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Yoji TERAOKA, Morihisa Suzukr and Kumi Kawakami (1998) Provenance of Cretaceous and Paleogene
sediments in the Median Zone of Southwest Japan. Bull. Geol. Surv. Japan, vol. 49 (8), p. 395-411, 16
figs,, 1 table.

Abstract: The Median Zone of Southwest Japan began to subside rapidly in the mid Cretaceous,
and the Goshonoura-Onogawa basin was formed in Late Albian to Santonian time along the
Usuki-Yatsushiro Tectonic Line in Kyushu. The succeeding Izumi basin existed in Campanian to
Maastrichtian time along the Median Tectonic Line in Shikoku and eastward. In west Kyushu
another Late Cretaceous basin called the Himenoura basin appeared in the Coniacian on the north
of the Goshonoura-Onogawa basin. These basins were filled with marine and partly nonmarine
sediments rich in turbidite, which were supplied mostly from the north and were unconformablly
covered by the Paleogene. Petrographical study of sandstones and conglomerates indicates that
the Cretaceous and Paleogene sediments consist mainly of clastics of felsic to intermediate volcanic
and granitic rocks with minor amounts of those of sedimentary and metamorphic rocks. The
sandstones contain detrital garnets derived from various kinds of metamorphic and granitic rocks
not only in the Japanese Islands but also in the Asian continent. In this connection some
discussions have been made on the classification of garnets in relation to their origin and the
boundary between the Sino-Korean and Yangtze Massifs.

It can be pointed out from the above that the main source area for the Cretaceous and Paleogene
sediments was spread over from the Inner Zone of Southwest Japan to the eastern part of the Asian

continent.

E EF

th R R B - \REEERRIA W O PEES H AR e
i, HELRR- R OB WiERR, —IEER OB
BEamL, IMNESLEH W TREFORICy —E S
A MBEILEELTVE, HEZRBIIOHERE R
BICE-> T3, hEE— MK BE SHEREEH
545 &, IO OHEREYIE KLLMD o s &
h, E& U TBR-tKILEPILREHORBY TR
INTBY, HESPEREPOOYBEONLIBOEAT
W3, 5B, DEHSHICHE» O ORBYIRA SR
Hohs, HER-HEZRNEICE, Mg tEUEEE

*EBE I E R FEEWNTE A AR 7 B — (Overseas
Geology Section, GS])

* IREREERHEFERRFENEZE  (Earth Science Labora-
tory, Faculty of School Education, Hiroshima Uni-
versity; Kagamiyvama 1-1, Higashihiroshima, 739-0046
Japan)

o REICEREEESM (Hiroshima Seminary High School;
Kaminobori-machi 11-32, Naka-ku, Hiroshima, 730-0014
Japan)

RAERFEO DRI LY, Hariks4 7OBBEY s o
EBA->TVE, {LEHROBFERICXSE, 205
DOEFFIRE L TRINRICAH T 24 E « Thifao d
D, HEIIEC N VAR v T ) TERE bR
DREBY - rEEDTWREARENS, DT
IR E SRR & & b, Ll & OHERBY S S IRT
T, BREAARNTEZTTIEL, 7YV T7TRERERELED
ERBEEHP S b o &Nk T EERT.

1. I U ®»IC

PaRE HA Tl (3, PO O KRRTES) & B EE) i F
JEL T, BEACHHIAR D SBREIC 1 T ORISR E <
UL, & TICRBOWEYETATN, #HER, —i
MO B ST S e, & OHIERFRRFRP
BEic k- TELCERZRICL, T OHREROMEER
RS ERR P -/ \REER OE B I < B & h T

Keywords: Southwest Japan, Asian continent, Precam-
brian, Permian, Triassic, Cretaceous, Paleogene, sandstone
mode, garnet, sedimentation, provenance.

— 395 —



g

Median Zone of SW Japan

Paleogene

Cretaceous

\ £
%‘)l( X
{1l LowjShimanto G,

G 7

T

KYUSHU

-----

A A R (1998 4F 25 49 85 8 5)

o o
........

W1 JUN - HEPE#RIC B 2 PaRg H A © BRI HE =R,

Fig. 1 Geologic sketch map of Kyushu and west Shikoku showing the distribution of the Cretaceous and Paleogene in

the Median Zone of Southwest Japan.
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Fig.2 Modal composition of sandstones from the Cretaceous and Paleogene in the Median Zone of
Southwest Japan. Go: Goshonoura Group (Okada, 1981); Mi: Mifune Group (Okada, 1981); On: Onogawa Group
(Teraoka et al., 1997); Iz: Izumi Group (Teraoka et al., 1998); Ha: Himenoura Group on Amakusa Islands (Miki,
1972, 1973; Miki and Uematsu, 1973); Hk: Himenoura Group on Koshiki Islands (Teraoka et al., 1998); Tpa:
Paleogene on Amakusa Islands (Miki, 1972, 1973; Miki and Uematsu, 1973); Tpk: Paleogene (Kamikoshikijima
Group) on Koshiki Islands (Teraoka et al., 1998). Numerals in parentheses indicate number of examined

samples in Figs. 2 and 3, and Table 1.
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Fig. 3 Modal composition of sandstones from the Onogawa, Izumi, Himenoura and Kamikoshikijima Groups.
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Table 1 Average modal composition of sandstones from the Onogawa, Izumi,
Himenoura and Kamikoshikijima Groups.

Framework grain
Q K P F R

Paleogene (14) | 13.2% 43.0| 2.6 25.3(27.929.1
Camp-Maast. (26) | 16.2 | 19.7| 5.022.9/27.9|52.4
Maastricht. (12) | 18.3 | 18.2| 6.4 |14.41.20.8 |61.0
Up. Campan. (25) | 17.2 | 19.7| 5.4|18.6}24.0 | 56.3
Low. Campan. (30) | 18.8 | 24.9] 8.0|17.2[25.2|49.9

Stratigraphic unit Matrix

Kamikoshikijima G.
Himenoura Group

Izumi Group

Average (67) | 18.1 | 21.7| 6.7{17.2|23.9|54.2
Santonian (23) | 17.3 | 33.0{10.0(23.7/33.7!33.3
Coniacian (39) | 15.7 | 35.7|10.7|22.6(33.3|31.0
Turonian  (19) | 15.9 | 31.7|11.5|24.5{36.0 |31.3
Cenomanian ( 5) | 20.7 | 26.2(11.0|25.0(36.0|37.8

Ohogawa Group

Average (86) | 16.5 | 33.610.8|23.5]|34.332.1
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Fig.5 Radar and Mn-Mg-Ca diagrams showing classification of garnet (modified from Teraoka et al., 1997).
Number of Mn, Mg, Ca and Fe cations on the basis of O=24 in Figs. 5 to 7 and 10. Abbreviations L, Ia, Ig, Ig,, H,

G and E are common in Figs. 5, 8 to 13 and 15.
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Fig. 6 Variation in number of Mn, Mg, Ca and Fe cations in Mn-Mg-Ca diagram (modified from
Teraoka et al., 1997). The diagrams are drawn using 3,060 analyses of garnet.
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Fig. 7 Radar diagrams for detrital garnets from Cretaceous and Paleogene sandstones in the Median Zone of Southwest

Japan.
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Fig. 8 Mn-Mg-Ca diagrams for detrital garnets from Cretaceous and Paleogene sandstones in the Median Zone of Southwest
Japan. Numerals in parentheses indicate number of analysed garnet grains in Figs. 8 to 10, 12, 13 and 15.
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Fig. 9 Diagram showing types of detrital garnet and their ratios in Cretaceous and Paleogene sandstones in
the Median Zone of Southwest Japan.
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Fig. 10 Radar and Mn-Mg-Ca diagrams for detrital garnets from Cretaceous sandstones of the Chichibu Terrane in east

Kyushu (after Teraoka et al., 1997).
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Fig. 11 Mn-Mg-Ca diagram for garnets from pelitic
metamorphic rocks in the Inner Zone of Southwest Japan
(after Teraoka et al., 1997). Ry: Ryoke metamorphic rocks;
Hd: Hida metamorphic rocks; Ku: metamorphic rocks of
Kurosegawa Belt; Sm: Sambagawa metamorphic rocks.
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Fig. 12 Mn-Mg-Ca diagram for detrital garnets from
sandstones of the Shimanto Supergroup in Kyushu,
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e Atsu & Mine Gs.
(74)
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®m (Oda & Nishiki GS.
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513 HEHGEH O —BR-ZERWEICE T h B
¥ 7 v /D Mn-Mg-Ca K.

Fig. 13 Mn-Mg-Ca diagram for detrital garnets from
Permian and Triassic sandstones in west Chugoku, Inner
Zone of Southwest Japan.

B, EUBED TRBBHY S oD 90% bir BSHE
BMTHy, O BEECEL D IgBEETN TV S,

INFTOLRDOSMB LS, DEl Lb&mH
AOTERPE=FZTERotERTIzE, BATIRIEE
AERLNIEVE S BEEEREERD Y 7 v Ahihd
470D LY - TR EDOLNEZ DI THD, T
NoOBRBERIERFIEZ FTIEL, TV TRBEOE
BB bROX B EEILO,

HEEUENC I E R EAREN L, BHAFIRBRT Y
TREOHFBIAIE L TVWDT, KD S OREYH
HAFIB I OMREIRICHEA L E T Tb 5. FE £
BEOY .53 S v 7)) 7T RIEEOE R A
EF YA b - Vo VRTFBHERINTVWS (Shibata
and Adachi, 1974; Suzuki et al, 1991; Adachi and
Suzuki, 199478 &). 1A (1992, 1997), Takeuchi
(1994) BEEXKEOMAHFATER PRI Lo
VA 5RDBHIIC, BELEHRENILCDEDEEIONS
NA = TERAICBEARRB®Y 7 nGERWIEL, £
O E A D E R ERIC R D T3, £/, Okada
(1981) HENHES OB P HE=ALANIC BT 5 H
AF G LA EOMNERRE E» S LT, FRMEAD
HAERRIHERY OZ < WRBEMBL» SIS hicb
EHEEL 7.

DX HICHEADREZZARITT YV 7 KEN S DRHE
s 0 EET 5 L VWH iR b 5. L LIS
255 Z OHFETRHI OB PHUE RS it >\ Tidd &
DEARRRHBENBINTVEVWESTHS, Z2ITH
7o REFHMID ELTTOEORNZITS P, %O
T VT REREE O BB F kB EOREA R L

TEIBITNFE ST,

5. 7 U7 RKEREOMAHEE

7 VT REORIIIC R, dticdEitil, mEicE Tt
BHY, Fh v TV TRBESOMLT0S, &, H
gl oLl i, HEROBEREZ N LT v o IR
BHy, FIEWMAREKSEEN v T ) TRPBEHT
5. B - HTHibE i 2R O =S
T ORRICEE - AR L, KBILP LY EmRIT TR
Hohd Lo, BERCBLTEEEREERS NN
ANTWwsb (Wang and Liou, 1991; Cong and Wang,
1995 75 &), K Tld & ORESH & RBI- LB &P
3, HHEEOHEEE LoNE-S T L BEEL, [
FoWAEEMSE—EIC 5. ek $E - BT o
BREBEERICOU R LT 5008 EETHS. Ll
BRLEFNBEEBEINLIKOVTRERN D S, Bl
T, FEORES IR E S 55, REgmahe
RO EL=y b THBELTD (Lee, 1987; Inst.
Geol,, DPR Korea, 1996), HTHiRASFEL SEEKICIE
Wo THBEAFEIIKEL 2495 L DfE (Wang and
Mo, 1995) & & 5. ¥ 7 Isozaki (1996) R DS
DREARENT L, TREE, S5 RBI-MTERET TS
DU, Dis< & SEAREE BRI O ER b I35 ISR
HEBEHDELTWVS,

hEAHIR T I ER T ORIEE RE S RE, AV T
)7 HR-ANFERRDO LICARETEPSE L ESE
REREERSEITAESDOBEGERTEIL>TWVWS, 20O
X5 BEFBEREHFLERSTORD SN, EREHIbE
DEA VTN TREH VT Y TRELESLBEDLDATY
5. Fh v 7)) TROBER N LY FIioWTHB L,
HEEEcRdbd SFicnizo, TUBEE» SR
Ficmpdticiz C, T RALE-FEEARICE - T
b, &fE L ciHrNFIRIGRHEHVTWS (Fi
3Ap, 1992). % LU CrdbmERREIC s PEAES &
DETEEALEERBAD SN (Lee, 1987; Inst.
Geol,, DPR Korea, 1996), T 6 DHEEMNS LT, HRfE
R T Tz w Y, Hol&EZED
% < KRB LRl A Ol A & - THIBTHE
KRELEHT2b0LALENS.

FEORER ST Lichi-> TT V7 KEREICE T %
Feh v 7Y TRONHERTEFURD K HITE B,
BT QR EME X (Minist. Nat. Res. Dev.,, DPR
Korea, 1994; Korea Inst. Geol. Min. Mats., 1995) ic &k %
L, WBERADIERBEREE 5D S X HITH>TWAED,
ZDRPCEHERTTREER L SN TVWS SDDHR
FEEBHBODEENTWS, LB ->7T, FEFEED
BEREERE THRERE—FET A &ic L.
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6. ZAVIUTEREDY I DA

T YT RKEESICHHT BN v T TERETOY
JuRIEOVWTRELF -0, BRI bk
EoTV3, BI5HIE, ARDF v 7¥ 3 VISR TR
oY o A0S ERED, Th o 2K G 14
X) it Mn-Mg-CaXic7a v b L7z 6D TH 5B, DK
TRT I VA PPBWT LI > TVWED, TEED
B AIKEEED b DRHBDT, DI A TDHF
JuALEET AT THS. BMXOME, 4k
BRI E NHE 2 = b OB - 2R, ARRER SR
WDEHTH 5.

HIX 1 EETERE, BAEROMLUE (APYEH-2
I =274 MB), B EEEEROREILE - HREE
(ReRatH-apiat, BlRRE2E0). X2 N
v IR AL LS, AR OEFER - AEE
TE - BRILEE (BREHE-75 =254 M), HIX3:
LSS, EROESE - FEE - /& (R
FEH-79=2354 M), HIX 4: BEEEH, HE
RO P - B U REFEHE-75 =254 M),

110°E - 120°
I 5 /

Yangtze “=<Massif /
G N
Doee——y, |

Hinggan—-Nei Mongol

200 400kn
! I

TEHREAROERNE (R EH-ABEHE). X5 :
IR B RS0, - dEmmHR o A R - T EEAER
s ROREHE-75 =251 v, ¥7 o Ai3HKE
AL EDS). HIX 6, 7: KB OIIEE SR, &
BEEESPRRETOEEERE LTCETS /Yy
4 b.
FI5MAEAHLMED, v h B hER o iR
BT, ¥/ oqoREHBHEETHY, BERFD
bDRHEHMgDEWwIa &Iz, HIR3DIA TR
Ig; DHEBHPZDEY. —7F, FEROY 7 ofidla
2EEL, —HIgPEEECIVWE DS H S, HIXS
O EOES SIER-THEAEAROY 7 o HidK
WABHHERTH D, FEMETII g D LN S,
UL LZoXoyw 7 o QgL cCaicz L, Mn-
Mg-Ca XT3 Mg-Mn &1z & 2 EHIRE BN S & 5
Kipte b TR T B DITw L, MK o rhefitib
DEA G T BT AT ERGER O TR IR > TO U
TWVW3, CORRBBTHEICRSDT, BEENCRHAS
Mg-Mn &%, #%&% Mg-Ca R &IFHT &2 5. 15
B, BILKICRRL TR WY, HIXK 4 LHIK S TREN

Fold Belt

Proterozoic

FIAN 7 V7 REREROUARIER S} L Seh v 7' ) 7RO

Fig. 14 Geotectonic map of the eastern part of the Asian continent showing the distribution of Precambrian

rocks. 1 to 7 correspond to Regions 1 to 7 in Fig. 15.
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¥n

Sino—Korean Massif
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o Archean (50) o Archean (31)
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Sino—Korean Massif
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Dabie-Shandong Belt
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8 Kyonggi Massif (9)

______
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FBIBN 7IYTREROES Y TY TERECEENS VS v 4® Mn-Mg-Ca X,

Fig. 15 Mn-Mg-Ca diagrams for garnets from Precambrian metamorphic rocks in the eastern part of the Asian continent.
Location of the regions is shown in Fig. 14. (Data sources) Region 1: Bur. Geol. Min. Res. Heilongjiang Prov. (1993); Region 2:
Jin and Tang (1987), Jiang (1988), Bur. Geol. Min. Res. Nei Mongol Auto. Reg. (1991), Zhao (1992); Region 3: Jin and Tang (1987);
Region 4: Yu (1984), Jin and Tang (1987), Bur. Geol. Min. Res. Liaoning Prov. (1989), Jiang and Xiu (1989); Region 5: Na (1978),
Lee and Kim (1984), Lee et al. (1986), Song and Lee (1989); Region 6: Ge et al. (1993), Wang (1996); Region 7: Jiangsu Bur. Geol.

Min. Res. (1984), Enami and Zang (1988), Ye et al. (1997).

1873 GAEERIGHIR O X E TP RS Ic B 5 24k 0¥ 7 v f
bAHLNE, KAFLEHFOZ /oY e A bHOF 7 0
ARV S Mg-CaiEin VW OIEME VAR WY, H
X 6 Tld Mg>Ca, HIX 7 TlEMg<CaddbDMREW,
B i, 7V7KEEREOLEN v 7Y TERERIC
EMg ICED Ig 2R UDVAVALBHKROY 7 o G
A oh, PHEBAROEHRBE=CHEESTICA-TVS
BBy 7 o GORSAEE LT, COBRERAENY
- E2EDTVWEEZ NS,

7. EEBEHOHRIER

7.1 HER

- KEF) IV O #IFTH - #8 - KEF)1 0 3 BRI
ERMEHECBEZ R L, HEOMI3EBSEIE
HLTW3, Ihoidd &b EA—oEWERS (@
Frif- KM WERs h-—EolfEHTH D,
Z OHERER 38 IR U ERAN RAE U 7o FERFR
DbOTH -1, HRBIFELOWBE L, HFTH - HME
JEEH R IERE O BRI/ & W HIPE SR I HERE U 7o i85 —3E
BRETH 5. B OHEREY 3R, S 625

a0, dtAlofHEERC EF I ERRE, ERloZ i
WREECIEENLBH L Tz dhTW3 (Okada,
1960). —7, KEF)IEEHIBHEIT 0F L Witk
BSNIcBEICEY, o) THLVEROHILGZEIL
NS (—EIEER ?) OMERTH - T, HR
BEEBLTEY, 20HICi3y -5 MK HaE
LT3, ER-fMRFOAFEREVWIhbERETH
D, VEEBOIEERERE & WIEROFIRERE O B4R IR -
fiRTmER s KB EHoz s X MTVwa, L
L, Bi—EBOHRBZREEOS Ik > THlshT
W7 ATREME ST .

SFRE (1970, 1977 ) EREFIIEE % 1 U o rhifits ik
FOHRBIT>OWTimR L, % NASPYEHAIO KERTE B
REEE R CHF-/\R - hREEEROB) & & BRI EE
HUBHSOHET LI ERR U, HFTH- KR
BoWTH B E, i MR ot E & biT
BB L, [HEEILOKREEE T IR OHER
s dbfl» s e o8, EAERKEFLTWwS (K16
XD. % U CRHrE 5 S rEflr & o¥E o ftia AR
MEOERGED SN B, T OHERER B/ RS
MOLEBEX VD% S - It b OEFIC & - THES
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—Goshonoura Group%— Mifune Group —a<——————— Onogawa Group

1

Sw

Up. Albian

—— Onogawa Group %«Up. Cret. of
Chichibu Terrane

NW _. «_SE

Usuki-Yatsushiro
Tectonic Line

EI16 K MFTHE-ARR MR R O

«—: Major } Sediment transport

«—: Minor (Paleocurrent)

Fig. 16 Schematic cross-sections of the Goshonoura-Onogawa sedimentary basin showing the mode of
sedimentation of the Cretaceous in the Median Zone of Southwest Japan (based on Teraoka, 1970).

NICEHIEERD & DT, % OTEENIIKE) | BEEHERR
oL, AR >EBEoFmHbiET »Tw A,
M-/ \REEER 2 h IS Ric B S )2 3 &, KB
EBEOMBEFNVIZEEACZOTENMRBHICLS T
EF 5. L, MRBHOGRERERREROMED
BRENEL, FEllL» S ORGSR IN TV,
SRR (SRR - AR K O RS - PRk
EEAESICE, T OHEREZ OISR KE ) HE
FaobokodticFhcns, OHRBETLHREY
FEE» S bl o & h, BiETA SR ILFERD S o
BT Th 5 (B - SFR, 1973). Kk (1965) i
&3 &, tAIUNOEE=ZAHEE T, VWAAKHR
PoWEYR b o s, JWEM» S EPBORALT
W3, ATTBEOBEE b o OYE MGl L T
% (KE, 1985).

7.2 HRYOER

chiir O [ AT HERRA 13 RER S DS HERR R D LRl 2> & 4k
Bah, —ERIEEAH»S S XTVWS, EHRROHREY
DR SN TV 5 0 IHFR-KBFIHAHEROEAT
H-T, THEHEREE - EWEMKILE - T8 - S8
& - bEEEE OB 5, BRRE,OHEL
feEEAZ LN S, HETHE - i - MO 3 EE T 3E
w OIS - ARE - TEREED o OB &
BOEENTVEHDEHEEINS.

A REOHEREY I, &L TiR-ditkils & TER
EHOMBY» S, Fv—FEIUDEL OHERE
H RV Y T VR - THE - RS - RS - AR
BREDEREPLODHDEH L. HHEWELTASK
BEicoWTH S E, BRCRKESEREES> D
Thb, ZOHRIENRLE L bITHAL, IREHTI
Eete KL, (R R e el 5, <

D & 5 I KBEEYE ORARKZ L, Btk T A
WIEER-KILEEERDT Y V=T 4 VI EWVWHT LT
SR EE TH 0, BEFOKEAERE &b, HigoH
T & BRI T U 7o KTE Sy, R KILTEB) OBt
R E L TREBBEER L EERERT B, KB
TR - KI5 < S & BRI e oM 18 b
BIEBH, Fh3gEs ) o HEBOBEOE D
LHBARMH B EEZ SN G, WERISRITE 5 L HEREY
Gy — v EHELL, BEBYORBESE L S
5. LdL, &L LTh3 EILFEBEOHRBYHEZ O
EHTHA.

BAREhERIc3EABYS, WATRBH D ICRE
AEWEPKIERCECLEREL L REL TS
D, THhoOBEYSKEIBREM»Eboshik
EARBENTVWS, = TRIEEICTE 5 O R PERE B AN
OPERKBEEHTH 505, MEfbaziR &, TR
SHEOBARAELBREL SHESRICHTITTHY,
R - b K L o KRR 75 W HY U3 R 0 B AT e b i i
T-oTW3, Zhicd L7 v 7 AKBE IR, —8id-B
ST OBER-E KA B0 IR S L, TEREHEIC
35Eh v 7 TRUBDOWAABERO b DiH 5. B
T3, HEE, SR T TORER-HE=
RICDOWTAH B E, HREWIZEE L TKRESRYE
RENTBD, 2OMRERFEEEALZ T TIEL, 7Y
TARBEICORODE 3 2B/RBNT &I 5. BBy
OHFETFICBE L THREIBRTH D, KRITZ DT LA RE
HF 7 e Rick - TRT.

KEF)ERE, MRBEN AT BRI EER oS
v o /AL, KEIBETRERRY s o %S
CHREPIEEEOM b A o505, MERPERRIE &
o hE, FH3ERTOY 7 o fRizEE L THESY
DOERE - EREP OO INILODEEI SN S,
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d, EAFEOBE MHIHERR A+ EE =
FC R ERF R & STV 3RS R IE S Ohs
b BH (IO, 1970, 1973), ThHIKEENB P/ h
LIEFEITH %, HREETR S S V51 bR IE
<, RKEJBHETLETALN, %/ lERCIEER
¥ o ABEEHICA > TWS, Th o OB ORE
IS TIERERE AKEFRERSICEATEY, 75

VAN OBBIRIIENICRD BT EBHKETH A
5. B &5 icEmERE Uic b I HmR A =) 114558
EFRoF 7o fdar—aic i HTws,. Zo4Hs
FELTEIHRESN 203 EREROT CIhicBH T
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N5 Y7 a GO TEESHBEY 7 o A0 & 5 7SR
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¥ o [OHHATE, BUBHEKLEESEIbbE DL,
EEHMO S O =EEREE,P L b bE LT B
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5DOKREIE CalcZ LW Mg-Mn %7 (E6EER)
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HERE N80 H BT, MO, FILEHE, BHo
EREEP sV Yy 7 2 v R (G, 1962 BERIZD, 1971)
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