08~0.11 600

0.11~0.17 C:620~650
R:500
720

<0.24 C:700
R:600~650

= O
. v
=

690~720
600~700

<0.28 C:>700

R:620,

?0\]
[ NVL]

% ; Pyrope molecule in garnet of metapelites.

Abbreviations are as follows: bi; biotite, mus; muscovite, qz; quartz.

Others as in Fig. 1. For reference, see text.

EREN PO MU 2 BT 5 BN aiE I &
HRIRE~RIREER G, BEERRENEERE
L, RE~WERFRE IR, RiEE,
ENE-WSW H Q@ % >R DM 6 & 0 FH
DENELIZE WVE-SITONS., KIFOREH
A, AYRAREENICHET A, &5
AR A BEERIHR SR TR, LA LERS
AR AR, SEA-EAEANEFL,
TN AW ERBESEGORBEYHERIE, 720C
MEETRT.

f) /NBIIHeE (Suzuki, 1977 ; Osakase & Suzuki,

1983)

R AIKRE ~AIREE R RS, RS~
FREPERT, REFRE IRV, RS
E-WRATEBL, &KL LTRL NIZES L Tw
b, B, MIBOWEIZBWTIE, N-SRDORE
EPEBT AL IS5, RERKERIE, HE
A+7) BEAOERENERMICAON, T2, Th
THEHHLPACRN+EHBA+SLA2A+HIIE
A, agry¥a+h)ER (BEXRM) HMeEdH
B4s., wE~EERRRERICE, BERMER+ S
KAHAE, B3V 7 AL LARERS i
MBS 5. BEENEHEORBIERIE, AR
IT7ICBVWTT700C BLE, 6.3kb, ¥LAAY LI
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FREET D1

BWT600~650C, 4.0kb DfER 52 5. LA
F O pyrope BNV %% 24 IZET 5.

g) [ GiiE, 1982 48 - Fkili, 1984)

RHIK I FIKE ~AIKEE A RRE, EE
BRREDERT, RERKRE ZHBHD 2. E
M I E 1~2kn, NE-SW RO % b O HE
EOBEEIZI VBT ORE, FRREERICIEE
B 2 4R T AR IR S e was, JREF
MR ZFRWRESGOREHERIZ, 690TC L
DEE5 2 5.

h) EHIMEFIHE, 1982; B35, 1986)

HEYE, REBLIUOBERRE, SOIAKRER
AP L. FREEODAPL AL EE&EE L
TE-W kR, BANMERIL-EELET . #
BAOTHREILORERFRED, O, »DTHEHR
FRATVTLBIOENORBRLIZAEA VD
FE SR (ARER, 1957) STV 5, ZDRER
EhTwiy, EERRRERICE, SHER+E
A, SKARHHFMEAHEEESREON, Th
LEBWIIRESMGORME D RFRIL600~7007T,
RERMAEICE DREORE D HRIT690 T EE
DiE%E5 2 5.

i) FEAHEE GER, 1979;MEFITAH, 1981;

AR - Bk, 1984)

AHBIZ BT, AIKE~AKEERRES &
DSERME AL TAE LY, REH RSB
Alpvs, WEHEIIN-S HFRO#E AT HELIC
FEWERMEEOFEEIC L VIFHOIT O N5, BHEE
X N-S AAPEBT 5. REHFMEPITERA +
HUER, 27V FL+H ) BAOMEEI RN
ENTWh, BEENLEBHORBYERE, <A
FBIaTIBVWTT00T BLE, 7.3kb, ELAHHY A
IZBWT620C, 3.5kb %525, ELAAHD
pyrope EN%IdH K 28 IZ3ET 5.

i) BRAN-FRIIME (EE, 19735 - F

N, 1976)

AHIFIC BV CIE, BEEEIEHET, wbWwb
FRAT O EEY, FREEPICHEERNICER
ELTWAH L LW, 72720, BRMICERREED
BB B, RENRRETICE, HAHEE -+
FHH, ACRINV+a5 T A SLAAHEERA,
BA A+ EFEL+ ) ERAOERIMON
TWwah. L L, TNSH08EMD S H—ED b D3,
FEIIE R A EOBMERER I X o TR S

HERER 5

bOTHLHREMESGH5S.

PL BRI AT 12 BT, BTR oo R T
CRELRY, BEA+ITVER, AR+ ELAH
A+ERA, ARERL 2Ty ¥ A+ A URA, #
TR+ BANET & EOMA AT T 5 O hEE
Thhb., ELAAPD pyrope EIL%IT—HICHE <,
2812 T HEAD DB, RIESNIZEBEMSFZ 700
T, 6kb A ETH B, Thbh, SMUHAT ILHETH
DOPEIIFT IR LT, HOPICEERE TH 72
rwz k. '

REERD P-T-t BB EBENHR

Bk X 912, FRREED ORIR S N AERED
52T, REFITRE AMBT &AMl
GEN, BEFRE LD S ICEERESRSE T
BERL7-LEZOND.

RICEHFICBWT, BREHRPEREHEDORH
WEBOHLZ/ES>TAL).

1. Prograde %812

— I, BREEIZBIT 5 prograde 22 B B
BROMBBICH o T, BIZIEHHEPHICEES
N7 BREGY OB, S ORT REEE OFT
GENEDRFERER L. REFRICBVTR, RBE
FRRAFICHBET L ELARICALNS RFHEE
A, ITEEEINS., T4bb, AFOSILAHEIE
B 2#FEEE) LT, BEALANZLaTH
5 ADESFICIE D - T Mg A, MndEné vy
BREEELRTOIEHTH L. LrdEL DY
&, aTHFOEDBEEIIKREL, VAL
DTV E LT LA SNRW, F/z, 37O
SOMPITIZITHETHY, ZORTORBRIEIX
SHETLEWVWI L%,

—%, MO E LT, ToaT7EMICHE,
A8, R¥E, BER, Fe-Ti B LWL &0 SR
ENLAEWENF—F v VIRICEF L) » 77
A, LITLIERZEL TS (Fig. 2-a). TDEH %
Wi, BZ5 < prograde 2 BRIZBIT B SR
EOBRBETHREINZbDTHSH. LIAH, T
DB OFE L AR DL F B LD RFEE DFRE
iz, &< BE/RFRL, a7 OBEMRER )
V77 R B TR RSN IS E TR (Fig. 2-b).
DL REER, SLHAA/KBOREERICIBY
T, ZELWEBSELOBREND 722 & 2 IMEI
RLTWBEEZLNDL., £LT, ZOHEMLORE
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Fig. 2. Zonal structure in garnet (scale bar = 0.05

Fig. 3. Zonal structure and fracture in garnet
(scale bar = 0.05 mm).
a . Growth structure characterized by the develop-

mm).
a . Growth structure characterized by the develop-

ment of concentric ring of graphite, biotite and . . . -

) i . i . ment of concentric ring of graphite, biotite and
Fe=Ti oxides .,mclusmns. b - Mg-contour map. Fe-Ti oxides inclusions. This grain has been frac-
Note that chemically homogeneous part overspreads tured in the progress of the brittle deformation. b
independently of the growth structure. . Mg-contour map. Note that chemically homoge-

neous part, which overspreads independently of the

o 7ZEEEBIE, VAR I DIZEITH Y, ERIEH growth structure, has been changed its composition
DY — VL EZ2 2OPRLZHUTHAD. along the fracture or at the periphery.

CDEIBELARICALNLABEELIE, W
l, AMElD 2 R CHBIZALNLERETHS. L L, ZOBERYHRAMLZEIIRERETH S,

TedSo TRERIZBWTIE, ERE—-Z7BICES T 2. Retrograde % i@%%
T®D prograde 72 8F 1L, LM O ETIXHLE FEETT 12 B PMA TS, AMElEbES % & b,

LNTVATRMENE L, EXHADRTHEL D RERFED S HAKETIIE, A CrBOM
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TREEA DEBIEESR 7

A fracture A5EE T A Z &A%\ (Fig. 3-a). #
LT, #O fracture Hild &< A A SEIMUICHET
B IRKEE (Se) &1, BAETRIZTA. 1L
OB A DE, ZO fracture 1o THEa 7D
R ATYE S, Mg A, Mn BINOMEFHIA 5 1,
oY s L-HaodEiaedf/LLEisb
(Fig. 3-b). L7245 T, REFIIBWTIRE -2
TR (S AHEDOHE T 7R FO%RIC, TR
brittle Z2 BAEH 28t - 72858, fracturing A%HE &
D, ZOBIED%HIT fracture 12 o THKATHUE
SN, $HVEIRLTY AT O E AT L%
AbNb. ZOEBHOEREMSE, FHllHR Tk
600~650C, 3.5~4.0kb, WRIHMFTiL 500~550
T, 3kb BELZ R bNA.

%8B, SeDIBH L EL AARKEICASNSD frac-
turing 1%, Pl Z I¥ layer-parallel shearing ® & 9 %
BEEZEZE I, BEWEMHCHEZO»S LA
W, WERIZE L, REFICBT5LE8H
fracturing I3, BECEEITY -2 OBEH» S L&
LT & 7z retrograde 2B TCOEELRTETED
—DOTH59. %B, WA (1983) »FIH)IHIHIZH
WTH S 2T L7 & AAD fracture (237 9 LI
CRIE, BABOIREIERMEDBMTZEIZI S DL L
Wy,

3. MRTEREEDR

FREET 2BV, FRaEI SRR IICBRNEE
ZFHDE, WhWLIEMTH S, RERKEHE
AT BIERBEFOBEIC O W, BHil-AEh
WA BT HFEA (1980) DFFFEAH B. LA LRdSH,
LR OEEEIEI ER LT EBY,
O DL RFETER W,

—77, HIR(1982) I BN T iSO MEFT R R
BERELOR G E O - 7B B D\ TR
L7z, DR, EEEDK 4 m OFERH R E S
HEEOLREERMER L ZIT T ED, EEEW
MAEER S AR EOHEMILFREERET S b
DTRHZWZEEHL I L.

B, /ML FRIE (1987), /M T A (1985, 1987)
WX AUE, AREENIILEN 2 G T ARTETR
ERIZE D, =4 aF A MR EINI-E STV
5.

4. FEEHO P-T-t#EE8

PDLESNTE/-Z %2 d LT, REFONME X
UM DEBERE . £ L DA Fig. 4T

. B L7289, REHCBNTRE -2 ICE
% prograde Z@FEAFN CTE TRV, Fhid
ARRWICIEHEB OBBIER CTh o 721 Rt 25H
5. .

BB — 7 (% LB ORI, A
A 15km, FHEIMH AT 21 m BBEELEZ LN L. #
D%, MHFIIZENEFNERZIEILD, ZOBET
brittle ZZATAER % %1, ZOH S S ICHHESER
BERTIZH L, «

ZNTiE, ZOWMBFEIBEALND LD LiEE
MWMNET SO LR o0, —hKnoELE
ANEL VD THS S H.

REEIHICBNT, FREEO R REE X3
E-W GEETIEN-S) T, WEICH - T < e
L, MEEIEIN-SRIVERT L. LPoT, K
RN T A AS/ M MR ORE XY B ALICAT B
LTWbZ &b @A, 1987a). S512, TH
WOBEREASNAMIBICE, F2 13/ BN HEHL
HEIcABNL LI RELVWTSOF 1 MEER%Z
TR e EERE SR O NS, Z OFEHE
EIXEPRIZA (1975) 12 & Y KEfER S LIRIENh, £
BORMREEER HEL CO L0 TH 5.
IR DOWTIE, ZEH - BFIR (1984) 12 & 1) Rb-Sr
FEAAE SN, H300Ma & VI FERMPESNT
Wwh. 2%, 300Ma DEKERRESICRES N
LIREEDEE N D), ZDH%EOIHEEINE
Fl & 7 o THELB X UMl O3 58 75 BBk % 2
SLEEZLND. LA oT, DX 2iEE
BB ATIEIFSER L2013 300 Ma LI, fvidftE
EOEBHLDEIE A LN, &DUEEITHVDOIE, R
B 1B A Z DEDORMARFERD—D DEF DA
LNBE ~ =B (240 Ma BifE) EE X HNA.
T O, FREEEHIRIC BV CEIENIC RS D F L&)
W=7 %llz, ZORKREL L TR OBENTE
BRI ELDTHA ). 2B OB, X )i
BT AFEAWIIBVTIE, REAEEEE
BHREN T2 Il 5.

5 b U I

UE, WhOLREFL LV OLEHTH, & IR
BHICBIAEEERERORE L £O%OMEER
YELEZOWTRIEE L., Thbb, REFIIAEGTL
WCBERE DRI &, 2R OB WAME T
LXK EN, ENFNERBREYRIITA. 2
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Fig. 4. P-T-t paths of the Inner region (open arrows) and the Quter one (black arrows) of the Hida

gneiss zone.

Univariant equilibria have been replotted from the followings: 1 ; Hotpaway (1971), 2 ; Kerrick (1972),
3 ; Hoscueck (1969), 4 ; Verpe (1966), 5 ; Ricuarpson (1968). Abbreviations for critical minerals are as

follows: alm ; almandine, hc; hercynite, ky ; kyanite.

TV ) AN &AMl ORI, BRIA R
TEmAE KELRE) PO HTEHL L. REFE
Lwe A aF A MU E2 - TW A DO TH
5. ZOWHOBRMEXBIEE X, REWFNARICER
A L, $ o REERICKILWE % 4tk L7z @54 -
iR, 1986). Z DR, KEERIZIIC BV T
AIABEDIAE L, RERSR OB ER LB A
B Eh, 0%, fi~FHZERIC,rTTE, B
Al O~ O L, FRAWICBITAHIE
BERAERDS WG L TR 57282615,

B, (1980, 1982) IXEREHICHALNHHE

Others as in Fig. 1 and Table 1.

MRS % EOMES 2 6, REEW L ALFEHOAGE)
WEENEZE Y EGMEII-MET -0, #
EDVHMBEBERE L TCRETHEEF CHAL L L.
AH, EREDLBIZENE b LIRS LARAB
X OWMAl o IE, (2T ERROAREIIF & fH
M- L ICERENIIET 5. 27210, FMEH
TWOHEEN T o 72089 PITOWTIIRIEL T
2\,

EZAHT, HYP - 4% (1987) ik AEEREED
Sr B DILRIBRY 2 2 b % 3R ICIRET L7246 R,
RDE ) EmTrENL. Thbb, REED S
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FIALAR e 90 A4 (SrIfH) 1, & 0 REENCALET 5
BAREIERLLRY, ZORALERICKRE LR T v v 7
BRODOENBERBE L LT, REFPREE
NE-SW A2 13 L A Srl = 0.706 D% Srl 45 A%
HHETHIELERL. HOIXIORE ) EEHZ
L%, bRz Hme L, BrEHEcomd 5L
BORE L LI v VI, BERIROZNE T
WK 7. AR TS LMl B X O
W, COLHEHFICERERAILLTEDY,
HAER LSO RERICB ALy L Lo EE
GHEETE L TELZAIENTEL).

BME CBERZDLIIHID, WHNAETIRE
THRRE 72 2N - AR B TE A A RO IZ R
CBILHLETET.

X ik

%Mé_,w& g B AL D B B JE DT

B, 88, 753-767.
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