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Sorne fundamen tal geomorphologÎc clements are dis linguished in the roreare area. The y are 
the volcanic chain. the base ment high. the subduction complex and the trenc h. A sedimentary 
bas in ma)' occur behind or at Ihe front of the basemenl high . These geomorphologîc fealUres 
are variable both by the mode of development and their locat io n. The morphology and 
structure of the N E Japan margin refleel the cumulati ve effects of subduction sinee laIe 
Oligocence. The Upper Crelaceous basement is overlain by a few kilometers thick Late 
Cenozoic sediments on the Japan Trench forearc (Tohoku forearc). 
Structural features in the fore lu c such ,i S the trend of the bas in , rau lts, trcnch axis and the 
hors! and grabe ns of Ihe o uter trenc h slope refle ct a block s tructure whose individual elements 
are of limi ted widt h. The forearc is dominantly controlled by horizontal compressional s tress 
due to Ihe horizontal movement toward and subduction under the arc. However, local 
horizontal tensional force is suggesled by surficial feal ures of the forearc. The subduction 
complex il! primarily governed by thrusts which cut the undert hrus ted oceanic baseme nt 
beneath the complex, which suggests tha! there may be no way 10 consume the subduction 
complex 10 deeper parts of the subductio n zone under the continental pla te . 

Oceat1ol. Acta. 1981. Proceedings 26'h International Geological Congrcss, Geology of 
continental margins symposium . Paris, Jul y 7-17, 1980, 251·258, 

Subduct io n el acc rélio n dans la fosse du Japo n 

Dans la zone avant-arc:. on distingue quelques éléments géomorphologiques fo ndamentaux: la 
chaîne volcanique . le bombement de la croûte, le complexe de subduction et la fosse. Un 
bassin sédimentaire peUl se dé velopper à l'arrière où à l'ava nt du bombement de la croûte. Ces 
caractères morphologiques varient u ';tprès leur mode de développement e t leur s ituatio n. La 
morphologie ct la s tructure de 1:1 marge NE du Japon reflè te l'ensemble des effets de la 
subduction depuis l' Oligocè ne supérieur. La croû te Crétaçée es t surmontée par quelques 
kilomètres de sédiments du Cénozoïque supérieur dans le bassin ava nt-arc du Japon (To hoku). 
Les caractères structuraux dans ln zone avant-arc comme l'orien\(ition du b,issin , les faille s, 
l'axe de la fosse el les honts e t grabens de la pente externe de la fosse reflè tent une s tructure 
en blocs de peti te dimension. La zone avant-arc est contrôlée principalement par les 
contnl intes horizontales de compression dues aux mouvements horizontaUx e t la subduction 
sous l'arc. Cependant . des forces locales de te nsio n horizontales sont suggérées par les 
structures superficielles de la zone avant-arc. Le complexe de subduction est surtout gouverné 
par des chevauchements qui recoupent la croûte océanique enfouie sous le complexe. ce qui 
re nd difficile l'existence d 'un processus de destruction du complexe de subductio n dans les 
partie5 les plus profondes de la zone de subduction sous la plaq ue continentale. 

Ocemwl. A(:w . 1981. Actes 26< Congrès International de Géolo8ie . colloque Géologie des 
marges continentales. Paris, 7-17 juil . 1980. 251·258. 
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INTRODUCTION 

Many geomorphologieal a nd geologieal models for island 
arc system ha ve been proposed s ince the late 1960's. Earlier 
discussion:. on arc systems were based on land geology 
(Matsuda. Uyeda, 1970; Dewey, Bird. 1970 ; Sugimura. 
Uyeda. 1973) in which a Pacific type orogenes is or Cordille
ran type orogenesis was postulated in contrast to the 
collision type orogenesis . Many resullS of continuous seis
mic rdlection surveys in various fore,lrcs of Ihe circum
Pacifie bel! have been presented since the middle 1960's, 
The fore:uc tectonics are ,Governed by the subduction of the 
oeeanic phlle under the continental crust. New models for 
nlodern forearcs have been presented as a result of more 
recen! surveys, especially by multiehannel scismie reflee
lion profiling and driJl ing by the Deep Sea Dril1ing Projec! 
(DSDP). Foreare basins underlain by basemen! consisting 
of material scraped off the underthrust plaie associated wilh 
a high bordering the basin and the subduct ion eomplex have 
bcen poSlUlated (Dick inson, 1973; Karig. Sharmann II I. 
1975; Kari.!;. 1977 : Seely, 1979 ; Dickinson. Seely, 1979). 
Forearc b:isins underJain by a basemenl consisting of 
continental c rust or crustal remnants have also been postu
laled (Honza el al.. 1977 : Kulm, Schweller. 1977 ; Von 
Huene er al .. 1978 : Husson et al .. 1978). 

M:l ny offshore data have been accumulated by the Geolo,Gi· 
cal Survey of Japan in the NW Pacific Rim , especial1y 
around Japan (Fig. 1), The purpose of Ihis paper is 10 
present such dala pertaining especilly to the tectonies of the 
Tohoku forearc and the Jap:tn Trench. and to discuss the 
Japanese silUalion in eomparison to the tectonies of the 
Sunda forearc (Kari,G el al .. 1979). Ihe Mid-America forearc 
(Seely, 1979 ; Moore et al., 1979 ; Aubouin tl al. , 1979). The 
Peru-Chite forearc (Kulm. Schweller. 1977) and Aleutian 
foreare (Von Huene , 1979). 

MOJ)ELS FOR FOREARC TECTO NICS 

I-I ere, the terrn forearc is applied 10 the area belwecn the 
aClive volcanie chain and the outer edge of the oceanic 
trench llssocialed with Ihal arc (Seely , 1979). Some charac
terbtic features a re observed in the forearc area. A bilse
ment high between the volcanic chain and the Irench 
eonsists of mountains onshore or a submarine structural 
high ovcrlain by modern s lope sediments (Fig. 2). There 

r 

Figure 1 

Geoph ysicll/ mn'ey liltC'.J 197510 1979 b)' Gell/('jiir'al Sun'eyof Jupun 
ilt Ihe NU' Padlir' Ri", . 

may bc a prominent terrace or trough comprising the 
continental shelf or parts of the :.Iope. The slope comrno nly 
hus 11 kniek point or brcak that is referred to as Irench s lope 
break or ridge. The terrn of the inner trench slope is used 
here for the deeper pMt of the slope from the break 10 the 
treneh on whieh benc he~ may oec ur. The terms of oUler 
trench slope for the oceanward s lope of the trench and 
Ireneh swell. inslead of outer arch or outer rise. for Ihe 
OUier morphologie bridge oceanward of Ihe treneh are uscd 
herc. 

- .... CI( ... ~C-t----------fOllE ... RC----------I 

_. _.-

I ~ 

c-.. .......... ----

_. out .. 
• 1ItHO! llOPt ......... 1101'1' 
o 0 

,otHC>It.IOI'I' 'Olt«;>< -

252 

Figure 2 
Sholluw slruC/ura/ model a/ld suess I;{mdi/io/l of ,lte 
lo reore iIIus/rari/lR /he Japa/l Tre",:h UTeo (Tohoku 
loreart) a/ld umlln,,/oKY used 1,. Ihis pap"'. /Jeep,., 
Slress Is ciud Irom 'he local mechal1ism solu/ion ( YQshil, 
1979). Opt/1 In'angle: \'okonir chain : dllfud : modtm 
basills : plus and dUIIM layl'fS: bOItille/ri . 



Figure 3 
ModtlJ of modern !flrtares. Fundtlmt rl/lJ/lra· 
mt,,'(uk QI Ihe /o'tare is similar in ail ca:Uf. 
UCtpl in modtt of consumption. 011/1 ~ariablt 
in somll of NtUmurphologir: PQJiIiQnJ. Opell 
IriCUIH/e: va/conie ch/lilt ; dmltd : {orellrt: 
basin; mtshed : boument lu'gh . 

SUBDUCTION AND ACCRETION IN THE JAPAN TRENCH 
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There may be three types of rOTeares. the firsl tha! consiSIS 
of a s lope underlain by a continental crust and others 
consisling of a pari of _he slope underlain by an accrelionary 
prism. Forearcs of the fo rmer type C,ln be categorized as 
consumplion. The hHlers a re one dominantl)' underlain by a 
continental crust catcgorizing these as continental {oTeares 
and the o ther dominantly underlain by an accretionary 
prism categorizing these as accrctionary fo rcarcs in which 
the subduction complex extends upward to the trench slope 
break (Fig. 3). Common fcatures which arc associated ..... ith 
ail o f the forellrc s are Ihe active volca nic chain. the 
basement high and the trench. cven thcre may be disconti· 
nuities in sorne of the fealUres in Ihem . At present. there arc 
sorne uncertainties concerning the existence of consump
tion or tectonic e rosion at the base of sorne {orearcs which 
has bee" postulated on the basis of DSD P drilling results in 
the Maria na rOTenTe (H ussong el al., 1978) and Ihe geomor
phology in parts of the l'eru·Chile forea rc (Kulm , Schwel· 
1er. 1977). A more or less sed iment filled bas in may occur 
between the volcanic chain and the basement high or 
between the basemcnt high and the subduction complex. 
The posit ion of the basement high is variable. There may be 
a mountain range onshore such as in the Tohoku Arc. 
Seinan Japan Arc and Peru-Chile Arc, or a mid-slope high 
(trench slope break or ouler ridge) such as in parts of the 
Bonin Arc. in parts of the Mariana Arc and parts of the 
Kuri l Àrc, or an islands chain such as in the Ryukyu Arc and 
in pa rts of the Bonin and Mariana Arcs . 

TECfON ICS OF THE TOHOK U ARC 

The Tohoku Arc System has been ac ti ve si nce the late 
Oligocene whcn subduction of the Pacifie plate started af ter 
complete consumption o f the Kula plate . This was accom· 
panied by vigorous volcanic :Ictivity llOd rapid sed imenta
tion in the backarc basin and by subsidence on the forearc 
s ide (Honz.a el ,II . • 1977; Honz.a. 1979). Bcfore the onsel of 
act ivities on the Tohoku Arc . sorne tee tonie aClivity had 
occurred in the NW mainland of Japan during the Late 
PaleOloic and duTing the Middle MeSOloic (Fig. 4) . T his is 
documenied by the voleanic lIe tivity in eaeh period and 
paired metarnorphic belts of the li ida.Sangun couple (Late 
PaleOloie) and the Ryoke-Sa nbagawa couple (Middle Meso-
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loic). However, some of the melamorphic ages a re presen
tly under discuss ion bectluse of conflicting evidenee from 
geological observation and absolute age determination~ 
(Tanaka. 1977). 
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Figure 4 
Ge"e,ali:td lIe%gica/ hi$1Ory of SW Japan. ctmlpiled from MalSu
mO/o (1967) ond Tantllw (1977). Th'o periods of (Irc (Icr/l'Uy a,e 
infured frolll l'oie/mie aCli,'Uy and lItefulllorphisIII during Lule 
Po/eowle and Midd/e MtlSowic. The scole fo, 'he puiod be/",un 
0-100 Ill y 81' has been en/urged l'''ofo/d. Sedimenlary bus/n is 
inJicaled by d,dt ... ilh a dol (~uy /llfge), circ/e ",ilh a fine (/arSe). 
open drdt (mmfUII/t) am) by L (na or lhi" JC/lQSir/OII). Black 
lriang/es: IIIaflc ,'o/can/srrr : II/le" Ir/lmg/es : acidic '·oIC/lllism . 
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The Tohoku foreare may be ehunleterized as a kiod of 
continental sloped in Figure 3. Il has a sedimentary ba~in 
with a fili a few kilometers thick between the basement high 
,md subduction complcx. The Upper Cretaeeous 10 Paleo· 
gene base ment is overlain by Late Cenozoic sediments 
covering the emire continental slope in Ihe area (HOnZll. 
1977: Honza el al .. 1978; Von Huene t'I al .. 1978) . The 
Upper Cre taceous seque nces are tihed west ward and 
overlain by Paleogene sediments tha! are developed along 
the inner s ide of the s lope . The boondary between the 
forearc basin and the subduction complex i5 presumably a 
thrust on the upper 10 middle part of the inner trench slope. 
Sed iments in the forearc basin are genlly folded to fOTm 
~maller basins and highs. The trench slope break commonl y 
rcpresents an uplifted arcn behind which a smatl younger 
basin occures (Fig. 5). 

BLOCK STRUCTURE IN THE FOREARC BASI N 

The fold axes of The Laie Cenozoic sediments in che 
rorearc basin are approximately parallel to the trcnch axis. 
Each fold can be rollowed over a distance up 10 100 km. 
Dominant uplifts occur along the coast and ~eeo nd ordcr 
uplifts along the trench 5lope bre3k. Predominant subsi· 
dence i5 seen 310ng the central tO inner part of the s lope. 
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This s iructurai trend suggesb a relative uplih on the 
la ndward side and subsidence on the seaward ~ide with 
minor uplift on the trench !llope break (Fig . 6 (1). 

Several attempts have been ml'lde 10 delincatc the bloc k 
struclUre of the rorearc regian from Ihe dis tribution of 
aftershocks in the circum·Paciric bel! (Mogi. 1969 ; 
Nagumo. 1970). This 3ppl ies particularly 10 the s tructuT;jl 
blacks in the norlhern purt of the Tohoku forearc. By 
analogy. structural units for the southern area hljve been 
depicted from struclUral trends alone (Honza et al . . 1977) . 
Figure 6 b ilJus tra tes a compilation of sugge~ted blocke; on 
the structural trends fo r the area. 

Most of the shel ves on the rorearc s ide of the Tohoku Arc 
were formed by a wave·cut terrace dudng the latest 
Pleistoce ne glaciation (Honza el Ill .. 1977). It is poss ible to 
infer that the amount of cruswl dcformation s ince thc 
maJ(imum sea·level lowering controls the depth of the 
wave·cut terface at the shelf edge. It shows a sinuous curve 
with a wave length of one degree (approJ(imately 110 km). 
This distance corresponds apprOJ(imately to the north·south 
length of the s tructural blods in the forearc bas in . The 
boundaries of these structural blocks of the forearc coincide 
with the plunging ends of antidines. Therefore. the boun· 
dary of a black atthe shelf edge is likely to lie Olt the deepest 
point of the curve in Figure 7. 

Figure j 

Ref/ution profi/u in the dewiled swn ·e)"ed "re(J 
(ship /ftl(; /(s sho ... n on Fig. 8). Uniu A ·E an 
Quutefnaf)". ptiocent. upper Miocene, fo'iddlt· 
101O,'e, MitKene W lou O/igocene and bUstmenl. 
,upee/il·ely . Tht geolo1:i("ol aRts cOffnpond /(J 

Ihose lIi l·en 011 Ihe geolo/('nll mup of Ihis arto 
(H() II ~ /1 el al.. 1978). 



Figure 6 
a : Structural Irtnds in Ihe lortare basin ol lhe 
Tohoku Arc, compl/td lrom tht Rtologicl.Il "Illp 01 
Iht I.Ircl.l (Monza CI a l. , 1978), The rectllllgie 
surroullded by a tMck /ine Is the dewi/ed surl'ey 
orta lIIustraled /11 Fil/urt 8, Thick /inu alons Iht 
Jupan Trtn ch show the axis ollhe trench , 
b : Block Struclures ln Ihe Tohoku lote/Ire. Nor
thrrn blocks (",)rlh ul J8"N) urt de/in eated by Ille 
dislribution 01 altrrshoch (Nagumo, 197Q). sou· 
Ihern blocks are delinellleu by l'lru('luft" /rellds 
alont (Hon ta et al .. 1977), 
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SUBDUCTION AND ACCRETION IN THE JAPAN TRENCH 
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Dtplh of Iht "'aVt-CUI bast /111 Ihe 5hell tdgt ulong the 
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SURFICIAL STRUCTURES IN THE TRENCH A REA 

A dClai led survey over H porlion of the Japan Trençh and 
s lope revealed interesting surficial struc tureal trends 
(Fig. 8), The dominant morphologie trends are approxima
tely paralJellO the trench ax is. however. in each area minor 
trends de viate slightly from the m~lin trend . The trench axis 
forms n straight line over limited dis tances, but abruptly 
changes ilS direction from one block 10 the nex\. The outer 
part of the continentlll s lope ~Ind the inncr trench s lope in 
the northern bloek deepen gradualJy toward Ihe trench. 
while slope of the southern block are eh.tnlc teri zed by 
relatively steep walls and a termee, The fau lls bordering the 
lerrace which oecurs al ~I depth of 5,000 m to 5.400 m have 
an irregular strike. 

The hors t and graben struc ture of the outcr trench s lope has 
an oblique orientation with respec t to the trench ax is and 
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eXlemJs 5 10 15 mlUtical miles long (Honza et III .. 1978: 
Ho nza . 19/'10). 

STRESS DISTRIBUTION IN THE FOREARC 

Doniimtot surricial s lress over the island arc may be 
horizon!;11 compressÎo nal stress which are exerted by the 
movement or the ocea nic plate loward the arc and by 
subduct ion under the arc , However. local tensional rorce is 
revealed by the detailed survey of the forearc area, One of 
the surfic inl express ions of extens ional structure is the hurs t 
(Ind graben s truc ture o r the outer trench s lope which m~ly be 
due to the bending on the convex s ide of the oceani c plate. 
T he {aul ts arc a t right .togle to the magnctic IineatÎons 
(Uyeda lU al., 1967: LMson, C hase. 1972), Th is suggests 
thll i lhere may be initial weakness in the oceanic plaIe În the 
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direction perpe:ndicular to the spreading center. A group of 
normal faull s is observed along the highs of rorearc basin 
(Fig. 9). The group of faults may be a result of the uplift of 
base ment which is associated wit h deformation of the 
overlying younger sed iments. This has also been confirmed 
by dritting resul ts of the D$DP J:ipan Trench Transcct 
during Leg 57 (Von Huene el al .. 1978). Another region of 
horizontal tensional stress may occor along the volc:lnic 
chain where a gravit y low and paired normal faults Hre 
obser\'cd. The stress field in the backarc area adjacent to 
the vo1canic chain is changing from horizontal tensionalto 
horizontal compressional field which is suggestcd by the 
tillied block movcment associated with faults. General 
uplift i~ dominant in this area s ince the Pliocene accompa· 
nied by the lo~l block ~ubsidence. 

General subsidence with loca! block upJift is dominant in the 
forearc basin . A relative uplift is commonly observed in the 
trench slope break. There may be an uplift or semistable 
area on the basement high (Fig. 2). 

_~.lio ... _ . . 
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Figure 9 
Stismir lime sectiOfI slo llg IIlt DSDP Jius 438. 438A. H (lIIJ d'J. 
N(mrwl fllullS (lU dlllllimmr ill Ihe urt(l . 
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Figure 8 
Deloil"d Slm·ty ure(l in Iht Ji/POli Trtf/t' h 
Ill1d slopt OrtO. Thil1 doshed liI/fS : ship 
lrI/ch . Th in /int! : cOfftcud bOlll)m". 
Iry. Thirk lints "';Ih nUn/bers fin thl' 
Uppt, slopt ore isorhrof/tll contour~ of 
th" Lou Ctnowic sediments in stconds. 
The ,"kk dashed /if/t Îs the truck lint vI 
Iht mulrichanntl seismic profilt " 'jrl! 
nl'aroy DSDP sitts (dol/td d,du .. ·/tI1 
II/utrbers). Thick /inti on Ih" Il! ... ,,r slom 
sllow f(lults . Hea" y s fraiSIrl lil/ts in tlrt 
t,tl/ ch artfl slrow Iht Irtl/ch Ilxis. 111il/ 
SUllilUnes willr burs in lire (Juter Irendl 
slopt : faults assQâultd willl tht Imr)'! 
a/Id grahtn SirI/CI urt. 

SUBDUCTION COMJ>LEX IN T HE JAPA N TRENCH 

The Late Cenozoic and underlying Upper Cretaceous sedi· 
ments show an abrupt change in the lower parI of the inner 
trench slope . The stratified Late Cenozoic sediments and an 
unconformity between the onderlying Upper Cretaceous 
seq uence on the continent.11 slope cannot be observed in the 
lower part of the inner trench slope (Fig. 10). Vague 
di~continous horizontal reflectors are observed among the 
dominant refIectors dipping landward. These rcflectors may 
suggest sheared fault s which caused defonnalion of the 
horizontal layers. The oceanic basement which can be 
traced from the outer trench slope under the trench to the 
~ubduction corn pIe x is cut by several large thrusts (Fig. 11). 
There is uncertainlY in the area between the continental 
basement and the subduction complex wherc no thru~ t 
is recognizable in the profile . However. the layers are 
deformed along the conlact zone between the continental 
basement and the .. ubduction complex . This ma y suggest 
..orne s tructural dcformation cal/sed during ~ubdOl.:tion of 
the Pac ific plate . 
The thrusts which occur in both the subduction complex and 
the underthrusled oceanic basement may suggest that there 
is no displacement along the bottom of accret ionary pri~m . 
It is inferred from the fact Ihat the presum:lble melange 
which consists of the accretionary prism is fixed upon the 
oceanic basement on the inner trench slopc and there may 
be no consomption of the presumabJc melange under the lI rc 
in this area. 

DISCUSSION AN I) CONC LUSIONS 

Morphologic variations in forearcs may be the producb uf Il 
direerent initial location of the basernent blocks with re spect 
of the distance to the trench at the onset of the subduction. 
From the common dis trubution of a base ment high . it is 
inferred thal arc systems rnay occur where sorne kind of 
continental or semi·continental material is distributed . even 
fi few possible IOC;llion:. are ~uggested for the blisemenL 
"Iore detailed surveys are required 10 confirm the I!eomor· 
phology of the fundamental elements and the surfidal 
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Figure 10 
Seismic lime $tClioll (JIQllg the DSDP sites Q/ Legs 56 alld 57 (Nasu el al., 1980) (.md (l schemalic dl.plll seclion ollht ;nnu lrench stope arl'a in 
whiclJ j'e!acilieJ lrom re/ruclion mea$UremelllS (Ludwig et a l., 1966 : Murauch iet al.. 1977) ha" 1' bUll addl'd for Ihl' duper Irarizon$ 10 CQm'ert in 
lime seclio" (ship Ira ck is shown on Fig. 8). 

Figure Il 
Diugrummalic Siri/crural interprnllliOlt o/ rhe profile ill 
Figure 10, 

! 
i , 

struc tures prevailed in the fore;m;: <lrea in olher arells. The 
horsts and grabens whîch trend obliquely to the Japan 
Trench a"is a lso extend to the KuriJ Trench where the 
trench a"is is approximatcly parallel to the magnetîc linea
tions of the oceanic plaie. However, structural uend of the 
hors ts and grabens is not depîcted in the KuriJ Trenc h. The 
hors ts and grabens trending parallel to Ihe magnetic linea
t ions are reponed in the Guatemala Trench (Aubouin el al .. 
1979), It may sugges t two tre nds of the horsts and gnrbe ns, 
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one perpendicular and Ihe other paraI II' I 10 the magnetic 
lineations. 
From the interpretation or the subduction comple}[ in the 
Japan Trench, it is infcrrcd that there may be no consump
lion o f the subduction complex 10 deeper parts of the 
subduction zone bener.th the cont inental crus \. Il has also 
been suggested in the senward aceretion model (Secly . 1979) 
and the extension of sorne underthruSI along the inner part 
of the upper ocean ic basement from the thrusts wh icb cut 
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bolh the accrel ionary prism ilncl the upper mos i sliçe s of the 
oceanÎc basement (Von Huene. 1979). Total downdip lenglh 
of the s ubducted oceanic plate in the Jilpan Trench is 
~uggesled 10 be approximately 900 km o r more during the 
Late Cenozoic. The displacemcnts of the thrus ts in the 
subduc tion complex Îs nOI enough 10 çover the enlire length 
of the ~ubduction of the oceanic plate durÎng the Lme 
CenolOic . 

An unconformity between Late Cenozoic sediments and 
underlying Upper Cretaceous sequences on Ihe o Uier paTIS 
o f the continental s lope and the upper part of the inner 
tn~nch s lope may suggest an uplifted high or brood shel f 
hilVing prevailed in the outer slope area during the Early 
Ce nozoic. A Jack of the terrÎgenous sediments or Ihe 
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continental c rus t in the modern o uter s lopc area may impl y 
that the consumplion or tectonic erosion misht have 
occurred at the onset of the s ubduction or the continental 
crust which had formed il slope during the Early Cenozoic 
might be underJying a~ il wedge bcneath the modern outcr 
wedge of the continent .. 1 materÎal. 

Acknowledgemenls 

The works a l sea would not have been possible without the 
cooperation of the officers and c rews o f RJV HakureÎ-Maru. 
R. Hesse c ritically read the manuscript and provÎded heJpful 
s uggestions for improvement . 

Mltsuda T., Uy~1 S., 1970. On Iht Pacifie-type o rogeny and its 
mode!. Extension of the paired belts concept and poss ible o rigÎn of 
marginal seas. TI'CIOnophysics, lt , 5-27. 

~htsumo to T. , 1967. Geologie eycles and its period, edited by 
K. Ichikawa el al" StratilZfuphy, 2, 663·667 (in Japanese). 

Magl K . • 1969. Relarionship belween the occurrence of IIJcut 
earthquakes and teetonic s truc tures . 8,,1/. EOrlhq . Rts. In ~·I .. 47, 
429·451 . 

Moo~ J . C .. Watldns J . S. el al" 1979. Middle American Trench. 
off Mexico. Getl/;mtS. September . 20·22. 

Murlluchl S .. Asanuml T .. Taguchl ll " Kln()§hlta H., l'oko, ... ma 1.. 
Nahlanl H., 1977. Refrae tion l1leaSuremenlS by sono-buoy in the 
Japan Trench off Ihe Sanriku. Seismo. So<:. Jpn. Atllllw/ ,\II.'tI;n~ 
(abstract in hpane"e). 

Nagumo S .. 1970. Developmenl of the aften;hock area and the 
blo<:k struc ture of the focal region of the 1968 Tokachi-Oki 
eafihquake. Bull. Eorthq . Res. Insl .. 411, 759-768. 

Nllsu N .• Von lIutne K" bhi""lId ll l'., Lllnw;e tb M., Brun) '1' .. lIan. 
za [., 1980. Inte rpretation uf multichannel seismic rdlection data. 
Legs 56 and 57. Deep Sea Urilling l'rojeel. in : l'lilial Rep. f)SfJP. 
56·57. US Gov. Prin!. Off. 

Stet)· 1) . R., 1979. The e\'olut ion of structural highs bordering major 
furearc basins. in: Geological and geophysica l i nvestig.~ lions of 
cont inental mart:in~, edued by J. S. Watkin,. L . MUntliderl ilnd 
P. W. Dicken;on. Am. Auoc. Pt l. Geol. Mtm .. 29, 245-260. 

Sugimura A . • Uy~a S .. 1973. lsla'ld ores. Jopan and ilS em·jmns. 
Elsevier Publ. Co" Amsterdam, 247 p. 

Tanaluo K. , 1977. l're-Neollene teclOnic divisions. in : Gro/ogy ond 
Iminrrul reSouR'CS of Jupun . editeu by K. Tanaka and T. Nozawa. 
Geul. Surv. Jpn. 20-44. 

Uyo.'da S .. "acquier V .. l'llsuIM .. Sdaler J .. Sato T .. 1.11""50.10 J .. 
Watanahe T. . Dlxon ~-., Sll~er E., t'ukao ~'. , Sudo K., NIshlka· 
wa M., Tanaka T" 1967. Results of geomagnetic survey during the 
c ruise of RN Argo in weSlern Pacific 1966 and the compilat ion of 
ma!;ndie charts of the saille a rea. B"I/. EOr/Irq. Res. hw .. 45, 
799·814 . 

Von fl uene R., 1979. Structure uf the OUler COn\ergenl mar.::i n uff 
Kodiak Is land . Alas ka. from multichannel se ismic record~. in : 
Geological and geophysical in\est igalion of continental l1largin~. 
ediled by J . S. Watkins, L. Muntadert and P. W. Dickersoll. Am. 
Assac. Pel. Geai. Mtm .. 29, 261·272. 

Von HLltne R .. NllSu N. rIal .. 1978. Japa n Trench u anseeted . on 
Lej:57. Geolimts. 23, 4. 16·2 \ . 

l'oshU T .. 1979. A de ta iled Cr055-SecIÎOn of the detp seismic lOlle 
beneath northeastern lion~hu. Japan. TtclOnoplrysjcl. 55, 349·360. 


	30

