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Abstract

Palynological and stratigraphical researches were made on the Alluvial peat deposits
distributed along the coastal areas of the Hokuriku region, Central Japan. The scope
of the investigation is the determination of the age of the -Alluvial deposits,
paleoclimatic condition under which it was formed, geographlcal environments, origin
and development of it.

The age of the Alluvial peat deposits is considered to correspond to the late Yayoi
period (some 1,900 to 1,800 years before the present) based on the archeological
remains derived from the deposits, stratigraphical position and topographical setting.
During the time of the third stage of the Jomon to the late Yayoi period (some 4,500 to
1,800 years B.P.) preceding the formation of the Alluvial peat deposits, the paleoclimatic
condition was temperate or cool temperate, according to the evidence of the pollen grains,
spores and erect stumps. At that time, the annual mean temperaturé of this region
was 11° to 13° C, and the flora is composed mainly of either a riparfan or mixed-slope
type, which is closely similar to the present lowland vegatation found distributed in
the northern part of Central Japan to the southern part of Northern Japan A minor
rising of sea level and migration of coastal sand dune are the cause of formation of
most of the Alluvial peat deposits in the Hokuriku region. The changes of the sea
level during the Alluvial Epoch in the Hokuriku region are summarized as follows:

(1) In the early stage of the Alluvial Epoch the sea level was some 80 m below
the present sea level, and this stage may have been about 10,000 years ago.

(2) The maximum raise in shore line during the major transgression of the Alluvial
Epoch was some 8 m above the present sea level, about 5,000 years before the
present.

(8) Next, the sea level lowered about 5 m above the present sea level. In accordance
with the change of sea level from 8 m to 6§ m, the older and middle coastal sand
dunes were formed. The time of minor lowering of sea level cited above might

have been the final stage of the second Jomon period (some 5,000 years B. P.) or

* The Palynological Studies of Cenozoic Strata in Hokuriku Region, Central Japan, Part IV.

Part of this paper was read at the 65th. (at the Hokkaido University on Sep. 28, 1958)
annual meeting of the Geological Society of Japan, and the 84th. (the Tohoku University on June
1, 1963) and 87th. (the Kydto University on June 7, 1964) annual meetings of the Palaeont-
ological Society of Japan.
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the earliest stage of the third Jomon period.

(4) The maximum falling of the sea level during the Alluvial minor regression is
about 5 m below the present sea level, and that of the maximum fall in sea level
was during the middle stage of the third Jomon period (some 4,500 years B. P.) to
the late Yayoi period. At that time, the forest in which Cryptomeria japonica was
a dominant species, submerged to about 5 m to 10 m below the present sea level.

(5) After the late Yayoi period, about 1,900 to 1,800 years before the present, the
sea level rose relatively again to the present sea level.

The systematic description of the fossil pollen grains and spores procured from
more than 150 localities throughout the region are described and illustrated in the
present paper. )

This work consists of three parts of descriptions of the stratigraphy of the Alluvial
peat deposits, palynological study of the peat deposits, and geological interpretation.
In this paper (Part I), the descriptions on the Alluvial stratigraphy and pollen grain
assemblages are presented. The geological significance and the systematic descriptions
of the important and characteristic pollen grains from the Alluvial peat deposits will
be given in the next paper (Part II).
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Introduction

Palynological studies in Japan have progressed during the last three decades, and
our knowledge has increased remarkably to us. JimBo, Yamazaki, Suimakura and
Nakamura should be mentioned as the pioneers in the debelopment of palynological
research in Japan. It is from them works that the research has advanced in the study
of the change of flora during the Alluvial Epoch. Thus, the peat deposits from the
swamps distributed in the highland of Central and Northern Japan were studied by
the above-mentioned palynologists. The peat deposits are distributed not only in the
hinterland of Central and Northern Japan, but also locally in the Alluvial coastal
plains of Japan. In the Hokuriku region of Central Japan the Alluvial peat deposits
are distributed in patches along the coastal areas of the Japan Sea, and were first
reported by Kowmaxr (1925). Many investigators have reported on the Alluvial peat
deposits distributed in the mentioned areas, and their scattered pattern has been
confirmed from the topographic studies in the various districts. However, the peat
deposits distributed in the lowland areas have been left undescribed so far as concerns
their palynological and geological, especially chronological researches. The deposits
developed in the hinterland have been investigated since many years ago. Therefore,
the peat deposits included in this work were studied from the following points of
view:

(1) : their scattered distributions in the Hokuriku region,

(2) : the stratigraphical horizon of the peat deposits,

(3) : the age of development of the peat deposits,

(4) : the developmental process of the peat deposits,

(5) : the paleoclimatic conditions under which the peat deposits were formed,

(6) : the origin of the Alluvial peat deposits, and

(7) : the significance of the peat deposits in terms of eustatic movement during the
Alluvial Epoch.

The investigation of these Alluvial peat deposits will help to analyze the recent
movement of the strand line in the Hokuriku region, the processes in development and
ages of the coastal sand dunes, and, the submerged forests and submarine valleys in
the various districts of the Hokuriku region. For the research of the peat deposits of
the lowland area of the Hokuriku region the writer has incorporated various means,
such as the distributions and dating by archeological remains, distributions of coastal
sand dune and the drowned valleys, and others.

The present paper consists of three parts of descriptions on the stratigraphy of
the Alluvial peat deposits of the various districts, the palynological study on the
Alluvial peat deposits, and a discussion on the geological significance of the Alluvial
peat deposits.
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Historical Review

There are many studies concerning the geology, paleontology, topography or
archeology of the area investigated by the present writer. Hence, only the more
important ones or those having direct bearing on the present work will be mentioned
in chronological order.

The history is classified into three stages, that is, early (1894-1930), middle
(1931-1945) and present stages (1946-Recent).

The early stage (1894-1930): —— In this stage, the many works on the geography
and geomorphology were mainly descriptive studies on lakes, rivers and sand dunes
of the Hokuriku region. Mitsunar: (1894) studied the coastal sand dunes along the
coast of Ishikawa and Fukui Prefectures. In 1915, Tsusaxkivama investigated Lake
Hojozugata and Lake Kitagata. Komakr’s (1925) is outstanding descriptive geomorphology
on the coastal sand dunes of Ishikawa Prefecture. He described the process of
development of the deposits distributed on the coastal plain. According to him there
was a large lake in the marginal part of the present Tetori fan area, and a coastal sand
dune along the coastal side of the ancient lake. The lake gradually receded landwards
by marine erosion. As the result, the peat deposits formed on the lake bottom were
covered by the sand dune which migrated inlandwards.

The middle stage (1931-1945): —— The principal investigations during this period
included descriptive geomorphology, changes of the strand line, and studies on the
drowned valleys. Among the authors, the following should be mentioned, Icrixawa
(1930, 1932, 1933), Mocuizuk: (1931, 1934, 1936), Mivazax: (1933), Komak: (1935),
Sarto (1935) and Kawapa (1942, 1943). Kawapa’s studies on the river terraces
distributed in Toyama Prefecture are well known. The studies on the changes of
strand line were mainly investigated by Ismiz (1933, 1936, 1938, 1940). The
submerged forest of Uozu was reported first by Ismnx (1936). Ismrr (1838, 1940-1941)
in his works on the recent movement of the strand line of the Hokuriku region,
described on the vertical displacement of the region in recent times, submerged forest
of Uozu, and submarine drowned valleys of Toyama Bay. He concluded that the coast
near Uozu had been submerged at the rate of only 2.16 m in 1,000 years. He referred
to Wakimizu’s opinion that the submerged forest which was subjected to sudden
sinking, was represented only by immersed trunks. The ecological features described
‘in his study was summarized by Smimaxuxa (1936). Smimakura identified 90 samples
of erect stumps of the submerged forest of Uozu, Toyama Prefecture as Pinus sp.
(1 sample), Castanea sp. (1 sample), Zelkova sp. (1 sample), Celtis sp. (3 samples),
Cercidiphyllum sp. (2 samples), Cryptomeria japonica (79 samples), Alnus sp.
(1 sample) and Fraxinum sp. (1 sample), and in determinable lianen wood (1 sample).
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Hence, he concluded that the coniferous tree Cryptomeria japonica was dominant forest
wood, the other coniferous and dicotyledonous woods together being only 12 per cent
of the total, and that a pure forest of Cryplomeria japonica must have then existed
there. As the same species or nearest allies of the woods from the submerged forest are
still living in Japan, he concluded that the forest, if it were in Akita Prefecture, grew
at an altitude of more than 100 m above the present sea level. Ismir and SuimMAKURA

(1936, 1938), and Wakmmizu concluded that the coastal area was suddenly lowered,

some 100 m, by major crustal movement in the geologically recent age. Another approach

to the studies on the changes of the strand line was by the submarire valleys. Nirno

described the bottom deposits of the Yamato Bank in 1933, and Toyama Bay in 1938.

Especially, the latter study is a detail analyses of the bottom deposit. Yase and Tavama

(1934) studied the bottom configuration of the same area. In 1938, Nuno summarized

his studies on the bottom deposits of the submarine valleys and of the continental shelf

of Toyama Bay. Hestated:

(1) : No effect of current could be found within the submarine valley, and the bottom
sediments seem to have been not disturbed.

(2) : The bottom sediments differ from those plotted in the chart issued by the
Hydrographic Department of Japanese Navy, in that (a) bed rocks were found exposed
in the valley slope off Yokata, while a part was found to be covered with mud.
The bed rock consisted of tuffaceous sandstone quite similar to the foundation
rocks of the Tertiary of Kurehayama in the west of Toyama City. (b) An exposure
of peat was found in the middle part of the continental shelf of the studied area.
(¢) Gravels are widely distributed over the continental shelf as well as in the
submarine valley, and covered with mud. The gravels collected from the sea bottom
are the same as those collected from the bed of the Jinzu River. (d) A mechanical
analysis of the size grade of sand and mud, shows that from their relation to both
depth and distribution, they may be recent sediments. No direct relation could be
found between the size grade of the sand and mud collected with the gravels from
the same locality. ,

(3) : No evidence was found to suggest that the submarine velleys were formed as
a result of submarine erosion or of submarine fault. The age of the submarine valleys
is probably very young.

The Quaternary deposits were studied by many geologists since OTukA’s reports
(1932, 1933, 1934). In the Hokuriku region, Mocnuizuki(1932) stated on the marine
terrace of Hiradoko in Noto Peninsula and Otuxa (1935) described the marine shells
found from the Hiradoko shell bed, and Asano (1937) the foraminifers. According to
Asano, the three salient points of the foraminiferal fauna are:

(1) : It comprises many warm water foraminifers, especially Amphistegina radiata
and Sorites marginalis, now common in tropical and subtropical seas, but seldom
living in the seas bordering Honshdg;
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(2) : This foraminiferal fauna is quite different in its composition from those in the
late Neogene formations of the Hokuriku region; and

(8) : It is significant in lacking Cassidulina, a prominent genus in the Japanese
Neogene formations. The absence of the sbecies of Cassidulina was interpreted to
indicate, a) a warm and shallow water condition, b) a complicated migration of the
foraminifers in the Hiradoko district during the lastest geological age. The abund-
ance in individual and specific numbers of the three genera, Quingueloculina,
Spiroloculina and Elphidium in the depcsit is also ancther indicaticn of its shoal
water origin.

The present stage (after 1946): —— During this stage many chronological studies
concerning the paleontology or geomorphology of the area have been published by many
authors. Kawapa (1946) described on the buried sand dune in the Uchinada district of
the Hokuriku region. In that paper he summarized on the distribution and mechanical
analysis of the size grade of dune sand, and also on the humus in the uppermost
horizon of the lower sand dune. He referred to a crustal movement in Recent time as
a role in the displacement of the Old sand dune. The discovery of the buried sand
dune by Kawapa stimulated the present writer to study the origin of the peat deposits.
In 1958, Fuxar summarized on the geomorphological developments of the Toyama plain
as follows: ‘

(1) : The deltaic areas of this plain were affected by the marine transgression in the
early Alluvial Epoch and shallow embayments were formed in a part of the delta.
The deltaic plain in the Hokuriku region can be understcod to be similar to the
Toyama plain.

(2) : The climax of the Alluvial marine transgression in the Toyama plain may
correspond to the early Jomon period or older, namely slightly earlier than that of
Kantd region. Hence, Fukar (1959) described also from the view-point of the
archeology and geomorphology, and drew paleogeographical maps for some stages of
the Alluvial Epoch. In 1951, Warar: stated on the erect stumps discovered from
the sea bottom of Toyama Bay. According him, these erect stumps were discovered
at 5 m to 10 m in depth and 100 m to 150 m from the beach of Uchiidegahama,
Yokata Town, Toyama Prefecture. It is belived by some geologists that they are “in
situ” as in the case of the famous natural moment “the submerged forest of Uozu”
of the same prefecture. From the result of the anatomical identification he discussed
that the coexistence Fagus cremata and some evergreen such as Cyclobalanopsis,
Machilus and Camellia may possibly occur under the natural condition at a low
altitude of this locality. Soon after, Takasor: (1957) described on the age and
distribution on the shell mounds discovered in Ishikawa Prefecture. He stated also on
the age of the maximum raise in sea level of the Alluvial Epoch, and concluded
that the age might have been the early stage of the third Jomon period, that is, the
“Ninzaki” stage based on the ecology of molluscs collected from the middens and
their distribution. From the view-point of chronology Ozaxi and the present writer
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(1958) studied on the Alluvial  peat deposits exposed along the coastal areas of
Kanazawa City, and summarized as follows:

(1) : Stratigraphy of the peat and Alluvial deposits,

(2) : Many late Yayoian potteries are discovered from the peat deposits,

(3) : The origin of the peat deposits is suggested to be the plants grown near the
swampy areas, -

(4) : This area had subsided relatively some 5 m during the late Yayoi period (some
50 to 150 year B. C.).

The present writer (1960) described about 50 pollen grains and 30 spores found
from the peat deposits of Ishikawa and Fukui Prefectures, and also on their forming
process and age. Especially, he applied many archeological data to the chronological
investigation on the Alluvial deposits, and pointed out that the major transgression of
the Alluvial Epoch in the region was similar to that of the Kanté region, and also
that there was relative minor transgression in the late Yayoi period. In 1962, the present
writer made a palynological study of the late Quaternary terrace deposits, which are
considered to correspond to the Shimosueyoshi stage (? Riss —— Wiirm interglacialage)
in the Kant) region. He summarized that the marine mud deposit of the early Riss——
Wiirm interglacial age is characterized by the dominance of vesiculate type pollen grains
such as Pinus and Picea, and broad leaf as Fagus, together with fern-spore and few
Larix which indicates a climate rather cooler than the present. Hence, the deposits of
the middle Riss —— Wiirm interglacial age characterized by the abundant occurrence of
Pinus, Cryptomeria and Alnus, and indicate a climate rather warmer than that of early
phase, that is, they are similar to the present condition. His study concluded that the
Riss——W iirm interglacial age might have included several phases differing in climatic
conditions. Chronological, paleontological and paleoenvironmental researches are being
undertaken by many younger geologists on the late Quaternary formations in accordance
with the recent rapid progress of the Quaternary Research in Japan since 1958,
especially by Fuxar (1958, 1959), members of the Hokuriku Quaternary Research
Group (1961) and the present writer (1958, 1961, 1962, 1963, 1964).

It may be added the certain studies are needed for increasing our knowledge of
the Alluvial Epoch, as outlined below.

(1) : Establishment of the stratigraphical succession of the Alluvial deposits.

(2) : A chronological investigation on the Alluvial deposits should be advanced based
upon the settlement of stratigraphical succession. The method may be divided into the
absolute chronology by 14C dating and archeological or historical research.

(3) : A paleontological investigation of the sediments deposited during major marine-
transgressional in the Alluvial Epoch should be done.

(4) : Detailed investigations are needed of the changes of sea level and micro-geomor-
phological pattern; forming age and process of coastal plain, sand dune, lagoon, delta,
fan and river terrace.
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Chapter I: The Stratigraphy of the Aluvial Deposits
in the Hokuriku Region

1): Topographic Features of the Hokuriku Region, (Text-figs. 1 and 2).

The Hokuriku region treated covers mainly the area along the coast of the Japan
Sea, comprising the Alluvial plain in Toyama, Ishikawa and Fukui Prefectures.
Topographically this region consists of three types, a hinterland, coastal plain and dune.
In Noto Peninsula the mountainous area is divided into northern and southern areas. Pre-
Alluvial formations are extensively distributed in the northern area, and at the northern
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Text-fig. 1. Geographical map of the Hokuriku region.
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margin Mt. Horyuzan (469 m) is the highest mountain. For such reasons sea cliffs or
steep slope, are common whereas in the southern side there are many marine terraces.
In the southern area the elevation is generally ca. 200 m in altitude except for Mts.
Sekidosan and Hodatsusan. The narrow area between the two mentioned areas is the
lowland faced by the Tsukumo Bay, Nanao Bay and Noto Island which show a ria shore
line.The plains are narrow and mostly of the valley type except the 6chi graben, which
occupies the middle part of Noto Peninsula, extending from Hakui City to Nanao City,
and measures about 20 km in length and 5 km in width. A typical coastal sand area is

Mosthoski dune.
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Text—fig. 2. Map showing the distribution of lake, sand dune, submerged

forest and shell mound.
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developed widely in front of the coastal plains, extending from the western side of Noto
Peninsula to the northern part of Fukui Prefecture.

The coastal region of Ishikawa Prefecture is divided into five areas based upon the
geomorphology, that is, pre-Alluvial formation area——hinterland, deltaic area, fan area,
uplifted area and coastal sand dune area. The hinterland mainly consists of the Neogene
Tertiary arid Pleistocene formations. The Kanazawa district is characterized with the
typical fan, which is formed by the Tetori and Sai Rivers. The uplifted area back
of the coastal sand dune has small lakes as Shibayamagata, Kibagata and Imaegata. The
coastal sand dune is extensively distributed in this region, especially the Uchinada sand
dune is famous for its large size, reaching about 50 m above the present sea level. The
border areas between the prefectures are occupied by the pre-Alluvial formations, mainly
Neogene Tertiary formations.

The coastal region of Toyama Prefecture described is divided into four areas, that
is, a hinterland, deltaic area, fan area and coastal sand dune area. The coastal area is
characterized by the large fans, and is famous for the typical drowned valleys. These
fans mainly formed by the Kurobe, Joganji and Sho Rivers, in front of which the deltaic
area is fringed with a narrow coastal sand dune and lakes. The drowned valleys continue
with the mouths of the Shé, Jinzu and Joganji Rivers. These valleys are remarkable
at a depth of about400m (Text-figure 1).

In Fukui Prefecture the Alluvial plain is wide, and with a fan of small scale. These
topographic features are mainly formed by the Kuzuryd River and its tributary. The
Sanribama sand dune occupies the northern part of the Fukui plain.

In the Hokuriku region long rivers as the Kurobe, Joganji, Jinzu, Shé and Kuzurya
Rivers are characteristic.

2) : Geographic Distribution of the Alluvial Deposits and Important Features (Text-

figs. 3 and 4; Photographs 1 and 2).

The region studied is situated along the coast of Toyama, Ishikawa and Fukui
Prefectures of the Hokuriku region in Central Japan. This region is situated in 36° to37°
30’ N Lat. and 136° to 138° E Long., and from 0 m to 30 m above the present sea level.

The larger part of the region is occupied by coastal sand dunes, fan, Alluvial plains,
valley plains, and is characterized by wide and high sand dune, lakes behind the sand
dune, and emerged plains.

From the view-point of distribution of the coastal sand dunes, they can be divided
into nine dunes, namely, from north to south, the Takahama and Hakui dunes in Noto
Peninsula, the Himi and Hoéjozugata dunes in the coastal area of Toyama Bay, the
Uchinada, Yasuhara and Shibayamagata dunes in front of the Kaga plain, and the
Kitagata and Sanribama dunes in Fukui Prefecture. The Takahama sand dune in the
middle part of Noto Peninsula is, some 2 km in width, 8 km in length, 50 m high in
muximum, and is surrounded by hills on three sides with Lake Fukunogata in the
middle. The Pleistocene deposits are covered by the sand dune in the southern area of
this district. The Hakui sand dune occupies the southern part of Noto Peninsula and



Photograph1. View of the Fukui and Ishikawa plins and the Tetori fan area from an altitude of 8,000 m in the Niya hinterlands of Fkui Prefecture;
right lower part: the Niyt hinterlands; right middle part: the Fukui plain; right upper part: the North Japan Alps; and river in the middle part:
Kuzurytt River (Photograph by the Chiinichi Newspaper Office).
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Photograph 2. View of the Tetori fan area from an altitude of 8,000 m in Komatsu City
and Noto Peninsula from Wajima City; upper photograph (1): the Tetori fan area and
Ishikawa plain; lower photograph (2): the northwestern part of Noto Peninsula
(Photograph by the Chanichi Newspaper Office).
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on the landward side is lake Gchigata. The Hakui sand dune is 2 km in width, 80 km
in length and in the south of Hakui City, it covers the late Pleistocene deposits. The
Alluvial plain occupies a narrow area behind this dune, which is about 7 m above the
present sea level. The Himi sand dune occupies the northern end of the Toyama plain,
and is divided into three stages-from chronology. Lake Janichdgata is developed behind
this dune. The Hbjozugata sand dune in front of the Toyama plain is some 5 km in
length, 500 m in breadth and 20 m in height above sea level. In the Kaga plain, there
are characteristic large sand dunes among which, the Uchi-nada sand dune is famous for
its size, covering another older and for the archeological remains. The Uchinada sand
dune is largest in the Hokuriku region, reaching some 50 m above the present sea level.
This dune is divided into old and new sand dunes by a thin black soil which has yielded
many potteries of the third Jémon to the late Yayoi period. Lake Kahokugata, which
is the largest in the Hokuriku region, covers the inner side of this dune. The Yasuhara
sand dune is situated in front of the Tetori fan which is the most typical one in the
Hokuriku region. The sand dune is not developed in the center of the Tetori fan. The
sand dune is small near the center of the fan, and larger at the northern and southern
marginal parts. The sand dune is mainly composed of gravel and mud deposits. The
Shibayamagata sand dune of small scale is found in front of the Enuma emerged plain.
Lake Shibayamagata, Lake Imaegata and Lake Kibagata which collectively named the
Enumasankd, is found at the back of this dune. The Kitagata sand dune is developed
in front of the late Pleistccene marine terreces. Leke Kitagata lies at the back of this
dune and is surrounded by hills on three sides. The Sanribama sand dune is found in

front of the Fukui plain.

In the Hokuriku region, fan deposits are found extensively, especially in Toyama
Prefecture the Kurobe, Joganji and Sho-Ovyabe fans are famous for their large scale and
previous studies. In Ishikawa Prefecture there is found only the Tetori fan, and in
Fukui Prefecture the fan which is described in hcre is not déveloped.

The plain occupied by the Hokuriku region is divided into two types, and they are
a depositional plain and plain formed in a graben. The former is classified into a
deltaic area, valley plain and fan area. The deltaic area occupies the larger part of the
Toyama plain, and the fan area is distributed at the foot of the hills and the hinterland.
The former is reclaimed with transported materials of the Sho, Oyabe, Jinzu and Jéganji
Rivers. Lake Hojozugata lies in front of the deltaic area. On the other hand, in
Ishikawa Prefecture the coastal plain is divided into northern and southern areas by the
Tetori fan area. The former lies mainly in the circunfarence of Lake Kahokugata,
and is occupied by deltaic deposits. The latter is a submerged plain, which had been
formed in the Postglacial transgressional stage. The larger part of the Fukui plain
belongs to a deltaic area from the point of view of geomorphology, and was formed by
the Kuzurya Rievr. In the southern marginal area, the fans which are formed by the
Hino River, which is a tributary of the Kuzurya River, distribut at the foot of a
hinterland. The 6chi graben occupies the middle part of Noto Peninsula, and in the
southern part of the valley is situated Lake 6chigata, The distribution of these sand
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Text-fig. 8. Map showing the distribution of the Alluvial deposits in the

Hokuriku region.

dunes, fans and plains is shown in Text- figs. 2 and 3.

The coast of the inner side of Noto Peninsula, Nanao, and Tsukumo Bays show a
ria shore line.

Toyama Bay is formous for its many drowned valleys. That drowned valleys now
are found at the mouths of such rivers as the Shé, Jinzd, and Joganji Rivers, all
indicate submergence of the land in a geologically recent age. These drowned valleys
are most remarkable at a depth of about 400 m, especially at the mouths of the Sho and
Jinza Rivers. Hisakatsu Yase and Risaburé Tavama (1934) maintained a submergence
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of 720 m since a geologically recent age; their view being upheld by the depth
distribution of the drowned valleys.

The fossil pollen grains and spores described and illustrated in this paper have been
collected from more than 150 localities during the summer of 1957 to the autumn of
1961. These localities cover almost the whole coast of the Hokuriku region where the
Alluvial peat deposits are distributed. The distributional area of the Alluvial peat
deposits is divided into eight districts. They are Asahi, Uozu and Hoéjézugata districts
in Toyama Prefecture: Uchinada, Kanazawa, Neagari and Hashidate districts in
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Text-fig. 4, Index map showing the distribution of the peat deposits,
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Ishikawa Prefecture and the Kitagata district of Fukui Prefecture. The Alluvial peat
deposits buried beneath the coastal sand dunes are not known from the Noto Peninsula.
The almost all of the districts studied in this work are covered by the new sand dunes
as described in the later sections of this article.

In the Asahi district, the peat deposits are distributed continually along the strand
of Asahi-machi. The peat deposits developed some 1m above the present sea level can
be divided into three horizons, called in this paper as the upper, middle and lower
horizons. The upper peat horizon covers the merged forest woods found widely in this
district. In the Hojozugata district the peat deposits are distributed widely around Lake
Hoéjozugata and along the strand of the lake. The peat developed at the level between
0.5 to -1 m is covered with the New sand dune on the land and is widely distributed on
'gh sea bottom in front of Lake Hojozugata. In the Uchinada district the sandy mud and
peaty soil deposits are found below the New sand dune in front of Lake Kahokugata.
The New sand dune overlies the Old sand dune, and the two are distigushed from one
another by this soil as is shown in Text-figs. 2, 3, 19, 20 and 44. This peaty soil lies
at about 10 to 15 m above the present sea level. In the Kanazawa district the New
sand dune, the Yasuhara sand dune; occupies the front of the Tetori fan area. The
peaty deposit lies upon the Tetori fan deposits and is mainly formed of 0.3 m thick
clay and gravel deposits. This peat deposit occupies locations about 2 to 5 m above the
present sea level and can be traced to the peat, which was formed from the grasses
grown in the circumferential area of the swamp in front of the Tetori fan area.
Potteries of later Yayoi age named the “Komatsu” type in the Hokuriku region, are
found from the peat deposits. The peat deposits show widest distribution in the northern
part of the Tetori fan area, but on a small scale in the southern part. In the Neagari
district the peat deposits are found only in a narrow area on land, but occupy a wide
on the sea bottom, at 0.5 to 1.5 m in depth; then are similar to the peat
deposits found in the Kanazawa district. In the Hashidate *district the peat deposits
show a narrow distribution, from Amagozen Cape to Kasanomisaki Cape, and are covered
by the new sand dune. The thin peat deposits are found at about 5 m to 10 m above
the present sea level. At the southern west of Amagozen Harbour the peat deposits are
divided into two horizons; at this locality are found marine shells which indicate the
postglacial transgression. In the Kitagata district, the peat deposits extend, from Lake
Kitagata to Matsunami in Fukui Prefecture, and are covered by the new sand dune. The
peat deposits are found covering with unconformity the Pliocene formations at the sea
cliff of Mt. Kentozan southwest sea cliff of the locality, they are seem above the
Pleistocene(?) formations. The above-mentioned peat deposits except in the Uozu and
Asahi districts are found only beneath the new sand dunes throughout the Hokuriku,
region.

3) : Summary on the late Quaternary Period of the Hokuriku Region
(Text-figs. 5, 6 and 7)
(a) : Summary on the late Diluvial Epoch in the Hokuriku region
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The depositional plains distributed along the Japan Sea in the Hokuriku region are
classified into, one coastal plain and two terraces; there are colled coastal plain, low
and high terraces in the order from the younger to the older.

The coastal plain was formed during the Alluvial marine transgression and
regression. The Toyama, Ishikawa, Enuma and Fukui plains belong to the coastal
plain just mentioned. The valleys incised into this plain range between 50 and 70 m
beneath the present sea level, and might have been formed during the lowest sea level in
the latest glacial age. According to H. Nakacawa (1961), the valleys may be traced to
the submarine terrace occupying the marginal part of the continental shelf at 130 + 20
m beneath the present sea level. Isexr (1959) has shown that the submerged valleys
continue to the shelf at 70 to 100 m below the present sea level.

The distribution of the low terrace is along the present rivers behind the coastal
plain. The terrace is subdivided into two in the Kanazawa district, the higher Kasamai
river terrace and the lower Kasamai river terrace. The gradient of the higher terrace is
steeper than that of the coastal plain and the lower terrace is steeper than that of the
coastal plain and the higher terrace, so that the terraces become to be buried below the
coastal plain near the coastal area. The lower terrace may be dated to the time of the
cool and low sea level of the last glacial age. The Tachikawa and Musashino terraces
in the Kanto region of Central Japan correspond to them just mentioned.

The high terrace is widely distributed behind the coastal plain, ranging between 25
and 60 m in height above the present sea level, and is an ancient coastal plain. The
larger part of the terrace consists of mud, silt and sand and is intercalated with a warm
water fauna. According to Fuir (1962), the lowest part of the terrace, which suggests
from the deposits 5 to 20 m rise of sea level, is characterized by the dominance of
vesiculate pollen such as Pimus and Picea, and broad leaf as Fagus, together with
fern-spores and a few Larix. The climate indicated by the flora is rather cooler than
at present. The middle part of the terrace which corresponds to a 20 to 30 m rise of
sea level, is characterized by the abundant occurrence of Pinus, Cryptomeria and Alnus.
The flora indicates a climate rather warmer than that of the lowest part, that is, it is
similar to the present condition. Thus, during deposition of the terrace deposits the
flora suggests that several phases differing in climatic conditions may have prevailed.
Geomorphological and biological evidences of the terrace suggest that it has been
graded to the last interglacial age. The Hiradoko and Kubo marine terraces widely
distributed in the Hokuriku region correspond to the terrace, and also probably to the
Shimosueyoshi plain in the Kanté region. The late Quaternary chronology of the areas
in the Hokuriku region is shown in Text-figure 5. The changes of sea level, volcanism,
and cultures in Japan are shown in the same Text-figure. 5.

(b) : Summary on the Alluvial Epoch in Japan (Text-figs. 6 and 7)

Even though opinions may diverge concerning the position of the boundary between
the Diluvial and Alluvial Epochs the writer holds the vise that it should be determined
with the time and position of the first postglacial .marine transgression. In Japan, H.
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Yase (1954) stated that the beginning of the Alluvial Epoch is represented by the
Numa coral bed.

The gravel deposits of about 10 m in thickness are found generally at the depth
of 60 to 80 m below the present sea level in most of the Alluvial plains in Japan.
The gravel deposits are always overlain by finer deposits as sand, silt and clay. Ac-
cording to the previous investigations the depth of the boundary between both deposits
in some plains of Japan is as follows:

about 80 m below the present sea level in the Kushiro plain of Hokkaido,

about 50 m below the present sea level near the mouth of the Tokachi River in
Hokkaido,

about 80 m below the present sea level near the mouth of the Kitakami River in
the Tohoku region,

about 70 m below the present sea level near the mouth of the Old Tone River
in the Kanté region,

about 60 m below the present sea level in Tékyo,

about 60 m below the present sea level in the No6bi plain of Central Japan,

about 70 m below the present sea level near the mouth of the Tenryi River in
Central Japan,

about 60 m below the present sea level near Hamamatsu City in Centinral Japan,

about 30 m below the present sea level in ‘Osaka City, Central Japan, and

about 80 m below the present sea level in the Shimane Peninsula,

Summerizing the above data, it is evident that certain characteristic deposits are
generally found beneath the recent coastal alluvial plains in various regions of Japan.
Considering from the fossils collected or known from the finer materials, many marine
molluscan shells are characterized by elements as warm as the Recent sea. Therefore,
in Japan the marine transgression which is represented by the finer materials above
mentioned with warm water marine shells is supposed to have been in a geologically
recent age. Hence, the boundary between the gravel and finer deposits is taken to
corresponds to the boundary between the Diluvial and Alluvial Series. Judging from
the distribution of the archeological remaine and the results of a 14C dating, the finer
deposits were deposited in a shallow sea, and considering also from the distribution of
the middens in the Kant6 region, the beginning and maximum rise of the marine
transgression is assumed to have been respectively during the Hanawadai stage of the -
first Jomon period (i.d. about 7,500 years age), and the Moroiso stagé of the second
Jomon period (i. d. about 5,000 years age). Hence, this marine transgression is called
the Yarakushé or Jomonian transgression in the Kanté region since 6rmm’s study(1930).
And, such phenomenon has been studied by such worker as WovrpstepT (1958), NILsson
(1948), HaarnacirL (1950) and Straaten (1954). In the Hokuriku region the about 10
m thick gravel layer is found at 70 m to 50 m below the present sea level, being
generally overlain with the above-mentioned finer materials. This gravel might have
been deposited during the lowered sea level at the close of the last glaciation, For the
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Archeochronological Division

Archeochronological divisions in Japan Diviecymological o (WOLDSTEDT, '56)
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Text-fig. 6. Archeochronological division.

reasons given above it is thought that the boundary between the finer sediments and
gravel deposits may correspond to the Pleistocene-Holocene boundary.

According to T. Yosumikawa (1953), the continental shelf around the Japanese
Islands is composed of three terraces, the first at less than 40 m below the present sea
level, the second at 70 to 100 m and the third at 100 to 160 m. In some areas, H. IsEk1
(1959) has shown that the depths and the gradients of the emerged alluvial fans are
continuous to the shelf lying at 70 to 100 m below the present sea level.

on the other hand, river terraces are distributed along the present rivers in the
background of the coastal plain. The terraces are subdivided into two berms both of
which are steeper than the present coastal plain, from which it may.be understood
that the terraces are buried beneath the present plain. The terraces may be dated to
the cool and low sea level during thelast glacial stage. The terraces can be traced the
depth of 60 to 80 m of the present continental shelf,
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There are many investigations on the position of the strand line at the maximum of
the major ‘marine transgression during the Alluvial Epoch. Judging from the distribution
of the middens in the Kant6 region, the ancient shore line has been estimated. It has
been pointed out that the front of the transgression sea passed through the position of
the 10 meters-contour line marked on the present topographic maps. Similar cases are
found in other region of Japan, and the time of the maximum rise is' supposed to
correspond to the second Jomon period, which is dated to be some from 3,500 to 3,000
years B.C. The sea level at that time might have reached to some 10 m above the
present sea level, and the sea advanced more than 100 km up the Tone River. The
marine transgression is called the Yarakuchdan or Jomonian transgression by Japanese
investigators. In Europe, the marine transgression is described by K. Krute (1951),
Biiper (1953), AnLmann (1953) and CuarreEsworTh (1957) (see p. 257), and this is
named the Flandrian transgression in the North Sea (Woupsteprt, 1958), or Litorian
transgression in the Baltic Sea (Sauramo, 1958). The shore line is generally called the
“Daly’s shore” or “Daly shore-line” in the region along the Pacific Ocean.
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Text-fig. 7. Four stages in the history of the Ragunda region.
I :Sea has its greatest extent; land stood c. 240 m lower than now.
II : Gesunden cut off from Ragunda fjord.
III : Ragunda Lake cut off from sea. Great Falls originated.
IV : Through the draining of Ragunda Lake in 1796 Great Falls disappeared
and Hammer Falls originated (Reproduced from The Quaternary Era by J. K.
CHARESWORTH. 1957, p. 1523, Fig. 321).

The sea level receded to the present sea level soon after the maximum rise
mentioned in earlier lines. During the fall of the sea level, some coastal sand dunes and
also - Alluvial plains are thought to have been formed in some regions of Japan.
The sand dunes and alluvial plains might have been formed at the close of the Jomon
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period, some 2,500 years B.P..

T. Suikama (1952) has divided the Alluvial Epoch into the older. Numian-and
younger or Yidirakuchdan stages. As the subdivision of the Alluvial Epoch is yet
tentative in Japan, the present writer has used the archeochronological division, which
is the Pre-Jomon (non-potteries culture), Jomon, Yayoi, Haji (Burial mound) and
historical periods in ascending order. The nature of the Pre-Jomon period is not yet
clear. The Jomon period is divided into five subperiods, the first Jomon period is dated
to range from 9,453 + 400 14C to some 6,500 years ago, the second Jémon period 5,107
+ 400 14C years B.P., the third Jémon period about 5,000 years B.P., the fourth
Jomon period from 4,525 =+ 300 14C years to 4,000 years B.P. and the fifth Jomon
period 3,084 + 180 14C years B.P.. The Yayoi period is divided into three subperids, the
early Yayoi period is dated to range from 2,200 to 2,000 years B.P., the middle Yayoi
period from 2,000 to 1,800 years B.P., and the last Yayoi period from 1,800 to 1,600
years B.P.. The period is characterized by rice culture. The Haji culture period is dated
to range from 1,600 to 1,350 years B.P.. The period is called also the Burial Mound
period. The archeochronological division of the Alluvial Epoch is shown in Text-fig. 6.

4) : Descriptions of the Important Peat Deposits (Text-fig. 4)

The following stratigraphic summaries describe the localities and stratigraphic
positions of the samples studied and give brief outlines of the stratigraphy of the
Hokuriku region and of the correlation adopted in the present study.

The Alluvial stratigraphy of this region has not been studied until the writer
began his investigation in 1956. The Alluvial stratigraphic description of the region
reported in the present study is divided into eight districts (Text-fig. 4) as follows:

a) Kanazawa and Uchinada districts
b) Neagari district

¢) Hashidate district

d) Kitagata district

e) Asahi district

f) Uozu district

g) Hojozugata district

h) other districts

The details of the areal stratigraphy will be published at another opportunity, but
for the sake of convenience the stratigraphic sequence of each district is given in the
following descriptions and the correlation table.

(a) : Kanazawa and Uchinada districts

The districts occupy the middle part of Ishikawa Prefecture along the coast of the
Japan Sea and are characterized by the Tetori fan, large sand dune and deltaic area
around Lake Kahokugata.

The Uchinada district is mainly occupied by the deltaic or swampy area, the large
coastal sand dune (Uchinada-sakyi) and Lake Kahokugata. The lager part of the
Kanazawa district is mainly occupied by the Tetori fan area, associated with the Sai
River and Asano River fans, in front of which the coastal sand dune is distributed.
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The two districts together measure about 24 km in length from northeast to
southwest, about 8 km in width from northwest to southeast and cover almost 200 sq.
km.

(1) : Descriptions of the Alluvial Deposits
(Text-figs. 8-22, Tables 1 and 2)

The stratigraphic units recognized in the Kanazawa district comprise in ascending
order, the pliocene Omma formation, the Plio-Pleistocene Utatsuyama formation, the
Pleistocene deposits and Alluvial deposits including the Alluvial peat deposits. The general
stratigraphic succession is shown in the correlation table. Most of the informations upon
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Text-fig. 8. Geological map of the Hokuriku region.
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which the correlation-table is based were obtained by boring data and the writer’s field
survey.

The Pliocene Omma formation is characterized with dark green coarse grained

sandstone or sandy siltstone and has yielded abundant fossil molluscs which indicate
cool marine waters.

Although the Plio-Pleistocene Utatsuyama formation is known to overline either
with conformity or unconformaity the Omma formation in surface outcrops, the rel-
ation between them is uncretain from the boring data.

The Pleistocene deposits which are composed of gravel, sand and thin clay extend
downwards about-60 m to -130 m below the Alluvial plain. Some thin peat deposits are
found in the above-mentioned deposits. The layers of gravel tend to be thicker and more
extensive than the other lithologies. The river terraces which are developed around Kan-
azawa can generally be divided into three units based on their altitube and extension; they

are the Kodatsuno river terrace, Kasamai upper river terrace and Kasamai lower river
terrace.

The Kodatsuno river terrace is most extensive in distribution and attains about 50m
above the present sea level. The Kodatsuno terrace is correlated to the Shimosueyoshi
terrace of the Kanté region from the chracteristics of the topography and age from
paleontologic evidence as already described in the previous section. The Kodatsuno terrace
which is well preserved behind the coastal plain or coastal line and ranging from 30 to
50 m + in height in the Enuma district of Ishikawa Prefecture is correlated to the
plain. The plain is the ancient coastal one and it grades backwards into the fluviatile
plain. ' In the marginal areas, the plain is generally characterized by the gentle to
horizontal gradient and of with the marine deposits of thin gravel, mud and thick
coarse grained sand of variable thickness. The marine formation has yielded a fauna

and flora indicating an inner bay environment and a climatic condition similar to the
present.

The Kasamai river terrace is distributed around Kanazawa, and can be subdivided
into higher and lower terraces. The gradient of these terraces are steeper than those
of the Alluvial plain. They conprise fluviatile gravel and coarse grained sand without
mud. These sediments continue to the uppermost gravel bed which is developed beneath
the Alluvial plain, at a depth of 30 to 60 m below the present sea level. This
uppermost gravel bed can also be traced to the flat plain on the present continental
shelf. The uppermost gravel bed just mentioned indicates the ancient fluviatile courses
of the river in the Kanazawa district, and may have been graded to the lowest sea level
during the last glacial stage. The relationship between the above-mentioned terraces,
gravel beds and continental shelf is shown in Text-figure 9. The Kasamai terrace may
be dated to the cool and at the time of low sea level was after the formation of the
upper Kasamai terrace, which is dissected by the ancient rivers now buried beneath the
Alluvial coastal plain.

The Kasamai river terraces is correlated to the Tachiakwa plain and “First gravel
Bed” in the Kanto region as already summarized in the previous section. In many cases,
the valleys are covered with fluvial gravel beds of about 10 m in thickness. In the
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Text-fig. 9. Figure showing the relationship between terraces, gravel deposits and continental shelf
in the Kanazawa district.
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bordering flood plains or delta the gravel bebs are overlain with sediments of finer
materials as clay, silt and sand in many cases. The materials were deposited in the
shallow sea during the Postglacial marine transgression. Hence, the gravel beds are
supposed to have been mainly formed during the Wiirm glacial period. On the majority
of the plains the Alluvial fan deposits are located inland beyond the present shore line.
Therefore, the depth of the top surfaces of the emerged Alluvial fans is related to the
sea level at the beginning of Alluvial Epoch. In general, in the inland areas in the back
of the present strand line, the gravel beds and dround valleys now beneath the mouths
of many rivers were disected and transformed into the low terraces. These valleys and
terraces buried beneath the coastal plain, ranging between 40 m and 60 m below the
present sea level in the coastal parts, may have been graded to the lowest sea level
during the latest large glacial stage. It is considered that the drowned valleys and
terraces continue with the submarine terrace along the marginal part of the continental
shelf, ranging between 100 m and 140 m in depth below the present sea level.
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Text-fig. 10. Map showing the localities of wells drilled.



9% SRRFEEHICE F135  WAMOE

The boundary between both the Alluvial and Diluvial Epoch, and the stratigraphic
successions of the Alluvial deposits in Kanazawa and Uchinada districts are shown in
the Text-figures 11, 12, 13, 14, 16, and 18.

The Alluvial deposits are described as observed along three transverse and two
longitudinal sections. Along the Kanaiwa-Tamaboko-Kanazawa section, the boundary
between the Alluvial and Diluvial Series occurs at a level of about 60 m below the
present sea level in both coastal dune and plain areas but becomes obscure twords the
hinterland, where such a boundary may be located at about 20 m below the present sea
level. ‘At Kanaiwa the boundary lies at about 55 m below the sea level, and the
uppermost horizon of Pleistocene deposits are occupied by coarse grained sand or gravel
beds. The lower part of Alluvial deposits is mainly composed of clay with marine
molluscs, attaining about 30 m in thickness. There is no doubt that this part is a
marine deposit which was deposited during the time of the postglacial transgression.
In these boring data at Kanaiwa, the coarse sand with clay in the interval between 20
m and 10 m below the present sea level may have been deposited in a shallow sea just
before the regression. The deposits between about 10 m below the present sea level
and 20 m above the present sea level are composed of sand, which 1s believed have
been derived from the new sand dune formed during the late Yayoi period. The old
sand dune extensily distributed in the Uchinada district does not occur along this
section. However, peat or muddy peat occurs in the horizon between 1.5 m and 4.0m
below the present sea level in the coastal area of Kanaiwa. Therefore, the lowermost
part of the above-mentioned New sand dune, varying from 4.0 m to 10 m below the
present sea levl, may have been deposited during the regressional stage. This stage
ranges from the third Jomon* to middle Yayoi period.

According to boring data at Kan’nondo-machi, when the Diluvial deposits are
missing the Postglacial transgressional deposits occupy the interval between 40 and 10m
below the present sea level, and consists of alternations of fine sand and sandy clay
lamina. The horizon just above the interval, between 10 m and 5 m below the present sea
level, is a thin swampy deposit about 5 m in thickness. The bed at a depth of 5 m
below the present sea level to 2 m above the present sea level, consists of only gravel,
and thus evidently the Saigawa fan deposit. The mud overlying above the just
mentioned gravel is a deltaic deposit. The environment has shifted from a marine to
a deltaic one, passing through the stages of swamp and fan areas, after the Postglacial
transgression. According to the boring data, this location is changing into deltaic area.

At the Hokuriku Senshoku Joint-stock Company near Tamaboko-machi, about 10 m
above the present sea level, the boundary between the Alluvial and Diluvial deposits

* ‘The Jomon period is an archeochronological age in Japan. It is divided into five subperiods; the
first Jomon period is dated to range from 9,463 =+ 400 14C to about 5,500 years before the
present, the second Jomon period 5,107 == 400 14C years before the present, the third Jomon period
about 5,000 years before the present, the fourth Jomon period from 4,626 - 300 14C years to
about 4,000 years before the present and the fifth Jomon period 3,084 == 180 14C years before
the present.



Text-fig. 11. Columnar sections of wells drilled along the Kanaiwa —— Kanazawa Station in the Kanazawa district.

Numbers refer to geographic positions of wells indicated inv Text-fig. 10.
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seems to be located at about 35 m below the present sea level. The sediments above
the Diluvial deposits consist of alternations of thin clay, gravel and sand laminae at
the lower horizon and thick gravel at the upper. The sediments are about 20 m in
thickness and are distributed at 35 m to 15 m below the present sea level; these may
grade into the Saigawa fan deposit. The fan deposit is overlain with clay suggestive of -
a sediment deposited during the Alluvial transgression. This clay is about 5 m in
thickness, and is found at a depth of 15 m to about 10 m below the present sea
level. The uppermost part of the deposit gradually changes into a swampy deposit
which lies between 10 m and 15 m below the present sea level. The materials above the
swampy deposit belong to the above-mentioned Saigawa fan deposit, consisting of gravel
at the lower horizon and of muddy sand at the upper horizon. The surface soil may have
belonged to a deltaic deposit.

In the boring data of the Kanazawa Department Store in front of the Kanazawa
Station. The boundary between the Alluvial and Diluvial deposits could not be
determined. Judging from the boring data, the Alluvial transgressional deposit seems to
not occur this area. According to many trenches in the neighbourhood of the station,
the materials found at a depth of 20 m to 10 m from the surface include many subfossil
woods. The woods are mainly of Alnus japonica which grows around a swampy area at
present, and this suggests that topographical condition was a swamp or swamp-like
area. The Saigawa fan deposit is superjacent to the swampy sediments. The strand line
may have perhaps been around Tamaboko-machi during the time of the maximum rise of
the Alluvial transgressional sea level.

The above-mentioned boring data, relationship among Diluvial and Alluvial deposits,
fan deposit, transgressional deposits, sand dunes and deltaic deposit, and paleogeographical
condition are shown in Text-figure 68.
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Text—fig. 12. Columnar sections of wells drilled along the Awagasaki —— Fukuhisa
in the Kanazawa district. Numbers refer to geographic positions of

wells indicated in Text-fig. 10.






















































































































































































































































