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INDFRE RO L, GBI T L SRR SR L WS, Bk - &
K (1964) ITE2oTHESLRTWAED, Fgicid < 570 NNE-SSW ol
B, ERIIBEAEL, R R OIS AE - REIUBIT YT SR S b,
T D& S IE TGS EOREIIIZ D TR D748 & HB i B2 5o T\ 5 &
Exbhd, SEOMEIF S SBEOREP AR LA LWV STEAINS, Fi-,
T TICAlA7e & 5 IS & 32 & OBIIUEIC DV TOR A VIR 5 2 72 2 D BT
PHFER SN TR SRV, ZOX S RBA»D, TS —H OIS 221 <
WA LT, R ORISR & D7 IBTE OB E BIRET U, Bt OfE s
LEOMRDIDDIRABPOYR R LS LE 2, FEB LT ORI 3\ TR
WS DWW C O & 1775 D7,
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M@ﬁgu,5ﬂ11al@matbtor%&%ioﬁ#ﬂﬁz&%tbf%ﬁbh
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O AT, BRIl A I E RO TW R LB TS, E
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FEH LU ZORHEOHE - #1F
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%@%%ﬁ%#@va—/sw&%@%@ﬁmmm%b,ﬁﬁf%%@@m%mﬁﬁmﬁ
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%miNSWE®ﬁmK§<@$hﬁﬁ95kmz®$%T,%%MM&&A“%ET
L Osr ER TS, BT 2 BOWREEARKELTED, TONORMLER (BOF,
x50 ~70m) VEIEKHDKIN (8~9 x 10* 4F) WM S LS, WNW 2
2“+ﬁﬁbfvé.C@&#9&d%m,%%mﬂ®&&@ﬁ%@,%ﬂ%h3°t4°
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SEEIAE T % £ 2 BT 5 (Nakamura, ef al., 1964).
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N N SX0 S 3z oBiBiciST 5. EEORMICIIE=RRNEE BB LS
HWVIEEE TR T BEMESH Y, S Xr OB OIS 2 52 5,
WERMIETIC L 2ENWETLHE S OB THHAEMORMIRE 2D, WEk
WO LRSI (EE, 1964). Ss X D IRANCIHIBTEET X bk < M alk o
#9 NNE OF [ of, BABESSSE CGERLTW5, BEOEEHICLE ) ok
e (BREHY 100m) 3B, # 30km 128 SSW LOUTWw3, = ORI ICIESK
130 m OZROWEIERY, C ORI TEHOHBEOKREmMCE 0T, 2
KO LA DI DBEOTEIT KB L b O LMREN T3 (GEBI, 1956).

RE ORBHIRCIE, TEME, SAEEBL, Theks5M=RX D5 - SRR
ﬁNNES&Vﬁmmﬁtofwé.C@mﬁmmmt%%wzo@ﬁﬁzﬁ%ﬁQD%
CHDT, FHFEOWEHENZ DL, ROMBEMORIERZ ST € & BRI TH 5 L7
R Twsb, NNE-SSW FEoliEsfsl, ©oFRICECS M X DRERR X
NTWBHR, ZhicfZ s NW-SE FHOMHOFEELE LY. 20 NW-SE Hf
DHBERE, WO HGE & UTHEE A —HciRo b s 30 L HMOHE L £ 2 BT g,
C ORI D FE PP BRI 45 T 2 Z R DT, Wik (1951), 3K - B -
8K (1952), PR (1958) LOMWHENSH D, FRIFZhETRL D EGEE LTamEs
FOE 7 BRCES L, RBFEEMEEOHIIE, KHOEBERICEViavit kX h,
BEALERBTDS., RO LERAMIFHENG QSR - #IE, HKHOBE - HERE
CHET2DDLThTV5, EBREARLSER /7 BB AR Y 2 HEET, &
WHHXREDERSIIAL TR Y, BEBLHHTHBEM LIS, Zhbopg=
Rid&f e LT NNE-SSW o HicEmZE L WNW Iz HA 2 HAHSE 2539,
REENTNABIL RIS TR L, BT L2 TSR TV 5, B ERTEICET S
MEEYT O ERETi: NNE~NE F O EHGE & MEOREAE LV, 154 - SR
OB T 2B =ROERBOFRFIIRETH SN TRV, KIS ERE X
VIR0, Rl WEEOBIIIHYT 2 22 5h T3, X LICEHOMETE
IS, FERE R E UG, SIS - LR - 8 - TmUE - KTUT - 2fCm B
T D TIARTLAR D2 THHLTWw 5, PR T, ZhOHE=%1F NNE-SSW
Dl % SWREI 2R L, FHAOLHOMFIC L > TEHFSh T,

EEICRETDIHLIOEK

REOHHZRLIEMETOWT, FOhcRET 5 £ MOBIRESE, bbb “hh
@ fracture” ZHEHICHA L 7. EOTEDFHMT OV TIREIE T 578, —EWXA
DFRI—OHANHTIE T 5TETOWT, FHObhd 2 EIEAINTI 10 [HELE
LTHEL, TObWDHOBEDOFZ > 3 v MY (ERREZEE) FefpLc,
TIECHPNLERHAOLAOERYEE, OB %L 2T, FOWEAD bR
fracture system ORMEZRFS T2 LV SHEEH G (B35, 1955). ok 347
B XD TEENOW H AT OFREIT D% 97T LR 2 RIS~ 5.
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T3 OERE, P~ BRI CE L EE
R DHHDTOMIONMD 2 %KL
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$oM EE, PR~ 2 RTHE Lk
R RO DT ORE2IFED 4 %
X%, 0-8.5-13-17.5-(21.5-26) %.

A

WA BRE, P~ a—/ 3 VEITCHE
LicE S Dt d i OMTAE O 2
% &M, 0-2.5-4-5.5-8-(11-13) %.
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B5R RE, ZATNELEEEROLR HOR 3E, HAICLIUITINE L
DI OFE 64 M D 2 %K. 0-3-4.5- FDOLNDEDEEOLED 2 %K F
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EETHHT 5 HEPCIEE R MESREL WS (5 1,2,3,4,5,6,9K). +0H
P, WEOERG I X OCEMEEO A NNE-SSW > %85 BRaH 0, Bz
MABAZIUCFETT5H0, BEHLZLD, 3XURLT3I01H0OVWTHIETT 239
DEEBBDOND, T2 ULE VI ESED D, LY a—/ I ¥BI0ESE
DRRREREETHR S TS TREFROBERH LB LI TV, BE0IhRRDbh
% (574,6 X). HEXEEE R D EFLEREEEZRL, ChEBHBEmsck>TET
Tebhd LR BHEETRAT20XEELR A LD S, whbi 5, BESERGEZR
WTHELTRERZEL D5 L, bDOROSEOEIMIZTEEFDO LD L IFITHET S X
5CTHD (BT, 8 X)), XL, #HREELA—Frobh»mbEbhTED, bh
DROFEFENRRFEOFRIBOFELZ T TWBHZ LREILNS,

TNDOFHE=REWOTHRET HHERIISR VBT, TIELDERDR W=D
S TER. LA LB L2 L 2 AT, SERICHET 20 D OBEENT D
b (8 10 ®). J7bb NNE-SSW HEICHALTT2ITEHELZ LI W 0 3 o,
NNE-SSW oFmicERZ b baAETHEHAT5 18030, Lt NNE-SSW Hi
CIREFERZLERZ b bEAETHA L 1IM0 0k EnEmobhs, Z0E» E-
W okmZz oAk Ee NW-SE ofickErz db NE il 5 donfE
THLOTHEH, HEVHETRV.

WO~y VIRICEBT 5IEEES LOEEZRRERE T OV, BHomE»E
b TR ERIG SRR 27 (8 2,11 ). SROMESRE X b Evie
MEC X huE, fEREFIE, 1318 N-S, E-W 3 X0 NE-SW ox@xdb, Bt
WLIEAETHEHMT 2D BSED LN, ZhbDP NE-SW 35 X 0t NW-SE o3[
Z 3 2b DM, BREEECLRCEL ZHHEROREEERICHEW TV AR
ThdH. BEEEFTHE NE-SW 0EFAZIDIFEAFEZTE30DE, NNE 0FH
CEZLTHLOD 2MObNSRSEF LS.

PECRNTERL S BREBECRETIONORE, ~7 7 ER2HLETIHE=R0
PP — 2fEECHBLTHEREL TV S, WEOER R X CFiBio i NNE-SSW & %
ELRREDLOTED, ZOHMTEILHEO 1 OBMEL, ZhCHZT A2ERS IO
AEF AL D 2 2O T2 X S RISHRED D L ORI D LR
FTHZENTED, BMTHERICR~N 52, TEREMIRS L OHE, ERitik—iiob
NORETIE LR, chb0bnd RIEMAGE L BRS¢ s i TH o= =M - v
HEOFHICER SN2 DT WA LREN G, LoFREOMIzHOTH, 32
DOEBEHMDOMBESFNACE NI AN LD DEELZLND, FHL15E L D%
T E2THRPNTWS X S, MR « B3k Eobnd OB GG 2 W Tix
Coulomb, Mohr OHBA—IcEHMA SN, K & <biFT shear fracture & tension
fracture @ 2 DOEEPEEINCTIED SN, FHFTI W TE—F 0 fracture OZEgE DT
R AREEIEIE 02 25, TADEHDOH 2 2S5 T 5 HACEKELI o0 BB
5 X OIEN&MEZ, BHFECHVTL fracture IWEELFCRAEEHT o0 2B
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TEXORENEMEEZ LT EBRTESL, COX S THELTLE, RECEET S LN
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@121k, NNE-SSW ORI a5, THICEAL WNW-ESE OFFEINC 01 MET 5
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FDI1EHIz, NNE-SSW O HIT 0;, FHICEAZ WNW-ESE of[AIC o5 BAIET
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N5, Mo 2200840 6 OFFEE, ~% 7 ET N30~35°E, £4<C N15°E, v a—
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EASENETEF O SO Fo X S ifEAL, o X 5 RMENEEO D & THELKE
AR S NIiE, SHESIFELVWHEERTR TR L CudRidhids i vwHE
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BUTW5ED, EEB IO —HIZRET 20NDRITONT, HEWIERITXL S
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LS, 2 TRBCERITIEETSDNDRN, Rk 5% 3 20k BIEH5%
HORLEFC LD THREIND T LEBRITARTCHEDE LT 5. L, R
HiENZ B BREERNC I, 20 3 o0&, o b o b, Kk
oyonfhilic, FLTHED D O BBIMCEEL LTERLLEELZLNS X S
B 5, ks, ERERObLDZEO—TCRShS NW-SE 0FEEE b0dDikE
WHEETH B ATREME SIS, ISR W GFOEERS 5PN TWE L 5 ThH
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HEHRICRETIhNHRELOME
LR oA LNOMIKICIEGET 5D RIC OV TR ORI (K, 1965) il
LT 5, TOEMIMBIBRER ORENT 2T olcobitilis Licvw&Hx
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EEERAPCIET 5N RIEEE O FH=RAP0 30 3050 0 HHEZRLTWS
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BIRASH 0, T OFFICEREL IR &I Tz T 3R OREREFTCRDON D
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HETER % b i AFOEMZRT 1ROl E NNE-SSW i E A%k 5
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121 FRTEGR, 1R ~ RN ST SEIBR BEESHEHBR, M ~ TS A

BRIt (2 e MLl o B T PR =R IEE T B W
SHE 7o SRR D 151 D 2 o [T, MDD 149 o 2 % K7, 0-1.
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A4 SRS, T ~ DSR4

T BNt B ¥ BIH= RISt B I
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4-(6-8) %.




L CHET D ER & W 621
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R OTERAEPICIRET 2 bNDO R E LD THBETE D TAERITIRITT E WD,
PRWIEWIEEWTHHR=ERPOLNDRERTMEEZ SN LD EHFVHEELDOADED
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Db D& LTRSS, 5% 5L, FHilifibhdo sl siv s ERTEsiEc v,
MR LTI AERARR E, f500 OEEINIZELL, I X IR L,
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40. Fracture Systems developed on the Island, Awa-shima,
near the Epicenter of the Nitgata Earthquake in 1964,

By Isamu MURAI,
Earthquake Research Institute.

On June 16, a destructive earthquake occurred off the coast of Niigata. The epi-
center was located on the spot about 10 km off the southwest of a small island, Awa-
shima. The magnitude was estimated as 7.5 (+0.2), causing serious damage on a wide
area of the northern half of Niigata Prefecture and the southern part of Yamagata Pre-
fecture. The earthquake was named after the town of Niigata City which suffered by
destructive damage, especially on land consisting of soft ground, despite the distance
being about 40km from the epicenter. Besides, it was noticed that distinct land defor-
mation occurred on a wide area around the epicenter extending in an elongated shape
in a NNE-SSW direction roughly parallel to the coastline from the northern part of
Niigata Pref. to the southern part of Yamagata Pref., causing a tsunami along the coast
of the Japan Sea from Akita to Naoetsu. The sea floor to the east of Awa-shima upheav-
ed to 5m at the time of the earthquake. Awa-shima itself was up-lifted about 1 m and
tilted west-northwestward by 1’. Under the sea floor of the upheaved area the oc-
currence of several faults was inferred from the result of the survey of submarine to-
pography, one of which was proved to have been displaced by the earthquake. To
the east of the upheaved area, there was found an area of subsidence near the coast of
the opposite land. Such land deformation and fault displacement occurred in concor-
dance with the geological structure in the region of Awa.shima and its surroundings
and the opposite land area. The writer wanted to clarify the nature of the tectonic
movement which occurred in recent geological times, and carried out a statistical survey
of fracture systems developed in the Neogene formations and granites on Awa-shima as
well as the opposite land area of the northern part of Niigata Pref. and the southern
part of Yamagata Pref., in order to obtain some available data to decipher the geo-
tectonical significance of the Niigata Earthquake. In this report he represents the result
of the survey on Awa-shima, adding the result of survey on the opposite land area.

The fracture system developed in the sedimentary rocks on Awa-shima consists of
several elements of fractures. Each element of fracture shows a definite orientation
closely relating with the direction of NNE-SSW, which corresponds with the direction
of general strike of strata and that of folding axes as well as the direction of the elon-
gating axis of the island. This also coincides with the strike direction of tilting which
occurred as a result of the earthquake. A pair of vertical shear joints and faults ori-
entated diagonally to the direction of NNE-SSW, vertical tension joint perpendicular to
the direction of NNE-SSW and a pair of steeply inclined faults with the strike of
WNW-ESE, and vertical tension joints parallel to the direction of NNE-SSW and a pair
of steeply inclined faults with the strike of the same direction. It can be interpreted
that these elements of fractures were developed under the stress condition in which the
principal stress axes were situated in the direction of NNE-SSW, WNW-ESE, and the
vertical direction. The situation of maximum, intermediate and minimum principal
stress axes interchanged with each other during the progress of tectonic movement in
this region. The detail course of the tectonic developement may become distinct by
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further researches of fracture systems on the whole region. Among every element of
fracture system on Awa-shima and the opposite coastal area, the fault system with the
strike of NNE-SSW is one of the major structures in this region and is considered to be
most recently active. This may take on an important role in the land deformation by
the Niigata Earthquake.




