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Abstract This paper describes some imprints on the surface of a cliff of the Lower
Cretaceous Sebayashi Formation at Sebayashi, Nakazato-village, Tano-county, Gun-
ma Prefecture, Japan, and interprets the cause of the formation of imprints on the
basis of thier morphology and distribution with reference to the sedimentary environ-
ments of the Sebayashi Formation.

The imprints are made up of two groups: one consists of three deep imprints
which stand in a row toward the strike in the central zone of the cliff surface (A group);
the other consists of imprints of fairly shallow, depressive and various shapes which
form a narrow zone from the lowest margin of the mid-breadth of the cliff to the right
margin of the mid-height (B group).

These imprints are interpreted to be dinosaur footprints on the basis of their
morphology, size, development of cracks around imprints, resemblance to some
iguanodontid footprints, and the regular space between two prints of the same kind and
the width of the tracks.

A few trackways consisting of these imprints are interpreted to be formed by
three or more dinosaurs.

Introduction

In the Kwanto Mountains, the Lower Cretaceous strata are distributed in the

F Sanchu Terrane, in the middle part of the Chichibu belt. The Sanchu Terrane, defined

as a narrow strucural zone 2-5km wide and approximately 40 km long, extends

longitudinally from the western part of Saitama Prefecture to the southeastern part
of Nagano Prefecture.

The Cretaceous strata are characterized by a nonmarine to marine, thick cyclic
sequence consisting of conglomerate or sandstone in the lower part, and alternating
sandstone and shale or only shale in the upper.

The cliff showing numerous ripple marks and some peculiar imprints located in
the mid-part of Sanchu Terrane. These sedimentary structures on the surface of the
cliff were described by ARAT ez al. (1958) in detail. These authors discussed the deposi-
tional environments on the basis of field observation and experimental study of ripple
marks. The detailed observations and interpretation of the imprints, however, have
not yet been worked out to our satisfaction. The purpose of this study is to describe
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these imprints based on new observations, and to interpret the cause of their forma-
tion on the basis of their morphology and distribution with special reference to the
sedimentary environments of the Sebayashi Formation in the neighborhood of Seba-
yashi which were analyzed by MaTsukawa (1983).

We are indebted to Professors William A. S. SARJEANT and Walder O. KuPscH,
both of the University of Saskatchewan and to Dr. Hartmut HAuBoLD of Geiseltal-
museum der Martin Luther-Universitdt for their helpful advice and critical reading
of the manuscript. Our works are offered also to Drs. Yasuji Saito, Kazuhiko UEMURA,
Minoru IMAJIMA and Masamichi TAKEDA of National Science Museum and Dr. Masao
Futakawmi of Fuchu Senior High School in Tokyo for their fruitful discussion on some
problems and laboratory or field works.

Geological Setting

The geology of the Sanchu Cretaceous Terrane was reported by TAKEI (1963),
MATSUKAWA (1983), and others. According to MATSUKAWA (1983) the Cretaceous
strata of the Sanchu Terrane comprise clastic rocks that are almost 2700 meters in
thickness. These are characterized by three fining-upwards, thick-unit cyclic se-
quences, each of which attains more than several hundred meters in thickness and
shows facies variations from nonmarine to marine beds. The Cretaceous is divided
into four units named. In ascending order these are the Shiroi, Ishido, Sebayashi
and Sanyama Formations. Some ammonoids occurred from the Ishido and Sanyama
Formations. These ammonoids indicate that the Ishido Formation can be assigned
to the Upper Hauterivian (?) to Barremian, and the Sanyama Formation to the Upper
Aptian to Lower Cenomanian. Hence the Sebayashi Formation, which lies between
these two formations, is probably referable to the Uppermost Barremian to Aptian.

Some peculiar imprints described in this paper are present in the fine sandstone
belonging to the Sebayashi Formation. This is included in the second of three sedi-
mentary cycles and is lithologically divisible into the Lower and Upper Members.
The Lower Member overlies the shallow marine Ishido Formation conformably.
It is composed of massive dark grey to light grey fine- to medium-grained sandstone,
and contains a large number of fresh- and brackish-water bivalves and gastropods and
terrestrial plant remains. In turn, the Upper Member conformably overlies the
Lower Member. It consists mostly of shale and rhythmically alternating beds of
sandstone and shale, and it contains occasional marine bivalves and foraminifers. Thus
the formation suggests offlapping, deltaic, topset deposits in the Lower Member and
renewed transgressive deposits on a shallow shelf or seaway in the Upper Member.
Consequently, the deposits of the Lower Sebayashi at Sebayashi are interpreted as
being deltaic and associated with prograding distributaries.

Some kinds of imprints with numerous ripple marks are observed on a bedding
plane of the cliff of the Lower Sebayashi exposed at about 200 meters north of Seba-
bayashi hamlet (Nakazato-village, Tano-county, Gunma Prefecture) on the right
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Text-fig. 1. Map showing locality of the cliff (star mark) containing some imprints at Seba-
yashi.
Cp: Pre-Cretaceous formations, Is: Ishido Formation, SI: Lower Member of Seba-
yashi Formation, Su: Upper Member of Sebayashi Formation, Sn: Sanyama Formation,
R299: highway No. 299.

side of a highway No. 299 along Mamonozawa River (Text-fig. 1). In the neigh-
borhood of Sebayashi, the nonmarine Lower Member is characterized by thick sand-
stone with some shale interbeds yielding fresh or brackish water bivalves. The thick
sandstone beds rapidly thin laterally (Text-fig. 2). This nonmarine wedge bed is
interpreted as deltaic deposits prograded into the marine area of the Upper Member,
probably due to a high rate of deposition, in excess to the rate of rising sea level.
Moreover, the nonmarine bivalves (i.e. Costocyrena radiatostriata, Protocyprina sp. aff.
P. naumanni, Nippononaia ryosekiana and others) are well preserved with a complete
shell in the above-mentioned wedge bed and are associated with some allochtonously
introduced marine bivalves (i.e. Ostrea sp., Astarte (Yabea) shinanoensis, and Panopea
sp.). This fact suggests that the fossiliferous interbeds represent river-influenced bay
sediments on a delta.
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Text-fig. 2. Individual columnar sections with the indication of the horizon which preserved
some imprints, and showing lithofacies change.
1:shale, 2: alternating beds of sandstone and shale, 3: sandstone, 4: muddy sandstone,
5: conglomerate, 6: chert, 7: pyroclastic rocks, 8: limestone, 9: ultramafic rocks, 10: fault,
11: marine molluscs, 12: nonmarine molluscs, 13: imprints.
A: Otchizawa-Kayorizawa, B: Myokezawa, C: Mamonozawa, D: Niheizawa, E:
Kimyozawa.

Observations of the Cliff at Sebayashi

1) Outline

The cliff is of about 12 meters in height and 10 meters in width. The surface of
the cliff represents a bedding plane which strikes N50°W and dips 75°S and consists of
ill-sorted sandstone: average grain size is 3.74 phi, and mud content is 34.27 9, (Text-
fig. 3). On the bedding plane a fairly depressive central zone which accompanies three
imprints (A group) can be recognized. Many kinds of reliefs, i.e. ripple marks, ‘tiny
pits,” numerous lebensspuren, imprints and cracks, can be observed on the surface of
the cliff (Text-figs. 4, 5). The ripple marks occupy the entire surface of the exposure.
The “tiny pits” are scattered in the right lower part, and are also observable on a small
isolated area in the left lower part. The imprints (B group) are shallow and medium
in size and partly indistinct in outline. The joint system consists of strike and dip
sets: the former are apparently cut by the latter.
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Text-fig. 3. Grain size distribution and log-probability curve of the sediments.

2) Ripple marks

The ripple marks are made up of asymmetrical current ripples which comprise
a linguoid type (ALLEN, 1968) in the lower-half on the cliff and a sinuous type (ALLEN,
1968) in the upper-half. As to the former type the morphologic characters and the
formative conditions were reported by ARAl e al. (1958). The linguoid ripples are
ridges about 100 mm in length, approximately 150 mm in wave length, and nearly 5
mm in amplitude, indicating that the former current was from the upper to the lower
part of the cliff. The same authors also mentioned that ripple marks almost the same
as those seen in the Sebayashi Formation were produced by them experimentally
under the following conditions: a grain size averaging about 0.3 mm, a water depth
of 20 to 60 mm, and a velocity of the running fluid of 250 to 270 mm/sec at the water
surface.

On the other hand, the ripple marks of sinuous type comprise two types: one of
them runs obliquely and the other runs parallel to the strike of the bedding plane on
the cliff surface. As to the former, the ripple ridges and the strike line of the bedding
plane intersect at about 65 degrees. The ripple mark ridges are 110 to 170 mm in
length, about 100 mm in wave length, and nearly 10 mm in amplitude. The stoss
side of the ripples face upperwards on the surface of the cliff. Accordingly, the cur-
rent direction is presumably towards the lower part of the cliff.
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Text-fig. 4. The cliff at Sebayashi, Nakazato-village, Tano-county, Gunma Prefecture. White
markings on the surface of the cliff are plaster casts of some of the imprints.
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Text-fig. 5. Sketch of the cliff at Sebayashi.
1. imprints, 2. linguoid type ripple marks, 3. sinuous type ripple marks, 4. ““tiny pits” on
the linguoid type ripple marks and regularly spaced imprints, 5. non-relief.
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3) “Tiny pits”

The rim of ““tiny pits” consists of circular or elliptical forms, 3 to 5 mm in diameter.
The shape of the pits is roughly that of inverted cones. Comparatively large pits
accompany with a low and wide elevation around the rim, which is not visible at the
one side of the rim, but is observable at the opposite side (Fig. 1 and 2 in Plate 2, Text-
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