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Abstract

The Quaternary Tectonic Map of Japan, compiled by the Research Group for
Quaternary Tectonic Map and published by the National Research Center for Disaster
Prevention in August 1969, consists of the following six sheets.

No. 1. Vertical displacements estimated with geomorphological method,

No. 2. Vertical displacements estimated with geological method.

No. 3. Vertical displacements compiled from the maps Nos. 1 and 2,

. 4. Distribution of faults.
. 5. Distribution of folds.

No. 6. Gipfelflur,

The Map No. 1 shows the present heights of the erosion flat surfaces formed
during the latest Tertiary or the earliest Quaternary age. In producing this map, it is
assumed that the erosion surfaces were formed not far from the sea level. The map No,
2 shows the present altitudes and the depths of the locations where upper Pliocene to
lower Pleistocene marine sedimentary formations crop out or are buried. The amounts
of vertical displacement estimated by geclogical method are considered to represent
the total amounts of the crustal movement from the beginning of the Quaternary to
the present, Errors which are derived from the assumptions that the sedimentation
occured at shallow depths are neglected because of the next reasons.

[t is not always possible to determine exactly the Plio-Pleistocene boundary in
the sediments and it is often obliged to take the depositional surfaces or the erosion
surfaces which may have considerable time gaps,

In the map No. 1, the amount of uplift can be traced regionally, but the amount
of subsidence can not be known. In the map No. 2, both the amounts of uplift and
subsidence can be known but they can be determined only locally, Taking advantage
of the two mehtods, the authors synthesized the map No. 3, which is one of the
conclusions of this work.
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Boih of the fault distribution map (No. 4) and the fold distribution map (No. 5)
are drawn for such faultings and foldings that have deformed sedimentary beds and
terrace surfaces since the upper Pliocene age. Faults more than [ km in length and
folds 500 m to 30 km in wavelength are selected.

Generally speaking, mountain districts have been uplifted, while lowlands have
subsided. The maximum uplift of about 1700 m is found in the Central Mountains
and the maximum subsidence of about 1400 m in the Kanto Plain (No. 3). It is
concluded that the present relief of the Japanese Islands is largely due to the
Quaternary tectonic movements, The regional trend of fold-axes and strikes of faults
shows a characteristic pattern (Nos. 4 and 5). The Japanese Islands may be divided
into some iectonic provinces by the intensity and nature of the Quaternary tectonic
movements,
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1. Introduction

The Japanese Islands belong to the circum-Pacific orogenic zone and have experienced severe
tectonic movements since the beginning of the Miocene Epoch, especially during the Quaternary
Period. The mode and intensity of the Quaternary tectonic movement have recently been elucidated,
but not yet been compiled as a whole. On the other hand, some of Quaternary tectonic movements
have been revealed to show the mode similar to that of the remarkable crustal deformation associated
with great earthquakes in historical and recent times in the same areas, This fact suggests that the
studies on Quaternary tectonic movement will be useful for us to detect the history of seismic activity
and may contribute to the fundamental research on prediction of earthquakes.

From this point of view, the Research Group for Quaternary Tectonic Map was organized in
1963, in order to compile Quaternary tectonic maps of Japan which consist of distribution maps of
vertical displacement, faultings and foldings in the Quaternary. The final goal of the Research Group
is to compile maps of these kinds for different terms of 10%, 107, 10%, and 10° vears in the order and
to analyse the historical processes and their regional characteristics of tectonic movement throughout
the Quaternary by comparing these maps. 1t will be also interesting to find the relationships between
recent seismic activities and Quaternary tectonic movement and between the characters of tectonic
activities of the Quaternary and pre-Quaternary,

First of all, the Research Group tried to complete the distribution maps for the whole
Quaternary, The first report with the preliminary tectonic maps was presented in 1964 to the
National Symposium for CRCM and was published in the Journal of Geodetic Society of Japan, Vol.
10, 1965, These maps have been revised and supplemented by recently obtained data. The second
report was presented to the 7th International Congress of the International Union for Quaternary
Research in 1965 and was published in Quaternaria, Vol. 8, 1966. The Quaternary tectonic maps
published by the National Research Center for Disaster Prevention in 1969 consist of six sheets and
are considerably revised and supplemented as compared with the former two reports. The present
report is the final for the whole Quaternary and is attached to the maps of 1969.

Among these six sheets, the “Gipfelflur™ of Japan was formerly prepared by Dr. Toshio
Okayama, Professor of Meiji University, but has not yet been published in a complete form. The
“Gipfelflur” will be useful for comparing the magnitude and mode of Quaternary tectonic movement
with the present landforms of the Japanese Islands. We thank Dz, T. Okayama for his kindness on this
occasion.

2. Quaternary vertical displacement

Amounts of vertical displacement for the whole Quaternary were estimated by geomorpholo-
gical and geological methods separately (Maps Nos. 1 and 2). Then, a synthesized map of vertical
displacement (Map No. 3) was compiled from these two maps, comparing and examining every
amount in ihem,
2.1. Amounts of vertical displacement geomorphologically estimated
2.1.1, Method

Erosion surfaces, which are inferred as formed in the late Pliocene or early Pleistocene, are
distributed at different altitudes in various regions of Yapan, though most of them are generally
scattered. As if is considered that they were originally formed at levels not very high above sea level,
their present altitudes above sea level approximately represent the net amounts of vertical
displacement since the beginning of Quaternary, Strictly speaking, altitudes above sea level at which
the erosion surfaces were initially formed should be subtracted from the present altitudes to obtain
exact amounts of vertical displacement, but those can hardly be estimated without any assumption.
Moreover, those must have been probably not so large, because extensivély distributed erosion
surfaces with low relief are presumed to have been formed by rivers of which the gradients were not
s0 high,
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There are several regions in Japan where the geomorphic development has been intensively
studied and the ages of erosion surfaces have been stratigraphically determined. In these regions,
erosion surfaces formed in the late Pliocene or early Pleistocene were extracted so as to estimate
Quaternary vertical displacement. Then, erosion surfaces correlated with these were successively
traced in their surrounding regions, using topographical and geological maps, together with the
“Giptelflur”, In the process of tracing the simultaneously formed erosion surfaces from one region to
another, it was examined in every well-known region, whether or not the erosion surfaces had been
correctly traced from one to another. It can not always be expected that erosion surfaces were
formed in the late Pliocene or early Pleistocene and have been preserved until the present in every
region of Japan. From this reason, etosion surfaces formed in ages nearer to the above-mentioned
were used in some regions for estimating the amounts of Quaternary vertical displacement. For
example, erosion surfaces extensively bevelling the upper Miocene formations were considered to
have been formed in the period from late Pliocene to early Pleistocene, because the extensive erosion
surfaces must have been completed in a considerably long duration of geological time. Amounts of
vertical displacement estimated by this method, therefore, are not exactly for the Quaternary, but for
a ferm of # x 10% years, n being a certain number from one to two or three. Moreover, they can be
obtained only in uplifted regions, because in remarkably subsiding regions the erosion surfaces have
presumably been buried under younger formations.

Heights of these erosiom surfaces were read at about four points in each quadrangle of
topographical map on a scale of 1:50,000, and then the heights were plotted in a map of Japan on a
scale of 1:2,000,000. Isobases in the Map No, 1 were drawn at intervals of 100 or 200 meters based
on these heights.

2.1.2. Examples
a. Tohoku District

Erosion surfaces are extended on the outer side of the arc of Northeast Japan where the
Kitakami and Abukuma Mountains are located.

(i) The Kitakami Mountains are mainly composed of the intensely folded Palaeozoic and Mesozoic
formations together with plutonic and metamorphic complexes. The erosion surfaces of the
Mountains are classified into three levels. The upper surfaces are 1000 to 1200 m high above sea [evel
and are preserved as flat-topped ridges in the central part of the Mountains. The middle surfaces are
extensively distributed around the upper surfaces, and their heights are 800 to 900 m high above sea
level, Along the margin of the Mountains, the lower surfaces are distributed at the heights of 500 to
600 m, bevelling the middle or lower Pliocene in some places. As the middle Pleistocene marine
terraces are developed along the eastern side of the Mountains at an altitude of about 300 m, the
lower surfaces are presumed to have been formed at the end of Pliocene or the beginning of
Pleistocene. There is no evidence of marine invasion into the main part of the Mountains throughout
the younger Tertiary period. Any evidence of marked inflow of coarse clastic materials into the
Miccene and Pliocene deposits adjacent to the Mountains is not recognized. Consequently, it is likely
that both the altitude and relief of the Kitakami Mountains remained very low during the Tertiary
period (Chinzei, 1966). Since a tendency of increasing grain diameters can be recognized in the last
stage of the Pliocene deposition, the upheaval of the Kitakami Mountains is presumed to have taken
place mainly during the Quaternary.

(il) The Abukuma Mountains are mainly composed of granitic rocks which intruded mostly in the
Mesozoic. The Mountains border on the Pacific coast by a steep scarp (Futaba fault scarp) running
from north to south with relative heights of more than 400 m, and seem to be inclined westwards.
Erosion surfaces are widely developed at altitudes 400 to 600 m high above sea level in the northemn
half of the Mountains.

Isolated flat-topped peaks stand out on the erosion surfaces. Their heights range from 800 to 1000 m
above sea level. Some of these peaks in the northern part of the Mountains are standing in areas
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consisting of the middie Miocene volcanic rocks. Erosion surfaces with lower relief less than 50 m are
recognized at six levels in the northwestern part of the Abukuma Mountains; namely the Tokiwa,
Funehiki, Kumagami, Miharu, Upper Moki and Lower Moki erosion surfaces in a descending order
(Koike, 1969; see Fig. 2.1). These erosion surfaces, successively stepping down westwards by 30 to 60
m, extend from the south to the north like piedmont benchlands. They were formed on the western
back slope of the Abukuma tilted block by infermittent upheaval accompanying westward tilting. Six
levels of eroston surfaces, except the Miharu surface, mainly extend in areas consisting of deeply
weathered older granodiorite. Soon after the lower Moki erosion surfaces were formed, the Shirakawa
dacitic welded-tuffs flowed and partly covered the erosion surfaces lower than the Kumagami surface,
The eruption age of the Shirakawa dacitic welded-tuffs is not certainly known, but it is estimated to
be the latest Pliocene or early Pleistocene. The lower Pliocene deposits which are distributed along
the eastern foot of the Futaba fault scarp were deformed by the activity of the Futaba fault. As the
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above-mentioned infermittent upheaval accompanying westward tilting of the Mountains is estimated
to have a relation to the activity of the Futaba fault, the upheaval of the Abukuma Mountains is
presumed to have taken place mainly during the Quaternary.

{(ii) In Uetsu area, erosion surfaces are recognized at four levels, though most of them are generally
scattered. This region is located in the Green-Tuff region, & young mobile region which has been
developed since the beginning of the Miocene. As the boundaries of erosion surfaces are infricated,
they are considered to be formed in different ages. The highest erosion surfaces are mainly
flat-topped ridges at altitudes of 1000 to 1200 m above sea level and are distributed in areas
composed of pre-Tertiary basements and lower Miocene deposits. The second erosion surfaces
bevelling the folded middle Miocene are distributed in places at altitudes of 600 to 800 m above sea
level. In Southwesi Hokkaido, the second surfaces bevel the lower Pliocene in some places. Lower
third and forth erosion surfaces are distributed mainly along the present valleys and in the basins.
Their altitudes are in general lower than 300 m above sea level. After the deposition of middle or
upper Pliocene, many basins on the inner side of Northeast Japan are formed by differential vertical
movernents, and lacustrine formations of the lower Pleistocene were deposited in accordance with the
subsidence of the basins (Naito, 1963, 1970; Nakagawa, et al., 1971). Then, lower ercsicn surfaces
were formed by bevelling the Pliocene and lower Pleistocene. It is, therefore, inferred that the
displacement of the second erosion surfaces occurred after the Jate Pliccene, probably during the
Quaternary.

b. Chubu District

(i} Uonuma district near the southern end of the inner side of Northeast Japan has experienced active
crustal movements in the Quaternary. After the deposition of marine upper Pliocene, the marine and
fluvial deposits of Plio-Pleistocene or lower Pleistocene, Uonuma Group, were thickly accumulated
in accordance with the subsidence of this region. This region was not yet differentiated into basins
and hills in the first half of the Uonuma stage, when the Echigo Mountains located to the east
supplied sediments to form an extensive depositional plain. In the latter half of the Uonuma stage,
this region was divided into basins and hills and was turned into upheaval (Naito, 1965). It is
therefore inferred that erosion surfaces of the Echigo Mountains and depositional surfaces of the
Uonuma Hills were displaced mainly after the early Pleistocene. The altitudes of erosion surfaces of
the Echigo Mountains are 900 to 1200 m above sea level.

(iiy Northern part of Nagano Prefecture. In the northern part of Nagano Prefecture, erosion surfaces
are recognized at four levels and are distributed at altitudes of 2000 m, 1700 m, 1400 m, and 1000 —
800 m above sea level in a descending order (Kobayashi, 1933). The erosion surfaces 1000 1o 800 m
high are referred to as the “Omine erosion surfaces”. The Omine erosion surfaces are distributed
mainly in areas composed of the Tertiary rocks, and peaks standing on the erosion surfaces, are
considered to be Hirtling Fluviatile boulders are found in some places of the Omine erosion surfaces.
These boulders are composed mainly of granitic rocks, some of them being three meters in diameter.
It is therefore considered that the boulders were derived from the Hida Ranges located to the west of
the northern Fossa Magna and were deposited at the latest stage of the formation of the Omine
erosion suifaces, The Hida Ranges border a steep scarp (Hida fault scarp) running from north to south
with a relative height of about 2000 m (Tsujimura, 1926). In the eastern part of the Hida Ranges,
erosion surfaces are recognized at altitudes of 2700 m, 2400 m, 2200 — 2000 m, and 1800 — 1600 m
above sca leve] (Kobayashi and Hirabayashi, [955). The erosion surfaces 1800 — 1600 m high on the
Hida Ranges are considered to be correlative with the Omine erosion surfaces. The deposition of
boulders on the Omine erosion surfaces indicates the rejuvenation of the upper drainage of the rivers
and an increase in stream gradient, and therefore it might suggest the upheaval of the Hida Ranges.
The Omine erosion surfaces bevel the Plio-Pleisiocene or lower Pleistocene marine formations, The
lava flows which are correlated to the above-mentioned marine formations are mostly reversed in
magnetic direction, suggesting that they are referable to the Matsuyama reversed epoch in age
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(Momose, 1963; Research Group on the Quaternary of Japan, 1969). It is therefore inferred that the
Omine erosion surfaces were formed during the early to middle Pleisiocene and that the rapid
upheaval of the Hida Ranges occusred after the early Pleistocene,

(iii) The Mikawa Highland composed of mainly granitic rocks occupies the southeastern part of the
area shown in Fig. 2.2, This highland is bordered on the northwest by the straight steep scarp,
“Byobusan fault scarp”, which is running southwestward from the Ena Mountains, This lowrelief
highland generslly decreases its altitude southwestward, and also towards the Yahagi River which
flows through the central part of this highland,
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Fig. 2-2. Geomorphic map of the southern part of the Chubu district

(Kaizuka et al., 1964)

1: Bedrock mountains rising above the depositional surface of the
Seto Group in the area along the Rivers Kiso and Toki.

2: Distribution of the Seto Group, containing the area covered with
the younger deposits,

3: Contours of the Gipfelflur, In the area along the Rivers Kiso and
Yahagi, contours are drawn in the part higher than 700 m, and in
other areas in the part higher than 300 m.

4: Contours of the depositional surface of the Seto Group.

5: Bedrock contours under the Seto Group.

6: Fault scarps. Most of them have been dislocated after the
deposition of the Seto Group.
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Erosion surfaces of varicus levels are developed in this highland. Although the higher two
¢rosion surfaces, 1100 — 1000 m and 900 — 700 m high above sea level, show only their relatively
limited distribution near the top of the mountains, an erosion surface lower than 600 m is very
extensively developed. This surface is calied the Mikawa erosion surface and is subdivided into two
levels, the Mikawa higher (600 — 400 m) and the Mikawa lower (300 — 100 m) surfaces. Figs. 2-2 and
2-3 show the horizontal and vertical relations between the Mikawa lower surface and the
Plio-Pleistocene Seto Group which is widely distributed in this area. [t can be seen from these figures
that the Mikawa lower surface is continuous to the basal surface of the Seto Group which shows also
the low-relief topography. Moreover, the Mikawa lower surface extends northward, bevelling the
middle Miocene Mizunami Group. Accordingly, it is most probable that this surface was formed in
the early Pliocene {Ota er al, 1963). Therefore, the heights of this surface were adopted to estimate
the Quaternary vertical displacement.

NW SE

1800

400

[0 3G

A L i - L i D B
20 KM 10 0

Fig. 2-3. Profile of NW-SE direction of the Mikawa Highland (Ota et al,
1963). Dotted zone represents the Mikawa low erosion surface an
the depositional surface of the Seto Group. The former has been
dislocated along the Asuke fault, Location of the cross line is
shown in Fig. 2-2,

The Seto Group is subdivided into two formations representing the different depositional
environments and ages. The lower formation of it consists of very fine-grained sediments derived from
the weathered materials of granitic rocks. On the other hand, in the upper formation which overlies
the lower unconformably, coarse sand and gravels are dominant. These facts suggest that in the early
stage of the deposition of the Seto Group, the Mikawa Highland was very low in relief, representing
the Mikawa lower surfaces, and was the source area of fine-grained sediments, and that afterwards the
Mikawa Highland was uplifted to lie intensively dissected and to supply a great amount of coarse
sediments. In connection with the uplift of the Mikawa Highland area, the Yahagi River basin has
been down-warped since the Pliocene, with an axis of NE-SW trend accompanying the faults with the
same direction along its both sides,

The mountainland located northwestward from the Byobusan fault scarp is divided into three
mountains: the Atera in the northeast, the Futatsumori in the middle and the Kengyo in the
southwest, by the Atera and Akagawa fault scarps which run with NW-SE trend (Fig. 2.2). In these
mountains, the higher and lower erosion surfaces and the depositional surface of the Plio-Pleistocene
Seto Group are developed in the descending order (Kiso, 1963; Kaizuka et ol., 1963, Kaizuka et al,,
1964). The lower surfaces in these mountainlands are continuous o the basal plane of the Seto
Group and bevel the Miocene series. Accordingly, it is possible that the lower surfaces were formed in
the early Pliocene and are correlated with the Mikawa lower surface in the Mikawa Highland,
Although there is no evidence to show the age of the formation of the higher erosicn surface,
probably it was formed in the pre-Miocene, judging from the relation between the distribution of this
surface and the Miocene series.
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Therefore, ihe heights of the lower erosion surface were adopted to draw the Quaternary
tectonic map, In addition, the deposition surface of the Seto Group is also used in this area.
Conseguently, the geomorphic surfaces which are used for the estimation of Quaternary vertical
displacement in this area were formed in a fairly longer term.

The heights of these geomorphic surfaces are represented in Table 2-1. The difference of the
heights in the same surface among the three mountains has been caused by the differential uplift with
the fauits shown in Fig, 2-2. Some of these faults contributing to the differentiation of the mountains
are still active. Especially, the Atera fault is a very typical active fault dislocating the recent fluvial
ferraces.

Table 2-1, Heights of the erosion surfaces in the
southwestern area of the Chubu District

Mikawa Highland Atera Mts, Futatsumori Mts. | Kengyo Mts,

1000-1100m
f 1400-1700 800-1000 700800 m
Upper surface 700-900 m m m
Lower surface 400-600 m

. 900-1200 m 500-700 m 100-300 m
(Mikawa surface) 100-300 m

c. Kinki District

In the inner zone of Kinki District, several mountains with N-§ trend are distributed in parallel,
and among these mountains there are located the basins such as Iga Basin and Nara Basin bordered
with fault scarps. In these mountains, remnants of former erosion surfaces are preserved in
accordance with summit levels, especially very widely in the Nunobiki Mountains situated in the east.
The age of the formation of erosion surfaces was discussed by Nakano (1944}, analysing the relation
between the erosion surface and the Cenozoic strata.

{f) The erosion surface on the top of the Nunobiki Mountains is at altitudes ranging from 600 to 700
m, and is intersecting the basal surface of the Miocene Isshi Group, Hence it can be said that this
surface was formed in the post-Miocene.

(ii} In the Yamato Highland situated to the west of the Nunobiki Mountains beyond the Iga Basin, an
erosion surface abaut 500 m high was possibly formed also in the post-Miocene, because it bevels the
Miocene strata. )

{iii) On the top of the Rokko Mountains in the most western part of Kinki Distri¢t, the erosion
sutface at an altitude of about 800 m is developed. On ihe fault step bordering the southern side of
the Rokko Mountains, there is an erosion surface covered with a thin sand and gravel bed which is the
lowest member of the Plio-Pleistocene Osaka Group. Huzita (1962) regarded this basal surface to be
correlative to the erosion surface on the top of the mountains and to have been formed during the
Miocene-Pliocene. This surface, therefore, is correlated with the erosion surfaces in the Yamato
Highland and Nunobiki Mountains.

The Miocene series in the inner zone of Kinki District generally show the zonal distribution
from east to west including the both areas of mountains and basins, On the other hand, the
distribution of the Plio-Pleistocene series is restricted to basin areas or coastal areas. From the
above-mentioned facts and the distribution of erosion surfaces, historical development of this area is
assumed as follows. In the early Miocene the subsiding zone with E-W trend was formed, and the
subsequent transgression caused the deposition of Miocene marine strata in this zone and buried the
relief of the mountains, Then, in the late Miocene this zone was uplifted and the erosion surfaces
bevelling the Miocene series were extensively formed by subaerial erosion. In the early Pliocene again
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the subsiding zone with E-W trend was formed to deposit the lacustrine sediments in inland areas.
Since then, this subsiding region has been uplifted and differentiated into the mountains and basins,
accompanying the thrust faults with N-8 trend.

d. Chugoku District

Chugoku ditrict is one of the most typical areas where the erosion surfaces with low relief
are extensively developed (for example, see Fig. 2-4). This district is known as the area where the
concept of the uplifted peneplain, on the basis of the cyclic theory of erosion, has been applied for
the first time in Japan (Koto, [908).

The erosion surfaces of this district are classified into three levels, the Dogosan surface, the
Kibikogen surface and the Setouchi surface in the descending order (Nishimura, 1963). The Dogosan
surface is preserved on the tops of the Chugoku Mountains about 1000 m high. The Kibikogen
surface ranging from 400 to 600 m high above sea level is developed in the area surrounding the

Topographical map of the typical erosion surfaces in the Chugoku district, southwestern

Japan.

Fig. 2-4.




Dogosan surface, and especially on its south side. The Setouchi surface less than 200 m high is located
to the south of the Kibikogen surface, facing the Seto Inland Sea.

In Chugoku district, the relation between the distributions of erosion surfaces and the
Cenozoic strata has been explained as follows. The Miocene series are distributed mainly in the area
of the Kibikogen surface, partly invading along the valieys into the Dogosan surface. The upper limit
of distribution of the Miocene series is about 800 m high, higher than that of the Kibikogen surface.
In the valleys dissecting the Kibikogen surface, the lower Pleistocene series is formed. From the
above-mentioned facts, it is inferred as o the age of the erosion surfaces as follows (Otuka, 1937).
The Dogosan surface was formed in the pre-Miocene, probably in post-Cretaceous age, and the
Kibikegen surface in the Pliocene, then the Setouchi surface in the latest Pliogene or garly
Pleistocene, To estimate Quaternary vertical displacement in this area, the height of the Kibikogen
surface was used. The mode of the crustal movement of this district in the Quaterary was of an
up-warping with a long axis running from east to west, accompanied by faults, especially on the
southern side.

e, Kyushu District

The dissected lava plateau extends in the northwestern pert of Kyushu. The surface of the
plateau gradually lowers from east to west. The Kunimi-yama (777 m high above sea level} is the
highest part in the eastern margin of the plateau. The thickness of the basalt lava is generally about
300 m, and the basal plane of basalts is generally flat and parallel with the surface of the plateau. The
basement of the basalt lava is composed mainly of the folded Miocene, and the conglomerates partly
overlie the basal surfaces (Fig. 2-5). The occurrence of the conglomerates is not continuous and its

%?KUNIM\YAMA

3380
© 00

Fig. 2-5. Distribution of the Kita-matsuura basaits and the conglomerates and the
heights of the basal plane of the basalts (Imai et al., 1958).
1. Upper conglomerate.
2. Lower conglomerate.
3: The position of the outcrop with direct contact between the Tertiary
strata and the basalt lave flows,
4: Distribufion of the Kita-matsuura basalts.
3: Contour line showing the basal plane of the basalts.
6: Main faults,
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thickness varies from several decimeters to one meter. The altitude of its distribution is also variable,

from 460 m high above sea level near the Kunimi-yama in the east to O m high in the west (Imai ez al.,

1958). As a result of the palaeomagnetic investigation, the basaltic activities are considered to have

lasted for a long period, probably from the middle Pliocene to the Pleistocene (Kurasawa, 1967). Itis

inferred that the conglomerates might have been deposited during or immediately after the
formation of the flat basal plane of basalts, and therefore that the plane might have been formed in
the middle of the Pliocens.
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2.2, Amounts of vertical displacement geologically estimated
2.2.1. Methed

Height and depth of boundary horizons between the marine Pliocene and Pleistocene
formations approximately represent the net amounts of vertical displacement during the whole
Quaternary. In this case, too, it is necessary to correct these values in order to estimate exact amounts
of Quaternary vertical displacement, because these boundary horizons must have been originally
located more or less deep below sea level. But it is hardly possible, without any assumption, to
estimate the depth at which these formations were initially deposited. In the present work, therefore,
no correction was done to estimate the amounts of Quaternary vertical displacement by a geological
method,

In uplifted areas, boundary horizons between the marine Pliocene and Pleistocene formations
are usually located above sea level at present, and it is rarely possible to find such boundary horizons
in sedimentary succession from the Pliocene to the Pleistocene, because Pliocene formations have
been generally denuded and have not been overlain by younger ones at most places. From this reason,
heights of the highest points of upper Pliocene marine formations were used to estimate approximate
amounts of Quaternary vertical displacement. Strictly speaking, as result of denudation these heights
do not represent heights of the original deposition surfaces of these formations, which are more
appropriate for the present work. The highest points of lower Pleistocene formations were also
adopted for the same purpose in the present work,

Some convenient methods were used in areas where formations of the above-mentioned ages are
not distributed. That is, assuming that the rates of tectonic movement have been uniform since the
beginning of the Pliocene, the height of “lower” Pliocene formations is estimated at twice as large as,
and that of “middle” Pleistocene formation at one third as large as the amouni of vertical
displacement for the whole Quaternary. These amounts are shown in the Map No. 2 with special
symbals. The absolute ages of these formations and of the beginning of the Quaternary have not yet
definitely been determined, and it js problematical whether the above assumption is correct or not.
These estimations, therefore, were applied only to such cases as any other data could not be obtained
for extensive areus,

In subsiding areas, data of deep drillings were used, because the said horizons are usually
located under alluvial plains. basin floors, coastal plains, or submarine bottoms at present. There are,
fowever, only a few ureas where the said horizons have definitely been determined. In other subsiding
areas, some convenient processes such as adopted in uplifted areas were applied. In these cases also,
amounts of vertical displacement were not corrected by using the depths below sea level at which the
Pliu-Pleistocene formations had initially been deposited.

The upper Pliocene formations of Japan are shown in the correlation table of the Neogene
iormations n the “Geologic Developments of the Japanese [slands” (1965). Ages of locally
distributed Pliceene formations which are not contained in this table were determined on the basis of
their geomurphelogical and stratigiaphical relations to the formaiions contained in the table.
Therefore, the formations adopted as the upper Pliccene in this work may not always be of the same
age, but must have been depousited during 4 short period from the Pliocene to the Pleistocene.

Data of height or depth of these formations were obtained from geclogical maps of various
scales published by the Geological Survey of Japan, geological maps of each prefecture, and scientific
papers and reports. In principle, amounts of Quaternary vertical displacement were estimated in each
quadrangle of topographical map of 1:30,000 at one point, where the said formations are located
highest in uplifted areas and lowest in subsiding areas. Then, these amounts were plotted in a
map of Japan on a scale of 1:2,000,000. [sobases in the Map No. 2 were drawn at intervals of 100 or
200 meters by the interpolation method.

2.2.2. Examples
a. Uplifred aroas.
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(i) Teshio area (Figs. 2-6 and 2.7)

Upper Pliocene lying in this area is Sarapetsu formation corresponding to Setana formation.
Sarapetsu formation has the thickness of 200—350 m, composed of alternating strata and considered
as formation of lagoon origin. Accordingly, the development of this formation can-be assumed to
represent the levels which were extremely near to the sea level of those days. This formation, together
with Yuchi formation (200 m thick) and Koetoi formation (300 m thick) (both being of marine
origin and belonging to the Lower Pliocene) which conformably lie under Sarapetsu formation,
composes the hills of heights less than 200 m in the whole neighborhood of Teshio, showing gentle
flexure. Accordingly, it can be said that the heights of hills in this area well reflect the approximate
shapes of Quaternary ground uplifting of this area.
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Fig. 2-6. Geological map of Teshio area.

Fig. 2-7. Geologic profile of Teshio area.
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In the eastern part of Horonobe area along the River Teshio, the axis of anticline extends
north-south in the Miocene formation. Having gone across this axis, on the east side there is seen the
distribution of Sarapetsu formation, centering around Toikanbetsu. Therefore, the sedimentary
domain of Sarapetsu formation can be considered to have extended across the Miocene anticlinal axis,
and the distribution of Sarapetsu formation is estimated to have developed over this anticlinal axis.
But the thickness of Sarapetsu formation thus estimated, and those of the formation Yuchi and
Koetoi also are not clearly known. There may be some possibility that in the case where these
formations were thin over the anticlinal axis, the height of Sarapetsu formation over the axial part
only slightly surpassed the present heights of the Miocene formations. However, as these formations
are widely distributed on the both sides of anticlinal axis in this area, it would be appropriate to
consider that these formations were deposited over the anticlinal axis also, though being made
somewhat thinner. From such consideration, the maximum amount of upheaval is estimated to be
over 400 m.

(iiy Boso area

The Boso Peninsula is one of the standard regions in Japan for the discussion of the boundary
between the Tertiary and the Quaternary. In the Boso Peninsula, there are developed marine deposits
of the pericd from Miocene to Pleistocene, several thousand meters thick, almost making one
continuous series, and tilting toward the north. A sequence of strata along the River Y616
streaming northward in the central part of the peninsufa is regarded as a stratigraphic standard, and it
is shown in Figs. 2-8, 2-9 and 2-10.

It is supposed that in the middle part of Umegase formation there lies the Plio-Pleistocene
boundary. This boundary was presumed on the basis of the study of Asano (1957) on
planktonic foraminifera. According to him, at a position upper than the middle part of Umegase
formation, there became conspicuous the existence of a cold sea species Globigering borealis, and this
was regarded as what indicates the “first cold climate™ and as the commencement of Quaternary. This
concept was afterwards supported by the study on plant fossil of Kokawa (1969} and also by the
palacogeomagnetic study of Nakagawa et al (1969). Umegase formation is an alternation of strata
rich in sand with a pyroplastic key bed U6, The sedimentary formation of U6 horizon, which is
designated as PlioPleistocene boundary, has the molluscan assemblage which indicates the
sedimentary environment of lower neritic sea zone—half abyssal zone generally under the influence of
ocean waters, We may be able to say that the U6 horizon was deposited at original depths of 300—
500 m for most of the peninsula and at original depths of 200—300 m for the western part of the
peninsula.

In the western part of the peninsula the maximum value of the height of outcrop of U6 horizon
is 200 m, and if its depositional depth be 300 m, the total quantity of upheaval in this case will be
500 m. However, U6 horizon must have its extension on the southern side of its surface outcrop
before denudation. If the general slope of 10° N in the vicinity of this place were reversely extended,
the upheaval amount on the southern side cught to have a pretty large value. Presuning from the
circumstances that the general dip on the southern side becomes gradually steeper and shows values
of more than 60° N beneath Kurotaki unconformity (base of Takeoka tuff) and that these beds
including U6 horizon are rather oceanic so that any land area is not conceivable at a distance very
close to them, the maximum amount of upheaval would be not less than 500 m even if reduction of
depositional depth should be done.

Further, Mt, Kanosan on the northern side of the area where Ué horizon is developed has a
height of 350 m above sea level, and this value is the maximum height of Ichfjuku sand bed which
immediately overlies the U6 horizon. As Ichijuku sand bed is the sediment in upper neritic sea zone
or delta, its sedimentary depth is considered to be nearly 0 m. Accordingly, the upheaval amount of
Ichijuku sand bed can be said to have reached 300 m at least.

Therefore, it is not an overestimation to consider the upheaval amount of the lower Pleistocene
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to be more than 500 m. And the beds of the Boso Peninsula which are developed in east-west
direction, including Ué horizon, can be regarded as those that show the pattern of upheaval
corresponding to the geologic structure of northward sloping.

As the development of this structure was formed by gradual fransposition of the sedimentary
basin, it cannot be expected that a formation, e.g, Umegase formation, will maintain its bed thickness
for a long distance on the southern side of its present surface distribution. Therefore, the upheaval
amount of U6 horizon, though it evidently surpasses 500 m, cannot maintain the value in the
southward direction.
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Fig. 2-8. Geological map of Boso area.
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Fig. 2-9. Geologic profile of Boso area.
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epoch in the Boso Peninsula.
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In the vicinities of the southeast end of South Kanto District, the above-mentioned tendency of
“south-high” simiiar to the Boso Peninsula is recognized in the Miura Peninsula and Oiso Hills also,
and this is called Tanzawa-Mineoka upheaval belt. This crustal movement continued from the late
Miccene to the Quaternary.

(iti) The Rokko Mountains (Fig. 2-11)

The Rokko Mountains situated west of Osaka City has the maximurm height of 932 m, and
divides the basins of Osaka and Harima which are developed on the east and west sides of the
mountains, In the both basins there are developed beds of Osaka Group which is Plic-Pleistocene
series, and especially the outcrops from the east foot of Mt. Rokko as far as Senriyama Hills, Osaka
Prefecture, give the standard stratigraphy of the Osaka Group.

ROKKO-ZAN
IKOMA-Y AMA

OSAKA KAWACHE 1000 m
Setaush Higher

surface terrace
Middle Alluvial surface Lower
(eTigee [GH T

Fig. 2-11. Diagrammatic profile of Osaka Basin,
(Modified from the diagram by [tihara, [966).

The Osaka Group developed in the area of Senriyama Hills is, according fo 1tihara {1961).
a group of beds which can be divided into two parts, upper and lower, the upper part being 80 m
thick, the lower 200 m, and respectively composed of alternation of strata of sand, mud and gravel of
brackish water sediment and of freshwater sediment. In the upper part there are interposed beds of
marine mudstone of Ma 2—Ma 8, and in the lower those of Ma 0—Ma 1.

According to the palacomagnetic stratigraphic study of Ishida, Maenaka and Yokoyama (1969),
the horizon of Olduvai event to be regarded as the Plio-Pleistocene boundary lies under Ma 0 and near
the Kono tuff, namely in the middle of the lower part of Osaka Group.

Huzita and Kasama (1965) indicate, in their general view of the structural development of
Cenozoic strata including Rokko Mountains and Osaka Basin, that the uplift of Mt, Rokko and the
subsidence of Osaka Basin by the Rokko movements proceeded in correspondence to each other.
From the facts that the lower part of Osaka Group clearly participates in these movements, and that
higher terraces {corresponding to the mid-Pleistocene Tama terrace in Kanto District) also are
displaced in relation to the movements, Huzita ef al, (1965} recognized that the Rokko movements
began from the lower part of Osaka Group (late Tertiary), had their climax age rather in the latter
half of Quaternary (including the mid-Pleistocene), and even now are proceeding.

The foot part of Mt. Rokko. lying between the Rokko Mountains side of uplifting nature
and the Osaka Basin side of subsiding nature indicates strong gradients between uplifting and
subsidence, and there are formed not only flexures of beds, but also several lines of faults. Within the
area of Rokko Mountains also there remains the lower part of Osaka Group, much of the part is
truncated by erosion. Considering from the movements of Mt. Rokko and from the state of the
development of Osaka Group at east and west piedmonts, it is of course expected that formerly the
erosion surface developed over the present summit part of Mt. Rokko with the height of 600 m.
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b. Subsiding areas
(i) Kanto Plzin (Fig. 2-12)
(1) Qutline of the sedimentary basin
The Kanto Plain has subsided since the earliest Neogene peried, and the thick Neogene to
Quaternary deposits have been deposited there. Especially, middle and southern parts of the Kanto
Plain have uninterruptedly subsided, forming “the Kanto Tectonic Basin™ since the Pliocene time,
and is an area of negative gravity anomaly lower than —30 mgal (Tsuboi, 1954) owing to the marine
formations more than 3000 m thick.
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Fig. 2-12. ‘Stratigraphic section of Kanto Basin.

The marine Pliocene-Plsistocene formations of which the Kanto tectonic basin consists are
named the Kazusa and the Narita Groups. The lowest part of the Kazusa Group in the Boso Peninsula
is tuffaceous conglomerates overlying the Kurotaki unconformity, which are succeeded by the
alternation of sandstone and siltstone of varying thickness frequently with intercalated volcanic ash
layers; and the uppermost part of the group is the massive muddy sand formation. Biofacies of the
group are bathyal in the lower and middle parts, while becoming neritic in the upper. Center of the
tectonic basin was once located in the east part of the Boso Peninsula through the deposition of the
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lower half of the group, and was later removed to the northwest. Towards the end of the deposition
of the Kazusa Group, crustal disturbance occurred in the whole area of the Kanto Plain and
consequently the “Paleo-Tokyo Bay” appeared. The Narita Group composed of sandy sediments was
deposited in the Paleo-Tokyo Bay in the middle o upper Pleistocene. The group contains abundant
fossil molluses of neritic to littoral speices, and is overlain by the aeolian Kanto Loam (volcanic ash)
formation.
{2) Pliocene-Pleistocene boundary

Because the Kazusa Group is a typical marine sedimentary succession from the Pliocene to the
lower Pleistocene in Japan and yields abundant marine fossils together with the fossil mammals
(Palelephas proximus, Parastegodon cf. awrorae, Stegodon orientalis, etc.), various opinions have
arisen concerning the Pliocene-Pleistocene boundary in this group, though they have not yet agreed
with each other. Asano er al (Bosd Research Group, 1957: Bosd-Miura Research Group, 1958)
studied the planktonic Foraminifera in the Neogene succession of the Boso Peninsula and found that
the first drop (intensive lowering) of water temperature through the succession was recognized at the
middle horizon of the Umegase formation which is characterized by cold water species, Globigering
boreglis (=G. Pachydermz). These authors maintained that this horizon might correspond to the
Pliocene-Pleistocene boundary as defined in the 18th International Geological Congress. This horizon,
on the ohter hand, is placed near the pyroclastic key bed U6 by Mitsunashi et al. (1959). Recenily
Nakagawa e al (1969) carried out the measurement of paleomagnetism of the Neogene to
Quaternary muddy rocks above the base of the Amatsu formation (middle Miccene}, and correlated a
normal period found in the middle part of the Umegase formation {near U6) to the Olduvai event in
the Matuyama reversed epoch (Fig. 2-13). From the above-mentioned evidence we can conclude that
the Pliocene-Pleistocene boundary of the region is in the middle part or near Ud-tuff of the Umegase
formation.
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Fig. 2-13. Paleomagnetic and paleontological chronology of Kazusa Group.
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(3} Distribution of the depth of the Pliocenc-Pleistocene boundary

According to Ishiwada’s studies on benthonic foraminiferal assemblage in the above
sedimentary succession, the upper horizon of the Umegase formation is characterized by the
assemblage of Unigering akirensis of bathyal facies, and the base of this fossil zone is placed near the
horizon of U6-tuff (Kanehara ef «l, 1958). The Uvigerina akitaensis zone has been recognized at
many fest-wells for exploitation of the South Kanto natural gas field, sast of Chiba City in the Boso
Peninsula. West of Chiba City. the above fossil zone is not clearly recognized because the neritic
dwellers appear from the Jower Lorizon, bui the base of the Kokumoto formation or the top of the
Umegase formation is weil-marked by the lower limit of the warm water foraminiferal assemblage
such as Globorotalia inflate and G. crassaformis ete. (Higuchi & Kikuchi, 1964).

In the Kanto Plain the occurrence of the fussil zone in the upper to middle horizons of the
Kazusa Group including the Umegase formation was confirmed by the fossil foraminiferal assemblage
at a depth of more than 600 m below sea level in a test-well at Kasukabe {Fukuta and Ishiwada,
1964). In northern Kanto the base of ihe upper part of the Kazusa Group or the Umegase horizon is
found to be 595 m deep in a test-well at Fujioka (Fukuta, 1964), In the central part of the Kanto
Plain, we have no drilling that reached the Umegase horizon, but the Tama Loam, i.e. the lower
horizon of the Narita Group, was found at severa} drilling cores. Assuming that the rate of subsidence
has been uniform, we regarded tentatively [the depth of the Tama Loam] x 5 as the basal depth of
the Quaternary system,

(4) Amount and rate of subsidence during the Quaternary

Based on the depth of the middle horizon of the Umegase formation mentioned in the
preceding section, we can estimate the amount of the subsidence of the Kanto tectonic basin during
the Quaternary. The Umegase formation in the Boso Peninsula, however, is not composed of neritic
sediments, but of bathyal ones, so the above-mentioned depth does not indicate the amount of
subsidence of the area. it is necessary to subtract the original depth of the formation from the present
one. But the depth ranges detected from fossil records are generally wide, and moreover, the data
useful for estimating the original depth of sedimentation are little in the area excluding the Boso
Peninsula. No correction, therefore, was made in estimating the amounts of subsidence from the
depth of the above sedimentary horizon,

Table 2-2 shows the rates of subsidence for different terms since the late Miocene in the Kanto
basin which were inferred from the thickness and ahsolute age of the formations (Naruse, 1968). In
these estimations the compaction of strata was neglected, and moreaver, the original depth of the
Umegase formation was tentatively assumed fo be 500 m below sea level (Naruse, 1971), In this table
it is evident that the rate of subsidence became higher since the middle Pleistocene than befare,

(i) Osaka Plain (Fig. 2-11}
(1) Outline of the sedimentary basin

[n the Kinki District there are several fault basins, that is, the Osaka Plain, the Kyoto Basin, the
Nara Basin, etc., which border mountains or hilly lands with thrusts. The hilly lands are usually
composed of the Osaka Group and its equivalents of the upper Pliocene to lower Pleistocene, These
strata are also distributed under the basins and plains overlying the Neogene formations or the
granitic and Paleczoic basemeni. The correlatives of the Narita Group in the Kanto Plain are
sporadically distributed as terrace deposits covering the Osaka Group.

The lower part of the Osaka Group is composed of the alternation of sandy gravel and clay of
fluvial or lacustrine origin, while the upper part consists of frequent alternations of lacustrine gravel
or clay and marine clay (Ma 0 - Ma 10) or sand. A large number of voleanic ash layers are
intercalated, and mammalian benes, molluscs, plant remains, pollen and diatoms are also abundantly
contained. Intensive studies have been done concerning the climatic changes and marine transgression
and regression during the deposition of the Osaka Group and its correlative groups (Itikara, 1961,
1966; Kinki Group, 1969). Only a few deep wells were drilled in the central part of the plain. The
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Table 2-2. Rate of crustal movements in the Kanto Tectonic
Basin since upper Miocene (Naruse, 1968),

Time span Vertical Rate
Horizon (< 10*y.) | displacement | (m/10%y) Literature
(m)

Base of the Kiyosumi F.— .

Top of the Anno F. 1,000 1,000 0.1 Kaike, 1948
Base of the Kurotaki F. — Mitsunashi

Umegase F. 500 2,000 0.4 etal, 1959
Top of the Umegase F. 200 1,000 0.5
Base of the Narita Group 50 600 1.2 Kawai, 1965

. Kaizuka

Top of the Narita Group 10 130 1.3 etal, 1963
Yurakuche F. 0.62 ‘ 7 1.1 Sugimura, 1967

deep drilling OD-1 in Osaka City revealed the base of the Osaka Group to be about 660 m deep (Ikebe
and Takenaka, 1969). This fact shows remarkable subsidence of the plain since the late Pliocene time.
{2) Pliocene-Pleistocene boundary (Fig. 2-14)

As the Osaka Group yields many fossil elephants and plant remains from various horizons, the
Pliocene-Pleistocene boundary can be defined by using megafossils. [tihara (1961) considered that the
Pliocene-Pleistocene boundary was drawn between the lowest part of the Osaka Group which was the
flourishing stage of the Metasequoia flora (Metasequoia, Sequoia, Glyptostrobus, Juglance cinerea,
etc.) and the lower part of the group which yielded plant remains of cold climate such as Pinus
koraiensis, Menyanthes, etc. and indicated extinction of Metasequoia flora. His view is mainly based
upon the striking resemblance in floral change between the Osaka Group and Italian sedimentary
succession, that is to say, the Metasequoia flora flourished in the Plaisancian-Astian stage, while the
indicators of cold climate such as Abies, Pices, Pinus, Fagus, etc. appeared in the Calabrian-
Villafranchian series (Itihara, 1961). On the other hand, based on the fossil elephants, the
Pliocene-Pleistocene boundary is drawn between the flourishing stage of Stegodon akashiensis and 5z,
sugivamai and the appearance of Efephas shigensis (tihara, 1966).

Recently palecmagnetic measurements have been carried out for a number of volcanic ash
layers in the Osaka and Kobiwako Groups, etc. (Ishida ef al., 1969). As a result three horizons, i.c.
“Pink-", “Naka-" and “Kono-II"" ash layers, were correlated to the Jaramitlo, Gilsa and Olduvai events
in the paleomagnetic chronclogy, respectively. According to Ishida et al., (1969), the distribution of
“Kono-II" ash layet is recognized only in the Kobiwako Group, but “Pumice” -ash layer immediately
below the “Kono-ll” is interbedded in both the Osaka and Kobiwako Groups. If so, the
Pliocene-Pleistocene boundary can be drawn directly above the “‘Pumice” -ash layer of the Osaka
Group. This horizon nearly corresponds to the lowest horizon yielding plant remains of cold climate
in the group (Ibaraki Research Group, 1966). Morsover, it is very favourable that the “Pumice” -ash
layer or its correlative horizon is well pursued in the Osaka Plain and in the Nara Basin (Kinki Group,
1969).

(3} The basal depth of the Osaka Group and the amount of subsidence in the Quaternary

The horizon of the Pliocene-Pleistocene boundary is well recognized in the hilly lands around

the Osaka Plain, but it is difficult to confirm the boundary in the Osaka Group buried under the
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plain, Therefore, we adopted the depth of the base of the Osaka Group as approximate amount of
subsidence of the Osuka Plain in the Quaternary. As to the original depth of the deposition, it can be
estimated at about 0 m, and so any correction was not made.

In the Osaka Bay area, the amount of subsidence in the Quaternary boundary planes between
the basement and the Osaka Group or the “upper Pleistocene deposits” was revealed by sonic
prospecting {Huzita and Kamata, 1964).

(iii) Nobi Plain (Fig. 2—15)
(1) Outiine of the sedimentary basin

The Nobi Plain is a fault-angle basin bordered by the Yordo fault on the west. The
Plio-Pleistocene Agé Group is distributed in the hilly lands to the southwest of the plain, while the
Seto Group of the same age is disiributed in the eastern hills. These groups were deposited in the
“Tokai Lake” which existed in the second stage of “'Palaco-Seto Inland Sea®, where the Osaka and
Kobiwako Groups also were deposited. [n the Nobi Plain the Agé and Seto Groups are distibuted
under the ground, and the stratigraphic relation betwzen them is not fully known because of the
deficiency of deep drillings.

The Agé Greup is composed of alternation of non-marine clay, sand and gravel, frequently
intervened by layers of lignite and volcanic ash. In its uppermost part the grave! facies predominates,
Metasequoia flora is contained throughout the whole succession, while fossil elephants are sporadic.
Total thickness of the Agé Group attains some 600 m in the northern part of the hills.
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Fig. 2-15. Profile of Nobi tilting block (Kuwahara, 1968).

The Seto Group consists of terrestrial deposits composed of gravel, sand and clay intervened by
lignite seams. [t is divided into two formations, the lower being the Seto Porcelain Clay, and the
upper the Yatagawa formation, both of them exhibiting deltaic facies. The Yatagawa formation with
very varied sedimentary facies extends as far as under the Nobi Plain and is overlain by the Karayama
formation. The thickness of the Yuatagawa formation is about. 250 m in the easiern hilly area
(Matsuzawa et al., 1960), becomes thicker towards the plain, and exceeds 500 m. This fact suggests
that westward tilting of the basement had already begun at the time of the deposition of the
Yatagawa formation. After the deposition of the Karayama formation, the Nobi Plain proper has
subsided until the present (Kuwalara, 1968).
{2) Pliocene-Pleistocene boundary

As the Age Group yields Stegudon elephantoides from the lower part, and St, akashiensis from
the upper (Takehara, 1961), the Pliocene-Pleistocene boundary is assumed to be at the upper horizon
of the group (the lower part of the Oizumi formation) from the palacontological point of view. On
the other hand, Pinus trifolia flora, an indicator of the Pliocene age, is reported from the lower
horizon of the Seto Group (the Seto Porcelain Clay).
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Recently the “'Pumice”-ash layer which is interbedded in the lower part of the Osaka group was
reported from both the Age and Seto Groups (Ishida ef al., 1969). Based upon the former discussion
in (ii) €2), we can draw the Pliccene-Pleistocene boundary either near the base of the Oizumi
formation or in the Owari coaly facies of the upper part of the Seto Group. Though the base of the
Oizumi formation is considered to be 500 m deep at the Nagashima R.3 well {Research Group for
Lowland Geelogy, 1966}, little is known about the Pliocene-Pleistocene boundary under the Nobi
Plain. There is an opinion that the boundary may be drawn between the Karayama formation and the
Seto Group in the vicinity of Nagoya based upon the pollen analysis (Nagoya Group, 1969).

(3) The horizon adopted as bases of the Pleistocene formations in the Map

As stated above, the Pliocene-Pleistocene boundary can be drawn at the upper part of the Age
Group (and the Seto Group) in the hills and is not evident under the Nobj Plain. As it was pointed
out that the Karayama formation unconformably cverlies the Age Group (Kuwahara, 1 968}, a part of
the formations near the horizon of the Pliccene-Pleistocene boundary may be eroded out.

On the cther hand, if we adopt the bases of the Age and Seto Groups, these are lower than the
base of the Osaka Group and their age may date back to the middle Pliocene time. Therefore, we
considered that the base of the Karayama formation is a stratigraphically well-defined horizon of the
Pliocene-Pleistocene boundary, and regarded its depth as the amount of Quaternary subsidence.

(4} Depth of the base of the Karayama formation

As the data concerning deep driliing in the Nobi Plain are so poor that we inferred the basal
depth of the Karayama formetion from the depth of its upper horizon, except a few drillings
penetrating the base of the Karayama formation. The method of the inference is as follows. Sugisaki
& Shibata {1961} classified the gravel beds under the Nobi Plain into six horizons and figured the
isobases of the second gravet bed (G2} over the whole extent of the Plain. Comparing the Sugisaki &
Shibata’s classification with that of the **Foundation Map of the North Ise Bay” (1962), we
correlated the G2 gravel bed to the uppermost one of the Yagoto formation and the G6 gravel bed to
the Karayama formation. As the depth of G6 is about 3.5 times that of G2, we regarded (the depth of
G2} x 3.5 as the depth of the Karayama formation.

(iv} Niigata Plain
(1) Outline of the sedimentary basin

Many drillings liave been done in the Niigata Plain and its surroundings for exploiting natural
gas and oil fields. But the opinions are different concerning the stratigraphic relation between the
subsurface formations in the central part of the plain and the geologic succession in the surreunding
hills. The Pliocene-Pleistocene deposits in this district are named the Uonuma Group which overlies
tite Chuetsu Group with partial unconformity and is 500 to 1000 meters thick (Tkebe, 1968). The
lower half of the Group (the Tsukayama formation) is mainly composed of alternation of sand and
clay intervened by gravel beds, and yields fossils of brackish to neritic molluscs. The upper half of the
Group (the Oguni formation) is deposits in brackish to freshwater condition and consists of
alternation of clay, sand and gravel frequently iniervened by lignite seams. The Uonuma Group was
deposited on a sedimentary basin of tectonic orgin after the deposition of oil-bearing Tertiary system.
Severe folding occurred after the deposition of the Uonuma Group and is now continuting.

(2} Pliocene-Pleistocene boundary

Lower half of the Uonuma Group vields Stegodon akashiensis together with Metasequoia flora
and has been considered to belong to the upper Pliocene to lower Pleistocene age (Ikebe, 1968).
According to the study on the plant remains of the Uonuma Group in the Oguni area {Mizushima er
al, 1970), the Pliocene-Pleistocene boundary may be drawn between the Uonuma Group and the
underlying Wanazu formation. Recent paleomagnetic study by Nitobe & Niitsuma for the Uonuma
Group in the same area elucidated that the lowesi part of the group can be correlated to the Gilsa
event in the Matsuyama reversed epoch (Yamanoi et al, 1970). In this case, the horizon of the
Olduvai event may be placed in the Haizume or Nishiyama formation of the Chuetsu Group below
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the Uonuma Group.

On the other hand, pollen analysis {Yamanai, 1969), palasomagnetic measurements (Nitobe &
Yamanoi, [970), and fission track dating (Suzuki & Yamanoi, 1970) were carried out for the
Uonuma Group near Tokamachi City. According to these studies, pollens of Metasequoia are
frequently contained below the mud-flow 2 {mf-2) or at the top of the lower part of the Uonuma
Group, while mf-2 horizon is correlated to the palaeomagnetic boundary between the Matsuyama
reversed epoch and the Gauss normal epoch. Therefore, the Olduvai normal event is assumed to be at
the hotizon slightly below mf-3 in the middle part of the group, and the fission-track age of Surigoma
tuff above Mf-3 is 1.90 2 0.15 m.y. Accordingly, the Pliocene-Pleistocene boundary is drawn in the
middle part of the Uonuma Group in the Tokamachi area.

On the other hand, seven gravel beds, GO — G6, have been discerned as the natural
gas-producing beds extending under the Niigata Plain. However, as to the basal horizon of the
Quaternary system under the plain, opinions are various and the base of the Quaternary has been
considered to be at G4, G5 or G6 horizon.

(3) Amount of subsidence during the Quaternary

Though, as is mentioned above, several stratigraphic problems such as the definition and
subdivision of the Uonuma Group and the correlation between the group and subsurface gravel beds
in the Niigata Plain are unsolved, we figured the isobases of the G4 bed in the Map, according to the
opinions of Ida (1955) and Niigata Prefecture (1957) who correlated the G4 bed with the boundary
horizon between the Tsukayama and Wanazu formations. Recently, Nishida (1969) discussed about
the Pliocene-Pleistocene boundary in the Niigata natural gas field, whereas our Maps were already
published. After his opinion, the base of the Uonuma Group is considered to be considerably deeper
than the G& bed, and the Pliocene-Pieistocene boundary is assumed to be at a horizon between the
G5 bed {500 m deep) and the base of the Uonuma Group (800 m deep). As the depth of the G4 bed
is 340 m deep, we must add some 200 m or 400 m to the isobases in the Niigata Plain. The base of
the Tsukayama formationis far deeper than 1000 m in its thick area after Ikebe’s geological profile of
the Niigata Plain.

(v) Ishikari and Kushiro Plains

The Quaternary deposits in Hokkaido are well developed in the Ishikari Lowland region in the
west and the Kushiro Plain in the east, but very little is known about the Pliocene-Pleistocene
boundary. We adopted the bases of the so-called lower Pleistocene formations as the Pliocene-
Pleistocene boundary in the Map.

in the Ishikari Plain the base of the Pleistocene deposits is considered to be at the base of the
Nopporo formation which composes the Nopporo hills to the southeast of Sapporo. The Nopporo
formation consists of alternation of sand and clay in the lower part, marine facies in the middle part,
and of fluvial gravel, sand and clay in the upper part. It becomes thicker under the Ishikari Plain,
exceeding 500 m at the maximum {Yamaguchi ez al., 1964).

In the Kushiro Plain, the Kushiro group of the so-called lower to middle Pleistocene is mainly
composed of marine deposits partly intervened by non-marine facies, and is more than 500 m thick at
the maximum (Hokkaide Group, 1969),
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2.3. Synthesized map of vertical displacement
It is found by a comparison of the amounts of Quaternary vertical displacement estimated

by geomorphological method with those estimated by geological method that the regional

distributions of these amounts generally show similar modes in two maps. There are, however. scme
regions where the amounts and the modes of their distribution are quite different in each of the two
maps, because the amounts estimated either geomorphologically or geologically were obtained from

uncertain data. In general, the amounts geomorphologically estimated tend to be by 200 to 300

meters larger than those estimated by geological method, This is reasonahle, because most of the

amounts geologically estimated are based on the upper Pliocene marine formations which were
initially deposited on the surfaces lower than contemporaneous subaerial erosion surfaces and have
been much denuded in mountain areas.

Considering the limits of these two methods and the above-mentioned differences of the
amounts in the two maps, the Map No. 3 was synthesized from the Maps Nos. | and 2, In this map,
degrees of vertical movement were classified into ten Zones of so-displacement, six being uplifted
areas divided with 230-m, S00-m, 750-m, 1000-m, and 1500-m isupleths, and four zones being
subsiding areas divided with 250-m, 500-m and 1000-m isopleths.

In areas where the amounts estimated by the two methods belong to different iso-displacement
zones, it was examined for the initial data which of them were based on more certain proofs. And
further, in mountain areas the amounts geomorphologically estimated were generally used, because
erosion surfaces extensively extend and Pliocene or Pleistocene formations are poorly distributed

there. On the countrary, the amounts geologically estimated were applied to piedmonts and hills,
because extensively distributed Pliocene and Pleistocene formations have not been denuded so much

and poorly distributed erosion surfaces have frequently been dislocated by faulting there. In
remarkably subsiding areas, amounts of subsidence could be estimated only by geological method.

Brosion surfaces formed in the late Pliocene or early Pleistocene are not distributed in the
central parts but only in the marginal parts of the Kitakami, Kii and Shikoku Mountains and others.
In the central parts of these mountains, however, older erosion surfaces can be found, The amounts
of Quaternary vertical displacement for the central parts were estimated by assuming an imaginary
extension of the late Pliocene or early Pleistocene erosion surfaces in the marginal parts paralle} to the
older erosion surfaces.
2.4. Regional characteristics of Quaternary vertical displacement

{1} Uplifts throughout the Quaternary are most remarkable in Central Japan where the
Japanese alps are located and the maximum value of the uplift attains 1700 meters in the Hida Range.
Amounts of uplift rapidly decrease in the marginal part of Central Japan.

{2y Uplift in the Quaternary amounts to 1000 meters in the Hidaka, Yubari and Echigo
Ranges and in the Uonuma, Kii, Shikoku and Kyushu Mountains, but the amounts are less than 750

~32 =



meters in the Kitakami, Abukuma and Chugoku Mountains and in the northern part of Hokkaido.

{3) Throughout the Japanese Islands the amousts of uplift in the Quaternary exceed half the
present height of mountains and in some regions reach even about two thirds of the latter. The
present altitudes of the Japanese Islands, therefore, are mostly due to Quaternary crustal movement,

(4) Large plains in Japan such as Kanto, Nobi, Osaka, Niigata and Ishikari Plains are subsiding
regions and amounts of subsidence in the Quaternary attain 1400 meters in Kanto Plain, 700 meters
in Osaka Plain, 600 meters in Ishikari Plain and 500 meters in Niigata Plain, These subsiding regions
are structural basins, of which marginal parts have high gradients of Quaternary vertical displacement,
rapidly descending from uplifted regions to subsiding ones.

(5% Amounts and modes of Quaternary vertical dlsplacement are remarkably different
between the northeastern and southwestern parts of Japan divided by a line from Ise Bay to Wakasa
Bay. In Southwest Japan, amounts of vertical displacement are much larger in the Outer Zone than in
the Inner Zone and rapidly decrease northwards along the Median Tectonic Line, by which the Inner
and Outer Zones are divided and along which faulting has occurred in the Quaternary at several
locations. In Northeast Japan, however, the difference of vertical displacement between its eastern
and wesfern parts are not so remarkable as in Southwest Japan,

(6) In Northeast Japan, volcanoes are generally distributed in arcuate zones parallel to the
island arcs, where ihe heights of mountains and the amounts of Quaternary vertical displacement are
larger, and the axes of uplifted areas in the Quaternary are located a little west of the eastern margins
of the volcanic zones.

(7} Amounts of vertical displacemnet do not generally vary so much in small extents which
are surrounded by marginal zones with high gradients, though they are remarkably different in
various regions of Japan. From this fact it i3 possible to divide the Japanese Islands into some tectonic
regions according to Quaternary tectonic activities. These tectonic regions have probably a close
relation with regional characteristics of recent seismic activities, as will be mentioned later,

3. Quaternary faults and folds

In the maps of Quaternary vertical displacement, linear or arcuate parts of high gradient may
have resulted from Quaternary faulting or flexure, but small Quaternary faults are not generally
expressed in these maps. On the other hand, up- and down-warping with long wavelength are shown
in these maps as uplifted and subsiding areas, respectively. Small folds with short wavelengths and
small amplitudes, however, are not found in these maps.

Many faults and folds which have been more or less active in the Quaternary have been
discovered in various regions of Japan and a close relationship between their distribution and recent
seismic activities has been recognized. That is, regions where faults were active in the Quaternary but
any great earthquake has not occurred in the recent time have a higher probability of outbreak of a
destructive earthquake in near future than those where it occurred recently. From this reason it has
been considered that distribution maps of Quaternary faults and folds are very useful and
indispensable for finding cut the regions where great earthquakes may occur in near future and,
accordingly, various observations of present seismic activities should be carried out for prediction of
earthquakes.

From this point of view, the Research Group for Quaternary Tectionic Map has collected data
on Quaternary faults and folds in Japan and compiled these separately in two distribution maps on a
scale of 1:2,000,000 (Maps Nos. 4 and 3).

3.1 Quaternary faults
3.1.1. Method

Quaternay faults as defined in this paper are those which have dislocated upper Pliocene or
younger formations and geomorphic surfaces, and have caused seismic faults more than 1 km long.
Such faults were picked up over the Japanese Islands, using geological maps of various scales
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published by the Geological Survey of Japan and other organizations, and geological and
geomorphological maps contained in scientific papers. 558 Quaternary faults were picked up in the
abovementioned processes, were listed up as shown in the appendix, and were numbered in every
quadrangle of the topographical map on a scale of 1:2,000,000. Among them, [32 faults were plotted
in the Map Nao. 4, excluding those less than 10 km long and those which have not been ascertained
but only inferred, because the scale of the distribution map was too small to contain all the
Quaternary faults picked up.

In regions where fault nets are very complicated, paralle! faults more than two were represented
by one main fault and at some places those less than 15 km long were excluded in the map. In a part
of Boso Peninsula where there develop many parallel faults trending from north to south and dipping
either eastwards or westwards, the group of these faults was expressed by a hatched area. And
further, the faults which mainly dislocate vertically ere expressed with comb-like marks, and those
which mainly dislocate horizontally with arrows.

3.1.2. Examples
a. Aterg fault
(i) Atera fault scarp
Fig. 3-1 shows the Gipfelfur map of a part of Central Japan, the area being situated 70 km

Fig. 3-1. Gipfeifiur map of the Kiso River valley.

KE: Kiso-Fukushima MK: Mino-Kamo

[: Ina On: Ontakesan
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Id: [da EM: Ena Mountains

M: Magome Mk: Mikawa Plateau
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northeast of Nagoya. In the middle of the map, a fairly flat topography slopes down to the
southwest, and reappears in a lower level beyond the steep slope. This slope has been called the Atera
fauit scarp by some geomorphologists (Tsujimura, 1929; Okayama, 1930; Ito, 1941; Kaizuka er al.,
1963). A series of fault valleys, separated by several in-valley divides, run at the base of the fault
scarp. At several places stream channels are offset, suggesting that the area northeast of the {ualt has
moved relatively by 7-10 kilometers to the northwest in respect to the southwest block.

The Atera fault is expressed also geologically (Geological Survey of Japan, 1961). A
conspicuous fault zone is observed along the fault scarp in the late Cretaceous rhyolitic welded tuff,
The fault zone consists of fractured rock more than 10 m wide with a central zone crushed into sand
grains.

(i) Sakashira fauit scarpler (Fig. 3-1)

Near the southeastern end of the Atera fault, at Sakashita, the Kiso River crosses the fault line,
and several river terraces have been formed. These ferraces are cut by the fault and a fault scarplet is
observed. Sugimura & Matsuda (1963) measured the vertical and horizontal displacements of the
fauit, from the offset of the terrace surfaces and scarps (Fig. 3-2). Five displacement vectors were
calculated in the fault plane. They show that (1) the horizontal displacement is about five times as
large as the vertical; that (2) the faulting, to date, has been persistently left lateral; and that (3) the
rate of faulting seems to be about 5 meiers/ 1000 years on the basis of radiocarbon dating for the
V1I1th terrace, 27,000 years B. P.

Fig. 3-2. Diagram showing that Atera fault cuts seven steps of river terraces
at Sakashita {Revised from Sugimura & Matsuda, 1965).
The Roman numerals indicate the numbers of {erraces.
The vertical scale is exaggerated five times.

(iii) Strike-ship fault svstem

Ten or more strike-slip faults have been formed during earthquakes in Japan (Arabic numerals
in Fig. 3-3) and show clearly that (1) all horizontal displacements are larger than the vertical ones in
the same fault; that (2} there is no regularity in the sense of vertical separation of the upthrown
block; and that {3} north-south and northwesi-southeast frending faults (nos. 3, 5, 6,7,8 and 10in

— 35—



Fig. 3-3) are exclusively left-slip, whereas the east-west and northeast-southwest ones (nos. 1, 2, 4 and
9 in Fig. 3-3) are exclusively right-lateral.

Quaternary active fauits (Romean numerals in Fig. 3-3} including the Atera fault (no. V in Fig.
3.3) show the same characteristics as those of the earthquake faults, It seems to us that these faults
form a conjugate set of two different shear pianes, which may he derived from the west-northwest or
east-southeast trending compressional siress.
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Fig. 3-3. Strikeslip fault system in central Japan. Arabic numerals
indicate scientifically observed faults associated with major
earthguakes; Roman numerals indicate Quaternary active faults.
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b. Mobara—Otaki area

(1) Introduction
The eastern part of the Bosd Peninsula is, in general, rick in small faults and joints. The small

faults of this area are divided into the following series:
Younger east-wesi normal fault series,
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Younger north-south normal fault series,

Reverse fauft series,

Older east-west normal fault series,

QOlder north-scuth normal fault series.

(i) Geology

The Boso Peninsula has in its central part a horst-like structure, which consists of strata of
Miocene and older series distributed in an approximately east-west direction, and cut by many faults
with east-west strike. Younger strata are distributed on the south and north sides of the “horst”. As
to the north side, there are strata with east-west and northeast-southwest strikes, and the following
strata with north dip lie one upon anocther in the order from below: Miura Group (the middle and
upper Miocene), Kazusa Group (Pliocene), Sagami Group (Pliocene-Pleistocene) and Narita Group
(Pleistocene).

(iil} Faulr System

The older north-south normal fault series are the oldest among the above-mentioned series, and
their properties are not yet clarified. The older east-west normal fault series are distributed in the
southern part of the Boso Peninsula, and the reverse fault series are formed during the younger and
older periods, and also developed in the southern part of the peninsula. Both the fault groups are
inferred to have a relation with the uplift movement of Mineoka—Hayvama zone in the central part of
ihe Boso Peninsula, and to be formed in the middle Pliocene epoch and in the period from late
Pliocene to early Pleistocene, respectively.

The faults in Mobara and Otaki natural gas fields (Fault No. 66-1} shown on the Quaternary
Tectonic Map are those belonging to the younger epoch and a part of them is shown in Fig. 34, As
this area belongs to the Mobara and Otaki natural gas field regions, geological features have been
studied in detail. All the strata belong to Kazusa Group, and are chiefly composed of alternations of
snad and silt, with many thin layers of tuff between them. Strike is here in the direction of NE-SW,
showing the dip of a few degrees to ten-odd degrees to norithwest. As is seen on the map, younger
nerth-south normal faults are developed the average interval being 200 m. Faults with subsiding sides
on the east are predoninating and occupy more than 80%, the dip angles being steep and over 60"
The throws are hardly over 1 m, but those belonging to this series are larger than those of other series,
and are more than 20 m at the maximum. Most of the fault lines are of sharp straight line type, and
are generally accompanied by lens-shaped fault gouge composed of pulverized fine particles of both
sides. The faults are of dip-slip type. They cut the Kazusa Group probably in the early and middie
Pleistocene epoch and seem to be related with the regional uplift in the South Kanto district.

In addition, the faults belonging to the younger east-west fault series, which are formed more
recently than the above series, are often observed in coastal zones of the eastern part of the area
shown on the map. The strikes of faults are nearly parallel to those of strata, and most of the fault
planes are either open or accompanied by fracture zones. The throws are generally less than 1 m, and
less than 2—3 m at the most. [t seems that these faults are formed at the end of Pleistocene and may
be related with the development of the uplift parts in the periphery of the Kanto structural basin.

(iv) References
Ishida, Y. et al, (1971): Mobara, Geological Maps of the Oil and Gas Fields of Japan No. 10. Geol.

Sur.

Mitsunashi, T. et al. (1962): Futsu—Qtaki, Geological Maps of the 0il and Gas Fields of Japan No. 4.

Geol, Sur,

Kinugasa, Y. et al. (1969): The Minor-fauli System on the Coastal Area of the Eastern Boso

Peninsula. Bull, Geol Sur. Japan, Vol. 21, pp. 13-38.

c. Matsushiro Earthquake fault
(iy Introduction
Matushiro Earthquake Swarm (1965— ) occurred on the edge of the Central Belt
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of Uplift which had upheaved as the earliest of the belts in the Fossa Magna. The epicentral region is
about 40 km in NE-8W direction and about 15 km in NW.SE direction. The hypocentral depths are
shallow and concentrated mostly into the depths of 2—7 km. The number of felt earthquakes
hitherto has reached more than 60,000. In the seismic activity of this earthquake swarm there were
several periods of elevated activity. The seismic activity was most active in the 2nd period of activity
(March—July 1966), over 600 earthquakes a day at the peak. Hypocentral region showed a tendency
of decrease of hypocentral depth with the increase in the number of seismic activity pediods, namely,
in the 3rd period of activity (August—-December 1966), at Matsushiro Basin, the occurrence place of
the earthquake, there gccurred extraordinal crustal fluctuations such as up heavals, expansions,
contractions, and tilting of the ground; plenty of ground cracks also cccurred, and in the
neighborhood of cracks there gushed out about ten million tons of ground water (hot springs). Some
of the cracks formed horseshoe shape, and these cracks were due to landslides which occurred in
relation with gushes of ground water. Gther crakes, independent of the topography, were regularly
distributed, and they are considered to be expressions of the faults asscciated with earthquakes which
cccurred under the surface soil layer,

(ii) Occurrence

Ground cracks relating to earthquake faults form zones of fissures ranging en echelon. These
fissures are related respectively to the left-lateral or to the right-lateral faults, the former occupying
the greater part. A left-lateral fissured zone also is distributed en echelon in the range 0.5 km wide
and 4 km long. Among these fissures the forerunning ones occurred at the peak of the second period
of activity. And according to triangulations, in the blocks on the both sides of this fissured zone also
there are shown the left-lateral and open movements the same as in the ground cracks. A large
quantity of ground water gushed out in the ground crack zone, and on the extension line of the zone
also there are some places where the gushing-out of ground water occurred. From these facts it is
considered that this ground crack zone is the area of earthquake faults which have occurred in the
basement. The principla geologic elements of this zone are considered to be as follows: strike of
N 55° W, left-latral move of 500 m, extension of 7 km, vertical dip, subsidence of 15 ¢cm on northern
side, and opening amount of 30 em.

According to the electro-optical distance measurement for the expansion and contraction of the
ground, the same tendencies of east-west contraction and north-south extension are also cleasly
shown, and in the 3rd period of activity at the maximum, extension of more than 107 cm was
observed for the distance of about 3 km in north-south direction which involves the above-mentioned
fault.

(iii) Tecronic setting

The Matsushiro earthquake fault has occurred in the central part of the hypocentral region,
with a direction nearly perpendicular to the direction of the long axis of the region. The earthquakes
of Matsushiro Earthquake Swarm occurred extremely frequently in a limited area, and their
earthquake mechanism is considered as follows: the principal pressure is of quadrant type of east-west
direction, and its nodal line of the same direction as that of the fault. This earthquake mechanism
shows the same tendency with those of the earthquakes in Central Japan. The Matsushiro fault also,
as is mentioned above, is a left-lateral strike-slip fault, and this shows that the fault belongs to the
geological system the same as that, to which the active faults in the Quaternary at the Chubu District
belong (see Fig. 3-5). Furthermore, the ground water which gushed out in the ground crack zone
became hot springs of CaCl,-type; there are recrods of gushing-out in the past on the extension line
of the fault; and there are also some places showing landslide topography similar to those recently
made by the gushing-out. As it seems that earthquakes had occurred in this region in the past, so it is
considered that the Matsushiro earthquake fault was active also formerly, However, geomorphologi-
cally speaking, the southern side of the fault seems to have subsided, unlike the recent displacement.
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The belt defined by two thin lines shows probable location of left-lateral buried fault.
Broken lines indjcate zones of doutful origin, Two types of termination of fissure zones are

distinguished; one is gradual dying out and the other abrupt termination.

Fig. 3-5. Distribution of the fissure zones of probable fault origin or those which are unable to be
attributed to landslide or the simpie effect of gravity.

(iv} References
Takahashi, H. (1969): Seismic activity in the post-third pericd of Matsushiro Earthquake Swarm and
some recent problems of research, Reports of Cooperative Research jor Disaster Prevention,

No. 18, pp. 117-121.
Tsuneishi, Y. & K. Nakamura (1970): Faulting associated with the Matsushiro Swarm Earthquakes.

Bull. Earthq. Res. Inst., Vol. 48, pp. 29-51.
3.2. Quaternary folds
3.2.1. Method

Quaternary folds as defined in this paper are those with wavelengths from 500 m to 30 km,
deforming the upper Pliocene or younger formations and geomorphic surfaces. Such folds are
investigated by using geological and geomorphological maps of various scales published by the
Geological Survey of Japan and others or contributed scientific papers, Quaternary folds with
wavelengths more than 30 km long are generally expressed as extensively uplifted or subsiding areas

— 40 —



in the maps of Quaternary vertical displacement (Maps Nos. 1, 2 and 3). Holocene folds as well as
geodetic folds revealed by precise levellings are not contained in the Map No. 5, because it is too
difficult to discover all of them by the geological and geomorphological methods.

About 80 Quaternary folds selected in these processes are listed up as shown in the Appendix,
and each one couple of anticline and syncline or groups of these couples in regions where exist so
many folds are separately numbered in every quadrangle of the topographical map on a scale of
1:200,000. About one third of these folds were revealed with deformation of terrace surfaces. All of
these folds are plotted in a map of Japan on a scale of 1:2,000,000 (Map No. 5).

3.2.2. Examples

As is above-menticned, the Quaternary foldings shown in Map No. 5 were detected from the
deformed upper Pliocene or Pleistocene formations and geomorphic surfaces. Strongly folded upper
Pliocene or lower Pleistocene formations are generally expressed on some large-scale geologic maps.
As for the upper Pleistocene fold, the deformation in the upper Pleistocene formation is, in general,
too smail to represent its folded structure by stratigraphic research. For the representation of folding
in this case, it is useful to study the topographic expression of fold on geomorphic surface, especially
on terrace surface,

In the following, three examples of Quaternary fold are illustrated, all of them having their
topographic expressions. The localities of them are shown in Fig. 3-6.

28
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Fig. 3-6. Distribution of anticlinal axes of Quaternary folds in Japan, with
localities of Figs. 3-7, 3-8, 3-9.
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a. Migata area (Fig. 3-7)

Niigata area has strongly folded Plio-Pleistocene strate and deformed terrace surfaces. In 1942
Otuka and lkebe independently disclosed that the folding of this area is active at present, based on
the evidences of deformed terraces and repeated leveling data, Thereafter, many works have been
done for the active foldings of this area by geologic, geomorphologic and geodetic means.

The folded strata, making hilly land of the Niigata area, are the Plio-Pleistocene Uonuma
Group, of which almost all anticlines and synclines show coincidence with ridges and valleys,
respectively. River terraces in various upper Pleistocene ages have their deformed features as well. The
landforms of these terraces are studied recently by Ota (1969), and are classified into eight levels
(A—D). The deformed terrace surfaces are shown in Fig. 3-7 with restored contours. Cross sections of
these deformed terraces and the underlying folded Uonuma Group are also presented in Fig. 3-7.

From these evidences, it was congluded that through the upper Pleistocene, the terrace surfaces
have been deformed in the same mode with the folded structure of the Ucnuma Group. In this area,
some Quaternary foldings have been detected geomorphologically without any geologic evidence.

b. Mogami area (Fig. 3-8)

The Oguni River, a branch of the Mogami River, flows west from the backbone range of
northern Honshu (the Oou Mts.) through the town of Funagata. This river crosses the hilly land of
the Pliocene Funagata Group perpendicularly to its fold axes, and has many fluvial terraces. The
terrace surfaces indicate remarkable deformation as shown in the middle section of Fig. 3-8 by
projected profiles. The mode of the lower section, showing the folded structure of the Funagata
Group, is succeeded by the mode of the terrace deformation, and even by that of the present
deformation, which is shown in the upper section based on the repeated levellings in 1954 and 1964.

From the evidences and estimated years of the terraces, Sugimura (1967) obtained a hypothesis
that the folding started at the beginning of the Quaternary and continued to the present with a nearly
constant rate of deformation.
¢. The Nemuro Peninsula, eastern Hokkaido (Fig. 3-9)

The land of the Nemuro Peninsula and its root is an uplifted abrasion platform, which is
composed of the veneer of the marine Pleistocene, overlying monoclinal Cretaceous strata with
clinounconformity, The form of the abrasion platform is shown in Fig. 3-9 by restored contours.
Although there are three terrace surfaces of 30—50 m, 50—70 m, and 70--80 m high with indistinct
scarp lines, the whole shape of the platform is of a reversed cance. North of the abrasion platform,
along the Furen River, there is & depressional zone, which is filled by the upper Pleistocene
Nishi-shunbetsu Formation. From these evidences, the platform was supposed to show an anticlinal
folding (Kaizuka, 1961).

3.2.3. Regional distribution
a. Distribution of anticlinal axes

Fig. 3-6, a simplified map of No. 5, shows the distribution of the anticlinal axes of the
Quaternary folds. The Quaternary folds are distributed densely in northeastern Japan, especially
along the Japan Sea coast of Tohoku, while they are sparse in southwestern Japan. When this map is
compared with the map showing the distribution of Neogene and Pleistocene deposits (Fig. 3-10), it
must be evident that the distribution of Quaternary folds coincides well with the distribution of
Neagene and Plzistocene deposits.

This coincidence depends partly on the reasen that a great number of Quaternary folds in Fig.
3-6 were derived from the folded structure of the upper Pliocene and Pleistocene strata. About one
third of the folded axes in Fig. 3-6, however, were discovered from deformed marine and fluvial
terrace surfaces. Therefore, the coincidence depends not only upon a superficial accordance between
the distribution of the source material and that of the derived evidence from the same source, but
also upon an essential reason, ie., on the younger and more deformable rocks such as the
Neogene-Plaistocene deposits, folding occurs more easily than on the older and more rigid rocks. This
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Fig. 3-7. Restored contour map of the folded river terraces and their cross
sections in Niigata area, Central Japan,
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Fig. 3-8. Profiles of the terrace surface (middle), section of the geologic structure
(lower), and the present vertical movements of 1954-1964 (upper) in
Funagata, northwest of Sendai, northern Japan (Sugimura, 1967).

In the middie profiles, vertical scale is exaggerated 10 times; in the lower
section there is no vertical exaggeration.

Fig. 3-9. Restored contour map of the folded coastal terraces and the cross section in
Nemuro area, eastern Hokkaido {Kaizuka, 1961).
a: Boundary of terrace; b: Lower terrace; ¢: Recent coastal and alluvial plain.
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Fig. 3-10. Thickness contours of the Neogene and Pleistocene forma-
tions in Japan (compiled by Chinzei, 1968).
Contour interval: 2km
Oblique lines: nothing or very thin layer of the Neogene-
Pleistocene.

will also be supported in the latter part of this report from other evidences.
b. Relation between rate and wavelength

The mean rate of folding is calculated by dividing & by T, T being the time duration from the
age of the folded terrace surface or folded stratum to the present, and G the gradient of fold. The
gradient G is obtained from either of the two equations: G=2H/L or G=tan X, where H is wave
height, L wavelength, X angle of slope at a limb of the fold.

The relationship between thus obtained G/T (change of gradient or velocity gradient) and L is
shown in Fig. 3-11. This diagram is essentially similar to the previously presented correlation diagram
for some Japanese and foreign foldings (Kaizuka, 1967). Both diagrams indicate that the shorter the
wavelength is, the more rapid is the rate of folding, and also indicate that the increase of wave height
without any remarkable fault seems to have an upper limit of about 2 mm/year.
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GHANGE OF GRADIENT {G/7)

Fig. 3-11 also shows that the change of gradient is mostly less than 107 year. This value is
much the same with the accumulating ratio of horizontal shear strain, calculated from re-triangulation
data in the past 50--60 years in central and southwestern parts of Japan (Kasahara and Sugimura,
1964). In Fig. 3-11, however, there exists a rapid rate of folding, more than 10™%/year in Niigata area.
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Fig. 3-11. Relation between change of gradient or wave height and wave-

length of Quaternary fold in Japan,

Al: Niigata Area C:  East Hokkaido

A2: Uetsu Area D: Kanto Area

A3: Ishikari Area E: Kinki Area

Ad4: Toyama Area F: Accompanied with remarkable
B:  South Fossa-Magna fault

c. Geographical distributionof the rate and Quarernary folding areas

Fig. 3-12 shows the distribution of the value G/T. Hereby, the regional difference of the rate of
folding is evident, even though the calculation of G/T is only tentative. Based on this fact and also on
the regional difference in axis-direction (Fig. 3-6) and wavelength (Fig. 3-11), Kaizuka (1968)

attempted to classify the Quaternary folding areas in Japan as follows.
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Fig. 3-12. Distribution of the rate (G/T) of Quaternary folding in
Japan,

As indicated in Fig. 3-12, the following areas are classified provisionally (Table 3-1).

The areas, A,, A;, Ay and A,, are subdivisions of a neasly continuous fold zone,
Ishikari—Uetsu—Toyama zone, in which the directions of fold axes are concordant with the direction
of the Northern Japan Arc. In Fig. 3-11, each fold is given with a symbol of each fold area,

3.2.4. Disceusions on the formation of the Quaternary foldings
4. Rate of foidings and thickness of sedimentary rocks

It has been noted that the Quaternary foldings having shorther wavelengths and greater rates
were formed on the thick Neogene or Neogene—Pleistocene formations, while these having longer
wavelengths and smaller rates were on older and more rigid rocks than Neogene formations (Kaizuka,
1967). This regularity may also be found in 2 comparison of Fig. 3-10 with Fig. 3-12. The thicknesses
of Neogene-Pleistocene formations in Fig. 3-12 are compiled by Chinzei in 1968. Quantitatively, a
fold of more than 5 x 10~ 7 fyear in rate is generally occurs when the Neogene—Pleistocene thickness
is more than 4 km. The exceptions are the Kanto Area and the northern I[shikari Area, where the
Neogene—Pleistocene formations seem to be too thick for such small rates of folding.

As main factors controfling the rate of folding, the following two may be counted; one is the
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Table 3-1 Quaternary folding areas.

Area Strike of axes Wave-length (km) | Rate (G/T) (10" /year) Remarks

A) Niigata NNE-SSW 0.5- 5 300-50 the strongest
fold arey in
Japan

A,)  Uefsu parallel to the Japan 0.5-30 100- § the so-called

Trench {(NNE-SSW) Uetsu fold zone

excluding A,

A,}  Ishikaeri nearly N-§ 1-10 100-1Q

A)  Toyama NE-SW ca 10 ca 20

B) South concordant with 1-6 100-10

Fossa-Magna the Sagami and
the Suruga Trench

C) East Hokkaido | parallel to the Kuril 4-20 20- 8
Arc (ENE-WSW)
D)  Kanto neatly parallel or 10-30 10- 1 weak feld in
perpendicular to the Neogene-
Sagami Trench Pleistocene
formations
) Kinki nearly N-§ 1-10 51 weak fold in
Plio-Pleisocene
formations

nature of rocks for fectonic stress, the other is the state of the field of tectonic stress in the crust. The
above-mentioned thickness of Neogene—Pleistocene deposits is concerned with the nature of the
rock. As for the state of the stress field, information on the direction of the maximum compressive
stress in the Quaternary and the present has been increased recently in Japan.

b. Direction of fold axis and that of compressive stress

From focal mechanism, seismologists have extensively examined the axis of maximum
compressive stress {Honda, 1960; Ichikawa, 1965). Fig. 3-13 shows axes of maximum compressive
stresses at hypocenters of very shallow earthquakes {earthquakes in the crust) in 1927-1966 (Honda
et al, 1967). It was known that the axes were nearly horizontal. As is shown in Fig. 3-13, the
distribution of the directions of axes of maximum compressive stress are mostly systematic, namely,
nearly perpendicular to the trend of Honshu in northeastern Japan, and nearly parallel to the trend of
southwestern Japan, except in the South Fossa Magna, around Shikoku Island and at the Kii
Peninsula. Comparing Fig. 3-13 with Fig. 3.6, it is obvious that there exists a clese relationship
between the directions of the fold axes and the stress system detected from very shallow earthquakes.
That is, the pressure direction is almost perpendicutar to the direction of the Quaternary fold axis,
even in the above-mentioned exceptional regions of the South Fossa Magna, Shikoku and Kii.

The distribution of maximum compressive stress in the Quaternary was disclosed by Matsuda
and Sugimura from the studies of conjugate sets of strike-slip faults in Central Japan {Fig. 3-14,
reproduction from Matsuda, 1967). Thus the tendency of compressive stress direction in the
Quaternary is in accord with that of the present Central Japan shown in Fig. 3-13.

Furthermore, Kasahara and Sugimura (1964) pointed out that the direction of the axis of
minimum principal strain in western Japan, which was calculated from retriangulation data of the
past 50—60 vears, is generally in accord with the compressive axis direction deduced from the focal
mechanism of very shallow earthquakes in the same area.

Thus, the above-mentioned four independent evidences, i.e., state of siress analyzed from
present earthquakes and triangulations, Quaternary faults and folds, fead us to the conclusion that the
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Quaternary foldings in Japan seem to be products of the stress system having been active during the
Quaternary and even at present.
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Fig. 3-13. Distribution of the direction of maximum compressive stress
disclosed by foca! mechanism of very shallow earthguakes
during the period from 1927 to 1966 {Honda et al., 1967).
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Fig. 3-14. Distribution of direction of maximum compressive
stress estimated from active strike-stip faults (Matsuda,
1967).
Light dotted line: active strike-slip fault
Heavy solid line: local direction of maximum com-
pressive stress
Heavy broken line: general direction of maximum
compressive stress,

3.3. Regional characteristics of Quaternary faults and folds

Generally speaking, Quaternary faults and folds are more densely distributed in regions, where
upper Pliocene formations are extensively developed, than in regions composed of formations of the
other ages and igneous rocks. This fact does not represent any regional character of the intensity of
Quaternary tectonic movement, but ts a natural result of the above-mentioned processes of {inding
the Quaternary faults and folds. [n general, faults and folds dislocating Pliocene formations are more
intense than those dislocating Quaternary formations and less instense than those dislocating older
formations, because the older formations had more frequently suffered faulting or folding. [t is,
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however, usally very difficuli to ascertain by the above-mentioned method whether or not faults in
older formations have been active in the Quaternary. Therefore, in such older formations, there are
not so many faults which were definitely proved with sound evidences of their activity in the
Quaternary, even if they had been active in that age. Consequently, Quaternary faults and folds are
more easily found by the above method in regions composed of upper Pliocene formations.

Accordingly, the distribution maps of Quaternary faults and folds, such as Nos. 4 and 5, do not
seem to fit the present purpose, but it can be considered that these maps are, though not enough for,
but necessary for development of fundamental research on the prediction of earthquake, because it
will not be exprected in near future 1o compile 2 map which contains all of Quaternary active faults
and folds. From these considerations, it is concluded that regional characteristics of crustal activities
in the Quaternary may be detected in these maps to some extent, though these maps do not exactly
represent the intensity of crustal activities in a strict sense.

Quaternary folds are more densely distributed in Northeast Japan than in Southwest Japan.
This fact is partly due to the extensive distribution of Neogene formations in Northeast Japan, but
mainly it results from an essential relationship of the development of folding to the distribution of
thick Neogene formations. That is, the development of folded structure is generally remarkable in
regions composed of younger thick formations.

Strikes of faults and axes of folds, as criteria of inferring the regional character of tectonic
activity, are regionally diffetent. In the western part of Northeast Japan and Hokuriku District,
sirikes of both faults and folds are parallel {o the Honshu island arc. On the other hand, in Central
Japan, remarkable faults show strikes trending from ENE to WSW and from NNW to SSE, but such
distinct trends are not found in strikes of folds. In Kinki District, faulés trending from NNE to SSW
are predominant, and active strike-slip faults are developed along the Median Tectonic Ling in Kii and
Shikoku Districts, The strike-slip faults developed in Central Japan, Kinki, Kii and Shikoku belong to
one strain system caused by compressive stress trending E-W.,

4. Gipfelflur Map

Gipfelfiur as defined in this report is a descriptive delineation of the earth’s surface, expressed
by a surface touching the highest points of land masses selected sccording to certain criteria. The
heights of the Gipfelflur approximately represent an integrated sum of crustal movement and the
lowering of land surfaces by denudation in the recent geologic time. In such regions as Japan where
crustal movement has been very active in the Quaternary, however, the heights of the Gipfelflur are
considered to have been determined mainly by recent crustal movement.

From this peint of view, the Gipfelflur map is very useful to obtain a general view of landforms
and to estimate a role of recent tectonic movement in the geomorphic development of the Japanese
Islands. Fortunately, a Gipfelflur map of [:200,000 covering entire Japan has already been prepared
by Prof. Okayama in order to clarify the modes of the manifestation of morphogenetic crustal
movement as the first step for the morphostructural devision of the Japanese Islands.

As to the regions other than Central Japan, each sheet of topographical maps on a scale of
1:50,000 (15" in longitude and 10" in latitude) was divided into 80 meshes of 1.5' in longitude and
1.25" in latitude, and then, the highest point in every mesh was selected. These highest points were
plotted on topographical maps of 1:200,000 and Gipfelflur contour lines were drawn with
interpolation method, basing upon their heights,

As to Central Japan, all crests expressed by closed contour lines of isopleths of every 100
meters on topographical maps of 1:50,000 were picked up without selection, and the Gipfelflur
confour lines were drawn using the heights of these crestes, though some of them were not used
because of their discordance in height to neighbouring vrests. In some areas such as voleanoes, fault
scarps and so on, convenient methods were used as far as they were considered to be appropriate for
the present purpose.
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The original Gipfelflur map of Japan prepared by Prof. Okayama was compiled by himself into
three sheets on a scale of 1:800,000, The Research Group for Quaternary Tectonic Map synthesized
the three sheets into one sheet on a scale of 1:1,000,000, and then, photographically reduced it toa
scate of 1:2,000,000 (Map No. 6). [n the Gipfelflur maps, original and complied contour lines were

drawn at intervals of 100 meters, but in the Map No. 6 the contour lines are drawn at intervals of 200
meters.

5. Discussion

5.1. Tectonic setting of the Japanese Isfands
5.1.1. Topographical and geophysica! features

Fig. 5-1 was prepared for making a glance at the large-scale topography of island arc systems in
Japan and its environs, on the basis of a map of the Maritime Safety Agency (1952). Land surface and
sea floor shallower than 2500 m are shaded and mountain areas higher than 1500 m are blackened.
Sea floors deeper than 6500 m are also blackened, but can be discriminated by inspecting whether the
area is surrounded by a white part or not. The remaining areas of intermediate depths are left blank.
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Fig. 5-1. Major topography of Japan and its environs.
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The regions higher than —2500 m would nearly represent the surface of continental lithosphere,
and those of the intermediate depths (white parts) the surface of oceanic lithosphere. Most of the
deepest parts are the oceanic trenches and are thaught to correspond to the surface of sinking oceanic
lithosphere.

The subsidence of the Japar Trench, amounting to about 4000 m, is suggested to have tsken
place in the Quaternary period. Various sources of evidence may support this proposition, lijima and
Kagami (1961) found that a point, now at the 2200 m depth on the continental slope west of the
Japan Trench, was on the shoreline in some age in the late Pliocene or early Pleistocene epoch,
According to Ludwig ez al. (1966), a succession of step faults that cut the soft sediments as well as
the ocean floor, are observed along the Japan Trench by the reflection technique. This fact suggests
that the process which formed the trench is still going on,
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Fig. 5-2, Map of Japan showing island-arc zonality. For symboles, see the
text.
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The most remarkable feature found in Fig. 5-1 is two pairs of each one island arc and one
trench. One arc is followed along the western border of the North Pacific ocean basin, starting from
Kamchatka and extending through the Kuriles and Northeast Japan to the 1zu (Shichito}—Mariana
arc. Another arc extends from Kyushu through the Ryukyu and Taiwan to the Philippines. These two
island arc systems show remarkable endogenic features, especially active voicanoces and deep
earthquake foci, as shown in Fig, 5-2.

Fig. 5-2 shows island-arc zonality in Japan. The submarine trenches are drawn at depths greater
than 6000 m (Maritime Safety Agency, 1952); the belts of negative gravity anomaly have g¢" <
—100 mgal, and the belts of positive gravity anomaly gy >+100 mgal (Sugimura, 1960); the belts
of negative heat-flow anomaly have crustal heat fluxes S1.0x107% cal em™? sec™ !, and the
positive heat-flow anomaties Z20x%107°% cal e~ 2 sec ™' (Uyeda and Horai, 1964). The heavy lines
on the eastern edges of the Quaternary volcanic belts represent the volcanic fronts, The curves
markad with 85 km, 155 km, etc. are isopleths of the mean hypocentral position of deep-focus
earthquakes. The crosses represent volcanoes derived from strongly alkaline magma with 6 < 31, the
triangles those from weakly alkaline magma for which 31 <@ 36, the apen circles those from
high-alumina basalt magma 38 <8< 40, and the closed circles those from tholeiite magma with
40 < 4. (Concerning 8, see Sugimura {1968}.)

Northeast Japan is illustraited in Fig. 5-2 as a typical island arc. Scuthwest Japan is the
northeastern exitension of the Ryiiky( arc, but it lacks typical island-arc features. The Nankai trough
off the Pacific coast of Southwest Japan has the deepest part of about 5000 m and could not be
called a trench. Any clearly active volcano is not found and any earthquake focus deeper than 100
km has not been found there.

Consequently, the Japanese Islands can be divided into active Northeast Japan, very closely
connected with the sinking Pacific Ocean lithosphere, and inactive Southwest Japan, only indirectly
related to the endogenic disturbances.

5.1.2. Geological structure

For convenience of description of geologic structure, the main part of the Japanese Islands may
be divided with two lines: a line provisionally called Sapporo—Tomakomai Line (S—T in Fig. 5-3) and
a fault called Itoigawa—Shizuocka Line (I—S in Fig. 5-3), into three parts: Hokkaide, Northeast Japan
and Southwest Japan,

The western zone (9, 10 and 11 in Fig. 5-3) of Northeast Japan is largely made up of folded late
Cenozoic sediments overlain by Quaternary volcanic rocks, and underlain by Mesozoic and oider
rocks which crop out only in places between them. The southern continuation of it is the intensively
deformed area east of the Itoigawa—Shizuoka Line. This area is customarily called Fossa Magna. The
[toigawa—Shizuoka faull crosses and cuts the structure of Southwest Japan, which was formed prior
to early Miocene and reappears beyond Fossa Magna in some parts of Northeast Japan.

In the western zone of Northeast Japan and its extensions to the south to the Izu-Mariana arc
and to the northeast to the Kurile arc, a series of orogenic events started at the beginning of the
Miocene epoch. The trend of the late Cenozoic orogenic belt is discordant with those of Mesozoic
orogenic beits. The younger orogeny seems to be genetically independent of the older ones, although
the older structures have given some effects an the younger ones in Central Hokkaido and in southern
Fossa Magna, The Mesozoic and older orgenic bels are distributed in the eastern zone of Northeast
Japan, Southwest Japan, and Hokkaido.

The castern zone of Northeast Japan consists of Kitakami Plateau, Abukuma Plateau, Kanto
Range, and some other ranges. Paleogene and older rocks are distributed in these areas.

Southwest Japan is divided by the Median Tectonic Line (MTL in Fig. 5.3}, which trends
almost east—west, into two zones: ie., the Outer Zone and the Inner Zone. The Median Tectonic
Line has long been thought to be a thrust with which the Inner Zone overlies the Outer Zone, but the
need of re-examination is arising because it was found recently that there occurred a right-lateral fault
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at least during Quaternary period {Okada, 1968). The western extension of this fault to Kyushu is
made obscure by the cover of Cenozoic sediments and volcanic rocks.

The Inner Zone of the Southwest Japan consists of Paleozoic and Mesozoic sedimentary and
metamorphic rocks as well as plutonic rocks intruding them, covered with Cenozoic sediments (4, 5,
6, 7, and 8 in Fig, 5-3). In the Outer Zone, there is an east-west trending zonal arrangement of
fectonic provinces, in which the southernmost one is called Shimanto belt. The Shimanto belt
consists largely of non-fossiliferous and partly fossiliferous Mesozoic and Paieogene sediments and is
overlain unconformably by Neogene sediments {1 and 2 in Fig, 5-3).

Hokkaido contains a belt of metamorphic rocks catled Hidaka orogenic belt in its middle area in
anortherly direction pointing Sakhalin. A belt of deformed Jurassic strata with granitic and ultrabasic
intrusives makes up the main part of the belt. A foid belt of Cretaceous, Paleogene and Miocene strata
(12 in Fig. 5-3) is on the west next to the north—south trending metamorphic belt.

Down-faulted or down-warped basins, scattered over the Japanese Istands, trap the Quaternary
System, which forms plains and neighboring terraces and hills. Kanto Plain is the largest of these
basins (3 in Fig, 5-3).

132 136 140

: a ., 500 km

Fig. 5-3. Distribution of Cenozoic formations in Japan, with
divisions of Neogene provinces (Ikebe and Chiji, 1969).
For I-8, 8-T, MTL and numbers, see the text,
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5.2. Comparison with Neogene tectonic movements
The late Cenozoic orogeny in the Japanese Islands was summarized by Matsuda et al.(1967),

together with tectonic maps since the Miocerne.

Using these maps and the Quaternary Tectonic Maps, Kaizuka and Murata (1969) constructed
tectonic maps of Japan during the Neogene (from the beginning of Miocene to the end of Pliocene)},
and compared the crustal movements during the Neogene with those of the Quaternary. In the
following a part of their paper is transcribed with some changes in expression.

5.2.1, Vertical displacement
Fig. 5-4 is a distribution map of vertical displacement since the beginning of the Miocene

(Matsuda er @, 1967). The total amount of vertical displacement was assumed to be represented by

the present height of the basal unconformity of marine Miocene deposits,

In the Fig. 5-5, the distribution of vertical displacement during the whole Quaternary is
reproduced from the Quaternary Tectonic Map No, 3,

Fig. 5-6 is a newly obtained map derived from Figs. 54 and 5-5. This shows the vertical
displacement during the Neogene. The procedure for making this isopleth map was as follows: Figs.
54 and 5.5 were overlapped, and differences of the two sopleths were measured at each intersecting
point, then isopleths were drawn. Thus Fig, .5-6 is only a rough approximation for the vertical
displacement during the Neogene.

Through comparson between Figs. 5-5 and 5-6, the followings are indicated: (1) During about
25 million years of the Neogene, uplift of Southwest Japan was very small, especially in the Inner
Zone, while during about 2 million years of the Quaternary, uplift of the same region was much
greater and more rapid than in the Neogene. (2) During the Neogene, Northeast Japan subsided as a
whole, especially in the following regions: Japan Sea coast of Northeast Honshu, Southern Fossa
Magna, in the central part of which Mt. Fuji is situated today, and both sides of the Hidaka Range in
central Hokkaido, On the contrary, during the Quaternary, Northeast Japan was uplifted extensively
except in the Kanto, Niigata, and Ishikari areas. (3) Thus, the remarkable centrast in vertical
displacement between Northeast Japan and Southwest Japan during the Neogene disappeared mostly
in the Quaternary period.

— 56 —



KK m

A
~ 5000

Fig. 8-4. Vertical displacement since the Miocene (Matsuda, Nakamura and
Sugimura, 1967).

The origin of these major characteristics in the late Cenozoic orogeny of Japan must be
explained in the future.

5.2.2. Folding or deformation of strata

Fig. 5-7 shows the distribution of a degree of deformation since the Miocene according to
Matsuda er al.(1967). The degree of deformation was calculated from geological sections of Neogene
rocks, and it was defined as Taf/L, where ZAH is the sum of the vertical component of folded
Neogene strata and the throw of faulting, and L the length of the geological section.

In order to compare with Fig. 5.7, Fig. 5-8 showing the degree of deformation during the
Quaternary was constructed from the data of Quaternary foldings (Appendix 4). The degree of
deformation in the whole Quaternary is calculated by the following equation:

ZaH/L (during the Quaternary) = R x 2 million,
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Fig. §.5. Vertical displacement during the Quaternary (Research Group for
Quaternary Tectonic Map, 1969).

where R is the rate of deformation or the velocity gradient presented in Appendix 4, This equation is
based on an assumption that the rate of the degree in Fig. 5-7 is essentially the same as that of the
rate of Quaternary folding presented in Fig. 5-10.

As shown in Fig. 5-8, the degree of deformation is greatest along the Japan Sea coast of
Northeast Japan, in the “Uetsu Folded Zone™. On the other hand, in Fig. 5-7 three deformed zones
are recognized outside the Uetsu Folded Zone and the Southern Fossa Magna. The three zones are
Ishikari (central Hoddaido), Japan Sea coast of Southwest Honshu, and Pacific coastal zone of
Southwest Japan, where almost no folded Quaternaty strata or geomorphic surfaces have been
discovered as yef. Therefore, as mentioned by Otuka (1939), deformational process of these zones
had mostly been completed before the Quaternary.

From Figs. 5-7 and 5-8, the map in Fig. 59 showing the degree of deformation during the
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Fig. 5-6. Vertical displacement during the Neogene.

Neogene is obtained. Because only a small amount of data was taken from the same localities in Figs.
5-7 and 3-8, the calculated values of Fig, 5-9 are taken mostly from values of the nearest localities in
both figures. Therefore, this map indicates only a rough sketch of the Neogene deformation.

In Fig. 5-9, a peculiarity is noted in the Uetsu Folded Zone, especially on its western side,
where minus values predominate. This means that the deformation since the Miocene is less than that
during the Quaternary. This discrepancy may have occurred because of the following reason: To
calculate the degree of deformation in the Quaternary, R x 2 million was used, based on the
assumption that the rate of deformation was uniform throughout the whole Quaternary. This
assumption is probably not correct in the region concerned, and it seems probable that the
deformation began after the beginning of Quaternary (2 million years ago), or that the rate of
deformation was accelerated at the end of Quaternary.

— 59 —



Fig. 5-7. Degree of deformation since the Miocene {Matsuda, Nakamura, and Sugimura,
1967).

5.2.3. Relief

Fig. 5-10 shows the present general relief of the Japanese Islands. This is a simplified map from
the Gipfelflur of Japan {Quaternary Tectonic Map, No. 6). Based on this map and Fig, 5.5, Fig. 5-11
is newly obtained, which presents the relief of Japan at the end of Tertiary. The procedure for
making this map is the same as in the case of Fig. 5-6. It is a matter of course that Quaternary
voleanoes make no mountain in Fig. 5-11. Generally, the relief at the end of Tertiary is about half or
even a quarter of the present relief. Low relief topography of the Japanese Islands at the end of
Tertiary has been considered so far from evidences that there are the so-called “peneplain remants” of
the late Tertiary in many regions and that facies of Pliocene strata indicate low relief environments.
5.2.4. Conclusional remarks

Looking over the maps presented above, it is noted that the character of Quaternary crustal

— 60 —



e

200km

Fig. 5-8. Degree of folding during the Quaternary.

movements in Japan are much different from those of the Neogene. In Northeast Japan, :subsidence
which predominated during the Neogene, was replaced by uplifting in the Quaternary, accompanied
by strong deformation of Neogene and Quaternary strata. In Southwest Japan, no remarkable vertical
movements and foldings appeared during the Neogene, except for foldings of coastal belts of the
Japan Sea and the Pacific. But the Quaternary vertical movements were not so different from those of
Northeast Japan.

In other words, during the Neogene, the difference was very great between Northeast and
Southwest Japan in the character of curstal movement, During the Quaternary, however, the
difference was small, and nearly the same relief making movements took place in the entire Japanese
Islands.

5.2.5. References
Kaizuka, 8. (1967): Rate of folding in the Quaternary and the present. Geogr. Rep. Tokyo Metrop.
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Fig. §-9. Degree of deformation during the Neogene.

Univ., No. 2, pp. 1-10.
S. (1968): Distribution of Quaternary fold, especially rate and axis direction in Japan.
Geogr. Rep. Tokyo Metrop. Univ,, No, 3, pp. 1-9.
and Murata, A, (1969): The amount of crustal movements during the Neogene and the
Quaternary in Japan, Geogr. Rep, Tokyo Metrop. Univ,, No. 4, pp. 1-10.
Matsuda, T., Nakamura, K,, and Sugimura, A. ([967): Late Cenozoic orogeny in Japan.
Tectonophysics, Vol. 4, pp. 349-366.
Otuka, Y. (1939): Tertiary crustal deformations in Japan with short remarks on Tertiary
paleogeography. Jubil. Pub. Comm, Prof. H. YABE's 60th Birthd., pp. 481-519.
Research Group for Quaternary Tectonic Map {1968): Quaternary Tectonic Map of Japan. The
Quatern, Research, Vol. 7, pp. 182--187 (in Japanese with English abstract).
§.3. Comparison with present seismic energy distribution
5.3.1. Introduction
Recent studies have revealed that in Japanese Island Arc there occurs frequently the crustal
movement accompanied by great earthquakes of the present age in almost the same manner as the
crustal movement in Quaternary, and that in many cases quantitatively also the latter is nearly equal
to the integrated sum of the former (for example, Yoshikawa et gf, 1964). This indicates that a fairly
large part of the crustal deformations in Quaternary may have been caused by the crustal movement
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Fig. 5-10, Relief at the present.

accompanied with great earthqguakes. Therefore, in order to know the mutual relations of these
circumstances, study has been made on the status of the release of seismic energy in Japanese Island
Arc in the historic age.
5.3.2. Method

As the scientific observation of earthquake has its history less than 100 years, the study on the
seismic activity throughout the historic period is compelled to rely on ancient manuscripts.
Fortunately, a Japanese vear-book “Rika Nempyo” (Chronological Tables of Natural Sciences)
containg tables by which we can know the epicenters and scales of principal ¢arthquakes that had
caused greater damage in the historic period, and according to this year-book the released energy of
such earthquakes was calculated.

On the “*Chronological Table of Greater Earthquakes in Japan and its Adjacent Regions” of the
1970 edition of the above year-book, there are described 519 earthquakes during the 1369 years from
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Fig. 5-11. Relief at the end of the Tertiary.

99 to 1968 A. D. Out of the 519 earthquakes, 167 are either earthquakes of unknown magnitude or
earthquakes in regions of Korez, Formosa and Okinawa. Besides, it is considered that alarge number
of earthquakes of which the magnitudes are less than ca. 6 were omitted in the description of the
Table. Therefore, excepting 35 eartuquakes with their magnitudes less than 5.9 and the
above-mentioned 167, the released energy was calculated by the following equation:

log E=15M+ {18,

where E is released energy, and M the magnitude.

As these earthquakes occurred on tand and in sea areas within 250 km from the coast, the area
of epicentral distribution is divided! into meshes of each 0.5 in latitude and longitude (767 meshes),
and the sum of released energy is calculated for each of the meshes. The distribution and the
frequency of the sums are shown in Fig. 5-12 and Table 5-1.
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Fig. 5-12. Distribution of released energy by earthquakes in the historic

period {0.5° meshes).

Table 5-1
period (from Fig, 5-12).

Distribution of frequencies of magnitudes of released energy in the historic

Order of  10%% ergs
10?4 ergs
10°%% ergs
10%? ergs
10%" ergs
10%° ergs and less

None of mesh

17 meshes

34 meshes

58 meshes

24* meshes
634 meshes

* As the earthquakes of M = 6 were adopted, the number is small. But if those of the order of

M = § are also adopted, the number is lar

According to Fig. 5-12, the maximum is §

Shirahama {Kii), and places of the order of 10?2
on the Pacific Ocean side. The value of 5 x 10?4

of a thousand and several hundreds years is of

damage is not less than on the Pacific Ocean side,

ger.

9 % 10%? ergs in the neighborhood of Shionomisaki,
and otherwise, sums of more than 5 x 10?* ergs are found in the offings of Sanriku, Omaezaki and
ergs are distributed continuously in the coastal areas
ergs corresponds to an earthquake of the magnitude
of about 8.75, and it is noteworthy that the utmost maximum of released energy even in the period
such a value, On the coast of the Japan Sea, the
but the maximum released energy is 4 x 102 (near
Mt. Hakusan), and it is remarkable that the values are 10> ~10%? ergs at most places. In addition, a

conspicuous maximum in the inland regions is 10*3~10?* ergs in the vicinity of Lake Biwa.
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Areas of smaller amounts of the released energy are found in the inland part of Hokkaido, in
Kitakami Mountains in areas of Yamagata Pref., in Abukima Mountains, in [baraki Pref., on the
borders of Gunma and Niigata Prefectures, in Kanto Mountains, in the inland parts of Shikoku and
Kyushu, etc,

By the way, concerning this distribution map, we must take account of the following facts: {1)
that because ancient manuscripts were the source of this map, there was some unfairness such as more
detailed description of the neighborhoods of administrative centers; (2) that there are not described
such earthquakes as have caused rather light damage in spite of their large scales; and (3) that the
assumption of hypocentral positions and scales can be erroneous, etc. In particular, it is considered
that Hokkaido cannot be compared in the same rank with other regions becuase of extreme scantiness
of the data.

Next, comparison of this energy distribution map with Quaternary Tectonic Map does not
clearly reveal any correlation as is mentioned above. The reasons for this may be, other than the said
problematic points, additionally shown as follows: (1) The absence of the correlation may have
connection with the fact that the length of the historic period is less than /1000 of the period of
the Quaternary, and this fact seems to be proved by the result of our study that the total sum of
released energy even in the area of maximum release is corresponding to that of only one earthquake
of the largest scale, {2) Another reason lies on the side of the Quaternary Tectonic Map. Namely, the
situations of crustal movement under the sea surface, volcanic products and plain deposits can hardly
be grasped, and so the precision of investigation cannot be uniform on such surfaces. Further, as the
data for preparation of the maps were obtained by collection of existing research materials, the
ununiformity of the precision may have been caused by such circumstances, As for the Quaternary
Tectonic Map itself, the maps should be rather regarded as totalized maps which show roughly the
properties of certain areas of some extension than used for finding out the correspondence in detail.

Therefore, nwerely aiming at the districts including Jand, Fig, 5-12 is redrawn into partial maps
with meshes of each 1° (Fig. 5-13), and these are compared for knowing the distribution and
amounts of uplifts, subsidences, faults and folds. The quadrangle of each 1° is 110 km long in
north-south direction and about 80 — 95 km wide in east-west direction, and the size of this
quadrangle seems to be too large for representing the topographic characieristics, but general
tendencies on the whole are easier 1o see by this, Further, by the use of larger meshes, the influences
of sea areas, volcanoes, plains, etc. become largely apparent, and properly speaking, such influences
ought to be excluded, but as the methods of compensation are not clearly known, so the comparison
has been made without any exclusion.

5.3.3. Comparison

On completing such arrangements, we can see. in regard to seismic activity, a belt of
10%*~10%% ergs from the Boso Peninsula to Shikiku Island, and another belt of 10?? ergs from Akita
Pref. to Tottori Pref. along the Japan Sea coast. Specially noticeable is the existence of the areas of
10?*~10%* ergs in the land regions around Tokyo and from Gifu Perf. to Kyoto, Osaka and Kobe.
Resides, meshes of [0*? ergs are also seen in the vicinity of Hiroshima. The relation between these
and crustal movement is as follows,

First, as for faults and folds, the density of their distribution was taken as indices of crustal
movement. The distribution density is indicated by various methods, but the density was represented
with the number of lines of fault or fold within a mesh. In the case of fault, a falut line extending to
another mesh was also counted as 1. In the case of fold, the number of the set of an anticline and a
syncline was counted as 1, but in the case where either of the both was a fraction or missing, then
also the number was counted as 1. The number of fault or fold having its extension of more than 50
km was also listed together. In the case of a fault with its extension of 50 km, according to lida's
formula: M = 3.1 + (.63 log L., the fault corresponds to what was caused by an earthquake of M =7.3
approximately. Such faults were particularly counted, because they were considered to give some
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criferia, if they were to be activated on the occasions of great earthquakes in the past.

Comparison of the map of fault distribution density (Fig. 5-14) with Fig, 5-13 (in this
comparison there are excluded the meshes for Hokkaido and islands only, and the same in the
following) reveals that the areas, where there are many faults and the energy released hy earthquakes
is of the order of 10** ergs are the southern part of Akita Pref., zones of Kanazawa — Lake
Biwa — Osaka and Kobe, Boso Peninsula — Tokyo and Shonan, and the northern part of Nagano
Prefecture. On the other hand, the area with a large quantity of released energy and with smaller
densities of faults is Ibaraki Prefecture. Localities having lower seismic energy and smaller fault
density are the Shimokita Peninsula and the central part of Shikoku, Furthermore, the comparatively
high fault density in Kitakami Mountains and Abukuma Mountains are owing to the fact that the
meshes include even the areas adjacent to the western part of the mountains. On the whole, most of
the areas other than the above-mentioned also indicate a comparatively positive correspondence
between seismic energy and fault density. A statistical review of the relation between the quantity of
released energy and the fault density (Table 5-2, the meshes for Hokkaido or islands only being
excluded, the same in the following} indicates that the meshes of more than 10%? ergs contain more
numbers of fault, and especially such a mesh as contains two or three lines of fautts of more than 50
km is not observed in areas of low energy. However, this feature is not very often seen in the areas of
10%#~10%% ergs, and this fact is considered to be largely effected by the situation that the areas
where such meshes are distributed are mainly located on the coast of the Pacific Ocean and include
pretty many sea areas.

As for foids (Fig, S-15), areas with high distribution density of folds and with meshes of
released energy of the order of 10%* ergs are region of Tokyo — Shonan, the southern part of Akita
Pref., the neighborhood of Osaka and Kobe, and the northern part of Nagano Pref. in the high
energy zones on the coast of the Pacific Ocean the density of folds is small as well as that of fault.
Low energy areas are the Shimokita Peninsula, Kitakami Mountains, Abukuma Mountains — Tharaki
Pref., and the central part of Shikoku; in these areas there are good agreements. Though the area of
Lake Biwa is a high energy area, there is shown reversed correspondence. Due to the small number of
lines of folds, the correspondence to the released energy in the fold is not so good as in the fault. In
regard to the frequency distribution of energy quantity and the number of lines also, similar
tendencies are seen irt faults and folds (Table 3-2). Regarding both of fault and fold, the detection is
difficult in places other than where there are distibuted the formaticns vounger than Pliocene, and
this difficulty also makes worse the correspondence to the energy released by earthquakes.

For the amounts of uplifted and subsidence, vertical displacements compiled from the Maps
Nos. 1 and 2 (and the Quaternary Tectonic Map No. 3) were used, and the amounts of from the
subsidences larger than 1000 m to the uplifts larger than 1500 m were divided into [0 ranks,
respectively numbered with figures of 1 to 10, as indices. Namely, the largest quantity of uplift in a
mesh was taken as uplift amount in the mesh, the maximum subsidence similarly as subsidence
amount aof the mesh, and the difference between the both amounts as index number of gradient.
Thus, similarly to the case of faults, a map of vertical displacement distribution (Figs. 5-16, 5-17 and
518} and a table of correlation with energy (Table 5-3) are obtained.

Apparently, the above-mentioned maps may give an impression different from that of usual
distirubtion maps of fualts and folds, First, as to the uplift amounts, Fig. 5-16 shows that the areas,
where the ranks over 9, namely the uplift amounts over [000 m, are seen and there is ohserved the
agreement with the order of 10%% ergs of released energy, are the reas near Lake Biwa and near
Muroto. Agreement with the order of 10*? ergs of energy is also found in the northern part of
Nagano Pref., near Kanazawa, near Osaka and Kobe. On the other hand, the very opposite tendency is
seen on the Pacific coast, near Tokyo and near Hiroshima. The correspondence of low energy area
with low-rank locality is very good in the Shimokita Peninsula, Kitakami Mousntains, and Ibaraki
Prefecture. but in the central part of Shikoku, etc., there is observed the perfectly opposite
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Table 5-2. Relation between frequencies of the densities
of faults and folds and the magnitude of re-
leased energy by earthquakes
Energy Fault Faold
Erg 102 107 102 10% [0%* 102® 102 10% 10% 10%
Frequenc
0 3 1 3 1 5 7 10 7 3%
i i i 1 3 3= 1 1 2
2 2 2 2 1 1 2
3 Yy | 2w 2 ! ! !
4 3 1) 1 1 1
5 1 2(;) 2 2
3 1 1 2
7 2(2) 2 2 2 1
8 Ly
9 eh 221
10 1
11 1
12 1(1] 1
i3 1 1) 1
16 1
17 1(2_1)
25 1
27 1(3_1)
many 1
Total 8 8 16 15 g 8 8 16 15 8*
Mean 30 1 68 |56 |66 135 |os |os p24 §21 |20
Remarks: * including a case of 10%* ergs;
() number of meshes including [ line with an extension over 50 km;

(2- } : number of meshes including 2 of such lines;

(3- ) : number of meshes including 3 of such lines.

— 68 —



69 St S 9% T¥ €0 LT L7 8T 8T [ 9¢ TE OF ¥T 1T |0V €F € 05 8¢ [§L §L €8 ¥L 69 ueapy
*8 €T 91 8 8 +8 €T 91 8 8 =8 ST 91 8 8 *3 ST 91 8 8 8 T 91 8 8 1e101.
1 lens 000>
P4 1 - 000p— <~000€-
T 1 T 0 000£- <~0007-
£ [ 4 T 1 ¢t 1 I 0007~ <~0001-
[4 r oy 1 1 T s T £ ¢t 1 Tt 4 000T- <~ 005~
vy ¥ T I A 1 =¥ vy € 14 #L T 1 £ 00S— <~ 08T-
T 1 v 1 v ¢ s ¥ [ 4 Z 1 I 9 t 057- <~0
A 4 T I ¢ £ 8 § 38 L 9 0 <~08T
£ 9 1 T 1 1 I 1 T 4 1 T 1 1 € 9 05T <~00%
1 1T T I I 1 T T € L ¥ £t ¥ L 00§ <~0§L
T 14 1 1 *T £t 1 ¥ 8 05t <~0001
*C 4 £ L T [ w gooL <~0081
[4 01 w51 <
20T 201 20T 0% 0201|4207 207 2207 20T 0201|0201 01 2507 1207 pz015[ 6207 0T 2201 12071 0201|5207 €207 2207 201 0 01> quey
) — (D SJUROWY 20USPISqNS @ - syumowy F— frg uwﬁﬁwﬁm
mﬁv__uﬁuﬁuwwuﬁubou E:—Exaqﬁ‘vuguuuﬂcu E:M_%EU uuno_ummﬁﬂ.wHEz::xaE wdn M__.q"-gaz Afrauq pue yadn

(sd312 _, 07 Jo ases e Burpnjoul,)

soxenbyliee Aq A315u5 pases|al Jo SpNIIUTRUI 21f) PUE SJUMNPEIS PUE SIUNOWE

20UPISANS WNLITX RN ‘SIUNOWE JJdnt WAUNXeU Jo sapuanbaly ussmiaq UOHERY

"£-5 AqEL

— 69 —



correspondence. Considering the releation of the ranking numbers to the amounts of released energy
(Table 5-3), the uplifts of ranks 2 9, namely more than 1000 m occur beginning with the order of
1022 ergs, but without any appearance of conspicuous features. In consideration of the relation with
the amounts of subsidence (Fig. 5-17), areas where the values of 10%®~10%? ergs of released energy
correspond to rank 2 or 1 of subsidence amount are the Boso Peninsula — Tokyo — Shonan, and area
on the north of Tokyo, and Osaka and Kobe; the correspondence to low energy areas is found in the
Shimokita Peninsufa, Kitakami Mountains, and the central part of Shikoku; and in the areas of 10!
ergs also there is seen good correspondence on the whole. On investigating the relatiionof theranking
numbers of vertical displacement to the released energy amount (Table 5-3), the areas of subsidence
{less than O m) are all areas of released energy larger than 10?7 ergs, excluding only one example, and
there is observed the correlation larger than in the case of uplift amount, As for the gradient, the
areas of high energy and large gradient (ranks == 7) are the district of Tokyo and Shonan and that of
Osaka and Kobe, but low energy areas have low gradients. The relation between the gradient
frequency and the released energy amount {Table 5-3) has a tendency that the rank is high in meshes
of released energy larger than 10%? ergs. As is mentioned in the above discussion, the correlation
between the amount of vertical displacement in the crust and the amount of energy released by
seismic activity is considered to be not so clear as was expected. Various reasons may be considered
for this, but the regions including sea areas are called into question. Around the Japanese Island Arcs
there are developed such submarine topographies of large depth or gradient as cannot be explained
without assuming them to be originated by the crustal movement. At such localities there have
frequently occurred great earthquakes also.

The amount of subsidene as well as the water depth shows comparatively good correlation with
the released energy from the ground surface on the Pacific coast west of the Boso Peninsula (Fig.
5-19). It goes well for the gradient of subsidence, too (Fig. 5-:20). However, the correspondence to the
localities of high energy in other coastal areas is not satisfactory.

5.3.4. Conclusion

As is shown above, the correlation of the elements of the crustal movement with the amount of
released energy by earthquakes in the historic period is not so large. Namely, comparatively good
agreements are observed in areas of Tokyo — Shonan and Osaka — Kobe (in regard to faults, felds,
anount of maximum uplift, amount of maximum subsidence, and gradient), in Kanazawa district and
the vicinity of Lake Biwa (for faults and quantity of maximum uplift}, and in the Boso Peninsula (for
faults, amount of maximum upheaval, and corrected gradient). Excepting these and other several
examples, at many of the high-energy localities the agreement is not so good. Out of such areas, the
Pacific coast west of the Boso Peninsula will become to have good agreement, if the depth of the
trench be regarded as crustal subsidence, but in other areas it is not so.

There are areas where the crustal movement is comparatively large, but the energy released by
earthquakes rather low, for example the Hida district. This seems 1o suggest that in the Hida district
the active periods of Atotsugawa fault and Atera fault were longer than the historic time. Besides,
concerning low energy areas also there are cases of agreement and disagreement. For the purpose of
earthquake prediction, studies in these respects should be more and more promoted.

5.3.5. References

Yoshikawa et af. (1964): Crustal movement in the Quaternary revealed by coastal terraces on
the southeast coast of Shikoku, Southwestern Japan. J. Geoder, Soc. Japan, Vol 10, pp. 116-122.
5.4. Quaternary tectonic divisions of Japan
5.4.1. Method

Quaternary tectonic movement in Japan is regionally characteristic as shown in the maps of
vertical displacement and the distribution of Quaternary faults and folds. Vertical displacement during
the whole period of Quaternary attains to more than 1,500 meters in Central Japan and the Kanto
Plain, but it is less than 750 meters in other extensive areas of the country. In Southwest Japan, it is
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contrastively much less in the Inner Zone than in the Outer Zone, The inner side of Northeast Japan
Is characterized by the dense distribution of Quaternary folds, but the Kinkj District by Quaternary
faulting. The Japanese Islands, therefore, can be classified into several Quaternary tectonic divisions,
according to the characteristics and intensities of Quaternary tectonic movement,

On the other hand, some interesting relationships have been found between the late Quaternary
tectonic movement and the recent crustal deformation, especially seismic ones. In various regions of
Tapan, it was inferred that the late Quaternary tectonic movement had occured in the modes and
areal dimensions similar to recent crustal deformation (Yoshikawa, 1970), and that the rates of
tectonic movement had been uniform since the beginning of the Quaternary (Sugimura, 1967).
Tectonic movement, however, has not always uniformly proceeded throughout the Quaternary period
in every region of Japan. For example, in the inner side of Northeast Japan the mode of tectonic
movement is considered to have been uniform since the beginning of the Quaternary, but it changed
during the Pleistocene on the Pacific coast of Southwest Japan (Ota, 1968). Such a difference of the
sequence of Quaternary tectonic movement may be ascribed to that of tectonic history between the
above two regions. The historical development of tectonic movement and its regional characteristics
during the Quaternary period should be further elucidated in every region of Japan in future. For this
purpose, it is necessary to prepare also the late Quaternary tectonic maps for the period of the order
of 10% to 10° years, together with the aiready published maps for the whale period of Quaternary.
The Research Group for Quaternary Tectonic Map is now collecting data on late Quaternary tectonic
movement to compile such maps, but it is a rahter laborious work fo complete them.

From the above-mentioned it is considered that studies on Quaternary tectonic movement may
be useful for investigating the historical backgrounds of recent seismic acitvities. Accordingly, the
classification of Quaternary tectonic divisions will contribute to the arrangement of seismological
observatories over the whole country for predicting the occurrence of future earthquakes, because it
will indicate summary regional characteristics of tectonic movement in the recent geologic time.

From this point of view, the Research Group attempted to divide the Japanese Islands into
Quaternary tectonic divisions and classify them as a conclusion of this report. This division and
classification was made only according to characteristics and intensities of Quaternary tectonic
movement, and character of seismic activities in recent and historic period in each division will be
mentioned later in the regional description of Quaternary tectonic divisions.

In the classification of Quaternary tectonic divisicns, it is important to give due consideration
also to the regional differences in the gradient and amount of vertical displacement and in the mode
of tectonic movement, because zones of high gradients of vertical displacement are usually
accompanied with faulting which is considered to have close relation with seismic activities. The
gradients of vertical displacement are obtained by measuring maximum differences of vertical
displacement within squares of 13' in longitude and 13% in latitude (about 25 x 25 km) in
Quaternary Tectonic Map Nos. | and 2. They are classified into 8 grades and are shown in a
distribution map (Fig. 5-21). Then, the Japanese Islands are tentatively divided into 10 Quaternary
tectonic divisions, judging from the regional differences of amounts and gradients of vertical
displacement during the whole period of quaternary. Boundaries of the Quaternary tectonic divisions
generally correspond to the significant tectonic lines or other discontinuities in geological and
geomorphological structure (Fig. 5-22).

Another support for our division may be provided by Table 3-4. The activities of tectonic
movement are represented by average absolute amount and gradient of vertical displacement during
the whole period of Quaternary in every division. These values could be easily classified into three or
four classes as shown in Table 5-4. It is very interesting that frequency distribution of absolute
amounts and gradients of vertical displacement in every class or division is characteristic, which may
be caused by the characters of Quaternary tectonic movement. This suggests that the above
Quaternary tectonic division is proper.
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The distribution of Quaternary faults and folds is very important for revealing the modes of
Quaternary tectonic movement, and is considered to be closely related to recent seismicity. To
represent densities of faults and folds, numbers of them within squares of 15’ in fongitude by 13%’
in latitude were counted in Quaternary Tectonic Map Nos. 4 and 5, and then the squares where more
than five faults or folds are distributed were defined as squares dense with faults or folds and the
squares where four or three faults or folds are distributed were defined as fairly dense squares, The
distribution of faults or folds in every division was judged from numbers of squares of these two
kinds as shown in Table 54, In other words, divisions where faults or folds are densely distributed in
certain fimited areas were judged to be higher in their density than other divisions where they are
evenly distibuted, when the totaf numbers of faults or folds were the same in each division.

The classification of Quaternary tectonic divisions was attempted for the purpose of
contributing to the prediction of earthquakes. In classifying the divisions, therefore, particular
attention was paid to the density of faults among the above three elements, because it was considered

to have colse relation to seismicity. From this point of view, the gradient of veritcal displacement also
is & very important element, because not all of Quaternary faults could be picked up in Quaternary
Tectonic Map No. 4, and because zones of higher gradients in vertical displacement are usually
accompanied with faults. After the above considerations, the Quaternary tectonic divisions of the
Japanese Islands were classified into five classes as shown in Table 54, and emphatically considering
gradients of vertical displacement and denstites of faults, divisions where both the values are higher
than in others were expressed with the suffix “+” amoung divisions belonging to the same classes.
Activities of Quaternary tectonic movement were more intense in the alphabetical order.
5.4.2. Regional description

The study on Quaternary tectonic movement by the Research Group of Quaternary Tectonic
Map has not been extended on submarine bottoms around the Japanese Islands, and therefore, it was
impossible to decide ocean-side boundaries of
the Ouaternary tectonic divisions according to
characters of tectonic movement on ocean
bottoms. Seismic energy of recent earthquakes
was calculated as shown in Fig, 5-12, but most
of recent earthguakes in and around the
Japanese Islands originated off the Pacific
coast. From this reason, total amounts of
energy released by recent earthquakes could
not be estimated in individual tectonic divi-
sions. It is, therefore, difficult to discuss
on seismic energy of recent earthquakes in
each division, and it is very urgent to corfirm
the ocean-side, especially Pacific-side bound-
aries of the Quaternary tectonic divisions,
where epicenters of most of recent earthquakes
were located. Generally speaking, however, it is
very interesting to recognize a tendency that
the Kanto and Kinki — Nobi divisions have

Fig. 5-22 Quaternary tectonic divisions of Japan,
1:. Northern and Eastern Hokkaido,

released more seismic energy, where gradients
of vertical displacement are rather high com-
pared with its absolute amounts.

D: Northern and Eastern Hokkaide. In
this division, hills mostly lower than 1,000 m
extend and short rows of valcanoes are distri-

2. Hidaka-Yubari, 3: Kitakami-Abu-
kuma, 4: The Inner Side of Northeast
Japan, 5: Kanto, 6: Central Mountains,
7: Kinki-Nobi, 8: Chugoku-Setouchi,
9: Kyushu, 10: The Outer Zone of
Southwest Japan.
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buted ‘en echelon, trending NE and extending east — northeastward to the Kurile Islands. The
amounts of vertical displacement are rather small and its gradients are low, Quaternary folds and
faults are recognized in the northern- and eastern-most parts of this division. Recent seismic activity
is low and no remarkable seismic crustal deformation has been found in recent times.

B: Hidaka — Yubari. This division is composed of two NNW-trending mountain ranges and a
depression which separates Hokkaido into the main and peninsular parts. The maximum amounts of
uplift during the Quaternary exceed [,000 m and those of subsidence exceed 500 m. Quaternary
folds are rahter densely distributed, trending N-8 in the western part of this division consisting of
Tertiary formations. Seismic activity is very high off the south coast of this division, but any
remarkable seismic crustal deformation has not been recognized on the land of the division. This
division is very similar in such characteristics of seismic crustal deformation to the Kyushu Mountains
located in the wesiernmost part of the Outer Zone of Southwest Japan.

E: Kitakami — Abukuma. This division consists of two isolated mountains, distributed en
echelon on the Pacific coast. Both of these mountains mainly composed of Paleozoic and Mesozoic
rocks and characterized by plateau-like features, because erosion surfaces extensively extend, and
they are separated by narrows basins from the mountain ranges in ths Inner Side of Northeast Japan,
The boundary of these two divisions corresponds to the zone of high gradients in the distribution of
Boupguer’s anomalies of gravity. The amounts of uplift are mostly less than 500 m and its gradients are
low. Recent seismicity is extremely active off the east coast of this division, where the deep Japan
Trench extends nearly parallei to the coast, whereas it is very inactive in this division.

C: The lnner Side of Northeast Japan. This division is a Neogene fold zone and is characterized
by successive activities of folding in the Quaternary, by which fluvial terrace surfaces and even afluvial
plains have been gently deformed. This division, inclusive of the peninsular part of Hokkaido, consists
of two parallel mountain ranges, small basins intervening the ranges and the lowlands on the coast of
the Japan Sea. Many volcanoes are distributed along these mountain ranges. Vertical displacement is
generally not so larger, and it si larger in its southern part. The maximum amounts of uplift is 1,000
m and those of subsidence 500 m in the Niigata Plain. In this division recent seismicity is rather
active, and dip-slip faulting as well as active folding has been recognized at times of recent
earthquakes.

A: Kanto. This division consists of the Kanto Plain and its surrounding mountains. The Kanto
Plain is a tectonic basin having grown since the Miocene, and its central part has subsided by over
1,500 m since the beginning of the Quaternary. Upland surfaces extending in the plain have been
gently undulatingly deformed since the late Quaternary. The frequency distribuiton of gradients of
vertical displacement is bimodal, beccuse the marginal parts of the Kanto tectonic basin have been
deformed with very high gradients, whereas the surrounding mountainous areas have been uplifted
with rather low ones. Volcanic areas extend in the surrounding mountains and the western part of
this division was subject fo folds in the Neogene and since then has been uplifted. This division
suffered extensive uplift and subsidence by recent earthquakes and is one of the most active regions
in recent seismicity in Japan. Its southern part is very similar in features of seismic crustral
deformation to the Quter Zone of Southwest Japan, and therefore, is considered to be the eastern
extension of the latter from the viewpoint of the seismic division.

A*: Central Mountains. This division occupies the highest part of the Japanese [slands and
three high mountain ranges, the so-called Japan Alps, extend en echelon, trending NNE. The highest
parts of the mountain ranges a littie exceed the height of 3,000 m above sea level and the amounts of
uplift during the whole period of Quaternary are mostly more than 1,000 m. Gradients of vertical
displacement are gemerally very high, especially along the marginal parts of the mountain ranges
which are bordered by huge fault-scarps or steep flexure-scarps. It is very curious and noticeable that
this highly active division in Quaternary tectonic movement is very inactive in recent seismicity and
has not suffered remarkable seismic crustal deformation in recent times.

W



C*: Kinki — Nobi. This division is characterized by small tectonic ranges and basins. Erosion
surfaces formed in the late Tertiary have been dislocated at vartous heights and partly preserved on
tops of mountain ranges, and basin floors have subsided by more than 500 m in the Osaka and Nobi
Plains. In genral, gradients of vertical displacement are not so high, but they are locally very high
along Quaternary fauits which are densely distributed, bordering the mountain ranges in this division,
Some of the Quaternary faults have been dislocated horizontally as well as vertically. This division is
very active in recent seismicity and it is very interesting that there are some strike-slip seismic faults at
times of recent earthquakes in the division, which are very similar in mode to the Quaternary faults.

E: Chugoku —~ Setouchi. Plateau-like mountains 300 to 500 m high extend, and rahter isolated
small mountain blocks a little higher than 1,000 m form a back-bone range trending ENE. The
southern margin of the mountains gently descends down to the Setouchi inland sea depression, the
southern margin of which is bordered by the Median Tectonic Line. In most parts of this division,
amounts of uplift are less than 500 m and its gradients are lowest in Japan. Several Quaternary faults
but no fold have been found in this division. Recently an earthquake oceurred in a local area, but
recent seismicity is rahter inactive and seismic crustal deformation also was very local.

D: Kyushu, This division consists of the remain of Kyushu Island excluding the Kyushu
Mountains which belong to the Quter Zone of Southwest Japan. In the northern half of this division,
small block mountains are distributed, intervened by lowlands, and low hilly lands in its western and
southern parts are covered with lava flows. The southern half of this division, including Aso volcano,
is characterized by the existence of gigantic calderas and the extensive distribution of uplands
composed of pyroclastic sediments. Amounts of uplift are less than 700 m and its gradients are low.
Recent seismicity is very inactive and no remarkable seismic crustal deformation has been recognized.

B: The Outer Zone of Southwest Japan, This division is bordered by the Median Tectonic Line
along its northern margin, which has been dislocated horizontally as well as vertically in the late
Quaternary. This division is separated into three main parts, that is, the Kii, Shikoku and Kyushu
Mountains, by narrows straits. Amounts of uplift in these mountains during the Quaternary exceed
1,000 m, and it has been considered that this division have been undulatingly deformed with
wavelengths of about 150 to 200 km since the beginning of the Quaternary. The easternmost part of
this division is piedmont areas of the Central Mountains. Upland surfaces extending in this area have
been gently undulatingly deformed with axes trending NE in the late Quaternary. Recent seismicity is
very active off the Pacific coast of the division, and the division suffered characteristic seismic crustal
deformation by recent earthquakes, which was considered to have very interesting relations with
Quaternary tectonic movement. In the Kyshu Mountains, however, any remarkable seismic crustal
movement has not been found, in spite of active seismicity off the coast east of the mountains.

In conclusion, there are a few interesting relstions between rtecent seismic activities and
Quaternary tectonic movement in each tectonic division. These relations, however, should he further
examined, considering the historical sequences of tectonic movement in the Quaternary, which are
to be solved for every Quaternary tectonic division in future. At the same time, it is very important to
study the tectonic movement on submarine bottoms around the Japanese lslands, where the
epicenters of most of recent earthquakes were located,
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6. Postscript

The work fosr compilation and publication of this volume was commenced in 1963 by the

following 7 persons: K. Hatori, 8. Kaizuka, Y. Naruse, Y. Ota, A. Sugimura, H, Takahashi and T.
Yoshikawa,

Thereafter at present as of January 1973, the following 5 persons are added to the members

for the work: R. Ishii, C. Komori, F. Shimizu, M. Takahashi, and N. Yonekura,

Partial charge of the work for preparation of Tectonic Map was assigned the person(s) named

below, as follows:

I

o v B

Vertical displacement estimated by geomorphological method: Kaizuka, Ota, Yoshikawa,
Yonekura,

Vertical displacement estimated by geological method: Hatori, Naruse, Ishii, Komori.

. Vertical displacement compiled from the Maps Nos, 1 and 2: All members,
. Distribution of faults: Sugimura, H. Takahashi.

Distribution of folds: Kaizuka.

The Gipfelflur Map prepared by Prof. T. Okayama was offered us by the courtesy of the author

and was added as a part of the Tectonic Map.

Partial charge for the manuscripts of explanatory text is as follow:
1. Yoshikawa.

2.1.1.  Yoshikawa,

2.1.2. Ota, Yonekura, Yoshikawa.

2.2.1.  Yoshikawa.

2.2.2. Hatori, Naruse.

2.3, Yoshikawa.

2.4, Yoshikawa.

3.1.1.  Yoshikawa.

3.1.2. Sugimura, H. Takahashi.

3.2.1.  Yoshikawa.

322.-3.2.5. Kaizuka.

3.3. Yoshikawa,

4. Yoshikawa.

5.1. Sugimura.

5.2. Kaizuka.

5.3. H. Takahashi, M. Takahashi.

54, Yoshikawa.

6. Sugimura, H. Takahashi,

7.1, Hatori, Shimizu,

7.2, Naruse.

7.3. Sugimura, H. Takahashi, Shimizu,
7.4. Kaizuka.

7.5. All members,

—77 =



7. Appendices

7.1. List of the present heights of geologic formations.

1.  Number (Quadrangle number and locality number).

2. Numeral on the map, which indicates the height of geologic formation (unit: 10 m)

sign on numeral horizons of formations coefficient for giving the amount
of uplift during the Quaternary
signless Up. Plio., Low Pleist. X1
[ 1] Low. Plio, occasionally Up. Mio. X 112
() Mid. Pleist. X3
((GED))] Up. Pleist. X 10
(G)] Doubtful case
3.  Location (number of 1:200,000 topographic map and 1:50,000 topographic map),
4. Height of the geologic formation (in m}.
5. Evidences (Formations and their age).
6.  References {Descriptions are shown in the following order: author’s name, year of publication.
Refferred geological maps are indicated with the kinds of maps as follows:
V:  1:30,000; VIL: 1:75,000;, XX: 1:200,000; L: 1:500,000).
7. Note.
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7.2. List of drilling.

0'\()!-[&(4).[\)!—‘

Number (Quadrangle number and drilling number).

Number of place (drilling point} and drilling well number.

Location {number of 1:200,000 topographic map and 1:50,000 topographic map).

Depth (in m).

Remarks.

References {Descriptions are shown in the following order: author’s name, year of publication,
name of the book or periodical in which the scientific paper appeared).

- 112 -



(3 ) A drois oxtysny ayy Jo aseq | +00F 0t1- Srfysoreaqn | -8
(£961) ‘1212 Ligl¥ . ¥y 2e-S5ON gy
Iqr
" .. 051> " q.nmm 2T-51
9507 T
W " 057" €2 g - ﬁumm T1-T
. nsijaqo],
n m 009 "e2 b —__Nn_w.Ha a1-51
EMEZBUD
" " s T § - - % 6 -ST
nseyq _
(G961) —gdw u 801 " # 5|8 S
(WA " +00T 01- Smmﬂw:ww L =81
(9G61) “1 "12 HYRAITIN/
O
" u 0L ~05 " M...HM 9 -5t

. 05 o1- m:ﬁvP Nnuessey ¢ -o1
(P96T) “fe-12 Z7wdm .. W o+ o~ i %

_ TIBYTYSINS], _
(5961) —Rdy " ¢ ? B vt
T O B
(POBT) “-[e33 @RV LITI " ote ? - Mo
89 ~65 ‘Y [oA ﬁ@mﬁﬂ% “ED 1 i T -
(5961) =St ¥ " 00g ST
L - ns3esn B
" " +00s #WOH FT-rS-uN @ x| oL
hmgm%ﬂm&fmwm%j vmgﬁ@uﬂwwwﬁ_ﬁ “4 oxddoy a1 Jo aseq Qg W Nma-v_z mﬂm [ -6
FO61) *-je-12 Yuam -
d Fur
FJUBIBIAY *0Q SYIBWOY ‘¢ M_ﬂwmm_ v UOT1IBIOT “¢ ma:wwmﬁ:wwﬂwﬂmw " Z [r2qump 1

- 113 -



‘99 ~ 21292 "[oA FXI D —_— edoy
T ewey | 5 x pg ¢ - -
(196T) =f1s o it
wiz T+ sopririTe “yidep
O~ PIT "ON ¥ —F =M ur wgEs- e dnoin Bsnzey 5T~ eyorling 1 -0¢
(P961) 8 HI® | ay3 yo jyyey Iaddn ayy jo aseg ¥Zs Bk 05-¥5-IN 1-5D [T )
(1661 Wife ozs yI- PIOu ¢ gy
L wmm 13 .H.szwwm u—\l\.@w
b d021 oN ¥ —T =M ®1RBTIN
0s ~uHN t -SP¥
(F96T) “jem H.M.M\R N < m 01 g i
0% ~91'ZZ -Jon EHER T emey1lEy
M 0sty " - ¢ -St
(2861} 1'% WEFpugy TN J1g2iiie
3
u " 00 " Ty TR gy
B %
701~ 411 6 T B KL . 00s e o CHEPIN gy
(8961) [T ¥ - MiBIN D . B M BI-FSOIN &
BYyNS1E
" 1 00s Z - ._”.Ozmhww i il ¥ ¥y
¥
0Z5 T - o CUER o py
“ u Z & ONB& &
oxnye
" " 0LY g - TN &Rl K %H z -t¥
RN Y ¥ - o eyoeden B
(1561) e Poq o 23 3o 2SEd | 008 W ssvs-en | LN w o | T
— g - nsingnig
G961 ) —5 . - -
( Rt T B2 4 oxoddoy ayi Jo aseg Q0T e2 MR S T-15—AN i i T -72
(#H)A " 0zT - OFFUSOA | oy
(6S6T) MENG "o
. 3 () . {autod Burryrap) | )
adualalay -9 syleway -g qudaq + U0T1ED0T ¢ s 7 Jraquunyy -y

- 114 -



1Z~E1° 12 (oA HWHRH D . 05s N ) suedoj b -00
(9G6T) =M - ARy -4 T M
OVG ~ £99* 01 “[oA B HERIN worTIO . BqTYSONOX
r 1 |01 7 0ZH 1- - £ -
(661 ) f— S m% - ey 1o ¥ k L - i
upos - 18 "y esefeu |Qog1 ol LETLA PR
(8961) *1e-1e MY 8yl jo axed aamol 03 SIPPIW |~ 00ZI Z-4L ¥ 4
992 ~ 21297 TCAPRHHME ugosT- 1e ST~ ~ mnfe1eme) _
(196T) St *4 asefaun suy 3o doy | *O0ET % 4 SI-FS-IN 5X sy |17
. o . (uoztxou asefown) J BqTYSOY
12 ~ 162 “TOA RHFRT syl Fo 1BmL 01 2{quasal | (09 G - T-g9 ISR o o
(Y961) mimL - i HE ST afeTqUasse [RISJTUTURIO o
.- I ~ evos |,
“ " 008 n -4 oy by -59
T~ 72" 67 JoA AR woooT- I | Tyseqeung |
. -4 9
(P961) WU - B DI 4 aseioun ou1 3o dog ) s ¥ o
auey ouan
" g18uaD2YD Dugaabiog eutuirng | 007 " -4 % T ¢ 59
(B d198 —RY TR KX QUOY GLEUPEDIIND z - 030y _
(8S6T) -T2 32 —EIY S puraaBian oyy zo aseg |004 ¥ W STES-IN A ¥ o U -59
9y 08 ‘2 3d ‘ST -ON MM - S - YEBL | wse+ seprarive -yadep ur ugg . G - euRAD s -ge
(POGT) WY/l | ~O0b UaaM1aQ paq [[AYS BULIEN m o
"ZR~SL TPITTOA
feATUR QU OAYOL “3SUT CSay -byldeg -1Ing T WOTT. 1® pog [15YS ouTIEN |S x DST . eoopny |
(9¢61) ~A ‘B¥NIQ ’ o gy
992 ~212° 92 " 1oA JEWIM Y eATHOUTSEY
(1961 ) =hidfin " x 081 g - ~ TUsBUTINY | ¢ -9§
g & ~ ¥ %
2ousaazay ‘g SYLEWAY G MWMWQ v UOTIEDOT ¢ muﬁwwmﬂwcw%w“mm -7 jaquing 1

- 115 —



28 — 81 EPTON ¥ — = =M

. . _ atuey B
( 9961 ) BiG .~ —¢ i W B Gk 4 eweferey syl Jo doy |1ye z 1—4 T % ¥ -2/l
d 0¢T UOTIELS BINS1Y P
{2961 ) W= - WK - B2 ReH "4 emeBeiex oy 3o del | Moo u E—SN o
‘ - ey
GPE ~ GEE 19 oA BEMR o om1 JO ase ot 7 -2t
H - a4 [00F m
(T967) M . —giyzy | WOET- 1B P2A 70 oW1 3 v ®
IaAtyd BIUSZ S
- =]
1 BEBERHWIY HNoRRBBEFRE L MQLZ- B e z Jo mﬂnmm“:_nﬁom —
(TO6T ) M= - YN3E - LI RIEH -4 eumARIRy 9y3 3o dof HRY 8-t5-IN $-SN
yesedewy _
u ugpe- e 9 BW (00L CED 4 ICRR-Tt ¥ -1L
opoutung c -17
1" ugoyr- 18 1 B | +009 u B g
O s ewt loyB ALK
puel eyesg uo lxodsx TeOTUYDSY 10T 99313 TuMOD . oo " z-do il o mm 7 -1
TBUOTIIPT .BiesSp UT poudprsqns puel uo “day,,
(961 ) Al - BT
- utdTyS
dzo EIEHRIAYyY. Moy, dnorq BYESQ 91 IO 9588 | 00F b4 CUTST 1 -T2
(VO6T ) I - YUen 48 oI PABSO SH3 I HRBE p1-£5- 1N 5 W
8% —€F ‘8 AW R 8LEUIDIIHD 00z ST~ -y yesedniy ¢ -99
{1667 ) BER Y vurdablan Jo auoy juepunay |~ 009 [0
wuyQy~ eI JE +00F G - Iy BMES Ty 2 -99
" uotieuzog asedaun su1 Jo doy -y
w)sg-~00L- U23M1aq _ _ B} TIEN B
! BUCT SLEUSDLIYD DULABHLO) +002 0T -y _— L -99
OULYSBIBN ~
(T961) =H 4 WSITT~ 3® "4 olownyoy | 00zt pI- 1-d e 9 -99
24011 -9
G ~ 90501 “[CA B HET UOZTIOY 9 | 08~ 0L 9 - -4 @ % S
(6661) MK - EHHED
. () . (2uvod FUTTITIAY . |aqumn ¢
adusIazey g SHIBWIY - ndag b UOTIEIOT "¢ soerd Fo ouey 4

- 116 ~



TUDBWCOW -B¥EUE],
. 6 - T—do _
(6961 } 2archld - HEmmm dnoxn eyesp 2y: Jo aseqg [ngg-es o pT-SS - IN T ch TR Y 6 €%
euryseden
i " L9Z i [ S | m = S -Zi
. u . (rutod Butyitag) | .
AUBIDIAY "0 SXeway g Mtawum_ " UoTleI0] "¢ sovpd jo ouey 7 |requmpg -y

- 117 -



7.3. List of fault.

1.  Number (Quadrangle number and fault number).
2. Name of fault or place.
3. Location (number of 1:200,000 topographic map and 1:50,000 topographic map).
4,  Length (in km).
5. Strike.
6.  Displacement.
T direction of throw unknown.
E nd: east throw, quantity unknown.

§ 100: south throw, 100 m,
E 120*:  (*: horizontal slip, estimated at 0).
End R: east throw; throw unknown; right horizental slip.
N<075R<1.5: north throw 0.75 km and less; right slip, 1.5 km and less.
W nd Th: west throw; throw unknown; reverse fault.
§ < 500 R < 5000: south throw; throw, less than 500 m; right slip, less than 500 m.
NW nd dip: S0NW:  northwest throw; throw unknown; dip 50° NW.
L nd: left slip; quantity unknown.
7. Evidences.
8.  References (Descriptions are shown in the following order: author’s name, year of publication.
Refferred geological maps are indicated with the kinds of maps as follows:
V: 1:50,000, VII: 1:75,000, XX: 1:200,000, L: 1 :500,000).
p. c.: abbreviation of “Personal Communication”.
9.  Reference number of abstract.
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7.4. List of fold,

1.

2.
3.
4

o N o

10.

Number (Quadrangle number and fold number).

Narme of fold or place.

Location {number of 1:200,000 topographic map and 1:50,000 topographic map).

Name of folded stratum or geomorphic susface and the geologic age and environment of its

formation.

Te: Tachikawa age (late last glacial).

M: Musashine age (early last glacial).

S: Shimosueyoshi age (last interglacial).
T: Tama age (penulfimate interglacial).
Ld: Lower Pleistocene.

D: Pleistocene.

Pd: Plio-Pleistocene,

P Upper Pliocene,

P: Pliccene,

m: marine,

f: fluvial.

Strike and length (in km) of axis.

Wave length (in km); “F': accompanied with fault.

Angle of slope on a [ib of fold (in tangent and degree}; “F”: accompanied with fault.

Rate of deformation or velocity gradient {tan. 107 /107 years);“F*: accompanied with fault.
Calculation is based on the following estimation of abschite age.

Geologic age Absolute age Geologic age Absolute age
Tc 2.5 x 10% years Ld I x 10° years
M 5 x10° Pd 2x10°
S 9 x10° UP 4x10°
T 25 x10* P 7 x 10°

References (Descriptions are shown in the following order: author’s name, year of publication.
Referred geological maps are indicated with the kinds of maps as foflows:
Ve 1:50,000, VII: 1:75,000, XX 1:200,000, L: 1:500,000).

Reference number of absiract.
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