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Correlation of the Cenomanian/Turonian boun-
dary between Japan and Western Interior of the
United States

Takashi Hasegawa® Abstract

Biostratigraphy and carbon isotope stratigraphy afford a
precise correlation of the interval across the Cenomanian/
Turonian boundary between Japan and the Western Interior of
the United States. The last appearance of the planktonic
foraminiferal Rotalipora cushmani conjoined with that of
Rotalipora greenhornensis and the first appearance of
Marginotruncana schneegansi bracket the Cenomanian/Turon-
ian boundary. The upper limit of the Japanese equivalent of
the Whiteinella archaeocretacea Zone, recognized in the Pueblo
section in the Western Interior, is also recognizable by using the
first appearances of M. schneegansi and Pseudaspidoceras
flexuosum (an ammonoid). The Japanese Cenomanian/Turonian
boundary is drawn just above the upper of the twin positive
carbon isotope excursion peaks, taking it as the equivalent of
the first appearance of Watinoceras devonense in the Pueblo
section. Carbon isotope stratigraphy is a powerful tool in
determining the Cenomanian/Turonian boundary where im-
portant boundary indicators are not available. The lithofacies
across the Cenomanian/Turonian boundary indicate that
dysaerobic conditions, related to the Cenomanian/Turonian
Oceanic Anoxic Event, existed around the northwestern Pacific
as well as elsewhere. Remarkably low sedimentation rates just
below the Cenomanian/Turonian boundary in the studied area
suggest a dramatic decrease in terrigenous input and/or the
temporary distal migration of the sedimentary basin, induced
by global high-stands of sea level during the time of carbon
isotope anomaly events and the Cenomanian/Turonian Oceanic
Anoxic Event. The Oyubari section contains enough strati-
graphic indicators to allow precise correlations with well-
studied Cenomanian/Turonian boundary sections around the
world and represents an important regional reference section of
the Cenomanian/Turonian boundary around the northwestern
Pacific.
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(OAE)” (Schlanger and Jenkyns, 1976). During the

Introduction OAE across the C/T boundary, it is believed that

During the mid-Cretaceous, more than half of the
source rocks of the world’s giant oil fields were
deposited (Irving et al., 1974). Black, organic carbon
rich sediments, potential source rocks of petroleum,
are globally found to characterize the Cenomanian/
Turonian (C/T) boundary interval. These phenome-
na are interpreted to have been induced by a contem-
poraneous global event named “Oceanic Anoxic Event
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widespread oxygen-depleted water masses gave rise
to rapid burial of huge amounts of organic carbon at
the seafloors of various oceanographic settings. This
is just an inversion of the process of the rapid emis-
sion of inorganic carbon (CO,) by combustion of fossil
fuel (i.e. organic carbon) in the present earth. There-
fore, a better understanding of the influence of the
OAE on paleoenvironments should offer important

NACSI| S-El ectronic Library Service



The

Geol ogical

Society of Japan

Jour. Geol. Soc. Japan, 101 (1)

information on how to assess changing environments
of the earth at present and even in future.

Although the OAE at the C/T boundary has been
interpreted as a global phenomenon, only a little evi-
dence for its occurrence has been reported from the
borders of northwestern Pacific Ocean (Hirano et al,,
1991, Hasegawa, 1992; Hirano, 1993; Hasegawa and
Saito, 1993; Kaiho and Hasegawa, 1994). The Yezo
Group yields abundant ammonoids and inoceramids
and various authors have attempted a global correla-
tion of the group based on the macrofossils (see
Hirano, 1995). On the other hand, there are few avail-
able biostratigraphical studies concerning calcareous
microfossils of the Yezo Group. Recently, Hasegawa
and Saito (1993) reported the occurrence of important
age indicative planktonic foraminiferal species in the
Cenomanian~Turonian section of the Oyubari area,
Hokkaido and showed the availability of planktonic
foraminifera for precise correlation with other well-
studied C/T boundary sections of the world. The
stratigraphic distributions of planktonic foraminifera
across the C/T boundary were precisely described by
Eicher and Diner (1985) and Leckie (1985) in the Pueblo
section in Colorado and by Jarvis et al. (1988a) and
Hart and Leary (1989) in the Dover section of England.
The present author first establishes a detailed bio-
stratigraphy based on planktonic foraminifera which
occur more continuously than macrofossils. Moreo-
ver the recognition of the planktonic foraminiferal
Whiteinella archaeocretacea Zone (KS20 of Sliter’s
(1989) zonal notation) is required to determine the C/T
-OAE interval in the northwestern Pacific region pre-
cisely because the stratigraphic interval of C/T-OAE
elsewhere in the world (e.g., Schlanger et al.,, 1987)
nearly corresponds to this planktonic foraminiferal
zone.

During rapid accumulations of the organic carbon-
rich sediments across the C/T boundary, the biased
exclusion of *C-rich carbons from the ocean gave rise
to ®C-rich global sea water in the world ocean
(Schianger et al, 1987 and Arthur et al, 1987, 1988).
This global carbon isotope event has well been
documented by virtue of positive anomalies of 6*°C in
organic carbon and carbonate across the C/T bounda-
ry observed in various areas including the Tethys
region, Atlantic Ocean, and the Western Interior of the
United States (e.g., Scholle and Arthur, 1980; Pratt,
1985; Hilbrecht et al., 1986; Schlanger et al,, 1987;
Arthur et al, 1988; Jarvis et al., 1988 b; Hayes et al,,
1989; Leary et al., 1989; Shahin, 1991; Hilbrecht et al.,
1992; Ulicny et al, 1993; Gale et al,, 1993; Peryt and
Wyrwicka, 1993 and Jenkyns et al,, 1994). Therefore,
carbon isotopic study can be commonly employed as a
supplemental tool to define the stratigraphic position
of the C/T boundary.

Hasegawa and Saito (1993) preliminarily discussed
the stratigraphic position of the C/T boundary in two
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Hokkaido sections, but more detailed information is
required to discuss the boundary and so-called C/T-
OAE in the Hokkaido section on a global scale. In
this paper, the author correlates the Japanese C/T
boundary sequence with the well studied Pueblo sec-
tion and discusses the detailed stratigraphic position
of the boundary on the basis of carbon isotope stratig-
raphy and combined biostratigraphical data of
planktonic foraminifera and macrofossils.

Geologic settings

Samples were collected from the Cretaceous Yezo
Group exposed along the Shirakin (=Hakkinzawa)
River in the Oyubari area, Hokkaido, Japan (Fig. 1).
The Yezo Group is interpreted as a fore-arc basin
facies (Okada, 1979, 1983). The Cenomanian/
Turonian boundary sequence of the Yezo Group is
represented by the Takinosawa Formation defined by
Motoyama et al. (1991). Along the course of the
Shirakin River, the Takinosawa Formation is nearly
continuously exposed, striking meridionally with a
vertical dip, and is composed predominantly of dark
gray mudstone with either occasional intercalations
of turbiditic sandstone layers of less than 10cm in
thickness or rhythmically alternating layers of
turbiditic sandstone and siltstone. Some characteris-
tic lithofacies (OY-a~d, OY for lithologic unit of the
Oyubari section) are observable near the C/T bounda-
ry as shown in Fig. 2. One is a conspicuous greenish
-gray silty, very fine-grained sandstone (33m in
thickness), named “radiolarian sandstone” by
Hasegawa and Saito (1993). Common intercalations
of bentonite layers of 20-50cm in thickness are ob-
served in and above the radiolarian sandstone. The
other is a dark gray to blackish-gray, pyrite-rich
clayey siltstone overlain by the radiolarian sandstone.
These lithologic units are traceable throughout the
Ovyubari area.

Material and method

About 100 samples were collected at<2.5m inter-
vals near the C/T boundary and processed for extract-
ing planktonic foraminiferal specimens. Samples of
about 240 g were disaggregated using sodium sulfate,
naphtha solution, and sodium tetraphenylborate plus
NaCl (Hanken, 1979), washed through a 63-ym screen
and dried. All specimens larger than 180-um were
then picked from the processed samples and
identified. In addition, the author analyzed larger
samples (500-800 g) from the boundary sequence from
7m below to 40 m above the boundary. The present
analyses are based on foraminifera from 31 planktonic
foraminifer-bearing samples taken from fine-grained
sediments (mainly siltstone).

The samples subjected to isotope analyses and total
organic carbon (TOC) measurements were prepared
and processed through the same procedure that
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Fig. 1. Index map showing
localities of samples along the
Shirakin River in the Oyubari

Hasegawa and Saito (1993) used, then 6'C analyses
were performed with a Finnigan MAT 250 mass spec-
trometer at the Shizuoka University. The results
reported herein are expressed by standard per mil

area, Hokkaido, Japan.

area is shown in Fig. 3. The stratigraphic interval
near the C/T boundary fortunately contains highly
diversified assemblages associated with some interna-

tional zonal marker species. Based on their

deviations from the PDB standard, with the stratigraphic distributions, the following two impor-
reproducibility of analyses less than 0.05%. tant datum planes were recognized.
. . A: Last appearance datum (LAD) of Rotalipora
Biostratigraphy .
cushmani
The stratigraphic distribution of planktonic Age. Latest Cenomanian

foraminifera across the C/T boundary in the Oyubari

Remarks. The last occurrence of Rotalipora cushmani
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Stage

Planktonic foraminiferal zone

Event

Sample horizon
Lithologic column

Lithology
of the C/T boundary sequence
Oyubari area

Turonian

Cenomanian

H. helvetica Zone

W. archaeocretacea Zone

R. cushmani Zone

0Y-d:

Dark gray to dark greenish gray mudstone including medium to
large amounts of radiolarian individuals which are larger than
0.175mm. There are common intercalations of thin (<10cm)
bentonite layers and rare intercalations of turbiditic sandstone
layers (<20cm) and distal turbiditic mudstone (<3cm) layers.

OY-c (radiolarian sandstone):

Greenish gray silty very fine sandstone of which fraction larger
than 0.175mm are composed exclusively of disk-shaped
spumellarian Radiolaria . Intercalations of bentonite layers (<0.5m)
and thin distal turbidite layers (<3cm) are commonly observed in
the upper part. Patchy thin (2-10cm) layers abounding in
Chondrites-like ichnofossils are occasionally observed.

QY-b:

Black gray pyrite-rich clayey mudstone with only a few
intercalations of thin (<6¢cm) turbiditic sandstone and thin (<6¢cm)
bentonite layers. Weathered surfaces show diagnostically reddish
brown .Patchy thin (2-10cm) layers composed of condensed
Chondrites-like ichnofossils are rarely observed.

OY-a:

Dark gray siltstone with intercalations of turbiditc layers of
sandstone and siltstone (<6cm), bentonite layers (<3¢m) and units
composed of rhythmically alternating layers of turbiditic sandstone
and siltstone. Patchy thin (2-10cm) layers abounding in
Chondrites-like ichnofossils are commnly observed in the upper
part.

(Morrow)

was observed with that of Rotalipora

Leckie (1985)

Fig. 2. Lithology and
sample horizons across
the Cenomanian/Tur-
onian boundary along
the Shirakin River,
Oyubari area. The
boundary sequence is
subdivided into four
subunits. Arrows show
bentonite layers thick-
er than 20cm. See Fig.
3 for event notation.

showed the Cenomanian/Turonian

greenhornensis (Morrow) in the same horizon. Caron
(1985) and Sliter (1989) draw the LAD of R.
greenhornensis just below the LAD of R. cushmani, but
recent precise biostratigraphical studies of planktonic
foraminifera indicate that these LADs are nearly syn-
chronous within the accuracy of biostratigraphy.

planktonic foraminiferal biostratigraphy in Pueblo,
Colorado, where exists the best studied Cenomanian/
Turonian boundary section, presenting synchronous
last occurrences of R. cushmani. and R. greenhornensis.
The synchronous or nearly synchronous last occur-
rences of these species were also reported from south-
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al zones.
west England (Jarvis et al,, 1988 a, b; Hart and Leary, trustworthy datum plane for interregional correla-
1989) and central Poland (Peryt and Wyrwicka, 1993). tion. The assemblage just below this datum plane
Then the LAD of R. cushmani conjoined with the LAD shows the highest diversity during the Late Creta-
of R. greenhornensis observed in Hokkaido is quite a ceous in the Oyubari area. The assemblage is pre-
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Table 1. Carbon isotopic composition and total
organic content-Oyubari area.

Vertical separation 313¢ TOC
46.5 -23.98 0.26
41 -23.63 0.58
41 -23.63 0.49
41 -23.77 0.50
40 -23.81 0.35
36 -23.40 0.70
26.2 -23.55 0.76
18.6 -23.38 0.13
11.1 -23.50 0.62
7 -23.22 0.42
43 -23.12 0.15
225 -23.16 0.26
1.6 -23.26 0.47
1.6 -23.20 0.53
0.01 -23.59 0.13
0.01 -22.34 0.15
-0.01 -22.49 0.63
-0.01 -22.35 0.75
-0.1 -22.25 0.60
2.1 -23.28 1.17
©-27 -23.61 1.04
-39 -22.86 0.65
-5.6 -22.31 1.02
-6.3 -22.19 0.66
-6.9 -23.61 0.97
-1.7 -23.48 0.87
9.2 -24.33 0.36
-11 -24.22 0.35
-16.2 -24.30 0.74
-22 -24.61 0.59
-26 -24.28 0.88
-30.8 -24.69 0.75
-36.5 -24.21 0.97
-42.8 -24.34 0.63
-51.4 -24.49 0.55
-58.3 -24.40 0.62
-67.5 -24.55 0.54
=77 -24.11 0.91
-77 -24.08 0.72

dominated by Praeglobotruncana spp. with common
Whiteinella spp. and fewer Rotalipora and Dicarinella.

B: First appearance datum (FAD) of Margino-

truncana schneegansi

Age. Early Turonian.
Remarks. The FAD of Marginotruncana schneegansi is
stratigraphically located just above the “radiolarian
sandstone”. Helvetoglobotruncana helvetica, which
has been most commonly used as a datum indicator of
the early Turonian, occurred above the FAD of M.
schneegansi (Hasegawa and Saito, 1993). According
to Caron (1985) and Sliter (1989), the concurrent range
of these two species is quite limited.” Therefore, the
FAD of M. schneegansi is interpreted as a reliable
datum plane in Japan. The assemblage in the inter-
val between the LAD of R. cushmani and the FAD of
M. schneegansi is also highly diversified except for the
middle. Between SRN-224 and SRN-236, planktonic
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foraminifers are poorly diversified and less abundant
even in stratigraphically densely collected large
samples (500-800 g in each). This low diversity event
has been recognized equally in other areas of the
world. Above the FAD of M. schneegansi, a moder-
ately diversified assemblage is observed.

Carbon isotope stratigraphy

The results of 6°C analyses of organic matter and
TOC of the Oyubari section are listed (Table 1), and
stratigraphic fluctuations in 6'*C values are shown in
Fig. 4a. A distinct positive anomaly of as much as
2% occurs within the C/T boundary interval. The
organic matter is largely of terrestrial origin as
mentioned later, and thus the fluctuation of the 6%°C
reflects changes in the global isotopic composition of
the atmospheric CO,. One of the noteworthy obser-
vations is that the 6'*C values show no positive corre-
lation with fluctuation of TOC in disagreement with
other well studied overseas C/T boundary sequences
(e.g., Schlanger et al., 1987), possibly because of the
difference of the provenance and accumulating pro-
cesses of the organic matter (Fig. 4b).

The isotopic ratio below the initial horizon of the
positive anomaly is quite stable being around —24.4%,
and includes the lowest value [—24.69%] of the sec-
tion. Then it shows a sharp positive shift toward the
highest value of the section to form “spikes” composed
of two sharp peaks (peak “a” [—22.19%,] and peak “c”
[—22.25%¢] in Fig. 4) and an intervening brief notch
representing a reversal excursion (notch “b” [—
23.61%0] in Fig. 4). These remarkable characters of
the 6"°C excursion are well seen between the LAD of R.
cushmani and the FAD of M. schneegansi. Above the
upper spike (peak c), the ratio also sharply decreases
to —23.6~—23.1%, and then becomes nearly stable.

Discussion

(1) Recognition of stratigraphic equivalent of
Whiteinella archaeocretacea Zone (KS20)

As noted above, the recognition of the W. ar-
chaeocretacea Zone (KS20), whose base is defined by
the LAD of R. cushmani and the top by the FAD of
Helvetoglobotruncana helvetica, is a prerequisite to the
study of OAE at C/T boundary time. In the Shira-
kin River section, the LAD of R. cushmani was deter-
mined at the same horizon as that of R. greenhornensis.
However, the FAD of Helvetoglobotruncana helvetica,
which defines the upper Ilimit of the W. ar
chaeocretacea Zone, could not be determined with cer-
tainty because of its rare occurrence. Its first occur-
rence in this section was observed 65m above the
FAD of M. schneegansi (Hasegawa and Saito, 1993).
Based on Sliter (1989) and Kennedy and Cobban (1991),
the present author estimated the stratigraphic posi-
tion of this horizon to be lower than the FAD of M.
schneegansi and just below the FAD of Pseudasp-
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8" Croro. vs. PDB (%o)

Stage
Pl. foram. zone
Scale
Lithology

TOC (%)

-25 -24 -23 22|10 0.5

1 15

Turonian
Helv. helvetica Zone (KS21)

W. archaeocretacea Zone
(KS20)

Cenomanian

Rotalipora cushmani Zone (KS19)

-70 |

Fig. 4. Carbon isotope profiles and total
organic carbon content (TOC) of the Oyubari
section across the Cenomanian/Turonian
boundary. a) Isotope profiles in organic
carbon. Note twin peaks and a brief notch
of 6C excursion. b) Plots of TOC content
obtained during carbon isotope analyses.
No TOC increase characterizes the
Cenomanian/Turonian boundary interval.
Scale in m.

idoceras flexuosum Powell (an ammonoid, whose oc-
currence reported by Matsumoto et al., 1991; Hirano,
1993; see Fig. 3). Sediments below and above the W.
archaeocretacea Zone belong to the Rotalipora
cushmani Zone (KS19) and the Helvetoglobotruncana
helvetica Zone (KS21) respectively.
(2) Stratigraphic importance of 6'3C spikes

Carbon isotope spikes occur within the planktonic
foraminiferal W. archaeocretacea Zone as mentioned
above. Because the origin of organic carbon
analyzed here is largely terrestrial (examined by bio-
marker analyses, Rock Eval pyrolysis and visual ob-
servations on selected samples), it is interpreted that

the obtained 6"*C curve mainly reflects fluctuations in
61C of the atmospheric COs.

Well studied C/T boundary sections in the world,
including the Pueblo section (e.g. Pratt, 1985; Elder,
1989; Kennedy and Cobban, 1991), Arizona section
(Pratt, 1985; Bralower, 1988), South Ferry section
(Schlanger et al., 1987), and the Dover section (Jarvis
et al, 1988 a, 1988 b; Hart and Leary, 1989; Leary et al.,
1989; Corfield et al, 1990; Gale et al, 1993 and Jenkyns
et al., 1994), indicate similar 6°C spikes occurring just
below the C/T boundary within the W. ar-
chaeocretacea Zone. Furthermore, the shape of the
6"C excursion which consists of two positive peaks
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and one breaking notch as observed in the Oyubari
section shows a remarkable correspondence with that
shown in other C/T boundary sections: Pueblo, Arizo-
na (Pratt, 1985), Dover (Gale et al., 1993), and Wiistorf
in Germany (Arthur et al., 1988), where high-resolu-
tion analyses have been performed in complete sec-
tions. This means that all these 6*C spikes have a
same origin and are time-correlative with each other.
(3) Correlation between Oyubari and Pueblo sec-
tions

The Pueblo section located in the western part of
the Western Interior of the U.S. yields a large quantity
of age indicative fossils of different groups
(ammonoids, inoceramids, planktonic foraminifera,
calcareous nannoplankton) and represents the most
important reference section of the C/T boundary of
the world. In this section, datum planes of different
groups and time slices obtained from carbon isotope
stratigraphy can be easily cross-checked. Kennedy
and Cobban (1991) conducted an integrated compre-
hensive zonation of mega- and microfossils and
represented precise stratigraphic relationships be-
tween zonal boundaries and the carbon isotope curve
in the Pueblo section. They drew the C/T boundary
at the FAD of Watinoceras devonense (=FAD of the
genus Watinoceras) in that section by precise compar-
ison with many other well-studied C/T boundary
sequences. The present author agrees with Kennedy
and Cobban’s (1991) opinion that the Pueblo section is
the best reference section of the C/T boundary in the
world. In the Oyubari section, however, Watinoceras
devonense or any other species belonging to the genus
Watinoceras have not been recognized. Thus the
author draws the C/T boundary just above the upper
peak (peak c) position of the 6'3C spike, which can be
regarded as time-equivalent to the base of the W.
devonense Zone by comparison with the Pueblo sec-
tion (Fig. 5).

The LAD of R. cushmani would have been present
above the lower peak (peak a) horizon of 6"°C values if
the Hokkaido section had mirrored the Pueblo section.
Based on a sedimentation rate of about 300 m/m.y. in
OY-a (rate calculated from Hasegawa and Saito (1993)
based on Sliter’s (1989) time scale), a stratigraphic
discrepancy of 18m represents only 0.06 m.y. (Fig. 5),
which signifies that datum indicators near the C/T
boundary fall within the limits of feasible correla-
tions.

The information on carbon isotopes can be obtained
from sediments deposited in various oceanographic
settings such as carbonate platforms, oceanic basins,
and even fore-arc basins. Therefore, the present
author emphasizes that the excursion of carbon iso-
topes is the most reliable boundary indicator in those
sections which rarely yield such biostratigraphic in-
dicative species as Watinoceras devonense.
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(4) Depositional environment across the Cenoman-
ian/Turonian boundary in Hokkaido

The sedimentary sequence examined for the C/T
boundary is subdivided into four lithologic units: OY
-a, 0Y-b, OY-c, and OY-d (Fig. 2). The fact that fine
lamination and patchy layers abounding in Chondrites
-like ichnofossils are occasionally (not fully) observed
in unit OY-b suggests the limited activity of benthic
organisms, and therefore, low oxygen content of
bottom water (e.g. Bromley and Ekdale, 1984;
Bromley, 1990). Chondrites generally appear as the
last (or sole) ichnofossils in many Cretaceous black
shales (Bromley and Ekdale, 1984), implying their high
tolerance for low oxygen conditions. Layers contain-
ing Chondrites-like ichnofossils occur more common-
ly in the uppermost 18 m of unit OY-a, suggesting
more oxygen-depleted conditions. Such ichnofossil-
condensed layers can be observed in other intervals,
but less frequently. Kaiho and Hasegawa (1994)
noted two distinct extinction events of benthic
foraminifera, associated with low oxygen conditions
near the C/T boundary in the same section. The
above observations show that the C/T-OAE was a
real phenomenon around the northwestern Pacific.

Pratt (1985) calculated the duration of the §'°C spike
about 0.6 m.y. based on Kauffman (1977) and Fischer
(1980). This value leads to a sedimentation rate of
about 12m/m.y. for unit OY-b, which is remarkably
lower than any other Cretaceous sediments of the
Yezo Group (Kaiho and Hasegawa, 1994). This must
reflect a dramatic decrease in terrigenous input and/
or a temporary shift of the Oyubari sedimentary basin
to a more distal setting due to the global rise of sea
level during the time of carbon isotope anomaly
events and the C/T-OAE.

Conclusion

Based on high-resolution biostratigraphy and
carbon isotope stratigraphy of the interval across the
Cenomanian/Turonian boundary in the Oyubari area,
Hokkaido, Japan, the author came to the following
conclusions:

1. Planktonic foraminiferal biostratigraphy gives
a reliable clue to determining the Cenomanian/
Turonian boundary in Japan. The LAD of Rotalipora
cushmani and the FAD of Marginotruncana
schneegansi bracket the C/T boundary. However,
the occurrence of Helvetoglobotruncana helvetica is too
rare in Japan to determine its FAD and to point to the
correlative level of the Whiteinella archaeocretacea
Zone. The upper limit of this zone in Japan is recog-
nizable by using M. schneegansi and Pseudaspidoceras
flexuosum.

2. The Cenomanian/Turonian boundary in the
Oyubari section is drawn just above the upper peak of
carbon isotope spikes by precise comparison with the
Pueblo section. This horizon corresponds to the
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OYUBARI

(This study)

FAD of M. schneegansi

FAD of P. flexuosum

C/T boundary based on FAD of W. devonense

(after Kennedy and Cobban, 1991)

PUEBLO

(=just above the upper §°C peak)

LAD of R. cushmani

3m

Fig. 5 Correlation of the
Cenomanian / Turonian
boundary between the
Oyubari section, Hok-
kaido and the Pueblo
section, Colorado. LAD
of R. cushmani should be
higher, near the horizon
of the lower peak of 6*C
in the Oyubari section.

However, this strati-
graphic discrepancy is

lithologic boundary between OY-b (blackish gray
siltstone) and OY-c (Radiolarian sandstone).

3. Carbon isotope stratigraphy is the most power-
ful tool of determining the C/T boundary where im-
portant biostratigraphic indicators are not available.

4. The lithofacies across the Cenomanian/

equated with only about
0.06 m.y.

Turonian boundary indicate that dysaerobic condi-
tions, related to C/T-OAE, existed around the north-
western Pacific. Remarkably low sedimentation
rates of unit OY-b, just below the C/T boundary, in
the Oyubari area suggest a dramatic decrease in
terrigenous input and/or the temporary distal migra-
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tion of the Oyubari sedimentary basin induced by a
global high stand of sea level during the time of
carbon isotope anomaly events and the C/T-OAE.

High-resolution biostratigraphy and carbon isotope
stratigraphy of the Oyubari section afford enough
precision for correlation with well-studied C/T
boundary sections of the world, which, in turn, allow
us to discuss the Cenomanian/Turonian Oceanic
Anoxic Event as a global phenomenon. Therefore,
the Oyubari section represents an important regional
reference section of the C/T boundary around the
northwestern Pacific.
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