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776. PALYNOLOGICAL INVESTIGATION OF THE POSTGLACIAL DEPOSITS
IN LAGOON KAHOKU-GATA, KANAZAWA, CENTRAL JAPAN¥*

NORIO FUJI

Department of Earth Science, Faculty of Education, Kanazawa University, Kanazawa 920

Abstract. The palaeovegetational and palaeoclimatic changes during the
last 20,000 years in and around Lagoon Kahoku-gata, Kanazawa, Central Japan
are analysed from the viewpoint of pollen analysis. The palaeoclimatic change is
inferred as follows:

The last 1,500 years (Pollen Subzone A-d): mild and wet (the last 500 years
..... mild as climate of the present-day, 500—1,500 years more
or less warm);

1,500—5,000 years ago (Pollen Subzone A-c): cool and slightly dry (1500—

- 3,500 years cool or slightly cool);

5,000—8,000 years ago (Pollen Subzone A-b): warm and wet;

8,000—11,000 years ago (Pollen Subzone A-a): more or less cold and sllghtly
wet;

11,000—12,000 years ago (Pollen Subzone B-d): cool and slightly wet;

12,000—14,000 years ago (Pollen Subzone B-c): more or less cold and slightly
dry;

14,000—16,500 years ago (Pollen Subzone B-b): cold and slightly dry;

16,500—21,000 yearsv ago (Pollen Subzone B-a): cold or slightly cold and dry.

The pollen zones from Lagoon Kahoku-gata may be correlated with the divi-
sions in Northwestern Europe as follows:

Subzone A-d may be correlated with the Subatlantic, Subzone A-c with the
Subboreal, Subzone A-b with the Atlantic, Subzone A-a with the Preboreal and
the late Younger Dryas, Subzone B-d with the early Younger Dryas — Allerod —
Older Dryas, Subzone B-c with Bo6lling — the late Oldest Dryas, Subzone B-b
with the early Oldest Dryas, and Subzone B-a with age before the Oldest Dryas
respectively.

selian Glacial Age in the Northwestern Europe,
a large transgression confirmed over the world
had begun. This transgression has been inter-
nationally called the Flandrian Transgression,
and it has been called Yurakucho Transgression
in the Japanese Islands, and also the later part

Introduction

After the last glaciation called the Wiirmian
Glacial Age in the Middle Europe, the Weich-
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of the transgression has been named the
Jomonian Transgression. Though an ancient
inlet called the Ko-kahoku-irie had existed during
the transgressional age, the inlet had been
changed a lagoon by the formation of large
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coastal sand dunes in the small regression during
the stage of the middle Jomonian to the late
Yayoian Age, and the environment as a lagoon
has been kept since the Yayoian Age (Fuji,
1975; Fuji et al,, 1981). Therefore, the present
writer infers that all of the deposits throughout
the latest Quaternary deposits called the Post-
glacial deposits have been distributed beneath
this lagoon. If this inference is correct and a
boring will be drilled at the lagoon, all of the
deposits after the last glacial age may be col-
lected. If the deposits are obtained, palacovege-
tational and palaeoclimatic changes in and
around the lagoon during about 20,000 years
since the last glacial age may be ascertained.

The present writer has obtained many core
samples from the two drilled wells, about 15-m
and about 85-m borings, and these core samples
have been studied from the viewpoint of paly-
nological investigation.

This article consists of three parts of de-
scriptions of the stratigraphy of the Postglacial
period around and in Lagoon Kahoku-gata, the
palynological study on the last Quaternary
deposits, and the palaeovegetational and palaeo-
climatic significance during the last 20,000 years.

The present writer takes this opportunity to
express his deepest gratitude to the late Dr.
Naoto Kawai, former Professor of Osaka Uni-
versity, for his continuous encouragement and
supervision. Thanks are due to Assistant Pro-
fessor Tadashi Nakajima of Fukui University,
and Professor Kimio Hiro’oka of Toyama Uni-
versity for their advice on the palacomagnetism
of the present core samples. Finally, the writer
expresses his deep appreciation to the Ministry
of Education of the Japanese Government for
grants from the Science Expenditure Funds
during the period 1977 to 1979, and also to the
Japan Society for the Promotion of Science for
grants during the period 1978 to 1979.

1. Topography and Geology

Lagoon Kahoku-gata is located in the central
part of Ishikawa Prefecture, facing the Japan
Sea of Central Japan. The coastal sand dunes

which were formed during the middle and
late Holocene Epoch have been distributed in
front of the simple coastal region of the Japan
Sea. The alluvial lowland areas around this
lagoon were formed during the period since
the Flandrian Transgression. This lagoon is
the second largest lagoon on the Japan Sea
side, and had been an old inlet called Ko-kahoku-
irie during the Flandrian Transgression age.
In the middle Holocene Epoch, the lagoon
was changed from a marine condition to a
brackish condition. The change of palaco-
environment as-‘mentioned above agrees chrono-
logically with the relative small regression age.
The ancient inlet was isolated from the Japan
Sea by the formation of the coastal sand dunes
and by a lowering of sea-level during this regres-
sion age, and changed to a lagoon (Fuji, 1975;
Fuji et al, 1981; Fuji, 1982a; Fuji, 1982b).

The deposits beneath the Kanazawa Plain
including Lagoon Kahoku-gata are stratigraphi-
cally divided into two parts: the lower and
the upper parts. The lower part is composed
mainly of hard Neogene strata and loose Pleis-
tocene deposits, and the upper one is composed
of the postglacial deposits which are divided
into three subparts; the alternation of coarse
sand and mud layers in the lower horizon, a
loose medium sand layer in the middle horizon,
and a mud layer in the upper horizon. A
gravel layer, about 5 m to 8 m thick and 50
mm to 100 mm in diameter of gravel, is inter-
calated between the lower and upper parts,
and belongs to the last stage of the last glacial
age. o

The gravel layer is generally distributed just
below the Postglacial deposits of the Holocene
alluvial plain developing along the coastal area
of the Japan Sea, and called the First Gravel
Layer in Japan, and a key bed indicating the
boundary between the Postglacial and the
last glacial deposits.

2. Palynological Study

2-1) Preparation for Pollen Analyses
Pollen grains in the sediments were con-
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centrated in the laboratory by slight modifica-
tions of the process described by Faegri and
Iversen (1964).
2-2) Microscopic Examination

Pollen grains and spores mounted on slides
were identified and counted by means of a
mechanical stage of a microscope. The count-
ing was continued up to more than 300 iden-
tifiable arboreal pollen grains. Determination
was made with the aid of the key by Faegri
and Iversen (1964) and McAndrews (1973),
and also in reference to the pollen grains ob-
tainable from the Japanese Islands. Hard-to-
identify pollen grains were identified with the
aid of a reference collection of about 500 slides
for important trees, shrubs, and acquatic herbs
of the dJapanese Islands in possession of the
Institute of Earth Science, Kanazawa University,
a reference collection of about 9,000 slides
owned by the Limnological Research Center,
University of Minnesota, Minneapolis, U.S.A.,
and also a reference collection of about 5,000
slides owned by the Department of Quaternary
Geology, Faculty of Science, University of
Uppsala, Uppsala, Sweden.
2-3) Method for Interpretation of Palaeovegeta-

tion and Climatic History

The writer depends upon the pollen analyses
for the reconstruction of vegetation during a
glacial age. For the interpretation of the pollen
spectra obtained from the 200-m core samples,
he has employed two methods, namely, (1)
pollen spectra of the modern samples collected
from Lagoon Kahoku-gata and its vicinity, and
also from various localities of some -climatic
zones throughout the Japanese Islands and (2)
the warmth index (month-degrees). The methods
are described in detail in the present writer’s
previous paper (1978).
2-4) Pollen Analyses of the 15-m Core Samples
(1) Location of the Boring and Samples

The boring site is situated in a reclaimed
land, about —50 cm in the present altitude,
near Kurotsubune of Uchinada-machi.

The 15-m core samples are composed mainly
of homogeneous dark bluish grey clay. As
measured by Kigoshi of Gakushuin University,

the *C dating age of dark bluish grey clay in
the 13.60 — 13.70 m horizon of this 15-m
core is 3,220 *+ 160 years B.P. (Gak-7146).

All of the core samples belong to the late
Holocene deposits according to the stratigraphy
of this core and *C dating. '

(2) Zoning of Pollen Assemblage and Palaeo-
climate based on Palaeovegetation

In order to facilitate their description and
discussion, the pollen diagrams are divided into
some zones. These zones are based upon con-
spicuous changes in pollen percentages. Changes
in the ratio, Total AP/Total NAP, can be de-
scribed, while alternation of values of one or
two pollen types may also lead to the establish-
ment of pollen zones. Where pollen zones dis-
play the same nature characterized by assemblage
of pollen grains and spores, the writer has at-
tempted to indicate them under the same letter
code in order to facilitate comparison. These
pollen zones are restricted to the series of dia-
grams under discussion. The minor differences
of the pollen assemblage in the zones are shown
by subzones.

The 15-m core samples are divided into three
pollen zones as Zone ¢, Zone 3, Zone 7 in an
ascending order. They are described as follows:

Zone «, spectra: I-470 to I-1500; depth:

4.7 to 15 m; age: ‘about 1,500 to 3,500
years ago.

This zone is characterized by a large amplitude
and a long duration of every maximum (up to
about 60%) or minimum (down to ca. 17%)
period in a fluctuation of pollen value of Crypto-
meria. The percentage of arboreal pollen grains
shows the highest value throughout the 15-m
boring core. Such plants as Abies, Picea, and
Tsuga growing in the Subpolar area reach only
1 to 6% in this zone. Plants adapted to the Cool
Temperate climatic zone appear 7 to 24% in the
fluctuation of pollen percentage. Among them,
Fagus large-type which is inferred to be Fagus
crenata appears about 13% on the average (1%
at a minimum and 23% at a maximum). Plants
growing in both climatic zones of the Cool
Temperate and the Temperate (Warmth-index:
55° to 140°) reach 45 to 72% in pollen value,
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Text-fig. 1. Diagram of conifer and arboreal pollen grains found from the 15-m core samples.
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Text-fig. 2. Diagram of arboreal and non-arboreal pollen grains found from the 15-m core samples.
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Text-fig. 3. Diagram of non-arboreal pollen grains and spores found from the 15-m core samples.
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which is the highest percentage throughout
the 15-m core samples. Most of the highest value
is taken by Cryptomeria. Plants growing in the
middle part of the Cool Temperate zone and
the Warm Temperate zone (70° to 140°) have
a pollen value of 12 to 37%, which is lower
than those of Pollen Zones 8 and 7. Plants of
both climatic areas of the South Warm Tem-
perate and Subtropical zones (Warmth-index:
100° to 180°) reach 8% at a maximum value,
which is lower than those of Pollen Zones
B and <. The pollen percentage of Fagus crenata-
type shows a negative interrelation to that of
Cryptomeria.

On the basis of the above-mentioned descrip-
tion, the palaeoclimate during the sedimenta-
tion of the deposits of this zone may have been
the same as the climate in the present Cool
Temperate area.

Zone B, spectra: 1-320 to 1-460; depth: 2.5
to 4.7 m; age: about 500 to 1,500 years
ago.

This zone is characterized by a large percent-
age of non-arboreal pollen grains, pollen value of
which is about 50%. Boreal conifers growing in
the Subpolar and/or Subalpine zones appear as
follows; Abies: 0 to 4%, Picea: 0 to 3%, Tsuga:
1 to 7%. Cool Temperate plants of this zone
show a value higher than that of Zone 7. Some
changes are recognized in the percentage of
pollen assemblages. Namely, plants adapted to
the Cool Temperate and Temperate zones record
a drastic decrease from 64% to 22% because of
a drastic decrease (from 49% to 12%) of Crypto-
meria, especially remarkable at 4.6 m to 4.7Tm
in depth. In contrast to the above-mentioned
phenomenon, plants of the middle area of the
Cool Temperate zone and the Warm Temperate
zone increase gradually from 32% to 50% due to
an increase (6% to 23%) of Pinus diploxylon-
type. Warm Temperate and Subtropical plants
show a pollen percentage (2% to 8%) which is
the same as that of Zone 7.

According to palaeovegetation mentioned
above, the palaeoclimate during the age of
Zone  may have been more or less warm in
comparison with the present climate.

Zone v, spectra: I-20 to I-250; depth: O to

2.5 m; age: the present-day to about 500
years ago.

In this zone, arboreal pollen grains occupy
about 43% to 63%, being higher than the value of
nonarboreal pollen grains. As Abies and Picea
pollen grains are respectively 2% to 12% and 3%
to 18%. Subpolar plants show the highest value
(21% to 35%) over this zone. Plants growing in
the Cool Temperate zone have a low value, which
is 4% to 8% in the total percentage. On the other
hand plants growing in the Cool Temperate and
Warm Temperate zones show the lowest value
throughout all of the zones. However, plants
growing in the middle area of the Cool Temperate
zone and the Warm Temperate zone reach the
highest percentage over the boring core samples
due to an increase (25% to 49%) of Pinus di-
ploxylon-type. Among them, Ilex pollen percent-
age shows a large amplitude, e.g., from 0% to
35%. Warm Temperate and Subtropical plants
show a 3 to 7% value in this zone. The percent-
age of Oryza pollen grains records a drastic
increase.

Judging from the above-mentioned descrip-
tion, the palaeoclimate during this zone may
have been warm as the present climate.

Nakai, Mori and Ohta (1982) studied the
stable carbon isotopic composition ratio (*°C/
12C) of sedimentary organic materials in the 15-m
core. Judging from the isotopic and pollen analy-
ses, the change of climate on the basis of the
pollen analysis is a close agreement to the change
of the isotopic composition in a pattern of
change.

The frequency of pollen grains of Oryza
(tice plant) found in Zone 7y shows a value larger
than those of Zones a and 8. This phenomenon
reveals the remarkable development of rice-
cultivation around Lagoon Kahoku-gata during
the time of Zone v, and this inference is sup-
ported by many old documents and pieces of
archaeological evidence.

2-5) Pollen Analyses of the 85-m Core Samples
(1) Locality of the Boring and Samples

The 85-m boring site is situated in the bottom
of Lagoon Kahoku-gata near Bridge Konan-
ohashi, Tsubata, northwest Kanazawa, and
about —100 cm in the present altitude. The
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Text-fig. 4. Summary diagram of the palynological analysis of the 15-m core samples.
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writer can divide the 85-m core samples into
seven parts. Fuji, the present writer, calls them
Layers A to G in a descending order. They are
described as follows (Fuji, 1982b): ‘

Layer A: This layer is distributed locally in
a deltaic area near the mouths of the Tsubata,
Morimoto and Asano Rivers flowing into Lagoon
Kahoku-gata. The layer is composed of loose
brown coarse-grained sand. It is about 2 —5 m
thick.

Layer B: This is composed mainly of homo-
geneous loose dark bluish grey silt intercalated
with thin (2 m thick) loose dark bluish grey
mud (about 18 to 20 m deep). This layer is
about 26 m thick (—2 to —28 m below the
present sea-level).

Layer C: This is composed mainly of loose
dark yellowish brown silty sand and medium-
grained sand, and about 10 m thick (—28 to —37
m below the present sea-level).

Layer D: This is composed of alternation of
loose brown-colored sand and dark bluish grey
mud or silt, and about 25 m thick (—37 to —62
m below the present sea-level).

Layer E: This is composed of brown-colored
gravels, kinds of which are sandstone, homo-
geneous hard mudstone, hornblende andesite,
and pyroxyne andesite, etc. The gravel is 5 to 10
cm in diameter. It is about 4 m thick, and —62
to —66 m in the present altitude.

Layer F: This layer is composed of alterna-
tion of dark bluish grey clayey silt and dark
bluish grey silty mud. This is about 16 m thick,
and —66 to —82 m below the present sea-level.

Layer G: This layer is composed of brown
medium- and coarse-grained sand, and —82 to
—85 m below the present sea-level.

Layer E to G belong to the latest Pleistocene
deposits according to stratigraphy and '*C dating
on this core sample (Fuji, 1982a, 1982b).

(2) Zoning of Pollen Assemblage and Palaeo-
climate based on Palaeovegetation

The 85-m core samples are divided into two
pollen zones as Zones A and B, and eight pollen
subzones as Subzones A-d, A, ... .. A-a, B-d,
B-c, . . ... B-ain a descending order as described
below. The present palynological study of the

85-m core samples has been made in order to
discover, in detail, changes of palaeovegetation
and palaeoclimate during the sedimentation of
the 85-m core samples.

Zone A, spectra: 0.82 to 39.70; depth: 0 m
to 40 m; age: about 10,000 years ago to
the present-day.

Zone A is characterized by a dominant per-

centage of plants growing in the middle area of

-the Cool Temperate and Warm Temperate zones,

and A-a, A-b, A-c, and A-d in an ascending order.

Subzone A-d, spectra: 0.82 to 4.95; depth:

0 m to 5 m; age: 1,500 years ago to the
present.

Arboreal grains show up with a total pollen
value of 61% to 72%, which is higher than the
percentage of non-arboreal pollen grains. Boreal
conifers reach about 15% on the average (3%
at a minimum and 24% at a maximum), which
is influenced by an increase of Abies, Picea,
and Larix. Plants growing in the Cool Tem-
perate zone are 11% to 75%, which is influenced
by an increase of Cryptomeria. Plants growing
in the middle part of the Cool Temperate and
the Warm Temperate zones show a high percent,
11% to 62%. Among them, Pinus’s and Corylus’s
percentages are respectively 3 to 48% and 2 to
8%. Oryza pollen grains are found to be 8.1 to
23%.

Judging from the above-mentioned pollen
assemblage, it is inferred that the palaeoclimate
since about 1,500 years ago may have been
mild and wet.

Subzone A-c, spectra: 5.75 to 17.70; depth:

5 m to 19 m; age: 1,500 to 5,000 years
ago.

Arboreal pollen grains have a large percentage,
65% to 88%, which is the highest one throughout
the 85-m core samples under the influence of
an increase of Abies (about 3%) and Picea (1.5
to 8%). Plants adapted to the Cool Temperate
and Temperate zones show 14% to 45% due to
an increase of Cryptomeria pollen grains, though
Zelkova pollen grains decrease from about 16%
to 1%. Plants of the middle Cool Temperate
and the Warm Temperate zones reach 30% to
70%. Plants growing in the Warm Temperate

NII-Electronic Library Service



322 Norio FUJI

Stratigraphy
T T T T 1T T 1T T 1T T T T T T T T T T 1 Depthinmeter
8 2 3 g g 8 ¥ 3 5 o °P
MU R 5 ) SBE 8 R LA wkw vb S o RUNLNE SEbrs sm. aol) 1T Spectrum nos
RIFRI 2 BeRd gy BE 3 g ¥ 8 I BA LW S & ¥usngn QEWS.QRS BIRS AR
é § I é é I I J é dating aestimated dates
3 S <1 o 8 8 ] <)
o > Polien Zoring
o J o | o l al a 1 o I o , a
] g V A% \\/\/\/—
: 46,
8=
7 <
wd <oy,
] _\/ \— \_ +
: s
E A e VAV AR A v,
i e,
%
-2

<
<4

1
!

>,
%,
- s
] c
X,
- 0}0
€ o

®
1t 1 J LIt
o /S
\WAS
AN
8

4
4
A
$

Q

’

1311

9

?
NN
$/¢
o
$
)

e

S O [

Akk

* wb"’*r/
5 7 e —— ©p. »
] \/\/\/\ /\/\/\/ 406
] )

- /e/.
= Oc,

-3 %o
] 7 V 2o
N Coa’/o

&

Text-fig. 5: Diagram of conifer and arboreal pollen grains found from the 85-m core samples.
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and the Subtropical zones are 1% to 9%, which
is a decrease as compared to Subzone A-b.
Oryza pollen grains are found in an upper hori-
zon from this subzone, and the percentage of’
these grains is 0.5% to 10.2%.

On the basis of the result mentioned above,
the palaeoclimate is inferred to have been cooler
than those of the present-day, Subzones A-d
and A-b.

3

L e I O 1 rﬂ—ﬂrﬂrﬂrﬂo/
] L I R4

50 | | ' | 2 1]

Diagram of arboreal pollen grains found from the 85-m core samples. .

Subzone A-b, spectra: 19.25 to 33.45; depth:
19 m to 34 m; age: 5,000 to 8,000 years
ago.

Arboreal pollen grains have a value of 39%
to 73%, lower than those of the other sub-
zones. Therefore, non-arboreal pollen grains
increase. Such boreal conifers as Abies, Picea,
Tsuga, and Larix decrease to 0% or 2.5%, and

NII-Electronic Library Service



324 Norio FUJI

Ot~

0os —|

TITT T T TTTT71T TT T T T T 177 T TIITT T TITT T TIT 17T

IINAI X BOURBER BEE 4 m ik BE® rp I B RONNEE SEEES TRe ewiw oo SPECTTUM NOS

RIXNN B B BER A HEE B X =Y Izaonm S8 BRERER SXURE NXX Ry £E ,40
I T T T T T i i
§ g 2 é é é M P E dating aestimated dates
a H g g 8 8 g 8

o > Polien Zoring
Q I o

<
<
<
¥
&

:

{
i_

X

flllllllll
Vs
Q
SOE
W)

o
C
\\ ocarb’7oce
\ f\/ B \ 7 \/\/\Ki 'o,e, Qe
.
ML 403,@0”:‘;
“~ ~/ O/ch/,o
Ceoe

VA VN N WYLV _
— S— e v
NAVAVA N :
< AN v\/\-vf <
Vi VVAT AN AN
VX7
Y NI
~—_7 AVARAY/
N~ ~Y o\
A B
V\/\/\’\/\/W\/\’N\/ \s:o%"»
m\\”\ il B
[~

O,E_e//
\/\/w\f\/\/\/\,\ﬁ_\/—"’—— (%
- %, “ 0/7)-%
W ’/b‘oo,.,.
%, %o,-/;_e
7 e, s
\/\ I\/\/ WA > e

V /60” Ce, o s
%

3
.
7
.

R e,
%%

¥ % Ze, 9

(=) Gl

\7 V \/\ ore
I o
~ (o Op,
'\. E/ef,b/b \G
5,

Text-fig. 7. Diagram of non-arboreal pollen grains and spores found from the 85-m core samples.
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the percentages of their conifers show the
lowest value throughout all of the eight sub-
zones. Cool Temperate plants decrease. Plants
growing in the Cool Temperate and the Warm
Temperate zones show such a high percentage
as 28% to 55% because of an increase of Zelkova
(9% to 20%), Lepidobalanus (8% to 28%), and
Cryptomeria (4% to 20%). Middle Cool Tem-
perate and Warm Temperate plants reach a high
value (36% to 58%) of pollen grains due to an
increase of Corylus (12%). Plants adapting to the
Warm Temperate and Subtropical zones have
the highest percentage throughout all of the
eight subzones.

Judging from the above-mentioned paly-
nological results, the palaeoclimate during the

age of this subzone may have been the warmest

over the 85-m core samples.

Subzone A-a, spectra: 34.75 to 39.70; depth:
34 m to 41 m; age: 8,000 to 11,000 years
ago. ‘

Arboreal pollen grains show a high percentage
of 71% to 87%, and non-arboreal pollen grains
have a low percentage. Plants growing in the
Subpolar zone reach to a value of about 4.6%
at a maximum, which is low. Cool Temperate
plants decrease from 11% to 3%. This phenome-
non is influenced by a decrease (from 10% to
0%) of Fagus. In contrast to this decrease, plants
of the Cool Temperate and the Warm Temperate
zones increase from 32% of the Subzone B-d to
72% of this Subzone A-a. This increase is influ-
enced by an increase of Zelkova (1% to 24%) and
Lepidobalanus (25% on the average). Warm
Temperate and Subtropical plants reach 1%
to 7%.

Judging from the above-mentioned pollen
assemblage, it is inferred that the palaeoclimate
during the Subzone A-a may have been more or
less cold.

Subzone B-d, spectra: 42.77 to 44.30; depth:
41 m to 46 m; age: 11,000 to 12,000 years
ago.

Arboreal pollen grains are 51% to 62%, and
occupy a value more than that of non-arboreal
pollen grains. Plants growing in the Subpolar
zone are few. Among them, Abies, Tsuga, and

Larix pollen grains are lacking, and only 6% of
Picea grains are included. Cool Temperate
plants show a high percentage (15% to 38%);
that is, Betula grains reach 1.8% to 2.7%, Ulmus
1.2% to 2.7%, and Fagus 10% to 35%. Plants
of the Cool Temperate and Warm Temperate
zones increase gradually in contrast to the
lower horizon as Subzone B-c. Plants growing
in the middle part of the Cool Temperate and
Warm Temperate zones are 33% to 40%. The
Warm Temperate and Subtropical plants increase
from a lower subzone to this subzone; that is,
Mpyrica pollen grains are 0.6% on the average,
and Cyclobalanopsis grains 0.6% to 1.5%.

As mentioned above, this subzone is char-
acterized by the abundance of plants growing
in the Cool Temperate zone, and the middle
area of the Cool Temperate and the Warm
Temperate zones. Also, Warm Temperate and
Subtropical plants increase gradually from the
lower horizon of this subzone.

The palaeoclimate during the age of the
sedimentation of deposits of Subzone B-d
had been a cool condition.

Subzone B-c, spectra: 46.74 to 53.70; depth:
46 m to 54 m; age: 12,000 to 14,000 years
ago.

Arboreal pollen grains show a high percentage
(74% to 90%) throughout the 85-m core samples,
and in contrast, non-arboreal pollen grains are
very rare. Subpolar plants increase to about
10% on the average. Plants growing in the Cool
Temperate and Warm Temperate zones increase
to about 25% on the average (12%at a minimum
and 39% at a maximum) owing to an increase
(81% to 44%) of Lepidobalanus. Middle Cool
Temperate and Warm Temperate plants decrease
from about 62% on the average (77% at a maxi-
mum) of Subzone B-b to about 40% of this
subzone. This decrease results from a decrease
of Alnus pollen grains from 67% in lower Sub-
zone B-b to 22% in this subzone. Warm Tem-
perate and Subtropical plants increase, though
the increase is a small pexcentage.

The palaeoclimate at the time of this Subzone
B-¢c may have been a more or less cold condition.

Subzone B-b, spectra: 55.38 to 67.80; depth:
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54 m to 68.2 m; age: 14,000 to 16,500
years age.

This subzone is characterized by the abun-
dance of conifers, and by the absence of Sub-
tropical and Warm Temperate plants. Accord-
ingly, Subpolar plants are about 70% on the
average, which is influenced by a high value of
Abies (12% to 18%) and Picea (5% to 20%).
Cool Temperate plants appear about 4% on the
“average (1% at a minimum and 7% at a maxi-

mum) except Alnus. Cool Temperate and Warm -

Temperate plants change from 10% to 30% in
Subzone B-b. The percentage of plants growing

in the middle area of the Cool Temperate and

Warm Temperate zones shows a high value
(46% to T7%), which is influenced by Alnus
pollen grains (20% to 47%).
The palaeoclimate in the stage of Subzone
B-b may have been a cold condition.
Subzone B-a, spectra: 69.20 to 79.25; depth:
68.2 m to 79.25 m; age: 16,500 to 21,000

This subzone is characterized by the abun-
dance of conifers, and by the absence of Sub-
tropical and Warm Temperate plants. Cool
Temperate plants appear about 5% on the
average (11% at a maximum). Plants growing
in the Cool Temperate and Warm Temperate
zones show the lowest percentage throughout
all of the eight subzones by the influence of
the low values of Cryptomeria and Zelkova.
Plants of the middle part of the Cool Temperate
and Warm Temperate zones reach 46% (at a
minimum) to 85% (at a maximum), which are
higher than those of the other subzone in the
85-m core samples.

Judging from the above-mentioned descrip-
tion, the palaeoclimate of Subzone B-a is inferred
as having been cold or slightly cold.

3. The Comparison between the Climatic
Changes by the Isotopic and
Palynological Studies
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Text-fig. 8. Summary diagram of the palynological analysis of the 85-m core samples.
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The comparison between the profiles for
environmental changes by the isotopic and
geochemical studies and the fossil pollen and
diatom analyses gave a close agreement to
each other (Nakai et al, 1982). According to
the studies, it is concluded that the isotopic
and chemical records of embayment sediments
can be used as useful indicators for the past
environment.

To study the environmental changes such as
the climatic and sea-level fluctuation in the
past geologic time, the 15-m and 85-m core
samples were analyzed by N. Nakai for the stable
carbon isotopic composition ratio (**C/'*C) of
sedimentary organic materials. Total organic mate-
rials in the cores have a §'°C-range from —29 to
—23 °,. relative to PDB-standard. Large ranges
of 613C values are due to the past depositional
history affected primarily by the relative con-
tribution of terrestrial- and marine-derived

327

organic materials to the bottom sediments.
Besides a difference in the source of organic
materials, 6!°C value is affected by the sedi-
mentary environment and temperature condi-
tions. From the fluctuation pattern of §!°C,
the present writer can find the following feature
indicating the sea-level and the climatic (tem-
perature) changes during the end of the last
glacial age, Wiirmian or Wisconsinian glacial age,
and the Holocene. A cold climate can apparently
be seen at the lower horizon of the core in the
14C.age of 9,000 to 14,000 years B.P. According
to the investigation based on diatom analysis
(Fuji et al,, 1981), a sea-level at that time was
about —50 to —5 m in the studied area. After
that period, the sea-level rose gradually, and
the high sea-level and climatic optimum appeared
in the *C-age of 8,000 to 4,000 years B.P. corre-
sponding to “the Jomonian Transgression”.
This warm and high sea-level period is followed

Vertical varlation of §!3C values of organlc
matters from Lagoon Kahoku—gata Core BP—22 (N.NAKAID

— 23

— 24
£
[S) — 25
_0
c
o
Z
° — 26
s
(8]
0
© — 27

— 28

—29 PN T RO A A U N S AT RN SN A A U U U A S U0 U A S S U IO O N A S S O SO S0 T T S0 S 0 U B I O O A O A B

Depth (m) 0 30 40 50 70 80
|4C—age
( years B.P.) Present 2630 5,260 7.890 10,520 13,150 15,780 18410 21,000
Palynologlcal more or more or more or less
climate mild cool warm less cool less cold cold
(Full) cold cold
Text-fig. 9. Vertical variation of §13C values of organic matters found from the 85-m core

samples (after Nakai, Mori and Ohta, 1982).
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by a low sea-level and a cool climate correspond- above-mentioned gives a close agreement to the
ing to a small scale regression called ‘““the Yayoian climatic change based on the palynological
Regression” in Japan and correlated interna- study as shown in Text-fig. 9.

tionally with “a little ice age”. After the small
scale regression, about 1,500 years B.P., the

4., The Comparison between Changes of
sea-level rose again gradually toward the present

the Palaeoclimate and Palaecomagnetism

sea-level.
The climatic change by the isotopic analysis The palaecomagnetic study of the 85-m core
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Text-fig. 10. Diagram showing the changes of the palaeomagnetism and the palaeoclimate

based on the palynological anlysis of the 85-m core samples (after Kawai & Nakajima, unpubl.
data).
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samples has been made by the late Dr. Naoto
Kawai, former Professor of Osaka University
and Assistant Professor Tadashi Nakajima of
Fukui University. The result of the palaeo-
magnetism on the 85-m core is shown in Text-fig.
10. Judging from the results of the palaeo-
magnetic and palynological studies, it seems to
be concluded that when the intensity of the
magnetism was weak, the climate was a cold
condition, and in contrast, when the intensity
was strong, the climate was a warm or mild con-
dition. The relationship between the pataeo-
magnetism and plaeoclimate as above-mentioned
has been found in the long core samples ob-
tained from the bottom of Lake Biwa, Central
Japan (Kawai et al., 1975).

5. Correlation

In Northwestern Europe, the Late Glacial
Period is divided into five stages on the basis
of changes of palaeoclimate, namely, the Oldest
Dryas (12,400 to 15,000 years ago), Bolling
(12,100 to 12,400 years ago), Older Dryas
(11,800 to 12,100 years ago), Allerdd (11,000
to 11,800 years ago), and Younger Dryas
(10,350 to 11,000 years ago).

As a detailed dating on the deposits from
Lagoon Kahoku-gata has not been measured,
the writers cannot correctly state the age of
the boundary between some pollen subzones
and pollen zones. However, judging from the
changes of palaeoclimate based on the paly-
nology and !*C dating and palaeomagnetic
stratigraphy of a few horizons, the ages of
some pollen subzones are estimated roughly
as mentioned already in the description of
individual pollen zones.

According to the writer’s investigation on
the deposits obtained from Lagoon Kahoku-
gata, Pollen Subzone A-a (about 8,000 to 11,000
years ago, more or less cold) may be correlated
with the Preboreal and the Late Younger Dryas
stage; Pollen Subzone B-d (about 11,000 to
12,000 years ago, cool) with the early Younger
Dryas — Aller6d — Older Dryas stages; Pollen
Subzone B-c (about 12,000 to 14,000 years

ago, more or less cold) with Bolling — the late
Oldest Dryas; and Pollen Subzone B-b (about
14,000 to 16,500 years ago, cold) with the
early Oldest Dryas and the previous age, respec-
tively.

In addition, Pollen Subzone A-b (about
5,000 to 8,000 years ago, warm) may be cor-
related with the Atlantic stage; Pollen Subzone
A-c (about 5,000 to 1,500 years ago, cooler than
that of the present-day) with the Subboreal;
and Pollen Subzone A-d (the present-day to
about 1,500 years ago, mild and wet) with the
Subatlantic stage, respectively. '

6. Conclusion

(1) The palaeovegetation and palaeoclimate
during the last about 20,000 years in and around
Lagoon Kahoku-gata are analysed by a paly-
nological investigation.
(2) Judging from the pollen analyses, the palaeo-
climate may be inferred as follows:
Subzone B-a: 16,500 — 21,000 years ago;
cold or slightly cold, dry;
Subzone B-b: 14,000 — 16,500 years ago;
cold and slightly dry;
Subzone B-c: 12,000 — 14,000 years ago;
more or less cold, slightly dry;
Subzone B-d: 11,000 — 12,000 year ago;
cool, slightly wet;
Subzone A-a: 8,000 — 11,000 years ago;
more or less cold, slightly wet;
Subzone A-b: 5,000 — 8,000 years ago;
warm and wet;
Subzone A-c: 1,500 — 5,000 years ago;
cool and slightly dry;
Subzone A-d: the present-day — 1,500 years
ago; mild and wet.
(3) Judging from the palynological investiga-
tion of the samples obtained from the 15-m
boring core of Lagoon Kahoku-gata, the deposits
below this lagoon are divided into three pollen
zones as Zones «, § and 7 in an ascending order.
Zone a: 1,500 — 3,500 years ago; cool or
slightly cool.
Zone f3: 500 — 1,500 years ago; more or less
warm.
Zone 7: the present-day — 500 years ago;
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mild as the present-day.
(4) A change of the Carbon-13 ('*C) and
Carbon-12 (*2C) ratio is shown in Text-fig. 9.
The pattern of the change of §3C corresponds to
‘pattern of the change of §'*C corresponds to
the pattern of the change of palaeoclimate.
Especially, the boundary between Zones « and
B is sharper than the boundary between Zones
B and .
(5) The frequency of pollen grains of Oryza
(rice plant) found in Zones 8 and 7 is larger than
the value in the Zone «. This phenomenon shows
the remarkable deirelopment of rice-cultivation
around Lagoon Kahoku-gata during the age of
- Zones B and v, and this inference is supported
by many old documents and pieces of archae-
ological evidence.
(6) The pollen zones of the core samples below
Lagoon Kahoku-gata are correlated with the
divisions in Northwestern Europe as follows:
Subzone A-d may be correlated with the Sub-
atlantic stage, Subzone A-¢ with Subboreal,
Subzone A-b with Atlantic, Subzone A-a with
Preboreal and the late Younger Dryas, Subzone
B-d with the early Younger Dryas — Allerdd —
Older Dryas, Subzone B-¢ with B6lling — the late
Oldest Dryas, Subzone B-b with the early Oldest
Dryas and its previous age, and Subzone B-a with
times before the Oldest Dryas, respectively.
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