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Major and trace element compositions of Cretaceous-Paleocene sandstones
and mudrocks from the Idonnappu Zone
and the Yezo Supergroup, Urakawa, Hokkaido

Barry Roser*, Hayato Ueda** and Kosuke Maehara**

Abstract

The Idonnappu Zone, a Cretaceous-Paleocene accretionary complex, occurs between the Hidaka and Sorachi-
Yezo Belts in central Hokkaido. This report contains whole-rock X-ray fluorescence analyses of 75 Cretaceous-
Paleocene sandstones and mudrocks from the accretionary complex Idonnappu Zone and the Yezo Supergroup
forearc sequence in the Urakawa district, southern central Hokkaido. The Idonnappu Zone suite comprises 45
samples from the MN-Unit of the Naizawa Complex and the PT-, MH- and T-Units of the Horobetsugawa
Complex. The remaining 30 samples are evenly divided between the Upper and Lower Yezo Groups. The suites
generally exhibit linear or curvilinear trends on oxide- or element-Al2Os variation diagrams, typical of sorting
fractionation. Elemental abundances and trends in the three suites generally overlap, suggestive of a common
source. However, contrasts in abundances for some elements between suites, and trends in Basicity Index and
K20/Na:O ratios suggest some change in provenance over time, with shift from a mature or dissected arc source
in the Early Cretaceous to a more primitive (but still relatively evolved) arc source in the Late Cretaceous and
Paleocene. This change is recorded in both the accretionary complex and the forearc sequence.

Introduction

Kiminami et al. (1986) divided Central Hokkaido
into two major north-south trending belts, the Sorachi-
Yezo Belt in the west, and the Hidaka Belt in the east
(Fig. 1). The Sorachi-Yezo Belt (Cretaceous-earliest
Paleogene) consists of a forearc basin sequence,
represented by the Upper Sorachi Group and the Yezo
Supergroup (Fig. 2), overlying a higher-grade upper
Jurassic to Cretaceous accretionary complex (Lower
Sorachi Group and Kamuikotan Complex). The Hidaka
Belt is also an
accretionary complex, deposited above a west-dipping
subduction zone (Watanabe and Maekawa 1985).

(Cretaceous-early  Paleogene)

A third belt, the Idonnappu Zone, has since been
recognised, occurring at the boundary between the
Sorachi-Yezo and Hidaka belts (Kiyokawa, 1992 ;
Watanabe et al. 1994). The Idonnappu Zone is a
severely deformed polylithologic accretionary complex
of greenstone, chert, limestone and terrigenous
sediments, associated with subduction with west to
northwest vergence (Kiyokawa, 1992 ; Ueda et al
1994). The zone is bounded in the east by the Hidaka
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Main Thrust (Fig. 3), but the western margin is less
well defined.

This report contains analyses of 45 sandstones and
mudrocks (shales, silstones and mudstones) collected
from the Idonnappu Zone in the Urakawa area, and 30
analyses of clastic rocks from the Upper and Lower
Yezo Supergroup nearby. At present, the whole rock
geochemistry of Idonnappu sediments is not well
known. The purpose of the collection was to character-
ise the rocks in the area, and contribute to a growing
database of comprehensive analyses of Cretaceous
sediments deposited at the Asia margin (e.g. Roser et
al. 1998, 1999). The purpose of this report is to
present the data, brief description of elemental abun-
dances, and preliminary discussion of tectonic setting
signatures. A more detailed account focusing on prove-
nance and relation to depositional environment will be
published elsewhere (Roser, Ueda & Kimura, in prep.)

Geological Outline and Sample Suites

The field area lies east and northeast of Urakawa,
toward the southern end of the Idonnappu Zone in
Hokkaido, in the catchment of the Horobetsugawa
River and its tributaries (Figs 1 and 3). The Idonnappu
Zone was originally termed the “Idonnappu Belt” by
Kiyokawa (1992). Recent work (Ueda et al. ms?)
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Fig. 1. Map of central Hokkaido showing the distribution
of the Sorachi-Yezo Belt, Idonnappu Zone, and the
Hidaka Belt ; major lithotypes, and the location of the
field area near Urakawa. Figure modified from Ueda et
al. (ms?).

favours description as a “Zone”, because individual
lithofacies are not sufficiently continuous to permit
designation as a separate tectonic belt. That usage is
adopted here.

The Idonnappu Zone in the Urakawa area trends
NW-SE, and is bounded by the Hidaka Main Thrust
and the Hidaka Belt to the NE, and by the Nitarachi-
Yezo sequence of the Sorachi-Yezo Belt to the SE
(Fig. 3). The Idonnappu Zone here is further divided
into the Naizawa and Horobetsugawa Complexes, as
defined by Ueda et al. (ms*. These complexes are
separated by the Westernmost Hidaka Serpentinite and
the Redatoi-Okada Thrust (Fig.3). Detailed descrip-
tions of the local geology are given by Sakai and
Kanie (1986) and Ueda et al. (ms*?). Relevant units
are outlined below. These descriptions are summarised
from Sakai and Kanie (1986) and Ueda et al. (ms?b),
supplemented by additional field observation during
sample collection. Schematic stratigraphy showing the
relationships between the units and position of the
sample sites is given in Fig. 2. Sample sites are also
plotted on Fig. 3, and latitudes and longitudes given in
the Appendix. Alphanumeric numbers (e.g. PT 2)
contained in the following text refer to the samples
listed in Table 1.

Idonnappu Zone
Naizawa Complex

Naizawa Complex is greenstone-dominant, and is
correlated with the Okuniikappu Sub-belt of Kiyokawa
(1992). In the Urakawa area the Naizawa Complex
forms a wedge-shaped body, bounded by the Redatoi-
Okada Thrust to the east, and by the Yezo Group to
the west (Fig.3). The complex is divided into two
units on lithological grounds :

1. B-UNIT

The B-UNIT consists of 1-2 km thick slabs of both
massive and pillowed MORB-like tholeiitic green-
stones. Because of its volcanic nature, this unit was
not sampled in this study.

2. MN-UNIT (MNU1-8)

This unit consists of a complex mixture of green-
stone, chert, limestone, deformed turbiditic sandstone-
mudstone alternations, and mudstone. The greenstones
occur as both sheets and fault bounded blocks, and
consist mainly of ocean-island-type alkali basalt (Ueda
at al. ms’). The MN-UNIT is interpreted as a
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Fig. 2. Stratigraphic relationships between the Nitarachi-Yezo forearc sequence and units in the
Naizawa and Horobetsugawa Complexes of the Idonnappu Zone, and stratigraphic position of
samples suites analysed. Figure based on data and references compiled in Ueda et al. (ms®P),

deformed trench-fill sequence (Ueda at al. ms?). Eight
samples (5 sandstones, 3 mudstones) were collected
from three localities in the Horobetsugawa River (Fig.
3). Most were taken from lensoidal packets of 1-3 dm
bedded sandstone-shale alternations. All showed
disruption, with tectonic thinning and bunching in the
sandstones, and pervasive shearing in the mudstones.
Sandstones generally displayed little grading or
lamination.

Horobetsugawa Complex

In contrast to the Naizawa Complex, the Horobet-
sugawa Complex is dominated by clastic sediments.
Intercalated bodies of greenstone, chert and limestone
do occur, but are of less significance volumetrically.
The clastic sediments comprise black mudstones and
disrupted sandstone-mudstone alternations. Ueda et al.
(ms?) correlated the Horobetsugawa Complex with the
Koiboku Sub-belt of Kiyokawa (1992), and divided it
into three units, all of which were sampled.

1. MH-UNIT (MH1-8)

The MH-UNIT (Berriasian-Hauterivian to Conia-
cian) is a mixed unit consisting of blocks of green-
stone, chert, limestone and sandstone in a generally
sheared black mudstone matrix. Much of the unit is
thought to have been deposited by debris flows and
landslides (Ueda et al. ms?). Geochemically, the
included greenstones are mostly ocean-island-type
alkali basalts or tholeiites similar to those contained in
the MN-UNIT (Ueda et al. msb). Eight samples (5
sandstones, 3 mudstones) were collected from three
localities in a tributary of the Horobetsugawa River.
The sandstones were collected from disturbed 50-70m
thick sand packets at two localities. In both, beds were
broken, and the sandstones strongly jointed and veined
(MH1, 3, 5). Intervening mudstones (MH2, 7) were
typically strongly cleaved, though some displayed
bedding (MH6).

2. PT UNIT (PT1-17)
The PT-UNIT (~Cenomanian-Campanian) forms



ldonnappu Zone

f_Naizawa + «———Horobetsugawa Complex.

v OCompIex o O i N [
= -~ vy G0 s G0 o N NS Z
WNukkibetsu-gawa G o o N S
NT DY River Y, Y k¢ SRS PT &
SV 0 %0 % =
v vv\BvVvv ?'O?i;o N ) -
Y/V V V. V Vv 2o Qo I
v v 20 %50 Nie AV
Vv Vv \n/ 20 Qo Al
\2 ? 0O %0 &
VoVOY %'g%o.. N L Sogabetsu-gaw:
Yi v Xeen PT N Rive 42°20'N
Q% O Y
¢ . Q|
v vy o ‘9;5?“\ RN \I'i
, %0 %0 20 P
LYB.6, v o SN 0 FIBEPTON 3 i
Ym RN o B % % Rutenbetsu-llpTg g o \
/ S g e G0 gawa Riverf g 5\
e’ v Av e 50 O o O T TESPT109MAN Shiman-gaw:
$ 4 ALY 1558 vy o M oreempT11f Rivel
5 /1 f v ) T Ly Menashuman
\ % \ -gawa River
v K ;
4 NS Niobetsu
} 3 -gawa Rive
$rU1-4 R
1-4 .
“Motourakawaf \§TU5 ENTUS 9
H-TUB, 7 3m
TU11,12%8TU10 48
S
‘ KK |
3 N g&;
AN
PT } e
4
S et p
S __Menashunbetst” -

Q NP
MNU6, 7 J851u

-gawa River

\: -] Horobetsu
>\ -gawa River £ -

Ml

UR‘AI?AWA—U“ 5=——=UY6,7

&

uY14

UY13= Y13y Y
UY10-12 uYs.9 QA

Nitarachi-Yezo sequence——>

ol

Quaternary
(alluvium, tefrace & landslide deposits)

- Kamikineusu Formation [Miocene]
m (shale, sandstone & conglomerate)
7 Hidaka Metamorphics & Intrusives

[Paleogene] (gneiss - amphibolite - granulite,
gabbro - tonalite - granite, peridotite & mylonite)

—Nitarachi-Yezo sequence.

14!

UEper Yezo Group [Upper Cretaceous]
(shallow marine clastics)

Middle Yezo Group [mid- Cretaceous]
(turbidite & shallow marine clastics)

Nitarachi Formation [Lower Cretaceous]
(siliceous mudstone & tuff)

=
Z
)
7 Lower Yezo Group [Lower Cretaceous]
M (turbidite)

—Naizawa Complex.

[Lower Cretaceous]

MN-UNIT (greenstone, chert, mudstone,
sandstone & limestone)

B-UNIT (greenstone)
vy
vV Vv Vv

—Horobetsugawa Complex-
[Upper Cretaceous]

w T-UNIT (mudstone & sandstone)

PT-UNIT (mudstone, sandstone,
siliceous shale, chert & greenstone)

major greenstone body
in the PT-UNIT

MH-UNIT (mudstone, limestone, greenstone,
sandstone & chert)

10 km

\ serpentinite
N fault TS thrust

P sample No. and locality
for sandstone chemistry

Fig. 3. Geological map of the Urakawa area, showing sample sites. Map based on and extended from that in Ueda et al. (msa).

RIBUQBIA] 9YNSOY pue Bps[) OleARH ‘Iasoy Aueg




Major and trace element compositions of Cretaceous—Paleocene sandstones and mudrocks from
the Idonnappu Zone and the Yezo Supergroup, Urakawa, Hokkaido 15

the majority of the Horobetsugawa Complex in the
area. Black mudstone, sandstone-mudstone alternations
and massive sandstone are the main lithotypes.
Although greenstone, siliceous mudstone and chert
also occur, coloured mudstone is rare, and limestone is
absent. In contrast to the above units, the greenstones
exhibit n-MORB geochemical signatures (Ueda et al.
ms®). Although the sequences are disrupted, individual
lithofacies are traceable a few kilometers along strike,
and several repetitions from greenstone and chert,
through mudstone, to sandstone-mudstone alternations
are observed (Ueda at al. ms?). The PT-UNIT is inter-
preted as trench-fill deposits, and is regarded as a
clastic-dominant accretionary complex (Ueda at al.
ms?).

Seventeen samples (9 sandstones, 8 siltstones and
mudstones) were collected from sites across the entire
width of the unit in the Rutenbetsugawa River, and
from several localities in the Shiman-gawa River (Fig.
3). Most of the sandstones (e.g. PT3, 4, 9, 12-14) were
collected from relatively thick packets (50-150 m) of
massive or amalgamated sands which contained only
subordinate interbedded mudstone. Others (PT6, 8, 10)
were taken from thinly-bedded (1-2 dm) sandstone-
mudstone alternations. In these the sandstones were
typically disrupted, and
Mudstones were also collected from massive mudstone
intervals (PT5, 17).

the mudstones cleaved.

3. T-UNIT (TU1-12)

The T-Unit (Campanian-Danian) is correlated with
the K-3 unit of Kiyokawa (1992), and is interpreted as
an inner trench-slope basin facies. It consists solely of
terrigenous detritus (mudstone, sandstone-mudstone
alternations, sandstone); pelagic lithotypes such as
greenstones, chert and limestone are absent, although
coloured siliceous mudstones do occur. It is also
distinguished by a lower degree of deformation than in
the units above, although sandstone beds within sand
packets are often dismembered. Mudstones are less
lithified than in PT- and MH-units, as verified by
lower illite crystallinity (Ueda et al ms?). Twelve
samples (9 sandstones, 3 mudstones) were collected
across regional strike in the headwaters of the
Menashuman-gawa River (Fig.3). Beds at one site
were coherent Tb-Te turbidite sequences in which bed
thicknesses varied from 1-10 dm (TU1-4), and sand :
mud ratio was ~8:2. The sandstones contained mud

rip-up clasts, and exhibited moderate grading, and
plane and convolute lamination. Other sites consisted
of massive or amalgamated sand packets (TUS8, 9) or
broken formation (TUS, 11, 12). One sample (TU10)
was taken from an isolated glauconite-rich sandstone
block, interpreted as redeposited upper shelf sediments.

Yezo Supergroup

Coherent Lower to Upper Cretaceous forearc basin
sediments of the Nitarachi Formation (Valanginian-
Hauterivian) and the Yezo Supergroup (Barremian to
Maastrichtian) outcrop in the southwest of the field
area (Fig. 3). The Yezo succession is divided into the
Lower, Middle and Upper Yezo Groups (Fig.?2).
Flysch sandstones and shales are common in the
Lower Yezo Group, and sediments generally become
progressively muddier upward (Matsumoto and Okada
1971). Sampling for this study was confined to the
Lower and Upper Yezo Groups (Tsukenai and
Chinomigawa Formations, respectively). These hori-
zons were selected because the Tsukenai Formation
(LY) is nearly coeval with the MN-UNIT of the
Naizawa Complex, and the U4 and U5 members of the
Chinogawa Formation (UY) are coeval with the upper
Campanian PT-UNIT of the Horobetsugawa Complex
(Fig. 2). The suites collected thus allow direct com-
parison of the forearc sequence and the accretionary
complex.

1. Lower Yezo Group (LYI1-15)

In the Urakawa area the Lower Yezo Group consists
mainly of sandstone in its lower part (Tsukenai Forma-
tion), and claystone and sandstone in its upper part
(Becchari Formation) (Sakai and Kanie 1986). Fifteen
samples (9 sands, 6 silts and muds) were collected
from the Barremian-Aptian Tsukenai Formation in the
Motourakawa River, in the northwest of the field area
(Fig. 3). Sample sites included alternating Tb-Te
turbidite sandstone-mudstone packets (LY1-4), with
sand: mud ratios of 8 : 2, and individual beds up to one
metre thick; packets of amalgamated sands with little
mud (LYY, 15) ; and thinly bedded Td-Te alternations
(LY10). In all outcrops, disruption and induration was
much less pronounced than in any of the Idonnappu
units sampled.

2. Upper Yezo Group (UYI1-15)
Upper Yezo Group (Coniacian to Campanian) sedi-
ments in the area are dominated by fossiliferous clay-



Table 1 Major and trace element analyses of Idonnappu Zone and Yezo Supergroup sandstones, siltstones and mudstones, Urakawa district, Hokkaido. Major elements wt%,
trace elements p.p.m. LOI=loss on ignition. LITH=lithology (MS=medium grained sst; FS=fine sst; VFS=very fine sst; ZST=siltstone; MST=mudstone/shale).

SA# __ LITH Si0, TiO, A0, FeO, MnO MgO CaO NaO KO PO, LOI _SUM Ba Ce Cr Cu Ga La Nb N Pb Rb Sc S Th U V Y 7Zn Zr
IDONNAPPU ZONE

NAIZAWA COMPLEX

MN-UNIT

MNU1  FS 7549 035 1228 270 0.05 101 073 494 072 007 130 99.63 138 33 20 12 9 20 6 10 18 22 6 140 73 15 33 18 38 131
MNU2  MST 60.12 0.90 1596 950 0.7 272 1.09 232 239 016 4.04 9938 341 29 87 41 17 12 13 48 17 8 12 67 122 13 128 21 129 157
MNU3  FS 72.45 045 1243 438 009 147 093 460 081 007 200 99.69 204 32 19 15 10 19 6 6 15 28 10 162 82 17 63 17 52 114
MNU4  FS 81.08 031 889 299 007 099 073 279 113 007 153 100.59 276 32 23 13 8 17 5 14 17 38 4 120 65 15 33 13 35 118
MNU5  MST 7201 054 1388 434 0.04 122 033 207 277 011 266 9997 443 37 33 52 14 21 9 21 32 114 9 153 113 21 75 27 95 135
MNU6  MS 7348 039 1334 221 004 085 173 453 176 007 224 100.63 182 20 24 7 12 13 7 6 19 51 4 212 92 14 37 18 34 212
MNU7  MST 6511 065 1735 518 007 189 054 168 389 012 361 100.10 243 64 37 24 18 24 14 18 20 131 13 63 138 15 94 31 83 180
MNU8  MS 7381 042 1283 257 004 078 200 424 155 006 251 100.82 173 56 25 8 11 22 7 8 18 44 5 123 99 14 37 18 37 233
HOROBETSUGAWA COMPLEX

MH-UNIT

MH1 FS 7426 0.44 1275 369 007 119 108 320 204 006 150 100.28 510 36 20 11 13 16 9 6 15 59 4 218 76 18 50 20 52 129
MH2 MST 68.73 0.55 1531 481 008 155 045 174 363 009 3.12 100.06 477 57 39 48 18 25 13 21 21 149 7 94 145 23 84 29 87 167
MH3 VFS 69.71 0.47 1183 329 020 109 441 392 121 008 424 10043 337 39 24 12 12 21 9 7 16 39 8 209 76 14 58 20 53 140
MH4 MST 66.23 0.56 16.00 464 007 211 137 287 310 010 3.16 100.20 292 73 39 24 17 25 15 19 24 130 10 120 161 21 78 31 82 113
MH5 FS 6864 055 1392 492 008 185 229 371 193 012 224 10024 509 45 33 23 13 18 6 11 16 51 7 88 95 17 107 18 57 138
MH6 MST 66.73 0.54 1645 411 005 232 100 164 440 009 3.04 10036 971 68 40 24 18 25 15 18 25 178 8 204 196 27 75 31 76 161
MH7 VFS 68.38 0.51 1438 408 007 156 232 463 168 011 257 10028 420 50 3 16 13 23 8 13 19 52 7 332 92 17 64 19 57 158
MH8 FS 7157 044 1392 343 006 136 178 407 200 010 1.67 10040 558 56 32 14 12 22 6 10 18 53 7 345 97 15 60 17 42 183
PT-UNIT

PT1 FS 7506 0.37 1290 338 005 093 099 355 144 006 175 10049 420 33 20 12 12 17 7 8 17 49 8 276 86 17 39 18 47 117
PT2 MST 63.90 0.75 17.75 566 005 181 030 195 375 010 396 99.97 716 54 49 74 19 23 11 27 23 147 9 95 146 19 137 26 124 139
PT3 FS 7518 0.44 1381 260 004 071 092 340 193 005 156 100.63 570 44 19 13 14 20 8 5 18 68 8 260 85 18 47 21 55 151
PT4 FS 69.05 0.45 1481 337 006 084 261 489 149 015 283 10054 449 39 14 11 13 21 9 5 17 52 7 453 103 16 53 26 53 137
PT5 MST 68.53 0.64 1575 438 004 132 023 305 28 010 339 10025 673 27 37 31 16 12 10 17 24 104 11 172 112 22 104 21 66 148
PT6 VFS 66.17 0.66 1625 483 0.07 179 242 432 188 011 200 10049 491 38 44 20 15 17 6 19 17 56 12 32 69 21 108 19 70 141
PT7 MST 6357 0.74 1663 6.16 0.08 234 156 262 318 0.15 229 9932 624 63 66 54 17 18 9 33 19 108 14 251 98 19 143 29 93 163
PT8 MST 6175 065 1664 522 013 194 394 386 226 017 3.04 9959 567 51 52 40 17 26 11 24 24 69 12 426 112 18 107 31 85 182
PT9 FS 6392 070 1669 560 009 204 155 473 195 016 1.84 9927 561 46 42 21 17 23 7 17 16 50 9 409 87 20 111 23 70 140
PT10 Z8T 66.95 0.63 1538 450 007 152 150 430 223 011 223 9941 562 46 59 17 15 33 8 16 22 67 9 30 83 19 90 24 73 174
PT11 MST 6574 0.68 16.00 545 006 205 086 255 308 013 277 9935 640 47 56 36 19 18 9 26 17 103 13 202 111 25 130 26 86 168
PT12 VFS 67.00 0.66 1455 511 007 169 247 404 139 011 241 99.50 432 30 49 16 13 13 6 13 18 40 12 366 64 11 113 18 75 142
PT13 FS 7134 046 1419 348 006 102 120 348 231 006 200 9959 598 49 17 11 14 22 9 6 18 71 7 252 83 13 51 20 54 137
PT14 MS 68.46 043 1456 464 007 1.16 176 324 270 046 218 99.65 610 33 17 14 15 20 9 7 20 81 6 279 95 15 45 28 54 148
PT15 MST 6434 067 1671 617 018 225 029 263 299 010 298 9932 726 58 58 96 18 23 10 39 21 116 7 148 118 25 127 27 113 151
PT16 FS 7068 051 1327 467 014 146 117 421 109 008 205 9933 407 39 25 16 12 17 6 9 16 34 10 326 65 14 81 18 64 115
PT17 MST 6793 0.63 1497 555 014 188 104 253 260 011 305 10042 652 48 55 53 15 19 8 33 25 100 11 173 101 21 111 21 97 144
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Table 1 (ctd)

SA# LITH Si0, TiO, ALO, FeO, MnO MgO CaO Na0 KO PO, LOI SUM Ba Ce Cr Cu Ga La Ni_ Pb Rb Sc  Sr Th \ Y Zn Zr
HOROBETSUGAWA COMPLEX (ctd)

T-UNIT

TU1 VFS 6533 071 1563 515 007 210 154 389 239 0.11 239 9931 774 31 51 21 15 21 16 19 71 10 327 76 1.7 106 24 75 155
TU2 MS 6673 055 1274 403 003 127 443 441 134 013 389 9962 516 40 24 16 11 12 10 16 28 13 272 53 15 80 22 67 110
TU3 MST 6089 0.83 1799 583 005 213 065 303 372 012 387 99.12 688 52 67 48 20 24 31 23 152 14 177 114 22 155 25 105 180
TU4 VFS 67.06 059 1454 525 007 172 180 371 205 011 255 99.44 760 24 47 22 13 14 18 19 57 11 323 85 18 92 22 71 138
TUS ZST 7211 034 1355 291 012 084 038 325 333 008 28 99.76 873 53 22 21 14 26 13 23 105 7 110 184 383 46 29 57 108
TU6 VFS 6181 064 1640 558 010 169 295 387 227 013 342 9887 867 33 72 21 14 18 39 26 65 12 348 92 20 93 23 80 153
TU7 VFS 6348 0.70 1633 6.11 009 210 171 307 250 011 319 9938 696 40 78 31 15 18 38 21 78 12 224 102 21 110 24 90 172
TU8 VFS 6339 063 1502 511 010 174 334 371 249 013 377 9942 917 31 74 20 13 28 23 19 76 12 221 86 24 97 25 74 162
TU9 VFS 6154 059 1623 529 012 196 356 311 3.06 012 394 9953 799 59 68 21 16 22 26 21 100 12 246 119 22 88 32 78 177
TU10 ZSTG 6185 046 949 1448 006 395 093 093 210 013 426 9865 204 30 337 25 10 14 80 16 92 11 65 68 21 133 16 106 104
TU11 VFS 7285 047 1236 383 022 114 138 368 183 011 195 99.81 553 37 110 24 10 19 31 17 56 9 233 71 16 68 20 55 134
TU12 MST 66.59 059 1475 6.05 030 202 056 212 292 009 332 99.30 348 59 51 8 17 23 33 26 120 8 79 113 27 118 25 103 124
YEZO SUPERGROUP

LOWER YEZO GROUP (Tsukenai Formation)

LY1 FS 7416 036 1208 279 003 076 129 287 212 008 355 10008 584 44 20 8 10 23 7 5 17 60 5 204 69 17 31 17 34 167
LY2 FS 7073 0.38 1401 281 004 096 120 250 278 009 436 9987 707 50 17 9 14 44 8 6 19 82 5 217 86 20 33 22 43 174
LY3 MS 7169 035 872 097 018 028 758 227 179 006 668 100.58 507 41 20 10 8 21 6 7 12 44 8 204 58 14 29 18 28 150
LY4 MST 6420 0.73 1947 252 002 165 096 003 470 011 558 9997 506 63 42 23 21 27 16 10 26 191 9 179 172 30 86 35 86 205
LY5 MS 79.09 036 1067 209 003 040 069 238 205 005 230 100.11 576 50 21 6 10 22 6 5 17 5 <4 176 76 14 26 14 29 185
LY6 FS 7627 0.44 1195 175 003 055 1.04 331 198 006 252 99.89 511 54 24 6 11 30 9 6 19 57 <4 212 100 16 29 19 32 279
LY7 MS 7499 044 1229 220 005 057 187 310 219 006 221 99.98 489 51 24 7 12 4 8 5 18 60 6 134 103 12 32 33 40 228
LY8 FS 7566 0.40 1216 382 003 090 060 322 164 006 149 99.99 423 51 23 7 11 28 7 8 16 49 5 160 92 18 31 26 42 195
LY9 FS 7920 0.39 1000 309 003 109 071 221 189 006 161 10028 490 38 32 12 9 19 5 10 15 61 6 140 83 12 57 14 37 112
LY10 MST 63.34 069 1750 456 003 240 068 170 421 010 435 9957 413 51 60 36 19 23 13 23 24 200 15 116 156 24 122 30 97 165
LY11 ZST 69.31 045 1473 3.04 005 085 165 321 181 0.08 435 9953 294 46 35 15 14 25 11 15 21 69 9 179 115 15 50 23 56 208
LY12 ZST 6765 052 1526 4.01 006 108 1.06 272 222 010 495 9961 320 58 37 18 16 28 12 16 21 86 9 160 106 19 60 27 69 196
LY13 MST 6588 0.64 1622 452 006 143 070 169 340 015 492 9959 416 68 38 27 18 32 12 16 23 145 12 149 127 21 89 29 95 148
LY14 MST 6630 0.66 1916 226 002 140 037 150 424 010 389 99.90 405 63 51 32 22 28 14 13 21 188 9 126 165 29 96 26 61 165
LY15 FS 69.26 048 1271 147 009 059 471 254 253 006 598 10041 877 56 29 5 11 25 9 6 17 66 7 253 93 13 42 22 39 314
UPPER YEZO GROUP (Chinomigawa Formation)

Uyt MS 67.00 040 1336 527 008 105 354 307 246 013 328 9964 444 46 25 12 183 25 6 8 19 62 8 198 74 16 70 23 74 92
uy2 MS 68.06 046 1439 522 005 1.14 221 338 268 012 209 9981 598 58 24 11 14 3 6 6 19 68 9 210 68 14 69 22 67 85
uy3 MS 68.95 0.39 1274 242 017 055 540 391 141 013 423 10031 528 33 15 11 11 19 6 5 15 34 9 229 75 15 59 19 59 86
uy4 ZST 6797 051 1474 427 004 140 197 183 236 008 451 99.68 349 45 28 37 15 22 8 19 22 8 11 173 101 20 85 24 88 126
uYs MST 6587 055 1570 484 003 148 181 193 258 008 471 99.58 363 47 29 38 16 14 9 19 22 97 12 164 112 16 91 24 91 131
uYe MS 68.09 043 1303 732 005 127 151 246 283 012 259 99.69 374 71 40 14 13 28 8 11 22 97 8 122 98 14 87 26 79 132
uyY7 MS 63.93 037 1157 567 013 096 6.68 232 239 008 563 9974 357 63 34 12 11 22 6 9 17 76 9 191 53 14 67 20 56 113
uys ZST 6419 0.68 16.14 497 0.06 172 246 225 312 011 389 9959 445 44 49 35 16 15 8 21 19 101 13 227 79 19 118 24 93 148
uY9 ZST 6436 068 1659 551 004 160 171 232 268 0.11 397 9957 324 38 42 37 16 19 8 19 22 93 14 198 100 17 120 23 90 147
uY10 FS 68.00 0.53 1483 431 003 130 122 306 324 010 325 9988 519 50 31 21 15 20 9 11 21 107 11 159 107 21 80 28 86 165
uy11 FS 6833 050 1392 432 005 105 211 308 257 010 350 9954 416 40 28 21 15 16 8 10 19 85 9 191 107 21 78 24 77 156
uy12 MS 6691 059 1538 497 004 140 166 207 317 014 334 9968 498 40 38 31 15 17 8 16 19 111 11 197 100 21 92 25 84 152
uY13 ZST 6716 059 1529 453 005 140 214 231 252 012 353 9963 361 51 30 30 14 22 9 16 21 83 11 216 93 21 92 27 79 159
uyY14 MS 66.37 031 1202 401 016 081 628 247 273 012 517 10043 469 51 19 12 11 24 6 6 19 70 8 190 70 13 45 25 56 85
uY15 ZsT 6749 060 1456 491 003 139 164 198 242 015 440 9957 457 31 32 31 15 21 9 15 19 8 11 167 90 27 92 33 91 137
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stone and siltstone; sandstone is subordinate (Sakai
and Kanie 1986). Fifteen samples (9 sands, 6 silts and
muds) were collected from the Chinomigawa Forma-
tion along two traverses west of Urakawa (Fig. 3).
Medium- to very-fined grained sandstone beds occurs
in isolated beds ~1-5 m thick. The sandstone beds
were usually massive (possibly amalgamated), and thus
exhibited little grading or sedimentary structures.
Many were strongly glauconitic (UY1, 2, 6, 7 14).
Most of the sequence (~95%) consisted of monoto-
nous grey to greenish-grey siltstone (UY4, 9, 12, 13,
15).

Analytical Methods

Samples were coarsely chipped (<1 cm diameter) in
a manual hydraulic rock splitter, removing any
surficial weathering or oxide staining. Any chips
containing visible mud rip-up clasts or significant
veining were also discarded. The fresh chip was rinsed
repeatedly in tap water, followed by distilled water,
and steeped overnight in deionised distilled water.
Oven-dried sample chip was then crushed for 30-60
seconds in a tungsten-carbide ring mill, with sample
weights ranging from 70 g in the shales to a maximum

of 200 g in the sandstones.

Major and trace element analyses were made by
XRF, using a Philips PW1404 instrument at Hokkaido
University. Analyses were carried out on an anhydrous
basis, using the ignited material from loss on ignition
(LOI) determinations. LOI was measured by weight
loss in 5-6 g of oven dried (110C) sample after
ignition for two hours at 1000°C in an electric furnace.
Both major and trace element determinations were
made on fused glass beads prepared with commercial
lithium metaborate/tetraborate flux (Johnson Matthey
Spectroflux 100B) in a Toyyo Kagaku NT-2000 auto-
matic bead sampler, with preheat, fusion and agitation
times of 120, 120 and 400 seconds, respectively. The
fusion mixture comprised 1.8000 g sample, 3.6000 g of
flux, and 0.54 g LiNOs. Bead preparation essentially
follows that of Tanaka and Orihashi (1997), except
that their addition of 50 g lithium iodide during melt
agitation was not necessary.

Major and trace element calibration was made using
standard reference samples produced by the Geological
Survey of Japan and the United States Geological

Survey. Details of the methods, instrument conditions,
precision and lower limits of detection are given by
Tanaka and Orihashi (1997). Analyses were monitored
by repeat analyses of several GSJ standards, from new
beads not included in the calibration.

Results

Results for major and trace elements are listed in
Table 1, by formation. The data are listed on a
hydrous basis. Lithology was estimated from hand
specimens using a hand lens and grain size compara-
tor. All elements except Sc and U were present at
levels above the theoretical lower limits of detection
(LLD) in all samples. Sc was >LLD (3.8 ppm) in all
except two samples. Although U was below the LLD
(1.9 ppm) in over half the samples, data are listed as
analysed in Table 1, as relatively coherent trends with
AlLOs are still displayed despite the low abundances.

Abundances and trends

Variation diagrams for selected elements plotted
against Al2O3 are given in Fig. 4 (major elements) and
Fig. 5 (trace elements). All are plotted on an anhy-
drous basis. Most elements show linear or curvilinear
trends due to sorting fractionation between sand-sized
detritus (quartz, feldspar and lithic fragments) and
clays. Among the major elements this is most marked
for SiO2 (Fig 4a), as is usually the case in such suites.
The majority of the Idonnappu and Upper Yezo sand-
stones have SiO2 contents <75%, but Lower Yezo
sandstones have up to 80%, and total fractionation
between sandstone and mudstone is greater than in the
other suites. These features are reflected by antipa-
thetic variations of TiO:2 (Fig. 4b), Fe203, MgO, K-0
and P20s, which increase with increasing AlOs3,
reflecting residence largely in the clay fraction. Linear
detrital trends (DT) of these elements intersect the
AlO3 axis at ~7.5%, indicative of quartz-feldspar-
lithics verses clay unmixing (Fig.4b). However, a
small number of sandstones from the Lower Yezo
Group lie closer to the silica dilution line (SDL),
suggesting that simpler quartz-clay unmixing may be
responsible for their chemistry.

Na20 and CaO (Figs 4c and 4b) generally decrease
with increasing Al2Os3, and sandstones generally have
higher abundances than mudstones in the same suite.
This pattern is consistent with residence largely in
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Fig. 4. Example oxide-Al2O3 variation dagrams, plotted on an anhydrous normalised basis. Sst=sand-
stone ; mst=siltstone and mudstone. Solid lines (DT) are illustrative detrital trends (draw by eye) ;
dashed line (SDL) on the CaO plot is a silica dilution line drawn from the aluminous end of the

detrital trend.

feldspar in the sandstones. Accretionary complex Idon-
nappu sandstones generally have greater Na2O contents
(>3 wt%) than the forearc sandstones from the Yezo
Supergroup (<3%). CaO contents show little contrast,
however, except that a small number of sandstones
from all groups scatter to higher values of 3-8 wt%
(Fig. 4d), probably due to presence of carbonate
cement. MnO contents of both sandstones and
mudstones are generally low (0.10 wt%), but some
scatter to higher values (0.10-0.30) occurs in all suites.
This is likely to be due to redistribution during surfi-
cial weathering.

The majority of the trace elements also show

positive correlation with Al2O3 and thus highest
concentrations in the mudstones, reflecting primary
residence in the clay fraction. Correlation is strongest
for Ga (Fig.5a), reflecting its close geochemical
affinity with Al, but relatively coherent trends are also
observed for V (Fig. 5b), Cr (Fig. 5¢), Cu, Nb, Ni, Pb,
Rb, Sc, Th, U, Y and Zn. Two elements generally
linked with mafic detritus (Cr, Ni) show some scatter
to higher values in Idonnappu sandstones and
mudstones (Fig. 5c). Most of the samples which
exhibit enrichment are from the T-UNIT. A similar
trend is shown by Cu.

Four elements (Ba, Sr, Ce and La) show little
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overall correlation with A2O3 content. Within individ-
ual suites, however, both Ba and Sr tend to have
higher values in sandstones than in mudstones (Fig. 5d
and 5e). This pattern is not uncommon in clastic
sediments (e.g. Roser et al., 1999), and most likely
reflects partial Sr and Ba residence in feldspar. Scatter
is induced by varying feldspar proportions, diagenetic
effects, and, in the case of Sr, carbonate contents. In
detail, Ce and La show the opposite trend, with a
tendency for higher contents in muds than in sands
within individual suites, reflecting primary control by
the clay fraction. Scatter may be due in part to heavy
mineral concentration, but may also be influenced by
poor analytical precision. At the amounts present in
the samples, analytical precision is poorer for both
elements (coefficients of variation of ~10-11% ;
Tanaka and Orihashi, 1997) than it is for the other
elements positively correlated with ALOs (<5%).

Zirconium shows contrasting behaviour between the
suites (Fig. 5f). Idonnappu and Upper Yezo samples
exhibit a relatively coherent increase with increasing
Al20s. Although this might imply residence in the clay
fraction, Zr abundances are usually controlled by
zircon in suites such as these. The coherence of the
Idonnappu and Upper Yezo Group trends suggests that
if zircons are the control, they must be finely commi-
nuted. The Lower Yezo suite shows a trend more
common in accretionary sediments, with sandstones
scattering to higher values above the detrital trend,
with concentrations up to twice those of the
mudstones. This is typical of density concentration of
zircons in the sandstones.

Tectonic setting

The tectonic setting of deposition of clastic
sediments can be assessed using a number of chemical
parameters, including SiO2-K20O/Na20 (Roser and
Korsch 1986) and Al203/SiO2-Basicity Index relations
(Kiminami et al. 1992 ; Kumon and Kiminami 1994).
On a Basicity Index plot (Fig 6a), the three suites
analysed lie almost entirely within the EIA (Evolved
Island Arc) and CA&DA (continental arc-dissected
arc) fields. Middle Yezo Group sandstones were used
by Kiminami et al. (1992) to originally define the EIA
field. Data plotted in a later revision of the fields
(Kiminami 1998) mostly lie at the upper end of EIA.
A clear contrast, however, is seen between the Lower
and Upper Yezo suites analysed here. The Lower Yezo
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Fig. 6. Tectonic setting discrimination plots. Symbols as
in Figs 3 & 4. (a) Basicity Index plot of Kiminami et
al. (1992) ; fields modified after Kiminami (1998). IIA
=immature island arc; EIA=evolved island arc ; CA&
DA=continental island arc and dissected arc. (b) SiO2-
K20/Na20 plot of Roser & Korsch (1986). PM=passive
margin ; ACM=active continental margin ; ARC=arc.

data fall within CA&DA, whereas Upper Yezo
samples lie almost entirely within the lower part of the
EIA field. This shows that the nature of the Yezo
source changed from a relatively mature dissected arc
in the Early Cretaceous to an evolved island arc in the
Late Cretaceous.

The Idonnappu suite sandstones spread across both
CA&DA and EIA (Fig. 6a). Although not distin-
guished at a formation level on the figure for clarity,
they also show shifts in Basicity Index and Al203/SiO2
with time, with the MH- and MN-units falling mostly
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within CA&DA, and the younger PT- and T-units
largely within EIA. The forearc Yezo sediments and
the Idonnappu accretionary complex thus both record
the same shift in source, supporting their correlation.

The three suites fall almost entirely within the active
continental margin (ACM) field on an SiO2-K20/Na20O
plot (Fig. 6b), with only a few mudstones spreading
into the passive margin (PM) field, probably as a
result of diagenetic K-enrichment. This result is
compatible with the CA&DA-EIA signatures from the
Basicity Index, since both categories share chemical
signatures with more classical Andean-type margins.
Lower Yezo samples lie high in the ACM field along
the ACM-PM join, and show marked fractionation of
both SiO2 and K20/Na20 ratio between sandstones and
mudstones. Both features are typical of derivation from
Upper Yezo Group
samples, however, have lower SiO: and K20/Na:20,
plotting near the middle of the ACM field. Although
decrease in both parameters is partly due to their finer
grain size, it is also consistent with a less evolved
source. Idonnappu sediments span almost the entire
width of the ACM field. Examination on at a forma-
tion level, however, shows that SiO: decreases and
K20/Na2O increases progressively from the MN-Unit
through to the T-UNIT. All sandstones plotting at the
low-SiOz2, high K20O/Na2O end of the data cloud near
the ARC-ACM boundary are from the T-UNIT, and
are the least evolved of the Idonnappu units. Plot
positions of the individual suites and formations thus
show the same pattern as the Basicity Index plot, with
decreasing arc maturity upsequence in both the forearc
and in the accretionary complex.

a relatively evolved source.

Conclusions

Sediments from the Idonnappu Zone, Lower Yezo
Group and Upper Yezo Group in the Urakawa area
generally exhibit linear or curvilinear trends on AlO3
variation diagrams. Such trends are typical of sorting
fractionation. The overall similarity of elemental abun-
dances and trends in the three suites are suggestive of
a common source. In detail, however, some contrasts
in abundances occur (e.g. enriched Na2O, Cr, and Ni
in the Idonnappu suite ; CaO in the Upper Yezo, and
more extensive fractionation and greater Zr contents in
the Lower Yezo Group). These features and trends in
Basicity Index and K>0O/Na20 ratio suggest changes in

provenance occurred over time, with a shift from a
mature or dissected arc source in the Early Cretaceous
to a more primitive (but still relatively evolved) arc
source in the Late Cretaceous, recorded in both the
forearc sequence and in the accretionary complex. The
significance of these changes in relation to depositional
environment, provenance, and variation at a formation
level will be discussed in more detail in a future paper.
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APPENDIX: Sample Localities

IDONNAPPU ZONE YEZO SUPERGROUP
long long
lat N E Sampie latN

SaNr deg min sec deg min sec No. deg min sec deg min sec Unit*
MNU1 42 13 21 142 53 59 LY1 42 18 47 142 47 33 L1
MNU2 42 13 32 142 54 16 LY2 42 18 47 142 47 33 L1
MNU3 42 13 32 142 54 16 LY3 42 18 47 142 47 32 L1
MNU4 42 13 32 142 54 16 LY4 42 18 47 142 47 34 L1
MNU5 42 13 32 142 54 16 LY5 42 18 58 142 47 26 L1
MNU6 42 13 34 142 53 21 LY6 42 18 58 142 47 26 L1
MNU7 42 13 35 142 53 283 LY7 42 17 17 142 48 58 L1
MNU8 42 13 37 142 53 24 Lys 42 17 15 142 48 56 L1

- MHUA 42 15 41 142 55 5 LYo 42 17 10 142 48 48 L1
MHU2 42 15 43 142 55 9 LY10 42 17 10 142 48 48 L1
MHU3 42 15 45 142 55 10 LY11 42 18 50 142 47 43 U1
MHU4 42 16 37 142 54 16 Ly12 42 18 50 142 47 43 L1
MHUS 42 16 41 142 54 16 LY13 42 18 50 142 47 43 L1
MHU6 42 16 42 142 54 14 LY14 42 18 50 142 47 43 L1
MHU7 42 16 48 142 54 15 LY15 42 18 47 142 47 52 U1
MHU8 42 16 50 142 54 15 Uyt 42 10 12 142 49 35 Usa
PT1 42 17 25 142 53 34 uy2 42 10 13 142 49 37 Uba
PT2 42 17 25 142 53 34 uYs 42 10 14 142 49 37 U4b
PT3 42 17 28 142 53 33 uy4 42 10 17 142 49 41 U4b
PT4 42 18 5 142 53 23 UY5 42 10 19 142 49 42 Udb
PTS 42 18 7 142 53 25 uYe 42 10 21 142 49 43 U4da
PT6 42 19 16 142 53 57 uyz 42 10 22 142 49 45 U4da
PT7 42 19 18 142 53 56 uys 42 10 12 142 49 35 U5b
PT8 42 19 8 142 54 5 uys 42 10 10 142 49 34 U5b
PT9 42 19 7 142 54 5 uy1o 42 10 13 142 49 9 USb
PT10 42 18 33 142 53 49 uy11 42 10 14 142 49 11 Usb
PT11 42 18 28 142 53 44 uy12 42 10 16 142 49 10 USb
PT12 42 17 38 142 54 40 UY13 42 10 11 142 49 12 U4b
PT13 42 15 52 142 56 53 uy14 42 10 22 142 49 15 U4b
PT14 42 16 0 142 56 56 uUY15 42 10 24 142 49 17 U4b
PT15 42 16 3 142 56 58
PT16 42 16 2 142 56 59
PT17 42 16 2 142 56 59 * Units are the horizons of Sakai & Kanie (1986)
TUA1 42 16 39 142 59 49
TU2 42 16 38 142 59 47
TU3 42 16 37 142 59 47
TU4 42 16 37 142 59 47
TU5S 42 16 37 142 59 49
TU6 42 16 28 142 59 52
TU7 42 16 28 142 59 51
TU8 42 16 23 142 59 53
TU9 42 16 22 142 59 53
TU10 42 16 15 142 59 56
TU11 42 16 18 142 59 53

TU12 42 16 20 142 59 53






