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Study on the Early Cretaceous Tectonic Movement
in the Southern Kitakami Massif, Northeast Japan

By
Yukio IkEDA

Apstract ¢ This paper describes and discusses the deformation structures of the Southern
Kitakami Massif, Northeast Japan, in an attempt to clarify the genetic history and the origin of
the structures with special reference to the early Cretaceous plutonism.

The area consists of a sequence of thick sedimentary strata from Permian to Jurassic in age.
The major geological structure of this area is large synclinorium, called Tsunakizaka syncline,
with its axis plunging to S by about 30°. The Kesengawa granodiorite intruded into the eastern
limb of the synclinorium during the early Cretaceous time, and the sedimentary rocks and
porphyritic dykes adjacent to the granodlorlte are converted into schistose hornfelses owing to
the contact metamorphism.

Slaty cleavage and schistosity (both characterized by parallel arrangement of platy mineral
flakes) are developed remarkably well in the pelitic rocks of the Permian and Triassic strata.
They are also recognized in the porphyritic dykes that were subjected to the contact metamor-
phism. The development of schistosity is restricted to the granodiorite and the zone of contact
metamorphism in which constituent grains are coarser than those in the original rocks. '

The slaty cleavage exhibits fairly uniform orientation throughout the Tsunakizaka
synclinorium and are parallel or subparallel to its axial surface. In view of maximum flattening,
this arrangement of slaty cleavage suggests a regional horizontal shortening in the EW direction.
But the exact mechanism of the formation of the synclinorium is unknown as yet. ‘

~ Penetrative schistosity is developed in the Kesengawa granodiorite, and it is parallel to
the regional trend of schistosity and slaty cleavage developed in the ajacent sedimentary strata.
At outcrops near Osabe no refraction of schistosity is observed between the granodiorite and the
host rocks irrespective of the orientation of their interface, except at small portions in and
around minor folds of granitic and aplitic dykes where the pattern of schistosity is more complex
owing to the inohomogeneous deformation associated with the folding. It is argued that the
development of schistosity in granodiorite is closely associated with the regional tectonic
movements during the early Cretaceous time, rather than with the magmatic flow within the
body, contrary to the previously advocated notion.

Under the assumption that the rocks behaved as viscous fluids, (apparent) viscosity ratios
between various rocks at the time of tectonic movements are estimated from deformed pebbles
employing Gay's technique and from dominant wavelengths of folds by use of Bior’s equation.
The results show : (1) the granite pebbles were 5 to 10 times more viscous than limestone,
rhyorite and andesitic rocks, (2) the viscosity of quartz vein was 4 to 7 times as large as that of
slate, and (3) slate behaved as more viscous fluid than did the limestone. The examination of
cleavage patern indicates that the folds used in the estimation of viscosity ratio are buckling or
buckle folds due to compression parallel or subparallel to the layering.

* Doctoral thesis (Science) presented to the Hiroshima University in 1980
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FIL T3,

&
'S
=)
s B

o
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BEELRASEELTHT, WHOYSIFRENVY T 2 VAR > TS (RRXVID 2 - 3,
EERXXD 4, RRXXID1 « 38H), _

AV—MEBHPFEEHTCHRET S, HAKKRENTVRE LI, WEVEEY A
TDHDNASND, 1BLCIHOREELWECIE, Hi4Fa s bZFEINTWLE LD
4 TDAV— NERNS G, TOAV— MNEROEMIEZ, H3HETIRIZETCERYIL
7-BEEOMLIRA (Hobss et al, 1976 X2t % film like R L) 2ET22LTh
3, ZOWEEEE, BEDLEAREDAEOBEEART2EL T3 EATHS LEX
S5NTw3 (Hosps et al., 1976), —f&IZ, MK FD/NE LYV b DBEE TIIBEAHER
ORI, HRRWEIELEL 55, [H#HPIHORITECHIEDRERD S T,
AR S T S L T v A A I, BEIREA s e (GE4EC), TRE
DOFOHIFITE, WMRERAKE L, ZUoNBEEARTIL THFREZBRLTWS (B
4 d). MERLANG R L DML OMBIEICIE, BRSPS F > 7 /3y ¥ i EO/REN
ERZIEEAER SN,

B. AL—FBRL VTAIFAEK

AV — MR L 0T AR & OBfRIX, 19 RO PtED S EMEE o EEFEED —
DELT, BREMIBITOIATE, SAKEENTHALERERREEBEV: VDT A
fieAT (PriLips 1844, SuARPE 1847, Sory 1853, CLoos 1947, PoweLL 1972, Woob 1973,
TuLuis and Woop 1975 % &), ZHIEHEIG 1851 81T 2 RGO B #5528 (TuLus 1976,
ETHERIDGE et al. 19747 &) ¥, AV — FEESVTHEAEOEH (Z) KBBETHS
ERJRLTWS, ZOBIIZHL T, Becker (1904) 13 A v — b BEEIE I SAERENZ ST L
LW OFADHTH % L FR LI, Mt LMz, Il (1971) BNAVv— B
PRSI D IR R EMFINC B2 U 2 2 MO & L TR E N5 2, ZDROEMOHETL
I, BAEMICEE R FRCERL TR EWIBEREL U ED LS, Av—
MBERH & O F AHIFR E OBHRIC D W TIE, BT 2 SHESRST AT TR S h
T&7,

ARHIELD/NFAR 2 & Fiz 2 TOIREBRRICSH T 2 ZERO BERE kA 1974
DINERENICIE, BROBKE ¥ a—AnEGEN TS (FKRXVID 1), AKE/ ¥ a—
NMIMFRITER S N THARROZRICZ 2 TVw3 2 8%V, AIKE/ Ya—nidb kb
EERICGEWER2EL Tk EZ 6050 T, RERSLS &5 REAEROFEIR, HS
PICERERERR LD DTH S D, #€-T, AKE/ Y 2a—VOEHD AL Ltk % Hl
EThiE, BADORTLFHOTABREHETIIENTE S, OTAROERNE, RO
FEUMEMNEE L TL ADOTVRTIRFT A 2 LIZLT, ZITRUTADOEHOAMDOLE
ML & 9,

INFARS & CRBOMIRICBWT, BKE/ Y 2 —nvofRdh L Eo A2 /g L,
H5Fakci3ZOBREATVARERICKALI:bDOTHS, Eill (+) OBHOHL
MEOHRDOFHOF ARIAEO R (X) 4L, Gl (0) oAMFoh.Lr%EHE (Z)
IZHBYT 5, I (Y) BX EZHSEWIZ I 2R THALELT, FRICL > THRETE



112

a b
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d

F5E, U9 Mk A Vv — P BETHOSMAEMNG X, Y, ZIZ® iR,
chfilfil, KGR E LD T, + L 0 R FNFNRIKIT/ ¥ 2 — L0 Ll & i,

vy —REZAZNOMBICE T 5 AV — OO AL eRbT, akd
ANRIRHER, ¢ & didABHERO T -5 TH B,
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2 (BE5Ebed), FRICLBE, XEUI/NEATS2ZW, %L 30°, RETIZSIW, %
L 30" L R THELE I v, TR L T Z8, NRRTNTTE, %L 307, REET
N8TE, %L 5kt%iD, MHERTKEREND S,

H5@brcpary —MiR, BKE/ Y a—NVEROVTOTHMEN 2T HRCB Y
AL — MNEHOBOFE2TT, IboHEs,A LI, WKL b ALV — MEROED
BRIt Z Tl 2 1T —BL TWw 5, o T, ARIcBIT 3 Av— M ERIREX
it (Z) REHRTHI LBERTEETHS), MEERFERCAONLFED ZHICE
BTH2 e ERL-ERHEOBRENSHLN»TH S, JhiFtRE»SHmES N
TW3EHLDAV—MERPHHE L2 ALHETHE LWL 3,

C. BHEDER

RERTES B SAIETREMHE I A T 2 SRR ORI &, [ATERPIRE O HEAE

.~
NSGTN
~Io-
~~
~—

*+ FE PP}

LR SRR SRR AN

— T ————

.- = ———

granite
D

lime stone

.| cleavage

6, BL I RIMHEDA Yy v F, TEREBICRRTHAKEHOIEI BE D EEK
L, TR A IATEMISEE R D B & wlli L TYv 5, BERTRETR
lET FEER,
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cfE->T, REHFEOEM TR DI SN B ERER 2RI T, VbW RtLY 7 =
v (BERXVID 2, 3, H6M) Lh>Twnd, BRFEEICEENTVIHITIE, TEME L
BEL, RTFr—b, BllfEahvl ey, MEETEKE, B8XURKELENED
5,

TEANZERER OB EEE (T4 & NFOERT) TREBOBEIMEL, TRTOBHER
IEOHIF#IRE R L Tw b, ZREOEWLIEOLSEILINTX, 16T DR
EAEMCFTHLSMRLT, VY XROBIEEZEL TV S (RERXVID 2, 556 &),

REBEE OILFIERCIE, MR AR & £ OIRRZ W LR O 25 EATREFIL T, R
V=AW UREEDLS > TS EN4Rd). IS DM, BOMKRGRH & ET
THY, EHEROEHTIERBEIRD A L wmthit Tw5 G 6K, RIRXVID 3), 20
& R, PERZEREM E A v — FIEGH (70X ED OBRICING L e RIERS,
BIICHEITL7c C L 2R T —2DIERTH 5 5,

BRI 0 25 < BEDHT oW, IR E T B EE L OO FI: () 2 i kR) @
COMREERMLTWS E#Z 5T b, Guost and SENcupTA (1973) 4° Snimamoro (1975)
= a— b oiithe LTIy 2 B O LHER %L <RI L, Guost & I3 F A%
Bk, SuiMamoTo I3ATRRBHHRIC & 2 BB % T TIRNT 24T o 700 25 7 IR & D& AU

high «<— 1 —>
viscosity ratio

HTR. BEEOLIH D B0 0 MES & RMERIED N 2R AR,

oL THIWABHmoWih &, MRt ONR2RIBRARITH 2, BBt > TR
NOPEDWLIA > EARET NI, BB & ORI 1 0 & &2k, WL A
U5 wiilhd 27z, BRI HME Uicv, MMEREA 1 LR & v, Thb b
&0 bEIWEE I, WP HmIEE 2 aAA L & S BliL, HicEzhrsl L/
S LEEITIIBRORNNC @D - TH T 3,

REBA T B LTI, TEEHEBROEETHAEEEL S AL S Bl L Twa (¢ 6 X,
BIRRXVID 3) 28, AIKEEWPHIUETEIRAROENTIIEL A LB L TWE L, UED
ZEens, REBEORBEHCIE, TEEEBROMMEALH K&, ARECHBUSTISIRE
ORMEINE LT, HHOZN LB LALFRUBETH oI EMHEETE 3, BLALR
CALZHAHR % & DIER S & TR F SRS DR S3 U Ml 2 R & LT, ki
DOHREOHRIEZ 5D, —IC, FEENNSWETRIECMEIZ/NE L %2 5HAsH 3,
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R o B ORI, FA—FAEB T 2BOBIERHEK T LicL>T, EEN
CHEETE 248, ZOMBRBOVFAENEBRRLEBTERLEL I,

T 2 ¥ QR LICEb R B R HETEM L, 2 0RO AL & #ik (Rih/aeh) =%
OB DB THEE T S, BID L O TN RS R RD B Z LNTES, 20
I U0TARFREE, INETEOFMRFCI>THES N TS (Ramsay 1967,
DuNNET 1969, ELLioTT 1970, MATTHEWS et al. 1974, Summamoro and IKepa 1976 7% &),
Z OWZeTiE Simamoto and IKepA DFEEAWT U T AT 2TV, BEZ LDV T 4E
ZIIHU 7,

Suimamoto and Ikepa (1976) DU T AT ERIEE & <ATH fed i, E—FERNTTE
HRERIMEREZ L LB L, WEL LD LT 3RFOEINVNIARENSA (Ehtk=1) &
W E E, RTORBMOVIRTINS v & MSENI ENLETH 2, ik, BROGEE
WMARD T LA STIER e FHCHRL TW 3, TEHOHMINIRICEL 3 &, ERAIDN
Follitkss 1.4(Z i, ZREZ0 TR LERBSICE M TERERO Mt E L

V) ORIF AW T L L Thid, 5% LEDEBIET, AIfgkRARBREL 10%6WT

BEZ A0 40 D 7 — 5 S0 TH 5, BEFATOHIKIZ £ T, EBORELIIHII
FITRENTVB LI, 4~20ThHd, s, JIEE®I0DE &, FREAER 20%
g, BIROEEEEZ 93% TH 5. (T AMAT OIS D BERITE I DL Tk AlEeR
HEOTETH Do)

DT AENIZ, REDLVWEEOHZA B COIMATITORL (HESK), 2D
LARBEI LRI H-T, Brd LI NHORRAHECHELTVYS, IRl
NEEOTTAT E TOREMIZN 2kmTH 5, BREMINEBEOFEAmMCEREL A ICEL
Tw3, CRIMNOFRIMCEL, TATD S OEREZK 400m TH 2,

AR 2 RITENTVS, TSRO I EMBERTELZTHS D, ZD—21I3,
A —Hh s DR —FM TR U 7358, ERMERORT O FAHHSRS kL, FfEHE
BEIRE « BIRE « ZIUER WL E VYEORT U FAHIHGHRVWEAR2EL Tws 2T
b3, ShFEHRT2 L5, EEURICB T 3HIMEOERERMLTWEDTHS D,

bp—213, R—ERMTLEL 78E, ERIBESEL 23 EEEBOEEGBH LS

TAKATA

HIROTA
BAY
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2k, BSOS, ( ) NOKERIER RS, bl
Suvamoto et al. (1976) Ik 3,

W W i A AV itk Ee] BIKAE Ll
A IZIZYZim 1,04 (10) — — S
B-1 T~ 1.44 (15) 3.10 (10) 3.38 (18) —
B-2 Xl & 50°, YZii & 90° 1.48 (14)  2.63 (11) — —_
B-3 1ZIXYZit 1.27 (6) 2.95 (4) — -
B-4a 1EIXYZI — — 3.14 (11) —_—
B-4b ZIEXZi 1.47 (9) _ 4.11 (12) —
B-5a BIZYZill 1.60 ( 7) -— — 2.97 (19)
B-5b 121 XZil 1.37 (13) — R 3.48 (20)
C £359.9'¢11] i -_— — 3.13 (11)

TETHD, BRI, TEHMEBCOVTIDIEMNRENTVRS, Thbb, [HE]l
WOBLFUALI L TV 5 AT, IEIFHPEEREIIE (O3 AHIFEEO Y Z T IZiE—50
BT ATEIMERIZIEEALRBLTE S 3 (llitbic LT 1.04), TEESELIOBC & A1
BrAYED oLV, =7, b ERIEDL B HIZ B8 3 EEEBO ik 1.27~1.60
LD, WML VEERBICELL, MoBES SIHIRVLATIAREREL TV 3,
%m&%%W@mﬂTmﬂ%ﬁmgﬁywm%wa,waw%%mwy7xwxa
BoTWna I EhHn, b TIkTRESMICHT 2 WIILEE (bl - 3632 1927), Wi
BRSNS AR (FHE 1961) ZETHIRBL Y 7 2 VARG SN TWw S,
BIRE NV 7 2 VADTEEBIC DV T, =7 <DIIAERFEZRD 285150 ()
ZIEFE 1955, ANfN1978), Tabb, IOHRTIRLEALTL 3= /< a2 EH T
20, FEENELLEBLTRREBT 2525 EEXZ2DTHS,
UL Ldss, Aok Lo~/ <DUAEEF VM TELnE )y, It
FRRD EDBEFNVEMEL TS, T4b b, b o b Rigaius Eiie 2 T,
FIFRALED A v — FEHMERERCER D, 20 LD RIGIHEC, fERE~s~
DBIIALTL 3 &, ZDHLOEEESEMERIER 2321, SR L > TEDOREMET Y
BZTHAI, DT 2L, A—HIEDBILTH>TH, TOMAIERMAFL EATHIR
RVY 7 2VARZRBTHA,
COEFLORELE LTI, RO LD RWRZHEITL I LMNTE S,
1) LR c BI 2 ALV —rEIHE, FIRANV Y 7 2V AD K BORITNC AT A8
v (IVEE, 5 18 ZHD),

@) BEE AL — FEHOMBHREED Sk,

3) TIAUZ:TEMPOEEHIC & WIEEH 2R T A IRIESFEE L TOT, Lrb ZoFiR
WG EIREN Y 7 2 VAFOF B EREICHTTDH %, :

TOEFMCEUEL, FIRELY 7 2V AQRE & o e WTEERIE, dthiltedc R
&S BB ERIE I LB DT, TERPIREARE L b LIRS MR T Z O Eii 2
Bz b, JORER, SUIEES X UEORIORNERN (IVID) 2@L T
DHEREIC 2 TH A D,

B DOTERE, B OMOMERIE XigEhd, £ I TRIC, RIBPECEE
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NTWARBOMSERLICOWTEELTE L S,

H2RICREN T 2BFMOTHINIE (hth) O, F & U CHBEROBEED
MRERBL TV #2515, Gay (1968 a) iILEHIC S N BRI D AT B & %
HUARH L, ZhUc k2L, AROBEELRNSRZVTA LRI L&, EHED
Bt r i,

__ 5 |
Inr= RIS nS (1)

TEzoN3, 2T, RIBLHADOHDIMRLE, SRV FAHHOMLTEb LI VT
AHTHY, MEOTH e i

__1 3
e—zlnS

DRUHRIZH 2, Gay IEMETUA R Bz ® 7 VEERT (1) ROF R 2 FE» D (Gay 1968 a),
Suimamoro (1975) BZHRBEREZ L > TEREMREL T3,

Gay (1968Db) 13, ZDIEME S HIKFEEIET, BERTOM A LB OMURLL 2HE
T3 H%ETRUI, A& BOVIARIEMNHATSH > LIRETHIE, THDOMOKEHERL ua/
up (72720 pa>us) 1%,

MA _Inrp 3 (1 lnrn) )

B " Inra  2Rs nra

TEHEzoN%, 2ZIZ, 14, 13 BZNZFNAELBOHIETH Y, Rp 3BT 2 BOk,
HRILTH 3, R iZ—RCHUBIC & > TERNCHRETE R VR TH 22, FEOBHOE
BREEFIC, LITEWEYLBOBHE2REL THEREE2HET 2 2 L8 TE 3,6y
(1968 b) A5H5BRTW B & H1iT, 2)RUTH VT Re Dl pa/up T L TERIF PR E BB
#E5 20D T, Rp=0.8~2.0 ZRETNIE, KENRIEREEOHEE ICIZTZREIZI R WTH
%9,

REPEEICB T 3BT L 00 ¥ Adit CEiltL) B 2RcExohTw3, ZORE
5, GRS - FECETTEIKE - RIERVW L E v # « AREDHEDMEREE KD 5 &
BIRDL D% 5, KOLBUDEIE Rp Dfti%e 0.8~2.0 LiF%E b7z ¥ T2 4
LbDTHB, XpSWoha L S, MY T 2 ERRMICB L TR, TERESER

W3R, WEMABTRDISUTERMOMIERL, Gr: RS
Rh: ¥ Lm:HEKE  An BINEHEIK

Ly

fIEm  Gr/Rh Gr/Lm -Gr/An Rh/Lm

1 4.7- 7.0 5.1-7.7 e 1.1-1.2
2 3.6-5.2 —_ _ _—
3 7.2-11.1 — _— —
4a - 5.7-8.8 —_— e
5a —_— —_— 3.5-5.1 —_—

5b — — 6.2-9.5 —_
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LEEENK E L, LB EM L DO MRILIZ 5 ~10 DBIETH B, £, HiHEAK
EOMBERIZIFEALELL, »OFAOBHOEE» YT 2 &, BEMOWKDZNR
ELIFIERIUCTH %,

D. AREICHHh 518

LEB ORISR > T, ZAROBREDHBTIN L CFELTWDB, TOARE I
IR 24 RIER 2320 TW T, —BHC 3T AR ETRIRE S % o T 5 25,
VI REDWHEMBMREFEENRTHE LI A bE0, ARHSIEET 2 A v — M (kw
UREE) (1ZASEA O SEATEIT MR U 2o AR O TATIESI TR &L D,
CORKECIEUGMEDODH D L ZVRIEOUMMBIKEN TS, ZORITEIZL L
b ETBBNARTERE Db DMNEnT b, RIKEIH SN H/NEN T — AR TRIME
Thd, LrLuans, JIIRIESRIR TN TH 5 L2 S ARG DLW TN T 2 &,
ZOEARN TSI L 77 4 > Th o> Ty HIMEHNC b7 2 LIHGE D ITHIZ 7%
WZ ENDbNB, AL — BT T 5B IE, AL — ISR E L
Faiids 2R LW (FRXWO 1, HIR). AKEHRDOA v — IS, Milofibi

10cm

y

i
/
{
{
[l
H
J

PR

IR, [IKE (Lm) ducfeE R el (S ol Wit A v — F %R
T, REESETRMLL.

DRI ED > TYER L, AMUTH O 2O ERET 2B L Tw3, 20 & 5 28tk 2 o
MBS 2 v E—F v M i, AREEA VI v E—F > ML LTHIL 7 BRI T
HHIELERLTVS,

AL — BB TR RETE L, LIELIE T — 7 4 v ORssinE 2 BT 2 (REEXVIOD 2),
Ab—MERE 7 —F 4 YOK/AENNEL ST T2 L, ThdDT—F 4 ViFAL—}
BHICER T2 AR DEMERIC L > THEKs MG ThY, Lo/l LB UE
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WIEROBTEREhcLEZoh 5, #ilhe ORI, EAT 3403 2 ARSI 0
HOERBT 52T E50, 7, AKEFORITERD DL 2 EANEH — REML R
2RET50D1, EREZIIMOBREE[CEELEIOENLS» o/ 2 L IZFEERDH 2
DTV rERbIh S, '

BED &> nZERAEOR D S ¥ T % &, R0 ZBRIcB LTI, HREDIES
MNAKELD bHESKEVEVZ LS, INETOWMEEZTARNTHB L, RIKEDOHMES
RHE (EIRECREEE) OZREIDREVEVLIRENS L, Fl2iE, SEIIERE
B3 RANFETOSRAR (EREAKE) Ofilh (Ovac 1965, [ - 184 1979) %, A
F)RADF Ry REREROBRKEFR O (de SiTTER 1964, p.279-287) 2 XiE, wWih
bAKEDHEARENWI EERLTWS, A—EAH»OEZ2RTH D 25, fMERL
MNREZBEEELTIEWVAILERIENEZIONEL D, HLOAMEMIC OV THEEIIKRS T
ZZEMNPETHEY, ROLEARERE LTREFRRKICE T 3REQHEENEZ SN L
Yo THRDVWTIHRMITERT S LT 2,

E. RERNOELH

TR, IR R NFRHEO MR I B T 2 S RE ORI, F a5 Y
A= M ABEORERMS L FHEL TWE, ThHDREERIZ, H1I0KITREATHRS &5
i, FRWEOEME LB, EANBAETHERL TS, ZOMAE, KEOBHTHRKE
Y a=nEROTOF AN 2 Tok 25 ThHb, HUOEDX - Y - Zik, BRKE/

F10R, —IERAEEERETIC R L BERO AL, @ BAEEROBmORE, X, Y,
ZRERT $ a—nh 5RO LTV T HHAKRO & h 2 iR, i,
BIUREMTDH 5.
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Ca—np 5RO VT ARFEO EMO AL ERT, Kol 67’J>E§ I, T RENRIL AL
RERUMX EEGAKEERLTOE I NS, TASDARIRIETIRMERMNE U T4 L
eV, 2D T LI, ERIROIZEEHA R L — MEFHOTERK &£ 5 2B RHE§
3L ETW®T 5,

BERXIXD 1+ 2, BRXXD LISRENTWB & D2, ¥ < OEZENRIZEHS TH 3 Ik
RERDOA L — bEEH2HETTE LTI L TW2 58I+ 5 &, fEE O A v — P B3IHIX
BHRRD D < 2RO AR TR L, SMUTH W BERESTI 2 2L Tw 3 (RIRXIXD 2
B, %7z, FINREOFEICHIE MM ETT 2T CTREL < ML, #liiiEsomi %
BOEL LIFHOEREIZ2L T3 (MRXXD 2), 2 s DRt aRIkEra v E—F
YR, BERREEA v a v E—TF bRt e UMt o 09 AR & < =B L
T3 (Hara et al. 1968, Smimamoro and HARA 1976 72 &), L7cdt- T, AIENRD
&, Av— MSHHOIERIC G U 7 IRBAYIPEEMIE R fE > TR s it Th 2
EfEMTE LD, '

1950 (XD Bfe A o, EEHFMNC I3 2 WFgEs, Bl & SR D W A & i ks U 2z, )
Z1%, Bior (1957, 61, 65), Ramserc (1963, 64), Suerwin and CuappLe (1968), DigTericH
(1969), Diererict and CarTER (1969), HubrestoN (1973), Sumamoro and Hara (1976),
Jie WA (1979) %z EmXike LTI TH 2, T SDOUIEIC & -, BMthoifksE
DIR AR RER S 4, Rl DAL/ WAL S ZETEREIT 351 5 R DKM D@ ST i & 4 »
IAS

Bior (1957, 61) i, KEPEVifk & U TREMY 2 PUN-BEIR oMM oW T, o &5 A3
3 IRY AN

L f
L M
h 2 @ 6 1 (3)

T TAZ, LAd BT (0 b BRISHIE DK 5 WO B, hida v =5 > b O,
113 F OREMESR, 1 3P OMMRTH S, RaMBERG (1963, 64) b4 MLz 2 2 F U
DT3B, Blor DEFHIC L E, EEOA IR L THITIZV 20 200t his
ET200nEd, QARTEZSND Ly 2 LRI OBRLEHIEH L bHivs, Lizdio T,
TR EERDEA LZRRDOEMNIT B W T, L5 ool @0 TL
FoT, TEBIRLASEBLUTHEELTWELICRAZ2BTTCHL, LUty &
ENTVWEDE, EERIDEDTHL, '

—RICRPRERRDFHC T LITRIE WA S OEHEM 2235 £, ZH o
MIGERT, —2RHOH—LEWTHY, tho—21k oMz & 28 TH 5, Bor D
maaR (3) 13, [HOW—EMOMBEER L TRV IEDIZ, TORXEZDE OB THA
L CRAOHM O BT/ RELLE ) S MR 2 ITH T 5 2 L3 T &4V, Bior (1964, 65) %°
SHERWIN and CHAPPLE (1968) XM DIg—KGHi #H T, B)XNE2RD X S CEHL
720

3
—%’—exp (e)=2 = /6% (Brot, 1965) (4)

L ¥ 1+S
St=2a /E/t- 5o (SHERWIN et al. 1968) _ (5)
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2T, e L SHRDRY LTV FAERD T, OFHHMHOMLESE T 5 & e=g I S
THd, ThDOREAOTHHMFOROEMEREERD 272011, ROFHOT A
(%7212 S) RMITICHEL R FhIER S A1,

HupLrsTon (1973) ¢ X nuid, FERBIMNIC B 2 HBE Lz, ROGHHE a 58 15°-25
WL RRICHREE NS, DD, a #1525l Eicanid, BROETIED B
BORIKEH->TH, BHMOMFIREEENT, bIEPEEOERIECS K5, L
TesoT, RUROFh» o ROKERLEHE T 24581, a=15-25DEREICBIT 3
Li/h ¥ e85 2 EDLBETH S,

RKADRBM» S chd>DOMEEBENET I I LiE, —RCTARTH %, £ T,
Summamoto and Hara (1976) A MREEFEEIC X 2 BMIIRBOBRICESHT, IS DME
BHEET 2 HEE TR U HREREEAONE, ROMBIN 1505 ETOBE « 1085 %
TO Lo/ h OTALR D 2 2 e N TE B, ZOELR% L/ h ORZERICINZ NI, a=15
BB L/h DA RD 2 ENTES, £72, a=151C B} 3 BBEE LANORS L2
LT, La=0.98 Lot WO MHRICHZ 2 &, S5 a=15CB I 2 RLBEDOTIVT & &
(@=15") ZHHTERFEERH» S RBBID, Zho®z (@) 72 6) RCRATHITROKMEELL
(}l/llx) bfi'if&%?% 5,

KADAMIC B 2RI, MORE (L) KE-TE2oN3, NEKBRIIBT2HE
WIROFMD Lo/h & o DI 11 RICFR S LTV 5, SHERWIN and CHAPPLE (1968)
52 Suimamoto and HAara (1976) HBRTW 2 L 5z, FEMRELOHETICIE 2o DHIEE
D (mode) ZHAWV5DAL VEHNTH 5, K%ﬁ@E%W@@%?; Li/h ¥ a
DSz ZhFN 3.3 L 25Th 3,

a ’ b Mo
30 | i
F
"o —
20} . 20 . M
N
F —
10} 10}
0 20 40 60 80 100 0 2.0 “0 |, 60
o =

M, FHERONFM ORGSR (a) & ER/FIEL (b) OHUERAR. HERIZMORK
g (L) THDLT,
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a b
137 18 °
o= 1° =4
€= 0 % @ | €= 0 &
] ' €=20% €=40%
€20 141 / /
: 7 = . E i ;_ Vr=100
fe Vr=100 h E H
101
Vr= 50
Vr=50
g4} Vr=30
: ; =10
2 . . . 2 i L .
0 20 40 60 0 20 40 60
Q& (degree ) & (degree )

W12, FOMEIT D MR S /WL (Lo/h) %ML, ald RO M, Vit
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