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Itinerary of Field Excursion

Field Trip #1: September 17, 2007

8:30-9:00 AM. Load onto vehicles at the Conference Hall in the Sapporo Campus, Hokkaido University

9:00 AM. Depart from Sapporo to Mikasa City.

Stop 1 — Outcrop along the prefectural road in the lkushumbetsu area, Mikasa; the Cenomanian-Turonian shallow

water facies of the Mikasa Formation

Stop 2 — Mikasa City Museum

Stop 3 — Outcrop along the Shuparogawa River, Yubari; the Coniacian-Santonian offshore facies of the Kashima
Formation

5:30 PM. Arrive at Sapporo.

Field Trip #2: September 18-21, 2007

Day 1 (September 18)

8:30-9:00 AM. Load onto vehicles at the Conference Hall in the Sapporo Campus, Hokkaido University
9:00 AM. Depart from Sapporo to Nakagawa Town.

Stop 1-1 — Nakagawa Museum of Natural History

Day 2 (September 19)

8:30 AM. Leave the Ponpira Hotel

Stop 2-1 — Nio River; Santonian to Lower Campanian ammonoids from offshore mudstone
Stop 2-2 — Gakkousawa Creek: Turonian ammonoids from the Saku Formation

4:00 PM. Arrive at the hotel

Day 3 (September 20)
8:30 AM. Leave the hotel
Stop 3-1 — Tannosawa Creek to Abeshinai River: Lower Campanian ammonoids from the middle to upper parts of the

Osoushinai Formation

Stop 3-2 — Abeshinai River: Omagari cabonate lens — Late Cretaceous methane seep carbonates
Stop 3-3 — Osoushinai River: Lower Campanian ammonoids from the upper part of the Osoushinai Formation
4:00 PM. Arrive at the hotel

Day 4 (September 21)
9:00 AM. Leave the hotel
Stop 4-1 — Kiyokawa forestry road: Upper Campanian ammonoids from the Hakobuchi Formation

5:30 PM. Arrive at Sapporo
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Introduction

Cretaceous to Paleogene sediments filling the Yezo forearc
basin (Okada, 1983), are widely distributed over a distance of
1,400 km from offshore of north Honshu, through the central zone
of Hokkaido, to Sakhalin Island, Russia (e.g., Matsumoto, 1942;
Tanaka, 1963; Hirano et al., 1992; Ando, 2003; Takashima et al,,
2004; Yazykova, 2004, Fig. 1). The sediments well exposed in
central Hokkaido, are called the Yezo Group (Matsumoto, 1951).

The Yezo Group was probably deposited at about 35-45°N
(Kodama et al., 2002) along the westward subduction margin in
the northeastern Asian continent during the Cretaceous. This
group consists of a 10,000-m-thick forearc sedimentary sequence
of sandstones and mudstones with subordinate conglomerates
(Takashima et al., 2004). As the rocks contain abundant and well-
preserved fossils, many biostratigraphic schemes for the Creta-
ceous Systemn in Hokkaido were established (e.g., Matsumoto,
1942, 1977; Toshimitsu et al., 1995). Moreover, there are many pa-
leontological studies using materials from Hokkaido, and Japa-
nese scientists have contributed much to ammonoid paleobiology
(see Landman et al., 1996).

The aim of field trips in Hokkaido is to understand the litho-
and bio-facies changes of the Yezo Group, and collect Cretaceous
ammonoids. We prepare two field trips (Fig. 1): Field Trip #1
(September 17), a one-day field trip will visit the Ishikari-Sorachi
province, central Hokkaido in order to observe the Cenomanian-

Turonian inshore facies in the Ikushumbetsu area, the Coniacian-
Santonian offshore facies in the Oyubari area, and ammonoid col-
lections at the Mikasa City Museum; Field Trip #2 (September
18-21), a four-days field trip will be continued to visit to the Tesh-
ionakagawa area, northern Hokkaido after the one-day trip, to ob-
serve the Campanian successions containing aragonite-preserved
ammonoids and chemosynthetic fossil community, and ammonoid
collections at the Nakagawa Museum of Natural History.

In the present paper, we first introduce the geology, stratigra-
phy and ammonoid assemblages of the Cretaceous Yezo Group,
and secondly describe the field guide of the Field Trip #1. The
filed guide for Trip #2 is described in another article of this bulle-
tin (Takahashi et al., 2007).

Geological setting

Hokkaido, the northernmost island of Japan, having a rhom-
bic shape with a N-S trending diagonal line, comprises six major
tectonostratigraphic units from west to east, (1) Oshima, (2)
Rebun-Kabato, (3) Sorachi-Yezo, (4) Hidaka, (5) Tokoro, and (6)
Nemuro Belts, on the basis of the lithofacies and tectonic features
of the Mesozoic and the lower Cenozoic (e.g., Niida and Kito,
1986; Kiminami et al., 1986) (Fig. 1).

The N-S trending zonal geological framework is a product of
subduction and collision processes in the northeastern margin of
the Eurasia Plate. The western four belts seem to be related with
the Paleo-Japan arc-trench system (Oshima, Rebun-Kabato,
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Sorachi-Yezo and Hidaka Belts), and the eastern two belts, the
Paleo-Kuril arc-trench system (Tokoro, Nemuro Belts). The for-
mer system was formed along a westward-dipping subduction of
the Izanagi-Kura plates under the eastern margin of the Asian con-
tinent (e.g., Okada, 1974).

The Sorachi-Yezo Belt consists of a coherent succession,
from the Horokanai Ophiolite through the Sorachi Group to the
Yezo Group (Fig. 2), and the accretionary complexes of the Idon-
nappu and Kamuikotan zones (Ueda et al., 2000) (Fig. 1). The
Horokanai Ophiolite and the lower part of the Sorachi Group rep-
resent a piece of basaltic oceanic crust (Ishizuka, 1981; Taka-
shima et al., 2002a), while the upper part of the Sorachi Group is
represented by subaqueous calcalkaline and alkaline volcano-sedi-
mentary sequences, suggesting an oceanic island arc setting (Gi-
rard et al., 1991; Niida, 1992; Takashima et al., 2002b). The Yezo
Group conformably overlies the Sorachi Group and comprises
very thick sandstone and mudstone sequences. The sand clastics
of this sequence were derived from Cretaceous granitic rocks and
Jurassic accretionary complexes of the Oshima Belt, which repre-
sents a contemporaneous continental arc setting (Kito et al.,
1986). Although a part of the Hakobuchi Formation includes the
upper Paleocene in the Oyubari and Nakatonbetsu areas (Ando et
al,, 2001; Ando, 2003). the geological age of the Yezo Group
ranges mostly from early Aptian to early Maastrichtian. Many hia-
tuses exist between the Campanian and the Maastrichtian. The
sedimentary environment of this group shows an eastward-deepen-
ing facies trend, fluvial to continental slope (Fig. 2). The Yezo
Group is unconformably capped by late Eocene, non-marine and
shallow-marine sediments of the Ishikari and Poronai groups, or

by younger Neogene deposits.

Lithostratigraphy

Lithostratigraphic nomenclature for the Yezo Group is con-
fused, because this group basically consists of a monotonous se-
quence of sandstone and mudstone and their alternating beds,
which occasionally exhibit lateral facies changes. Consequently,
various stratigraphic definitions have been proposed, depending
on the areas and the researchers (e.g., Kawaguchi and Kanie,
1985; Toshimitsu, 1985; Maeda, 1986; Toshimitsu et al., 1988;
Motoyama et al., 1991; Kawabe et al., 1996; Mitsugi and Hirano,
1997; Takashima et al., 1997; Wani and Hirano, 2000; Ando et al,,
2001; Moriya and Hirano, 2001; Okamoto et al., 2003; Takahashi
et al., 2003; Kurihara and Hirano, 2003; Funaki et al., 2004; Oi-
zumi et al., 2005). To resolve such problems, Takashima et al.
(2004) proposed a new, synthesized stratigraphic framework, in-
cluding macro- and microfossil biostratigraphy, based on exten-
sive mapping of the entire area in the central region of Hokkaido.
They revealed that the Yezo Group throughout Hokkaido is basi-
cally characterized by six units of mudstone-dominated turbidites
and sandstone-common ones, with intercalations of six distinct

stratigraphic key units (Fig. 2). The revised lithostratigraphic defi-

nitions are as follows: the Soashibetsugawa Formation, the Shupa-
rogawa Formation, the Maruyama Formation, the Hikagenosawa
Formation, the Saku Formation, the Kashima Formation and the
Hakobuchi Formation, in ascending order (Fig. 2). Moreover, the
sandstone-dominant, outer shelf to shoreface Mikasa Formation
and the overlying sandy mudstone-dominant outer-shelf Haboro-
gawa Formation are also recognized. The geological ages of these
formations correspond to the Saku and Kashima formations, re-
spectively (Fig. 2). This guidebook follows their synthesized
lithostratigraphic divisions, and briefly describes these lithological
features, geological ages, and depositional environments. The fol-
lowing descriptions are modified after Takashima et al. (2004).

1. Soashibetsugawa Formation (Thickness: 450-700 m)

This formation, which conformably overlies the Sorachi
Group, consists of dark gray, parallel-laminated mudstone with
many intercalations of felsic tuff beds. The laminae are composed
of felsic tuff and very fine-grained sandstone layers.

The early Aptian planktonic foraminiferal species, Leupold-
ina cabri, occurs from the uppermost part of this formation. Mi-
crofossil assemblages and deep-sea trace fossils suggest an
abyssal environment.

2. Shuparogawa Formation (Thickness: 800-2,450 m)

This formation, which conformably overlies the Soashibet-
sugawa Formation, is composed mainly of alternating beds of tur-
biditic sandstone and dark gray mudstone. This formation
incorporates a thick olistostrome bed (Kirigishiyama Olistostrome
Member) in the middle portion, and is subdivided into three mem-
bers as follows: the Refureppu Sandstone, Kirigishiyama Olis-
tostrome, and Okusakainosawa Sandstone and Mudstone
members, in ascending order.

The Late Aptian planktonic foraminiferal species, Globiger-
inelloides barri and G. duboisi occur from mudstones of the Re-
fureppu Sandstone Member. The Late Albian ammonoid,
Mortoniceras cf. geometricum, occurs in the upper part of the
Okusakainosawa Sandstone and Mudstone Member (Kawabe,
2000). Lithology and benthic foraminiferal data suggest that this
formation was deposited on the continental slope (e.g., Motoyama

et al., 1991).

3. Maruyama Formation (Thickness: a few to 900 m)

This formation, which conformably overlies the Shuparo-
gawa Formation, is composed of tuffaceous sandstone beds, lo-
cally accompanied by conglomerates at the base. The formation is
used as a stratigraphic marker.

No planktonic foraminifers and macrofossils have been ob-
tained from this formation, whereas radiolarians (spumellarians)
occur abundantly. Abundant volcaniclastic materials in this forma-
tion suggest that huge, felsic volcanic eruptions episodically oc-

curred along the western circum-Pacific/Asian continental margin.
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4. Hikagenosawa Formation (Thickness: 1,900-2,000 m)

This formation, which conformably overlies the Maruyama
Formation, is composed mainly of dark gray mudstone. A thin
unit of alternating beds of sandstone/conglomerate and mudstone
(Kanajiri Sandstone Member) is intercalated in the middle part of
this formation. This unit is used as a stratigraphic marker.

The occurrence of macrofossils (ammonoids and inocera-
mids) becomes common above the lower part of this formation.
The Late Albian-Middle Cenomanian ammonoids (Mortoniceras
rostratum, Mariella bergeri, Mantelliceras saxbii and Cunning-
toniceras cunningtoni) occur in the formation. Microfossils are
also abundant throughout the sequence. Benthic foraminiferal as-
semblages suggest that this formation was deposited in the lower
part of the upper bathyal zone under relatively oxygenated condi-
tions (Motoyama et al., 1991; Kaiho et al., 1993).

5. Saku Formation (Thickness: 1,800-2,300 m)

This formation, which conformably overlies the Hikageno-
sawa Formation, comprises alternating beds of turbiditic sand-
stone and mudstone, and intercalates with a unit characterized by
a predominance of greenish gray muddy sandstones, including
abundant trace fossils of Planolites in the middle part (Hakkin
Muddy Sandstone Member).

The Cenomanian ammonoids, Calycoceras spp. occur in the
lower part of the formation. The basal part of the Hakkin Muddy
Sandstone Member is correlated to the Cenomanian/Turonian
boundary with the conspicuous carbon isotope excursion (e.g.,
Hasegawa and Saito, 1993; Hasegawa, 1997). An Early Turonian
ammonoid, Pseudaspidoceras flexuosum, occurs just above this
carbon isotope excursion (e.g., Hirano, 1995; Kurihara and Kawa-
be, 2003). The upper sequence is marked by an abundant occur-
rence of heteromorphic ammonoids, including Nipponites,
Eubostrychoceras, and scaphitids, with minor Middle Turonian in-
dicators, Romaniceras spp. (ammonoids), and Inoceramus hobet-
sensis (bivalve). Microfossils commonly occur throughout the
sequence. The benthic foraminiferal assemblages indicate that this
formation was deposited in the lower part of upper bathyal zone
with relatively oxygenated conditions (Kaiho et al., 1993).

6. Mikasa Formation (Thickness: 400-750 m)

This formation is the contemporaneous, shallower facies of
the Saku Formation, and distributed in the western side of the
Yezo Group (Mikasa area). It is characterized by a predominance
of sandstone with hummocky and trough cross-stratification (HCS
and TCS) and gravel/shell lags, and intensively bioturbated sandy
mudstone. This formation was deposited on shelf environments
(Ando, 1997).

Shallow-marine bivalves (including Apiotrigonia, Glycymer-
is, Meekia, Pinna, Pseudoptera, Pterotrigonia, Thetis, Yaadia),
gastropods (e.g., Margarites, Semisolarium) occur at the base of
HCS sandstones. The Cenomanian ammonoids, Mantelliceras sp.,

Calycoceras sp., and Desmoceras spp. have been reported from
the lower part of the formation. The Turonian species, Inoceramus
hobetsensis is abundant in the upper part of the formation. The for-
mation was deposited on a storm-dominated lower shoreface and
upper shelf in front of coastal plain and rivers supplying a large
amount of coarse sediments, based on sequence stratigraphy and

facies analyses (Ando, 1990a, b).

7. Kashima Formation (Thickness: about 1,670 m)

This formation, which conformably overlies the Saku Forma-
tion, is composed mainly of dark gray, bioturbated, massive mud-
stone, grading into muddy sandstones in the upper part. The
mudstones are intercalated with two felsic volcaniclastic units, in
the lower and middle parts, respectively. The lower unit includes
abundant Inoceramus uwajimensis, and is used as a stratigraphic
marker.

This formation contains abundant calcareous concretions, in-
cluding macrofossils such as ammonoids and inoceramids. Micro-
fossils are also abundant throughout the sequence. Macro- and
microfossil data indicate that this formation is correlated to the
Upper Turonian to the Campanian. The benthic foraminiferal as-
semblages indicate the upper part of the upper bathyal environ-
ment with medium- to relatively high-oxygen levels (Kaiho et al.,
1993).

8. Haborogawa Formation (Thickness: 1,750-2,250 m)

This formation is the contemporaneous, shallower facies of
the Kashima Formation, and distributed in the western side of the
Yezo Group (Mikasa and Tomamae areas). It consists of
coarsening-upwards sequences, ranging form bioturbated sandy
mudstone to sandstone with intercalations of two felsic volcani-
clastic units, which are observable in the Saku Formation.

This formation contains abundant fossils as well as the Ka-
shima Formation. The sedimentological features indicate that this
formation was deposited on outer shelf through inner shelf to
lower shoreface environments (Toshimitsu, 1985; Wani, 2003).

9. Hakobuchi Formation (Thickness: several tens to 450 m)

The general stratigraphic relationship between the Hakobu-
chi and the underlying Kashima or Haborogawa formations is
conformable. However, in the northwestern limb of the Sorachi
Anticline, northwestern Mikasa area, unconformable relationship
is recognized. The formation is unconformably capped by late Eo-
cene, non-marine and shallow-marine sediments of the Ishikari
and Poronai groups, or by younger Neogene deposits.

As the deposits of the Hakobuchi Formation form compli-
cated stacking patterns of the third- and fourth-order depositional
sequences (DSs), the lithology varies depending on areas and hori-
zons (Ando, 2003). They mainly consists of coarsening-upwards
facies successions, a few tens to 100 m thick, of bioturbated sandy
mudstone to HCS/TCS sandstone.
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Although a few macrofossils, such as Sphenoceramus
schmidti, S. hetonaianus, and Inoceramus shikotanensis, occur in
this formation (Ando, 1997; Ando et al., 2001), there are no age-
diagnostic species. The planktonic foraminifers Globotruncana
rugosa and Subbotina triloculinoides occur in the lower and up-
per parts of this formation, respectively. The former is assigned to
the Campanian (Robaszynski et al., 1984), and the latter is of Pa-
leocene age (Yasuda, 1986). The Cretaceous/Paleogene boundary
sequence has not been detected in the Hakobuchi Formation.

Ammonoid biostratigraphy
(main text modified after Hirano et al., 2001)

As the Yezo Group yields abundant well-preserved macrofos-
sils, numerous ammonoid and inoceramid species have been de-
scribed from this group by previous authors (e.g., Yokoyama,
1890; Jimbo, 1892; Yabe, 1903, 1904; Nagao and Matsumoto,
1939, 1940; see Matsumoto, 1975) and, based on these ammo-
noids and inoceramids, a number of biostratigraphic schemes for
the Cretaceous System in Hokkaido has been proposed (e.g., Mat-
sumoto, 1942, 1943, 1954, 1959, 1977; Toshimitsu et al., 1995)
(Fig. 3).

Faunas of this group differ widely from those of the strato-
types of the Cretaceous stages. In Hokkaido and Sakhalin, it is
generally considered that the ammonoid fauna is characteristic of
the North Pacific bio-province, and differs from those of the Te-
thyan and Boreal provinces, during the post-Albian. The Japanese
faunas are composed mainly of endemic species of the planispiral
Gaudryceratidae, Tetragonitidae and Desmoceratidae and, the het-
eromorphic Nostoceratidae, Diplomoceratidae, Scaphitidae and
Baculitidae. On the other hand, the cosmopolitan Acanthocerati-
dae, Collignoniceratidae and Vascoceratidae entered episodically
into the Yezo forearc basin during the Cenomanian to Coniacian
time. The latter families encompass short-range species defining
the stage and substage boundaries of the Tethyan stratotypes. The
post-Coniacian faunas have few cosmopolitan species in Japan.

1. The Albian stage

The Albian of Hokkaido is not so prolific in ammonoids for
establishing zonation. Some cosmopolitan species, however, are
obtained in several sections and helpful for inter-regional correla-
tion as below: lower Albian; Douvilleiceras mammillatum, Am-
monocerataites sp., middle Albian; Lyelliceras lyelli, upper
Albian; Dipoloceras pseudaon, Hysteroceras orbigni, Mor-
toniceras (Mortoniceras) rostratum, M. (Dumovarites) subquad-

ratum, Desmoceras latidorsatum.

2. The Cenomanian stage

The continuous occurrence of Desmoceras japonicum, a
North Pacific-type ammonoid, characterizes the Cenomanian
strata in Hokkaido. The endemic inoceramids such as Inoceramus

ginterensis, 1. pennatulus, Actinoceramus nipponicus occur com-

monly in the middle to late Cenomanian. Toshimitsu et al. (1995)
divided the Cenomanian of the Yezo Group into seven ammonoid
zones and six inoceramid zones.

The base of the Middle Cenomanian in the world is defined
by the first occurrence (FO) of Cunningtoniceras above the Man-
telliceras beds (Rawson et al., 1996). In Japan, the Cunning-
toniceras takahashii Zone is established in the lower Middle
Cenomanian.

The basal criterion of the Upper Cenomanian substage is
controversial. The subcommission on Cretaceous Stratigraphy did
not propose a boundary criterion (Rawson et al., 1996). Juignet
and Kennedy (1976) proposed the Eucalycoceras pentagonum
Zone for the Upper Cenomanian in France. In Japan, Eucalyco-
ceras pentagonum is used as a zonal index above the Calycoceras
asiaticum Zone of the upper Middle Cenomanian. The Euompha-
loceras septemseriatum Zone is located in the uppermost part of
the Cenomanian, and Inoceramus nodai, an endemic inoceramid,

marks the highest Cenomanian in the Japanese stratigraphic scale.

3. The Turonian stage

Ammonoids and inoceramids of the Turonian sequence are
highly diversified (Fig. 3); the Turonian succession of the Yezo
Group is divided into six ammonoid zones and five inoceramid
zones.

The lower Turonian of the Yezo Group is directly correlative
with the stratotype by the following pandemic species: Vasco-
ceras durandi, Fagesia thevestensis, Neoptychites cephalotus,
Mammites aff. nodosoides, Mpytiloides columbianus and M.
mytiloides. The endemic Inoceramus kamuy characterizes the
lower Turonian in Hokkaido.

The Lower-Middle Turonian boundary of Hokkaido is
placed at the base of the Collignoniceras woollgari Zone in ac-
cord with worldwide usage. The criterion of the Middle-Upper Tu-
ronian boundary presents the FO of Subprionocyclus neptuni in
the Boreal realm, of Romaniceras deverianum in the Tethys
realm, or of Inoceramus perplexus (Wiese, 1999; Wiese and
Kaplan, 2001). In Japan, this substage boundary is placed at the
FO of S. neptuni, above the R. deverianum Zone.

4. The Coniacian Stage

The mondial substage division of the Coniacian has been
conventionally defined by collignonicertid ammonoids, although
the internationally used ammonoids are rare and, moreover in-
clude an endemic species. Three ammonoid zones are proposed
for Japan at present: the Forresteria petrocoriensis Zone of the
Lower Coniacian, the Forresteria alluaudi Zone of the Middle Co-
niacian and the Paratexanites orientalis Zone of the Upper
Coniacian.

5. The Santonian Stage

Cosmopolitan ammonoid and inoceramid marker species are
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few in the Yezo Group for the Santonian. A threefold division is
accepted for the Santonian in the world (see Rawson et al., 1996);
however, it is impossible to divide the Yezo Group into these sub-
stages by using mega-fossils. The Santonian stage of this group is
divided into the Texanites (Texanites) collignoni Zone below and
the Plesiotexanites kawasakii-Plesiotexanites pacificus Zone
above.

6. The Campanian Stage

Cosmopolitan marker species of ammonoids and inocera-
mids are few in the northwest Pacific region during the Cam-
panian age. The subcommission on Cretaceous Stratigraphy has
not made any formal proposal concerning definitions of the base
of the substages of the Campanian stage (see Rawson et al.,
1996). Regarding ammonoids, the Anapachydiscus naumanni, Ca-
nadoceras kossmati and Metaplacenticeras subtilistriatum zones

are established in ascending order in Japan.

7. The Maastrichtian Stage

Cosmopolitan age-diagnostic species of megafossil are few
in the Maastrichtian of the North Pacific region. The extinction of
the majority of the inoceramids is a ground of the two-substage
subdivision of the Maastrichtian stage (Rawson et al., 1996). The
genus Pachydiscus is useful for biozones in the North Pacific re-
gion according to studies on the Yezo Group of Sakhalin Island,
Russia (Maeda and Shigeta, 1998). The lowest P. japonicum Zone
and the second lowest P. flexuosus Zone are placed in the lower
part in association with inoceramids. The highest P. subcompres-

sus Zone lies in the upper part after the inoceramid extinction.

Temporal changes of ammonoid assemblages

Toshimitsu and Hirano (2000) surveyed records of all Creta-
ceous ammonoid species from Japan, and reported 49 families,
281 genera, and 790 species from the Japanese Cretaceous Sys-
tem with details of their stratigraphic distribution, and a
bibliography. Moreover, Toshimitsu et al. (2003) discussed rela-
tionship between species diversity changes of the Japanese ammo-
noids and marine environmental changes during the Cretaceous
(Fig. 3).

The species diversity of Japanese Cretaceous ammonoids
reached maximum during the Late Albian (89 species), and then
decreased gradually until the Late Cenomanian. The diversity of
the Late Cenomanian was 9 species (extinction rate; 0.58, origina-
tion rate; 0.17; Toshimitsu et al., 2003). The timing of the mini-
mum diversity is concordant with that of the Oceanic Anoxic
Event 2 (OAE2).

The Cenomanian-Turonian transition in Hokkaido is best ex-
posed along the Hakkin-zawa River of the Oyubari area, central
Hokkaido (Fig. 4). An ammonoid diversity decreased 0.5 to 0.9
m.y. prior to the Cenomanian/Turonian boundary (CTB) (extinc-
tion interval), reached a minimum just after the CTB (survival in-

terval), and recovered 0.2 to 0.5 m.y. after the CTB (recovery
interval), based on micro- and macrofossil biostratigraphy and car-
bon isotope chemostratigraphy (Kurihara and Kawabe, 2003)
(Fig. 4). The timing of the extinction-recovery phases in Hok-
kaido is almost coincident with that in the U.S. Western Interior
Province. Moreover, weakly laminated mudstone facies, suggest-
ing dysoxic condition, is predominant in the extinction interval in
Hokkaido. This fact suggests that ammonoid faunas in Hokkaido
were affected by the OAE2, which expanded oxygen-depleted wa-
ter, as well as those in the Western Interior. There, however, are
some discrepancies in the extinction patterns of ammonoids be-
tween Hokkaido and the Western Interior (Kurihara and Kawabe,
2003). In the Western Interior, nekto-benthic ammonoids of acan-
thoceratids disappeared earlier than planktonic heteromorph am-
monoids such as Sciponoceras and Allocrioceras in the extinction
interval (Batt, 1993). By contrast, the nekto-benthic desmocer-
atids also appeared in the later part of the extinction interval in
Hokkaido. This inconsistency presumably resulted from different
expansion processes for oxygen-depleted water in an open ocean
setting (Hokkaido) and a restricted seaway (Western Interior).

The ammonoid species diversity increased from the Turonian
through the Santonian, except for the Early and Late Coniacian.
Some long-ranging species never occur in the Coniacian interval
(Toshimitsu et al., 2003), and dysoxic environments regionally ex-
panded in the Yezo forearc basin (Hayakawa, 1992; Kurihara and
Hirano, 2003). It seems that theses species avoided the dysoxic to
anoxic water mass in the basin during Coniacian.

The diversity gradually decreased after the Santonian (Fig.
3). This trend is inconsistent with the global trend of ammonoid

families shown by House (1989).

Lateral changes of ammonoid assemblages

Since the Yezo Group shows conspicuous facies changes
from the coast and inner shelf, through the outer shelf and the
slope, to the abyssal plain, it enables to carry out synecological
studies of Cretaceous ammonoids (e.g., Tanabe et al., 1978; Tana-
be, 1979; Matsumoto et al., 1981; Futakami, 1982; Kawabe,
2003; Wani, 2003).

Kawabe (2003) attempted to compare ammonoid assem-
blages with lithofacies in the Albian-Cenomanian successions. He
records occurrences of the ammonoid assemblages as follows
(Fig. 5A): (1) Desmoceras (Desmoceratidae) is widespread and
predominates in faunas regardless of lithofacies: (2) Gaudrycerati-
dae is the second-most abundant group in all lithofacies; (3) the
abundance of Zelandites (Gaudryceratidae) specimens decreases
offshore; and (4) other groups (e.g. Kossmaticeratidae, Acantho-
ceratidae) are uncommon in all lithofacies.

Desmoceras, the most abundant taxon, is characterized by an
involute shell with subquadrate or oval whorl sections, and lacks
ornamentation other than sigmoid constrictions and very fine
striae on its outer surface. Both the depressed and compressed
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Fig. 8. A photograph of the outcrop (Stop 1), exposed above the
shelter covering the prefectural road, Ikushumbetsu.

We will leave there at 1:00 PM.

1:30 PM. Arrive at Stop 3. We will observe the Coniacian-
Santonian offshore facies of the Yezo Group (Kashima Forma-
tion), and collect ammonites and inoceramids. We will have two
hours to collect fossils, and leave by 4:00 PM.

5:30 PM. Arrive at Sapporo.

2. Description of field stops

Stop I (Outcrop along the prefectural road in the Tkushumbetsu
area; the Cenomanian-Turonian shallow water facies of the
Mikasa Formation)

The Mikasa Formation is well exposed about 800 m long
along the large outcrops above a shelter covering the prefectural
road from Ikushumbetsu to the Katsurazawa Dam (Fig. 8). This
stop is located in the eastern part of the Ikushumbetsu Anticline
(Fig. 7) and the type locality of the Mikasa Formation (Matsumo-
to, 1951). Age-diagnostic acanthoceratids occur, and then this lo-
cality is a Japanese reference section of lower Cenomanian to
middle Turonian biostratigraphy (Fig. 9; Matsumoto 1965; Matsu-
moto et al., 1991).

The Mikasa Formation in this area ranges from the lower Ce-
nomanian to the middle Turonian, and represents two coarsening-
upward successions assigned as third-order depositional se-
quences (Ando, 1997). In this field trip, we try to collect ammo-
noids from three major fossil horizons (Figs. 10).

Horizon 1 is correlated to the Lower Cenomanian by occur-
rence of Mantelliceras, and consists of alternating beds of fine-
grained sandstone (beds 10-30 cm thick) and massive muddy
sandstone to sandy mudstone (beds 20-100 cm thick) (Fig. 2). The
sandstone beds contain hummocky cross-stratification (HCS) and
current ripples. The massive muddy sandstone and/or sandy mud-
stone beds were influenced by intense bioturbation, and the trace
fossils Ophiomorpha isp., Zoophycos isp., and Thalassinoides isp.
are present. The frequent HCS sandstone beds suggest a storm-

dominated sea floor in an inner shelf setting, while the mudstone

beds were deposited from suspension during fair-weather periods.
Ammonoids occur in the massive muddy sandstone intervals, with
large quantities of shallow-marine bivalves such as Pterotrigonia
sp., Pseudoptera acuticarinata (Nagao), Pinna saitoi Nagao and
Thetis japonica (Yabe & Nagao), and gastropods such as Semiso-
larium sp. and Margarites sp. In the ammonoid assemblage, Des-
moceras (60-75 % of the faunal spectrum within ammonoids) and
Zelandites predominate.

Horizon 2 is correlated to the Middle Cenomanian by occur-
rence of Calycoceras, and consists of the muddy sandstone inter-
calated by a few discrete sandstone beds with cross- and parallel
laminae. Bioturbation and mottling are common. This intensely bi-
oturbated, muddy sandstone implies active behavior of benthic or-
ganisms during a physically stable interval. Burrowing destroyed
storm-generated sedimentary structures, and the relict laminae
seem to form a discrete hummocky sequence. The bivalve Thetis
Jjaponica and ammonoids Calycoceras and Desmoceras occur in
the muddy sandstone. The depositional environment of this hori-
zon is interpreted as having been the distal part of an inner shelf.

Horizon 3 is correlated to the Upper Cenomanian by occur-
rences of Eucalycoceras pentagonum, Calycoceras aff. navicu-
lare, Euomphaloceras septemseriatum. and Pseudocalycoceras
dentonense, and is characterized by monotonous mudstone that
lacks laminations and contains rare intercalations of sandstone.
The bivalve Entholium sp. and inoceramids are abundant, but am-
monoids are rare. The depositional environment is considered to

have been the distal part of the outer shelf.

Stop 2 (Mikasa City Museum: Excellent ammonoid collection)

Mikasa City is rich in nature and materials (e.g., coals, fos-
sils) in spite of a short distance from main cities of Hokkaido
(Sapporo, Chitose cities). Now the city only has a population of
about 12,000, whereas it had over 60,000, and flourished as a
coalmine city in 1950s. The Mikasa City Museum was established
in July 1979 to respect the nature, culture and industry of the city.

This museum is known as “Museum of Fossils”, and the
most famous museum in Japan for the richness of excellent ammo-
noid collections. Over 800 ammonoid specimens (over 100 speci-
es), including heteromorphs such as Nipponites, are displayed in
the museum. The holotypes of 11 ammonoid species are housed.
The highlight of exhibition in this museum is a display of numer-
ous gigantic ammonoids (Fig. 11). Visitors can touch these ammo-
noids and imagine the ancient ocean of the Cretaceous world.
Specimens were obtained from various horizons and areas in Hok-
kaido, and were donated to the museum by several ammonoid col-
lectors living around the city. A mosasaurid skull, discovered
from Mikasa, is assigned as a natural monument of Japan. Other
associated fossils, such as mosasaurids, elasmosaurids, bivalves,
gastropods, echinoids, crinoids, fish bones and shark teeth, are
also displayed.
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Explanation of Plates

Plate 1. Selected ammonoids from the Cenomanian in the Yezo Group. All specimens are housed in the Mikasa City Museum. We will
collect such ammonoids in the lower part of the Mikasa Formation (lower to middle Cenomanian) in the Mikasa area (Stop 1 of
the Field Tnp #1).

Fig. 1. Desmoceras (Pseudouhligella) japonicum Yabe, MCM.A.1086, x 1.0.

Fig. 2. Median cross section of D. (P.) japonicum Yabe, our own sample, x 0.75.

Fig. 3. Mikasaites orbicularis Matsumoto, MCM.A.567, x 1.0.

Fig. 4. Hypoturrilites sp., MCM.T.232, x 1.0.

Fig. 5. Turrilites costatus Lamarck, MCM.A.494, x 1.0.

Fig. 6. Zelandites inflatus Matsumoto, MCM.A. 1048, x 1.0.

Fig. 7. Mantelliceras japonicum Matsumoto, Muramoto & Takahashi, MCM.A.665, x 0.8.

Plate 2. Selected ammonoids from the Turonian in the Yezo Group. All specimens are housed in the Mikasa City Museum. We will
collect such ammonoids in the Sakugawa and Saku formations in the Teshionakagawa area (Stop 2-2 of the Field Trip #2).

Fig. 1. Scalarites scalaris (Yabe), MCM.A.1043, x 0.75.

Fig. 2. Gaudryceras denseplicatum (Jimbo), MCM.A 1065, Obira town, x 0.75.
Fig. 3. Nipponites mirabilis Yabe, MCM.A 435, x 1.0.

Fig. 4. Scaphites sp., our own sample, x 1.0.

Fig. 5. Eubostrychoceras muramotoi Mastumoto, MCM.A 978, x 1.0.

Fig. 6. Eubostrychoceras japonicum (Yabe), MCM.A.1042, x 0.75.

Plate 3. Selected ammonoids from the Coniacian in the Yezo Group. All specimens are housed in the Mikasa City Museum. We will

collect such ammonoids in the Kashima Formation in the Oyubari area (Stop 3 of the Field Trip #1).

Fig. 1. Anagaudryceras limatum (Yabe), MCM.K.50, x 0.75.

Fig. 2. Forresteria (Forresteria) muramotoi Matsumoto, MCM.K.55, x 1.0.

Fig. 3. Damesites sugata (Forbs), MCM.A.986, x 1.0.

Fig. 4. Hypophylloceras (Neophylloceras) subramosum (Spath), MCM.A.965, x 0.75.
Fig. 5. Mesopuzosia yubarensis (Jimbo), MCM.A. 1106, x 0.75.

Plate 4. Selected ammonoids from the Coniacian through the Santonian in the Yezo Group. All specimens are housed in the Mikasa
City Museum. We will collect such ammonoids in the Kashima Formation in the Oyubari area (Stop 3 of the Field Stop #1).

Fig. 1. Plesiotexanites kawasakii (Kawada), MCM.A.1103, x 1.0.
Fig. 2. Polyptychoceras sp., MCM.A 876, x 1.0.

Fig. 3. Eupachydiscus haradai (Jimbo), MCM.A.1054, x 1.0.
Fig. 4. Tetragonites glabrus (Jimbo), MCM.A.1110, x 1.0.

Fig. 5. Menuites japonicum Matsumoto, MCM.K.10, x 1.0.

Plate 5. Selected inoceramids from the Upper Cretaceous (Turonian-Santonian) in the Yezo Group. All specimens are housed in the
Mikasa City Museum. We will collect such inoceramids as many as ammonoids in the Field Trip.

Fig. 1. Inoceramus (Inoceramus) hobetsensis Nagao and Matsumoto, MCM.A 599, x 0.75.
Fig. 2. Inoceramus (Inoceramus) teshioensis Nagao and Matsumoto, MCM.A 250, x 1.0.
Fig. 3. Inoceramus (Cremnoceramus) rotundatus Fiege, MCM.T.148-3.

Fig. 4. Inoceramus (Platryceramus) amakusensis Mastumoto, x 0.5.

Fig. 5. Inoceramus (Inoceramus) uwajimensis Yehara, MCM.A.502, x 1.0.
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Introduction

This trip will emphasize collecting beautiful aragonitic am-
monoids and inoceramid bivalves from the Yezo Supergroup in
the Teshionakagawa area, northern Hokkaido. Japan. We will also
visit the Campanian methane-seep locality associating with a che-
mosynthetic fossil community in the Teshionakagawa area, and
the Nakagawa Museum of Natural History at which excellent
specimens of Cretaceous ammonoids, inoceramids and marine
reptile (plesiosaurs etc.) skeletons from the region are exhibited.

The Yezo Supergroup, deposited in the Cretaceous to Paleo-
cene Yezo forearc basin in the Northwestern Pacific margin (Oka-
da, 1983), is extensively distributed in a north-to-south belt in
central Hokkaido, the northemmost Japanese island (see index
map in Fig. 2), and in Sakhalin, Far East Russia. This supergroup
is divided into the Lower Yezo, Middle Yezo, Upper Yezo and
Hakobuchi groups, toward the top of the sequence, and is widely
exposed in the Teshionakagawa area of northern Hokkaido, where
it contains a variety of abundant, well-preserved megafossils, espe-
cially ammonoids, inoceramids and other molluskan fossils. A
number of biostratigraphic and paleobiological studies (e.g., Ma
tsumoto, 1942, 1943; Hirano, 1978; Tanabe, 1979; Takashima et
al., 2004) have focused on this supergroup since the last century
(see summary in Kimura et al., 1991).

Several workers (e.g., Ijima and Shinada, 1952; Osanai et al.,
1960; Nagao 1962, Hashimoto et al., 1967; Okamura, 1977) have

reported the litho- and biostratigraphy of the Teshionakagawa
area, after the pioneering investigation by Matsumoto (1942).
More recently. Takahashi et al. (2003) detailed the litho- and bios-
tratigraphy of this supergroup (excluding the Lower Yezo Group)
in the Teshionakagawa area. They also demonstrated that ammo-
noids and inoceramids are abundant in the Middle Yezo (part), Up-
per Yezo, and Hakobuchi groups. with showing biostratigraphic
data and faunal lists. The present paper is based mainly on Taka-
hashi et al. (2003). During the field excursion, we will observe Up-
per Cretaceous biofacies changes in the Teshionakagawa area and
collect well-preserved ammonoids and inoceramids, which some-

times display aragonitic preservation.

The daily schedule

In this trip, we will observe the Campanian Osoushinai For-
mation exposed in the Nio River, the Abeshinai River and its tribu-
taries, and collect well-preserved megafossils including
ammonoids. Localities of observed points are indicated in Figs. |
and 2. The Osoushinai Formation is composed mainly of biotur-
bated sandy mudstone, showing a coarsening-upward succession.
This formation is the most fossiliferous sequence in the Yezo Su-
pergroup in the Teshionakagawa area, and cephalopod fossils are
especially abundant and diverse among the megafauna. They oc-
cur both in calcareous concretions and host rocks, and occasion-
shell

microstructure. Tanabe et al. (2006) recently described a teutid co-

ally retain original aragonitic shell mineralogy and
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Fig. 4. Map showing Stop 2-1 on Day 2. Topograohic map is a part of 1:25,000 map sheet ‘Teshionakagawa’ published by the

Geographical Survey Institute of Japan.

Fig. 5. Map showing Stop 1-1 on Day 1 and Stop 2-2 on Day 2. Topographic map is a part of 1:25,000 map sheet ‘Saku’ published by the

Geographical Survey Institute of Japan.

km south of the hotel. We will arrive there at about 9:15 a. m.
Stop 3-1: Tannosawa Creek to Abeshinai River: Lower
Campanian ammonoids from the middle to upper parts of the
Osoushinai Formation.

The middle and upper parts of the Osoushinai Formation con-
sisting mainly of bioturbated sandy mudstone are exposed at this
stop (Figs. 7-9).

We will first observe several outcrops along the Tannosawa
Creek (Fig. 7). The holotype of Teshivites ryugasensis Matsumoto
(PI. 2-6) was found from the creek. We can collect beautiful am-
monoids having pearlescence, such as Eupachydiscus (Pl. 3-3), Yo-
1-5, 6, 8),
Tetragonites (Pl. 1-3, 4), and Canadoceras (Pl. 2-8). Several spe-

koyamaoceras (Pl. 2-1, 2), Gaudrvceras (Pl

cies of an inoceramid genus Sphenoceramus (Pl. 9) occur abun-

dantly in both concretions and surrounding sandy mudstone. We
can also collect well-preserved Sphenoceramus schmidti in sandy
mudstone in the upper part of the formatin exposed along the
creek.

Next, we will go down the creek, and collect ammonoids at
the large outcrop exposed near the junction of the Tannosawa
Creek and the Abeshinai River. We can see gigantic concretions in
the riverbanks and cliffs along the river. The holotype of Menuites
Jjaponica Matsumoto (Pl. 6-4) was found from this outcrop. We
can also collect beautiful ammonoids such as Eupachydiscus (Pl.
3-3), Gaudryceras (Pl. 2-1, 2), Polyptychoceras (Pl. 4-4, 5. 7),
Hauericeras (Pl. 3-2), and Baculites (Pl. 4-6).

At about 11:30 a. m., we will leave this stop and go to the

next stop.
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Fig. 6. Photos of outcrops and fossils in the Teshionakagawa area.
1. A Photo of the Nio River (Stop 2-1), 2. Offshore mudstone facies of the Osoushinai Formation. Fossiliferous concretions are often

included in this facies, 3. An excellently preserved ammonoid (Gaudryceras) showing the hollow preservation of the phragmocone
in which no secondary grown of calcite crystals developed. Such ammonoids are rare in occurrence. 4. Photos of the Gakkousawa
River (Stop 2-2). 5. Turbidite facies of the Turonian Saku Formation at the type locality. 6. Modes of occurrence of heteromorph

ammonoids and sunken wood in a sandy concretion embedded in the Saku Formation. Arrowheads point to ammonoids.
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Fig. 9. Photos showing the outcrrops and the modes of occurrence of ammonoids in the Osoushinai Formation.
1. Outcrop of muddy turbidite exposed at the junction of the Osoushinai River and the Abeshinai River (Stop 3-2). 2. Large outcrop
of bioturbated mudstone at the junction of the Tannnosawa Creek and the Abeshinai River (Stop 3-1). 3 Mode of occurrence of
Eupachydiscus in the mudstone. 4. Yokovamaoceras ishikawai in a calcareous concretion, 5, 6. Gigantic ammonoid Menuites fasci-

costatus embedded in the mudstone (5) and the lateral view of the excavated ammonoid (6).
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intercalated acidic tuff beds. Calcite veins (<15 cm in thickness)
and their concentrations are common, especially in the lower part
of the formation.

Fossils: This formation contains 15 ammonoid species and
10 inoceramid species (Fig. 14). Its lower part rarely yields me-
gafossils; although the abundance and diversity of the species is
low in this lower part, Gabbioceras mikasaense Shigeta, Cunning-
toniceras takahashii (Matsumoto) and other species are present.
Species diversity and abundance gradually increase upsection.
The middle to upper parts of this formation contain abundant me-
gafossils, so, species diversity and fossil abundance in this forma-
tion are nearly as high as those in the higher Osoushinai
Formation (Upper Yezo Group). Fossils occur both in concretions
and host rocks (mudstone), though they are more abundant in
concretions. Inoceramus pennatulus Pergament and 1. ginterensis
Pergament are the main species in host rocks, whereas Desmo-
ceras (Pseudouhligella) japonicum Yabe, D. (P.) ezoanum Matsu-
moto and Actinoceramus nipponicus (Nagao and Matsumoto)

occur abundantly in concretions.

(3) Saku Formation (Sk)

Thickness: 540-630 m.

Descriptions: The Saku Formation conformably overlies the
Sakugawa Formation (Matsumoto, 1942; Okamura, 1977), and
comprises conglomerates and alternating beds of turbidite sand-
stone and mudstone. This formation is divided into three mem-
bers, namely the Chirashinai Sandstone Member (Ch), the Kyowa
Mudstone Member (Kw) and the Sakubashi Alternating beds of
sandstone and mudstone Member (Sb), in ascending order (Taka-
hashi et al., 2003; Fig. 12).

Fossils: This formation yields 14 ammonoid species and six
inoceramid species (Fig. 14). Concretions within the Kyowa Mud-
stone Member and the Sakubashi Member yield many hetero-
morph ammonoids, such as macro- and microconchs of Yezoites
puerculus (Jimbo) (= Scaphites planus (Yabe) and Otoscaphites
puerculus (Jimbo) in Fig. 14) (Pl. 7-3, 4) and Nipponites bacchus
Matsumoto and Muramoto. Host rocks of other horizons often
contain /noceramus hobetsensis Nagao and Matsumoto (Pl. 8-7)

and /. teshioensis Nagao and Matsumoto (Pl. 8-6), whose valves

are sometimes articulated. The sandstones of the Sb member
contain Ostrea (loc. N10002, N15001, Fig. 13). Hayakawa (1998)
described a peculiar-shaped bivalve Konbostrea konbo Hayasaka
and Hayasaka at loc. N10001l (Fig. 13). The weathered coarse-
grained brown sandstones in the Sb Member along the Shimizu-
sawa River (loc. N28303) contain abundant bivalves and echi-
noids, whose surfaces are worn away. Gravels in the channel-fill
deposits include ammonoids and inoceramids, some of which are
characteristic of the Upper Cenomanian stage (Takahashi and Mit-
sugi, 2002) and are therefore regarded as reworked concretions.

(3)-a. Chirashinai Sandstone Member (Ch)

Thickness: Approximately 190 m.

Descriptions: The boundary between this member and the
underlying Sakugawa Formation is not exposed in the study area,
but Matsumoto (1942) and Okamura (1977) documented that this
member conformably overlies the Sakugawa Formation. This
member consists mainly of alternating beds of turbidite sandstone
and mudstone. The sandstone beds are turbiditic, with Tb-e, Ta, c-
e divisions. Slump structures have developed in the strata exposed
along the Shibunnai River. Thick sandstone and conglomerate
beds occur at 100-120 m above the base of this member. These
beds underlie coarsening-upward mudstone, which is covered by
thick sandstones and conglomerates. The upper part of this mem-
ber is an intercalation of intraformational clast-supported con-
glomerates with a thickness of 10-40 cm. Gravels are mainly
composed of clastic rocks, such as mudstone, that have a maxi-
mum diameter in 7-8 cm. The uppermost part of this member con-
sists of alternating beds of sandstone and mudstone. Sandstones
sometimes include dense prismatic inoceramid shell fragments,
and often contain glauconite and coaly fragments. The grain size
fines southward, along the Shibunnai River.

(3)-b. Kyowa Mudstone Member (Kw)

Thickness: Approximately 190 m.

Descriptions: This member is continuously exposed along
the Shibunnai River and consists of mudstones or mudstone-domi-
nant turbidites. Along the Shibunnai River, the lower and middle

parts mainly consist of weakly laminated siltstones, whereas the

« Fig. 11. Columnar sections of the Cretaceous deposits in the Teshionakagawa area (after Takahashi et al., 2003; reproduction permitted

by the Geological Society of Japan). Identification numbers for localities, at which molluscan species were collected, are shown.

Refer to Fig. 13 for locality numbers. The prefix N for each locality number is omitted. 1: Wakkawenbetsu River, 2,3: Shibunnai

River, 4a: Osoushinai River, 4b: Osoushinai Forestry Road, 5,6,9,11,12: Abeshinai River, 7: Miginosawa River, 8: Shimaroppu
River, 10a,16a: Chirashinai River, 10b,16b: Chirashinai Forestry Road, 13: Shimasankenai River, 14a: Tannosawa Creek, 14b:
Tannosawa Forestry Road, 15: Neowennai River, 17,19: Teshio River, 18: Tenmaku River, 20: Rubeshibe River. Legend A:
bioturbation, B: laminae, C: mudstone, D: tuff, E: sandy mudstone, F: mudstone with thin sandstone beds, G: muddy sandstone, H:

alternating beds of sandstone and mudstone (mdst>sst), I: alternating beds of sandstone and mudstone (mdst=sst), J: alternating beds

of sandstone and mudstone (mdst<sst), K: sandstone, L: conglomerate, M: slump, N: uncomformity, O: fault
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Fig. 12. Comparison of lithostratigraphic divisions proposed by previous researchers in the Teshionakagawa area (after Takahashi et al.,

2003; reproduction permitted by the Geological Society of Japan).

upper part exhibits thickening-upward, alternating beds of turbid-
ite sandstone and mudstone (mudstone-dominant). Sandstones
predominantly display parallel lamination, cross-lamination, and
convolution. The grain size of this member northward along the
Chirashianai River is greater than that at the type section (the
Shibunnai River section). Along the Chirashinai River, this mem-
ber consists of mudstone with thin sandstone beds or mudstone-

dominant alternating beds.

(3)-c. Sakubashi Alternating beds of sandstone and mudstone
Member (Sb)

Thickness: 190-280 m.

Descriptions: The lower part is composed of medium- to
coarse-grained sandstones with rip-up mudstone clasts, and partly
contains intercalations of conglomerate (about 5 m in thickness)
and alternating beds of sandy siltstone and fine-grained sandstone.
Conglomerates are mainly matrix-supported and contain angular
or subangular gravel. Channel-levee complexes and channels

filled by conglomerates and sandstones are observed along the
Shibunnai Forestry Road (loc. N28203; Fig. 13). The channel-
levee complexes have a width ranging from a few meters up to
about 20 m, and the depth varies from a few meters to about 10 m.
They are covered by sandstone-dominant altemating beds of sand-
stone and mudstone. Cross-lamination and climbing-ripples are
clearly developed in the sandstones.

The middle to upper part of this member comprises alternat-
ing beds of turbidite sandstone and mudstone that exhibit slump
structures. Parallel-lamination is common in the mudstones,
whereas parallel- and cross-laminations are common in the
sandstones. Thalassinoides isp., which displays ramifications, is
sometimes present on the base of the sandstones. At a locality
(N28303; Fig. 13) along the lower reaches of the Shimizusawa
River, this member contains medium- to coarse-grained sandston-
es, which are weathered brown and yield bivalves and echinoids.

2. Upper Yezo Group




Biostratigraphy of the Upper Cretaceous in the Teshionakagawa area

37

N10001 — — — —f
N Saku Bridge/ N
N20201
s
N20001 203
a0y L 205, mo?oa 0?5 07 0o
005~ N | A | |
Nishichirashinai Forestry Road - ” -0 \ L !
S~ o
~ //22291 — LA
o~ --213 N —
E-T - Teshio River
Z217 350 N10602_H
2197 7307
2, N10701
-~ 309 ,{ ~N10301
- { e
1303 W poq N5 ~
N20301 S~ . ) .
- S T Kimuchiyashunai River
T 225N
~Ter o
- 005
~ZThae o -
g a1 g - 009
Parakionai River \" = _——
—o2r  NF———— 011
\ .. AN ~T_.o2z3 2o hirashinai River
N 77 Rubeshibe River \ 93! \§{- — o005 s ‘aShT"_j:m
053 N 4019 \ N — o1 ™7 T
Neowennai River \ e g —— T —ou ; :
050 055"\ 0ag FER~ 0127 513 509 ?os, N20501 S 208 Kotakinosawa River
8 N F
~ NN \03u 517 ~ - \ \§\ 15601 <018 213 405407 413 4/17
061~ >~ AN N S oS i ~ 205 209 15400 | 409 —
‘ (Bt P! N o3 N20801 609, - ~=-m7,‘ 207 /211029 \ | ] 419
- Lo sy ‘ SV ~
/// JER \ 047 515 2, asukawa | __&())3 3013530 {7 \\\ L™
. ; -605¢4- — - -
o7, 05711: 057 ~—035 -6, 01'9/ , NS~ 403 am 7/ o7
069 1063 )  N24001 P~~~ 037 17— — 0 165, 021 ,/ / /,0430“949 Y
s 003 617 We1d p 023 ;1 A -~ 059
OE! 1513 / 031 7,/ / {. o
011 \ 06 / « 025 027 [
’ 015 \ N20601 409 y / / / N
079 gy O a5 P s N E YN 309 3] / AN
023 P ! / 0a1 v
.‘ \I Poy \ o NIQHOT 40| 31 N 03/ / 04/5 oA R SRS
A NG \513 \x N b 1 037039 ///507/ | 03 50
A (009 519 | Wl [ 8037 T el
013 \ . s 4 S=x
\ i N 1 L =515
[ ] lozl 019  621- -2 Yo ) 3 1901 51} -7 St~
oxd 0310 ol s29- A \\em o o4 VR v\\ Wakkawenchiraiotsunai River 19~ 523~ == 57 517
Tenmaku River==1* AR \ At e 58
PRGIRL 2 407 ! VY 541
1 &0 | o17 9% 04n Furawennai River o 3(;57 2" 531/,
j )
Shimasankenai River 625 051 s
053 \ \’ on oS e g
¢ 049 K
annosaya Creek 087, o //()“Shumaro R 047 M\ \” - o 533540 530 o4 ,’
Ko s 8 /i 59 00 ppu River G\ N9 27 Omoshiruchiraiotsunai River
04Ty S — ars § 1003 N QU g 059/ Y %
041 on on( on” PSSy °_°5 AN BN o
0395371778 s =093 077 /O 6/ LN ~~f —
v Nzs0O1 101 099 \ o75 Abeshinai River AR 5 § 055 "= -069 -
ks oy =095 R NG AU ATt A "
o33~ - 0"’\4207\\ G 091 1 e NN WL, N1
0295,7 =~ U3 ARG o7 4 1N $ Tem g1 307 T~ \
022 A0 ¥, v | ; : \ Shimizusawa River
oon” =AY S \./ : Y \ na2ed \ a1t g
02307y 4 éfT ) X 13 neroot g \\\\\\ozs(w A\‘“ a0\ 7 Iy
4/013 /2(17 203 v - \ \021 ! '
md/ ///2 zdr, ! ';gg(m Omagari D AN \ Vat o L1
ot i g 005 NZ5201 7PN fias 21 129 iy 019 \ A POIETER
25— 721N i 7 ‘,ﬁ. N o7 NawoO! AN 197 329
Tenz \ 005 05 \ N
L AL /] 110\ // 009 0’\"1 Na09
Miginosawa River  ,,,7 %y /7&117 kY V4 s 003/ 007 - 0z3 }_ ~ :
19 7 ( 126 N 127 // , | ‘ \\\\
; 133 y *303
715 7‘1‘5:/ 7'07 124 Ng ,/ i g, o ' _ N?R3()‘l 0.
709 003~ 126 7[ =/ 921 085 057 %b(’lbﬁ
O(zszxn/ Nzeom s013 /7 ﬂ/ i /
on 7y - —031 | 4
¢ 008 g . 25 ) 049
021 0”.‘"’5; N 005 14 u 019 0211’ o 04’// il b !
101 . - k 041 { /051 A
e, RN Rl iy 5 as
\ ~
Osoushinai River /T N o1y 008 s g oA I ) \\\ \,
,‘ 013" | 1007y < Shibunnai River 7", N ™9 063 087
07 1 ofs 013 L\ y N2goo? 038 “\Noas\
N = Q143 043 053
Vyoy ~
//'1 =\ )

4019
Wakkawenbetsu River

Fig. 13. Locality guide of the Teshionakagawa area (modified from Takahashi et al., 2003; reproduction permitted by the Geological
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Matsumoto (1942) divided the Upper Yezo Group into five
formations, Illa to Ille, in ascending order (Fig. 12). Afterward,
Ijima and Shinada (1952) assigned formations Illc, I1ld and Ille to
the Usobushinai Mudstone Formation, and divided the group
(Abeshinai Group; Fig. 12) into the Nishichirashinai Mudstone
Formation, Omagari Sandstone Formation, and Usobushinai Mud-
stone Formation, in ascending order. Takahashi (1959) changed
the name of the Usobushinai Mudstone Formation to the "Osoush-
inai Formation.”" After Ijima and Shinada (1952), most workers ac-
cepted this three-formation division with only minor changes.

This group conformably overlies the Middle Yezo Group.
The boundary between the Middle and the Upper Yezo groups is
exposed along a branch of the Chirashinai River (loc. N15617;
Fig. 13).

(1) Nishichirashinai Formation (Nc)

Thickness: More than 470 m.

Descriptions: This formation is composed mainly of gray silt-
stones or sandy siltstones, which are either well-bioturbated
(mixed silt grains and very fine sand grains) or preserving
laminations. These fine-grained beds are hardly intercalated with
well-bedded, light gray to gray, fine- to coarse-grained sandstones
that have an average thickness of 5 cm and a maximum thickness
of 15 cm. Those sandstones are sometimes tuffaceous. White to
gray-white acidic tuff beds, a few centimeters to 40 cm thick, are
common in the lower to middle parts of this formation. A slump
structure is present in the upper part of this formation along the
Wakkawenbetsu River (loc. N29005; Fig. 13). Huge concretions,
more than 1 m in maximum diameter, are abundant, which con-
tain many fossils in the lowest horizons (locs. 20027, 20029,
20801; Fig. 13).

Fossils: The above-mentioned horizons (locs. 20027, 20029,
20801; Fig. 13) yield dense accumulations of /noceramus uwaji-
mensis Yehara, but otherwise this formation yields only a few low-
diversity megafossils. Most shells of I. uwajimensis occur in con-
cretions, whereas other fossils are found in both concretions and
host rocks (mudstone), although fossils are more abundant in con-
cretions than in the host rocks. Other fossils in this formation are
Gaudryceras denseplicatum (Jimbo) and Sphenoceramus nau-
manni (Yokoyama) (Fig. 14; Pl. 9-1, 2).

(2) Omagari Formation (Om)

Thickness: 550-810 m.

Descriptions: This formation conformably overlies the
Nishichirashinai Formation, as seen at the confluence of the
Abeshinai and Shimaroppu rivers (loc. N20131; Fig. 13). This for-
mation comprises channel-levee complexes, which consist of
sandstones of turbidity- and debris-flow origin, and contain inter-
calations of thick conglomerates and thick, debris-flow-origin
mudstones or thin, pelagic mudstones. Slump structures are abun-
dant in the lower part of this formation. Sandstones derived from

turbidity flows commonly exhibit the Ta, Tb, Tc, Ta-b, Tb-c, and
Tb-d divisions of a Bouma sequence. Rip-up mudstone clasts are
hardly present in the basal part of the sandstones, but are mainly
seen in their middle part. The grain size of the levee or interchan-
nel sandstones is relatively coarse (medium to coarse), although
the beds are thin (about 5 cm in thickness). The sandstones often
contain red grains of mafic volcanic origin. This formation in-
cludes intercalations of mudstones 5-10 m thick that contain
rounded gravel up to 7 cm in maximum diameter. Amalgamated
medium- to coarse-grained, thick (3-13 m), gray sandstones are
common in the middle to upper parts of the formation. These
sandstones include rounded intraformational conglomerates and
lenses of mudstones, 5 to 15 cm thick. Gravels in intraformational
conglomerates, a few 10 cm in maximum diameter, consist of
mudstone, sandstone, andesite, and basalt. The basal parts of the
sandstones sometimes include abundant plant remains, about 5 cm
in maximum length, and a few Thalassinoides isp.

Fossils: This formation yields six ammonoid species and two
inoceramid species (Fig. 14). Disarticulated bivalves (except
inoceramids) are abundant, and ammonoids and inoceramids are
relatively rare. Fossils are mainly found in host rocks, and are rare
in calcareous concretions that are abundantly present in this
formation. Thick sandstones often contain ostreids (e.g., Kon-
bostrea) (locs. N10001, N20087, N20109, N29011; Fig. 13).
Channel-fill conglomerate and sandstone with abundant extant
shallow-marine mollusks, including Acila, Glycymeris, Yaadia,
and Tibia, are in the upper part of this formation along the Rube-
shibe River (loc. N23031; Fig. 13). In addition, disarticulated
Sphenoceramus naumanni (Pl. 9-1, 2) are sometimes scattered on
the basal facies of sandstones within alternating beds of sandstone
and mudstone. On rare occasion, the turbidites include dense shell
fragments with outlines like thin convex lenses. Other fossils in
this formation are Gaudryceras tenuiliratum Yabe (Pl. 1-5) and

Inoceramus (Platyceramus) japonicus (Nagao and Matsumoto).

(3) Osoushinai Formation (Ou)

Thickness: Approximately 600 m.

Descriptions: This formation conformably overlies the Oma-
gari Formation. The contact can be observed near the Omagari
area along the Abeshinai River (locs. N20093, N20109; Fig. 13)
and the Wakkawenbetsu River (loc. N20131; Fig. 13). The forma-
tion is composed mainly of gray to dark gray siltstones, sandy silt-
stones and muddy sandstones, which display an overall
coarsening-upward trend. The siltstone in the lower particular ho-
rizon of this formation is well-laminated and can be traced later-
ally as marker beds. Except for this horizon, bioturbation is
relatively intense, and the middle and upper parts of the formation
are massive. A matrix-supported conglomerate bed is intercalated
in the sandy siltstones along the Tannosawa Creek (loc. N25003;
Fig. 13), but it is not present in other stratigraphic sections. Some

gray to bluish gray tuff beds, a few to 130 cm thick, are interca-
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lated in this formation and are especially abundant in the upper
part. The upper part of the formation contains abundant gigantic
(more than Im in shell height) inoceramids, Sphenoceramus
schmidti (Michael) (Pl. 9-8) and S. sachalinensis (Sokolow) (PI. 9-
7), sometimes as concentrations. Within these horizons, gigantic
limpet Gigantocaplus giganteus (Schmidt) (Pl. 8-5) sometimes co-
occurs with or is closely associated with the gigantic inoceramids.
Fossils in this formation are well-preserved and often retain arago-
nitic mineralogy.

Fossils: This formation yields the most diverse and abundant
fossils in the Cretaceous of the Teshionakagawa area, and 17 am-
monoid species and 10 inoceramid species have been found (Fig.
14). The ammonoids Yokoyamaoceras ishikawai (Jimbo) (Pl. 2-1,
2), Gaudryceras tenuiliratum Yabe (Pl. 1-5), Phyllopachyceras
ezoense (Yokoyama) (Pl. 1-2) and Polyptychoceras (Pl. 4-4, 5, 7)
are abundant in the lower to middle parts of the formation,
whereas Canadoceras (Pl. 2-8) and Eupachydiscus (Pl. 3-3) are
abundant in the upper part. The inoceramid Sphenoceramus nau-
manni (Pl. 9-1, 2) is exceedingly abundant in the lower to middle
parts of the formation, whereas numerous S. schmidti (Pl. 9-8) and
S. sachalinensis (Pl. 9-7) are present in the upper part, as noted
above. This formation also yields abundant bivalves, gastropods,
nautiloid cephalopods, solitary corals, and shark teeth. Fossils oc-
cur in both concretions and host rocks, being especially abundant
in the latter. They are especially abundant and diverse within the
stratigraphic occurrence range of the S. schmidti — S. sachalinen-

sis interval (Fig. 14).

3. Hakobuchi Group

Takahashi (1959) thought that in the Teshionakagawa area,
the Hakobuchi Group disconformably overlies the Upper Yezo
Group and that it correlates with the upper part of the Hakobuchi
Group in other areas. In consequence, he proposed the term
“Yasukawa Group” for this group in the Teshionakagawa area.
Osanai et al. (1960) and Nagao (1962) followed this usage. Hashi-
moto et al. (1967) did not adopt the Yasukawa Group, but con-
cluded that the boundary between the two groups is
disconformable. Takahashi et al. (2003) confirmed that the bound-
ary between the Upper Yezo Group (Osoushinai Formation) and
the Hakobuchi Group (Hakobuchi Formation) is conformable
based on outcrop observations and fossil occurrences. Since this
group lithologically corresponds to the *“‘Hakobuchi Group” in
other areas, we use the term Hakobuchi Group, following Matsu-
moto (1942) and Ijima and Shinada (1952). This group consists
solely of the Hakobuchi Formation in the present study area.

(1) Hakobuchi Formation (Hb)

Thickness: This formation is 360 m in maximum thickness in
the study area and is disconformably overlain by the Neogene
strata.

Descriptions: The conformable boundary between this for-

mation and the Upper Yezo Group (Osoushinai Formation) is ex-
posed along the Tenmaku River (loc. N24027; Fig. 13). This
formation is composed mainly of poorly sorted, fine- to coarse-
grained sandstones and pebbly sandstones. There are intercala-
tions of dark gray sandy siltstones and muddy sandstones, 40 m in
thickness, in the interval 180-220 m above the base of this
formation. Sandstones are often massive or rarely display indis-
tinct hummocky cross-stratifications and swaley cross-
stratifications. Bedded sandstones and alternating beds of sand-
stone and mudstone sometimes are present in the lower part of the
formation. Some yellowish-gray layers of concentrated plant re-
mains also occur. Conglomerates and pebbly sandstone layers, a
few centimeters to 50 cm thick, are often intercalated in this for-
mation, and the maximum diameter (long axis) of the clasts is
about 10 cm. Most of the conglomerates are matrix-supported and
consist of subangular to angular gravels made up largely of mud-
stone, sandstone, and chert. Longer axes of the gravels are some-
times arranged parallel to the bedding plane.

Fossils: This formation has yielded two ammonoid species
(Fig. 14). Although inoceramids are not present in the area studied
by Takahashi et al. (2003), this formation contains Inoceramus
(Endcostea) balticus (Bohm) (Pl. 9-3) along the Uttsu Forestry
Road and along the Uttsu River in the Embetsu area (Hayakawa et
al., 1994). Calcareous concretions within muddy sandstones in the
middle horizon often yield dense accumulations of Metaplacen-
ticeras subtilistriatum Jimbo (Pl. 5-2, 3, 8). Bivalves occur in the
same horizon.

Biostratigraphic Correlation

International correlations of the Japanese Upper Cretaceous
based on ammonoids and inoceramids are difficult, because of the
rarity of zone index fossils that characterize European (Tethys) bi-
otic elements (e.g., Iba and Sano, 2007). Toshimitsu et al. (1995)
compiled the occurrences of age-diagnostic species and docu-
mented the biotic zones in Japan, including those based on ammo-
noids, inoceramids, foraminifers, radiolarians, and calcareous
nannofossils, in addition to magnetostratigraphy. Those biozones
are based mainly on Matsumoto’s work (e.g., Matsumoto, 1959,
1977).

Matsumoto (1942, 1943) and Hashimoto et al. (1967) com-
prehensively compiled megafossil occurrences in the Teshionaka-
gawa area. However, these authors described only approximate
stratigraphic distributions for those fossils, but did not document
their detailed horizons. Takahashi et al. (2003) presented the de-
tailed stratigraphic distribution of ammonoids and inoceramids
and discussed biostratigraphic correlations based upon them (Fig.
14). The present study follows the international correlations used
by Takahashi et al. (2003), which are based mainly on the defini-
tions of Toshimitsu et al. (1995) by using ammonoids and
tnoceramids.

1. Cenomanian Stage
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The Cenomanian in Hokkaido was divided into eight ammo-
noid biozones by Matsumoto et al. (1991a), and into nine bio-
zones by Matsumoto et al. (1991b). Matsumoto and Noda (1986),
Matsumoto et al. (1987, 1988), Matsumoto and Tanaka (1988),
Matsumoto (1989), and Matsumoto and Asai (1989) described
Cenomanian inoceramids and detailed their stratigraphic
occurrences. Toshimitsu et al. (1995) divided the Cenomanian
into six inoceramid biozones.

Among the useful species proposed by Matsumoto (1991a,
b) and Toshimitsu et al. (1995) for international correlations, Taka-
hashi et al. (2003) reported the occurrence of the ammonoids
Cunningtoniceras takahashii (Matsumoto), Calycoceras (New-
boldiceras) asiaticum (Jimbo), and Calycoceras (Newboldiceras)
orientale Matsumoto, Fukuda and Saito (Fig. 14). Cunning-
toniceras takahashii occurs in the lower part of the Sakugawa For-
mation (400 m above its base), and is characteristic of the lower
Middle Cenomanian. A large outcrop (loc. N20067; Fig. 13)
along the Abeshinai River with Calycoceras (Newboldiceras) asi-
aticum and C. (N.) orientale is assigned in age to the upper Mid-
dle Cenomanian.

Gaudryceras subcostatum Matsumoto, Desmoceras spp.,
Inoceramus pennatulus Pergament, I. cf. tenuis Mantell, I. redun-
cus Pergament, and Actinoceramus nipponicus (Nagao and Matsu-
moto), all occur in the strata above those horizons. A. nipponicus
basically characterizes the Upper Cenomanian (Matsumoto and

Asai, 1989; Toshimitsu et al., 1995).

2. Cenomanian/Turonian boundary

The Cenomanian/Turonian boundary (C/T boundary) is a ma-
jor focus of attention for interdisciplinary researchers in earth sci-
ences and allied fields, because Oceanic Anoxic Event 2 prevailed
worldwide from the latest Cenomanian to the C/T boundary.

A detailed stratigraphic position for the C/T boundary in the
Teshionakagawa area has not been identified by past researchers.
Matsumoto (1942), Matsumoto and Okada (1973) and Okamura
(1977) reported the occurrence of diagnostic Cenomanian fossils
in the middle part of the Sakugawa Formation, and reported diag-
nostic Turonian species such as Mytiloides labiatus (Schlotheim)
in the upper part of the same formation. These studies imply that
the stratigraphic position of the C/T boundary in the Teshionaka-
gawa area is in the middle to upper part of the Sakugawa Forma-
tion, but this has not been confirmed by detailed stratigraphic
studies, as noted above.

Takahashi et al. (2003) collected Anagaudryceras cf. sacya
(Forbes) from an outcrop (loc. N15039; Figs. 13, 15) along the
Chirashinai River, and Desmoceras (Pseudouhligella) japonicum
Yabe from loc. N15213 (Figs. 13, 15) along the Chirashinai For-
estry Road. The stratigraphic horizons for both outcrops are
nearly the same, within the middle part of the Sakugawa Forma-
tion (Figs. 14, 15). A. sacya is an index species for the Albian and
Cenomanian, whereas D. (P.) japonicum is a Cenomanian index

species (Matsumoto, 1995; Toshimitsu et al., 1995; Toshimitsu
and Hirano, 2000).

Mytiloides sackensis Elder occurs at loc. N15037 (365 m be-
low the base of the Saku Formation; Figs. 13, 15) along the Chi-
rashinai River, whereas Inoceramus kamuy Matsumoto and Asai
occurs at loc. N15035 (Figs. 13, 15). Although M. sackensis (iden-
tical to M. hartini of Kennedy et al., 2005) appeared in the upper-
most Cenomanian at the GSSP (global boundary stratotype
section and point) at the top of the bed 84 in Pueblo, Colorado,
USA (Kennedy et al., 2005), most individuals of that species oc-
cur abundantly in the lowest Turonian (Elder, 1991). Therefore,
we consider that M. sackensis approximately characterizes the
lowest Turonian. In addition, /. kamuy is an important index spe-
cies for the Lower Turonian (Toshimitsu et al., 1995; Matsumoto
and Asai, 1996, Takahashi, 2005a, b). Therefore, it is possible that
the outcrops in question (locs. N15035 and 15037; Figs. 13, 15)
along the Chirashinai River correlate with the Lower Turonian.

In summarry, the C/T boundary is located between locs.
N15037 and N15039 along the Chirashinai River (Figs. 13, 15).
In other words, the C/T boundary lies approximately 365-500 m
below the boundary between the Sakugawa and Saku formations
(Fig. 15).

3. Turonian Stage

Matsumoto and Okada (1973) and Okamura (1977) reported
the diagnostic Turonian species Mytiloides labiatus and Fagesia
cf. rudra (Stoliczka) in the upper part of the Sakugawa Formation.
Matsumoto (1942) also reported Fagesia thevestensis (Peron), a
Turonian index species, in Ic (= the upper part of the Sakugawa
Formation). In addition, Hashimoto et al. (1967) and Okamura
(1977) collected Inoceramus hobetsensis (Pl. 8-7), which charac-
terizes the Middle Turonian (e.g., Toshimitsu et al., 1995), in the
lower part of the Saku Formation. Based on these occurrences, the
Lower/Middle Turonian boundary is located in the upper part of
the Sakugawa Formation or near the Sakugawa/Saku Formation
boundary.

Takahashi et al. (2003) investigated the position of the
Lower/Middle Turonian boundary along the Chirashinai River. As
mentioned above, the diagnostic Lower Turonian species 1. kamuy
occurs at loc. N15035, whereas Mesopuzosia pacifica Matsumoto
(=Puzosia (Mesopuzosia) pacifica (Matsumoto)) occurs at loc.
N15033, which is 35-40 m above loc. N15035 (Fig. 15). M. paci-
fica is indicative of the Middle Turonian according to Toshimitsu
et al. (1995). However, biozones of Toshimitsu et al. (1995) are
not “taxon-range zones,” so the occurrence of M. pacifica does
not always signify the Middle Turonian. In fact, M. pacifica is
known to range from the uppermost Cenomanian to Upper Turo-
nian in Japan (Toshimitsu and Hirano, 2000). Therefore, the Koss-
maticeras flexuosum — M. pacifica zone of Toshimitsu et al.
(1995) is better interpreted as an ‘“acme zone.” In other areas
where the Yezo Supergroup occurs, M. pacifica is abundant in the
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itsu and Hirano, 2000). Therefore, it is quite likely that the
Coniacian/Santonian boundary is situated in the Nishichirashinai

Formation (Fig. 14).

6. Campanian Stage

Toshimitsu et al. (1995, 2007) showed that Inoceramus
(Plaryceramus) japonicus (Nagao and Matsumoto) is an index spe-
cies for the lowest Campanian, and stated that its first appearance
corresponds to the base of the Campanian stage. Moriya et al.
(2001) demonstrated that the first appearance of 1. (P.) japonicus
is in agreement with the base of the Campanian, on the basis of a
comparison between inoceramid and planktonic foraminiferal
biostratigraphy in the Haboro area, Hokkaido. Takahashi et al.
(2003) followed those researchers’ definition of the Santonian/
Campanian (S/C) stage boundary, and assigned the S/C boundary
to the upper part of the Omagari Formation (Fig. 14).

Toshimitsu et al. (1995) divided the Campanian of Japan into
two substages, namely the Lower and Upper Campanian. They
stated that the middle Lower Campanian to upper Lower Cam-
panian is characterized by the Sphenoceramus schmidti - S.
orientalis — I. (P.) chikoensis zone. The Cretaceous of the Tesh-
ionakagawa area contains abundant S. schmidti (P1. 9-8) and S. ori-
entalis (Pl. 9-5). The first appearance of S. orientalis is slightly
below that of S. schmidti, and the stratigraphic range of S. orienta-
lis is much shorter than that of S. schmidti (Fig. 14). The stra-
tigraphic range of S. sachalinensis (Pl. 9-4, 7) nearly corresponds
to that of S. schmidti (Fig. 14).

Canadoceras (Pl. 2-8; Pl. 5-9, 10) occurs abundantly in the
Campanian of the Teshionakagawa area. Toshimitsu et al. (1995)
showed that Canadoceras kossmati Matsumoto (P1. 2-8) character-
izes the upper Lower Campanian. In the Teshionakagawa area, the
first appearance of C. cf. kossmati approximately corresponds to
that of §. orientalis and is within the lower part of the stratigraphic
range of S. schmidti (Fig. 14). Although Toshimitsu et al. (1995)
showed that the upper stratigraphic limit of Eupachydiscus hara-
dai Jimbo (P. 3-5, 6) is the middle Lower Campanian, E. cf. hara-
dai occurs above the upper limit of Canadoceras (Fig. 14).

The middle part of the Hakobuchi Formation (loc. N23063;
about 200 m above the base of the formation; Figs. 13, 14) yields
a hoplitid ammonite Metaplacenticeras subtilistriatum (Pl. 5-2, 3,
8), which characterizes the lower Upper Campanian (Matsumoto,
1977, 1982; Toshimitsu et al. 1995). Since the last appearance of
S. schmidti (P1. 9-8) is at the upper limit of the Osoushinai Forma-
tion, the Lower/Upper Campanian boundary is there in the lower
part of the Hakobuchi Formation.

Late Cretaceous methane-seeps in the
Teshionakagawa area

We will also observe a methane-seep-related carbonate body
yielding chemosynthesis-based organic remains, that were re-
cently discovered in the mudstone facies of Omagari Formation

(Hikida et al., 2003).

1. Chemosynthetic ecosystem

Densely accumulated novel animals, which sometimes have
no or degenerated gut and mouth, have been in limelight since the
surprising discovery of the animals around hydrothermal veats in
the Galédpagos Rift in 1977 (Lonsdale, 1977). The animals depend
upon chemosynthetic bacteria for their major food sources, such
as sulfur-oxidizing bacteria, which gain energy from the oxidation
of reduced compounds, such as hydrogen sulfide (see reviews by
Van Dover, 2000; Campbell, 2006). Explorations during the last
30 years have shown that such chemosynthesis-based communi-
ties occur not only around hydrothermal vents but also around
methane- or hydrocarbon-seeps, sunken whale carcasses, sunken
drift wood and the rotting cargo of a sunken ship (Sibuet and Olu,
1998).

The fossil record of chemosynthesis-based communities
goes back to the Silurian (Barbieri et al., 2004). The faunal com-
position of these communities changed from a brachipods-domi-
nant community to a mollusks-dominant community during the
late Mesozoic to Paleogene (Little and Vrijenhoek, 2003). Mo-
lecular analyses have also suggested that most animals in the mod-
emn chemosynthesis-based communities diverged from the
“normal” fauna during late Mesozoic to Paleogene. Thus, in order
to reveal the origins of this kind of “modern-type chemosynthetic
ecosystem”, it is important to study late Mesozoic chemosynthetic
ecosystems.

Among the Japanese ancient methane-seep sites (see Majima
et al., 2005), one of the best preserved late Mesozoic to Paleogene
methane-seep sites can be found in the Late Cretaceous deposits
in the Teshionakagawa area (Hikida et al., 2003). Several ancient
methane-seeps have been recognized (Hikida et al., 2003). Two of
them, the Yasukawa and Omagari methane-seeps, have been stud-
ied by means of paleontological, petrographical and geochemical
approaches (Hikida et al., 2003; Jenkins, 2006; Jenkins et al.,
2007a, b, and Amano et al., 2007).

Stop 3-2 highlighted a largest methane-seep-related carbon-
ate body developed in the Omagari Formation in this area. The
carbonate body and surrounding mudstone have numerous num-
bers of vestimentiferan worm tube (Fig. 16) and tiny gastropods
(Fig. 17). An approximately 10 m wide and 5 m high carbonate
body is isolatedly exposed in the Abeshinai River. It has been in-
terpreted that the carbonate body was formed under influence of
methane-seep activity during Campanian time (Hikida et al.,
2003). This interpretation is supported by the following lines of
evidence; (1) carbonate minerals growth onto the worm tubes, (2)
the body has brecciated structures, (3) the carbonate has very
negative carbon isotopic compositions as low as -45% (4) highly
accumulated archaeal biomarkers, crocetane and PMI, with
extremely negative carbon isotopic compositions as low as
-122°4 have been exrtracted (Hikida et al., 2003; Jenkins, 2006).
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Fig. 17. Sclected mollusk fossils form the Omagari and Yasukawa sceps (after Jenkins et al.. 2007a. b).

la. b. Serradonta f.

vestimentifericola. Apical (a) and anterior (b) views. 2. Butlivacmaea cl. subnipponica. Apical (a) and lateral (b) view. 3. Provamia

sp. 4. Homalopoma sp. 5. Thyasira sp. 6-7. Miltha sp. 8. Acharax cretacea.

produced hydrogen sulfide and carbonate ions. The hydrogen sul-
fide was used as an energy source by free-living bacteria, and sym-
biotic sulfur-oxidizing bacteria were housed by vestimentiferan
tube worm, lucinid. thyasirid and solemyid bivalves, and provan-
nid gastropods. One of the acmaceid limpets. Serradonta cf. vesti-
mentifericola. lived on vestimentiferan worm tubes and the other
one, Bathvacmaca cf. subnipponica. lived on small-sized sub-
strates and probably grazed bacterial mat flourished on the sub-
strates (Jenkins et al.. 2007a). A byproduct of the anaerobic
oxidation of methane, i.e.. carbonate ions. aided to increase alka-
linity, and the carbonate precipitated mostly in the sediment but
sometimes on theworm tubes above the scafloor. Brecciations oc-

curred syndepositionally when the methane-seep became strong.
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Explanation of Plates

Plate 1. Selected ammonoids from the Lower Campanian Osoushinai Formation in the Teshionakagawa area. All specimens are housed
in the Nakagawa Museum of Natural History. Scale bars: 1 cm for 1-7; 5 cm for 8.
1: Hypophylloceras (Neophylloceras) subramosum Shimizu; specimen number; NMA33, 2:  Phyllopachyceras ezoense
(Yokoyama); NMA217, 3: Tetragonites (Tetragonites) minimus Shigeta; NMA274, 4: Tetragonites (T.) popetensis Yabe; NMA282,
S: Gaudryceras (Gaudryceras) tenuiliratum Yabe; NMAS14, 6: Gaudryceras (G.) cf. denseplicarum (Jimbo); NMAS515 (Miyazaki,
A.coll), 7: Anagaudryceras yokoyamai (Yabe); NMA395, 8: G. (G.) intermedium (Yabe); NMA37.

Plate 2. Selected ammonoids from the Lower Campanian Osoushinai Formation in the Teshionakagawa area. All specimens are housed
in the Nakagawa Museum of Natural History. Scale bars: 1 cm.
1-2:  Yokoyamaoceras ishikawai (Jimbo); specimen number; NMA37, NMA44, 3: Damesites damesi (Jimbo); NMA228, 4:
Damesites semicostatus Matsumoto; NMA417, 5: Menuites japonicus Matsumoto; NMAS517, 6: Teshioites ryugasensis Matsumoto;
TNCS56 (Nishino, T. coll.), 7: Teshioites teshioensis Matsumoto; NMA192 (Hayakawa, H. coll.), 8: Canadoceras kossmati
Matsumoto; NMA414 (Iba, Y., Taki, S., & Takamatsu, D. coll.).

Plate 3. Selected nautilid and ammonoids from the Lower Campanian Osoushinai Formation in the Teshionakagawa area. All specimens
are housed in the Nakagawa Museum of Natural History. Scale bars: 1 ¢m for 1, 2 cm for 2-3, 5 cm for 4-5, 10 cm for 6-7.
1:  Eutrephoceras kobayashii Matsumoto; specimen number; NMA258 (Ishimura, T. coll.), 2: Hauericeras angustum Yabe;
NMA438 (Takahashi, T. coll.), 3: Eupachydiscus lamberti Collignon; NMA394, 4: Menuites fascicostatus (Yabe); NMAS502, 5:
Eupachydiscus haradai (Jimbo); NMA256 (Takahashi, T. & Shishido, K. coll.), 6: Eupachydiscus haradai (Jimbo) ; NMA90
(Tsuchida, S. coll.), 7: Eupachydiscus teshioensis (Jimbo); NMA74.

Plate 4. Selected heteromorph ammonoids from the Lower Campanian Osoushinai Formation in the Teshionakagawa area. All specimens
are housed in the Nakagawa Museum of Natural History. Scale bars: 1 cm.
1: Jouaniceras (Ainoceras) kamuy (Matsumoto & Kanie); specimen number; NMA222, 2: Jouaniceras (Ainoceras) paucicostatum
(Matsumoto & Kanie); NMAT71, 3: Neocrioceras spinigerum (Jimbo); NMA248, 4: Polyprychoceras (Polyptychoceras) obatai
(Matsumoto); NMA269, 5: Polyptychoceras (Subprychoceras) yvubarense (Yabe); NMA291, 6: Baculites tanakae Matsumoto &
Obata ; NMAS12, 7: Polyptychoceras (Polyptychoceras) pseudogaultinum (Yokoyama); NMA295 (Tsuchida, T. & Ohoni, T. coll.).

Plate S. Selected ammonoids from the Upper Campanian Hakobuchi Formation in the Teshionakagawa area. All specimen are housed in
Nakagawa Museum of Natural History. Scale bars; 1 cm.
1: Hypophylloceras (Neophylloceras) cf. ramosum (Meek); specimen number; TNC24 (Nishino, T. coll.), 2: Metaplacenticeras
subtilistriatum (Jimbo); TNCIS (Nishino, T. coll.), 3: M. subtilistriatum (Jimbo); TNCI8 (Nishino, T. coll.), 4: Desmophyllites di-
phylloides (Forbes); TNC23 (Nishino, T. coll.), 5: Desmophyllites diphylloides (Forbes), TNC2S (Nishino, T. coll.), 6: Saghalinites
teshioensis Matsumoto; TNC21(Nishino, T. coll.), 7: S. teshioensis Matsumoto; TNC19 (Nishino, T. coll.), 8: Mode of occurrence of
M. subtilistriatum ; NMA407, 9: Canadoceras multicostatum Matsumoto; TNC30 (Nishino, T. coll.), 10: C. multicostatum Matsu-
moto; NMA201 (Abe, K. coll.).

Plate 6. Sclected ammonoids from the Upper Campanian Hakobuchi Formation in the Teshionakagawa area. All specimens are housed in
Nakagawa Museum of Natural History. Scale bars: 1 cm for 1-2, 2 cm for 4-5, 5 ¢m for 3 & 6.
1. Pseudoxvbeloceras (Schlueterella) kawadai (Matsumoto & Miyauchi); specimen number; NMASI16, 2: P. (S.) kawadai
(Matsumoto & Miyauchi); TNC49 (Nishino. T. coll.) 3: P. (S.) kawadai (Matsumoto & Miyauchi); NMA100, 4: Menuites sanadai
Matsumoto; NMASIL, 5. Menuites fascicostatus (Yabe); TNC48 (Nishino, T. coll.), 6: Pachydiscus (Pachydiscus) soyaensis
Matsumoto; NMASO.

Plate 7. Selected ammonoids from the Turonian Saku Formation in the Teshionakagawa area. All specimens were collected by Nishino
T., and these are housed in Nakagawa Museum of Natural History. Scale bars: 1 ¢m for 1-7; 5 cm for 8.
1. Scaphites aff. subdelicatulus Cobban and Gryc; specimen number; NMA244, 2: S. yokoyamai Jimbo, NMA245, 3: Yezoites
puerculus (Jimbo), macroconch; NMA246, 4: Yezoites puerculus (Jimbo), microconch; NMA247, 5: Nippoites mirabilis Yabe (left)
and Puzosia (Mesopuzosia) pacifica (Matsumoto) ; TNCI12, 6: N. mirabilis Yabe; TNCS. 7: N. mirubilis Yabe; TNC6, 8: Typical
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Turonian concreation with heteromorph ammpnoids; Nostoceras (Eubostrychoceras) japonicum (Yabe) (central) and P. (M.) pacifica
(Matsumoto)(left), ; TNC2.

Plate 8. Selected fossils from the Lower Campanian Osoushinai Formation (i1-5) and the Turonian Saku Formation (7-8) in the
Teshionakagawa area. All specimens are housed in the Nakagawa Museum of Natural History. Scale bars: 1 cm for 1-4, 5 cm for 5-7.
1: Yezoteuthis giganteus Tanabe, Hikida & Iba; specimen number; NMA335 (Koike, T. coll.), 2: Nanonavis sachalinensis (Schmidt);
NMMI110, 3: Pseudogaleodea tricarinata, NMM111, 4: Capulus transformis Dundo; NMMT75, 5: Gigantocapulus giganteus
(Schmidt); NMM61, 6: Inoceramus (Inoceramus) teshioensis Nagao & Matsumoto; NMM?78 (Nishino, T. coll.), 7: 1. (1)
hobetsuensis Nagao & Matsumoto; NMM29.

Plate 9. Selected inoceramids from the Campanian deposits in the Teshionakagawa area. All specimens are housed in Nakagawa
Museum of Natural history. Scale bars: 1 ¢m for 1-7; 3 cm for 8.
1: Sphenoceramus naumanni (Yokoyama); specimen number; NMM133 (same specimen as that shown in Nikkawa et al, 2000, fig.
1), 2: Sphenoceramus naumanni (Yokoyama) ; NMM203, 3: Inoceramus (Endocostea) balticus balticus Bohm; NMMI114, 4:
Sphenoceramus sachalinensis (Sokolow) ; NMM202, 5: Sphenoceramus orientalis (Sokolow) ; NMM103, 6: Inoceramus (Platyce-
ramus) ezoensis (Yokoyama) ; NMMIO, 7: Sphenoceramus sachalinensis (Sokolow); NMM205, 8: Sphenoceramus schmidti (Mi-
chael) ; NMMS.
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Depositional facies and sequence stratigraphy of the Mikasa to Haborogawa
formations, Yezo Group, in the eastern limb area of Ikushunbetsu Anticline,
Hokkaido, Japan: Cenomanian to Coniacian third- to fourth-order

depositional sequences

Ikuo Funakoshi* and Hisao Ando**

* Graduate School of Science and Technology, Ibaraki University, Bunkyo 2-1-1, Mito, Ibaraki 310-8512, Japan
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Abstract. The Mikasa and Haborogawa formations of the Yezo Group (Cretaceous forearc
sediments) distributed in the eastern limb area of lkushunbetsu Anticline, central Hokkaido, are
examined through sedimentary facies analysis and sequence stratigraphy. Nine recognized
depositional facies and their distribution suggest that the Mikasa and Haborogawa formations were
deposited under inner to outer shelf and associated lower shoreface environments. and outer to
subordinately inner shelf ones, respectively. A total of 12 fourth-order depositional sequences for the
Mikasa Formation and 6 sequences for the Haborogawa Formation can be traced around the study
area on the basis of the repetitively developed coarsening-upward facies successions (CUS). One
CUS is typically composed of bioturbated sandy siltstone to fine/medium, massive/hummocky cross-
stratified (HCS) sandstone through bioturbated silty sandstone in upward sequence. Some sequences
include thin fining-upward successions (FUS) below CUS in some sections. Furthermore, three and
two third-order depositional sequence sets for the Mikasa and Haborogawa formations, respectively,
can be identified through stacking patterns of the sequences.

Megafossil (ammonites and inoceramids) biostratigraphy shows that the Mikasa and
Haborogawa formations were deposited during Cenomanian to middle Turonian and late Turonian to
late Coniacian in age. Shallow-marine bivalve assemblages commonly occur from the middle
Cenomanian and the middle Turonian, but their composition is mostly different between the two
horizons. The Cenomanian assemblages are more diverse in composition. Few megafossils occur
from the upper Cenomanian to lower Turonian, although careful survey for the C/T boundary horizon

and nearby.

Keywords: sequence stratigraphy. Mikasa Formation, depositional facies, Yezo Group,

Cenomanian, Turonian, Coniacian, shallow marine deposits
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Fig. 1. Geological map of the Mikasa Formation in the northern part of the eastern limb area of Ikushunbetsu Anticline, Mikasa City.
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Fig. 2. Comparison of lithostratigraphic divisions of the Yezo Group in the eastern limb area of [kushunbetsu Anticline.

BOZHHE 7 1 VAKOERIEANLIEZLIETEENS.

AL, EPEELSREL L NEOEMM S0,
ROTAHBHICZLWI &, ZHELAHEOHRCHE
M5, BRI KD BEOBERIONRERS L THEL /-
boL#EIND.
HEFEAH 3 - A EL DL MDA o

RGBT SO --DT, IK~BEKO L
NERVEN SO, B ELOIREEICHEE RO ERITIE
EAERDENT, OIMMIIMBNWEETSHRIETHS.
RIS EC 10 cm ORBRIFYE A S —NMRICERO B 5219 5.

PEB AL 4113 Pinna (Pinna) saitoi, Entolium obovatum,
Pterotrigonia (Pterotrigonia) kobavashii 78 E D3REFR M 5 8]
fELTHETDHIEMNEND, BRUIIEELRTHEND
PIsign, fiRE ) P a—EEGH, FOHRASD
AR EAEENT D, BEIRNEROASEINEZ <,
WRID E D DIsnn, KVHOFREESRoND.

ARNZ, HERUH 2 O kAL 4 OTFIICEENS, BRO
AAEICZ U OWIPHHERY T, R asdba<an
ZEMmS, Ab—ABRIZE> THHERDN 5N
THIEHBIEEAEH THAMENBEI NS LD,
NMIBEH TIORBE TR EIN=DTHS .

HERTAH 4 © B ELRIREY 5

SR TR ST ST, DO\ Ik~
MRS E OIS, R B EAEE THEREEZTDN,
BER/C EHARL TWEZE6HH 5 HIRHE B EITER
R YTDEMIFENTHD, W FIEHOIILE TS0,
FhoIIEYBHOREDEOL BN RFOEREL
TENTEBOEEZSN L MEFHIRITERLZEINT,
Cucullaea (Idonearca) ezoensis X Glvcymeris (Hanaia) hok-
kaidoensis, Anthonya japonica, Goshoraia crenulata 12ED
CHBACLIDEENDBIEN LW, Ophiomorpha EHHNDE
S em FEDFRAR LA ULZLITEDSN 5.







REJNEHRRBO=ERO > —— > X WF

67

AEEIZI0OEcn~E10ecm D57 E L TEELTEY
T5HDE HCS EEIZHR>TE mm~¥ cm DLLHDE
STRREETILORREGTE, 20F¥1 /i2k->TE
EFNDLEELRL>TL S,

AHOHMBEEIZ, #AMNZ HCS o —4 > AN EHT
Z2EMS, PR b - LEERIERLIE, TS K
REEFRUEONMIEM EHE T NS,

HEREH T D RN\ O v 7 KBS ER A

HCS =47 2 ZDF, X, Mb KRUL, H A% (amal-
gamation) U THEIF T DM~ R EN S0, HHEME
6 MoWET D, LDBELSHEHTHS. BHIZZLL
HRWEBICRADZLHH DN, —RICHESEARZERCE
A, BELOHERPIEAREDKEAGHYRH HENS
TERLTWDIEMND S,

AR, #E HCS PEMNRET DI En 5, Rk
FIRIZE > THEICBHT DL D RFEY 2 b — LEKIREE
FLK, TR RIRIE R COHRBRENHEI N,
HEFEAE 6 KDEASTRBIO TEMMEEITRT2EEI6N 5,
HEFAH 8 - AEMBELPRIEY A

MORPEREE, AEMBOERIZESHT 2 HEM
T, RN EIREPRBEN SIS, S~10mEEDEL
FoEREEHEL, THRIZEMN T ERIZERRICAES E
HHEKA LR ERT. ~RICEWEBLVEEICREL, ¥
AHBEBERZIEAEREINT, FEBELSERENESH
SEETHD. SEOHETIE, AHLVILAEZBDIE
INTERMN> M, K (1990a) TiE, FLAINO=
YBTHMDOREAEXYD, Desmoceras (Pseudouhligella) japoni-
cum EHTNHD,

AL, HEH 4 HOHB T2 DERAHEREM TH S
Z EMS AR O LR~ T AR THE L 7z nl Rt AR
Bans,

HERR 9 RIS

AR F L FHNND MI-1, 1-3, 3-4 EHIBIRD M3-4
THONDHEH TH S, HE~PEROEM~EHAEE
PRI OEEN ORI EBEEEZRFHEL, BIKEIIHE

ET, BREEZFr— b EREEEEXUEEZPLETD.

AHHERELTD LMOKBHY 2y 23 > OTFEM,
THROCHET S LA RBEE RTHEMHY I Ly a DR
ERICHAN, EEMITEWEMREARL THD, ZOF
HAREKRZHRATHENELC I ENTFRIND, L
Mo TAMIE, BEFROMEKRICIIDEBRINTHEL
7=t S JHEFEY (transgressive lag deposits : Nummedal
and Swift, 1987) &AL I N 5.

2. HEREBRI

b U7 & I ER TR B AL D = 8 O HEFE
I, IV DEORIRHERAE ERIH 2, 3, 4) ATE8IL
THD, BRAMEICE SRET S PR~ R E OB
BELS RHERHERMA DL, HERE, FICRHkE
BT, ROTHPIRER, —STHRTH - EHEES

N, ERSMECHRRLUROEEMIIIZ LA LD ShRn,

THRNE TS, ERARMEE O A S, #
RIS R b~ IRERE B oM RS A, REIT L
0 i & R DS RIRER T B~ N RUBE T %2 "L T 5.,

BENEHNHBIEIL, =SB THAMIRER D
FEHEEM (M 1, 2) LRI S TR DMKR
A CEREM 3, 4) MROLEMT ST, FL4 3
D=ZFBEMETHICRONDHME 9 252< &, BbHA
BB THHBA S THD. FLUEMNIRERRE
E, LMD a  iFEREEM EREME 2 AnEN,
—7, TRRO[RALEOEAETFOY Y > a L TikiRES
HILREBICH< 720D, WICHIKRVER GERE 3, 4 MR
EL, —ETIRPRBENHE CEEE 8 HESHh S, BE
HEATHESN TOWIHIMOBREREEETIE, &
BERDOE Y 2 a THELYKE, L0BRAICH-> TEDiRE
OHEEEBEICLS DD EEZ NS, LS T,
LHBDOSHNEOHEGOREHEBBRIETH o722 EAVRE
Iha.

WBHBRF LS —T > ABF

AARTIIFEEM LD, TBR, mOR, NR, AOR,
HAER, BARIESR EGRHkE) | FL 550010
TV 3 iDNT, 100 70 1 OMERIKE EER L
T, WMHEMHEOEFN - KENITREEBHRL O —F > ABF
EHAIL T (Fig. 4. HEROXEZ, EAHBKLT 54
MY 2w 2 3 > (facies succession) DIFMRFDRE
BRAZMETIE 3 D EHBLT, BXIZBTTNL
EWD FIRTIT o /=, £/, Inoceramus (I.) hobetsensis

(Fa—OZ7>H) = Desmoceras (P.) japonicum (2
JRT YY) BREIRERINDRELGOENBEDLEE
AN, RORGEQBEEMNDIROEEETIHIELE Y 3
CEBBEL, BREEIEENSKRERITHEL -

1. HRHORERLK @ #EHY 2y a3
EFNEHHEIRICBVLWTZ4SBB LTI T
ERRT SHFHIHBLRIEEZ LS TEEL TV
(Fig. 4). —NC=5BORE, ARSI NVEA
A OCHEREM 1 ~2) THRED, IER, RNAIBEH ORI S
ORI 3~4) R HCS WA RERE (Mo, T
AR O E HCS WATE (CHEFEM 7) DrphifbaM (O
FEHL 8) &% <, BIE 20 ~ 100 m 3@ L b Y 7t
I 3 > (CUS: coarsening-upward succession) %729 Z &A%
2, BRI, HBMHABRASEEmETL TEEOY Y
Ty a ORI CGERME 1~3) KRaETS 0
RIS T 2RI S 0/-D, LA DOHEEA
NI <HBHE I ~2-23~4 WS EIZES. LiL,
—E8 T, CUS OTHRIZEREE m 55 30 m LAND, HEMH
H3~4 (NRBEMMRIEEMR MHoXRME 1 ~2 Gl
PEfinb B 2 FEM) & EAMRILT 2oy a
(FUS: fining-upward succession) & £ 5. Z L T, FUS M
5 CUS NOELIIHBHITH S, 5 L7 CUS I3, BEM
DHRE L AT LMK DBRICATET 2 &Ik > TTE®
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RS 7 v a s, HD0ITHEERE BB Y7 EY
TariAslsEING. —F, FUS i3HET X7 LHEERIC
BBT DI EICE>TTERKENY YV 32, 3
Wi GERIL) Yoty al BT IENTE
3

AT SN D HEREAR AT OB RIS R S RS B B 720,

LHEHIZE cus LEORVEHEMEME 4 8) MWEAL, &
HisHEREAE 2 NERIZL S, MICEARIZE CcUs THIC
HEREAE 2 At L, HEFEAR 3 D 4 ALK B EANH D.
Zhig, EEIEFEMHE (MuRERD) BESERL, B
s (MR S THAME) OBRENERL TWED
EERBLEBDOTHS.

2. MRS — b ALHHL -2ty b

U ARBFETE, EBROXSB CUSBINET
INT 2 —4r > X (parasequence: van Wagoner et al., 1990)
EEINTER, UL, BRETH, %¥CUS &EiLE
B TERINNT S~ O ADBEI L IEERTHL
SHEIANEL TSRS, hZTr—ILHd0idE4~5
F—F— OB~ AELTHRDODND L DI TE
TW% (Catuneanu, 2006). AFHTIE, —DDCUS, $3
WiZ—HD FUS & CUS 5 R2BF1I=y &, WTh
b~ > X (LR —%4 > X ; DS: depositional se-
quence) EMERI LIZT S,

THELY a2 BB I CHR)IIE TEICER L
TEHTES CUS BLUFUS DAL REHRANS, £
NETh RK 6 RO =T 2 AEFHTHIENTES
(Figs. 4,5,6,7). CUS BELUFUS 2D - AD
BE, CUS iZH#KENHEAE (HST: highstand systems
tract), FUS I3 # i Jl #E §8 4K (TST: transgressive systems
tact) E R ST, FUSELCUSOER Thabb
TST/HST ERFEDOBHEIL, RLBEDEALKNZ TR
T B K # 0% M (MFS: maximum flooding surface: van
Wagoner et al., 1990) iZHY4 T 5. #KE 18D —r X
DR¥IT HST 2 EAEE L THD, TSTROTAICRET
ZORTHD, Zhid, ZOHEMEHIERIICH > T,
HwBHEH AR S D M KELBEESREND
=iz, B OBEMSEREINEh o, BLR
REFZhho0hdb LN,

EIHIINSOT—r AR, ERTH2~5HTED
R&EsF - -0 LKL B 2XT, JEZ 200~
400m D — % > A%k v b (DSS: depositional sequence

set) ZHRL TWS, Z%BT3 vy b (FZED MSSI,

MSS2, MSS3), PIRETIZ 2+ v + (HSS1, HSS2) A
MTED, H1—4 Xty NHOHERS —7 2 AITHL
Tid, FZIEMSS1I @3 DD —4 A THHE, Ml-1,
M1-2, M1-3 EIERZEIZT D, ZEED 3 DD —0 >

2ty M2, EH-ME (1953) @ 3 #HE (Fird D MK,

Mkm, Mku) 24 ¥ L, Matsumoto (1959, 1965) ® Ila,
Ib+llc, I1d, A EFIZA (1964) @ Ta, Tb+Tc, Td IZ&t IS
T5EEDLN5.

Fig. 5 ICAHMBOREN S —F 2 A0 -5 Xty b
OEFELT, BARKEIIBIT2 =45 X OFEEER
K%ERY. M3-1, M3-2, M3-4 i3 TST & HST » SRS
N, HAMEEKED ER—TRICHIGL TR E N/ —
rrAEEOLNS, M32~M3-5DERIZIE, A—F—0
—D/hEWEFEBIEY 7ty a B s o, iF
POty a3 TIREEL T, M3-3, M3-5i3,
TSTHMHEEL RO AEBLBEIND. OB
&, RERIHBMAFELKED LR ZRTEILER (ma-
rine flooding surface: van Wagoner et al., 1990) IZfH¥4 3 %
LEEREND.

MSS3 132 —4 > Xty bD LRIV T EARRAL — b
{LHEEZRDHDIENTE, P—r L ABFRRETO &,
M3-1 ~ M3-2 TERE THT TST, M3-2 F1#~ M3-5 A HST
ERBD, M3-2 FTHIZKEVWRTY =)L TORKBILEE
RETED.

3. W —4r X - M —4 Xty bOBKRIIR
Gradstein et al.(2004) DB FRE (p.356) 1T D&,
/)= F Ly, Fa—OZT7 >, AZT T OERIL,
FNFHN 99.6 + 0.9 - 93.5 = 0.8, 93.5 = 0.8-89.3 =+ 1.0,
89.3 = 1.0-85.8 = 0.7 Ma TH» D, Bt 6.1, 4.2, 3.5
my (BAERM TH2. ZEBTHOL/ YT iZid
D= AW ED THEDSNDDT, —DD—
o ZOBREMIETEEH 08T my &85, ZEBEND
Fa—OZT7>HFHIZBSKHHBDT, Foa—DOZT >
R % 935904 Ma EB T &, 25 513FH$0.58
my &85 —%, SEREL-PRIED LBE2IZT
T UTFHMETEL, FOHBAMELN 1.75 my EH0
FT&, 1 HEAED029my EREVLOSNSE. —K, ¥—F
Aty MZDWTIE, =3O MSSI1, MSS2, MSS3 @
WiIhb25~3my BEEREL SN 5.

Ihs OFERMIZ, Vailetal, (1991) R L7, E4
F—4—:008-05my, B3 A —45—:053my, F2F—
¥—:350my T HREREMICEDE, T ARE
3F—F—-—THbHE4A-F-LEE5THRRAETH .
L7n L, de Graciansky et al.(1998) DLt FA g K ¥ Bhith
BEBBLT, >—472Rby b2EIF—F-DHIE
= VR, = AEB A Y IEMITE I E
WAJRETH 5.

4. BHMEL —7 2 Aty FOFE

1) MSS1

B THOBES T2 TRV, 3D~ X (M1-
1 ~MI1-3) M50, FEMBO=EBOH TROHHERI/L
L—4 Aty BT, MSS2 ® MSS3 £V HCS WA (G
EHO~7 NEL<EETS. FHH-#HF (1953) O Mkl
%> Futakami (1986a) T® Mkl FEIZHtah s, HBHEH
Mtz a>omBiEs EHNS Ila (Matsumoto, 1959,
1965) & B\ iZ Ta BABFIZ M, 1964) EDIZHMICHETH 5.
[/ : £ 200 m
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ZEED, M3-1 EM32 A FF2—OZ7 VREIC
HEEZSNS,

M3-3 In M3-5 OF B E THEEAIC Inoceramus (1)
hobetsensis WEHT D BAIE, SGR, SORKE). £
7z, BHIRD M3-5 EEIZT Collignoniceras woollgari )3
Bohi. - T, M3-3,5 M35 WHEF -7
REITHIEET S LM TE S,

PIRNE D H1-1 E&» S HI-3 £ THEEMIC Inocera-
mus (Inoceramus) teshioensis MEHT 5 (H X
TSI, BAROHI3HHIZT, ERBF2—-—027 >0
R TH D Damesites ainuanus MG ON. £/, FHE
MBI, L () teshioensis & Mbytiloides incertus 753t
EY5 UEOZEMS, HI-1 5 HISB3 3 EHFa—DO
T URBITHIET S I EMNTES.

EX

3. =77
Hi-4 F#» 53 EEEMIT Inoceramus  (Inoceramus)
uwajimensis MEBFET D, K> T, HI-4 XD Eusa=7
DT ORERRTIENTES.

ZERORGIHMELHE

=X EOREESMLEIIHERE S EEEIC K > TEOHR
EERDS RIS TWDS, BEHREMBTIE, HHEM I
R2OWMEIINEEHIZTOEFAL DA /2T LN
BHL, RAOFRBERMATH DENEEHRCEREL
T5. M2 TRA /7 LA ADZKHEAENNL S
M. BRI UHEREH 3, 4, 6, 7 O RHERMIKIFS EH
T =#HEH, BEMNE-L, 7oEF I RRM/ET7LR
RS D BEOREIMM<RDIET  EST T MORE
B, EYRELAEEE TR HAEMN 3, 4 TIIRIER
DL AR~ EREEMOERERT A, HHEM6, 7
TIIHCS DRZB T VEEBS HCS EBFEFNK L4 T £
N5 HEH6 OEMBILS ) PEBAER TIIRERD
Iy FIROBEERERTIESEFETHD. BEBHD
THERBICBA DI A, BREOIVBEREL TH
IRV E <, ihym#%#&%?é%Aﬁﬁé
L7cdioT, (tADEHBEOEH A EHROEAR
FMET2HDEEX 20,

—%, \LAEEEHEIIDOWTIE, KE-/hE (1998) 78
R LU RENSRERAOFR)IIEY a2 EFEER ©

IRV R EF 2 —O T O ERICEET D, Lirl,

SEFEESHREZT> RO DST, B/ YT
EB~F 207 2 TR (CTREFOLFHD 3EE
AERENERLEMS 7.

Yt ) =7 OB ¥ 1L Cucullaea (1) ezoensis,
Glycymeris (H.) hokkaidoensis, Entolium obovatum, Ptero-
trigonia, Anthonya japonica EW-o - THREINS. B
HERIIHERAICE > TR L TH D, HHEME 1 DR 2
OWHE I MEHSE-T SO R Y 2 3 > TIIEYER
RS, HEFRAB 4, 6 OHIKIES SN ST DA T
WEHENEHET D,

3 /iR,

FERF 2 —0O =7 > T3, Inoceramus (I.) hobetsensis,
Aphrodina pseudoplana O 2 FINELHL T3, £/ vz
7 > &Y ST Aphrodina pseudoplana EBRW TR S
hzv, BEMNIEREY3>TR, £/ 3v=27>0
Pterotrigonia THRZE IS b =7 HIi Apiotrigonia
(A.) mikasaensis X> Yaadia ainuana %> Meekia hokkaidoana
KEERD> TS (REHID, 1964) #5, AFETIH
DXOF 1= € T5F aRAS Lo WA

SREIOHATIE, £/ Y27 &EFa—0Z7 BT
HILEHEMRORERNZBONHERTE 0, #Ft
Jiar (RE-/NE 1998) FEEHBEENE LW

O, FMzHEISHROBEEL V.

F: ¥

1. dt¥mE P RBOKENERREEILRICH -5, =
LHACER~EHHERICBNT, HERERERO=%
& & PR E DHEFEM - > — 7/xgﬁmﬁéﬁot Erss
FELI- 9 BOHBEOREFDSHENS, S5O
REBIIFICNMIBEMT, K ToAMIEELRE, %TT%ﬂ@
Z U THRNBE I A RIREN T - MANREHTH > - &
HEINS.

2. =&, PIIEE, &I EASRBLHEEEY Y
Tyl alME<RELTEY, AEMBLEHICEHTE
5 —EHOYrtyaid, vy aitkoT, FO
TEiCHEN EHAR LY 7y a s EESTNS 0T
NBHRL — T AERRTIENTE, ZEBTE 12
¥, PURBT 6 HAHERTES. ZLT, &2 =72 AK
B DHBEHEIHR L ADRERANS, =%ET
2370, PRET2 DOOHEL > Aty FARAETE
3, HEINHBMCEARNEZEELT, > —r G
FBaFd—F— o= Aty MIE 3 A —F—ITAESN
oD,

3. TYEFAL, 1 /S ARMEABENS, Ao
MBI, R/ YT o~fiFa-nZT >, PRI
FTHEBHF 12— 07 o~ FHRIZT 7 VI RAREE
Abhb.

4. ZEEORBEHELAR, L/ T R TFHE
Fa—OZTFUPEICEET DA, HHEOHMIIAKELRE
BOILFETHHIFTEAERL, /Y7 U ROBE
BF2—0=7 RO BOL DIZEMICEEENE .
t /)T E~F 2 —O0Z 7 T (T EROLTF
D) HSIREEEVATC ML TIEEA LA
FEH LMo

Ty

X #®
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Plate 1

A: bioturbated sandy siltstone of facies 2 in the middle part of H2-2, Yon-no-sawa section.

B: bioturbated silty sandstone of facies 3 in the upper part of M2-4, Ganseki-zawa section.

C: bioturbated fine sandstone of facies 4 in the upper part of M2-2, Ganseki-zawa section.

D: interbedded hummocky cross-stratified fine sandstone and bioturbated sandy siltstone of facies 6 in the upper part of M2-
1, eastern branch of Ganzeki-zawa section.

E: thick conglomerate of facies 9 in the upper-part of M3-4, Kimun-ashibetsu River section.

F: tuffaceous sandstone in the upper part of H2-1, Yon-no-sawa section.

G: shell concentration in the lower part of M2-2, Ganseki-zawa section.

H: boundary (left side) between Mikasa Formation (M3-5) and Haborogawa Formation (H1-1) as a marine flooding surface
in Ganseki-zawa forestry road section.
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