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Progradational lithofacies change of turbidite sequence, Middle Miocene
Kotambetsu Formation, central Hokkaido, Japan®

Koichi HOYANAGI **

Abstract The Middle Miocene Kotambetsu Formation is widely distributed in the Haboro
area, northern part of central Hokkaido. The Kotambetsu Formation is dominated by
coarse-grained sediments which were transported from the east. The sediments are classi-
fied into the following eleven lithofacies on the basis of the grain size and sedimentary
structure ; graded conglomerate, non-graded conglomerate, pebbly sandstone, graded sand-
stone, non-graded massive sandstone, alternated graded sandstone and mudstone, alternated
ripple cross-laminated sandstone and mudstone, alternated non-graded sandstone and mud-
stone, mudstone, slump and pebbly mudstone facies. From their occurrence, they are
grouped into four lithofacies assemblages. Furthemore, these lithofacies assemblage are
grouped into two sedimentary facies associations (Association I and Association II), reflect-
ing different sedimentary environments. The Association I is made up of two lithofacies
assemblages ; Assemblage A (mainly composed of graded conglomerate) and Assemblage B
(mainly composed of alternated graded sandstone and mudstone). The former Assemblage
indicates channel-fill deposits and the latter inter-channel deposits. The Association I
sediments are regarded as turbidites deposited at the base of steep slope.

Two lithofacies assemblages (C and D)with non-graded structure make the Association II.
The Association II always overlies Association I. Both associations, however, show lateral-
ly interfingering relationship. A change from the Association I to the Association II always |
took place earlier in the northeastern part nearer the source of sediments, whereas later in
the southwestern part. The Association II seems to have been deposited in proximal part
and under shallower condition than the Association I. The change of sedimentary environ-
ment took place after the trough had been filled with turbidites (Association I). The two
lithofacies assemblages of the Association II are regarded as channel-fill and inter-channel
deposits of the post-trough-fill stage respectively.

The sedimentary process of the Kotambetsu Formation, proceeded from northeast to
southwest in the following three stages : 1) the trough was infilled with turbidites (Associa-
tion I) in the northeastern area, 2) the depositional area of turbidites prograded southwest-
ward and sedimentary facies was changed into the Association II in the filling area, 3) the
basin was infilled completely and deposition of the Association II continued in the south-
western area.

1989 4F 1 A 13 H%ft. 1989 4 6 A 9 HZH.
* EAMERAE 94 E¥MTAE (1987 F - RIRWLARE) I8 T—HEHIH.
=N B 5. Department of Geology, Faculty of Science, Shinshu University, 3-1-1 Asahi, Matsumoto, 390 Japan.
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The sedimentary basin of the Kotambetsu Formation was situated on the westward slope

formed by rapid uplifting of the adjacent eastern source area during the Miocene. The
sedimentary process of the Kotambetsu Formation, is considered to have been controlled by
juxtaposed erosional and depositional areas, and by migration of uplifting to the subsided

basin.
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BRESETT SIS, FOEMKEERZHER—RY» OF5
B ETHY, BEHROEBRRICBNTREEDT
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Fig. 1. Index Maps of the study area.
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Fig. 2. Miocene stratigraphy of the study area.
1) TsusHMA et al. (1956, 1958),
4) HOYANAGI & MATSUI (1985).
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Northeastern side of Haboro Dome

Fig. 3. Geologic sketch map of
the  Kotambetsu  Formation.
Distribution of the Kotambetsu
Formation is modified from
TSUSHIMA et al. (1956, 1958),
YAMAGUCHI & MATSUNO (1963),
MATSUNO & KINO (1960) and
Hovanacl & OnkAMI (1986).

1 : Kotambetsu Formation, 2 :
marker bed tuff of the Ko-
tambetsu Formation, 3 : fault, 4
: syncline, 5 : anticline, 6:
semi-dome structre, 7 : semi-
basin structure, 8 : study
routes of the southwestern side
of Haboro Dome (a : Chikubetsu
River, b & ¢ : Haboro River, d :
15-sen River, e : Chepotsunai
River, f & h : Sankebetsu River,
g : Matsushita-zawa, i:Onne
River, j : Otodo River, K : Obira
coast), 9 :study routes of the

ahoro Dome northeastern side of Haboro
/ Dome (1, 2 & 3 Mochikubetsu

1(|)km River, 4, 5 & 6 : 6 sen-zawa),
10 : localities in Figs. 4—6, 11
: localities of photo on Plate L.

Kkl 0
[
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Table 1. Lithofacies classification of the Kotambetsu Formation.
HOYANAGI & OHKAMI WALKER &
THIS STUDY (1986) MUTTI(1973)
Graded conglomerate (Cg)|Conglomerate (Cg) A2
Non-graded conglomerate (Cn) A1l
Pebbly sandstone (Ps)|Pebbly sandstone (Ps) A3
Graded thick sandstone (Sg) |Sandstone (Sa) a2
Non-graded massive sandstone (Sn)
Alternated graded (Ag) Turbidite (Tu) 5
sandstone and mudstone
Alternated ripple cross-laminated
sandstone and mudstone (Ar)
Alternated non-graded (An)
sandstone and mudstone
Mudstone (Mu) | Mudstone (Mu) G
Slump (S1)| Slump (sl) -
Pebbly mudstone (Pm) | Pebbly mudstone (Pm)
+, 1986). Ufzds-T, HRERE L CILESRIZB VT — fault

HRNBR TMNOENE - EABEBI S EE2 5N
B, —75, EEHTCREANEN L FofE(ExE) %
NP> TA—=/N=F 9 T LTW5Z & (Fig 3)»
5, MBIIRESBERIZS S (B IEH», 1956, 1958).
FRRER & LRI T BB, BRI F = KV F 4 B(E
FRE)CAEETEDLDN S (MF - KT, 1960; &,

1961; thA - #A%F, 1963). —J5, FEPEERTILSEEEIC
BEICEET 5 (EIED, 1956).

TabD5, JLREH, 5 HRREICH T TEEABBIT
Mg EBEABRICH Y, ENBICEIRESGICEDONS.
NI LT, BT TEERESBERICHY,
LB BRE#E T 5 (Fig. 2).

PRED - KE(1986) 1%, FREERD S 5P F— 4 kY
JERP D EFIBIE % THE - &R - EERD 3 EREICSH T,
e BEEICIGER T A EIKEESBEE LTS A
BT EwRUiz. —7, PR K — 2 OEPEH O R
P57 SEEFEEIC» T T OEMBBIC IERED £ 5
WOBIKERB»BY X (Fig. 3), #hEh Tf, ~Tfs
ERFEINTVA (LD - %, 1963). PR F— AdtE
HOBKEBD > LB RED S DI1E,  DHIRPICA L
BHTES., INECORYTIE T EFY 5 (Fig. 3).
TR N — LFETEE O T, &, RBREEEE» S F—
LACERE O ERTE R D BKCE B (T1) ~EH T 5 & E

~mudstone - fragments

fine pebbles

channel structure

coarse pebbles

channel stucture

coarse pebbles

10m

cobbles 0
channel structure

fault

Fig. 4. Non-graded conglomerate (Cn) and non-
graded massive sandstone (Sn) facies at Loc. B. in
Fig. 3, showing lithofacies assemblage C.
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| Cn

om

Fig. 5. Lithofacies at the
lowest part of the route a sequ-
ence (Loc. A) in Fig. 3.
0 Cg, Cn, Ps, Sg, Ag and An : see
I Table 1.

5N 5 (M - KB, 1960). Lizh->7T, JiEF—24
OEETEEIT & 5 FPRERRETE L & BTRER O 2B,
B2 N — 2 0L T H B FRREILEE S OFR - LEREI
YT 5. $2b5FR F— 2 B0EENIC ISR K — 21t
RENCH 5N RERBICHEY T 2 HBIEDH LTV
(7400 - Kk, 1986).

BHETOHEEE

R - K E(1986) THRES L 72 30R B — 2 Jbsf(dbs
BRI EACER (S > & FPRERILER i I T) &,
Z DX TH IITHRE U 728 K — 2 B P (R R ERRg
PEE5 0 SFEFEERIC» T T)D 2 DOMBIZS T T, &
FRIBOEHDME %+ 2 /5 5 (Fig. 3).

1. EHEHE
a. PR F— 2EEEEH

BEIKETE (T, ~Tfs) Z A4S 2 TR N — LFAEMOH
FHRE (Fig. 3)1&, JR F— 24t O EFRES -k
ERE (R - kb, 1986)iIcktthans. BEHEEEIO
HIBOEMABIES, PR N — AW O TERERER,

1989—7

RIS - EEWE - WS - WEREERE - BER
EbroRRaEns. T4ab5, BEYORE IR K-
LAERBIERFIZED VIR <, B - K E(1986) TX
FUIZ T 2OEHEPREDHLENE. UL, LOEMIC
Wadd 5L, TNHIMABIEZRS 2 OEROMS -
W, b UIERIEERSBVWIDERB» 55 510 5RE
HEMNEENTVA., ZORNTIEINS & ERILRE
1 - RS - BRICWEREEBHEX S L, &
5 I HEFRRD S VB ELBHE 2 3 U 72 (Table 1). LIF I
FN O ORI ERT.

(1) AR LB S (Non-graded conglomerate : Cn) & ¥k
DBV SHER S N, NI, > K E o bd
B. ZOEHEE, BYR» SEEYHT CREORILX
LT, BROBODEEE» L2, B 10mDE
EzboTHET S I ENZ0D, ¥ m OERILRE
OIS BENEELUIHDTH S (Fig 4 : Plate I-4).
(2) EFAL BRI A HH (Non-graded massive sandstone -
Sn) I E3¥ m OWRWEEEZEKT 5 (Fig. 4). Hit
Wiz & B 12 o 1 HERREE 2 o, R Mk
HRRODZ ENSZN. HERZINTHS.

(3) Bt EIEE BB (Alternated non-graded sand-
An) ¥ ecm~1m OWEBE 10
cm~1m OREBEPHLD. WEBEREBOKRRI
FELVILWEESTHS. WEBOER +- tE&LL L
- FTUOREREE CHRSERZ/HS, W - BE&
IS ZTR S 2V, BaEXBKIEL, Ficik
WE» SR E N, B em BOEE% & (Fig. 5 © Plate
I-3).

(4) ) v TR TEIR 5 2 5 BB (Alternated ripple
cross-laminated sandstone and mudstone . Ar) @ fEk
EREEEBOK cn~1m BOHBEW 5 72 % (Fig.
6). EXH cm~20cm OWERBIE, AR RIEE%
NSNS, BESEKIC) y TVRIREMSRET S
(Plate I-1, 2). BE&# 1~3 cm OEEWEBO—ERIZ,
HEESEKESMICRE TS, £/ 20em 282 5
BExoWEEE, FTEE . 2V KR o — NEHENFGE
LTV, BEREIHIEY) v TVRRER) 585
(Fig. 6). WIFNDHELWHERED LEE, HE 10
em DY)y FNIp 5B, BEBTICEESHE mm OM
Bl i» 578 ZFITEEHDGHONDE ZEDH 0, E12EY
BEDGHRETH DD 5.

ARV FEME (RAD - K b, 1986) & 3EHPE
REEBHDENVIRD LD THS. RItWEREEE
i%, Bouma ¥ — 7 T Z(Bouma, 1962)®D Ta-e, H UL
< i¥ Tb-e, Tc-e B EDF A T O S N % (Plate

stone and mudstone .
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mudstone
7~ /23 Cross lamina I
== —==-rtcoal fragments '_:_:if}
———-""" [ parallel lamina —T
L2
22>
(> 7 fine sandstone
L2z
PN
LT
E£Z>\2§?>§ L2220
i/{\‘f//\/ convolute lamina
Dovdis,

— Tm
pre N
L2
ez Z i
— 0

I-5)., EmEICE, LIELWETZV—FrF¥ A b TV—T
FyAMPBEIND. UL, Uy TVRISEEEDE
EHEERIE, Bouma Y— 7 LY ADLHBHEOTR
b EFIC I TRICEE 2 - To Yy — 7 Ly A %R
V. FEWEBOERIZEI T ZEI 0 ALESEIZA
LS, —FLEEICX) vy TV —sBERINTHY,
T OREEPELERETRY. E12, Uy TVRIRCE
B EREEEHEE, RESITOBRIC KD EKIIC
KT, 64 u ITORTHEBOTF - - LI h
DFEA Y +TH 30% LLEITET 5.

b. PR N — AduERAl

PR K — 2 dbERAC ST A E BB THREDSEH
W, BRI - K E(1986) TREMIICELEI S h, BEEME - &
WA - EEWEHEWER) - alRaAER - Ba
27 v 748 EREHED 7 >OEHICEN SN

BREEFIEICHES F—-E 54 P OEHEEL

5156

fine sandstone
(ripple-drift bedding)

mudstone fragments
(rip-up clasts)

1m
Fig. 6. Alternated ripple cross-
laminated sandstone and mudstone
facies (Ar).
1:Loc. D. in Fig. 3, 2: Loc. C.
Lo in Fig. 3.

BT EMWRENT,. BEE - EEBYEHEE, ES8n
THALAEE %2 7RF (Plate 1-6). —71, WEREEERIX
Bouma ¥Y— 7 LV AZRT. ZOEHOWEBOES
3, 1m LT TCFEHH 6em™ TH5H. ZOEHEE,
WALKER (1978) D43 31T & % classic turbidite, & U <
1$ MutTi(1977) D thin-bedded turbidite(E/E & — 5
A RMDOREME B4 5. ZOHRITIE, FICEHL
TR B — AT OB LRSS A2 R X 2 W EREHE & X
5120, o OMIEMEEERTEEZBILEER
I Cg) - AL EER 5 (Graded
thick sandstone : Sg) * LW EVe'S B JEHH (Alternated
graded sandstone and mudstone . Ag) & FEFRTS % (Table
1).

(Graded conglomerate

*

REMBAI B Y 2RI EREEBTOWEE 1004 HOTFH
f.
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Chepotsunai F. b

lithofacies assemblage

lithofacies assemblage C

lithofacies assemblage B

lithofacies assemblage A
(graded sandstone dominant)

lithofacies assemblage A
(graded conglomerate dominant)

tuff

slump facies

i oo ®
2 s
- % o

B R——

Kotambetsu F.

Fig. 7. Columnar sections of the Kotambetsu Formation in the southwestern side of the Haboro Dome.
For localities (a-k) of each column, see Fig. 3. solid line ® to : first appearance line of the lithofacies

assemblages C and D (Association II).

PR K — AdbEBic>WCh B2 FRE IS &, B
A SRR (1)~ (4)D 4 DDOEHRLBPH OB, €h
518, BIKEBORIET 5 - EEBE (RY - K L,
1986)IC > THELTWA., COHIKDVTE, 20
BOHE 3 HichRB.

2. AHOHBEMELSHEESY

S XIWEE L, RLREEH - S ER - Bbds
WO EABEL>TEIE m~70m @ TERERE, 2k
MU, 351 THEERE, BB EL - TEIH 100
m DLy AIROHEFREEREERT 5 E2HLMHIZULI

(BRH0 - Kb, 1986). 2L T2 DMBLEEI - SRR
B RILRDEED S 5 5 EHEEA 2 TEHESE
Ay, TEMEAYE A ERUBNTHET HRIEWER
EEEE - BEEOMEEE R TEEMEAY By &80 0
7z.

PR F— 2FmAEMICLEHOEREEELTIO 2
DOEHEEESEDHNDE. & 5T O TIZH -
Wb -tz 4 DOBEHEZALE ULZIRD &5 2 HEE
RPERDHoN D, ERICEERIE, RO 1~2m OF
GREPEES U TCEVHEREZERLU (Fig. 4), LILIE
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BRI E - SEMEE - EBREREIRE BEHE T
5. Zhz TEHEEER C) &9 5.

—7, EIZU v INVHEIREE S REEEE» 555
EHOHBEERENSH 5 (Fig. 6). COEMAOHEEE TH
HEAEE D) &35, 20 TEHEMAEY Dy I, &
WAL ETREEER - RS - A7 v 7 - S EHE
DD S EMBHB.

F 1z, RIS ZRTEE SRS 2 RS 2 VEE
3, BELUTHIET S 45 5. Fig 5 FERLES
& AR LR S TRE FEAE IR LEEEAR - RILDEE -
WAL EREEBHZHESHITHSH. ORI, 2K
B IS AR LR S - AR ER S S, TEHE
AHCy EARRTIENTES. F12, Uy TR
IEE')EYJEEH}EE%I%&@“% FEMMEE Dy HIiC

NICHILDEREEEBES TS 5 2 LB H 5.
3. BEMESEEZTOSH

IR K — AFEEMICIE 4 SOERBEAEE B THT S
(Fig. 7). PR F— 2FEPOERBBOATEDOE - LD
¥ VT Fig 7-a(ZER)I) T3, TEBEHEGE C & T8
FEAS Dip oI, ZOBEIEK 700m TH 5.
L L, £#DFE® Fig. 7-b + ¢ - dCHRJI - +FHERI) T
X, Tf; KO RIOEHEY TEEAEE Ay & UaEE
A€ By HED, Tf; L0 EVOBEEL TEEAGE
Cy, & TEHEAE D) oINS XHIZEOD
Fig. 7-e(F = RV F A J) T, Ty &0 TUDBHEDS
FTEARMEAY Ay & TEMEMEYE By »ofiliah, T
kv BT TERMAEY Cy & THEEEEE D) 25
BEANTWA, Fig 7-f- g- h(ZFBHI - BTIHR)T

CEMRMEAE A & TEBEEASY B) X T, BEX

D EMOMNBEE THET A, T, & Tf, OFBEOE%ET
TEMEMEAE Cy RSN, T, L0 EOBYHET TEMR
Hed D) BRAENSB. Fig 7-i(B=Z) T& Tfs BYE
¢ NEfHEEE AL & TEHEEAYE B o505,
Ti; B RO "EMMAEE B RicidEBomRta/E
HURUVIEBRINS. HABBOSHOREERICSH /2
% Fig. 7-k(/NEHER) EHARIBOR FRTH 505, TE
FEAE C) & THEEMEAY D) »oERIN TS,

D EDITHIR R — AT 5 ROBIKEE %
BRmEE L CEHOEBE RS TE S, NEAM
G A & TEEBASE B S TEEAAR C ETE
BEEaE D ~OEME, LHEAKCBENTRL., 974
bbb, TEEEAE C) & TEHEMESEY D) OHIRIE
BRI CH 5 BIREEZ M) -> TH Y (Fig. 7), MA
’ﬁ@ofl@ SMEIZEL 2> T L.

R R — AdUEREN, TEsES TEREAE Al & TE

BRECEHEICHES ¥ -5 4 FDOEEE 517
S 1 Chepotsunai k. N

=
iy

[}
+
]

©|

Kotambetsu F.

500"
. -0
Chikubetsu F.
Fig. 8. Columnar sections of the Kotambetsu

Formation in the northeastern side of the Haboro
Dome.

For localities (1 —6) of each column, see Fig. 3.
solid line © to @ : first appearance line of the litho-
facies assemblages C and D (Association II). Symbols
are referred to Fig. 7.

A By 5755 (RN - KL,
ﬁﬁ%@ﬁfﬁéw‘i%ﬁu,&m%ﬁ%?é@m%
HErHEL, TERdeE C & TEHMEEE D) 25
KR I N TV 5 (Fig 8).

1986). LU,

HOR M

PR F— 2 omEfloMig s, TEEEAE By F
IZHHENBY =T —7, BIKEBPD 7 L — L5,
CEMA Y D) RORIIEE» SHRAS KD 5N D
(Fig. 9). V—l=—7 ORI EHEEIE, Tf, O TS
FOFOELLOBETHEANDOHENERL, €D LENT
B UEEERERYT. £, T, OBEDY) v 7ILa
R VRS LB ORISR OR 3 A IR
APV, 20 MO T, OBERETIEEART. Fi,
Ti, DEIKERBIZAH HN5E T L — L (Plate 1-7) 14,
FFdEL 5D T RO ERL TV A, ERREmEE 2L
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Fig. 9. Paleocurrents of the
Kotambetsu Formation in the
study area.

1 :sole mark, 2 :gravel im-
brication (after HOYANAGI,
1987), 3 : cross lamination, 4 :
flame structure, 5 : slump
structure, 6 : first appearance
lines of lithofacies assemblage C
Km and D (Association II), Associa-
o o 10 -~ tion II is left side of these lines.
7 : marker bed tuff.
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Fig. 9 ® Tf,~Tf, DJE¥E)TH 5 & TEMEHAY By
OWERBDY — < —7» bR niz EHRANS TatERE
S8 Cy & TEEAAE D) PBEELTWVWS, T48b5
FIEEE I, TEEESE A & TEEEEE B &
Twp, TEEEAE C & TEEMEAY Dy A EFRA
BT 5 ERERMIER LU TV A(Fig 9).

PR F— A BALEICONT A5 &, EHNEREMT
EE 5 DIRNDEB L, FHEREITUR K — L 0RO
MR T SEADTRNAEB L TV S (FREF - K
t, 1986; Hovanacy, 1987). PR N— AFEAERAITI,
LB S U < iddbh o o st al c ey 5.

z &

1. HABNEOHBIREDLEE
a. HERGHEAE

TEMEEAE AL & TEMBMAEYE By & HITRIE
s % b OMLEEEH - BILER - WEREEREHRZ
FHRIZERINWL TS, 2LTID 2 >OEMHEEE
WEWICHEME-> THEL, F—0H RS kR
ZERRIIEA 0 & b o 1 HERE IR Z TR L TV B (FRHD - X
F, 1986). —7F, "EEEAE C; & TEHEEEE Dy
i, %0 2 DOERMESE EAROKE THKS N,
BEWVICEEICEEL CHIT S (Fig. 7) 55, RILHEE
RREBVWEMENSEET S THREOT oG, LIt
NoT, FlR® 2 >OERMEE S OHERERET
TEBREINT 2 DOEEBETHELEEZILONS. O
BT, MG - EIR(1985)IC Lz ASW, B B R
AN 0 % & - RHERBEICHIG U TR S hizaBiz
HEREMEM SRS, Lizhi-T, TERMEAY Ay & T8
HESYE By Eaabw CHREMAM T 1, "EHEA
#C) & TEEHESE D) E2eOETHERMEME 1T I
FEH5.
b. HEREARAE 1 OHEREERE

HEREMAAE T OHEREERBIOETTIE, R - K E(1986)
THMICRET L. $abs, HEMEE 1 28T 5
BAKEEZ oA, RBEREERMBLE 55—
PS4 rEFRICNET AEBETH Y, TEREEE
Ay T v R VKREHERY, TEEMESYE By 3 F v 4
NVEDHEY TS B, Lin-> T, Z OHERRMEIRE
ERolmhic k- TERSNIZEHOEETHY, H
BaRTOMNE TOHEMEEZ ONS.
c. MEREMAAE 0T OMHEREEREE

CEFEEA Y C1 & TEAEMA R DI o aHERM
¥ 0 &, Figs.7, 8 & 10 IZRE N 5B & 5 ICHEREMEM
I o b5, £ Fig. 9 ITH 6N B LD ICEIK

BREEAEICES F-E 54 FDEHEEL
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AEZE—FEEE UeBe, HEREAME I HEREA
I icRONB Y- — 27 DORT EHRANCAEL T
WA, S HICHEOEFRSITIC, BtEEE b OGEHE
bz WERESREFETHHBEMAMB I & 1 oFEo
Pt E LD B DM H B, LIn-> T, HEREMM 1T 3R
HNOHERBRY © b 2 HERRMME 1 SHET 5 &, HXH
WA, $abbiofmo LA TR Wiz EHE

FEMMBALE Dy OXEBEEHTHS ) v TIVHRIKRE
HEREEBHRICHEY 4 2 5% Okapa(1978) 1,
Vo TRy FHEEL, HBRICBI S b EbEFD
BRECBWTHRBLIZaYY—-F4 b THBHELTY
5. UL, HBEEHE I ot EREEBROEH
BMORY ERACTFEEST S &, TEHEMAEE D) ITA
SUTHPESI L EEZEXEDbERE, Uy TR
HWERESEBHE2FEBREHEL 5 TaEHGE
Dild, Mt EREEEMZ FERKEHELE 35751
MAEE B L0TOF YO NBBEARLTVSEER
HN B, Murti(1977) 05 LEBEIRM DO F ¥ LA v~ A
HREMELUTORUEERBY -5 4 Mg, YUy TIVRIR
EWWERELEBHEEROEEEZL > TS, E 12,
SHEPARD et al.(1969)1%, 7uFx Iy <77 v L—D
ESRIBBGHEREY & U T I ERIBORMZ b DSl %2R
LTWa. 2hsoflix, Vy 7VRIRERDERER
B EF—OR#E b OEHEY, §-Y 54 FOHREY
AT LADHT 7O X V< )i tiBRICHH S 5 A hE 2R
LTW5A, —J, ALLEN(1965)1%, FIOEETIZH S
TV @ prodelta slope 12 Y v T IV EBEEREH
BHEEBELOERSER NS ZEERLTVS. 2O
SRS M E 7V S BTEAE 2V UBERATE O
WM EEZTVWAHLZ VIR, 1975; PICKERING,
1982 ; LAMENS; 1985).

FEMEMEY C 1, BKEEHOBAEL O S
D, Bl Yy XROBEHRBEKEZEBRLTVWEEEXDS
N3, ZOZEBZOEHEBEEENF v A NVHTHRL
el ERIRRLUTHY, HEHEME T &HEREE 1 &
[k, F v AVFEMERY & F v A VELHEEY D 5
BRI3hThwasEEZ2HNE, UL, HEEME T 0T
AT Ay 2T ARICEERER Y, HES
BILBEEZ RSBV &0 5, BBWRD 5> OHFILE X
HNY, F7) 7ua(ENos, 1977; Lowe, 1982)7/5 &
P oDOHEENPEEZ HbNB. iz, Fig. 7 OB OEIR
b, e TI& Tf, DE _LICHRILEEE %2 TR LT 5 atEl
&8 Cy PHEELTVSY, EMERMOER |, ¢ i j
TIUEFRIBE SRS 2 R E T 5 TEEEAE Al
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Sankebetsu Fault

1989—7

NE
Chikubetsu Fault

1000+
Southwestern
Area -
E—
0 10km
Association Association
I II

Central Area

. la - ——— -

Southwestern Side~—j—=Northeastern

! Side

conformity  ~~~~unconformity

Fig. 10. Simplified sedimentary facies association sequence of the study area.
Tf, Tfs-Tf; : marker bed tuff, solid lines ® to ® and © to @ : first appearance lines of the Association Il

(refer to Figs. 7 & 8).

BorhH, IO EIHEEOHER L T v A VISER L
TV ERRL, BRELLZF v A NVOHBREOED
WEkoTRE S 2 DOEMEPERINIEELDC
EWTES.

WESCOTT & ETHRIDGE(1983) 13, MEREFIRHEIE O ¥E
RSSO A A, i <k o s SRS O EE,
BEB DI SR THBKOBOEEA» bR ah, 25
VT RS ZEERLTVAS, 3 5ICRNELRD BB
ERREOHEBY THH I - 54 b@3iEL T &
FEATWA., COREOERE, HREER 1 o5HE
ORBEBPIL TV A,

COEHITHERERME I oBEE, F-E54 kv
TADT XTI EKRT HERSR TS 50 LT
BRI 7 v VTN )V AT ADF 4 2 F VUKL
UIcEBa D 5. Uleb->T, % OHRBEBEGRER
wETEAE OBV EEX SN S, TERES S
Dy OREMEFICHRBEAME I clasnaronEY
BELMSED CEE, CO & B L0 BV S BB
ERCY R OR (R d AN

R T oFE %, iR ek &g,

UL UHERRAEM T W, Fig 10 2& 505 551, I
B F— A DI > TEBMIZEL 2V BUBE %
UHERRA RIS CHRT 5. T80 oMM 1 13,
L& EMMERBB A LI BDHEELTNS. ZDIE
W, MM ASHERE S nicfRic, HERRAEAR O AR M
ZERRLTNS.
d. HERSHAAE & RO L

T N — L2 BERTIEBOF - LB/ E R
FEOEMICRELT, THEBEROTWVS, ZhiEY
B R~ ARDECEE L BREEIC L ->T, FTHBEDY —
U5 A N OHERED K — ARANCIRE X WIS R E 5
Dotz THBH(RE - Kb, 1986). —75, BAEH
RIWTE (RBIFERY) OTFE S 218003, i i B
REEEPHEN TV 20 (Fig. 9). Fig 10 KA 5h 5
&2, HPREMEREBEEIC I L AR TE - 12
EBbNhA. D& ICHMBHERBRIMEE T, P
BN —ABBD b T 710 BOTRETICF v 2 VT
BY & F v A VEISERYPHERE L, b5 7 OEEE
U (fRH0 - Kb, 1986).

RICZ DRI T, PR K — AR OBEENRT LT
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northern part of
Esashi-Hidaka Belt

Haboro Dome

A First stage

T T¢
C Third stage K

Fig. 11. Depositional pro-
cess of the Kotambetsu
Association I Association IT Formation.

1 : main depositional area
of the first stage, 2 : main de-

———» Direction of sediment transport of Association I ne
positional area of the second

—=—= Time line(marker bed tuff; Tf-Tf1 and Tf5) to third stages.
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MO THEDE E 2o F— 2 OFEHEANICS T 5 BEA
BARY. HEEHIEENICEIC D »5 1 ~Eb
% (Fig. 10). 352, BIREE(THL~Ti) 2 RBEE U
THARFINTE T 5 &, It SRR T T »5
I &35, 3abs, HEMEME I 3% ICHEREM
I OEAMIZH B, KEFRANCIIHEREEME 1 & RBR
HOBRIZH 5 LMD SN 5B (Fig. 10). HEREM
I »oHREEE 1T ~OBHE(LIZAHREIC O
R CELORIICRC Y, KOBEOEERTIEL VEL
FOHETEMM I Pk L T 05, HEREMHEAE 1 » o
A I ~AoEENZIE, MNEFOHRBY» H %D
FROHEEY OB TH Y, HEREICEOHE,S LSS
MBS EEZRLTVSEHFEINS, HEREEME
I OHH»HZBERN— AFHED Fig. 7-a T, 20
FEERD Fig. 7-b 5 & K VHERMEE 1 OBES 12 I #
V., TOZERFTINE R — 2DBEMELARLTNS EE
Zond. PR N — LFEFERITIE, RHEET - HEY
BHRIC K-> TR s HEEESEB S N, £ OHR
M ASHIE L T Z &EIZ & » THRITR R - HEREBEME O
EEHW - KEHNEEPER SNz EZ X 5N 5 (Fig.
11).

EAHAE OWe Y S B R 4 5 JL e PR (ke -
BEd) o s 883 T0 s (F - k1, 1986:
RN 7p, 1986). FEMBILEIRO HFRHEIEE D 5 D
WAZERL, AESOME 2 KM L THWEEEZX SN 5.
12, TOMBDOR T Y T DI X0 AL EERORE
DRRTHB. Uln»>T, HRAGIBOHR L, UTO
3DDAT—VILZ->T, JLEAD SEHERAIANED» - T
HEITU I EHEE S NS (Fig 11).

(18 1 A . A AR (Fig. 11-A)

HEOBIID A T — Vi, FIRF— L5051 5 H
B I OFER, §8bbFvANVETF ¥ A NE%
F—CFA MSHEET A EIC ko TEBR . 2O
R L, BEOTMR F— 20&EE —H T o5 0 ps
FELTHBY, MEHEE L CHRBERIIL T (R
B Kb, 1986). SO &> aHERERP OREEHIE & He
BIEH O BIfR % R 46113, Tokurasui (1979), #E4E
(1982)IL K VEHRFEBOHIHBBBED Y — ¥ 54 b
FERRTREINT NS, Fh, EIE(1982) 13fEHE I
Bl & N THERE DSHEEAT 4 2 BB T USRS - 12 MBI R ith
BEREINENWELTOVS, COBEE I -5 4 Mo
FOWEHEREIR(E 1 ) & v 5.

(2)F 25— 54 FMEBRATER (Fig. 11-B)

ROBEBTE, PR - 2HASEEINS &
£-TF -S54 MERER I Z ORIHE ORI BIE S

1989—7

5. COERBETREANBOMBEOBREANICIE, ¢
TICHBE S NP B — AR % #K 4 % HEREiE
1 obfiic, #EHEE 0 PERSh, Z0RHEO
FPERIRE FICIEY — 54 b o 2 HREME T »°
Eahsd. ZOBRMEY—-E 54 N HERBRANERE
2 )3 5.

(3)55 3 #A &S T (Fig. 11-C)

S HITHBESET UHBEEZOMNEIZ® 32220,
SEMICHEREMEME T KB VEDS. OB~ BRs:
TH(E ) &9 5.

2. HBROEBLZIOEE

EFIB O HEREBRGARR L, HHEK O EHBOHERE 25|
B, L5 NOHEBITE->TEHEINS., O
W, ZOMICREOER, $abhbiEhoa sk
EEHBMBOELL ST NS EEEET 5 (R -

Kk, 1986). Tabb, BEYISEGED b HEYE

N E s > CEHERAZ TOHBER 2 2BICEDH T T,
HRE OGS Z ORTE (FARHICERENICBEH LT 72

EEZX 6N 5 (Fig 11). HARIBHREO T8 18, o
EOBEEM BB LTI - Y5 A MOTER AN BER
R %, R (1982) 3 ERRIERI & KA. Uh L,
HRFBCHARICHBADEDYTHET L, ¥V
T4 MBI B & RIE L T, FHOF ORIEOHEEM
HMZHBRLUTCWSIZIEZRLTWVA. £102DT &1,
HRHE DHEERDOHROLASTEARE LT L E L, FED
IR TIEX 572 2 HERBBROURES 2p > 12 2 &R B L
TW5,

JEHER B & O RERIZE T 5 EABE HAFIE & OR
BEBMIZ, BB OILHERD & rhRifss, HRKTH
WK EFRBICER U coER s hirsEZx 505, &Y
PBOHRE D 555 &, YREOEFERHIMEER 2 K
R TIRE L, GRFIBHERER IS BREICE L 3
CER K- TSN JREES S 5. £, HARE
W, PSR MO L — O E(ERE) 2Bl 5B,
TRBERERUIZEHMEINS. 12, HABIBOHERE
DEEHRTLIVELLETHET S VI EBFEOER
(EREE 4, 1984)& MV REEE & ORSHBEIGIL,
RERD SEEER [ > THERBIET U 2 & 2R LT
5-EZ2 N5,

HASIBOBEMKOMRET I, BB OISR HER
BOTSHEICBHELTWVWAZEEZRLTHY (10 - &
£, 1986), HEERDOETLLEEAEGDE S EHBEEE
BIGEDOEIC7 4 = —F v ANVEBETH LI T
TV, Fabh, BEMDSSZBORBYSEHEINT
ERshBERERIIOMEVND 20— 770y
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(STOW et al., 1984 ; STow, 1985) - THERE L 72 g 257k
FBETH 2 EHETE L. HIIBEBOHEREM I, %
BHOBEEE & 2 B U TR S s HER R O AL 1
BRICE->THEINTWAEEZONS, FLTHRHT
EER S B OHRBIERATRT LD EEZL NS

3 & ®

()P O SR, KA
M - FERCEESAE - SERER - BULEIB S - MK
{LERIS AN - ML AR EHEH - Uv7wﬂ®%ﬂ
WaEREREN - BRIt EREHEHE - BEHE - 25

7@ EREEERO 11 BRI NS,

(2) 2o DBEMITFDOHBIERED & 4 DOEHALE

IFEDHND. 522N 5DEEMAE I, St
BEOEREE W) MBS FoB#oEW Y S, B>
LHBRETNCER I N EHEES N A HERMME 1 &
HEMAE I ickBlans.

(3)EER =B % B & U o i & HERRAR O 5 41
By o, HEREMM I 13, HEANE 1 LokEHice
RahizEEzons, HFEBEDENLERIIONS
&, HBEMAME I 3PEZRA AT REBRICE > TE
RENLBEFDOS — 54 beBxonb. —H,
FEARAR [ WHERSAHAE T 10 & ARSI H IR, AV
DEFPEL 2D LI k> TS L, HEREHAE 1
S VAN ICRE DR O SHEE I NS, FOHE
BRI, WREBRM(T 7 v 7% )§i O KReR /S
BLEZDL T,

(4)2 > DOHEREAHAE D 5311 % Bk K
MEtd 22 &ick-T, HFBIBOHERY, 1. ¥ —-1
FA M kB REEIE O IR, zy—ef4hﬁﬁm
B ORHE, 3. HBEZEBORETENS 3 DOAT —
IE-T, ﬁ%%mbﬁﬁﬁmﬁmofmm ﬁbf”
ENIRENSG.

(5) 2D &5 mHERBIERE L, BHU ORI E # i
B U IR OB, RO ICHTE S h
TWHEEZEZLND. Fi, HERAZOHIEE L owa
W, A RB ORI R ICE U ST A NS,
i b b, WD TIEBI s I B S HEREER o —f)
ThHHEEZOLND.

FHEE OB, EBEREOBLHR Y O—E
EDTHDTHD. PHRIBELT, Wi Rk
IG5 T8 & S R Wiz Pt devE
KEFEIRM B F Y F R EDE AN 1, Kb
BICIE TR, TR AR W E 0T PRI ER
B ES GRS I, % X8 THOR,

&%ﬁﬁw#hmﬁ“m

J& 72 Rl & U

BRTEATHEICHES & — 54 b OB 523

THEERE W2 E, X EBATWIZE W, T 2T
<O UETY.

C DL, R KRG B AR A SR e A B
SO I AR SRR & U T HE A SR
BUHHEIIBNTEEDONT. HLEEED L
SEGZTOREVIEN REFZIUCHEEED
AW UE . ad, 1988 4FICFT - 12w
BICH T2 o T, REARIEETR R RIIZE (A ) FREE S
63790261 O—ERZ{HH U 72.
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NII-Electronic Library Service



HEM¥E 95 (7) HEREERECHES ¥ -5 4 b OBEEETL 525

Explanation of Plate

1. Alternated ripple cross-laminated sandstone and mudstone (Ar) facies (Loc. P3 in Fig. 3).
Hammer is 30 cm long.

2. Thin sandstone bed with cross lamination of the Ar facies (Loc. P4 in Fig. 3). Scale is 30
cm long.

3. Thin and coarse-grained sandstone bed of the An facies (Loc. P2 in Fig. 3). Scale 30 cm
long.

4. Non-graded conglomerate (Cn) facies (Loc. P6 in Fig. 3). Scale is 1 m long.

Alternated graded sandstone and mudstone (Ag) facies (Loc. P8 in Fig. 3). Scale is 1 m long.

6. Graded conglomerate (Cg) facies overlying the Ag facies (Loc. P1 in Fig. 3). Scale is 1 m

long.

Flame structure in a tuff bed in the Association I (Loc. P7 in Fig. 3). Scale is 15 c¢m long.

8. Large slump structure in the Association II (Loc. P5 in Fig.3).
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