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RESUMEN 

Se infieren los mecanismos tectonicos en los bordes de las placas para modelos tectonicos del 
Pacifico norte, resultando de tipo trartscurrente (transformado) y compresional (convergen
te). Las observaciones de campo recientes concuerdan con la geometria gerieral de las placas; 
sin embargo, la configuracion de . la corteza· observada difiere. substanci�mente de los 
diagramas y modelos simplistas que · utilizan algunos au tores. En el bprde de tipo transcurren
te, la existencia de una gran trinchera rellena con sedimentos implica la intervencion de otro . 
proceso ademas de un .cizalle lateral en el contacto entre la corteza oceanica y la continental. 
En la Trinchera Aleutiana Oriental no hay fallas grandes de sobrescurrimiento o cabalgadura, 
lo que implica la existencia de alg{m otro mecanismo para transmitir cizalle desde la zona de 
Benioff hasta la ·superficie. En esta region es posible que la zona de Benioff represente un 
fenomeno sub-cortical y que exista una deformacion plastica extendida en la corteza inferior, 
precisamente encima de la zona de Benioff. Esta situacion podria expresarse como una ancha 
zona ·de plegamiento en la seccion sedirnentaria correspondiente. 

· · 

ABSTRACT 

Tectonic mechanisms along the easte rn and western Gulf of Alaska continental margins are 
inferred to be strike-slip (transform) and compressional (converging) plate bounda

r

ies in 
tectonic models of the North Pacific. Recent field observations are consistent with the 
overall plate geometry; however, 'the crustal configuration observed departs significantly from 
the simplistic diagrams and models used by some authors. Along the strike-slip plate 
boundary, a large buried trench requires that another process beside simple la�eral shear is 
operating at the oceanic-continental crustal juncture. Along. the eastern Aleutian Trench an 
absence of large thrust faults requires other mechanisms of transmitting the shear of the 
Benioff zone to the earth's surface. lti this area it seems that the Benioff zone may be a 
sub-crustal feature and that extensive plastic deformation occurs in the lower crust just above 
the Benioff zone. This may in turn be expressed in the_ overlying sedimentary section. a1> a 
wide zone of folding. 

* U. S. Geological Survey, Menlo Park, California.
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INTRODUCTION 

The eastern and western continental margins of the Gulf of AJaf'ka 
have contrasting morphologies. The eastern margin is �mly about 50 
km wide with a narrov,1 shelf and a narrow slope that ends at an 
extensive continentd rise, whereas the western margin is as much as 
250 km wide with ,t broad continental shelf and a broad con
tinental slope that ends in the Aleutian Trench (Fig. l ). A gen·· 
erally 8ccepted explanation. for this contrast is that the eastern 
margin is dominz.ted by lateral shear _related to a strike slip fault 
(Queen Charlotte-Fairweather fault system) between the continental 
and oceanic crust t.St. Amand, 1957; Southerland-Brown, l 968), 
whereas the western margin is dominated by lateral compression 
related to thrusting between the continental and oceanic crust 
(Aleutian Then ch area) (Stauder and Bollinger, 1966; Plafker, l 969). 
These conditions fit a plate tectonic model well (Atwater, 1970; 
Hayes and Pitman, l 970) and the basic simple explanation of an 
interaction between two rigid plates is widely accepted (Fig. 2). In 
this model, the Pacific plate moves relative to the North American 
plate along the Queen Charlotte-Fairweather fault in a direction 
paralleling the plate boundary and the plates move in a direction 
perpendicular to the plate boundary along the Aleutian Trench. The 
contrasting morphology, or more fundamentally, 1.he contrast of 
geologic structure between these two adjacent margins along the same 
plates provides an opportunity to study �tructural mechanisms at 
continental margins by isolating featur,�s unique to each of them. 

EASTERN CONTINENT AL MARGIN 

The structure of the eastern continental margin was known until 
recently from a moderately dense series of wire-line soundings, and 
the evidence for the Queen Charlottc--Fairweather fault was only 
some scattered earthquake epicenters. Despite such uncertainties, the 
Queen Charlotte-Fairweather fault was used by McKenzie and Parker 
(1967), Morgan (l 968) and Le Pichon (1968) to determine the 
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relative directions of Pacific-North Americari plate motion. Shor 
(1 962) poh1ted out a buried trench under the continent al rise from 
seismic refraction measutements .  Recently the margin has been 
crossed by seismic reflection transects (Chase a�d Tiffin ; 1 97 2 ;  
Embley and others, J 973 ) and the Queen Charlotte-Fairweather fault 
as well as the buried trench have been verified (von ' Huene and 
others, in preparation ) .  

The northern segment of the Queen Charlotte-Fairweather fault . has 
.a narrow straight trace along the Continental shelf from the northern 
point .where it enters the sea to a point about 400 km south (Fig. l). 
Along the remaining 2 1 0  k� which make �p the southern segment, 
the fault trace descends onto  the continental slope and it also . curves 
through a 20° change in strike. The northern and southern segments 
of the fault also have different structural characteristics . The northern 
segment is characterized · by one or possibly two faults with no 
associated zone of small scale deformation in the stratified rocks on 
either side (Fig. 3 ;  upper record , point F). The southern segm cint, on 
the . other hand; has a wider zone of deformation associated with the 
irregular relief that cliaracteri�es the continental slope there (Chase 
and Tiffin , 1 972)  (Fig. 3 ) .  The change in strike and wide complex 
z9ne of deformation are interpreted as signs of oblique . slip whereas 
the straight narrow trace without associated defo,rmation is interpret
ed. as the mo st exclusively strike-slip segment. Therefore the strike of · 
the northern segment most nearly defines the direction. of movement 
between the Pacific and North American plates because ideally such a ·· 
boundary (a transform fault) has. only strike slip motion . A pole of 
rotation constructed from this fault segment and a similar segment of 
the San Andreas fault in central California, falls at  the southern limit 
of the circle of confidence drawn by Morgan (1 968) at a souther� tip 
of land on Newfoundland called Mistaken Point . The relative :Pacific- ·  
North America plate movement used by most authors and confirmed 
by this study is  sho.wn in figure 2. 

The reflection record across the continental slope off the ..northern 
segment of the Queen Charlotte-Fairweather fault (Fig. 3 ) .  shows · 
sediment on the ocean floor 1 .km to 3 km thick. The continental 
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. shelf and' slope are rebtively simple. Locally . Pleistocene glaciers 
moved across the shelf to the shelf break. They deposited great 
quantities of sediment on the slopes as wel1 as on the adjacent deep 
oc�an floor and glacial' periods are responsible for the com,posite deep 

. sea fans that form the co�tinental rise. These rise sediments have 
been dated as Pleistocene by tracing the seismic re.flectors correspond-' 
inc to the base of the Pleistocene in DSDP drJU hole 178 to the 
eastern margin. Below the rise is · a pre-Pleistocene section that has 
beei:,. depressed to ,form a trench at the foot of the slope. This buried 
trench i s  'more pronounced along the, slightly oblique�slip portion of 

· the Queen Charlotte-Fairweather fault and is seen in the structure 
section (Fig. 4) which is based on seismic refraction data (Shor, 
1 962 ; Johnson and others, 1 973), gravity data (Couch , 1 969) and 
seismic reflection ar

i

d magnetic data. The trench first pointed out by 
Shor (J 962) involves the oceanic crust and perhaps i t  is a dynamic 
feature ' rather than one caused by static loading. If it were strictly a 
static. feature , it should be deepest where the sediments are thickest ;  
�wever, a correspondence between degree of crustal depression and 
thickness of the rise is not apparent., Off Queen Charlotte Island the 
buried trench is locally absent and in other places nearby , it has 

rexp ressiqn as a trough on the sea floor (Chase and Tiffin ,  1972). 
Locally it is as large as the eastern Aleutian Trench. The cause of 
this discontinuous trench along a strike-slip margin is not understood. 

WESTERN CONTINENTAL MARGIN 

The western margin has been studied more than the eastern margin 
· because it was the s ite of the great 1964 Alaska earthquake. 
Observations of the earthquake and the accompanying aftershock 
sequence, . the crustal deformation, and the large tsunami it generated, 
provided ,a clearer understanding of tectonic mechanisms. 

The western margin contains all the features commonly associated 
with margins presumed to be formed by underthrusting of oceanic 
crust beneath the continent . In the vicinity of Kodiak Island, the 
chain of active volcanoes that parallels the Aleutian Trench forms th.e 
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backbone of  the Alaska Peninsula 1and the Aleutian Island Arc . These 
volcanoes rest on early Mesozoic eugeosynclinal d�posits and plutop.s 
(Fig. 5 )  (Burk, 1 965 ). Farther seaward, on Kodiak Island, the 
eugeosynclinal deposits are of Cretaceous and possibly early Tertiary 
age (Moore, 1 96Sf �nd they are . · sep�rated from middle and ·late , 
Tertiary miogeosynclinal continental shelf deposits by a fault zohe. 
On the continental slope only the Pleistocene sediments ,have been 
sampled,  however, sediments no older thari 0 .6  m.y .  fill the Aleutian 
Trench (von Huene and Kulm, 1 973) .  Therefore, in a very broad 
sense ,  the seaward progression · from · older to . younger sedimeht ·is 
established and it indicates continental accretion since Mesozoic time: 

\ � ' � ' 

Crustal structure is consistent with the· accretionary evidence from 
stratigraphy . Seismic reflection measurements and magnetic anomalies ' 

' , ·  

indicate that the oceanic crust continues unbroken beneath the 
' ' 

continent almost to Kodiak Island (Fig. 6) .  In some seismic re flection 
records trench deposits can be trilced about 10- 1 3  km beneath the 
foot of the slope (von Huene, 1 972) .  However, beyond the ,first 10 
km the reflectors become indistinct and · there is a corresponding 
seismic velocity increase from 2 km/ sec to as much as 4 km/sec: 
Since it is known from drill cores and seismic records that the 
deformed sediments in this part of the slope do not return cohe�ent 
reflec tions ,  this loss of resolu tion and the increased velocity suggest 
that intense deformation begins l O km landward · of . the .. trench 
beneath slumps and large slide blocks .  Such a model explains the 
undeformed sed iment commonly found in modern trenches .  However, 
it does not explain some of the 30° -40° slopes that form the 
landward trench wall · because soft undeformed sediment cannot push 
against the continent and form 1 -2 km high folds with .such steep 
limbs .  Therefore , piercement and shale diapirism · are suggested as . · · 
mechanism in view of the strong evidence that underthnisting does 
occur . Evidence for underthrusting · has come not only from studies of 
earthquakes but also from age relationships in the Aleutian Trench 
area establ ished by the study of DSDP cores. The main points are : l) 
Earthquakes recorded near Kodiak over a l O year period cluster into 
a landward dipp ing Benioff zone (Fig. 5 ) ;  2) Focal mechanisms of the 
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1 964 Alaska earthquake and its aftershocks give consistent (but not  
unique)  indications of  thrusting (Stauder and Boilinger, l 966 :. Kana
mori , 1 970) ;  3 }  Deforma tion during the l 964 earthquake and the 
slower changes in land !eve! between earthquakes are easiest to 
expl ain with thrust fau lting (Pi afker, 1 969). 

h, addit ion, the study of cores from the Aleutian Trench area 
provide the following complementary evidence : J )  Uplift of the 
mountains now c ircl ing the Gulf of Alaska began in early or middle 
Miocene time ; 2) A great i ncrease in volccmism about 5 111 . y .  ago 
signi fies i nWal development of t he chain of volcanoes along the 
Alaska Peninsul a ;  3 )  Sediments now fi i ling the Aleut ian Trench are 
no  older than 0 .6  .± 0. 1 rn .y .  (von Huene and Kuhn,  1973 ) .  

The first two events indicate that the present trench may  haw 
devel oped in early or middk Miocene time and that it probably 
exist ed at least 5 m.y .  ago ; however, the study of cores from the 
trench has shown tha t sed iment s  filii ng it are no older than 0 .6  rn .y .  
This diffen;;nce between the age of i ni t i al trench development and the 
age of :::ecliment now fill ing it shows t hat a large quan ti ty of 
sediment older th:m 0 .6  rn.y.  i s  mi ssing and must be incorporated 
into the continental slope. These combined lines of evidence form :.is 
strong an argument in support  of undcrthmsting, rapid tt'ctonism, 
;;;.nd i ncorporation of deep oceun scdirnent at the western continental 
ma rgin of Alaska as 2.r,y tha t have been made for other margins . 

To remain brief, this d iscussion has concentrated on evidence 
favoring undcrthrusting and some unresolved problems have not been 
d i scussed . The present evickncc is strongly more favorable for u nder· 
thrusting tha n other proposed tectonic mech anisms,  D isturbing how
ever is the fac t tha t  no thrust fault has been observed i n  seismic 
records nor ls there any place that it appears at the sea floor. 

SUI\1MARV OF EASTERN AND WESTERN 
MARGIN STRUCTURES 

Since the eastern and 'Nestern rna rgins are boundaries of the san1e 
lithospheric pla tes, they have similar plate tectonic histories. Thaefo·· 
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re, the differences between th.em . sh01.ild result mainly from diffe�ent 
tectonic mechanisms. The most .obvious is the ·rno km difference in 
their widths .  (Figs. 4 and 6). The eastern margin, is marked by ah 
abrupt 1 6  km depth change along the. crust-mantle boundary, and the 
continental and oceanic crusts a:re in sharp contact . This contrasts � / 

' 
' 

with the tnmsitional crustal depth change along the western margin 
where oceanic material i s  being incorporated into the continent .and · , 
oceanic crust i s  p�rhaps being transformed to continental cru,st.' The 
western margin has a long history of accretion as shown by t� 
progression of increasi:ngly younger rocks in a seaward direction (Fig: 
5 ) .  These di fferences are consistent with the plate .models of vertical 
and gently dipping horizontal plate boundaries. 

If the eastern margin is a vertical plate bpunda�y along which 
deformation is strike slip, then the buried trench is difficult to 
explain because most . t renches are thought to signify descending , .  • 
oceanic crust along a Benioff zone. Depression of oceanic crust along 
the eastern strike-sliI? margin · is locally, as great as the crusta_l · 
depression under the Aleutian Trench . Isostatic adjustment for , the 
thick Pleistocene continental rise is only a partial explanation becaus� ·· 

- ' 1, ' 

there i s  poor correlation between sediment thickness anc;I depth of 
crustal depression. Some type of dynamic mechanism is not only 
depressing the oceanic crust but it is also uplifting the continental 
shelf (Fig. 3 )  (Twenhofel, 19  52) .  Possibly compressional stress oriented 
subparallel to the margin results from p artial coupling adj acent to 
the Queen Charlotte-Fairweather fault system. Because the :oceanic 
crust in thinner and presumably weaker than the continental crust, .its 
free edge may be crenelated and locally depressed. However, this ' 
explanation is largely conjectural until , the buried trench · is better 
known.  Other examples of trenches along P,resumed strike slip ,plate 
boundaries occur along the western Aleutian Trepch and along the 
Puerto • Rico Trench. It seems .that more than simple models are 
required to explain some observations across the eastern matgin . .  In .  
this context it should be noted that the eastern margin is potenti;ltys . 
tsunamogenic in spite of the predominately strike-sli'p. tectonic .mecha� 
nism , because of the major vertical movement that has occurred there. 
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The pevelopment of a trenth alo�g a s trike-sl ip ma�gin raises some 
question about the tectonic significance of the eastern Aleutian 
Trench .  along the western continental margin , Close inspection of the . . ' . 

western margin crustal . section · .  (Fig. 5 )  reinforces this question 
because the oceanic crust cari be ... traced ' well beyond the Aleutian 
Trench ihto tlie continental slope. This crust is thought .to be 
unbroken under the continental slope because oceanic magnetic 
anoma lies are traced from the ocean floor across the continental 
slope to the continental shelf (von Huene, 1 972) .  Therefore, the 
simple model in wh ich oceanic crust slips beneath the continental 
crust along a zone of thrusting that surfaces at the Aleutian Trench 
does not fit the observat ions. Instead , the second oceanic layer 
(v =, 5 .0-5 . 5 )  thickness increases approximately at the seaward limit 
of earthquake hypocenters. If the record of earthquakes is complete 
enough to define a .. Benioff zone, the Benioff seems to occur only 
beneath the crust and ,it does not appear to cross it as a simple shear 
(Fig. 5 ) . A growing structural arch at the edge of the , continental 

. she lf that has locally been uplifted at least 1 000 m (von Huene, 
. 1972) also occurs here. If crystalline rocks of the oceanic crust are 

tectonically thickened and have contracted laterally , they probably 
· . transmit deformat ion to the overlying sediments across a broad zone. · 
Perhavs the shelf break arch is an indication of the most intense 
deformation deep in the underlying crust associated with the seaward 
end of Hie Benioff zone. If thi.s is so, the Aleutian Trench would 
only mark the beginning of a structurally complex continental slope 
and motion along the subcrustal Benioff zone would be dissipated 
across a broad zone of folding and vertical deformation; no zone 'or 
thmsting would <;:rop out as a geologic expression of the Benioff 
zone. Such a model would explain the absence of intense compres
sional structures along the adjacent coastal land areas and for that 
matter ;ilong t�e Aleutian Arc. This model would only apply to an 
area where accretion occurs and not to non-accretionary margins 
where ,oceanic mater ial and even continental crust are consumed. 
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CONCLUSIONS 

Structures along the eastern Gulf of Alaska margin show that the 
northern segment of the Queen Charlott-Fairweather fault system fits 
most of the criteria for a strike-slip (transform) plate boundary . The 
western margin, which contains the Aleutian Trench, fits most 
criteria of an underthrusting (converging) plate boundary.  Therefore, 
observed s tructure along north Pacific plate boundaries appears 
consistent with the geometry of plate  tectonic models for the last 20 
m. y .  However, a buried trench along the eastern strike-slip margin 
suggests complex secondary processes that are unexplained by the 
simple juncture of two rigid plates, and it raises some questions as to 
the origins of trenches .  Other examples of trenches along strike slip 
plate boundaries occur along the weste1:n Aleutian Trench and the 
Puerto Rico Trench. Along the western margin , the simple rigid plate 
model is even less applicabie .  Here the Benioff zone may end at a 
point below the crust and its shear may be transmitted across the 
crust-mantle boundary at a point approximately below the edge of 
the continental shelf rather than at the Aleutian Trench. Perhaps the 
second oceanic l ayer takes up this thrust motion by tectonic thickening 
and the overlying sediments may respond to a contraction of .the 
basement by compressional folding deep in the continental shelf 
and s lope .  The shelf break arch may indicate the area in which 
folding is most intense. The Aleutian Trench probably marks the edge 
of the structurally complex continental slope and it is not the axis of 
a larg,:>, thrust fault . 
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Figure 5 .  Diagram of structure across the Alaska Peninsula, Kodiak I sland  and the AleutianTrench, and earthquake hypocenters from the latitude of Middleton I sland to the sou thern
end of Kodiak Island. Geology generalized from Burk (1 965) ,  Moore ( 1 968) ,  and seismic
tefraction data from Shor and von Huene  ( 1 972) .  The Benioff zone, sho wn diagrammatical
ly, is constructed. from a 1 0  y ear record of earthquake hypocenters relocated by Tobin and

, Sykes ( 1 966) . · · 
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