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ABSTRACT

Three WNW-trending left-lateral strike-slip faults on the abyssal plain off northern and central Oregon between 
44° 40' N and 45° 12' N latitude have been mapped using seismic reflection, sidescan sonar, ALVIN submersible 
dives, and SeaBeam bathymetry. These oblique faults intersect the north-south striking structures of the active 
accretionary wedge. The faults cut the oceanic lithosphere of the subducting Juan de Fuca plate and appear to cross 
the plate boundary. The best studied of these, the Wecoma fault, extends 18 km northwestward across the abyssal 
plain from the deformation front. Displacement on this fault is 5.5 ± 0.8 km at the deformation front, decreasing to 
zero at the northwestern fault tip based upon piercing-point offset. The Wecoma fault has been active for 
approximately 600 ± 50 ka, with an average slip rate of 7-10 mm/yr. The latest Pleistocene-Holocene slip rate is 5- 
12 mm/yr. These faults are active, as indicated by the offset of the youngest sedimentary units, the presence of 
surficial fault scarps, and the venting of deeply sourced fluids. The Wecoma fault intersects the deformation front in a 
complex structural zone consisting of fault-bounded pop-ups, an embayment in the deformation front, and a local 
reversal of vergence in the basal thrust of the accretionary wedge. Fault B is also associated with an abrupt change in 
vergence direction of the basal accretionary thrust Linear gullies and scarps in the Wecoma fault zone extend into the 
first several thrust ridges of the continental slope, suggesting that this fault remains active beneath the accretionary 
wedge. Changes in fold orientation and amount of shortening in the initial 3-4 thrust ridges of the accretionary wedge 
suggest that the strike-slip faults have influenced the development of coeval accretionary-wedge structures through 
differential slip of the downgoing plate. Several WNW-trending deformation zones have been mapped on the 
continental slope off northern and central Oregon. The deformation zones are composed of WNW-trending linear 
scarps, en-echelon NW- to WNW-trending folds, and left-stepping and sigmoidally bent folds. Oblique folds are 
commonly fault-propagation and fault-bend folds developed above high-angle faults. Some of these active faults and 
folds striking NNW to WNW are re-folding somewhat older north- and NNE-trending folds. Deformation in these 
zones is consistent with a left-lateral sense of shear. Three of these deformation zones lie along the landward 
projections of the three abyssal-plain strike-slip faults, while at least one, and possibly several others are restricted to 
the continental slope. We postulate that the deformation zones may either be shear zones developed in the upper plate 
above the subducted strike-slip faults, or that strike-slip faulting in the upper plate has propagated seaward into the 
subducting plate.

INTRODUCTION

The Cascadia subduction zone off Oregon and Washington may be one of the best studied subduction zones in 
the world. Its proximity to major U.S. ports, and three decades of study by oceanographic institutions, government 
agencies, and industry have provided an extensive data set for use in geological and geophysical investigations. In 
recent years, attention has been focused on the anomalous seismic quiescence of much of the Cascadia margin in 
comparison to other subduction zones. The moderate convergence rate of 40 mm/yr directed 062° (calculated from 
JDF-NAM Euler vector of DeMets and others, 1990), and the relative youth of the subducting lithosphere (9-10 Ma 
according to Wilson and others, 1984) should characterize the Cascadia subduction zone as a Chilean-type margin 
(Heaton and Kanamori, 1984). Since most Chilean-type margins have experienced great earthquakes in historic 
times, the Juan de Fuca-North American plate boundary should also be capable of generating great earthquakes. 
Geological evidence for great earthquakes has been inferred from buried marsh deposits of the coastal bays of 
Washington (Atwater, 1987; Atwater and Yamaguchi, 1991), Oregon (Darienzo and Peterson, 1990), and northern 
California (Carver and others, 1989; Clarke and Carver, 1989; Vick, 1988). Rapid co-seismic submergence 
accompanied by tsunamis is inferred from peat layers overlain by marine sands (Atwater, 1987). Presently, the 
Oregon Cascadia margin may have the lowest incidence of instrumental plate-boundary seismicity of any subduction 
zone. Although earthquakes in the upper and lower plates are well monitored by the University of Washington 
seismic network, no thrust-type earthquakes at any magnitude level have been located on the plate interface (Ludwin 
and others, 1989). The absence of historic great earthquakes in Cascadia can be explained by long recurrence intervals 
of 300 to 1000 years or more (Adams, 1990; Atwater, 1987; Darienzo and Peterson, 1990; Atwater and Yamaguchi, 
1991; Carver and others, 1989), yet the Cascadia plate interface nonetheless remains singularly quiet among the 
world's convergent margins.

The low seismicity of the Cascadia subduction zone has led investigators to explore a variety of hypotheses to 
explain the apparent seismic gap along the Cascadia margin (Ando and Balasz, 1979; Sykes, 1989; West and 
McCrumb, 1988). Our investigation of the structure of the plate boundary and forearc offshore Oregon arose in part 
from the discovery of several oblique strike-slip faults in the abyssal plain off north-central Oregon. These faults cut 
the downgoing Juan de Fuca plate and cross the plate boundary, extending some distance into the overriding North 
American plate. To our knowledge, faults of this type have not previously been described from other subduction 
zones around the world, although strike-slip faulting restricted to the upper plate has been described in both 
orthogonal and oblique convergent settings (Lewis and others, 1988 and references therein; Geist and others, 1988).



Their discovery is almost certainly the result of the increased resolution in sea-floor mapping tools in recent years, 
but these faults may also represent something unique about the Cascadia convergent margin. Their discovery 
suggests the possibility that detailed structural investigations may offer new information about oblique subduction in 
general and Cascadia in particular.

The purpose of this paper is to investigate and document the structural evolution of the Wecoma fault, the 
largest and best known of three strike-slip faults discovered on the abyssal plain off Oregon, and to relate this fault to 
new mapping of active tectonic features of the continental slope. The long-term goal of this work is to better define 
the active tectonics of the Cascadia subduction zone, and thereby develop a better understanding of the regional 
tectonics and seismic hazards of the Pacific Northwest. We conclude with a discussion of possible origins and 
implications for plate-boundary processes of the oblique faults and folds we have mapped within the Cascadia 
convergent margin.

METHODS

We are studying the submerged plate boundary and forearc region off Oregon and Washington (fig. 1) using 
SeaMARC 1A and GLORIA sidescan sonar imagery, SeaBeam swath bathymetry, ALVIN submersible observations, 
and a dense network of single-channel and multichannel seismic (MCS) surveys. We are mapping the Oregon- 
Washington plate boundary and submarine forearc at a scale of 1:500,000. We have used approximately 30,000 km 
of seismic-reflection profiles collected by Oregon State University, University of California at Santa Cruz, 
University of Hawaii, University of Washington, Scripps Institution of Oceanography, U.S.G.S., N.O.A.A., and 
the oil industry (fig. 2). The profiles vary widely in quality, depth of penetration, and navigational accuracy, ranging 
from single-channel sparker records navigated with Loran-A, to 144-channel digital profiles navigated with GPS 
(Global Positioning System). Partially in preparation for Ocean Drilling Program Leg 146, a site survey consisting 
of closely-spaced high-resolution multichannel seismic lines, SeaMARC 1A sidescan mapping, SeaBeam swath 
bathymetry, and Alvin submersible dives focused on the plate boundary and accretionary wedge at the proposed 
drilling sites near 45° N latitude, (fig. 3). Within this 6000 km^ area we were able to map submarine structures in 
considerable detail.

Within the detailed study area (fig. 3), the 144-channel reflection profiles were navigated with GPS, and 
position information from these lines is used as the datum for mapping that portion of the study area. Processing 
through time migration was carried out at the University of Hawaii. Several other U.S.G.S. 24-channel and OSU 
single-channel lines also constrain the structural interpretations. The sidescan and bathymetric surveys were navigated 
with a combination of GPS and Transit satellite navigation, with Loran C tracking used between satellite fixes. 
Navigation of the deep-towed sidescan fish was done by the method described by Appelgate (1988). Where spatial 
misfits occur, we have adjusted the sidescan data to best fit the GPS navigated MCS lines or the SeaBeam 
bathymetry where appropriate. SeaMarc 1A sidescan data were collected with a deep-towed 30 kHz system capable of 
imaging a 2 km or a 5 km swath width, with spatial resolutions of 1 and 2.5 meters, respectively. A magnetometer 
attached to the towfish recorded total field intensity over the sidescan tracks. Our mode of operation during sidescan 
surveys was to cover the study area at the wider 5 km swath width, then return to areas of interest and conduct 
detailed surveys using the higher-resolution 2 km swath. Sidescan processing, which included geometrical and speed 
corrections, correction for towfish position, orthorectification of image pixels to a latitude/longitude grid, and image 
enhancement (as described in Appelgate, 1988) was carried out at the N.O.A.A. image processing facility in 
Newport, Oregon. Outside the detailed study area, navigational accuracy was more variable. Loran A navigated 
profiles have maximum errors on the order of 1-3 kilometers, Loran C errors are approximately 0-1.5 km, and 
Transit satellite errors range from near zero up to hundreds of meters. The dense coverage of reflection profiles 
allowed adjustment of older lines where crossed by satellite-navigated lines.

STRIKE-SLIP FAULTS ON THE JUAN DE FUCA PLATE

Along the central and northern Oregon convergent margin, three WNW-trending left-lateral strike-slip faults 
(Wecoma fault, faults B and C, fig. 4) extend from the base of the continental slope 10-18 km northwestward across 
the abyssal plain. (A note here concerning mapping conventions used in this paper: we show offsets across faults 
only where they can be demonstrated with existing data. Other offsets that might be expected, but are not 
demonstrated, are not shown.) First imaged using SeaMARC 1A sidescan sonar in 1986, these faults were surveyed 
in detail in 1989 using a narrow-swath, high-resolution survey (Appelgate and others, 1992), and were crossed 
several times by multichannel seismic (MCS) profiles shot in 1989. In reflection profiles on the abyssal plain, the 
three faults show vertical separation of both the oceanic basement and the 2-3 km thick overlying sedimentary 
section (Appelgate and others, 1992; MacKay and others, 1992; this study). The three faults strike 290° to 295°, and 
all three are primarily strike-slip with a minor up-to-the-north component of displacement as evidenced by offset 
surface and subsurface features. In this paper we discuss primarily the Wecoma fault, since this fault is better covered



by seismic and sidescan surveys. Faults B and C appear to be similar in structural style to the Wecoma fault, but the 
more sparse data available on these faults presently precludes as detailed an assessment of them.

The Wecoma Fault

The Wecoma fault is the longest and best developed of the three strike-slip faults on the abyssal plain (fig. 4). 
A perspective fishnet diagram of the SeaBeam bathymetry shows the general physiography of the Wecoma fault, its 
associated structures, and the adjacent abyssal plain and accretionary wedge (fig. 5). A SeaMARC-IA sidescan mosaic 
(fig. 6) shows the surface trace and morphologic fea tures associated with the Wecoma fault and the complex 
intersection of the fault with the deformation front. We have integrated all of the available geophysical data in a 
structure map of the Wecoma fault on the abyssal plain and adjacent frontal accretionary wedge (fig. 7). Migrated 
multichannel seismic (MCS) profiles of the Wecoma fault reveal that it is nearly vertical, in places consisting of a 
main strand with little other deformation (figs. 8 A and B), and in others characterized by an upward branching 
positive flower structure (fig. 9) as defined by Hording and others (1985). Blocks within the flower structure mostly 
show minor reverse motion. In both seismic and sidescan records on the abyssal plain the displacement and surface 
expression of the Wecoma fault diminish toward the northwest. On the high-resolution 2 km sidescan swath, the 
trace of the fault was lost approximately 18 km WNW of the deformation front. A MCS record (line 33; fig. 3) 
crosses the along-strike projection of the fault 7 km WNW of the point at which the scarp disappeared on the 2 km 
sidescan record. At the projected location, only minor deformation is seen, suggesting that this line crosses near the 
fault tip. Two other crossing reflection profiles, located 3.7 and 5.5 km west of the line 33 crossing, show that the 
fault does not extend west of 125° 41' W (see fig. 3 for location).

Seismic-reflection profiles indicate that the Wecoma fault is a structural break in the downgoing Juan de Fuca 
plate. On line 37 (fig. 8 A and B) vertical separation of the basaltic basement is apparent both near the deformation 
front and beneath the pressure ridge, the NE block upthrown (Appelgate and others, 1992; this study). While the 
vertical separation of the basement seen in figure 8 is not large, identical vertical separation is also observed in the 
overlying stratigraphic units. A corresponding basement offset is required to produce the vertical separation of the 
sediments, such that the observed basement offset cannot be a hummock on the basement surface.

The overall strike of the Wecoma fault from the base of the slope to its northwestern terminus is 293°, 
extending 18 kilometers across the abyssal plain from the deformation front. The trace takes a gentle southward bend 
7 km northwest of the deformation front, then abruptly terminates along the southern boundary of a structural 
upwarp (pressure ridge, PR, figs. 6, 7 and 9). Displacement is taken up by a second northwest trending right- 
stepping segment that originates on the northern flank of the upwarp, and strikes northwest to its terminus (figs. 6 
and 7; see also Appelgate and others, 1992). This upwarp was initially thought to be a mud volcano, but deep-towed 
seismic-reflection data showed internally coherent reflectors, suggesting a structural origin (Cochrane and Lewis, 
1988). The upwarp offers much information about the timing and development of the Wecoma fault, and is therefore 
discussed here in some detail. It is a complex structure that is bounded on the south by the southern strand of the 
Wecoma fault and on the other three sides by minor reverse faults, but it is best described as a doubly plunging 
NNW-trending anticline (figs. 7 and 10). The three dimensional structure of the upwarp is shown in the composite 
block diagram shown in figure 10.

Magnetic modeling of the upwarp and Wecoma fault indicates that basaltic basement is upwarped beneath the 
fold in the sedimentary section, and is vertically offset approximately 100 meters by the fault, north block up 
(Appelgate and others, 1992). Based on the involvement of the basement and the right step in the fault, we interpret 
the upwarp as a restraining-bend anticline formed by compression across the right step in the Wecoma fault 
(Sylvester, 1988). We hereinafter refer to the upwarp as a pressure ridge (PR). Alternatively, the ridge may be a 
truncated early-formed anticline of the type described by Wilcox and others (1973). If this model is applicable, the 
anticline may have formed in the sedimentary section in response to left-lateral displacement of the underlying Juan 
de Fuca plate, and then was partially truncated by two en-echelon segments of the fault as they propagated upward 
with increasing fault motion. If this is correct, the lack of a single throughgoing trace implies that the fault has not 
completed its final stage of development into a throughgoing single strand as modeled in clay experiments and 
observed in nature (Wilcox and others, 1973). A second alternative explanation is that the upwarp is related to the 
growth of the accretionary wedge (Cochrane and Lewis, 1988). If this is the case, the ridge would be linked to the 
master decollement by an undetected basal detachment. However, analysis of the growth history of the ridge, 
discussed below, indicates that the ridge is roughly twice the age of the marginal ridge, and began its growth when it 
was 28-32 km west of the longitude of the present deformation front, using the 40 mm/yr Juan de Fuca-North 
America convergence rate of DeMets and others (1990). The relative longevity of the ridge, and the evidence for a 
basement upwarp suggest that its formation was unrelated to growth of the frontal thrusts of the accretionary wedge. 
It is probable, however, that recent growth has been augmented by horizontal compression due to the proximity of 
the plate boundary.



Age, Net Slip, and Average Slip Rate of the Wecoma Fault

Stratigraphic relationships within the abyssal-plain sedimentary section in the vicinity of the Wecoma fault and 
the pressure ridge can be used to infer the growth history of the pressure ridge as well as the slip-rate and horizontal 
separation on the Wecoma Fault.

Abyssal Plain Stratigraphy
We have informally divided the abyssal-plain sedimentary section into four seismic-stratigraphic units on the 

basis of reflection character and Stratigraphic coherence using the 1989 MCS data (fig. 8B). The lowest unit (unit 4) 
is a weakly reflecting seismic unit that directly overlies the basaltic rocks of oceanic layer 2. The poor reflectivity of 
this unit is probably due to its lithologic homogeneity, consisting of poorly stratified carbonate oozes, calcareous 
mudstone, and silt turbidites at DSDP drill site 174 on Astoria Fan (Kulm, von Huene and others, 1973). Thickness 
of this unit is variable because it fills in the rough basement topography, but it averages approximately 300 m in 
the vicinity of the pressure ridge. Units 2 and 3 are defined somewhat arbitrarily on the basis of prominent reflectors, 
and consist primarily of distal thin-bedded silty clay turbidites interbedded with hemipelagic clay (Kulm, von Huene 
and others, 1973). Units 2 and 3 are an abyssal-plain sequence that is thought to have either a Klamath Mountain or 
Vancouver Island source (Kulm and Fowler, 1974). Units 2 and 3 both thicken uniformly eastward in response to 
increasing rates of sedimentation and the eastward slope of the 9-11 Ma crust presently being subducted (Wilson and 
others, 1984). The uppermost unit (unit 1) is composed of overlapping lobes of the middle to late Pleistocene 
Astoria Submarine Fan (Kulm, von Huene and others, 1973). The lithology of unit 1 is dominated by thin to thick 
bedded medium to very fine-grained sand intervals with sharp lower contacts, grading upward into silts and silty clays 
(Kulm, von Huene and others, 1973). Not visible on figure 8B is a capping fifth unit consisting of 1-2 meters of 
Holocene hemipelagic silt and clay (Nelson, 1976; this study).

Timing Constraints
Seismic profiles are notoriously poor at resolving Stratigraphic and timing relationships in strike-slip fault 

zones. However, the closely spaced MCS lines near the Wecoma fault, and the fortuitous presence of critical timing 
indicators have allowed us to bracket the interval in the Stratigraphic section at which vertical motion of both the 
fault and the pressure ridge began. On MCS line 37 (fig. 8B) unit 1 clearly shows thickening of the unit as a whole 
and of individual acoustic intervals on the downthrown (south) side of the fault, indicating that the Wecoma fault has 
been active for most of the depositi'onal history of the Astoria Fan. On line 45 (fig. 9), the same units are seen to 
thin across the pressure ridge, indicating that vertical development of the ridge occurred during the same time 
interval. Thickness trends in units lower in the section on both lines are unaffected by the presence of the fault, 
indicating that they pre-date the Wecoma fault. Alternatively, Appelgate and others (1992) have interpreted apparent 
Stratigraphic pinchouts against the pressure ridge as suggesting an early history for the basement upwarp, inferring 
that ridge formation occurred shortly after the formation of the crust at the spreading ridge (see unit 4 on figure 9). 
However, the morphology of the basement upwarp from magnetic modeling and MCS profiles matches that of the 
folded sedimentary section, indicating that folding occurred following deposition of most of the sedimentary section. 
Additionally, the pinchout of unit 4 is only observed on some reflection profiles of the upwarp, while others clearly 
show it to be an artifact. We therefore now interpret this apparent pinchout as a superimposed side echo of the 
upwarped basement on unit 4. OSU MCS line 30 and U.S.G.S. line 77-12, neither of which cross the upwarp, show 
this superimposed side echo clearly (see fig. 3 for location of these lines).

On close inspection, the division between pre-faulting units and syn-faulting units (reflector "S" on figs. 8B 
and 9) can be identified at a depth of 4.30 seconds on line 37 (abyssal plain, upthrown side), and 3.82 seconds in line 
45 (top of the pressure ridge). Reflector "S" was identified by examining the thickness of each Stratigraphic sub-unit 
on these two lines and picking the reflector that separated units that showed fault related thickness trends from those 
that did not. Units 2 and 3 show just the reverse thickness relationship, with thinner units on the downthrown side 
of the fault (fig. 8B). This relationship is maintained along the length of the fault, suggesting that the fault was not 
active in a vertical sense during unit 2 and 3 deposition, or that the sense of vertical motion was south block up. 
Since reflectors consistently show a south block down separation, we can attribute these thickness changes across the 
fault to left-lateral strike-slip displacement of the eastward thickening wedges of sediment (i.e., left slip moves 
thinner wedges of sediment eastward on south side of fault relative to the north side). Note that not all reflectors need 
show any vertical separation on seismic profiles of strike-slip faults, and in fact some do not on figure 9 even 
though other evidence discussed below demonstrates 5-6 km of net slip on the fault. Growth of the pressure ridge 
anticline appears to have been coeval with slip on the Wecoma fault, since the seismic reflectors in both lines 37 and 
45 (reflector "S") that separate pre-faulting and syn-faulting sediments are approximately the same reflector when 
traced over the intervening distance on a crossing reflection line. The high quality of the data allows correlation over 
tens of kilometers with a high degree of confidence.



In order to establish the age at which fault motion began, we have correlated a prominent seismic reflector at 
the base of the Astoria Fan with the same interval drilled at DSDP site 174,70 km to the southwest of the pressure 
ridge (figs. 1 and 11). Fortuitously, during the initial survey for site 174, a seismic-reflection profile was made that 
connects the drill site to the pressure ridge anticline (Kulm and others, 1973, their fig. 2, line A-C). This allows a 
direct tie between the anticline and the drill site. The change in reflection character above this reflector (fig. 8B; base 
of unit 1) can also be traced to the drill site. At the drill site, the profound lithologic change between the sand 
turbidites of the fan and the silt turbidites of the plain sequence was observed at the depth of this reflector in the cores 
(fig. 11). Matching reflectors with their respective lithologic changes in the cores also allows accurate calculation of 
seismic interval velocities at the drill site.

Ingle (1973) plotted the coiling directions of the planktonic foraminifer Globigerina pachyderma in the cores 
from site 174 (fig. 12). Notable are three dextral coiling events at depths below the surface of 0-40 m, 125-135 m, 
and 238-295 m. The lowest of these three events brackets the depth at which the base of the Astoria fan section was 
encountered in the hole (284 m). Ingle (J. Ingle, Stanford Univ., written comm., 1991) has tied these dextral coiling 
events to regional northeast Pacific paleooceanographic events, which are dated with magnetostratigraphy and 
tephrochronology. By this method the upper and lower bounds of the lowest coiling event are dated as 600 ka and 
800 ka respectively (fig. 12). Interpolating from these bracketing ages with sedimentation rates, the age of the base 
of the Astoria fan section at site 174 is 760 ka ± 50 ka, with the error bars reflecting uncertainties in using uniform 
sedimentation rates and in the precision of determining the age of the coiling events. To estimate the age of this 
same reflector near the Wecoma fault, we infer that there is no significant time transgression between site 174 and 
the pressure ridge. We make this inference because no significant onlap or offlap relationships are observed within 
several hundred meters vertically of the base of the fan (fig. 11); the reflector is nearly horizontal, and the trend of the 
seismic section is approximately perpendicular to the sediment transport direction. Using an average sedimentation 
rate of 110 cm/1000 yrs calculated from the age, thickness, and seismic velocity of the fan section at the Wecoma 
fault, the age of reflector "S", and thus the age of vertical motion on the Wecoma fault, is estimated to be 600 ± 50 
ka. Although additional uncertainties exist in sedimentation rates, age correlation of the base of the fan, and seismic 
velocities, we use the same error bars here because we are unable to quantify them independently.

Fault Restoration
We have taken advantage of the geometry of the abyssal plain units in order to calculate the net-slip on the 

Wecoma fault. Pre-faulting sedimentary units strike mostly north-south, and thicken uniformly eastward, resulting in 
eastward thickening sedimentary wedges. Slip on the Wecoma fault has cut and juxtaposed these wedges such that 
thickness changes across the fault are pronounced. On MCS line 37, units 2 and 3 are thinner on the south 
(downthrown) side (fig. 8B). We attribute this abrupt thinning across the fault to be the result of left-lateral 
translation of the eastward thickening wedges comprising these two units (we assume negligible differential loading 
of these units due to thickness changes in unit 1). In order to estimate the horizontal separation along the Wecoma 
fault, we have restored the abyssal-plain section by reversing the left-lateral motion on the fault (fig. 13). The blocks 
were translated right-laterally until the eastward thickening wedges of sediment matched. Using this method, the 
thickness match across the fault was made simultaneously with 18 individual reflectors within units 2 and 3, 
reducing the error inherent in picking only a few reflectors. The horizontal motion needed to restore the section is 5.5 
± 0.8 km.

We have also plotted isopachs of units 2 and 3 as an alternative method for determining horizontal separation. 
Figure 14 is the isopach plot of unit 2, following smoothing and removal of a velocity artifact. The isopach plot 
reveals a pattern of left offsets of individual contours, decreasing northwestward to zero at the fault tip 17-20 km 
seaward of the deformation front. The offset of the contours near the deformation front is 3.7 ± 0.5 km, determined 
by averaging the three easternmost contours. We attribute this somewhat different result to poor constraint on the 
contours south of the fault, and disruption of thickness trends near the adjacent pop-up. Additionally, the isopach 
offset depends on only three piercing points, whereas the retrodeformation uses 18. We thus infer that the 
retrodeformation method is the best method of estimating horizontal separation, and we use the value 5.5 ± 0.8 km 
in the slip-rate calculations below. Neglecting the 100 m of vertical separation, this value represents the net slip on 
the Wecoma fault near the deformation front.

A potential source of error in the use of time versus thickness is the possibility of lateral velocity changes in 
the selected units. However, lateral velocity changes, if present, are most likely to be oriented normal to the 
deformation front, and thus have negligible effect on restoration of the sedimentary section. Unfortunately, the 
youngest unit (1) cannot be used for an independent estimate of net slip during deposition of the youngest part of the 
fan section because vertical movement on the Wecoma fault has influenced thickness of this unit



Using the previously calculated age of the fault and the net slip estimate above, we calculate that the average 
slip rate of the Wecoma fault since its inception 600 ± 50 ka ago has been 7-10 mm/yr near the present deformation 
front. These rates depend on the estimated age of the fault, which may include an error bar that is too small as 
discussed above. Thus the calculated slip rate may have a larger error bar than calculated here.

Late Pleistocene-Holocene Slip Rate

SeaMARC 1A sidescan imagery shows that the Wecoma fault offsets left-laterally a late Pleistocene 
distributary channel and an older slump scar on the Astoria submarine fan (OC and OS, figs. 6; offset channel, fig. 
15). Horizontal separations are about 120 + 5 m and 350 ±10 m, respectively (Appelgate and others, 1992; this 
study). These crosscutting relations can be used to obtain an independent estimate of the slip rate during latest 
Pleistocene and Holocene time. The offset channel, in particular, offers the best opportunity for estimating the 
Holocene slip rate. The channel is blocked 18 km upstream (to the north) by slump debris from a 32 km3 slope 
failure (fig. 4 and 5 labeled slump debris). The slump is apparently a bedding plane slide from the western flank of 
the leading landward-vergent accretionary thrust ridge. We estimate the age of this slump to be 10-24 ka, based on a 
l^C date from a gravity core taken from a sediment drape on top of one of the slump blocks and on onlapping 
relations observed on a high-resolution seismic record. In the reflection profile, the slump debris rests directly on the 
seafloor reflector with no visible sediment onlap or ponding around the slump blocks. Using a composite late 
Pleistocene-Holocene sedimentation rate derived from Nelson (1968) and this study, we estimate that sediment 
accumulation following the slump could not continue for more than about 24 ka without depositing a thick enough 
unit to be detectable on the MCS profile, thus setting a maximum age for the slump. We derive the minimum age
for the slump from the ^C age of sediment at the bottom of the above mentioned core. The core sampled only post- 
slump hemipelagic sediment, and thus the 10,300 Y.B.P. date from the lowermost part of the core sets the 
minimum age of the slump at about 10 ka.

Because the fault is older than either the slump or the channel, a slip-rate can be estimated from the channel 
offset shown in figure 15. The channel wall must have been cut prior to blockage by the slump, establishing the 
minimum age at about 10 ka (i.e., the minimum age of the slump). Similarly, a maximum age for the channel wall 
is constrained to be the same as the maximum age of the slump. Channel cutting should have ceased or been greatly 
reduced following the blockage, thus younger fault motion would offset the channel wall, as presently observed, 
without modification by erosion. If channel cutting and fault motion were simultaneous, the high frequency of late 
Pleistocene turbidity currents carrying large quantities of sand and gravel (Duncan 1968; Nelson, 1968; Griggs and 
others, 1970) should have eroded the offset to something other than the crisp separation seen in sidescan images (fig. 
15). Seismic-reflection records showing the truncation of deep sea channel walls (Griggs and Kulm, 1973) and 
numerous sediment hiatuses in cores from the axial portion of these channels (Griggs and Kulm, 1970) document the 
erosive character of the coarse-grained late Pleistocene turbidity currents in this region. Given this reasoning, the age 
of the channel wall is probably 10-24 ka, consistent with incision during the last episode of high turbidity current 
activity during the latest Pleistocene low-stand of sea level. Using this age range, we calculate a latest Pleistocene- 
Holocene slip-rate of 5 to 12 mm/yr. These rates are comparable to the 7 to 10 mm/yr average rate calculated from 
the net horizontal displacement since inception of the fault

Intersection of Wecoma Fault and the Accretionary Wedge

The complex structure of the area where the Wecoma fault intersects the initial thrust ridge indicates that this 
fault is not simply overridden by the accretionary prism. High-resolution SeaMARC 1A sidescan records of the 
intersection zone on the abyssal plain show that this area is dominated by a nested series of uplifted asymmetrical 
triangular plateaus or pop-ups, bounded by reverse faults (figs. 6,7, and 16). The single trace of the Wecoma fault 
separates into several diverging splays at the western tip of the largest of the pop-ups (labeled A on figs. 6,16, and 
17), the largest of these becoming the southern bounding fault of the pop-up. Sidescan and MCS records suggest that 
the main trace is buried by slump debris along much of its length in this area (Appelgate and others, 1992). The 
pop-up plateaus appear to be the result of a complex interaction between the strike-slip fault and the evolving 
deformation front. The model we prefer for their development is shown in figure 17. The plateaus are uplifted 
between divergent splays of the main strike-slip fault, and possibly driven westward by horizontal compression 
because of their proximity to the plate boundary. Appelgate and others (1992) suggest that the high vertical scarps 
between the offset channel and the western tip of the pop-up (fig. 6) are the result of 2.5 km of left-lateral 
displacement of a part of the pop-up.

Influence of the Wecoma Fault on the Accretionary Wedge

The eastern end of the above described pop-up directly abuts the western flank of the first accretionary ridge of 
the North American plate (fig. 6, MR). On the west side of the initial thrust ridge, the plate boundary forms an



embayment corresponding to the width of the adjacent pop-up on the abyssal plain (Appelgate and others, 1992). A 
seaward-vergent thrust segment occupies the area of the embayment in an overall landward-vergent thrust setting 
described by MacKay and others (1992). This suggests that a local reversal of vergence in the leading accretionary 
ridge may be related to the effects of the strike-slip fault underthrusting the wedge. The mechanism for this vergence 
reversal may be a local reduction in pore fluid pressure due to fluid venting by the Wecoma fault. Such a pressure 
loss would increase the basal shear stress along the decollement, promoting development of the seaward-vergent 
segment (Tobin and others, 1991). The ridge formed less than about 300 ka based upon microfossil evidence from 
rocks dredged from the ridge (Carson, 1977). The embayment is bounded by linear gullies that cut upslope into the 
initial thrust ridge, and other such gullies lie within the embayment (fig. 6). We interpret these linear gullies as fault 
splays related to slip on the Wecoma fault Observations and samples from the submersible ALVIN confirm that the 
linear gullies visible in sidescan records are zones of active oblique faulting. Several dives (fig. 18) showed that 
bedding is extensively sheared, with multidirectional slickensided surfaces and mullions (fig. 19). Shear planes 
striking WNW, roughly parallel to the Wecoma fault were observed in these gullies. Linear WNW-trending scarps 
along the strike of the Wecoma fault are also present on the eastern flank of the initial thrust ridge, the crest of 
which has a small left-lateral offset (fig. 20B). These lineations follow the Wecoma fault trend and are interpreted as 
fault scarps because (1) they lack the dendritic drainage pattern commonly observed in nearby erosional gullies, (2) 
they strike at an angle to the bathymetric contours, and (3) because they originate at the highest point on the 
marginal ridge. MCS line 29 crosses the area of these scarps, and shows a strong vertical disruption of the marginal 
ridge that we interpret as the cause of the seafloor scarps.

Rocks collected with ALVIN from the gully sites on the seaward flank of the marginal ridge consist of sheared 
siltstones, sandstones and pebble to cobble conglomerates (Sample and others, 1991; Tobin and others, 1991) that 
probably originated on the Astoria fan and were re-cemented with a secondary carbonate cement (Kulm and Suess, 
1990). The carbonate cement, derived from fluids venting from the shear zones, bonds the sheared sedimentary 
fragments into an angular breccia that fills the bottoms of the gullies. Isotopic analyses of these pore-fluid derived 
carbonate cements show that cements in the fault zone differ significantly from those elsewhere in the young 
accretionary wedge. Fault zone cements from the Wecoma fault have 8^O values ranging from -4.27 to -12.66%o 
(SMOW) and 8 13C values of -1.12 to -25.01%o (PDB). Cements from an accretionary-wedge thrust on the second 
thrust ridge 38 km to the south have 8 18O values of +4.37 to +6.70%o and 8 13C values of -38.47 to -54.23%o. 
Sample and others (1991) attribute these isotopic ratios within the Wecoma fault zone to: (1) higher fluid 
temperatures near the Wecoma fault, perhaps as high as 100° C, and (2) a seawater-dominated carbon reservoir derived 
from deeply-buried sediments or oceanic crust In contrast, isotopic ratios from the site distant from the strike-slip 
faults are best explained by oxygen ratios dominated by ambient seawater, and carbon from an oxidized thermogenic 
methane source, or from biogenic methane and seawater (Sample and others, 1991).

The evidence from fluid chemistry, sidescan images, and seismic profiles indicates that the leading edge of the 
accretionary wedge is disrupted and offset by the Wecoma fault. We have studied sidescan images, SeaBeam 
bathymetry, and seismic profiles of the frontal accretionary wedge in order to determine the extent to which these 
effects can be observed on the continental slope. In high-resolution SeaMARC sidescan images, a steep WNW- 
trending scarp is observed to terminate the bathymetric expression of several thrust ridges 8-15 km landward of the 
deformation front (figs. 7 and 20B, labeled scarp). This scarp is sub-parallel to the Wecoma fault and lies along the 
projected trend of the fault into the accretionary wedge. Using image enhancement techniques, we observe that, in 
detail, this scarp has as elements several sub-parallel WNW-trending linear scarps that also parallel the trend of the 
main scarp and the Wecoma fault. These linear features are clearly fault scarps since they cut across the erosional 
spurs and gullies of the main escarpment at nearly right angles. The seawardmost synclinal axis of the accretionary 
wedge lies between the northwest end of this scarp and the fault splays that cut the marginal ridge. Near the center of 
this basin is a WNW-trending linear feature that also lies on the projection of the Wecoma fault (fig. 20). Eight km 
southeast of this scarp, and 22 km southeast of the deformation front, the projected trend of the Wecoma fault is 
crossed by U.S.G.S. line 77-11 (figs. 3 & 21). This reflection record shows a near-vertical disruption located at the 
western edge of a bathymetric bench near the projected position of the Wecoma fault A surficial bump or scarp 
overlies the disruption, which affects the uppermost flat-lying sediments of a broad basin. Reflectors deeper in the 
section show a sharp dip reversal and loss of coherence. The dip reversal might be resolved as a basin if the line were 
migrated, but we think it is too abrupt and the radius of curvature of the beds too short for this interpretation, and 
thus we interpret this feature as a vertical fault, possibly the landward extension of the Wecoma fault

Having found possible evidence for an upper plate continuation of the Wecoma fault some 10-20 km 
southeastward into the accretionary wedge, we searched for evidence of termination or continuation of the fault, as 
well as faults B and C, higher on the continental slope. We used academic, U.S.G.S., N.O.A.A., and industry



seismic-reflection profiles, as well as GLORIA long-range sidescan images and N.O.A.A. SeaBeam high-resolution 
bathymetry, now available from the abyssal plain landward to approximately the shelf break in northern Oregon.

We observe that several prominent WNW-ESE bathymetric trends cross the continental slope off central 
Oregon (fig. 5). These trends are composed of NW- to WNW-trending folds and scarps of 5-40 km in length. They 
appear prominently on the slope because they cross obliquely the N- to NW-trending grain of the accretionary wedge, 
and because the deformation within these zones is more intense than in the surrounding wedge. In several cases the 
oblique folds are accretionary-wedge folds whose axes have been sigmoidally bent to the northwest, while others are 
fault-bend and fault-propagation folds overlying steeply dipping oblique faults. In map view, SeaBeam bathymetry 
and GLORIA images show left-stepping sigmoidal bending of fold axes along these trends, left offsets of fold axes, 
and linear WNW-trending scarps (fig. 22). These features were mapped using continuous GLORIA long-range 
sidescan on the continental slope and continuous SeaBeam bathymetry on the slope and outermost shelf. The 
deformation of accretionary-wedge structures observed in the perspective SeaBeam mesh plot (fig. 5) and in map view 
(fig. 22) takes a variety of forms, but older structures are systematically disrupted and younger structures developed 
along these throughgoing zones to the extent that they are well expressed in the bathymetry.

Three of the WNW-trending slope deformation zones (labeled WF, B, and C on fig. 5) lie adjacent to the 
Wecoma fault and faults B and C respectively, and have similar trends to the abyssal-plain faults. The zones begin on 
the middle to lowermost slope and continue southeastward to the shelf break, where bathymetric expression dies out 
(figs. 4 and 5). At least one oblique deformation zone does not He on the landward projection of an abyssal-plain 
fault, although it is structurally and morphologically similar to the other three (see unnamed zone between fault B 
and die Wecoma fault on fig. 4). The zone marked WF on figure 5 extends southeastward from the area where scarps 
and offsets related to the Wecoma fault were mapped with sidescan imagery (fig. 20). This deformation zone is 
crossed by several seismic-reflection lines, including four OSU lines, two U.S.G.S. lines, and two industry lines in 
our data set. These profiles clearly show the oblique folds observed on the SeaBeam bathymetry, and most also show 
that the deformation zone includes several major and many minor high-angle faults. Several profiles reveal that the 
oblique folds that define the bathymetric deformation zone are fault-bend and fault-propagation folds, both landward 
and seaward vergent, developed above high-angle faults. Detailed mapping suggests that some of these oblique folds 
are superimposed on somewhat older NW-to NNW-trending folds. Those that overlie high-angle faults show, by their 
trends, that the underlying faults also trend NW to WNW. In some reflection crossings, the high-angle faults are 
expressed as a nearly vertical main trace, commonly with attendant flower structures of varying degrees of 
development (fig. 23C). Development of oblique folds and faults decreases or becomes more distributed 
southeastward (landward) toward the upper slope and outermost shelf within the deformation zone. We also note the 
presence of two deformation zones, similar to the others, (fig. 4, located between the Wecoma fault and fault B, and 
seaward of Tillamook Bay) that do not lie on the projected trends of abyssal-plain faults.

DISCUSSION 

Fault Orientation

The Wecoma fault strikes 293° ± 3° on the abyssal plain, the same as the strikes of faults B and C. This 
orientation is virtually the same as the 295° strike of the Blanco fracture zone, the transform fault that separates the 
Juan de Fuca and Pacific plates and forms the boundary between the Gorda segment and the main segment of the Juan 
de Fuca plate (fig. 1). Thus the Wecoma fault, faults B and C, and the Blanco fracture zone are oriented along small 
circles of rotation of the Juan de Fuca plate with respect to the Pacific plate. It is presently unknown if this 
orientation is coincidental, or if there is a fundamental relationship between plate motion and the orientation of the 
strike-slip faults. An attractive explanation for this similarity might be that the strike-slip faults are re-activated 
minor transforms formerly generated at the spreading ridge that are currently responding to the subduction related 
stress field at the deformation front Detailed reconstructions of the spreading history of the Juan de Fuca plate by 
Wilson and others (1984), however, indicate that the Juan de Fuca ridge was oriented nearly north-south at the time 
the presently subducting crust was generated. Any relict transforms generated at that time should be oriented east- 
west, making it unlikely that reactivated faults are responsible for the observed structures. Although the reflection 
profiles have been interpreted to include the possibility of a long (> 6 Ma) history for the Wecoma fault (Appelgate 
and others, 1992), our preferred interpretation suggests that the faults are on the order of 600 ka, eliminating a 
spreading-ridge origin. The youth of these faults, and their proximity to and influence on the plate boundary suggest 
that they are a subduction-related phenomenon as opposed to relict structures or structures related to regional Juan de 
Fuca plate stresses. Indeed, limited seismological evidence that suggests the regional stress field may be roughly 
north-south in much of the Juan de Fuca Plate (Spence, 1989) is incompatible with the orientation and slip direction 
of the abyssal-plain strike-slip faults.



Strike-Slip Faults and the Accretionary Wedge

We have shown that the Wecoma fault influences the seawardmost accretionary wedge. Seismic and sidescan 
records show that the intersection of the fault and the deformation front is a complex zone of interaction between the 
frontal thrust and the strike-slip fault Strands of the fault extend into the seawardmost three or four thrust ridges on 
sidescan records, and these observations are supported by direct observation from Alvin and analysis of carbonates 
derived from venting fluids on the marginal ridge. Detailed mapping of the continental slope off northern and central 
Oregon has also documented five oblique deformation zones, three of which lie along the landward projections of the 
three abyssal-plain strike-slip faults (fig. 4).

In addition to seismic reflection and sidescan evidence, we observe that there are significant differences in the 
style and growth history of the youngest thrust ridges in the vicinity of the Wecoma fault. Considerably more 
shortening has occurred on equivalent structures immediately south of the projection of the Wecoma fault than to the 
north. Both fault-bend folds, and fault-propagation folds are better developed to the south, and an additional thrust 
ridge is present to the south that is not present to the north (fig. 24). This change in fold and thrust development 
across the Wecoma fault is clear on reflection profiles, and can also be seen in the bathymetry, which shows an 
abrupt bathymetric change across the fault (fig. 24; see also MacKay and others, 1992). The bathymetric change 
corresponds to the scarp discussed above and shown in figure 20. Much of the bathymetric change is due to the 
abrupt increase in development of the thrusts on the south side.

The structure map of this area (fig. 7) shows that other changes in accretionary-wedge structures also occur 
along this bathymetric trend and escarpment (labeled scarp on Figure 7). Some fold axes and thrust faults step or 
bend to the left, while others terminate altogether. Similar relationships between trench-parallel accretionary-wedge 
structures and a conjugate set of strike-slip faults have been mapped in the Shumagin segment of the Aleutian forearc 
(Lewis and others, 1988). The projected trend of the Wecoma fault also coincides with an abrupt change in strike of 
the seaward thrust ridges. North of the fault they strike approximately north-south; south of the fault, the strike is 
340°. The left offsets and sigmoidal bending are consistent with a left-lateral shear zone. The differences in thrust 
development across the projection of the Wecoma fault also support the presence of an active left-lateral shear zone. 
Given the convergence rate of 40 mm/yr (DeMets and others, 1990) and a simple calculation of the shortening on 
these structures, we estimate that the four westernmost thrusts must have formed during the 600 + 50 ka the 
Wecoma fault has been active. We postulate that the difference in shortening is due to a local change in the 
subduction rate across the fault resulting from subduction of the active Wecoma fault Using the net slip of 5.5 ± 
0.8 km and the 600 ± 50 ka age of the Wecoma fault, the difference in subduction across the fault has been 8.4-10.0 
km, or 41-44% of the 19-24 km of normal convergence that has occurred during the life span of the Wecoma fault. 
Figure 25 illustrates this geometric result, and shows that the effective local convergence rate is 28% greater south of 
the Wecoma fault than to the north. We postulate that increased convergence south of the Wecoma fault due to this 
difference has caused the extra shortening in the seaward thrust ridges, and probably also the early development of the 
'extra' thrust

Implications for Cascadia Convergence

We suggest three hypotheses to explain the possible interactions of the abyssal-plain faults and the accretionary 
wedge: 1) The strike-slip faults extend from the abyssal plain beneath the accretionary wedge and are the source of the 
deformation zones; 2) The strike-slip faults originate within the North American Plate, and propagate into the 
subjacent subducted slab and seaward into the abyssal plain; and 3) The deformation zones on the slope are unrelated 
to the abyssal-plain faults.

If the strike-slip faults originate in the Juan de Fuca Plate (hypothesis 1), the deformation zones in the 
accretionary wedge may have developed in response to strike-slip motion of the "basement" beneath the accretionary 
wedge and thick Tertiary shelf sequence (Sylvester, 1988; Wilcox and others, 1973). If this is the case, the presence 
of such deformation in both the overriding and downgoing plates presents a problem in reconciling strike-slip 
motion and oblique convergence over the last 600 ka. Oblique convergence of approximately 24 km directed N62°E 
has occurred over the past 600 ka, using the plate vectors of DeMets and others (1990). During that time, the points 
at which the three strike-slip faults on the abyssal plain intersect the present deformation front should have moved 
some 20 km to the north (neglecting the unknown amount of advance of the deformation front), yet we observe little 
or no offset between the abyssal plain and accretionary-wedge segments of these faults. The discrepancy could be due 
to a very recent cessation or slowdown of subduction. Although cessation is unlikely given preponderance of 
geologic and geophysical evidence, a significant slowdown cannot be ruled out, and could reduce the missing 
component of convergence (Riddihough, 1984). Three structural explanations might also be considered: (1) Right- 
lateral strike-slip fault(s) in the upper plate to the east of the youngest accretionary thrusts. Such faults can decouple 
the seaward part of the accretionary complex and accommodate the margin-parallel component of oblique convergence



(Fitch, 1972; Jarrard, 1986; Karig and others, 1986). Snavely (1987) has mapped such a fault (the Fulmar fault) on 
the Oregon shelf. More than 200 km of dextral slip occurred on this fault, primarily in the Eocene, but minor offsets 
of younger units may indicate continued or renewed activity (Snavely, 1987; Snavely and others, 1985). (2) A right- 
lateral component on the thrusts themselves could accommodate the missing north-south convergence component, 
distributing the expected offset of the strike-slip faults over many crossing structures. The deformation zones on the 
slope do show a tendency to step or bend to the south, a requirement of this mechanism; or (3) The subducted strike- 
slip faults leave progressive deformation behind in the upper plate as they pass beneath it to the northeast. The 
oblique deformation zone limited to the accretionary wedge between the Wecoma fault and fault B might represent 
deformation localized at a former position of the Wecoma fault (see fig. 4). This might be analogous to the trail of 
volcanoes left on a lithospheric plate as it passes over a fixed mantle hot-spot. As the Juan de Fuca plate is 
subducted, lower plate-faults leave behind a "trail" of deformation in the accretionary wedge as they pass obliquely 
beneath the North American plate.

If the strike-slip faults originate within the upper plate (hypothesis 2), several problems with hypothesis 1 are 
avoided. Since not all the mapped deformation zones on the slope have abyssal-plain counterparts, an upper-plate 
origin does not require a separate explanation for those structures. It is also more mechanically reasonable to 
envision faults in the thicker upper plate propagating across a locked interface into the thin, relatively warm 
subducting plate than the reverse. The apparent incompatibility of WNW-trending left-lateral faults with the focal 
solutions and inferred north-south principal stress of Spence (1989) for the Juan de Fuca Plate can be resolved if the 
abyssal-plain faults are only the western extensions of faults that originate within the upper plate to the east If this 
is the case, the regional stress field in the oceanic plate might coexist with a somwhat different stress field within the 
upper plate and in the vicinity of the deformation front, with a transition somewhere seaward of the abyssal-plain 
faults. Lastly, a domain of sub-parallel left-lateral strike-slip faults should rotate clockwise through time (Freund, 
1974; Ron and others, 1984; Scotti and others, 1991). Such rotations as a result of progressive slip on these faults 
are suggested by Goldfinger and others (1992), and could resolve the question of offset across the deformation front 
expected in hypothesis 1, since clockwise rotation of the upper plate could make up the missing north-south 
component of plate convergence.

Hypothesis 3, that there is no connection between the slope deformation zones and the abyssal-plain faults, 
must be considered since data positively linking these structures is not available at present. However, the trends, 
shear sense, and youth of these structures all strongly suggest at least a genetic connection, if not a physical one. If 
these structures are not directly linked, they may be separate but similar responses by the respective plates to 
interplate subduction stresses.

CONCLUSIONS

Three WNW-trending left-lateral strike-slip faults in the Cascadia subduction zone offset both the oceanic 
basement and sedimentary cover of the Juan de Fuca plate. The Wecoma fault, the largest of the three faults, has a 
measured net-slip of 5 to 6 km at the plate boundary, dying out in the Juan de Fuca plate 18 km to the northwest of 
its intersection with the deformation front. Two independent estimates of the slip-rate on this fault during two time 
periods show similar rates of 5 to 12 mm/yr for the most recent 24 to 10 ka period, and 7 to 12 mm/yr over the 600 
ka life span of the fault The Wecoma fault intersects the deformation front in a complex area of structural pop-ups 
and an embayment in the deformation front. Sidescan images show that scarps and linear gullies extend along the 
projected strike of the subducted Wecoma fault about 15 km into the accretionary wedge. Slip on the Wecoma fault 
beneath the North American plate has influenced the development of the initial thrust ridges in the accretionary 
wedge. Three deformation zones in the accretionary wedge lie along the landward projections of the three abyssal- 
plain faults. These zones are composed of WNW-to NW-trending folds, sigmoidally bent fold axes, and WNW- 
trending linear scarps. The style of deformation in these zones is consistent with left-lateral shear zones 
superimposed on the structural grain of the accretionary wedge. We postulate that these deformation zones are the 
result of subduction of the active strike-slip faults, or alternatively, that the shear zones originate in the upper plate 
and propagate across the plate boundary into the Juan de Fuca Plate. The orientation of the Wecoma fault, and the 
other strike-slip faults along small circles of rotation of the Juan de Fuca/Pacific plate system, is not yet understood.
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FIGURE CAPTIONS

Figure 1. Plate tectonic configuration of the Juan de Fuca-North American convergence zone. Convergence 
boundary (dashed heavy line), study area (lined box), abyssal plain drill site 174, and Blanco Fracture 
Zone (BFZ) are shown.

Figure 2. Trackline map showing the location of all seismic reflection profiles used in this study. Heavy Line DF 
= Deformation Front (convergence boundary).

Figure 3. Seismic-reflection trackline map and bathymetry in the detailed study area. Depths in meters. Numbered 
lines are referred to in text.

Figure 4. Generalized structure map of the northern and central Oregon margin. This map emphasizes active 
features; most structures shown cut or deform the sea floor. The deformation front is a thrust fault south 
of Fault B, and the base of a seaward dipping ramp north of Fault B. Offsets shown only where 
demonstrated. No offset across faults may indicate 1) Insufficient data, 2) No horizontal separation, or 3) 
Horizontal separation not visible at this scale. LV = landward vergence. SV = seaward vergence. SB = 
slope break. See text and legend for explanation. Modified from Goldfinger and others, 1992.

Figure 5. Perspective fishnet plot of SeaBeam swath bathymetry off central and northern Oregon. View from the 
southwest showing the physiography of the abyssal plain and accretionary wedge in the vicinity of the 
Wecoma fault and faults B and C. See text for detailed discussion of features and figure 4 for location of 
faults. Symbols: BSC = base-of-slope channel; PR = pressure ridge; PU = pop-up plateau; SD = slump 
debris; and WF = Wecoma fault. B = fault B; C = fault C; CH = Cascade Head on the Oregon coast. 
Diagram provided by N.O.A.A./N.O.S.

Figure 6. Mosaic of SeaMARC 1A 5 kilometer swaths in the vicinity of the Wecoma fault. Visible are the 
pressure ridge (PR), the Wecoma fault (WF), the pop-up structure (PU) that marks the intersection of the 
Wecoma fault with the deformation front (DF); offset channel (OC); offset slump scar (OS); and fault 
splays (S) that occupy gullies on the seaward flank of the marginal ridge (MR). Embayment in the 
deformation front (discussed in text) is just east of the pop-up (PU). Location of MCS lines 37 and 45 
are shown (solid line).

Figure 7. Structure map of the western portion of the Wecoma fault and frontal accretionary wedge. Structure 
compiled from migrated and unmigrated seismic reflection profiles, SeaBeam bathymetry, and 
SeaMARC 1A sidescan imagery. Point "A" corresponds to point A in Figure 17. WF = Wecoma fault; 
PU = pop-up; PR = pressure ridge anticline; MR = westernmost marginal ridge of the accretionary 
wedge; OC = offset channel; OS = offset slump scar; DF = deformation front.; ET = the extra thrust 
referred to in the text; CH = channels. Structures shown as offset only where demonstrated.

Figure 8. A) Migrated MCS line 37 crossing of the Wecoma fault between the pressure ridge and the deformation 
front (see figures 3 and 6 for location and text for unit descriptions). B) Interpretation of line 37. Note 
thickening of unit 1 and thinning of units 2 and 3 on the downthrown block. OC = oceanic crust T = 
block moving toward the viewer, A = block moving away from viewer. See text for discussion.

Figure 9. Migrated MCS line 45 crossing of the Wecoma fault and the pressure ridge anticline (see Figure 3 for 
location). Reflector "S" marks the stratigraphic point in the section above which seismic stratigraphic 
units thin over the ridge crest Below "S" the stratigraphy does not show the influence of the ridge. This 
profile crossed the fault just east of the eastern terminus of the Wecoma fault northern strand. See text 
for discussion.

Figure 10. Composite block diagram of the pressure ridge area and intersection between the Wecoma fault and the 
deformation front as viewed from the southwest. Migrated seismic sections (two-way time) shown with 
selected reflectors enhanced. AP = abyssal plain section; AF = Astoria Fan (note thickening across the 
fault and thinning over the pressure ridge); A = away ; T = toward ; SV = seaward vergence; LV = 
landward vergence; OC = oceanic crust

Figure 11. Line drawing of a single-channel reflection profile (OSU cruise YALOC 70, Leg 5) linking DSDP drill 
site 174 A to the pressure ridge anticline and the Wecoma fault Heavy line marks the base of the Astoria 
submarine fan at DSDP site 174, and is dated by micropaleontology at 760 ± 50 ka. Inset Trackline 
map showing location of seismic profile linking drill site with pressure ridge. See text for discussion.

Figure 12. Lithology and coiling directions of Globigerina pachyderma in cores from DSDP site 174. Lowermost 
dextral coiling event is dated by tephrochronology. Modified from figure 4 of Ingle (1973).

Figure 13. Cartoon illustrating the method used in fault reconstruction. Fault motion was reversed until eastward- 
thickening sediment wedges of units 2 and 3 matched, resulting in a horizontal separation of 5.5 ± 0.8 
km.

Figure 14. Isopach plot of abyssal plain unit 2 (in two way time; see Figure 8A for unit designations). Note 
westward decreasing left offset of contours by the Wecoma fault. Average offset of 0.625, 0.600, and 
0.575 contours is about 4 km. Solid dots are control points.
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Figure 15. High-resolution SeaMARC 1A sidescan image of Wecoma fault offsetting the west bank of a late 
Pleistocene distributary channel on the southeastern Astoria submarine fan. Horizontal separation is 120 
± 10 meters. Light tones represent high backscatter, insonification is from the south. Vertical scarps are 
the result of strike-slip juxtaposition of irregular sea-floor. Minor faults that also offset the channel wall 
are interpreted as part of surface expression of flower structure shown in figure 10.

Figure 16. Structural interpretation of the intersection zone and pop-up structure at the intersection of the Wecoma 
fault and the deformation front. See text for discussion.

Figure 17. Block diagram illustrating structure of the pop-up. Blocks within the flower structure of the Wecoma 
fault are forced upward and westward by increasing horizontal compression as subduction progresses. 
Point A corresponds to point A on Figure 6. Adapted from Sylvester (1988, his figure 22 C).

Figure 18. ALVIN submersible tracklines (dive nos. in bold) in the vicinity of the intersection of the Wecoma fault 
and the deformation front (DF). Several dives focused on the gullies visible on the SeaBeam bathymetry 
and SeaMARC-1A sidescan images (see also Figure 6). PU = pop-up; Ticks face downslope. See text for 
discussion.

Figure 19. A and B. Sandy siltstone samples collected with ALVIN from one of the fault-occupied gullies on the 
seaward flank of the first accretionary ridge. Note slickensided surfaces and mullions.

Figure 20. A) SeaMARC 1A sidescan image of the Wecoma fault crossing the accretionary wedge. Wecoma fault 
splays cutting the eastern flank of the first accretionary ridge are dimly visible at upper left. At lower 
right, the linear scarp marking the surface position of the fault is clearly visible. B) Interpretation 
showing offset of anticlinal axis (marginal ridge) mapped from screen display of sidescan image, which 
proved to have better resolution than hard copies. Smaller offset by a right-lateral fault shown at lower 
left (see also inset box on Figure 24 for location of image).

Figure 21. Top: Unmigrated 24-channel seismic profile of the Wecoma fault on the lower continental slope, 26 km 
landward of the deformation front. Note near-vertical trace, the sharp dip reversals across the fault, and 
the surface expression. Bottom: Interpreted profile. V.E. = 2.7: 1. See Figure 23 A and Figure 7 for 
location. (U.S.G.S. Open-File Report 87-607, Snavely and McClellan [1987], their line 77-11).

Figure 22. SeaBeam bathymetry and structure of a portion of the central continental slope traversed by the Wecoma 
fault (WF). Sigmoidal pattern and offset of fold axes indicative of left-lateral offset on the Wecoma fault. 
Location of Shell line 7380 (Fig. 23 B) shown by patterned line. For regional location reference, this 
figure is located at the middle of three "WF" labels on figure 5.

Figure 23. A) Location map of seismic profiles (Figures 21 and 23 B-C).
Figure 23. B) Line drawing of part of Shell line 7380. This single-channel sparker record crosses the Wecoma 

deformation zone and shows a NW-trending anticline and a truncated syncline separated by a high-angle 
fault. The anticline is typical of young oblique structures in the deformation zone.

Figure 23. C) Top: Unmigrated single-channel seismic profile of a strike-slip fault within the Wecoma deformation 
zone on the upper continental slope. Bottom: Interpreted profile. Note near-vertical fault and sharp dip 
reversals. Oregon State University line SP-56. V.E. = 2.0: 1. See Figure 23 A for location.

Figure 24. SeaBeam bathymetry perspective view along the strike of the Wecoma fault as it crosses from the 
abyssal plain into the accretionary wedge. Grid spacing is 250 meters. Note the morphologic change in 
the thrust ridges from the south block to the north block of the Wecoma fault. Note also the "extra" 
thrust present on the south block with no correlative to the north. Lined box is location of Figure 20. 
Symbols: PR = pressure ridge; PU = pop-up; DF = deformation front; and WF = Wecoma fault. See text 
for discussion.

Figure 25. Vector diagram of the inferred local effect of Wecoma fault slip on the plate convergence vector. A) The 
regional JDF-NAM vector of DeMets and others, 1990. B) JDF-NAM vector (dashed) on the north block 
of the Wecoma fault. Small arrow is the local vector due to motion of the Wecoma fault. New resultant 
and convergence rate shown in bold. C) JDF-NAM vector (dashed) on the south block of the Wecoma 
fault. Small arrow is the local vector due to motion of the fault New resultant and convergence rate 
shown with bold arrow. Increased convergence south of the fault may be responsible for the greater 
shortening and topographic expression of the thrusts south of the Wecoma fault. Calculated from the 
Euler pole of DeMets et al., 1990, North America fixed.

14



H
- 

O
Q c l-j fD

O

C
fl

P
A

C
IF

IC
 

P
L
A

T
E

P o
N

O
R

T
H

 
A

M
E

R
IC

A
N

 
P

LA
TE

 
'

ro
 

cn o

cn o



H? Newport

Oregdn

124<

Figure 2

16



0

Figure 3

25
KILOMETERS

17

50



Fault, bar and ball on downthrown side. Arrows 
indicate relative motion. Dashed where inferred, dotted 
where concealed.

rust fault, sawteeth on upper plate.

Figure A

Anticline

Syncline

18



C
H

oo
'

\tf?

V
IE

W
IN

G
 

A
N

G
LE

 
= 

22
5"

 
E

LE
V

A
T

IO
N

 
A

N
G

LE
 

= 
35

C
V

.E
, 

= 
6:

1



H
- 

0
0 c l-t

! 
45

°0
9

! 
45

°0
8'

12
5°

34
'

12
5°

24
'

5 
K

IL
O

M
E

T
E

R
S



45°08'



3.5 T 

W 

4.0 O

-4.5

S^S5^?555528^2^^!®!^^
J^^J^SSiSii^»liPlS«l^^ .-^^^rw -  , 

raii!i^^

^

- 5.0

- 5.5

- 6.0

-6.5

Y

T

M

WECOMA 
FAULT

-~<' ' 'i«'

^Pi^^^Si^^^^sf

!^ "ill 1"-^,.'.""^" ' * -.,~*K**n » »r;.ii i. .Ilijiii'i
!__Ijin.."'.". _..  "'"..r^ _,'i. ,,.t£ua»*i**t>r* 
%£?> ._T~l^- < ^:n*^Sj^;.TOHffg

Figure 8
22



P
R

E
S

S
U

R
E

 
R

ID
G

E

U
N

IT
v^

y 
i 

 « 
i 

i 
y/

jm
v/

v/
M

W
Bw

m
re

tK
gf

ty
q.v

A:

3.
0

- 
3.

5

- 
4.

0

-4
.5

- 
5.

0

- 
5.

5

- 
6.

0

- 
6.

5 

S
E

C
.

T W O W A Y T
 I M E



H. OQ

M
A

R
G

IN
A

L
 R

ID
G

Fi

ro
P

R
E

S
S

U
R

E
 R

ID
G

E



N
E



D.S.D.P. 
SITE 174

COILING DIRECTION 
GLOBIGERINA 
PACHYDERMA

DISPLACED
LITTORAL
BENTHIC

EST. MINIMUM 
SURFACE 
TEMP. »C

ZONE
LITHOLOGY CORES / arcl<

174 100*5100*0

i k 2

3
r

174a

50
M"

100
M "

ASTORIA

SUBMARINE
FAN

ISO

^

i

M

200M "

250 _

M

r
284 M 
k

300 

M

ABYSSAL PLAIN
SEQUENCE

1

350

M

r

1

2

L
5~

7""
 MPM

8
9~

to
11

12

77
  MM

7?
7?
77
7e~

19

20

2?

22

23

24

25

2?
~27 

28

29

30

5732"

33

34*

i
ft
\

1

^

i

L-v*-

^^

>
1 
f
r
i

1 
i

\
I

         1

1

i

I

^

-^

its

t U »

\             

1

1

1

1

1

1

1

1

1

1

1

1

1

I

)

\

«̂***^

\
\

\
1
1

/~r
iiiii

->- 165 KA

  ^^D KA

-^ 600 KA

-^ 760 KA

^ BOO KA

Figure 12

26



 n H
«

oo
N

W

N
O

P
R

E
-F

A
U

LT
 

P
O

S
IT

IO
N

 
60

0 
K

A

P
R

E
S

E
N

T 
P

O
S

IT
IO

N



H
- 

OQ C

0
0

D
E

F
O

R
M

A
T

IO
N

 /
 

F
R

O
N

T



1

C
N

M
l 

 H



5 
K

M

M
ap

 
S

ym
bo

ls

' A
nt

ic
lin

al
 a

nd
 s

yn
cl

in
al

 a
xe

s;
 d

as
he

d 
w

he
re

 In
fe

rre
d;

 
do

tte
d 

w
he

re
 c

on
ce

al
ed

.

Fa
ul

t; 
da

sh
ed

 w
he

re
 in

fe
rre

d;
 d

ot
te

d 
w

he
re

 c
on

ce
al

ed
; 

U
/D

 in
di

ca
te

s 
up

th
ro

w
n/

do
w

nt
hr

ow
n 

si
de

; q
ue

rr
ie

d 
w

he
re

 u
nc

er
ta

in
; a

rro
w

s 
in

di
ca

te
 s

en
se

 o
f l

at
er

al
 m

ot
io

n.

Th
ru

st
 fa

ul
t; 

sa
w

te
et

h 
on

 u
pp

er
 p

la
te

; d
as

he
d 

w
he

re
 

in
fe

rr
ed

; d
ot

te
d 

w
he

re
 c

on
ce

al
ed

. 
.

[H
ea

vy
 fin

es
 In

di
ca

te
 m

aj
or

 st
ru

ct
ur

es
, 

lig
ht

 lin
es

 In
di

ca
te

 m
in

or
 st

ru
ct

ur
es

.]

M
on

oc
lin

e

Li
ne

am
en

t f
ro

m
 S

ea
M

AR
C

 1
A 

si
de

sc
an

 Im
ag

er
y

S
ca

rp

S
lu

m
p 

sc
ar

p

.C
ha

nn
el

. 
A

rr
ow

s 
In

di
ca

te
 fl

ow
 d

ire
ct

io
n.

12
5"

40
'

12
5°

30
'

12
5°

20
'

12
5°

10
'



H- OQ c

A
S

E
 O

F 
S

LO
P

E
 C

H
A

N
N

E
L



2 
12

5°
30

'

O
J 

N
3

09 0
0

12
5°

25
12

5°
20

'

5 
K

IL
O

M
E

T
E

R
S



ee

V



H
- 

OQ
 

C
 

i-t
 

(D NO O

O
J

12
5°

 2
5'

 
45

° 101
 A



o

Figure 20 B

35



SEC

al

%8£m& 
!3*u?W'$s£$$&&%L

^R^ctwIC^tt^'^V'.-SS:! J

5 KILOMETERS SEC

Figure 21

36





45°OOM 

Siletz Bay

Yaquina 
Bay

44°30 i_

1250 30'

Figure 23 A

38



ro
 

CO

2 
K

IL
O

M
E

TE
R

S



H
- 

00 c N
3

O
J n

T
W

O
 

W
A

Y
 

T
IM

E

P
il
ll

H
- IK *.»
"

.»
": i>5 ! I il.: ini'f p

 
o

T
W

O
T

IM
E



W
E

C
O

M
A

 F
A

U
L
T

V
IE

W
IN

G
 

A
N

G
L
E

 
= 

13
0°

 
E

L
E

V
A

T
IO

N
 

A
N

G
L
E

 
= 

35
° 

V
. 

E
. 

= 
G

X 5 
K

M

B
A

S
E

 O
F

S
LO

P
E

 
C

H
A

N
N

E
L



JDF-NAM: AVERAGE 
VECTOR

JDF-NAM: NORTH BLOCK, 
WECOMA FAULT

JDF-NAM: SOUTH BLOCK, 
WECOMA FAULT

Figure 25


