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Abstract. Profiles across subduction-related trenches commonly 
show normal faulting of the outer trench wall. Such faulting is 
generally parallel or sub-paralM to the trench and is ascribed to 
tension in the upper part of the oceanic plate as it is bent into the 
subduction zone. A number of authors have noted that outer 
trench wall faulting may involve re-activation of the oceanic 
spreading fabric of the subducting plate, even when the trend of 
this fabric is noticeably oblique to the extensional stress direction. 
However, one previous review of outer trench wall fault patterns 
questioned the occurrence of a consistent link between fault 
orientation and such controlling factors. This latter study pre- 
dated the widespread availability of swath bathymetry and long- 
range sidescan sonar data over trenches. Based only on profile 
data, it was unable to analyse fault patterns with the accuracy 
now possible. This paper therefore re-examines the relationship 
between outer trench wall faulting and the structure of the sub- 
duction zone and subducting plate using GLORIA and Seabeam 
swath mapping data from several locations around the Pacific and 
Indian Oceans. The principal conclusion is that the trend of outer 
trench wall faults is almost always controlled by either the sub- 
ducting slab strike or by the inherited oceanic spreading fabric in 
the subducting plate. The latter control operates when the spread- 
ing fabric is oblique to the subducting slab strike by less than 
25-30~ in all other cases the faults are parallel to slab strike (and 
parallel or sub-parallel to the trench). Where the angle between 
spreading fabric and slab strike is close to 30 ~ two fault trends 
may coexist; evidence from the Aleutian Trench indicates a grad- 
ual change from spreading fabric to slab strike control of fault 
trend as the angle between the two increases from 25 to 305 , The 
only observed exception to the above 'rule' of fault control comes 
from the western Aleutian Trench, where outer trench wall faults 
are oblique to the slab strike, almost perpendicular to the spread- 
ing fabric, and parallel to the convergence direction. Re-orienta- 
tion of the extensional stress direction due to right-lateral shear at 
this highly oblique plate boundary is the best explanation of this 
apparently anomalous observation. 

Introduction 

Bathymet r ic  and  seismic reflection profiles across  

subduc t ion- re l a t ed  t renches c o m m o n l y  shown dis- 

t inctive pa t t e rns  o f  n o r m a l  faul t ing on  the ou te r  

t rench wall, i.e. in the subduc t ing  oceanic  pla te  

Marine Geophysical Researches 13: 209-225, 1991. 
�9 1991 Kluwer Academic Publishers. Printed in the Netherlands. 

(F igures  1, 2). I t  is general ly  accepted  tha t  such 

faul t ing results  f rom tens ional  stresses in the upper  

pa r t  o f  the oceanic  pla te  where  it bends  into the 

subduc t ion  zone (e.g. Ludwig  et al., 1966; Jones 

et al., 1978). Hi lde  (1983) reviewed the occurrence  

o f  outer  t rench wall  faul t ing a r o u n d  the Pacific 

and  found  it to be essential ly ub iqu i tous  in areas  

where  the sed imenta ry  cover  on the subduc t ing  

p la te  is thin ( < 4 0 0  m). Where  th icker  sediments  

occur,  he suggested tha t  these cou ld  m a s k  faul ts  

wi th in  the under ly ing  basement ,  a l though  the mech-  

an i sm by which mask ing  wou ld  occur  was no t  

specified. 

Publ i shed  descr ip t ions  o f  faults  in ou te r  t rench 

walls  general ly  indicate  tha t  they are  para l le l  or  

sub-para l le l  to the ad jacen t  t rench axis ( Jones  et al., 

1978; Hi lde ,  1983). Obv ious  fac tors  which might  

con t ro l  the t rend  o f  such faul ts  include the str ike o f  

the subduc t ion  zone (which  is pe rpend icu la r  to the 

p r inc ipa l  tens ional  stress deve loped  as a resul t  o f  

bend ing  o f  the subduc t ing  l i thosphere) ,  and  any 

weakness  in the subduc t ing  plate ,  for  example  the 

oceanic  spread ing  fabric.  Reac t iva t ion  o f  the oceanic  

spreading  fabric  has been ci ted by  several  au thor s  as 

an  exp lana t ion  for  ob l iqu i ty  between ou te r  t rench 

wall  faul t  t rends  and  the a p p a r e n t  tens ional  stress 

t rend  at  several  loca t ions  a r o u n d  the Pacific Ocean  

(e.g. Jones et al., 1978; A u b o u i n  et  al., 1982, 1984; 

Scholl  et al., 1982; Cade t  et  al., 1987). However ,  in a 

wor ldwide  review o f  this topic,  Hi lde  (1983) ques- 

t ioned  the occurrence  o f  any  cons is ten t  con t ro l  o f  

this nature .  He  found  tha t  faults  cou ld  be para l le l  or  

obl ique  to trenches,  could  cut  across  magne t i c  lin- 

ea t ions  and  spread ing  fabr ic  t rends,  and  were 

no t  necessar i ly  pe rpend icu la r  to convergence  direc- 

t ions.  However ,  Hi lde ' s  s tudy  p re -da t ed  the wide 

ava i lab i l i ty  o f  swa th -ba thyme t r i c  and  long range  

s idescan sonar  da t a  over  deep-sea  trenches.  Such 



210 D.G. MASSON 

8 

W 

10 

9 

Seconds 

two way 
time 

11 'L+.. ; ,i 

[rench 
Axis 

........ i ~  �84149 

~-4~ ~.  h ! 

i �84 

: :  j �9 

E 

i 

i l O k m  , 5 0 0 m  

Fig. 1. Seismic reflection profile across the Tonga Trench showing extensional normal faulting. Note the increase m fault throw and the 
increasing dominance of trenchward-throwing faults toward the trench. 

data, now widely available, allows a more accurate 
and more detailed analysis of fault trends than was 
possible using only profile data. This paper therefore 
re-examines the relationship between outer trench 
wall faulting and the structure and geometry of the 
subduction zone and subducting plate. It is based on 
GLORIA long-range sidescan sonar data from the 
Aleutian, Java, Peru and Tonga Trenches, comple- 
mented by published Seabeam bathymetric data 
from the Middle America, Japan, Kuril, Izu-Bonin 
and Tonga Trenches (Figure 3). 

General Observations 

Fault parameters for the areas studied are sum- 
marised in Table I and illustrated in Figure 2. Many 
are remarkably consistent between the various areas. 
In particular, the length of individual fault segments 

is typically 5-30 km, rarely extending to 60 km; fault 
spacing is usually 1-10km; the fault zone usually 
extends some 50-75 km seaward of the trench. It 
might be expected that these fault zone parameters 
might vary with the slope of the subducting plate; 
i.e., with the degree of bending to which the subduct- 
ing plate is subjected. However, the only parameter 
which appears to vary in this way is fault throw, 
which increases with increased bending of the plate 
(Jones et al., 1978). This is well illustrated by Figure 
2 which shows average fault throw increasing from 
< 35 m at the Peru Trench, where the plate slope is 
<3 ~ immediately seaward of the trench, to about 
115 m at the Aleutian Trench, where the plate slope 
reaches 9 ~ . 

A further point worthy of discussion is the devel- 
opment of fault patterns as an oceanic plate moves 
toward a trench. In all the examples studied here, 



FAULT PATTERNS AT OUTER TRENCH WALLS 211 

v ~ l v  v v ' v " v  

V V 

~ v ~  V 

w E 

TONGA ~ V V V 

TR E N C2~V V V 

N ~ i  I V V v s 

ALEUTIAN 
\ TRENCH ~_ [.~..~,]' | 

~ - - ~ " ~ ]  " [ ]  Trench sediments 

~ v  " [ ]  Oceanic crust 

.Tv v 

10 km 
I i 

Fig. 2. Interpreted seismic profiles across four Pacific Ocean trenches. 

W 

faulting initially creates symmetrical horst and 
graben structures at distances up to 75 km from the 
trench axis (Figure 2). This symmetry is maintained 
while the plate moves to within about 30 km of the 

trench axis, with cumulative curves of fault throw 
showing approximately equal throw towards and 
away from the trench (Figure 4). However, within 
30 km of the trench axis, faults throwing toward the 
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Fig. 3. Location of arcas studied. Shading indicates approximate trend of outer trench wall faults in each area. 

trench become dominant (Figures 2, 4). This has been 
noted previously by Cadet et al. (1987) and Moore 
and Shipley (1988) for the Japan and Middle America 
Trenches respectively, but is confirmed by all the 
examples studied here. This suggests that faulting is 
initially created by bending stress, which should pro- 
duce symmetrical fault patterns as concluded by 
Jones et al. (1978), but that other stresses become 
more influential near the trench axis. Although full 
treatment of this observation is beyond the scope of 
this paper, one potential source of stress which could 
produce the observed asymmetry of faulting near the 
trench axis is loading by the overriding plate, as 
originally suggested by Ludwig et al. (1966). 

Orientation of Outer Trench Wall Faults: 
New Observations and Data Analysis 

THE ALEUTIAN TRENCH 

GLORIA long-range sidescan sonar data covering 
the entire United States Exclusive Economic Zone 
south of the Aleutian Islands is by far the biggest 
data set pertinent to the present study. This survey 
gives complete coverage of the Aleutian margin, and 
of the oceanic plate out of some 200 km seaward of 
the trench axis, between 150~ and 170 ~ E, a dis- 
tance of some 2700 kin. Extensional faulting of the 
outer trench wall is seen along most of the trench, 
between 170~ and 157 ~ W, but disappears east of 
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Fig. 4. Cumulative fault throw against distance from the trench for the four profiles shown in Figure 2. This clearly shows that faulting 
initially forms symmetrical graben at distances of up to 75 km from the trench, but that trenchward throwing faults become dominant 

within 30 km of the trench. 

157~ as the sediment cover on the subducting 
Pacific Plate thickens toward the Alaskan main- 
land margin. Typically, the zone of  extensional 
faulting extends 40 to 75 km seaward of  the trench 
(Figures 5, 6, Table I). Fault throws reach a maxi- 
mum of  about 400 m close to the trench, fault spac- 
ing is typically 1 to 10kin, and individual fault 
segments can reach 50 km in length (Figures 5, 6, 

Table I). 
The following analysis of fault trends is based on 

some 2500 trend measurements on individual fault 
segments. Fault trends were measured using a digitis- 
ing tablet with each fault approximated to a straight 
line or series of straight line segments. No attempt 
was made to weight the importance of faults accord- 
ing to their length or throw; each straight line seg- 
ment simply constituted one data point. 

The primary data set is presented as a series of  
rose diagrams, each covering one degree of  longitude 
(Figure 7). These clearly show the main characteris- 

tics of the extensional fault zone. The most obvious 
feature is the abrupt change in fault trend, by some 
35 ~ at 179 ~ E. West of  this point, faults cluster 
round a trend of 120-130~ to the east, the principal 
trend is around 90 ~ (Figures 7, 8). This change of  

trend is also accompanied by a change in character 
of the fault zone. To the west, fault trends typically 
cover an arc of  30-35 ~ but to the east the range of  
trend is much narrower, with most faults falling in a 
15-20 ~ arc. This change is very clearly shown in the 
histograms of  Figure 9. 

More subtle changes in fault pattern occur be- 
tween 179 ~ E and the eastern end of the extensional 
fault zone at 157 ~ W. For  some 12 ~ of  longitude east 
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Fig. 5. Example of GLORIA long-range sidescan sonar data from the Aleutian Trench and outer trench wall fault zone. Dark areas = low 
backscatter. T = fiat sedimented trench floor; A = artefact caused by interference between two sides of sonar. Large 'black in white' arrows 
mark reactivated spreading fabric associated with pseudofault trace; plain white arrows show deformation front; arrowheads around border 

show ships tracks. For full interpretation see Figure 6. 

of 179 ~ E, fault trends continue to cluster around 

90 ~ , and the range of fault trends remains small, 

covering 15-20 ~ of arc (Figures 7, 9). Small excur- 

sions from this consistent situation occur between 

177 ~ and 178 ~ W and 172 ~ and 173 ~ W, where signifi- 

cant numbers of faults have trends of less than 90 ~ 

(Figure 7). This is most easily seen in the average 

fault trend plot where localised points lower than the 

typical average value of 85-90 ~ are seen (Figure 8). 

Eastward from 169 ~ W, the proportion of faults 

with trends of less than 90 ~ gradually increases (Fig- 

ure 7), leading to a gradual decrease in the average 

fault trend (Figure 8). However the simple average 

used in Figure 8 hides the true reasons for this 
decrease. Firstly, examination of the raw data clearly 
shows the development of a subsidiary ENE fault 
trend which becomes more important eastward (Fig- 

ure 7). Secondly, when the data are plotted in his- 

togram form, the distribution of  fault orientations 

within the major ( E - W )  trend is seen to be strongly 

skewed towards values less than 90 ~ (Figure 9). This 

compares with an almost perfectly symmetrical dis- 

tribution between 179~ and 169~ (Figure 9). 

Figures 8 and 9 show fault trend variation with 

longitude plotted against possible controlling factors. 

In practice, there would appear to be only two such 

factors: subduction geometry and inherited struc- 

tural weaknesses in the subducting plate, but these 

can be measured in a variety of  ways, depending on 

the data available. For subduction geometry, the 
strike of the subducting slab (i.e. the perpendicular 

to the direction of maximum bending stress) is best 

determined from contoured earthquake hypocentre 
plots or gravity anomaly maps (e.g. see AAPG, 1984 

and Stone, 1988, for the Aleutian Arc). The trend 
of  the trench can also be used as a guide to the 
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TABLE I 

Fault zone characteristics for the areas studied 

Trench Fault Fault Fault Width of Oceanic 
throw length spacing fault zone plate 
(m) (km) (km) (kin) slope (~ 

Aleutian up to 400 5-30 (50) 1-10 40-75 7-9  
Java 100-500 5-20 (60) 2-10 50 2.5-4 
Peru up to 200 5-25 (50) 1-15 50-75 2-3  

(500) 
Middle America 100-200 10-20 0.5-10 ? 2.5-4 
Izu-Bonin up to 500 5-30 (50) 1-10 50+ 3 -6  

(lOOO) 
Japan/Kuril up to 500 5-60 2-10 50 3-5 
Tonga/Kermadec 100 500 up to 50 1-10 60 5-8 

(lOOO) 

subduction geometry, if measured over a segment of 
trench long enough to average out local irregularities 
in trench trend such as those seen in Figure 8. For 
inherited weaknesses, structural trends in the sub- 
ducting oceanic plate can be measured directly from 
sidescan sonar or swath bathymetric data, if avail- 
able. Alternatively, the major structural trend in 
oceanic crust, the inherited mid-ocean ridge spread- 
ing fabric, can be estimated from magnetic anomaly 
trends. 

For the Aleutian Trench, controls on outer trench 
wall faulting are most easily discussed in terms of the 

three trench segments shown in Figure 9. In the 
central segment, between 179~ and 169 ~ W, the 
average fault trend closely follows the inherited 
oceanic spreading fabric as defined using GLORIA 
data from the area seaward of the fault zone (Figure 
8). In the western part of this central segment, the 
fault trend also coincides with the strike of the 
subducting slab, but these two trends become 
markedly divergent eastward (Figure 8). This diver- 
gence strongly suggests that it is the inherited spread- 
ing fabric rather than subducting slab strike which is 
controlling the fault orientation. Further evidence 



216 D.G. MASSON 

@ ~ [ [  10 I0 I ~  

170~176 171~176 - 

~o ZO I 0 

175~176 176o-177~ E 177~ 

40 3O 20 

179~176 178 ~176 

~,o 30 

174 ~  175~ 173 ~  174~ 

~o Io 

169  ~  1 7 0 ~  168  ~  169~  

IO IO 

164  ~  1 6 8 ~  163  ~  1 6 4 ~  

I0 I0 

159~176 158~  

177 ~  178~ 

2o 

172 ~  173~ 

IO 

167~176 

20 + 
162~176 

IO 

157~176 

io 

173 ~  174~ 

Io 

178~176 

3o 

176~176 

40 

171~176 

2o 

1 6 6  ~  167"W io 

1610-162"W 

2o 

179  ~  180~ 

5o 

175  ~  1 7 6 ~  

2o 

170~176 

20 

1 6 5 ~ 1 7 6  

Io 

1 6 0 ~ 1 7 6  

Fig, 7, Fault trends in the Aleutian Trench outer trench wall fault zone displayed in 1 ~ longitude intervals. Numbers on circles indicate 
number of fault trends measured. 

for control o f  fault trend by the spreading fabric 
comes from study o f  the two 1 ~ longitude areas of  
the central trench segment which give anomalously  
low average fault trend values (arrows on Figure 8). 
These low values result from re-activation o f  ENE 
deflections of  the spreading fabric (Figures 5, 6) 
which are associated with pseudofault traces (Hey,  
1977). They clearly demonstrate a detailed control o f  

fault trend that cannot be attributed to the subduct- 
ing slab geometry. 

East of  169 ~ W, a more complex relationship be- 
tween fault orientation and controlling parameters 
can be seen. As described earlier, two fault trends are 
developed in this area (Figure 7). The major E - W  
trend continues to be controlled by the inherited 
spreading fabric, as it is i-, the area to the west 
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Fig. 8. Fault trends at the Aleutian Trench, averaged over l ~ longitude intervals, and plotted against magnetic anomaly and oceanic 
spreading fabric trends, trench trend, and strike of the subducting slab. Arrows between 170 ~ and 180 ~ W show location of pseudofaults. 

(Figure 9). The minor ENE trend appears to parallel 
the strike of the subducting slab. Note, however, that 
this minor trend becomes more important eastward, 
so that east of 160 ~ W it becomes the dominant trend 
(Figure 7). The distribution of  faults within the 
major E - W  trend is also strongly skewed towards 
values of  less than 90 ~ , in contrast to the symmetrical 
distribution seen further west. It is suggested (al- 
though not proven) that this reflects preferential 
re-activation of  the more ENE faults within the 
inherited oceanic fault suite (rather than the creation 
of a new set of faults of intermediate trend). From 
this data set, it is concluded that for an outer trench 

wall dominated by re-activated faults, divergence 
from perpendicularity between the inherited fault 
trend and the direction of maximum bending stress 
will both skew the distribution of fault orientations 
within that inherited trend and create a new set of 
faults perpendicular to the direction of  maximum 
stress (see discussion). 

The trench segment west of  the 179 ~ E is unique in 
that of  all the trenches examined in the present 
study, it is the only area where the fault trend does 
not appear to be related to either the subducting slab 
strike or the inherited spreading fabric. Here, mag- 
netic anomalies are virtually perpendicular to the 
fault trend of 120-130 ~ (Figures 7-9;  Lonsdale, 
1988). The subducting slab strike cannot be defined 

by seismicity, because of a lack of deep earthquakes, 

but is clearly defined by its associated gravity 
anomaly, which parallels the trench (AAPG, 1982, 

1984; Stone, 1988). The faults are oblique to this 
gravity anomaly and trench trend by 20-30 ~ (Figure 
8). The best explanation for the observed fault trend 
along this trench segment is that the extreme obliq- 
uity of plate convergence at the western Aleutian 
Trench (e.g. Stone, 1988) modifies the orientation of  
the bending stress on the subducting plate. The right 
lateral sense of motion across the trench is clearly 
compatible with the observed re-orientation of the 
extensional faults. However, confirmation of  this 

explanation requires its testing at other oblique con- 
vergence plate boundaries. 

THE PERU TRENCH 

Data from the Peru Trench consist of GLORIA and 
seismic reflection profiles covering the trench and the 
oceanic plate immediately seaward of it between 10.5 
and 13.5~ This data set has previously been 
analysed by Warsi et al. (1983). These authors con- 
cluded that 'bending-induced faults strike sub-paral- 
lel to the trench axis and overprint and cut across 
spreading fabric structures' on the outer trench wall. 
Although for at least part of the area the strike of 
the spreading fabric is identical to that of the new 
bending-induced faults, Warsi et al. believed that the 
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Fig, 10, Fault trends at the Peru Trench between 10.5 ~ and 13.5 ~ S compared with magnetic anomaly and trench trends and the dip of the 
subducting slab. This example clearly shows control of the fault trend by the oceanic spreading fabric (=  the magnetic anomaly trend) even 

though this differs by only l0 ~ from the subducting slab strike. 

two fault sets could be differentiated on GLORIA 
data. Nowhere do they suggest that old spreading 
fabric faults might be re-activated. 

A re-interpretation of the Peru Trench data is 
given in Figure 10. On the basis of trend alone it is 
clearly possible to distinguish a new set of bending 
induced faults. Indeed, the exact correlation in trend 
between measured faults and magnetic anomalies 
(Table II; Pilger, 1983), would suggest complete 
control of the bending induced faulting by the inher- 
ited spreading fabric weakness. This conclusion is 
reinforced by the fact that there is no obvious fault 
trend parallel to the strike of the subducting slab 
(Barazangi and Isacks, 1976), even though this 
differs by only about 10 ~ from that of the magnetic 
anomalies. Furthermore, the narrow range of fault 
trend ( < 2 0  ~ of arc in Figure 10) at the Peru Trench 
is very similar to that seen at the central segment of 

the Aleutian Trench where spreading fabric re-acti- 
vation occurs, but much narrower than at the rest of 
the Aleutian Trench where a new set of faults is 
formed. 

THE JAVA TRENCH 

A single GLORIA swath along a 1300 km length 
of the eastern Java Trench images limited areas of 
the subducting oceanic plate which are cut by 
outer trench wall faulting (Masson et  al. 1990). A 
summary of the data obtained from this swath is 
given in Figure 11. Faults are parallel to both the 
trench trend and the strike of the subducting slab 
(McCaffrey et  al., 1985), but oblique to the magnetic 
anomaly trend (Heirtzler et  al., 1978) by some 30 ~ 
(Table II; Fig. 11). It is clear, therefore, that the fault 
trend is controlled only by the bending stress acting 
on the subducting oceanic plate. A characteristic of 
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TABLE II 

Summary of outer trench wall fault trends and possible controlling parameters. Solid underline shows 
control of major trends, dotted underline control of minor trends 

Trench Fault Trench Magnetic Slab Slab Convergence 
trend trend anomaly strike age direction 

trend 

Aleutian 
170-179 ~ E 110-150 095-120 040-085 ? 50 130 

Aleutian 
179 E-170~ 070-100 075-100 080-095 070-090 60 135 

Aleutian 075-100 065-078 092-098 060-070 55 140 
157-170~ (mNor) 

055-075 
(mino0 

Java 
108-120 ~ E 075-110 075-105 060 090 135 020 

Peru 
10-14 ~ S 145-165 140-145 150-160 140-145 45 080 

Middle America 
15.5-16.5~ 120-135 110 130 100-110 12 045 

Middle America 130-150 112 ?140 120 30 045 
12.5-13 ~ N (m~o0 

105-120 
(minor) 

Middle America 
9.5 ~ N 120-140 135 ? 130 ? 045 

Izu-Bonin 160-180 170-190 035 170 140 110 
33-35 ~ N (major) 

020-040 
(minor) 

Japan 
36-40.5~ 350-030 005-020 065 010 120 110 

Kuril 
41 ~ N 055-065 060 065 060 120 115 

Tonga/Kermadec 
16-27.5 ~ S 000-020 000-030 080 170 140 I00 

the Java  Trench  faul ts  is the relat ively wide range  o f  

t rends  tha t  occur  (35 ~ o f  arc  in F igure  11). This  

m a y  resul t  in pa r t  f rom summing  several  small  d a t a  

sets f rom a lengthy  t rench segment ,  a l t hough  no 

sys temat ic  va r i a t ion  in faul t  t rend  a long  the t rench 

is visible in the raw data .  D i s rup t ion  o f  faul t  pa t -  

terns a r o u n d  subduc t ing  seamounts  m a y  also con- 

t r ibute  ( M a s s o n  et al., 1990). However ,  wide ranges 

o f  faul t  t rend  ( 3 5 - 4 0  ~ a p p e a r  to  be a general  char-  

acteris t ic  o f  ou te r  t rench walls  where  a new set o f  

faul ts  is formed;  in cont ras t ,  ou te r  t rench walls wi th  

re -ac t iv i ta ted  faul ts  show n a r r o w e r  ranges  (,-~20 ~ 

Table  II).  

THE TONGA/KERMADEC TRENCH 

D a t a  f rom the T o n g a / K e r m a d e c  Trench  consists  o f  a 

reconnaissance  swath  b a t h y m e t r y  survey a long  the 

t rench axis be tween 12 and  26~  (Lonsda le ,  1986) 

and  two sub-para l le l  G L O R I A  swaths  a long the 

t rench axis and  the oceanic  a rea  immedia te ly  sea- 

w a r d  o f  the axis between 24 and  27.5~ S (Pa r son ,  

1989; Jacobs ,  pers. comm.  1989). A s u m m a r y  o f  

ou te r  t rench wall  faul t  t rends  p icked f rom the G L O -  

R I A  d a t a  is given in F igure  12 and o ther  re levant  

pa rame te r s  are given in Tables  I and  II. These da t a  

show tha t  the faul ts  are para l le l  or  sub-para l le l  to 
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Fig. 11. Fault trends at the Java Trench between 108 ~ and 120 ~ E compared with magnetic anomaly and trench trends and the dip of the 
subducting slab. Here, fault trend is controlled by the subducting slab strike; the magnetic anomaly trend, which differs from this direction 

by 30 ~ , has no influence. 

both the trench trend and the strike of the subduct- 
ing slab, but distinctly oblique to the oceanic spread- 
ing fabric (Figure 12; Lonsdale et al., 1986). As for 
the Java Trench, a wide range of fault trends is 
observed (Figure 12). 

THE M I D D L E  AMERICA TRENCH 

Three areas of Seabeam swath bathymetry give outer 
trench wall fault trends at the Middle America 
Trench at ~9.5 ~ 12.5-13 ~ and 15.5 16~ (Shipley 
and Moore, 1985; Moore and Shipley, 1988). Mag- 
netic anomaly trends are given by Shipley et al. 

(1980) and Klitgord and Mammerickx (1982), and 
subducting slab geometry by Nixon (1982) and Va- 
sicek et al. (1988). At the northern site, fault trends 
are parallel to magnetic anomalies and oblique to the 
subducting slab strike by 20-25 ~ (Table II). At the 
central site, two fault trends are observed--a major 

trend oblique to the slab strike by about 20 ~ and a 
minor trend parallel to the slab strike (Table II). 
Magnetic anomalies have not been identified in this 
area, but if it is assumed that they are approximately 
perpendicular to known fracture zone trends (Klit- 
gord and Mammerickx, 1982), then they would be 
parallel to, and the controling influence on, the 
major fault trend. At the southern site, the faults are 
sub-parallel to the slab strike; magnetic anomaly 
trends are unknown in this area (Table II). 

The Middle America Trench therefore confirms 
the major observations made at the Aleutian Trench, 
i.e., that inherited weaknesses in the subducting 
oceanic plate control the orientation of outer trench 
wall faulting if they are oblique to the strike of the 
subducting slab by less than 20-30~ beyond that 
obliquity, a new set of faults parallel to the slab 
strike are formed. 
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Fig. 12. Faults trends at the Tonga Trench between 24 ~ and 27.5 ~ S compared with magnetic anomaly and trench trends and the dip of 
the subducting slab. In this example, fault trend is controlled by subducting slab strike. 

T HE J A P A N / K U R I L / I z u - B O N I N  TRENCH 

Outer trench wall faulting is seen in three areas of 
Seabeam swath bathymetry in the NW Pacific, one 
between 33 and 35~ at the Izu-Bonin Trench, a 
second at 36 ~ N at the Japan Trench, and a third at 
the junction of the Japan and Kuril Trenches be- 
tween 39.5 and 41.5~ (Kaiko 1 Research Group, 
1986; Renard et  al., 1987; Kobayashi et al., 1987; 
Cadet et al., 1987). Between 33 and 35 ~ N, two fault 
trends are seen (Table II, Renard et  al., 1987). The 
major trend, 160-180 ~ , is parallel to the strike of the 
subducting slab (Le Pichon and Huchon, 1987) and 
oblique to the magnetic anomaly trend (Renard et  

al., 1987) by about 40~ the minor trend, 020-040 ~ 
is parallel to the magnetic anomaly trend. Renard et  
al. (1987) note that, for the most part, the new, 
approximately N-S ,  fault trend cuts across the older 
inherited NE trend. Some N - S  graben are offset by 
NE trending faults, but this may indicate re-activa- 
tion of the inherited trend as vertical or strike-slip 
faults rather than as extensional faults. The re-acti- 
vation is therefore an indirect rather than a direct 
consequence of the bending-induced extension. 

At 36 ~ N, faults trend 030 ~ parallel to both the 
trench trend (Kobayashi et al., 1987) and to the 
strike of the subducting slab (Le Pichon and Hu- 
chon, 1987), and oblique to the magnetic anomaly 
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trend by 35 ~ . The change in fault trend of about 50 ~ 
(from 160/340 ~ to 030/210 ~ between 33.5 ~ and 36 ~ N 
appears to be gradual and has been linked to the 
'progressive change in direction of the flexure of the 
(subducting) Pacific Plate' (Renard et al., 1987). This 
is further evidence for control of outer trench wall 
faults by subducting slab strike. 

The junction of the Japan and Kuril Trenches at 
41 ~ N is marked by a 50 ~ change of both the trench 
trend and the strike of the subducting slab (Le 
Pichon and Huchon, 1987). Well to the south of the 
junction, around 39.5 ~ N, outer trench wall faults 
trend 350-020 ~ (Cadet et al., 1987), parallel to the 
strike of the subducting slab (Le Pichon and Hu- 
chon, 1987). However, moving north, the fault 
trend is gradually rotated in a clockwise direction, 
so that at 40.75~ most faults trend about 045 ~ 
This reflects the configuration of the subducting 
slab as it also changes trend at the Japan/Kuril 
Trench junction (Le Pichon and Huchon, 1987). 
Further north again, the fault pattern is inter- 
rupted by a large seamount in the trench axis, im- 
mediately north of which the faults adjacent to the 
southern Kuril Trench trend 055-065 ~ parallel to 
both the magnetic anomalies and the strike of the 
subducting slab. Unfortunately, the seamount in the 
trench axis obscures the exact nature of the fault 
trend change at the Japan/Kuril Trench junction. It 
is not clear whether the gradual trend change seen 
further south continues smoothly northwards or 
whether an abrupt change occurs as the inherited 
ocean plate fabric becomes sub-parallel to the bend- 
ing stress direction and assumes control of the fault 
trend. 

Discussion and Conclusions 

A summary of outer trench wall fault trends and 
possible controlling parameters for the various areas 
examined during this study is given in Table II. It is 
immediately clear that these fault trends are virtually 
always controlled by either the strike of the subduct- 
ing slab or by the inherited oceanic spreading fabric. 
This is contrary to the findings of Hilde (1983) who 
suggested that no such relationship existed. How- 
ever, the type and quality of the data used in this 
study allow a much more accurate analysis of fault 
trends than that which was possible with the data 
available to Hilde. Accordingly, the conclusions 

reached here must supersede his earlier conclusions. 
The data presented in Table II also show that other 
subduction zone parameters, such as convergence 
direction and age of the subducting plate, have no 
obvious influence on outer trench wall fault zones. 
Fault trends range from parallel to perpendicular to 
convergence directions. Reactivation of the oceanic 
speading fabric is seen in crust ranging from 12 to 
120 million years in age. However, possible effects 
due to the subduction of very young crust have not 
been examined. 

The only observed exception to the apparent 'rule' 
of fault control occurs at the western Aleutian 
Trench, where the faults are oblique to both the 
inferred slab strike and the magnetic anomaly trend. 
This part of the Aleutian trench is unique in this 
study in that it is the only area in which the conver- 
gence direction is at a low angle to the trench. As 
discussed in the previous section, the best explana- 
tion for this observed fault trend appears to be 
re-orientation of the extensional stress due to right 
lateral shear. 

The relationship between plate bending stress and 
re-activation of inherited weakness in the subducting 
plate apparently depends on the angle between the 
stress direction and the trend of the inherited weak- 
ness. In every case where re-activated oceanic 
spreading fabric controls the outer trench wall fault 
trend, the angle between that fabric and the subduct- 
ing slab strike is less than 30 ~ Re-activated faults at 
a higher angle (45 ~ to the slab strike are seen at the 
Izu-Bonin Trench, but they have been interpreted by 
Renard et al. (1987) as vertical or strike-slip offsets 
of a new slab-parallel fault set, rather than re-acti- 
vated extensional faults. Evidence from the Aleutian 
and Middle America Trenches suggests that slab- 
parallel and inherited fault trends may coexist where 
the obliquity between the oceanic fabric and the slab 
strike approaches 30 ~ . In the detailed data set avail- 
able for the Aleutian Trench, faults controlled by the 
oceanic fabric are dominant along most of the cen- 
tral trench, but a new set of slab-parallel faults begin 
to develop at the eastern trench when the degree of 
obliquity between oceanic fabric and slab strike 
reaches about 25 ~ (Figure 7). This new fault set then 
increases in importance (in an irregular manner) as 
the obliquity increases to 30 ~ by which point it has 
become the dominant trend. Unfortunately, 30 ~ is 
the greatest degree of obliquity seen at the Aleutian 
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Trench, so the cont inued development  o f  the fault 

zone with increasing obliquity between slab strike 

and oceanic fabric cannot  be resolved. However ,  at 

the Java Trench,  where the two trends are oblique by 

exactly 30 ~ no re-activation o f  the oceanic fabric is 

seen. This suggests that  30 ~ o f  divergence between 

fault trend and stress directions is the max imum 

which can be accommodated ,  and that  beyond that, 

a new fault set has to develop. 

A characteristic o f  the areas examined in this 

s tudy is that  fault zones controlled by re-activation 

o f  the oceanic spreading fabric show a distinctly 

narrower  range o f  fault trend ( ~  20 ~ e.g. Figure 10) 

than fault zones where a new set o f  faults, perpendic- 

ular to the principal stress direction, is formed 

( ~ 3 5  ~ e.g. Figure 11). This can be clearly seen by 

compar ing  fault distributions along the western and 

central segments o f  the Aleutian Trench (Figure 9, 

top and middle) or by compar ing  data  f rom the Peru 

Trench with that  f rom the Java and Tonga  Trenches 

(Figure 10 with Figures 11, 12). There is no direct 

evidence as to the cause o f  this phenomenon ,  al- 

though  one might  reasonably assume that  it relates 

to the different response to extension of  li thosphere 

at mid-ocean ridges, when the oceanic spreading 

fabric is created, to that  o f  lithosphere adjacent to 

trenches where old lithosphere is being subducted.  

Clearly the thickness and strength o f  the lithosphere 

in the two environments  is very different, and it 

might  be speculated that  the weaker  lithosphere at 

mid-ocean ridges fractures more  precisely in response 

to the extensional stress than does the older, stronger 

li thosphere away f rom the ridges. However ,  further 

s tudy of  the topic is required before a full explana- 

t ion can be given. 
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