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ABSTRACT

Recent stratigraphic reviews suggested that the Kuzuryu Subgroup should be excluded from the Tetori Group (sensu

lato), as in the original definition of the group by Oishi (1933b). Here, we redefine the Tetori Group following Oishi’
s (1933b) definition and designate the Itoshiro area in the Kuzuryu region, Fukui Prefecture, the Hakusan Geological
Region, central Japan as the type section. We also propose a definition of the Kuzuryu Group involving some modification

of Maeda’s (1961) Kuzuryu Subgroup.
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Middle Jurassic to Lower Cretaceous deposits are widely
distributed in the Hokushinetsu and Hida Districts of central
Japan (Fig. 1). Collectively, Maeda (1961) classified these
deposits as the Tetori Group following a comprehensive
stratigraphic study. Although Maeda (1961) also included the
Upper Cretaceous Asuwa and Omichidani Formations in the
Tetori Group, the currently prevailing usage of the Tetori Group
does not include these two formations, based on their contexts
(Sano, 2015; Yamada, 2017). Therefore, the Middle Jurassic to
Lower Cretaceous part of the Tetori Group (sensu Maeda, 1961)
is referred to as the Tetori Group sensu lato (s./.) in this note.

Maeda (1961) divided the Tetori Group (s./.) into three
subgroups: the Kuzuryu (Middle to Upper Jurassic), Itoshiro
(Upper Jurassic to Lower Cretaceous), and Akaiwa (Lower
Cretaceous), in ascending order. According to Maeda (1961),
the Kuzuryu Subgroup consists mostly of marine sediments, and
the Itoshiro and Akaiwa Subgroups are composed of non-marine
sediments. This “canonical stratigraphic scheme” has long been
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widely used, although recent reviews (Sano, 2015; Yamada, 2017)
indicate that part of the Kuzuryu Subgroup should be excluded
from the rest of the Tetori Group (s./.) based on recent ammonoid
biostratigraphic studies, especially on the Itoshiro Subgroup (e.g.,
Sato et al., 2003, 2008; Sato and Yamada, 2005, 2014).

We held a seminar at the 2018 Annual Meeting of the
Palaeontological Society of Japan to discuss how we could
incorporate recent progress in biostratigraphy and tectonics into
the definition of the Tetori Group. After considering the opinions
of the attendees, we formally define the Tetori Group herein
by designating type sections in the Itoshiro area, the Hakusan
Geological Region, central Japan (Figs. 1 and 2). We also propose
that the Kuzuryu Group (redefined herein) be restricted to the
Middle to Upper Jurassic deposits along the Itoshirogawa and
Kuzuryugawa Rivers (Figs. 1 and 2). The problems regarding the
current definition of the Tetori Group (s..) are summarized briefly
below, and details are available in previous reviews (Sano, 2015;
Yamada, 2017).
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FIGURE 1. Distribution of the Kuzuryu and Tetori Groups, based on Maeda (1961), Yamada K. et al. (1989), Yamada N. et al. (1989), Wakita et al. (1992),
Harayama et al. (1996), Kano et al. (1999), Takeuchi et al. (2015), and Sakai et al. (2018). The distribution is largely divided into two Geological Regions, i.e.,
Hakusan (south of the red dashed line) and Jinzu (north of the red dashed line). The Oxfordian marine sediments (colored brown) were formerly included in the
Kuzuryu Subgroup (sensu Maeda, 1961), but are excluded from the Kuzuryu Group redefined herein.
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FIGURE 2. Type sections of the Kuzuryu and Tetori Groups. The type area
of the Tetori Group is colored red.

ORIGINAL AND CURRENTLY PREVAILED DEFINITIONS
OF THE TETORI GROUP (S.L.)

Oishi (1933a, b) first used the term “Tetori Group” to name
a lithostratigraphic unit. In the original definition of the Tetori
Group, Oishi (1933a, b) did not include the marine Kaizara and
Kiritani Formations (found in the Itoshiro and Kiritani areas,
respectively; Fig. 1), although they belong to the Kuzuryu
Subgroup of the Tetori Group (s.l.) in Maeda's (1961) stratigraphy
(Fig. 3).

Subsequently, Iwaya (1940) reported on marine sediments
containing ammonoids in the Shokawa area (Fig. 1), which are
now called the Mitarai Formation (Maeda, 1952a, 1961). The
Mitarai Formation is comformably overlain by non-marine
sediments that Oishi (1933a, b) included in his Tetori Group.
Maeda (1952a, b) considered the Mitarai Formation to be coeval
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FIGURE 3. Schematic comparison of the stratigraphic interpretations of this study with those of previous studies. Ka, Kaizara Formation; Ki, Kiritani

Formation; Om/As Fms, Omichidani/Asuwa Formations; SG, Subgroup.

with the Kaizara Formation (Fig. 3), interpreting the depositional
environment as changing from the marine Kuzuryu Subgroup to
the non-marine Itoshiro Subgroup with no depositional hiatus,
at least in the proximal part of the sedimentary basin (i.e., the
Shokawa area), although an unconformable relationship between
these two subgroups is recognized in the likely marginal part of
the basin (i.e., the Itoshiro area). In other words, Maeda (1952a,
b) thought that the Kaizara Formation and Oishi's (1933a, b)
Tetori Group were formed in a depositional sequence. Therefore,
Maeda (1961) classified the marine Kaizara, Kiritani, and Mitarai
Formations as the Kuzuryu Subgroup, which comprises the Tetori
Group along with the non-marine Itoshiro and Akaiwa Subgroups.

Recent biostratigraphic studies of ammonoids showed that the
Mitarai Formation is Tithonian to Berriasian in age (Sato et al.,
2003, 2008), differing from the Bathonian to Callovian age of the
Kaizara Formation (Sato and Westermann, 1991). In addition, at
least two marine transgressions were recognized in the sediments
that Maeda (1961) classified as the Itoshiro Subgroup, which are
dated to the Tithonian (Sato and Yamada, 2005) and Hauterivian
to Barremian (Goto, 2007) or Barremian to Aptian (Matsukawa
et al., 2007), respectively. As the Mitarai Formation could have
formed during the earlier marine transgression, it is now included
in the Itoshiro Subgroup (Fig. 3; Sato and Yamada, 2005; Yamada
and Uemura, 2008).

These biostratigraphic data clearly suggest that a hiatus of
at least ca. 5 million years (i.e., the late Oxfordian to early
Tithonian) occurred between deposition of the Kuzuryu and
Itoshiro Subgroups in all distributional areas of the Tetori Group
(s.l.) (Sato and Yamada, 2014). Therefore, Kuzuryu Subgroup
(i.e., deposits older than the Tithonian) should not be included
in the Tetori Group (Sano, 2015; Yamada, 2017), as in Oishi’s
(1933a, b) original definition. We redefine a part of these excluded
sediments as the Kuzuryu Group. As Oishi (1933a, b) did not
designate a type section for the Tetori Group, we choose the
Itoshiro area in the Kuzuryu region, Fukui Prefecture, as the type
section (Fig. 2). The Itoshiro area is suitable as the type section
for the following reasons: 1) it is where the boundary between
the Kuzuryu Subgroup and the rest of the Tetori Group (s.l.) is
best observed (Oishi, 1933a; Maeda, 1952b); 2) the Tetori Group

(s.l.) stratigraphy is undisputed; and 3) the stratigraphic standard
of the Tetori Group (s.l.) was originally established there (e.g.,
Yokoyama, 1895, 1904; Oishi, 1933a, b).

STRATIGRAPHIC NOTES
1. Kuzuryu Group (redefined)

Author—Maeda (1952b)

Type section—Areas along the Itoshirogawa and Kuzuryugawa
Rivers (Figs. 1 and 2)

Note—The Kuzuryu Group, as redefined here, includes the
Shimoyama [conglomerate, a name used originally in Maeda (1961),
as are the following names], Oidani (alternation), Tochimochiyama
(sandstone), Kaizara (shale), and Yambarazaka (alternation)
Formations of Maeda (1961). However, our Kuzuryu Group does
not include the Oxfordian sediments (Sano et al., 2013; Sakai et al.,
2018) distributed in the Middle Row of the Kuzuryu region (sensu
Sano et al., 2013) (Figs. 1 and 2), which were included in the
Kaizara Formation by Oishi (1933a, b) and Maeda (1952b, 1961).
As Sano et al. (2013) pointed out, the Oxfordian sediments are
lithologically and biostratigraphically distinguishable from those
of the Kuzuryu Group (redefined herein). We also do not include
the Oxfordian Kiritani and Arimine Formations (sensu Maeda,
1961) distributed in the Jinzu Geological Region (Fig. 1) in the
Kuzuryu Group because we believe that the relationship between
the Kuzuryu Group and Kiritani/Arimine Formations needs to be
reconsidered in light of basin and tectonic analyses.

2. Tetori Group

Author—Oishi (1933b)

Type section—Areas along the Itoshirogawa River (red area in
Fig. 2).

Note—The Tetori Group in the type area consists of the Yambara
(conglomerate), Ashidani (shale), Obuchi (conglomerate), [zuki
(shale), Akaiwa (sandstone), and Kitadani (alternation) Formations
of Maeda (1961). In areas other than the Asuwa, Mochiana,
Shokawa, Furukawa, and Kurobishiyama (Tomari) areas, the Tetori
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Group corresponds to the Itoshiro and Akaiwa Subgroups of Maeda
(1961). In the Asuwa, Mochiana, Shokawa, and Furukawa areas,
our Tetori Group is equivalent to Maeda’s (1961) Tetori Group (s.1.).
In the Kurobishiyama area, our Tetori Group follows the Tetori
Group of Takeuchi et al. (2015).

Matsukawa et al. (2014) proposed the Jinzu Group for the
Itoshiro and Akaiwa Subgroups (sensu Maeda, 1961) distributed
in the Jinzu Geological Region (Fig. 1). They argued that the Jinzu
Group is younger than the Akaiwa Subgroup (sensu Maeda, 1961),
which occurs in the Hakusan Geological Region (Matsukawa et al.,
2014). However, recent re-evaluation of zircon U-Pb ages does not
support their interpretation (Nagata et al., 2018).

Use of the Managawa Group (Kobayashi, 1954) is proposed
for the Tetori Group (redefined herein) distributed in the Middle
Row of the Kuzuryu Region (Sano, 2015). However, we
tentatively include the “Managawa Group~ in our Tetori Group
because Sano’s (2015) arguments need to be tested in further
biostratigraphic studies.

The term “Subgroup” has been used for the Tetori Group
(s..) (Maeda, 1961), and such a classification seems to facilitate
stratigraphic comparison among the distributional areas, although
Matsukawa et al. (2006 and subsequent studies) have challenged
this stratigraphic opinion. We do not recommend use of the
Itoshiro and Akaiwa Subgroups for the Tetori Group redefined
here; the boundary between the Itoshiro and Akaiwa Subgroups
is marked by thick sandstone at the base of the Akaiwa Subgroup
(Maeda, 1961), but thick sandstone could not be compared among
the distributional areas in terms of depositional age (Nagata and
Otoh, personal comm.).
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APPENDIX 1. Toponyms and geological names appearing in this report.

TOSHIHIRO YAMADA AND SHIN-ICHI SANO

Names Names in Japanese Names Names in Japanese
Akaiwa Formation IR Kurobishiyama HI2EL

Akaiwa Subgroup R T Kuzuryu SfE (78)
Arimine £l Kuzuryu Group JUSHRE (78) JE i
Arimine Formation H Kuzuryu Subgroup SHFE () M B
Ashidani Formation HEAE Kuzuryugawa River JLBRRE (7)1
Asuwa ST Mana HA

Asuwa Formation JEPE Managawa Group B4 ) ERE
Fukui wmH Managawa River =41
Furukawa Gl Mino Belt ES T

Hakusan Geological Region FILRK Mitarai Formation HFUeE

Hida TR Miyagawa River E

Hida Belt TG AT Mochiana Rk

Hida Gaien Belt TR S A Mt. Hakusan =[N
Hokushinetsu ArfE ik Obuchi Formation NG,

Itoshiro PeY (=] Omichidani Formation KELE
Ttoshiro Subgroup A fi A Shimoyama Formation T
Itoshirogawa River AfE) Shogawa River JEJI

Izuki Formation FH e Shokawa il

Jinzu Geological Region g X Takaharagawa River =l

Jinzu Group o JE A Tedorigawa River FHI
Jinzugawa River ) 1| Tetori Group FI
Joganjigawa River HESE)N Tochimochiyama Formation A AE]
Kaizara Formation H Mg Tochio Liji)z2

Kiritani Hil 4% Tomari A

Kiritani Formation Hil Toyama W

Kitadani Formation e Y ambara Formation 1L )5
Kubusugawa River ImZE) Y ambarazaka Formation e IE]




