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Some problems on Palaeozoic-Mesozoic tectonics in Southwest Japan
— Tectonics of metamorphic belts of high-pressure type—

Tkuo HARA* Yasutaka HAYASAKA* Masaru MAEDA*
and Takami MIYAMOTO

Abstract Tectonics of the Sangun belt and Sambagawa belt in Southwest Japan, which belong

to the metamorphic belt of high-pressure type, have been discussed in this paper.

Regarding the

Sangun belt, the tectonics of the phases when the original rocks of the Sangun belt were depos-
ited and the Sangun metamorphic field appeared have been analysed. As for the Sambagawa belt,
the tectonics of the phases when the Sambagawa metamorphic field was placed under the condi-
tion of the highest temperature and then its collapse began have been analysed.
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Fig. 1 Structural map of the Inner Zone of Southwest Japan.
1: Hida belt (dashed lines: structural trends), 2: Hida marginal belt, 3: Sangun
metamorphic rock proper, 4: Palaeozoic rocks of the Maizuru zone-Middle
zone, 5: Palaeozoic rocks of the Northern zone, 6: Tamba Group and its
equivalents, HSBF: Hida southern boundary fault, HTL: Hiroshima-Tsuwano
line, K: Kanazawa, N: Nagoya, O: Osaka, T: Tsuwano.
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Fig. 2 Pre-Cretaceous stratigraphic columuns of the Sangun belt and the Tamba belt of

Southwest Japan.

NZPR: Palaeozoic rocks of the Northern zone, TGE: equivalents of the Tamba Group
in the Sangun belt, MG: Palaeozoic rocks of the Maizuru zone, TG: Tamba Group,
A Akiyoshi district [data from OTA, (1977) and SANO ef al (1983)], B: Nishiki-cho dis-
trict [data from NISHIMURA (1971) and TOKUOKA et al (1984)], C: Taishaku district [data
from HASE ef al (1974) and Is0zAKI (1983)], D: Shimomidani district [data from SUZUKI
(1982) and ISHIGA et al (1983)], E: Nichihara district [data from TANAKA (1980) and Ha-
YASAKA et al (1983)], F: Kake-Yoshiwa district [data from Toyohara (1977) and HAYA-
saKA and HARA (1982)], G: Mikawa district [data from TOYOHARA (1976)], H: Kuga dis-
trict [data from TOYOHARA (1976) and HAYASAKA ef al, (1983)], I: Mukai-hara district
[data from HASE (1961)], J: Wakasa district [data from HAYASAKA and HARA (1982)],
K: Maizuru district (data from SHIMIZU (1962)], L and M: Type I suite of Tamba Group
[data from ISHIGA (1983)], N: Type I suite of Tamba Group [data from ISHIGA (1983)].
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BEHLE & JIEn 2 BAE, 0k REHkE
LR, SEE ORMANCFKET 2 FHEEEE (SA-
KAGUCHI, 1961 ; A, 1983) B E N A2 NE R b
DZERXZHD.
EEMEREEIE )y TEHELTHREL VS, =
AR OBH T, FHEBHELREE, Z0ry 7B
TRICAIE T 2ERTH 2 Z L BFERINTE T2
(% s (RAE &, 1975 BaAT - FAA, 1976), &

ik (B, 1964), HEiLHBRORO - 8, 1978)).

=EHF OB B W TR R EREEII T ERED
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S e ZBNECEEO R T IRE#E £ 3BT
728, BANNO et al. (1978)IZ BERH 2L 425
7 2T OBERABIMORE R MEE L. T hic
HLUT, RHQ97)E, BERE TERINVETH
D, ZNL 0 EIOWMBEERIEZ—>DF v FUEHF v
) TH B EFTALT, DI 1970 ERIC=ZRINE
MREOBLEED 7 2 ORIEIC D W T i
TBIS,

75(1954)1%, EREHIRO BEREICBE T, B
Mz 2 BB S ARREE (BEARK S
[B) 0FELHES»C L, ZoBRBAKRER,
Tz EAbAE 2 CEdse L, S TR BB
WEHL, 2L VB TRARBRAREEEIL
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R - BIR - piH - BHAR

S

a)

Fig. 3 Structural map of the Samba-

o Akm | gawa belt in Central Shikoku.

a) 2 and 3: Saruta nappe [1 and 2:

Saruta nappe II (1: garnet zone, 2:

biotite zone), 3: Saruta nappe I (bio-
8 tite zone)], 4:5th Shirataki hornblende-
schist, 6:Nagahama nappe, Sa:Sazare,
RS:River Saruta, RA:River Asemi,
S:Shiragayama.
b) Structural profile along the A-B
line of Fig. 3-a. 7 and 8: Saruta

nappe II (7: garnet zone, 8: biotite

zone), 9: Saruta nappe I, 10: Shira-

-[D]]]l Bl ﬂ[:l

b)

Bl eais k>
(Fig. 3).

, 1977)
ﬁﬁ@%ﬁﬁ%@%@fﬁ;%?#ﬁki
D &L 208 & OB, ARBANEERDT ¢

AN ALIE L Tvs 5 (BANNO et al., 1978 ;
1982). %~ T,
D _FIREIC O
# % (Fig. 3).
HEAN AR OB THEBL, i HE
ANE, T LD R BB SEANEEE (G5
BEARRER WTRINEZB 2 B2 L0 EMIC £
THEFHEL T 5 (Fig 3). TRINCIIEESFE
DTERICED TEWEICERBOGES BB 2
BREL T2, 158U EOREECL > TTD
N7 BRI O LB T O # R 13, KAWACHI
(1968, Fig. ik > THIHENT WA, Zhick
g, ZOARFERBIABANRSE LR—B1%
THd5 L, -7, ABANFEBORBEILT
RINZBOTREZREO TERCERD TGRLWE 2

*Ej{z,
ZITE, BEEANRFEBREZH
TV EZARMELTWAE Z I

2km taki hornblende-schist and 5th Shi-

rataki hornblende-schist, 11: Naga-
hama nappe.

BIAIEL TWD End Z ek 2 (Fig 3). »
LT, BEFESOEANRFERBEH -T2
FOEHELTCWIbD EFEwmSNEFig 3). 2
DT EWZ &> T, BERFONEMES I, BANNO et
al Q97D HFFT 2 & 5 e—oDREFHRAM D Z 1L
TlznwZ s LS (Ko, 1983 ; &,
1983). RHF v 7R O0OESF v FUEHF v 7
1, BRHET v 7)) ka5 (Fig.3; B, 1983 ;
&, 1983)53, FRITO@RIc X EH > v 71
DR—RARMET 2HEEAANEELFOELD

REAERIKELRN-REFHCBL LS, 58
ZWNNERE R R - KRR C R s h e %<

DT 7ELTHRET DI EMNEZHTHS LTSN
Tw3, LsL, Fv7—o—20FHHEHRITNLTL
bEMCEM SN TR\, RiE—KNEHEO
ZWINNTE O EENEER R (Z ) EBE SR O &
§JJ{%) BERBRELELTREIATWS, BHFv 7

» IL(Fig. 3)DIZHA (i b BARAh D TR & *tis 3
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PEFE B A - o EACERER O R R E

LMK TH-7- LT, RBHF Y ZPIIEERS v
7T U TSR b~ B L7 £ S5
FENEzZoNL, 0K REERIZES (1985)
W2 & - T quartz fabrics D o bEHS Mz & h
TETW5,

TR D AT ISR TR R FETH 5, YD
B WIS O ER S E S O HHBRRAE L BRI B T 5
FNSORERBFRERET S EBHEELZ S TH
%, EFEGYIMIC @ 3 2 BRI & K o 5 b,
SANDER (1930, 1950), ZWART (1962)LA%k, &< 2
o BRI & » TR S NI EREE « i

(texture) i & L THWE S &I EZNH 5,

ZOIEIIB RO EBRE 2 ) &b ¥ REH
KBEND ELHHTBDTEMTH S, =W
HwTREL 50, ARG, #BEAL, BLARGD LD
MR G ORI bR R L T, LIFL
CFMER O B A R T, 2 OB R
R LW DTH 5, REF S (1981, p.38)IE &
21 & AL DAL D BHHEE Do 5,
PEF IR ERF OEE = Fig. 4a DL DK b
DEFEAL T3, KESOFHHAZSIAL LS. &
B IO PT %3813 garnet O BB E B0k &
T3, garnet D BHEHEED /Y — NIHYH I
Lo F—FETH5H, garnet DR IIFH = L1
Bz, $hbb, [@U MnO #%2FD garnet Tl
EIRO#DH D MgO %\, 2O &, LV E
BOSYFEOFH, MU CEEDOREZE 72 2
ExRRLTWS, BETEMO PT #Ei# 1 amphi-
bole DEWEE LA SN DL, - BERETTH
3 7z amphibole i barroisite %% actinolite IZ B %
NTBY, crossite #fEb R, ”

—7, K5 (1977), TAKAGI & HARA (1979), &
5 (1980), HARA ef al.(1983), [R5 (1984), HARA
et al. (1985), JF(1985) i, SANDER (1930, 1950) &
ZWART (1962) LRD FHEIC LD, BRET L DM
WaEHATHE, AROEETH 2EBHERIC BT
2 ERBEOZEIC D W TOHEROIIR 28 & i
T30, PLELIARZZLRLED, £9H
REEAPRATE (Fig. 3) 1K DWW COENTHRE R D & AT
AED,

RRAWKREG X, HEE, SEOTETY S
OB EAETRENEESZ R~V DI

117

s (Ro, 1977). AKRAER, M LRL 5HE
KBS LH SN ZED0 IS TSNS ¢
1) REASERESOIC B ST 2T (58 Si ik
MBI 2RI EDNDH D)L TEHEENZHMMAR

A (W APYE = Si-amphibole), 2) ##l % AHRA,

AR, TEMSMZ L 2 0B (RS 2
) & LT Erte i THU 7 il A TE (AR
=old hornblende), 3) EADHEL Se % KT 5%
U iE s 2w oMk S A E @ AR a=
new hornblende) (HARA et al., 1983). HHIANRH
X, FHAARE IS T 2R ANEADY 77V
A b E RIS TH 5 (HARA ef al., 1983, Plate
15-b). HHAAREIMERBERELDO~ > VA
BlEEINTHWS I EDHS(HARA ef al., 1983,
Plate 15-d). #FHANRAGIIHMEAIRERZD <
MR D ERIE B & D ICKE L Tw 5 (TAKA-
GI & HARA, 1979, Fig. 4 ; HARA et al., 1983,
Plate 15-c& d). #%O»DHEE T, RELHIRE &
DEBENMETSINY —7LTEY, ZORHIEE
ERAEER E AT U CRE L e BB a5
(R-deformation) (TAKAGI & HARA, 1979). Table
1 OFAPE & RHRAEBEIRES & O F#S & 58 1S -
&9 R bR EEERICEAS TONIZHDT
H5, AE DM EOE#(Table )5, #}
ERBERZ X, BIRBEE R PDIEE R &MED
S HEED, BREBERE L X5 £ TRED L
AT28E*BLTHRRLUTRLZ EXEESNS,
RicHBEERANR AR (Fig. 3) £ 207 < BAL
DREFEBOERER L IZOWT, TRIITESE
ENTERETOES (1984), HARA ef al. (1985) 2
L BENTERERTA LS. B1OBEBLANRE
EEOFHE (AF7) TiX, SIRAMRES KEEA
(An 13%) 2& 1) & AR OMBIZ, HEANEE
BoznoDRTHfke 2 AUBEER->TWw5,
IS (1980) DIEFTHEIC b A5 Z &3 HKS B
DTH5, LrLiahrs, HEEAANFERTE,
MR AREDFEERKIE, BaOFH Se 2K T
ZIFHIAEEDOZ N LIZIZEICT, By SiEGE
AlBE) 2R >EEANAGTHS (Table 2 ; ES
(1980, 1 10)) OT, REARPREROHERIZHRE
FEIEEBICB T2 XD 2 0ICERTHBE > b
DeFEzoNE, ZORBICEE2EVEEND
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Fig. 4 Diagram showing schematically the temperature-pressure path of meta-
morphism of the biotite zone of the Sambagawa belt, Central Shikoku.

a) Temperature-pressure path (solid line) after BANNO ef al (1981).

b) dotted line: temperature-pressure path of metamorphism of the pelitic
schist (oligoclase-biotite zone) placed just on the 5th Shirataki hornblende-
schist in the Asemi River. data of point 1: temperature =575°C and pres-
sure = 11.1kb. dashed line: temperature-pressure path of metamorphism of
the siliceous pelitic schist (low temperature part of albite-biotite zone)
of the Saruta River. data of point 2: temperature =491°C and pressure =

12.7kb.

s, EL2HE, ARABREENICZLEBICHERE

T2, EETEED THRICED SN ITEE R,

FIRRDFE S (1980) BECE L Tnwbd, EEDO XS
ZAECIIFE Se 2T 2 HFARAICL S TH
BICHER T 2R 5T MnO EDE VR A TR
VIAZN T RHBIERES NS, ZOEL2HIF
[, B AR, TEREEYZ &2 0B85y (F# Si
ZH) ELTEBUHIRERTH S, FE SiidHFH
Se iz LT w3, KBS LFH Se DREFEL» S,
L AHEOFBIEAD, FH# Se EHT &L HEHIK
DT, ELA2HFIFE Se BRBDIEIHD b £ T
X VIEE & 72 21 (SHIMAMOTO, 1974 ZIR) 2 53
HEAIc L > TR an RSN S, FEE Se
WRHAC, BESSHEL, £ 2ARTRRETH -
lrrEzZoh%, HEF(1975) 1%, FRINHBORE
FEIZBWT, BA0RE(FE Se LAEFFHEO D D
LEZ oNAEAES) PEH T 2 BEN, &5
ARBVIAATHAEBEELEL, ZOBREENE

& i, BRGIEEERY, L 5ETE
EThol-aREEERHRL TS, BRENS, K
Bix, L AREOEEEZBIOMHEBIRENSHEL
TWRWDT, TELZU»LBEEREELSAHD
HEEFEHEEZ W, LrLirns, BTlHsR
LABEAANFERBE LOREREBOERI,
BADORBEERIACEEREIZETH > /208, &<
LREANEETH-1:Z EBRT,

HARA et al. (1985)550& L /- HEEAANR S
B & D% 2 OEEHHSMS3072904)i%, ARE, &
hWAH, A% FEEESME L, SHRARES
EIPEEEEFLVLNTH D (BFIERARHFET
%). AR, HEEEHRBEERCT 22008
W2 s 1) Wl kAR, ISEMSM L &
EHECTEHM(FES 2K L L TELED
THR A ARA (GHARG), 2) SE0ORFE Se &
Rk 5 Min AR E AR, 3) HHARED
7 — & > D separation [ FE T 5 $HRANA. G
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ARTE LT EARA L, ML, ATEEoFEE(Table
DozhsikZFhFhEEN % b D TH%(Table
2). IO2HOANAREERFOEEEFED
KEDDHDIZBWTEESIN 2D, HEANGIIM
Bllo>Twa Zen%y, ORI TIZEARN
ARRBIEELTBY, ANEED 0% %82 T
W3, HEAANGOEMER L FERAD 2 i,
3o XN LR THEY,fiERL VEmALE(LD
v SifE) & (Ca + Na +K) fE%Z 7§ (Table2). =
WINHE D Caflic B OAKA TR, BREN LA & 3
ZAIENE L BoTwb(eg. BANNO, 1964 ;
ERNST et al., 1970). A EEED HE Se
PRERT 2FHIANE LY, X0 EERREE TR
shborfFisnsg, HHAKGO 75 i
P> THZET 2 HRANA AR TH 5 (Table
2. T—F OIS U ERAER L, FE Se
KRS EMER TH L., AECELY —LATORE
DRE « B FEMBETIORF >S5, ZOHMERIX
ZWINEOD trend ICFATREMTNTH S 2 £ HHH
S5hIZZNT W5 (HARA et al., 1985).

JE 5 (1984), HARA et al. (1985) i3 £ 72, R
OHEERANFEBE LORERS (HM 8310
1402) T, BER, £< 5hH, SEGHRERIKE

B (An 14%) &) OMB» &, Zh o 04
REBHERZBENL Tns, &L 5RBERERD
HERAIHIHERDE D & DR G OREYE - k2 aH Lk
BOWRELTWwLDT, BRERH 2 HG ECEHE
BN THS, CORBEREDEL HRITEHILY)
DR T LR D S ZDODES KRS I NS
(Table 3) @ DR LI B W TEHW MnO 257
L, ‘SEHGYO - Sic B 2R L T 3 845
(%), 2Kz L0 % X Sic CRRT 2 0ELY
DR Si BFEET 2853 (=~ PR, 3) BAME
WAE L b &Y MnOEE2R L, SEEYHHE
SRR L TEFICHTER>TWBBA L H )
LTWwaERS (v bVAMR)., <> Muvskgcod
BHYOBRINEIFEICEADRHE Se E NEFHETH D,
ZFORAMBLUELIEFESe it K2 BT LT3,
IR Se BREAICE L A RDEEN %o 72
ZERERTLMEBMTH S, #->T, KURATA &
BANNO (1974), BEEF(1975) 13 &= A O B B (K- 3 Se
I 2T 2 RIBEN S 2 H L AR
HolebDELT, &L 2H-KRIBHEMOD Mg-Fe
TR ERD T B, RO R WEET
Holeewd ks, FEZERT 2HREC
AR 2 HERE LT BRRBAEIE > TWwBE]

Table 1. Relationship between deformation and metamorphism.

Shirataki hornblende schist from Shirataki

Deformation

Metamorphism

S, ~deformation
ic

A
1
!

B, ~deformation
ic

i
!

Fracturing

1
A

Si—deformation

growth of initial
Sl-amphibo}es

Bi—deformation

T
s
b

Static stage

growth of plagioclase
cores (porphyroblasts)

recrystallization of
S, -amphiboles

(81:7.36 - 6.95)

(R-deformation)

growth of outermost zones
of cores of plagioclase

Static stage

growth of inner zones of
mantles of plagioclase

growth of old

hornblende

(porphyroblasts)
(Si:6.97 - 6.66)

Fracturing

Se—deformation

pressure solution of
plagioclase associlating
concomitant growth of its
outermost zones of mantles

growth of new
hornblende
(51:6.87 - 6.79)

Fracturing

Bl—deformation
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Table 2. Relationship between deformation and metamorphism.
5th Shirataki hornblende schist from Asemigawa
(Specimen No AF 7) (Specimen No HSM83072904)
Deformation Metamorphism Metamorphism
Sic—deformatlon ?
N i
Bic—deformatlon ;
Fracturing i
S.-deformation growth of initial
. Si—amphibqles
Bi—deformation Al
Static stage growth of plagioclase recrystallization of
cores (porphyroblasts) Sj-amphiboles
(Si:6.53 - 6.47)
(R~deformation)
Static stage growth of inner zones of growth of old growth of old
mantles of plagioclase hornblende hornblende
(porphyroblasts) (porphyroblasts)
(Si:6.84 - 6.52)
(Al:1.69 - 2.17)
Fracturing
S _-deformation pressure solutin of growth of new growth of new
€ plagioclase associating hornblende hornblende
concomitant growth of its (S1:7.00 - 6.49) (S1:7.12 -~ 6.77)
outermost zones of mantles (Al:1.25 ~ 1.88)
Fracturing
Bl—deformation growth of actinolite
in separations of boudins
of old hornblende
(S1:7.84 — 7.43)
(Al1:0.34 ~ 0.89)
Table 3. Relationship between deformation and metamorphism.
Pelitic schist from Asemigawa
Deformation Metamorphism
Sic—deformatlon
Bic-deformation growth of garnet cores
- (MnQ:ca.20 ——>4%)
Fracturing

Si—deformation

Bi*deformation

Static stage

growth of plagioclase
cores (porphyroblasts)

growth of inner mantles
of garnet
(MnO:ca,4 —>1%)

growth of biotite
Mg/(Fe + Mg):0.338~0.347
for biotite in garnet,
0.506-0.56 for biotite
in plagioclase

R-deformation

Static stage

growth of inner mantles
of plagioclase

growth of outer mantles
of garnet
{(MnO:ca.1l—>0.21—>2,18)

growth of biotite

Mg/(Fe + Mg):0.493-0.561
for biotite in garnet,
0.571-0.613 for biotite
in plagioclase

Se—deformation

growth of outer mantles
of plagioclase

growth of biotite
Mg/ (Fe + Mg):0.511-0.515

Fracturing

Bl-deformation
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BEMENE 2 5N 208, I DRVEH O IR % BrE
% time-marker IZ £ > THEERAN T2 2 & 1XED
THREELEETH S D, B 2 LFHR O REEE
DIENIFAERREHRE 2S5k,
ZOREFFEZBT, REGIREROZOT
EHEEDOIELFESI S, Zh e BLTRELT
WBEELAFEDOT Y MVAED R Si i ES LY
TTHY, MEPHRELLDBDOTHEIEERLT
WARBOBHEIN TV (S, 1984), ZOfE
FFCRZEEDEDIMAN(E  2H EHEL T )
WHHE SHICRIRZ L CEERYT < BT 58S
(Y PVAB) DD, FiZEOIMINCH T H T
b5 EEH R PR L THET L
Sy bV DD, D~ bIEO R
WEEAEDFH Se WEfHG LFITTH S, fRIERO~
YRV E XK AREO7 Y Vi gL A BRI
HoEHETENG, READY Y MVNEOREA
DERIEFREHE VWS 2L Ths, BERECS
% BHE BRI R A 2 B 3 7
 (Table 2) &£ X <SHELT W3,
ZOREREOREARESENCIIBERLH
ERBHEBEESNTWS, EA2HEDTY ML
WHBERWAEINTHWAL I ENH D, BER)
BEENTHWAMETOE L 2HO MnO #3471
9%, 18%, 0.7%Ths. iz, ELAHETY MV
EABOMIOELREE CEH X 5 HREHIL
(MnO=Ca 2.18%)ic b EERNEH I LTS, Z
DIz, ZORBTIE, TLA2HEOWHEHFEZFN
FhEEBRICH oI EEZ OGN BERZPIEET
5 EeDHRE, 20k REBERE»S, E
(1984) ix Table3 D & 5 2flERA, &L 2 H, BE
HOLEFEREB WS, EF1975) 38 AHE
EEMNPHEBRIC D> TenEdI v EHELpIC LE
o dend, ZORBTCRMEDOLAEZAEETH S,
ZOBEKBTIE, ELAHETY M AED MnO fEH
FI0.7%THHMEI, BER LI, AERLHE
EREEINTHS (ES, 1984, B3I, 22T,
Iho DEFHEYPE L 20 (MnO=0.7%) & 4
BRICH -7 b D EREL T, GHENT & STOUT
(1981) D FEIC £V, MnO=0.7%D K 5D ZE KR
E-EHN%EKD B L, 575C, 11.1kb £ % %, 3 Se
RIS 2RI RETH ) BEF L HE LR

W, FEPRBICEE2KEPHBR LS L (E
¥, 1975 D#HREBR).

EEDO LS ES (1984) 3 F RN # o s A
AR EEE LORERA-BEBECET 2 RE
FEICBWT, ZEERIERREIICHI: 285D
B L FEJ71% 575°C, 11.1kb &3R8 T» % (Fig. 4).
ME=®IIFECRIKERA - EERSSREEIET
HY, WEOETICH->TEER-BEE, £/
50, IRER L% 5 (BANNO ef al., 1978)D T
HEH, INSOHRIERBTRED LS CEEL
TWzDTH» 5, TOREIZ Fig. 3 omasns
BHROREDERRY & ZRELE R, KEFS
(198D T ER L 2 2 ERBOREEEE TV E
BARLTWw3, Zhid HASEBE ef al. (1970), TOK-
SOZ et al. (1971), WANG & SHI (1984) D= L 723k
A AEDOEEBREETFTLVEEIHIELEVEDD X
SWBbis, HARA ef al. (1983) 1%, HEH)I|Hs
DEREA-BERE FHIC 2 OGEWAIE» SFREL
TERERADEL ARICOVTIRHL TV 228,
ZOFRBOMRARERICIIHES, B2, &
CHRVEELTEEIRTWS, %2 THE(1985),
HARA et al. (1985) i3, ZhoDBER, HER,
L 20, RRARESIZELICHEERRCH -
726D E{REL T, GHENT & STOUT (1981) D
BRI DBELENZRD T3 BE 491°C, £
12.7kb E RFE S N7z (Fig. 4). ZO&RNL, 13I1ZE
BAERRBIRC H7: 2RE 1, KERG-EER
W OoERA - BERE LiEE» > T, BENK
DUENPEMT 2 &5 2R >Twi-2 %
HBRT5bDTHB (Fig. 4). ZHITIRKE S (1981)
DIREREEE T NVICIZFAR L % \»25, HASEBE et
al. (1970), TOKSOZ et al. (1971), WANG & SHI
(1984) DRI A Z A OBEHE T 7 VI IZFAM
TARERTH S,

PErRanEzRBCBWT, BEHEOEE Se 13
F—EEOEETH Y, ZHIZHAREOETHER #
DXFLLD—D DHHERKD 2 Z L »3Hi3E 2 (Tables
1-3). BEMRECBUZEAXLEHAREOEE
B, ZLTRERBCBTLELSADY Y Mot
BOTBIADE RS CERBESREIE LT
B, FHESe DMHIMMIIEEEROBE D ThH Y,
BES(MBREE ~OBITHTH LD T, KFHESe
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IR L 7o EREIEF IR © DR b 7z
STEBIER ThoT- LD Z il b (HARA et
al., 1983 ; &5, 1984 ; HARA ef al., 1985). =¥
INEDEREBEOR TR FEREAEETHL
B Se(F5 (197N S EERE L LA DIZHIE)
2N RN T BRSO FED, BEE» O D
ERGBRICIEER SNz L vwS 2L Thb, Zhid
BES (1977 OFR L 3B ERTH 5.
HHANAS KR CERFL T 5 5K (HSM
83072904) THITE & 7o HHRAE DT AL
FAET 2R S %2 0(E, 1985 HARA ef al,
1985). Zhid, BERRERS &% 58, BB IS
BEROETLZWHNRRE Th -/ 2 L 21ER
LIBEHTHS D,
FEOGEERE M & AR ORIHEBO L, 5
HESE LA EBOER R ITmEAAR B %
N & X SRS d A(Tables 1-2). TAKAGI & HARA
(1979)i%, EEAMNAERBICB VT, REAMRELE
DT (i AME TR £ B <) (2 EiE 1 E A AN
S WEBIRBESH - I EEHS ML TV S,
FIVE 5 A B F A B TE B oD BT Fr4A (HMI83101402)
D FFLEA THEIRAS S B0 V81 STEASE W AT
Fo THBCHES N 2METH 205, BAICEE
ENTVLBEEFIEMEIIZTRE 20, €27,
2T OB EREER O & W ERE) R BRERIC
HolzbEZohb,
HiT - FR(1984) 13, JRE)I[H TR E L W E S
WCHEWT, REARERETLIL, BEREE(SSAAD
{LFHR DO BHFEE» S HEE) 3k D EH U 7ZH
(= Bi-deformation %) » & R 2 tho, ZRIEE KX
EEhHETHERRETLIE, IOEEEER
1 B BB THh 5 1 2 L REAS T LTz, MAE-
DA & HARA (1983)i%, BIFILURAATMBTEREL
FREHAEETY, RRAREEVSEEBEROITD
N WEBHSBETRE L EE2RELTWS,
B & nHE O MBS, ZEUE AT
WREOEBEH RO L CEHHsN LS 0 D) &
AHIWCH S NS FH Sic D F A O Sic-defor-
2) EH Sic @ #4lli ® ¥ % (Bic-deforma-
tionf—Z Oz snowball i & EZ 5N b LD
nbHsb, 3) L AHA, HHARGCASh S
Si R HA O Si-deformation, 4) &< AHE~ >~ b

mation,

- i - BA

WERERTO B Si o #1h/E A (Bi-deformation) (5
M B, 1984), 5) REAHCRZESLEIAO R
B3, 6) R-deformation (BFHIERR), 7) #&4
BERES Y Y VAR, L ARV MviME,
A AR EORBIAOENERE, 8) madk#E
Se (BH ) P HID Se-deformation. Tables 1
3OEWFEIF D & S REEER L EABREHICA
5N 5 AEIREEO A (= fracturing) 5 O EHTH#E H
BEBICHANLTONTZ D TH S (HARA el al,
1983, 198%).

EEEREH LIS 2 DEMEEL TLTL
Y penetrative ICFF I SV TH B I EEZ 0N
20T, IhE TS nzal8e o OFEES,
EORE—RUEEFE LD THZO0HS L Th L,
IO, SRIABIZHI:D % OB ERE SN,
BB ED BTSN LERDH D03, THETD
FRFTHERICHE > TIRD L S e — D DIRGHAERT Z &
WHIk 2 THAS ., FHE Sic, #Ill Bic, FrH# Si, #
i Bi e ERE L 203 S EEERANEIT T 29T,
EREED LR Toh, DvT, BESIE, &
FTENCEREEA S Th 2 & iddH - T H eI
WEBEROITON R WEIN RS Lk o7z, FYZR
BEOHRT, BREEEEIC EARET 2N, 20
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