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27. PMUEEFRHIERHIEL O b o RGN

WA A H %

(FBAT414E 11 f 25 REE—EM 42453 B 31 BH)

= g

B 57 T A HE =R, BASER X O « Uitk ilEE o,
AR le o TR a2 L obhDROREENTRD b s, bhDRIIW 20D
BRI L >THER I T 523, 12 ENE-WSW & WNW-ESE R & bEY T
53LEEH & NNE-SSW & NNW-SSE osE[R% b HbE§ 5 O 2 /0@ 72
REY T, 1 0F%ME, BROBEOLI&MED, o 28 E-W, o2 2AHE, o 2 N-S
DHMEH ol LRREND, 2 DRHIL, o1 25 N-S, o2 2YAHE, 05 28 E-W L2
WEhs, $10FRFETMOEERCHFLFELTRL, Thicx LT 2 ORI,
LREOEBRCEWTEEETHS, ZDIFH, g 2K FEFECED, RYIT o MREH
FIZE 7 X D RIS CTHE LI EE 2 BN 5 L O DRIKNbhSRBBD bh b,
IRBLOLIDRIIHEELELE L, BIEORTLD E VEAE TRV, HhDROPEON
W E & L Trhrtt o BIRBIEE OB A, SHi O SHOBM T H ot L 2 b
B ps, BEFILIED R IG IR Lich B 5 W3 0 B 2 SRR D 5.
AR O RERMII SRR T, oo it NE-SW & NW-SE Tt {%£A0
Tk b, E-W FRAOEMHEIC Lo THENFEE L TH 5 LRI THBH, Thi,
WEHIKIC T 2D ROE 1 OFRKOIGNFEEE—FLTw5, i, E-W Fn
DOEFEING, L7 x v« =7 F OFHR=ZFRONGEREY LML TCELLDOTLH 5,
AT D UdE 5k Uil ER B O H i, o RBEOERTFCIRET Db idHRo
FiAE—FH LT 5%,

I £ 2 B &

PBRI40 45 (1965 4F) 8 Ricth ¥ o, BRETZFLET 2REFRMER, 3 EHORFEIHIT
BT, BRRRRECEN D, ToBBRHRREZEALL, BfERBK - TWb. 20
BEFEHNERIY, T OFNL S EMRBNTHEAE b, TOBRKHOMENMTHI T, WE
SO, WH, MR, BEAREOLGTTEL ORBERREL CELH, HEMHEOS
TR\ Ch R E BT REMER LT T3,

MR, RIS o v (g 5 St o KT 2 EmilE o, &EFE 12km,
4568 Tkm OFEMA O, BEX 2~8km 0k Z A I D7 (Party for Seismographic
Observation of Matsushiro Earthquakes and the Seismometrical Section, 1966).
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FER404E 11 ARA RO LT 55 1 OFBHINOULZRERIEHUO Y, & Tl
PR U 7ehy, IERI414E 4 B rhls &3 257 2 OIGTIf oWk, AR{RET & ETHET

DENTALET 2 HH O KIUTH B2 H PILOIT 2~Tkm ok AL fdh LI, 20
B BEIL & IO R OMIRIC B S E R T2 S bbbk, T T 5 e
Wifs O fEA R L7c (NAKAMURA, K. and TSUNEISHI, Y., 1966). H15E D tiRi g
1 DFEBIIOHD oD LI Y, H2 0FEINoH S & 23> T E—FiEc & E
16 km, JEvE—FEHICIOE 12km OfgM &7eof. 8 ATFAXI D 9 A LAEHITTDE3
DFEFIICA S &, WEOFRERII I HIIAAL T, FHE—EHEOFRCESTHLL D
O, JdAETE, MR EET L, LIUEMC F e L. RSl o Lo R
R, MWEICR S B E OiERL, M KORME RN, Eohk SRS ROTR
OB, Hib ORAENENR I ok (NAKAMURA, K. and TSUNEISHI, Y., 1967;
MORIMOTO, R. et al., 1966). 3 OIETHINOE, HWEOFEEIITIETCHRI L TEL
2%, FEBOHEML IR LIEAL T, LRI, ANRITE AT, SRHRSRET, Fik
TP Ry, HFERREA 7 & b RA TV %,

MERIIRRD, BERRK IO FMILOETIZEL UThdL, WTFD~ 7 <Gl & obi
HErFE L OR, TR SR, ok, FERIIEFCIAR LS, Fomlg, < oiblEk
DR & IR OB P D R L T TR, WIS 2 3 h 3 UG R G,
MR oTTmd X< £ A\, L O 4« OMEOFRERINI I, KEOFMTRAER,
ik, KFPoFMTRPECTIIMEALCREBTREL TV LRI T3 (Party
for Seismographic Observation of Matsushiro Earthquakes and the Seismometrical
Section, 1966, 67; WMFIFXKS R, RHHAZRE, 1966 a, b). Z ok 5 @l
ik L O REEIS LI BT b R RACIRIC I 70 % e Fek 3 2 B o — R0
THHM, FIT7 x v o = 7 FIEC BT 5 hE i LR oSBT T o n 14t & L13E
TR TH D, EH, M, HBBNE s & OHEh IR, FOK R EERMOR E 5, B
FER R DEMDPMERL CECHERIZOS bbb MRS h, DHFHILHESIR
HIGHEMEE b —8T 5 Z LR BN ETIeote, BRI B0 5 FIEH [ O - H o IE
ERHERREORKRNS LI ST % (KASAHARA, K. and OKADA, A., 1966; KASA-
HARA, K. ef al., 1966, 67). DX 5 7e—ilioHgL, SEONRMEOFERRENZ O
IR O MRS & R b, OV TR R - ORISR L T X 7o s heE
e ADMBDETOHNDELDTHHS S ZEEHTRETHL5EELBRS, LI
O THIER S A IR O TGS Lo BE: E 08U ma & ik, BIRBERIE KLY
BoNCT 5 RCEETHD EF5 2, BRIUNMKRS I OZ0RIC RN T, $IERES L 0%
PUFE D & A R D\ T TS AT 2 T D T &t

AR L T, WRET, LA E OBIEOF 2 flix OB IR it FED
— IR R I I TR AT A B ORIBIZ & D 7o, F Rl O — I AR AT
N X ofe. ZOEMKILEOBRAVKEIE Y LETMESy o HEHK Gax
BIFGSER) Wi Lc, BRIOFE, HRoBWEChicoT, MEETE, Kok
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B, WAL DAL AR BT &
b, B, BRBEIFR
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oiE Ao R B b,
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oL E b, B0
ST, HEREK LG O
D & 70T B,
JefEis o ETERR N Z D
WP FE L T % (U,
1960; flRj, 1963). = o
LR “a T4 (RER
(RAfGql, 1958) IR B
K3 o BOKZERIER 2335 L
<, 7k (1957, 58, 60) i,
D END AT AR
HHIAL, RET oSS
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540 & L ThRiEiodt
FHiLEx#® 2, ¥-FiEH—
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DAZHFACYT A LTEAE LTV 5, 18 (1962) 1%, IMoREY v) 2 Tk

W 2 O OTEHRIC RO THE2 TV % EF 2, ShETEi—+BETEEMR &R0, &
Frik AR EFKE OTET R X OTRRAE OEEL - oliZEhcii>TiRI 2t LT3,
C ORGSR ORI 5 o A X b0 ok, bl X b R o @3 L <
HobhTELL, FHESHENEY I o L, 1B (1955, 1962), X Ok
fli (1956) 1% = DMt R “rhRIEFRN L AO0 . BARBERNER, MRk “a 592
W B XOMRED RN RO TRI o TWADLITTH S (E 1 KER).

RARBT SR 0 ic DTy, BRzIEded & & LS MThbR, ZOoEBEARE X
hTw% @AM 4, 1966; R - R, 1967). RETL Al &3 % R o i
oW, REFRMFAT L5 20 550 1 REPEIGIR & £ oL (1957, 1962) ©
Zh, BEEE S X 5 EHANRGE (1963), shETFHAEINC X % 5 4 @ 1 ZURIES L OF
ZigAAr (1955) 7 &4 DN H D, ThbB XUXT Do ESBRL T, BRI
MR O M2 BT 5 ERkomb Th s (G 2HER).

€33

COWIRILT 4 v W - = ZFHAERIT S D, T D OME fs X UREALE & KILE S
SAL T 5, FEOEROEHIR VA, A - HJR (1967) (Hi = OBHKE D
I TREE DA R RO D 2 &b, NIFOAERENMRIET 2TEEL OXTW 2, )
B (EHE/ANEEE 1963) (RBIKAREE P OMIEE 2 b, A RALETXIEE 2 b HIA~Eih L
T4 e L U OMIA~HIT B3 EF 2T B L, ARl (1963) IiF MBS D5
Aips s, FRHEEGILTE, % X D IRMIUASI & LTWwb, $6oT, BRI OILREA
WOBERL VDB EELDZETED,

(FRIEERE - JLIEER)

o AEEMHIC ST =R, AR (1927, 1931) X b R EILERITK
MERTWA, HiFEE, PFHRHN X b diich e a T, TR L O ZEHAILEER E
LT ANMIEEREEEYEET AT ST bR s, dLEETRE, Il
Sl AHE T, TR D, WE - BE X D 2EARE, BE - Wa X DR
Ba At 2T NIE, B BE X D e s bha, ThbDiEh, HEhGCH
& X o0 e A o (SRR 2B 5.

7o ow A e 2 dbIEE, thERLIT & TRE LickEbTH o, ik of)o
AR AR Y, RBRCZILCKIUEE MR U E D, Fotky, afhEasiso
T, RROX S EIHT m SET AMEAHER U, e (BEDMREE, 1963) X
iy, SRS ORI - AR T, AAES 2000m Bk, FUATE A 1000m DAL,
TR < NPEHSR T FIRTRG 25 500m LAk, 3RS 1000m DL Rl Ty 5, 75
(1963) 1T XAuE, BIFTRNIYBE O b A REIMCHER L bl T, T oHERDY & D%
Bt A 2, R, PREMEIRRHAESIOFEDN TR, oS
WOIEAP TN IE, kA DFERIZIZC, REME X vdb~o v aitany, &
BoRLBERbPE L, Shat “rhidaiRil” ©h s, TR OHERM Iz, ThFEK
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BRI fimzm L, MIEOHERBES 2 L, SR i &
BhL, M5 OHERIBIIEEKIR & foote,

U153

N DR, AL U R HERT AP HERT U 7304 (051 (1956) 13/ Na8 e
LA TR (1931) DN H s, BRI T, WK AT K fAE
ERRIcE DKL D e BB LI AT WA,

(R3ERIRA]

AR, FH=ZRPC @A BAERRR OIS, Thbo 5 bEE L R EE
OFETE, ARBERINE b, N hicbh DR LITHbA, HERMNS L OILERERH
O KIFER) & EEEIY Lo, BAOHRIC—EDBIARH D, HWEHE L R TH 5
GPfRfl, 1958; 1LjE, 1963). BIEPUFEOE AL, FIHTEHER ORI & R ST\ 5,
FILHTT DBz DV TD K-Ar 3z & 2 Ha 4R 2,100 F4E & 45 XT3 G
B - i, 1966). LA, PERE EOCFELVWEERERLZ T\ 5
(5H, 1967), ZOZEIUXZ Y — v « 2 7HIRC—RINC B b 5 BE DI hie, EALIE
MPVbd s “A7v 2 (LER” 2Rd 5 R, 1958). /K (1960) 13, 4 54 £ {b{E
MPARRI E TN DFFETAED BT B25, WU (EEANEEE 1963) 13, Zhw
AENFEORAC O EFTThhi e LT 5,

(it L U mic kLA E] _

PO OREBES, SEFTE SRR i 0T, Z iR s U TR o kL
< DR S hre, BB AT 2 (A B KIUETIE Y v 1 74 FITZRE L

LERETTLLETH b, FILKEEIT

MAZIE T, Whd BRRE ORI 16

IETTH S, Z0 KIS0 & e o 2

BORAEF AL, 1L EH>Tw5 (i3

I, WS K-Ar ¥ X 5 ¢

L3 5.4X10° R TH D 2 D (FHAM,

1966), Zh b KILEHOETIEE 3
RLEEEREE 2 T vTh A .

IR Ok X o dTs ©i, S

BT M O LA R KIS ) e D

R LTv 32, Las LIARHR ¢

MIW_pfubmoKioRaRg oot D IKIMERSRT, JiEmE
WAEJTR. (7w 3w MG, TR LRI LN ¥ Tl ot

) A M IR O FITGER B 1 B WHIT, 37

o ZHOILKIEAL < mLEE X e
(FmoMEZ X %) FaEF ORIz, NI OFTEEE TS LK

1) HHIHEE IOHEFORRIHRNC L5,
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EhBEOTKUEESGMN LT 5, BEUEIARLE, MRS LD
%, WEIUOTEHCIEMAZIUE X b e 5 =% KIER, SOCEziXas L O0HE
FEMEZIE X D R B IILKIEENH S UK, 1943). Zh b o KILEE OB ki
BRI TH 52, EREeZ & xM AT,

(b 85

BHE S X O F o BIECE, LIE—EEIE OO S F— AREEN W < 02EFI L TH
LT, BEFZMIUEoMERC &S h 5 Bl LR 2L b Tw s (LR,
1963; RAS - 3R, 1967). BEFZMUVEoME T, FHTENIALEETEOHER A @
UC LWL, BRI OBEF A Ll ST 5, FETE ) o R a8 i E e
WMoOKMZAEH D EHEZBRTWBA (UM, 1957), REFZBEZROME L H HT,
BTN, BifElelftbi LCwb X HThsH kLl 1961, 62, 63; ZAfl, 1966),
C OFMhEEE, TR RN OB E RO BRGE DIERC H I b, RO AR
FE T NE-SW ofji% & b, kS < NNE-SSW 75 N-S N mE®Zx
Twb, - OFMEEOICTEMFC, AR LT TAMENED bRD. A
N—8MAEOFRELEM LT, ZhbOENMBR I L E 2 bR Tk D (SAITO, 1961),
WiE O IR B Y5 Lo b b i g GEE(h, 1960). /ML (1967) X, ok
5t kAl « Wi ARG, Jb7 AT AL & =R E ORIOKFEFT VTS ok
ABIE LT %, IMRUHIR S X OV F o R, fiho T 5 A b RIS LATE o Hhik
LHRoOTGS, OB EREONFNEERF L LT E Y, BASHOER Y
PEV, DBEEMLL TS, NNE-SSW, NNW-SSE 4 %1% ENE-WSW, WNW-ESE
mEOHAOWENETROASA (RE - R, 1967; {2[E, 1967), &LFH LWL O
TL%EIL 500m Rz EFXDRA, BRAM (1966) o LT ILKIIEE
25 GEIEEE I, JbF CEIHDEZBIEL TV B Evvbh, KEEEYH 2 503
e XE5 THAH, B (1967) OFE#k LA R oW B HFDILKIE R U)o Tk
57, Lo THEFILH UG L Cuisnd 0 Th s, FEIC A>TEH Lo
oo B S AR R S T Feb, Il (1967) W@ XAUEIm A ORR LY, T
f)11# i NE-SW o J5a RS O FFENHEE S, 1R - SRbIE—wne NW-
SE FHrouiacfig s, NE-SW FROMKN G L ndbLEZbhDE D,

1. RRHTHIFCRETDIDIODHFR

W R~Iom b, BHE O FAEERIT, =% (hHK) oWNHE, FIFE,
HARE, PIEEZRBLEELSERRILE, s, AEIE, ARENGELREOEA
BEARGHLTED, LI oiRa bl TX b Bl Uit KILE g1 L 450
RWOUSFRRS B, ChbOAMERTIIBHEDhDTEOIGHENRD b b, HHFIT,
TR s X Y E D T B\ T, £ TRE PO hdHOT A To7.
bhOBEOTESFEOHEIRD LB H TH 5 (R, 1955, 65), —FOHIKIZ Bu~C
[ U T B 5 SO RHC 2 &, 4 EOBNHEE, Tibb “bhd” &
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A 10 AL B LTI S5, o8, bivdh oL, IRAE, WESERIRL, 3t
i BN sENDHIUEECIEL THLY, WEZENL, bROEOBMOF % v 3
v M CFEBREEHGS) O BB E L, BEEOHEE ofth S i iy Bus

a) BACEEHNTHE TSR CE LG b) MAILTFEIATI TSN TIE Lickis

HEFROIHN DD 65 D 2 %M1, hi i DO 61 D 2 %X, 0-
0-3-6-9-12.5- (15.5-23) %. (No. 1203), 3.5-6.5-10- (13-15) %, (No. 1222),

c) RIFHIBAETHFECHE LSS X d) BRI T cE Ui TS D
UEp i D 3 R STIOE 35 HD 3% R TIOM 46 o 3[[MF, 0-4.5-8.5
K. 0-5.5-11.5-17-(20-23) %. (No. -13-(15-17.5) %. (No. 1202).

1201)

AT ARG HT MR BT I =R L0 IS A hh Rk,

1) RO FIE I IR TR D B Sicid () oW T M2 b e T isrelt
UL S\, Db () ZowTE, WHILTIGET I E oG e, i
MO DEAN L IBEE BT 5 & EAWETH 5.
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e) YEMEARN B ClE Lclghs £) REFHERAT, §7KE IOMREBTIEL

FOHLRDTOR 36 @D 3 %XA, 0- T RREHEEFROLRHTOE 44 EO
5.5-11-16.5-(22-28) %, (No. 1208), 3 %KM, 0-4.5-9-13.5-(18-29.5) %,
(No. 1209).

AR MG BRI BT 2 =% 5 TUHERIGET 2 hh o R,

THENET, TOXOR L TELREMEX LT, MH LR O—EDEET DT
DD ROFEEREL RFEI XS,

FHRZFATTAT B KBS IR QERRE R L, WSS & o4 2 w7
PE=RECNDBOTAEBIIEDECHFLWEEERE Y F T 572, BHEOBIHNE
HLieoTWD8aLH 5. PARES X OCRFEORGFETHEEMRY >3, BLL,
HHEIS D hDROIER L IRL, TORKRERBIIEHT S L v ZEH T35, DEHELE
T EEEK E TbhoRoFERBC LV 0ERAR bR 52, HEImL
Twb, fokzid, BOUERNFTOMTERN TIE L CROHES L E0bho X%
HELTRE, BAREOEAZED0EFIIAROhD L D0, £fofilin X <l
LTwo 2 endfihd (H41K a, b), ANROBGEEIKES XL OBEORITR e < CH
FisbhDROFEENRR O, bhOROWRER L AT 0N TE S, HE
EF BALEOANTE (KRB OEILESRE L HEOBS THE Lich bR o[
XEDHIT, ELDTHAUELWHOhDBOREEELZRL TS 6K e. 1),

FaBs L ORENFEEH OB A S HIIE chb RO FETER R, B OILE
HITER & AT SHETETNC X Bbohd 2 KPIT 5 2 0 — B ch 5, Ll oh
CEHAERL, WMNERO X5 AR, — S HA=Rp bR & 36T ok
Y. TR DAARKRIEIE C©H 5122 IEGIT OFED L Lic4: Ulc 2% 2 55,
H H\RAEETEL D 5 B B 5 MDD b DA EOEGTINC X o CERIVCIRTI X e &
ExBh, ik, HL0obhOHENTIIC X2 TE L LD EH L 50, WF
R L CHSHGTE OB LIt LD LEL bR,

ST AL B S R HIER O FEE 2 R 75, TOFRBRETLD, FHE=Rbo
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bk IR ofE R AT, FPUKLE
TS KRR HER I, FIfSERCA Uc &
FZOhDWMEARLNEN, FORELE
PR TG o b R & Hom o TEH 4
RLTWD G5 KD, SOtk a3 D F A
SRR AR L, £ ORIRBIL A
EFRB LOHFPLKILEE E Ebd>TE LM
L Tes G5 8, 9 X,

(BRR#EOb O]

W a3 B o b D Fe DI >
WL, BRI - AH (1967) o d
S5E 2RI A B b e 5, RO =RoFIc AT bk

BUFHTAAIT (4 ThE 3 O bmE D DRIE W 2 OMRER X b iroTn 3
é@%btﬁwmk@%ﬁe%f&ﬁ% (a4, &5 19 X a-T~11), 2RHHDOEIH
e o sy, Moo b, 151z ENE-WSW
(N70°E+) ¢ WNW-ESE (N 60~80°W)
DO3ERHF b, TEREcW UEASeHisT s Imicdkili/s LilobhdRchh, {lol1-o
¥ NNE-SSW (N 10~20°E) & NNW-SSE (N25~40°W) 0% b, EEWLL
Il B p 3lEse LHlobh»RTh BY, ik T 10> b, —HOHDZ
BT 2EEN LT LERSRS. ZhbDiEh, x4 &Bhhs w0k
M7 TFE A EITH RO R LT a., chbobhdbIEiiThd
MERA ke L, W UHRzI b b/ NG o Tu %, EIRDEROIG &M, £
NERIETC D, 71 OWHOWGLTERINT 0, BT 03, 7 2 RO EIXIZIETH
dbic o1, WVGIT o3, 73 OBHOEAIIIATII N 0, ThEh O OEMTHE A
THREDF I o5 BMEN LI EFRINBY.

TR X VRPN St h e Rk, HAEROTZROMM X oTF
FEIRTEMEL A b, FIOMIT S LTI D RE WA, FIERb o L iziEdt
WO ARLTWS GT4X b, e; 51 71™; 47 19 X a-3, 4, 15, 16). [T 2 Rk
DT HEyH D, 1ok ENE-WSW ¢ WNW-ESE osEf% b b3 53t
W4, o 11k, NNE-SSW & NNW-SSE omikf% b b+ s3iidlch s, —
250 1 ORFDOTT AU 2 DFFE 0 LI ELR TV ALE1H.

ZHOILLK IS T s s X KL e Rt 3 2 MRS e IR S, Pis=FR e 3t
TMoE AR (5™, 5 19 [ b-42~44). 2R/HOETbhhdRAH D, 1o

it ENGRIIC BT AU BIEE SR D, T
t-Ir ey, R DTIDOARIE, Bk £hs b3kl

1) chb2fobhdi, Thith
DB TV IERI D B D
fEHEL OB, . )

2) bh®RID FOTEENREOISNEF20 B0 ou Ty, b (1935, 1965) s L osF
e A (1965) g E T B,
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WNW-ESE, ¢+ ENE-WSW otz b, FLALBEBEAOKIEETSHNRS 1M, o
1o/x NNW-SSE 5 X0 NNE-SSW oA b big & AL EEOIITE Bbh s 15
THBH. ZhbDdh, ENE-WSW oY Lo NNE-SSW osEm%y b o
hO VRS R T, E-W R T L oBRE b b ORELE L,

BEMLESEIFENRYL, bhOFROBEREL EMCMs 2 3 TEow. duRlm
OEEH TR A LD N6O°W & N20°W 07E[TIE & A FEE - LEAET
R 2 HEERL TV 5,

P35, B syvTix, ENE-WSW + WNW-ESE oim%
L%, FETE IO 1, O DICHEED LSRR EFELS S Li2T 5), & NNE-SSW
L NNW-SSE o7 & biTigmE e Liio 1 8 FElEobhdR PSS 2183 35)
D 2 /DD FROFEENEREMNZRD DR D, Z 0 2R/FEDOHLIDRITAELFOISS
SAp BT B A, EIGHEOFEITIE—FL, N-S, E-W, $iEO3H s v, ©h
oz L bl > TEENMA IR LoD EE L LRSS, WIhd o ik
PEFEH H, KPR LD N-S, E-W oJjic o1 & o5 238> TC, ThrLicAh
Mo Tna, iEl, FhFhORFEDObhORE M+ 5 L, ZOFT 6 O
FEAPREF A BHATH AR D, bbbz o RPEHMZE X 5 RIEH&EEDL
LI U b E 2 bR B EIRITIDOL DA EF LD SATLS Z LG22, 83
DRI NS ROFHTIZ DL 5 b DI X2 TEE LTHR I hTWa, Fnhio
5% o1 PMREHANZH D, 02, 03 (LT REKFET, TOHENIN W ELT B, =0
FRFEObNDORTIL, NFEPFHHE &I ET .

MEFREIROPLRTH 2 EMLE L OFPIUMHEOMR T, 2 20FERFOS B
w1obo (GEEE) NERL, &< WNW-ESE olmofMEoREnE L Gl
X c, d). ZoHEk, A, MK S id L h it X v g X haEET 5
BB oA (NAKAMURA, K. and TSUNEISHI, Y., 1966, 67) S ISIF—3 LT\ 5.
BHE (1967) pURNTW 5 X 51, oMK TR, WAEMEWIEORE IR O
RHEWBERRED bR, LasL, FRIECHIGT 5 HiBR & N RO B S0P
BT TH 5.

FAFC R I B 5 SRR & BACRic 2w, 1, 2 O ThhdROTHER T
St RSP ICHEELL LB Wby, IBRUR & Mo A b ofcbhb R
NEDHhD 4 e, f; 8 19 K a-10, 11). 7L, HPEEOLASHR L EILED
brdFHd, WTRLIHHOZAEN B U S LINEL e T 5 Z L Th 3,

(EA - KEBlu#iobh bR

ZOMRE, ECARNBICHEY T AERERE Y EL ARNEE S X UHE T X
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27. Fracture Analysis of the Seismic Area where the Matsushiro
Earthquake Swarm has been occurring.

By Isamu MURAI,
Earthquake Research Institute.

The Matsushiro Earthquake Swarm has continued to be active on the geotectonically
peculiar region in the Fossa Magna. The seismic area is situated along the characteristic
zone, so-called “the murasame zone” or “the central belt of uplift”, where igneous activities,
low grade metamorphism and uplift have occurred successively since the middle stage of
Miocene. This zone runs in the trend of NNE-SSW~NE-SW along the tectonic line of
“Shibata-T6kamachi” or “Suwa-Tokamachi”, and the town of Matsushiro or the center of
the seismic area is situated in the middle of this zone.

At the beginning of the Miocene epoch, transgression of sea into the stable land was
in progress on the north and the central parts of Nagano Prefecture. In this basin, violent
submarine volcanism and regional subsidence succeeded, which resulted in the accumulation
of a thick pile of volcanic materials and black shales. Geosynclinal subsidence in the early
to middle stages of the Miocene epoch was followed by the upheaving movement on the
zone of “the murasame zone” and “the central belt of uplift”, being accompanied with the
gentle folding of sedimentary strata, the intrusion of quartz-diorites and porphyrites and
the low grade metamorphism. After the emergence of land, volcanic activities took place
repeatedly on the eroded surface of the uplifted area from the middle Pliocene to the Recent.
To the west of the upheaving zone, a new geosynclinal basin appeared, where folding and
faulting have been active since the latest stage of Pliocene. Present seismic area of the
Matsushiro Earthquake Swarm exactly belongs to a part of the zone of uplift, plutonism,
metamorphism and volcanism since the middle Miocene.

The fracture systems developed in every kind of rock on the seismic area are surveyed
statistically by the writer. It has been clarified by this survey that the fracture systems
consist of several elements of fractures which are interpreted as being formed under dif-
ferent stress distributions during the progress of tectonic movement in this area. These
elements of fractures are mainly composed of distinct joint sets and indistinct accompanying
fault sets. Among the elements of fractures, the major two are developed outstandingly
throughout the earthquake swarm area. The first element is a conjugate set of fractures
having strikes in the directions of ENE-WSW and WNW-ESE and nearly vertical inclination.
The second one is also a conjugate set of fractures having strikes in the directions of NNE-
SSW and NNW-SSE and nearly vertical inclination. 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 directions of N-S, E-W, and vertical. The situation of the maximum,
intermediate and minimum principal stress axes, gy, g; and o3, lie in the directions of E-W,
vertical and N-S in the case of the first element, and lie in the directions of N-S, vertical
and E-W in the case of the second element, respectively. The other elements of fractures
are conjugate sets of fractures which are subordinately developed in company with the
former two major elements. In the cases of these subordinate elements, the situation of
the intermediate principal stress axis lies on the vertical line. Thus, three principal stress
axes interchanged with each other during the progress of tectonic movement. The first
major element shows conspicuous development especially in the lower horizons of sedimentary
strata and in intrusive masses, and is considered to represent the deeper structure. While,
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the second one is indistinct in the lower horizons and becomes distinguishable in the upper
horizons, being considered to represent the shallower structure.

The age of formation of these fracture systems is not ascertained exactly. Most of the
faults developed in the Miocene formations on the seismic area do not cut the Pliocene
volcanic rocks. Perhaps the main phase of jointing and faulting may be in a certain stage
after the Miocene plutonism and before the Pliocene volcanism. In the northern parts of
Fossa Magna, however, the tectonic movement has gone on progressively since the Miocene
epoch, through the Bessho Phase in the middle Miocene and the Sarumaru Phase in the
latest Pliocene. During all phases of tectonic movement, the directions of N-S~NNE-SSW
and E-W~WNW-ESE had controlled the formation of sedimentary basins and the develop-
ment of geologic structures in the region, and also have controlled the trend of the recent
crustal movement. It is possible to consider that a similar structural control has continued
to operate after the main phase of tectonism in the seismic area.

As to the present earthquake swarm, the source mechanism of all earthquakes seems
to be equal. Push-pull distribution of initial motions is of the quadrant type with the
nordal lines in the directions of NE-SW and NW-SE, which suggests durable operation of
the seismic force system in the direction of E-W in the seismic area. The mode of the
horizontal strains of land which is detected by the electro-optical measurement harmonizes
well with this seismic force system. Among elements of fracture systems developed in the
seismic area, a conjugate set of fractures with the directions of ENE-WSW and WNW-ESE
is the most important and conspicuous one and is considered to represent the deeper
structure. This may show good correspondence with the directions of the latent earthquake
fault which is interpreted from the cracks on the ground to the north of Mt. Minakami.
The maximum and minimum pricipal stress axes concerning this fracture set lie in the
directions of E-W and N-S respectively, which coincides with seismic force system.



