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Table 10. Summary of the geology of the Kobe District.

Table 11. Summary of geotectonic history of the Osaka Group.
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Bird’s-eye view of the Rokko tilted block seen from the southern side,
over Osaka Bay. (Huzita et al., 1971)
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B3 SEAHN S BN LA (HR4sERE)
Northern side of the Rokko Mountains seen through the hilly land
of the Sanda Basin which is filled with the Miocene Kobe Group.
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i, RS IR E AT 5.

BB L TR O BIRIC Tt A5 OMEIL (690m) - 41l (722.0m) RFOEHD
TR (652.0m) 72 5T, HBE IRV KIS e o T, 716 B 00 T A 0 BB AL B 784 R
DEANEZ T -BREAPHRINTVWD

HETE - AR S b, RERALEIO L 5 Il SRTWA R, ZREAOEIEIZ LTI, 47
H N2 <N TWAT-OICHETRVWLOLH 5.

SIRE TR BB TR LT £ 310, WAL A REEDEIRA D D, ZORRE b B2 525,
TE TR D b DR KHS & B2 T 5.

m. 1 7+ % J=8 #

FEFE IR Z D7 & TH RS, Sl ROK REREHERT AR 2 S B I~, BRI S (LTI 51 7o i 4 B
& D AU 2 PR &Y, Ok AT S “HAERET A FHEERE LA TN D (AT, 1953).
FHEREOFZEIE, WO ERIZL > TEE OB, [Geology of the Tanba District] (SAKAGUCHI,
1974) ICHIEEN TV D, KA, £& L TAKENLET DHEMMEAICEY, TOBMRERIZTE
FERT D SR Co b D LB LT-.

Lo s, FHEBEREORIRT v— Fb, ZEBRPHZ2VWLENZ R T2/ N MeaoRR GG
M- WH, 1975) LIk, RUBICFHEEHOER - MBSO RGN ESR, ZoMmEsERs, 2/ R
Mbf - R A X DA I, FHEBTEONR 0 OF SN =28 e S, BlivaT/0L 0
FTEENDZ LML TE 2 GEARIFD, 1980). Lo T, FHEREEHX T - HAERE)
EREEND K Do TE T

AR HIg N 0 FHE B S FHE R R & O b o T, ANH L E %%Rmr’@”zif‘rﬁ& L1 [ L1 1.0 6] A 75~
1% ISR NS SE L, BB AT/ &< 5B (2418 m), HERIL (2495 m)
b, RETHKRINTWS. BUEIXDLT RS LDVES TORWR, & &b & ARSI FHk & it
DIEL AL TVt EZ BN,

WHENB WO FHEERED 2203 TlE, ANHLHLOPERIZ S 5 BYIL (391.6 m) LD b O3 b 434k
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MRV, T TEAREREDONV—T « XUZ 0 e LTHHERBEENH Y, HilEESOMET, &2
AEZATF¥— FafATND.

ZOWEOY 7 Uil (3475 m) LD Y 7 B THEBEREDOT v — M OAKE L A b, #hfER
- HRE 722 & ok A FE L & 4L, Pseudofusulina cf. vulgaric, Triticites cf, simplex, Fusulinella cf.
simplicata 72 EFAEREZIR AT 2 A8 HE (LEE - B, 1969) SN TW5.

BISE g LIS 7272 5 /370 (UG & A D JERE (11 - WERT 1L S PHE B RE O RS - WSO SND. 2
OO EREORE G MR TH Y, FEREHEARH O EER DX ELZ T VLD
DOV, IRFHE S MO ERE b HEETITRERN 2R T

m 2 A B B ¥

HEREREE, AT LU 55 B BRI - BEIR A 2 Tk & 3 5 TRECE B oM & LC & HH

L (SR, 1959).

FBRULHL S D R R EET 1Ll (565.6 m) 1 1247 IS TR EE A F it % BT < FRBCHICE 1 B 0, 7R He
Y )

FESO S E Ll - FF A (516m) 11, ABEREANE 2 RESICE Y BIKABE NS 5. Mo TES
DIZINSEZEMEFHRCEE LT, AEEIEE XL CHERICEE LE (BEE - 5/, 1965Db).

Z 0%, AR A EACHT OB LET 2 AR AR ES TEY, AELROAREREICL > T
BAZZI TRy, S PRimoLsy e, SEREEEICIA < 2403 AR e S o ek
KIEHTH D Z Ll Sz (TR HARRNERITZ L —7, 1967) (556 X).

w
&
2

w

i

st
]

HeX  UriHh TR o AR KRR O A

Distribution of the Mesozoic acid pyroclastic rocks in the Kinki District.
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ATHE MBS | RF-BENTHER B E

R
R AT araras) 300m
SEA L oW
. B P R 100
- 0
W Lfigits
TR L BRI
(S2)
T T & o]
WREANEE | U R
o

BEKEIRAE TG
(S1)

el R
KR

FTH ARETFHEORAFRIK (Kasama and YosHipa, 1976, (Z58/1)
General columnar section of the Arima Group.

A 15 FEHE D K LB e TS AR HB I 2 2 AL B L CHE D B, 55 7 BN R TR HER X O &
D 7o REUERE R3Sz L7z (KasaMa and YOSHIDA, 1976).

—Ji, NHBYEKREENTE 7 N — 7RI O P E L 1TV, T OO s Z L EfE &
FHEILE K OEBRIE FRECE & X LT, ZRENOEALIMEIT-> T\ D CER IR S5
=7, 1979). ZOLHEIEEERH - H (1965b) OFBBERICHY L, FHELE R ORI 1 it
T EME FIRECE IS T3 L 0T, MERINICIEFCZIOR N D Th 7.

(=) R RIL S R E En 5 0T, WBLHOEF L3t SRR 6HMAEM2 5 2 &
29 %.

SN F M K s ﬁw—f(wm)@mm%@ﬁ%nm(kWE%%JEﬁK%ﬁLtEﬁ%%
BREPCEB T 2 b0 THY, AHIRTHZOAHTHIT 5. RS NV — 7 OF I IT 5
FEBICIE 10 - 20 m O/KJEHERE 23 & #,_ﬂ%@%ﬂgﬁwﬁékb,%mLﬁK < B BEK

R LT D & FHE BRI AR B & L CREfT 5.

M. 2 1 EHERAERKERE

AR v oD WA R IR T8 0 RIS, BRI R SRS LM - RO A8 ] A & B TR
By, AEILNHOMIEKEREEIZYTZ5bD LB TVDHLN, BHLDLTNTHY, ANIFETIIK
Sy LTnieW, 20 ELICRYE - BAi7s & OREE D BXLOSRER OTACE—T A Y MEBIKERL B
Fmm—Hem RKOFEEREZZLLOTHY, BFITEMIZV IS TR 25, 2EEIT 300m
BlEEHrbhs.

R B RS ORI 2—8 mm K, AK - RHRANET, DIVEA - BERL ENICANATH
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RS, FEEEIIS0%AI%Z EZ V. v R v ZRIH TR - AEER - REL LV RETHD. BRIED
BECHRBEND Y, RIFERONT T ABEIKERHD 2 Lnb, Bo7o—a=y MNINT bR
5.

R AR ICR TR 1T, SR L AL O e IR O A AAE 1L 7 & T, NHTERE OB AR X
DALY T 2L AL LTINS,

m o2 2

VL1 FE T 7 JRAE ST O P HE B R K OV E M L BRI T8 5 B> C, JEE10—20m FREE O/KEHEREE A & 5
ALK BT - WHEEE & 2 WVITBEE L 2T 2 iy L < kTS (8K .

8K MR BRI 8 O FEER (LA As)
An outcrop of the Tsukuhara Sandy Tuff.

ABITAE L OB B BRI T AT — VIO ZEEMERIK A B ICH Y T3 b DL E 2 TN
L0, EBEHG L2V TEFEDEREREREE LTHIOARTTHESRZ L E Lz, 20 BT EEEO
FHE BRI 4 S AH DN R D > TL 5.

e

I 2 3 AEILRKARSE

RO P, FHEIL - Y E VL s T LN TS

BlIEER% *@ﬁﬁ&AH FIZRSND LI, WEREOWMBCEE S DAREE R &4 &I ET Z L T
WMAOTONDEIRABSE THD. BORE STHem — Bm KT, Zofh, EEIKEIEE - EEIE KD
FEAEEIRE R EDER B ROND . EALICW T » TERIINES <20, BEb kb, b
IFERERE 2 RSN E DL,

ST VINITEES > v L LR S I B 2R VA R I & R OISR RS S L o 2 28, Ao ik LE
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- Yak
%9 PHA LEEIR FA B 8 O 9 (1Limy 75 k)
An outcrop of the Tanjosan Tuff Breccia.

BLEZ TS,

ABOMFIBIEITAK 300m &AL, fMme LTA%E - fEA - ERADIENS, BERD 30% Al
HBbHDEIRETHD.

AJg & FALoHE & o BRITEIEE RIS & T TH Y, PHEL—ERILORRGEERK T, £
WS R EEEICATE & 7 Ny MRS TET ABEN RO o TLWA.

FRAR ILIBEIR £ R AR & AL LM o0 A7 5 SRR E R & DXt bbl, ARJE B RS O i 23 A0 4% 1L e
AT — VMl OB EFEERIRE OB EBELLT 5 Z bz ettt Uic. FHELEEIKABES B O F K%
TR A B OB, AHELICIE R SN2V, TO~ hU v 7 AOERIZAT — VIO Lk
BRI 8 0 K L BRSO E BRI L T LW .

m 2. 4 €RAIEFIE

R b S D A B - 1L 2 B & 2 ISR (L O B S CER I O L D M B TRUE TS Th
%. AR TEASE TR O B E R e M2 BV TEI L, A~ L SHESND,
Wi O B 1L B AAYS  (autobrecciated lava) HH.6H 5.

SRE 7 HEE OO PHE A AL O K EUE B D2 & —FEI28 2 RIOR L.

S T L BRI OBIRIE, DRI RS D8 6Tl AlE LA RRE L
W L &AL L, Teledyne Isotopes #LIZHHE LAFEARMIE 2 A7z, & DR RITEMIE 1848 D 28T
& (K-Arik) T72.1+3.6X1084%, KJBLUEHE T 70.713.5 X 108 FOME H i, NHIERE O RE
R (K-Arik) T 76— 72X 1064F (Jfly - fiH, 1966) &IZIFRIEHR L VO MR E 7.

SR LELE O b O DI, RIKNEHE O FHA THER S-S 1L H10 & AL 37 I TESC P 3 1L
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HoR ABERE, USRS R ORIKE OIS0 HTiE

Chemical compositions of rhyolite lava and tuff of the Arima Group.

1 2 | 3 1 4 5 | 6

Si0; 70.23 74.06 | 73.89 [ 64.89 i 71.26 [ 65. 29
TiO, 0.25 0.14 0.13 0.26 0.24 0.24
AlOs 15.18 13.90 13.23 14.96 13.23 17.05
Fe:O4 1.35 0.31 0.97 2.58 0.42 1.82
FeO 0.45 0.92 0.91 2.32 1.86 0.94
MnO 0.08 0.07 0.02 0.07 0.03 0.05
MgO 0.61 0.01 0.06 0.56 0.27 0.67
CaO 1.80 o 1.47 0.85 2.06 1.75 1.30
Na,O 4.84 4,78 3.99 4.83 2.54 4.57
K0 3.39 3.33 4.07 4.74 4.72 5.48
P05 0.04 0.02 0.01 0.06 0.05 0.06
H:Ox , 1.54 0.70 1.31 1.73 2.91 2.56
Total \ 99.76 ! 99.71 99. 44 1 99. 06 99.28 |  100.03
R H O oA m

1 WF‘FE:H:E&%]E?Z&E 2 RETRBLEE 3 HAJEEEs ¢ i@?ﬁfﬁﬁ#%@ﬁ@?a 5 %@Tﬁ*iﬁ?f’#ﬁmr
6 SRIRTTIE S RB K AR

HITEIC b IACETRA A D Y, SRS SRIE A & L CHIEBICRA L.
. 3 f& fd &

N HILH O A O I IZE A PIEIC AR - B (1928) ICX-TC, Y1 CZoOMERE EHLN
7o Fl BIBRRENTEAKREN S E > CTOSH LA < ER<FHELED, B OEKEEZEL T
BB, T OMRIGILAARZEMIRAS OB LD [SH LSLOHE &, ~SHILSLER, 57550
11 (1937) & LTHEKRINZ. EIRO—HOWFIERUR TN H ILHL O B FRIRFIE O S & 70 D HEE R
LOTHSD.

IR RS LA OWFFEIFS B (UL OREIEHUE OIFFER FE i & 72 D IR &2 L BB BRI N TNDR, N

F LD K2 AT 2 B R A BT DV TR A FABIEIC OV TITAER (BEHIEA>, 1959) 252 Dt
ROMEREEEBIH O L OIS L, HBIO b0 EEEREEO—BIZ, HHOb0x hEE
BRKOBIIME LTRRLEICTERD T

RN CHEFNB9—A14E DM, TERI B ARNHIIIR < 349 2 % P AER ORI EEO M 2 D & L

THREMFEAMME S, TO—8RE L TANHILHOEREFHOE AFIIRFNED S i, Z OO E
A A M IERPISCE - LA RNRS - ARTEREIC =Ko L, ZOmEAER S (SR, 1968).

A TS| g Z O X5y TRREHZ ST THH 0T, UTFEhEIC W TRET 5.

M. 3. 1 #5I{EERARE
A SIAE R PR 1T TR ) MO oA 51« B IR BT KA T 2 B & U, 4877 i i A i 3 L oo P
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(A}

(418 m) + fE 1 (270 m) 7R EEMEL, NHPILMOBERICOMT 5. A0A, BRERR AN
FEHD 1020 E DERPIRAE T Y, HEFEMOIRE L7z em-10%em KO B AR #ES 2 0
IR D L. RO A R T L ONFWIC A SND A, FEHCAKE - READOESVPBERE S A 2T
rbbhb. EERSEME LT - D) ELA - AR Qz
A BERN - ANARROOND. BIRSEHE LT
TR A - BiLAfE - BA - D ar RORERIEY
DARD LI, PRVERITIEE THH0, ZNHAEIK
SIS ORI 1 WITT 727wy, RS RO A &
EOWPERERZFEI0K & UTR LS, A05| 16 Pk
HO—EITITEEN A WL =T VEEROEE O
LOBNEEND.

RO GHERPIRE DEHORESL, ok A1k - Bl
FHWE (B3HR) 1%, HEFRWOMLREE L EEAR W10 TERSEO T — R (R, 1968)

%<, BRI EZ EEIE R EED B e E2 2T Triangular diagam showing the ratios of modal
B K-feldspar(Kf), plagioclase (P])and quartz (Qz).

W5,
3R JeiEEOFoNE
Chemical compositions of the granitic rocks.
T 6
Si0, 69.46 | 66.35 | 64.92 74.91 1 75.44 74.58
TiOy f tr 0.38 | 0.44 0.04 0.03 0.06
AL, ‘ 14.66 15.64 15.95 | 13.87 14.73 14.92
FexOs 0.47 1.61 1.40 0.68 0.61 1.43
FeO 3.53 2.70 i 4.18 142 0.18 0.40 .
MnO 0.25 0.10 0.13 0.05 — -
MgO 2.13 .80 ! 1.19 0.28 0.01 0.01
CaQ 2.87 4.36 4.15 0.94 0.25 0.44
Na:O 3.76 3.34 4.17 2.10 2.41 | 3.39
K:0 1.89 2.09 1.89 4.05 4.58 3.88
P:0s 0.16 0.11 0.17 0.10 0.01 0.01
H,O* 0.80 0.88 0.93 1.24 1.73 1.14
HO" 0.12 0.19 0.11 0.22 0.72 0.62
Total 100. 10 99.55 99.63 99.90 | 100.70 } 100.88
S B & o - | OEmER | I B
1, 2 MBIEHBRS 3 HIEEEIRE 46 ATEES (R, 1968)
BNy
i 5146 POk & S HTE A O BIGRIT, Wi CHET 2580320, THiE ] Hug o vE X B oL
e L, =« Zo@Eprc, SRERESAIERIEEZ B BEARWZINTWD. EREAH

MU, BRSO d )| JFEE 2 A B IHE R S 2 A HE RS S HE T 2 R BLE S h, €
DOHEAERIZAFAERELFIO LD EFEZ TS, HEAFEHICET DREOMER, £ OFENRME
FERIR LD, AMSIHERPSCE &2 Al h— &I EHEE L T 5.
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S

v v ‘
N
850 7~ [ 820
«— porphyrite—  &®% pegmatite fauit plane
(NIOWBC’E) (N-S,EE®)
fault plane
(N3C°W, % )

fault plane
(N25’E, 80°E)
7

lineation

5 " s VIV S e 0 7o
HRERBIRE sy [ vas 7 e vwrg
B ARHIL N VN OMBED 25 F (414
IRACH, ANRK O - W@ R A =3
Sketch drawings of the wall rocks in the Rokkosan Tunnel (1966), showing
occurrences of hybrid rocks, dikes, and fractures and faults.

m 3 2 TERXK[KRSE

TS LTI 1, AR ORI & LT, WK GHRO GBS 2 b5, AP
ZRESANH L R xOVIREIR (ERNIE, 1968), ZOEAN bR OMElO EEMfI LA~ K
2 km (b > T Lz, = 0B R IEH 10 HR A SEBIRE & 4 S B, A HTERE & OBISIE
COTHED b RGN CHMICBETE A, BT CATRE O BAEZY, LT LIZRRSEE

STWe (1K), BBE T COBETIE, 6% - v ) L - ke - BER - ANG 2 TR
LT OMBIERREE TH Y, RERA - BER - ANAR RIS A3 - ) RANELRA XY F

Y Z AR REIITH D, RIS & L THIRA - LA - fivAf - D03 L RGBS 2
RO LND. NERAINATREERILOIE AN, HERIL - BWHGL - WL EOPAHM R ENITHBD D
n, SERANGERPFENTH Y, FLOANER L~ 7~ hoMEARG R b - T-E2 605,
D& D RIBEAHOAES, TRARKESE S TR T, SRERE~ 7 v 0B Ex%, Z0k, KN
HIERE OB o 0, FICBAEME~D B L0 O A HE S 5. BIBA SRS TSR IERSE
KPR OO R E 2ofilifis &V A 5. AHEKEN CIIRACET S I aEE & LTaniT Lk,

. 3. 3 AHRERSE
ANHILHIOKE R T2 b ORARSHPERETH L. Wb d [RLNT) TERAGOEMIZERE
BABIEL, FBHLIMAMAORADBR LT, BHEDRNTZIS5DLL, AMLLTELRLLOTH
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: &
12 RS A CERME U7 S AL RS OSH A A
Weathered Rokko Granite.

L. Linl, ANHIUHIEH LWEREB ORE LM 2T, WROBELENEWIZDIZ, KREAMEIY H
AP 7RG AR D T e, E 2 WA E AR TIEE b2 Z < b Lo b oA Ly (BB121K).
APTEREIT RS (1937) 1LY, WEGEERIORE SICL > THKL (1 mm LT ORERELOES) -

FRL (1-83mm) < MK (3mm LA E) @ 3 oDBIZHEHEN TV D, ZONFITIFAFTIEICH V5 08

ELTEY T, ZORBICL > THER T2 25, MR E b - MBS oM, NHIER

HOBHIBENHHTYH, FfbmEDRL - B L VWD KO RIGHE & bEBELRBARNH Y, 'k

BHRObLDLZ LR o TEiz., —J, FRE LML EZ ST D2 L1E, TNEEBEKOHLZ L TiX

mNEEBZBND (BRAIED, 1959).

NHAERS T - HUREEE, EREmE LTAR - ) RA - BSR4 - BESE L OSRNRMIEE b
B, FREEOAFITRIR 1 -2 mm K ENFIE—TEDOREZLEON, HAEOAIIIRZ 0.3 -4 mm &
fEARZ V. R 1 mm A FO/MERITHEES L TH mm RKOAFEEHREZ S 256 0BL . GBI I
ELTE, BKA - A - RRAG - B - ARG - BER - D3 U ROREIIY R Rk O
PN T D RRER ST WD AN FAE A MRS I PR 0.6mm FRE 0SS kM2 R L, LiIE

LIRS ik a k> Z e Mdb 5. - KB & RIS ERO I e LCasE - ) Rf - Rl A - B
ERE LD, BIRSEM E L TIERA - hAf « D ary RORERSEM R DT IR b b.

BT 2 AP ORFEO T L EHFARITR L .

ANHAERA ODK-ArEIC X2 ERIER R TIE, BERFMRE LTT5—T2X1089FEDOMEAH &4 GEp
- fifE, 1966), HAEMRAWEREMIEREINTEALEELTND.

ANRAERAIE, OB ERBGRC, S GE10M) - {25 (BB 3K) R OB, +
[ 5 o L sl DT DIREERE TSN D.
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FAR ACMEBOESEIY DI

Optical properties of the rock-forming minerals in the granitic rocks.

AN B M o=
B l{ERBIRE A ENRE -
oM o W ‘ mooR B
il | F HA~E R | RAFVTFavs | B OB R | MHSITav7
1. A = (- ¥F%) 22.4~40.8% 25.0~26.2% 33.2~43.4% 35.4~36.9%
HoOO® 1~4mm 0.3~ 2mm 1~4mm 0.5mm
2. AVEAR (B—F%) 5.6~14.1% 1.8~12.6% 29.8~50. 4% 31.4~40.0%
Fid il Orthoclase Orthoclase Orthoclase perthite | Orthoclase perthite
Orthoclase perthite | Microcline
. Bl EAR E—-T% 30.8~56.8% 46.6~50.8% 11.8~27.2% 19.8~24.1%
An % An 30~An 47 An 39~An 55 An 12~An 32 An 7~An 23
oAl Andesine Andesine Oligoclase Oligoclase
Labradorite
4. B E2EH (2—-F% 4.0~10.8% 10.2~15.7% 0.5~ 5.9% 4.8~ 7.6%
BT 7 1.669~1.672 1. 659~1. 664 1.674~1.679 1. 666~1.677
% @M lemon yellow to yellow to dark yellow to black yellow to black
dark brown brown
5 AR (e—-F%) | 2.3~ 9.3% 4.4~ 8.8% 0~ 1.1% none
BiFR 7 : 1.677~1.678 1.681~1. 705 1.697~1.703
% & i vellow to yellow to dark yellow to bluish
j brownish green green J green
Bl OB 4 8B | KR BEA | BIH BEL BIKA BFEA WKL RERE
"L FEVA REgEL Yoy WA A HER Yrav
DRI i+ 7N Rigkin HER vvay | EEER
| | mats |
(Eﬁﬁ 1968)

ANHTERE L AIRERE ORI, AEMFOREIL - &L, BEARFOAREILREICBNTHEE
o o T M R L R R B U N AL R S BT 2 A R O AN 404 I B ) S A7 A S — R 0 6k b
¥R IVNIT I\ TN AL S 93 16 JE HE R MRS M B T I BT 5 RIS & o THIIc Bzt s h
7o, WEOBMREIXIZEREOEME HH, L% DH40 - 60EDOMERZ R L, NEA RS OHINRDN B
FIZE m A VA, BEPCE IR HIREH m— 305 m (IZH72 > TRV 7 2 )L 2B & T Tz,

O XIITRNPIRET, AREHORAT — V1 O EWES TR EEUGEOBANERTHD Z LT
HoNTHD

SME A OFRAERREZOEEZTAND L, AEBHORT — VMO HE =
LHEE S, NHIERAEUZO OB HABERICEEND 2 LITRD.
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m. 4 & Ak

FHERERE - AR - EREEE H AP EZ < H Y, MELERIEE, ARBES, VYA 44§,
RIT=RIA N, TTIA R EOBRIEENRNG, WfksE, OAEREDEEMEIRE THY, HITEIK
EENRZR EDKEEEIRS &%

oM. 4. 1 FRUHMOARE

FRLHUE IR LI & RIS, ASRBEE, U YA 24, DA, ERBES K OB RS
oD,

TERBEA L, WRITITR 5 DA M C Bl RIS 2, kA CESERE LTROND. Ak
- RBA - REBBLRO B OWIKAOE A TIRE 50m ML EOEKRTH S.

FRBEETA P LI OBIR TR b 2 < BH B, IRIE2-3m TN-S HRIERT=LDRL0.
UYAEA MIAREBEE ORGICED . OABEIRTIE LI i L < Z ol cizd i, o
FITROONDICTERN. YT VIIHRET, FHEEREZE IRIE 1 - 2 m FLE OB IRAS 3 AfEH
LCW5. ZOEMIN-ST, ZORKERIIAKEHOEAKEDO —HERTHDEZEZTND.
FHEBEE - OB ORI OW TR, PEHEROMFEHAE SOOI TNRVWO T, PAER
Rt H M OBENE L HEL TS,

oM. 4. 2 REWLMOARKE

ANHILHIRTIE, fEMBEE, AEEES, OAB L RIEEIREZZLA L. 20ENT~ZA N, T
TAMREBDALNDD, WTILLIE1m LU T, EHEERRNOT, AHERIEIZIIFA L TH72R0

ENROHBUR G, BEIGIVWAEMOLOREBTH Y, BEARROPELbORZ V. FHA
FERWNECTRE LT 20D b H 5. AMERBAAR T 7 ZAEOEFMIC/R Y, BEAJFIN L FAT LI
HERAONDZLbHD.

TERBES IS Lo Vs, 5B KIZER L TR O NS, IRIE 3 - 20m @ N - SH1a~N20" E J1A
DWAT LI IREE R 72 L TR OGNS, S5 K ITHE B BEE OIEZ AR OOABE RN VA F A b
RABRE BN, bbb N-SHIMEL TN,

NH IO IEBES 1L, LR S & AR HHURIC AT 2 b On% <, EARMKTIE, E-W
i), & 2HWENGO E FIICEE < ARBEOERDS S L, IRIES10mICETS2H00H 0, LR
HE km IZbleo GBS D, A - fHEA - BENOKN 1 mm KOBBOSRIET DHME, RO
RN YA LA MEERETRTLORH 5.

OAEIT ARG 2 m BEDO S DR, AP REICAGND. OABEEIRD HFEECITNA NS
TR BB DHILLN, E-WHEDOHORLLHB L TV 5.

ANHILHE DS RO LR ENE, APIERAETEKE, MABHLRTE VWS Z & T, TERK—EHE=
FLEBEZTNDN, SIROB AR - WHRGRR END, SIROIERFIZ, DIERBEE 2) A%BES 3)
OABEHEEL TN D.
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FROFERE &%, BRI IZHEE T 28 A ICX LT, 19384 RITRERIRF RN G- 2 Te A FRT b 2 3
(FEMR, 1938), PRTFERAFRIEMICA % LHET 2O THARMPHAEX O [)IIR—H#HIC bR oL,

ZEHEZ
(de48) HoX

\0, g va2000d
) )

B H 1
(Fg) X

13K pRFERER G AR (Huzma etal, 1971)
1 BERAE 2 BERELRAS 3 UBAs 4 BEREWE 5 Wb 6 BEREIMMEN 7 M 8 MM
General columnar section of the Kobe Group.
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Sk

WO RIEZ Dbz bt LTUThbATE L (A, 1934). HIZ, ZEAHICS 2 &kt d
DHFRDNIRIRIC AT 5 Z Lo TOER, ZOREIXIZE A LT T RN,

19555 LAKE, WEE T SICBET AEIC LD AT, T OO FEHORERL R ER - H O
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14K FERLEEEE O R )1 B E T OB E
Tuff bed in the Shirakawa Formation, Kobe Group (at
the southern foot of Mt. Taishaku).
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FEE5R MhEEEOMWMILH
Plant fossils of the Kobe Group.

, 1 i/hE,

I : BERD

WmEF BB E®MLLA

Astraeus sp.

Osmunda japonica THUNB.
Lastraea cfr. valdensis HEER
Woodwardia cfr. nipponica SWEET
w. Sp.

Dryopteris sp.

Equisetum arcuticum HEER

E. cfr. arvense 1IN.

Pinus thunbergii PARL.

P. protophylla MIKI

P. trifolia MIKI

Keteleeria sp.

Cephalotaxus cfr. drupacea S.etZ.
Taxodium disticum miocenum HEER
T. sp.

Torreya sp.

Cunninghamia konishii HAYATA
Glyptostrobus europeus HEER
Metasequoia occidentalis CHANEY
M. japonica ENDO

Taxus sp.

Cryptomeria japonica D. DON
Pseudotsuga sp.

Sequota affinis LESQ.

Thuja sp.

Trachycarpus mioexcelsa ENDO
Livistona mioglobosa KOBAT.
Palmoxylon sp.

Rhapis japonica NISUGI
Phylittes lilioides KOBAT.

P, sp.

Macclintockia kobense KOBAT.
M. brevifolia KOBAT.

Smilax trinervis MORITA

S. sp. A af. S. china

S. sp. B af. S. sieboldi
Lonicera cfr. sachalinensis NAKAI
Viburnum dilatatum THUNB.

V. fulcatum BLUME

Nerium  sp.

+ o+

+ 4+

e i i

+

+ o+ o+
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Trachelospermum sp.

Ligustrum cfr. ovalifolium HaAs.
L. sp. A

L. sp. B

Diosppivos miokaki HU et CHANEY
cfr. miokaki Hu et CHANEY
cfr. nipponica NAKAI

sp. A

sp. B

sp.

SIS IS IS AN

Styrax cfr. japonica S. et Z.
Symplocos sp.

Rhododendron sp. A

R. sp. B

R. sp. C

R. sp.

Vaccinium  sp.

Cornus kousa BUERG.

C. megaphylla HU et CHANEY
C. florida 1IN.

C. cfr. controversa HEMSL.

C. sp. A

C. sp. B

Hedera miocenica  MORITA

H. deltoidea MORITA

Aralia yabei MORITA

A. sp.

Acanthopanax acerifolium HuU et CHANEY
Kalopanax  sp.

Evodiopanax protoinvorans KOBAT.

Marlea protomacvophylla KOBAT.
Firmiana triloba KOBAT.

Tilia japmica MiqQ.

T. maximowicziana SBIRASAWA
T. sp. A

T. sp. B

Vitis sp.

V. sp.

Rhamnus crenata S. et Z.

R. sp.

Rhamnella  sp.

+ o+ o+ o+ FoF oo+t

+ o+ o+

+ + + +
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Meliosma tenuis MAX.
M. cfr. myriantha S. et Z.
Acer nordenskioldi NATH.

A. pictum THUNB,

A. subpictum SAP.

A. ezoana QIsHI et HUZIOKA
A. trancatum BUNGE

A. trilobatum HEER

A.  rubrum LIN. var. pycnenthum MAK.
A. sp. A

A. sp. B

A. sp. C

A. sp. D

A. sp. E

A. sp. F

A. sp. G

Aesculus majus TANAI
Sapindus sp.
Euonymus oxphyllus Miq.

E. sp.

Ilex nemotoi MAKINO
I sp. A

I sp. B

L sp. C

I sp. D

I sp. E

I sp.

Pistacia miochinensis HU et CHANEY
Rhus sp. A

R. sp. B

Gardneria insularis NAKAI
Picrasma ailanthoides PLANCH.
Mallotus miojaponicus KOBAT.

M. parvifolia KOBAT.

Sapium cfr. japonicum PAX et HOFF.

S. sp.
Lespedeza sp.
L. sp.

Cercis chinensis BUNGE

Wistaria sp. A
w. sp. B

T T T S

+
+

+

+ o4+t
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Rosa sp. =+
Prunus miodavidiana HU et CHANEY +
F. sp. A 4
P. sp. B +
Crataegus sp. +
Amelanchier sp. +
Platanus sp. A +
P. sp. B +
P. sp. +
Sorbus subcommixta KOBAT. +
Hamamelis cfr. japonica S. et Z.
H. sp. +
Cory’opsis kobensis KOBAT. +
C. sp. +
Disantus sp. +
Distylum sp. +
Liquidamtar formosana HANCE
L. miosinica HU et CHANEY 4
L. pachiyphyllum KNOWLTON +
L. parvicapitula KOBAT. +
L. sp. =+
Platanus sp. A +
P. sp. B =+
P. Sp. +
Hydrangea sp. +
H. sp. +
Cinnamomum camphora S. et Z.
C. miocenicum MORITA + +
C. lanceolatum HEER + +
C. lineata KOBAT. +
Notophoebe miokonishii KOBAT. +
Machilus japonica S. et 7. +
M. thunbergii S. et Z. + +
Parabenzoin protopraccox TANAI +
P. miotrilobum KOBAT. + +
Actinodaphne sp. A +
A. sp. B +
A. sp. C +
Lindera erythrocarpa MAKINO +
L. obtusiloba BLUME + +
L. sp. A +
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Lindera sp. B +

L. sp. C +

Litsea cfr. graboi HU et CHANEY + ‘ 4
Neolitsea sp. + |
Umbellularia japonica MIKI + J

U. sp. + ‘
Magnolia miocenica Hu et CHANEY + +
M. nathorsti FLORIN -+
M. obovata THUNB. +
M. sp. A +

M. sp. B +

M. sp. +
Berberis cfr. sieboldi MIqQ. +
B. sp. +
Liriodendron sp. i +
Cocculus thunbergii DcC +

Ficus foveolata WALL., +

F, pumila LIN. +

F. tiliaefolia HEER

F. erecta THUNBERG +
Zelkova ungeri KOVATS + ; +
Z. serrata MAKINO ‘ +
Z. sp. 4+ [
Ulmus longifolia UNGER + 4
U. protojaponica TANAI et ONOE +

Celtis miobugeana HU et CHANEY +

C. sp. 4 4
Planera sp.

Fagus antipofi HEER +

F. palaeocrenata OKUTSU +

F. Sp. +

Quercus japonoalba KOBAT. + -+
. Q. elliptica TANAI et SUZUKI +

Q. mandraliscae  GAUDIN + +
Q. miocrispula HUZIOKA -+

Q. miovariabilis HU et CHANEY —+

Q. sinomiocenicum HU et CHANEY +

Q. subpaucidentata KOBAT. + +
Q. variabilis BLUME +
Q. acutissima CARR. +
Q. serrata THUNB. +
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Quercus crispula BLUME
Q. Iyelli HEER
Q. sp. A + -+
Q. sp. B + +
Q. sp. C + +
Q. sp. D + +
Q. sp. E + -+
Q. sp. F +
Castanea crenata S. et Z. +
C. miocrenata TANAI et ONOE +
C. ungeri HEER +
C. vulgaris Iam.
C. kubinyi KOVATS
C. sp. -+
C. miomollissima HU et CHANEY +
Castanopsis miocuspidata MATSUO -
C. sp. +
Lithocar pus mioedulis KOBAT. + +
L. glabra NAKAI +
L. sp. +-
Alnus kobensis KOBAT. + +
A. japonica STEUD. +
A. miojaponica TANAI +
A. usyuensis HUZIOKA -+
A sp. +
Corylus sp. —+
Comptoni phyllum naumanni NATHORST + +
Salix varians GOEP. + +
S. lavatieri HEER +
S. sp. + +
Populus aizuana HUZIOKA et SUZUKI + +
P. balsamoides GOEP. +
P. latior AL. BRAUN +
P. sp. A +
P. sp. B + x
Betula nipponica TANAI + i
B. sp. + }
Car pinus miocenica TANAI + |
C. sp. + ‘
Carya miocathayensis HU et CNANEY + |
Pterocarya asymmeirosa KONNO —+ ’
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Pterocarya ezoana TANAI et SUZUKI +
Ostrya shiragiana HUZIOKA -+
Aleurites sp. A +
A. sp. B -
A. sp. C +

A. sp. D

Actinidia sp.

Camellia protojaponica HUZIOKA
Stewartia sp. A

S. sp. B

Alangium aequalifolium KRYSH.
A. sp.

Syzygium  sp.

Syringa notoensis ISHIDA

B S i

Osmanthus sp.

Buddleja sp.

Rapanaea neriifolia  MEZ.
Trachelospermum sp.
Ehretia  sp.

Catalpa sp.

Paulownia sp.

e s

Uncaria sp.
Porana kokangenensis ENDO +

T D4R(1976) 1 :/NE(1961) T : EEREC1938)

V. 2 K Ik B B

V.21 # &

KRR P G RE 2 ARS8 S HUBRET, N L ORI O TE X &, 2 o PE{ 0 7614
XOERIEELAEIC L LT 5. EICH - BB LV 2503, 2 ORIk Tkl K8 %
Per, THNOHITEEREE L R> TS, ZORESIIENLOHRY Th D73, —HITAEH I
LMD D

T ORI ZRFFER I, BEEEO TRIEALES) Mo JE#E (B - %/, 1982) Tili~7-2%, 1§
PHIK D D1E, BlaBRFED—E L LClii - /R (1958) R ONHEIED (1960) (CX - TREdlE
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B3, ZhE TeE s L OB IS BT R A (B - SE[IfR, 1965b) ISR STV DAY, K
WwmEICHEIH L.

ASHLHUE D O REJE R BT 287 K4y - B - LA T 5 FHITE 6 RICHRE L. 0
A DU T IR TRIKEALE s o B (R - 48], 1982) AR CTWe/Z& v, Z 2 Tl



33

F6XR KRIRKEEECBT TP « B0 - fbdr - HigkZEE)
K OV K HEZE B oD f 46 %
Summary of geologic history of the Osaka Group.
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1) KBE#Ez~y 7 - 2=y M& LT EHEER - PHEER - THEBRICH TS, Eie
PR & OBERIE, Mab & Ma 6 ik LB ORICE 2. FiopEiiE R e T ER O RIE, Ma0
ZHZZ LA, MaO BEELRVE ZATIE Mal &2 WITKILKE, 70 LTS EEICER L
TAREABLICHE LR LT 2. ZORSEMERKKS & WD 721 T, BIZREZRHENRE
WHEENTNDHEEZBNS.

2) KRWJE#A L - FEICHT, 05 E Ma 3 IZB < KEN, EROMBEMIZEA IS Z LN
%ot (EH - A0, 1971). ZhUIA X oA TAHBOZIE ERERL, 7 X% KILKE % #
JEICHWD ZERTEDFIRRHDDT, WD THDREZETH D Z EIEMENZRVR, HEHED
RBUITA B TROVO CTARKIECTIZERA L22h o7z

3)  AHUEPEEBOBE LPEIZ OV TIE, AT O ALK BRFE S & 2 KM Z23E K IC L - T, ¢
RO RIS 7R UET &2 N2 2 B D B 5 GRS b,

ZOEMTEITBIED RBH#ITH T, HELZNICEDETHED LN TNDHDT, AREEIITED
WEATLTICE EO, TOFEMITEE: B il EmAREEICELbE CRET2TETHS.

V. 2. 2 HMEOKIRERH

IV. 2. 2. 1 AHREE GhEHHERX) KB

RHLHL ORI EE £ 0 KBEIIC 231 CE < RIEREDEIE 3 AT 288, T O—EA LEERIZIR - T
My 213 &EF, W#I%ik%}mﬁﬁﬁﬂ@%ﬁ%téﬁﬁ KLk -> TELRLTNS.

JEek D53 A M PR [ D 2 ?m I LRI TORVEBRIETH . Z0OsidE
EFERICTHHEL L TLE S TVDA, EWEHEMRSSRIITbIE 1964—5 DAL & 52T, M
e KRBT R OBHEAR & LT X O KIRJEHREDAFIE A2 L TNz BB R =031 / 3,000 I RIZ L - T
KR LR DH Y, TOMEXZHEI5ICRT (BRA - AR, 1965b), ZOHUKTH 7 X%k
WKRE) & Te s 7 kLK@ k& <BErSh, bz L TEIeMOMRKAE LT,

AHIIZBN TS Ma 1VERCH @R SRIc bz - GBI TE, ZTha il U CRIEHZ iR
JEREL TEHEBIEICX /A TE 5. Mal O FZIZHEGHROTF v — ML 3 & T 2 i EERE & Yok ofk i
ALV 22 DA, AEEARBIRITIARTIZ 0.

PEARHEROE RS C Ma 3 LA LD BHER O 52, FRREICR 615 & 91, Mab & EALOWERE
HIBLEZOND., ZLTENIULEIRMICEEL 20, R TIITRERKEROBEEL L SI1TRY,
FTOPIET Y v 7 REETRHMERBARE LI TS (S TILRE) . i8N F S o 76 e ik
TH D RIRIEREO TR EEERE & LI EE R (SR E) L oBRE —BL, 7Ny MURES O
TEARR LTV 2 (BEM - 5, 1982).

2 FIBLKPFTHTE &L AR &2 7 AR KK B, W& bICHE AT ICERA L T Do
TETIUNBOTFESHEE S NS, ARBIC oW TIEBE Tk~ 5.

AP T SO X RER | LA P R A IR A L b R AE RS 12 7 N b U CRIRIBREDS D3 M)/
T4, ZTEHBE I KILKRERS Y, A X al TORRMEABRHELNLTND.
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Geological map of the northwestern part of the Kobe City area.

V. 2. 2. 2 BERE (FHHIX) KB

AH IO PG A Y 2 B LS (BElh) LI < KBRBREAS AT L, F 7= i B i 28 J6 s
B, IRHIZOWTIEHIE < ME (1958) R OTHEIFA (1960) DORFFEMNH %A%, = o pushBIRIC
£ 2 KBBR8 T3 1980 E L 0 B ILEILIC R S K 512725 T, KBS OFMARE bR, 3k
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D RfEZE RAKICHRTE S5 2 2 R0 b E < ol

PEAHE X OB L, P TTEBR O REAME 0L L, GHIELRomE)I L oM = @i, K
BRIBHE L D 72 5 200mik D FEH 2 170m D L~UIZ £ TR L CTEEAL L, % 0 4% HE 7 oo Rk
WHALES L4200 THS.

COFHEICHES T, RSN TW SR IR 2 Tl &35, F O g fES> A0 s & 11 o
KEERE A HIRIC DT o T, IKRBRBENLALBICESN, [RELEE] OFENBEBRIND L L
BT, PERKBGRETEE STV THKESE ] SOV TR FENHH Uiz, 200 I8 #
HHEAIERE CTE LD L L L, KRETITORELZERDLZLIZEEDD.

HE AKX O E I (186.0) O RS IZALE 3™ 245 i A HEER O W B H T 2ok L, Bt
S Lok /8 & FEIE Erodona amurensis, Chlamys yagurai % O£ OFEH THRES T b,
KO JERE N OWERH T8 Ma 2 (I2xttb s v T& 2 (i, 1960). = L TE® EIZIXEAT % 50m &
R SEWEE (FKEEE) 2350, BICE0 L2 RARBEMES B EEEA A EEICEB 52
NTELDOTHD GE1TH).

LBl Z OEABAERICHI Y B bh, BEBEICL > TINLOMBOMREBIET HHE L5,
FISHNTEDOHEICOHABHEELTH S, I THEHINDDIE, M REEGBERTRIEE?
HENDILET, FBI9KITRT LS, —RARA-HMEEERZ 2000 "5 Sh, HERICLRILT
L. TOFHMIZONWTIEL GDETRETRNDL Z LIZT 2.

F18H T Z OARBEGHE D FALOHBIIK A Z DA, GE TG O ERNT AT 72 Wik A 2 2.
TWH7eHT, ERRIITHEFICAR LTS, Zhizx LT E Ok T IXIEE KT, Bl 5 M
BTNy FLTWADTHD. HIZ, @mEFEIkE LA RmaIciE S, H19XNOBEMN BN,
Tm OIFAEBAEEDERILKE LETIC, SV MEUY OBEAK 3m &5, A ICaicEEC
AT D, TLTED T 3 m OK - hiE) LA RBOLE A AT 5. JHERITITIEARET, b
BROLBBZE L. 2O PO TNCHE BN T 2 Ba0 K IKEEZ RO LER 5, 2ok
WK IE, BFILEEICIA > CRRT 2R LN D KIKBOLE TH Y, T ZIUTH AR D

BT EFELVE ST OREAKEEE & A (B )
(FFFI40ME8R5E) Wi O i 7= 0 IZ R IR LB Y 5
Tarumi gravel beds and the Higher (terrace) surface,

seen to the west of the Takatsukayama area.
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18 TAKHEE & SR L RCRS 18 O BIR 2 RS REREH (Mfs74 1 4)
A newly excavated large-scale exposure, showing the relationship between
The Tarumi gravel beds and the Takatsukayama marine clay bed.

A REORTEAOXKLIREICK L TE 2 RN Z V. FH21KIZ, b ERA LI %
R

BRI LR IR LTE (1937) I[C X - CREASh, @M - 2 (1951) [CL->THEMRE LT, Ko
LD MEAERNBEREEINT.

1. Rapana thomasiana (CROSSE) ++eerrvrerrsireaiii rare Fh
2. Chlamys yagurai (MAKIYAMA) =-oreeeerremriaininnne, common B
3. Chlamys halimense (MAKIYAMA) cooeveeeimramiiiieii. few B
4. Limea orientalis (ADAMS et REEVE) - -eercoseeerorrurcmnions rare N
5. Anomia [ischkei DAUTZENBERG et FISCHER:----teceoeeceens few i
6. Ostrea (Crassostrea) gigas THUNBERG: - c1trerereese abundant %
7. Ostrea (Ostrea) denselamellosa TISCHKE +++-oreoeeereneeneens few

8. Corbicula nippomensis REEVE vvervrrerraerreenneonuennseonnss few

9. Cardium (Fulvia) muticumt REEVE -+ ooerroreaern few

10. Pitar japonica KURODA ««+-revrerrrermminnenearmiinneneeiiiinnees few B
11. Mactra veneriformis DESHAYES «:reverrserrrrenirenann few

12. Macoma incongru@ (IMARTENS) r++rrrereeeerarearnneerann. few

13, SEHIErE Sp. -+ ovversreerseesseerire it few

14. Erodona amurensis (SCHRENCK) c-rcoverreersarnnaceene. abundant %
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B £ R B(03) - - - -
(v 58 k) e e

(F PR

19 AR LR T8 & FALO A R & O RIS &R IR I A TR )
An exposure showing the unconformity between the Takatsukayama
marine clay bed and the underlying Akashi Formation.

R ORI NHE SN TWD. # LWVERERICOWTIZBREMENEITR TH Y, FARTEOE
IR [ZEHE ) RIS O T 5 DT, ZOREREEICTET 5.

BRIk T8 O EAIIZ10mICET 2B VHGOMWBERH Y, 20 B HIZ10mIZ & SRRKA
EEFENZF vy — FO L HEBINHELELWRERDH Y, TOMICL  RICHRE B DD KT
JE AT (3520) . 2N S DOBITIHIKE L, IHEEDO LD EEZLND.

B2 Z O AR 2 # OV 50m (ST 28 0% LW KESROBEEN < 5728, Th b OMERIT
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FLOVABHE 28 UTREIZIEW M S B2 L, BHRORTIEE (fore set) OHERPIRAEZ /R L TV 5.

EEEEET D &, FEAEHUEOREL, KRAOOF LVEERIEE I > THERE L 72 Rk T8 28

TR LIRS A — =T v T L, ZD%MEIASHMIREE A M 0 K L 72 BRI HE R

=
oy

H20 B RRE L WIERE L OMICBIE SN EMERAEAGBERE R T EER TR v T
(FHZIE S AR AT, 1564 4 7)
A photo and a sketch showing a clino-unconformity between the
Akashi Formation and the Meimi Formation.

BIR L
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FH21X FHILK EE T OREE K ORI L O X
Schematic cross-section illustrating the unconformity underneath the
Takatsukayama clay bed, and the Takatsukayama Flexure.
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fTLTC, ZORRIE=AMNE L TORERIZRL, £ OHER]
HAER & IS e LTSN LEA LI
. ZO—EOREY THERE] LS LIZTD (5
21K).

ST TR, WHERRE L FTAE & X ER R ]
AGBMRICH D, Lo LEMENC I - THicn < Ic o Tt 1
BT, WHOREEN RS2 5. 198281 AR K
IZE 2T, BIRE/NSER T OERRBGIZHB VT, TR
JE T DMK BHE L8 & Stegodon akashiensis 0 [ H
MR R I (F22K). i, fHTicEBpfakIiKED
FET S, UEOX S AN eBLT 5L, T REIEH
FMRICHMT 2 THARE IS TEDLHLNLD
T, TOAHEARKETHEMNTHZ L1275,

BUE M B G2 DWW T A AR« il s S 2 BT 7E 28
BATSNTERY, ERIFELRBETH THDLDOTZ DR =X Sregodon akashiensis
T THBE M O M) AP E T—iFR 2 Z &I
L, BIEECIZM G2 M@mmicEenssick L ol
Oz, N

Tl A (Th)

Oa

Oz

:| Metasequoia

AT 00— KWIKE

AERBICEENIMEDIAIIAZ AL THOLDE oo BIE GRS BT B KIS
/s N q N NP y FEOFRIRK
=S ~ S 1) S % > E . s
BET, TATTTHAROBOTHY, Rt - Kl Columnar section of the Osaka Group
JROHHETT S E R kL LB IX 9+ R CIERE T, £ O EAf indicating the stratigraphic position of
finding Stegodon akashiensis. Its ex-
DLy AW LB TRTHB L TD (B 6RKSM). cavation was made in January 1982.

PUEmBA TS, BISEREN LSRG L% O b DT
HY, VHEHIBRORMAS R ECRAIL A ORAIL RSN b DL WAL, L~ T, HE
B3R LMHEEEICET 2 b0 L HESND. WA RBEIE OB AEREICE T 2Bk
DOHFEIC EIE, AZEaA THBEMTHL LA ZEaf THICEL, AMIKICHALNDEEGAD
KINKJE I ZA = o —kILKE Ma0 Jg4E) &ALNn20T, HEREEPHHEBHEZA LS.

MK D R #E TS RS SV TUE A R O RIEAN 2 <, Pt E & M) o RHEE T OB BN IN
BT, ZAUItHIEICOWTHRIRTH D, Tl P A 2L 7350 OB OEY ([T
T, BWREMNANEENER SR, 2R EAERERAKMEENZ A RBITH 2 0Tt
L, THJEEHET, Fesoh—RKEkoH—ER#z 2 LR ENH 5.

L7235 T O & LCTBRALEESE, BURTITER 02 & OsBUSKHIET 2 K 5 2R3/ 72 HUE B o 1
FRIZNEEZR DT, ZANEENRLDTHD L EaRKT 0 RS RIEHE T L OXRFRE AN
KERE L2 EZ 02 L 3H 0 2RV b ThS.
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V. 2. 2. 3 AORILHTEAR, Ao X oo KB

FHRILHOTERNZIE, 7 VILOTED B ERIEIZT TEWEE R R E L T D, kI bidE
KEERE &R U< KRBRERE (HAEE) & FHMOBOBETH A S & SN TEL, £ L THERRE 31
THHIC0 NG, BEEOENE TH D/, R - MER A2 B B TEM B LE ALY, £ Om

23K FHS LY A N ROZEORLOMIEE 7T (Bs4124)
A—B: %A b C: §E26 DN E
A photo showing a general view of the Dondo damsite and its surroundings.

’m’(7f755 pan , i ~ S-3
R B B — - ——————— - — (m)

A e SHREE RS o) -120

FHo

PERLBTER

)

H24 FS DY A S oW
A simplified cross-section of the Dondo damsite, showing the terraces of the
basement rocks and overlying terrace deposits (Meimi Formation).
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25K FHFMZ LY A NOESE (H23XBH, M55 2 A 9 RIRE)
Gravel beds (Meimi Formation) at the Dondo damsite [Point B of Fig.23) .

ISR 2R ETEE A A LT D 2 E TR AT,

LInLZRRD, ZZTHINONZRBBICHEISND ZERHLNIR->TE. Z0O—>DRILT
P T K XA AT O B L B2 DA (1978) ICX > THRUE LN, ZDOH 7V IXTEME: i D%
EHTH D, ToHE EL VK 20m FALICEMARBERAES RO ON S, P RE & < Ef LTk
KROK B &R, SHITHARIEEERIL, bl TIERT oIk L, i REITIEIEK
T, £ 3 m OEFEEOTHVIEAR LA — =T v 7L, EE 10-25cm DK LK EZHALTND. =
DKILKB O HER T, KBKAHFEEEOE KL Ma 9 - Ma 10 fFzoFfa i - A H K LKE & FEEL
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L, EMmoMEEAERFEL WSO L, ZOKIKBETNEFRT s A0 —a &R LT
WD Z b KIRER R L& HEE S,

—75, BWEOFEMAAGEO—RE LT, WHJIDSHR LA B TR Y) 2 BRI Bk 4 A D g
RTENBEIASNZD, ZOX LY A FOFFEOIANC K-> CEERFEIEP L7z, F23E 4 A0
A FOWET, HAKIINIFICES 7 FE O KT, HEEEEmEEZ R Ly, ZnbiETERO
HWEIZIESN TV D TREHICED LD THD.

AENIREND L DI, MATANZIERE S D & MRl ORECE D aRE 2 E 5 B & B IhTn
72bOONERIC, BRI OB LV MEEd e BEERSEIEL TWD 2 LAV L (B824-251K).
RGO P EIFE S 120m O S AR EE CHDH. T OBEEE LAITES &, )04 FETIZ160mOEK T
LEIN225, £0LEOREECT Ny M LWEEDHEE, FIZ 180m LA iz D &, WRACE OFEHHE I
R HOHIRL D JE B O B 22 HIE ANA < OAD D K 912720, ZOmIFHIBHIZELIZEZ S (F261K) .

ZOWEOERT D L ZAFTRDO LI ICHIREND. T b OMHEEII A OHERY T, f5120m
OmiEJNIREE T2 LB OFREZELTRALHER L., ZO/MEERITHEIN180mD L~
v THER IS & & S TEBIZAA Y, R b MRLIC R D IR B 2 ikie L 5o 72, &
100m DA B i i 1L B R i o Az B o B2kt L, BUIDRIZHEIC Z D& Bl > THA 2 >< - T
W5,

Z OREE120m A H 180miZ K 5260mIZ Y D A AL g OfERR T & 7ol L LiE183m T - T
AP A MEE TR AT Y &< X9 ITHERE180-190m D FEFHAN THHEMEZ > TWD . Z OHEIER
mRfEcHBEN TEMEEm] S TR AN, JEHREE AR L, —BC TREMELm &
ENTWD L9 RET, RAREIZZRVASRCREETHOREIEAE L. 2O LU, [k
11 75 PE AR D AR IR —HF 1234 L, 190-200m D@ E 2 k> TW 525, ZOfMoIMmEcEbL, Refk

26 Ak LY A S OBE (23K CHLL
Gravel beds (Meimi Formation) near the Dondo damsite (Point C of Fig.23] .
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Liz “OFVEEE L0720, FRCRUEBEO B2 L.

AR O AETE, MSTAEE A 187.3 H72 0 O EAR RICRGIRENEN, - OEEISE, Wb
W5 T HTBE LR HEHMERE XS — A ROFOLES 2m il boATsLE1cRY, 2
ONHE XTI H L 0 ARG 728 TiEfr (Bef) i) Th b THIEm] 22 52 &k b.

L EOHERMRIN DA 5 &, AKX THHARBLEIERBRRES THET L. T L THIRERER
AHEAH LA —N—=F v 7T WA TBICHEY, mELIHIX EHEEO =ANE S o720, B
LHILERRHTIE 2R <, WHIZES< & 50m Pl RICET 2R WVESE &7, IS LHNICAS &
HEMOREE 720, WALREOHRRE L — KT 5L 5.

V. 2. 2. 4 BIa)I - YR O KEHE

A - GOS0 A0 3 S8 100-150m O S KERERE LV 22 2 2%, Bt ZHIX & 272 2 mix
REJEEZ O FLHONMR RN THHZ L ThD.

FAETHFIRATE O 100-120m O RAR HITITHAEEA DM T2, ZOMEORIGOMEKEZ L5
&, 0K 30m FTHICHLNICAREAGTNAD Y, LABIT T8 RS TEY, HIY AR
TR EE SR LTS, FER T2, HMigicBbnsWEoFE bR I, EiE
EHERE L HETE D,

L2 L7223 HRIBA 2> DAEAIZIE U 2 K= 20 78558 O REUE R LB OBETH L L, E L
SRR O T L RN RE L, AARBORMER L TWD. BITHER) IR 5 B AT Dk
THENSEAZEaATNELET L. EMEAET & AT 208 U5 BB ANHICHKIT 25720 D
THEICH, FARBICEHPOMLERH Y, T LY FAE & TR HEA AT SRR b7,
L7edoT, 26 L0 FAOBBIZ L CFMiEEEL L Cla Lz, TEdEie oM oBg
ERETHD. WA OB RN > TH P BRARBEICELE LTV 5.

V. 2. 2. 5 &EGJILHED KB E#E

BYN LD BT RIS E R TR STV 52, ORI E 5 TRIUBIEN ST 5.
B THRCE O KRBESROBEL 0 2 ST, Vv MEZ Ly DRICHD. ZOBHEIIRETHDH, O
LLTBAE L.

V. 3 WaRE - WERE - &R

V. 3. 1 HHEER

P CA IR O REHT— SUBTHIIA A B RE & BRI RE L IR s T & e (s - /NE, 1958 5 i,
1960 ; HEIEA>, 1960). HAAEEIIAAOWREICHENT S REAEAL U, HEREIHAREEEL R
BEIE S BEEMAE A — G L7c b O Thoto. BIEERE 2 SR ERF icbz 2 b0 e Ao,
BAF TP IO MIE TH 523, TOMORNEEGERIE, — RO L 5 I8 b TE 72 EER
3% 5 Tldlemoie. ZOBMRRFEO MK O KRFEEIHDHBUZ &> THIRIZ > TE 7D TH 5.
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TORERDORRE DFEI, TNECEH—RHEE SN TETHABHOBKIOERE & 4 b T E oK
HWEL, TOPTOREKBIED Mal R0 LITMa2BHEDSH D & B 50T E S BRILOMRAHR T8 & 23,
SEITEER L L CHABHO DA SNz RICH 5.

Z 2 TR OB — N E FRR T 5104 2o T, AR EEEBIEE WO AMEHERT D
FHEGBERZDLRETHAH 9. L LN SARIORMmIIARIB O I mERSEZT 2 M2 5 b0
ThV, BEZRLT THRINEL S L BEbhs. TIZKIAHANOKIRERE & RKIER MO A ERE &
ORFRHLRKMPFAL NI TETWDLOT, AETRIEL, RO X D ICHIESL OBERLZIT > TRk
THZLITLT.

AR DR —TBE %, FAAOHIARE - WERE - BAKRBICYT2Z 8135, 2L THA
BIEO TR EZB< .

WA RE (0 AR REICEHT 2 REE2HL L, KRBT HEEHICEEN b0 THS.
ZORFEAIBCHAEEOR DV IZLHNOLNTNDR, T TIXZOBKRICREEHT .

HIERB (0s) (3R iEAKK SR LN b EAICE DMK 2R L L, KB R = 0
ExFe L, MaRBERERICEI RETHDH. TOURIT B MERIASER & M T & 2 Ei B m
HCTHD. LIeNoT, ERIAELHEOMAEL L TEREEHINTEERAEREBIIZoPICEEIN
LTl D.

BUFEPG A K O B & 2 ik a3 AT R ¢, A o0 KR A0 1 B TS ) MR A D DT, Z DO
RREFIE LSBT 22 L1075,

FAARE (Tm) (X, PIAWEREOE ) RAI A &3 2 9A RE & ARG 08 D a4 B i)
BEfE T, T OHERBEAE/\RE (DO TIRALRE) LI TAELRE ST DHIHDTHD.

MAREELY P HONDEEORBEIE, —G L CRIEE FEMEERE (01) & Laa, hEiE
HEL OBFUIEEN TH Y, REOKBEH FHOBRALHY 556D L& L.

V. 3. 2 BSTHONSHAE - HEREBREORER

FAR MRS o 72 2 ERT— ISR (1960) 1L - TGS, ZO®%ETOUGTER b
STz, THUCHK U CARBREICHER Lo g XX B8 & A 28 & ooliic W CRIER ST %
o723, ZHICBIT 2 I AEery - il U ROMFJE O FEAR T 19844E FE AR T AE D T4 % it Isf D 11T |
THRARHZ L, ZIZTETEE LTAMIBINICE T 2 HATEICESIRET E LD TBL.

EEIRE B e S TE b old, PEMHEKXT, Gl o R & 23 E2 R B ITIs 5
My DMk EETHD. iz EOMAERIAREEN, BrEELLZOLREBHEE L L, T
Erodona amurensis OEHTEBR SN TE . SRIOER THIZE - T, AR HELFHEIEEDN
WCHEHILC, REZ0RFIMNHA L, FROARROICE > THEEY  IobanfgR s,

R ILCRS LB I BE S E B — T B W CIRIRIEARCEIC L Z 223, IRWEIPH TR 2 LRI
HET->TVD. ZLTEZORRIWEE ke L 51220, ®mELEHIZH > THRT2Ha 8RBT
Ny bTD. BIITE O TR, AROREEOBIR LI ARENAKEICRZ DD, Z oW
D [EJE O AENIFIT VAT M ALBE CTh 72D Th 5. BEMER &4 LBEITZ 55 0 i 5 8 O R e i
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BAEREEIEH20 - 21XIREND.

BRI B O LA < 2BV ECRR O BE b, 1A RBICK L CERMIZIET Ny hLT
WBHDTH DN, EMEFHICELT 5IC N TRELNIER L, & bICEEEDHICSML TS Z EnK
BRI THMRICBIER SN2 (18« 21MEZH), ZhiZ oW TIIHEDE TR~ L.

FEZRE VT O)NHSL LR TR2 L, WAREEHAXREE L ITEETEAMICR X
ZOBERE WIS T 5 2 LI RFICEENZRBE TOLRETH S, LL, O FALOBRKRK
K8 2 & (LA R FRIC & - T Stegodon akasiensis NFER SN TNWDH DT, WA RBOIFELEIZH B 2
Thsd (F2lBH). £ LT LB 2 KoMk LA TR BB TE 228, Bihiicid->
BNOIRNWE ZAHERD L, HEFEMXLEFECELTIHARBICT Ny T 2&F2615. %
o b ORI AEY - KNI ATEH, PHESEO b0 LHAENLDTHD.

LLEOBAFEERE RO 55 &, BRI T & HER LA T 25345 3 2 1 M RORS T 13 3t (2 B
ERBIIBTD2LDOTHY, TOMES OB AT ST /REATECEE T 2 R LR bRk E 254
L. LLns, b0 LN KKSHIZET 2 &EOMWRR LEIZY =505 ROMETSH
5.

V. 3. 3 BAXRBELRMEE

FEfpets m i U TR 04 2 B B E o E 3B mE, Md AT VIS RS =B I
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Subsurface geologic map of the Kobe City area.
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F28K WA o MR (RTH, 1980Db)

Diagrammatic cross-section of the alluvium along the coastal area

TR ORNHTA T2 FETOE— FOFER
14C ages of peat obtained from sea-bottom sediments underneath Rokko Island.
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Right-lateral horizontal displacements along the Gosukebashi and Otsuki Faults.
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Profile of the Uzugamori Fault.

31X EEH HIHERRFICEE M L2 KA (B Wi (Hfndass)
FEAIO VRS ASTRREAL RS, A4S FE SR 4 BT
An outcrop of the Otsuki Fault exposed during construction for Tsurukabuto
residential area, cutting underneath the talus gravels (right side).
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W32 ARAH LG R (W45, (LSRR o U )
An outcrop of the Suwayama Fault exposed during construction for Shin-Kobe
Station on the New Sanyo Line, showing the rotation of gravels of the
alluvium which deposited on river floor of the Old Ikuta River.
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Fault-scarp of the Suwayama Fault, showing the right-lateral offsets of tributaries and the lineament of the Nunobiki Fault.
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%35 EHLWTEOBEGTE LR > F
T R R T AR SR R R (RIFNB04F 5 ) ICHikiE
An outcrop of the Takatoriyama Fault at Myohoji Station. Granite massif
thrusts up over the Kobe Group, at a low-angle along a distance of more man 200m.
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Thrusting of the Takatoriyama Fault. The upper part of the fault is gently

inclined, but toward the lower part dips steeply.
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Maruyama Thrust-fault. The Nunobiki
Granodiorite (left side) thrusts up on
the Miocene Kobe Group(right side).
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Suzurandai Flexure (drape fold) of the Kobe Group.
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Parallel unconformity between the Kobe Group and the
Osaka Group exposed in the Shirakawa area.
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Flexure along the Takatsukayama Fault and associated thrust.
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A diagrammatic cross-section showing the mechanism in forming the Takatsuyama Fault.
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Fault systems of the Arima area and its surroundings.
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Deformation of the basal conglomerate beds (Arino Formation) of the
Kobe Group along the Arino Fault.
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General appearance of joint planes in the Rokko Granite.
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Loose sand formed from strongly weathered coarse-grained granite
(Rokko Granite), of which alteration processes are largely due to
dense development of cleavages.
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Flat surface (center of this photo) is the depositional plane of the
Middle Pleistocene, equivalent to the Higher terrace surface.
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Middle Pieistocene paleogeographic map of the

Rokko Mountains and their surroundings.
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mX [ OHHELT 9 7> A i & B-03 1L BT X C D BRI X & Tr o 7.
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Difference in excavation rate in response to the different lithologic characters.
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Prevented area of landslide in the Sanda Basin.
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100-200m FREE DT~ 0 Ml & JERL LT\ D (BE59).
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EIEEmS24E 2 A -3 AKH ETOREHART. No.1-5 13T X0 F&ER—Y v /)
Schematic profile of the landslide at Kita-Sowo. Ogo-machi, Kobe City.
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Cracks and ruptures on the road, at just the head point of landslide.
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FOR MK KRITOMT <Y HlgkoE Y vt A MNEHE
Clay mineral compositions and montmorillonite contents of the clays
associated with landslide in north Kobe City.
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60 MEFN42ESCERTHE O HI) K L OSTFRBHZI)
ko SEERT
T S
Two photos of the Gosuke dam taken before and after the
natural disaster of July 1967 (heavy rainfalls).
Upper : before the disaster, Lower : after the disaster with
piles of sdiments.
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Nunobiki dam and water reservoir which was constructed in
Japan for the first time and completed in 1900.
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Distribution of seismic intensities at the
times of three large earthquakes of Nobi,
Kita-Tango and Nankaido.
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GEOLOGY

OF THE

KOBE DISTRICT

By
Kazuo Huzima and Taro Kasama

(Written in 1982)

(Abstract)

The mapped “Kobe District” which occupies the western half of the Rokko Mountains
has various complicated geologic structures, especially affected by the fault-block move-
ments of the Quaternary Period. It is considered to represent the neotectonics of South-
west Japan.

This district can be divided into two areas from the Quaternary tectonic point of view.
One is the eastern two-thirds of this district, characterized by the prominent uplifts of
faulted blocks which form the Rokko Mountains. These mountains are composed of
Late Cretaceous granitic rocks, while the Taishaku Mountains consist of Late Cretaceous
rhyolitic rocks. The other area, not affected by severe faulting, is the western third which
has been very stable as shown by the Quaternary sediments distributed almost horizontally.

The main part of the port city of Kobe has been constructed on the narrow zone of
the southeastern corner of the district between the Rokko Mountains and Osaka Bay,
where the Quaternary sediments, known as the Osaka Group, are exposed and tend to
thicken abruptly towards the subsurface of Osaka Bay reflecting the successive subsidence
of the Osaka Basin.

The uplifted mountain blocks are sporadically covered by the Miocene Kobe Group,
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which once covered the whole area of this district extending northwards to the Sanda
Basin. The Kobe Group consists of four cycles of sedimentation of limnic facies contain-
ing abundant plant fossils indicating the subtropical climatic conditions in the upper
Miocene.

The Osaka Group can be divided into three subgroups; the Upper, Middle and Lower.
In the western area, the Akashi Formation of the Middle Subgroup composed of limnic
sediments yielding Stegodon akashiensis has been severely warped by the movement of
Takatsukayama Fault separating the Rokko block from the stable area. While the
Meimi Formation of the Upper Subgroup composed of large-scale deltaic sediments of
the inner bay abutted against the upwarped Akashi Formation in the lowest horizon,
the upper holizon was gently inclined, influenced by the continuous warping movements.
The Lower Subgroup is also composed of deltaic gravels derived from the Taishaku
area.

The fault-block movements occurred after the deposition of the Middle Subgroup.
The Rokko and Taishaku blocks uplifted rapidly and supplied a large amount of clastic
materials to form the large deltas of the Meimi Formation of the Upper Subgroup. The
depositional surfaces of them have been preserved as the Higher Terraces of this district.

Geological and Geomorphological Setting

The mapped district belongs to the “Inner Zone” of Southwest Japan. It is well known
that Southwest Japan is divided by the Median Tectonic Line into the “Inner Zone” and

“Outer Zone” .

The basement rocks of the Inner Zone had been characterized by the zonal arrange-
ment of the Paleozoic-Mesozoic sedimentary rocks of the north (Tamba Zone) and the
gneissose granitic rocks of the south (Ryoke Zone) parallel to the Honshu Arc, i.e. to
the Median Tectonic Line. Mainly during the Late Cretaceous Age, however, such a
zonal arrangement of rocks was intensely disturbed by violent acidic extrusion. The
rhyolitic lavas and their pyroclastic rocks covered wide areas and were intruded by
later granitic rocks. The older rock bodies are now distributed as fragmental bodies.
This is especially the case for the Paleozoic rocks which can only be recognized as a
few small patches of roof-pendant type.

The southern part of the Inner Zone, 1. e., the Ryoke Zone, has been a depressional
zone through Cenozoic times, and is now occupied by the Seto Inland Sea (Setonaikai)
and Osaka Bay. The Cenozonic sediments distributed in this zone are divisible into two;
the “First Setouchi Series” and the “Second Setouchi Series’. The former includes
sediments ranging from the Middle Miocene to the Late Miocene, while the latter ranges
from the Pliocene to Pleistocene. The Kobe Group is one of the representives of the
former, and the Osaka Group is one of the latter (Huzrra, 1962) .

In this district, mountainous lands higher than 300m in altitude are composed of
basement rocks, while the hilly lands consist of the Cenozoic sedimentary blankets. The
difference in properties between the basement rocks and the covering layers has strongly
controlled the structures and geomorphology of this district. The geological successions
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Table 10. Summary of the geology of the Kobe District.

Geologic age Geologic  system Main geologic events
- | Holocene Alluvium{a) Formation of coastal plain
2 i Lower terrace (Ti)
c I
g Late M_lddle terrace {Tm) Formation of terraces in uplifts
S | Pleistocene {Middle | Higher terrace (Th) 2
° I<4 Earty | Osako { Upper Subgroup (0O3) s » )
2 I L Group iMnddle Subgroup {0,) b Deposition of the Second Setouchi
N . Lower Subgroup (O) Series
2 Pliocene S e 4 .
S . oo £ {Upper(Kou) > Erl.lsp)ef;i‘)enss of the Setouchi Volcanic
o F. : . <
5 cob 9 tower((ﬁol)) Aina F, (Kai) 2
| o { PR ke e flr (60 S| Appeorance o Palso-Kbe-Loke
Miocene .
z
Arino F. (Ka) Taihata F. (K1) J‘ Deposition of the First Setouchi
Series
Rokko Granite (Rg) w B . . .
,§ Dobashi Quartz Diorite (Dq) v Intrusion of Hiroshima-type granites
g - g3
& | Cretaceous Arima Group (K‘-’_" Tit, Tht, Tzt) $&! Eruption of Late Mesozoic volcanics
= Nunobiki Granodiorite (Ng) s
’;;r;;]“‘a;;m“’" Intrusion of the Ryoke Granites
Late Paleozoic Deposition in the Chichibu geosyncline

are summarized in Table 10 (Huarra, 1971).
Basement Rocks

Tamba Group

This group is distributed as small patches of roof-pendant in the Rokko Granite. It
is exposed more widely in the western hilly area. The group consists mainly of sand-
stones and shales which underwent contact metamorphism due to the intrusion of
granitic rocks, and changed into hornfels along the contact aureole. The following
Fusulinid fossils were found in the limestone intercalated in the sandstone and chert
along the Yamada River, south of the Taishaku Mountains: Pseudofusulina cf.
vulgaris, Triticites cf. simplex, Fusulinella cf. simplicata etc., indicating the age of
Permian (Kupo and SuciHARA, 1969). Strongly disturbed by plutonic intrusions and
faulting, the structures of these rocks have not yet been clarified in detail, but the
general trend of the strata is thought to be in an E-W direction.

ArimaGroup

The Arima Group composed of Late Gretaceous pyroclastic rocks is widely distributed
in the eastern part of Hyogo Prefecture, a part of which is exposed in the Taishaku
Mountains in this district. The Arima Group distributed in the eastern neighbouring

“Osaka-Seihokubu” district mainly consists of welded tuffs, which can be subdivided
into three stages by the interbedded sediments. The welded tuffs range in composition
from rhyolite to rhyodacite, and are intercalated by rhyolite lavas. The chemical com-
positions of the lava and tuff of the Arima Group are given in Table 2. The photomic-
rographs of the volcanic rocks are shown in PLATE 1I-1, 2, PLATE II-1.

Granitic Rocks
The granitic rocks forming the Rokko blocks can be divided into three types on the
basis of their field occurrences and petrographical features. The first is the Nunobiki
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Granodiorite which appears along the southern foot of Mt. Rokko. It is medium-grained
hornblende-biotite granodiorite and often includes dark-colored basic oval xenoliths. The
second is the Dobashi Quartz Diorite, which is fine-grained and dark-colored, consisting
of quartz, feldspar, biotite and needle crystals of hornblende. The rock is only exposed
on a small scale on the higher levels of the Rokko massif. The third is the Rokko
Granite, coarse to fine-grained and light-colored biotite granite with pinkish potassium
feldspar and constituting the major part of the Rokko massif.

Owing to intense faulting, it is very difficult to clarify the original relationship bet-
ween the Nunobiki Granodiorite and the Rokko Granite, but a few outcrops showing
their contact relationship were recently found. Towards the contact aureole, an increase
in felsic minerals can be observed in the Nunobiki Granodiorite, indicating the contact
effect by the Rokko Granite.

In regard to the intrusion relationship between the Dobashi Quartz Diorite and Rokko
Granite, the Dobashi Quartz Diorite was found to have been cut by the Rokko Granite
during excavation in the Rokko tunnel. The Dobashi Quartz Diorite is transformed
into hybrid rocks in some places.

Petrographic features of the three types of granitic rocks are summarized and shown
in Fig. 10 and Table 4. From chemical data shown in Table 3, it is evident that the
Nunobiki Granodiorite and Dobashi Quartz Diorite are poor in alkalies and rich in
alkaline earths, especially in CaO. On the other hand, the Rokko Granite is rich in
alkalies but poor in alkaline earths.

K-Ar dating made on the biotite of the Rokko Granite ranges from 75 to 72 Ms,
indicating that the intrusion took place in the Cretaceous Period.

DikeRocks

Two kinds of dike rocks, that is, acid and intermediate rocks, intruded not only into
the granitic rocks and the Arima Group, but also into the Tamba Group. Acid dike
rocks amounting to more than 80 percent of these dikes are granite, quartz porphyry
and lithoidite, and are distributed mainly in the western border of the Rokko massif.
On the other hand, intermediate dike rocks such as porphyrite do not show any local-
ized distribution. As both types of dikes never occur together, their relationship has not
been determined. However, it is inferred that the intrusion of dikes occurred in the
Paleogene, since no dikes were found to have intruded into Miocene Kobe Group.

Miocene Sediments

KobeGroup

The Miocene Kobe Group belonging to the “First Setouchi Series” is distributed
separately in two areas. One is the northern side of the Taishaku Mountains or the
southern border of the Sanda Basin which is filled with the full sequences of the Kobe
Group. The other area is the southern side, known as the Shirakawa area.
Although these two areas are now separated by narrow mountainous blocks of basement
rocks, it is certain that both had been a series of sedimentary basin.
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Table 11. Summary of geotectonic history of the Osaka Group.
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Generally speaking, the Kobe Group of the two areas consists of frequent alternations
of conglomerate, sandstone and mudstone beds.

Plio-pleistocene Sediments

Osaka Group

The stratigraphy of the Osaka Group is very important in the analysis of the geologic
structures of this district from the tectonic point of view concerning the building of the
Rokko Mountains. The stratigraphical and geochronological details of this group, com-
piled chiefly from the standard sequence in the Osaka Basin, are summarized in Table
11 (Huzra and Kasana, 1982).
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A complete section of the Osaka Group was obtained by deep drilling of OD-1 which
did not reach to the basement rock even at the depth of 907m (IKEBE et al., 1970)
near the central part of the Osaka Basin. The results of this drilling revealed an import-
ant fact; the upper half of these post-Miocene sediments is intercalated by thirteen
marine day 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 Setouehi
depressional 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 1.2 X
106 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.

According to the above view-point, the Osaka Group is divisible into three subgroups ;
Lower (O1), Middle (O2) and Upper (Os) Subgroups as shown in Table 11. Most of
the detailed stratigraphic events are discussed in the “Geology of the Osaka-Seihokubu
District” (Huzita and Kasama, 1982).

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

The Middle Subgroup (O2) is characterized by the comparatively stable alternations
of marine clay and gravels beds in the Osaka Basin. This subgroup well developed
along the southern foot of Mt. Rokko, but only a small part is exposed in the hilly
land in the city area of Kobe.

Non-marine clay beds can be recognized in the Akashi Formation which developed
in the western side of the Takatsukayama Flexure, intercalated by yellowish tuff, in
which fossil molar of Stegodon akashiensis was found by. Y. Magpa with plant
fossils of Metasequios flora. Such features coincide with those of the Akashi Formation
exposed along the sea-cliff near Akashi, south of this district, which is considered to
be the Ma 0 horizon of the Osaka Group.

The Upper Subgroup (Os)shows the marginal facies of overlapping, consisting of
two deltaic sediments more than 50m at its thickest. They overlap directly over the
Middle or Lower Subgroups. Complete profiles of the southern delta were exposed by
large-scale newtown construction, as shown in Figures 18-22. It began with a thick
marine clay as bottomset and lasted to form thick deltaic gravels with remarkable
false bedding as forset. It ended with deposition of thin reddish muddy layers as topset,
sedimentary surfaces of which have been preserved as the “Higher Terrace” (Fig. 21).
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Extension of the northern delta can be traced eastwards along the Yamada River
between the Rokko and Taishaku blocks. This old river floor coincides with the tectonic
graben formed by erosion of the widely crushed zone along the Arima-Takatsuki
Tectonic Line, which supplied abundant gravels from the quickly elevated Rokko block
to the western basin (Figs. 49-50). On the other hand, the Upper Subgroup (Os)
of the southern side of Mt. Rokko is intercalated by marine clays similar to the Upper
Subgroup of the Osaka Basin, but only small fans of mountain foot are exposed along
the fault-scarp of the Suwayama Fault (Fig. 47).

The Lower Subgroup (O1) is not yet fixed in this district. The gravely thick beds
considered to be overlain by the Middle Subgroup are colored as O: on this map. A
slightly clino-unconformable relationship may exist between O1 and Oz Most of O1 may
belong to the Pliocene. O1 formation containing abundant rhyolite cobbles is inferred
to have been the older fan and delta composed of gravels derived from the Taishaku

block, which is a part of Pliocene mountains extending westwards as shown by a
series of monadnock hills of Rokko and Mekko.

Development of Quaternary Tectonics

One of the major characteristics of the geologic structures of this district is that the
distribution of basement rocks and sedimentary covers are strongly controlled by com-
plicated fault-block movements. Thus, in order to understand the geology of this district,
it 1s essential to analyze the process of fault-block movements :

1) In the Lower Pleistocene, the age of the Akashi Formation, Middle Subgroup of
the Osaka Group, the Setouchi depressional zone including the Osaka area was invaded
widely by sea water changing it into an inland sea, when the Ma 0 and Ma 1 marine
clays were deposited. In the eastern part of Rokko, Ma 1 can be confirmed at a height
of 250m along the Ashiya Fault, and Ma 0 horizon also can be found at a height of
more than 500m along the Gosukebashi Fault. It means that most parts of eastern
Rokko were occupied by a paleo-inlandsea about 1 milllon years ago, and the beach
line almost coincided with the Gosukebashi Fault Line at that time. The sediments of
this sea were fine-grained and muddy. Fault movement was not yet prominent (Fig. 50).

2) From the beginning of the Middle Pleistocene, the sedimentary environments of
the Osaka Group abruptly changed due to distinct fault movement, which formed the
fault-blocks controlling the present major topography, and the Lower and Middle
Subgroups warped or faulted along the major faults in and around the Rokko
block. Then, the Upper Subgroup deposited to fill up the relatively lower blocks and
abut against the uplifted block. Rapid uplift of the mountain blocks produced abund-
ant gravels to form large fans along the foot of the mountains and to develop deltas
into the shallow sea.

Applied Geology

The “Kobe District” is one of the most important densely populated areas in Japan,
especially along the southern foot of the Rokko Mountains. So it is fundamental in the



115

development of this area to understand the special geological and topographical condi-
tions caused by Quaternary tectonics.

1) Landslide problems

The Rokko Mountains have been the site of many landslides and mudflows causing
heavy damage to the city areas on the southern side of the Mountain during extraordi-
narily heavy rainfalls. Especially, the mudflow disaster of 1939 is noteworthy. Funda-
mentally, the repeat of such disasters are due to the strongly crushed and deeply
weathered granitic rocks of Mt. Rokko severely compressed by Quaternary tectonic
movement.

The Kobe Group has also been the site of small-scale landslides, which are controlled
by the intercalation of thick tuff beds and their tectonic positions.

2) Active fault problems

Most of faults of this district are considered to be active faults recognized to have
moved in the Quaternary Period. Especially most of the large faults on the southern
side of Rokko are confirmed to have moved since the Middle Pleistocene, even in the
Holocene. However, there is no historical record of a large earthquake in this district.

The results of the observation of micro-earthquakes relating the seismicity of this
district are shown in Fig. 65.

3) Dam Problems

Land erosion control works in the Rokko Mountains have been continued from
1938, throughout World War II . Construction work consists of 300 successfully
completed dams, 30 channel works and other hillside works.

The Gosuke Dam, the largest of the land control dams, was completed in March,
1957. During the disaster of 1967, this dam stopped about 120,000m3 of sediment out-
flow from the upstream area of the Sumiyoshi River of Mt. Rokko, and protected the
downstream portion of the river from possible damage.

Water supply dams in the Rokko Mountains were also built. The Nunobiki Dam,
the oldest concrete dam in Japan, was completed in 1900. Since its construction, there
has been a good supply of fresh water, so-called “Kobe Water”, from it.

4) Tunnel Problems

Several tunnels for railway, road and water supply were excavated through the granite
massif of Mt. Rokko. The routes of these tunnels are shown in Fig. 52.

First problem related to the tunnelling is the outflow of groundwater. Many fountains
of groundwater are found in these tunnels routes. A close relationship has been observ-
ed between the fault zones and these groundwaters. The quantities of such ground-
waters are usually most abundant, several m3/min. or more at the beginning of excava-
tion.
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Air photos of the lower course of the Sumiyoshi River, southern foot of the Rokko. The higher
terraces are displaced vertically and horizontally along the Gosukebashi, Otsuki and Uzugamori
Faults (see Fig. 29).
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1. A BERGRE SRS (82052103, A=)
Crystal tuff of the Arima Group.

2. AIRERHAREEI S (82070605, HZZ=1L)
Welded tuff of the Arima Group.
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HEEHRECARSE (Y-6, FHRZ=2L)
Rhyolite lava of the Arma Group.
HBIERPIRE S (G-27, A=)

Nunobiki Granodiorite.
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1. HRBERENRE RT275, ER==L)
Dobashi Quartz Diorite.

2. ANHWIERAS (Takatori, EAZ==/L)
Rokko Granite.
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AEBEE (B-49, BAR==2L)
Quartz porphyry.
O\As (Sobatani, EAZ==1/1)

Porphyrite.
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