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BT AR DN TE AL THD

(i
rad
o
S
o~
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=
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B S5 ALEE O A R B AR IR ZE S 7= DIEFRGS - A (1968) B TH H. FNETIE, /M
(1896) D 3K IR 72 A & 75 IR (1950) D EME A ICHET 2 RRETH > 72, #HEKIETIE, 505757 1

— 9 —



[hehl) (MUERHA T, 1951) D723, JeliAfo TTERE-ARENRE] O—2IBE S, FE
1250754y 1 Tiwkn) (MUERAAFT, 1952) CTHIPANR TTEMAE-AENEE) O—2lcE LD TH
RENTWS. EFEMAMEEE L THRENEZOE, 20550 1 1ER] Xig 6 - i, 1961) &
175450 1 RSB SLER (i, 1961) 75 Thb. HBHE T AR PENRPBOEFE =
UEHENEENA TN D,

G - A (1968) 1F, AXEHIR OFE A A SR MNCS, AR, AT RS & 0v
BIEMAEICK S Lz, £ LT, SSEMIARE 2 HE BT REE I, BMTERES & OUIATE NS
EEFHTERAEICRT 2 b0 L U, REBMESEHE A THREIE RS 2 hE GRS ST 5%
W dE AL B O — D EAE DT 2 RFEEZEEH Lz, 500540 1 TRL) Kig (R)INEA, 1973) T
X, BREMAREE AEA%Y CHEER) OREREBEKROCANARERERE (LBERS, 77
RRAE R R QUG ETE fE) & U, oo dr ) « B s AE A & — 8 L C Al U 2 AR D REFTE
AEHE LTRR LTS,

—7, WAL OIS A S I OEREFH & R SR D 5. A (1968) 1T (L
DI E = L, £0 5 bANRIERE & IR BIEREC, fA5ITEMMaRCE 2 EEIE A E O 1
X Uiz, Z0t%, ABIMEHLE P 03 B AT L oo 18 B2 I 0T, A (1975) 1, Tkt o s
B RIS RSP RER DTN DN IENT TR THEFMAMEHE TED NS ER5mL,
BEMEZASPHERELFR—Db DL AR LTz

100543 ® 1 HAHER (R)IEA, 1978) TIX, SRR ALK LRSS, T OMmoOEEK
TERAE A A AR ITE M (RIS RRRTE BTSRRI ICE L d b T 5. 50
Foyo 1 THER) XE, 84k (HPIED, 1982) TiE, BEBIMOEMEEE 21Ky L, HE
e % BRI A QUIBHE) RO MO MAE 2 B mALS I RS (BEEHE, )
WCALEST 72, hBIED (1982, WFISTEDHEFK AR E HEO T OFRL) T, W6 - HA (1968) &
YRR DRPEONTE LT, BREBOEESEHAZT R THEFO DL L, H 14, F28k
OV 3B BEIC = KB L7z, Rt 3 &0, G - 1A (1968) 23 fEFAE G AL E S Lig o
7o LB BAE A 2 b V0B 1 BRSO B R Y T2 b0 L LTREL TS Z LT
H5.

HBEOD 55y 1 R T KIE (BEH - 3TH, 1984) TITAUREE O PFIEH Y F AERTARRR K
(KBRS R ##%) AR EoBMFIS7TH11H 16 A adi S iz, ARE K O BIERERM R D 012
HEAEZITY, IRMAERPE - MY ELDETo TS, Thbb, BREREIRIGEOREREIZL,
OMATE PR O T8, QUNARTERPIA T oM EMAE, Of BIE R & C@OMRLIE i Pk o
AT Ky Sh, ARERSE DS MATE NS 2 B BIMABR SR, Zh b OfERAEEAANH I
MoAmRIEREPE, NPEERE L tEENTWD b0, HEEEEE L L TOMESITFIZOVN T
fiidr BTV L.

Z D%, TEIED(1985) KU B 1E 7> (1986) IFFFM 7 A A RLdli 2 1TV, B R il & b o S5 AE
FAEZRIEL TV D, Zo0mE, M 1EOHMZBNTARIN TV L BAFLH O L E )BT
biTng., %BEFEOELOICEIUE, & 1 WERAEEEZEZ NS, 5 2 WIERMEELEEEH, & 3



MBI A S EIITILES O/ BB RE IR BIERE G ([CEEL DL LAanbh,
FAEMAETIC K LT 5. ARIERSIZE 2 MEREEICED TV D.

O XD BALI O EE A, AKX, B - AR, MUEAEX D EOALE ST R LI
BOWTEELTETWDHDIE, HEWOEREEHEZ R KL TWLEHT, EEERSEEHIT5
TEBEL WML TH D, 19608 E 0 6 A SNEED 72 Rb-Srik & OK-AriE I X 2 B RHE
ERZ OFHt, FICHEFHITME ST b TV DA E0A AT 23 s #iceimik 2y, w9l
KE EOREREL LTI L T Wb TH A .

SHOMFHEE LT, #lx X, EEHOER, HIkE OB KRR OEEE OLRORE, TR,
RS CTRENDIEY OB SIFIEDO FGE, 7 U RAORB AR & OMBEES, FURFHEE MR
FILOWT, B~ I~ OB A, WH, El, AFSEEDIRERIIZCMT & BIE-S 1 TR
HTEBLEELL.

ARFFEHRE T, SBPOWATHINC SV T T+ VoA va yEHAL, FRREOH RO HFELE A
otz

m. 2 #WiEIHERSE (TS)

B8 TEIED (1985).

B FERE TUNAC ) PR M e oD L@ AT AR )1

S ARIEHITN T, LRI R B R 5 OBA BEL 2 S FEINTARAR, ANEAKIS D T o Kk
CIESBHL TV DIE2, B 1kmbl FO/NER & U CEF B 21 #7584 A0 A R OV
MR R VE 52T 5.

EABIR « ARE RN T, AR IR D EVEERE T RESEER T E0PIcH 1X
1LAmAK-FER 1KmO 7 oy 7RIS L LTRYVIAEN TS, WHFITHEOFT T+ VoA v g
U LD GEIITE R 5o ILh T, ERMNE-SW, Bi#115-20" SE), 72, Ak UOAHEH
EH =T VER, BRAMNEIC K SBVERIEM &5 T D (LRETER R 21 A7) .

£ AHIHER T, BEBORREINCESBV T )l ariboT05. B YELIZ K
BERA R L, AL L HICHWIREIIZ 2T 203 H 5. EEREEMIIEEL T%U T Th Y EIZ/E
FaE T, —MiEmMPsaEERs GEsR, HIKMK1). A2 <&, HEED
Th2. RV EAIFKAEG, REAILAG, ARTITI ANROD 2EOEHFOTZRKAE 2T
2.

BRSO R ERIE S (GSTR47308)  [55 1 AR 2]

PEHL : ALIRRTE B HU, 8 A LEMRRSHARRNT N g - CF - REBXKEER OGS

BT CTIEAEIE, 5-15mmKOBRON Y EA ERRAVEE T, ARFF T A LT D 0838%
FERED DR RK1I0mmEDORRO L OB O LN L. BREMIIES 2mmiitoETRE2ZL, —#7 «
NWERICHETHZENH DN, WbV T ) =g varied i Enmidsds. LLEOBRIRE
G B0 B MR IX Imm K OA Y - RER - BV RENDLRD.



Qz
o WTINTEHE
o FERI-+ILE

X B&IEHENGE

Pl Kf
X o °
X o © o
x X x o 00 [+
3 bd x
A S o
Qz+Kf Pi

#5 M MWENEME - EHR b —F s (BRI D) RO BERMNRSE (EhaE
) OE—Fard =K
Qz: AdE, Pl:#HEA, Kf: h Y EA, Mf: SEFEIY

BV RATFEEHE-MIET, N—Y A MEEZ R LARLEHREAOWMNEREZRA XV T 40 v 7 ICEAET
. RIEAIZEE-FEEET, An 20-350ME b5, BHERREMEL RTILRHY, TONEIZ K
MEEEY THERENTWD., £, “HMORRAEIVREGELEOMICTIVADAL 2K LTWD, A%k
X, HFLLH T LA ufbL, B3 AOREHRMEEZ RS, BRERNIX, BEEHEET 0.1-0.3mmAkD
BAEBAEASL T, BRE 2mmEOEF 22 TN Z 0L 0L, X=%#6, Y=2=86Th5. Rk
S E LT, ANG, Yaary, BIRA, BhATG, BRG, FEREWELEY. KE0E—F (K&
) X, 9548%, BHRABT%, HYEA13%, BERN 2% THD.

AR

HER K-Arik 84.014.2Ma

( J5E : Teledyne Isotopes ft, # 6 K& OMff#H A-1 %2 &)

m. 3 BikkEsE (D)

ARG, AR R AR O BRI 02V C, EH b —F AV EIZK A LTV D R b — T LAE
o A8 B E BE A P ICHE IS & L CFEET 2. £ORE S, T@EHem” 510mTH 573,
FHCAE DS T 2 583045 200m X 800m ([ZiET 2 0 2 ANREH E U THEBl L, MER LicseaL



9‘0 8‘0 70 60 (Ma)
WL F LA & <R47315>] +F——e—
s BT B & <R47314> —e—i
a2 BB 5 <R47313> —_—
FRIEMN&RE <R47311> ——
EI b —F L E<R4TII0-A ——i
#E N {E i A <R47309> ——
|ENMER & <R47308> ——

—e— BENRH

Fel  THIA [XE IR K& OVE I I 31T 2 E AL A O BER OK-ArfER
(JI5E : Teledyne Isotopestt:)

Jo. ZOED, KA, BHETZO ST OB TIA ] BINE kAL O B SF A2 200 TURAE

T5. ARG, MRL BUE CHROBIKE-READEATHY, FAEOER F—FE LIRS K

TE 5. PRHIEHN(1986)1F, ANREEO DMK & EFAEHPTE O G ELEME L T2,
REWLAEOHE T TORBIILTOLEBY THD.

BREE - MhANAATENE (GSI R47310-B)

PEM RS TUNA) TR My, Ee4n BT BB S 8 )1 7

AT, Smm KOBEROAERZ 0.5-1.0mmAORER - T - ANGREDPICHET S, BER
X, B EEECHVREEEZ R L, A LIELIZBELESA TV, GHEIZY 7 2L o1 (b L
W LR MM A R, AT, BECEARCREMEE R L, SEMIEHEE ARE TRO LS I
BaoTWD, X=wiBt, Y=fiBe (), Bke (AR, Z=186 (%5, Bskea (Fki).
ZOIEN, PREROBER, BIKE, Yrar, BhATEED

M. 4 EHRBF—FVE (ST)

W Bk

HaNHh - FIRE TUIAS) P b BG4 TS AR 5

S ARKIEHIEE A SRR BT 2130, BEEEICEENTERESE & & bITNERE 7T

BABRR : oo dultgizWie Tz Tunw a2, JelEIIWNW-ESE MR 4 72 L Tl &
WERPRAICEAZ ST, AEZE 100mLl Eibico TEMELT S, T2bb, KETOI Y EA
ML, FARGO—HBRBRERIIZREINS.

M AEH b —F B OTRIKIEIT, WE - A (1968) DI el Wikia D SRIRER, HAIK) -
EBARIE S OBLIRIBIC ZE N ENME T 5. 07, hEIE (1986) 1F, AREH M —F s w2l R



R PR O 5 B o F e SF A i PIa 48 & i@ S 1) 7.

B4 ST, PROBKEG, ANGICED h—FT AR ETHY, —EICTAGEYICZ LWER
PkEEEARRO LS. ARNAIZLXLITRS bmm%a 83 8BRS ICHRE LT 5 O3
Tho, BRERL LHICHRIPITRIIL, 74V =g a %223, Ui LidEem-108em Kk O
P A ST, FHCEORERE SOBEMORMITE NS Tk, REEE LTEBIL v 328,
Z O TIHAS B SAAIEMICE A AEBIREEIC D, AE0E—FE (F5K, H1MMK3)
%, BEEWT2%IE<ICEL, PIEADI0%UTFEZ LWORERTH L. B EERHNE DEA
EZAT 2T, AIRTH BERNOERESSME BERICEMR I Y, ANANEERICH>T
F BN BRERIZZRENTVIORRBO NI LR DH. TIZ, HEMHMTTIEIAREEIN Y E
FICEATWD. BTFEEMER ISR T 2 ARG 0/NERIE, #EINTERE & &b, BRADMERE
27> TWD (BIVER1).

BREE . TRANERERS N—F s (GSIR47310-A) (45 1 XhK 4]

FEHL - mEBE TUNAS) [XIMEHk PN, g BT B RS S TR .

AEE, LAGAHREARORKEAROTIZ, B - SiERANAG EERFREEN 7V v a vk
At ARA R ORERIT ICEMEL TREMSE DRV Z2ES. £, ANAITE 2 - 3mmd b O
MNEND, =I5 mmE L AEHICKELTEY, ZhABRKSEOEHBIZR>TN5.

FET T, £ 1-3mmKOERER, AR, MRA, ARKCDEODIYEANLRD, AlkS \fM@t
LA f, Yivay, KA, REREMIEEND. BEMT, PFEHETABIEZ HETRIF V2
VRROERERTLORS S, ZElkE, X=§KME, Y=2=8B6Tb5. ANFIEX, BHF- #EJW&
KRCTREBEHBETRTLORH Y, T —HAMMORERIIZR I TV, X=8E6, Y=Bt (K
W), Rkt (AR, Zz=tt (%), e AT, SEATEEERERS, ERWHEEZTRL, An
20-40 LT 5. BREEEONMIZLIE LIXBEREINTWT, 0.1mm KO AL OMBLRE M E T 2 &2
HbH. AL, WEHEERLLELES 77 v A fbl, BERITHMABRBELZRT. 2 EAiESA—¥%A
MEEE L HRIM A DY, £72, 3mm KOfRRHE L THRAXY T 4 v 7 IR RAZ2E0AT 5.

AEHDOE— N : BRHEA56.6%, A5:26.2%, # VU EA41%, BEN6.8%, ANA62%.

AR

HER K-Arlk  78.7£3.9Ma
(J7E : Teledyne Isotopes f1, %5 6 Mk OMF#& A-1 &)

M. 5 BEEREE (NGd)

4 HEIED (1986).

Wb - ALRETER R, ERY LA b

24 RRIEHEE 2 bR <, BRSSO FE A E0 D,

BABR : ofikoduixix, BRAERSOBEAZZ T TEY, TO5MEIE L ZER NW-SE ,
HAIBONETH 5. HAROFEM TIE, HREREEE QWIS PATICHIRRICE S . /3 Fiko i T
SEGILAERE OB AEZZT TRY, ZOEREITENMEIET, HEERNE2T. ERZ>OBEAR
RITEL BDORE BABICAERIEMN %2 52 T,



R - AT, WG - A (1968) MMUNATERPIk &4 S TLok, HhisiEs (1982), HEH - AiTH
(1984), WA (1985) ECHYEEL CTRibh Cx7z. LA L, PEITH (1986) TBF E5AE b Pk E
PR ER SN, AW Ol 2 B EIERPIRE X, PRI (1986) OB EIERPIED O B
FEMICHYT 5.

£ AT, AACORES, DU ELGROT T ZANRE S > RIROGHE) G 72 HEER G T
(2, BREAERO B[R OERRBERNIRC o7, JEHER - BKEE 2T 500 - IR TH
RAEGHOREREHENFEE THD. EfemA — & — O MM A TE T Tk, REIA A
WERRRAE R L, FOBERERESTIEBW T+ ) oA v a VEBRT S, B ) BAIZBERO 5X
20mmARICET DI ERDHY, ARIKEZHFEOERKOAEZZT 5 WEEHOEAY . AREMICZ
L IR OIS TIX, WALEAl LV RanELD, P REHEIY bERETHSH. £l
TIET T T4 MIRBPEALIZD, 40ecmKDOXT < Z A4 N T = AP TE TS CLRITE BIEsk, 7
MEBRAY). ZOXTH A ML, A - B RAOEMS PR A, SRILA R DIEH,
TEHIGE B O R SR 2 el S vz

E— NoHE E5M, FUMR 1) 2OHETE2 X5, HERESEYORITF25% & ZEL,
RESY OB TIXAREICERIEMBSE ORFICA Y, HEMAEEDO LX< b LR b
REBRAEDOE FIZHBIT 2R BITKRO LBV ThHD.

EREH : PRANARERIEHISE (GSJR47311)  [FHIOAK 2]

EHh  ALRRTER R R A, WS AV A B

AT, BEAPIMmAICET 51Eh, EiICEI2mmiioOBESL (36%), L% (40%), VU EH (7
%), AP (6%) KOEER (11%) »H7s. HEAFAE AT, HELWVWEORHHEL, An 20
=500 £ D ITHEIE WHLRAE L 2R, EEIZ LIELIEERINTE Y, Moala & BREREZRA XD T
4y 7WEATH. ARIIME CTHIRREREZ LT, KMAEENTH-720, HEHWITRRICR > TN 5.
LEIZITFHEEBHHEERROND. B Y ERIIMIET, AEEERBEOEREZRL, =1 Ml#kE L - T
W5, ANAERAEEEZR L, TOZ60M%E, X=%E6, Y=BKt, Z=KaTbs. ANLOFIC
X, MHRLEERCHBNAAZARTLII RS, BERIT -HHREAICZRREN TV F 7 N0 R
BxLlzy, Fvray, ARNGCREHEDE G, BEROZAMHIIX =KEA, Y=2=B6AT
HDH. TOEDPORRDZHED E L THRIKA, A7 xvip k&,

CHRSHAEAR)

HER K-Arik 80.914.0Ma

(J7E : Teledyne Isotopes ft, # 6 KL OMfHRA-1 25 MH)

m. 6 FHLERHEE (KG)

WA - HR

HaHh - HBE TEES) IR HLIEPN, HURRTES LT

S ARSI, AEDMAOEES 2 HIRE T, MAMBETOBFEE TEHTH, #H 1
5km, FAL 2kmfZ O/NERIZT E e, AR ok, BUEERE O o B LER IR, Tk
DAL Em N A ES T\ D, Eiz, A 500mL o= PR KA BB IR W ICEHIT 5.



BB - BB AERPISE & 1F, EMBEALME CHRAREN T 2R R G2 L CAEAY TS, =
D BRI OURAEAR (B8 7 ) ILHGHITRIA) W OB IL S A0 R Pt cBlgZEns. H 124
VB | [ M3 PN 0D 6 S T OB IRE 2> & BT T A AR BRAC 2310 C 0 KRR BEERIE 500 =TI, HEIEMEEIH (O 4
B PICAEDNENRIRTHAL TV D

ML PEIEA (1986) 1R TER KRS 2 =S OBEMICHIT TR Y, KEEZZ0 > L0775
A MEERSEMICAHYE TS, L LAEOSMBIEZD 5 b0 7 77 4 NMETEMAEHO 56 % ififh
DVRENL &<, 2 DO FUA DKoy DEFHITAO CTHER - BiTH (1984) 23UNATE [ PAHkAE DI JEME
AR GERWEZRW LARNREE T ICEREESBooN s, H4K) EXBILELOTHS.

W SRR, R, RIRERRERERE TH L. LHRORER, REBEON U E
FROH T 2R a FEOTCRIKEDO AT G2 2 BEREHEM I TRBERNR > TR0, HfEHE
WEEE Z bR EMAIcZ LYy GBS, HOMMK3). #MHyILINTEMETIY, ~r~2 A

BT BHEBIEENSSE (NG ([CEAT 28511
TE A5 45 K (KG)
< HUHRT AR 10 &7 ST >

2) Ao, HBE T KiEHSNIC S 0 BIRAMICEE T E OB &2 R LT,



Qz

YA [ | A\
Pi Mf Kf
. °°c- °>;o>§<°
(Y
Qz+Kf Pl

881K EILTE R - HRIE R RO FIE RS GERAEID oE— F2RT =M~
FHEH S ML
FSERRHIIRD 23T A — SRR ERRICE W=D, B5-15em@ AR (WA 1ZA-
TW5b. ZOMEERORT <% A4 MIRI0mmL LOBFEE I AH2EAL TN\,
REDOETICBT H2RHBIIKDO LB THS.

EREH PR EREME (GSJR47312) [ 4]

PEHE < U ATREAS L 7

AL, £20.5-2mm OSERDRICE VL (38.83%), BV KA (33.4%), #HEA (25.4%) KOHEER
(2.7%) B2, —HICHBLSRMBERRDO LN D, AEFFVEHSHHELE RT O, 7711 1k
A TR, B Y EAE, thoh ) EA L ORBIZH > TR EAAEEL TS,
HEAZREEEZDON, ABROLORIFLALRD AR, BERT - HGEALCB ALY
RENTEBY, ZOEEIX=%EE, Y=2=B60TH5. BIKDTELE LTLEOY VY, RBHEY
NEEND.

m. 7 AEftRHE (1G)

W8 WE - TEA (1968).



W - ORBE (ZEEE) IR, HERETS R AT

B RIS RACH O AT, LRI AT B4 1 km o ¢ VE-FF H 710 B AR I HE
5.

BABR : AEORBRIIEBEEMESICEALTBY, TOEARITERN NW-SE, HAHI50°N
THDH. KEOIRAESNRPELRE I FATRIEN0m TE <. AESMINOfrEk T, Rk IEE) KiE
i3 PR 0D 98 B TSR [ Mo R T AR B B O BICRWN T, RICHERWA D B A AR M RIS 5 &
ZATIE, AEETAECEVCBEE R B EZ 72 LD, ARSI B - 1 2 HE O 5 ik o> SR E RS
Rfka OMBE VAR HND.

S ARSI, W - A (1968) OB ETERA TH Y, BRHIFMIC /A 2 E RS & 2 E
BIfR & LCatdi S N7z, PEiEh (1982) IE, AEERKEOEFHEMMEEOH ThRb i 0 LfL
BT AMIERSE & Lz, B - ATl (1984) X, ERROBEABREZMRL, BIMIERE & TR0 T
LARPIERAICHIETE 28 LWERA L Lz, 130 (1986) (A RMERMSE ZH LW EiEE & L
THRE L.

B8 REE, RHRL BVERRAERL, AEAREA, VT AKRERLEAEZHEOTIRIK AL
TROEALADOD Y BADPORLEREHENTICEERORL 2 RERERE CHL. Y@HETHD
2, FAUCE 5em M OBEEMREEEZEGAZY, ANAOHATHIERMNMKEEIZRDZLRHD
(5 81X, IR 1). WV EAIE, BBALOBEILALZET 00 —HICKIKADEE LR L
, E£72, 10mmEZBIERERICKET 200D 5. AMIEHIENICIE, A52B 7774 MKk
ORT <& A4 MEIRITZ L.

REWBRAEDE N TORFBIIRO L) ThHD.

BB PRk R ERTERE (GSTR47313)  [FIMXAR 2]

FEML - HIBE TZHEE ) IEHUPI~F 300m A o 7RO FIER G5, ALESHTARWLOO G .

A, B3-5mm O X U REEBLRGE WSS B OFBERAE TH D, AEITEICHHEL0%, REFA30%, &
VEA2T% L OERER 3% 56725, B UVEAIFIOmmAL EIZKRE LY, [N/ EH RNZI4IE T,
FEICIOmm K 2B+ 2 L 28 H 5. MkiiEshiE, £80.5-2mm M CTZORIIHRBE R ERCBRETHS. b
UEAE A=Y MEEE LD, IOV IVRRLEHBVAES L&, ZORRICH > THREOREAEASEIN
ET5, AEFELVEEEEERT ELEBIL, FT LA EL, 2OV T T LA OB RIS R
MERT. SEAIIAF CER#EMIELZ RL, An 15-300ME LN EZ bbb, ORI LITZ LIS EHw
ClokvisgisnTngd., BEMNT, 2aEX=§EHBG, Y=2=Bfa%/RL, —HTMROELEKE A
TR E LUy, BIRE, RERAEY, BhARZHES>TV5.

CHUFHAEAR)

HEER K-Arik 80.9+4.0Ma

(J7E : Teledyne Isotopes fl, # 6 KL OMf# A-1 =5 M)

m. 8 HLuFfEa (TG)

W8 TEIED (1982).
WX B TN XU AE TR, BT RIS A B AL ET A A



S AR IR Pa s, LRI SR ERE 7 o0 (LR A, SIS O AR T, RIS S
TS HINFMEICE S 2R T 5.

BARR : AREHIRIC L, BEOIBREABEL L TWLICTEY, PHREREREICEDNZY,
EURLWETELTCRY, molbiEE s ORRITMHER TS 0.

S S L, BRES - R (1968) O EHUIE R Pk OBLIREICHY L, P IEa (1982) (X 2%
AT i E O HOLSFAE A, BT IEA (1986) CREMZRFHHICE- SV CER SN L SFTE s
ZDHDTHD. ABFFHRE TIEAEOERFEITZ OERITHE .

B AR, LAGARERA, V7 ANRE L ORIKEAERORBELHEOT N Y BANDRDEE
EBEIMPICREINRC T2 HE - RO PR BERAERE Th 2. X H o LT A4 H H FLA T
ISR S 2 5 E 0, I O TP RV LHLKEC, 5-10em K O ¥ L MER #2428
1m2 RIC2-3EAA SNV, RB10emidY 2 ) — Ly RN TETWLHRERYETHS. FIZIF1-20cm
DT T T4 M LIERBEE OEIRICE AN TS, AEIF, T— RodE F 8K, WK 3) 7
b, W5~ 10% 0L TR 2> & 46 M PIRE OMBIRIZ 0 2 BB Th D5 2 ERbND.

REHBRAEDE T ICB T HHBIIUTOLEB) THD.

BERREHE  SeRPRIBRERERSE (GSTR47315)  [FEIXAK 4 ]

EEHL : mBE TUNAS ) g Mg N~ Tkm A o 7= AT A2 H A

AL, BYEAN dmmKEEZDELRFE S ICHRE L TV IE2E, #1-3mm ORES (38%), fidk
(36%), BV ERR (21%), BER (5%) »H725. MRATZEFFEE CERMHH#ELZRL, An 25-
S5DME A AL, BT E BRI THT 02mmKOMBORER, BRENZ2OAETD. ik
B L, BT LA ML, RAEBRMEMRSTETWS., B RAE, B TRBTEN RS DL K
REROBDOENRHY, EHLLHL YA MEEEZ Do TS, REALETIHAINAIA MBIRER
FHZAETTWEIED, BY EAREOHICIIMAOREA N7 4 VARICKIRZH# O 5. BERIZITF
NYRPRTETNDIERHY, ZAaMkE, X=§HEGE, Y=2=HBGThd. AIRSHEHE LTI LT
WIRTA, BnAAKRORERAIEY NS 5.

CHUFHARAR)

BER K-Arik 86.7t4.3Ma

(H7E : Teledyne Isotopes f:, % 6 X & OVft# A-1 % 5 )

m. 9 = Ak 8

ARIEHIRAN OENIEX, EREEEEL DT, 7774 NROXRT~vZ A4 FER E, EITOA
HROERBEEO B TH 5. ZILE, UHRBEAE K OWECHE OEIRIIE D Thin. —Ho0AE
FEVERER 22T TRy, ZOBRAKRHNGDRE S 2oL B TE 50, #ERK ETIEXE]
LT, ARMERIEIC T EERARO A2 KR LTS,

m 9. 1 VAR (P)

O AZE DZENRIZA K IE I TR < 94 L, EdEE1-3 mii CTH Y, £OELEAmIZEMNN-SF K
UNE-SWAR TEZNZAAMM L TV D, ENICHE0m #2225 b DAL RETEF B #i A THERR S 41T



.z, RS0 EFO A ILBEMEFICENT, B b a2 BN 2mOERE L
THER &SIz, WEIRG - B 050 C, ST CIBRABME T T ZAEGENLRD.
REMLOAEDRERIZRO LB TH 5.

BRRH  ANTEROAS (GSIR47319)

FEH : HUHET L.

WIR T EEMAEE AR T, BBROMERZEL. ST TR 1-3mm OMER, HAER, A5
FAROHRA OB S, 0.5mm KELFORRS, ARAOAENLRD, VRO ZED 5.

— 05, BVEREREZZ I -0ASIE, B20% T150cm, EMN20°-30°W $E K OE-W, 3O ~ i
B bONFENEMEOF TRON->TEY (5 9IX), BKOLD LRBEQOBERE R SHTH 5.
HFFC, BHaAMNAIT0.2mm Bi%ORRANAICESRI O, ERERIT0.2 mmK Ok HE R
FEE20.5mm LD By MREAKZRTRE, "L 72 L Z{LORENHRTES. 7=, HHIT0.2
mm LTOHBHEA, ANA, BEREOCDEOLENGRDN, FFCAKEOMREY A 7 iS22 Lo
(BEIVER2).

BH b —F 5 (8D - OAEEIRP)

ZOEHN L HF 200m HET L Z A
B AL Pk (NG 238 %

BOB BERAE & RS R (TS) -

< ALHRHTIF RS R AT, BRSOV IE R >



m 9. 2 TE@EBAE (Gp)

TERBEE DENRIE, OAE & RIS AXIIE o o b 7o v IR A L, £ O RIE 338 7 3-10m T &
5. AEFH ) BAOHMICZ L, EICREAROAEZ IS LT 2 BERBERIEE CTH D

A IR D SLRBEE DS ALY AT B B SRR A S5 B TR R TE R PORkS 2 B < IE 2mPl oA RE L
T, Eio, WUECH BT R IV TEBAE M MikE 2 B <l 2mO AR E L TR0 T 5.
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V. 1 EROWFS

MERERET, B (1936) (T & o THEKEALE K& Ol = 1 P8 o> | HHIIX & oD 2 40 A 9 5 el s -
S U728 = AHERDS 1O L Tmd Sz, 20k, —HAMBOZ ORI MT 28 =R b AE
FECEO LN TS (MR, 1961). M J@atix, WK AL M O = i v o0 — &8 o> Mk < i3 ik
g YR E B 720, S HARSCE O CIET N CHRAKROMEN 70 5.

RIS RS AT 2 M P BRI EERT (1936, 1938) 1T K- CHEEE & MITh, 0%kl (1961)
THREBRE L ShE. BREBOEERLBLTICOWTIIER (1938), #udfE (1961), Stfll (1969,
1983), [ - 211 (1981), AEH - #iH (1984), BrH (1984) 72 EOWMEN, Fl/NUAALIEAIZON
TIETAr (1959) @, FIZIRE R OHUEREE I >V Cididif (1961), [ - 811 (1981) OWENH
L. AT ZHAMOM AR O W TIIZHOMAERH D23, T bid 5 50 1 HEKIE
M) (HEE - AER, 1983), TZHEE) (FEM - MM, 1984) KON T=H) (Bl - #7H, 1988) IZF
LHHRTND

AERBEE, DA LRSLEEATRER E0 DA NIXIC R T 2 o HUR O WA - FEHRETRE & (F
EFREEH D 2 VAT T 2R OMETH D L B2 6N TS (Ta, 1959 ; 28H - KFAJIl, 198072
L) FE A B XS = A HIT A0 9 2 MOK A B IE, R S AL oAt T I O Mgk E & R
32 D LAY 7= 2 EHEE STV (HiAkw, 1961 ; BEH - 4:[, 1983 ; M - ATH, 1984). L
A URW - fail (1988) 1F = MM /340 9 2 #H P HE D BEIKAE 12O W THAHTHEAR 2> & Wk Al ) 2 7=
FIAHEIE (36.9-32.8Ma) Z#E L, REHCH S ERE2EOEFECEN O FRO LIV %
L. 2 LTHA e = M A i« 2P R 2 HH =4 L LTHRY, BB RBILmtiRoS R
Rigw, HHE=ROMPERELVHLOHE L /e Lz, 2400 OHUE OXHECHERUIC DN TIE R« 72
RIFPOMBENEENTEY, MAHLTWKBERDH LA, SEOB(LAOUFERRICES X,
(1936, 1938) K UNMLAME (1961) DEREEIET S &<, HRAEEZMARBIICED, £OER
EHE AL LT .



v. 2 B F

o R B U B U AL D AR 2 1L M b RO TR M S I O W VR VIR 2 E i LT D (B0 . R
JE XA AR A RSB, E R - EHTHR O RIRE RO B mHER Y K OB I R A IC B b

¥

R RE ORI TEE ) IR RN ORI R AT Th D (LR, 1961). AR K
NOILEMT F - RXIECH, AERRBEO TE»6 EME co—HOE R RUNICEE T 5. &
BEEIIE/E100mAT#% T, £& LTRSS, WERKOCESE ORI, FEM6 B~ F& LTR
WKL BOBEE D DIIR O LWV E R OB, HICRORE R OBE~EEENELT L. AREEE
IO & REHOEN»D TEE, THELCLEEEO 3HEICXy Le. B (1938) ([THEREE
THEE & L LT, EUPH (1984) X TENE, TEE, LEBEICKSLTHDEA, I THRLK

[ wwwumons

(/AR ,B018)
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O rREE HBORESEEER
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AR -TR
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FERFE2ROLIICE STV,
T2 X3k T A R R g o AR 22 MU A XK 2 11K R T,

V. 2.1 T#8E (I1)

BE 10-50m.

EH <Ny 7 APRETH DK OB A BRI S B/ NS A R e L, WO TR
HEEAHHANCHATHD Z L3 Z . Eeh-ElY 4 X (KR 1 mfRE) O MEEOBE, S 72
LUK OEN T~ AEEE S EE ISR E N TV 5. IS E G O B TR 8 & i b kde 2 & 28
%<, RFMICHIARRONDZE bdH D (H12K). ERBOECHERENICHRER TS, A
W ITRL S WKETHD.

F12K HEBE THEDICPET 2 ERE (EoFH; BEE, FEH 40cm) RO
HALARDRE (FOBTE) <Ay o i g >



V. 2. 2 &#&E (Im)

BE 20-40m F2JE.

BB NHE?D EHFAWEBRICELT S, £ U TRHIKRO LW EE UIWEEEE ) bR S,
JLEHTEAEAMSE T FE & LTHEEY A X0F v — b, 7774 b, AHEEE, BHEKIEZREOM -
AL 570 DR REE DIRWDESE T, RFTRICT-EEY A X (K B40em FE) DA IEBEE,
ka7 EOMM-HARENOR DL~ M) v 7 ZADDRWEERA RS, MotkTix, —&ia/h
AR U 2 DRI A - MBS 8 T 27, LMEOREEIZY 722 0 X O RO B RIS IiT s @z
T DI ENL. ALRIT PRI BT O AT IPICIT Y RS 7RI ALBRS (BB13K).
AT D HUFHERL OHEFEY T o 5 .

V. 2.3 L#BE (lu

BE 40mLll L.

B2 O MROTRSE R OWEE TR L 35, KREEOR TN EA OBEE LIziba 0 LN E
THY, BESAIKENLLELLEELTWDZ ENZ (H14K). ZoBITL < EELEELE 2 5.

F1s HEBEPHBEOWSEPICAONLY L RS T F14 HERE EHELEICEET DU X OLAK
<AL T B B > < JbmrE g >
FIRE L, ZELLEWEDIT, O8I NEH

DR THIZETHL TS,



ZOJEEITEE 2 m BitE TH DB HETIERKION IZEL, F7/MIIORRIZE > THEAJFAD L S
NTWHEZANDHD. ZOGERDE LS EO Ef210-20 m BHZE@EY > B3 7R B a2 iiE
T AIE BRI A G 5720, WOoMIC BN BE L g s il En, EaRKEMENE
FNH2LEbHDH. FICINOO EI20m L EICKOVES)E & M- R AR O FJEnHEEL TN D

(F15).

E BLARICOWTIIEER (1938), il (1961), S&fJll (1969, 1983) L o#WEnH 5. %
FUIL (1983) LB Z LT 2 BIEABEEL KL, HBAKEIZD “Ostrea” B, M-TRimp
H1X2) Mactra—Saccellaf$4E, /v NA&133) Cyclocardia-Nuculanattts, & X2 Cyclocardia-Saccellaft
ENORDHIEETFLNIILE. RO OREE, 1) EAMESSHET < OB R LE- 15, 2QWEED
B L, 3) IR OB LI EHEE S WA, AR ISR AT 0 Bakn Kos & IEE

AT OAIREFI» G ZBORKTULAR GO, ZhbDfbaD ) A MEHE 3RITT. Hika
JRAELFEIZHEFR O “Ostrea” sp., MR, 7Y REOMT XV 725, AIKEFSLII Mactra sp. DE
HROBIRBENLHETH LIk > TREST bd. ERLEBADRClE TREINTE DI
WS IREVRE (Crinzer, 198672 &) DIMEME T FHWIEDHEAE TH S

WHEN DX Tar (1959) IZX» TNUFILBLARHRESN TS, ThicXk s L ARRE LHED
41T Elphidium-Elphidiella-Cibicides T4 & WATH, 10581 L % Miogypsina kotoi-Operculina

complanata japonica # xS TV 5

H15 HERE EEE OIS & Bl e TR R O FEE < Auiknr i >
FHOM 1340 8m



B3R MEENEERE EMES GER L R0 Y A b
PRI O 2 (P B B I £ B ] BRIRMLA IS A A - 2 228

HEAIKE (EM 1)

1. Chilamys sp. cf. C. igeniosa (YOKOYAMA) == wswrrrrrrssssststsss ottt C
0L OSEFE@' SPrtee e A
3. BalGnus P, ++eeeeerse e A
BKEMER (EHM2)
Pelecypoda
Lo AGHE Sp. ++++ e er e et A
2. Sa(‘fé’[l[l misensis ARAKI ........................................................................................................................... C
3 . Barba“'a (Ab(lrb(l[la) L=+ TR T R c
B, LEMI@ SP. -+ eeee e e F
4 . AVL‘(]DSis 1] T R R LR EALAL R
5. HOSIIEQ” SP. vereeeeeeeteeeeeee e F
6. Cyclocardia sp. cf. C. Siogamaensis NOMURA +++ s ssssrsssesssssssrs s o R
T CUESIQ SP. ++ e+ +eeteeees s ee et R
8. MErelrix Sp. +++rtersere et F
Q. Macoma izurensis (YOKOYAMA) +rreseresesmsemtmmsemamesee et F
10, MACEE@ SP. +++r+rseseeres et A
11 V@FICOPBUIG SP. «+++--e+rvrnesmssseses e et R
Scaphopoda
L. Dent@lium Sp. +sereeseerssessts e et F
Gastropoda
1. Diodora minoensis TTOIGAWA +++esrseeresersresetrms oo h s h b R
2. Turritella (Hataiella) sagai KOTAKA - wseesresesmssmss et et C
3. Protorotella togariensis NMAKIYAMA --- -+ w s s ssssssssss sttt s R
B, HOM@IOPOM@ SP. +++++++ e+ esers et R
5 MEROI@ Sp. s+ +ers s e C
6. Musashia Yanagidaniensis (ARAKI) -+ s esroessmstmis e R
7.
8.
9

—
[ =Y

. Babylonia toyamaensis TSUDA
. Siphonalia sukuhoraensis ITOIGAWA

. Siphonalia sp.

. PROS SP. tevereeeeeeee e
13.

ZOUKES §.  ++eerererees e

A; abundant (more than 30 individuals)

C; common {more than 20 individuals)

F; frequent (more than 10 individuals)

R; rare (less than 9 individuals)




IV. 3 XM OER

o SRR T 301 e 3 T SR B R R s M U SR AL AT R ST N XA HERE U 7 M RE (5
FNRERE) O—RERL A INTE iz (i, 1957 ; &R - BEH, 1957).

ARREIZOWTII/NIA RS EARER SICESWT, HHANREERICE T 2 o Hilgko
%Ek@ﬁ%ﬁﬁbﬂfwé(ﬂme;%ﬁM-%E,mm;%ﬁ'%ﬁﬂhl%m.%ﬁm-%ﬁ
(1973), %EH - KFJII (1980) XD — W N RIEHEP IS B D 3 Bl OV - HEROY A o
DD H, WD G P ORI OWERLE I b KRB ARRE T 2 HIMMICHE T2 B2 5T\ 5,
Z DOERITHH THRE SN TV D REEMEA fLIEFEE D) b Brow (1969) DiFEEMER FLIAJEFD N. 8
RN, 9 B FHICAR S 3 BB, J 72 HA916-15Ma (Bl HA o7 R M0 S0 vy L0 38) & HE
SNTVD (%H, 198572 ).

MBS A 2 P ERE T (ZImAE - MOk, 1961 ; M - #iH, 1984) ([CIZR{LAE
BUWRBIREN TS, SHMBRE L R RE & IEAHER TR T 5TV 5 I IR 8 R
BRIZTRIATHL D, BHRENLZIMBABEHRRG L ITZERBETH L LEESN TS (I
M - A, 1984). F7= ZHAHIIHA T 2P BRI ZHMBESCZ 0 Lot L IZIEFRBETH 5
LEZLNTVD (MO, 1961 ; #EH - 4R, 1983). LA LR - 17 (1988) (X =HAHOM
BEDBEIR 26, 32.8+2.1-85.912.1MaDd A a7 4 vira b5 v 74K, 85.820.7-36.9%0.
8Mad BEM I K-ArfERZ@E Lz, 202 LIFTHEKE LA miuC = H Ao A O FERR 2
KB DAREMEEZRLTND.

IV. 4 H1 B H &

BB TSN OW BN FEL, HRBEEIIREEMEZ T TS GBI0K). £z, Zh
D DO W8 IXEERT - TR —H B U A B ST 5. &g OFEM 2R EIL VI, 3TEWEOE
WCFEHELWOT, ZITIHERREOHEMEIC W THEIZMNS.

L33

PEHERMNZIXIEIE N 30°E FHNICIEON 5 B O B Bl g, Bl (-, 1974) Bdd. Zh
B OWIEIZ & 55 EREO®EAN FITEET & CH BB TR R300m+, EEKIE T2tk
HT 70 3 CT100-150 m FRJE L HEE T 5. B Wi g o P9I Cls B B8 13— R 1219 ~30°-70° D 2R & 7=
I R O TR TR O A RO TR IC10°-20° D PEEA T D

H R

ALRATE 5 & AT N 2 5 SR L 0 bl oo 1L BTk, AR R 8 O 43 A B I AL TR K OV AR
D 1kmEREREmA L LT, —RICHEAL100H%OBEA CHE FoTno. EmBE»ShFRICH
G COMIRCE, i EERACER, RAFERO PRIEE (L6, 1961 BdHD. L OWELNEITEK
80mBRETH 2.



BTN I 0 B O T, A5 R BRI 43 A AL R TR 4 A TR AI800 m & i H A <
Z 200 IS 107/ OBALCALERA~MEE T 5. AR 2 CIXEAE R, FERMEL O/ N2 AR« B
CHifR) 3% 2. FWAMTIZIEER N 60°E, FMMEED R IR E (GEEIASE, 1980) 3 &
v, BHERESHAORBEBIRIZ/ES>TND.

Wi

B O BT AT IIXTTER N 45°E, devE ke ofiAlE (BH, 1974) 5. K
Wilg o & 2552 R8O MEE AN #ITR K200 m FEEE Tdh 5. MAWE O A TIEIHUE W @i 5 2 R
T15-30°FREERE R AEA L T 5.

V. KEERE (EsT - 5T
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V. 1 BEROWES

RUEHES AT, KPR, 5, REOK R L NZE OO EEZ R L, B EHERM K OV
IZAREGIZBDONARERZO L M4+, W, LYV RLIHEIIH L THEXONTERIETHD (KK
JEREWFIE 7 V—, 1951). £ 0%, A THA] KR E £ TO SR AR oM 5
FEE 22 R a b oHUE & KRR E D S e (sl, 1959 ; M, 1961).

KO BE ORI TR o0 T B g & RFT - SRAEEBEICEA N TV D (RIRJEREFTE 7 L — 7,
1951 ; miliEAy, 1986, 1988). KMREHEDFMIL3005 LA LA BRSO TERTET L EN TS, K
12075 4 il 72 & # O M8 12 1 EMa-1-—Mal0 & FEE N D HERUH TR At , KRB & BJE% 721
Ma-1 £V FALOHEIZTRTHAR TH D (HFIED, 1984, 1988). KIJEMHTE FHK T L 0
AER TN MasE FICHRENTWD 7 XAF KUK ERIEEZ I FE (R%) & BEic o3,
FICTFE (R38) 1ZA X oA ThimEE G, 1960) %5 & REEEI OB I L - TR FE L T
(z8) TRy EnTng (MR, 1960 ; HilRIE2>, 1988 ; H16XZSH).

AR gk o> B A X 0 K PR REIEERT (1936), iR - /R (1958), HRIEDY (1960) (2o TH
A, BVIFPFHARBHL I TR, BRICKKEHICED O, HARELMEIND L 1Tko
7z (3, 1959 ; HEUED, 1960). F 72U RIE LWL 5 2 &N WK T8 2 Bkie g o —f8 (1
ERE ; EH - A7, 1983) X, TOHRPIARBEERNESICED 2NN, Wb DEhnE
g & LThiES1 bz UK, 1983 ; M - 4:fH, 1983 ; AifH - #54< - 1983 ; fEH - ATH, 1984732
). R LEDOEMABRFRICOVTIEHERMTERR 2N TS, BAREBIC oW TRHRIED
(1960) Lit%, FEH - AC[ (1983), AiH - &4 - 1983, FEH - il (1984), H)INEA> (1986), T -
fGH (1987 ZREOWMENH Y, WAREIIKIERE FHAL FTHICHSET2LEZNA TS, B



% E: 3 FERERE, RE - Rk HF3», 1986) oA REEBALEE Ok, HH+) KB B hE OKEF, 1LRiT)
2
Al : F-THAt BE F-THR | FoTHA
Y +R| Xip Klip XLk KB
# BRI sy |kt | KILIKE (Ma) H W B X5 KILIK S (Ma) BFEX5 | KILKE (Ma) BRFEX 5 | KIKE (Ma
& (%) . | 2 Mald g 0342009
i o DAL E
th g | R — Z =425
" HEIL=
3 Lopxs [077£031)
- — 2l Losros) —
o 100 ¥ Bl- o =E4xo-|106+015 i —BRR » il ~0.77£0.11
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W16 KRR OB, WA W B - R ORI OX

s 1 WAL OREFFIZIER - fTE (1984), JE)I11E2(1986), il - i (1987),
Tqvvar s b7y ZAEREHER - ATH (1984), #5AK (19871285

* 2 AW [EE B s 4 vvary - hIvr] ks

* 3Hormr (1986) 12 L %
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FREN DDA DREITIT=A (1936, 1948) (2 X D LA, HEM (1936), /M (1973), FEH -
AR (1983), ME O BRI V—T (1987) R EWCLDBIARER D S.
A REE, AMEHIEOME (BAHX) TIPATEREZL O A 2 RS 2 B SR o Al
BB LTV D
WM B DRI @ RE I, Bk @ &ppida (#hid, 1959 ; AW, 1961), =K (1948), HIH

(1954) I k2 A oS, B (1951), o -k (1960), il (1961) 12 &2 HUEEEHUC
DX, TRTRAKEOHEN G2, TOEHEIIMal LV M CRIER R FHETIIESZ &N
RENT (MAHE, 1961). Z0%, [ - FJI (1981) 1XIREE B I o340 T 5 Hig & KB REARIZPLHET
HIESEFFOREOHEN HIREEEEE LMD, 3HKICOT TRERYZITo7. T72bb, BKEH
WO T NI CIE B 8 & LG & 10, AR oA I 3 b & S & 1, S
W CILE S8 S IRBIEE L I2maE L. £k &R 1%, MEEICH T 2 HUE &2 KRIKEHEIC
EORP LY, HEARICH - )1 (1981) OB > TRBIFR G EIT o772, b b KIRERED /5 Hi
o bdn ik (AW T-SET) , otk (— B4 M- A AT PR AT AR ), F R (R AT
W[5, ¥ &2, kﬁ&ﬁﬁi%it*ﬁi&fﬁfi BRECRERE, P CIIERSRE L LAakR
Jgeicxay L, R 0D M 2 T B0 & WA 72 FISKILRELHEIE RISV, BRREE
SRR - B, KEREE HARRBIC, EmeRBEERERET - TEHicEnEhxttt Lz,
HIZZNb2RE GO EEL, RKIEHOBXMOO L > Th DR - RALHIE T o K& R 5 T
2 ES JEYER OVKIREHE PO — ottt L (BB16lX, 3 4 R, KIE#HOEFICBEL Tix
D DIEPTHIERHUE IC SO W TR (1986), FESHIEIC W CIIkEr (1987) @GRS L. F
T2HAEAIT OV THLD (1959), 1BYF (1986, 1988) D#MENH 5.

ARRIEHI N TIE, R R BHIX) Xy LR-HUERI) K8 (BRRT) oa%EIC
LALEHIRIC S 720, BERBRBLEBEENROMT D, Elo—EHTRIARM T3 B ik & LT
BENL, ZOKBICEERBEADMALTND.

BA®R REEALEIC T 2 KK B8 X 5y D2

i (1959) . e .
#7148 (1961) ® - & N (1981) IKE (Fehah) - AE (1990)
‘% " ALiRET FHAT EiRiL)) -‘ﬁ'ii'ﬁm i fal]
heaitE | g B h & R =B hfaie
X iR R Rl g E g X 2B BB
13 fiv:3 s 3 & 173
= 5
L B g = 1 ®Flanl|le =
B 5 5
5 . . 2H R




V. 2 AR oORKERN (F628AK)

Bla R 2 RIERE e B e idn s, aREidaiknE (X8E ; #e - 5
i, 1983) LZNLVH LWHIBICARESICEDATWS . LLUNICITFICHA KNS A6 5 HifE %
EF‘/[_)( ‘f‘/\}’

V. 2 1 BF

S WARBEIEMAHES R OIAT &2 OFICIR 54 L, FCUAaTEOE K OEIZIAN 5
BHUE RO ECHRIC, BREHEDO FAICBEL L TWD

BE 6 RE2T200mLl L.

R UAREIAKRE L THERBES ROV N LE, WERCEBEOEETHY, *
ELTHIIZR W LISHBR ORI Th 5. ik B3R HE sttt ShTws. HaRE
RO - LEIC SV MRS T I BB UEN B B 2%, B TTARIRTET 20> KA LRBT A O M+
(AT (BT 2H8IE, Z ORBRHRIZREHOMSIC Y722 (B)IEA, 1986). Zoftix
OPARBITHR - B (1958) (kD L, TALL oMk L (BEsm+), BEHIE (10m*) =%
ANABESE (5m=*), BBy #kHE (10m:) 2620, TALITTXTHRAKRTHS. 0RO
PERIAE R DAL RE TR ) RIS TI%, B BB 40m+ O R LG & MEn 5 v b g & e ip
JERERERY, FORK EEITERETE AT ShTn s (HF - /MR, 1958). R—U v /&R
W& DL, A BRI ET-RALRET T THIZR F200mLl I, BIAARME THI150mDEE 3% Y,
EFNLOTEIWEERE, F - LISV N g, BEACEEOEE»S RS (H T iR E
TARARR, 19757 L).

WALFRRE  ARIGERT A ARAT IE IS 434 3 2 BRIGRS £ 8 B OV R 4 TR 18 T2 138 U8 U ARIG ¢ L PR
J& K OB 4 KRG (TR - FR, 1987) 2MkEN TV D (55 5 %), ARIGK LK EIZE S 10emFL
EoRt-vr /7 EGOETHD. £ BAIUKEITES 15emREDKAGBORET, THICANA

H5FR  WIaAMREELIC T D RIEREN A B E O JE K 5y
i - /R (1958), TR - fiH (1987) (ICX D

BFEE S XIKE
= KR
- R, 8L — R B ALIKE
7 S AKEYREIR, WILE
& PR+ R I X LR




EEERETHIEEDN S EFHERICEEL TN D,

B b e LT, Wk E S, Stegodon insignis sugivamai (Toxunaca, 1936) O,
G 78 EX° “ Parastegodon akashiensis (Takai, 1936)” O F 2, F 7R - Mk L& 5 Stegodon
shodoensis akashiensis (Takai, 1936) O FEENEH L CW2 (M, 1936 ; i, 1959). =MW
B E LTCERR i@ D A XY aAT (Metasequoia disticha Miki), A A /NH 7L 3

(Juglans cinerea var. megacinerea Mix1), %V 7' )V I (Pterocarya stenoptera DC.), 7 F
(Fagus crenata BL.), 22X ¥ (Sapium sebiferum var. pleistoceaca Miki), ¥ I/ ~</\<
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k9 60 - 70 700

W2 A TEEUHET 1L B BISHNT T, EITIRICHEIET D

PRI D, HEETE A, B XU C LIS,

HHWE A

1L N 50°E I H2.5kmD R & THEL T
BE - AR FEREO REOBERIC
Loc.33 (AIAMITE) TIE, fERE
Loc. 34 GAALH) T WifE

—HLTW5
P EEENER N66°E, FRl64°S OWilifg cHL T\ d

BEAMN R DAL, TERE L RIEREOBYE U Y ks Lo3Em N 50°E, gkt

DENEIT/NENEEZTND
MAKEOSE, F36MIIR L L
212, a DEIX0.047 5 0.14D R AL
BLTWD. 0k, FAEEOE
X BROF-EfLThT 2T Ak
ICET LREICHYT L. £, 20
Wi X, Hom200m A o fiE B 72 g
FEEBRLTWDEOT, FES Y
VAR VE A B L 0D B 1B S 6 Ay
FET 2T THDH. LrL, hEE
RLRC AT (T DO THRAREE A3 70 72 00 B Y
PRI TE TR,

VI. 3. 4 EHMFE

ST VA AT TR o> R PE L2 B8\ T
\ZHE R 2 300m il 4 0 1L Hh & ¥4k

EEE90m LA R D R DB FUTFEEE LT

=ODWETHE I TS, Zibx,

- PRI AR R A O 1L & K E



D
(m)
102
L s
L 4 1
i 5¢/4
and /
L >/ t /
1 <
s /
— v >
y P oS

T

11§ 1 1 I

{ /o
7/
10 Z

F U I

103(m) L

H36lM  AAMIEIC LW BOmiiEE BORS Lo

50°S DWIHTE THEL T\ 5.

BT E B I13EM N50°ET, HIHBE A O
#9100m LI AT LTV 5. HiFE - HUEAYISH)
500m D FLPH CIEWF - R TX 5.

Loc. 35 (W[N) TIXERE & KIRERE DT
BN ET OWEBREA RO, 22T,
i A EMN 65 ECIRITHHE /AT LT
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DIRAEIZRS.
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HUHKIE A RO B 2885 334 (hi~hs) BART NI MICEM LTV (F)IHED, 1979)
L HICE IR BRI (VA K
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TR X D12, FITIEWEOIEINIC L > TERINZbO EfEmT 5. Fo, EWEIE, KIEESE
FERICEERIGEN 2B L, SGRICHEmZ NS E TV A EMIEE OIS, HARELHEDZ 756
LR BBEICE - TN D.
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ARG CIX, BIAEEZIICH, B - B - =i - Rk - R EoWEEHZ Poic LT
HAZML TWND.

B A 216197 b OB A SRERICWAT L CEEMT Oz, FRIC, IEFI40FRICAE 1 7o BN A A
FV, Ak, AEHFRORERHLSONZBEITELWERZ LT 7. BMEBHIXIZISW TS, BRI
BEENZENOUWDIEEI - THNL BT, FICREOLWIEA LEO B L L TR EHBI
ShTETWD

HESY T 472 EUTHE D VR RS OB IS Pk o THE R HUIZE L RS iz, S, THRIC a2 iR
72 EbIT ORI IO KIRIZ X > THERE RHBLERE T2, o, TRLETORRIATOA TV
B - E - HEREO S A 7 T b G D RN E T TV B,
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AR I D U K E TR BB R b OIRBRR R TH D, RIS & B AR TR & 7z
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e EDORERFEFIMHEIREDHETH .

BIA DI 3 1T DA O % IRIE, 1837 (KRR 8) £ TPHUMRR] IS & EAKEMNS 120
ERIC DT, A1 (K2Tm) kS EEX LR THND (BEH, 1972).

BB TIE, MRROZbEm s ETEERRNAL FRFL TS, 1808 (X{k5) 4, HF
EOHEEANC UE - YR TR R ORI OIER L Ulo. £ 07270 CH S B K I3 (L2 TPl s 72 -
TAR T L OFFEMZ THMRIGM ] 21836 (RIR7) HICmM s, ZORMIE, —Tx ~FE LTH
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SRR & A M RERITORBEIC & 5 ER B %A
A =R -
fE i f Wi % i
1 2 U T(HER) 14.5m 30.5m 15.5m 0 +1m —30.5m
2 w2 CGHom) | 27 25.5m 12 0 -15 —25.5
3 Bz () 7 36 60 0 +53(383r) —36
4 ¥ () 63 29 93 0 +30( # ) —29
5 B EC ) | o162 34 175 0 +13( # ) —-34
6 PISRFER( v ) | 167 18 157 5 —10 —13
7 B E 2B/ 140 18 140 0 0 -18
8 FFHEEC ) 131 32 120 12 -1 —20
9 KEEBMOEK) | 148 16 157 0 + 9 —16
10 EARE( v ) 86 11 87 0 +1 -1
11 PIsRpER( » ) | 162 18 112 0 —50 —18
12 R REGIE) | 284 18 260 0 —24 —18
13 Z U (M) 18 27 7 17 —11 —10
14 Akt (CER) 59 13 65 12 + 6 (3237) -1
15 HEMH(ER) 63 20 42 7 —21 —13

#40, 41X X DI, FoWEL (B42K) DBRIRX L 19854FERL S 72 10 2,500 7 F1E X 23
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(FPE£IFD, 1988), MARIFMEHIEZ LA WENE U LHET S.

WEEHIEE & L CHIEER b OiE, 15964 (BREICE) REMET, BEBHIRTHEEV-VIOHES)
BHEE SN TV D (FHEFE, 1987).

WL, WAREL/INEAE E 2O T8IL _MRIChE 2| HEEOKE T, 1857THITER S L7z B
HWE) Bbs5. ZohT, RITEBICOWT, THRE=MR mib—rE (CF=4F1tH RiERT

ABRE T —REER fE KR GEAIRE OmdEnH Y UNEAE - ANESRIT, 1972), 2RO
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PP 05 Xk CrE, @B EICEMICHEEVCEEROBEMAH Y, FhREmEIcLD
L7722 &0, 1730 ISP LI Ko TEN NERFEEE] 28I IhTwnd
OB OHIE, 8 HAEIIIAELRITREITEZ OFERANZOMATH N TND. MKAKES S
[E&AI5E BLBE THEOHBNIFICMESE D] 28 L HEDIREBHMICL TE O EKAT
BY OCHR, 1977), YRR &V R 28 LB L THE LTV SR TV Z L3
EEND (LR FEREZASE, 1975). F4sOBRITRENS L H 12, RIFERM (1830-1843) I
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O RME LTHEER S O, BM36HE 9 H160 0F "= F M T, KK % B 7= BRI
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(S IR A AR AL T % 55, 196172 &)
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BAREZGZO Lz, BIZ, EEIELOBMOREE, LA EOME G Loo7z (LR REA L
TS, 197472 L).

ARE k1, SRS BB ICEKBICREDN TV, HIEWER O TGEE AT (ki
BERMERHEEFTE) | ([TIXZB 4 (18574) 7T ADKEWICE T 2B H 5. T X v ful
W+ B )1 1 32 RN RIS SO i A2 < BIZE (FIS) 6 e S il A T 4801 T P9 S R AR B R L
WAL B HALZ 4R, B2 H IO 2 RN AR A R ST AR AR A AR (ThRE) BRI IR B A6 X
0 BIFLTFEFR G A TDHE @ EE (hES) ARG R 0 B BN O PRI A A, BRI, R AT R
K (HalE) | L UBEOBERMAFE LR EN TN 5.

SN B34 (18634F) (T HEABTEEFFT COKFICH T DAk ST D (A HT fREZE B 2,
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VIL 4§54 & IR

AXMEHIRAN T, BRBEIT SN EWERIL, AKRAHEEKOATH 5.
FIRGHLR K, B4 BRAL 0T 27 & 5 4% O BF BB FLIR AT IS iE L, Wit PR R R R ICPE L
T2, WBF445E I CHREME DS RR E SN2, BRI T L T,

VI. 5 & fA

ARG IR N C, BUEERE T ORA S, JLRITNA - 20 - R K R OV R TP 15 AR - TR X
D2HFNAAET D, T DENIT, BEICHEEL KT LB, ALRAT B - SEXEE, FRITELT
DIk, )T 5 S bR X g S ONRIT 5 055 KNIk D 4 2 Ticd 5. BT ORI > T d b DI,
FELAEREREETHY, BEHEREEOHD ST TR EDTZD, DO E IO KIS &
TS, HRE3FE10H BUEICB T 2 EIBORIUL, ITDLBY THD.

D ALRITE R - SEERR

PRI AL © 10570 m?
FRHUE: © 16,4257 m?
PRI - W46 4 A - WHF0574E 7 A
F¥EF MR
2)  ALURHT I X 5k
FRILAFE 465 m?2
PR : 5,0705 m?
PRI - WFI4647 - HFI584E 3 A
FEE RS
3)  ALEEETNA - - RERI
PRI AL © 15270 m?
FRHUE: © 8,480/7 m?
PRAmI - BEAN464E - BEFN614E, BEAN624F LI DR EIERILA: 1,14077 m?
FEEHHTE
4) AR HT B s AR X bk
PRHRAT © 18.877 m?2
FRHCE: © 2,9095 m?
BRI - BF464E 5 H - IEFn544% 3 H
FEE  HEM



5)  ALURHT R B R X 5k
PRI : 4077 m2
FRHUE 10,5805 m®
BRARIIRE - BEFN484FE 7 H - BAF614E 3 A
L T - AR R
6)  ALEHTES B AR - LR X
PRI AT © 11577 m2
FRHUE : 28,0705 m?
PROEIIR - BFN486FE 4 H - W63 3 A WAFN634FE 4 H LARE O FHEMER LR 1,900/7 m?
FH TR
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A HUIR N O iR KT, BREEHE T K CTIR BT A R OIS 5 0 L X O KBRS #E, R R K TrdBk mHe
B RO N TN ENE N KETHS.

AKX TIE, FICKREHEIAREOWEBEREA KB L LTEETHD. WA HIX 2 5D 7= ik
BT, ENZHTAKROARBEIT AR <, HIRAE 5 b 018%E L2 KIC K > T oHiko Tk
BHIBFEONTND EEZBNTWD (BH, 1966, 1967). I ORIFHIEOBIEH T KO KEIZLL F O
R EA L TWD. pHIZ—#XIC 6 & THMEEMEZ R, Fsghi A 3friclatxX cm, %@ 1-2
ppmBEZRL, FLLEWH DI 4 ppmll BIZKR S, B A A T ARMDOEA TH D KIRITHIE L
TR 7avy. HIZSi0:03 %I 40ppmPl ETH L < @vy (FEH, 1966, 1967). HUFAKITKHE 7
WHFPOEAKLTREY, HCHAHRTICE T LEAROKERDOBEITNZ . FHFOKIZEM
SO O RMITHIIM L, R ICH FAFARE S R LTV D, 207D 2B A #IX T FARKA D
REFK TRAE U, EREESTOHEKRALELTNT, BEREIZEM TR TS, ZORR,
HURORALEE, BRICELRE (1A HEELRT) CIXME4sEE £ T, F ZRERIE (B1a T AT ; Jbpk
(&R XERN) CTIXBEFMSSHFEEE TR T LT 722, Zo%IZ L2V LEEOHEMICH D (LI
1980 ; E Ky, 1982 ; EHF - HiH, 1983)

VR I K C IR AR T R B > B SRS 20 CO RBUBRE X AR EE 100m Bl OB F 03 i £
<, BEMK, KERAKZEL LTHFANFAEATWS (B &7 H#RE AR, 197572 L).

VI. 7 $E IR
AR HIS PN O 85 53N LR IR e — T 5. RIS ITILANT S B o BB 5. = OB
KB & 2 ORI OB N2 RIC Y 72 0, MR I M T I T B RE D O R S
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TWHR LA LTWS. SRS &5 128RITRT

128 ALRIT/ R LSRR O SRE — iR

pH 7.8
ERZEW 275 (mg/¢)
Ca2+ 22.02 (mg/e)
Fe?+ 0.16 (mg/e)
Al3F 0.054  (mg/e)
cl- 21.29 (mg/e)
HCOs™ 199.5 (mg/t)
SO 427 8.81 (mg/e)
H2SiO3 54.08 (mg/t)
CO2 4.40 (mg/¢)
HaS 0.00 (mg/e)
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(ABSTRACT)

The Akashi district, a quadrangle of lat. 34°30'-34°40'N and long. 134°45'-135°0'E, is
located in the northern mountainous area of Awaji Island, the Awaji Strait (Kaiky6) and
the Akashi Plain. In contrast to the hilly lowland in the Akashi Plain, topography of the
Awaji area is manifested by the prominent uplift of faulted blocks in Quaternary. This
geomorphic features give a clue to understand neotectonics in the Kinki Region.

In the Akashi area, Quaternary terrace deposits and alluviurn are exposed and underlie.
Whereas, in the Awaji area granitic rocks form mountains and hills as the basement of
overlying Neogene and Quaternary deposits.

Granitic Rocks
Granitic rocks in the Akashi district can be divided into seven types, judging from their
lithology, aerial extent and intrusive relation, and also classified into three age groups;
Granitic Rocks I, Granitic Rocks II and Granitic Rocks III. All of the granitic rocks are

more or less deformed, exhibiting distinct subgrains of quartz and sutured boundaries



Table 1 Summary of the geology of the Akashi district.
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between each of quartz subgrains under the microscope.
The main type of granitic rocks is the Nojima Granodiorite of the Granitic Rocks II,

which is a key unit to classify the rest of granitic rocks. The Nojima Granodiorite intruded
into the Granitic Rocks I and gave a slight thermal effect and recrystallization of

[ outside of the Akashi district )

hornblende and biotite of the Granitic Rocks I. On the other hand, the Nojima Granodiorite

is invaded by the Granitic Rocks Ill. The following description explains some feature of the




seven types of the granitic rocks.

The Granitic Rocks I are composed of the Tsushigawa Granite, the Diorites and the
Shizuki Tonalite. These are intruded by the Nojima Granodiorite and suffered thermal
metamorphism near the intrusive boundary. The Tsushigawa Granite is a very
coarse-grained biotite granite with weak foliation which is formed by parallel arrangement
of biotite flakes. And the granite is intruded by the Shizuki Tonalite to make a block-like
form. The Shizuki Tonalite has also a foliation made by biotite and hornblende, which is
often parallel to the foliation of the Tsushigawa Granite. Diorites are basic inclusions in the
Shizuki Tonalite and shown on the geological map when the size reaches 200m X 800m.
However, the diorites are usually 10cm to 10m in length as dark—colored oval xenoliths in
the host rocks of the Shizuki Tonalite. The Shizuki Tonalite is medium-grained
hornblende-biotite tonalite to granodiorite with a foliation, and becomes more basic where
plenty of basic rocks are included.

The Nojima Granodiorite is exposed most widely in this district and intruded by the
Iwaya Granite at the northern margin and the Kagaribayama Granite at the eastern
margin. Both boundaries dip gently to the north and the east, respectively. However, the
Nojima Granodiorite has no recognizable effect of thermal metamorphism. It is massive
and medium-grained hornblende-biotite granodiorite often including dark-colored basic
oval xenoliths.

Granitic Rocks Il are composed of the Kagaribayama Granite, the Iwaya Granite and the
Tosanji Granite. In this district only the western marginal part of the Kagaribayama
Granite exists. It is massive homogeneous (fine- to) medium-grained biotite granite. The
Iwaya Granite is medium- to coarse-grained, weakly porphyritic biotite granite and is
usually homogeneous, and rarely includes dark-colored oval xenoliths. Only the northern
part of the Tosanji Granite exists in this district.

Miocene Kobe Group

Miocene strata in this district is the Iwaya Formation, which is one of the Miocene Kobe
Group, typical unit of the “First Setouchi Series”. The Iwaya Formation crops out mainly
in the mountainous area resting unconformably upon the granitic rocks, and partly along
the faulted hills and lowlands facing seaside. The Iwaya Formation, having a thickness of
about 100m, is lithologically divided into three members (the Lower, Middle and Upper
member). The Lower member is mainly composed of unsorted arkose sandstone and
breccia and sandy mudstones and thin lignite beds are intercalated. The Middle member is
composed of well-sorted sandstone and conglomerate. And the Upper member is
characterized by marine mudstone and sandstone beds and partly limestone beds

containing some molluscan fossils.
Plio-Pleistocene Osaka Group

Unconsolidated sediments covering the granitic rocks and locally the lwaya Formation,



are Pliocene to early Pleistocene formations belonging to the Osaka Group. The Osaka
Group widespreads in the Osaka Plain and surrounding areas and is one of the most
thoroughly investigated Plio-Pleistocene strata in Japan from diversified methods such as
volcanic ash layer analysis, fission—track dating, paleo-magnetic polarity, flora and fauna
analysis, sea-level changes, marine clay identification and crustal movements. The Osaka
Group in this district is situated in the western margin of depositional basin for the group,
and has not been studied well. The Osaka Group consists of fluvial or lacustrine deposits,
mainly unconsolidated silt-clay, sand and gravel, and intercalates peat beds and volcanic
ash layers. The group is divided into the Akashi Formation in the Akashi area, and in the
Awaji area the Toshima and the Kariya Formations in Hokudan and Higashiura and the
Atago Formation in Ichinomiya. These formations are further subdivided into member unit
in each of isolated places. The Akashi Formation has a thickness of more than 200m, and
consists of alternating beds of silt-clay, sand and gravel beds. The Toshima Formation
(200-350m thick) and the Atago Formation (more than 150m thick) consist of silt-clay, sand
and gravel beds and especially in the upper part, thick gravel beds have developed. The
Kariya Formation has a thickness of 150 to more than 300m and is mainly composed of
alternating beds of silt-clay and sand beds in the lower part and sand and gravel beds in the
upper part. The Atago Formation corresponds to the horizon of the Toshima Formation.
The sedimentation age of these formations is regarded as Pliocene to Early Pleistocene
based on the macrofossil assemblages characterized by the Metasequoia flora, the
correlation of volcanic ashes and the fission track dating. In the Awaji area, the Osaka
Group is dislocated by faults as sarne as the Kobe Group.

Late Pleistocene deposits

Late Pleistocene deposits are terrace deposits and alluvium in this district. In the Awaji
area, terrace deposits are formed along rivers, and are recognized as Higher, Middle, Low
and Lowest surfaces in descending order. In the Akashi area only the Uozumi and
Nishiyagi terraces are found, and are composed of marine and fluvial deposits. The two
terraces can be correlated to the Middle terrace in the Awaji area.

Alluvium is developed along the Akashi River and locally along short rivers in the Awaji
area. Geomorphological development of the Akashi River basin since 18,000 years B.P. is
illustrated in Figure 27, based on numerous borehole data.

Active Faults

Four active faults are quite distinctive in the Awaji area; the Nojima, Asano, Kusumoto
and Higashiura Faults. The Nojima Fault borders the western fringes of the mountains,
and displaced the nearby terrace surfaces vertically and dextrally by accumulative fault
movement. A mean rate of this fault movement is calculated 0.4-0.5m/10? year vertically,
and 0.9-1.0m/10° year dextrally.

In the case of the Kusumoto and Higashiura Faults, dissected valleys crossing the fault



scarp are offset in the same sense, showing the dextral movement of the faults.

Environmental Geology

Coastline: Coastlines in the Akashi district have moved toward inland side, and
apparently erosion progressed. Degree of the erosion during the last 150 years are
calculated in many places, consulting the old drawings, narned “Bungen Ezu” painted by
Sazoh Yamase in A.D.1837. 60 meters is the maximum length of the progressive erosion.

Earthquake: Far to the south, great earthquakes named ‘Nankai Jishin’ occurred in A.D.
1946, 1854, 1707, 1605, 1361 , 1099, 837 and 684, according to ancient documents. And these
earthquakes attacked this district, particularly the A.D.887 earthquake gave tremendous
damages by associated tidal waves, as described in the old record ‘Michikusa’ written in
1857.

Landslide and flood: Heavy rainfall and storm of typhoon caused another type of natural
disaster in form of landslide, flood and erosion of shorelines. The Second Muroto Typhoon
1974 brought fatal damages in this district, one of the worst records in recent years.

Engineering Geology

Crushed rocks and earth: Two quarries are now in operation, and other four sites were
closed. Strongly weathered granitic rocks have excavated on a large scale, to the extent
that hilly and mountainous lands 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 Peninsula).
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