24, MRBEEFEHEHER & 2 O RO O HVE

HeEERTZERT

A

(TRFn 40 47 10 3 26 [ 3s L OTAT 41 42 3 JJ 22 A 3¢k —Ifn 4145 3 7 31 A 52HD)

. ExH0 &

REE EEHA AT O F ST 1965 48 8 A X A% b, 1966 4 3 AHIZE s ot
WD, TR L CE IR A 1965 48 12 Bl A — b —rhiIS i ok B LR
ZHIM LR, ZORBERKITh DEE 8EMICHE LW ET RO TWH T & BHS
oo, &, REHALH BE T OK S 2 BERESE R Sk,

T D7 SVIRNIT B X GBS O MAE « W 21T o7, Hiiis X 0%
GHE L BATHRTH B, BEE TOMEENEROEE S I UHRIIET 5, =0
BIRIT .

P EE LT, & R RETETRIZ COBRBOT 4 1flix OB NI iinie, &
7o, BMRFEBE MM R ELE, §55 05 OBBIAEIC —BRT SNERZME %
LT Eo%, AL RFESTEG MR F R E MR - FilRkomigicg, %
Rt KIS O K-Ar i X 2R NER , §BILRCILES T2 e 2 siv L
7o, MERFHWFHEEOHAR BRI, BRARTEOHMMELAZREL TTFE 2k, Ei
WLV BT 2RI 02205 0 (Fig. 5 5 XU 6) 2RIz LT T E 27, 723
TR DO—IRIE I ABEMRIT X o, U EOHR S XOMREMNCENROEZET S,

13 U BIfE E COMNRIBEOTB R E L Tk <. .

ST OMEITERS (1966) 12 XuE, 1965 48 8 3 Bl fvMbEniag I h-o
R e LT, MIZIEEN S E 0, 156 BITiddE&RmEIE 200 mEC x, EEE 2, M=3.3
OMWEEMRES. 8 A 18 HE 1 DOF A L Tii—aR 270, 9 A LAk D EY
213 U, 1 HOfE&EE 150~600 [z L, M=3~3.5 fREOMENE DIX U
P WEEIEE S ALY, Fo% 11 HICIEE 4, M = 4.0~4.5 0= D
WOWTEDZ L7z, 2h D OMFEO 720 R VI 3 X OV O JL TR BB EA B D7,
12 F 3 dm&MElg 500~1000 [@/H, 45 :&EE 60~130 @/ Rz L, 1966 451 AicA>
THIZITRMECRIES T X, 23 HIZIXTD TIZE 5, M = 4.3 oiifEsie> T \irz
ity & T AALE T b7 D TED OELN T, F OB MEFBINIERE LT X,
3 AR BRI OEE S N E TOLMZREHEL TV 5.
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II. RS Ea0MERE

BRI ONETE L 2O SHEOERC L2 CHTEI b, T b ORI,
REIMbFET X 5 20 Ho 1 REBSBITK & £ 03P (1957, 1962) iiFEh T
w5, Fig. 1 22h s 0¥l X 2ITHHERCTHh 5.

ZOMBIE 7 » v =B L, 1) IR, BEWHI=R, SIETRaERL L
Twbzd, 2) hiFtbGo KREDSEF ko, 3) MBI RO E
THEHCHE L T»w b T &k FO—fRAMEERH 5, LaL, #r<iss, BEIs
DI DRI D7 2 DD I 5T BIvs, bbb,

1) EFZIGOREEMo MWL Lotk (REFHETER 1962 o it

#E#s”, Fig. 1 o Central belt of uplift)

2) RIS O T (W5 1962 O “RIFERX” 0—ff) Ths.

1) e Erh ik N LSRR 2 i L i b, T O%RO HERMT FICkE B
MO KIEETICH 5. BUEOMHIIGE (REFZHEG T 5 TR OBITER - 48
i Rl & X OFEVEIERIC b A — _EHB oML Z ORI IC IR T 5.
Z O ORI E O AHERT L Coninn 2 &, it BRI 9t KR
L 7oEme i a s VIR HTREELTVWS L THD, MBI DX 57
e DPEEIRIT AL LT 5.

2) DOEIFEITEH O RR (e DRPIER 8 15, il 5 e m %
T Z DO 72 i<, B igmoduzEn (ki —gmt) ROk
IR GEUREm) BECHEFILTwS, £ LT, ZhbOMFIEINGhE» 5258
o — L LT NE-SW 7:us L NNE-SSW otz 3, oLtk b, & iy
AT T % BRI C Rt it o MG A R SR BUT i s D QIR T REBZID
WERE TS L TS, oMo DT vy, It L5433 2 WS OFTE,
P« SF R ST IC I EAC DI S IEE XN 5, AFIIVIE TN 5 S5 T
W, 20X ok BARNEEIGITICELEL Tvw 5.

Fig. 1. Locality and structural maps of northern part of Nagano Prefecture,

simplified from geologic map of Nagano Pref. (1 :200,000). Central belt
of uplift is after Iijima (1962).
Solid area: mainly pre-Tertiary rocks
Hatched area: mainly lower and middle Miocene sedimentaries (Chushin
group) and intrusive rocks
Blank: mainly upper Miocene and later sedimentaries (Hokushin
group, Toyono formation and Komoro group)

Stippled area: Alluvial and Diluvial low land
Thick line: fault

Thin line with arrows: fold axis
Circles connected with dotted line: bench marks and precise levelling

route of the Ist class
I and II indicate the location of Figs. 2 and 3, respectively.
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BB ZME, SR ELEUED FR RS X O I3 L TS 8 iR oD
TTwBMETHD, BEVERE—MEUENERL o0 H 5.,

DX, REZME LOROEY, BRomER e, MRAEE D KIWEDE D %
FIHIRTH D25, HWEREDHD ZOJFEHITIFELFTTHS (IMAMURA, A. 1946). &
iz 1847 £ (AME 44 KREBZMWIGZZHhOICKSLE Gl E M=17.4)
20, REHHBLCLOBEEFICEEFEIEREELY 2m OWiERE U (KEF
#, 1913, p.93~109; AKEE, 1947). F7mAE TR 1941 ERBEHHSCHmE
(REFHIE M =6.4) 3hof., ZOMBORERME»SHEE SN A EIGHBORE (h
R GE, 1941) 25, SEOBMRHEOLNE —FHLTWAHZ EAEAINS. HSEhE
E LTI, 1897 4 (WAdh 30 45) MRITHLS LeiRic Ui FitmE M=k
K 6.3) BEHSh TN 5,

II1. RO HE

RIS QI D TlE, RFRHRN (1962) @2, AKEE (1918) o¥emilnd
HEAEETHD LR LUHEPIUSEINOMARIE L Ve b 2 L 2Bl Lm0 d
. T OEHRIT BRI ERATIRAT 5 Ao 1 [4E ] ERE (REEY - i
HIEA, 1955) 1Z45< EhTWn5,

MR, WiRO X 5 U RO BRI OB L Tk D, EiChIimoR
S (IR, o KIWEHERM (MR k& &, Thziin < 38~ mnilEs
BHEDTWS, IRLHIEOEAE, RAVLHEOMETFEOT, & 10m g, &5
{ 2km (~5km) FTEEDTWD, LN X W EIFEOERIEHE LTI WA, HAN
OHFTE R IO (F/03) FERDEREFTHA S LEIDLND,

B OIEIEAF D LiT, MMITE ARIEEIE 2o CHEDOET I REFT 4
DKINEE S X OHERUY 3 5 5. AT HR I O EmIINE © Ol T d 3 L\ S0 4430
DOKUTEETHE Cd DTH B,

Fig. 2 i3 Rt o O MM T H 5. #EEORERFBIR & £ 5 Tablel 2%

Fig. 2. Geologic map of Matsushiro area (I in Fig. 1), Nagano Prefecture.
Quaternary
1: Fluvial sand and gravel, fan deposit, etc.
2: Minakamiyama lava dome
Pliocene
3: Shiba pyroclastic flow
4: Kimyo lava flows
5: Hokiyadake volcanics
Miocene
6: Hornblende-porphyrite and diorite with minor amount of 8
7: Aoki formation (sandstone)
8: Bessho formation (shale) with minor amount of 6
9: Uchimura formation (submarine volcanics)
Thick line: fault
Am:Amakazari-yama, H:Hokiya-dake, Kg:Kagai, Km:Kimyosan, Ku:Ku-
wanei, N:Nishiterao, O:Omuro, Sb:Shiba, T:Toriuchitoge, Tk:Takimoto,

Z:Zozan. Takimoto formation exposed only at a road cut near Takimoto
is omitted.

} Kimyosan volcanics
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Table 1. RfUHIROIF I XL OER

WEUT S XOVEROY FIREE, B, 1R
o AR LR AT R PP S R R 2L

i ma b, FUE, WEH .
mﬁ?k{§DMKm%m WIS BT s X OW RS KRR

(I KL DA AT LIS

yﬁ ~ [ FARTEENE S X O
']P }f H‘ E)Ey (JEE?OJ:U\W‘“, {iUEU(J_'

lUﬁr RS X O, YR

PRI YRR KILIMEHER

BT, UK QXL « Eh % XUE T oW T T,

bt OHE - AL

Z D5 O REHIE Z OMITIT A BN B HWHITTIRE T, HHB Ry, EREeH
B OGIFRR) Lrhefnd SaEr b5, BL THiITIEdbE 20°~30° <23, ¥
EFOBEAIC X D VA ZZY, fiEEdEhTnd

W AARETRINS, S ESE I T 5. IL ST Lo £ L DR ICE TN B TR 5.

RBRE MRS biacdize b, BRI IBr bR 3 X ORI PG ET Lt IR { 9
T5, PRTRERE  Eo 2 100, L TULADOTEE ~RETH D, L cHE oAy
T, BB BIEGP D “ATF Y AR TBRD X S AeHRIROBE AR A LTS, EHilE
FoER G, AT PRI (i, @@akhd) & RFcifiod o sEx
bhTuwb

HFRE FLURBEO/MBECEIT 5, ETWEND D, JBE & SRS T S i,
DR D MO O _LAC A3 2 285 LV FFRI R 2 Trgys,

7 e =r IRV A1 B & el T M kg A R G 1 et N O S AP A T X a7 7 SV E A
BETh D, AN IGE AR T 2 AL B 5. FOE K E AR O
RTINALH S, LU TEMNH U FREE-CRENA IR O R ANG I E T &
ZTHEUTWS, i LIEULUEWPHEO <2k 2 bR b, B3 Fra e RS I DA IR s
WULNEROBEE LTIHALTED, LEUEROREY TofmTfilifi LCuv b, (M 0ifA%
KOG TR R T 5 - S EETH S, Fig. 2o 8 UE) JUEREE LT
B, 6 G WEETHEEEAL G L TOAHIKOTERTH 5,

Z OO AL, TIRIBERHRTH DL, BRI E 2 SR B RIS KIEFICH L
WRIES T T 5 O TN Th S5 5.

g O XILER :

ARETHER LM, (RIEAEL S X O, B RITEUE - iR L2 L Bbh B
e E Lo KIWESIRGTT 5, Wi rhist (F13ai) ORCTRERIZOD,
BUEMIBE OB ZTZR L T 5, TO AT RAER EIUTHR & 5 b 2 (RIS Kl
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P L AR S T A A I KIS EIZ T NS, BMFESEHLTHH L O CEF
BRI > Thow s, (RIERE ISR 5 GRS 19T, »2oZMnELwo
T, FWIKINEEL D HVE RO E 255, IR E KIS H ORI R
R e 2 b Twb (EFES: 1962). HibKWEEONRIE, £ Ofr MR
WIBTRIZ BRI SRR O Lol o4 K-Ar RIC X 40 540 T4
(£50 FH)? ThoeDT, fHrlkdifleFx5n %, Table2 @ AL, ZORRME
CRWEBEADEMR TS 5.

ERAE LSS RN, (LS EOIEN (E 1200 m (T I 1529 m £ C) i@
DAL, BV VTA MDA BARXNGG S B le b, TOEL, JEAHHT O/ MBRE (%
) owilie, FilorA bARTRERWC LRILE,N S, s R KUETo—He Uhhs,

ZOTRESIABMC A . 4mm SBWOBEMEELADOENZ, BH LA LA S
J OB OIRTMAIE R E . TR, AR « 0H « v o VIR - RIGEEZ L o0 A
BAAT « KRR L OWPHESH 5. T OEA TR R L UTIECHhA DA T &2 T
T e PEH AT A b OB XN U TV A,

HpILA LB BT AL ORI L O OJLATTT A 1R T 5 —H O ZALEET Tk LA
T, B 400 m, ECIE oS AR Smc i CAEEER T 5° ~ 20° fiR L, Tl iR
FELUTHET TSR LTW A, SREHEE Tkm OnIUIHEE ToAT— v v 7 ¥ER (R RET TR
B, 193 wrnl, K=V v AT T 10~30m /oML T 56 L2 Ehibhho
T3,

EEORE AT S, NIRRT LTI ~demmied B iy Tu %25, — Mm@ Ly, 7R
eSO WML, SO OMIRWVW T SMEETE 5, fok 2 &bl
7E89 0.7 km) FE CiLa L D e IEERIT R bR AR ONSE 25, X 60m L)L,
£X 200m L EOHEIHZOOBF/IENTFEL TCnie 2 bbb,

FPILKIEITNE, IR ISR TR TR AR L, A2 T AR
B HbA D, (A HKETE ST L o Tw 5, St ki Table 2. A
CRENT 5,

Z OWIHMIBIR Uic & Bbh 5 SR RPN A SR T w2y, HBilio X 51—
= agglutinate 23R Xz & & BEDILKIEHON G OP e < &b 1IEHIDILEE
whotckHBELbh B,

N ERC BT 2535, $indhs [FDEEEL & kMo THkmEiiEiity) &
HB. BUEA LN AT REAB L L5, Tl bifiico~s,

FEIDHEED 7900« BERIUOT s X CF OB AR T 5. E & 300~400m T
76 L LPOFEER A BB, TR SEEEIIEERIETH B, LT, Tk
HELOFERT HIFET (o & 2 iR 2 51 D) 25 b, iy, HEMHEZL ) 0.5cm~
lem RIFEOTREIMAHORRE A R TRET Gl ST oF o) sEMNths, BN
LI O ETT (o & W ERE T 755, fesEMUNHLGy Skm ORR Licilsr
L7228 itm a2l s GRERDITEEITES) OEEN H 50, ST, bADEEET
BT AL De L,

1) BHLRSF IS RIS T 3L « I LR IE,
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Table 2. ﬂﬁ‘%ﬂﬁk?\( B BAH)

T s A WMITERERTA LS, o FEREIEs,
("%ﬁ)ﬂkaxa{f @‘F*f) ?ii%ﬂi&*’ﬁ) mnum‘FmiU\ﬂJﬂkrfﬁ%‘ﬁﬁﬂ%. [R%IA

. B RHRE - FERETG o YMERG - R .
Si0; - 58.44 wte 63.74 wtg PABAT BV, & oEMECHECSE
TiO, 0.80 | 0.53 DH T ARG D, WRDHA b ATiR DENT
AlLO;  15.47 ! 16.45 WL ST TR A U T,
Fe,0;  2.91 ‘ 2.57 D ANESASIITERITE RIS, b i
FeO 5.26 2.78 AU TR TE £, WL 610m O|HAYIE
MnO 0.14 0.12 (M57), Hbdh: FHIHE « SBERIEA « I90REGE -
MgO 3.65 2.94 TALADIT - BEERIE (B IiD, 3k AR -
Ca0 6.86 5.76 M ﬁ&ﬂim%i OFifkie 5 A, kA
Na.O 5 39 338 PTG DBBEPIE DA b2, TBEWIAIE &
2 : : : ae¢&1Wﬂ% VA (R D8R D ST R
K0 1.8 L15 3, PERINLTSTPEIES X OTERANE GHR4 X 0
P:0s 0.18 0.38 %miﬁ@%@bOLf%hfﬂF%% 5.04,
HO(+) 1.13 | 0.59 4.58, FeO: 0.31, 0.28 wt% #1187 (HiEZHF
H0(-) 0.39 | 0.24 FERTURZEA Y BN TR ) . 0 B i

l@d?a

Total 99.51 | 99.93

Efw D AUEATTOTRIECIUL L RIEM A & e 5 [EFEHER U2/ X5 10~20m ok
EI L DRI GNS Y, HOWBEHmORLAI T BMEIhS, 2 OV OEITE
fLizifd, —NEERRED X S kAR5 agglutinate (FEENTHOHEEHND) L5523,
RAD X o/ bis W IIKARE LSS, MHEL OB RCS D0 hbb X512k b, B4
IS ILIT SRS Y 7 AT OSERITREIGTITIRUIE O MEE (LRHRE L2 15 B)
DR E LI2IiGT, =V v 2 ALFETH Y, KE»BAEROENA,ND B, T BT
OER—ILI R Gk 470 m FSELAE) TlE, B0 E L OEER L o th

MIIDE DI 2 WARTTKIUARES (3% 6 < flow breccia) 7\§EHH3 5.

i AT OB, B RITKHER M B B, fo & 2 RS TR
B RS IO U RN B SRR LTl 5, FTEOEETOLmE
EERPm, 5 1~2m OkERHMRENRADTGER, ZO%NEOh L EREDT S Wk Uz k7
FTHER D B Ths ), MFIHV2OWTHIH Licb D&z b5,

WKWWWMWJﬁwkm%wohﬁaﬁb,%ﬁ%mﬁmﬁ%;<m&r5 REJLHFHT
B X OZFHMUTERTIEERS 1000 m BT S TAROFEEEL 2B L Cafit 5. Redtudnigic
u%@@%ﬁouimbmgk%éﬁ@QWb”%bF%bﬁmyu&oﬁu,::r FSUIESYiN
AL THS, TREONIY LR, SRR EE TH 52, KRS hEERCIARE L
KPEFHER YT, SR TRAEME LTE OISR TwA, JES 100m HEbhy, EFHARS
Y OKIE DD DT, FRATRCZIIZT D, 9 m RO MMNIE LGRS ER S %
TN TWg, 2O EmbESH m BZEo flow unit O L, £&fkE LT 129D cooling
unit THHEEZDLID,
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EMFREH L UHITY

RAET ORI, Hudonb, AR Ebcsmd 5 AR & THRERK
B, BTt MEanlEamE R SZ O EDRTDERD [N TH5.

BARE Lo RILRY 2km, §AOR, RIEKERVWO—HBICEES, DE, H
EPDILAEIH bm D EDOERERSEHS. IhREEREE X5 RiL T
(LCEERDD, REMSEETHS, LFCKRBATEREKTH S, EEE—ELEW
L CHEET, EANIE~ 50°~90° TH 5, HECWIL OEREREENS., £
D= P LHARKBRCE2TTEROLOPAESIN (BWIH).

Fagus crenata BLUME, Quercus cf. serrata THUNBERG, Q. (Cyclobalanopsis) sp.
R i, ZOFLAERIERT 28 FEE00lMT, HRIXEREOLERL D
WREFRICE L, IR, RIS~ ST, WO EES R E W S
WS, TR OSEHOEENE EXKATHLT O Lo 2 i lTtwn 5,

TOHEFTHABOTEEZ L TEGRRKEREOKRS (F lem +) 20 EELIAD
AMEZRE (Y v7 4 VEHTREARFOZERAIIMS) T, MEORMFERE, FEES1X
AR LIS 07e s, MREBTRE (MAZGE) X5 RERLDOZETHS.

DEDz &b, ZOTERESE, FPUOEMMI D EA RIS, RS
HUEE R HOHEE B2 5N 5.,

FOMDEREFE NTEE ORI ILITIE 650~750m O/INERITRD D, BHic
DTS, WMATBEOWES, RILHRETHS. 20 LIATIERE T ONMNLRTTD
—i, FHEE 740 m MBTICIIEFRBEESEET S, ESH m T, XABIhERE
30cm, 5 10cm BEEDOREX W5, FEITRC “LXoC” B0, B, ZlUE~%
WEH 4\, imbrication ORTHAIZILTH S, MHOZ/MNERTE ETIXZ DX 5 LEE
BHEEL Thinng, SBRICKT 5—HOPEETH RS 5. BRIXERIIZD
DHISVA, DIAFRRE D “TRHFMmM” 8~9 JHE) X hiklEsckt 5Th s,

Zofbiz, REH 1km OREIIROTEIMNTIZ, P LKIEFZEE 5 P &
DR (RS#9 1m) 235 %, BREOBRK?DOMEITK 15m THhH 5.,

BEWILAAMAERE SHMIRRITO S 55K EHOROINNETSHS. ZORE, i
BT & A RIS AR SR IR SRR RIS E» D b, TTIA
AREBY (1918) 2MEfHL TV 5 X 912, IEECOMEBEIIIE LABENHEETHS LE 2
b5,

EORIERY 250m, 1SR EMEY T L3 X OEmO-EAE, Fhehi 0.5km,
1.2km TH%. JLMOMWMIFESH 30m ZTORICEIEh T3 (Fig. 4), [UTEH
VITEE 600~640 m /MERTET, HALIHT L WEREED 2 AT EE» 5 5. IWIEBIE—
Bz 1m PO EIC kb Tish, HFESHIHEOEZEL, FAHEEESORIEE
DEALETH D, HECHEONIESENIIEEL TV A2, BTRIUKES, TWHE
BT ol
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BN Z T % fAPUA G TR R G 20 LSV M D3 4 & 1575 IR
O MRDD. WML, LMOPEE 5L S, VRS ANE @R »F0RE
WA, BRI, BRI S b2 T g, —IRic 2 ORGSO P
TR RIERAE, SHMUTRE maghemite? 7137 TH 5. BILICIE, —IECRIGEES D
DH, B IXHMEY) L FERRIEL Tv %, BET b LR O OESE, Pkt
DB DRI A AL RO DR & s 70w s, G i e, 3
o FEEE LBIET D B, BE AT OO — IR TS T 528, MER
DRIV IR B DFE DY & & Bie D TEEIT X 55%2583% L T ey, Table 2, B
1, ZOMWTFIREDEHF OIS THET H 5, BHOIRIT >V T ko iz R L.

PlEo, R LT IREOmIMAE, Bk» 55T, M—EhkoMs s X 535RT
H5. WL THHOTHBIEL BHEOHEE T L, HBIEMTL O MM I X
NPT L BT 5, bbb, FRLOEIECH S ES4 350m O kv 3
THIMID 60~100 m PSEKEIZ 7D TW B3, PIRBCIIITR @I LTs D, -
ITERH O R WU (KRR 610m FT) <0, db 4 OB IE IR W TIE TR B I
PHZATEI L T B, B LB Udic— i o7 O 51, THIFE s Lot
EHPETIZEL 10m OEME 5 I 0 Lok 5.

BHEDWHINT 1) ZDINEAL A% 5137212 LT3 EMIC L 5 A A AT RO
TN T &, 2) FMREE D TRTRIUE OB R L SRMEOERRSE D, Kk
Fpags {EsEnme oy, 3) FMEAE MU/ B Snm a8, 4) B
SMIEDFETAE UKD, v T A TME SN BFET—HITHRI LT 5 & 2 Xh
DILEY L, FMIEEEATERE (v LIRS < LR 0k BDEER) T
Do EFEIG,

PEINLER DOIFRIZ DWW, RIEIZOSMBFEMRE (LT 1H4) I hEne &,
TOWE»HEDVMTSh v &, FUMShBAEOARORICIBRINTVD
L, W EPLIIMITO 2 5 <] (10~50 FEdiz») & Bbha QLiReR).

AR IO B b E 57 5, YR EIEIRILIO R T 100 ~
1000 m, SEEFL 350~450m TdH 5, WD 5% HFTES MmiisiiE & U Tis o 5m3
DT < HNTEBM» V. FETIERITWEE S 7 2 WHEAHER L, 1L e ok
RIS AEE R L, OB 23 LW TIEAZ R LTV, 2O
BRI RNANT O H 5 /%2180 T L 2-BINET T H 5.

PRI RSO, HIETY, HERN, BN S o TR SN, B eboR%X
WEDO WA 2FED BizdBE L Tns,

RO ARD L OIFRARH IR D5 L DT, LMWL Bt 02T T6
r a5 (Fig. 2), BREEOFAFISTRL NG VAT, HOEHOET (il

2) SRR I T O ABF A asdaniv Lie, A& 5.
3) JUIEUIAEILURASINMAL OF 437 EEhRehs (1965 4 12 A 21 A) THELL
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FPEHE) D 3 DORIRIIE 10° 12335 %, 25 ORISR~ T6 AR
FELTHD, WHENR S X 2RISR TH S & Bbhs, BT 5 3 50ER
HECF B EFMUE DHF LV, ORI 57028, R O 5
oL EHLPREL R, TOEMPERC L L, ISRAMMEIN TN &2 EN
FTHE, HTH IAFRETDA 5, Hilde 5 2 iz i 2 NI R )1 & oo
THD, FRMOEEBEGEETOE DN TNE 2 Ebns

BATBI DI R D L OB A IFOILHITITH b, MEFI Z DB~V ITH 5.
Z DML, RIU—HRRENCFEE L2~ NMRO B AR X 0, BRoAREIHh
TRENIL DD DT, FIRBERDC BT I Cu ViR TH S 5. TS
B, DR SRR QBTN ThH 5. INEFETORIELRNIC X 5 & B o
S Bm (15H) $X0 34m (259 THok, EERERWFRIHETHER, 1
%#(mw%%#%@ ERER 50m) o —13~—29m DA 51X Z b Lk LA 7S
TN DEHIA LA ZEOHELIE L Cn 5

T

B O L= OMEEIE L T D 5 < B BASS T H o T, B a e i
BT RIS XS REEEREIIEEC NI S A B iy, =53 LI~ an
FEEOPEET, WSR2 RAROREITZ L v, LTSS HY vEEs
THAME 2 A I REF Z T U CTHR R RIS & Bl D ERIC 5 5 2 & 25EE
chd, BAITOS LTGRO E REZIE 05X, TR0 X 5 BRSibEs
AL, WIBEDS LWHBIERRD B,

LW A, THINGARB VIR ENiess, —ohe BITEE E X o—%F0
FEITEWD U S LI HEEER T & inho/c, Z0 B A I 0T & 200 1Lk L
HOGARIEDN SR EE Shehs, ERHERIRTH.,

I /AKEID (1918) 1%, SIERANOZIMZ L ET D AN T T OIREERHE 2703,
FHDORE TR N EZFT 2RI SN 07, MR O 5 5 BTN DR
I cH S 9.

EITEEE  BAIT OIS 2 b i —HEH 0 BN 5 0, = Ol R ORI i dtih i
st LTI EA LTS, I 0 IIE BI04 Cleosiig i ollgg S h, b LTiE
e Dt KBEHE h%&ﬂﬁF@ﬂ%&m I8 15cm OWHEHAREIT#IL S 2, ER N 40°E,
3R 85°NW THL T %, WilEAEN LS KPR DI REHIKE & TTED 1~5cm DA
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Nakano

Fig. 3. Simplified geologic map of Toyono area (II in Fig. 1), Nagano Prefecture.
{-: : bench mark for precise levelling and its number
Thick line: fault
Thin line with arrows: fold axis
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Fig. 4. Southward view of Minakamiyama lava dome.

Fig. 5. Northward aerial view of Nagaoka hill, 5km northeast -of Toyono
(see Fig. 3). The hill is formed by an asymmetric anticline of Quater-
nary Toyono formation. The crest line along the eastern (right) margin
of the hill coincides with the axis of the anticline.

Fig. 6. Aerial view of a structural hill (extending from upper right to lower
left on the photograph) formed by the anticlinal folding, the axis of
which extends along the crest line of the hill to bench mark no. 3650 in
Fig. 3.. Snow-covered villages (lower right) is Minamigo in Fig. 3.
The higher hill of upper left (northwest) represents another anticline
which is also indicated in Fig. 3.
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24.  Geological Consideration on the Matsushiro Earthquake-
Swarm since 1965 in Central Japan.

By Ryohei MoRIMOTO, Isamu MURAI, Tokihiko MATSUDA, Kazuaki NAKAMURA
Yukimasa TSUNEIsHI, Earthquake Research Institute, and Shizuo
YosHIDA, Geological Institute, University of Tokyo.

»

Geology of the main seismic area in and around the town of Matsushiro, the northern
part of Nagano Prefecture, central Japan, is investigated by field and literature surveys for
the better understanding of the earthquake-swarm which is now taking place.

The Matsushiro earthquake-swarm started at the beginning of August, 1965. Since then,
the local seismicity has become more active with occasional rise and fall.

The seismic area, in question, has the following geologic features:

(1) Stratigraphy of the Matsushiro area is summarized as follows.

Alluvium and Diluvium...... River gravel, sand and mud, including
fan deposits
Quaternary ¢ Minakamiyama lava dome. . ..Hornblende bearing augite-hypersthene

andesite
Takimoto formation.......... Lake deposits (sand, shale, gravel)
Pliocene Kimyosan volcanics.......... Lavas and ash-flow deposits of augite-
hypersthene andesite
Hokiyadake volcanics ........ Olivine augite basalt lavas
Porphyrite-Diorite............ Hornblende-porphyrite and fine-grained
diorite
Miocene Aoki formation .............. Marine sandstone, mudstone and con-
glomerate
Bessho formation ............ Marine black mudstone and shale
Uchimura formation.......... Submarine volcanics

e e e e e e e
Mesozoic granites and Paleozoic sedimentaries (not exposed)

(2) Town of Matsushiro and its adjacent areas were or have been a volcanic region since
Miocene: A large amount of intermediate or felsic magma intruded into the Miocene
marine formation and consolidated as porphyrite or diorite, now extensively exposed around
the town of Matsushiro.

The Kimyosan volcanics of Pliocene age erupted on land from the place near the summit
of Mt. Kimyo, 4km east from the town centre of Matsushiro. Minakamiyama lava of
Quaternary age was protruded in situ after the valley system around the town was formed
by erosion. Time of this event, the last volcanism in this region, is estimated at 1—5x 105
years ago on the basis of topographic consideration and later by K-Ar dating. Caldera
structure, which was assumed previously, is not found around Mt. Minakami.

(3) Matsushiro area has been an upheaved and tilted area: After regional subsidence in
northern Shinshu in early Miocene, the zone indicated as “Central belt of uplift” (Iijima,
1962) in Fig. 1 has been elevated. The present seismic area belongs to the western part
of this zone of uplift, whose upward movement still continues in Quaternary age, being
associated with NW-ward tilting in this area. No post-Miocene marine sediments are found
on the central belt, and Quaternary lake deposit, “ Takimoto formation”, which may be cor-
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related stratigraphically to “ Toyono formation ”, is distributed in the mountain-land 150-200m
above the alluvial plain.

On the northwest border of the town of Matsushiro, nearly vertical fault (Toriuchi
pass fault) running through in the direction of NE-SW was found, NW-side of which relatively
sank 150 m or more. But trace of dislocation on the alluvial plane, e.g. evidence of active
faulting could not be found here.

(4) The underground of the town of Matsushiro down to 2-3 km beneath the bottom surface
of the Alluvium is composed mainly of the porphyrite or fine-grained diorite and also of
Tertiary mudstone and volcanics. The deeper level, including the focal realm of the present
earthquakes is supposed to be composed mainly of Tertiary intrusive and/or Mesozoic grani-
tic rocks and Palaeozoic sedimentaries.

(5) Geology of Toyono area, about 20 km north of Matsushiro, is also investigated, where
a remarkable change of height was noted by recent rerunning of precise levelling carried
out after the Matsushiro earthquakes had started. Toyono area is situated near the boundary
between the Nagano basin and the western hilly land (Fig. 1). The Nagano basin is under-
lain by thick Quaternary deposits, suggesting active subsiding movement of the basin floor.
While, the western hilly land consisting of late Tertiary and early Quaternary strata is
a region of active folding and of younger uplift since latest Pliocene, being contrasted with
the above-mentioned, relatively stable Matsushiro area. The early Quaternary Toyono for-
mation is folded along the boundary of the two areas and is flexured down beneath the
Alluvial plain of Nagano basin with high-angle inclination overturned at places (Fig. 3).
Associated with the flexure, thrust faults dipping to the NW are supposed to be concealed
beneath the plain.

The folding in the Toyono area is so active that it is expressed directly on the hill
topography (Figs. 5 and 6). Anticlinal structures of the Toyono formation are harmonized
with the present shape of hills. Vertical displacement of the Toyono formation attains
about 200 m at maximum. Two scarplets, which appeared in March 1847 in the town of
Nagano at the time of the Zenkoji earthquake, are considered as a surface manifestation
of the thrust faults mentioned above. It is noted that anticlinal change in height detected
by precise levelling shows good agreement with the anticlinal structure of the Toyono
formation underlying the levelling route.

Geologic proccesses which formed Nagano basin, especially its western periphery have
thus been active even in and after the Pleistocene age.

Some of the results so far obtained of seismological or geodetic surveys, undertaken by
colleagues of the writers, are enumerated, for discussion, as below (for details on individual
subjects see papers by colleagues in this Bulletin):

1) Distribution of epicentres of present earthquake-swarm is quite local and concen-
trated in the ellipsoidal area around Mt. Minakami 10km in NS and 7km EW in its
diameters, the depths of most of the foci being 1-7km beneath the surface. It is quite
rare for them to occur under the alluvial plain of the subsiding Nagano basin. Magnitudes
of the larger earthquakes attained up to 5 in Gutenberg-Richter’s scale (after Hagiwara and
others).

2) m-value of Ishimoto-lida’s formula is within 1.9-2.1 and 2.4-2.6, corresponding to

depths of the foci and is always smaller than that of Minakami (1960) ’s B-type volcanic
earthquake (after Hagiwara and others).

3) As to the present earthquake-swarm, source mechanism of all felt earthquakes
and of most non-felt earthquakes so far investigated are of quadrant-type (after Tokyo
Meteorological Observatory and Nagano Local Meteorological Observatory (1965), and Hagiwara
and others). Nodal lines of push-pull distribution of P-wave show that the direction of
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maximum principal axis of compression is EW and horizontal, the minimum one being NS
horizontal.

4) Rerunning of precise levelling in and around Nagano basin, and records of tiltmeter
showed that the mountainland, east of the Chikuma river, or “Central belt of uplift” including
Matsushiro area tended to upheave and tilt relatively to the subsiding Nagano basin (after
Dambara and Tsubokawa, Hagiwara and others, and Tsubokawa and others).

5) According to the results of geodimetric surveys over Matsushiro town from the top
of Mt. Minakami, horizontal extension of the ground is conspicuous in NS direction, while
in EW direction slight shortening is revealed or rather it is almost unchanged (maximum
strain 3.6x 10-5/2 months, 5x 10-5/5 months) (after Kasahara and others).

6) Rerunning of the precise levelling from Matsumoto to Nakano, passing through the
west of the seismic region, was performed by the Geographical Survey Institute. The result
shows that general tendency of NE-ward tilting of the area in previous 63 (30 and 33) year
period changed to SW-tilting in the last 8 years, and that the region was upheaved as a
whole to a considerable amount. Relative subsidence of the Nagano basin and minor
fluctuations with wavelength of a few kilometers, are accelerated.

Standing upon the geophysical and geological evidences mentioned above, the writers
discuss and speculate upon the origin of the earthquake swarm.

From the geological point of view, both volcanism and tectonic movement are probable
as the cause of the present earthquakes. The source mechanism of the Matsushiro earth-
quake swarm requires such stress state as the axis of maximum compressive principal stress
being EW and horizontal, and the minimum one being NS horizontal around the foci. Such
a stress distribution cannot be generated by the mere upheaval or equi-directional expansion
of the crust at or beneath the hypocentre.

Therefore, it is necessary to assume that the same stress state as inferred above
extends regionally surrounding the hypocentre. The stress state would exist not only in
Matsushiro but also at least in Northern Shinshu as a whole, or farther in central Japan
and the state is not temporal but enduring for long period as considered from the following
facts:

(@) Source mechanism of the Nagano Earthquake in 1941 (Central Meteorological
Observatory 1941) is the same type as those of present earthquakes.

(b) Horizontal component of the maximum compressive principal stress inferred from
the source mechanism of the deep and intermediate earthquakes in central Japan is almost EW
(Honda, 1962).

(c) Orientation of the maximum compressive principal stress shown by the modes of
displacement of active faults is E-W in trend in the region of the west of Itoikawa-Shizuoka
Line (Sugimura and Matsuda, 1965).

(d) Recent vertical displacement found by rerunning of precise levelling over the whole
Northern Shinshu is very conspicuous but similar in trend to that revealed by the geological
structure of Tertiary-Quaternary formation of this region.

This regionally, continuously stressed and strained condition of the crust alone, however,
cannot explain the localization of hypocentres in a limited area “Matsushiro”.

In order to explain the localization, it is necessary to assume some localized peculiarity
either in strength of the crust or in magnitude of stress near Matsushiro, beside the regional
stress condition mentioned above. It is not determined at present whether such a peculiarity
in the crust beneath Matsushiro may be ascribed to the existence of active magma or to
pre-existing heterogenuity in the crust, because the given geological and geophysical data
are not incompatible with any of both cases, or with the both together.
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But it is improbable at least that there exists a large shallow magma reservoir of several
hundred metres or more in diameter or a growing dike swarm in hypocentral area at a
depth of several kilometers beneath the surface.

Therefore, if the magma should play an important role in bringing about the present
earthquakes, the head of magma should be deeper than the depth of focal realm.

In this connection, the following model is one of the possible explanations for such
observed facts as the N-S extension of the ground in the seismic area and the earthquake
mechanism of quadrant type with NE-SW and NW-SE nodal lines: A fracture system of
EW direction is supposed in the basement rocks beneath the hypocentral realm. A magma
from a deeper source has intruded upwards enlarging these fractures, resulting in extension
of the overlying part of the crust toward NS-direction. As a result, compressive stress of
NS-direction decreases in the hypocentral realm. This decrease of N-S compressive stress,
associated with the regional compressive stress of EW direction has attained a certain stress
level sufficient for the formation of fractures in the crust to bring about the present earth-
quake-swarm.



