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Abstract We present pollen assemblages of the early Last Glacial Biraotri Formation at the right bank of the
Rakko River, Hiroo, in eastern Hokkaido. Nineteen tephra layers were recognized in the study section, and two
of them are correlated to the widespread tephra Aso-4 and K-M, which have been dated to the early Last Glacial
period. Eight local fossil pollen assemblage zones HRO-I to VIII are established based on the changes in the
major arboreal pollen. The patterns of pollen assemblage change below and above the K-M pumice are similar
and corresponding to two sedimentary cycles from gravel to peat. In each sequence, the characteristic pollen
types change from Alnus, through Larix, Picea, to Larix from lower to upper. This pattern reflects succession
linked to the bog development and increasingly cold climate. The pollen assemblage in the upper sequence
indicates climatic fluctuation with a larger amplitude. The lower sequence suggests the smaller climatic fluctua-
tion in oxygen isotope stage 5, and the upper one does larger change from the stage 5 to 4.
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Introduction

Early Last Glacial sediments in Hokkaido have
been recognized in discoveries of widespread tephra.
The Aso-4 ash derived from Kyushu, southern Japan
is a significant widespread tephra layer in Japan
(Machida ef al., 1985). The date of this ash fall is
estimated to be about 70,000-90,000 years ago, but is
still not certain (Machida & Arai, 1992). In Hokkaido,
the Aso-4 ash is found within the Biraotori Forma-
tion. This formation is distributed in fragments along

the eastern foot of the Hidaka Mountains, the margin
of the Toyokoro Hills, and the Pacific shoreline (Ma-
tsui et al., 1973, 1978). It mainly consists of peat or
peaty silt. The present study site is the type locality of
the Biraotori Formation, where there is thick peat
sediment including 19 tephra layers. Two of them
were correlated to the widespread tephra layers from
the Last Glacial period: the Aso-4 ash, and K-M
pumice. The pumice derived from the Kuttara Cal-
dera, in central Hokkaido, and is dated to about
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Fig. 1 Locality map of study site

lithology field description of the tephra layers
thickness (cm) color lithology
gravel 0.2 white . clay
6-(20) gray-yellow  silty at upper part
2 yellow-white clay
2 white pumice
brown peat 4 gray ash?
3 yellow-brown very fine sand
4 yellow-gray midium sand
1 white/yellow-brown pumice
4-10 yellow-orange glassy
<1 wnite ﬁsh
<1 white clay
3 brown clay
20 white laminated
max 35 yellow(-white) pumice
<1 white clay
12 orange glass
ra ash
3-4 b?'ovzln clay
10 yellow-white pumice

Fig. 2 Columnar section and lithology of study site
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60,000~ 70,000 years ago (Arai et al., 1986). In this
study we describe pollen assemblages from peaty
sediments above and below the dated tephra layers,
and reconstruct the environmental changes.

Study site and Stratigraphy
The study site is at 42° 19'N, 143® 16’E, on the right
bank of the Rakko River, at Hiroo (Fig. 1). The
Biraotori Formation in the study section unconforma-
bly overlies Tertiary sediments and is covered by

terrace gravel from the Rakko River. Two sedimen-
tary cycles are apparent, each beginning with gravel
and ending with peat. The sequence of each cycle is as
follows (Figs. 2-4):

The first cycle begin with more than 1 m of a gravel
layer, followed by a gray silt 30 cm thick, and brown
peat about 1 m thick. There are five tephra layers in
this sequence. The lowermost tephra layer is com-
posed of yellow to white volcanic sand and lies on top
of the gray silt layer. Another four layers are within

na—

Fig. 3 Entire view of study section

s

Fig. 4 Widespread tephra layers Aso-4 and K-M of study section
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the brown peat (Fig. 2). One of these, an orange tephra
layer, 12 cm thick, and 15 ¢cm below the top of peat, is
mainly composed of bubble wall type glass. This
orange tephra can be correlated to the Aso-4, because
the Aso-4 tephra was found from the Biraotori peat
(Machida et al., 1985) and there are no other thick
glassy tephra layers in Biraotori Formation. Wood
fragments concentrate below this ash.

The second and upper cycle is represented by the
following lower to the upper; sand and gravel 1 m
thick with a yellow pumice of about 35 ¢cm in maxi-
mum thickness at the bottom, gray silt 40-45 cm thick
with laminated white volcanic sand, gray to grayish
brown silt 30 cm thick with reworked volcanic sand at
the bottom, grayish brown silty peat 15 cm thick, gray
silt 20 cm thick, brown peat 30 cm thick with two
tephra layers in the lower part and wood remains in
the upper part, alternation of gray silt and silty peat
in a 30 cm layer, and brown peat 90 cm thick with 8
tephra layers. The yellow pumice layer at the bottom
of this sequence mainly consists of fibrous pumice
pieces about 5 mm in diameter. This tephra can be
correlated to K-M, because K-M pumice known to lie

above the Aso-4 (Arai el al., 1986) and it was de-
scribed as a thick orange pumice, named the Op-3 in
the Biraotori Formation (Kasugai et al., 1978).

The thickness, color and lithology of all the tephra
layers detected in the field are described in Fig. 2.
Further studies are necessary to identify many of
these tephra layers.

Methods

Thirty-two samples, each of which is about 2 cm
thick and 30 cm® were removed at the horizons about
5 to 20 cm intervals from the section. The intervals
were determined by lithology and by the locations of
tephra layers. About 2 cm?® from each sample was used
to extract pollen.

Samples for pollen analysis were treated with 109
KOH, sieved with a 0.5 mm mesh, decanted to remove
sand, treated with 509 HF, dehydrated with acetic
acid, and treated for 2 minutes by the acetolysis
method. The residue was saturated in glycerin, and
mounted. All pollen grains and spores on each slide
were counted. Arboreal pollen counts in each sample
exceeded 200.
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Fig. 5 Arboreal pollen diagram of Hiroo
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The frequencies of arboreal pollen types were calcu-
lated from the total arboreal pollen counts, and these
of other pollen and spore types were calculated from
the total pollen and spore counts. Myrica pollen, which
should be from Myrica gale, was excluded from the
total of arboreal pollen grains, because of modern life
form of mother plants.

Results

Seventy-six pollen and spore types are obtained.
Eight local fossil pollen assemblage zones, HRO-I to
VII], are established by major arboreal pollen changes
(Figs. 5, 6) and changes of other pollen and spore types
almost correspond to these zones. HRO-I to IV corre-
spond to the lower sedimentary sequence and HRO-V
to VIII correspond to the upper one. The Aso-4 hori-
zon is in the middle of the zone HRO-IV, and that of
the K-M horizon is just above the HRO-IV. The
characteristics of each zone are as follows:

HRO-I: Alnus contributes 40 to 50 9% of the arbo-
real pollen, and this dominance characterizes the zone.
It is also noteworthy that monolete spores contribute
to about 30 9% of the total counts.

HRO-II: A mixture of Picea, Salix, Pinus, and

| poilen:
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Cryptomeria pollen characterizes the zone. Picea
makes up 70 to 80 9, Salix makes up 5 to 10 9%, and
Pinus and Cryptomeria exceed 1 % of the total arbo-
real pollen. Myrica contributes 10 to 30 % of total
counts except at the bottom of the zone. It is notewor-
thy that Lysichiton pollen increases to 10 9% of the
total counts at top of this zone.

HRO-III: Dominance by Picea and Ericales pollen
characterizes the zone. More than 90 9 of arboreal
pollen are made up of these two types. Ericales pollen
increases towards the top. It is noteworthy that about
10 9% of the total counts are trilete spores.

HRO-1V: Larix contributes 5 to 10 % of the total
arboreal pollen, and this occurrence characterizes the
zone. Alnus contributes more than 10 % and Salix
contributes 2 to 15 9% of the total arboreal pollen.
Mpyrica occupies 10 to 25 9 of the total counts.

HRO-V: Dominance by Alnus and Ulmus pollen
characterizes the zone. Alnus makes up 30 to 50 %,
and Ulmus makes up 15 to 25 9§ of the total arboreal
pollen. Other deciduous types such as Carpinus-
Ostrya, Betula, Quercus, and Fraxinus occur most
frequently in this zone, particularly at the lower
horizons. Saxifragaceae also occurs up to 8 % of the
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@
g
b1 2
9 5
® N
g 3
; g § 2
@ 3 -
Hi g 3 : ¢ s | @
Iroo 2 3 e 28 8. 8 ; g 3 £ ¢ 8 s
P 5 2 § 2 o L>~~§g 1 Sug'g 3 €33, 228 £ g o 2
7 958E 3 $ fgegk %g‘zg’ 388353 S3333fevgads 35 3 2
St SEEE §.<§§ > “a‘s 2 >G5 Q€S € £ 2997 3 % 2 =
n B0 7826 0 S GSS2ELd55TIL0ERES S8 3885858855835 5885528 ¢ 8
07 3 L E 3 ; N [ It ; 8 :' T EEYTTTTUIT T N
3 . A g A 3 I i

L

vy

[/ »
e
[ so sy peat
(22259 orave!

Fig. 6 Nonarboreal pollen and spore diagram of Hiroo
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total counts in this zone. It is also noteworthy that 10
to 45 % of the total counts are monolete spores.

HRO-VI: Larix, which makes up 5 to 30 %, and this
characterizes the zone. Pinus occurs more than 1 % of
the total arboreal pollen. Salix and Cryptomeria pollen
occur significantly at the lower part of the zone, and
Picea increases to 80 9% of the total arboreal pollen at
the top of the zone. Myrica and herbaceous types such
as Thalictrum, Potentilla, Sanguisorba, Menyanthes-
Fauria and Artemisia occur significantly in this zone.

HRO-VII: Picea contributes 80 to 90 9% of the total
arboreal pollen, and this characterizes the zone.
Ericales occurs more than 19§ of the total arboreal
pollen only in this zone of the upper sequence (HRO-V
to VIII).

HRO-VIII: Larix contributes 20 to 50 9%, and this
characterizes the zone. Picea occupies 20 to 50 % of
the total arboreal pollen. Pinus occurs about 1 9% of
the total arboreal pollen. Herbaceous types such as
Thalictrum, Saxifragaceae, Potentilla, Sanguisorba
and Artemisia occur significantly in this zone.

Discussion

Patterns of pollen change of the lower and the upper
sequences, HRO-1to IV and HRO-V to VIII, resemble
each other. The pollen spectra of both sequences seem
to show following plant succession (stages 1 to 4)
linked to the bog development and climatic change to
cold:

Stage 1 (HRO-I and HRO-V) : Dominant types at
the beginning of sequence are Alnus and monolete
spores, which suggest an unstable and barren environ-
ment such as a river sandbank. Pollen of temperate
broad leave trees such as Ulmus and Fraxinus
dominated at the beginning of the upper sequence
(HRO-V) suggesting a warm climate. In the lower
sequence (HRO-I), a warm climate is implied by the
small contribution of pollen by boreal conifers.

Stage 2 (HRO-II and HRO-VI) : Picea, Larix and
Mpyrica pollen show . relatively high occurrences.
Cyperaceae, Sanguisorba and Artemisia pollen are
accompanied with them. Increase of boreal conifers
such as Picea and Larix suggest a climatic change to

cold. Myrica which should be Myrica gale and Cypera-

ceae suggest a development of raised bog. Sanguisorba
and Artemisia would be lived at the relatively dry

habitat in and around the raised bog.

Salix and Menyanthes- Fauria pollen show relatively
high occurrences in transition from stage 1 to 2. The
horizons of peaks of these two taxa are different in
the lower and the upper sequences; peak of Salix
appears at the upper horizon of HRO-I while it does
at the lowest horizon of HRO-VI, and peaks of
Menyanthes- Fauria comes a bit later to those of Salix.
This succession from Salix to Menyanthes-Fauria
suggests the changes of water condition from riverine
environment to raised bog.

Stage 3 (HRO-III and HRO-VII) : Picea and
Ericales pollen dominate in the third zones. Picea
pollen include pollen from Picea glehnii because cones
of Picea glehnii obtained from peat of the Biraotri
Formation (Matsui ef al., 1978). The increases of Picea
pollen seem to inversely related to the decreases of
Larix pollen and accompanies increases of Ericales
pollen. This suggests that raised bog was temporarily
or locally dried up, allowing the invasion of Picea
glehnii and Ericales (Ericaceae and/or Empetrum)
into the bogs.

Stage 4 (HRO-IV and HRO-VIII) :
Myrica pollen dominate again in the last stage. The

Larix and

pollen assemblages suggest a cold climate and a
development of peaty bogs as in the stage 2. Compar-
ing with other stage, occurrences of Larix pollen show
the highest peaks. Particularly, it reached to nearly
50 9% of the total arboreal pollen in the upper
sequence (HRO-VIII). The Larix pollen from the sedi-
ment would be Larix gmelini pollen judging from the
macrofossil obtained from the Last Glacial in Hok-
kaido (Yano, 1970). Modern distribution of Larix
gmelini spreads on colder and drier regions than
Hokkaido, that is, Northeast China, Sikhote Alin
Mountains, Sakhalin, Kuril Islands, and Kamchatka
Peninsula (Shimizu, 1990). Thus, it seems reasonable
to suppose that high frequency of Larix pollen indicate
colder and drier, namely continental, environments
than today.

It is remarkable that tephra layers concentrate at
the upper part of the sequences. This implies vol-
canoes frequently erupted during cold phases,
although this may be partly because we could easily
detect thin tephra layers in the peat.

Although two sequences show the same trend of
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vegetation changes, there are striking differences
between them. In the upper sequence, pollen of tem-
perate deciduous broad leave trees such as Ulmus,
Fraxinus, Quercus and Carpinus-Ostrya makes up to
20 % of the total arboreal pollen at the first zone
(HRO-V). Whereas Larix pollen, which is the conti-
nental climate indicator, reached to nearby 50 % of
the total arboreal pollen at its peak (HRO-VIII). In
contrast, in lower sequence, temperate deciduous
broad leave trees only slightly occurred at the first
zone (HRO-I), and Larix pollen reaches up to 10 % of
the total arboreal pollen at its peak (HRO-IV).

Our results described above do not conflict with
other pollen sequences including the horizons of K-M
and Aso-4 reported in Hokkaido. In Haboro, north-
western Hokkaido, the pollen assemblages were
recording from the peat including three tephra layers
by Yamazaki (1942). These three tephra layers were
later correlated to Aso-4, Toya and Kc-Hb from the
top by Machida et al. (1985). The pollen assemblages
around the horizons of Aso-4 are dominated by Picea
and Larix. In Ishikari Lowland, central Hokkaido,
where Aso-4 ash is obscure but its horizon can be
estimated by Mpfa-3 and Aafa-2, which are respec-
tively correlated to K-M and Toya ash (Arai, ef al.,
1986). The pollen assemblages between K-M (Mpfa-3)
and Toya (Aafa-2) horizons consist mainly of Picea
and Larix (Yamada et al., 1981; Hoshino ef al. 1982,
1986). Above the K-M (Mafa-3), the pollen assem-
blages include more Larix (Hoshino et al., 1986). In
Hidaka, south of Ishikari, pollen assemblages above
the K-M have more Larix than around the horizon of
Aso-4 (Sakaguchi & Katoh, 1993). That is to say,
these studies did not represent pollen assemblages
that include temperate tree pollen above the K-M
horizon in Hokkaido as our study. The reason for a
lack comparative assemblages is mainly due to the
gap of the sediment corresponding to HRO-V.

In Tohoku District, northern Honshu, south of
Hokkaido, there are some pollen diagrams including
the Aso-4 horizon (Kanauchi, 1988; Suzuki & Takeuti,
1989; Takeuti & Kawamura, 1991). Their composi-
tions around the Aso-4 differ with those of Hokkaido.
They mainly consist of conifer such as Picea, Pinus,
Tsuga, and including some Cryptomeria at Iwanosawa,
Miyagi Prefecture (Suzuki & Takeuti, 1989) or Fagus

and Cryptomeria at Onikobe, Miyagi Prefecture (Ta-
keuti & Kawamura, 1991) and Yanohara, Fukushima
Prefecture (Kanauchi, 1988). In spite of these differ-
ences, the climatic changes below and above the Aso
-4 horizon would correspond to our studies. At Oni-
kobe (Takeuti & Kawamura, 1991), a warm peak
above the Aso-4 has more deciduous broad leave trees
than the peak below the Aso-4. Unfortunately, a cold
phase after this warm phase is not detected. At
Yanohara (Kanauchi, 1988), a cold peak above the Aso
-4 is colder than that around the Aso-4, whereas a
warm peak above the Aso-4 shows a bit colder assem-
blage than that below the Aso-4. Small amplitude of
difference between below and around the Aso-4 corre-
spond to our studies, although a bit colder assemblage
above the Aso-4 does not correspond to our studies.

Vegetation change in the lower sequence is small
and may reflect the climatic change indicated by the
oxygen isotope stage 5. The much greater vegetation
change indicated by the upper sequence, may corre-
spond to the change from stage 5 to 4 in the oxygen
isotope stage. The cold climate of the upper sequence
(HRO-VI to VIII) should correspond to the stage 4. On
the contrary, the warm climate above the K-M should
suggest that HRO-V is still in stage 5. If this idea is
true, the horizon of Aso-4 at pollen sequences implies
that Aso-4 fell after the coldest peak but before the
warm stages, that is, at about the end of stage 5b. This
assumption supports the idea that the horizon of Aso-
4 is located about the oxygen isotope stage 5b (Ma-
chida & Arai, 1992).
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