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Major climatic reorganizations, including changes in the nature of glacial—interglacial cycles through the
Pleistocene, are a key issue for improving the understanding of Earth's climate system. Highly resolved
marine sedimentary records are essential to reconstruct the details of these past climatic changes and
investigate the mechanisms responsible for them. The Kazusa Group, located in the central part of the
Japanese island chain, is well-exposed and contains a remarkably continuous and thick, deep- and
shallow-water marine sedimentary succession. This group also contains well-preserved marine micro-
fossils, pollen, paleomagnetic reversal events, geochemical signatures, and a large number of tephra
beds. These features allow us to establish a robust chronological and stratigraphic framework for the
Kazusa Group, and provide a rare opportunity to study oceanic and terrestrial climatic and environ-
mental changes at high resolution especially through the Lower and lower Middle Pleistocene. In the
Boso Peninsula, Chiba Prefecture, the Kazusa Group is deeply incised, yielding spectacular river-cut
exposures. The Matuyama—Brunhes paleomagnetic reversal is observed immediately above the wide-
spread Byakubi-E (Byk-E) tephra in the Chiba composite section within the Kokumoto Formation (Kazusa
Group). Because the Matuyama—Brunhes boundary customarily serves as the primary guide for the
Lower—Middle Pleistocene Subseries boundary, the Chiba composite section is considered an excellent
candidate for its global boundary stratotype section and point (GSSP). This study reviews the published
data for the Kazusa Group (hitherto almost exclusively in Japanese) in order to place the Chiba composite
section within its broader depositional and chronostratigraphic context.
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1. Introduction
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atmospheric circulation, ice sheet distributions, and biotic evolu-
tion from the Early to Middle Pleistocene (e.g., Head et al., 2008;
Head and Gibbard, 2015). The Early—Middle Pleistocene transi-
tion, also known as the “mid-Pleistocene climate transition” (MPT;
Raymo et al., 1997; Mudelsee and Schulz, 1997), was characterized
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by a progressive shift in periodicity of the dominant gla-
cial—interglacial cycles from 41 ky to ca. 100 ky. Numerous hy-
potheses have attempted to explain the causes of this shift (e.g.,
Head and Gibbard, 2005; Maslin and Ridgwell, 2005; Head and
Gibbard, 2015), and reorganizations of oceanic circulation help to
account for the variation in glacial amplitudes within a consistent
range of atmospheric pCO? (e.g., Bard and Rickaby, 2009). Contin-
uous deep-ocean records across the transition are plentiful, but
constructing links between atmospheric circulation, terrestrial
environmental change, and evolution of the biota has been
hampered by a scarcity of sedimentary records from nearshore
areas. Therefore, continuous and highly-resolved marine records
that capture both terrestrial and marine environmental change
with well-developed chronological control are needed urgently to
improve understanding of the Earth's climate system.

The International Commission on Stratigraphy (ICS) has been
charged by the International Union of Geological Sciences to
recommend global boundary stratotype sections and points
(GSSPs) for all undefined major boundaries in the international
geologic time scale, including the Lower—Middle Pleistocene Sub-
series boundary. This boundary should be defined in a marine
section exposed on land, and within plus or minus one marine
isotope stage of the Matuyama—Brunhes (M-B) geomagnetic
reversal boundary (Head et al., 2008). The M—B boundary should
serve as the primary chronostratigraphic guide for the Low-
er—Middle Pleistocene boundary because it represents a brief and
synchronous event and can be observed both in marine and
terrestrial records, but multiple criteria must be recognized close to
this boundary in order to maximize correlation potential
(Richmond, 1996; Head et al., 2008). Because the interval contain-
ing the GSSP for the Lower—Middle Pleistocene boundary will be
crucial in identifying lead—lag relationships for abrupt environ-
mental changes around the globe, the section should have well-
preserved microfossils that are related to global oceanic circula-
tion coupled with a chronological framework provided by magne-
tostratigraphy, marine isotope stratigraphy, and where possible by
absolute ages of tephra beds.

Thick, deep- and shallow-water marine successions of the
Kazusa Group were deposited in the Kanto Tectonic Basin in the
central part of the Japanese islands during the Pleistocene (Fig. 1).
The Kazusa Group is well exposed and contains a remarkably
continuous stratigraphic succession, especially in the Boso Penin-
sula (part of the Chiba Prefecture). In particular, the group contains
well-preserved marine microfossils, pollen, paleomagnetic reversal
events, and a large number of tephra layers, allowing us to establish
a robust chronological and stratigraphic framework. These char-
acteristics also provide a rare opportunity to study oceanic and
terrestrial climatic and environmental changes at high resolution,
especially from the Lower to the lower Middle Pleistocene.
Furthermore, the M—B boundary, as the primary guide for the
Lower—Middle Pleistocene, clearly occurs immediately above a
widespread tephra bed, the Byakubi-E (Byk-E) in the Chiba com-
posite section of the Kokumoto Formation, Kazusa Group. There-
fore, the Byk-E tephra serves as an excellent local stratigraphic
marker for the Lower—Middle Pleistocene boundary.

Three candidate sections are currently under consideration for
the Lower—Middle Pleistocene GSSP: the Montalbano Jonico and
Valle di Manche successions in Italy, and the Chiba composite section
in Japan. The Chiba composite section, and indeed the Kazusa Group
in general, has received limited international attention because most
previous investigations have been published only in Japanese. The
aim of this study is to review the published data from the Kazusa
Group, describe its global relevance to chronostratigraphy from the
Lower Pleistocene to lower Middle Pleistocene, and hence place the
Chiba composite section within a broader temporal context.

2. Geological setting

The Kanto Tectonic Basin is a forearc basin that developed in
response to the west-north-westward subduction of the Pacific
plate beneath the Philippine Sea plate along the Japan and Izu-
Bonin trenches (e.g., Seno and Takano, 1989), and contains the
Kazusa Group, one of the thickest (approximately 3000 m) Lower
and Middle Pleistocene sedimentary successions in the Japanese
islands (e.g., Mitsunashi et al., 1959; Ito, 1998b) (Fig. 1). The Kazusa
Group is mainly exposed in two hilly areas separated by Tokyo Bay,
the middle part of the Boso Peninsula and several hills fringing the
Kanto Mountains (Fig. 1) (Suzuki et al., 2011). The depth variation of
the base of the Kazusa Group shows the relief of the Kanto Tectonic
Basin. The depositional setting of the Kazusa Group varies from
beach to deep sea generally from northwest to southeast in
response to the tectonic setting. The southeastern part of the Kanto
Tectonic Basin commenced uplift from ca. 1 Ma (Kaizuka, 1987) at a
rate of 3.3 m/ky during the Holocene (Naruse, 1968). Thus, the
Kazusa Group provides a rare opportunity to study a Lower to
Middle Pleistocene sedimentary successions on land (e.g., Nozaki
et al.,, 2014).

The Kazusa Group, in the Boso Peninsula, unconformably over-
lies the Miocene and Pliocene Miura Group (e.g., Mitsunashi et al.,
1979), which constitutes older forearc basin fill that developed in
response to the northward to northwestward subduction of the
Philippine Sea plate beneath the Eurasia plate along the Sagami
trough (Ogawa et al., 1985). The Kazusa Group is overlain by the
Middle and Upper Pleistocene Shimosa Group. The Shimosa Group,
deposited during the Middle and Late Pleistocene (ca.
0.45—0.08 Ma), comprises shallow marine to paralic sediments that
represent the infilling of the paleo-Tokyo Bay, which is a relict of the
Kanto Tectonic Basin (e.g., Watanabe et al., 1987; Ito et al., 1999).
The margins of the Kanto Tectonic Basin have been uplifted, and the
marine strata dip gently northwestward and are well exposed on
land. The exposures are particularly good in the central part of the
Boso Peninsula and include the type sections for the Kazusa Group
along the Yoro River (Fig. 2).

The Kazusa Group strikes NE—SW and dips gently to the
northwest (Fig. 2). The angle of dip gradually decreases from 20° in
the lower part of the group to several degrees in its upper part.
Many NNE—SSW-trending normal faults are located in the eastern
part of the Boso Peninsula; the faults step down toward the sea.
This structure is interpreted to have originated from long-term
uplift around the central part of the Peninsula based on the sur-
face topography of the Peninsula and the elevations of key beds in
the Shimosa Group (e.g. Mitsunashi et al., 1979).

The stratigraphy of the Kazusa Group has been described by
Kanehara et al. (1949), Shinada et al. (1951), Mitsunashi et al.
(1961), Ishiwada et al. (1971), and Mitsunashi et al. (1979).
Several interpretations have been published regarding its contact
with the superjacent Shimosa Group. Mitsunashi (1973) recognized
the Kasamori Formation as being unconformably overlain by the
Kongochi Formation (Fig. 2). Although an unconformity can be
observed in several locations, Tokuhashi and Endo (1984) consid-
ered the Kasamori and Kongochi formations to be basically inter-
fingered, based on the continuity of tephra beds between them.
They also found fluvial conglomerate beds just above the Kongochi
Formation, indicating the initiation of a non-marine sedimentary
environment. Based on these phenomena, they concluded that the
boundary between the Kazusa and Shimosa groups should be
located above the Kongochi Formation. In contrast, Nirei (2004)
recognized an unconformity at the base of the Mandano Forma-
tion. Because this unconformity is clearly recognized in seismic
profiles throughout the Kanto Tectonic Basin (Fig. 3), he claimed
that the boundary between the Kazusa and Shimosa groups should
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