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Abstract: Fossilized rock-boring bivalves and associated borings in the Miocene Sankebetsu Formation
in northern Hokkaido, Japan, are useful for reconstructing paleoenvironmental changes. The sediments
are typical of shallow-marine facies in Hokkaido, and are rich in rock-boring bivalve traces. The Miocene
host formation (Sankebetsu Formation, 23—19 Ma) unconformably overlies an earlier Eocene formation
(Sakasagawa Formation). The inferred paleoenvironmental changes associated with deposition of the
Miocene Sankebetsu Formation at the study locality started with development of a wave-cut bench of stiff
mud or soft rock that was extensively bored by the rock-boring bivalve Platyodon nipponica to form
unnamed ichnofossils. The bench was subsequently covered by sediments associated with a transgression
and were gradually lithified. A later regression lead to the development of new bench of hard rock that
was bored by the rock-boring bivalve Penitella kotakae to form the boring ichnofossil identified as
Gastrochaenolites turbinatus. Finally, the new bench was covered by sediments during a major transgres-
sion, forming a shoreface environment characterized by storm-generated shell beds. The analysis of bio-
erosion on marine rocky surfaces is a useful tool for interpreting geological episodes such as relative
oscillations of sea level, erosion/sedimentation rates, and the intensity of physical disturbance.
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1. Introduction

Rock-boring bivalves have been studied by many
researches (Bromley, 1992; Taylor and Wilson, 2003),
and fossilized borings and bivalve fauna are common in
sediments dating from the Paleozoic to the present. The
borings formed by these bivalves are commonly in-
filled with overlying sediment and preserved in situ.
The autochthonous occurrence of these fossils makes
these features useful as paleoecological and paleoenvi-
ronmental indicators (Itoigawa, 1963; Dewey and
Keady, 1992; Suzuki and Hikida, 2005).

Rock-boring bivalve fossils have been employed in
the Japanese Islands for many years to determine the
depositional facies and environments of ancient rocky
shores (e.g., Uozumi and Fujie, 1956; Itoigawa, 1963;
Masuda, 1968). Miocene sediments from the shallow-
marine facies of Hokkaido, northern Japan, are rich in
rock-boring bivalve fossils (Uozumi and Fujie, 1956;
Itoigawa, 1963; Kanno and Matsuno, 1960; Kanno et
al., 1968; Noda, 1992; Suzuki et al., 2006). However,
although these rock-boring bivalve fossils have been
described in terms of systematic paleontology, the fos-
sils have yet to be fully studied from paleoecological
and taphonomic perspectives.

In the present study, we characterize the stratigraphic
horizon bearing the rock-boring bivalve fossils and
describe the modes of fossil bivalve and boring occur-
rences. We then infer the paleoenvironmental changes
of the ancient rocky shore, based on the paleoecology
and ichnology of the rock-boring bivalves and associat-
ed borings.

2. Geological setting

The Miocene boring bivalve fossils in the present
study is exposed in the Haboro area of northern
Hokkaido, northern Japan (Fig. 1). The Tertiary strata
widely distributed in this area (Fig. 2) are divided into
the Haboro, Sakasagawa, Sankebetsu, Chikubetsu,
Kotambetsu, Chepotusnai, Embetsu and Mochikubetsu
Formations, in ascending order (Matsuno and Kino,
1960; Kurita et al., 1992; Hoyanagi, 1992; Hoyanagi et
al., 1994).

The Sakasagawa Formation (Hoyanagi et al., 1994)
unconformably overlies the Haboro Formation and
attains a maximum thickness of 200 m. The formation
has been reported to be Late Eocene in age on the basis
of microbiostratigraphic data (Kurita et al., 1992;
Hoyanagi et al., 1994), and is composed of muddy fine-
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Fig. 1 Map showing the fossil locality with rock-boring
bivalves. The Akebono locality is 15 km upstream of
the Chikubetsu-gawa River, Haboro Town, Hokkaido,
Japan. The large-scale map is represented by the rec-
tangle indicated on the inset small scale map.
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Fig. 2 Tertiary stratigraphy in the Haboro
area, Hokkaido.

grained sandstone without distinct sedimentary struc-
tures, suggesting a sandy shelf environment (Hoyanagi
et al., 1994). The faunal composition of the molluscan
fossils present in the Sakasagawa Formation resembles
that of the Poronai Fauna (Noda, 1992).

The Sakasagawa Formation is unconformably over-
lain by the Sankebetsu Formation, which reaches a max-
imum thickness of 300 m. The Sankebetsu Formation is
divided into a lower sandstone part and an upper mud-
stone part. The lower part is composed of massive, fine-
grained sandstone with a basal conglomerate, while the
upper part is mainly composed of massive tuffaceous
mudstone. The formation is considered to be early
Miocene in age, based on dinoflagellate biostratigraphy
(Kurita et al., 1992), which is supported by a K-Ar date
in the Sankebetsu Horizon (Hoyanagi and Matsuli,
1985). The chronostratigraphic data therefore suggest a
gap of approximately 10 Ma between the Sakasagawa
and Sankebetsu formations (Fig. 2). The stratigraphy of
the Sankebetsu Formation can be interpreted as a trans-
gressive-regressive succession (Hoyanagi er al., 1994).
Molluscan fossils in the formation form the Sankebetsu
faunal assemblage, which is rich in cold-water elements
that originated in the northern Pacific region (Noda,
1992; Ogasawara, 1994; Suzuki, 2000).

3. Modes of occurrence of borings and causative
bivalves

At the fossil locality in Akebono, the Sankebetsu
Formation is exposed along an upper stream of the
Chikubetsu River (Fig. 1). The Sankebetsu Formation
unconformably overlies the Sakasagawa Formation with
a sharp erosional contact at the outcrop (Fig. 3). The
Sakasagawa Formation is composed of dark-grey,
muddy, fine-grained sandstone with scattered shells and
calcareous nodules, consistent with a sandy shelf pale-
oenvironment (Hoyanagi et al., 1994). The overlying
Sankebetsu Formation is composed of blue-grey medi-
um-grained sandstone with shell beds and typical hum-
mocky cross-stratification suggestive of a shoreface
paleoenvironment (Hoyanagi et al., 1994). The
sequence boundary between the formations is interpret-
ed as a ravinement surface produced by shoreface ero-
sion associated with transgression (Hoyanagi et al.,
1994).

Many borer shells and borings are observed on the
erosion surface between the two formations (Fig. 4).
Large boring fossils (Type I borings) cut sharply and
perpendicularly into the fine-grained sandstone, with
Platyodon shells preserved in situ, conjoined and aggre-
gated in place. Small boring fossils (Type II borings)
also cut sharply and perpendicularly into the fine-
grained sandstone, with Penitella shells preserved in
situ, conjoined and aggregated in place.
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Fig. 3 Columnar section of Tertiary formations at the
locality, showing the fossil horizon.

4. Remarks on fossil rock-boring bivalves

Family Myidae
Genus Platyodon (Conrad, 1837)
Platyodon nipponica (Uozumi and Fujie, 1956)
(Fig. 5)

Remarks: Many specimens were examined, some of
which were deformed or partly fractured. Shells display
some variation in outline, from elongate to somewhat
shortened. The living American species Platyodon can-
cellata (Conrad, 1837; Yonge, 1951; Adegoke, 1967)
has a lower, more elongate and less inflated shell than
the species in the present study. P. cf. nipponica, report-
ed by O’Hara and Nemoto (1984) from the Goyasu
Formation in the Joban coal field, may be identical to
the present species.

Occurrence: Sankebetsu and Chikubetsu Formations in
Hokkaido, Japan.

Family Pholadidae
Genus Penitella (Valenciennes, 1846)
Penitella kotakae (Kanno and Matsuno, 1960)
(Fig. 6)

Remarks: Many specimens were examined. Shells dis-
play some variation in outline, from elongate to short-
ened. The present species resembles P. cf. kotakae from
the Goyasu Formation as reported by O’Hara and
Nemoto (1984). The present species is related to the
modern Japanese species Penitella kamakurensis
(Yokoyama, 1922), although with a distinctly narrower
and slender posterior area separating the anterior via a
radial groove.

Occurrence: Sankebetsu, Chikubetsu, Jugosenzawa and
Horomui Formations in Hokkaido, Japan. Ilyin Suite in
western Kamchatka, Russia (Gladenkov et al., 1984).

5. Ichnological features of bivalve borings

Type I borings were found in the Sankebetsu
Formation at Akebono (Fig. 7). These borings, created
by Platyodon nipponica, are large with a long club-
shaped outline. The longitudinal axes are nearly
straight, extending for 10—-15 cm, and are arranged at
angles of 70-80° with respect to the basal plane of the
formation. Cross-sections are elliptical in the upper part,
oval-shaped in the middle part, and heart-shaped in the
lower portion. The borings are rather narrow in the
upper to middle parts, with diameters of 3—4 cm, below
which the borings quickly expand to 5-6 cm in diame-
ter. The basal end is bluntly pointed and wedge-shape in
vertical section. In general, the upper parts are not well
preserved, likely due to erosion after burial of the trace
fossils. The borings are filled with fine- to medium-
grained sandstone.

The morphological characteristics of the Type I bor-
ings were illustrated by Uozumi and Fujie (1956) based
on examples found in the Chikubetsu Formation of the
Haboro area. This type of boring has not been described
in other localities and is re-examined here from an ich-
nological perspective.

Type 1I borings were also found in the Sankebetsu
Formation at Akebono (Fig. 8). These borings, formed
by Penitella kotakae, are small (3—5 cm in length) with a
flask-shaped outline, indicative of the Gastrochaenolites
ichnogenus (Leymerie, 1842). These Gastrochaenolites
are circular in cross-section through the full depth of the
boring. The aperture is narrow, with the boring enlarging
conically with depth until finally tapering to form a
rounded base. The longitudinal axes are slightly bent
half-way along the boring length, but are oriented gener-
ally perpendicular to the basal plane of the formation.
The cross-section has a relatively uniform diameter of
2-3 cm along the length of the boring, but is slightly
constricted in the uppermost portion and slightly expand-
ed at the basal end, which is regularly rounded. These
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Fig. 4 A. Modes of occurrence of rock-boring bivalves and their borings at the unconformity surface between the
Sakasagawa and Sankebetsu formations at Akebono. B. Idealized modes of occurrence of boring ichnofossils at the
unconformity. Not to scale.
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Fig. 5 The rock-boring bivalve, Platyodon nipponica, from the Sankebetsu Formation. 1.~ 6. Platyodon nipponica Uozumi and
Fujie.
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Fig. 6 The rock-boring bivalve, Penitella kotakae, from the Sankebetsu Formation. 1.~ 4. Penitella kotakae Kanno and
Matsuno.
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Fig. 7 Club-shaped boring ichnofossil, created by Platyodon nipponica, from the Sankebetsu Formation. 1.~ 3. Boring ichnofos-
sils, created by Platyodon nipponica.
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Fig. 8 The ichnofossil, Gastrochaenolites turbinatus, created by Penitella kotakae, from the Sankebetsu Formation. 1.~ 4.
Gastrochaenolites turbinatus Kelly and Bromley.
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trace boring fossils are filled with medium- to coarse-
grained sandstone, which is lithologically similar to the
superposed sediments.

The morphological characteristics of Type II borings
was also illustrated by Uozumi and Fujie (1956) based
on examples from the Chikubetsu Formation along the
Haborogawa River in the Haboro area. This type was
assigned to Gastrochaenolites turbinatus by Kelly and
Bromley (1984).

6. Discussion

Based on our field observations and paleoecological
analysis, paleoenvironmental changes at the Akebono
locality may be divided into four stages (Fig. 9), as fol-
lows:

Stage 1: After deposition of the Sakasagana Formation,
the exposed surface consolidated into stiff mud or very
soft rock, which was subsequently eroded by a marine
transgression to form an intertidal wave-cut bench. The
boring bivalve Platyodon nipponica worked this bench
aggressively, forming the club-shaped borings with asso-
ciated bivalve shells. The intertidal bench was colonized
by P. nipponica, producing extensive unnamed trace bor-
ing fossils during a period of non-deposition. The club-

shaped borings were in-filled with local sediment and
thus preserved in situ.

Stage 2: A subsequent regression lowered sea level
and exposed the previously intertidal surface to terrestri-
al weathering, allowing the sharp erosion of sediments
to form a rock outcrop.

Stage 3: The boring bivalve Penitella kotakae colo-
nized a new intertidal bench during a later period of
non-deposition, to form the boring traces identified as
Gastrochaenolites turbinatus. The rock-surface colo-
nization by bivalves may correlate with the Entobia ich-
nofacies (Bromley, 1992, 1994).

Stage 4: A resumption of sedimentary activity caused
these flask-shaped borings to become in-filled with local
sediment and thus to be preserved in situ along with the
associated bivalves. A rapid transgression is indicated,
during which the wave-cut bench would have trans-
formed into an upper-shoreface sandy bottom associated
with a high-energy environment. Such a paleoenviron-
ment is indicated by the presence of many shell-beds rich
in open-sea bivalves such as Spisula and Mercenaria, and
by the hummocky cross-stratification of the sandy sedi-
ments.

In summary, the formation of the Sankebetsu sedi-
mentary sequence started with the development of a

Fig. 9 Schematic diagram showing the paleoenvironmental reconstruction of rock-boring bivalves and their clavate borings from the

Sankebetsu Formation.
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wave-cut bench of stiff mud or soft rock that was exten-
sively bored by the rock-boring bivalve Platyodon nip-
ponica to form an unnamed ichnofossil. The bench was
then covered with sediments and gradually lithified, fol-
lowed by the development of a new bench of hard rock
that was bored by the rock-boring bivalve Penitella
kotakae to form the boring ichnofossil Gastrochaenolites
turbinatus. Finally, the bench was again covered with
sediments and inundated to form a shoreface environ-
ment with storm-generated shell beds during a transgres-
sive cycle. The present analysis of bioerosion on marine
rocky surfaces demonstrates that the technique is useful
for interpreting geological episodes such as relative
oscillations of sea level, erosion/sedimentation rates, and
the intensity of physical disturbances.
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