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Table 22 Summary of the geology of the Suma and neighbouring districts ....

Table 23 Summary of geotectonic history of the Osaka Group

HIKAR 1 ANHAIERE O - KUK RERAE WS
2 LREEOPRTHOAEELIENLIZH O

WU 1 SRAEME 0T - MR ERA RS
2w EE I bR

IR 1 HF ST A - T REREH & w2 LT
2 IR AL HGIE I B 1 2 R AT AT Ak

FHIVIX R TAHBOLETHEHE =HEO—E
VIR 1 #EERSRREEDO Bfba
2 WA 35 T D A T R O s



=
m
2
5
B

(I 70 58 4F-47)

SO =
E2 S
3
S
=
AnE OF

A
=
=

c

e
o
[

NN

B OBE Hh I oo Hb B
BEEFIS* - ATEAR R <>

A BE T IS TR E R EMEIIEOMHE L L TIThN7ebDTHLIN, ZORKITEHTL LZ
DWW I HFHD204EROFE - LB O LIS TEEO LR, KMEDOERICY 72> Tik, HMN
fofE LM EREHBEICO W TIEATARRY, ZofzZERMmERNEL LTELED. LnLan
B, REAEHEICOW T, IRES - WG MR K O AN RICE S BRARMA L, MR
BICOWTIE, HIEGFEBREICAI E2ANEN >l E2BRLTEBL . E-MFRBEICONT
L, EP BeEmABEORBEREREFAL, M EEO B{AAREIC DWW TIEA HERKFEOR
flE B E L.

> Ml L A T o> T A X BR 8 B S EAT T, KK O IE RIS o T, BRSEEN R
R THEMTO, T O LRIT L b2 Xy Tl SR, HEE oSS sk Icf i S h T
W5 EOMICHB L RBEIL, HERONIRERE - AS 2L 0ENEZBEL TV D,
J_EJZEft@it{Ell@Fﬁ&WEFFJtmﬂz FlNoTnrMIEbEbE CEEO CR#ET A LICTL.
IhboMAEIC /)L‘Ti%zli OB RELICAI EZADBEZ .

RO KRy Z A HRICEEN, TORBECFMAFHTER-AER - AR - KERICE
VEERGEz bR, FFICZHET-MNRBERF -/ME & KBPAH - EDFE - LTA -8
R BHEEIC o EEFO - ARIBAICEZON MR HENETTEREYL KO
AL & T D .

AU NI TGS S EN TV DHA, 2 ZICEAMN U EEEBEICE L TREL oA TD
o, BEBEENMIC WA WA 22 5 7228, u%ﬂ,ﬂﬁwaﬁﬁﬁxﬂéfiﬁﬂi WCERKROBHEHZ b
!fﬂjzﬁﬂi&fﬂt} REKE, ZOB%E OB ZRES N EREFNRICK#T L. ToBREIE
MR BT KRB REREEDO L OFE 2R L Tnicidni, Z o EEICEH L.
:VDE,ﬁﬂwa: FE-HEOF T, AR HEERITOMTHELZR LW T2 ITHED
ZHZVR, WHWLARTZFT 2RIV, L LEICHER K KRT S KZEHENZL O
BRZFEINZZECBEH L. AR EXER LR TVWEELET O TH o7z,
RBHUEEIRE - HEE T ICE ARSI VW TORE L, REMBEHE) JBEE
CEHEFHHKOBEDOFLEVE, ELEHN FRREEFTRICEIEKICODLZVEAREEL W0,
E_m%im*ﬁ,ﬁ_$$ﬁ7%®i*iﬂEL&ﬁLT L, EEEHAR S L & Y BT Bl % — T
HHFERECHB AL TV ERVE. RLTRHOBREZETRE T S.

74<I¢Eimiﬁi RO BT D T T ) - TRIREALE ) ik & Ao C, A A0
BEBICET I LHERBZEALoTVIHIHIBTHLEVE L. AbETRTWEEL Z LA
%v‘é.akﬁiﬁu_Vé%ﬁ“éfkﬁﬁﬁﬁgm%%ﬁU@%Ef&;é.

I.#t B

TR ) Mg, AN LMD RTESRIC Y 7= DAL - SRRILILSR 2 & 2, 2 ORI F T
DHNTND A, FANIIIARZR BT L, BERKBBZER THESEST ThH 5. NP LR
PEIZIECY, W o 7o VBRI CHET2 U 5 23, & DIERITIRER S IC B, RS2 oAb -3 IE I bR

*AERILRSE ** WS TSLEERFTERT



FALM FREEME 1227 DRI R OV O 5 ORI A BT ()5 7000 m, BAAN 384F 12 41 fiks, R
Bird's-eye view of northern half of Awaji Island (1963) .The Rokko Mountains (upper left) can
be seen far beyond Akashi Strait (Kaikyo) .

LTWs (1), Lo TIoHoOMEIL, EHE - SbE Uit TaefkgnEGons. B
(2 = D HER DR HTE DR, BB S TR ) RO TARBRPEALED) Mk & &b C, 1 L obC BAR
CEXBTHS.

RHSE DL & 1 725 BRI (3122 m) - BKEL (234 m) - SKERIL (2528 m) % GrEsilishis, L
(LR OB & 295 & 2 505, FOBIBTH 2 A% 2T 5N RREL, 2
WA RARDIES & 256 % 4%, BRI IITEHNC iR & MEIRE AR ST, AR 2 il
ESRILILE (H30) L IE5. 2 0RHICIS > T, IEH M & B RSt 0, IR~ & T L
BN, WIS I L > THE LA LTV,

LHEPE AR A A B B 12 AT T, KRHV BT B8, 24 B I AL i & B
BRI bID. Wb ABIICIE SR TS & 2 A%, (IHICHEE LR e
L, BT =AM BB S L2 FEBEHL L 72> U D,

RHSF TR A LT B B, [ AR T 2 AU, TR R S T A =
U ISEBECAEE Y, WA I F BB BT 5 £ 5 104 LTV 5 45, B0 200 m
HI ORI £/ MEARTH 12 b B BEASTE LT\ B . RBLOTE ORI LA RIS 2 Hoh 2 RIS X -
TR EINT-bDOTHD. AWML R T QRS & SH L L 235878 > TODETIE, 1R O%E
FEIZEISBENLTWS.

R, 5 2 OBIE AR T I B i £ 512, Z0KEAHETECHE -G 5
LRI, IS < PICAE A2 B BB CH 5. ZHUAT B b AU & 1o KRI T & 578, A
&I O (LR IE, NEHBLOMERIC S0, RO LBRLEZEZATHD. BIZHELLIAD
L, NHILSEOAR KIS B OR TR Y, SARILHIBE T/ N S 72007 B & 72 0, IR HE & o ik



;/ AP E ¥ OEAOWBR
- () BREHE 0 SFLER
(2) &% LB () 45 31 4F &

/ (3} 1 BB & i XAme

j;\\ W FREWE 09 B
A (5) i 00 B4 LB
N 6) BEUKE 09 iR R
NS \/// () R TRy
g S - ® HIAHE 0 AR
//\\ MRBALEE T 1 B

o~
<
TN

hki il

WO W b
%
s WHER ES!
= BTNEE ’é:@‘
e WY 2T AV B "W b
L) /
0 5 10km X WOW
— \& S~
R BILBOMBR
19 4 & B &
Q) IR
Q) Fik b @

2B N L M OV S S AL o W SR
Fault system of the Rokko Mountains and northern Awaji Island, and their neighbouring areas.

OB ZRIZLTNDENZSD.
oA L LT, ZOEMmMTE L BRSO, HEMEICRIBRIS LTS, T
DHEANCIZIEEOZE LKA H Y, $100 mIZET 2 HE AN R L T -0t L, 7l
DOHILT BN E L OO T, BB ILH. T2 b BRI, K& 2 MBS EosERICYS -
HEWVWRD. ZOERITHBIZL LKERBEIN T DD B3R, Bl TIEZomEEiEn
PRI TR I — 100 mBA BIZEE L, 2 RO R R HE 2 LT 5. Z O & RIFIZ DV
T, HVIETHET S

II. # & % %

AR M OALIANC BB 92 TR | HUBNIC - B 2 B R 255 L RITRT. 20955, RFTR



MR KEM S = nOR o K- N

amy mpa
s5n weE

Eoes

HESTHLNRE

BRREEN SRR

Ko teENRKwY

Jaen

It

300

000

-
==
w0

a

7R18 - 194FE OZBEHY =
RUSI1E TAE] (KRAFRSEATETHNER - BRETIHE 0—B238%IH/b L TEE

B

T 5a—) (RESETED 165 [ABEH]

(

i

3z}

#£3K

Topographic maps of the Suma-mura and Akashi areas surveyed in 1885 and 1886.



FRA+UHMARS T

CEXURTB v ESR T

[LEEETIE SN

RaRAEN

.




HAR JEEE N OB T U O HUERIE R K0 b 072 ARSI 545 5

wOE £ K ® & & #% N
& B o S (o) TR
# ; EAEE (T
BB wis (tm o
M BHBE (Th) B EOHH
5 | g | T M THEER (00 HERE #
KR mrsr e 5 R R
WM | e | TREER (0 o
TR THSEER (01) WS P G
3 8
- R LU R B
] = ot ) E#8 (Ksu) g | SR
- m | TR EM$@{T%(MD
i =
HRER | s#AERBKY  SEREK)
B — WA MERE1L
RETERE (Re) BRERED] g |
H G S 2%
= aEE A E e e K L
5 | e k122 50>
# HITEMPIRE (Np) AR fopdii
o & FRTER B DBA
wowm & K B AL HRHE A

L bORAMIRICOAAT 200 THLH. ZHBITARICEEORER L gERE LI KBlshd.

FARAC A ARE, SRR L LS R ONRIE B AL /A L, B RIS & W SRd & 52 1 TRt AgIC #8
HLTWD. B IXAERRERIC X 0 SHIERAS &A1 fERPIRE &1 vk (4K, 1968).

RIEAG D B DIZOWTUE, 16K E & F o ToFimIT e n o 7oA, A EEEIERE - AT BT
ZOMIZHG SN, ELTINHICBALLEARDPRD LS.

PRBBJE 1 THTEE = Ao it od TR TR, fEHT - ROttt DRI MO LA D & (C KB T
5. B LWL TR, Hﬁﬁ@ﬁtif\ﬁf‘mr’éﬁﬁﬂf)%ﬁ?%ﬁmﬂﬁk@ﬁﬁwﬁiﬁﬁ&fﬂtw@%ézﬁm
WZhlzo TR i L, TENHLARWEE) 22T 5D THEA TH 52, AHIBIZIZZ OfFkxO—i
BT DT &R, Lo Lend s, KRR I AMIREICR < 940 L, FHOEEEBALmos
BRI K O P i K K HA T TR 3 2 i, WA A ZEET D DMER Shd. 20
T WA NI & PR, PSSR OEE RN > TR LTV SD. ZONMEROVED
OMRBITHERE L7 Pl d— 4 L C WA RIERE) LS Tnd.

KESEHEE, TKHLX ) & BA HIXIZ 0T TR 0409 2 2%, KPR HUA D4 = T 25 BE X oD AT HiL X
T, BEEJEH 2 W TSR SIBESN L, DT DI KRETAHEO RBICHEHT 5123 X720,
FEEAZHMO b OIL, k" HARE" 50 BaEERE" & MEh, KIRER MEIckhsh T



7o, LInLZRAs AR « WX —H# 27 2GR RER TR 00 72 8 O KA /R 1k LA g
DITONTHEENF L, REQFBEFZVBMLEIIR->TET

Figbhb, R —FESR OO AR, PHERKICRT S HXRE] & P EEien Lk
Feo BARE I 03, ATEDREREZNESICED & & bIT, TR E TH%ME]) LT
NEEMEERZER L TWD Z ERHLNIR-T.

HALBE T, KRBBEECHERR ST W - BHIA BN 2 )11V &, SBIBEHR RIS L T D
o, BB & SRR 0 PSR A U, R 2 R LV B SRR IR B b LR
BB LT DOR ST 5.

BALEEEALND b DI, BHEIENICDTNCHLNDITTERWD

m. % %% = %

ARSI 53479 2 B A BIAE RS & T NUICHAT 2 EREIZT TH 5.

m. 1 fE @ & ¥

AR OAE AL, /S LR P X OV R LR I 504 L, B U AE B e o Sk % 1
LT3,

N L TGS O ML AL, SN TIERED DR Y, WO T/INEROA 3L R PR 21— 7 2
VEUNIRTEVIAATOAICEE 220, KSR RAEEIT4FEICK D SND. T72bb,
OMAALRPIRRA O ZHEA T b 2 PR RINREE, QUAILRPIRE h oA, @%BILRA,
T O@HBLAE Pk E Td 5.

N LR P S 0O A6 R KA & R S AL AU O L R I & OFRERIGRIT, W8 23T ATEII IR C sy
i LTS 72Dttt EOFEILASZ Ly, LasL, AH (1975) 1%, TAH LRHOERITH 7= 28 L
LT, AL O R - RIS S RAG R 23D T 0N I D AN T X CREFAL RIS
THOLON TS| Ll ERACREZ AFIRE LR —Db DL HRRLTND.

m 1.1 AXBUthEAEROEEEE

ARHUED OACRESRE, ANH I I A8 R T 2 {ERAE SO M G 7 IR & LTHY fubi, i
SITERPIE, A IRPAEE K OSBRI 3Ky ST\ s (FEH - A5, 1982 ;1983). Zh b
TEREFADE A LI REIE, BEICAER (1968) Ik > TR EN TV D DT, FFlC >V TIEZE L E SR
LCWelZ&Eow, AN T, sHERmPREE & NARIERG SHBITE 5.

m. 1. 1. 1 #Aw5HEMPIRE (Ng)
A TACEE M= ) s oA 51 Bk it & OV IR K AT 2 i & U, fhF i s L, R icE
BRHHEE -« LB R R A S D o AN L ORI AT D .



HGIERPIRS (Ng) # B 7774 RO T
~ZA b (Ap) DR CSFAERS & OBl &
60-70 m > ITHE, b TS KGN, L T
PR T v N R O TR A Rl K L oD 1) A1 5146
TR PR I 5-20 om O SEMERIIE A DS BAES 5
1E20y, IR (N-S, 50°W) 23RO bivsd.
Aplitic rock (dike) intruding into the Nunobiki Granodiorite.
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Pegmatite dike penetrating the Sumoto Granodiorite (Sg),
within a distance of several 10 meters from the contact
of the Iwaya Granite (Ig).
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#8 HEALME R O TN E RS O MRS B R S OB S B
(HEBEITHGIR, R rp PR L)
Iwaya Granite and overlying strata of the lwaya Formation, Miocene Kobe Group, which is
composed of alternating beds of conglomerate and sandstone.

HOR MEEREERBEOWE GENsYa—ATIlERILE ST D GREITER, 15
Sandstone of the lwaya Formation, Miocene Kobe Group, containing abundant marine fossils
in nodules, at the northeastern tip of Awaji Island.
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2Rk MEEREZ MBS R OVE B RE QRIS R, R FED Bibn
Molluscan fossils of the Taihata Formation and the lwaya Formation, Kobe Group.
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HZERBEENTVD LEEZBND.

2) KIRJEHEE L - TEIcoT, 052 Ma 3128 < KpED, #EekoMERICERA SIS Z &n
%03 o 7= (HuziTa et al., 1971; M « 55[, 1971). I A X oA 7ieatiBEoxE LRE2RL, 7
R KIKIEZ RN D Z ENTEBRENRH D DT, M CTHMRRNETH D Z LIEHE#EN 72
V. Lan L, ERSIEORIUTITAZ TRVO TARRIIZITERN Lo 72,
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H3EK  RIRFERHCBIT 2 8 sy - RN - b« MR 2B K OB K AR B) DR G 3R
Summary of geologic history of the Osaka Group.
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AL ZEEHIE R OVELHUISZ 351 B KPR IERE 7 0D L
Comparison of the stratigraphy of the Osaka Group.

A T/E K IR @ M - B H (1984) i (2 A (1960)
S
FETER (09 W% R LS - BT EE
% (BHHTEE)
IR
PEEEE  (02) )1
2
? W E R
T ERRER AL (i
KIX A KBRE BT #5(01) KPR (KRS R)

3)  ARIXMEHUIEN O PE 48 20 & T K P RIS V72 2 37 AT FE A AR iR R L H1, 7
Ay var b7y 7B LR, IERODITERRIC RIBRUGT 2 N2 2 BB & S HEE FHF LI,

V. 2. 2 ZX-AEHMROKRER

TR - B HIK O RBRERES, SRR BRIt - THUEER A GOk L, BRAAAHAE AN L <
B/ o T2, Z ORI 2 Bk~ 5 #F TR A RAT R O & 5 A OB FE 3, Z ZHEFSRAE T
SNT, BEREHNPEALND ZLICRo7z (GBI L B ).

MO A BT/ NS 2 D S th O S HIRFFE A AR 20 & 13, oK « B koo REREREDTZEIC
B 5 IEE RGO NI, FARKVHEIOKIENOORIETH 5.

V. 2. 2. 1 TH#EER (O,)

o HAFE A2 B s o0 KB REILE & 100 mICITWIDEEE Td 5728, ZOHIC k- 1 - T 34
DY LM EN TN D (F10[K). AT E EREGE VEHHR (M1 T 8k) SR TR RO FEEA Tl
INHOMEBIE, T EE~FNEN5m, 10 m, 17 mOBEEZ L5, WFhb#REIK6az
5 LAV,

KIKEE LTI 2B RBd oD, Tt LEOE EOb0E 7 0% KILKE, Lk LEo Bk
WGEWEHEDO S D&YX KILKE ST L2 5. (AT RIZDnn, B TEICIEE 2 A1
Lo TREME G, IRIBEOEHERTEZANRHY, A X Ea T ORER EOMEMILE 2 EEIC
FET D, Fiz, BER TSR OBESIEA LIXLIERAShD (B11 - 12[X).

YRKILREIFRAE R L, AEFEMITDRnD, SEapEa - WliEa - BEgia 5T (B 13K). k
WA T AR D DR, BIFHRIL 1.499-1.501 TH D (BEEHK). EGHINLa DT v
3 b7y (FT) BRIE, 1.9+ 04 X 100 L HIES Tz (R 7 4 v a v bT v Ko Ko HIE).

F AR BT 200 m s CERREE ST 7 U X KILIKTE IR BT, A EEMITIERIT D0, R
RRERAT - SEEA A ST, KUK T AFZAEO b 0R% <, HITHEIE1.506-1.510 TH 5.
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Bl mme | 2 M |matwE| XURExr |FTHER
s (X10%y.)
j( 3 % 71 1
TEHEERE | PERE
(O3
' UG (Mas) | 0.4940.00
5 | vy E® KIIKE
il g =
il B(Oz) JUPE RS 5 (Ma1)
I A RE x F==s kil
5 g — % A
T# [Eﬁ?} B VYT ovE kIR 1.9+0.4 ot
B | REHKIK ' 5 ”
BT
TET) e 7 Y8 KIUIK S

F101%]  ZEEE M K Ok e = Histsl 2 36 1 2 KB O BEAFRIRIX
General columnar section of the Osaka Group in the Suma district and its northern Kobe District.

Z2EEIBREUS 700 m DRSS T 513/ 7 (Segodon akashiensis) DEIHE (55 1IVIXIER) 25% i S =3, 0D
PEHE AR EER LT O X KIKEDO 1 m T THD (11K b, HIAE). 7HL Y ID7 1 vy
a v b7y 7B 200 TERT & EBIE SN2 EOBERITKE V. TV UEERL, YXK
IR & PAE 2 YKo L8 & R/ Nk L8 LA TV D (BT - B, 1983).

TPEATE, RO ORI HETIE L 0 B s (FAREERRE).

Metasequoia disticha, Juglans manchurica, Sapium sebiferum, Pterocarya paliurus, Prunus salicina, Paliurus
nipponicus, Berchemia sp., Wikstroemia sp., Phellodendron amurense, Fagara schinifolia., Ampelopsis
brevipedunculata, Symplocos sp., Viburunum sp., Clerodendron sp., Euphorbiaceae, Corylus? sp., Fagus

microcarpa i, Quercus cf. mongolica, Corylopsis cf. epigyna, Vitis sp.,

E o &5 2 NE w2 Fpo TRIEERET, ATIESERES T L 0 a5 ~, BRI ORI S = S ISy
ML TODH, BEHICZ LV, fERFEERE T DS O BRI SV TRH L Tk < (11X a,
b).

Mg 1 KON 2, o E iR K Z BB/ N L, A SCAE SRR 0 7 O KUK & el ek ikt
LR & OEE. JBEK 15 m.

MR 3. AT EEAK K Z BT, FhE LB/ N« 7 2 KILRBLL T OB BRL 1 & i . &
JEH 6 m. TR (1960) ORI LEIC Y25

R 7. BATHT IR O LEE EAES) (B LR alRSNTWARY) « FEE LR & v kLK
Jo& B Ol 5k e & bR, A 20 . S IR IR & 20 om O HRE A L. =K (1948) A3
MERORICEHT kB & LT, Glyptostrobus pensilis, Metasequoia disticha, Hamamelis parrotioidea,
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%11 a

ALK AT HAFESEEAR T M O R I LERD 361 2 KIRIERED VAR B VR U (a) K OHVETAEIRE (b)
[ - HBRREFEAT O 2 75 5 T4y D LHEIK TRBA) ROv THEE ) A6

Location map (a) and columnar sections (b) of the Osaka Group, in and around Kenkyu Gakuen Toshi and

Takatsuka Y ama, Kobe, City.

Wistaria brachybotrys, llex cornuta, Berchemia racemosa, Vitis cf. thunbergii, Cornus controversa % ##& L T\ %
ORI R LR RO Z L TH .

HR 8. A HTTE DT A BT SR IR ST ) |48 = S 2288 07 O LT R b o VT AT - 150
Rt (YXKIUKE L) & LR LR ROWMEEEN G2 %, BRI 13m. ZRIBHH) 14 mE P ROE
BT O F R LB XV Segodon akashiensis D FI 23 R ST\ 5. T ORBHEIT LB T, it
SFREETOT v UENEEE FEETH D Z EANER SND

ERRO X9 2 MEREEREL, WO B L0 T Y UERT S T &, B LE
BRICDTe > TA L B, THPLARHCE T 2HEWRENED b D 2 &, B L o-v kil
KIEDT7 4 vrar b7y ZERMN 19+ 0.4 (X 1094E) LIESNIZZ L2280 D, AHUEO KPR)E
FE T EA R IATH AT R 5208, —SEsitic b= 2 WrEtE b & 5.

7B AT BEEET 2 Tl s oo HUE ) AFZERAE IS T, TR K LIKSE & RIAHI O A = — k(L

JEIZKHE L7eoiX, RBICE EN 2P EAFER A 2o THICET 2R 55 2 &b HE
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ELELOT, ZORMEEZED
T, KRt KRIRBEE, B
MR OPIA RIEHAR & Oxft
IIEHOMBEE Lz,

V. 2. 2. 2 HEHEERE (O)

AT L AT oMY 7z
DA ETHEK AT OB & AT
By FITd 725 T, &AL 40-60
mOEM»H L. FILILE,
PITHIE) THR I 2 X T,
SRR AR PRI AL B
5. W o lo B A
HERZ ™ D BERE I IEIEK TS Sy
i LT 24 LR @AY P RS
+Jg (i, 1960) T, 7 IF D
BELMR LETHD 8
14[X).

LEEER
(03) y

Ce 0

%gﬁ%ﬁ%ﬂ_. LI 200m D & 2 5
H 1~

(ZLEEAY 10m RO UIELY 23

7 0, kD SnoREESS

B 9 ; Jfm WOHERE O TALICHEEIR D T 2
2R RS O M FOREERBLT DYV MA
Simplified geological map of Kobe Kenkyu Gakuen Toshi. FTEAK 10mfE X, & I

BT 5. ZoRTEoL
R, HKI500m o)l FHFAH6 T H) I2bid %525, JLPE# 500m ORI b33 % (35 151X a).

JNPERE L8 2 5 13ER BALA OEIZEL A2V R S iz & OFtdkiZdH 5725, Hilfb A Ti, Cyclotella
striata, Melosira sulcata, Actinoptychus undulatus, Tharasiosira sp., 72 & O##4EFE<°, Nitzchia undulata,
Diploneis smithii, Qurillera sp., 72 & OVKAEFEDIZA, WEAEDIMEEREORIRIE T (R N) OEEEE
T 22 end, N THL 2 LIIHLNTHS.

WaFn 47 47, WA OB & kit T OB ICERH L7k BT, 7 I 03 RE L, Mt &
L, PR LI BRI ESEL L Tz, AETPICIZZ BROEDEESOE S TWZR, BB
#EIC XA, Picea koribai 234kt % <, Metasequoia, Lepidobalanus, Pterocarya paliurus, P. stenoptera,
Zelkova, llex cornuta 7 £ 43[R E T & 7z,

JUVERE HfgofgHE & LTiE, —Ji Mal # BRIt LT <. 2 Mal IZKBRERE DR 8
TRIRAHER SN TWZRWED RV LB TH Y, JIPER LS HBIFED & 2 A KUK R E
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LR AR L

B3 KERERIIARE O FALE S E D Y XK ILIKE OFER
@, (b) 4= THwFE R AL
Occurrence of the Yagi Tuff intercalated in the lower part of the /f

Akashi Formation of the Osaka Group.

ATWZRu, BTIPERE LI O AIEIA <, BIATE 2 X6, R TRIFRICE TBIftE 5. 2
D EPBHTH, N LEIE Ma OAMEEER K E .

V. 2. 2. 3 EHEER (O,)

TR K X BT /N L A T NE A B (Rointh) SROOE R (2, NERHERE#ER  Lid i
[BRECH DA REE AL IE -, EMEBRHCBR T 2PRREN AT S, ORI OV T
(b= | NG & 2 OBF e 3 G - 47, 1983) IZRE L < il L TRW =D THIRE Nz 0.

R ORI i 2 EEILHEIIZ BOBA R R 20E L, d<»rbERLEE (&
JH#, 1953 ; 1965), mFILkEHE (HEIFA, 1960) & LTHIBNTEY, il (1960) I2& Y Ma2 iZxt
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KIRERE B E AL 2 KK OFFE

Characteristic features of the volcanic ashes intercalated in the Osaka Group.
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WX & Ui IR 4 HE Y KUK T ADTIR |KLy 7 ADOBITHE — F z
AU BB | FILE 1.505-1.509 | #F A@Dirv
R (B ;ﬁ ﬁﬁﬁzglﬁ
. * ﬁ%%&i&‘f; RIE> 2K 1.499-1.501 koo s
g ¥ J 7 z >
ChERIE) | G i | R o
HegadEs | REE>SILE 1.499-1. 501 Ehviad s A
FEREE . s i ; 5 N
crmamgy | SRELAH R
5 ﬁ@%%u%ﬁ %ﬁﬁ?@ 1.506-1. 510 S L
z/P v
THEEE | e | CRmHeE M
EA)
INTET.
B L HE L= KIEEE (55 16 X, 45 17 X 10) TORRIC L D &, JEX 7 m OAKHE O Tk

KT, EEANER TH 2. MERK LI S 13RO B LA Z FEH L T2 (%25, 1965).

Volachlamys yagurai, Chlamys harimensis, Ostrea (Crassostrea) pes-tigris, Ostrea (Crassostrea) gigas, Ostrea

denselamellosa, Fulvia mutica, Dosinia japonica, Pitar japonica, Semele zebuensis, Macoma incongrua, Trapezium

(Neotrapezium) liratum, Potamocorbula amurensis takatsukayamaensis, Promantellum hirasei, Anomia lischkei,

Mactra veneriformis, Rapana thomasiana, Lithophaga curta, Monia umbonata, Dentalium octangulatum

DTN,

BWIREWRE b AR S CEIIXR2).

T, E&3# om- #5010 cm DR TE{LT 5.

F AR O THBIC

ERE - BEBRIL A G T, KILWAT T AL ALUE T, 1.505-1.509 DJEHrH & =4 (FiHE

4-[A] Oulangia stockesiana miltoni, Carcharhinus gangeticus Dt 72 &, TR 2 fi/k 9 5 L TH
NUE D KIREA R E LT
ZONVE MKIRET AR - SR8 - @

T - B
I2L3). Zok

WIRED 7 4 v a > T v Z4EMRI3049 = 0.09 (X 1084E]) LHlEESNZ (BE 74 v ar T vs
KK.JIE). 207 4vvar b7y 78R3, T80V X¥KIUKRBOT var NT v D
FERE LI, AT - B O 5 I RAE IR ICEE Bk A b o,

b I L, TEOWAKAEK L2251, 7' J Fagus (22.7%), 7 % #  HLJ& Quercus subg,
Cyclobalanopsis (14.3%), /> / % Alnus (13.3%), 7Y ¥ - =L Zdkova-Ulmus (12.3%) 7 & DIEH, &
< Abies, k7t Picea, ¥ Pinus, 7 Tsuga, A= Cryptomeria, = ¥~ Sciadopitys 7 &3 {1 Hi3
5. RIS LT EEOWE 1 ClE, vV 2326.4%, T4 VRN 31.2% IR L, WolX D T
N F XX VR EIRET .

LUED &5 708 b D& T, ABHEFTL RO KB SHITRRIL L7 Z L 2R LT D, Lz
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%141 K TIE (0) DEH

WATHE) . 7IFnFELY
Occurrence of the Kawanishi Clay
Bed (O, .

> T Z OEF LK T IT RIS AE S Wi RIS L > TRENTZ B TH B Z LIZHLNTH S
(B 181K). ik A vmH X LIRHLIMOBHERICAER L, VA H~ W DTHRAREMUEELL £ T
b E U CTART DRI O AT o I TH L. o A 2 WS L7k (1965) 1 L, kA D
FEACIFBROLA FIZHHNBIZART A0 L INTWAD. ThbOHEITL, EEILHLEIA
Rt 7o IC K > TR ENTZZ L 2R T HDOTH 5.

R LK L8 OB FERIZ OV T, AEXWIARIEE RESITES 28, ~NUE PRILKEOZ 1
v ay b7y 7D 049 £ 0.09 (X 1084F) THEHZ Loh, PMEHHHICET 22 LIXkETH
5. FlAZBaATAERERLINRNZ L, EHBETHLIZ L INEEMTTND.

KRUJEREE OXFH T, EROFEEND Mab I L72WO Th 5%, Mab KB AN Tidk
KB DI R SN TW WD I W HIE OO E D THh L Z EAMETH S, KILRDEFTHLKILAT Z 2
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i WETHEL  E#BERIE  BEHEKE
® Fad(IE)

40 40 -fEEmy 40

35

fer g Lttt g

0
B

*{‘“Mgﬂ:" ST R el

#5150 a ZEHIRIEES IS 1 2 KR ERE LAY (O,) o HrE HEIRIX
Geologic columnar sections of the Middle Subgroup (O,)
of the Osaka Group in the western Suma district.

A5 b Ik g (O) & LiMiEktE T g (O) L OMORESEZ T A v T
(R, 1952, Fid). (fhA idK KRR O 5 L)
A sketch showing unconformable relation between the
Kawanishi Clay Bed (O,) and the overlying Meimi Formation
(gragel beds) containing the Maiko Shell Bed (O,) .

A
F #5536 14 B (01)

L.

9516 [} KB #E LESAE R (HERfE) T
DFZRIRE L8 OER (=it
7K B 2 T )

PR LR T 23 T o B A B o Bz
RESETO-TVD

Occurrence of alternating beds of clay

and sand & gravel (Meimi Formation)

which unconformably rest on the under-

lying sediments (Akashi Formation) .
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X Cyclobalanopsis

80 14 110

——| v s

SR

v ﬁi’f{“‘g TV v b KIKES

0

105

HATI KB RE L H RS2 28 (O,) OHVE R (o= ik s s i)
HOETREIR B R AR MR 11 X aloR T
Geologic columnar sections of the Upper Subgroup of the Osaka Group.
DEPFETITT 7 7 KIWKE (Ma7) LD bEZ HND. LLERLIZIOLIICRDL &, ERKK
BRI E O TR, 20 EMICAL Z LIEMENW WL Z A Loz,
WIALA N O RIS T8 & R BMRICH Y E AN bDOICHFEENHSH. Tl
I BA R OFAZ) DI DS = OMIBER C Y OB E» DM E R(bA 2 EHT 20D TH 0, il - L
IR ROATDHE S TVD.

Natica adamisiana, Cinctiscala kamakuranum, Papyriscala harimenss, Mitrella bicincta, Tegura (Chlorostoma)
rustica, Anomia lichkei, Anadara subcrenata, Arca boucordi, Volachlamys yagurai, Chlamys harimensis,

Promantellum hirasei?, Ostrea gigas, Mytilus coruscus, Corbicula japonica sandaiformis, Venerupis variegata

kioroshiensis, Solen gouldi, Macoma incongrua, Mactra veneriformis
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BEWE |

W

BRI =

REKERE |
(BR{LRA)

<y E bKILKEE
BIREKLT

HxaL

HFHKREY VD

50

% RS - AR
(a} {b)
HI8M  mERILKLIE IS 2 A 2 B o0 BLIRGL (him - %K, 1983)
Appearance of three types of diatoms, classified on the basis of their ecotype.
(a) : marine, (b) :brackish, (c) :limnitic

I B DONEITHEIRTE T % Volachlamys yagurai, Chlamys harimensis 28 %, miZ L@ D2 i
FEELL T DO TRl EE &tk S, fER0 K 5 ICREFTHIE - ATHEERE D b 0 L1335 2 < 2o,
R 3 BEAS, PR L8 OfEsli it L CRE L TWesi b, £ & D EERIC L TR 10 m FALIC
bHZLTHD. ZOOETREFINERLEO TAEECS 5L SN TE. LrLays, Bia
B L AEREOREGBRNH G20, ZERTHEN SR> T, WARE~OHERED
B0 3AZ 33 L < 72 DB APIBRICEED B D O C, BUEEREBEH CIIMR cE RV, B1rEEOR
B L, VSRS R OEI D AL &SRS L7z b 0 LAFIR L7z, 2307C, 1952 4R (T A3 24 il & F A
LIZBRD ATy F3 k> TOD M, JITHLEOZ 4 7L STV R5FAE6 TR TKRO XL 5 eflsis
T-oTn2 (51514 b).

JIEEHE L8 & 20 ELIC e 5 6 mARORGELOF L EEEER (0, & ORI, WifFL biok
P Th D7 — REEGINCH A DA, FADR (LEID 2> TRE PR HE O] 0 IAZ D75
A, T OME A I 2 BB A i A2 M S WHEE & IE > TRk ERIT TR LT, —RELES
WCRZ 2D, TOTUCL B2 LIxikETH D, Licho CQUBEARILORICHIET 2B T-HEIXZ0
HIEREOWHENICEEND O LB TRV, I LEREOE T ~ZHITHERT 20 b, [AfkZRH]
VIABDI=D EHBND.

T, ik (1965) IIHAHIRILE S O KROEFBEN RO AZHRE L T\, 2BHFHE
VEFEAKHT O IRV OBE AT & SIS 223, EHULAELFEIIRETH 5.

Tegura rustica, Cinctiscala cf. kamakuranum, Papyriscala harimensis, Natica sp., Mitrella bicincta, Rapana
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thomasiana, Arca boucardi, Mytilus corusus, Volachlamys yagurai, Chlamys harimensis, Mornia umbonata,
Ostrea denselamellosa, Crassostrea gigas, Corbicula japonica sandiformis, Venerupis variegata kioroshiensis,
Macoma incongrua, Cryptomya busoensis, Barnea (Umitakea) dilatata japonica, Promantellum hirasdi, Anomia

lischkei, Tonna sp.

WAL OB ERIE O AN OV TR T 5. @RI L8 DA B 2 A e RN B
S E T EE T OB AT, A REE RS ICE - T 2O LR T 5. WE O
IR D BB EAET 5. ALK LI ED 2 > H A (Siliqua pulchella) DEIZALA A5
NTIED, KD 20FEIZDIF D IBBREE T 2 LA E ST (FIAREERFE). KILRIZH b
DHEATVDAS, FALOWERCR: LB I HAET 5.

Abies sp., Torreya sp., Quercus (Cyclobalanopsis) sp., Q. (Lepidobalanus) sp., Fagus microcarpa, Melia
azedarach, Magnolia kobus, Prunus sp., Cornus sp., Carpinus sp., Zelkova sp., Callicarpa sp., Broussonetia

kazinoki, Rubus sp., Acer mono, A. sp., Wisteria sp., Zanthoxylum, Ehretia ovalifolia, Carex sp.

EETER I, EELE S (Ma6) 21X U & LT, BEmETRT 5RO % 1T 72 B
DY, ML & ORI EMOMRHORS 1B 2 e+ 5. EHEFREEOEFIL b 3B ndbo £l
KD E R b D. ELHERHE s RHIRIC LR HEOK mOEEEZ Lo DR, L
> RARICHOBEE U HAE T 5 H ORI S TN DY, BUED B BECIIIEM A YT L T2 n o
T, SHOBEE Lz

V. 2. 3 APEBEOKRERH

NP EORIBIL, FHEWEIH > UM EEE S > TV AILTES, ThblFeAlm
HHUEL STV D DICFEEII R TH 503, KRB H N2> THIE TEI B0 5, R EE
EHLTCNDZ EITMETHS.

e BIEL SART 2 OEFME TR HIKKAET - REBAT - FILITO EE#MTH D, = 2 TlEEBEHO M
HBIC 10-15 EFREE BN D VERB N L S A1, ERERIRRICIA 5 WiB OFFTENHEE S5 2%, JEYET IR
T, BB < - TEBRS LEBEIICDIZVAET b0 L RbNS.

HBEMX T RHEEN S RONDBEE S DT NCRA LN ITT E .

V. 2. 4 #BRBOXREH

AR HUS N O BB B 12 B B L 2 KIE R, DT D ICRAHEIC R O 2 EWEEE R S 5123 X
T, WD B> T D, ZOBRIIE ORI 2 REF L T 225, BHEECET b0 L
HHND.

L2 L7ais B2 TUNAS) BeOY TR ) [ Hh sk N oD BRI — 7 0D P 2 VX R T 0 g
BT 5 & 2 bR D YKL T8 2B e LB O JEJE A B b, RRETEOIER F T L <A
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Perspective view of the Tarumi area seen from the west of the Kasumi Hill.
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ARLTWS.

V. 3 BIaRE - HERE -

N B

AR A & B Tof A HUls) (S E 728
2 BI36 M Hs L, KRB 20 i L3
o T2 ORERBER D HH LTV D
N, TORHIIBREETPTHY, £
WEICHET DRAEHERbELEZ ST
. LIeRo TERER@wmE LT & &
BECIEe Ay, B RICI T 5 A %
PR L TR ETZ.

Do TAHUIE O fERT - ST A e
BEERFEREREE ICRAl ST & (R
- /R, 1958 ;5 iR, 1960 ; HiIED,
1960) . Bl A BHEIZ A O I #E
D REEMA L U, BEBERIY AR
T REESITHE S R EE L2 b
DTh>T=. AE TR S AT g
WChedbD LB bi, BHEITPHE
FLIEOHIE & ShTE 0, DM
DOAREEBRIE, — RO X 5B Db
WTELNERITE D TlE otz £
O BA£R 23 fie3lr 00 T 4 it dsk D K FEBH o Hi B
LS THIRIZAR > TETZDOTHD.

ZORERD RIRE DL, T E Tt
B - EHECRKER T S s
ET-HABROBEERE LA bNTE T
MKEE E ZDOF D Mal b5\ I Ma2
JEYE L B 53 T & T R I RORs g s
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Pebble-bearing sand layer showing the beach facies of the topset of the delta in the uppermost
part of the Meimi Formation.
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Middle Pleistocene paleogeographi cmap of the Rokko Mountains and their surroundings.
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Simplified geological map and cross section showing the flexure structure of
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Outcrop of the Yokooyama Fault. The Rokko Granite

thrusts up against the steeply dipping Kobe Group.
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A diagrammatic cross-section showing the relation between the Takatsukayama Flexure and the
Meimi Formation.
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Sea-bottom topographi cmap around Awaji Island.
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A map showing important borehole sites and lines for geologic cross-sections in Kobe Harbor.
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Schematic block diagram showing the submarine geology of Kobe Harbor.

ENTNS. Mal2 ORI T 2 EEZEIL 3L mIZET 2. FHIREE & [ <, 31 moEmET
Ma 12 Hifgi#%, Z OWiEOIEENC K> TAELLBEAMETH Y, FHEMEIT0.3 mmly. ThHD.
Z OWIE OO Ma 12 Okt HICB LT b HERER & ML AR O BEHE RICE SO CGRENT b
o,

£, A= R"TA T FRMEGOR—) VMR T &, ZORGHE LR 8 OMEMIRE A2 D &, W
SN IEES TR & AR 72 Ma 12 DZEMLAGED b, oA BN EHT 2595 Th D
7o REREHA O AR — U o 7RIS Ma 12 & Bl LR O3 7 <, RIGERIC Fehe & 7z B
HTH LHEDR, HBOELNDED HITWD SO0, FImIREIEIE L BIFRICZE QMR 23 HEE T
ERAYAN

FREIRWTRE - EERBWTE & b IC ERA Tl enaig ot L LThobh s, Z oo
Wi EBORFHNEHTH 20T, MEOBKRE LSBT OILERH D.

VI J& O # 2
VI 1 % B

AHUIBUT RIS FE T, MRS IR ST 1) 2 VBT AR (3R BET oD L 9 IS IRIRAIS R TZ T T
Eiss Z LiFdmn. Lal, IARTZEEMEZEL ORRIIL Y BT, R CEARTFL/ TS

2) AL, FHE O & Z IS HE S RBBZ LHRE] . FICUIAEARR R P ER T r Y = 7 PRI TH D, W
TG AHUIE R OBEE T6077 ) MU OGRS M & B HERBR S D 2 b D Th D, Lictd> USHHE M ARMEL £ <, %
%< OEAMENITRNERENTND. ZORBICINLEZE LD TRBE VO T, FICHEGFEHLICRBEL TE LD TV
Enie.



62

fulatie kb NEE L E 2E{bib: )

\\§§\ ERaasik) e

N
NN
\\\‘\::;S: L EN L

N

~¢

ani A e . ~~-LHr% N,
anin NN

weeme A T \Cr | 8 T j
S8 # ERsE £ ,/ E ]
~ e i )

‘ ”»

A pavRy )

—
- d [ )
h‘ -

4 1% o 5%
Bt #1275 Sy
Py T 7 -
Lty &;\2
T

0§ 1 mEyng Pown
O % 2 R % oL =
BB _ - X W & 0 1 2 3km
Za—F U EREE Scale
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A map showing the reclamation projects in Kobe Harbor.

BN AP I ST R
Outline of the reclamation projects of Kobe Harbor.

IR RS PR S N I N A
T (ha) 114 88 116 121 439 38 19 47 104 436 580 1,559
#Y 85 m®) | 1,081 1,084] 1,480 1,727 5,372] 286 225 379 890 8,0000 12,000 96,262
AR (km) 5.8 5.4 6.3 5.8 23.3 3.6 1.7 2.7 80 13.9 12.9 130. 1
+ W B we | BT mk mal seumswsan e welle B8
HETERE (FEF) 2849 35-43) 36-43 39-45) 32-49 38-43| 35-41 41-55 46-60

12K ME TSI B s
Land development projects for housing and public facilities on the Rokko Mountains, west Kobe City.
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BRHE (852137, 1983)
Representative columnar section of subsurface geology

2L, hRa T AOME XSO S bR LI Physical properties of the clay beds of Ma 12 and Ma
Mal3, (ks 1% Mal2 13.
at the central part of Port Island.
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Distribution of cpnsolidation yield stress Consolidation characteristics of clay beds.
of subsurface stratain central Port Island.
’EC D.L e 5.0
= 5 o - S —
(m) Ob—ag— 50
—5F —7.8 -
—3.0
—9.0
E3 [ B | 4% | 47 | 48 49 [ 50 [ 51 52 | 53 54 55
\
1
ik
T \\
7
(m)2 \
: -
| p—
{ i |
4
AT R— b7 AT KRR 2 IRMERE O T Hi#R Qg2 - 5m, 1981)

Time-settlement curve of the subsiding former sea-bottom surface observed at
southwest Port Island.
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Time-settlement curve of the individual subsurface layers observed at southwest Port Island.
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FA91 R R OVEDE O VL TR (9 - 1, 1981)
Subsidence of the reclaimed land at the embankment site and its periphery.
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H501  JE R N OV B ORI (JE2 - %1, 1981)
Time-settlement curves of consolidation of individual beds and total compaction.
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Grain size distribution of subsurface soil.
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KD BEAEENE (S5%-Em,1977)
Earth pressure of reclaimed soil in Kobe
Harbor.
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Compacted embankment by crushed rocks of

Kobe Group.
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FA3FK  AEE D oo ZEEABETIR (e iBEESS, 1981)
Results of triaxial compression test of compacted soil.

| ! ) L N
i B it] Ly A Jan) i RE X4
| B R B R E]w ® | WoBAL | 7V X
. ‘ .
AR50 mm | KB kelem® | 0.35 0.2 | 0.2 | L0 | 0.00
B 0% REEERA | 28.5° 23.5° | 33.5° 36.5° 42.0°
! ]
BkkEs. 0 mm | fE Jlkglem? 0.76 0.25 | 0.40 0.50
L e B}
f i BEA0% | PR A 13.5° 9.5° | 6.0° 8.5°
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1 50mm \\ \

541X AhF BRI O BT R (k- iy, 1971)
FEM  R— T AT R, AR 5 4 2R
Diagram showing loading test of brldge foundation of Kobe Oohashi.

&9 e HUE T, STRFR I IRER: T8 TIOR8 43 O EHMRRIO R S) (CRES iz, 20
&1 Mal2 & LA & 2 00T, KBREGHER O R EEIE I M 32 23, KIAIT & 3R B3 572
DR, BEPICE L O LB A RA TN D

P KA ORFRIANER — 7 A T o RFERdE OB S ) b RN 217 m DX 70T v % 31
BT —FHET, BEM=a—~F v 77— T, ZOMITMENERTHS. EHEMr— 2 i3
K. P. =310 m{Z3ckr &, 7r— Y VIETIEF MR D 1= DIl 21TV, 54X, 5 14 ROMER %
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STOT, FEHE TOER 255720, ¢ 1,016 mm, | = 38.5 m ORBRIUIC & B HATRBRTON (5
55[]).
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FAAK AT RBBERR O SR RBAE R (PR - Bm, 1971)
Bearing capacity of bridge-bases of Kobe oohashi.
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FE5 AR — NT A T2 RICRT D EEMORAMRER (b B, 1972)

IRV RELEDD.
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Effects of vibration-compaction methord.
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#15 % MAERICIS T D OKERLER (R iR, 1980, p. 57)
Records of floods at Kobe in the Age of Showa.
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Flooded area of 1967 heavy rains.
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Avalanche caused by heavy rains at Ichigahara, north of
Nunobiki Dam, Kobe. DYISH R % FRAT L, S5 %
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Diagrammatic profile showing the swelling of HREFRF->TCN5. FEIZR RIS S FEIRNIEH
the excavated surface, due to the ground water R .
pressure loaded into joint planes of granite. SHAUE, ABROTEDNLTH 72 EBbID
W, FENRAET D L oRRIZBEDI, KK
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LH USRIRRORFEZE U7z (H61K). Zoxi e L THIIRmEA 5K 30 m ORTFRIFETA, CORFR
— U7 & L, MTKZOR L TODSHBIETICHASE, 220Kk T 22 Lic kv IR
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L, ZOKEEZZT DMOBIUC T THINOFBRENFEE L T 7od T AR Z L, Bl ~EE L O
Wb D ThoTo, B4 6 ARG 7 AW OFERZERORHZIXRENREE A ORIk K OHEK %
B o7z No. DAKFER—Y > 7 OFEKRERAE LIZIZ b b 5§, No. 4DARMITI0 mb AL,
ZEMBIAERTORMIC R D DIZ L H 2 L7z (3 621).

FEHALE X TS KA BRI S B OB R H Y, OV HOREHRITKER—Y > 7 % £
SNz, 20 H0 6 DFEKEDBEROBNREM L, £ 2o FARDER, KAHEDERIZ LV
KA BERRITAD CTHUE /e b D &, £ 5 TRVWb DR S 7z (A, 1975). F7z, HTFRKDOKED
ZbBENEREFROH L b DL, 5 TRNLDOENHY (HHFIED, 1975), HEAREOMH & —FH LT
W5,

ARSI ST T RV ZE LD 2L 03H Y, ZLEFIEHT RV M TH 720, ik e
o TG ZENE. MF R OVRE 2 IR (W3E, 1983) 2% 1T TWD ZeAbY, Zhbd
JE I FRDRBIC &0 A L CHEFICEIE LS <, #HNC LD~ BUVIRIBICH 2 O THEESLHE
ThD.
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General view of Akashi Strait Bridge (a) and geological cross-section along the bridge (b) .



B K )

v Bk T
(?LV\J&W@A%&)
R OB

@uﬁﬁﬁm%
x/ﬁu%”ﬁ%ﬁ

| BE LR
‘ﬁ B 8

OEF A ﬁ—‘

Yial—vay %M
f@ﬁ?&w@

| RS
HAHL i

Fi}

:fv
T

651 AR MU R A D it
Flow chart of geologic investigation for
Akashi Strait Bridge.

N ) |
“ R

‘ A E R
‘ °

B4R
5 (B FAEE

[NUIRG

5661 W A SN [ A T
Map showing in-site investigation for Akashi
Strait Bridge.

79

VI 5 BIAMEIERHE

VI. 5. 1 thEREORN

A IS R A & DU 2 5 S — D L —
b & LT, BEF 30 4RI ICES - iR - A
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16k BIAME LR O MU ARIER (55, 1982)
Summary of geological investigations at the site for Akashi Strait Bridge.
F—yrr
5 3 LABAEEAR | W E BB = H R
# # i % =N % EE (m) 4= (f) = (1@
A (BFHTY VA D) 14 1,624 365 10 297
B&E F M Ex & i1 1,074 265 7 72
Cd@® | M 8 6 507 162 4 286
D (BR7 B v D) 19 891 166 6 143
& F 50 4,096 958 27 798
HATER  BIAWEBRAE H O AL E SRR OB T (5, 198212/niE)
Outline of in-site test for Akashi Strait Bridge.
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I B EEEER T E) 12X 2RAHE SN D, ZRNREGL 725 TV DRI RIS 0 I
HRHMETH L 0T, FERBEREFE L O FIETY I 2 L—a Y ERL, SHFICETICS
WTHETEN TN D, ZOZEAYEDOIRRE SN MHTFIEE W T, EGEEOSER) - BT s.

WEEER AR — U o 7 XS BN T 16 R L7 E A H CEE S, 70, HUlEoOREE
FBARE D72 D DJFALERBRITE 17 RORBOFEMINTND GHEE6XK). WIZENDH D 5 HEEDODRHR
HI 722 T DN TR~ 5,

VI. 5. 2 SEFHRE
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=l AN B IS w A E CAN ST AN AR
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Qe

0
L 4\00 * 90 g
B3 Lz
ﬁ%y.’(q’ W‘:A ’s-qb'

-

CNS
T.P. +0m . T.P.+0m
AT
Dug
~50 —50
- 100 —100
N B (=0 v 7EK)
——— B wr(erstt)
== = i - Hitt:1:
- 150 |- = IR 7 ——150
: Fﬁri’g - W
________________ (- IR 173}
E== milH
—  WEER HEHE:
e AV IHAE N R t 33?;, (3 R
® EBIHEvER—Y Y 7 b DA(‘ :i;iré [:E]{-)Kg] '; i ey
oas - s , Pum o BETH -l ’
o A R T e e (G2 B
. T EALE K. . XEfF?f]r T

HeTH mT-MARET L (MR, 1982)
A geological cross-section model of the ground at Maiko site.

18



82

N value Gradation®. Unit wei?ht t/?
24

T.P — D 40 0 4 80 20
_om i~
Z (19 ol .
=) . -
bood | Wl | ]
] 2 ?i}m 4 . e
o [:H
— [#]
g el | %
-5 @ fme f
e a !
;& %M > > - -
LY
55 ol
Q | L ] - le
o £ 59350
E|
a0 f P .
|
50, |
62 t .y
s AL
3 .
> o
-15 s /8
w 1 i
2] |15
: ’ el
B B
R a/g/l

%568 X TAKMIXIZIS 1T 2 HEE OJFNLE BRI X D HRIRIL  (Nissicaki etal., 1977)
Soil profile at the in-site testing site of the gravel bed at Tarumi.
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Grain size distribution of sand and gravel layers from the in-site testing site at Tarumi.
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18K ELERVIDEGABRO T (Niswicai etal., 1977)
Physical properties of undisturbed samples from sand and gravel layers.

& *’5" =] =3 B Yto Weo €o S #H

No. ! (TP-m) | X (g/cm®)| X (%) ¥ ¥ i #
N i, B
A “ L IR 5-6 | 1:91-1.99 8.80-12.010.49-0.545 £ LG F| ghsy v+, $l0~20 mm s
5 L% 10.5 0.51
L EREE R 1.80-2.00 12.1- 15, 1 0.57-0. 69 _ \
B LEURE” | 6.5-7 151 13.9 0.62 S-F | Boraisg

|
\
- i
g | 211214 12.3-15.6) 0.410.45 ¢ _ (. 1@% HEE wAVF—vavl
C MERERE | 1112 |2 13.7 0.43 |G~ G 57650-60 mm e

. 2.16-2. 30 16 9- 12 5 0:;1—0. 36 ‘ BT 32, CREX 'DT)
Do BIRREWE | 15106 | T 9057 U7 | 033 | OF | bavs 43060 mm £y

1 _
% OEEEE, TRIITEELFT. ok RERS LT Y U SROBRRICE 2.

H19K ISR VEDESREBROIEER  (Niswcaki etal., 1977)
Strength parameters of undisturbed sand and gravel layers (measured and estimated) .

L & £ v #= oo wE o» ®H OB S
a H ; ; e PR - ; e
No. Ceu Peu [¢ ¢ b C ¢ ]
(kg/em?) 13 (keglem®) = (B (kgfem®) 3 ()
A 3.3 14.2 2.1 28.6 — 1.1 29 0 4
B 0 16.8 0 33.5 32.7 — - 41
C 3.7 10.4 1.2 34.2 — 0.7 34.5 43
D 2.0 22.3 0.6 36.0 — - — 46
REIBIBEOLOLAL. T T B

TEID, ZHERERAE RITZ OHEEIE L 0 23 DARVME Lo b e o7z (B 192, 570 X).
PEBRED N BB 21 LS CTEMT 2123 H E VISRV O T, MEOMF B L F— L Ebhd
R OM P ERECEMm S (66 K). R B HIENOT BT T 57280, F—U 751N
WCOTHRFBHER SN CGETLK). 2R bOR—Y 2 7 fERIC L 0 MWD ER S =03, Bk
(ZHEM S A7 b L TR & D WREBEER (B 72K) L2 oBEORh o, MR O ZER;
FITHMERR O L S ICRS H MBS T 20027 ST, BIRROBIO L 5 IZhotz. ZORRR %
TP DT, BT F Lo FHANC & 0 HEOMER LT o7, TORER, RERBDIT L A EWE IR
BT, LT OB S THRERBICKEREND D ZERALNERY, R TH 2R RS
7z (NisHiGak! et al., 1981) . far skt R 2 55 20 KIR L7z,
AN 55 4\ 2B 71 CHIE IS O M THEORET & [FIREL, SIS CRIpRilraEE (5F 74) 2RI LT
B0 cm DEFRARERA Eh S iz, #mrmE O EIRBIEK P T LU TR Lic i S, 2
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Kyoto (11) No. 61

GEOLOGY

OFTHE

SUMA DISTRICT

By

Kazuo HUZITA and Yasuo MAEDA

(Written in 1983)

ABSTRACT

The “Suma District” occupies the meeting place of the Rokko Mountain system and the
Island of Awaji, where Akashi Strait (Kaikyo) joins Osaka Bay (Wan) on the east and Harima
Nada on the west. This complicated topography is a direct indication of Quaternary fault-
block movements.

This district can be divided into three areas from the Quaternary tectonic point of view.
The first area is the northern part which is characterized by the prominent uplift of faulted
blocks which form the southwest part of the Rokko Mountains and adjacent hilly lands.
The mountains are composed of Late Cretaceous granitic rocks, and the hilly lands consist
of Cenozoic sediments. The second area is Awaji Island which is located between and linking
the islands of Honshu and Shikoku. Only its northern part isin this district and is composed
of small-scale faulted blocks of granitic rocks formed by uplifting in contemporary times
with the fault-block movements of the Rokko Mountains.

In contrast to the above uplift features, the third area, Akashi Strait, is quite different,
and is manifested by a depressional and remnant zone of intense rupture eroded by strong
coastal currents. The pattern cuts across the two uplifted areas.

In the southwest Rokko Mountains and the hilly lands of western Kobe City, which is
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today called Seishin Area, a large-scale residential and educational newtown has been con-
structed. Magnificent outcrops were exposed during the excavation. Through elaborate
observation of the outcrops, tremendous amounts of field evidence have been obtained, and
these forced us to alter prevailing ideas on the Quaternary geotectonics in and around the
Rokko Mountains.

On the west side of the faulted Rokko Mountains, the Miocene Kobe Group is exposed
in the hilly area separated by the Y okooyama and Takatsukayama Faults. The Kobe Group
consists of four cycles of sedimentation (Fig. 7), however, only the lower horizons of the
group are seen in this district, yielding abundant marine molluscan fossil shellsin and around
the Akashi Strait.

The Plio-Pleistocene Osaka Group is distributed on the western side of the Takatsukayama
Fault accompanied by widespread terrace surfaces. On the southeastern side of the Suma
Fault, it submerges into the sea-bottom of Osaka Bay. The Quaternary Osaka Group can
be divided into three subgroups; the Upper, Middle, and Lower. The Upper Subgroup
represented by the Meimi Formation, is composed of cyclic marine sediments of a deltaic
environment outwashing into the inner bay. It unconformably covers the underlying Akashi
Formation of the Middle and Lower Subgroups. The Akashi Formation yields Stegodon
akashiensis which is contained in a marine clay layer of uncertain designation of the Middle
or Lower Subgroup.

Fault-block movements occurred soon after the deposition of the Middle Subgroup. The
blocks thus formed, and called the Rokko and Awaji blocks, rapidly uplifted in the Rokko
Mountains and Awaji Island, supplying a large amount of clasti cmaterial to form fans on
both the outskirts of the blocks and further to expand to the deltas of the Meimi Formation.
The depositional surfaces of the Meimi Formation have remained as the Higher Terraces of
this district. The geological successions in this district are summarized in Table 22 and
indicated in Gothic type letters, together with other related geological system and events
in the Rokko area.

Table22 Summary of the geology of the Suma and neighbouring districts.
Geologic system indicated by Gothic type lettersisin this district.

Geologic age Geologic  system Main geologic events
- Heolocene Alluvium (a) Formation of coastal plain
g Lower terrace (Tl)
5 Late Middle terrace (Tm) " . .
g Pleistocene JM.dd]e Higher terrace (Th) . Formation of terraces in uplifts
I ..
<3 i Osaka | Upper Subgroup (03) _ Meimi F. =
u { Early Grou Middle Subgroup (02) Akashi F (;]'7 Deposition of the Second Setouchi
E “““““““““““““ P | Lower Subgroup (01) ashi . Series
H Pliocene et R A L R At o e ®
3 . ‘5, | Eruptions of the Setouchi Volcanic
H Ogo .| Aina F. 5 Series
& { <
2 Kgﬁgup Yokawa F.|Shirakawa r:} Egaeerr }ﬁ:;‘; Appearance of Paleo-Kobe-Lake
! Miocene X N . .
i Arino F. | Taihata F. (Kt) {lwaya F. (Ki) Deposition of the First Setouchi
) B Series
Rokko Granite (Rg) twaya Granite (Ig)] . i A .
© i L = Intrusion of Hiroshima-type gramites
K Dobashi Quartz Diorite g%
k=3 .
4 Cretaceous Arima Group . . b Eruption of Late Mesozoic voleanies
= Nunobiki Granodiorite (Ng) Sumeoto Granodiorite | &
;;f“‘g””“(}’ N AR A (Sg,Sb Intrusion of the Ryoke Granites
amba Group
Late Paleozoic Deposition in the Chichibu geosyncline
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Table23 Summary of geotectonic history of the Osaka Group.

Geologic | Stratigraphic [x10%.Marine VO;C;;“IC F.T@ge“ Ir;ill(g?s-etic Fossil lseevaél Crustal [Formano:]
Age Division | ago | elay | j5yer x10%y. Polarity change Movement] Topography
Holoceng o) : - Alluvial plain

g Alloviam Blake| 5 ¢ @ ¢ Low terrace
%'f" Upper = Ma 12 —= s T xS Mid. terrace
=2 | Pleistocene Ma 11 Biwal] @& | Elephas 303 g “;‘I‘.S}}‘l‘yag‘ FJ

I a Ma 10 a Naumanni = "? > 1gh. terrace

o a 23 . < g 2 2

= I E2. Biwa II g 5 E

8 2 lsm Ma 9 E - | & [Meimi F)

2 Pt Ma 8 | . 4 Biwalll 2 ! Syzyeium ° | Z—_ |Elevation of
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Basement Rocks

The granitic rocks forming the Rokko and Awaji blocks, with tiny spots emerging in the
Cenozoic sediments of the lowland area, can be divided into four types on the basis of their
field occurrences and petrographical features. The first is the Rokko Granite which is the
main type of granitic rock in the uplifted Rokko blocks. It is coarse- to medium—grained and
light-colored biotite granite with pink potassium feldspar, and is often penetrated by later
intrusions of fine-grained and light—colored porphyritic biotite granite to aplitic rocks with
apinkish tint. The latter finer—grained lithofacies are dominant on and around Y okoo Yama
and Toganoo Y ama and remained forming saw-toothed and rough ridges. A tiny but meas-
urable size of the Nunobiki Granodiorite is the second, and has been recognized near the



98

town or Itayado along the Seisnin Line of the Kobe Municipal Subway. It is almost floating
in the Rokko Granite as a small wedge-shaped body, and is medium—-grained hornblende-
biotite granodiorite with an occasional flow structure and often including dark-colored basic
oval xenoliths. The third is the Iwaya Granite in northern Awaji Island, and is coarse- to
medium-grained biotite granite with a light pinkish tint. At the extreme southern margin,
the lwaya Granite often exhibits a flow structure by aligned dots of biotite and potassium
feldspar parallel to the wall of the country rocks. The Iwaya Granite is tentatively correlated
to the equivalent of the Rokko Granite. The Sumoto Granodiorite is intruded by the lwaya
Granite. This granodiorite resembles the Nunobiki Granodiorite, and is the fourth type.
The Sumoto Granodiorite is medium—grained hornblende-biotite granodiorite often including
dark—colored basic oval xenoliths. The eastern part of the Sumoto Granodiorite is distinguished
by dominant basic rocks which rarely indicate rhythmic layering of dark— and light—-colored
bands together with fine- and coarse—grained bands. The basic rocks are at present excavated
to alarge extent and crushed to ballast for construction purpose.

K-Ar dating made on the biotite of the Rokko Granite in this district yielded an age of
72.9+3.6 and 71.6 +3.6x 106 y.

Dike rocks are scarcely found in the Rokko Mountains and Awaji Island. They are rhyolite
to granite porphyry and porphyrite.

Miocene Sediments

Kobe Group

The Miocene Kobe Group belonging to the “First Setouchi Series” is distributed in the
hilly lands on the western side of the Rokko block, and locally on the east coast of northern
Awaji Island. A general columnar section is given in Fig. 7. It consists of three formations,
and in this district only the lower half of the group, that is, the Taihata Formation (Kt) and
the Lower Member (Ksl) of the Shirakawa Formation are exposed.

The Taihata Formation is characterized by marine sediments in and around the Akashi
Strait, and contains molluscan fossils including the Miocene species of Turrittella kiiensis.
The Upper Member of the Shirakawa Formation is well known as containing abundant
plant fossils named“Shirakawa fossil flora”. The Iwaya Formation of Awaji Island yields
molluscan fossils (Table 2) akin to those of the Taihata Formation, and thus is correlated as
coeval with each other.

The First Seto Inland Sea occupied the depressional area in the Ryoke Zone extending
along the northern side of the Median Tectonic Line. This area is considered to have been
the channel in the inland sea growing westwards, and to have spread over the entire Chugoku

Mountains and further up to the north around the Japan Sea.

Plio—-Pleistocene Sediments

Osaka Group
The stratigraphy of the Osaka Group is very important in the analysis of the geologic struc-
tures of this district from the tectonic point of view, in regard to the building of the Rokko
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Mountains and Awaji Island. The stratigraphy and geochronological details of this group,
compiled chiefly from the standard sequence in the Osaka Basin, are summarized in Table
23 (HuziTA and KAsSAMA, 1982) .

A complete section of the Osaka Group was obtained by deep drilling of OD-1. It did
not reach the basement rock even at the depth of 907 m (IKEBE et al., 1970) near the central
part of the Osaka Basin. The results of this drilling revealed an important fact; the upper
half of these post-Miocene sediments is intercalated by thirteen marine clay beds which
are named Ma 0, Ma 1,.....Ma 11, Ma 12 in ascending order, while the lower half is
non—-marine.

The alternations of such marine clay beds and sandy gravel beds are considered to show
cyclic marine transgressions and regressions, due to glacial eustacy, into the Setouchi depres-
sional zone extending parallel to the Median Tectonic Line along its northern side.

In the above section, two important horizons should be cited. One is the Ma 0 horizon,
which shows the first marine transgression into the Setouchi zone about 1.2x108 years ago.
The second is the Ma 6 horizon, from which large-scale overlapping occurred around the
sedimentary basins to form deltaic sediments and fans along the foot of the mountain, although
the alternations of marine clays and gravels continued to accumulate conformably in the
central parts of the basins.

Such special sedimentation of the Middle Pleistocene suggests that the mean sea level
rose in association with fluctuations due to climatic changes, and the subsidence of basins
and the uplift of mountain hinterlands accelerated simultaneously.

Based on the above view—point, the Osaka Group is divisible into three subgroups; Lower
(0,), Middle (O,) and Upper (O,) Subgroups as shown in Table 23. Most of the detailed
stratigraphic events are discussed in the “Geology of the Osaka-Seihokubu District” (HuziTA
and KAsaMmA, 1982) .

In the “Kobe District” , just north of the Suma District, the Osaka Group also can be
subdivided into three subgroups, but the full sequences did not develop in the Harima
Basin on the western side of the Rokko Mountains, which indicates that this basin was stable
compared with the continuously subsiding Osaka Basin.

In the Suma district, the Upper Subgroup (O,) , named the Meimi Formation, is widely
distributed, overlapping unconformably on the Middle Subgroup (O,) or the Lower Sub-
group (O,). It consists of deltaic sediments in accordance with the marine transgressions
and regressions of the Middle Pleistocene. Almost complete profiles of the bottom parts of
these deltas were exposed by large-scale newtown construction, as shown in Fig. 25 and
Plate I11-1.

It began with sedimentation of thick marine clay (Takatsukayama Clay) , containing
abundant marine fossils such as molluscus, shark teeth and corals, and lasted to form a thick
fanglomerate with remarkable false bedding as forset. It ended with deposition of thin reddish
muddy layers as topset, the sedimentary surfaces of which have been preserved as the “Higher
Terrace” and remained widely over the Meimi Hill occupying the northwestern half of this
district.

The fission-track age of the zircons of the Hashimoto Tuff included in the Takatsukayama

Clay was determined to be 0.49+0.09x10° y.



The Middle Subgroup (O,) is represented by the marine clay called “Kawanishi Clay”,
underlain by non-marine sediments from which the molar fossil of Stegodon akashiensis was
found. The fission-track age of the zircons of the Y agi Tuff in this horizon was obtained as
1.9+0.4x10%y. Both of the formations contain Metasequoia fossil flora, and thus can be
included in the “Akashi Formation” , although their mutual stratigraphic relationship has
not yet become clear. At the moment, therefore, the beds containing Stegodon akashiensis, are
tentatively mapped as Unclassified Osaka Group (Lower) (O,) .

Development of Quaternary Tectonics

In regards to the origin of the Akashi Strait as a submarine valley connecting Osaka Bay
and Harima Nada, it is essential to analyze the process of fault—block movements and the
formation of submarine topography and geology of the port area of Kobe City to understand
the geologic developments in and around this district.

1) Inthe Early Pleistocene, the age of the Middle Subgroup (O,) , the Setouchi depres-
sional zone was invaded by sea water changing it into an inland sea, in which the sequences
of marine clays of Ma 0, Ma 1,.....accumulated in the Osaka Basin continuously starting
about 120x10° years ago, whereas in the Meimi hilly area of this district, only Ma 1 clay can
be recognized. This means that the western side of the Rokko Mountains had been tectonically
stable compared to the continuously subsiding Osaka Basin to the east.

2) From the beginning of the Middle Pleistocene, the second transgression occurred and
proceeded through the Akashi Strait to the west, and started to deposit thick deltaic sediments
developing into the Meimi Formation. This transgression coincides with the rapid upheaval
of the Rokko fault-blocks. The continuous existence of the inner bay environment led to the
deposit of clastic outwash from the uplifted mountains.

3) In connection with this fault-block movement, the Middle and Lower Subgroups forming
flexure along the Takatsukayama Fault or faulted along the major reverse faults on both
sides of the Rokko Mountains. Such tectonic movements have played a major role in
forming the geologic and geomorphic frameworks of this area.

4) The Akashi Strait is a severely crushed zone due to the complicated fault movements
shown in Figs. 29-30. This weak zone became the channel connecting Osaka Bay with Harima
Nada through the Middle Pleistocene, cutting across the both uplifted blocks of the Rokko
Mountains and Awaji Island. Water current deeply eroded the sea—bottom, and then a
narrow submarine valley appeared crossing the submarine rise extending from the Awaji
uplifted blocks.

5) Thisvalley played the role of drain pipe from Harima Nada to the Osaka Basin during
interglacial periods. The sea-bottom in this valley never reached 70 m below sea level in
the last interglacial period, from the results of the sonic survey of Osaka Bay. Because the
sea level lowered more than 100 m, the paleo-river channel was found beneath the alluvial
deposits of the Osaka Basin at a depth of -70 m in its central part.

6) These facts show that the narrow valley in the Akashi Strait reaching more than -100 m
vas formed by the submarine erosion since the Holocene transgression named, in Japan,
the “Jomon Transgression.”



7) In contrast to the Harima Nada side on the west, in the port area of Kobe there is a
thick accumulation of the whole sequences of the Osaka Group. The subsurface geology of
the Kobe port area is analyzed based on the sequences of Ma 10-Ma 13. The detailed
facts of the characteristics of those sediments were clarified by survey and research performed
for civil engineering purposes. They indicate that this port area has continuously subsided,

and even the Holocene sediments were affected and displaced by the faulting.

Applied Engineering Geology

Three big development projects are in progress in and around this district. The first is
the landfill project to construct "Port Island" off the coast of central Kobe City. The second
is the excavation project to construct a newtown called “Kobe Kenkyu Gakuen Toshi” in
the wide areas on the west side of the Rokko Mountains and in the hilly lands from where
crushed rocks are produced to supply the material necessary for landfill. The third is the
project to build a suspension bridge (Akashi Kaikyo Oohashi) over the Akashi Strait between
Akashi on the Honshu side and Awaji Island, reaching 3,560 m in length as a part of alarge
national project to link Honshu and Shikoku Islands by bridges.

To design these big projects and develop them safely, detailed survey and research are
of prime importance. Therefore, prior to construction, a civil engineering and geological
survey and research were carried out. Through such attempts, various data has been obtained
for these projects. Some of the more remarkable data connected with the geology of this
district are described in this report.

Natural disasters such as flood and landslide, and various hazard problems are discussed
in order to prevent future disasters, in relationship to the tectonics of the Rokko Mountains.
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Medium- to coarse-grained biotite granite (Rokko Granite)
Porphyritic K-feldspar and idiomorphic and zoned plagioclase are clearly shown along with undulatory
and subgrained quartz.
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Enlarged figure of quartz grains (lower middle part of above photomicrograph)
Minor cracks in subgrained quarz make trailsin two directions crossed nealy perpendicular, suggesting an

evidence of the latest pressure loading.
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Medium- to coarse-grained biotite granite (Iwaya Granite)
Subgrained quartz exhibits saw-Tooth and sutured boundaries and undulatory extinction.
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An opencut view of the Takatsukayama Fault (Flexure) in the Kobe Group and Osaka Group.
In Fig. 25, the detail isillustrated and explained.
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Sonic record off the coast of the northeastern Awaji I1sland (refer to Fig. 27).
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A part of the right inferior maxillawith M ,, Stegodon akashiensis (TAKAL). Upper : lateral view

Lower : occlude.
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Molluscan fossils of the Iwaya Formation, Kobe Group.
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Photo showing the conglomerate of the Kobe Group on the sea-bottom of Akashi Strait, taken in 1960.
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HuziTa, K. and MAEDA, Y. (1984) [] Geology of the Suma district. Quadrangle Series, scale

1: 50,000, Geol. Surv. Japan, 101 p. (in Japanese with English abstract, 7 p.).
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