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DS DP drill ing rcs ulls showed that l it s ite 439 the SHnriku Shelf of Northeastern Ho nshu has 
subs ided nearly 3,000 m during the Neogene. Integrat ing these resul ts with seismic-reflec tion 
data indicates widespread subs idence that is locally as greal as 6,000 m. We propose that thi s 
subsidence resuhed from the initia tion of subduction of Mesozoic lithosphere at the Sanriku 
Margin beginning 25-30 m.y. b.p, Temporal eooling of the mantle below the forearc are'l 
caused contrac tion and subs idence: a simple model is presented to est imate the rate . 

Oceallol. A t·llI . 1981. ProceedinglO 26'b Interna tio nal Geological Congress. Geology o f 
contine ntal margi ns symposium , Paris, Jul y 7-17, 1980, 173-179. 

Affaissement du préa rc de la fosse japonai se da ns le nord -est de Honshu . 

Les campagnes de forage d u DSDP sur le s ite 439 ont démontré que le pla teau de Sanriku , au 
nord-est de Honshu, s'est affailOsé de près de 3000 m pendant le Néog~ne . L'intégration de ces 
résultat lO avec les données obtenues par réflexion s ismique met en évidence un vaste 
affaissement , d 'une envergure de 6000 m, à cet endroit. Nous proposons d 'expliquer cet 
affa issement pliT III subduction de 1;1 lithosphère mésozoïque lOur la mllrge du Sanriku, ayant 
commencé il y a 20-25 millionlO d 'années, Le refroidisscment, au cours du te mps. du manteau 
sous le préarc produit une contrac tion et I·affaissement. Un modèle s inlplc est présenté pour 
l'évaluation de la vitelOse. 

Deeanol. ACla , 1981. Actes 26· Congrès International de Géologie , colloque Géologie des 
margcs cont inentales, Paris, 7-17 juil. 1980. 173·179. 

Deep-sea drilling o n IPOD Legs 56 and 57 was a imed at 
increas ing o ur understanding o f the s truc ture and e volution 
of the convergent margin off northeastern Ho nshu. The 
effort resulted in a Hne of dr ill s ites loca ted o n muhichannel 
scismic-refl ection lines that c rossed the bpan Trench a t 
about 40"N lati tude (FiH . 1 a). 

(Larson , Hilde , 1975 ). T he seafl oor is co ve red by il blanket 
of pelagie and hemipelagic sediments about 600 m thick . A 
lincar set o f hors t and graben tha! interscc t the axis o f the 
J 'lpan Tre och at :m acute angle are promine nt o n the outc r 
wall (Ludwig ~I (If., 1966 ; Honu. 1978). 

The shoreline or northeas tern Ho nshu is about 200 km west 
of the trench, and the ac tivc volcanic a rc is 100 km farther 
west. Be tween the shore and the trcnch is il broad terrace 
that dips gently seaward . At its d is t'Il end the dcpth is 
2.500 m. This fealUre, called the Sanriku Deep Sea Terrace , 
has been shown by se ismic-re frac tion observations to be 
underlain by a "continenta l type" velocit y s truc ture to 
depths of 20-25 km (Murauchi . Ludwig. 1980). 

The major ph ysiographic c lements of this margin arc well 
shown by the s ingle muJtichanncl scismic profile that 
erosses the s ites (Fig. 1 h). The Japan Trene h a t this point 
has maximum depths of 7 .3()().7,500 m. The outer wall of the 
Irench has a gentle s lope that r ises to form a broad outer rise 
that is underla in by Early Cre taccous Pacirie occa nic c rust 

Lanlont Ooherl )' Geological Observ31ory COnl ri bution N" 3139. 
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The landward wall of the Japan Trench is divided into two 
distinc t parts on the bas is o f the morphology of the 
seanoor : a s rnooth, ge nll y dipping upper s lope , and .. 
hummocky. more s teeply dîpping lower s lope. The upper 
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b. A sinRie-chmtlltl stismk prolile 
açross Ihe lapall Trelleh Ihal is 1It'(ul)' 
eoincidelll wÎlh Ihe Une JNOC-l ill 
Figuu 1 a bul tJ:ltlld.f Irom ''l''Ur .fliorl" 
10 Ihe l'ici"il)' 01 Site 436. This pmfill". 
made b)' Ihe Ocemr Reseurdr IIIS/ill//e. 
c/early iIIU.flrtllts the main plrys/aRrtl· 
phie lealUres ol /he Sanriku MarKin . 
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and lower 1>lopes are separaled by a narrow midslope lerraee 
at waler depths of 4.000 10 4,200 m. In most places the 
midslope terrace Î1> underlain by II nurrow ba1>În rillcd with 
ponded sediment~. 

GEOPHYSICAL SURVEY S 

Prior to drilling on the Japan Transcet, a comprehcnsi\e 
program of geophysieal and geologie surveying wa1> carried 

" 
, , ," 

Fil:ure 1 

a. Balh)'melry 01 Ihe Sanriku MarRin 
.fhowÎng the locations 01 sel·tralUnes of 
multiehllnnel selsmie prQ/iling. The 
locations of Legs 56 and 57 drill sitts 
are a/sa sh"wn. 
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out on the margin. The magnetie and gravit y data and 
bathymelry and subbouom rdlcetors were mapped over the 
submerged area shown in Figure 1 along closely spaced 
lines. perpendicular to the contours (Honza. 1980). Several 
long lincs of 24-channel scismi e-reflectÎon profiles wcre 
made across the Sanriku Dcep Sea Terrace and treneh by 
the lapan Exploration Co. (JA PEX ). under contraet 10 the 
Technology Research Center of the JapllO National Oil 
Corporation. and two additional profiles were mlldc Imer for 
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the Ocean Research lns tÎ lUte (ORI-78-3 and 4. Nasu el al .. 
1979 and 1980). A line made by the Shell Petroleum 
Company (P-849) was available to the scientists participa
ling in the drilling program. The locations of these li nes are 
in Figure 1 a. 
The multichannel profiles provide the clearest representa
lion of the struc ture of the margin ; tracings of time sections 
of lines 1 and 2 are shown in Figure 2. Reproduc tions of the 
processed multichannel seismic records can be found in the 
OS OP Initial Reports volume 1 of Leg 56 and 57 (Nasu 
el al .• 1980). A fealU re of particular interest to the subs i
dence hislory of the Oeep-Sea Terrace is a prominent , 
angular unconformity that can he traced over most of the 
outer Deep Sea Terrace at a depth of 1 to 1.5 km be low the 
seafloor. At s ite 439 , this unconformity marks the boundary 
between flat-lying Neogene sediments and underlying Cre
taeeous deposi ts that are dipping landward . The tracings În 
Figure 2 show that sorne of the horizons in the Neogene 
section lap onto the unconformity. Von Huene el al. (1980) 
have intcrpre ted this stratigraphy as indicating that the 
Cretaceous depos its were exposed above sea level during 
the Pllleogene and sUbsequently subs ided , allowing 
encroachment of the sca on the struc tural high . More direc t 
evidcnce thal the Crelaceous deposits were croded sub
aerially comes from a slUd y of the drill cores from site 439 
whcre the unconformity was penetrated. 
The acouslic reflector corresponding to the erosional 
unconformity can he traced weil seaward of the trench s lope 
break beneath the upper slopc. In the vicinity of the 
midslope terrace. this refleetor becomes less discernible . 
probably as a result of the numerous, dosely sp:lced. 
normal fa ulls thal displace strata under the upper s lope. 
Nonetheless, the unconformity can he traced with conside· 
rable confidence to the land ward margin of the midslope 
terrace. At that point , the reflector is more than 6.000 m 
below sea le ve1. Below the lower s lope lies a mass of 
Neogene sediments that are being actively deformed by the 
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SUBSIDENCE OF THE JAPAN TRENCH FOREARC REGION 

forces associated with convergence of the Pacif ic and Asian 
plates . T he midslope lerrace.therefore, represenlS a fund a
mental teclonic boundary. The Cretaceous and older sedi
ments thal lie beneath the unconformilY on the Sanriku 
Deep Sea Terrace are tru ncated at this boundary . 

DRILLING RESULTS ON THE DEEP-SEA TERRACE 

The westernmost DSDP sites on the Japan Transect 
(sites 438 and 439) are about 90 km west of the trencb axis 
and land ward of the trench-slope break (Fig. 1 a). Th is 
places them on a struc tural high. the Hachinohe Knoll . 
where the reflec tor corresponding to the erosional uncon
formity is within reach of the G/omar C/!a/lenger's drilling 
capability. Site 435 was drilled on the upper s tope of the 
landward wall of the trench . The s ite bas a water depth of 
],400 m and penetr:ued 250 m subbotlom. The deepest 
samples obtained a t s ite 435 are lowcr Pliocene. 

Drilling at site 439 penetrated 1.t57.5 m subboUom , and 
comparison of drill cores with the multichannel seismic 
profiles indicates that drilling penetra led the eros ional 
unconformily . The deepes t cores contained Cretaceous 
marine sediments. Overlying the Cretaceous deposils is a 
boulder conglomera te conta ining fre sh. angular blocks of 
intermediate volcanic rocks. The s ize. angularity. and 
fre shness of the blocks suggest tha t the source of these 
rocks was close to the site. Samples from the conglomerale 
that were dated radiometrically (Yanagisawa el al .• 1980) 
had crystallizatio n ages of 22 10 24 m.y.b. p. The absence of 
mllrine fossils in the conglomerate suggests that it was 
deposited in li nonmarine enviro nment. 

A thick homogeneous sequence of Oligocene sa ndstone 
with weil preserved pelecypods and gastropoos ovcrlics the 
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Figure 2 
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Tracings of JNOC fines' und 2 of Figure' a. A /lrOminelll uncOllf()rmil)' showlI b)' drillillg 10 be mr erosif.mll Sor/lIce 0 11 Crewctous deposils is 
sho wlI by Il doublt lint. 
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conglomerate. These strata were deposited in a shallow. 
high.energy marine environment. The Oligocene sediments 
are in turn overlain by a 1.000-m-thick sequence of Neogene 
sediments which grade rrom lower Miocene lit hic wacke 
and lithic arenite a t the boltom to Holoçene fine grained 
dialOmaçeous s iliceous mud at the top. 

With Ihis valuable section and the multichannel se ismic 
profiles, it was possible for scientis ts of Leg 57 to recons, 
truct the late Tertiary history of the Sanriku Deep-Sea 
Terrace (von Huene eI 1l/. ,1978). Duri ng the late Paleogene , 
the hlnd near site 439 s lood above sea level as a paleoland· 
mass. mtmed by Leg 57 scientislS the "Oyashio Paleoland· 
mass". The paleoland mass is thought 10 have extended 
more than 50 km east of the present midslope terrace at the 
end of the Oligocene . At 24 10 22 m.y.b. p .. in lermediate 
volcanic rocks were extruded near si tes 438 and 439 ; and 
the Oyashio Paleolandmass began to subside. T he Neogene 
biostratigraphy and lithos tratigra phy record a progressively 
deeper marine environment and more dis tal sedime nts . 
Benlhiç foraminifera in cores from sites 438 and 435 indi· 
cale that subsidence slopped toward the end of the Plio· 
cene ; during the Pleistocene. the deep marine terrace was 
uplifted about 500 m (Keller , 1980). 

The subsidençe history is controlled o nly at the end points: 
the time of submergence , 22·24 MY, and the present depth 
of the Cretaceous unconformity. lntermediate points are 
estimated from depth ranges of benthic foraminifer assem· 
blages in the strat igraphie col umn. In Figure 3, we show the 
subsidence his lory of the erosional unco nformity at 
s ite 438/439. as a range of depths versus age. The depths 
h:lVe been eorrected fo r sediment load ing, assum ing isos
tasy. Despite the unçertainties. it is clear that the subsi
dence of the Sanriku Terrace has been rapid . The raIe is 
nearly 50 % higher than the subsidence of a typjçal midoçea· 
nic ridge (dashed line. Fig. 3). 

Figure 3 
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Subsiden re CUfI·t of Iht Creruceous unconformirv lU Site 
438/439. Tht "rIISSU III illlermtdiate poinlS are depfh 111Id age 
ranges j"JicuuJ bl' bell/hic foromillifers. 
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CAUSE O F SUBSIDENCE OF THE DEEP MARINE 
TERRACE 

h has been convincingly demonstraled Ihal the subsidence 
of a midoceanic ridge results from thermal contraction of 
the lithosphere as it cools after forma tion al the ridge axis 
(Le Pichon. Langseth, 1%9 ; Sdater. Francheteau. 1970). 
The cooling raie and . hence , the ra te of subsidence are 
controlled by the thermal diffusivi ty of the lithosphere and 
initial temperature dis tribution . It seems reasonable 10 
suggesl that subsidence of the Sanriku Deep Sea Terraçe is 
aJso due 10 cool ing of the mantle below the forearc area of 
lapan. However, the subsidençe raie, ind icated in Figure 3. 
requires Ihat the ra te of mantle cooling must be grealer Ihan 
that provided by the conductive Joss of heat at Ihe surface. 
Faster cooling may be produeed by mass transport of cold 
material into the mantle d udng subd uction. This hYPolhesis 
leads us to suggesl !hat the Slart of Neogene subsidençe 
along the northeastern margin of Honshu marks the start of 
subduction in the vicini ty of the presenl l apan Trench . 
Other factors that may contribute to the subsidençe will be 
discussed in a subsequent section, but thermal cooling 
appears 10 be necessary fo r the amount of subsidence 
documented by the study of drill cores. 

The s tart o f subsidence in the forearc area of the present 
lapan Trc nch a t the c lose of the Paleocene is coeval with 
other important geologic events in the lapan Is land Arc. 
Primary among these is the starl of active volcanism along 
the present magmatjç arc to produce the pervasive Green 
T uff. Evidence indicales Ihat Ihis volcanism, which is 
associated with subduction a t the lapan Treneh. bega n 
25 m.y.b.p. (Cadet. Fujioka , 1980). During the Paleogene 
there is no geologic record of volcanic activity in Northern 
Honshu , a nd this absence may be taken as evidence that 
then:: wa~ nu ',ctive ~ubu uo.:tiun uuring 1I1Udl of the Paleo· 
gene: Ihat is . no active subduo.:tion wi th the present 
geometry of the lapan Trench subduction regime. Second, 
evidence sugges ts that ope ning of the Sea of Japan began 25 
1030 m.y.b. p. For exarnple, the hem flow through the fl oor 
of the Sea of lapan is weil determined at about 95 mWm ' 
(Yasui eill/., 1968 ; Watanabe et al.. 1977). This value is 
appropriale for lilhosphere 25 to 30 m.y. old (e .g., Parsons, 
Sclaler . 1977). The age deduced from the heat flow i ~ 

supported by DSDP drill ing in the Sea of lapan on Leg 31. 
The sedimentary accumulation rates at SÎ te 299 (Karig et al .. 
1975), if exlrapolatcd to the oceanic basement determined 
from seismk-refleclion measurements. indicate an age of 
late Oligocene 10 early Miocene for the basal sediments. 
Thus. it appears that the motion that se parated the Japanese 
Island Arç from the Asian ContÎnental Massif occurred al 
about the same lime that subsidençe of the Oyashio 
Paleolandmass began. 

COOLING DUE TO SUBS IDENC E 

The initiation of subduçtion provides an efficienl means to 
cool the mantle below the forearc arc:!. As an example, we 
define a hypothetical model for the eastern Honshu margin. 
We assume that the thermal regime of the margin prior 10 
the onset of subduction was appropriate for a s table 40·to 
60 m.y.-old continental lilhosphere . i.e .. the surface 
heal·flow was about 70 mWm l (Polyak , Smirnov. 1%8), 
then as the Pacifie oeeanic lithosphere began to underthrust 
the forearc area and penelrale the mantle. it carried with il 
low temperalures eharacteristic of 80'10 loo·m.y.·old ocea-



nic lilhosphere. This "cold" lithosphere will d isplaee the 
hOI malerial in the mantle below the forearc area, causing a 
large decrease in mean tempera ture. This decrease , in turn. 
produces a net density incre;lse of the upper mantle and 
commensura te subsidence of the l orearc area. 

An estimale of the amount of subsidence can be made by 
us ing any one of several numerical thermal modets of 
subduction that have been developed over the pasl decade. 
We have chosen a moder, recently developed by Hsui and 
Tokstiz (1979) , whl"ch is based on a kinematic moder of 
subduction. This m()(lel s imulates the start of subduction 
and includes effeets of energy transfer by conduc tion. 
rela tive plate movements , and flow in the as thenosphere . ln 
Figure 4 a, we show the thermal struct ure of a subduc tion 
zone based on a modet tha t assumes a l00-km-thick 
lit hosphere is being subduc ted at a rate o f 10 em/yr and is 
descending at a n angle of 45°. Figure 4 compares the 
thermal struc ture fo r the s tatic presubduction lithosphere 
wilh the s tructure aCter subd uction has been underway for 
20 m.y. After 20 m.y. o f subduc tion, morethan 2,000 km of 
lithosphere has been subducted . A large invers ion in te mpe
r,l lure has bè:en produced by the intrus ion of the ocea nic 
lit hosphere (Fig. 4 h). A profile of lemperalure difference 
between regimes before and aCter subduction down 10 

400 km is shown as a fu nc tion of deplh by the dashed line. 

To estimate the change in e levation at this point , we 
cons ider a ver tical column of mantle material. start ing at sea 
revel and extending to depth. We can calc ulale the change in 
length of that col umn, on the bas is of its change in mean 
lemperature. and the linear thermal expansion coefficient 
(3 x 10 'oC- 1 

; Skinner, 1%9). Most of the temperature 
change occurs in the upper 200 km of the mantle. The 
models of Hsui and Toksoz (1979) predict a mean tempera
turc change of about 370"C, which will produce a 1 % 
decrease in height in the column, or a 4-km shortening of a 
400-km colum n. Further subsidence will result from loading 
by sediment il nd the water thal flood s the forearc once it 
subs ides below sea level. 

We use the Hsui and Tokstiz numerical model simply to 
show thal the amount of coolin!; caused by the s tart of 
subduction is of the r ight order of magni tude. The rough 
estimate of 4 km of subs idence is cons iderably greater than 
the observed 3 km of subs ide nce al s ite 439. However. the 
height o f the column ellamined strongly affec ts the change 
in mean temperalure that is calculated. Wc rather lIrbilrar il y 
selccted 400 km ; a diffeten! col umn height would produce a 
d iffe rent change in temperature. In Figure 4 a the model 
predicts a s ignificant upward counterflow of male rial in Ihe 

Figure 4 
a. tSOIhermal SlrUClure be/a ... a subductiQl1 
~Q"e ",here subduClio'l has been under .... a)' 
10 MY a tmi. TQksii z /979). 
b. Profite s ojtemperalure before and ajler slart 
oj subduction beneath a polllt / 00 km fram the 
french Ol'er tll e subducud slab. The dashed 
cun't shows Ihe dijfertnce if! tempera/ure. 
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SUBSIDENCE OF THE JAPAN TAENCH FOAEARC REGION 

as thenosphere below the slab. This fl ow is indicated by the 
upbowing of iSOlherms, and, as a resuh of this flow , higher 
temperature material is brought to shallower depths than 
before subduction started . T he increase in temperature of 
the mantle below 400 km predicted by this model would 
part ially compensate for contraction in the upper 400 km 
and yield a result more in agreement with the observed 
subsidence. 

EL EVATION PROFILE QVER A SUBDUCTING SLAB 

ln the fo regoing section, we assumed that changes in the 
surface elevation of a forearc reflee t changes in mean 
temperature of the mantle , and we estimated the change in 
e levation a l a single point 100 km f rom the trench axis over 
a subducting slab. The mean lemperature of the mantle 
below Ihe forearc varies greatly with d istance from the axis, 
and therefore, these theoret ieal models prediet an e levat ion 
profi le over a trcnch as weil. l n Figl.lre 5 a <lnd b, we show 
theoretical lopogmphie profiles aeross a tre nc h-forearc 
comprex before and af le r subduction. These profiles are 
calculated from the results of a computer model deve loped 
by De Long el al. (1979). Their model uses aS-km grid 
spacing and yields a de tai led picture of the thermal regime in 
a subducting s lab to a depth of 350 km. To compute the 
profil e shown in Figure 5 b, we assumed that the mass of a 
350-km verlica l col umn of materia l below each point 
remains constant and that Ihe c rust below the fo rearc region 
is 2S km and has a density of 0.6 gm/cm' less than the 
mantle. 

The resulling elevatio n profile sugges ts thattwo prominent 
featu res in fo rearc a reas could result from changes in the 
thermal regime a t depth . Firs \, a downbowing of the forea re 
crus t over the slab forms a "Corearc basin" with a maximum 
depth of about 4 km, about 1S0 km from the tre nch. This is 
Ihe point where the mean temperature of the upper 400 km 
decreases the mos t. Second, a " treneh slope anticline " is 
produced near the edge of the foreare crust because the 
tempera ture change at deplh due to subduction is less, on 
average , than at points farthe r from the trench. The 
temperature change is tess because the oceanic lithosphere 
has nOI pentra ted very deeply and. consequently, is repla
cing material with onl y s lightly higher temperatures. 

The rough est imates presented in the preced ing discussion, 
bascd on published results of thermal modc]s , suggesl that 
surface e levation data and subsidence histories of fo rearc 
a reas could be used 10 constrain many aspects of the 
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FiGure 5 
Elel"(.uivlI profiles be/llfe a alld a/ter b $ubduClioll ba5ed 011 Il 

Ihermal fIIQdl'l deve/oped by De/OIlK el al. (1979). 

subduct ion process. To sorne eXlcnl . thcse relations have 
already been Ulilized by Delong and Fo x 10 in ves tigale 
c hanges in elevation and volcanic ac tivity due to consump
tion of a ridgeaxis (Delong . Fox . 1977 ; Delong el al., 1979). 
Thermal models. based on a kinematic description of the 
subduction process, also predict the variation of surface 
heat flow , free-air gravit y , and geoidal heights, as weil as 
the elevatÎon of the earth 's surfacc . To date. these cons· 
traints have not been used in concert to examine the validit y 
of thermal models. 

SUBSIDENCE DUE TO SU BDUCTION EROSION 

Murauchi (1975) and Murauchi and Ludwig (1980) have 
prop05ed that subduction at the Jap<ln Trench is eroding the 
forearc platform. In their model, erosion is occ urring at the 
base of the overthrust wedge, where slabs of the platform 
crus t are being sheared away and carried todepth. lnterpre
tation of the multiehannel seismic records and the str<lt igra
phy at drill s ites on the lower slope slrongly supports active 
subduction erosion of the forcarc crust (von Huene et al., 
1980). TeClOnic e rosion of the overthrust block has been 
inferred from geophys ical and geologic.data in o ther tren
ches (e.g. Rutland . 1971). Scholl el al. (1980) have recentl y 
compiled a bibliography on subduction eros ion. 

Subduction eros ion leads \0 migrat ion of the trench axis in 
the direc tion of underthrusting and. co nsequently , replace
ment of the forearc crust. which has continental densities. 
with oceanie crust and ma nt le. The process leads to the 
emplacement of a higher dens ity materiaJ beneath the a rea 
of the lorearc being eroded. Consequently , subsidence of 
the forearc will result from isostatic 'Id justments. 

The subsidence rate is proponionaJ to the rate of treneh 
migration and can he roughl y e stimated if isostasy is 
assumed, even though trench a reas are not in isostalÎc 
equilibrium . A simplified modeJ for estimating the subsi
dence rate is shown in Figure 6. The treneh axis, T , is 

T- __ Figure 6 

assumed to migrate in the direc tion of underthrusting. a l a 
ra te vT to a position T' . in a time intervall!. t. The dip of the 
underthrusting lithosphere is 8 . so thal below point P the 
boundary between the foreare crust and the downgoing sJab 
will move upward by an amou nt vT.l!. t tan 8. Assuming that 
each column, such as the one below point P, moyes 
yertically to mainta in the same mas~ to ~ome compensatlon 
depth in the mantle , il ca n be shown that 

~e = v
T

tan 8 (P .. - P'), 
", t p, - P. 

where l!. e/l!.t is the rate for subs idence. 

For the Japan Trench. reasonable values for the parameters 
lead tol!. efl!.t = 0.06 vr From this relation , it is c lea r that 
migration rates on the order of a few kilometers per mill ion 
years or greater, would be required to produee signifieant 
subsidence rates. Migration rates of this order are compati
ble with the amount of forearc terra in that may have been 
eroded since the s tart of the Neogene (Murauchi , 1975 ; 
von Huene et 01 .. 1980). With this mee hanism, subsidence 
occurs only beneath that part of the forearc erust that is in 
contact with the subducting s lab ; Tegion S in Figure 6. 
AJthough most of the e vidence is indirect, s trong a rguments 
can be made that subduct ion erosion i~ occurring beneath 
the Japan Trench Forearc. If so. the shape of the inner wall 
is determined largely by the subduclion-erosion mechanism. 
ln part ieuJar, the downbowing of the Cre taceous foreare 
crust below the upper s[ope may be due to this process . That 
is. the leading edge of thc forearc crust subsides, as the 
c rust is progressively thinned by the s toping ac tion of the 
underthrus ting oceanic lithosphere , as suggested in 
Figure 6. As subduction erosion proceeds, the midslope 
terrace , the trench-slope-anticline. and the axis of the 
forearc basins will shi ft in the direct ion of underthrusling. 

CONCLUS IONS 

A stud y of drill cores from the forearc area east of Honshu 
reveals tha t the seafloor has rapidly subsided . This subsi
dence began at the close of the Paleogene and is contempo· 
raneous with the start of volcanism 10 produce the Green 
Tuff BelIS of northern Japan and with the opening of the Sea 
of Japan. The subsidence proceeded 50 rapidly tha! shelf 
sedimentation could not keep pace. result ing in the present 
deeply submerged Deep Sea Terrace and a trench slope 
formed of downbowed continental crust. Wc propose that 
this subsidence resulted primarily from the thermal effects 
assoc iated with the start of subduction a long , or near. the 
present loci of the Japan Trench, 25-30 rn.y. ago. 

Near the inner trench wall , ot her factors, such as subduc· 
tion erosion of the foreare crust , may have contributed 
s ignifieantJy to subsidence. T he broader implication of th is 
Interpretation of the subsidence history of the Japan Trench 
margin is that subduct ion is nOI a steady-s tate process of the 
northeastern margin of Japan. There is no eyidence of arc 
voJcanism during the p,lleogene and the margin appears to 

Fe'taIC ; Cru" 
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have been a passive or possibly 3 transform margin. T he 
tectonic evolution of a reas of convergence is extremely 
hard to decipher because so much of the geologic record is 
destroyed by subduc tion. An investigation of vertical move
ment in foreare areas offers one means to establish a 
temporal framework fOf subduction events in the Tertiary. 
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