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Three petroprovinces identified in the Nakanogawa Group,
Hidaka Belt, central Hokkaido, Japan, and their geotectonic significance

Futoshi Nanayama*

Abstract The existence of two arc—trench systems, one resulting from westward
subduction beneath the eastern side of Eurasia (Paleo—Japan arc—trench system), and the
other from northward subduction beneath the southern side of the Okhotsk terrain (Paleo
—Kuril arc—trench system), are recognized in central Hokkaido during the late Cretaceous
to early Paleogne. The Hidaka Belt, related to the above mentioned two systems, is mainly
composed of late Cretaceous to Paleocene turbidite facies. Such facies must have
accumulated near the trench area and later contributed to the respective accretionary
bodies. However, previous to this study the provenance of the terrigenous material and the
sedimentary framework have not been made clear. The Nakanogawa Group in the Hidaka
Belt is now divided into three petroprovinces: zone I, zone II and zone III (south to north)
according to sandstone petrology and paleocurrent directions. The modal component of
rocks from zone I indicates they are characteristically rich in volcanic rock fragments of
intermediate to basic composition, clinopyroxene and hornblende, and poor in quartz,
sedimentary and plutonic rock fragments. The characteristics of zone I indicate that
turbidites derived from an undissected and primitive arc region (Paleo—Kuril arc region)
closely correlate to those of the Nemuro and Saroma Groups which accumulated near the
Paleo—Kuril arc region. The modal component of rocks from zone III consists
predominantly of monocrystalline quartz, K—feldspar and is characteristically rich in acidic
volcanic and tectonite fragments. The characteristics of zone Ill indicate that turbidites are
derived from a dissected mature arc region or active continental margin (Paleo—Japan arc
region). The characteristics of rocks from zone II suggest they are intermediate between
zone I and zone III.
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Fig. 1. Map showing the tectonic divisions of pre-Neogene rocks of
Hokkaido (modified after Niida & Kito, 1986), and sampling sites for
sandstone. A: Hakobuchi Group in the Ashibetsu—Yubari area, B:
Hakobuchi Group (Utsunaigawa Formation), C: Hidaka Supergroup
(Kamiokoppe Formation), D: Hidaka Supergroup (Kamimaru and
Kanayama Complexes), E: Hidaka Supergroup (Nipesotsu
Formation), F: Nakanogawa Group, G: Saroma Group (Middle
Formation), H: Nemuro Group (Kawaruppu and Katsuhira
Formations).
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Fig. 2. Map showing the tectonic divisions of
the southern part of the Nakanogawa Group
in central Hokkaido. H.C.A.: Hiroo coast
area, T.R.A.: Toyoni river area, R.R.A.:
Rekifune river area, B.R.A.: Bisei river area,
HF: Hiroo fault, NF: Nupinaigawa fault, H.
M.B.: Hidaka metamorphic belt, HW.G.B.:
Hidaka western greenstone belt, HM.W.B.:
Hidaka metamorphic belt (western zone),
PO: Mt. Poroshiri, PE: Mt.Petegari, K: Mt.
Kamui, R: Mt. Rakko, T: Mt. Toyoni.
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YV 7R, kb REEMBESERL (LIL-F
¥, 1989; HT, 1989), HIEMEENFTMNTH S
End, BEENPAE) PRI LIBR2—TV7
Fr—t A R—Y 27— OBERLTEEOM
RS A ERE I W EE L SN E, 22T, &K
WICBWTREENI, “FEF OBERBEEHL O
B “HEE CmZ, SHB X URR1IELR S
A4 R > v 78 ORR, 1985; &1, 1989) 2B\ b

FRICIITHEE 203 5, %%E%T?mﬁwmﬁﬁ
H— %kﬁiéﬂfué@&% B >,
1990a, =¥ > V& : Watanabe & Iwata, 1985).
& 7z, BIEH(1990a) EFE (1989) X, ¥ Y
& B & UBIRE % B AL H AMEI~ Ok & 2
RL T2, S5 SBROFEMLREVNE L%
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NBEEO“"DFRHEE R & D T EREE DKL
RHEERELB N TW B H T DENRME (Ca.
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Table 1. Classification of sedimentary facies of the Nakanogawa Group

Facies Subfacies & structures, Grain size, Textures Bed thick. Interpretation Lowe (1982) | Walker & Mutti (1973)
sungraded, massive, poorly sorted, disorganized, 1-2m | high-densit Al
fal cigst—supgort. cobb?e—gr;nule clast, N dogris flow?dgposit )
. Cg2 : inverse to normally graded, conglomerste, 3-4m | density modified grain| R2, R3 A2
C g :Conglomerate & pebbly mudstone clast-support. A flow deposit .
a3 : ?rudod o stratified conglomerate, mainly 1-4m | high-density turbidite R3 A2
clast-supported, with clast fabric. R . . .
Cad4 : pebbly mudstone, poor sorted mudstone matrix, 2-3m hlgh—donsu¥ dobris
matrix-supported, disorganized. flow deposi Al
$d1 : medium to coarse grained, parallel-stratified, high-density turbidite S A4
pebbly sandstons, with abandant mud-clast. ? ) . . ’
$42 : medium to coarse grained, ungud?d. assive high-density turbidite S3 B1, B2
Sd : Pebbly sandstone & sandstone sandstone, occationaly with granule clast, dish ? low-density debris
structure, amalgamation & channel structure. flow deposits
$43 : medium to coarse grained, graded sandstone, . . . S3 Ad
with abandant mud~ciast, with clast fabric. 1-5m | high-density turbidite
Mt ¢ fine to medium grained. Ta-e, Tb-e ,proximal 10cm-1m | low-density turbidite | Ta-e, Tb-e o]
Mt turbidite (Walker, 1967) ) proximal turbidite
Medium-bedded sandstone & mudstone | Mt2 : medium to coarse grained, Tae. lenticular. poor ) ) L Tae, Tab, E
sorting, basal scour, upper flow regime ditto | low-density turbidite | Tac
Tt1: fine to medium grained, Th-e, Tcde, Tde, base =10cm | low-density turbidite | Tb-e, Tc-e
cut out tyge. distal turbidite (Walker, 1967 distal turbidite D
) Tta : medium to coarse grained, sorting poor, Tae, R .
Tt : Thin-bedded sandstone & mudstone Tabe, fenticular, flaster heddln?. asal scour or low-density turbidite | Tae, Tabe, E
flat common sharp tops, ungor low regime
Tt2b : fine to medium grained, stratal, sharp tops & . . E
ase, Tce, climing ripple lamination, low-density turbidite | Tce
Tt8 : fine grained sandstone with muddy [aminae, <10cm
paralle chss lamination, convolution, reworked by normal
occasional sharp tops & gradual bases. bottom current
Md :Black mudstone hemipelagic black mudstone, with bioturbation. 1 suspension deposit G
Gm : Green mudstone arunish,ludstono. partical sliceous, with thin bed- 1 suspension deposit G
ed acidic tuff, varicolared mudstone.
S I :Slump disturbance . folding type 10cm-40m | slump deposits E
P ﬂi $ fngngt '}u 5-10m ’ digto F

i T H 5 (Fig. 2).
&

1. Fa=y b
a. [LRiEEHIE « EEUIHk

)l [EH#E - =y M, ORI/
THLBRBEF-EHICIALHET 5 EELUBI
Xsr&n s (Figs. 4&5). LERBIZ, WLy —
A VAR CEEEREOBERESER R
GERATUIHIER AT v Y) EEE 1000m O
¥ —E %4 MH (HR1, HR2 Z/E) O AESHE»
SHERINE, ¥—E54 MEIL, EA%EOWES
X UORSMEHEEC LV E—BFERIELRICED
RY, KBIEEEMSEBL, BICTHaBIEE S —
E5'4 MEOBMESZE L, %72, Y54 b
MIDBRTEICIZ P 5 4 FOHEEE (LR
I, SEIED, 1980) BEE S N, FHUUTOHEIZX
MLTw3,

FECUE R, FEBLHRT 2 EEEBTHEL, K
INEFEE A Y OFMEEC LV E—EFH
YRS, AEIR, BE3INOmMm 0y —E5 4
(K1, K2, K3, K4ER[B) otk ns, HEM
[E1%, B& 5-10m & —F DH T A EEIKE » B
WEREET 5.

2, ez b
a. )|l

FERHN SR 553 2 D) BRI, T» o)A

Buafmidsvyto<y 7B (EE 4100m), IRT

FF B

[ (BE 220m), P HRRCHMHT 2 EHB
(170m) c X5 & 5 (Fig. 5). 3D2DEBIZIT T
WEBRIRTH S, 27,3 20RBLH Y —ESF AL b
HOANLEREINS, YA~y FIEIL, £MH
HOWEB LU 7 a—T47F VIROFEE
Lo TRI—BRF»HEERV KT, KEZ, YMI,
YM2, YM3, YM4 BX U YM5 @ 5 DBz X
fransd, BEHEBRIEERE & RRCHE LA B =ik
L, ¥—E54 MEOWHESE L, £/, ¥4
uwy FlEB L UCEBHERTHCX, LEBCB
WTRDONDE LD L PEEERREP Y4 7D%
BEE)PBE I NS, I]KTER, Buiasgsic
FoTR—EFM 2 BFEVRY, KETWZ, L&
LlE L Rk HEDOE WY 7 A ERIKEHDRE S
nhs,
b. 41|
E&)NFIBRZ ST 2HONIEEL, o TEBF
HHRBREMTONTE ST, SEELRE LIRRT
3, KEZ, EREOFHHY —EF A MEOAD S
BEIhTwb, i, ZOEME» S BS1, BS2, BS3
D3 o>DHE KRS anS (Fig. 6). Ly»L, 0
SRS, ZDOEEPHBI KN 7 2 VXL T
W3 72D I EFER « HEREEBRIIZ L, £
ERBI, 2R L TREBEDSY — 54 MEKE
B2, 7, BS3ERE X, ¥ RAEEKEHERE
PEBEREL T3, RBIX 4000m ML EDEED
RBboh, 7a—T4 4 ROBHEEICL - T
B —BRFES DR,
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Fig. 3. Stratigraphic sections of each facies association. See Tables 1 and 2 for symbols of facies.

Table 2. Classification of facies associations of the Nakanogawa Group.

Facies Association Facies Component Fan Mode! (Walker, 1978) | Interpretation (this paper)
Conglomerate & Sandsto e _Associatio Cgl, Cg2, (:g3 Cgd, Sdt, UR per fan, main chapnel fill system of
: 2 . S. A. 9 $d2, 543, T annel fill the proximaly part
Sandstone & Conglo-erate Association | Sd2, $d3, Tt2, Tt3 UR per fan - l!d ~fan, main channel fill system of
(S. C. A.) annel fil the distal part
Meddium-bedded Sandstone Associatiop | Tt1, Mt1, Tt3,SI1 lower fan sheet-flow turbidite system
M. S. A.) of the proximal part
Thin-bedded Sandstone As oclatlon 5 Tt1, Tt3, Si1 lower fan - basin plain sheet-f|ow turb|d|te system
S. 1 of the distal part
Thin-bedded Sandstone Association Is Tt1, Tt2, Mt2, Tt3, SI1, upper fan, thin bedded interchanne! deposits, levee
(T, S. 1 SI2 turbidite on levee & overbank
Sadstone Association l $d2, $d3, Tt1, Tt2, Tt3, mid-fan, channellized distributary channel system
(S. A. 1) |ut2 suprafan [obes
Sandstone Association If $d2, Sd3, Mt1, Tt1, Tt3 mid-fan, smooth suprafan |[sheet-flow turbidite system
: (S, AL D) lobes with lobe or levee facies of
the most proximal part
Green mudstone and Md, Gm, Tt1, Tt2, Tt3 basin plain suspension sediment

mudstone Association : (G. M.)

B2 ORI XY, Tho DHERBEOESE

FONIRRORREA L TRE THB & DK E K BT ORBHMS b ¢ (facies
FONBHIZBWTEEINSE Y —ES 4 MH  association) IZ £ £ ® 3 Z £ 23T & % (Mutti &
%, FRHEBL - TOESMHOHEESE, HEE, Ricci-Lucchi, 1978), A& T 1, Mutti & Ricci
R OMEICE D & 7 DOHEFER (facies) IZX43&  —Lucchi (1978), Walker (1978), Walker & Mutti
3 (Tablel), &5z s OHEFEE IR, Z0OHE (197 OBERRME T VESRL TT7 >DOH#RK
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(FaRf) Fd/Rf | Vol/RS | K/t |vavavi| Am  |Metecom
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Kamitoyoni Formation
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| [ osiovr ]

02 osL‘Ln o2

Sl SCA. ‘ g Fig. 4. Sedimentlogical column
from the Hiroo coast area with

corresponding, paleocurrent

and paleoslope directions and
sandstone compositions.
: fining-upward sequence : coarsing-upward sequence

MG E &R EL (Table 2; Fig.3), SR It ic  a. HHE>—IT X

RS ICE I WL — MR R ERR L 72 RRE- LBV L bic, BEHE~H+ m 4 —
(Figs. 4,5, 6 & 7). &8, BREWCRLULERR  FOF v 2 VFREHEREME (CS.A. - S.CA) L HRE
EERIE G F O TR, B (1983) B8 LW BAE (T.SID) OfAEDLE» Sk 5 EAfky —
(1983) Izt - 7z, P OERARPHHEHAIZ, ¥ 7V ADEVERL»SEE IS (Fig. 4). 20

LEGEND

O clast fabrics »cmss laminations \, parting-lineations ’ slumping directions

DE¥IZBITBZRZ MVEHETH 5. F v FOVFEEHEREMET I, KEER RS v 08
1. ERiEE S HCBEIND, LEBOEETICIE, FEEME
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N | —
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= *nt-12 b | S
B =R

]
i ———
— +—

» [KM1

\\
2

*3t-01

== e V]

|
(/ il
é

== *kam-04 ‘ ]
*5t-06

T #gt-04 I {

- — *8t-07 l
- *51-08

oLl

#(GM) 25, GM.L, MAHHTERKEAT
w3 PS4 7DEEES (FiEd, 1980) 8 & VB
O HAEEAMMUSE R L w3 EEEkR
HDECHE (Cadet et al., 1987) LEEMT 3. MEL
bl LT 1RO LA LERL, BEE R
RS>l RERF ¥ AN-—HARBESHEE2FK
LTwlebDEBbhs,

Fig. 5. Sedimentlogical column
from the Toyoni river area
with corresponding, paleo-
current and paleoslope direc-
tions and sandstone compo-
sitions. See Fig. 4 for symbols of
facies association.

b, &M - HHREHF
FRBRERLEATHE DT =8 BHRn

2, E->W, SE—- NW Ol fiR»TH 515, E

E U8 i3 SSE > NNW o @ 5t »° £ 8 3 3 (Fig.

4).
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Colmn 58"?0"0- (FoRM] Fd/Rf | VoL/Rf | Kt/PI | V2¥av1|  Am | MatCom,|
| *0d-01
g " sz \ /
g od03 | P \ /
| — ——
& =
s *8k-01
: |
A
| —— [
8 L r
i A
_é— i Iy i
= ! 1 [
! - T
E *ym-07 y I \ { I ”‘
] eling
2 \ b
*ym-09 / x
*ym-091 :
L) <« {
*ym-10
. L \
§ ] *ym-101 3
g \
*ym-102 i
*ym-1
»
3 8 o
{_ *ym-111 \
i \ Fig. 6. Sedimentlogical column
3 : { / from the Rekifune river area
% \ iRl with  corresponding, paleo-
§ | current and paleoslope and
> \ 4 sandstone compositions. See
] b | Fig. 4 for symbols of facies
L . .
= assoclation.
5| I ANENIIERN RN

JLEED HRIFE B v Tk, [LREERHIR & FELUBO KM1#8/81%, T.S.I, S.AI » SR
FRRICEREOLEESEREGM) D EMfic EHE shTsBY, THERMAHED sheet flow system
KA 72 F v 2V — BREHESE(S.CA, T.S.  (Underwood & Backman,1982) 1 & - TEHBH& I
D) MBS 5. %7, HR2EE X, HHEERMME 5. KM2EEIE, 5 v 2 VFREHEEY (S.CA) »
Hy7% smooth suprafan lobe facies (S.A.Il) Xl  SHEERINTHBY, INEEL BRIIBHHEZES.
¥ % (Fig. 5). KM3 & KM4 581, sheet flow facies 2558 L,
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TE - EERMEN TH 5. £72, KM4FE I
&, F¥— b7y 7 egt/MNIBR L RTHEY
PEREI NS, BL)IMEO FELE L, LEREER
MO b DX Y distal ZHEBHERT, £72, KM1
o 5 KM4 Hfg iy > <—Eo kAL
Zhicke < Bk =3 (Fig. 5).
b. &R - EFEAH

[FERE « LELIE & b &E L 72 SSE - NNW D
RS B 7 5 (Fig. 5).
3. FES)I|Hhisg
a, HE—IsT R

EHE LR TR, HEERHMAES.AL S.AI
BE#T % (Fig. 6). YAu<vy7lED YMIL
[ & YM2 # @ ORI, LEERMENR 5%
Fv— BREHEESE» SERIN TS, YMS,
YM4 BL U YMS HfEi, ESH+t mA—5 D5
HF v 2NV AT A(S.CA,S.AI T.SII), smooth
suprafan lobes(S.A.Il) O FEFRMIEL B3
%, BEPRICSET 2 HRAOFEED ZhE2XFT
5. %7, BEREGHEREYCIE, IERAS T
PHEECBEINS, YAuxy TER, BFE
el Tl1HO LML 2B O A%
~7 (Fig. 6). &8, BHEOEERE Yio<y
ZIE D YMI 8 DEERRIZ X, KRR & FEKRO
EEERE (GM) 2HE5.
b. HHMA « HHEHR
BHEBEOLSRAEIZE - W 2R12, BEHEBOE
MASEFRTE D 12 903 S [EEE L T3 Z & 5 (Fig.
2), FIEMITIZ S > N ROBIR L RS h 5, /KT
BixS - N O, E8id 5 (Fig. 6). ¥4 o~y
IO & HRIE AR, NE—SW, E—
W, N — S EBGPRIC8T 208, EXRRYZ2EHS 1
NE — SW O#hift L HEE I 1L 5,
4, FE)|Hbi%
a, RS- X

% £ B BS2E B 1, E < distal turbidite
(Walker, 1967) > 5 I L2 REFEH DY —E
74 ME(T.SD TH3, BSl BLUBS3IEEI,
smooth suprafan lobe facies(S.A.II) 2> 5K 3 v
5, EERBIZ, TE—FIERHMIED sheet flow
system CTEBAAIEETH % (Fig. 7).
b. HKM - HREH M

F—Y BV, N—> S OHFRESTED S5
(Fig. 7).

b DN BEHEOWEE— FEAR DY

hONBHOZREC £ OME#EEOBM %z,
Figs. 3~6 OAFIICR L7z, SRR OWES =, BH
OVERLFER S PICE—F AT Y VERBERIED
(1983), Dickinson & Suczek (1979) ic#EHLL 72, &
B, UTRLZFES X, Figs. 4~7 OER
V= 2o BTNIHEDT—F bEFENT W5,
BB, UTOZHEEZTIchHoT, BRALZKS
RPEESY c HEOZ I TOEELZTDLTHBL.

DFR#%E: Qz, £A: Fd, £K: Rf.

QEHY) L LLE 2.85 LT OERE % IN 2 THEFE

g Ui,

QEBEIZII LAV N FEMZTH S,

@K IEER (Vol.) 2 % DaEDM#» 5, Vol

1:BEALSE (BB LFHE~TA V4 M

FWDER, Vol 2 diEkILE (BB L ZRILE)

AREDOEF, Vol 3 HEMKIE(BBLZX

REEFEOERFB XU Vol. 4 HEE~HE

Bisei Formation

BS1(Lower Party<(  BS2 (Middie Part) »-BS3 (Upper Part) >
— |
T it
- bl o~
J ) ] g
1 i
EF —_— i 0304/ §
]
; §
B 2 19 5
T [T
§l - — 3

Fig. 7. Sedimentlogical column from the
Besei river area with corresponding,
paleocurrent, paleoslope and sandstone
composition. See Fig. 4 for symbols of facies
association.
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Paleocurrent

Paleoslope

Hidaka Belt

—AN

Idonnappu Belt

Fig. 8. Three petroprovinces identified in the
Nakanogawa Group and their paleocurrent
and paleoslope directions.

ZIAREOER XS L.
1. EREFME - B Hkk
a. LRE
Qz/(FA+RHDFE X, FOJIEBE BV TEH
/AND 0.09 (EE#E{RFZE - SD 0.05), Fd/Rf &%, 0.44
(SD0.18) TH 5. /NEE N2 BEERARIE, By
BEx b OBEKIUERETH S, fERR, B
BEERTHOBE L, ZOMERIEY —yva2T4
MEBZE LW, KEBOWEIZF W undissected arc
DFEIRICE N 53, transitional arc(Dickinson
et al., 1983) DOFEBICHH 2 bDHFEET S (Fig.
9). KBOWEIX, KILEEKF»¥ 30.35(SD 6.
69)%TH5, LT, 13.99(SD 5.56) %HsEe MK 1L
=48, 13.57(SD 6.36) %23, i KINEEIC X > Tk
HoNTWwS, iz, EEMEKLEED 1.94(SD 2.
10) % L DJNBRETIIR D v, HEHEEYOELL
IXERAK 8.25%, F52.59(SD1.96)%TH %, FEfE:
Wik, FCHMERPREER, LEANGD SHEK
&h, $AEA, BEBLIUHEILEZY VO Y,
XL AR, BRA, Z7UbAC IS X USRS
OTEHFY =45, BRUER, fAEA, T@A
BB ORISR L Cws, EEER, ¥
23.97(SD8IN)WBTHYD, ZDZLBEEY v 7 (I
H, 1968) icX3 &3, £z, REERDTTH BN

K

IARRAAY T HEBCHE S 2 LR, KBOHER
BESEHNEIE, Lrb2nl RECMELT
WleZ L BRET 5,

b. BB

Qz/(Fd+Rf) & Fd/Rf OFHME X, ZnFh 0.12
(SD 0.06), 0.39(SD 0.15)TH b, EEBODZN L
HBEREE W, 2h s i, KRR L [FffI undissected
arc » 5 transitional arc O—FIZ »1F T DB I
%% 5 (Fig. 9), AR ERRA ORI, LEEBD b
DICHERLS 523, KRB WCHE L THEEMEL,
BREXEEZ RS R LEESRAEIVERD SN S,
FEUBOWSE X, KIUEERF ¥ 31.54(SD 8.
86)%TH5., LT, 18.37(SD 6.36) % B M K 1L
4, 1109 (SD 6.81) %Ak IIEETH 2, %
7o, WEMEKILAEED 1.05(SD 0.76) % L o)1 B
ELTik%\w», MY OEIIZRK 5.56%, K
1.64(SD 1.23) % L IKEBIC DWW TH W, FEEFEY)
&, FWEER, BEFMEA, NEREY, BB L
UHE Sz va v o s h, TEAaNaA,
EL2H, BRABIUV 70 AR VRS, H
BE T 25.88(SD11.62) % TH Y, ZDE I HBAH
By reRaans, £, KB/ APRa
V7% LIELIEEES.
2, FEAH)I|His
a. REARE

Qz/(Fd+Rf)B & ' Fd/Rf DFHEIX, ZhZFh
0.19(SD 0.06), 0.43(SD 0.10) TH % . KBDWF I,
undissected arc & transitional arc O3E R I
DEECHED 5 (Fig. 9). KIUEERFO LD 2HE
i, ¥y 24.73(SD6.13)%THhYH, TDH B, 10.65
(SD 1.51) % 3B K ILIPE3H, 13.26(SD 4.58) % H3rH
HWKIEEHTH 5, EHEMELIIREK 1.69%, F
¥10.88(SD0.71) % TH b, MU THhR\w», EHRE
DREBRLF DEE R & W FEFFEMERR X, BB
Brhro i o il 5, BEEE 1T 36.08(SD 5.
18)%EnRDHL, TRTHEBV Y 7 ICRKA IR
5.
b. IRTRE

Qz/(Fd+RODOFHHE X, FONBECBWTH
fRY72 0.26 (SD 0.04), Fd/Rf OF{#E X, 0.36(SD
0.04) ThH 5. KEDOWHE X, undissected arc &
transitional arc DEEFEAFILICE S % (Fig. 9). X
LEEF O 2HE&, F¥i524.21(SD2.39)%T
HY, D5 H 13.70(SD 9.65) % 13Ee M KL EHE,
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Table 3. Three petroprovinces of the Nakanogawa Group and their characterristics.

N Palsocurrent Modul composition Pumice Accessary minerals
Tone Trpe Formation & Paleoslope Color . Provenance Ares
systen Rate of Qz e Fd+Rf | Rate of Rf (%) Rate of Vol. (%) Scoria | Rate Composition
HCA <« TRA : |Paleocurrent : # Vol. :30, 46 (8. 34) #2 Max, © #3 *Undissected Arc
Hiroo Fm. SSE—NNE (axi- | dark Qz/ (Fd+Rf) : >> Vol.2: 17, 04(7.10) Abundant 8.25% | Cpx (-Transitional
I0ME | H type Kemitoyoni Frm. al current) green 0.08(0.05) |Sed. :6.54(4.67)> | > >>8t Arc)
(n=15) E-+W (lateral |- Fd, /R : 0. 43(0.20) |Plu. :0.84 Vol.1:10.57(3. 00) Ave. : >Hb (Dickinson, 1983)
RRA: current) greenish (0. 98) > 2. 49% | >0px #Active arc front
0da Fnm. Paleoslope : gray -] Vol.3:2.01(2.08) 2.03) | >1r,
SSE—+KNE, Mota. :0. 82(0. 98) > 0q, Gar, Chs, |#Paleo-Kuril Arc
E—sW, SE—NW Vol. 4:0.89(0.63) Mt origin
HCA +« TRA : |Paleocurrent: 02/ (FA+RE) : | Vol. :29.47(1.63) Vol. 1:18.90(5. 17) Max. : Bt #Undissected Arc
Kamitoyoni Fm. SSE~-NNE gresnjsh 0.14(0.07) | >> >> Common 5. 62% | >Cpx -
K type Hiroo Fa. (axial gray Fd/Rf : 0,42 (0. 15) | Sed. :5. 18 (4. 16) Vol.2:8 46(3.61) >0q Transitional Arc
(n=37) current) |- > > Ave. >1r (Dickinson, 1983)
RRA : gray Mota. :1.20(1. 57) Vo!.3:0.87(0.78) 1. 89% | >Hib
Sakashita Fm. Paleoslope : > > (1.59) | >0px, ¥Active arc front
Oda Fa. SSE—=NNE Plu. :0.77(0. 61) Vol.4:0.83(1.43) Chs, Gar,
Tour, Mt | #Paleo-Kuril Arc
. origin
RRA: Paleocurrent : @z (Fd+Rf) : Vol. :24. 99 (5. 80) Vol 1: 14,43 (5. 25) Max. : 8t #Undissected Arc
Yaoromappugawa NE—=SW (exial 0.18(0.06) | > « > 4, 70% | >Cpx -
IONE 1| Y typs Fa. current) greenish | Fd/Rf : 0. 40 (0. 08) | Sed. :13.27(3. 45) Vol.2 : 8.30(4.13) Rare >1Ir Transitional Arc
(n=31) gray > > Ave. : >0q (Dickinson, 1983)
Pelsoslops : Meta. :2. 73 (1. 51) Vol. 4:0,96(0, 68) 2.15% | >Hb
N—=$§, E—sW, > = (0. 96) | >0px, % origin ?
NE—5W Plu, :0. 40 (0. 37) Vol.3:0.95(1.01) Gar,
Chs.
Tour, Mt
BRA Paleocurrant : 02/ (Fd+Rt) = Vol. :21.77(4. 52) Vol.1:17.90 (4 43) Max : Bt #Transitional Arc
:Bisai Fm. N—+$ (axial 0.37{0.10) | > >> 3.51% { >1r -
Z0NE 111 B type current) gray Fd/Rf : 0. 41(0, 09) | Sed. :7.66 (3. 52) Vol.2:2.90(1.70) Rare >0q Dissected Arc
(n=21) > > Ave. : >Cpx, (Dickinson, 1883)
Plu. :1. 14(0. 98) Vol.3:0.54(0. 42) 0. 89% { Gar, *Active continetal
> > X (0. 76) {Chs, .| margin?
Meta. :0. 93 (0. 80) Vol. 4 :0.33(0.35) Tour, Mt, Ap *Palso-Japan arc
origin

% 1 Qz: quarzt, Fd: feldspar, Rf: rockfragment. Average (Standard).

% 2 Groundmass texture of four typical volcanic fragments. Vol.l: perlitic, spherulitic,
aphinitic, variolitic, fluidal structures; rhyolite-dacite origin, Vol.2: pilotaxitic, hyaloophitic
structure; andesite origin, Vol.3: intersertal, intergranular textures; basaltic andesite-basalt
origin, Vol.4: trachytic structure; trachyte-trachyandesite origin.

% 3 Cpx: clinopyroxene, Bt: biotite, Hb: Hornblende, Opx: orthopyroxene, Zr: zircon, Oq:
opaque minerals, Gar: garnet, Chs: chromian spinel, Tour: tourmaline, Mt: muscovite, Ap:

apatite.

4.39(SD 0.92) % S MK ILEETH 5, FEFHEEYI =
Hd oK 2.96%, ¥ 2.26(SD0.61)%TH 5. FERE
SRR, EEUEROMEDZNIELT S,
HERIIVY 26.35(SD8A) % THY, TRTCAHE
Ty 7R3 Nns,
c. ¥Aawy FNE
Qz/(Fd+ROfE L, FOJIEEW BV CTHERZ
0.19(SD 0.05), Fd/Rf i, 0.40(SD0.08) T& 5.
KEDwE X, undissected arc & transitional arc
DOEFRE(HFWCHE S 5 (Fig. 9). KIEEHFO5HD
2EIEX, F923.95(SD3.96)%THD, D5
14.13 (SD 4.87) % o3t K ILESE, 7.58 (SD 2.27) %
PHEEAKILEETH 5, BHEEYEILIEK4L
70%, ¥ 2.16(SD0.78) % TH 5. FEfEHIL, &
ER, HEMER, BEBSICHEBSAEY VI Ve
s>E IR, LEBANA, &< 5hH, ERA,

7 AAERNEB L UORNEHEED RES. EERIZ
Y7 2149(SD419)%THY, TRXTHEYV Y7
Raahsb,
3. &) Hhis
a. E£RB

Qz/(Fd+RODIFEGEIX, FONBEHIZB VTR
KD 0.37(SD 0.09), Fd/Rf O 1, 0.41(SDO.
100 TH 3, FESKEHEEOEOCEELAE,
#)RAB L CEERHO SRS AL
L &EEND, KEDWEIL, transitional arc 2 5
dissected arc O—ERiz »1F T DK ICTE B 2 (Fig.
9). KIEERFDOED 2EE&I1E, ¥ 21.77(SD 4.
52)%THY, D> H 17.43(SD 4.43) % 3K 1L
SETHL, PHKILIERE, 290(SD 1.70) % TH
D, FOJIIBECBW TR DR, EgGYE
HxBk 3.57%, Y47 0.90(SD0.76) % TH D, H D
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A Kawaruppu Fm.
A Katsuhira Fm.
® Ashibetsu-Yubari Area
O Utsunaigawa Fm. [ Saroma Group]
® Middle Fm.
INHB ] .
© Kanayama Complex
* Kamimaru Complex . .
+ Kamiokoppe Fin.
% Nipesotsu Fr. [Hakobuchi G | m . ; \  Hiroo Fm.‘
f f ’ O Kamitoyoni Fm.
vol2 Voi2 - T Vol
am om
EEN
* Bisei Fm. 4 OdaFm.

O Sakashita Fm.

@ Yaoromappugawa Fm.

Fig. 9. Diagrams showing sandstone compositions in the Nakanogawa Group, in comparison with
those from the latest Cretaceous—Paleocene sediments in central to eastern Hokkaido. See Table
3 for legend. Fields from Dickinson et @.(1983).N.H.B.: northern Hidaka belt.

NBRHCBW TR EY, EEEYIE, FicE=
B, BESLIUHEBshIY Vvar»oRan,
XL 2h, XA, ACRVE L OREHEY %~
B5. Fl, FRCHAMERLBEINALY, Z0
ZLRREALL TV, EE I3 30.30(SD 7.
1B)%THD, AEY Yy YIRS EING, k7, B
DRELICARERAEVEER - AE2ROE U R
B &S OHAOM AR & H#E S h 2 Bk
FHh—HIcBEsh 3,

Petroprovince DEFE & & UHARL & LLEL L /- Hhish

FONBHOREA - TCOMEMERK S & O
TR D@D 5, 3 ¥ D petroprovince FEET
5ZEWNBTES (Fig. 8). | HEEHz=v VDA
EBE- - LTEMEs L tEflz=y rOEHE KT
BrofElRans, IHEEZ o=y bo¥Yito
vy ZNIEDA SR IN S, ISy
M DEEE» SR SN B (Table 3). %3, Table
3BT, [ HFOWE IR K a8 XL
SR OH A7 EBEKILER> KSR D

K&A4 7L waidtmLr,

I IIRFREBRER TH 2, IHEIIEDERE
DERBTHTH S, P Lb IV F¥y b B
LU7—7EHEER (LA - HA, 1989) 105 ¢
BETIC X ML, T petroprovince OBEFR (T742bb
YArovy 7B LEEBOER)BIEETLIFE
ANEERNE ORI IZ R X REHEEL v
LHEEEIND,

FONBHICEVWIRESLZINASIHD
petroprovince DEEDOHEAEIL & Vi dtiEE i
MBI 2BENLTERE ST 2RNT 22012,
K—T BEFHLOERIHE S N T 3 FaioHA
(Fig. D I8 WTHB2EREL, WEMRKOLER
21T 72 (Fig. 9).

A ZHENME O FHNER LB

(Maastrichtian : Z7#&, 1991).

B! ZA— = VHOKMBE - FHEN)B (B

# : Yasuda, 1986).

C: HEHALE o EBEE (Begrit | BE - HH,

1990).
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D: HEFtHo&lLary vy 7R« ERay
7 Vv 7 A (Campanian—earlyMaastrichtian :
J\EIE H>, 1988).

E: E_@%qﬂﬁ’%ﬁ@:& Vg (R E EAC
Watanabe & Iwata,1987; BEFiH @ HiT - AH,
1990).

G EEFokEMBREOPIREHBEH M M
R« Ri, 1989; BKILIE 2>, 1990).

H : REWOREEEIWAE TS L ETE
IR (BERTHE © ¥BOR, 1984).

% =

B A B BT~ 58 = ACBERT tH o b ¥ 8 e il
Wik, 2—7 Y 7REEZEERL T ERIEEE
M-EERLAR—Y 7 HBEEEEERL Tz
HTEM-EERSAEL CuAREEN T T
% OWFFEH I L > THRES L TW»W3 GE/IE»,
1976; ARF - EAR, 1985; Ak, 1990), ZnZhdD
BB R L IR S w3, HTEIMEIDR
% - ERMEER & iR HARIE O EHR R O
W TIIRESR D & FEM A HERR S - RS A ARIRET Y
BENTWA (I & 21X, Matsumoto & Okada,
1971; £k, 1979; Hd -5, 1981; B -7, 1983;
Kiminami, 1983; #H#& %4>, 1986), i 5 DECHE &
SE, EENRLIZE—FHEEOT -5, HO
NI @& D 3 # O petroprovince O % 1L Z h D L4
I L b IR B 2 O]l BEEOHERKS
DWTHEEEITD.

e - EEERERCREI NS HTEIMOHI
HaEBOWEZ, RRAER XL TEL, FE~E
EMEKLUEEFDEEEDOEVWDEIRENCE
fEL (B -4, 1983; & EH, 1986), NEERK
BTHHENIARRIY THRHENCEEINS (B
I A, 1983; fHAIE D, 1986). & i, HFHE
AR EANAG 2SR LY, BEEIE—F
HTRAR 0% ICET 2HEZWELEFET 2 (HE
Ed, 1986). %7z, REBHOELME OBEHMK
RFEND XD, F-EEEXAIECEATY
% (FE, 1979; #HEEs, 1986). s DEEI,
HEFREE D78 VI B W TR~ BN K A
A5 H > 72 (Kiminami, 1983) Z £ 2RLTWw3,

Fhed LT, HREFHCREZRI N ERIEEER
MMOETERS oA X, B TEIIEEOWE I
RTHRU CHEBRAERY ) EA, BEKIUERF
HEL (Fig.9), EFMCZ L, @Eﬁﬁ!ﬁ b RER

STHHWE, BERE, BEEEEBLUFv—1
FEOHHEBEECEEEE OEE R RAE B E
W5 (HF-A, 1981; EF-FIHE, 1985), Zhs
DEREEF, ZORHOERILERMPHEAEDOHILH
IO LS KRB LBRCThHo7/ 2 & RRERL
T3,

—77, FONIEED I HOWE L, Qz/(Fd+RI}E
MEL, P E~EEEXKLERCEDLS, $5
ORBHEAELGS L OCEEANRAE2ES AB
WTHTEIMETROWE & 0P (Fig.
9). ¥, FEBECBOTHERINRTWLEE->WOD
HIAROEFELED, ZhEZRFLTWS, holllEE
O OIS X, MEBEME S REOK & 2 BiSH
BE-HDVEAEBEXUERCEATED, R
L7-BIER, b L IKESIERHEINS
(Fig. 9). IIFOWEIX, FEERE, HEFPYE
EREPESDRERFESORBR T BN E £
ha, Lyrl, BEOLIZ S, BohTwaHHE
BEFROACTH Y, HIRFAD S HBEHOH A P EHE
WETHIENTER Y, NIFHZ2EBRT2ELEE
X, BEEEDY -5 4 MEBERT 2 A8
THEB~ LTV VHIRIEOA T2 HERER=
~ VY E B RS, 1957, Watanabe & Iwata,
1987) LFERLT 2. X512, lEOWEET— FHERKD
BLELILTWS (Fig. 9). £72, 215 OWEHER
O, HE#ILEO LEEELE Lo vy
JALERAVFVYIRALDHLEEEMT S,
FONBHOIFB L CHEFILEDO Zh s
& DWbE £ — PR OERNRHIL, HHILEARN
B OEFBEE OIS £ DEBEMELE W (Fig. 9).

IEOWEDOE— FHEKIZ, TH LSS
M E R (Fig. 9. £ 72, I#EZHEERT 5 4o
< v ZINBOH M I, BEHRCH83 %45, NE -
SW OEiFis B L, Zhsh SR FHEE
BHETL L IIRETH S,

P EOREERCE D &, FO)I|BEOHERE S A
TADETLERA S, FONBED I HIE, HTE
M SREBY OIS 2 Z T Tz, Z0ERF D)l
BRI TR LERCHEBHETHZ 2 &, BWEF
NI ARRAN T REHLERI L, BLUREE
RO THA2EBARGRHEMMER 2 RICES &
EENS, ZOHOHEREYIL, SHEIROEFICEK
Thi-BERRBELEL TV EEbhs, 20>
b, hEBE FEER, FE~TEER R
LT TH35, £, ZOWEHEOMEED S
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