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Tectonic Processes of a  Pliocene  Pleistocene Sedimentary 

    in the Uplift Belt of Inner  Arc  : Case of the Nishime 

          Sedimentary Basin in the Dewa Hills, 

                 Northeast Japan Arc

Basin

Yoshinori  OTSUKI*

Abstract In the Northeast Japan Arc, uplift ranges and subsided sedimentary 

basins form topographic rows parallel to the north-trending arc and trench, and 
their arrangement reflects the neotectonic movement of the arc-trench system 
due to the horizontal shortening stress field in the east-west direction. To 

reconstruct the detailed tectonic processes of the Dewa Hills, one of the remark-
able uplift belts in the inner zone of the Northeast Japan Arc, this paper aims 

at elucidating the Latest Cenozoic succession of the Pliocene-Pleistocene 
Nishime Sedimentary Basin in the hills. In the Nishime Basin accompanying 

the Nishime Syncline, the Pliocene Tentokuji and Sasaoka Formations of 
marine origin, the Nishime Formation of latest Early to early Middle Pleis-
tocene age, deposited under neritic to fluvial environments, and the Yurihara 

Debris Avalanche Deposits flowing down the Chokai Volcano in middle to late 
Middle Pleistocene time, are well-exposed in ascending order. The Last 
Interglacial thalassostatic terrace surface, namely Hj-M1 Surface, is frag-

mentarily present in the north of the basin. 
   The Nishime Sedimentary Basin continued to exist as a relative subsided 

area accompanying the movement of the Nishime Syncline from the earliest 
Pliocene, and filling by a sequence of basin-fills was completed before the 

deposition of the Yurihara Debris Avalanche in the middle to late period of 
Middle Pleistocene age, caused by the extinction of the syncline. Since then, 
the regional uplift has predominated in the whole of the Nishime Basin up to 

present, and the basin is no longer an active sedimentary basin. The Nikaho 
Thrust Faults situated on the western fringe of the basin, partly promoted the 

growth of the Nishime Syncline, but are inferred to have also moved since Late 
Pleistocene time. From these and some data on the other sedimentary basins 
in the Dewa Hills, it is concluded that both the uplifted and subsided areas were 

concurrent during the time from the early Pliocene to the Middle Pleistocene in 
the Dewa Hills. In contrast, the hills are considered to have grown since 
Middle Pleistocene time until present as a single uplift zone restricted at its 

western margin by the Kitayuri Thrust Fault System.
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1. Introduction

   In the Northeast Japan Arc, one of the most typical island  arcs on Earth, uplift 

ranges and subsided sedimentary basins form topographic rows parallel to the north-

trending arc and trench, that is, from west to east in the terrestrial area, the Coastal 

Lowland along the Japan Sea, the Dewa Hills, the Inland Basins (the Intermontane

Sedimentary Basins 
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Fig. 1 Uplift ranges and sedimentary basins of the Northeast Japan Arc (terrestrial area)  

1  : Dewa Hills  2  : Inland Basins (Intermontane Basins)  3  : Ou Backbone Range  4  : 

 Mabechigawa-Kitakarnigawa-Abukumagawa River Basins  5  :  Kitakami-Abukuma 

   Massif  6  : other ranges
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Basins), the Ou Backbone Range, the Mabechigawa-Kitakamigawa-Abukumagawa 

River Basins, and the Kitakami-Abukuma Massif (Fig. 1). Their arrangement and 

growth reflect the Latest Cenozoic tectonic movement of the arc-trench system due to 
the regional stress field in which a maximum compressional principal axis trends 

eastward. Especially, the inner zone of the Northeast Japan Arc, on the west side of 
the Ou Backbone Range in which the volcanic front is situated, have been subjected to 
more notable horizontal shortening deformation during the Late Cenozoic (Sato, 1989), 

or Quaternary time (Kaizuka and Imaizumi, 1984). 

   The Dewa Hills, accompanied by the Kitayuri Thrust Fault  System' (Ozawa et 
 al., 1984) which is traceable for a distance of about 200 kilometers along the western 

margin of the hills, are one of the remarkable uplift belts in the inner arc of Northeast 

Japan and have evolved under that tectonic trend. It is, however, inferred that the 
Dewa Hills have not been uplifted through a simple process since the Kitayuri Thrust 
Fault System started to move, because several Pliocene-Pleistocene sedimentary 

basins are present in the hills  (e.g. Otsuki, 1991, 1995a, b, 1999a,  ID). In order to 
reconstruct the detailed tectonic processes of the remarkable uplift belt in the arc, it 

is necessary to clarify the Latest Cenozoic succession of these basins. The aim of this 

paper is to elucidate the Uppermost Cenozoic stratigraphy and structures, and the 
tectonic evolution of the Nishime Sedimentary Basin, as an example of these basins in 

the Dewa Hills.

2. Geologic and geomorphic setting around the Nishime Basin 

   As shown in Fig. 2, the Nishime Sedimentary Basin, near the Japan Sea coast, 
Akita Prefecture, is situated at the northern foot of Mt. Chokaisan (Chokai Volcano), 

accompanying the Nishime Syncline. In the vicinity of the basin, a hilly area  (Yuri-
hara Plateau) is widespread and the hill-top surfaces, which range in altitude from 150 

to 600 meters, correspond to the depositional surfaces of Middle Pleistocene debris 
avalanche deposits (Yurihara Debris Avalanche Deposits) originating from the Chokai 

Volcano. Along the Nishimegawa River, which flows northward from the Yurihara 
Plateau into the Japan Sea, the alluvial plain extends an approximately width of 1 to 

3 kilometers from east to west, and of 5 kilometers from north to south (Fig. 3). A 

small-scale sand dune is recognizable along the Japan Sea coast, and Late Pleistocene 
fluvial terraces are fragmentarily present in the north of the basin and along the 

Koyoshigawa River. 
   The Nishime Syncline has deformed several formations ranging from the Middle 

Miocene to the Middle Pleistocene, that is, the Aosawa, Onnagawa, Funakawa, 
Tentokuji, Sasaoka, and Nishime Formations in ascending order (Ozawa et  al., 1977, 

1988). The synclinal axis is presumed to run for a distance of about 20 kilometers in
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a southerly direction and to reach almost the Chokai Volcano, though the detailed 

axial trace remains unknown in the south of the basin because the folded formations 
are thickly covered with the Yurihara Debris Avalanche Deposits. The Nishime 

Basin is restricted by the Nikaho Thrust Faults (Ozawa et  al., 1982), part of the 
Kitayuri Thrust Fault System, on its western side, and by the Yashima Anticlinorium 

(Ozawa et  al., 1988) and the Toritame Faults (Toridame  Fault  : Kutsuzawa and Kim,



Neotectonics of Nishime Basin, Inner Arc of Northeast Japan 39

1966) on its eastern fringe (see also Fig. 11).

3. Stratigraphy of the central Nishime Basin 

   Figure 3 shows the geology and geologic structures of the central part of the basin. 

Upper Neogene and Quaternary series exposed in this area are divided into the 

Tentokuji, Sasaoka, and Nishime Formations, Yurihara Debris Avalanche Deposits, 

fluvial terrace deposits, landslide detritus, and alluvial deposits in ascending order (Fig. 

4). The principal formations of these are described as  follows2).

3.1. Tentokuji Formation 

   Omura (1928) named the Tentokuji Formation whose type locality was originally 
near Tentokuji, Akita City, about 40 kilometers north of the Nishime Basin. In the 

investigated area, it crops out on the east of the Nikaho Thrust Faults, that is, on the 
hanging wall of the thrusts. 

   The formation consists mainly of bluish gray to dark bluish gray siltstone and 
intercalates some bluish gray to yellowish gray sandstone. Semi-consolidated marine 

siltstone shows a massive or parallel-laminated structure in its facies, locally grading 
into very fine sandstone. Sandstone is composed chiefly of massive or parallel-

laminated fine (to medium) sandstone, as well as the siltstone. The formation in this 

area contains pebble and fine pebble conglomerate, and several interbeded layers of 
acid tuff and sandy tuff in places. 

   Ozawa et  al. (1982) implied that the Tentokuji Formation was of early Pliocene 
age in the study area. Moreover, it was also reported to range in thickness from 700 

to 1,000 meters and to conformably overlie the Funakawa Formation.

3.2. Sasaoka Formation 
   This formation was also named by Omura (1928) and its type locality is situated 

at Sasaoka in Akita City. In the study area, it is exposed near the northern boundary 
between Nishime Town and Nikaho Town, and along the Ayukawa River and the 

lower part of the Koyoshigawa River. 
   The Sasaoka Formation of marine origin principally comprises dark bluish gray 

to bluish gray siltstone, and also contains bluish gray sandstone and white acid tuff. 

Siltstone which contains abundant pyrite is semi-consolidated and massive or parallel-
laminated, and commonly grades into very fine sandstone. Sandstone is mainly well-
sorted, semi-consolidated fine, rarely to medium, and is locally rich in  argillaceous 

matrix. Some thin acid tuff layers, that is, sandy tuff and fine tuff layers are recogniz-

able in the formation. 
   The Sasaoka Formation in this area is estimated to be 500 to 800 meters thick, and
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Fig. 3 Geological map and cross section of the central Nishime Sedimentary Basin  
1  : alluvial deposits (including the Holocene terrace deposits), Kisakata Debris Ava-

   lanche Deposits  (ca. 3 ka), and Hj-L Terrace Deposits (partly omitted in cross section) 
   2  : landslide detritus (omitted in cross section)  3: Hj-M2 Terrace Deposit  4:  Hj-

   M1 Terrace Deposit  5: Yurihara Debris Avalanche Deposits  6:  Nishime Forma-
   tion  7  : Sasaoka Formation  8  : Tentokuji Formation  9  : fault (dotted where con-

   cealed) 10 : syncline  11  : landslide scarp  12  : position of cross section a-e  : 
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rests almost comformably upon the Tentokuji Formation because both of them 
resemble each other in lithofacies near the boundary between the formations. The 

Sasaoka Formation yields  several kinds of molluscan fossils assigned to the Onma-
Manganjian Fauna (Ozawa et  al., 1977, 1982, 1988), one of whose type areas is at 

Manganji, Honjo City, slightly out of the area investigated. Sato et  al. (1988) conclud-
ed that the Sasaoka Formation in the Akita Oil Field was of late Pliocene age, based 

on the analysis of calcareous nannofossil assemblages. The formation in the basin is 
considered to be nearly correlative with that in the Akita area.

3.3. Nishime Formation 

   The Nishime Formation was first described by Mitsuchi (1938), and its type 

locality (Loc.  b  : Figs. 5 and 6) is at Takou, Nishime Town, in the north of the basin. 

It occurs around the Nishimegawa River and in the vicinity of the Innai Oil Field, 

Nikaho Town. 

   The formation is represented by sandstone and pebbly sandstone, in places with 

conglomerate, siltstone, acid tuff, and lignite (Fig. 5). It is difficult to regionally trace 

a contemporaneous sequence in the formation, because it contains scarce key beds such 

as acid tuff and because change in its lithofacies is quite notable laterally. Uncon-

solidated medium to fine sandstone in the upper part of the formation, especially in the
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Stratigraphy of the Uppermost Cenozoic in the Nishime Basin

Nishime Basin, includes an abundance of well-rounded fine pebbles and granules, 

accompanied by some charred materials and redeposited pumice layers. Cross-bed-

ding in the sandstone is extensively recognizable and slump structures rarely occur in 

it, as mentioned below (Fig. 7). These sandstone and pebbly sandstone in the upper 

part of the formation, are inferred to have been deposited under a fluvial environment, 

particularly near the lower course of the river. On the other hand, marine, semi-
consolidated, bluish gray fine sandstone, partly tuffaceous, in which pyrite is largely 

crystallized, dominates in the lower part of the formation, sparsely including charred 

materials and reworked pumice grains. Conglomerate mostly contains well-rounded 

fine pebbles, some cobbles and boulders, dominantly of siliceous mudstone, hornblende
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(-biotite) rhyolite, acid tuff, and andesite with fine-grained phenocrysts. The clast 
content in grain size distribution is considerably variable, and a clast-supported 

structure is locally observable. The matrix of the conglomerate is largely  medium-

to coarse-grained sand. The conglomerate is less continuous laterally, and grades 

into pebbly sandstone and sandstone in general. Basal conglomerate can be recog-

nized in the west of the basin. Siltstone, occasionally sandy, colored dark gray or 

grayish white, is semi-consolidated or unconsolidated, and contains charred materials 
and pyrite. Acid tuff is semi-consolidated to unconsolidated grayish white fine tuff 

and sandy tuff, and is generally poor in its lateral continuity. 

   The lithofacies of the Nishime Formation as mentioned above, suggest that the 

formation was deposited under various sedimentary environments, that is, neritic to 

fluvial. Overall, based on the fact that marine deposits are predominant in the lower 

part of the formation and that the upper part is dominated by terrestrial deposits, the
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Nishime Formation in the basin is considered to have been deposited during continuing 

relative marine regression. 

   The formation has an estimated thickness of 200 to 400 meters, and unconforma-

bly covers the Sasaoka Formation (partly conformably in the center of the basin ?), 

especially in the western part of the Nishime Basin (Fig. 3). The Tohoku Regional 

Agricultural Administration Bureau (1982) described the occurrence of Juglans siebol-

diana in plant remains obtained from the Nishime Formation. According to Suzuki 

and Nasu (1988), Juglans sieboldiana  (Juglans  ailanthifolia) appeared in Japan after the 

Jaramillo Subchron, that is, the latest Early Pleistocene time, based on the data of the 

 Uonuma Group, Niigata Sedimentary Basin. The Yurihara Debris Avalanche 

Deposits overlying the formation, as stated in the following section, were deposited in 

the middle to late Middle Pleistocene. From these the Nishime Formation is correlat-

ed with the uppermost Lower Pleistocene to the lower part of the Middle Pleistocene.

3.4. Yurihara Debris Avalanche Deposits 

   The Yurihara Debris Avalanche Deposits were renamed by Ozawa et  al. (1988), 

and are distributed all over the Yurihara Plateau situated between the Japan Sea coast 
and the Koyoshigawa River. Itagaki (1992) inferred that the present Koyoshigawa 
River Valley did not exist in the age when the Yurihara Debris Avalanche was 

deposited because the debris avalanche deposits are not distributed to the east of the
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present Koyoshigawa River Valley, and that an elongated depression sloping north-
ward is discernible beneath the debris avalanche deposits in the Yurihara Plateau. 

   The debris avalanche deposits consist mainly of the boulder- to cobble-sized 

rubbles of andesite containing medium-grained plagioclase as phenocrystic minerals, 
with the interstitial material being chiefly brown volcanic sandy silt and clay. The 

clast content in grain size distribution are approximately 20 to 30 percent, but their 

variety is fairly large. Andesitic lava and pyroclastic flow deposit locally accompany 
the debris avalanche deposits. A several-meter thick pyroxene andesite lava can be 

recognized at the base of the Yurihara Deposits, at an outcrop in the upstream of the 
Kuromorigawa River, Yuri Town, in the eastern part of the investigated area. 

Similarly at the base of the deposits, a pyroclastic flow deposit is observable near the 
Innai Oil Field. The Yurihara Debris Avalanche Deposits are made up of several 

kinds of deposits and rocks, and is presumed to be subdivided into some stratigraphic 
 units  ; their detailed distribution and stratigraphy, however, still remain unknown. 

   It was reported that the Yurihara Debris Avalanche had flowed down the Chokai 
Volcano after the formation of a large stratovolcano, that is, during the time between 

Stages I and II in volcanic activity (Hayashi, 1984,  1985  ; Ozawa  et  al.,  1988  ; Itagaki, 
1992). Ban et  al. (1989) inferred that the older debris avalanche  deposits') around the 

Chokai Volcano date from 0.40 to 0.13 Ma, on the basis of K-Ar ages of the eruptive 

products in Stages I and II. The Yurihara Debris Avalanche Deposits, a part of the 
older deposits, therefore, are of middle to late Middle Pleistocene age. They have 

been estimated to be 30 to 80 meters thick by Ozawa et  al. (1988), and 20 to 120 meters 
thick by Itagaki (1992) from borehole data. The deposits have an unconformable 

relationship with the underlying Nishime Formation.

3.5. Hj-M1 Terrace Deposit 

   In the vicinity of the study area, fluvial terrace surfaces are distributed largely 

along the Koyoshigawa River. Specifically,  Hj-M1 and Hj-M2 Surfaces are presumed 

to be Late Pleistocene in age, and  Hj-M1 Surface exists at Funaoka, Honjo City, in the 

north of the area. 

 Hi-M1 Terrace Deposit is composed largely of sorted pebbles and cobbles of 

rhyolite, acid tuff, and andesite, with the matrix consisting of sandy silt. The clast 

content in the terrace gravel is about 30 percent, and a  matrix-supported structure can 

be observed in the deposit. In the uppermost part of the deposit, a 90- to  100-

centimeter thick yellowish gray sandy silt similar to the matrix in the  gravel is 

discernible, and this is considered to be the terrace-emerging horizon. The deposit is 

covered with brown tephric fine-grained soils which are 1.4 meters  thick  ; no marker 

tephra layer, however, can be currently found in the tephric fine-grained soils. 

 Hj-M1 Surface, approximately 35 meters above sea level, is inferred to have
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emerged in the Last Interglacial from its altitudinal arrangement and the degree of the 

terrace deposit weathering. The thickness of  Hj-M1 Deposit is estimated to  be less 

than 10 meters. The deposit overlies the eroded surface of the Nishime and Sasaoka 

Formations, and probably the Yurihara Debris Avalanche Deposits.

4. Geologic structures of the Uppermost Cenozoic in the Nishime Basin 

4.1. Nishime Syncline 

   In the study area, the axial trace of the  Nishime Syncline extends northward 

nearly along the Nishimegawa River (Fig 3). On the eastern limb of the  Nishime 
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Syncline, at Nakazawa (Loc. e), near the boundary between Nishime Town and Honjo 

City, meta- or syn-depositional slump structures are observable in the Nishime 

Formation (Fig. 7). Slumping occurred along the bedding plane of the the formation, 

and it is inferred to have arisen from the gradient of the limb increasing, accompanying 

the growth of the syncline. At another site near Loc. e, some minor reverse faults 

which increased the gradient of the eastern limb are discernible in the Nishime and 

Sasaoka  Formations  ; it is thus inferred that the folding continued to move during the 

time in which both formations were deposited. 

   Both the Nishime and Sasaoka Formations dip about 10 degrees west on the 

eastern flank, and the structural difference between them, therefore, is not so  remark-

able. On the other hand, the Sasaoka Formation strikes north-northeast and dips 45 

to 55 degrees east on the western limb, whereas the Nishime Formation strikes 

northeast and dips less than 20 degrees east around there. From this it is certain that 

an angular unconformity exists between the Nishime Formation and the underlying 

Sasaoka Formation in the west of the basin (Fig. 3). The difference between the dips 

of both formations in the west is inferred to have resulted from the intermittent 

movements of the Nikaho Thrust Faults existing in the western fringe of the Nishime 

Basin. On the western flank of the syncline, the thrusts are considered to have 

encouraged the more conspicuous growth of the Nishime Syncline up to when the 

Nishime Formation finished to be deposited.

4.2. Nikaho Thrust Faults 
   The Nikaho Thrust Faults consisting of some branching thrusts, are traceable 

northward along the western margin of the Yurihara Plateau. The total throw of the 

thrusts is immense, apparently exceeding 1,500 meters, for the heave is quite large as 
shown in the geologic structure around the faults  (Fig.  3). Ozawa et  al. (1982) 
mentioned that the Nikaho Faults presumably came into existence in the earliest 

Pliocene when the Tentokuji Formation began to be deposited. Their detailed 

movements of Quaternary age, however, has remained unclear because it is difficult to 
observe the deformed landform in this  area°. This is considered to be mostly due to 

the existence of thick semi-consolidated sedimentary cover on the ground surfaces, 
especially in the inner zone of the Northeast Japan Arc. Recently, field data from an 

exposure in the Innai Oil Field, about 1 kilometer northeast of Innai, Nikaho Town, 
showing that a part of the thrust faults has slipped since the Middle Pleistocene, has 

been reported (Otsuki and Komatsubara,  1994  : Figs. 8 and 9). Figure 9 shows a 
detailed sketch of this exposure, and their results can be summarized as follows. 

   At this site, it is observable that the Nishime Formation and the Yurihara Debris 
Avalanche Deposits crop out and the Nishime Formation is subdivided into the two 

units, that is, a lower and an upper unit. The lower unit is unconsolidated, parallel-
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laminated, well-sorted fine to medium sandstone of marine origin, particularly of 

littoral to neritic origin, as evidenced by its lithofacie. The upper unit is composed 

mainly of unconsolidated pebbly fine to coarse sandstone, partly granule-bearing, 

accompanied by lenticular poorly sorted silt and clay layers. From its changeable 

facies, the upper unit is inferred to have been deposited under a fluvial environment. 

The major fault in this exposure appears in Face A, and the Yurihara Deposits are 

thrust over the Nishime Formation. The fault plane is not clear, but is presumed to 

strike north 10 to 20 degrees west and dip 60 to 70 degrees east, from the trend of minor 

faults in Face A. On the hanging-wall side of the major fault, there is a 50- to  100-

centimeter wide fractured zone. The vertical displacement of the fault reaches a 

maximum of more than 4 meters and is not thought to largely exceed this amounts in
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light of the surrounding geologic features. In  Facies A to C, numerous minor reverse 

faults which are the same trend as or conjugated to the major fault are discernible, and 

some minor normal faults are present in Facies C to D and are considered to reflect the
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local tensional stress field on the hanging-wall. All of the minor faults accompanies 

the movement of the major fault. At least three types of these minor faults, which 

deform only the lower unit of the Nishime Formation, the lower and upper units of the 

formation, or only the Yurihara Deposits, respectively, are present in Facies A to E. 

This fact results from the presence of interrupted sedimentation after the appearances 

of the faults in each unit or in the deposits, and it is thus concluded that the major fault 

has slipped three times at least since the middle period of the Middle Pleistocene.

   From these results, it is inferred that the Nikaho Thrust Faults, at least a part of 

them, continued to be active after late Middle Pleistocene time. In contrast, the 

Nishime Syncline is confirmed to have deformed the Nishime Formation and the 

underlying rocks. The recent tectonic trend around the Nishime Basin since the Late 

Pleistocene is described in the next chapter, on the basis of the distribution of the 

geomorphic surfaces.

5. Geomorphic surfaces in the Nishime  Basin  : Relation to recent tectonic trend 
   of the sedimentary basin 

   Along the Koyoshigawa River, flowing from the northeastern foot of the Chokai 
Volcano into the Japan Sea at Honjo City, several fluvial terrace surfaces of Middle 

Pleistocene to Holocene age are distributed. All of these surfaces are thought to have 

been formed after the deposition of the Yurihara Debris Avalanche around the 
Koyoshigawa River Valley (Ozawa et  al., 1977, 1988). On the other hand, no remark-
able Pleistocene terrace surface can be recognized near the Nishimegawa River, 

except for  Hj-M1 surface which fragmentarily exists only on the boundary between 

the Nishimegawa and Koyoshigawa River Basins (Fig. 3), in relation to the quite small 
catchment area of the Nishimegawa River. 

   Hj-M1 Terrace Surface, which has an approximate altitude of 35 meters and is of 
fluvial origin as already stated, is inferred to have been formed in the lowest course of 

the river, that is, it is regarded as a thalassostatic terrace surface in the Last Interg-
lacial Stage, in consideration of its altitudinal distribution, locality, and the lithofacies 

of the terrace deposit. Because this surface is situated on the eastern limb of the 
Nishime  Syncline, it is possible to evaluate the synclinal activity since the Late 

Pleistocene from the shape of the surface. As shown in Fig. 10, no westward tilting is 
discernible in the topographic profiles of  Hj-Ml Surface, and from this it is inferred 

that there has been no folding of the Nishime Syncline since the Last  Interglacial5). 
   In the study area, no higher terrace surfaces are currently observable because the 

Yurihara Debris Avalanche Deposits widely  predominate  ; the distribution and the 

geologic structure of the Nishime Formation, however, suggest that the buried or
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    Fig. 10 Topographic profiles on Hj-M1 Terrace Surface at Funaoka, Honjo City, in the 
       north of the study area 

       (legends of geomorphological map)  1  : Holocene surfaces and sand dune  2  : Hj-M1 
       Surface  3  : terrace scarp and hill slope 

denuded depositional surface of the formation has a relative height of several tens of 

meters above the Holocene surfaces in the basin  (Fig.  3). In consideration of the 

presence of the higher terrace which was formed prior to the Last Interglacial 
Maximum time, mainly in the Middle Pleistocene, and which can be regarded as an 

indication of uplifting from the terrace-emerging age up to present (Otsuki, 1991, 

1999a), the whole area of the Nishime Basin is dominated by a regional uplift at 

present, although a small-scale alluvial lowland exists along the Nishimegawa River. 
The facts that the upper part of the Nishime Formation is thought to have been 

deposited near the river mouth as indicated by its lithofacies and that it constitutes the 

basal part of the hill in the basin (Yurihara Plateau), also support this view. The 

cease of the folding and the present dominance by the regional uplift are consistent 

with the present morphology of  Hj-M1 Terrace Surface which is nearly horizontal.

6. Latest Cenozoic tectonics of the Nishime Sedimentary Basin 

   The Nishime Basin accompanying the Nishime Syncline came into existence when 
the Nikaho Thrust Faults and the Yashima Anticlinorium which restrict both western 

and eastern margins of the basin, respectively, began to move in the earliest Pliocene 

(Ozawa et  al., 1982). Then the basin continued to subside relatively and to be filled 
with the Tentokuji and Sasaoka Formations, whereas the whole of the Dewa Hills, 
including the basin, were uplifted because both formations regionally show an upward 

increase in grain size and a decrease in water depth. 
   Probably until the middle of the Middle Pleistocene, the Nishime Formation of 

neritic and fluvial origins was deposited in the basin. In the western part of the basin, 
the deposition of the formation unconformably covering the Sasaoka Formation is 

inferred to have been confined by the hill which emerged above the sea level in part of
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the western flank of the syncline, as indicated by the geologic structure. 
   In the  Nishime Basin, the pebbly sandstone and conglomerate in the upper part of 

the Nishime Formation contain clasts of andesite, siliceous mudstone originating in the 
Onnagawa Formation, and hornblende  (-biotite) rhyolite of Late Miocene age, and are 

similar to the present Koyoshigawa River bed deposit in clast composition. In 

particular, grayish white hornblende (-biotite) rhyolite crops out on the east and south 
of the Chokai Volcano (e.g. Nakano and Tsuchiya,  1992  ; Ozawa et al., 1979b) around 
the study area (Fig. 11). In consideration of the absence of the present Koyoshigawa 

River Valley in the age when the Nishime Formation was deposited as already 
mentioned, the sediments of the upper Nishime Formation in the basin are inferred to 

have been directly supplied by the ancient Koyoshigawa River from the south, prob-
ably along the Nishime synclinal axis. 

   In the study area, the Yurihara Debris Avalanche then flowed down the Chokai 
Volcano and was deposited in the middle to late Middle Pleistocene, and some terrace 

surfaces were formed in the late Middle to Late Pleistocene. The Nishime Syncline, 
however, has not moved since the Late Pleistocene, as shown by the topographic 

profiles of Hj-M1 Surface. The folding in the area came to an end after the deposition 
of the Nishime Formation before the formation of Hj-M1 Surface, that is, in the 

middle to late Middle Pleistocene. The synclinal activity is presumed to have decayed 
before the deposition of the Yurihara Debris Avalanche, because the Yurihara Debris 

Avalanche Deposits buried an elongated depression on the Nishime Formation (Itaga-
ki, 1992) and it is currently  difficult to recognize any significant deformation on the 

depositional surface of the Yurihara Debris Avalanche accompanying folding. Subse-

quently, the whole area around the Nishime Basin has been dominated by only the 
tendency of regional uplifting (Fig. 12). Similar phenomena of sedimentary basins 

disappearing or declining in the Middle Pleistocene are recognizable in the Dewa Hills, 
for example, the Takanosu Basin, Wada Basin, and so on (e.g. Otsuki, 1991, 1995a,  b  ; 

Fig. 1). Along the Omonogawa River (Fig. 2), one of the antecedent rivers flowing 
across the Dewa Hills and into the Japan Sea at Akita City, the accumulation of the 

basin-fills in the Wada Basin ceased in middle Middle Pleistocene time, and the whole 
of the Dewa Hills has been uplifted in an east-west width of 30 to 40 kilometers since 

that age (e.g. Otsuki, 1994, 1999b). These results are in accordance with the case of 
the Nishime Basin. 

   On the other hand, the Nikaho Thrust Faults, which partly promoted the growth 
of the Nishime Syncline, are confirmed to have been active after the Yurihara Debris 

Avalanche Deposits were laid down in the study area. In the some areas along the 

Japan Sea coast, the geologic and geomorphic features have been clarified, showing the 
movement since the Late Pleistocene of the faults belonging to the Kitayuri Thrust 
Fault System which restricts the western margin of the Dewa Hills (e.g. Awata and
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Kakimi,  1985  ; Komatsubara, 1997). In particular, the uplift amount and rate of the 

Dewa Hills increase westward and have reached a maximum close to the thrust fault 

system since then along the antecedent rivers (Otsuki, 1994, 1999b). From these facts, 

it is inferred that the Nikaho Thrust Faults have also continued to move since the Late 

Pleistocene up to present in no connection with the Nishime Syncline, although it is 

difficult to identify any evident deformed landform along the faults.

7.  Conclusion 

   The Nishime Sedimentary Basin continued to exist as a relative subsided area 

accompanying the movement of the Nishime Syncline from the earliest Pliocene, and 

finished being filled with a sequence of basin-fills prior to the deposition of the 

Yurihara Debris Avalanche in the middle to late period of Middle Pleistocene age, on 

account of the extinction of the syncline. Subsequently, only the regional uplift has 

predominated in the whole of the Nishime Basin up to present, and the basin is no 

longer an active sedimentary basin. The Nikaho Thrust Faults situated on the
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western fringe of the basin, however, have continued to moved since earliest Pliocene 

time. 

   From the case of the Nishime Sedimentary Basin and some information on the 

other basins in the Dewa Hills, it is concluded that both the uplifted and subsided areas 

were concurrent from the early Pliocene to the Middle Pleistocene in the Dewa Hills. 

In contrast, the hills are considered to have grown until present as a single uplift zone 

restricted at its western margin by the Kitayuri Thrust Fault System. Regarding 

these points, further detailed geological and geomorphological studies on the other 

areas in the Dewa Hills are necessary.
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                                Notes 

1) The Kitayuri Thrust Fault System comprises the Noshiro Thrust Faults (Ozawa  at  al., 
  1983), the Kitayuri Thrust Faults  (Huzioka et  al., 1977), the Nikaho Thrust Faults (Ozawa 

   et  al., 1982), and the Sakata Thrust Faults (Ikebe  at  al., 1979) from north to south, 
  according to Ozawa  at  al. (1984). 

2) Description of Hj-M2 Terrace Deposit, the landslide detritus, and the  Holocene deposits 
   is omitted because of little exposure of these deposits. 

3) In this paper, "the older deposits" correspond to the debris avalanche deposits distributed 
   around the Chokai Volcano, except  for the Kisakata Debris Avalanche Deposits of about 

   2.6 to 3.0 ka (e.g. Ozawa  at  al., 1982, 1988). 
4) For example, the Research Group for Active Faults of Japan (1991) did not regard the 

   Nikaho Thrust Faults, particularly their main faults, as  definite active faults. 
5) Near Hj-M1 Terrace, the Sasaoka Formation dips at least 8 degrees west (Fig. 3). If it 

  is assumed that this tilting has continued to occur with steady-state during the last 2 
  million years, Hj-M1 Surface of about 130 ka is expected to dip more than 9 per  mil west 

   at present.
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