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Response of slope-shelf-nearshore systems to relative sea-level changes in the

Miocene Aoki and Ogawa formations, Northern Fossa Magna region, central Japan ™

Mizue Nishimura™* and Koichi Hoyanagi ok

Abstract The Northern Fossa Magna region is situated at the junction of the Northeast
and Southwest Honshu arcs. The Middle to Late Miocene Aoki and Ogawa formations
occur in the Komiji Syncline area in the southern part of the Northern Fossa Magna region.
The Aoki and Ogawa formations in the study area are divided into thirteen sedimentary
facies. On the basis of facies analysis, the upper part of the Aoki Formation was deposited at
continental slope and outer shelf, while the Ogawa Formation was at inner shelf and various
coastal environments. Within these formations there are conglomerate beds deposited on
the transgressive surfaces.

The assemblages of sedimentary facies are characterized either by coarsening-upward or
fining-upward features. The coarsening-upward facies assemblage resulted from regression
in a coastal environment, whereas the fining-upward facies assemblage from the regression
in a barrier environment. The distribution and stacking pattern of these regressive facies
successions reveal a progradational system of coastal and strand-plain environments, fol-
lowed by an aggradational system of coastal and barrier island environments and then by a
repeat of the progradation-aggradation cycle. The progradational system along the coast
resulted from a decrease in accommodation, whereas the aggradational system along the
coast depended on an increase in accommodation. Changes in accommodation are equiva-
lent to relative sea-level changes. Therefore, the relative sea-level curve can be described
from the changes of accommodation.

The relative sea-level of this area changed in response to eustacy, estimated from the Haq
curve. Therefore, the framework of sequence stratigraphy may be applicable to this and
other basins of this active region. Two sequence boundaries can be identified in the study
area. The lower sequence boundary is placed between the Aoki Formation and the Ogawa
Formation, and the other can be identified in the middle part of the Ogawa Formation.
These correspond to the 10.5Ma and 8.2Ma sequence boundaries of the eustacy curve, re-
spectively.

Accommodation is a function of both eustacy and subsidence. The subsidence of the
basin can be calculated from the accommodation and eustacy. This basin subsided during
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deposition of the Ogawa Formation (from 10Ma to 6Ma) at a rate of 60 m per 1Ma uncor-

rected for compaction.

Key words : sedimentary facies, sedimentary system, accommodation, sequence stratigraphy,
transgressive surface, basin analysis, Miocene, Northern Fossa Magna
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6E# 7 + v < 7 e e R AR i o B AR A
IO TER S N, BRI o Erithic » o
TRIZ WV LTI BRI » & OHEBYMHBEIC - THE
BMEA TV -2 (G, 1989). & 51i, HWE DM
N - BHEEASEE 0 BB IE A BB L TV - 72 (Saito,
1963). WHFEER & U e REFRAART LS O A
TiE, REFRERERED 5 LEREsAN BT
LTWa. ZOMBUCB VT HIEEIERED S dbAfD -
THEATO ST ZEDPR LM EL > T D (FEFIE D,
1991). '

BEARE - MBI OO TRy KL s S h, &
Fitt St OMEESIC OV THERI N T E (L
74 v SFRERISN— T, 1976 KEF, 1976;
TN - A, 1976 KEF, 1982). UL LHEREY 27 A
ZETL, HEXMEKELE) 2 ER L 2 LTO#ER LR
IhTnin, HEY 2T AL RRGICEET 5 X &
SE s HERBME D ERIRY 2 24 T H 5 (Davis, 1983)745,
ChEERETICHBRMENT 2175 &, BTy v
AT LIZEIZH HN BB ORIEN 2 EE %2 Rk LT
RprJoBEZRD, HERNEEDRBEY 2R 54
WBdHBH, ULieh-T, HEY AT L0ETIIHEEEM
WETH ECARARTHY, 2000 3HEBHEOR
EENZNDOHERBEORRSEL L 5 5.

—75, BRI AT LORENEAEIZ VL, H#EY—
7 v ARFEMRT A (Nummedal & Swift, 1987). &5
I, =A% Y — (A FREMKELE)) & HBERAOES)
EDMP 572 HAEMIEKELEIC L > THEY -7 =
VADEBI IR INEETEDN Y — 7 = v ABFE
DFEEARM AT D 5 (Posamentier et al., 1988, Posamen-
tier & Vail, 1988). MBI REIL—ETH 5 DI
U, T—-RF Y —IZIERRNICEE T 50T, HE
DOREABERZO/INY —VIFL— AT Y — TR HBEXND
EEZ 5N TV 5 (Posamentier et al., 1988). F1z, ¥
JEE T & ¥ oK i O R D HERE R RE e 22 R & HERE 22 R
(Accommodation : Posamentier et al., 1988: Jervey,
1988) WU, = ORMMZILIZEX MK ELE) & &
Lo,

|
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Fig. 1. Geological sketch map of the Komiji Syn-
cline area, modified from Kato (1980) and Kato &
Sato (1983), showing the study area.

1 : Aoki Formation, 2 : Ogawa Formation, 3 : Koso
Tuff, 4 : porphyrite, 5 : Alluvium.

FABEMBUC AT B HEFHROBFTRE - MIBICBNT
RO Z b SIS U TR Y AT LZETTL, 20
RN B D S HEREZEER ORI, 3 /40 5HEXIIHEKE
BE#ERULI. 351, BEKBIZBOTHKY LKL
V=0 1 v ABREOPE A SRR SO eSS H B D
p, TIOLEEMBICEN T -2 F ¥ —PHERE Y
AT LDOEBILEELRIFTTONEIDEZRELTH
7z,

BB TH 5 ARIIBIZBNTEZRUBIOED
HFREY AT LDEBENIL—RY Y — Il ko> T a N5
AR DO T ORISR, FiEHER O E R R E
B (ZHk, 1990) & 97 - BT 6 H )| /B B (Masuda &
Ishibashi, 1991)/2 E¥b ., SIERMBOHE=
RIEODVWT Y —7 2V ABREEHEISUHE L Tiths
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Eustatic Curves (Haq et al.,1987)
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Fig. 2. Stratigraphy of the
0 Komiji Syncline area (modi-
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Aoki F.

AKAE ———

HODEE = [

15
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SAS _SB(8.2Ma)

fied from Kosaka et al., 1992)
and correlation with eustatic
curve (Hagq et al., 1987).
AKS: Akashina Mudstone Mem-
C ber, HOD : Hosoda Sandstone
and Mudstone Member, AKA
: Akamatsu Mudstone and
Sandstone Member, SAS:
Sashikiri Conglomerate and
Sandstone  Member, KT :
Koso Tuff Member, KOJ:

SB(13.8Ma)

SB(15.5Ma)

Komiji  Conglomerate and
Sandstone Member, 1 : K-Ar
age after Kato & Akahane
(1986), 2 : mudstone, 3:
alternating beds of sandstone
and mudstone (rich in sand-
stone), 4 : alternating beds of
sandstone and mudstone (rich
in mudstone). 5 : sandstone

AKS
L =—

Middle Miocene

Bessho F.

Bl=H

LERFTEE =R OSSR - JBAt, 1991) 258 5 75,
WEEE s 1 — 28 Y — DRI OO TR S S
NTWEWV, FhIns ORISRz O % A0
THIRH UK ELS 2RO THE 53, WhIEEENER
ItEEE STV B,

I TIDFmMNTIE, HHEROBSTHWAZ LT
FVEBNERZAELL. HEEYOEZE2EELTL
BVEEFEAEFRIIIZERE VY, FEMIRKN TR
» 6N AR EZT B3, Haqg et al.(1987) D3k
A=AV —fiRE E BT A s, HEY X
TLADEENL—AY Y=l k> TXRINTW SR
MEATRE NI, F RSN K ELE) 51— 2
Fy— SRS AN TE AR ERLIZEN
5.

B H OB S

FEEB 7 # v < 7T IR ICALE 3 B B IRAAAT
tH oAthEEHC X, HEZRORERE - FARE - M
BN 5. Atatoix 3 IFEIL R T, F0OR
Al AL R -FERETE A O A DRI RIS H 5.
A LI RO REEIC H 12 5 (Fig. 1).

AR E 2 OB, RERFTRO BT L
(HAEGRERE) - BABHIHADEREIE, £
BEWEIE), LEFRHHEONIE(EYEEWELR

intercalated with conglome-
rate and coal beds. 6 : tuff,
7 : sandstone and conglomer-
ate, SB : sequence boundary.

B, SREKRGEE, AMBEDERRE)BHH LTV
5 (/MR & 7, 1992). huiE (1980), fn@k - Rk
(1983) Ti&, /MRIEH(1992) D/NIIBD & EBIE % T
PoHZNENNIIE - \BIEE - AHBICYTTVE. L
» L, k- FRP(1986) TIRBIEEIRESRED > L7
ENNEBELTWA, 22 TIEI/MRIEN(1992)DERE
IZ Utz tz(Fig. 2).

A ISEARE &/NIBOBERER T, WEL»—iki
BRI D EPHLEMITEIN TS (R, 1989:
PakfiE 2, 1991). BARBILEE - E  WERER
JE-REDPOEDS -S54 MAZRY. TEOHMAR
aleailEd, FINHE  UE -  WEERONERER
B otshs., FEOFRNBERERBIL, EICRE
ERADWERER B, H2DH. £12ATF Y THENS
<HHND (PR EA», 1991).

NNBEEICHE - A E OHKRBYD» 515 5.
ZUMEETEINE - BE - DEREEE» 6 12
0, ARBESBEMEENS. WEPHEREERBFIZE
A D B G P& E N % (Tanaka, 1962; FHH,
1973). gk - £HE(1983) 13, EUHREWEEE LI
WEFED L VWE X 50~150 cm D A F{LEBA KM
HENBEHMELTWVAS, THEUBEEICIEL Y R
BUKEHE L, YKEDBILRCHBICEMICA -7
HLARDME&EENS (FTED, 1957).
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EEBEIRB L, KA~ B OREIRAUE B
JREB FOREED 525, O T IEMHE EORHE
D HEEEZNL I EOEBEICHERE U 72 KRR &
INTWA(TYE, 1979; Inik - £k, 1983). 72
DEIKED K-Ar FR01 6.1 Ma(hngk - #3, 1986)T
H5.

INEE Y E IR I IS - R, 5B, R~
EEEE OB~ KR ICERT S RIASEENS
(Kanno & Tomizawa, 1959; &% « 1L, 1976).

HRESAEBEILOEIEL 0.75 km, FILK 2.7 km D
MEHFICISHFARBRNREDEHE & NIBERE
WaESBSSH L, MEEE LRI IbER TRIE
MAERLTVS(Fig. 3).

HERIE DR RE & HERAHEAR

1. HERFHEOEE

B T DS - HREBE - hE L & OFISBREL S
HEHESEETOL, - T EIKERKZIERL 2
(Figs. 5, 6 & 7 #218), #AMBKOEM I, BRI
= EHRE - BREESDEREEE - SBEWEREER
& - WEESWEREAE - AYEIMNYE - NV T
v 7RI EH (HCS )W « b T 7 BRI S i
o TEMERYS - SERE - APEELES - AR
B - b5 7 RSIREEMES - RS - TIKE - A
VRREED 16 IWHETAENTE S, IHITIhb
OEHEDPEWVICEBERICH 5HEICE 1 > OHEFEHE
&Y, 13 HOHREZREL, £ho 2 HERE A~
M & U7z(Table 1). HEREAE A - B WEEARE, HEHEC
~M £ TNIBIZMEST 5.

HEREHE A BURES - RIS - REERYEREER
B o E N5,

PRSI, REYH %2 %< SCHRORS, BER
KIR->TES5~10em D/ YV 2= VA THSD &N
Zu. FNEDR OItEZET.

HEEPREIE, B mm~ 5 om 18 OBMIR ~ WK DBE
% Bete s (Plate 1-1). E& 10~50 cm OHRIE
BhHENE L ENHD. ATy THEELDIENE

AN
REBSHDERSEER, BEBOHENEL, Wa
L 5 dffrterf““‘)" of sedimentary facies in B 5 REBAOREEE Lo, DEBOLHA L
Facies A-M : sedimentary facies which are YRy TVBRLND ZENEL, ZOHTRMIEFED
summarised in Table 1. A and B : Aoki Forma- LA RS, COBEBIKLAT Y THENZLALN
tion, C to M : Ogawa Formation; a, b, b" and ¢ : %

route along which columnar sections in Figs. 5 : sy sy N R
and 6 were obtained; 1-12 : locality of photos HFEHE B: SEVEREAE, ORI N5,

shown in Plates I, I. LEWEREEBI, DEEEREBOLERY TR
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Table 1. Classification of sedimentary facies and interpreted environments.

Sedimentary Lithofacies

Facies

Environment

massive mudstone

A laminated mudstone slope
mudstone rich alternation '
B normal alternation outer shelf
C sandstone rich alternation inner shelf
D bioturbated fine sandstone inner shelf
E HCS sandstone lower shoreface

F trough cross-laminated
sandstone and conglomerate

upper shoreface

G parallel laminated sandstone foreshore

and conglomerate

H pebbly mudstone

backshore

coal beds

1 bioturbated mudstone

lagoon

conglomerate

J poorly~-sorted sandstone lagoon (including
washover deposits)

K massive sandstone dune

L trough cross-laminated upper shoreface

M poorly-sorted conglomerate

transgression

UT, ZNH6DEXIE5~20em THbB. 72 —TUy
TIWIs ERIC L AHERBEE ISR e, EEOE
EEISAIROR U0 ok 22 0 UMD R (b RES %
L, BRI EZOLU YV DT I F A ERLICED - T
BICHINL, ENOREHRICEDPDS. BERBOTE
HXY Y —7Thb. WEIRICIIREOBEN BHEC
B THY, $ ¥ K3 ThHaensg., BOBMEEZS
HIDIAZ MG 2 b OMEBrS EhICHENS.

HEGHE C: WEBRDBEREEB» 5155,
WEBSBWEREERBIX, Y —7") v TUWRET5
3725 D0EX 5~20cm OB EELES 3~10cem
DOREDHEN 5755 (Plate 1-2). WEEREZ D LAy
DIREERE DEFFIL, HEEB ST Yy — 71K
DE->TWDS. 12, BHEHRTEN(0.5~1 m)#Hik
WEBFrPEENS ZEMH O, 23NV EY 7R

RIEBE NS H H N % (Plate 1-3). NV E v 7RI EH
WEDEIRICE Y = 7)) v TUnEnonsd. £hIC
T2 B0 ATAHIRED & 75 HREBBIIEL, BEREA
Hibs 5. :

HFME D : AEELN S SR h 5.
EYBEILANDE L, RBOBEZ L% R (&
S 5~10cm, £ 2~3cm)%, RKBEI VI U—-Y a3y
L OEMBEERZZ I BN E» > 20, ThIC
HHBEASHLAE 9 % (Plate 1-4). EMBELIEH 23R < Z0
T EFEITHEVES NS EH. WEBRAWERERRE
(HEREHE C) DHERIRE P AEMBELIC K-> THE X h, &
YVBEMNRECHRE L TV L T BRI,
B E: HCS WEL» oMl s n 5.

HCS WPE I, WE LIV Ty Z7IRFIEBE, Ny
Ty TEERNIZ AT 2 — ViR (swaley ) BIRREH, AT
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N N

Loc.1 lLoc.2

53+ E2LO2BKO LOINBERED S /5 5 (Plate 1
-5). HCS W& IWEBSWERERRB(HEHR C)o L
Micy v — 7R TEREEZb > TET LI ENEL, £0
TEE I ISP R OBEIEIEL TS, TN
Ty IRPRBEE S IRNNV T2 -V BH_EFETEEDL
H5.
HIRMEF: b7 7RRIREEY RS> SHRS 5.
b7 7 BRI RIERR AR X, MR b Uk S
IZHIRE D HHERR X N A T I NV TF 2 — v b T 7RIS
%98 (Plate 1-6) /s & OHEBBE ICE . BEBVEL
Fy ANVEERESENDH S, HCS BED ENALIZ#
BRICHERESTH I ENSB.
HEREME G : FITEHDEME» BRI N 5.
SEATEEIERD AR 1, MR S MR D U R 2SR AL
W7 T 2 RICES (Plate 1-7) U720, < STHRRIC

BRUTWAEETHS. $HIOEHEPOFTT IS

ORI ~ PR EIC VI LIEERR L, £ 2IEE 2
~3mm, EX lem UTFOBROEREZLZONSHH
BOZHR 515 (Plate 1-8). ZOHAIL R X ATk
} A ¥ (Excivolana ciltoni japonica) D ERICHELLL T W
B, COBRBICEIRESSLREYVEILALEETNTH
wH L. '
HREME H : SHIBSEY» oI 5.

EHRE L, BX 20~30 cm OMEED, 5 FRIE U
VORETHY, REVMA ZZElL. BERIIEEN
HREDEIL, ERIEERD UMK 5.

HEREME 1 - £ RS, AREN SMEINS.

B EIRE R, BES 20~30cm OEWEBELIERZ
ZHRETHY, HANEEZDOREIIFHEL %S, M
AEELIELDD.

FRBIE, BEX 20~30cm DEEBOREBET, S#IE
BREVEIRE, SEBLTVS. REBO LEICIEY

1992—4

Fig. 4. Paleocurrents di-
rections obtained from
large-scale foreset lami-
nations in the lagoonal
facies (Facies J).

Each locality (Locs. 1, 2
and 3) is shown in Fig.

Loc.3 7.

Y ENRL T (EE5~6cm, B 2~3em)PRASNDH L
25 % (Plate 1-1).

R J  NERED BRI N 5.

POV Y X, REMRDZ 2T % b 2BKRNE
VRIS, REYE %22 < 80 RBORE & PRE
BHBRIZES>TWAHSbH 5. EHICEKREO Y
TAT3IFH%< RSN (Plate 1-3), JbFar» SEEERA
DEFE@ERT HDHE O (Fig. 4).

HHEE K : SRR E» s h b,

PRSI, HBBEOE > 1< RN nEROFR
KIVETH 5.

HEREHE L b7 7EIRICEEHME > OB S N 5.

NS 7 BISIRIERECA Y, FICHE, 520, BT
RN T 2 — v (Plate 1-2)XKEID b7 7RI EEHE
ES. T 7 RRIREMEEE ST 505, BO
BALEL, KEFAIZEER LTV S ETRE
na.

HEREAR M : NIBIKBEE » SIS n 5.

TG KB S, BAERRD ~ PR TR S h, TRLZHI
DAL Z ENE 0 (Plate T-4). AE-> 2 ED 70y
7 (5~20cm) RABALFEOREDHEEE(1~20cm) %
¢ (Plate 1-5). Z<OHABITHNEEENZH
WTH, Hu~Ed - Rt sEmcH 5. £722
DOEEEEILT IFX) vy TR EOHBEHEEZ LI
V. BN T 4 B ORE IS AR AN E
3 5 DA S h(Figs.3, 7), DI LB FUDAR
N = R AR TR AR | MG =9 0= INSULE (L S )
2 (Plate 1-6). & CRERHFOBDRIZD 5 Mk
THBHM, EHNFADP > THEEMNEAL, £ 5~
10 cm OWROWET Oy 7 BERLTVS. X510k
K@ - THIRIES 5. Rl IRERES bk 12 )2 < B
B’HRENEZANDHDH, HHICEEIOEEL - Mk
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b33, Z20RHBEIEHHMICL->T 20em~3m £T
L3FEIETHE. HHBOREHICHHEAT
&, BMEBEV KVBOBRENERE VIS0
H5H. THEEBOTEEICEINV—7F+v 2 MRS
M, ZDHFRNIEMEA-JLILEZRT.

NS SREIRPI» SFEcZ<H 5N, %
< DBAH HCS WECGERM BE) 1k b 7 7RI ER
WEHE ERE F) O BRLICEEL, 2ho2Hl0AA
THRB LTV, HIVAHDRE L, BEBIE MK
1285 T EET DA AR, < MRS RS TLIEET 0 aA
HWFV. NEKBEOE LIXBEIELN, 22,5
REBSWEREEBIHES LML, FFEH
BALERIC R 5 h 5 RIS 13, HREE B O EMICTE
TS ZORIE Im RiEEL, BuzHERE A
DEHBEENPE-TWVAS,

2. HEFRAAME

HEBHIZE > E s RIEF CRAENL>TWHD
b, RAEE2L>THEAEZ>TV5S. HAl
Mz L OMBEORBAES Y 2 HBRAMBE R &Y
5. ABEMBRNICE, 2 BREOMBHEESTFET S, 1
DIIHERBAE A A NERE U s S s A E s B BN
{LHBEBETH 5. &9 1 2 BHERELS LB ~RIt
Ui oiiaER 2 AN LEREMEcHh 5. LA
RACHEREARAE & BT MR EERE AR D i & BRI 5 451 %
FE I A E ORI (Figs. 5b, 6)IT/R L.

(1) £ AR LHERTAE

Fig. 5b OFRE T3 4 > D _E AR LHEREAHEHTE
HERL->TWD, B MIO LN CHER A, HERE
FH A-HERRAE B-HEREME C-HERBME E OIHICEAE L - T
W5, 20 BN OHEFRE M(RBIKEES) 2 RIS LTk
DRI ZZHEREME B &2 0, 2205 2 HEO LN
{LHEREEMEDIAE 5. Z OHEREEBIIHEREIE B-HERSAE
C-HMHE DIEKEAER L. ZOLMNOHREHEM %
BICUTROMK cHRMED Lz, 22053 EH
O EHHERALHEBHRBESBE > T0D. Z OHEFEHE
13, HEREAE D-HEFEAE E OIHICHEAE R 5. X 6 ICHERE
FM &85 U C & 0K HERSIE C(Fig. 5b ¢ I3 EEHH
BRIMERY, 226 4 ZFEO EHHEKCHERHE
PIEE B, T OHEREEAEEHEREHE C-HEREHE D DIFICHE
HERLBD.

AR CHEREARAR I, FREMHEALER - BRI B RS
N5, LB TIIFICHEREM A- MR B OIEICEAE s
5 LML HERE AR DY 8 B VIR L TV A, Fig. 5a
WAL S 6 2 F TO IR LHEREHEME AR L
TH5., ABMBEH(Fig. 5¢)icid 3 20 LMK

BEAR4ED - B - 10 R DHERR S 2 7 4 DZE & AR UER D) 343

MBS R 5N 5.

(2) LA HETE SR

BRI ER (Fig. 5b)D 4 Do O _F MR HERE A
OB, BRI EHEREEAEDS 6 MR VR L T
W% (Fig. 6). 184 O _ LA LHERRME B AR ICIX
HEFEAE F-HEREAE G-MEREAE H 2V UMEREHE T OIEICHE
HEE-TND, WREHEF SHBEHZOVL 1 OM
CHERSAE K RHEREAE ] A E A S &b d s, EAM
RACHEREAEAE L E & 16~19m & EAMRLHEREAAAE
EHARTHL, KEAROEGMEEIERITEND,
FREHIEEE I B RO SRR L HERE AR S TEE S
% (Fig. 5¢c). 3 HBE O L AMEKNALHERMAMEO LA THE
i I NEAaBICNtT 5. EhFOEMICHLER
MR ACHEREMEME 2 B 0, HEREAE M-HEREME L-EREAE 1
DIEIZFEHEZ > TS,

HRIVRDEE

1. HEREE 7 OHRBIRE

HEHR A o> M ETOENFNOHBEREZEZRL
7z(Table 1).
HEFEAE A (PEMASIE) : ZEIIBE O BRI /2 UMK
WOFTT I8, A b—ARICEERD SBBEINIZWD
DBV D LAV F — DEEICHEY, BEREFITIR
BHEBLUTOHBHEVWIBETLTCCELbDEaND
(Reineck & Singh, 1972). Tz — 7V v 7)VIIERH X
N, vx—7Yy TIVEREZCEYBIELER CHREX
Nz WO Rt SEHREOFTT I Fiddlandic
BRIEFEINTVEIENSEZITLN, 2D &b SHERE
RIEEA - L2KOHERR(60~100m; Yorath et
al., 1979; 758k, 1989) KV FEL - EEZOND. &
REMRBERREEAWEREAEBICEA T v THEH
2L HOENBIEDLPETHBUILEEZEZ SN, S
YRy TR ERERR AT v T OO 5
»HZOREIIEAMERIL TO I EMHL M ELE ST
WA (FERHE A, 1991). Chd 3 DOEMEIE, BT
WBERICH A L HIZIFR UHEBRBIEART 22
bh, BEMMEEHEEINS.
HERSHE B(AMAIBERD) : v =2 — 7)) v TV EDRIBIC &
DHBEBENI HONB N EN DS, A b— LARFORIRIE
REOBENEZATHRLULZEEZEZOSNS., BEOEHIS
BENT ED HHERER A & O EROIMUREN THER L 72
EEXOLNS.
HEFEH C(ARIRERR) : P17 3 7%/ v By 7 RBIKE
HezboWaifEeD LibsE > REF I Dott &
Bourgeois(1982) DR L 72 A b — ARMED Y — 27 = ¥
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Sed. Sed. Sed.
N a facies b facies c facies S
g —WM " I fine
\VE BN
A Cycle 5
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CC o909 00
~TA\B Cycle 4 | foeusg M
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? D .
E IR ' Cycle 3 coarse
‘ Cycle 3
A e fd —\ M|
IR D E
A L Cycle 2
2 D
B t 2 — E Cycle 2
= 28 oo 2| it < -
7 B¢ om, c -
BY| 2o g 22 a9 g
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A — ~C Cycle 1| [ZRAX C
—=— A8 coarse | [ 5 Lo
e M
. === ¢ coracangs = MF
B E
R C
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G a |tne = A
100 T | Wave ripples <%~ Gravel dune
- Coal Pa e v el H k
- Hummocky cross @
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interbedded v v w239 | Trough
mud/sandstone | ¥ Burrows @% cross-laminae
L f r'd w N f Z/\‘
] 'g sandstone IR Mud clasts % Slump
G olo; 2 : o
o * 02| Conglomerate |, , ,| Bioturbation
L o o o Q o

Fig. 5. Representative columnar sections in the study area.
Columnar sections a, b, and ¢ come from the outcrops exposed along the routes shown in Fig. 3; arrows indicate
coarsening-or fining-upward ; Refer to Table 1 for sedimentary facies. Cycles are discussed in the text.

S, Ab—ABICERINEREREZOBROE OARIENCHEREL 2 (B, 1989)EEA LN 5.
KGR S Nz REch b EZEx oAb, £ICEE  HETRM D(ARIBER) : HMEE C »EYEELz %0 TH
FNHME~BHNEES A =Ll k> TIHEE,  BEBESHEIL, CORBERICER LT LI TH
HRANTEEWEINS. A b— LI X BHERE LIFULIEBRINTWVS., ol E»s, HEHEC &
HEREOE CIHEINITHREINTNE I EM D, A & U PR THERS U 72 S HEREEE DS E > o To e b W)
h— AREOWERR L VEL, BREOKEBRFALVE  BEIK k> CEBEBEIBIEs N EEZ ONS.
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APk < o «

Parallel laminae

Pebbly mudstone

Cross laminae

7/

Fig. 6. Columnar section showing upward-fining facies successions.

The column is continued from Fig. 5b, (see b’ in Fig. 3).

used are the same as in Fig. 5.

HEREAH E(FEPSHIR) - HCSHEL, E LNV EY T
RPZEHE - 27 2 — VRPIZEBHOFEL RSB
EoNIEh o, TEIMERTHRL 2 (FRE, 1989)&
EXoND, TRTITIRNVT -V EBNYEY ZRER
JBHE & RO WIR R TR S N B & S N (Leckie,
1988), NVvEY IRBRBEL 77 NNV T 2 — v
BFTHIELENEEST 5.

HERSHE F(EBBSHE) : b 5 7 RIRISEEHM EMA 1L, th
DOHBHEERTHETH S ERMBE»>8B N7
RRREHE, 77 NNVT 21—V EOHBERE, S, L
A TR X N7z (Leckie, 1988: Bourgeois &
Leithold, 1984)&#& %2 Hh 5.

HEFEHE G (ATIR) : FITEHEEMNEME L, BRItk ->Tk

For sedimentary facies, refer to Table 1. Symbols

KHWENTNEZERRESCKRAY ZET IV L
»HWOENHIEFICHEOATE THERE U /2 (Harms,
1975; ¥)Il, 1988)&Ex ohnb. ERHEECERT
B X AFAY LY (B, 1972)ICEBLL 12 EESTE
ETHEDD, BEHLL IOEBRINECHERBLIE
Exohb.

HEFEM H(B3R) : SHIES I, WIRPIERITEN. &
RREYMEZL BB ED L, WOBWNEIEALED
BOWBETHRULLDEEZLND.

HEE (57 —>)  £pBEREEAREIE, FFL
e THBELUREEX SN, -V D LD EREN
HEIND. MEAOHEEL DI BRIEEZESY
5.
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HEE J(5T—2)  PHBERICEE N REY % S
CEUGREE, BOBIPEZIILWVWS S—vDkH s
ECATHRUILERERTEEZ OIS, KBID 0
A7 S ORTHRRANE, D 50N E R T ILTED
S5DHWNDERT S, Ch3N)TFTEEZEOBZII-T Y
Vat—N—ERETEEZLND. |

HEREME L(LZRSME) : 79 NV T 2 — v SIS S5 5
T 7RISR A b OMEE, HEREF O LT 7R
PIREEW AR SRR ICHERS S LR EE2 5
ns.

HRE K(RPE) < HERE G(ai) SHRBHE (5 77— )
KHENTHEET S &, B L2 HBEENT -
RBNZERENRDS, BZHWETHRL I & T
LTl

HEFEH MGBERE) : C OMSBO TR ISHREIE B
(FEBSME) 25, AL IZHERSAE B - C - DUMIIZ L LA
RIEEW) BTEET A2 EMB 0. T ubE TR EHART
T OHEREREN L D IEL 2 2 BRIICEET S, 20D
& BHBEOBIEBERRL TN, TOMEREIZ
TRIOHE % B0 3AS, TERICIEZ NV — 7% ¥ 2 kA
Ronsd., 36IWEDTOy 7 R0REDBRBEEH,
BaRE L CERbEEZ R L, —ERCHERICHR(L
BENRONG. TNDHOEMIEC DRSS SRR
& (Walker, 1975)TH A E%ZRLTWVAS, Lizhio
T, COHBEEE, WBERICFBEOENCLE->TEAS
Nz FEBINE LRI OMKHEREY A, & 0 I RIAERR S
h, BEBLTERZIhZEEZ SN B, Walker
(1990) & Leggitt et al. (1990) 1%, Alberta @ _FERE
R D Cardium Formation FICEEOHE OBERE % 58
OBTHWB, Lih->7T, HEE M % EERS (trans-
gressive conglomeérates) EME3Z L IZd 5.

2. HERFHABEOTEAIE

TR CHEREMEAE, BRI LHEREAEAR S b F DM
FHOBAEZ VX, BHL HEANOHBEREOE
b, $abbERERLTWVS. FNENOHRBEEIC
DNTZDOHEBREOEEZBRANS.

(1) LAk HERR R4

FE i rpER (Fig. 5b) O LA MAEHEREAEME X, K
D &) BHBREOEEBAZRLTVS, RO LAHE
WL HERSAIAR D HERS BRIE 13, ST - H1MB B - PR A -
TENEANE EA~NORM L ZRLUT NS, 20 EAOD
YERE (HEER M) 2B ATHEE S 2 ZEO L HEN
LR S LB LER L, ZOHRIRE IS
BURERN - M- FEAEDIRICELLTWVA. 351
VERE R L XATIAE 5 3 BB EAHERLHEREME

1992—4

LRI EANOERIE AR L, OHERBIEREIZPAHE
B - FERAEDIRICELLTVS, I H5IZFDEMOD
VRS 2 A TR E 5 4 BEHO LA CHER A
OHBEBREIIHNAEMZ2RLTVSE. Zh oo EAMEK
{LHEBEMEM, BE L (strand-plain) BE F 72133
TERBILEZLAONIBEBEXETOHRBHEORE
(Reinson, 1984)TH 5 EEZ HN5.

FREMEALER (Fig. 52) T & FFER & RREIC F ICHRHE -4+
HIEEM DIFIC B R E T 2 BEORBAEZ VSRS
e, i, 2h2hOHERBHAMEDOMICYEERES PSR
THILEH B, FHEMBEER(Fig. 5¢) D LHMKAL
HERAAR S RIRRIC_ LA REL 3 2 HERBHOBAE RV %
RUTWV3.

(2) EA R LHERRAEAE

A I A ES (Fig. 5b) D FA 5 4 DD LR
{LHEREAEAE OO _EAL DUBERE S 2 BEA T, BRI HERS
HAEL 6 EHRVE L TW A (Fig. 6). #h2hoD 5M
FALHERGMAE, BRI RERANE - BIED S T 7 —
YANOHBREOENZRLTVD., EBHEEHTE S
NBHEREER 77— VR RS HERBEORIZT v ¥ 24 —
N=—EEBALZONBHBHEELR>NAB, Lz¥-1T, &
DOHUIFIZEN) TEPERI AT O E#EES N, B4
O _EAMRACHERRERE L, Y T EOBRINDORIE T /3
bLERERLTWVWAEEZZSND. ULitd»T, LA
MR CHERAEAR L, MR MRS R B & &0
BERIcOMEBEDOBEZRL TWA. [EkE/S A ~HBL
35 RERRIE, BEAR - KE(1990)IC & > TEHRE
EBHOFRLRNIZIh, N TEBELIBRINT
W5,

SRR HERE A S BB I R R I b b B S, B
S & TEHBRERIE & 5 U < HERHES 72 & 1R
., FEERO EAEACHERHEBED EMicd B 2 o
O LA CHERBERS /S TEORY 2 RE LTV
5.

3. B BB Y A 7N EFOEILF RO

Fig. 5(a, b, ¢)IKARUI &S KFEBEMBETAIC
&, 2R SHERE (BARE) » 58kt 5 LRI
HRBEES S0, BEREEE IO > Tt T 3.
S HICZ D AT EERS (EREE M) & B ERAL
MRS ZEICHR VR L TV A, HEERE (HERE
MBI U 72 & ICHEEIC L » TR SN 2 & %2R
U, EAMRCHERHEMIAMEE LTV BEERLTL
. Z T IO TIIMEERS & ERK R
Dty bEFAZIVERY, 1 BOBEEEBREEZRLT
naEEX.
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22 #h3s AR 3R (Fig. 5b)IC3 3 2 DH 4 7 VAR S
n, FhENTPOFA 7NV, FA4T70 2, 47
W3 LT, £ dbER(Fig. 5a)icid 7 2D ¥4 7
VB, oz TANL»OTA 7M1, A4 702
H A 7N 7 E&D Tz, BEER(Fig 5e)ITEH 4 7w
1, ¥4 7V 2 BRHNB. ZZTEYA 7V 2 D
EEE B AR LR 5 72 5.

1204 70Vh 1 [EOWHE - HRICE > TERS
NIZEERLIZDT, FRENDH A 7 VDKFEHREAN
DOXLEATRETH B, 4 70 1 - 2 IEFHEHIB I
bz, 44 27n 3 13dbEE ettt
% 5(Fig. 7). 12894 7 IVOERELES /s b YR
EOTERBERSD L VWSS IHEBRENSTM &V
F OB EL 55 ERE) I, BEREBRIN5.
20L& sEERIIAEMBRNILER TR 7 DERE
h, #2056 % T SHIEIZ T1 « T2-T7 &3 5. JLH
MOEBETZOERSHEBTEZLDETI~T3 TH
v, T4 134tERH» Sl E ¢ % OEk R R T X 5 (Fig.
7). ¥BHEREE (HEREAE M) X 2 O &k 5 s EICTERR
INzHDTH 5.

RS AT LDET
1. BAERERELBFTFHREOME

B Lo _ AR OER I, nEREOMH
FIANDORIHEZR LT VA, B - BEMRIERE» 50E
BEAOEPEREY H/NIBNOEHEELZT] SHE
U, okttt y, ERRESTOAK
WM O (Fig. 8a). ¥ 2dbE TS, BEMIRHE A O
HEREMIBLG AL 2 5 v TRBI & Uiz, F1-BAl
12N T BORAL R R BRI CHERGEE 2 H b s 0
& HSHRRICE S TEREFHRESRIL LTV EE
Zbhb. '

2. RBREOBEENY 7EREORIL

INRBEOMEINO—FISHEDR, HBE(TL)H
2o, FEpsME - BTEORIRB R SHENREY OB
BiIc &k - CHpHEME (HERE M) 2PEK S 5 (Fig
8b). HRMEREE O _EALIC EAMA LS RE LY
A7V 1 BERENS. BT - ROBRVEL
WWEoTHA N2, 3BLEANRETS. LUDOYA
INVEFEROVEBEARTHEBESEBRLTNS &P
5H, BEBREZ EAANRELANS S LA > TX
BB LIZEEXSNG, T oFBEMEERTE,
AN 2 OBEEICT I— v OHBHESEREL, B
DRI @Z N TEPERIN TV EZ2RLTNS
(Fig. 8¢). & 5T EALIC IS HEHETE (T3) 2 B A T Mt

BEMRIE - B -1 R OHERE 3 2 7 A DZE & XKk HELL Y 347

= FENEOHERESHH. DT E»SS 5T
S, BEBRICE > THEER(T)PER SN
%, EEAEDOBREE L > EERLU TV A(Fig
8c).
3. BEBEBOMELSIZHNUTEREORE
A 70N 3 OFREOK, AEMEILERICE ThRER
EARIET 5. ThETIET 4 70 3 oORAERO
HEREHR O _EALI AN TR SRR ¢ 3 RS (T4)
ERICU T EAHIRCHEBEESRE - TAE. Thb
D & IFHRE IO T IR & IR T TR L
BEMSEI > TWIZAEMEZR LU T 5 (Fig. 8d).
FAEMIBAPERICRET 584 O _ LML HERE A
&, 2N T BOBERANOBE (M) &P~ BE (B
B)ERT. 2O EFHEBEBMBPRIHICEVTSN)TE
DPROBEUERINESARELLIEERLTNS
(Fig. 8e).

FARE - MIBOHBERE Y -7 > ABF¥
1. BT EBKELTE)
IR TOHRBERIE L — 2 Y ¥ — OE IO

LU, 2hi &> THRBYOHE T 2BANdRGIshs &
EZxoh5. HBERERTHBAHEOEAERZY /N —V

3, TR OER S HRY SRR OBIS I & - THRE

xhb. HROHREL—ELRELE X, HERZM
BED T NISRREEY SBRAE(Tu 77 7 -
g V)L, HEREZERIAOSHEDN 4 MR ERHERE Y S BB~ 12
B(Lburls 57—y av)d 5. HEEROEINOEE
EHEREMBHA B D 0 & » TONIZREHEREY 1313 ZR)
UNBILRE(T /97— 3 V)T 5.
FEMIBADOREHERY ORAES 0 /35 — VIZHEH
U, HEREZER OB T /2 b 5 HENIEKELE) % &/ B
>THB., TIRIMLOEFEKNCHEREHEORERE
DO, B - FARBEH0 T & RO HERER
5URWVHRBHEAOELLZRLTWVS., O EI3HER
ZERADED, §abBENEKERTSEI 22 &
%773 (Fig. 8a).
ZOEMICHA 7N, 2, 3HBRET B HITNE,
HERS SRS EIICHIN L 2 g hidz 53, FHIHEK
WERNSHRI-IIERZRLTVA. &4 70E,
XY HEKUE EFIC K B BEMIIEDWIBRRRBEICE > TT
X fr YRS S W I U o HER R A S U iR
ZRY EAMENCHRBEAMEL SME s h T 5 (Fig
8b). L7chi-T, EENCIIHENEEKEI LRSS
HERICH2HDD, &Y 4 7V L0 /MNEER R - &
TRk TERINIZEMESND, Eiz—RN)T
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a: Progradational system
l Fall

S.L.

b: Aggradational system (early stage)
S.L.

T1/SBA, , oo ‘

Rise
P o

C: Aggradational system (late stage)

Marrier island

S.L.

d: Progradational system

€: Aggradational system
Barrier island

Fig. 8. Depositional systems and sea-level fluctua-
tion.

1 :slope deposits, 2 :shelf deposits, 3 :lower
shoreface deposits, 4 : upper shoreface and fore-
shore deposits, 5 : logoonal deposits, 6:
transgressive conglomerate.

%mﬁﬁﬁm%&éna%%,wWMi%4awz
DEFERIZ/NY T EBOERZTRE S 5 AR HERERAE
BHBHELEENEKED LR 2E ST 5 (Fig
8c).

FAEMB A A4 7V 3 IRAIEER O HEREE D 5

BRI - BERR 10 OHERE & A 7 4 OEE & MK EL B 349

KR X N B0, #0 LN OWEER(T4) 25 s U THik
ERGHERMICEL LTV A (Figs. 5b & 6). DT &
A4 70 3 OFEREEICHERRZER ORI & > T
SOHBEBSEbNIICEARLTWVS, LA
T, 0L SHEENEKER RN >71cEEXHND
(Fig. 8d). ZOETEX, L & bMEDEE
20m: 25HE, 1989)ICHEYM L, FIEAMEIEPMIEM O
BAFEE (K 100m) 5 C OWNBIEMOHEREEOE =
EEINIEICE B EEZ NS, FHEMIE TIEIROHE
B 10~20m ODEXZH-TW0NA. £ 4703
DOPRIEMOHERERE 50m DEIZRYT. 2O &p

SR EDE TR, 20m BLET 50m LIRS
Eiohb.

FEME DI (Fig. 6)ICR AN A &5 ICHEER(T4)D
L@ 7B O Z R T BT L HERR AR AR
BEL-TNA, COHERMEMES 1 BEFTI5E< 6
EREAES S &3, HBER OB s 5N
KEFFERL TS EE X 5N 5 (Fig. 8e).

DEDED Y AT LADOBABEL DL HERD LD
BINREKEE# SER I NS, ORERE S BEY
HEEORME 25 X2 U ABRNEKERT, QRE
BEOREENYY TEORIM %S 125 U TABX K %E
R, ONEREORHES| &K TRERREORE
B0 UK ERTE 20RO ERTH 5.
ZDEDITNIBOHRE Y 2T LA DB 5 XA
WEB A RD D ENTRETH 5.

2. HWHBKELHELI— X5 —HBOLSE

FEHIB A TR H K EERARE 1 — 2 5
v—ihiiR A B LT H B, HAMIBAICIE 6.1 Ma 2R
TE RS (NEE - 73, 1986) 0 L /s WVds,
DnEE - HoiE(1983) - INEE(1980) i khik, T DBKE
¥, AEHBOREROMBOZIE LICNET 2EE
Zohb, T E»SFEBOME DR EEOHER
FRIE, 6Ma LURRHVEBRTH B ELHEEINS.

a— 2% Y —ih# (Haq et al., 1987)Tl¥, 15Ma tH
D OWKEIREIZETUTOW L ERIKH Y, 10Ma
EICERICET L, 20®%E EREmICHS. O
O/NIBOHERERIA L, BEUSAEEEKEER TG
LTWaEEZOND. Lzh->T, NIBOHRERA
2 10 Ma EHOBETHIICHM T2 LB A5 2 &0
ETdH B (Fig 2). X HIKA—AF Y-, 10
Ma~6 Ma 125 TREE I KE T ERERICH 5
P, 8Ma EIZ/METHAZ > TWVA, I hid 2 DR
D/NIBOAFRIC HHEEKEERTRSFEET A 2 L &
M TH D, D& IHNEEKELSHE -5

NII-Electronic Library Service



Depth / Thickness

350 R EE - RED BB 1992—4
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! 3
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Fig. 9. Diagram showing the relative sea-level curve during deposition of the Ogawa Formation. The curve is
determined from the sedimentary facies in the column (Figs. 5b, 6) after the method of Jervey (1988).
T1-4 & SB1-2: refer to Fig. 7, AE : accommodation (all the space available for sediment), AB : old space (left-
over space not filled during an earlier time), BC : new space added from eustacy, CE(= AD) : new space added
from basin subsidence. See text for details.
VMR ERIE S B ENTES. LIt ->T, /N ¥ 5 (Nummedal & Swift, 1987). Z Oz T

NBOMERIC LA Y —PEELE > TV EHET
5 ENTRETH 5.

V= x v ABRFETRHEBZOER I -ETHY,
1-A5 Y- PHBOERZXRLTHEEAS. 1t
2—AF Y —DOETH» > EREEEZ R TROETIE T
DORICTER SN AMBOBN ZHBE Y — 7 = vV A LIF
O, ETHICTER & 0 A BEE & 2 O floE REFE %
V=7 v ABERH & 38 (Posamentier et al., 1988 72
E). FLABOHBEYRN) TEERD T -V E
Fah TNk &1, ¥EER (transgressive surface)
% U < i1& ravinement surface &, ¥—7 = v AEREE

b 2 B OEXHEKEDKTHICEEH TR EERY
R o rzafgetE S < (Fig. 8a, d), ¥Y—7 = v AER
PERIhTHWEEZZ O NS, 2T 1 BE(TE)
DY—2r v AEER% SBL &L, 2 HB(ER DY —
7 x v ABER%E SB2 &3 5. SBl & SB2 D _EALITIEA.
BOWRY® 77— VHEBYIDPTER S N TV VD THE
M T1- T4 EZNFNIEEET 5 (Fig 6). 1z
SB1 & SB2 ORIDHEREMKIE, ¥ — 7 = v ABRE¥TW
H1IHFEY -7 2V AIKHEY, ZOHO 3 DD
MR Y A I VIBHER Y - 2 v ALV NS I —
F—DNNT Y= 2V ALBIREING. 2—2 7 Y —ih

NII-Electronic Library Service



WHEME 98 (4)

T3 105Ma & 82Ma, 6.3Maily—7 =V AER
MEFREhBEINTWVS(Fig 2). 2O ED 5,
SB1 #5 105Ma DY — 2 = v ABEF & SB2 »5 8.2 Ma
DY =T 2V ABREEZHIENTES.

el % i, JBE - MHREEZRtEIC L0, HERYOD
B X EHBRBRREORY S HEBZEH OB Z ko 5 &
MK ELR R Z # < & & 25T & % (Jervey,
1988). € Z TRAEMBIHER(Figs. 5b, 6) DR 2 H
WK E R B AR 7 K T & 5 (Fig. 9). SB1
(10.5Ma)» 5 SB2(8.2Ma)E TOME®D 3 2D 7 )
H—EOHBEE CHB LI DOE L, HEMR
(Accumulation: Fig. 9)%2#i<. IRD 63 Ma DY —7 =
v ABRRIE C ORK OB EEBICH 5 EIREL, ERZ
BETH. SB2 5 63Ma DY —7 = v ABER(E K)
¥ CEBICEBIEA <. CoBEBEiBICHBROR
FKEZMA B SR RKELRBERZ KD 5 T &h
T& B, 2L SBlL OETOHBEETHRMEEZRT
ZED L, HEHEKERTHICEI I TEN 20m O
KENH -2 ERBE 5ND. F0HOEFICHEVEE
H(T1) TR S KB IEEMT 5. HEESES, HERK
ZERBIREICED U, FA 7N 1 PERINE. T4
7V 1 O EEHOTEHNEDHEBHEPER S NIz L &
TERAMEDKFIZHEYE T 58 20 m OHEREM»H - 72
ERELOND. H A4 7 2 DS R ICHEIEK
R BRI 5.

RIZ Haq et al.(1987)D1— A9 ¥ —gifgMIE LI E
RET 5 &, HEFNEKELHMRLrH>Z DL -5
Y—RB|I LI ko T, HIEH S HERER DI BEE %
KB ENTE B(Fig. 9). Fig. 9 @ AE 132 DR
K® SB1 LIGOHERM SR T 5 12D I NE L E/M T
H 1, SBl ERREHIZ T TIZFEEL TV 2 HEREZERH (AB)
E2—RAY Y —IT & o THIZITHEM U 72 HERE 22/ (BC)
EEUFITE, T OMIBOHRBALREC &> THEL -
WIBEZER(CE=AD) sk bh, ZOM[EIZHN 252m &
5B, Ulehl->T, WEEEISHBRYORER = 8K 5
EH960m/1 Ma ERIEL BN 5.

DED &SIz, BMKEHICMNET BT + v~
T ORFHICBONTH LR Y —PHBICHEZ D
OHEEEATRENI. LA oT, ¥ =7 =V ABFF
OB PRV - T B, HEZOEE ZKD S 120
WL — A8 Y —%2ZRUSTNEE L0,

E & B

(1)t OFARE - /NMIBIC B W\ THERER BT 2 1T
VY, 13 AOHBHICHEL, ThENDOHEBERELE

REMANE -BEM 102 DHERE ¥ 2 7 4 DRE & NI IER B 351

RIBHIEIWLES>TRRODEVHLPIZE T2, FERER
ER I A &AM R O HERSERBE A2 TR 4. NIBIX
PRI - TERAMNE - EERANE - JilE - Bk - 57—V
OHBBIELRT. /2, HEHISTE U BERE B
E7T 5.

2)PMNBFOHBHOBEAE L VI, LKLY
FEARAE (PREIRER - ShEs &0 578 %) & MR LHERE
R ERNE iRk 77—V 8EPLIED) %
FERL L, MMERRAHAR & SR ZRT.

B)ho DHEBHEBONHEEAHEL O L HHER
VAT LW, OnkLBREEHRROZESHIE, O®r
EBREOLA~NDOREL /N TEREORI, ORER
ROREELG | EHN) TRREED LAANDORE, DR
iCE%th&/ﬁ%l‘oﬁw:@ot,

(OB AT LOELD HHBEROBEE2ERL
fo. ZORER, EREL» SPNBADE, B
KEDEELSETICE->TRIY, MIBIEZZNIIE| %
B /MET RS FRIIICHB LI EEZX 5N 5.

(5) C DK DX HIMFKERBHIIRE 21— 5 ¥ —
R EVW—BERT En 5, NIBOHERICL— 2
FI—WEENEL > TORAREESH S, Lich-
T, V=0 2V ARBBZEDODIRMEAPRI LT VWS, 2D
DY—-I 2V ARRAPHFEL, Z20ERIEZLEN
105Ma & 82Ma TH 5 EHEFE T, /NIBODHEREB
WBERIE 105Ma DY — 7 = v ABRE—F T 5 A hE
MDD 5.

(6 ) B MK ER B AR > H 1 — 2§ ¥ — iR % 2

UBIK 2 &Itk »T, ZOMBOHEBRIIGRIZIER%
HEHELT60m/I1 Ma ERELAIENTES.
B COWEETHIICH I, ENKFEEEIRMEY
BEO/NLRBBER I, BB JOENICBOTE
B ZEORIHE RV W, ABAEROMLEES
B, AXNELREE, BEROXE WMPHEE, KK
KREHEDOEHE LHPBIRICIE RS CHRIHE
ROz 0in, ENEBRIHMAR GBS >
5 —® D. W. Waples BEHICKRBL WOz 0, 22
WSO UES. £, ABRICEITORRZORE
INKFEHEDBEZREORE - ZEEK, B ER
BOWEEZEERZMES € TV EKRERBREREM, &
WRER T VIR WIEREH RS, REEOZD
F4, ABEICKT - TITERO 2120 e ARA - SR
DA IEH N LTS,

5’4 ik
LRESFE, 1990, b#E TR A SIEEE R = 8 O i
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Explanation of Plates

Plate 1

1. Sedimentary facies A (slope) (Loc. 1 in Fig. 3).
Laminated mudstone is intercalated thin fine sandstone beds. The scale is 1m long.

2. Sedimentary facies C (inner shelf) (Loc. 11 in Fig. 3). Fine sandstone with wave ripples
are intercalated with thin mudstone beds. The scale is 10 c¢m long.

3. Sedimentary facies C (inner shelf) (Loc. 4 in Fig. 3). Thick sandstone beds with hum-
mocky cross-stratification. The exposure is approximately 3 m wide.

4. Sedimentary Facies D (inner shelf) (Loc. 9 in Fig. 3). Bioturbated fine sandstone is
obserbed. The pen is 13 cm long.

5. Sedimentary facies E (lower shoreface) (Loc. 5 in Fig. 3), showing swaley type cross-
stratification in well-sorted fine sandstone. _ The scale is 40 cm long.

6. Sedimentary facies F (upper shoreface) (Loc. 10 in Fig. 3), showing trough cross-laminae
in fine to medium sandstone. The scale is 10 cm long.

7. Sedimentary facies G (foreshore) (Loc. 6 in Fig. 3), showing interbedded well-sorted sand-
stone and conglomerate. The pen is 13 cm long.

8. Sedimentary facies G (foreshore) (Loc. 10 in Fig. 3), showing fine to medium sandstone
with parallel laminae. Small dots may be trace fossils like Excirolana chiltoni japonica.

Plate II

1. Sedimentary facies I (lagoon) (Loc. 8 in Fig. 3). Sandpipes in a coal bed is densely
developed. Each sandpipe is about 5 cm long and 2 cm wide.

2. Sedimentary facies L (upper shoreface) (Loc. 12 in Fig. 3), showing gravel dune with
cross-stratification. The scale is 10cm long. -

3. Sedimentary facies I and J (langoon) (Loc. 7 in Fig. 3), showing medium sandstone with
foreset lamination (washover) ovierlying the bioturbated mudstone.

4-6. Sedimentary facies M (transgressive conglomerate).

4. Transgressive conglomerate with an erosional base (Loc. 3 in Fig. 3). The pen is 13cm

long.

5. Transgressive conglomerate with sandstone clasts (Loc. 2 in Fig. 3). The scale is 10 cm
long.

6. Transgressive conglomerate with reverse grading (Loc. 2 in Fig. 3). The scale is 10 c¢m
long.
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