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Abstract

   The Tokai Group, one of the representative non-marine Plio-Pleistecene sequences in Japan, is
distributed around Ise Bay in the southern part of central Japan. In this paper, the litho- and
tephrostratigraphy ofthe Group in central and riorthetn area (Hokuse area) on the west coast of Ise Bay

are first described precisely. From biostratigraphy (plant rernains and fossil mammals), paleo-
magnetism and fission-track ages, those sediments are estimated to range from about 3.0 Ma to
about 1.2 Ma, in other words, from Kaena event ofthe Gauss Normal Polarity Epoch to early
Matuyama Reversed Polarity Epoch.
   The correlation was made arnong sediments of Tokai Group distributed in various localities
like as Hokuse, Nanse (southern area on the west coast of Ise Bay), Nagoya and Chita Peninsula.
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As a conclusion, a geohistory of the sedimentary basin of Lake Tokai is divided into two stages, Stage
I (ca. 6.0 Ma to 3.0 Ma) and Stage II (ca. 3.0 Ma to 1.2 Ma).

   In connection with this, paleogeography of Lake Tokai and, its mode of transition are explained
as follows. After the time of wide alluvial plains distribution in ca. 6.0Ma, a large water body
appeared in sotithern area of the basin in Stage I. At ca. 3.0 Ma, the northwestward shifting of

the basin came to induce an appearance ofwater body in northern area (the beginning of Stage II).
In the last of Stage II, a large amount of gravel was supplied from the Suzuka Mountain area, and
those materials fi11ed up whole of the sedimentary basin nearly completely. In such a way, Lake
Tokai became to extinct at last at ca. 1.2 Ma. In relation to basin transition, mode of tectonism
may be interpreted as the results ofinteraction between upheaving ofsouthern area under the tectonic
stress in N-S direction and tilting of the Chubu (central) Block influenced by the stress state in E-W
direction.

    Comparative study of geohistory was made for Tokai, Kobiwako and Osaka Groups which
are all allied sequences in the Second Setouchi Sedimentary Basin. Consequently, it becomes clear
that the division between Stage I and Stage II of Lake Tokai (ca. 3.0 Ma) is fairly coincidental
with that between Older I and Older II stages ofPaleo-lake Biwa. Moreover, one ofthem is with the
initial stage ofPaleo-lake Osaka. Therefore, this 3.0 Ma phase seems to play an important role in
geohistory of the Second Setouchi Inland Depression. It is also important that the extinction of Lake

Tokai at about 1.2 Ma is able to be correlated with the time confined between Older and Actual
stages of Paleo-lake Biwa, and with the first marine transgression in the area around Osaka Bay.
Furthermore, similar pattern of basin migration was recognized in both Lake Tokai and Paleo-Iake
Biwa, but it should be noted that northwestward migration ofPaleo-lake Biwa on a large scale occurred

at a later date to compare with that of Lake Tokai. The causes of migration of two sedimentary
basins were commonly explained as mutual interaction between upheaving of southern area and
tilting ofeastern area.

                               I. introduction

    Three sedimentary basins, Lake Tokai, Paleo-lake Biwa and Paleo-lake (bay)
Osaka, are arranged from east to west latitudinally in the eastern part of Second
Setouchi Inland Depression of IKEBE (1956), All of them are fi11ed with the Plio-

Pleistocene sequences, and they are named Tokai, Kobiwako and Osaka Groups,
respectively (Fig. 1). Since 1977, the author has engaged in stratigraphical studies

on the Tokai Group on the west coast of Ise Bay, and confirmed the relation between

litho- and tephrostratigraphy, and its chronology by the methods ofpaleomagnetism
and fission-track dating. Based on those studies, he has also tried to correlate the

sediments distributed throughout areas around Ise Bay. Consequently, it becomes

clear that geohistory of Lake Tokai can be divided into two stages (Stage I and

Stage II) with the boundary at ca.3.0 Ma. Furthermore, paleogeography of
Lake Tokai since Pliocene will be explained on the basis oflithofacies and sedimento-

logical data (lithologic proportion, gravei composition and paleocurrent).

    0n the basis of paleogeography, it is inferred that temporal changes of regional

tectonic stress state reflected closely mode of basin transition. Accordingly, this

article'deals with transition of sedimentary basin of Lake Tokai and tectonism in

the eastern part of the Setouchi Geologic Province since the Pliocene.



4s.,

4o-

l3or 1]5. IAo-

The Plio-Pleistocene Tokai Group and the Tectonic Development

14se

35.
 g

-t

10- e"

  I

e

e

      N
t}puiix

 r"1'i.'...,,',

 / tttt tt   tt   ttt tt   tt tt tt   '

xx

x$ISXX N

i,ll,lgili!igiii..gil4,,i

OSAva BAY

D
    Terrace
mn Osaka

ua
= Tekei
- Flioeene

N
s•tS•••.. "

tt ' 1.X xx

            x             xA+luvium

   depasit's'

  Group. • X
.k.iiilllllill./ilk,iil,,,,

Å~

   Xxr••

     N
    e

" SILNS,pt

v"*g ,
    '      'p, "'.. '
    tt•<k'•

Q•Å~

kil{k
x

'xt

, E}li

"'

 'k'

' " 1,

N

"'• X\.S.,i

    .t/.

23'

   i-
 , as;'.

   •,:
,,. Y

...

  -- as

lliiiixL

s'

NARA

'N

 GIFU

-s•
/1,,,11'11•

lll•,

'Å~'  i' ,X
X "'iliil,z,
Å~•t•,.1,

 'Å~'xX

t.}

 ' ZONE' .. .,
      ,N X x.x .''X{ N ,..         xX'
 x,

 x

A

ISE B

(

 gptNGt

  'x Å~

Å~ Xx

NAGOYA'1•

     tt .    s
    E
   ft
•i, ..'e

li /. ,.•"

AY N za

l."'
lllx'i.iii:.lilixOi"siEiC

..
2{S

 cl

kX
x

k
"

  "ic"

g

                  Åë"thx .1• r
                                                             g                            'x                         x''•. XX 9.           "i 'i 'l'•l'1' • IXII'iSl'l•1.XS<XXXxxx• . o' • '•sR.

   Fig. 1. Distribution ofthe Plio-Pleistocene series in the eastern Setouchi Geologic Province.

                  tt                               '                             '                                 '    HuziTA (1962) distinguished two types ofstructural trend, that is, older Iatitudinal

trend and younger meridional trend in the Setouchi Province since the Pliocene.

Recently, he has proposed an idea that Quaternary tectonics of the Japanese Islands

can be explained by two types of tectonic zone (parallel to the Nankai Trough and

Japan Trench respectively) (HuziTA, 1980). In addition, regional stress state of

the Japanese Islands in the present and Late Quaternary Period has been deduced
from the distribution of active faults, earthquake mechanism and remeasurements of

triangulation points. In this way, the distribution pattern of the regional horizontal

principal stress has been determined (MATsuDA et al., I978). Moreover, the infor-

mations on tectonic stress state since Miocene have been much accumulated
(NAKAMuRA, 1977; TAKEucHi, 1980; KoBAyAsHi, 1979). Taking' the results into
consideration, change of tectonic stress state pattern in the eastern part of the

Setouchi Province since Pliocene will be proposed here iri relation to process of

IPaakl eeO(gbeaOyg)raoPshaiiaal tranSitiOn Of three basins; Lake Tokai, Paleo-lake Biwa and paleQ-

                                  '
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ll. Geology of Tokai GrouPin Northern Ise Area

    A. HistoricalReview
    In historical review of the studies on the Plio-Pleistocene sediments in Kinki and

Tokai districts, it should be described that IKEBE (1933, 1934) studied tephrostrati-

graphically Kobiwako Group first, and HuzrrA et al. (1951) confirmed the presence

of marine and nonmarine alternations with intercalations of volcanic ash layers in the

Osaka Group. Besides them, many investigators paid much attention to volcanic
ash layers intercalated in these sediments and they introduced tephrostratigraphy

into the studies. Following them, the sequences of those sedimentary basins were

compiled; the Osaka Group by ITiHARA (1960), Kobiwako Group by TAKAyA (1963)
and Ag6 Group (Tokai Group on the west coast of Ise Bay) by TAKEHARA (1961).
Based on those works, IsHiDA and YoKoyAMA (1969) proposed a correlation scheme
throughout the areas.

    Plant remains which were yielded from those sediments were described in detail

by MiKi (1948), which were studied stratigraphically by HuziTA (1954). Further,
ITiHARA (1960) proposed "Metasequoia flora flourish age" and "Metaseguoia flora
extinction age" for Plio-Pleistocene turnover on the basis of his biostratigraphical

study. Furthermore, IKEBE et al. (1966) and KAMEi and SEToGucHi (1970) sum-
marized stratigraphical distribution of the fossil mammalian fauna.

    As for paleogeography and tectonism, some significant concepts have been
introduced such as "Foundation folding" (MAKiyAMA, 1956), "Rokko Movements"
(IKEBE, 1956 and IKEBE and HuziTA, 1966) and "First and Second Setouchi Inland
Sea" (IKEBE, 1956).

    As for Plio-Pleistocene sediments on the west coast of Ise Bay, OGAwA (1919)

studied first and called them the Ag6 lignite bearing formation. Thereafter,
TAKiMoTo (1935) renamed them as Ag6 Series. Besides them, many stratigraphic
studies were carried out in various areas (SuzuKi et al., 1947, 1948j AKAMiNE et al.,

1951; ARAKi, 1953; MATsui, 1943; KATo, 1957). Fossil elephants such as Stegodon

cÅí elePhantoides and Stegodon akashiensis were reported by MAKiyAMA (1938), MATsui

(1943) and KAKuTA and AKAMiNE (1958), and also MiKi (1948) and YAsuDA (1957)
studied plant remains.

    In the stratigraphic investigation for the Tokai Group on the west coast of Ise

Bay (Age Group), TAKEHARA (1961) discriminated as TrT2o volcanic ash layers
intercalated in that group. By his result, the stratigraphy and geological structure

of the group became to be clear, but there were some problems on volcanic ash
discrimination and also on the relation between lithology and tephrostratigraphy.

Stratigraphic studies on Ag6 Group have been carried out continuously thence-
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forth (TAKEHARA, l966j HATA, 1967; YoKoyAMA, 1971). IsHiDA and YoKoyAMA
(1969) called collectively the Plio-Pleistocene sediments around Ise Bay as Tokai

Group, because those sediments were considered to have been deposited in a single

sedimentary basin (Lake Tokai).
    Recently, the integration of paleomagnetic and radiometric studies has provided

accurate geochronological framework for the Late Neogene, especially for last 5 Ma.

Those studies are also helpfu1 to establish stratigraphy of the Plio-Pleistocene

sequences in Kinki and Tokai districts. The informations from Kobiwako and
Osaka GrouPs have been much accumulated now, but those from the Tokai Group
have been left behind from such contemporaneous studies.

    B. GeologicalOutline
    Generally, in Southwest Japan have been recognized three Neogene geologic
provinces, "Hokuriku-San'in" (Japan Sea side), "Setouchi" (Median Zone), and
"Nankai" (Pacific Ocean side). Among them, the area aroqnd Ise Bay can be
treated as a depression in the eastern part of the "Setouchi" geologic province,

bordered meridionally by the Suzuka Mountains on the western margin of the
depression. To the east of the depression, the Mikawa Highland lies, and the Mino

Massif is located to the north. TheYoro Mountains runs through from northwest to

southeast in the northern part of this area and divides the depression into two parts,

western half "Ag6 subbasin", and the other half "Nagoya subbasin" to be called

herein. To the west of "Ag6 subbasin", Suzuka Mountains runs from south to
north with altitude from 800 to 1,200m (Fig. 2). To northeast, Yoro Mountains
ranges from northwest to southeast with altitude from 600 to 850m. In foothill
areas of those two Mountains, the hills composed of Miocene and Plio-Pleistocene

sediments spread widely with 40 to 300 m in height. In the foot ofYoro Mountains,

terraces are remarkably developed along Inabe River and are developed in direction

at right angle to Mountains. Those terraces have the highest level of 250m.
Along Suzuka Mountains, terraces are also developed along main water courses of

the present rivers. Suizawa Fan which develops at north of Kameyama City is
remarkable in its wide-distribution, with the height from 180 to trom. Alluvial
plains are distributed along the coast of Ise Bay and along the rivers described above.

 ' Gleology on the west coast of Ise Bay is divided as follows: Mesozoic and
                                           'Paleozoic formations, Ryoke metamorphic rocks and granites, Cretaceous granites,

Miocene deposits ofIchishi, Suzuka Groups and Chigusa Formation, Plio-Pleistocene

Tokai Group, Pleistocene Rengeji Formation and its equivalents, terrace and alluvial

deposits (Table 1 and Fig. 2).

    Mesozoic and Paleozoic formations are mainly composed of sandstone, shale,
chert, limestone and green rocks, and they are exposed at Yoro Mountains and
northern half of Suzuka Mountains which are northern part of the depression.
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Table 1. Geologic system on the west coast of Ise Bay
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Ryoke metamorphic rocks and granites are distributed in southern part of Suzuka

Mountains which !ies at central and southern parts of the depression. Cretaceous
granites are also exposed in central part of Suzuka Mountains.

    Miocene Ichishi Group composed ofmarine sediments belonging to First Setouchi
Supergroup is distributed in hilly zones in southern part of the depression. AIso,

Suzuka Group is distributed in Seki district (west of Kameyama) which is at central

part of the depression. Its upper part consists of marine sediments, while middle

and lower parts are composed of lacustrine sediments. Miocene Chigusa Formation
is also marine deposits which are found in a narrow area between Cretaceous granites

and Plio-Pleistocene sediments distributed along the Ichishi Fault in eastern foothill of

Suzuka Mountains.
    Plio-Pleistocene Tokai Group is distributed in hilly districts (40-300m in

height) extending from northern Sekigahara to southern Matsusaka City with a
Iength ofabout 100 km in N-S direction. These sediments consist mainly ofgravels,

sands, muds in fluviai and lacustrine origin and intercalated with numerous volcanic

ash layers and lignite beds. Generally speaking, in southern part (Nanse area
around Tsu and Kameyama Cities), lower part of this sequence is distributed, and
in northern part (Hokuse area) is upper part of it.

    Middle Pleistocene sediments such as Rengeji and Kentoyama Formations
overlie unconformably Tokai Group. Rengeji Formation is distributed at marginal
parts of hills along Yoro Mountains, and at the top of hills to the west of Karegawa

and to the north of Rengeji, It is chiefly composed of gravels, containing mostly

cobble to pebble size gravels, and contains seams ofsilt and lignite. 95 O/. ofgravels is

occupied by chert and sandstone. On the other hand, Kentoyama Formation consists

of gravels, sands and muds, and is distributed around Tsu City. These formations

can be correlated with Taketoyo Formation of Chita Peninsula, which is intercalated

with some marine muddy layers (MAKiNoucHi,1975b). Terrace deposits are
composed main!y gravels, but marine fine-grained facies is intercalated in the Middle

terrace deposists.

    C. LithostratigraphyoftheTokaiGroup
    The surveyed areas in this study are shown in Figs. 3 and 4, and they occupy

central and northern parts of the distribution of Tokai Group on the west coast of

Ise Bay. As it is one of characteristics of Tokai Group that lateral variation of
lithofacies is conspicuous, it is convenient at first to describe the lithology of Tokai

Group in Hokusei and Inabe districts collectively as the type area (Fig. 3-A)
(TAKEMuRA, 1984), where the most continuous sequence and stable lithofacies can

be observed. Thereafter, lithology ofTokai Group in other five areas (Fig, 3-B"vF)

will be described and compared with that of the type area. Stratigraphy in each
area is summarized in Table 2.
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Table 2. Stratigraphy ofthe Tokai Group in Hokuse area

AREA
Fww TARA SUZUKArNABE&

HOKUSEI KUWANAKAKI&
OYACHI YOKKAICHI

KOMENO
FORMATION graveLdgravet1gravel

OIZUMI

FORMATION
ilillsandGgravet

.,

l,/',:,d":,'Y,rt,igl,ithu,id"l&jF,:,::'l,,l,:iug,l&"'/l:a:•f,O!.la::'d":tlOa:dO'iSi",Cly7,;:t;&jl:":,i`dO"[/T,rlil,i"titlg,:-:./11oi

sand&yavel

of

&mud

IKURAGARIF.
Isand&gravetIsand&gravetKURAGARI-

:CHINOHARA
FORMATION

:CH:rNOHARAF,l

alternationef1atternationoflaiternatien

gravet&mud lgravel&mudlgraveL
1atternationof1alternationof

mud1sand&mud1Sand&1"tCJWANAFACrES"

1

KONO
FORMATION

1Iatternationof1atternatienofIatternationof

mud&sand1mud&sand1mud&sand

BIROKU
FORMATION

Igravettgravel

  a. Hokusei and Inabe area (Fig. 3-A)
    Tokai Group in this area (about 950 meters in thickness> forms hills at south-

western foot of Yoro Mountains, and dips to southwest. It is divided into six
formations such as Biroku (gravels), Kono (alternating beds of sand and mud),
Ichinohara (alternating beds of gravel and mud), Kuragari (gravels with mud and
sand layers), Oizumi (alternating beds of sand and mud) and Komeno (gravels)

Formations in ascending order (Fig. 5). These sediments intercalates at least
twenty five volcanic ash layers. The geologic map and columnar sections are
shown in Figs. 6, 7 and 8.

    1. Biroku Formation (MATsvi, 1943)
       Type locality: the area around Bandoike pond to northwest of Biroku
                     village
    This formation is composed mainly of gravels of bluish green sandstone which

were derived from the basement of Mesozoic and Paleozoic formations. Gravels are

subround and subangular in shape, and are cobble, pebble to small boulder in size.

Most gravels are heavily weathered, and the matrix is composed of bluish green
colored sands. Distributions are restricted in foothill zone of Yoro Mountains.

    At the type locality, the gravel bed attains 50 m thick.

    2. Kono Formation (MATsui, 1943)
       Typelocality: NorthwestofBiroku
    This formation is distributed mainly from Koharaisshiki to Chikarao in the
area of southern foothills of Yoro Mountains, It is composed of alternating beds of
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     Fig. 7. Geologic profiles in Inabe and Hokusei area. Profiling lines are shown in Fig, 6.

A: Terrace deposits, B: Rengeji Formation, C; gravel, D: sand and gravel, E: sand, F:
mud, G: alternatingbodsofsandandmud, H: alternatingbedsofmud and gtavel, I: basement
rocks

massive bluish green mud and sand with lignites and volcanic ash layers. At least
five volcanic ash layers are intercalated in this formation, and three of them, the

Biroku, Higashidani and Ichinohara volcanic ash layers in ascending order are
effective as marker beds. The thickness of this formation decreases westward:

about 110m in Kono, but about 25m in Kitanakatsuhara. Generally, Kono
Formation abuts on basement of Mesozoic and Paleozoic rocks and overlies Biroku

Formation conformably,
    3. Ichinohara Formation (MATsui, 1943)
       Type locality: At the valley to west of Matsunashinden
    This formation is composed mainly of alternating beds of mud and gravel, and
overlies Kono Formation conformably. In the area to north of Kawahara, however,

it abuts directly on Mesozoic and Paleozoic basement rocks. The thickness of this

formation attains to 220 m near Ichinohara, and to 350 m along Yamada river.
In the area to west of Hirako, the upper part of Ichinohara Formation grades into
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overlying Kuragari Formation. At least nine volcanic ash layers are intercalated

in this formation, and five of them are effective as marker beds. They are called

Minamidani-1, Minamidani-2, Ninose, Otsujishinden, and Bando-1 volcanic ash
layers in ascending order.

    4. Kuragari Formation (MATsui, 1943)
       Type locality: hills to north ofKuragari village
    This formation is composed mainly of gravels with a small amount of mud and
sand layers. At least five volcanic ash layers are intercalated within this formation,

and among them, the Bando-1 volcanic ash layer is usefu1 as a key bed. Gravels
are pebble to cobble in size, and are dominated by chert, sandstone and quartz
porphyry, with matrix of coarse to medium sand. In total, the amount of chert is
about50-70O/. and that ofquartz porphyry is about20-30O/.. The Bando-1 volcanic

ash layer is also commonly found in upper part of Ichinohara Formation in northern

part of Hokusei area. This formation is distributed only in the area to east ofHirako.

Thickness of the deposits increases eastward and northward.

    5. 0izumi Formation (MATsui, 1943)
       Type locality: at the valley in western area of Kasadashinden (the Akechi

                     river)
    This foimation is composed mainly of alternations of sand and mud with some
lignites and volcanic ash layers, and is about 360 m thick. At least ten volcanic ash

layers are intercalated in this formation, and four of them, Bando-2, Sonohara,

Pumice and Rokkoku volcanic ash layers in ascending order, are available as good

marker beds.

    6. Komeno Formation (YAsuDA, 1950)
       Type locality: a cliffin the west ofKomeno
    This formation occupies the uppermost part ofTokai Group. This is composed
mainly of gravels which are made of sandstone, shale, siliceous shale and chert.

The lower part is commonly composed of granule, pebble and cobble gravels, while

the upper part is represented by cobble with boulder gravels. This formation is
distributed mainly in Tara area (Fig. 3-B).

    b. Tara area (Fig. 3-B)
    The Tokai Group in this area was reported by YoKoyAMA (1971) and MiyAMuRA
et al. (1976) as shown in Figs. 9 and 10. According to them, the deposit in this area

is 650m in thickness and was divided into Ichinohara, Oizumi and Komeno
Formations in ascending order. At least fifteen volcanic ash layers are commonly

found throughout this area (Fig. 11).

    Ichinohara Formation overlies unconformably basement Mesozoic and Paleozoic

rocks of the Yoro Mountains. In the neighborhood of Sejihara, there are several

good outcrops, and the formation is measured as 50-70 m thick. The sediments are
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composed mainly of alternating beds of gravel and mud with some sandy layers.
The thickness and sedimentary facies are variable laterally. Gravels are cobble to

pebble in size, subangular to subround in shape, and are composed mostly of sand-
stone with subordinate shale and chert.
    The 6izumi Formation reaches to 300 m in thickness, and its sedimentary facies

are also variable laterally. At Tara, along Makita river and Sushirodani valley,
the sedimentary facies is very similar to those ofIchinohara Formation at Inabe area.
The author calls this facies "Tara Facies" of Oizumi Formation. This facies is

characterized by aiternating beds of gravel and mud. On the other hand, along
Aibagawa river and around Komeno, it is composed of alternating beds of sand and

mud with small amount of granule to pebble gravels. The Pumice and Sushirodani
volcanic ash layers are intercalated.

    The Komeno Formation, the uppermost formation of Tokai Group, exceeds
300 m thick and thins northward. It is composed mainly of cobble to pebble gravels,

with matrix of very coarse sand. Gravels

are composed of sandstone (500/.), and
subordination of siliceous shale, shale and

chert, and with small amount of quartz
porphyry. Type locality of Komeno For-
mation is the cliff of Aibagawa river, to

west of Komeno of this area.

   ,c. Suzuka area (Fig. 3-C)
    At east foot of Suzuka Mountajns,
Tokai Group exceeds 800 m in thickness
and dips to east (Figs. 12 and 13). Tokai

Group is divided into Biroku, Kono,
Ichinohara, and Oizumi Formations, and

at least seven volcanic ash Iayers are
intercalated (Fig. 14). In the upper course

of tributary of Tashida rjver, Biroku For-

mation is well exposed. It is 30m thick
and two lignite beds are intercalated in

the upper part. It is conformably covered

with Kono Formation. Kono Formation
crops out in the upper course of Tashida

river and its tributaries. It consists of

muddy alternating beds of sand and mud
with lignite beds. It is about 40 m thick.

The thickness of mud layer ranges from 2
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to 5 m thick, and that ofsand layer is about 2 m thick. A coarse grained crystalline

volcanic ash layer named Ichinohara voicanic ash layer, lies 10 m upper than the

unconformity just above the basement rocks.

    Also, Ichinohara Formation is well exposed at the river bed of Tashida river.

In this district, this formation is about 470 m thick, and is divided into two parts.

The lower part is composed mainly of cobble gravels with thin mud layers, and the

upper part is composed of alternating beds of gravel and mud.
    The Oizumi Formation is also exposed at the cliffs along Tashida river. It

exceeds 220 m in thickness and is composed of alternating beds of sand and mud with

some gravel layers.

    d. Kuwana area (Fig. 3D)
    In west of Kuwana City, Tokai Group forms the hills of 50-200 m in height,
and makes an asymmetric anticline in N-S trend, called Kuwana Anticline (Figs. 15

and 16). At east wing of this anticline, the strata are steeply inclined to Ise Bay.

Around the axis of the anticline, Kono Formation is exposed. To the upper horizon,
Ichinohara, Kuragari and Oizumi Formations are successively arranged in
ascending order. The total thickness of the strata is about 420 m (Fig. 17). At
least eight volcanic ash layers are found in east wing of the anticline and fourteen

layers in its west wing.

    Kono Formation is exposed at Nishibessho of Kuwana City, and is composed of
alternating beds of sand and mud. It is about 30 m thick. At the axis of Kuwana

anticline, a light gray hard volcanic ash layer (Higashidani volcanic ash layer) is

observed, and it contains fragments of plant remains.

    Ichinohara Formation exceeds about 100 m thick and is represented by sandy
alternation ofsands and muds with some pebbly gravel layers. This facies is called

"Kuwana facies" of Ichinohara Formation, and is different from that of alternating

beds of gravels and mud at the Inabe and Hokusei area.

    Kuragari Formation is composed mainly of gravels with a small amount of mud
and sand layers, and is well exposed at a pilotfarm to south of Mizono. The sediment

is about 140 m in thickness, which is the thickest part of Kuragari Formation.
    Oizumi Formation in this area, is composed of sandy alternation of sands and

muds, and is about 120m thick. Together with very thick (about 10m) bed of
Pumice volcanic ash layer at Nishibessho and the valley to east of Karegawa, at
least six volcanic ash layers are intercalated in this formation.

    e. Kaki and Oyachi Hills (Fig. 3-E)
    Along the west coast of Ise Bay, from Kuwana to Yokkaichi City, there are
two hilly regions of about 50-100 m in height, which are composed of Tokai Group.

Among them, the northern hill is called "Kaki Hill" and the southern one is called
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 "Oyachi Hill". As the axis ofanticline running from Kuwana hill (Kuwana anti-
 cline) plunges to south, the upper horizon appeared in southern part alongside

anticline axis (Figs. 18 and 19).
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    In Kaki hill, Tokai Group is divided into Ichinohara (340m thick),
Kuragari (110m thick) and Oizumi (260m thick) Formations in ascending order.

Throughout these sequences, at Ieast sixteen volcanic ash layers are identified.

In the area around Kuwabe, Ichinohara Formation is composed mainly of alternating

beds of sand and mud with small amount of pebble gravel layers, and it belongs to

Kuwana Facies(Fig.20). Kuragari Formation is well exposed along Higashi
Meihan Highway. It is composed mainly of sandy gravel deposits and is similar to

the facies around Kuwana City. It contains some volcanic ash and mud layers.
Oizumi Formation is composed of alternating beds of sand and mud with some
gravel layers. This facies is slightly different from that in the Kuwana area, because

of the presence of large amount of sandy materials and abundant gravel layers
(Fig. 20).

    In Oyachi hill, Tokai Group consists of Kuragari and Oizumi Formations in

ascending order. The former is composed of sandy gravel layers and is about
110m thick. Kuragari Formation is exposed at Heizu, west of Oyachi, and in
the lowest part, a peculiar volcanic ash layer containing many pumice grains is
intercalated. Muddy sediments are more dominant than in Kuwana area. Oizumi

Formation is about 240 m thick and can be divided into two facies verticaily. The

upper half is exposed at Tarusaka of southeastern part of the hill and at Agata of

western part of the hill. It is composed mainly of sand and grave! layers in which

cross laminations are well developed. The lower half which is composed of
alternating beds of sand and mud with some gravel layers is observed along Tomida-

Yamajo Toll Road.

    f. Yokkaidiarea(Fig.3-F)
    Tokai Group distributed at west of Yokkaichi City corresponds to Oizumi

Formation in Hokuse area. It is about 150 m thick and is divided into two parts as

shown in geologic map and columnar section of Figs. 21 and 22.

    The lower half is about 50 m thick and is composed of alternating beds of bluish

gray colored clay and sand with some pebble gravel layers, and is called "Kawashima

Member". Those deposists are distributed mainly around Kawashima of Yokkaichi
City. In this member, a prominant volcanic ash layer of about 10 m in thickness is

intercalated. This layer treated as very usefu1 key bed in this hill region (Fig. 23) is

composed of coarse grained pumiceous ash, and is designated to Pumice volcanic
ash layer. The upper half of about 100 m thick is composed mainly of sand layers

with many gravels, and is called "Nishihino Member". Those deposits are distributed

at the top ofhill and in eastern end ofhill.

    Lithology and relationship between lithofacies and volcanic ash layers in Hokuse

area are summarized in Fig. 24 and Table 2.
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    D. DescriptionofVolcanicAshLayers
    At least thirty volcanic ash layers intercalated in the Tokai Group are dis-

criminated each other in the surveyed area. Among them thirteen ones are usable
as key beds for chronostratigraphical and biostratigraphical correlation on the basis of

their characteristics and wide distribution, and they will be described in ascending

order as follows.

    1. Biroku volcanic ash layer (MoRi and KiMuRA, 1973)
       Type locality: northwest ofBiroku, Tado-cho
    This volcanic ash layer of 30 cm in thickness is intercalated in the lower part of

Kono Formation and is composed of massive medium-grained ashes. The color is
yellowish green when weathered and gray when fresh, and heavy minerals like as
hornblende, biotite and apatite are contained. NRM (natural remanent magnetiza-
tion) of it has reversed polarity. Although other two volcanic ash layers are observed

below this at the type locality, those NRMs are also with reversed polarity.

    2. Higashidani volcanic ash layer
       Type locality: Higashidani in the east of Ichinohara, Inabe-cho
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A:volcanic ash layer, B:gravels of the Komeno Formation, C: alternating beds of
sand and mud ofthe Oizumi Formation, D: altcrnating beds ofmud and gravel ofthe Oizumi
Formation, E: sand and gravels ofthe Oizumi Formation, F: sand dominant alternating
beds ofsand and mud ofthe Oizumi Formation, G; sand and gravel ofthe Kuragari For-
mation, H: sand dominant alternating beds ofsand and gravel of the Kuragari Formation,
I: alternating beds ofmud and gravel ofthe Ichinohara Formation, J: alternating beds of
mud and sand of the Ichinohara Formation, K: alternating beds of mud and sand of the
Kono Formation, L: gravels ef the Biroku Formation, M: Mesozoic and Paleozoic
formation.
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greenish gray in weathered. NRM of it reveals normal polarity. This layer is
also exposed at riverbed of the Hi}'ie river and at Nishibessho, with well-preserved

fossil leaves. Once it was correlated with Biroku volcanic ash layer (MoRi and
KiMuRA, 1973), but it is clear that this volcanic ash layer is different from Biroku

volcanic ash layer from the stratigraphic position and magnetic polarity.

     3. Ichinohara volcanic ash layer
        Type locality: At the pass along the road from Ichinohara to Biroku,

                       Inabe-cho
     This volcanic ash layer is intercalated in the upper part of Kono Formation.
The thickness is 86 cm at the type locality. Within it, three different parts are
observed as shown in Fig. 25. The lowest part is dark gray in color, and is composed

of coarse-grained volcanic glasses acompanied by biotite and quartz crystals with
small pumice grains. The middle part is greenish yellow in color, and is composed

 of coarse-grained volcanic glasses with biotite crystals. The upper part is composed

 mainly of glass flakes, and is light gray in color. It contains heavy minerals such

as biotite, hornblende, orthorhombic pyroxene and zircon. NRM ofit shows normal
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polarity. The fission-track ages were measured at two localities respectively; 2.8 Ma

for the sample at Kono-minamidani and 2.9 Ma at the Tashida river (YoKoyAMA
et al., 1980b).

    4. Minamidani-1 volcanic ash layer
       Type locality: Minamidani in the south of Kono, Tado-cho
    This volcanic ash layer is intercalated in the lower part of Ichinohara Formation.

Its thickness is about 80 cm at the type locality. Within it, two different parts

can be observed. The lower part is composed of fine glassy volcanic ash, and is

yellow in color. It contains heavy minerals such as hornblende, orthorhombic
pyroxene, clinopyroxene, biotite and apatite. NRM ofit reveals normal polarity.

    5. Minamidani-2 volcanic ash layer
       Type locality: Minamidani in the south of Kono, Tado-cho
    This volcanic ash layer is intercalated in the horizon 40 m above the Minamidani-

1 volcanic ash layer. The thickness is 90 cm at the type locality. The lower part

is greenish yellow in color, and is composed ofmedium-grained glass flakes. On the

other hand, the upper part is composed of alternating fine- and medium-grained
glassy layers. It contains heavy minerals such as hornblende, orthorhombic pyroxene

and biotite. NRM ofit revcals normal polarity.

    6. Ninose volcanic ash layer

       Type locality: at Ninose, Hokusei-cho
    This volcanic ash layer is intercalated in the middle part ofIchinohara Formation.

This massive glassy volcanic ash layer is light gray in color. At the type locality, it

is 40 cm thick and is intercalated in gray muds. NRM ofit reveals reversed polarity.

    7. 0tsujishinden volcanic ash layer

       Type locality: at riverbed ofthe Yamada river in the east ofOtsujishinden,

                     Hokusei-cho
    This volcanic ash layer is situated in the upper part of Ichinohara Formation,

about 110m above the Ninose volcanic ash layer. The thickness is 95 cm at the
type locality, and is divided into three parts. The lower part is 2-5 cm thick, coarse-

grained glassy volcanic ash, and white in color. The middle part, about 35 cm
thick, consists of laminated fine volcanic ash with small pumice grains, and is very

hard. The upper part, about 55 cm thick, is massive and pale gray in color. In this

part, small pumice grains and plant fragment are contained.

    8. Bando-1 volcanic ash layer

        Type locality; North ofBandoshinden, Inabe-cho
    This volcanic ash layer is generally intercalated in the upper part of Ichinqhara

Formation. It is also in Kuragari Formation in the eastern part of Hokusei and
Inabe area, and Kuwana area. Its thickness is 200 cm at the type locality, and it

reaches to 400 cm east of Ichinohara. This volcanic ash layer is divided into two

parts. The lower part is medium-grained pumiceous ashes and pale yellow in color.
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The upper part is composed of alternating fine-and medium-grained ashes. It
contains many pumice grains. NRM of it shows reversed polarity. At the type
locality, this volcanic ash layer is coincidental with Ts tuff of TAKEHARA (196l).

    9. Bando-2 volcanic ash layer

       Typelocality: Higashikoyarnadani,Hokusei-cho
    This volcanic ash layer is intercalated in the lowermost part of Oizumi Formation.

The thickness is 160 cm at the type locality, but it reaches up to 10mat Nukata

in Kuwana City. This ash layer is massive and pale gray in color, and contains
abundant pumice grains. This is compDsed mainly ofgiass flakes with heavy minerals

such as orthorhombic pyroxene, hornblende, biotite, apatite and zircon. NRM of
it reveals reversed polarity.

    10. Sonohara voicanic ash layer
        Type locality: at riverbed of the Yamada river in the east of Sonohara,

                      Hokusei-cho
    This volcanic ash layer is intercalated in the lower part of Oizumi Formation,

and about 50 m below the horizon of Pumice volcanic ash layer. The thickness is

60 cm at the type locality. The middle part is composed of coarse-grained volcanic

ash layer with abundant pumice grains. The color is dark gray. Heavy minerals
as hornblende, orthorhombic pyroxene, clinopyroxene, biotite and apatite are
contained, but glass flakes are very rare.

    11. Pumice volcanic ash layer (YoKoyAMA, 1971)
        Type locality: Nishikaino, Hokusei-cho
    This volcanic ash layer is intercalated in the middle part of Oizumi Formation.

This layer can be traced continuously from Kamitara in Gifu Prefecture, and through

Kamikasada and Karegawa, to Yokkaich City. The thickness is 7m at the
type locality, but it reaches to 13m at riverbed of the Akechi river. This layer

is divided into three parts as shown in Fig. 26. The lower part is very hard and

massive with laminated part. The middle part is composed of coarse-grained
volcanic sand with many pumice grains, and is white in color, In addition, cross-

laminations are observed in this part. The maximum size ofpumice grain is generally

5-6 cm in diarneter. The upper part is fine-grained, laminated and white in color.

It contains heavy minerals such as hornblende, orthorhQmbic pyroxene, clinopyroxene

and apatite. NRM of it reveals reversed polarity. The Pumice volcanic ash
layer has been treated as an usefu1 key bed, and it is correlated with Mushono volcanic

ash layer of the Kobiwako Group (YoKoyAMA, 1969; IsHiDA and YoKoyAMA, 1969).
    I2, Sushirodani volcanic ash layer (MiyAMuRA et al., 1976)

        Type locality: Sushirodani valley at the east of Kanae, Fujiwara-cho
    This volcanic ash layer is intercalated in the middle part of Oizumi Formation.

It is 2CP80 cm thick. The lower part is 5-7 cm thick and is yellowish gray in color.

It is composed of small pumice grains (diameter; less than 1 mm) and hornblende
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crystals, in which the latters are usually visible even by naked eyes. The upper

part is composed of fine grained volcanic glass flakes and is yellowish white and

pinkish white in color.

    13. Rokkoku volcanic ash layer (MoRT and KiMuRA, 1973)
        Type locality: West of Rokkoku, Hokusei-cho
    This volcanic ash layer is intercalated in the upper part of Oizumi Formation.

The thickness is 55cm at the type locality. It is composed of medium-grained
glassy voicanic ash and is white to pale yellow in color. NRM of it shows reversed

polarity. The fission-track age of this ash layer at the type locality is measured

1.4 Ma (YoKoyAMA et al,, 1980b).

    Although this was recently confirmed to be same to the Komeno II volcanic
ash layer of YoKoyAMA (1971), so the name of Rokkoku volcanic ash layer is used
in this paper conveniently.

    E. Biostratigraphy, Magnetostratigraphy and Fission-track Ages
    In the Plio-PIeistocene sediments of the Kinki and Tokai districts, MiKi (1948)

first recognized six fossil plant beds; Pinus tnfolia bed, Metaseguoia bed, Patiurus bed,

Lan'x bed, SaPium bed and APhanante bed in ascending order. Later, HuziTA (1954)

confirmed the stratigraphical position of those plant beds. Based on those results,

ITmARA (1960) discussed the distinction between "the age of Metaseguoia flora
flourish" and "the age of Metasequoia flora extinction".

    MAKiyAMA (1938) studied fossil elephants from those districts, and IKEBE et al.

(1966) made check list of their stratigraphical positions and localities. Then, KAMEi

and SEToGucHi (1970) recognized fossil zones of Pliocene-Pleistocene mammals.
Those are Zone 1 of Stegodon cf. elePhantoides, Zone 2 of Stegodon insignis sugi amai,

Zone 3 of Stegodon shodoensis akashienst's, Zone 4 of EtePhas shigenst's and Zone 5 of

Stegodon orientalis.

    In Pliocene-Pleistocene Tokai Group, many fossils such as plants, vertebrates,

molluscs are also yielded. The horizon of those fossils in Hokuse area are given in

Fig. 27. Metaseauoia was discovered throughout this group, with typical Tertiary
flora including 2Vlssa and Liquidambar in the lower halÅí Fossil materials of Stegodon

cÅí elePhantoides were found in Kameyama Formation in Nanse area, and those of
Stegodon akashienst's were reported from Oizumi Formation in Hokuse area. Conse-

quently, it is able to say that Tokai Group is allocated to Metasegueia bed of MiKi

(1948), and ranges from Stegodon cÅí elephantoides Zone to Stegodon akashiensis Zone

biostratigraphically.

    The pioneer work on paleomagnetism of Tokai Group was carried out by
IsHmA et al. (1969). MAENAKA et al. (1977) summarized magnetostratigraphy of
Pliocene-Pieistocene sequences in Kinki and Tokai districts, together with other

geol,ogical and paleontological data, but as for Tokai Group those data seemed to
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Table 3. Paleomagnetic result ofvolcanic ash la yers (TAKEMuRA and ToRii, 1978).

S-rple
 Ne.

A-9

A-11
A-i2

A-1]
A-1
A-2
A-5
A-6

A-7
A-e

A-14
A-IS

Lpcilitv
  ua-
TA 13Se
YS 13S9
TA l3S9

yA S3
r" 1412
rA 1412

YA 1"2
YA 1412
VA 13S7
VA 1357

Y" e?
VA 67

1nc-litv

HukohSta
Mrkohire
Mukohira
N"htk-ino
Kawahare
Knvaha;a
Kevahertr

Xewnhat-
Ninese
Ninose
Keltareteshtht
KoharaÅ}sehikÅ}

Volcenic esh
 1nyeT

unnamed
?u"tct v.e.
PuMtet v.e.
PvnÅ}ee v.a.

unnemed
unnaned
Bende.1 v.e.
eencte-1 v,a.

NSnose v.e.
Ninese v,e,
:chirvcher" v.a.

Ichinehara v.a.

Magnetic
pol"rity

  R
  R
  R
  R
  R
  R
  R
  R
  R
  R

  N
A-21
A-16
A-i7
A-IS
A-19
A-le
A-22
A-2S
A-24

A-23
A-26
A-2?
A-2S
A-29
A-se
A-]1
Ar32
A-33

VA
YA
YA
YA
VA
YA
YA
VA

YA
v"
YA

YA
YA
VA
YA
YA
VA
VA

 72
 96
109

111
120

121
2sg

 se
se

se
291

419

"9
115

71S

643
643
643

NishÅ}koynmedeni
Higeshikolrtm-dani
Higeshikoyamedeni
Hlgiehikeyem-.deni

HigeshSkoyamadani
Higashikelramadani

N.Bendoshtnden
N.Bandeshinde"
N.SandashindEn
N.ee"deshindEfi
N.B-ndoshinden
S,Ichinehare
S.lchinoh"ra
N,Ichinchera
N.Ichinahera
Bireku
Biraku
Bireku

Hekkeku v.e.
urtnnmed

unnerned

Pamice v.a.
unnnmed
Bendo-2 v.e.
B-nde.2 v.e.
unnaned
unnemed
Eenao.lv.fi.
unnnmed
Ninose v,a.
Ninose v.a.
rchinohera v.n.
Iehinohsre v.a.
Bireku v.e,
eiroku v.e.
Biroku v.e,

H

R

R

R

R

R

R

R

R

H

N

R

R

R

Se"ple tocality tocalitv Volcanicesh Magnetic
Ne. Ne. IEvtr porarttv

A-3S YA S46 Kenontnanidani Minemideni-2v.e. N
A-15 YA e4s KenanineTnideni Minamideni-1v.-. N
A-37 VA Sll Kenentnanidani rchinehdr-v.e. N

A-ll YA 7el Kene Birekuv.e. R

A--4 VA 9Sl Chtkerae Punieev,e. R

A-]9 YA 977 Chiknrae unnamed R

A.4e VA Y77 Chikerae Bande.2v.n. R

A-42 VA le26 Chikarae Mtnemideni.1v,e, N

A-" YA 1015 Chikarae Hinemidani-iv.a. N
A-41 VA 1025 Chikaree Ichtneharav.a. N
A-]S YA 979 Chikarne Ichinehetav.a. N

A-45 VA 1449 Nuketa unnemed R
A-4E YA 1449 Nukate unnaned R

A-47 VA 1450 Nuk-te unnemed R

A-4S VA "61 Nukata Bando.1v,a. R

A-49 YA 1076 Nukata unnemea N
A-SO YA li61 Okushinden Bande.iv.n. -
A-Sl YA 1133 Ntshibetehe Putuieev.a. R

A-S2 YA 1422 Nishibesshe Sindo-2v.a. R
A-S] YA 1422 Nishibesshe Bendo.1v.e. R
k-5- rA 1422 Ntshibesshe unnaned R

A-S6 YA t#s4 Nishibesshe Minemidani-2v.a. N

A-5S VA U17 Niehtbesshe Htgashtdaniv.e, N

A-S7 SA 91 RiverTeshtda Iehineharav,a. N
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be fragmental. So far, the author tried to measure NRMs of the volcanic ash
layers along seven routes in the foothill area of Yoro Mountains where continuous

columnar sections were obtained (Table 3 and Fig. 28). As a result, it becomes to

be evident that all of ash layers above Minamidani-2 volcanic ash layer horizon
reveal reversed polarity except for normal polarity of unnamed ash layer immediately

below Bando-2 volcanic ash layer. On the other hand, the ash layers between those of

Minamidani-2 and Higashidani reveal normal polarity, but those below that of
Higashidani reveal reversed polarity again (TAKEMuRA and ToRll, 1978).

    For the fission-track age, those of three volcanic ash layers of Tokai Group

were obtained by YoKoyAMA et al. (1980b). The results are as follows:

    Ichinohara volcanic ash layer at Kono (loc. YA 888) 2.9Å}O.3 Ma

    Ichinohara volcanic ash layer at the Tashida river (loc. SA91) 2.8Å}O.3 Ma

    Rokkoku volcanic ash Iayer at Rokkoku (loc. YA 72) 1.4Å}O.2 Ma
    Taking those results into consideration, the deposition of Tokai Group in Hokuse

area is able to be correlated with the magnetic time scale of MANKiNEN and
DALRyMpLE (1979), as the upper half assignablc to Matuyama Reversed Epoch,
and the lower half corresponding to Gauss Normal Epoch. Therefore, the reversed

polarity zone of the lowest part may be represented by Kaena event in Gauss
Normal Epoch as shown in Fig. 27. In this way, it is possible to say that the
deposition of Tokai Group in Hokuse area was initiated at about 3.0 Ma.
On the other hand, based on the fission-track age of Rokkoku volcanic ash layer and

magnetostratigraphical evidences, the upper limit of deposition can be estimated

to be about 1.2 Ma.

    In conclusion, it becomes clear that the deposition of Tokai Group in Hokuse

area started at about 3.0 Ma and terminated at about l.2 Ma.

    F. GeologicStructure
    It is well known that Southwest Japan is divided tectonically into "Inner zone"

and "Outer zone" by the "Median Tectonic Line", and from viewpoint of neo-
tectonism the eastern part of "Inner zone" is further subdivided into such three

tectonic provinces as Chubu, Kinki and Chugoku Blocks from east to west. Among
them, Kinki Block reveals a triangular plane as named as "Kinki Triangle" by HuziTA

(1962). Demarcation of Kinki Block with Chubu one is represented by Yanagase
Fault and its southern extension of Yoro-Ise Bay Fault.

    The depression around Ise Bay was corresponded to the area of Lake Tokai
during Pliocene to Early Pleistocene, and is divided into two parts, western and

eastern, by Yoro-Ise Bay Fault (Fig. 29). In this paper, its western half is called

"Ag6 subbasin" and eastern half of it is called "Nagoya subbasin", but it should be

noted that the former belongs to Kinki Block, while the latter belongs to Chubu

Block, The surveyed area is included in "Age subbasin" in this sense, and it is
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characteristic that Tokai Group forms a basin structure there. In this area, tectonic

lines represented by fault, fold and flexure are recognized, which are coupled with

three different trends such as Setouchi, Suzuka and Yoro trends.

 Generally, in west of the surveyed area Tokai Group is contact by Ichishi Fault

with Paleozoic rocks and Cretaceous granite of Suzuka Mountains. In the east,
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that group rests unconformably on Mesozoic and Paleozoic rocks of Yoro Mountains.

In western foothill area of Yoro Mountains, the direction of N 200W is a general

strike trend of Tokai Group in northern part, while it changes to about N 400W
trend in southern part. Dipping gently to west at 20-30 degrees, Tokai Group
exposes its upper part to southwest. On the other hand, in eastern foothill area of

Suzuka Mountains, the strike trend of Tokai Group is nearly N-S, dipping to east

at 6CF40 degrees.

    Yoro-Ise Bay Fault, Ichishi Fault and Kuwana Anticline are recognized as the

first grade tectonic structure. Among them, the first represents southern half of

great fault zone which demarcates Kinki Block from Chubu B!ock. Yoro Fault runs

with NNW-SSE trend at eastern foothill area of Yoro Mountains. The western
side of this fault (Yoro Mountains) was elevated relatively, and the amount of total

vertical displacement might exceed 1,500 m. Ise Bay Fault in Ise Bay (KuwAHARA,

1969; CHuJo and SuDA, 1971) has been recognized by seismic profilling and
gravitational survey. Its trend is NNW-SSE direction and relative upheaval of
eastern side is recognized.

    The west end of Ag6 subbasin is confined by Ichishi Fault (TAKiMoTo, 1935).

This fault runs from Tara to Mabsusaka along eastern foothill area of Suzuka
Mountains. It extends about 60 km in N-S direction, but in precisely this fault is

composed of small faults in echelon. Generally, this fault runs between Tokai
Group and basement rocks including Miocene strata, and especially around Tsu and

Seki area, Tokai Group is clearly contact with Miocene deposits by this fault. In

this case, it is sure that this fault is related to an upheaval of western Suzuka

Mountains, but the dip of fault plane is almost in vertical. Tokai Group which is

distributed at eastern side of this fault dips steeply at about 50-800E, and makes a

zone of steep dipping strata of about 1 km wide.

    Kuwana Anticline is an asymmetric folding, which runs from Shimonoshiro,
Tado-cho to the west of Yokkaichi City along the coast of Ise Bay. At Kuwana
Hills, west of Kuwana City, it has N-S trend, while it turns to NNE-SSW at Kaki

and Oyachi Hills of the south. The strata of western wing incline about 10 degrees

to west, while those of the eastern wing steeply dip about 60 degrees to east.

    The another steep dipping zone of Tokai Group ("Ichinohara Flexure Zone" by
the author) is traceable from Ageki to Kono in the foothills of Yoro Mountains, and

is with E-W trend. In this zone, the strata incline steeply to southward, 40-60

degrees in the south of Ichinohara and about 25 degrees at the west of Ageki. In
the southwest of Chikaracr, an asymmetric anticline is observed, which is called as

Igai Anticline (MATsui, 1943). In the west wing of this anticline, the strata of Tokai

Group dip toward southeast at 10-20 degrees. In the east wing, the strata dip at

80-90 degrees eastwardly.

    In Tara area, Tokai Group of narrow belt between Suzuka and Yoro Mountains,
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forms a conspicuous synclinal structure. This syncline was called "Shinodate
Syncline" by MrvAMuRA et al. (1976),

  M. Paleogeography and Tectonism ofLake Tokai Sedimentary Basin

    In the preceding chapter, the stratigraphy, geologic structure and chronology of

Tokai Group in the central and northern areas on the west coast of Ise Bay (Sekigahara

to Yokkaichi areas) were described. In this chapter, at first, correlation and
classification ofTokai Group will be proposed, and in the second, the paleogeography

on the basis of stratigraphy, chronology and sedimentology of Lake Tokai will be
discussed. Lastly, tectonism since Pliocene around Ise Bay will be considered.

    A. Correlation and Subclivision ofTokai Group
    As mentioned before, Tokai Group is distributed mainly around Ise Bay.

    Tokai Group around Nagoya City is called Seto Group (MAKiyAMA, 1950), and
MATsuzAwA et at. (1960) subdivided it into two Formations, Seto porcelain clay
deposits and Yadagawa Formation. MoRr (1971a) studied tephrostratigraphically

Yadagawa Formation, and subdivided it into three Members. They are Mizuno
(gravels, or sands and gravels dominant), Takahari (irregular alternating beds of

lignite, clay, and gravel), and Idaka (alternating beds of gravel, sand and silt)

Members in ascending order.

    Tokai Group in Chita Peninsula is called Tokoname Group (OsE, 1929), and
was studied tephrostratigraphically by IToiGAwA (1971), and MAKiNoucHi (1975a).

MAKiNoucHi (l975a) divided those sediments into three formations: Toyooka
(gravels), Kouwa (irregular alternating beds ofsand and mud), and Futto (irregular

alternating beds of sand and mud) Formations in ascending order.

    Recently, Tokai Group in southern part of the west coast of Ise Bay (Nanse) was

surveyed by MiyAMuRA et al. (1981) and WADA (1982). MiyAMuRA et al. (1981)
subdivided those sediments into Saigyodani Gravel, Kusuhara coal bearing,
Kameyama and Sakuramura Formations in ascending order.
    Previously, a correlation scheme among the sediments of Tokai Group was
proposed by IsHiDA and YoKoyAMA (1969). In this study, they correlated Tokai
Group with Kobiwako and Osaka Groups, on the basis of the common characteristic

volcanic ash layers distributed throughout those groups. They regarded the volcanic

ash layers which contain abundant pumice grains like as Shinden volcanic ash
layer of Osaka Group, Mushono volcanic ash layer of Kobiwako Group, Pumice,
Akogi and Ohtani volcanic ash layers of Tokai Group as an identical volcanic ash

layer and then called them collectively "Pumice volcanic ash layer". MoRi (1971a),

however, proposed another scheme. He correlated Togo volcanic ash layer of
Yadagawa FormatiQn in Nagoya (including many pumice grains), refering to the
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thickness and mineral composition, to Ohta volcanic ash layer in northern area of

Chita Peninsula (IToiGAwA, 1971) and Akogi volcanic ash layer of Nanse area
(IToiGAwA and MoRi, 1971). Further, he insisted that Karegawa volcanic ash
layer of Hokuse area <MoRi, 1971b) (Pumice volcanic ash layer) is situated strati-

graphically higher than Akogi volcanic ash layer. MAKiNoucHi (1975a) also correlated

Ohtani volcanic ash layer in southern part of Chita Peninsula to each of Togo,
Ohta and Akogi volcanic ash layers. By activation analysis of pumice grains, it
becomes clear that Pumice volcanic ash layer of Hokuse area is substantialy different

from Akogi volcanic ash layer, and that Ohtani voleanic ash layer is possibly correlated

with Akogi volcanic ash layer (IKEDA et al., 1977; YoKoyAMA et al., 1978). Conse-

quently, based on those results, the correlation of Tokai Group on both sides of Ise

Bay, (Chita and Nanse areas) comes to be established. Moreover, Bando-1 volcanic

ash layer in northern Ise area can be correlated with Onbegawa volcanic ash layer

in southern Ise area, and thus, stratigraphical relatationship between Hokuse and

Nanse areas is also clarified as shown in Fig. 30,

    Then, apart from those tephrostratigraphical studies, many data of paleo-
magnetism and fission-track ages have been gradua!ly accumulated. OToFuJi et al,

(1975) carried out NRM measurements for Tokai Group in Chita Peninsula and
reported the presence of reversed polarity of the sequences between Koba and Sakai

volcanic ash horizons of the upper half, and normal polarity between Kaminoma and

Kofu volcanic ash horizons of the lower halÅí The fission-track ages of volcanic ash

Iayers in Tokai Group in Chita Peninsula were measured by MAKiNoucHi et al,
(1983). They are as follows: Ohtani volcanic ash layer; 4.3Ma, Kosugaya
volcanic ash layer; 4.2 Ma, Kaminoma volcanic ash layer; 5.3 Ma. In addition,
taking the fission-track age of Kamishiraki volcanic ash layer (3.6Å}O.2 Ma) into

consideration, Tokai Group of Chita PeninsuJa is correlated with the deposits of

Gilbert Reversed Epoch to Epoch 5. Because, as stated precedingly, Akogi volcanic

ash layer of Nanse area corresponds to Ohtani volcanic ash layer of Chita Peninsula.

    Summarized above, the correlation chart of Tokai Group is shown in Fig. 30.

    The basal horizon of Tokai Group is different from place to place. At Chita

Peninsula, it is about 350 m lower than Ohtani volcanic ash layer (MAKiNoucHi,
l975a), at Tsu area, it is about troO m lower than Akogi volcanic ash layer (IToiGAwA

and MoRi, 1971), at Kameyama area, it is about 350 m lower than Akogi volcanic
ash layer (MiyAMuRA et al., 1981), and in Nagoya, it is about 100 m lower than Togo

volcanic ash layer (MoRi, 1971a). It is evident that the basal horizon is relatively

higher in northern area than in southern area. It follows that the sedimentary

basin of Lake Tokai in Chita Peninsula initiated about 6.0 Ma. In connection
with this, in Nagoya and Chita areas, as the upper limit of Tokai Group is defined

at the horizon of about 250 m higher than Ohtani (Togo) volcanic ash layer, the

deposition terminated at 3-3.5 Ma. .
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    On the other hand, the deposition of Tokai Group in Hokuse area is initiated

about3.0 Ma. This horizon is correlated with the middle Kameyama Formation
in Kameyama area. Furthermore, depositional age ofthe uppermost Tokai Group in
Hokuse area is about 1.2 Ma.

    To conclude, the sedimentary basin of Lake Tokai was first formed at the area
of Chita Peninsula in the southeast and Nanse of the west, and successively expanded

to northern area. Consequently, center of the basin migrated to Hokuse area
at the time of 3.0 Ma. Accordingly, it is convenient to subdivide the geohistory
of the sedimentary basin into two stages; Stage I and Stage II, with the boundary at

about 3.0 Ma (Fig. 31).
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              Fig. 31. Subdivision ofthe sedimentary basin ofLake Tokai.

    B. SedimentaryEnvironmentsofTokaiGroup
    As mentioned before, the geohistory of the sedimentary basin of Lake Tokai
can be divided into two stages, StageI and Stage II. In this section, the sedi-

mentological discussion on those deposits (distribution, lithology, composition of

gravels and paleocurrent) are concentrated.

    a. StageL
    The sediments of Stage I are widely distributed in the southern Ise area, in

Chita Peninsula and in the area around Nagoya City. They are represented by
Saigyodani gravel Formation, Kusnhara coal-bearing Formation and the Iower
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Kameyama Formation (alternating beds of sand and mud) of Nanse area; Toyooka
Formation (gravels), Kouwa Formation (alternating beds of sand and mud with
lignites) and Futto Forrnation (alternation of sand and mud) of Chita Peninsula, and

Mizuno Member (gravels, or sands and gravels), Takahari Member (irregular
alternating beds of lignite, clay, and gravel) and Idaka Member (alternating beds of

gravel, sand and silt) ofNagoya area.

    As the lowermost horizon of this stage, Saigyodani and Toyooka Formations are

able to be enumerated. Saigyodani gravel Formation ofsouthwest coast of Ise Bay

is composed mainly of thick gravel bed with pebble to cobble gravels. The gravel
bed is composed mainly of chert, shale, sandstone and hornfels gravels along with the

gravels of "quartz porpltyry" and granite. From the compositional analysis, two

types of gravel facies are recognized. One is the gravels containing granite and

sandstone derived from neighbouring Miocene Suzuka Group. The other is
characterized in containing mainly gravels of "quartz porphyry" transported from

distant area. This "quartz porphry" is composed of ryolitic welded tuff. The
sedimentary environment of Saigyodani Formation was the mixture of alluvial fan

and fluvial environments which includes drainage area of rhyolitic welded tuff

    Toyooka Formation of Chita Peninsula is also composed of thick gravels, the

fiuvial origin. Gravel bed contains chert, Paleozoic sandstone, sandstone ofMiocene

Morozaki Group and crystalline schist. The size of gravel decreases westward and,

at the west coast of Chita Peninsula, this formation becomes to be composed of sands

and gravels, or medium to coarse sands with gravels. Lateral variation of gravel

composition is not detected, but, cross laminations which indicate paleocurrent

from east to west are developed within the sediments (MAmNoucHi, 1975a).
Conclusively, it is assumed that Toyooka Formation was deposited under fluvial
environment in which gravels were supplied from the east including drainage area
of crystal!ine schist.

    After the deposition of the gravels, Kouwa Formation and Kusuhara coal-
bearing Formation were deposited in the areas of Chita Peninsula and Nanse
respectively. Kouwa Formation is composed of irregular alternating beds of sand

and mud with lignite beds. At east coast ofPeninsula sand layers are overwhelming

while at west coast mud layers are dominant. Paleocurrent indicates that the
sediments were supplied from the east, and lignite beds are developed in those
sedimenbs. These evidences show that Kouwa Formation was deposited under
shallow Iacustrine conditions, Kusuhara coal-bearing Formation consists also of
alternating beds of mud and sand, accompanied with large amount of lignite beds.

In the area around Kameyama, it contains gravel beds, thinning down northward
(Fig. 32). From those sediments, freshwater molluscs occur, and lignite beds are
developed in them. It should be noted that sediments of Kameyama area are coarser

than that of Tsu area. Therefore, Kusuhara coal-bearing Formation deposited
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           Fig. 32. Columnar sections of the Tokai Group in Kameyama area
                  (after MiyAMuRA, et al., 1981).

under shallow lacustrine environment, but occasionally the area around Kameyama
turned to alluvial p}ain.

    Subsequently, Futto Formation was deposited in Chita Peninsula, and also the

upper part ofKusuhara Formation was deposited in Nanse simultaneously. Further-

more, northward expansion of the sodimentary basin brought about the deposition

ofYadagawaFormationinNagoyaarea. FuttoFormationiscomposedofalternating
beds of sand and mud containing lignite beds with coarse materials at its basal

part. Futto Formation was deposited under shallow lacustrine environment.
Pa!eocurrent suggested from cross laminations structure is deduced to be from north

to south. Yadagawa Formation contains a large amount of gravels, suggesting
them to be alluvial fan or plain. In Nanse area, after the deposition of Kusuhara

coal-bearing Formation, the lower part of Kameyama Formation, which is composed
of alternating beds of sand and mud, was deposited under !acustrine environment.
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    b. Stagell.
    The sedimentary suits assigned to Stage II are distributed exclusively on west

coast of Ise Bay, and mainly in Hokuse area. Therefore, at first, lithology and

sedimentology of those sediments in Hokuse area will be mentioned, and in the
second, those around Kameyama area will be stated.
    Biroku Formation is locally distributed in the foothills ofYoro and Suzuka Moun-
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tains. It is composed of pebble to cobble gravels with small amount of boulder
gravels, and is composed almost entirely of sandstone derived from the basement of

Mesozoic and Paleozoic rocks. They are alluvial fan deposits.

    Kono Formation is distributed from Inabe to Kuwana area. The lower part of
it is composed of alternating beds of sand and mud with a large amount of lignite

beds (Table 4), suggesting that this formation was deposited under shallow lacustrine

environments. In the sediments, the amount of sand layer increases to the upper,
while that of lignite decreases vice versa.

    Ichinohara Formation has two sedimentary facies. One is alternating beds of
gravels and mud (Inabe facies) and the other (Kuwana facies) is characterized by the

presence ofalternating beds ofsand and mud. The former is the sediments deposited

            Table 4. Lithologic proportions ofsediments ofthe Kono Formation.

ocality area sand&gravels gravels sand alt . mud

echiR. A 15.5 - 84
.

6

Ichinohara A 2.5 42 .6 55 .
o

E.Ichinohara A --- 12.5 24 .l 63 '
4

Higashidani A 12.1 30 .9 57 .
o

KonoMinarnidani A 19.0 12 .4 68 '
6

KonoMinanidani A --- l8.3 29 .4 70
.

6

onoMinamidani A --- 32.4 3 .4 64 .
2

ashidaR. c l5.8 10 .5 73
.

7

Table 5. Lithologic proportions ofsediments ofthe Ichinohara Formation.

Locality area sand&gravelssandalt.rnudgravels

TashidaR. C 66.54.33.84.720.6
Sejihara B 35.1l7.915.52.529.0
NÅ}shikoyamadani A 57.7-5.14.632.6
Higashikoyarnadani A .53.7-8.94.433.0
YarnadaR. A 45.57.94.5l4.028.1
RengedaniR. A 30.52.47.36.753.1
AkechiR. A 37.18.85.98.340.0

-TogamlR. A 24.213.117.717.727.4
KonoMinanidani A 40.08.1IL65.629.2
KonoMinamidani A 27.117.222.915.3l7.2
KonoMinamidani A 16.6-22.6-60.9

--- ' --------.------
Okushinden D -4.527.7-67.8
Nukata D -12.028.82L737.5
Kaki E -5.133.35.256.5
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under alluvial plain to lacustrine environments. The amount of gravel in the
sediments decreases gradually from northwest to southeast (Fig. 33 and Table 5).

The thickness of each sedimentary cycle of gravel and mud decreases southeastward

Iaterally, and it decreases upward vertically. The gravels are composed of chert,

sandstone and shale gravels originated from Mesozoic and Paleozoic rocks (Fig. S4

                    Table 6. Composition ofgravels ofthe Tokai Group.

Locality Area 'Horizon ChSSShHoGre.Gr Qp sch

Saigyodani (G) SaigyodaniF. 21.015.06.09.5O.O 8.0 40.5 o.o

Minarnihata (G) SaigyodaniF. 20.518.06.0ZO.5O.O 14.0 31.5 31.0

Biroku (A) BirokuF. 5.095.0--- - - -

Koharaisshiki (A) 3.095.0-2.0- - - -

Kitanakatsuhara (A) -100--- - - -

Sejihara (B) IchinoharaF. 37.043.56.02.01.0 3.5 7.0 -

Kawahara <A) 58.533.54.e!.O1.0 O.5 1.5 -

Shiosaki {A) 63.529.04.S--1.0 - 2.0 -

,Mnose (A) 57.537.01.0-2.5 - 2.0

Higashikoyaraadiani CA) 62.832.0IJ-D.6 O.6 2.3 -

Tsuzurni (A) 34.950.74.9-3.4 4.8 l.4 -

I=hinohara (A) 58.S31.41.1-- 2.7 6.0 -

(A} KuragariF. 66.612.9--- - 20.5 '

Nishikuvganan.p. (A) 52.5l3.51.5I.O- - 31.5 -

Nishijcuwanan.p. (A) 64.7i6.7O.5-- O.5 l7.6 -

Nishikuwanan.p. (A) 53.612.9--- . 33.5 .

Nishikuwanan.p. (A) 5929.9--- O.5 30.4 -

Karegawa (A) 69.54.4--- O.5 25.6 -

Chikarao (A) 63.316.1--- 1.1 19.5 -

Tado (D) 56.56.0O.5-- L5 35.5 -

-Mlzono (D) 58.710.93.6--- 4.0 22.7 -

,Mzono {D) 60.111.72.5-- . 25.7 -

'Mlzono (D) 63.516.3O.8-- O.4 19.0 -

ShÅ}monoshÅ}ro <D) 61.311.72.4-O.4 - 24.2 -

Okushinden (D> 58.05.5-O.5- - 36.0 -

Toki (B) OizumiF. 33.042.08.52.54.0 4.5 S.5 -

Agata (E) 59.59.B2.6-- - 28.1 -

(F) 41.05LO--- 3.S 1.5 3.0

Nishihino (F) 40.0S2.0--- - ' 8.0

Nishiyama (B) KornenoF. 52.038.03.03.0- 4.0 - -

Komeno (B) 56.032.07.52.5- 1.0 1.0 -

ch:chert, SS:
Porphyry, Sch

sandstone,
: Schist

Sh: shale, Ho:hornfels, Gre : Green rocks, Gr:Granite, QIP: Quartz
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and Table 6). The Kuwana facies of Ichinohara Formation, alternating beds of
sand and mud is the sediments under lacustrine environments.

    Kuragari Formation is distributed in the area from Kuwana to Hirako, and is
composed of pebble to cobble size and subround to subangular gravels with sandy

matrix. Cross laminations are developed in the sandy part, and small amounts of

          Table 7. Lithologic proportions ofsediments ofthe Kuragari Formation.

Locality area gravels sand&
gravel sand alt. rnud

A 60 .2 12.0 l2 .8 - 14 .
9

Mizono D 59 .3 5.2 14 .5 ' 21 .
o

Okushinden D 64 .o 7.9 ll .l - 16 .
9

Nukata D 66 .2 IO.6 6 .6 ' 16 .
6

Kaki(W) E 50 .2 20.8 4 .3 9.9 14
.

9

aki(E) E 36 .o 19.4 18 .2 - 26
.

3

Oyachi E 27 .o 18.0 8 .7 3.5 42
.

8

'//,ii"'' a i''tL'''

 ---•:

 ::>

tv
  =: :::

x
 "xx"x '

 .' spN`e"'"b sillliliiT.-

t Kote

   XN  xx     '    '  ttt ttttt

   --.r:' {g

$

++-.+++++.--.-L.
+.-  .L+--.  ;-

.. Y:

vVVVvv vvV"VVv Yv '-Vt'v' NohVv'.'v
S tvV-VvVvvvvVvVVv- Vy

 VvV- Vvv- : -  SVv X#  '-I;l.V .",.

   -v,.,

-tv pt v=

.ii'ilii•, .

.N' iL,1.1,1,i' "'''

  •,1• IEe.f ,
 ,lii.t-./'1'l,:i.../l.... '

'i'" $'

 •i•-+++

;:

xl

 '

-

•1•''

   :
  ++;
+-++

t-pt.• - -• ----

M

+

   :
a#- ::
  ++ x:  +

      +-"--+++++t+++

+

 lse Bay

       --x}l -/

'' "+-t++'"1 t:t;::;;'
 ++--++-+ -+++-"- +-
 t'-

  ".+++.   /-/

i'-
     -P+''' t''##:"'

''  ' f

+ --+++  t+----"'+--L--+++--+++++++++t+++++---+-

  +-++-+-:+----+---
 tt .1.t.11/.t... -t

+ -h :
+- . -t- -+ -+ ++  -F-,l-l-

    t+   /•,, - tlt.ttt.... t t=tt

 /..t..t nt -

-- ='- -T.i.<L

  Legend

MAItuyiura
L' ,'i''i'•'•i,' Cenozoic forrnation

[[[I]] Cretaceous formation

-;-:-:-".- Mesozoic volcanic rocks

x.x .s . Cretaceous grantte

[IE:] Ryoke metamorphic rocks

.- -- Satnbagawa
 'N- rnetamorphic rocks
EZZII MesozQic-patcozoic
              formation

o so- kn
ll.!ill. I.....

Fig. 35.

Pacific Dcean

Geologic system around Ise Bay.



The Plio-Pleistocene Tokai Group and the Tectonic Development 69

mud layers are intercalated. Therefore, the sediments were deposited under alluvial
                                                                      'plain environments. The amount of gravels in the sediments is the highest in
Kuwana area, and decreases both southward and westward (Table 7). The gravels

con' sist of chert, sandstone and "quartz porphyry", the last one generally represented

by rhyolitic welded tuff of Mesozoic volcanics, which are distributed at eastern area

of the sedimentary basin (Nohi area) (Fig. 35). From the cross laminations it is
suggested that the paleocurrent direction was from NE to SW (Fig. 36, Table 8 and 9).

   Table 8. Paleocurrent direction deduced from cross laminations in Inabe and Kuwana areas.

Locality Hor:zon Mean
direction of
paleocurrent

Conslstency
ratio

NumberAverage
diP

Kuragari (N)
Kuragari (N)
Kuragari {N)
Kuragari CN)
Kuragari {E)
Xuragari (E)
Kuragari CE)
KuragarÅ} CE)
Karegawa {W)
Karegawa (W)
Karegawa (W}
Mizono (S}
Mizono (S)
Mizono CS)
Mizono (S)
Mizono CS)
MÅ}zono CS)

Okushinden (S)
Okushinden (S}
Okushinden CS)
Okushinden CS)
Okushinden CS}
Okushinden (S}
Okushinden (S)

Kuragari F.  98
186

205
210
213

241
200
253
271
228
25S
258
213
220
199

IBO
243
206
168

20S
l80
18S
206
212

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

98

99

99

99

99

99

99

'

.

.

.

.

.

.

.

.

'

.

.

.

.

.

.

.

.

.
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.

.

.

9

8

7

7

5

1

7

5

8

9

6

6

6

s

7

6

9

9

9

7

8

8

8

 3
5

4

lo

IO

 6

 3
 8

 5

 2

 1
 5

 5

11

 8

11

10

 5

 3
 5

 6

10

IO
10.

23

24

37

25

31

32

23

33

28

16

la

19

28

35

31

36

37

3X

32

30

36

36

35
39

.

'

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

'

.

.

.

.

3

6

3

x

5

o

7

9

2

5

o

6

l

s

3

5

o

2

4

8

9

5

7

o

Ichinohara (S)
Kuragari (N)
Kuragari (N)
Kuragari (N}
Chikarao {E)
Mzono• (S)

Olzurni F. 212
l83

248
218
212
2BO

98

98

99

99

98

99

.

.

.

.

.

.

9

5

3

6

4

8

9

7

6

5

9

5

34

29

31

27

28

33

.

.

.

.

.

.

7

4

5

6

2

3

Paleocurrent
anticlockwise

directionr
 angle from

that
 east

ls, vector
 direction

'
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Table 9. Paleocurrent direction deduced from cross laminations in Kaki area.

Locality Horzzon Mean
direction of
paleocurrent

ConsÅ}tency
ratio

Nurnber Average
diP

Akao (S)
Akao CS)
Isaka CN)
I.saka (N)

Isaka (N)
Isaka (N)
Isaka (N)
Yarnamura
YarnaTnura

Kuragari F. 246

204
323

185

152

181
272

229
250

99

99

99

99

99

99

99

99

99

'

.

1

o

7

3

9

2

7

6

6

8

9

 3

10

 5
7

 3

 8

 5

24

25

26

25

26

23

21

38

37

.

'

o

3

8

9

8

9

4

7

6

Shinada
Shirnada

Shinden (S}
Shinden (S)
Shinden {S)
Shindeh (S)
Isaka darn (N)
Isaka darn (N}

Oizumz F. 216

174
256

186
255
232

258

251

99

99

99

99

99

99

99

99

.

.

.

8

8

5

6

2

9

8

6

5

10

 5
5

6

 2

 s

 7

39.0
28.9
27.8
39.0
22.3

20.5
26.7
21.8

Paleocurrent dxrectionr
anttclockwise angle f:oTTL

that
 east

:sr vector
 direet:on.

means are represented by

    As for Oizumi Formation, four lithofacies are recognized. They are alternating

beds ofgravel and mud facies (Tara facies), alternating beds ofsand and mud facies,

sandy alternating beds of sand and mud facies, and sands and gravels. The first
one is distributed around Tara area, the amount of gravels in the sediments decreases

southward (Table 10). Gravels are mainly composed of chert, sandstone, and
shale from the basements of Mesozoic and Paleozoic rocks (Fig. 34 and Table 6).

Therefore, the sediments of this facies were deposited under alluvial plain
environments with some lacustrine episodes. The second facies of alternating beds

ofsand and mud is distributed from Inabe to Kuwana area. The occurrence offossil

diatoms and molluscs suggest that this facies was deposited under stable lacustrine

environment. The third facies of sandy alternating beds of sand and mud is dis-

tributed around Kaki and Oyachi areas. Cross laminations suggest that paleocurrent

direction is from NE to SW (Tables i1 and 12). This facies represents the deposits

along coastal area of the lake. The graveis are composed of chert, sandstone, and

"quartz porphyry" (Table 6). The last facies ofsands and gravels is developed only

at eastern end of hills to the west of Yokkaichi. The composition of gravels is char-

acterized by the presence of crystalline schist (Table 6).

    Komeno Formation is distributed in the area to the north of Inabe, and is
composed almost entirely of graveis. This sedimentary facies represents alluvial fan.
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Table 10. Lithologic proportions ofsediments ofthe Oizumi and the Komeno Formations.

Locality area gravels
sand&
grave! sand alt. rnud

'Karzyagawa B 68.6 - 4.3 1.3 25. 8

Sushirodani B 29.9 14.6 ll.9 - 43. 6

Uchiage B 15.2 19.S 12.1 4.9 48. 4

Higashidani B 5.8 29.1 11.3 ll.2 42. 5

Kanae B
- 5.6 39.7 7.9 46. 9

Komeno A - 6.8 43.3 13.1 36. 8

TashidaR. c 6.9 2.9 l7.6 14.1 58. 5

Nishikoyarnadani A 1.5 - 2S.1 37.0 36. 5

HÅ}gashikoyamadani
,

A - 2.3 l3.4 21.8 62. 6

kechiR. A - - 3.8 34.0 62. 3

A - 2.4 32.9 16.2 48. 6

Karegawa A 2.2 1.4 37.8 7.8 50. 7

Nukata D
- - IO.7 IO.7 78. 7

-- -- - - - -

Kaki(W) E - 42.9 - 6.2 50. 9

Kaki<E) E 5.3 24.6 26.0 - 44. 1

.Helzu E 12.8 15.1 7.5 7.7 56. 9

Osawadai E - 30.9 4.3 9.0 55. 8

gata E -- 51.9 l3.4 10.5 24. 1

Kawashima F - 7.2 30.S 27.4 35. o

F 19.4 41.8 3.2 t 35. 5

ocality area gravel sand&
gravel

sandalt. rnud

ishiyarna

omeno

BB 100

75.2
-- .--6.l

T-

18. 7

The amount of gravels in the sediments decreases northward (Table 10), and ac-
cording to YoKoyAMA (1969), the pa!eocurrent direction is from south to north (Fig.

37). The composition of gravels is dominated by chert and sandstone.

    The sediments assigned to Stage II around Kameyama is represented by upper

and middle Kameyama Formations and also by Sakuramura Formation. In middle
Kameyama Formation, the basal part contains sand and gravel layers, but is com-

posed mostly of alternating beds of mud and sand. It is lacustrine deposits. Cross

laminations suggest that paleocurrent direction is from SW to NE (YoKoyAMA, 1969).

Upper Kameyama Formation is composed of alternating beds of sand and mud,
and is similar depositional environment to that of underlying middle Kameyama
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Table ll. Paleocurrent direction deduced from cross-
laminations in Oyachi arca

LocalÅ}ty Horizon Mean Consistency Nurnber Average
          dÅ}rection of ratio dip
          paleocurrent

Agata
Agata
Agata
Agata
Agata
Agata
Agata
Agata
Agata
Agata
Agata
YamanoÅ}sshiki
YamanoisshikÅ}
Yamanoisshiki
Akatsukidai
A]catsukidai

Akatsukidai
IVcatsukidai

Akatsukidai
oyachÅ} CS)

Oyachi CS}
Ikaruga
Ikaruga
Ikaruga
Tarusaka
Tarusaka (N)
Tarusaka (N}
Tarusaka (N)
Mitachi
Mitachi

OÅ}zumi F. 153

 99
236

 80
248

274
166
178

165
162

206

228
le4
185
l87
168

ISI
154

171
274
21S

187
175
280

165
250
IS6

204
 33
286

99.0
99.8
99.g
99.5
99.6
99.S
99.8
99.6
99.8
9B.3
99.9
99.7
99.8
99.9
99.8
99.9
99.4
99.9
99.6
99.3
99.7
99.8
99.S
99.4
99;2
99.4
99.3
99.S
99.5
99.B

 5
 s
 6
 s
 s
 s
 7
 6
 5
 6
 5
 8

 7

 6
 5

 3

 4
 4

 8

10

10

 5•

 5

 5

 5

10
5

6

4

5

34.2
30.3
33.8
23.6
24.3
30.8

3L7
21.4
25.3
27.8
24.5
34.7
38.0
37.3
22.2

3L7
23 O
31.0
34.8
30.1
34.3
15.1
25.S
34.7
22.9
26.7
2S.O
27.5
28.8
27.4

Paleocurrent
anticlockwise

ditection, that is, vector means are represented by
 angle from east direction.

Table 12. Paleocurrent direction
laminations in Yokkaichi

deduced from
and Kameyama

cross-

area.

Locality Horizon Mean
direction of
paleocurrent

Consistency
ratio

NumberAverage
dip

Komono {E)
Kornono (E)

Komono {E)
Sakura (W)
Sakura (W}
Sakuradai
Sakuradai
Kawashima (S}
Aobache
Aobacho
Nishihino
Hagicho (W)
Sasagawacho {S)
Sasagawacho (S)
sasagawacho CS)

Oizumi F. 224
177

 98

 43

221
169
176

120
193
I73
i95
l37
154

227
265

99.S
99.8
99.9
97.6
99.B
99.8
99.5
99.4
99.6
98.8
99.4
99.9
99.8
99.1
99.7

5

5

2

5

5

8

4

6

5

5

4

3

5

2

3

33

28

46

28

22

27

24

26

31
30

31
26
30

20

28

2

8

5

4

6

6

5

1

5

4

o

4

1

6

1

NishÅ}shonai
Iwahara

Kameyarrta F. 353
 72

99.6
99.6

 5
51

24
18

8

1

Paleocurrent
anticlockwise

direction.
 angle from

that
 east

is, vector
 directibn.

means are represented by
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Formation. Sakuramura Formation is distributed in the area to north ofKameyama
City. As it is composed of alternating beds of gravel, mud and sand with a large
amount of lignite beds, then, it is shallow lacnstrine deposits.

    C. PaleogeographyofLakeTokaiSedimentaryBasin
    In this section, paleogeography ofLake Tokai at two stages; Stage I and Stage II

will be discussed.

    a. Stage I (ca 6.0Ma to 3.0 Ma)
    In the early Stage I, an alluvial plain environments was dominated in the area

around Chita Peninsula and Nanse area, in which gravelly sediments were deposited

there. In Nanse area, these gravels were supplied from west, while from east in

Chita Peninsula. The gravels deposited in Nanse area contains rhyolitic welded
tuff originated from Koto Rhyolite area (WADA, 1982), and it is inferred that the

water course of those days, the Koto-Kameyama water course of KuwAHARA (1971),
ran from Koto area to Kameyama area (Fig. 38-a). On the'other hand, the presence

of gravels originated from granite and Miocene sandstone of Suzuka Mountains
s' uggest that this area was not in depositional condition. The gravels deposited in

Chita Peninsula contains crystalline schist derived without doubt from Sambagawa
belt nearby, suggesting the water course from southeast to northwest.

    Succeedingly, a large water body of Lake Tokai appeared in the area extending

from Nanse area to present Chita Peninsula. This lake was the ellipsoidal in shape

with E-W elongation, and in Chita Peninsula, coarse materials were supplied from

east. After then, northward development of the sedimentary basin took place in and

an alluvial plain with gravelly sediments appeared in the area around Nagoya.
Moreover, the lake continued in the southern area, where alternating beds of mud

and sand were deposited (Fig. 38-b). In Chita Peninsula area, coarse materials
were supplied from north.

    b. Stage ll (ca 3.0 Ma to 1.2 Ma)
    Northwestery migration of the sedimentary basin of Lake Tokai underwent ca
3.0Ma. Since that tirne, new sedimentary basin of Lake Tokai existed mainly

in Hokuse area and Ise Bay area (Fig. 39). In this section, transition ofLake Tokai

during the Stage II will be described with each time interval (substage) defined by

four volcanic ash layers (Ichinohara, Bando-1, Bando-2 and Pumice volcanic ash
layers). Relationship between the lithology and those datum planes is shown in
Fig. 40.

i) substage below the Ichinohara volcanic ash layer

    The distribution of the sediments in this substage is known from foothills of

Yoro Mountains to north of Kameyama, which are represented by gravels of Biroku
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V.A.

Formation, alternating beds of Kono Formation, and alternating beds of sand and

mud of middle Kameyama Formation. In the northern part of the sedimentary
basin, alluvial fans were developed locally at foothill areas ofpresent Yoro and Suzuka

Mountains which were yet in low-relief topography, but the supply of coarse materials

was very rare except for the gravels of alluvial fans. In Inabe and its southern area,
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shallow lacustrine sediments were widely developed (Fig. 38-c). In the southernmost

part of the sedimentary basin, coarse materials were supplied from Suzuka Mountain

area as a result of upheaving of southern area. The areas of Nanse, Nagoya and
Chita Peninsula where the sedimentary basin ofthe Stage I almost was dried up.

ii) substage between Ichinohara and Bando-1 volcanic ash layers

    This substage can be further subdivided into three phases. In the early phase,

shallow iacustrine environment continued from the former substage, in which alter-

nating beds of mud and sand were deposited.
    The middle phase is represented by the deposition of alternating beds of gravel

and mud (Inabe facies of the Ichinohara Formation), and alternating beds of sand

and mud (Kuwana facies of the Ichinohara Formation). In the Inabe and Hokusei
area, an alluvial plain was widely developed, where gravels were supplied from north,

while lacustrine environment developed in Kuwana area (Fig. 38Kl).
    The last phase is represented by the deposition of alternating beds of gravel and

mud (Inabe facies of Ichinohara Formation), and sand and gravels (Kuragari
Formation). In the Inabe and Hokusei area, an alluvial plain was developed, where

alternating beds ofgravel and mud were deposited. It means that same environment

as the middle phase was continued to this phase. In Kuwana area, the water body
existed precedingly was fi11ed up by the materials supplied from northeastern area,

and consequently, an alluvial plain with sand and gravels was widely developed
(Fig. 41-e). Those coarse materials were the first sediments which were supplied

beyond present Nohbi Plain area.

iii) substage between Bando-1 and Bando-2 volcanic ash layers

    This substage is represented by Inabe facies of Ichinohara Formation and
Kuragari Formation. In Inabe and Hokusei area, an alluvial plain was developed
with supply ofcoarse materials from northern area, Alongside with this, in Kuwana,

Kaki and Oyachi areas, an alluvial plain was developed by the supply of coarse
materials from eastern area. It indicates that same environment as the last phase
of the former substage still existed.

iv) substage between Bando-2 and Pumice volcanic ash layers
. This substage is represented by alternating beds of gravel and mud (Tara facies

of Oizumi Formation), alternating beds of mud and sand (Oizumi Formation), and
sandy alternating beds ofsand and mud. Gravel supply from north was limited only

to Tara area. In this way, an alluvial plain was developed in Tara area. In Inabe

and Hokusei area, an alluvial plain condition was changed to lacustrine environment,

and then alternating beds of mud and sand were deposited there. In Oyachi and
Kaki area, coarse material supply from east was further continued. In this substage,

it is clear that the depositional field of coarse materials polarized gradually from north

to south, and it may depend upon gradual uplift of Kuwana Anticline area of the
north.



1

        #
   •-.g'"        Åëpt

        9,ii,.

1

th
:
lt-

 "

i ,.
"- ..

11' n

t-

/q ..

:e PII ''

:""`

eo-t ,,

'

[.-

"">t"'E.al' ,}t:,t!

//tJ/.{•lltlllil,illl.ill•lgCll•ilri

tLtltifv'-E., '\"'li' .:

  g;-:7'"rJ •   -"---1

e

e
te,
  'ff :J. .7

Y

e:

g:

    ttttt/
       •: I:
t tttt t:

ttt tttt         '   tt tt ttttt tt   ttt       '  ttt  ttt   .tt  ttt

     O 50     "                km

1
     tttt :     ,.• "A',

.' 4.,fi;.tt,'•

  Z;l!i/Ts.:••'

  'tlttij7e.'"

,e,S//'iT"

•l,••,' 9

'i;"i'

  &ri,

rliill•ttel•vl"•r/;.,,.1,il

 t tttt t/t/ttlt
'f'1'

g

O 50           km

                           f

  t tttttti  tt   ttt /- ttt tt    '-l.'!'/L"' ,•,

/'..')->x.},i'lil..htr'a

  lt .d.--l'.'", cro!/•.•,

  ttt:xr;•.::k•,I..••,'';
gll.111"ii.,1/L'ii",,II,,i..,,.

gx' ,
            '',... o oo             / -km
   Fig. 41. Paleogeogiraphic map ofthe Lake Tokai Sedimentary Basin since Pliocene.
Depositional age ofthe Kuragari Formation, f : Depositional age ofthe Oizumi Formation
Depositional age ofKomeno Formation

.)

ss

H
G'

5
.e

.x



The Plio-Pleistocene Tokai Group and the Tectonic Development 79

v) substage between Pumice volcanic ash layer and the base of Komeno Formation

    It seems that same environment as the former substage continued throughout
Tara, Inabe, Kuwana, Kaki, Oyachi areas in this substage. Although an alluvial
plain was developed in narrow belt in Tara area, and lacustrine water body continued

from Inabe to Kuwana area. In Kaki and Oyachi area, an alluvial plain was
developed by supply of coarse materials from northeast. Also, in Yokkaichi area,
an alluvial plain was developed by the gravels supply from east (Fig. 41-f ).

vi) substage of Komeno Formation deposition (Fig. 41-g)

    This substage represents the last stage of sedimentary basin transition of Lake

Tokai. In this substage, vast area of alluvial fan developed by fi11ing up the sedi-

mentary basin with gravels supplied from south. It may be influenced by rapid
upheaval ofpresent Suzuka Mountain area. At the same time, topographic contrast

became distinct by rapid upheaval of present Yoro Mountain area and movement
of Kuwana Anticline.

    D. Tectonism Around Ise Bay Since Pliocene to Early Pleistocene

    In this section, tectonic development around Ise Bay since Pliocene will be

discussed taking the opinions of KuwAHARA (1968) and MAKiNoucHi (1976, 1979)
into consideration.

    KuwAHARA (l968) discussed tectonism of eastern area of Ise Bay (the area from
Nohbi Plain to Tono district including Kiso Mountains). He stated that this area

had received tilting movement since Pliocene and this movement formed the topog-

raphic contrast between the sedimentary basin of Lake Tokai and eastern upheaving

area. He called this tilting block as "Chubu Tilting Block". After the extinction

of Lake Tokai, the sedimentary basin were differentiated and a tilting block ("Nohbi

Tilting Block") was appeared in the area of Nohbi Plain. This movement was
called the "Sanage Movements". In addition, he recognized two types of tectonic

movements (Type--1 and Type-2), originated in crustal undulation of the Second
Setouchi Depression. Type-1 is oflong wave undulation which formed main depres-

sional zone with parallel axis to the Setouchi trend. Type-2 is of short wave undu-

lation crossing with the axis of the Setouchi trend, which made the alternating

arrangement of basin and ridge in the depressional zone (KuwAHARA, 1968).

    MAKiNoucHi (1976, 1979) paid much attention to the unconformable relation
between Tokoname Group (Tokai Group) and Taketoyo Formation distributed at
Chita Peninsula. He distinguished two tectonic movements, one formed Lake Tokai

and the other the Taketoyo Fomation, respectively, He called the former the
"Chita Movements" and correlated the latter to the "Sanage Movements".

    As mentioned in the section of geologic structure, the sedimentary basin of Lake

Tokai is divided into two subbasins by Yoro-Ise Bay Faults. In other wQrds, this

tectonic line is the boundary between Kinki and Chubu Blocks (HuziTA, 1962).
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Therefore, the transition of the sedimentary basin of Lake Tokai has to examine in

relation to the interaction between both tectonic blocks. The studies of KuwAHARA

(1968) and MAKiNoucHi (1976, 1979) were based on the researches carried out in the

Nagoya and the Chita Peninsula areas, both belonging to Chubu Block. Moreover,
as mentioned in the section of the correlation among Tokai Group, the sediments
in the later half of the geohistory of Lake Tokai (Stage II) is only distributed on west

coast of Ise Bay which belongs to Kinki BIock. Accordingly, the status of tectonic

movement in central and northern area ofwest coast ofIse Bay has upmost importance

in understanding ofthe tectonic development during the age ofLake Tokai. Tectonic

developments in those areas during the age of Lake Tokai is summarized as follows

(Fig. 42).
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    Before the appearence of the sedimentary basin of Lake Tokai, it is inferred that

the area around Ise Bay was a low-relief topographic lowland which was resulted by

the peneplanation in late Miocene (KuwAHARA, 1968; MAKiNoucHi, 1976, 1979).
The geohistory ofLake Tokai in Stage I began with the deposition ofa large amount

of gravels in the southern area. It suggests that the topographic contrast between

subsiding and upheaving areas appeared around this area. From the distribution of
gravel facies, it is inferred that the elongated depressional zone developed at that

time with axis parallel to the Setouchi trend, and successively, a large lake appeared

in tl)is depressional zone. This water body extended from Tsu to Chita Peninsula

area, and was ellipsoidal with E-W elongation. The subsiding movement in this
stage belonged to the tectonic movement of the Setouchi trend (HuziTA, 1968), the

tectonic stress being in N-S direction. In late Stage I, that depressionai zone
slightly shifted from south to north. It reflected upheaving of southern sedimentary

basin, and thus, tectonic stress continued to be in N--S direction. In this stage,

however, a large amount ofgravels were supplied from east in the area around Nagoya,

suggesting the tectonic movement of Chubu Tilting Block. .
    To recapitulate, the tectonic movements of StageI was assignable to the
tectonism of the Setouchi trend with tectonic stress state in N-S direction, and that

Chubu Tilting Block joined to this tectonic movements in the later part of Stage I.

    It was about 3.0 Ma, that center of the sedimentary basin migrated further
to the north. This migration was associated with rapid upheaving of southern area

of the sedimentary basin. Moreover, thÅë area around Nagoya and of Chita Peninsula

were mostly dried up. It follows that the upheaving occurred also in eastern area,

Chubu Tilting Block. The large-scale migration of the sedimentary basin took place

under the influence of rapid upheaving of south and Chubu Tilting Block of the east.

Differentiation of the sedimentary basin started through the migration process from

StageI to Stage II. The embryonic fault of Yoro separated Kinki Block from
Chubu Block, and both became to be influenced by different crustal movements.

    In the early part of Stage II, muddy sediments abutted against the basement
rocks ofYoro Mountains. It is evident that Yoro Mountains had already stood as a
barrier in the sedimentary basin of Lake Tokai, but the area around the sedimentary

basin were under low-relief topographic condition. Topographic contrast between

depressional area and upheaving area became to be distinct step by step. Such con-

trast is represented by a large amount of gravel supply of that time. After then, the

topographic contrast decreased as being represented as the upward fining cycle from

Ichinohara Formation to Oizumi Forrnation. Through Stage II, the sedimentary
basin migrated gradually northward with continuous upheaving of the southern area.

Moreover, the tilting movement of Chubu Tilting Block supplied a large amount

of gravels of Kuragari Formation from the east. Yoro Mountains and Kuwana
Anticline upheaved gradually. Consequently, the western sedimentary basin resulted
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to migrate to west under the influence ofthose tectonic activities. In the latest Stage

II, it is clear that Suzuka Mountains upheaved rapidly in N-S trend, and thus, the

N-S structural trend became to be more conspicuous in the western half of the
sedimentary basin.

    Summarizing above, the tectonic movements during Stage I was under the stress
state in N-S direction and it formed the depressional zone with E-W trend, that is,

the Setouchi trend. Chubu Tilting Blockjoined with this movemenbs. In Stage II,

the tectonic stress state in E-W direction was represented mainly by the movement

of Chubu Tilting Block, but influence of that in N-S direction was conspicuous in the

western half of Lake Tokai. Furthermore, such structure with N-S trend as being

represented by Suzuka Mountains became to be conspicuous (Fig. 42). Therefore,
it has been recognized by those resolutions of tectonic history that the tectonism of the

surrounding area of Lake Tokai should be analyzed from the viewpoint of the inter-

action between upheaving of the southern area under the tectonic stress state in N-S

direction and tilting movement of Chubu Tilting Block influenced by the tectonic
stress state in E-W direction.

           IV. Subdivision ofthe Second Setouchi Supergroup
                       and Tectonic Development

    In Chapter III, the relation between transition of sedimentary basin of Lake

Tokai and tectonism has been considered. Based on those results, the tectonism of
Southwest Japan since Pliocene will be discussed here.

    A. TectonismofSouthwestJapansincePliocene
    Rokko Movements was defined as all of the crustal movements occurred since
Piiocene in the Setouchi Depression by IKEBE (1956, 1957). ITiHARA (1960) proposed

the concept of the "Climax of Rokko Movements" in middle Pleistocene age before
the formation of terrace deposits based on distinct difference of the structural features

between Osaka Group• and the terrace deposits. Furthermore, HuziTA (1962) dis-
tinguished two structural trends in this tectonic province, and IKEBE and HuziTA

(1966) redefined Rokko Movements only to the crustal movement with meridional
structural trend.

    As for the tectonic movement around Ise Bay, KuwAHARA (1968) proposed a
concept of "Sanage Movements", and he pointed out that this movements is the
same as Roldco Movements. Therefore, these all belong to tectonic movements in
Quaternary Period. On the other hand, MAKiNoucHi (1979) recognized two types of
tectonic movement since Pliocene from the studies on the sediments of Chita Peninsula.

According to him, among them, the younger movement was correlated to Rokko
Movements, while the older movement was newly defined as "Chita Movements".
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The latter implies `the tectonic movement which caused Tokoname Group to deposit,

deform and dislocate during the sedimentary process, mainly of Pliocene age'
(MAKINoucHI, 1979).
    The Quaternary tectonic stress state in this province has been discussed enthu-

siastically from the viewpoint of active faults distribution, geodesic survey and earth-

quake mechanism (HuziTA, 1968, 1969; HuziTA and KisHiMoTo, 1972; HuziTA et al.,
1973; HuziTA and OHTA, l977). Comprehensively, it has been deduced that stable
tectonic compressional stress state with E-W trend governed all the area during that

time. Recently, Huz!TA (1980) recognized two types of tectonic zone, one parallel

to the Japan Trench and the other to Nankai Trough since the middle Pleistocene,
and stated that they were compressed under the movements of the Pacific and Phil-

ippine Sea Plates. Directions of stress state since Miocene were established by dyke

swarms method (KoBAyAsHi, 1977, 1979; TAKEucHi, 1980 and so on). As to that of
Inner zone of Southwest Japan, the N-S compressional stress field was predominant

during late Miocene and Pliocene Time (KoBAyAsHi, 1977, 1979; KoBAyAsHi and
NAKAMuRA, 1978). Therefore, HuziTA's idea (1969) which suggested change of
tectonic stress field from N-S compressional state to E-W compressional state is
verified now. But, it remains to establish the detailed age and areal differences.

    B. Correlation among Tokai, Kobiwako and Osaka Groups
    As main Plio-Pleistocene sequences in the Second Setouchi Depression, Tokai,

Kobiwako and Osak4 Groups can be enumerated (Fig. 1). IsHiDA and YoKoyAMA
(1969) attempted a correlation among those three groups tephrochronologically.
Succeedingiy, IsHiDA et al. (1969) reported magnetostratigraphy of Plio-Pleistocene

sequences in Kinki and Tokai districts, and they correlated it with the time scale of

Cox and DALRyMpLE (1967). Thereafter, a great deal of informations from pal-
eomagnetism, fission-track ages and tephrochronology were accumulated. After
reexamination of the results of IsHiDA et al. (1969), MAENAKA et al. (1977) proposed

the magnetostratigraphy of Plio-Pleistocene sequences in Kinki district.

    Kobiwako Group is developed mainly in Koto area (southeastern side of Lake
Biwa) and Kosei area (western side ofLake Biwa). The stratigraphy ofthose deposks

were summarized by YoKoyAMA et al. (1979) and YoKoyAMA (1984). Generally
speaking, the upper part of this group (Katata Formation) is distributed in Kosei

area, while the lower part of the group (Iga-Aburahi, Sayama, Gamo and Yokaichi
Formations in ascending order) is distributed in Koto area.

    In Kosei area, a characteristic volcanic ash layer called the Azuki volcanic ash

layer is intercalated in the lower part. The fission-track age of this layer is O,87 Ma

(NisHiMuRA and SAsAJiMA, 1970), and that ofBiotite volcanic ash layer which is about

20m above the former is O.70 Ma (NisHiMuRA and YoKoyAMA, 1975). Together
with the detailed magnetostratigraphy done by HAyAsHiDA et al. (1976), it is possible
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to say that those sediments range from late Matuyama Reversed Epoch to early
Brunhes Normal Epoch, The uppermost part of the group is composed of gravels
(Ryuge sands and gravels).

    Correlation among two core samples in and around Lake Biwa and Kobiwako
Group in Kosei area was carried out tephrostratigraphically by YoKoyAMA (1975)
and TAKEMuRA et al, (1976).

    In Koto area, magnetostratigraphy and fission-track ages clarified that
Kobiwako Group in this area ranges from Gilbert Reversed Epoch to Matuyama
Reversed Epoch (MAENAKA et al., 1977; TAMuRA et at., 1977; KoBiwAKo REsEARcH
GRoup, 1977; HAyAsHiDA and YoKoyAMA, 1979; N:sHiMuRA and SAsAJiMA, 1970;
YoKoyAMA et al., 1977a, 1980a). The uppermost part in the Koto area is composed

of gravels (Yokaichi Formation).

    In Osaka Group around Osaka Bay, the upper part is characterized by alter-
nating beds of marine and non-marine facies (ITiHARA and KAMEi, 1970; IsHiDA,
1970). The initiation of such an alternation was about 1.2 Ma (YoKoyAMA, i979).

    To the contrary, the lower part of Osaka Group is characterized mainly by
lacustrine and fluvial sediments, and the upper and Iower parts are unconformable

(YoKoyAMA et al., 1977b; YoKoyAMA et al., 1980c; IiDA, 1980). Its lower part ranges

from Gauss Normal to early Matuyama Reversed Epoch (NisHiMuRA and SAsAJiMA,
1970; YoKoyAMA, 1979; ImA, 1980; MAENAKA et al., 1977j ToRii et al., 1975; YoKo-

yAMA and HAyAsHrDA, 1980). The correlation among Tokai, Kobiwako and Osaka
Groups may be shown as proposed in Fig. 43,

    As stated precedingly, the sedimentary basin of Lake Tokai appeared at about
6.0 Ma and shifted the place to northwest on a large-scale in about 3.0 Ma and ceased

its existence at about 1.2 Ma. From the viewpoint of distribution pattern of the

sediments and the age of their deposition, the geohistory of Lake Tokai can be

divided into two stages, StageI from 6.0Ma to 3.0Ma and Stage II from 3.0
Ma to 1.2 Ma.
    The sedimentary basin of Paleo-lake Biwa appeared at about 5-6 Ma and
shifted its place on a large-scale to north from Iga Basin to Ohmi Basin at about

3.0 Ma. After disappearance of water body in Koto area, center of the lake
basin migrated to northwest at about 1.2 Ma.

    Further west, the sedimentary basin around Osaka Bay appeared at about
3.0 Ma, but alternating beds of marine and non-marine sediments began to cover
the lower part of Osaka Group unconformably at about 1.2 Ma.

    It follows that important episodes of the geohistory are in common among those

three sedimentary basins; of about 3.0 Ma and of about 1.2 Ma, respectively
(Fig. 44).
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    C. Comparison of Sedimentary Basin Transition between Paleo-
        lake Biwa and Lake Tokai
    It has been known that the geohistory of the Second Setouchi Supergroup can

be subdivided by tectonosedimentary facies of about 3.0Ma and 1.2Ma. This
suggests that the change of tectonic stress state of this province took place simul-

taneously throughout three sedimentary basins. In this section, to compare the
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geohistory of Lake Tokai with that of Paleo-lake Biwa, patterns of sedimentary basin

transition will be discussed.

    According to YoKoyAMA (1969, 1984), the geohistory ofPaleo-Iake Biwa is divided
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into four stages : Older I, Older II, Actual I and Actual II stages. At first, Paleo-lake

Biwa appeared in Iga Basin and clay dominant sediments were depositecl in this water

body ("Iga-ko") (YoKoyAMA et al., 1980a) (OlderI stage). In the second, center of
the sedimentary basin shifted its place to north from Iga Basin to Ohmi Basin, forming

stable water body ("Sayama-ko") with massive clay deposition. Northward shifting

ofthe sedimentary basin was inheriteq (Older II stage). During the time from Older

II stage to Actual I stage, center of the sedimentary basin migrated to northwest on

a large-scale, and the gravels of Yokaichi Formation represents the last sediments of

Older II stage. The sedimentary basin ofActual I stage shifted its place gradually to

west, accompanied by the upheaval of the eastern mountain area. This explanation

was supported by the results of lithology, paleocurrent, sedimentological studies on

the deposits of Kosei area and those of the l,OOO m drilling cores' at the rivermouth of

the Yasu river (YoKoyAMA, 1979; TAKEMuRA et al., 1979). The gravels of the
uppermost part of Kobiwako Group in Kosei area is sediments of the last Actual I

stage. These gravels was the first sediments supplied from present western Hira

Mountains. Followingly, the crustal movements along Katata Fault became more
active, and, after then, in Actual II stage, the area of actual Hokko (northern lake)

basin of present Lake Biwa began to subside rapidly.

    Therefore, the similarities deduced from the process of those two sedimentary
basin transition are summarized as follows :

i) In early stage, the sedimentary basin appeared in southern area of the basin,

    and migrated gradually to north.
ii) Succeedingly, the sedimentary basin migrated to northwest on a large-scale.

iii) The sedimentary basin migrated gradually to west, and at last, it is divided by

    the structural movements in N-S trend accompanied rapid subsidence of the

    eastern area.
    In this way, similar pattern of transition can be recognized in both sedimentary

basins ofPaleo-lake Biwa and Lake Tokai. But, large-scale northwestward migration

was heterochronous, that is, about 3.0 Ma in Lake Tokai, and about 1.2 Ma in
 Paleo-lake Biwa.

    D. TectonismandBasinIYligration
    As mentioned before, the geohistory of the Second Setouchi Province had two

conspicuous episodes of ca 3.0 Ma and of ca 1.2 Ma and a similar pattern of basin

transition was revealed as recognized in both sedimentary basins of Lake Tokai
and Paelo-lake Biwa. This suggests that the changes of the tectonic stress state

were common throughout that province.

    The sedimentary basins before ca 3.0 Ma (Stage I of Lake Tokai and
Older I stage of Paleo-lake Biwa) are mainly characterized by E-W arrangement of

depressional zone and their northward migration. It may owe to the upheaval of
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the southern area under the tectonic stress state in N-S direction. But, in the middle

ofStage I, Lake Tokai received a large amount ofgravel supply from east which related

to the movements of Chubu Tilting Block. It suggested the beginning of new
structural control which superposed the older one.

    At the time of ca 3.0 Ma, the sedimentary basin of Lake Tokai migrated
northwest.

    After that time, the sedimentary basin ofLake Tokai migrated to west as a whole,

though slightly northward, by active movement of Chubu Tilting Block under the
stress state ef E-W trend. But, in the same time interval, the sedimentary basin of

Paleo-lake Biwa was migrating gradualy northward by the upheaval ofsouthern area.

    At the time of ca 1.2 Ma, the sedimentary basin of Lake Tokai became to
extinct being accompanied with the upheaving of Suzuka and Yoro Mountains with
N-S structural trend, It was peculiar that the sedimentary basin of Paleo-lake
Biwa transfered its position to northwest. After then, it migrated gradually westward

by tilting of eastern area. This fact means the origination of conspicuous movernent

under E-W tectonic stress in the Ohmi Basin.
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the sedimentary basins of Lake
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    In this way, the sedimentary basin migration in Lake Tokai and Paleo-lake
Biwa is commonly explained by the hypothesis of interaction between upheaving of
the southern area and tilting of the eastern area (Fig. 45).

    Conclusively, the author proposed an idea that the deposition of the Second
Setouchi Supergroup since Pliocene was under the influence ofsuperposed two tectonic

stress states which are represented by upheaving ofsouthern area and tilting ofeastern

area. Hitherto, HuziTA (1969) and others have stated that the tectonic stress state

change since Miocene took place in the Inner zone of southwest Japan during the

time of Pliocene and Pleistocene. This change from N-S compressional stress state

to E-W one was conspicuous. Therefore, the result of the present work is not
contradictory to that idea and confirms chronological setting and detailed process of

tectonosedimentary turnover since Pliocene.

                             V. Summary

1. Plio-Pleistocene Tokai Group of west coast of Ise Bay consists mainly of sands,

muds and gravels in fluvial and lacustrine origin, and contains numerous volcanic

ash layers and lignite beds. The stratigraphy of Tokai Group in Hokuse area
(northern part of the west coast of Ise Bay) is summarized as shown in Table 2.

On the basis of tephrostratigraphy, lateral facies changes of those deposits were
described precisely (Fig. 24).

2. 0n the basis oftephrostratigraphy, biostratigraphy, paleomagnetism and fission-

track ages, Tokai Group in Hokuse area was clarified to have a range from Kaena

event of Gauss Normal Polarity Epoch to early Matuyama Reversed Polarity Epoch
(about 3.0 Ma to 1.2 Ma) (Fig. 27).

3. In geologic structure on west coast of Ise Bay, three conspicuous tectonic trends

(Setouchi, Suzuka and Yoro trends) are discriminated (Fig. 29). Tokai Group in
Hokuse area forms a basin structure.

4. The correlation among the sediments of Tokai Group in various areas (west
coast ofIse Bay, Chita Peninsula and area around Nagoya) was carried out precisely

(Fig. 30). Consequently, it becomes to be clear that the geohistory ofthe sedimentary

basin ofLake Tokai can be subdivided into two stages, Stage I (about 6.0 Ma to 3.0

Ma) and Stage II (about 3.0 Ma to 1.2 Ma).

5. In order to make sure the paleogeography of Lake Tokai, sedimentological data

(lithology, lithologic proportion, gravel composition, paleocurrent directions and

sedimentary facies) were described. On the basis of chronostratigraphy and those

sedimentological data, the paleogeography of Lake Tokai was reconstructed (Figs. 38

& 41). Furthermore, the process ofsedimentary basin transition was examined from

those paleogeographical researches. They are summarized as follows: After wide
distribution ofalluvial plains in early Stage I, a large water body appeared in southern
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area of the basin, which extends from Tsu area to actual Chita Peninsula. Succeed-

ingly, though, in the area around Nagoya of the north, the gravels were supplied

from eastern area and alluvial plain was developed widely, water body preexisted

still remained in southern area.

    At about 3.0 Ma, in accordance with northward shifting of the sedimentary
basin which covered the area from Nanse to Chita Peninsula, and stable water body

became to appear in Hokuse area. After that, sedimentary basin was more developed
northwardly, but, as the gravels supplied from northern area were accumulated there,

an alluvial plain was formed accompanied with a water body around Kuwana area.
Subsequently, the gravels supplied from eastern area reached to present west coast

ofIse Bay beyond presentNohbi Plain, and fi11ed water body ofthe former age. Thus,

water body reduced its extent and was remained only in southwestern area. Fol-
lowingly, as coarse materials from northern area decrease in supply, water body was

developed to north. In the last, a large amount of gravels from southwestern area

(Suzuka Mountains) fi11ed up that sedimentary basin and Lake Tokai attained to its

terminal stage.

6. In connection with the mode of sedimentary basin transition, tectonic develop-

ment around Ise Bay was discussed. Tectonic development of surrounding areas
should be considered from the interaction between upheaving of southern area under

tectonic stress state ofN-S direction and movement of Chubu Tilting Block influenced

by the tectonic stress state of E-W direction.

7. By tephrostratigraphy, magnetostratigraphy and fission-track ages, the correlation

among Tokai, Kobiwako and Osaka Groups was made (Fig. 43). Consequently,
it becomes clear that the boundary of StageI and Stage II of Lake Tokai (about
3.0 Ma) is fairly coincidental with the boundary of Older I and Older II stages of

Paleo-lake Biwa, and also with the initial stage of the sedimentary basin around Osaka

Bay. This boundary should be regarded to have important role in geohistory of the

Second Setouchi Inland Depression. Moreover, it is very curious that the extinction

of Lake Tokai (about 1.2 Ma) was correlated with the boundary between Older
stage and Actual stage of Paleo-lake Biwa, and also with the first appearance of
alternating beds of marine and non-marine deposition around Osaka Bay.

8. To compare Lake Tokai with Paleo-lake Biwa, similar migration pattern of the

sedimentary basin was recognized. • But a large-scale migration of Paleo-lake Biwa

to northwest occurred later than that of Lake Tokai.

9. Similar migration pattern of two sedimentary basins (Paleo-lake Biwa and Lake

Tokai) were examined as the resuks of mutual interaction between southern area
upheaving and tilting movement ofeastern area. Before a large-scale northwestward

migration of the basin, tectonic stress state was under N-S compression, but it changes

to E-W compression after the migration. These results obtained from tectonosedi-

mentary analysis are concordant with the results deduced from analytical studies of
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dyke swarms, active faults, earthquake mechanism and so on. This change ofstress
field seems to be delayed in western area. These two tectonic stresses discussed here

may correspond to two types of Quaternary tectonic zone proposed by HuziTA (1980).
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