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T ) BRE, MR ANCIRICE L, S—P o MRRREZ RS BEL, CFER-ME, KB 2L
—#, FREAICZRShTWS. AEIE, BEEART, RGO L BREDORKRIT ENDRD.
<KD
84.9+4. 2Ma (RERK-Ar{%), 89.6+4.5Ma(fAP 1 K-Arik)
[#7E : Teledyne Isotopes ft, %5 2 & #& & ]

. 8 7€ fd & 28 I

m. 8. 1 ZRFTEEE T6)

ATRURLE BRI L SR TBIA ) RIEHUE PN O JLRET B 0T Tafi T 2 a ik
KThD. AT, WET - HA (1968) DEFALRPIFRE SLIRE O 5 B OEER T ITH5TT 5 b OITIZITHH
Y95, Fio, PEIEH(1986) DORISFAERE TS 95 A3 0 fmsids T 272 5.

EWRUER &%, PRLKROBERIERE-LRHIRE TH Y (B2, BaaFmisEEk
VN, EARTERRR L TEASE T, -k e 20 D EOAMNAEZEATND. BEESILMEIZE, AEITE
DHENTER b—FVENBEH LTS, Fio, BEHSLEEEOAS & 0BT 0&ER —F v
ECIE, BEREZTEER LTV D bORFET S, b, ERM—FTVEHETEREZTH VT &
VoA v arPRROLNIRERFIZITT AV A v a L E@ROLRRN. o &b, EH N—F
NEDHEN, [EHFE, BREOHBICAENER F—FAEPICEAL, SR N—F AV E0—E4HisL,
ERz 527260 MR 5.

EREM BORPRIEERIERA <GS R47315> [FBIVER-1, 2]

PEME - AL BT AL 1

FER Y RHER (ARS8, 1%), F#E(36.1%), H VU ER(21.1%), BERA.6%).

RIR A O RGE - P ay, BhAh, REWEY

RERIT, AR-FEE CHEEHEE R T L ONEET D, IGO0, 2mAkDBRE
BAET S, FIITEEWEE LGSR RE ORI AR E R, 7Y RO, MIF ORI FRm 2

LOLBERO L OREEL, ZOWTFRES—H 1 Mz RT. BEREETIHAEINLADA b2

REAMICAELTHSIED, #YEARAEORICIHMEOMER SRR AL 5. BERT, AL

HIE, BAzR2 LI 7V RRBOLNDZ ENnHD.



<HHHFAO
86.7+t4.3Ma((RER: K-Ar i)
[J5E : Teledyne Isotopes £, #5 2 % % 2]

(it Al Qz
o RLFEHE
o HifEiEE
.
.0 » [*]

Qz+Kf

Fo3lK fERAEEIIOET— RERd =
s I 10 & [F U

. 8. 2 SELLTERA (S6)

AERURLL AT LD S AR ICNT TOfMT 2 8IE R Th 5. RE1E, Wb -
TR (1968) DYALE R PIRAE D 5 BATEIL OEEROILTEESITH YT 5. £z, P EIE)(1985) DI
IAERE TR 9 225, o fmdiI3E =25,

EHRRUVEARR AT, P-MRBRRO BERLRE-ERNSE TH Y (B23M), BauFnmEi3
LA EEERY. BEREMEO b ORDEOANGEZE L. MRS OIS TIE, AEPEE) LR
JEITH LIERY 6 mDERE LTEAL, AEPITITMIT - 7B O MR RS 23l S T 5 (5524
B) . UHASTHTBARAL T TiE, AE A INATE R BIRE 128 LIERIL smfgDalkE LTEAL, AR



EEE L TV D (5251X) . ATE R PIE & OEEMEIZ W) T B ACE ITITARAR IR0 D2,

EREM P-RRERIERS <6SJ R67698> [EEIVRIK-3, 4]
FEML T RTRIEE TR S
R - RIRA (FH43.9%), f15(28.0%), 7V EA(20.7%), BERG.6%).
BRSO B OV RS - oA, BIRA, Yvar, REWIY, A f, #EA.
BEAE, AR TEREHELZRL, BEBAGBRELTVWALOREZ. FORBREEHEELZRTLO
LFEET D, A, WERHEER TS 2A D) BRI L UIAETHD. 771 kLT
LZHORFEL, BV ERT 5. 2 EAE, MBRMEER TS 2 B8RO O BIFETS.
ZOREE, AR, MRA, REBOMBBEEEZRERAXI T v 7 IC0FT 5. BERL, BF-E
B CHABME T 5.
SR
69.5+3.5Ma (JZEHE  K-Arik) <GSJ R57697>
[MI£ : Teledyne Isotopes #:, % 2 £ % 2]

Ful BENEREICEAS D5 W25 AT B D st L TS
I fil £ 55 IR © B D 2 55 WL 224 0R 00 8657 > %
e b 5 (AL
BNTER (TS) iZ AT 5 35 SEATERE (SG) PITIL, WATER
IIAER (SG) HRFICEE, AlE> PR (SGA) ARG STV 2.
T WD HLIEHE R (Po) 454 &
nTns.

. 9 #FriPaicsE Gp, P)

AENREE, TERAET, O, HOT_XTUCEALTRBY, £, BELL TRy, EREE T F
DbDE, FEREHO 7+ VA a v atloTHEAL TS, BREWKRT 28 A1, TEMEBEE, 7
T IT7AT =R EDBEENFIEALLETHY, OAE-NL T4 NOlEWENVEFET S, E£/2,
WE B> THAEIRE 2T ENH Y, ZOHEE, WAMEIRBEBIESEIROBGOEIIIATEL T
BY, MMENRNEEMEIRICEA L TV S GB261X) . AR O J7101E, NNW-SSED 6 DA T L A ET



F26l  BENWEICE AT D HHIEIRE OB O X > F GRAITERMETT)
HERBES (Gp) HIRD FE KL 74 b (P) T v, #EINERE (T REFLIA Fo—i
IZAE B IS ST 5. Gb @ ARIEEEIL VA

HBA, SeIUE S RRIERT O RLILH ) TIINNE-SSW D & D3 sillid 5. SUROIEIL, BED SO T
LOmATE OGS ORER L, HKARI00mIELICETS. WEMHIRTIE, H 1ImiiEobLOREEL, KT
H10mIZETH 5.

SRR CRBEE <GSJ R57703> [45V Xi-5]

PEH + AL P T HL 3 9
Mk RO AR, BEA, BEFOLEHAMEOAK, 1) EA, SAEARCRBESNED L.
TR A, REA, V) EAR, BER

BIRS RO WG - Dray, BhAaf, REREY, fhafr, A

FHE, BT ETE OB & B2 MR 2 M O MR R FEET 5. SRR, AR
DRk & B AR T D B BB OB S AAFEE L, fiF I ERSHERROLND. AU E
FUE, HUIG OB T IC T 5. BERE, LAY, SRR, MRS R
WZIFIET .

KL Z A4 <GSJ R57703> [%5V KAk-6]
BEHY < WA 4B A
MLk S IRRAR 7 ORI & AV R O PR S, 747 4T 4 v Mk E R
ERE MR, AN, AL
BIRSY B O RGN - REBSY, BER, SFRT
HERIZ, AF, SMROMSENEEL TS, ANTIE, EHE-F, eGSR R ORI
EHH D, —UICHAEG 2 T 5 b ONEET S, HANER L, LHEB-MIET, AMA L ICRE
B ORI % D 5.



IV. FURJERE (LA HR)

OKE )

V. 1 SR OHZER

FrRJE i Matsumoto ed., 1953) 1, DU PG A & fi 2= 55 h 0 J S Je i iR o b, & $#9300
km, P AL IR B K 15km oD HiA CRRIRHE) (24041 3 2 8] (L EEACHERR S ORFRCTd 2. AJEREITHarada (1890)
FURTYETE & s LCLAOR, SROMERD . TN E2RAETH L, MRERITFEAL MO REE
JEA35, 000-10, 000m (T 2 BV VAR 2> DAREL S 41,  [fHlAS rh s AR I T BE L7 IC D v, 2o
WHA~TZ 00T 5N AIEGEZ 227, A NER EALoMEA TR, HFE 10 ORI L
$10kmEh BicbE#ET 5. MALFMOWEZ & 5 &, ERIEE < 08E, EROREEEE N HIRED, Z
O EALICIRE, SHICH—EX A FEEKRETOHE, WEKOREDHEENG R D EMAERD. £
TSI I 70> & FE O MU O SRR O BRI T, REROSEEIC LR OBEE, WA E IR A 034
BRD. LA LIS OEMITEREER: EOHRBOBIRHNC LY, WH~OBHEIE LW LR
STV, F7z, BREIZ—EX A1 FORETLHPUMH TR OIES 2o TS, HIRAOMITN BT,
WHEH OB TR BBLRENSE~AN> TNDZ ERRINTWD. KEENDIZZHOT
FTA N, BAbAREL L, EBEMLR, BEhe oMb a oM b IThilTWVWd . & b HIEAE
FroMfe s S TnWad. ZhbOfR, MREREOERIED =T URi-h#ins <A MY EF T omh
W e 5 EHEE ST b (BLE, Nakagawa, 1961 ; Wi fw, 1961 ; ZHSE, 1973 ; ¢, 1977 ;
Morozumi, 1985 ; HiJFIE7A>, 1986 ; @iff, 1986 ; (L, 1987 ; /NE, 199072 &). 7= FiREEED HIEHE
EOFRCHERI A OB ENE, ISR T IER) & B S CRIABRRA LN TV S CEIED,
9811 ; Eiff, 1986 ; Miyata, 199072 &).

WIS ORUR BTSN A (1897), Yabe (1901, 1902, 1915), JLJR(1921, 1925) 72 & D@/, {Lalcpad
e ~T, HH (1936) IZ L > TUTEZORFBH S Sz, ZOHEIEA (1952) 12 K - THEF
T 2EENMZ Hh, MLHE (1961 I K> TRIEDE LR In. FFICHLTIE, il Tl3%
JEE - = H (1984), Morozumi (1985) D38 5. F-mEH LA IZ 2V TidiEAZIchikawa & Maeda (1958
a, b, 1963, 1966), fi)ll - AT (1960) 1T & 2 K HOWFSE, FAA - FiH (1951), Morozumi(1985) (2 &
27 vESA FORFSE, Yoshida(1969) 12 & 5 H FLEOAFSE, LI (1987) 12 & 5 ficii i - A FL B DOAFFE 7R
ENRBHD. EHIT/PE990) I & B HHBESEFOWELH .



N. 2 1 #RSEOBFESH

R BT DFRBE O K0, MM (196D IC L > TRANCE &bz, bbb, TR
JEREIETHES, s, BEoO SRR S, OIS TEHEERIE T L RRRE GREXS & LT
WIS B R OV A TE) & P B TE (SRS 8 e OE M EDE TE) &S, s e ek o e & i
BUg &, RIS TEERAE Sov M & TR ARE e &Sy Shuis. & - EE (19840 13 2
DXy E—EEL, FRILRKICE T 2EMEESICKHESET, ¥—EF A1 MaeEEKETHEHHELE,
ZOMGEARE LTOHL —EF A N THESIT NS, EBMAEOREBHIC 3 L. £ LT
FLPER B, AR, bR, SEREIC, AL TR L MR L Tl A a
@& i b DTN 5 & L. Morozumi (1985) & %% « B H (1984) DRAMIAEN, R (T EHmmD
BV NERE ROV A GRETE) ICHE T 2 B A FEERE & IPA TS, ARG TIE, RS &% -
B (1984) K U"Morozumi (1985) I 5> THT 5 .

Morozumi (1985) {2 -3 < i £ (1987) O F G EED HEX 2 527N R Y. [YNA) [XINEN CTOFIR B
DAL, FSHICROND D, ZIUTREE SR TONMmEILHE, ETOIERICHSS.
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. ® FUEFA b
ESwems g o iiuen
[Immare | 2

Bk (T EE)

("B R, E08)

F2Tl MBI O Fn st E BE o> HUE
Morozumi(1985) % & IE L 7= i 4 (1987) D [X12.40(Z % - —EEIE




V. 2. 2 MAZOBFRVEN

TYNA ) g O R B eI, AT ORI L O L, TEREE & QSRR ECE B R G
BV, KBUERE (R SHE), B HERI B OWREE IO RS ICB DL Q0 D, aillE, £& LR
ROMEE, WEROTRED DR SN, BERUREEERETIHRRBE L, T L0,
REOAEN O 725k T RISy I D. HEITEERE L TrEANCEM L TWhD

TUNAS ) BIE RS 2> & 2 ORI TR ) REAEICE 2 ik T o, FosEito E R % 5528
[tz
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4 W B,
Ll & EEEE
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\ RERD
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| T :
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EX ?
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7 | W By,
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TEHRIE e, S

RIRIE THA ) A CIERAT IR SCAHIE & WA 9 1545 5.

BT AT B ARG (S0 1, - EBE A X< O BT - B 72 ), KRR
60cmi i 5 (2050) . BEREILRATTEECAA ks U, DROBIFE, $hicFv— b, BEEE, B
RS R AT, BEID R R MES. JBIEIE20m I L Th 5.

BT AT 5 RSB Sg) 5, BUE & WA LR L L, BT, FH050m L2 R
£ RO 672 5 BB T, HAMICHBE ERE L, & 252 2 AU S50enil FOBE, T
HREHT. CORMEECEOBERE D b I Th s L HESNG. 20 Ei150m B E T
P X0 RS & SR B S T h B, FICE O LR OB (HE) EENOR
WEIK BT T = & 107 B8, & Bm A DR G & et MRS 1 TS, B
250mIF LIRS s fE ) O ITIERIREI b A ZFET D 2 L 23 H (Morozumi, 1985).

LB RIE (Ka, Ks)

KRR TS A C IR TR I 00 b & WA T 00 P 0 = 8 1L 2 i L C L.

FMI B2 DEOFFUCES L — b OEIL, UFOEB) Ths. T (Ka) [1BH200m Bl K 5
I A X% & A & T R OVRE O B A B 72 5 (30B) . HEJB OO & 130, 5- Am L
<, BEMEBRTHY, Er A LR ORIBIARD HIS. D Ks) HEEHI50mo, I
IR A PR R T 0, MR O S IR 2 - 6 mE, FEEHIE I mU TR, b
5 (Ka) FEMB O S 1 — 4 mHIE O/ M-I, RO R O OB A B4 Y, JBIIE150mEl ETh
. COHIILE S 2 m oMK A E TS (R BRI . T H O o 8 e
VI AT O T R 5 5 TSRS VR, I O K100 72 1 B TR .

SR (Ka) T, FRH250mIE 21, WIB O S0, 5- 5 mEEORSERR, Y, BELET, &
SV AR A, E IS | B MR A . ORBRE LRI A

H20[X  VE B JE DS B R0



T HEPCEICH I SN D ATREME R V. EE250mIiE Eig, YA O MBS g L bE g A g L
L, #WigaB ekt FIOPETiImERE, L TIREEEEN TN ETNREL, HEORES320miliE
THIERHD.

30[  AURT S BRI OBE, W, Jes A (AT

V. 3 SR UER

W B OFRBREOS X, KA, TUEFA N, BEd, GRS OA T kO iR S E
FRZ &L > THTOR TN S,

HidRE (1961) TIE, “HMBEST VB4 M s, FRITEELS M A HEEASHHIc kS & s
nie.

Morozumi (1985) IX ¥R & OFUR B % 7 v €+ A MERAIZIE-S\WTC, FALX Y 1) Didymoceras awa-
jiense iy, 2)Pravitoceras sigmoidale #, 3)Pachydiscus awagiensis %5, 4)Nostoceras hetonaiense %5, 5)
Pachydiscus aff. subcompressus #1254 L1z, £ LT HEE) W OB R &% AL IZ B 1) 5 Bl R~ b
F A B FFE D K6bl £ Keb2 (Matsumoto, 197D FEFUCKIL L, E7z 3)H & )W OBER b7 v 2 LA
V=T =AY B FT OB (Snelling, 198704 A LA —MZ LD ET2Ma) 2% 725 & LTz,

TUNAR ) EIBEN OFIS B REILIZIE 3) M & ) HITHY T 5.

HLIIRT (1987) 1 IU ] M OV J55 Vs 0 Fn St i i b 0 el i e VB FL b A REE DF SR & AT o 72, 2 LT
YB 5 T DU ESE & Pseudotheocampe abschnitta FEETTIZE O, ZOFENRED V=T VREHM T~
A2 R e FT oINS R SATREME S E N & LTz



—7J7, /NE1990) IZFNREHEO T HIRERUB F O ATV, WIS CITENREEN L, Fdupr
TREPEICYREER S L 2R LTz, £ LTI OUHRMEEL Y FOE®RR Y — % Kent and
Gradstein (1985) D% A LA —NL D, v A U v F7 YO Chron 32 HOIERAE Subchron 32.2 12,
F 7 Wi fE %A Chron 32 H O ilé## Subchron 32. Ir 1Zxflb LT\ 5.

V. 4 #h B A

AR P s N O FUR SRR T — A R RIS BIRL L, BN K0 B oHER BTV D.

AT CIT AR R I AL IR - PE 7 [ o0 B 1], 80 Rl ORI BT I ~D R 2779, Z D& v 3%l
Wi g (TE WA SE W, 1980) DREIER FIZdh YV, ZOWBORENHLI LOLEZLND. ETEL
ZME T, I FEARPE M T20 —40" FRE O MR Z R, S8 ILCIEIEECIEIEHRTE, W TR
FEEMT, 20 AiEOM RV LFRERITH 5.

V. thEE s R AR (R (12)

OK% 3E7)

V. 1 BEERUWRZES

PR RERELE, VRIS AR R O S TS D (1 X % 2 oA % e RS - RS L 72 3 = A HER
AL Cag Shiz (R, 1936). 2ok, —MAMKOEOELICHAT 58 =R b FBRICED O
7= (WD, 1961).

RIS\ DA F BRI (1936, 1938) 1L » THER LIFTH, £ O%MILMRE (1961) THER
JE & STz, ARBIEITHOKAE LWERIE E O 0, WEENOIZEk AR E R ET D, ZDREF,
fbf7, HUEREEIC Wik, FEM (1938), Tai(1959), #hidff (1961), >kA&JI1(1969, 1983), [ - F€)I|
(1981), #4JEE (1983), JHEM - AiTHI (1984), B9 (1984), KEFIEA(1990) 72 EDRENRH L. HERBIZL,
NE AL R B LATER E0 D, WPFNKICERT 21 OHuROWR - FEHE G5 AN R e
) CZEREFE S 2 WITHET#R T 2 oHE TH D LB X b TWD (i, 1957 ; %R - BRH,
1957 ; Tai, 1959 ; &Il - L8, 1973 ; 46 - SRAJIl, 198070 &) . HF PR = M A MO = i -
DWTHLELEOHENRH Y, N HIX5 50 | HEKNE T (BEME - 4R, 1983), [ZHE] (HEH -
ATF, 1984) B OY T=H) (Rl - #AH, 1988)ICE LD BN TWD. S OHIROMFEENL, =
PEE D — O HUBIZ W RE 3580 B DHLSMIT R TR OB TH L. ToREITEREE L I13F



B U B Th D EHEE STV (0HE, 1961 ; BB - 45[, 1983). L2> LRI - A7 (1988) I3 =M
B DEE ST DU THEFT AR > & W AT 2 75 9 BOH AR AU (36. 9-32. 8Ma) s L7z, & L Tap
P = A M AT AR A A AL S LT, A RBRIE A L 0B LVHE & e LT

ARG TIE, KEHEN (1990) & [RIBRIC HIOR (1961) DEFRICESE, BRBEBEMFEEIZED, Z0
FERE PR E LT,

V.2 B

HERFOSATRE RGO TR, 2B RO PR IR SFEETH 0 GE31X), F4L
o bR ST R R D BTE IS S 2 LA LTV A, B IRIEIT &5 BT E T d B (MiZfR, 1961).
ERBEOHEIX Sy & L CHEM (1938), YFH (1984) X UOVKEFIEA (1990) DK D 275, A TlIkEy
E(1990) 12965 . T b baREBIITEE, TEEk O L@y ShD. THEITDEIEEE L
OV AR 2 AN B e T Tk 0 IOHE B ML D S5 - BEE T, & 2\ Tl A - A EEETE A B e D K
FOHERE), TEVEIXTEEICESANCEHR Y, WIKO LS E I EEE O 72 D)1 v L

135°E

‘ (TBRT ,08)|(T A, 0E)
I r@/ﬁa-tmms)

1 2 3 4 5o

ERELHBOAESES R
(8fIm)

#531 BRI F5 1T 240 P R R A 0 oA & MUBTHE G . KEFE (1990) & —HHETE



Wi O Mg, EEBEIES DIZ EMON A DBE LG 2W L/ NS B DIEE Y, JTEERR D
WHEEZ TRETDWMAEN DR, AEBOEREIEIOmOA —4—Th 5.

TS ] RPN TR, R R B AR T A 1K EE B 2 OFF O EA BT HUL SIS T C oM, & 5
EAAHE O BLUNE (LR, 1961) VST 5. KRB 26 O CIIIEREEEY ~EE 1B
WV, KRBBHICARESICEDN TV S, FRITRAS0mEEE L HEESND. ZhbOHEDEEITT T
HERBOHTTEH THBITHYT 5.

M REEAHE T, SRBE NS XA RE TR S s B 2 R L L, IR0V B
VR JE & ABLANCEEA TV DL T RFTRNC P IE-EEY A X (RREE 1 m) OfEfE, AIREZR & O
MO SN DA MBS B A BN D . HULSFASE CIE P E- B A X (R 1 m) O A B
JEAHEL (F32M), WEBERA TS, O CHE, YR OBEREEIL NS <, KIKBRED Eif
LHEVEDLLRV. LML, MEELFHEMICBIRT DL, DMEEAZEA->TWDZ L3by, —EHE
LIRS L OB TN ol b D e A b D, EFOEHBIE R WIS/ NI4T 5
@b, BT FERRIC - EEAE 2 ER S L, HEHICTEE | mEB OB NS KA LS.

32 5 R B OBCE E O F8 BH (B T RILSE)

V. 3 i H W&

B AR, 1961) 1X—ERIREA (THIA ) IEN) 2> S84 BT £ R IC R SR S 7km, EMN30°W,
FUEEOWKE CH Y, BRBBIIEMEZZ T CWD. ZORBELENEIL250-300mITET 5 L HEE S
5. EHEEORM T, BRAEOSAEEIIELSFOM CRbmL, £ InbIbHOAERKEEC
o TR 7o TV D, HIJEOBIRNE10T-20' NEA /R T



VI. KFRJERE e 5 H0)

OK%F 16%)

VI. 1 R OWFFEs

KBEREE, KPR, 5085, ZROEBHK O 0N O R 2T 2 RERE O L i+, W,
D725 —EOME T, BEHERY L OMBEICAESGICEBLNL DI L TEZX ONTERIFTH
D (KBERFFE S v — 7, 1951). Z OB%AREBHIRCUREE B2 043 5 AR R R & A9 2 HERI & R
JEREICE O Bz (i, 1959 ; iR, 1961).

KBJEHEDOBA TR IR O F B & 5 - fALEBICR»A TS, R - RALEETIE, K
B JeE B D AFAR D FEPH L3005 LA _ERTA BAIBOTFERIE T L STV D, K120 5 FERFIH b OHEIZ X
WAKED BRI LizMa- 1 5> HMal0 & FEEI 2 MR T8 23R KAE P E N T 543, Ma
180 TALOMEIE TR CTHARRTH D, KBUEREIT A K Z & OEEF &3S, Ma 3 8 Pichk
FNTNWDT XF KILKEOREIE 2 BRI T (AR & BMic 2 Sk, BFICTEUAR) T A & oA T
Wt (T, 1960) B3 & EVHIEHI OB U K - TR R E OB I s Tnd ULk, KBE
REWFIE 7 v —>F, 1951 ;5 Wi, 1960 ; TlUIEA>, 1984, 1986, 1988 : Hi33MBH).

KBRTEREIF S D KK TG &Rk +J8 288 12 L CBREAMAL THON TR Y, Emies,
ABCAIC L 2AEF, HHMEKEF LIS, SOICKHFERELEEICHENTWDEY, AR
CHRITLENLEDOBEER OO L D Lgo T D (HRIED, 198872 L) . RIERE AL, HEEWE
B, FMEERE 2 & o PRI O LM 22 B RERT - EHRILE M FNRER SRS TS (L
i, 1957 ; %5 - BEM, 1957). b OHEREAMOAGRIRIZ OV T, AR 2SRRI O L L
TEDHADN, FRARETADPREBIITND (M, 1968 ; JEH - %M, 1982 ; ZFJi, 1985 ; )11, 1989 ;
i, 199172 L),

PRI OKBUEREE, HP(1951), HAFIE2>(1952), Pl - HH(1955), B - A& (1960) 72 L2 L D
HEREE, =R (1948), 51 (1954) 12 & 2 MM LA M (1959) 12 K 5 8k DS /e & % & & Tl i
(196 ) IC L > THEANTFE LD bz, FORIFTTEEITO DB - %€)11(1981), I (1983) &
Rk - B (1984), JKEF(1992) 12 ko Tt iz, E K ST I SV CIIokEFIE02(1990),
I DV CIEARE (1986), FAFBHUIIZ DUV CIIAKEF (1987) IC K 2 B 5. T DIE)y, 1 (1986,
198 I L DR DBERERDHD. ZNDERET DL, MEBORBEHIE, =TI, WiE%
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$33[X KBEREOAAM, IR AL - A OfE T K OKILKE DX, %7 1 v a v - BT v 7 4 Horie (1986)
2k B

EUWIKEOHEN D720, RENEM LA LG 72 EOMABLAZEL L, 2F0EHEIMa 1LY FL T
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GEOLOGY

OF THE

SUMOTO DISTRICT
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(Written in 1991)

(Abstract)

The Sumoto district, a quadrangle of lat. 34°20'-34°30'N and long. 134°45'-135°0'E, is
located in central Awaji Island.

In the Sumoto district, Cretaceous granitic rocks form mountains and hills as the
basement of overlying Neogene and Quaternary deposits. A small amount of rhyolite
welded tuff (Sennan Rhyolites) appears at the southern margin of the granitic rocks.
And to the south and west of Sumoto City, the Late Cretaceous lzumi Group covers

unconformably the granitic rocks and the Sennan Rhyolites.
Granitic Rocks and Sennan Rhyolites

The granitic rocks in the Sumoto district are composed mostly of granites, granodio-
rites and tonalites, accompanying gabbroic rocks and metamorphic rocks. The gabbroic
rocks and metamorphic rocks are included as xenolithic bodies in the granitic rocks.

The granitic rocks in the Sumoto district can be divided into seven bodies, judging
frorn their lithology, areal extent and intrusive relations, and also classified into three
age groups : Granitic rocks I, Granitic rocks II and Granitic rocks III. And there are
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many dikes which intruded at two stages, the Older dikes and the Younger dikes.

The Granitic rocks I are composed of the Shio Granite, the Tsushigawa Granite, the
Shizuki Tonalite and the Ei Granodiorite. The Granitic rocks I are more or less
deformed, exhibiting foliation and form gently undulating folds on a regional scale.
Mylonite occurs in the strongly deformed part of the Granitic rocks I, indicating a
dextral shear movement. The Shio Granite is a medium- to fine-grained foliated biotite
granite with porphyritic K-feldspar, including elongated dark inclusions. It is intruded
by the Tsushigawa Granite and the Shizuki Tonalite. The Tsushigawa Granite is a
coarse—grained foliated biotite granite, and is intruded by the Shizuki Tonalite, the Ei
Granodiorite, the Sumoto Granodiorite and the Senzan Granite. The Shizuki Tonalite
is a medium-grained foliated hornblende-biotite tonalite and gradually change more
basic lithofacies where plenty of basic rocks are included. The Ei Granodiorite is a
weakly foliated medium- to fine-grainedhornblende-biotite granodiorite. The
granodiorite includes many blocks of the Tsushigawa Granite, and both of the Ei
Granodiorite and the Tsushigawa Granite are thermally metamorphosed.

The Older dikes, foliated granite porphyry and meta—-porphyrite intrude into the
Granitic rocks I, trending WNW-ESE mainly.

Rhyolite welded tuff of the Sennan Rhyolites is exposed as two small bodies and is
intruded by the Sumoto Granodiorite of the Granitic rocks II at the northern margin,
and covered unconformably with the Late Cretaceous lzumi Group at the southern
margin.

The Sumoto Granodiorite is widely exposed in the southern part of this district and
intruded by the Senzan Granite. The granodiorite is a massive and medium-grained
hornblende-biotite granodiorite often including dark colored oval xenoliths, and does
not possess any evidence of deformation.

The Granitic rocks I are composed of Tosanji Granite and Senzan Granite. Each of
the granites forms massive stocks, and is a massive and medium- to fine-grained biotite
granite rarely having dark colored oval xenoliths.

The Younger dikes, granite porphyry and porphyrite intrude into all these granitic
rocks and the Sennan Rhyolites, trending NNW-SSE mainly.

Late Cretaceous Izumi Group

The 1zumi Group is a thick sequence of marine sedimentary rocks, and is distributed
in a narrow belt on the north of the Median Tectonic Line from Shikoku through the
southern part of Awaji Island to the central part of the Kii Peninsula. It forms a
synclinorium plunging to the east and the age becomes generally younger eastwards.

In Awaji Island, the lzumi Group, attaining more than 10, 000m in thickness, overlies
the granitic rocks and rhyolite welded tuff of the Sennan Rhyolites, and is divided into
northern marginal facies (Seidan Formation), main turbidite facies (Anaga, Kita—ama
and Nada Formations) and southern facies (Shimonada Formation). In the Sumoto
district, the lzumi Group occupies only the southern marginal area, where parts of the
Seidan and Kita-ama Formations are distributed. Conglomerate and sandstone are
predominant with a subordinate amount of mudstone in the Seidan Formation, while the



Kita-ama Formation consists of alternating beds of conglomerate, sandstone and
mudstone. The formations dip generally 20° to 40° S or SE. The lzumi Group in Awaji
Island is considered to range in age from Late Campanian to Early Maastrichtian on the
basis of ammonites, radiolarians and magnetostratigraphy.

Miocene Kobe Group

The Kobe Group distributed in the northern part of Awaji Island is named the lwaya
Formation. It has a thickness of 100m, and is composed of fluvial and marine sediments
containing thin peats and some molluscan fossils, and it belongs to the “First Setouchi
Series” (late Early to Middle Miocene), which sporadically occurs in the Setouchi
Province.

In the mapped district, the Iwaya Formation crops out in the northern part, resting
unconformably upon the granitic rocks, and is composed mainly of ill-sorted nonmarine
arkose sandstone and breccia. The stratigraphic horizon is situated in the lower part of
all the Iwaya Formation.

Plio-Pleistocene Osaka Group

The Osaka Group is a sequence composed of silt-clay, sand and gravel of fluvial,
lacustrine and marine origins. It is widely distributed in Awaji Island, the Osaka Plain
and adjoining areas, and belongs to the “Second Setouchi Series” (Plio-Pleistocene).
The Osaka Group in the Osaka Plain has been investigated in detail and is one of the
standard sections of Plio-Pleistocene age in Japan.

In the mapped district, the Osaka Group is divided into the Toshima Formation in the
northern area and the lower Atago and upper Goshikihama Formations in the central
and southern areas. All of them are nonmarine sediments. The Toshima Formation,
300m thick, is composed mainly of alternating beds of silt-clay and sand in the lower
part, but gravel is predominant in the upper part. The lower part of the Atago
Formation and the upper part in the central area are characterized by the predominance
of gravel, while the middle part of the formation and the upper part in the southern area
consists mainly of alternating beds of silt-clay and sand with interbeds of gravel. The
total thickness of the formation ranges from 200 to 250m. The Goshikihama Forma-
tion, 150m thick, is composed mainly of gravel intercalating silt-clay and sand beds,
and characteristically contains pebbles of crystalline schist probably derived from the
Sambagawa Belt. The Osaka Group in the mapped district is regarded as of Middle
Pliocene to Early Pleistocene age from the tephrochronological and plant fossil evi-
dences. The Osaka Group is cut by many faults along which the vertical displacement
reaches 50 to 300m.

Late Pleistocene Deposits

Late Pleistocene deposits are terrace deposits and alluvium in this district. Terraces
are composed of marine and fluvial deposits and recognized as Higher, Middle, Lower



and Lowest surfaces in descending order.
Along the western coast of Awaji Island, some marine terraces are distributed, which
belong to the Middle terrace, supposed to be formed during the latest Interglacial age.

Active Faults

Five active faults are recognized in this district : the Shizuki, Nodao, Aiga, Senzan
and Aiharaminami Faults. Outcrops of reverse faulting were observed at many local-
ities along these faults.

The Senzan and Aiharaminami Faults, displacing the Middle terrace surfaces, are
calculated to have slipped 0.2m/10%y and 0.04m/103y, respectively.

The outline of landform in this district is formed by fault movements in the second
half of the Quaternary.

Environmental Geology

Coastlines in this district have moved toward inland side by tidal erosion. Degree of
the regression during the last 150 years is calculated in many places, consulting the old
historical drawings, named “Bungen Ezu”. Maximurn length of the progressive erosion
reaches 35m.

Great earthquakes collectively called “Nankai Jishin” occurred in A.D. 1946, 1854,
1707, 1605, about 1498, 1361, 1099, 887 and 684 years. These earthquakes have
seriously attacked this district, particularly the A. D. 1605 earthquake gave damages at
the Senkoji Temple, locating on the summit of the Senzan Mountains.

Heavy rainfall and storm of typhoon caused natural disaster in form of landslide,
flood and erosion of shorelines. Especially, Muroto typhoon(A.D. 1934) brought fatal
damage in this district.

Engineering Geology

Groundwater In the mapped district, water is taken mainly from sand and gravel
beds of the Osaka Group , terrace deposits and the alluvium . There are many wells for
the purpose of agriculture and water supply, most of which have a depth of less than
150m.

Crushed rocks and earth Two quarries are now operated. Weathered granitic
rocks have excavated on a large scale, to an extent that mountains and hills were
transformed into gently inclined flat land spaces. The crushed rocks and earth of
weathered rocks are largely shipped to the site of many landfill projects, e.g. Kansai
Shin Kuko (New International Airport in Kansai, off the coast of Sennan, Kii Penin-
sula) .

Clay deposit Clay beds of the Goshikihama Formation of the Osaka Group are
quarried for a raw material of roof tile.
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. EBL R — VA ORHESE <GS R57689>

PEML : A T 4 R T 07 1
FEE: RHRA, WIKEH 1) BA, BREH A5, B RESKOANE
BEFROANAOBMESNC L2027+ VoA v a v, BEERRDOND.

LB N —VEOBEMEEE E <GSJ R57689>

BERBR G ORI Z, MR A EOESERE N7 4V DRICHE LZBRERN SR ARSI K
TEBYV 74V xA v aviEELTND.

L ER N AEREOS A vt A P OWEER <GSJ R57691>

PEME - HEA TR R AL YR

B AR, WRIKEE 1) BA, BPREGE : e, BEE . BICHRORERN, aRnbihiESs
[ES

BERT Y TA T a U RRDOLND.

LB N AEEEO~ A v A b OB TR <GSJ R57691>

BER, DIVEOGROCANANLRDZER—7 4027 7 A NOFBZMAEOESKRERT 1V LIRIC
E LR RERNHED, BHER 7+ VA g aRd. WEAOHERY (CEET), B a
WOWREMES], ~A BT 4 vva, FEART Ly vy —v v RUREOERMBIIER TR O
TR ERT.
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1. JLHAE o POk WP S <GSJ R57692>
PEM : — BT BT TR
B BHRA, WIREE 1) B, WRGE  f, Bam  BEFROHNA
HEGOEOEINCESPHNT 4 U T v a v BRDEND.

2. JLHAER PIRRE O BEMEI S HE <GSJ R57692>
THEFY 77 A AL LY A 7 IREAKRE oo TS,

3. IREHCEE GRECEVERE BEIKAS) ORFEE T <GSJ R57694>
PEM : RERMTEST 3
BEOE L bA R/ CERHERRD bivs.

4. SREFAUEIE GRECE TSR B S) OBEMEE T H <GSJ R57693>
R ORI IR L, ARRLRAS R OBEAR L o TV D,

5. PATE A PIRa OBFEER <GSJ R57696>
PEH : AT
FESS  RRA, WIKEE - ) B, KKEH Ak, Bed: RESLOANG
H—HLBTBILIR THER O 11 922 I ISR D BV D

6. YHATER IS OBMET 5 E <GSJ R57696>
BIALRR 3 FR 8 b VT BER A 9E (FE P ) BFET 2.
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FRILR TR A B R
2. HILSFIERA OB T E <GSJ R74315>
7V RAIIIMGIIMIE T H % BBERFE R & 228 b OBTFET 5 (FEA).
3. SellfbRE O ERE <GSJ R57698>
PEH T NTHEIRE F
B RHRE, WIREE 1) RBA, KA : 63, Bes BEg
AR T B A b 2
4. el A O BMET S E <GSJ R57698>
BIGHAEARD BT —IRICBER O 7 ) RRESFET 5 (FEA L),
1, 3 B2, 4 lZFRFREAZ—L. 1, 3 138 BA&#HGL L THRE.
2, 4 FEER—-T—
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PEH ;B BT B iy
B O A AR R OEA R E R L, EREYILTHEY, BICBRER, SEALVARLL VR
W B NEET D (GEETF).
2. BVERRO A (Bl E IR OBMEE 5 H <GSJ R57700>
PEHN : —EHT T RIS
BER ORI OB 2 MRRHR T, WRoknik f P 0E A, BEBRODBOAENIED 5.
. AEREEE (A HIPEIR) OBEMEE 'S HE <GSJ R57701>
PEM AT SR AL ST
BEROLHE, h U EA, BEA, BEREROETZHRT MO BRERSEMESIL, 74 )2l s
VEBRLTWS.
4. BERO AR (HHANR) OBEMEIE HE <GSJ R57702>
PEHN ;N HEEUE 2.
BEBER O RHE L OB 2 M OREA, ANA, BERROAIENMED, BERE O A RS
BOESKE STV D.
. AEREEE CHTIEIR) OBMEE 5 E <GSJ R57703>
PEHN : JLHHT ST 6
HERO A, REGROREGOREMAZMEORE, » ) EA, RREAROEERNEDS.
6. KLU ZA b GHHIEIR OBMEISE <GSJ R57704>
PEME : AT AL YRS
S RANE A ORI % AR K O A A Y7 4 7 1 F 4 v 7 ik E R
1-6 [T _XTRAT—/V, BELRR—TF—

w
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