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Crustal structure beneath the central Oregon convergent 
margin from potential-field modeling: Evidence for a 
buried basement ridge in local contact with a seaward dipping 
backstop 

Sean W. Fleming 1 and Anne M. Tr•hu 
College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis 

Abstract. Models of magnetic and gravity anomalies along two E-W transects offshore central 
Oregon, one of which is coincident with a detailed velocity model, provide quantitative limits on 
the structure of the subducting oceanic crust and the crystalline backstop. The models indicate 
that the backstop-forming western edge of the Siletz terrane, an oceanic plateau that was accreted to 
North America-50 million years ago, has a seaward dip of less than 60ø3. Seismic, magnetic, 
and gravity data are compatible with no more than 2 km of subducted sediments between the 
Siletz terrane and the underlying crystalline crust of the Juan de Fuca plate. The data also suggest 
the presence of a N-S trending, 200-km-long basaltic ridge buried beneath the accretionary com- 
plex from about 43øN to 45øN. Although the height and width of this ridge probably vary along 
strike, it may be up to 4 km high and several kilometers wide in places and appears to be locally 
in contact with the Siletz terrane beneath Heceta Bank. Several models for the origin of this ridge 
are discussed. These include: a sliver of Siletz terrane detached from the main Siletz terrane dur- 

ing a late Eocene episode of strike-slip faulting; imbrication and thickening of subducted oceanic 
crust in place; an aseismic ridge rafted in on the subducting oceanic crust during the past 1.2 mil- 
lion years; and a series of ridges and/or seamounts rafted in over a longer period of time and trans- 
ferred from the subducting plate to the overlying plate. The last model is the most consistent 
with the complicated history of local uplift, subsidence, and slope instability recorded in the 
ridges, basins, and banks of this part of the margin. We speculate that the massive seaward dip- 
ping western edge of the Siletz terrane in this region inhibits subduction of seamounts and sedi- 
ments, resulting in fomation of buried ridge as the accumulated flotsam and jetsom of subduction. 
This process may also be responsible for thickening of lower accretionary complex material, over- 
steepening of slopes leading to massive slumping, and north-south extension through strike-slip 
faulting in the accretionary complex to the west of the buried ridge. Regardless of its origin, the 
ridge may currently be acting as an asperity inhibiting subduction. 

1. Introduction 

Subduction of the Juan de Fuca plate beneath northern 
California, Oregon, Washington, and British Columbia has 
produced a geologically complex convergent margin (Figure 
l a). The distribution of seismic activity, however, is unusual 
for this tectonic setting. Although great interplate earth- 
quakes have occurred during the Holocene [Nelson et al., 
1995], interplate seismicity is almost absent from the histori- 
cal record, and the distribution of both upper and lower plate 
seismicity is very heterogeneous (Figures lb and lc). Earth- 
quake activity is common in Washington and northern Cali- 
fornia [e.g., Weaver and Shedlock, 1996] but is infrequent in 
central and southern Oregon. In Washington the high level of 
seismic activity may result from northward motion of a Paleo- 
cene to early Eocene accreted basaltic terrane generally re- 
ferred to as the Siletz terrane [Snavely et al., 1968] relative to 
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pre-Tertiary North America [Wells et al., 1998]; here 
forearcseismicity generally outlines blocks of Siletz terrane 
[Trihu et al., 1994; Parsons et al., 1998]. In northern Cali- 
fornia, seismicity in both the upper and lower plates seems to 
be controlled in large part by the northward motion of the Pa- 
cific plate [Wang, 1996]. Understanding the nearly aseismic 
behavior of both the upper and lower plates of the central part 
of the subduction zone requires a better understanding of the 
crustal structure in this region in order to determine whether 
this is a locked zone with the potential for great earthquakes 
or simply a node in the regional stress regime. 

To this end, we have modeled marine magnetic and gravity 
anomaly data recorded along two E-W profiles. The original 
goals of this study were to (1) use potential-field data to re- 
gionally extend constraints on crustal structure obtained from 
a previous seismic reflection-refraction survey (Figure 1 d); (2) 
constrain the geometry of the backstop-forming western edge 
of the Siletz terrane; (3) constrain the structure beneath Heceta 
Bank, a shallow submarine bank on the central Oregon mar- 
gin; and (4)evaluate the influence of backstop structure on 
deformation in the accretionary complex. In the course of this 
work, we also identified a previously unknown, deeply bur- 
ied basement ridge on the subducting plate, which provides a 
possible explanation for the complicated geologic history of 
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this part of the margin and which may currently be acting as an 
asperity between the plates. 

1.1. The Siletz Terrane 

The thick basalts of the Siletz terrane form the backstop to 
the accretionary complex on the central Oregon continental 
margin. A backstop may be defined as a region within a 

forearc that has significantly greater shear strength than 
trenchward sediments and which thus acts as a bulldozer 

blade driving the accretionary wedge [Davis et al., 1983; 
Wang and Davis, 1996]. Differing backstop geometries pro- 
duce different stress and strain fields within an accretionary 
prism [Byrne et al., 1993], and the dynamics of sediment sub- 
duction, melange formation, and prism accretion are in part a 
function of the geometry and properties of the backstop 
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[Shrieve and Cloos, 1986; yon Huene et al., 1996]. The ge- 
ometry of the backstop thus helps to determine subduction 
zone dynamics and is an important consideration in earth- 
quake hazard assessment. Thermal models of the Cascadia 
subduction zone are also sensitive to the geometry and extent 
of the low thermal conductivity basalts of the Siletz terrane 
(Hyndman and Wang, 1993; Oleskevich, 1994), and these 
models are critical for predicting the size of the locked zone 
and thus the magnitude of a possible megathrust earthquake. 

The rocks of the Siletz terrane are tholeiitic submarine pil- 
low lavas and breccias which grade locally into subaerially 
erupted alkalic basalts [Shayely et al., 1968; Simpson and 
Cox, 1977; Duncan, 1982], and they are locally known as the 
Siletz River Volcanics in Oregon, the Crescent Formation in 
Washington, and the Metchosin Volcanics in British Colum- 
bia. Seismic data indicate large variations in the thickness of 
this terrane. Its thickness is greatest beneath west central 
Oregon [Trdhu et al., 1994], where it reaches 24-32 km (Fig- 
ure ld)and the velocity structure resembles that of the On- 
tong Java plateau and other large igneous provinces [Hus- 
song et al., 1979; Coffin and Eldholm, 1993]. It thins to ---20 
km beneath northwestern Oregon and southwest Washington 
[Trdhu et al., 1994; Parsons et al., 1998] and has approxi- 
mately the same thickness as normal oceanic crust where it is 
thrust beneath the pre-Tertiary terranes of Vancouver Island 
[Hyndman, 1995]. Several investigators [Wells et al., 1984; 
Trehu et al., 1994; Parsons et al., 1998; Wells et al., 1998] 
have suggested that these variations have influenced long- 
and short-term forearc deformation, with the thickest part of 
the terrane acting as a coherent rotating block that deflects 
seismic and aseismic deformation to its edges. The gravity 
anomaly data (Figure 2a) reflect the presence of dense Siletz 
rocks near the surface beneath the Coast Range data but are of 
limited use in mapping the boundaries of this terrane because 
the signal is overprinted by gravity lows associated with 
shelf basins to the west and the Willamette Valley to the east. 

The magnetic anomaly data (Figure 2b) and drill holes 
[Shayely, 1987; Shayely and Wells, 1996], on the other hand, 
clearly show that the western edge of the Siletz terrane lies 
beneath the continental shelf of central Oregon between 43øN 
and 45øN. Shayely et al. [1980] suggested that this boundary, 
which they named the Fulmar fault, was a right-lateral strike- 
slip fault during the Eocene that truncated the accreted Siletz 
terrane. Although this boundary is currently aseismic, several 
observations suggest that it separates regions with different 
stress regimes and deformational styles and that it has been 
the site of Neogene deformation [Shayely et al., 1980; Trdhu e t 

al., 1995] (see also Figure 3). Both the N-S strike of ubiqui- 
tous anticlines and thrust faults and the northwest strike of 

active left-lateral strike-slip faults in the accretionary complex 
offshore Oregon indicate that the maximum horizontal com- 
pressive stress is generally oriented E-W seaward of the back- 
stop [Goldfinger et al., 1992, 1997]. In contrast, the orienta- 
tion of maximum horizontal compressive stress in the onshore 
forearc is N-S [Werner et al., 1991; Ludwin et al., 1991]. 
Moreover, northwest trending, left-lateral strike-slip faults 
that are common in the accretionary prism appear to terminate 
eastward near the seaward edge of the Siletz terrane [Goldfin- 
ger et al., 1997]. Finally, a band of short-wavelength (3-4 km) 
margin-parallel folds and faults, which contrasts sharply with 
longer-wavelength (6-8 km) folds that occur throughout the 
rest of the accretionary complex, overlies this boundary in the 
region of this study. Stonewall Bank, an actively growing an- 
ticline that has recently been studied in detail by Yeats et al. 
[1998], may be a particularly well-developed example of one of 
these folds. 

1.2. Heceta Bank 

The short-wavelength folds overlying the apparent seaward 
edge of the Siletz terrane are particularly prominent over He- 
ceta Bank (C. Hutto, personal communication, 1996), an enig- 
matic bathymetric high located at approximately 44ø00'N to 
44ø30'N and extending westward on the continental shelf to 
about 125ø00'W (Figures 2a and 2b). Although the bank is 
associated with a large (-50 mGal) free-air gravity high (Fig- 
ure 2a), the simple spatial correlation between gravitational 
and bathymetric anomalies that would be expected if the grav- 
ity field reflected only topography and large-scale plate ge- 
ometry is not observed. Magnetic data suggest that the Siletz 
terrane does not extend sufficiently far west to entirely under- 
lie Heceta Bank (Figure 2b). 

Heceta Bank and other banks of the central Cascadia margin 
have been interpreted to be an outer arc high formed by under- 
thrusting of young sediments at the base of the accretionary 
complex [Kulm and Fowler, 1974]. However, it remains 
poorly understood why the outer arc high exists as a number 
of discrete banks rather than as a continuous bathymetric and 
structural feature along the entire margin. Recent regional 
mapping of the Miocene-Pliocene unconformity suggests that 
the outer arc high was once more extensive, extending north of 
Heceta Bank to 46øN beneath what is now the continental 

slope, suggesting post-Miocene collapse of the margin 
through gravitational collapse and/or subduction erosion 
[McNeill et al., 1998]. 

Figure 1. (a) Generalized geological and tectonic map of the Cascadia subduction zone, showing plate 
boundaries, Quaternary volcanic rocks of the present arc, Eocene mafic crust of the Siletz terrane in the forearc 
(exposed on land, and inferred offshore), and crustal faults. Map is modified from Wells et al. [1998], with ad- 
ditional offshore faults from Goldfinger et al. [1997]. The locations of the cross-section of Figure l d and of 
the potential field maps of Figure 2 are also shown. (b) Earthquakes with hypocenters shallower than 30 km 
from 1980 to September 1993 [from Weaver and Shedlock, 1996]. Except for near the Mendocino triple junc- 
tion and in the ocean basin, these events are in the North American plate. (c) Earthquakes with hypocenters 
deeper than 30 km from 1980 to September 1993 [from Weaver and Shedlock, 1996]. These events are in the 
subducting Juan de FucaYGorda plate. Note the lack of seismic activity in either plate beneath central Oregon. 
(d) Velocity model for a transect across the Cascadia forearc in central Oregon. [Reprinted with permission 
from Trihu et al., 1994. Copyright 1994 American Association for the Advancement of Science.] Velocity 
contours are labeled in km/s. This model provided a starting point for the potential-field modeling of the 
northern line. The model was derived from an offshore multichannel seismic profile, which was also recorded 
on ocean bottom and onshore seismometers, and from several onshore refraction profiles. The seaward extent of 
the Siletz ter. rane is indicated by a sharp lateral change in velocity near km 110. 
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2. Data 

The prominent gravity highs beneath the Oregon Coast 
Range (Figure 2a) are interpreted to be uplifted Siletz River 
Volcanics exposed in the Oregon Coast Range [Bromery and 
Shayely, 1964; Snavely et al., 1980; Snavely, 1987]. On a re- 
gional scale, these anomalies express the excess mass of the 
Siletz terrane within the forearc [Wells et al., 1998], consis- 
tent with its anomalous thickness measured seismically 
[Trdhu et al., 1994]. The edges of the anomaly, however, are 
affected by the burial of the Siletz terrane beneath sedimentary 
rocks of continental shelf basins and the Willamette Valley, 
and these edges do not precisely map the boundaries of the 
terrane. West of 125 ø, the gravity data reflect the eastward dip 
of the subducting Juan de Fuca plate and low-density trench 

fill sediments, as is typical of subduction zones. Between the 
"trench" and the Coast Range gravity highs, the data reflect a 
complex interplay between seafloor topography, changing 
depth to the Juan de Fuca plate, the internal density structure 
of the accretionary prism, the edge of crystalline continental 
basement, and the distribution of a number of small, shallow 
basins filled with unconsolidated sediments. 

The magnetic data have been used to qualitatively locate 
the seaward edge of crystalline basement offshore where it is 
juxtaposed against the accretionary complex [Bromery and 
Snavely, 1964; Snavely et al., 1980; Snavely, 1987]. This de- 
termination is generally in agreement with that determined on 
a seismic cross section [Trdhu et al., 1994, 1995]. Changes in 
the gradient at the western edge of this anomaly suggest varia- 
tion in the shape of this boundary, assuming a simple mag- 
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Figure 2. (a) Gravity anomalies of the central Oregon continental margin from the Geophysics of North Amer- 
ica, CD-ROM version 1.0 [1987]. Bouguer gravity is shown onshore; free-air gravity is shown offshore. Cor- 
rections and gridding algorithms used to construct this data set are described by Godson and Scheibe [1982]. 
Two east-west trending lines labeled N and S on both maps show the locations of the two shipboard profiles 
that were modeled for this paper. The coastline, deformation front, and Blanco fracture zone (BFZ) are shown as 
black lines. The Fulmar fault of Snavely et al. [1980] is shown as a dashed line. Thin black lines are topog- 
raphic contours indicating depths of 200, 1000, and 2000 m offshore and elevations of 200, 600 and 1000 m 
onshore. HB, Heceta Bank; NB, Nehalem Bank. (b) Magnetic anomalies of the central Oregon continental 
margin from the Geophysics of North America CD-ROM. The original source for the data from the Oregon con- 
tinental margin is a series of aeromagnetic surveys flown at an elevation of about 500 ft ground clearance and 
1.6-8 km mile line spacing [U.S. Geol. Surv., 1970]. Data were regridded to correspond to the gravity grid as 
described by Godson [1987]. Overlays are the same as those for Figure 2a. 
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Figure 3. Migrated, depth-converted detail of the seismic profile of Tr•hu et al. [1995] across the central Ore- 
gon continental margin. The reflection identified as the top of Siletz is shown (labeled basement), as is the 
western extension of this terrane into a region of discontinuous diffractions that is required to model the mag- 
netic anomaly data. S marks the seaward edge of the Siletz terrane as identified on the seismic data; M is the 
seaward edge based on magnetic modeling. M/P is the Miocene/Pliocene unconformity. The position of an 
industry test well, in which two Miocene sills (labeled DB, and CF) were encountered, is also marked. The 
short-wavelength folds and possible recent fault overlying the region between km 115 and 120 are character- 
istic of a narrow band of folds and faults that overlie the seaward edge of the Siletz terrane. 

netization contrast. Onshore, the magnetic data are quite vari- 
able and generally reflect outcrop patterns of the Siletz vol- 
canics and of localized and variably magnetized upper Eocene 
and Miocene basalts [e.g., Bromery and Snavely, 1964; Simp- 
son and Cox, 1977]. Near the deformation front the magnetic 
lineations in this region have been identified as seafloor 
spreading anomalies 4 and 4a [lyilson, 1993]. Between 125 ø 
and the edge of the Siletz terrane, the magnetic data show a 
"quiet zone." 

Although the gridded potential-field data define general 
patterns, they have been smoothed considerably. We therefore 
examined shipboard data from 43ø00'N to 46ø00'N that were 
acquired independently by a number of agencies and universi- 
ties [Marine Trackline Geophysics CD-ROM, version 3.2, 
1996]. Data are generally consistent from cruise to cruise. 
Shipboard data acquired by the National Oceanographic and 
Atmospheric Administration (NOAA) were selected for the 
modeling procedure because magnetic, free-air gravity, and 
bathymetry data were collected simultaneously, the ship 
tracks were oriented approximately perpendicular to the pre- 
dominant N-S geological strike, and the survey lines were of 
the greatest spatial density. The data were resampled using an 
Akima spline with a 0.5-km sampling interval prior to model- 
ing. 

The first profile modeled is approximately coincident with 
the seismic model of Trdhu et al. [1994]. For this profile we 
focus on modeling the magnetic data and show that the grav- 
ity data are compatible with this model. A second profile 
crossing Heceta Bank was chosen for modeling because it rep- 
resents a distinct contrast in margin morphology and the 
slope of the magnetic anomaly marking the seaward edge of the 
Siletz terrane. For this profile we show that the magnetic 
model is consistent with conclusions obtained from modeling 
line 1, and we focus on modeling the gravity data. Models for 
these two profiles should bracket the range of structure along 
this central segment of the Cascadia margin. 

3. Modeling' North Line 

We used gravity and magnetics modeling software pro- 
duced by Northwest Geophysical Associates (Corvallis, Ore- 
gon), which is based on the algorithms of Talwani et al. 
[1959] and Talwani and Heirtzler [1964] and incorporates 
the algorithm of lYebring [1985] for least squares inversion of 
selected model parameters. Because the large-scale geometry 
of the Oregon continental margin consistently strikes N-S, 
perpendicular to the survey lines, and because small-scale, 
three-dimensional variation is poorly constrained, the models 
discussed here are two-dimensional. We did, however, calcu- 
late the effect of the northern and southern termination of He- 

ceta Bank on modeled gravity anomalies and determined that 
three-dimensional effects were not significant. Because of mul- 
tiple trade-offs among various parameters, multiple starting 
models were considered, and a hybrid forward-inverse ap- 
proach was adopted in which only a single parameter was 
varied at a time. 

3.1. Initial Model Parameterization 

The general geometry for the Siletz terrane, Juan de Fuca 
plate, shelf sediments, and accretionary prism in the seismic 
model (Figure l d) was used in our initial potential-field 
model. Two important features of this model, the basement 
the western edge of the Siletz terrane, were not included in the 
initial model, because we wanted to test the existence of these 
features independently. 

Detailed structure of the top of the Siletz terrane was inter- 
preted from USGS multichannel seismic reflection line 
L376W005 [Snavely, 1987], a proprietary industry seismic 
reflection line, and the seismic reflection line of Trihu et al. 
[1995] and converted to depth using a velocity of 1.8 km/s for 
sediments above the Pliocene-Miocene unconformity and 3.0 
km/s for sediments below it. Interpretations of well log data 
[Peterson et al., 1984] and a synthetic seismogram computed 
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from the sonic logs [Cranswick and Piper, 1991] of an indus- 
try well generally confirm our interpretation of the seismic re- 
flection data and our velocity estimates. The top surface of the 
Siletz terrane is imaged offshore in these data sets as a block- 
faulted reflector to model km -•115 ("S" in Figure 3). West of 
this location, several discontinuous diffractions are observed, 
but basement cannot be unambiguously identified. 

Two strong reflections, located at-•1.25 and 2.4 s in the vi- 
cinity of the well, are observed in the data (DB and CF in Fig- 
ure 3). Drill hole data suggest that these reflections result 
from Miocene basalts associated with the onshore Depoe Bay 
and Cape Foulweather basalts [Cranswick and Piper, 1993' 
Peterson et al., 1984; Snavely et al., 1980]. The extent of 
these basalts to the north and south is not well constrained, 
but the seismic reflection data suggest that they terminate at 
least 10-15 km east of the Siletz terrane's western edge, and 
drill hole data show that the units are thin [Snavely et al., 
1980; Snavely, 1987; Peterson et al., 1984]. These Miocene 
basalts were not explicitly included in the model, because 
their impact on the overall anomaly is small and their magnetic 
parameters are poorly constrained. 

Starting values for magnetic parameters of the Juan de Fuca 
plate were a remanent magnetization intensity MR of +0.001 
emu/cm 3 (in general agreement with Finn [1990] and Butler 
1992] and a susceptibility K of 0.003 cgs units (in general 
agreement with Telford et al., 1990). (Note that we cite mag- 
netization properties in cgs units to be consistent with most 
prior literature. To convert to SI, multiply susceptibility val- 
ues by 4It and multiply remanent magnetization values by 103 
to convert emu/cm 3 to A/m). No direct measurements of MR 
and K are available for Juan de Fuca plate basalts offshore Ore- 
gon, but these initial model values give a reasonable Koe- 
nigsberger ratio for oceanic basalt of*-I and required little 
subsequent modification to provide a reasonable match to the 
magnetic data. Inclination I and declination D of the remanent 
field were set equal to that of the present geomagnetic field (I - 
68 ø and D - 19 ø) on the assumption that no major crustal rota- 
tions of the young Juan de Fuca plate have occurred in the 
study area [Finn, 1990]. This assumption is justified by the 
observation that seafloor spreading magnetic lineations off- 
shore central Oregon are parallel to the current orientation of 
the spreading center. Using Wilson's [1993] identification of 
anomalies 4 (-•7.4 Ma) and 4a (-•9.1 Ma), we calculated a half- 
spreading rate of 3.65 cm/yr and projected the magnetic linea- 
tions of the subducted oceanic plate downdip using the geo- 
magnetic time-scale of Cande and Kent [1992]. 

The internal stratigraphy of the offshore portion of the 
Siletz terrane is unknown; therefore this block consists of an 
unconstrained vertical and horizontal distribution of normal 

and reverse magnetization polarities and variable M R and K. 
However, on the basis of the observed magnetic signature of 
the Siletz terrane, paleomagnetic data, and other information 
[Fleming, 1996], we were able to make two simplifying as- 
sumptions: (1) Bulk MR for the Siletz terrane may be consid- 
ered negligible and (2) variations in K within the Siletz ter- 
rane are distributed on a much smaller length scale than the 
crustal scale of the terrane itself and of our crustal-scale model. 

As magnetic properties commonly vary by orders of magnitude 
within a single outcrop, this second simplifying assumption 
is implicitly made in any magnetic modeling effort [e.g., Finn, 
1990], and allows us to assign a single K value for large 
crustal blocks. 

Densities for our initial model were determined by calculat- 
ing a best fit polynomial to the well-known Nafe-Drake veloc- 

ity versus density data (from the RAYINVR seismic modeling 
program written by C. Zelt and discussed by Zelt and Smith 
[1992], extended to include additional data for crystalline 
rocks [e.g., Godfrey et al., 1997]. This equation was applied 
to the gridded velocity model [Trdhu et al., 1994], which con- 
tains both lateral and vertical velocity gradients. The result- 
ing gridded density model was then simplified to obtain an 
initial model parameterized by isodensity blocks. 

3.2. Magnetic Model 

Assuming K and M R of 0.003 and +-0.001 for the oceanic 
crust of the subducted Juan de Fuca plate results in a predicted 
long-wavelength magnetic high in the magnetic quiet zone 
(curve IN on Figure 4a). Increasing K and M R for anomaly 4 
to 0.0035 and 0.0015 and then gradually decreasing K and 
M R for anomaly 5 to 0.0008 and 0.0001 results in a much bet- 
ter fit to the observed magnetic anomalies west of the Siletz 
terrane anomaly (curve DEMAG on Figure 4a). We do not at- 
tempt to interpret the variability in magnetic properties for 
anomaly 4 as it is within the uncertainty of our knowledge of 
the magnetic properties of oceanic crust. The required de- 
crease in magnetization for anomaly 5, however, is significant. 
Thermal models [Scheidegger, 1984; Hyndman and Wang, 
1993] suggest that the subducting slab is not hot enough to 
attribute all of the apparent demagnetization to thermal de- 
magnetization, and some chemical demagnetization due to 
metamorphism is therefore also likely, as discussed in section 
5.1. 

The next step in the modeling procedure was to add the ef- 
fect of the Siletz terrane. Because magnetic modeling is most 
sensitive to the shorter-wavelength response of shallow 
structure [Webring, 1985], we were able to determine through 
trial and error that the upper surface of the Siletz terrane must 
extend slightly seaward and upward of the westernmost posi- 
tion where it is clearly imaged in seismic data ("M" in Figure 
3) to include a region of diffractions indicative of rough to- 
pography. This seaward extension is only weakly sensitive 
to K. However, the modeled geometry of the edge of the Siletz 
terrane and its modeled susceptibility are theoretically corre- 

lated [Webring, 1985], and the sensitivity of modeled geome- 
try to modeled susceptibility must be evaluated when consid- 
ering the geometry of the entire backstop. 

Assuming that the western side of the Siletz terrane is a 
straight line in cross section, we created 64 models, represent- 
ing eight values of susceptibility and eight values of dip, 
holding all other model parameters constant. The root-mean- 
square error for each model as a function of dip and suscepti- 
bility is shown in Figure 5. The best fit dip and susceptibil- 
ity for this simple model are 55øW and 0.00285 cgs units, re- 
spectively. Fit rapidly deteriorates as the dip becomes verti- 
cal or landward (>90ø). Curve ST in Figure 4a shows the effect 
of adding the Siletz terrane to the model with these parameters. 
This value for K is consistent with values measured by 
Brornery and Snavely [1964] for samples of Siletz rocks from 
western Oregon. Implications of this dip for models of the his- 
tory of the Siletz terrane are discussed in section 5.2. 

We assumed that the western edge of the Siletz terrane is a 
straight line in cross section. However, if one relaxes this 
condition, many geometries are allowable for the seaward edge 
of the Siletz terrane below 7-km depth, including a slight 
landward dip. Figure 6 illustrates the sensitivity of the mag- 
netic model to the thickness of the Siletz terrane and shows 

that a landward dip at depth shallower than 7-km depth leads 



FLEMING AND TRI•HU: BURIED RIDGE BENEATH THE OREGON MARGIN 20,437 

mo 

go 

Go 

450 - 

350 

250 
150 
50 

-50 

-150 

40 

20 

0 

-20 

-40 

-60 

-80 

'.• - Observed, -- = Calculated 

,•?•...."'- '"'•:• ••• • ...................... ,.. 
•.'- 'I•. ,v' '\• ..-' '"'• ..... •' 

Magnetics sT 

Free-air Gravity 

................ .:.,. .......... ' accretionary R' / ............................ 
5 • fan4 +{ :•' ..................... •-r•-,•;•-Zr .......... •.,,•,,,, .,• complex ,/'"..•,3 t' Siletz Te•ane 

• , 0.0035/ • ...... • •+• _ .•.•,• .... •7•;• / 
10 I L2:. øø•5 • o • • 0.003/• • • • • •--JCS} ./ o/o ONDEMAG) 

20 •vtagnencs -•...• ....... .•,, • "-.•,.. 
Do 

10 

15 

20 

1.00 

2.65 

2.95 

3.30 

Gravity 

2.54 2.65 

2.95 

3.10 

0 20 40 60 80 100 120 140 

V.E.- 2 Distance (km) 

160 

Figure 4. Summary of magnetic and gravity anomaly modeling for the north line. Although the gravity and 
magnetic anomalies were modeled together using models specified by the same boundaries, as is generally 
done with crustal potentail field modeling, the results are shown in two separate plots in order to highlight 
those parts of the model most sensitive to the different data sets. (a) Observed and calculated magnetic anoma- 
lies. Steps in the magnetic modeling are described in the text. (b) Observed and calculated gravity anomalies. 
(c) Magnetic model. Except for the seafloor, which is included for reference, only boundaries of bodies with 
nonzero magnetic parameters are shown. Magnetic parameters (susceptiblity and remanent magnetization) of 
the subducted Juan de Fuca plate are shown; "anX" indicates blocks corresponding to identified seafloor 
spreading anomalies; + and - refer to the sign of the remanent magnetization. Magnetic parameters of the Siletz 
terrane (ST) and the buried ridge (R and R') are also shown. The strategy for developing the model, which pro- 
ceeded in steps from initial (IN), to demagnetization of subducted oceanic crust (DEMAG), to buried ridge of 
oceanic crust (R), to alternate buried ridge model (R'), is discussed in the text. Magnetization properties are in 
cgs units to be consistent with most prior literature. To convert to SI, multiply susceptibility values by 4•r 
and multiply remanent magnetization values by 103 to convert emu/cm 3 to A/m. (d) Gravity model. Only 
boundaries separating bodies of different density are shown. Densities were determined fi'om the seismic ve- 
locity model of Trdhu et al. [ 1994] as described in the text. Densities are in units of 10 '3 kg/m 3. 
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Figure 5. Root-mean-square misfit of the anomaly predicted 
by the magnetic model as a function of susceptibility and dip 
of the Siletz terrane. A dip of 90 ø is vertical; seaward dips are 
<90ø; and landward dips are >90 ø . The best fitting suscepti- 
bility and dip are 0.0025 and 60, respectively. 

-43ø00'N) are several circular positive and negative anoma- 
lies that may be buried seamounts offshore Cape Blanco (T. 
Brocher, personal communication, 1996). The velocity model 
shows a basement high with velocities appropriate for upper 
oceanic crust in this region (Figure ld). 

The linear anomaly cannot be modeled as a seafloor mag- 
netic lineament, because its wavelength is too short to be 
produced by a source at the depth of the subducting crust. 
The data can, however, be matched by introducing a narrow 
ridge of material with the same magnetic properties that we as- 
sumed in our initial model for positively polarized oceanic 
crust (K=0.003 and MR=0.001). The best fitting cross- 
sectional shape of a body with these magnetic parameters, as- 
suming that it extends to the subducted plate, is shown in 
Figure 4c (labeled R), and the predicted anomaly is shown by 
line R in Figure 4a. Assuming that the magnetic parameters 
that were derived for the Siletz terrane (K=0.00285 and MR=O) 
results in a larger, shallower body (labeled R' in Figure 4c) 
with no perceptible change in the predicted magnetic anom- 
aly. If the magnetic body is smaller and deeper, susceptibility 
rapidly increases to unrealistic values. It can, however, be 
somewhat shallower if it is not in contact with the subducting 
oceanic plate. Several possible interpretations of this feature 
are discussed in section 5.3. 

to a calculated field that does not fit the observed magnetic 
data, regardless of the susceptibility assumed for the Siletz ter- 
rane. The seismic data also require a thick Siletz terrane that 
extends nearly to the subducting oceanic crust, as shown in 
Figure 7, which shows ray path coverage and travel time fit for 
arrivals refracted through the Siletz terrane and underlying 
oceanic crust and for arrivals reflected fi'om the base of the 

subducted oceanic crust for the model of Trdhu et al. [1994]. 
These arrivals were recorded on stations deployed onshore to 
record offshore shots, which provided the best experimental 
geometry to image the structure beneath the coastline and con- 
tinental shelf. 

The fit of our calculated magnetic anomaly to the observed 
data is poor around model km 140 (Figure 4a). This is proba- 
bly due to the Miocene sills mentioned above. The reflection 
data indicate that these basalts do not extend farther east than 

model km 130 (Figure 3). We did not include these sills, 
which require a fully three-dimensional modeling approach, 
because of their lack of influence on models of the Siletz ter- 

rane edge. They could account for the high-amplitude, rela- 
tively short-wavelength mismatch here if they have a signifi- 
cant and predominantly reversed remanent magnetization. The 
limited regional extent of this magnetic low (Figure 2b) sup- 
ports this interpretation. 

The final feature of the magnetic data that we modeled is the 
local high at km 80-100. This anomaly appears to be part of a 
low-amplitude, linear, margin-parallel anomaly that begins 
near 45ø00'N and continues to the south to about 43ø00'N. 

This magnetic anomaly was not recognized prior to our study. 
It is a subtle feature that is not visible in maps scaled to span 
the range of magnetic anomaly values characteristic of seafloor 
spreading and the Siletz terrane. However, it is apparent in 
ship track magnetic data north of Heceta Bank. The expression 
of this feature can also be enhanced, as shown in Figure 8, by 
applying a shaded-relief filter and by selecting a finer contour 
interval. In line with this feature to the south (-•42ø00'N to 
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Figure 6. Example of magnetic models showing the sensitiv- 
ity of the model to variations in the thickness and dip of the 
seaward part of the Siletz terrane. Lines 1-3 show the effects of 
varying the configuration of the Siletz terrane while keeping 
the susceptibility fixed at 0.00285. The dashed lines corre- 
spond to model 3 with susceptibility varied by +- 0.0005. 
Magnetic parameters of the subducted Juan de Fuca plate crust 
and buried ridge are the same as those in the final model of 
Figure 4. Magnetic parameters of the accretionary complex, in- 
cluding that portion underlying the Siletz terrane, are 0. A 
landward dip of the boundary of the base of the Siletz terrane 
(model 1) moves the main peak of the anomaly to the east. Be- 
cause the observed peak is fixed, such a model requires that 
the Siletz terrane extend farther west than is allowed by the 
seismic data. Assuming the selected magnetic properties are 
representative, the Siletz terrane probably extends to a depth 
of at least 7-9 km, consistent with the seismic and gravity 
data. 
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Figure 7. (a-c) Ray diagrams showing coverage of seaward edge of Siletz and underlying Juan de Fuca plate 
using refracted arrivals turning within the Siletz terrane (Ps), refracted arrivals turning within the subducted 
Juan de Fuca crust (Poc), and arrivals reflected from the base of the subducted Juan de Fuca crust (PmP). (d) 
The calculated and observed travel times for all onshore-offshore recordings. The model for the calculations is 
the same as that shown in Figure ld and discussed by Trdhu et al. [1994, 1995]. A small advance from the 
buried ridge at km 95 is observed near km 84 in phases labeled Ps and Poc. The primary evidence for this 
phase, however, is in the ocean bottom seismometer (OBS) data, which are not discussed in this paper but 
which show a localized region of oceanic crustal velocities at relatively shallow depth. 

3.3. Gravity Model 

For the gravity model, subdivision of the accretionary 
prism and Siletz terrane into several bodies (generally increas- 
ing in density arcward and downward) represents, for the most 
part, the discretization of continuous density gradients im- 
plied by the velocity model. Some minor modification of den- 
sities from the initial values derived from the velocity model 
was required to model the gravity data, reflecting uncertainty 
in the velocity model and in the conversion from seismic ve- 
locity to density. The densities in our final gravity model re- 
main consistent with those predicted from the velocity model 
via the Nafe-Drake relationship (Figure 9), showing that the 
velocity model of Trdhu et al. [1994] is generally consistent 
with the gravity data. Although we do not show the sensitiv- 
ity of the model to the thickness of the Siletz terrane and bur- 
ied ridge since the thickness of the Siletz terrane beneath the 
shelf has already been demonstrated by the magnetic and seis- 
mic modeling, we note that a significant decrease in the thick- 
ness or density of the Siletz terrane leads to a poor fit to the 
data. 

The configuration of the subducting plate in this model is 
significantly different from that in previous crustal models de- 
rived from gravity [e.g., Couch and Riddihough, 1989], be- 

cause these previous models were unconstrained by seismic 
data, and overestimates of the thickness of low-density sedi- 
ments resulted in an underestimate of the depth to the sub- 
ducting plate beneath the continental shelf. 

4. Modeling' South Line 
4.1. Initial Model Parameterization 

Our starting model for the profile crossing Heceta Bank was 
adapted from the cross section of Snavely et al. [1985], which 
is based on seismic reflection lines, regional gravity and mag- 
netics data, an industry well, and onshore surficial geology. 
This was used to define the shallow basin structure and the 

distribution of the upper Eocene-age Yachats basalt, which 
represents basement in the seismic reflection section. This ba- 
salt is manifested in the regional magnetics map as a strong, 
localized high where it outcrops at the coast at -44ø15'N; ad- 
jacent, strong, areally limited lows immediately to the north 
probably represent the same basalt outcrop but reversely mag- 
netized [Simpson and Cox, 1977]. The Snavely et al. estimate 
for the geometry of the top of the Siletz terrane was also used 
in the model. The density structure within the accretionary 
prism and the configuration of the subducting Juan de Fuca 
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Figure 8. Magnetic anomalies in the region of the seaward edge of the Siletz terrane. Data are the same as 
those in Figure 2b, but the data are plotted with a palette designed to show low-amplitude anomalies. (a) Il- 
lumination from the west. (b) No illumination. Contours at an interval of 60 nT are shown. (c) Illumination 
from the east. The peak of the anomaly marking the western edge of the Siletz terrane is shown as a dashed line 
on Figures 8a-8c, and the anomaly due to the buried mafic ridge is indicated by white arrows in Figures 8a and 
8c. 

plate were taken from our model of the northern line. The re- 
gional magnetic anomaly map (Figure 2b) shows that the mag- 
netic lineaments of the Juan de Fuca plate are uninterrupted 
between the two profiles in this study, supporting the as- 
sumption that the subducting plate is continuous between the 
two profiles. 

4.2. Magnetic Model 

Initial estimates of K and MR for the Juan de Fuca plate 
crust and the Siletz terrane were taken from the modeling re- 
sults of the north line. Siletz bulk M R was assumed to be 0 for 
reasons discussed in section 3.2, and K was assumed to be 
0.00285 cgs units. For the Yachats basalt, K and M R were set 
to 0.0026 and 0.001 [Bromery and Snavely, 1964], and decli- 
nation and inclination were set to 46 ø and 64 ø , respectively 
[Simpson and Cox, 1977]. The response of this initial model 
is labeled IN in Figure 10a. It includes the eastward demag- 

netization of the subducted crust determined for the north line 

and a seaward dip of 57 ø for the Siletz terrane, as determined 
for the north line. 

In step 2 (labeled CD, for "change dip," on Figure 10a), the 
susceptibility for the positively magnetized blocks responsi- 
ble for'anomalies 4 and 4a is decreased to 0.002. As for the 

north line, we do not attempt to interpret this minor change in 
the magnetic properties of the subducting oceanic crust. In 
addition, the dip of the western edge of the Siletz terrane was 
decreased to 30øW, and K is increased to 0.0033. However, it 
is not clear whether these changes are significant given the 
uncertainty in the depth and susceptibility of the Siletz ter- 
rane. 

A small-amplitude, medium-wavelength magnetic anomaly 
is clearly superimposed on the main Siletz anomaly at model 
km 102-112 (Figure 10a). This anomaly may be part of the 
buried "ridge" discussed above for the northern profile, or it 
may reflect irregularity of the seaward edge of the Siletz ter- 
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Figure 9. Relationship between density in the final model of 
Figure 4d and velocity in Figure ld. The range of velocities 
for each density results from the different model parameteriza- 
tions: The velocity model is dominated by gradients whereas 
the density model is constructed from a small number of 
isodensity bodies. The shaded region shows the range of ex- 
perimental data. The final velocity-density relationship is 
within the allowable range of densities. 

rane. These two possibilities are discussed in section 5.3. 
Assuming K, MR, D, and I of 0.003, +-0.001, 19 ø, and 69 ø, re- 
spectively, and finding the cross section of a linear body that 
fits the magnetic data results in the feature labeled R in Figure 
10a and predicted anomaly R in Figure 10a. Assuming mag- 
netic parameters appropriate for the Siletz terrane (K=0.00285 
and MR=O) results in the feature labeled R' in Figure 10c. 
While there is some trade-off between the magnetic parameters 
and geometry of this body and while details of the structural 
relationship between the ridge and the Siletz terrane cannot 
be resolved, if the anomaly is from a buried ridge, then the 
ridge is in contact with the Siletz terrane in this region. 

4.3. Gravity Model 

The primary objective of modeling the gravity anomaly on 
this profile was to place constraints on the density structure 
beneath Heceta Bank. Step 1 (Figure 10b) shows the anomaly 
predicted using the density structure obtained for the north- 
ern line, with the density of accretionary complex material in- 
creasing landward and with depth in three steps. The dashed 
line shows the boundary between a density of 2.28 x 10 -3 
kg/m 3 above and 2.54 x 10 -3 kg/m 3 below in the initial model; 
the density of the outer part of the accretionary complex is 2.2 
x 10 -3 kg/m 3 in the initial model. The anomaly predicted by 
this model indicates that the model density is too high be- 
neath the outer accretionary complex and too low beneath He- 
ceta Bank. Lowering the density in the outer accretionary 
complex from 2.2 to 2.0 x 10 '3 kg/m 3 and moving the boundary 
between material with a density of 2.28 x 10 '3 and 2.54 x 10 '3 
kg/m 3 to near the seafloor beneath Heceta Bank improves the 
fit of the predicted anomaly to the data (anomaly labeled HB in 

Figure 10b and shaded region in Figure 10d). Low densities 
in this region are consistent with the interpretation of Gold- 
finger et al. [1999] that this region is a large slump. 

There is a significant trade-off between the density and the 
shape of the high-density core beneath Heceta Bank. Assum- 
ing a density of 2.7 x 10 '3 kg/m 3 results in lowering the 
boundary between the upper and lower accretionary complex 
by-•2 km. A body with this density would most likely be 
made of basalt and would probably represent a subducted 
seamount. Although we cannot rule out a concealed 
seamount, with magnetic properties such that the effects of in- 
duced and remanent magnetization cancel each other such that 
no magnetic anomaly is produced, we consider this interpreta- 
tion highly unlikely. Our gravity model therefore suggests 
that high-density middle Miocene and older sediments of the 
deep accretionary complex have been uplifted to form the core 
of Heceta Bank, as originally suggested by Kulm and Fowler 
[1974], and places limits on the volume of material uplifted. 

5. Discussion 

5.1. Demagnetization of Juan de Fuca Plate Crust 

As shown in section 4.3, modeling the seafloor spreading 
anomalies over the Juan de Fuca plate suggests that the sub- 
ducted crust is significantly demagnetized. Although the 
Cascadia subduction zone is characterized by high heat flow 
due to the young age of the Juan de Fuca plate and the insulat- 
ing effects of thick sediment cover, thermal models of Cascadia 
[Hyndman and Wang, 1993; Oleskevich, 1994] suggest that 
Curie temperatures of 550ø-600øC are not reached on the 
thrust plane until -175-200 km east of the deformation front. 
It is therefore difficult to attribute the observed demagnetiza- 
tion entirely to thermal demagnetization of the subducted 
plate, assuming a reasonable thermal gradient in the oceanic 
crust beneath the thrust zone. 

We suggest that hydrothermal alteration of the subducted 
crust also contributes to reducing the remanent magnetization 
of the subducted crust through metamorphism of the basalt and 
recrystallization of iron-titanium oxides [Scheidegger, 1984; 
Finn, 1990]. Large volumes of fluids released at greater depth 
by prograde metamorphism of hydrated basalt [Peacock, 1987] 
may be channeled trenchward along the shear zone and may 
contribute to additional hydrothermal alteration and demag- 
netization of the subducted crust. Stable oxygen isotopic 
analysis of carbonate cements in accreted sediments at the cen- 
tral Oregon deformation front indicates circulation of high- 
temperature fluids upward from the decollement [Sample et al., 
1993]. The petrogenetic grid compiled by Cloos [1993] sug- 
gests that for a young subduction zone, significant metamor- 
phism may take place in the subducting plate at the depths 
where we require demagnetization. The presence ofturbidite- 
hosted mesothermal gold deposits within the Alaskan accre- 
tionary prism also supports the circulation of hot fluids 
through the forearc [Hauessler et al., 1995]. 

5.2. Dip of the Western Boundary of Siletz 

The geologic history of the western boundary of the Siletz 
terrane is enigmatic. Snavely et al. [1980], on the basis of 
qualitative evaluation of the potential field data and offshore 
drill holes, postulated that the western boundary of the Siletz 
terrane is an Eocene age strike-slip fault that has had at least 
200 km of offset and that juxtaposes accretionary melange 
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against the Siletz terrane. They called this structure the Ful- 
mar fault, and they called the outboard terrane the Fulmar ter- 
rane. Onlap by late Eocene sediments on the continental shelf 
near 43øN suggests that motion on the Fulmar fault was essen- 
tially complete by 43 Ma. The Fulmar fault may thus have 

been part of a larger right-lateral fault system that dispersed 
terranes such as the Yakatat terrane along the margin of North 
America [Snavely and Wells, 1996]. The steep seaward dip of 
the western edge of the Siletz terrane in our potential-field 
models supports the concept that the western edge of the 
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Figure 10. Summary of magnetic and gravity anomaly modeling for the south line. Steps in the modeling are 
discussed in the text. Gravity and magnetic modeling results are shown in different for reasons discussed in 
Figure 4. (a) Observed and calculated magnetic anomalies. (b) Observed and calculated gravity anomalies. (c) 
Magnetic model. Except for the seafloor, which is included for reference, only boundaries of bodies with 
nonzero magnetic parameters are shown. The model was developed by modifying an initial model (IN) derived 
from the northern profile. The magnetic model was modified by changing the dip of the Siletz terrane (CD), fol- 
lowed by adding a buried ridge of oceanic crust (R) or Siletz terrane (R'). The gravity model was changed by 
increasing the density beneath Heceta Bank (HB) and decreasing the density to the west. Magnetic parame- 
ters (susceptibility and remanent magnetization) of the Siletz terrane and of the subducted Juan de Fuca plate 
are shown ("anX" indicates blocks corresponding to identified seafloor spreading anomalies; + and - refer to 
the sign of the remanent magnetization). Magnetization properties are given in cgs units to be consistent with 
most prior literature. To convert to SI, multiply susceptibility values by 4r[ multiply remanent magnetization 
values by 103 to convert emu/cm 3 to A/m. (d) Gravity model. Only boundaries separating bodies of different 
density are shown. Densities were determined from the seismic velocity model of Trdhu et al. [1994] as de- 
scribed in the text and are in units of 104 kg/m 3. Modification of the initial density distribution is shown as 
the shaded region, which shows uplift of material with densities appropriate for deeply buried accretionary 
complex sediments. Densities seaward of this region are lower than those assumed for the initial model, sup- 
porting the suggestion of Goldfinger et al. [1999] that this material represents a recent slump. 
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Siletz terrane in this region was truncated by strike-slip fault- 
ing. One would expect that an intact relict subduction 
boundary would dip landward, as has been suggested for the 
western boundary of the Siletz terrane beneath Washington 
[Finn, 1990; Aprea et al., 1998]. The extensional faulting re- 
corded by the Siletz basement topography on the north line 
(Figure 3) may also be a relict of this tectonic episode, result- 
ing from an extensional offset in the Fulmar fault. 

5.3. The Buried Mafic Ridge 

Several geologic interpretations are possible for the buried 
basaltic ridge that we have identified and modeled on the ba- 
sis of detailed examination of the magnetic field. We rule out 
an origin as typical abyssal hill topography, because such fea- 
tures are an order of magnitude smaller [Macdonald et al., 
1996]. 

One possibility (model A) is that the ridge represents a 
sliver of Siletz terrane crust that was sheared off from the main 

part of the terrane by a right-lateral strike-slip fault that was 
oblique to the seaward edge of the Siletz terrane. Similar but 
smaller slivers of crust have been mapped along the boundary 
between Crescent terrane and accretionary complex material on 
the Olympic peninsula [Tabor et al., 1972]. It is, however, 
difficult to reconstruct a kinematic history that explains why 
the ridge should be in contact with the Siletz terrane beneath 
Heceta Bank but separate from it both to the north and south 
of the bank. Assuming that the strike-slip activity responsi- 
ble for this terrane distribution occurred during the Eocene, 
this model also implies that separation between the Siletz 
sliver and the main Siletz terrane has been preserved through 
nearly 50 million years of compressional tectonics, which we 
consider unlikely. 

A second possibility (model B) is a ridge of upper oceanic 
crust that is forming in place by imbrication and thickening of 
the subducted oceanic crust in response to compression. Such 
features have been inferred to exist in the relict subduction 

zone of the central California continental margin [Miller and 
Howie, 1993]. This model implies that the plate boundary has 
stepped down into the crystalline crust of the Juan de Fuca 
plate, transferring material from the lower plate to the upper 
plate. We expect that the thrust fault at the core of such a ridge 
forming in oceanic crust at these depths would be marked by 
seismicity, which is not observed. 

A third possibility (model C) is that the ridge represents a 
subducted aseismic ridge or seamount chain formed by con- 
structional volcanism in the ocean basin along a line parallel 
to the spreading center. In this model, the ridge has been 
dragged obliquely through the accretionary complex for the 
past 1.2 million years (Figure 11). Several examples of sub- 
ducted ridges or seamounts have been identified in other sub- 
duction zones and have been shown to have a considerable 

effect on the development of the accretionary complex along 
the path of the subducted seamount [e.g., Lallemand and Le 
Pichon, 1987; yon Huene and Scholl, 1991; von Huene et al., 
1996]. Because the inferred ridge is approximately parallel to 
magnetic lineations, it probably was not formed at a leaky 
transform fault. Moreover, because the ridge does not appear 
to be offset where it intersects the landward projection of a 
pseudofault generated by a propagating rift [Wilson, 1993], it 
could not have formed at a spreading ridge. Few, if any, 
analogous seafloor ridges (parallel to the spreading center but 
formed off axis) are observed in the present ocean basins. We 

note, however, that such a ridge could have formed beneath 
the accretionary complex farther west and then have been 
transported to its present position, combining models B and 
C. 

A variation of this model (model C') is that the ridge was 
formed from seamounts that have been partially subducted and 
then transferred from the Juan de Fuca to the North American 

plate. In this model, the thick Siletz terrane may prevent sub- 
duction of seamounts. The ridge may thus represent the "flot- 
sam andjetsom" of subduction, accumulated over several mil- 
lion years. This model, however, does not explain why the 
ridge appears to be in contact with the Siletz terrane only be- 
neath Heceta Bank, unless the position where seamounts are 
sheared off the lower plate is not directly determined by the 
position of the Siletz backstop (see section 5.5). 

5.4. Possible Impact on History and Morphology of the 
Accretionary Complex 

Each of these models predicts a different pattern of uplift 
and subsidence of the overlying accretionary complex. Model 
A predicts no post-Eocene uplift or subsidence directly re- 
lated to the ridge, although other processes active along the 
margin (e.g., rotation of the ridge relative to the main Siletz 
backstop) might have caused uplift or subsidence during this 
time period. Model B predicts a stationary center of uplift 
overlying the ridge as it forms but no pronounced subsidence. 
Models C and C' predict the greatest uplift and subsidence, 
with the margin being first uplifted as the ridge passes 
through and then subsiding in its wake [yon Huene and 
Scholl, 1991]. Timing of uplift and subsidence, however, is 
different for the two models. Model C predicts uplift and sub- 
sidence only during the past 1.2 m.y.b.p., with uplift and sub- 
sidence being nearly simultaneous along 200 km, whereas 
model C' predicts a longer, complex history of localized uplift 
and subsidence. 

Considerable Miocene and later uplift and subsidence are 
recorded in the morphology and stratigraphy of the continen- 
tal margin [e.g., Snavely, 1987; Snavely and Wells, 1996; 
Yeats et al., 1998] as indicated by "textbook" examples of un- 
conformities in the marginal basin stratigraphy (Figure 3). 
Regional mapping of the Miocene-Pliocene unconformity 
[McNeill et al., 1998] shows that the late Miocene outer arc 
high continues north of Heceta Bank beneath what is now the 
continental slope to at least 46øN, where it lies beneath the 
outer edge of Nehalem Bank. Nehalem Bank is similar in size 
to Heceta Bank but is not associated with either a magnetic or 
a gravity high [Fleming, 1996], suggesting a different origin 
(Figure 2). Because portions of the outer arc high are now be- 
neath the continental slope, McNeil! et al. (1998) proposed 
later slope instability or subsidence due to subduction ero- 
sion. This period of forearc evolution may predate formation of 
the buried ridge since the late Miocene forearc high extends 
north of where the buried ridge is observed. 

More recently, three massive landslides have been docu- 
mented along the Cascadia margin west and southwest of He- 
ceta Bank by Goldfinger et al. [1999], who conclude that 
subducted seamounts may have triggered the slides by basal 
erosion of the accretionary complex as they passed beneath it. 
The locations of the slides are shown in Figure 11 and com- 
pared to the current position of the buried ridge and its track 
for the last 2 million years, as predicted by the Juan de Fuca- 
North America plate vector [DeMets et al., 1990] assuming 
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Figure 11. Morphology of the Oregon continental margin, shown as a shaded surface illuminated from the 
north. Topographic data from multiple onshore and offshore data sets were compiled and regridded by C. 
Goldfinger. Overlain on this surface are the location of the seaward edge of the Siletz terrane (heavy dotted 
line), the buried mafic ridge as inferred from the magnetic anomalies (heavy solid line), the headwalls of major 
Neogene slumps (dashed lines); [from Goldfinger et at., 1999], and the position of left-lateral strike-slip faults 
that cut the accretionary complex (white dashed lines) [from Goldfinger et at., 1997]. The predicted track of 
the buried ridge through the accretionary complex assuming the NUVEL plate motion vector [DeMets et al., 
1990] is shown by the diagonal heavy dashed lines, and the predicted location of the ridge 1 and 2 million 
years ago, assuming model C, is shown by the light dotted lines. For model C any seamounts contributing to 
the buried ridge must have been east of these lines 1 and 2 million years ago. 

model C. A similar track would be followed by any seamounts 
subducted with the Juan de Fuca plate within the past 8 mill- 
lion years, the time of the most recent major changes in relative 
motions of the Pacific and Juan de Fuca plates [Wilson, 1993] 
and the Pacific and North American plates [Atwater and 
Stock, 1998]. However, the buried ridge extends well north of 
the megaslumps. Inferred ages of the megaslumps, which are' 
110, 450, and 1120 kyr, increasing from north to south, are 
also generally incompatible with subduction of an aseismic 

ridge or a series of seamounts. It may, however, have led to 
conditions favorable for slumping along this part of the mar- 
gin by inhibiting subduction, leading to thickening and 
oversteepening of the accretionary complex and triggering of 
slides in response to earthquakes with hypocenters farther 
east. 

The northern boundary of the predicted track of the sub- 
ducted ridge does correlate with a major change in slope mor- 
phology and deformation front structure. North of the buried 
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ridge, the margin is marked by a series of ridges formed by dis- 
tributed landward vergent thrusting [Flueh et al., 1998]. 
Where the subducted ridge and seamounts are predicted to 
have passed, the slope morphology is more irregular, and the 
deformation front is generally characterized by a seaward ver- 
gent thrust [MacKay, 1995]. Vergence direction is obscured 
by slump debris from 43øN and 44øN, but a seaward vergent 
basal thrust is observed cutting through older slump debris 
between 42øN to 43øN [Goldfinger et al., 1999]. South of 
42øN, where the Siletz terrane is absent and the crystalline 
backstop of the Klamath terrane forms a landward dipping 
backstop [Beaudoin et al., 1996], vergence appears to be 
mixed [Gulick et al., 1998]. These changes in vergence at the 
deformation front have been previously attributed to differ- 
ences in pore pressure on the decollement resulting from dif- 
ferences in the thickness and composition of sediments on the 
subducting plate. While we find this interpretation well jus- 
tified, the correlation with the massive Siletz backstop and 
buried mafic ridge suggests a feedback effect in which the 
along-strike variation in sediment properties on the subduct- 
ing plate is due, in part, to differences in the uplift and subsi- 
dence history of the adjacent accretionary complex. 

The buried ridge also correlates well with the portion of the 
margin characterized by northwest trending strike-slip faults 
(Figure 1) [Goldfinger et al., 1997, 1999]. While a few strike- 
slip faults have been mapped farther north, only along this 
portion of the margin are they well defined and regularly 
spaced. None of these faults extend east of the seaward edge of 
the Siletz terrane, and they rapidly die out in the abyssal 
plain. These faults imply N-S extension of the sliver of accre- 
tionary complex caught between the deformation front and 
Siletz terrane. 

Although we cannot definitively rule out any of the four 
possible explanations for the buried mafic ridge and none of 
the models is consistent with all of the available geologic 
data, the apparent correlation between the predicted track of a 
subducted ridge through the accretionary complex, variations 
in slope morphology and deformation front structure, and the 
left-lateral strike-slip faults cutting the accretionary complex 
lead us to favor model C'. We suggest that subducted 
seamounts rafted in on the subducting plate over roughly the 
past 8 million years have accumulated through time to form an 
apparent buried ridge. The presence of this ridge may further 
inhibit subduction of accretionary complex material, leading 
to east-west shortening and north-south extension, uplift of 
lower accretionary complex material, oversteepening of slopes, 
and massive slope collapse. 

5.5. Subduction Zone Asperities 

Regardless of the optimum model for formation of the ridge, 
it likely results in a change in the material properties across 
the plate boundary [Dmowska et al., 1996] and thus may rep- 
resent an asperity, or region of higher frictional resistance, 
along the plate boundary. If this is the case, then the lack of 
seismicity in this region may be due to plate locking. Geo- 
detic evidence for plate locking is ambiguous. This region is 
a node in both long-term and short-term measurements of uplift 
[Mitchell et al., 1994], leading to the hypothesis that the plate 
boundary is not locked in this region. However, recent 
Global Positioning System (GPS) measurements indicate 
horizontal motions in the Coast Range and Willamette Valley 
indicative of locking [McCafJ•ey et al., 1998]. Within the 
next few years, ongoing geodetic work should provide new 

information about current plate interactions. The crustal pa- 
rameters determined by this study and other studies will pro- 
vide important constraints on geodynamic models to explain 
the observed geodetic data. 

In the case of models B and C, we must further consider the 
effect of topography on the plate interface as it must pass over 
the top of the buried ridge. Cloos [1992, 1993] has argued 
that large seamounts will be too buoyant to be subducted, 
locking the subduction zone until the stress increases enough 
to shear them off and transfer them to the upper plate. Scholtz 
and Small [1997] consider a more general case of the effect of a 
subducting seamount that includes the effects of flexure. 
While they conclude that seamounts will not always be 
transferred to the upper plate, their model predicts that a 4-km- 
high seamount will contribute significantly to the normal 
stress and that the effect of subducting seamounts is especially 
pronounced in generally decoupled subduction zone. Either 
model predicts temporary locking and eventual stress release 
in large earthquakes. 

Offshore Oregon, the buried ridge may have been subducted 
to a depth at which the frictional resistance to subduction on 
the plate boundary exceeded the stress required to shear off the 
subducting seamount. The influence of the Siletz backstop on 
this process, which depends on the slope and height of the 
subducted seamount and on the flexural strength of the upper 
and lower plates, is uncertain. If thickening and dewatering of 
the accretionary complex alone are adequate to increase the 
normal stress on the plate boundary enough for the plate 
boundary to jump to the base of a seamount, then model C' is 
compatible with the observation that the buried ridge is not 
in contact with the Siletz terrane along much of its length. 
However, if this is the case, the correlation between the buried 
ridge and the Siletz terrane may be coincidental. Geodynamic 
models of stresses resulting from interaction between the 
Siletz backstop and buried ridge are needed to resolve this 
question. Regardless of whether the seaward dipping western 
edge of the Siletz is causing seamounts to be sheared off the 
subducting plate, the process of breaking through oceanic 
crust on this scale is likely to be seismogenic. Scholtz and 
Small (1997) note that large earthquakes seem to have re- 
sulted from this process in the normally decoupled Tonga- 
Kermadec and Izu-Bonin arcs. 

6. Conclusions 

Magnetic and gravity modeling in conjunction with exist- 
ing geologic and geophysical constraints indicates that the 
western edge of the Siletz terrane, which acts as the subduc- 
tion zone backstop, has a seaward dip of less than 60 ø (meas- 
ured from horizontal). The Siletz terrane may continue to de- 
scend at these dips to the subducting Juan de Fuca plate, but 
alternative geometries for the lowermost portion of the back- 
stop are also consistent with the potential-field data. Under- 
thrusting of more than---2 km of accretionary complex material, 
however, is unlikely. This steep, seaward dip supports the 
Snavely et al. [1980] model for Eocene strike-slip truncation 
of the Siletz terrane, rather than maintenance of an undeformed 
relict subduction boundary since accretion of the Siletz ter- 
rane. The magnetic data also require progressive eastward de- 
magnetization of the Juan de Fuca crust in the magnetic quiet 
zone, which is most likely due to a combination of thermal and 
chemical demagnetization. Our southern transect reveals that 
Heceta Bank is cored by relatively dense sediments (•-2.54 
g/cm3), which likely represent uplift, older, denser, sedimen- 
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tary rocks that were previously deeply buried within the ac- 
cretionary complex. 

Perhaps the most important result of our investigation is 
the identification of a mafic ridge buried beneath the accre- 
tionary complex from about 45øN to 43øN. From correlation 
between the location of the buried ridge, seafloor morphology, 
and the recent geologic history of the margin, we conclude 
that the ridge represents seamounts rafted in over the past sev- 
eral million years. We propose that subduction of these 
seamounts is impeded by the thick, seaward dipping Siletz 
backstop, leading to a complicated feedback between accre- 
tionary complex uplift, subsidence, collapse, and faulting. 
Other possible origins include formation in place through im- 
brication of the subducting crust and formation as a sliver of 
Siletz during the Eocene period of strike-slip tectonics that 
formed the seaward dipping backstop. Regardless of its ori- 
gin, the ridge likely represents a contrast in the physical 
properties of the plate boundary and may therefore be acting as 
an asperity on the megathrust, although the details of this 
process are ambiguous. 

The seaward dipping backstop formed by the thick Siletz 
basalts that we model for the central Oregon margin contrasts 
with the landward dipping backstop formed by this terrane 
beneath Washington [e.g., Finn, 1990; Aprea et al., 1998] 
and by the Klamath terrane beneath northern California [Trdhu 
et al., 1995; Beaudoin et al., 1996]. These different backstop 
geometries may be, in part, responsible for the different pat- 

. terns of deformation observed in the accretionary complex of 
Oregon and Washington. 
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