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K-Ar age study on the Cenomanian/Turonian boundary of the Yezo
Supergroup, Hokkaido, Japan, with special reference to OAE-2 and
biostratigraphic correlation”

Abstract

Dated were, with K-Ar method, biotite separates from the
eight acidic tuff beds from the Cenomanian/Turonian boundary
sections along the Hakkinzawa River and the Takinosawa Fore-
stry Road, Oyubari area and the Obirashibe River, Obira area,
which are correlated with the Pueblo section, Colorado, US West-
ern Interior by ammonoid, inoceramid and planktic foraminifer-
al biostratigraphy, OAE-2 black mudstone bed and ¢ '>C spike in
high resolution. The tuff beds give the ages from 104.1 £2.3Ma to
877 £ 1.9Ma, extending mostly from the Upper Cenomanian
Euomphaloceras septemseriatum zone(ammonoid), Birostrina nip-
ponica zone(inocerami) or Rotalipora cushmani zone(planktic
foraminifer) to the Lower Turonian Fagesia thevestensis zone(am-
monoid) or Inoceramus kamuy zone(inocerami).
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INTRODUCTION

International  correlation  between  the
Japanese Cretaceous System and the European
standard sections by using ammonoids and inocer-
amid bivalves has been much progressed by Mat-
sumoto and his coworkers(e.g, Matsumoto, 1942,
1943, 1954, 1959, 1977; Toshimitsu et al, 1995) in
the last half of this century. In addition, the re-
search of the global chemical key-marker, the ¢
13C.spike at the C/T boundary, in these years re-
fined the correlation (Hirano, 1995; Hasegawa,
1995).

During the time, radiometric dating of the
Japanese Cretaceous System has been carried out
by some authors (e.g., Shibata and Miyata, 1978;
Shibata, 1992; Shibata & Uchiumi, 1995), but the
results are not yet sufficient if compared with the
recent progress of biostratigraphic and chemos-
tratigraphic works on the Cretaceous correlation.

In this paper, we attempted to obtain K-Ar
ages of biotites from the acidic tuff beds in the
sections of the Hakkinzawa River and the Takino-
sawa Forestry Road, Oyubari area and the Obir-
ashibe River, Obira area, which have the high
biostratigraphic resolution in the Middle Yezo
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Fig. 1. Map showing the distribution of the Cre-
taceous Yezo Supergroup and the sampling areas in
Hokkaido, Japan.

GEOLOGIC OUTLINE AND
STRATIGRAPHIC SETTING

The Yezo Supergroup deposited in the Cre-

Group, Yezo Supergroup distributed in Hokkaido
(Fig. 1).

# Read at the 99th Annual Meeting of G. S. J. at Kumamoto(1992).
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taceous Yezo Forearc basin is longitudinally distri-
buted in north to south direction in central Hok-
kaido, being divided into the Lower, Middle and
Upper Yezo Groups and the Hakobuchi Group in
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Fig. 2. Index map showing the Hakkinzawa River and the Takinosawa River, Oyubari area, central
Hokkaido, Japan. Takinosawa Forestry Road is in parallel with the Takinosawa River.

ascending order(Okada, 1982). The basal part of
the Lower Yezo Group is correlated with the
Barremian by the recent radiolarian biostratig-
raphy(Mitsugi and Hirano, 1997), and the upper-
most Hakobuchi Group has been with Maastrich-
tian(e.g., Toshimitsu et al,, 1995).

The Cenomanian/Turonian stage boundary is
in the middle of the Middle Yezo Group which is
characterized by abundant ammonoids and inocer-
amid bivalves, resulting in high biostratigraphic
resolution(e.g., Hirano et al, 1992; Toshimitsu et al,
1995). Volcanism seems to have been active in the
period from the Cenomanian/Turonian boundary
to about 200m younger level in thickness, because
thick acidic tuff beds intervene in the section.

In the Hakkinzawa section of Oyubari
area(Fig. 2), positive spikes of ¢ 13C of OAE-2
were detected by Hasegawa (1995). The basal
Turonian indices, Inoceramus kamuy Matsumoto
& Asai(1996), Mytiloides aff. sackensis and Puzosia
orientalis were reported from the level just above

the younger positive spike of o 13C (Toshimitsu et
al, 1995). In addition, the international Lower
Turonian index Pseudaspidoceras flexuosus occur-
red at the 125m younger level in thickness from
the younger positive spike (Hirano et al, 1992;
Hirano, 1995). The analyzed K-Ar ages were
obtained for the acidic tuff beds in the P. flex-
uosus zone about 100m younger level than the
second spike and in the Ewomphaloceras septem-
seriatum zone about 50m older level than the
second spike.

In the Takinosawa Forestry Road section of
Oyubari area(Fig. 2), the age was obtained for the
acidic tuff bed 2m above the black mudstone of
OAE-2.

In Obira area, ¢ 3C spike was detected be-
low the locally dominant tuffaceous beds in the
section of the Kanajirizawa River (Fig. 3; Hasega-
wa and Saito, 1993). The first occurrence datum
plane of the regional basal Turonian index, 1.
kamuy is confirmed just below the tuffaceous beds
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Fig. 3. Index map showing the Obirashibe River,
Obira area, Hokkaido, Japan.

in the Obirashibe River. The ages were obtained
for acidic tuff beds in the levels between the Up-
per Cenomanian Birostrina nipponica zone and the
basal Turonian 1. kamuy zone.

K-AR AGE DETERMINATION OF
ACIDIC TUFFS

Samples studied for this project were acidic
tuffs collected from the three sections for the C/T
boundaries. The samples were crushed with a
mortar and then sieved. Biotites were separated
from 100-150 mesh size fractions of the washed
and dried samples with isodynamic separator.

Analyses of potassium and argon in biotite
separates and calculations of ages and errors
were carried out by using the method described
by Nagao et al. (1984) and Itaya et al. (1991).

1997-6

Potassium was analysed by flame photometry us-
ing a 2000ppm Cs buffer and has an analytical
error of under 2% at 2 0 confidence level. Argon
was analysed on a 15cm radius sector type mass
spectrometer with a single collector system using
an isotopic dilution method and an argon 38 spike
(Itaya et al, 1991). Multiple runs of a standard (JG-
1 biotite, 91Ma) indicate the error of argon analy-
sis is about 1% at 2 0 confidence level. The decay
constants for “°Ar and °Ca, and “°K content in
potassium used in the age calculation are from
Steiger and Jager (1977) and are 0581x107%/yr,
4962x10"°/yr and 0.000167, respectively.

The K-Ar ages obtained are shown in Table 1
and the results are compared with exact geog-
raphic indication, stratigraphic level and biostra-
tigraphic control below.

Oyubari area

YS70079: 955 + 21Ma (Table 1). A white aci-
dic tuff bed which varies from 15cm to 30cm in
thickness, from the exposure at the junction of
the Hakkinzawa River and the branch(Fig. 4;
Y5234 in Hirano et al, 1977, fig. 2; Y070079 in Hira-
no et al, 1989, fig. 9). The stratigraphic level is in
the upper part of the Member M8 of the Middle
Yezo Group (Fig. 5; Tsuchida and Hirano, 1995). It is
also in the Middle and Upper Cenomanian Inocer-
amus pennatulus zone in inoceramid biostratigra-
phy, middle Upper Cenomanian Euomphaloceras
septemseriatum zone in ammonoid biostratigraphy
and middle Upper Cenomanian Rotalipora cush-
mani zone in foraminiferal biostratigraphy (Hase-
gawa, 1995; Hirano, 1995).

YS70073: 87.7 = 1.9Ma (Table 1). A 25 cm
thick white acidic tuff bed, in the Member M9 of
the Middle Yezo Group (Tsuchida and Hirano, 1995),
which is about 100m above the younger ¢ 3C
spike of OAE-2. It is about 20m distant upstream
from the locality of abundant Mytiloides labiatus
on the right bank of the Hakkinzawa River(Figs.

Table 1. Analytical results of eight acidic tuff beds in and around the Cenomanian/Turonian boundary
from the sections of the Hakkinzawa River and Takinosawa Forestry Road, Oyubari and the Obirashibe

River, Obira area, Hokkaido.

Sample Name Route K Rad. 40Ar K-Ar Age Non Rad. Ar
(Wt%) (10E-8¢cSTP/g) (Ma) (%)
YT100037 Takinosawa Riv. 4.304 = 0.086 1555.8 = 18.4 90.8 = 2.1 17.6
YS70073 Hakkinzawa Riv. 3536 = 0.071 12329 =+ 124 87.7 = 1.9 3.4
YS70079 Hakkinzawa Riv. 3.285 = 0.066 12505 = 14.2 955 = 21 15.3
0T6052 Obirashibe Riv. 3.116 = 0.062 1140.0 = 121 919+ 2.0 7.8
0OT6040 Obirashibe Riv. 3.150 = 0.063 11092 = 11.4 88.6 + 1.9 4.3
0TEe044 Obirashibe Riv. 4472 = 0.089 1656.2 = 16.9 93.0 = 2.0 4.5
OT6045A Obirashibe Riv. 4198 = 0.084 15337 = 15.4 91.8 = 2.0 3.0
0OT6053 Obirashibe Riv. 3.288 = 0.066 1366.9 + 14.3 1041 = 2.3 4.7
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Fig. 4. Route map showing the localities of two analysed tuff beds
in the Hakkinzawa River, Oyubari area, central Hokkaido, Japan.
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Fig. 5. Columnar section of the Hakkinzawa River with analysed K-Ar ages(two solid triangles) and mollus-
can range charts. Two triangles: & 13¢ spikes after Hasegawa(1995) and Hirano(1995). The
Cenomanian/Turonian boundary is defined by the younger ¢ 'C spike which is completely concordant
with the biostratigraphic boundary definition.
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4, 5; Y5229 in Hirano et al, 1977, fig. 2; Y070073 in
Hirano et al, 1989, fig. 9). There are some thick
white tuff beds on the bank between the ex-
posures of this sample and the black mudstone
bed of OAE-2, but no fresh biotite was separated
from them. The tuff is lain in the Lower Turonian
Inoceramus kamuy zone (Toshimitsu et al, 1995;
Matsumoto and Asai, 1996) and lower Lower
Turonian Pseudaspidoceras flexuosus zone (Hirano,
1995).

YT100037: 90.8 = 21Ma (Table 1). A 30cm
white acidic tuff bed of the Member M9 of the
Middle Yezo Group (Tsuchida and Hirano, 1995) in
the exposure of the Takinosawa Forestry Road
along the Takinosawa River (Fig. 6; Y6016 in Hira-
no et al, 1977, fig. 4; Y100037 in Hirano et al, 1989,
fig. 14). It is about 20m distant upstream from the
valley between two contiguous exposures,
Y100035 and Y100037. There is the OAE-2 black
mudstone bed 2m below the tuff bed, which is in
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Fig. 6. Route map showing the localities of analysed
tuff bed in the Takinosawa Forestry Road along the
Takinosawa River, Oyubari area, central Hokkaido,
Japan.

the lower part of the Lower Turonian I. kemuy
zone (Fig. 7). In ammonoid biostratigraphy, this
level would be in the undiscovered Watinoceras
devonense zone below the P. flexuosus zone by
correlation with the Hakkinzawa River section.

Obira area

0T6053: 104.1 = 2.3Ma (Table 1). This sample
comes from the 30cm white acidic tuff bed in the
large exposure of the left bank of the Obirashibe
River(Fig. 8; R5243 in Tanabe et al,, 1977; T6053 in
Sekine et al, 1985 and Asai and Hirano, 1990). It is
in the Member Mh of the Middle Yezo Group
(Tanabe et al, 1977, Sekine et al, 1985; Asai &
Hirano, 1990) and biostratigraphically in the Up-
per Cenomanian Birostrina nipponica zone and the
Cenomanian Desmoceras japonicum zone.

0T6052: 919 = 20Ma (Table 1). A 180cm
white acidic tuff bed in the left bank to the river
bottom of the Obirashibe River (Fig. 8 R5242 in
Tanabe et al, 1977, T6052 in Sekine et al, 1985
and Asai and Hirano, 1990). It is in the Member
Mh of the Middle Yezo Group and in the Upper
Cenomanian B. nipponica zone (Fig. 9).

0T6044: 93.0 = 20Ma (Table 1). The sample
comes from a 350cm white acidic tuff, which ex-
poses repeatedly for three times in the meander-
ing area of the Obirashibe River (Fig. 8; R5224 in
Tanabe et al, 1977, T6044 in Sekine et al, 1985
and Asai and Hirano, 1990), and the level is in the
Member Mj of the Middle Yezo Group. It is bios-
tratigraphically in the Lower Turonian I. kamuy
zone, being separated 117m thick from the first
occurrence of the index species(T6048)(Fig. 9). As
Fagesia sp. is reported from T6047 and Pseudaspi-
doceras sp. from T6038(Tanabe et al, 1977), this
level situates in Fagesia thevestensis zone to
Pseudaspidoceras flexuosus zone in ammonoid bios-
tratigraphy. Thus, this sample is the closest to the
Cenomanian/Turonian boundary in the Obir-
ashibe River section.

OT6045A: 91.8 = 20Ma (Table 1). This is a
35cm thick white acidic tuff bed just above the
tuffaceous bed (Fig. 8 R5225 in Tanabe et al,
1977; T6045 in Sekine et al, 1985, Asai & Hirano,
1990). It is in the Member Mj of the Middle Yezo
Group and in the Lower Turonian I. kamuy zone.
Pseudaspidoceras sp. was obtained from T6038,
just above this bed (Fig. 9).

0T6040: 88.6 = 1.9Ma (Table 1). This is from
the 150cm white acidic tuff bed in the apparent
lower level, in the Obirashibe River (Figs. 8, 9;
R5216 in Tanabe et al, 1977, T6040 in Sekine et
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Fig. 7. Columnar section of the Takinosawa Forestry Road with analysed K-Ar age(a solid triangle) and
molluscan range charts. The Cenomanian/Turonian boundary is defined just above the black mudstone of
OAE-2, which is completely concordant with the biostratigraphic boundary definition.

al, 1985, Asai and Hirano, 1990). The level is bio-
stratigraphically in the same I. kamuy zone as in
0T6044 and OT6045A, and lithostratigraphically
correlated with the unexposed level between
0T6044 and OT6045A.

CONSIDERATION

The radiometric age for the Cenomanian/
Turonian boundary has hitherto been reported by
many authors, with various materials (glaucony or
biotite) and methods(K/Ar or Ar/Ar) : 935 and
93.3Ma in the Middle Yezo Group by Shibata and
Miyata (1978), 91Ma by Cowie and Bassett (1989),
90.4Ma by Harland et al(1990), 98.0Ma in the Mid-
dle Yezo Group by Shibata(1992), 93.3Ma by

Obradovich(1991), 9346 += 0.38Ma by Kowalis et
al.(1992) and 93.1 = 0.3Ma by Kowalis et al.(1995).
McArthur et al. (1994) reported the radiometric
ages based on Obradovich (1994) for each ammo-
nite zone, noting 93.4Ma for the base of the Basal
Turonian Watinoceras devonense zone. McArthur
et al.(1994) published their results with an expert
ammonite biostratigrapher, W. J. Kennedy, after
the OAE-2 was clarified by & 13C spike in the US
Western Interior. As has been known, the
Cenomanian/Turonian boundary is defined by
ammonite biostratigraphy with reference to the
chemical key-marker-bed, J C spike, and there-
fore we compare our K-Ar age results with those
of McArthur et al.(1994).
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Fig. 8. Route map showing the localities of analysed tuff beds in the Obirashibe River, Obira area, Hokkaido,

Japan.

The Hakkinzawa section has high biostratig-
raphic control by many biostratigraphic studies of
ammonoids, inoceramids and foraminifers (e.g.,
Hirano et al, 1977; Hirano, 1995; Hasegawa, 1995),
as well as the 6 13C spike (Hasegawa, 1995). The
two samples dated are somewhat distant from the
level of the & '3C spike, because the tuff beds
close to the level was not sufficient in preserva-
tion of fresh biotite.

The age of YS70079 in the Ewuomphaloceras
septemseriatum zone, 955 = 2.1Ma is very concor-
dant with 93.7Ma of the base of the equivalent
Sciponoceras gracile zone by McArthur et
al.(1994). The age of YS70073 in the P. flexuosus
zone, 87.7 = 1.9Ma, is also concordant with 93.0Ma
of the base of Watinoceras coloradoense zone by
McArthur et al(1994). It follows that the
Cenomanian/Turonian boundary is in the range
between 87.7 = 1.9Ma and 955 + 2.1Ma in this sec-
tion.

The Takinosawa Forestry Road section has
also high biostratigraphic control and the black
mudstone bed of the OAE-2 as in the Hakkinzawa.
The tuff bed (YT100037) just above the black
mudstone bed of the OAE-2 is 90.8 £ 21Ma in age,
being very concordant with 93.4Ma of the base of
W. devonense zone of McArthur et al.(1994).

The Obirashibe River section has been bios-
tratigraphically studied well (e.g, Tanabe et al,
1977; Sekine et al., 1985; Asai and Hirano, 1990). The
6 13C spike is detected in the Kanajirizawa sec-
tion close to this section. Pseudaspidoceras sp. was
obtained at T6038 which is a little higher than
0T6044, giving 93.0 = 20Ma. The level of OT6044
is clearly in Inoceramus kamuy zone in inoceramid
biostratigraphy and is also in Fagesia thevestensis -
Mammites aff. nodosoides zone of ammonite bios-
tratigraphy. Its age is very concordant with
924Ma of the base of the Mammites nodosoides
zone by McArthur et al.(1994).
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Fig. 9. Columnar section of the Obirashibe River with analysed K-Ar ages(five solid triangles) and mollus-
can range charts. The Cenomanian/Turonian boundary is defined by the molluscan range charts.

The age, 91.8 = 2.0Ma of OT6045A is also very
concordant with McArthur et al(1994). The ages
obtained in this section fairly harmoniously
change from 104.1 £ 2.3Ma through 93.0 = 2.0Ma to
91.8 = 20Ma with the stratigraphic position. This
section may be the best candidate for the refer-
ence section of radiometric age if the series of tuff
beds will be dated with other methods.

CONCLUSIONS

We dated biotite separates from acidic tuff
beds in the Cenomanian/Turonian stage boundary
sections of the Middle Yezo Group and the

obtained K-Ar ages are comparably concordant
with the hitherto published ages: 955 + 21Ma
from the Upper Cenomanian Euomphaloceras sep-
temseriatum zone, and 87.7 * 19Ma from the
Lower Turonian Pseudaspidoceras flexuosus zone
of the Hakkinzawa section, 90.8 = 21Ma from the
Lower Turonian Inoceramus kamuy zone of the
Takinosawa Forestry Road section, being corre-
lated with Watinoceras devonense zone of Pueblo
section, and in the Obirashibe River section, 104.1
+ 2.3Ma and 919 + 20Ma in the Upper Cenoma-
nian B. nipponica zone, and 93.0 + 20Ma, 886 =
1.9Ma and 91.8 £ 2.0Ma in the Fagesia thevestensis -
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Mammites aff. nodosoides zone.
ACKNOWLEDGEMENTS

Prof. Emeritus Dr. Tatsuro Matsumoto taught
the first author(H. H.) the importance of the study
of radiometric ages. During this research Dr.
Hidemi Tanaka(Ehime Univ.), T. Okada, H.
Takeshita, S. Fukui, T. Ohira and Y. Taka-
gi(Okayama Univ. Sci.) helped us in various ways.
This research was financially supported by the
Grant-in-aid for the scientific research of the
Ministry of Education, Science and Culture for H.
Hirano(C, 02640614, 1990 to 1992; 06640602, 1994 to
1996; 09839036 for 1997; A, 06304001, 1994 to 1995,
Representative= H. Okada), Sasakawa Scientific
Research Grant for M. Koizumi, and Waseda Uni-
versity Grant for Special Research for H.
Hirano(89B-2, 1989 to 1990; 91A-154, 1991; 92B-17,
1992 to 1993; 94A-209, 1994; 95A-242, 1995; 96A-
224, 1996; 97A-278 for 1997). We express sincere
gratitude to these people and organisations.

REFERENCES

Asai, A. and Hirano, H, 1990, Stratigraphy of the Upper
Cretaceous in the Obira area, northwestern Hokkaido.
Gakujutsu Kenkyu, School of Educ., Waseda Univ.,
Ser. Biol. & Geol., 39, 37-50.

Cowie, J. W. and Bassett, M. G., 1989, 1989 Global stratig-
raphic chart. Episodes, 12(2), supplement.

Harland, W. B, Armstrong, R. L, Cox, A. V, Craig, L. E,
Smith, A. G. and Smith, D. G, 1990, A geologic time
scale 1989. Cambridge Univ. Press, 263.

Hasegawa, T, 1995, Correlation of the
Cenomanian/Turonian boundary between Japan and
Western Interior of the United States. Jour. Geol. Soc.
Japan, 101 (1), 2-12.

Hasegawa, T. and Saito, T., 1993, Global synchroneity of a
positive  carbon  isotope excursion at the
Cenomanian/Turonian boundary:Validation by cal-
careous microfossil biostratigraphy of the Yezo Group,
Hokkaido, Japan. The Island Arc, 3, 181-191.

Hirano, H.,, 1995, Correlation of the Cenomanian/Turonian
boundary between Japan and Western Interior of the
United States in relation with oceanic anoxic events.
Jour. Geol. Soc. Japan, 101 (1), 13-18.

Hirano, H, Matsumoto, T. and Tanabe, K, 1977, Mid-
Cretaceous stratigraphy of the Oyubari area, central
Hokkaido. Palaeont. Soc. Japan Spec. Papers, 21, 1-10.

Hirano, H., Takizawa, K. and Tsuchida, S, 1989, Biostra-
tigraphy of the Upper Cretaceous in the Oyubari area,
central Hokkaido, Japan Part 1. Bull. Sci. Engineer.
Research Lab., Waseda Univ., 123, 13-34.

Hirano, H.,, Tanabe, K, Ando, H. and Futakami, M, 1992,
Cretaceous forearc basin of central Hokkaido:Lithofa-
cies and biofacies characteristics. 29th IGC Field trip
C02, 29th IGC Field Trip Guide, 1, 45-80, Nagoya
Univ.

Itaya, T, Nagao, K, Inoue, K, Honjou, Y., Okada, T. and
Ogata, A, 1991, Argon isotope analysis by a newly de-
veloped mass spectrometric system for K-Ar dating.
Mineral. Jour., 15, 203-221.

Kowallis, B. J., Christiansen, E. H,, Deino, A. L., Kunk, M. J.
and Heaman, L. M, 1992, Age of the Cenomanian-
Turonian boundary in the Western Interior of the Un-

ited States. 29th Interntl. Geol. Congr. Kyoto, Ab-
stracts 1, 88.

Kowallis, B. J., Christiansen, E. H,, Deino, A. L., Kunk, M. J.
and Heaman, L. M, 1995, Age of the Cenomanian-
Turonian boundary in the Western Interior of the Un-
ited States. Cret. Research, 16, 109-129.

Matsumoto, T., 1942, Fundamentals in the Cretaceous stra-
tigraphy of Japan Part 1. Mem. Fac. Sci., Kyushu Imp.
Univ., Ser. D, 1, 130-280.

Matsumoto, T, 1943, Fundamentals in the Cretaceous stra-
tigraphy of Japan Parts II & III. Mem. Fac. Sci.,
Kyushu Imp. Univ., Ser. D, 2, 98-237.

Matsumoto, T, 1954, Selected Cretaceous leading ammo-
nites in Hokkaido and Saghalien. In Matsumoto, T, ed.,
The Cretaceous System in the Japanese Islands, 243-324,
Japan. Soc. Prom. Sci., Tokyo.

Matsumoto, T, 1959, Zonation of the Upper Cretaceous in
Japan. Mem. Fac. Sci., Kyushu Univ., Ser. D, 9, 55-93.

Matsumoto, T, 1977, Zonal correlation of the Upper Cre-
taceous in Japan. Palaeont. Soc. Japan Spec. Papers, 21,
63-74.

Matsumoto, T. and Asai, A., 1996, An early Turonian (Cre-
taceous) new species of Inoceramus (Bivalbia) from
Hokkaido. Trans. Proc. Palaeont. Soc. Japan, N. S.,
181, 375-387.

McArthur, J. M, Kennedy, W. J, Chen, M., Thirlwall, M. F.
and Gale, A. S, 1994, Strontium isotope stratigraphy
for Late Cretaceous time:Direct numerical calibration
of the Sr isotope curve based on the US Western In-
terior. Palaecogeogr. Palaeoclimat. Palaeoecol., 108, 95-
119.

Mitsugi, T. and Hirano, H, 1997, Cretaceous Radiolaria
from the Lower Yezo Group, central Hokkaido, Japan.
Jour. Geol. Soc. Japan, 103 (2), 113-125.

Nagao, K., Nishido, H,, Itaya, T. and Ogata, T., 1984, Dating
by K-Ar method. Sci. Rept. Inst. Hirusen, Okavama
Univ. Sci., (9), 19-38.

Obradovich, J. D, 1991, A revised Cenomanian-Turonian
time scale based on studies from the Western Interior
United States. Geol. Soc. Amer. 1991 Annual Meeting
Abstracts with programs, A296.

Obradovich, J. D, 1994, A Cretaceous time scale. Ir Cald-
well, W. G. E. and Kauffman, E. G, eds.,, Evolution of
the Western Interior Basin, Geol. Assoc. Canada Spec.
Pap., 39, 379-396.

Okada, H., 1982, Geological evolution of Hokkaido, Japan: an
example of collision orogenesis. Proc. Geol. Assoc.,
London, 93 (2), 201-212.

Sekine, H, Takagi, A. and Hirano, H, 1985, Biostratig-
raphical study of the Upper Cretaceous of the north-
east part of the Obira area, Hokkaido. Palaeont. Soc.
Japan “Fossils”, 38, 1-15.

Shibata, K., 1992, Radiometric dating of the Late Cre-
taceous sequences in Hokkaido, Japan. 29th Internatl.
Geol. Congr. Kyoto, Abstracts, 1, 88.

Shibata, K. and Miyata, Y., 1978, Isotopic ages of the Cre-
taceous tuff from the Obira area, Hokkaido. Bul/l.
Geol. Surv. Japan, 29, 31-36.

Shibata, K. and Uchiumi, S,, 1995, K-Ar age results-5 -New
data from the Geological Survey of Japan. Bull. Geol.
Surv. Japan, 46 (12), 643-650.

Steiger, R. H. and Jager, E, 1977, Subcommission on
geochronology:Convention on the use of decay con-
stants in geo- and cosmochronology. Earth and Planet-
ary Science Letters, 36, 359-362.

Tanabe, K., Hirano, H,, Matsumoto, T. and Miyata, Y., 1977,
Stratigraphy of the Upper Cretaceous deposits in the
Obira area, northwestern Hokkaido. Sci. Rept. Fac.
Sci., Kyushu Univ. (Geol.), 12 (3), 181-202.

NI | -El ectronic Library Service



The Ceol ogi cal Society of Japan

Mem. Geol. Soc. Japan, 48 K-Ar age on the Cenomanian/Turonian boundary 141
Toshimitsu, S, Matsumoto, T., Noda, M., Nishida, T. and Tsuchida, S. and Hirano, H., 1995, Geological study of the
Maiya, S, 1995, Towards an integrated mega-, micro- Cretaceous Yezo Supergroup in Oyubari area, Hok-
and magneto-stratigraphy of the Upper Cretaceous in kaido. Gakujutsu Kenkyu, School of Educ., Waseda
Japan. Jour. Geol. Soc. Japan, 101 (1), 19-29. Univ., Ser. Biol. & Geol., 43, 1-14.
(B §)

Hirano, H., Koizumi, M., Matsuki, H. and Itaya, T., 1997, K-Ar age study on the
Cenomanian/Turonian boundary of the Yezo Supergroup, Hokkaido, Japan, with special
reference to OAE2 and biostratigraphic correlation. Mem. Geol. Soc. Japan, No. 48, 132-
141, (CEERAE - ARHE— - BABA - HEHEH, 1997, BREBEOL / =7 Y - Fa2—
0= 7 v EEFRAEORRIKE D K-Ar £ — 51 OAR2 R MLAEB B F B b & o B#EIZ DWW T.
WEFEHE, No. 48, 132.141)

TYEFA ME AT AAE, BEEEILRELNEREFS X C0AE2RERER, 0'%C
A4/ v T v s Fa—u o7 VEERSIKERAEDS 2T 5 FH Pueblo Dt
v aviBOBETHLIN TV AIEEDBRREBRKORSERSOBERL s P a v L&
DENRBEL YV a v, NEHFONFEN X7 v a yOBERKRETOEERZ H VT K-Ar i
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oceramus kamuy W F 7213 Fagesia thevestensis Wb 721, 8MOEIKERBH» /L NZEMRIZ
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