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In hi gh strai n-rate zones,  acti ve regi ons of  ongoi ng crustal  deformati on,  earthquakes occur f requentl y,  

the total  sl i p rates of  acti ve faul ts are i n the zone not consi stent to strai n rate detected by geodesy.  

Thi s di f ference i s one of  the most si gni f i cant i ssues for crustal  deformati on,  and i s known as “ strai n-

rate paradox” .  Previ ous crustal  deformati on model s are mai nl y constructed wi th maj or acti ve faul ts 

al one,  whereas mi nor faul ts are of ten recogni zed i n the hi gh strai n-rate zones.  The ai ms of thi s thesi s 

are to sol ve the strai n-rate paradox and propose a new i mage of  the crustal  deformati on by focusi ng on 

the mi nor faul ts.  I n order to accompl i sh these goal s,  the representati ve hi gh strai n-rate zones such as 

San-i n Shear Zone (SSZ) and Ni i gata-Kobe Tectoni c Zone (NKTZ) were targeted.  As a resul t of  the 

topographi cal  and geol ogi cal  approaches,  uni versal  model ,  ori gi n,  deformati on process and mechani sm of 

the hi gh strai n-rate zone were cl ari f i ed.  The mai n outcomes are as fol l ows:   

(1) Mi nor faul ts i n the NKTZ,  whi ch are mostl y NE‒SW to ENE‒WSW-trendi ng,  have a few mm to a few dozens 

of  cm i n wi dth and exhi bi t dextral  sense of  shear.  These mi nor faul ts are di stri buted i n the vi ci ni ty 

and/or away f rom the maj or acti ve faul ts.  I n addi ti on,  the acti ve faul t,  whose core zone has 5 m i n 

thi ckness,  were found.  Such faul t showed dextral  sense of  shear and has the l atest sl i p event after AD 

1521‒1658,  suggesti ng that the faul t cl earl y contri bute to the dextral  deformati on of the NKTZ.  The 

ori gi ns of such faul ts are thought to be tensi l e cracks formed i n Cretaceous,  suggesti ng that the faul ts 

contri bute to the dextral  deformati on of  the NKTZ after repeated faul ti ng al ong the cracks.  The mi nor 

faul ts away f rom the maj or acti ve faul ts are al so thought to contri bute to the deformati on of  the NKTZ,  

whereas mi nor faul ts outsi de of  the NKTZ cannot contri bute to that of  the NKTZ.  

(2) Mi nor faul ts i n the SSZ,  whi ch are mostl y ENE‒WSW to NE‒SW-trendi ng,  have a few mm to a few dozens 

of  cm i n wi dth and exhi bi t dextral  sense of  shear.  These other mi nor faul ts trendi ng NW‒SE ~ NNW‒SSE 

di recti on wi th steep di ps,  are si ni stral  sense of shear.  The mi nor faul ts,  whi ch i s trendi ng E‒W di recti on 

wi th steep di ps,  showed dextral  sense of  shear.  Acti ve faul ts,  whose atti tude are nearl y paral l el  to the 

SSZ,  are al so newl y recogni zed.  The thi ckness of  the faul t i s a few cm and thought to show dextral -

reverse obl i que sl i p af ter 18648-16313 cal .  BC.  The f rameworks of the maj or acti ve faul ts i n the SSZ are 

thought to prepared al ong the geol ogi cal  boundari es and such faul ts have grown by the repeated acti vi ti es 

si nce Pal eogene.  I t i s consi dered that not onl y maj or acti ve faul ts but al so mi nor faul ts away f rom the 

maj or acti ve faul ts can contri bute to the dextral  moti on of  the SSZ.  On the contrary,  there are onl y 

reverse faul t was recogni zed i n the area outsi de of  the SSZ.  

(3) The mi nor faul t i n the hi gh strai n-rate zones,  whi ch i ncl udes the mi nor faul t away f rom the maj or 

acti ve faul t,  can contri bute to the dextral  deformati on of  the hi gh strai n-rate zones because of  thei r 

atti tudes and sense of shears.  On the other hand,  the mi nor faul ts outsi de of  the hi gh strai n-rate zones 

cannot contri bute to the dextral  deformati on of  the zone due to thei r atti tudes and sense of  shears.  

Thus,  there are noteworthy di f ference between mi nor faul ts i n and outsi de of  the hi gh strai n-rate zones.  

Combi ni ng these outcomes,  a hi erarchi cal  structure of  the hi gh strai n-rate zones can be constructed as 

fol l ows:  ( I )  faul t core of  maj or acti ve faul ts,  ( I I )  damage zone of  maj or acti ve faul ts,  ( I I I )  bri ttl e 

shear zone (or acti ve background;  the area beyond the damage zone but i n the SSZ),  ( I V)  i nacti ve background 

The rol e of  mi nor faul ts i n the upper crust al ong the hi gh strai n-rate 

zones:  topographi cal  and geol ogi cal  approaches 

(ひずみ集中帯の上部地殻における小規模断層の役割：  

地形・ 地質学的アプローチ)
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(outsi de of the hi gh strai n-rate zone) .  Thi s new model  enabl es to partl y sol ve the strai n rate paradox 

for both zones,  whereas an occurrence of  faul ts di f fers between the zones.  The NKTZ i s characteri zed by 

NE‒SW to ENE‒WSW-trendi ng mi nor faul ts and thei r thi ckness rangi ng f rom a few mm to a few dozens of  cm.  

The acti ve faul ts possess faul t core wi th > 5 m i n thi ckness.  The SSZ are characteri zed by NW‒SE or E‒W-

trendi ng mi nor faul ts and thei r thi ckness rangi ng f rom a few mm to a few dozens of  cm.  Some faul ts show 

the Quaternary acti vi ti es,  whereas faul t core wi th a few meters i n thi ckness were not found.  These 

di f ferences on faul t occurrence are consi dered to be deri ved f rom the evol uti onal  processes.  I t i s thought 

that the repeated acti vi ti es al ong the pre-exi sted structures l ead to present acti ve faul ts.  Thus,  i t 

can be consi dered that the faul ts are assi gned i n response to the l ocal  geol ogi cal  background,  whi ch 

resul t i n dextral  contri buti on to the hi gh strai n-rate zones.  

Thi s study cl ari f i ed uni versal  model ,  ori gi n,  deformati on process and mechani sm of  the hi gh strai n-rate 

zone by focusi ng on the mi nor faul ts.  These achi evements can constrai n the model i ng of  the crustal  

deformati on and i nterpretati ons of  the geodeti cal  observati ons and can contri bute to assessments of  

l arge-scal e constructi ons and sei smi c hazards.  






