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Abstract approved:

Recently obtained airgun-sonobuoy wide-angle refraction and

reflection profiles provide data to study crustal velocities and

structures along the continental margin of northern California and

Southern Oregon.

In the thick sedimentary wedge at the base of the continental

slope, as many as five distinct layers can be seismically observed,

which range in velocity from 2.13 to 3.32 km/sec. The basement

layers beneath the wedge are disrupted. The profile which crosses

the southeasternmost portion of the Gorda Basin near Cape Mendocino

shows evidence of compression at the base of the slope. Velocities of

3.14 to 5.15 km/sec were obtained for this line. Off the central

Oregon margin on the abyssal plain near the base of the slope, oceanic

layërs:ind 3 overlie a shallow mantle of velocity 7.65 km/sec.

Basement velocities average 4.75 km/sec and sediment velocities varied

from 1.60 to 2.78 km/sec.

The lower slope of the northern California-southern Oregon

margin is characterized by rough, folded structures which trend north-

south. Little recent sediment cover is seen. A velocity of 2.25 km/sec
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was obtained for a 520 rn-thick surface layer underlain by material

with a refraction velocity of 2.68 km/sec. The abyssal plain

sediments near Cape Mendocino appear to be in the process of being

uplifted and folded into the lower slope, while near Cape Blanco

the lower slope displays sediments which abut against the base of the

slope below a prominent lower shelf bench.

The upper slope shows large anticlinal folds which form the

basement of the upper slope basins, particularly beneath the Kiamath

Plateau off Northern California. Velocities obtained from the

sediments of the Kiamath Plateau vary from 1.73 to 2.63 km/sec.

The inner shelf region is formed by a synclinal basin controlled

by an outer continental high which parallels the shelf break.

Velocities were studied mainly from refraction arrivals with an

assumed surface sediment velocity of 1.66 km/sec. The underlying

sediment velocities range from 2.07 to 2.75 km/sec.

Evidence of uplift, basement deformation, sediment deformation

within structurally controlled basins, compression features, and the

north-south trending folds all support an imbricate thrust model

for this continental margin.
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Wide-Angle Seismic Refraction and Reflection
Studies of the Northern California and Southern

Oregon Continental Margins

INTRODUCTION

Plate tectonic theory developed from marine geophysical and geo-

logical data and earlier evidence and ideas on sea-floor spreading and

continental drift. According to this theory, oceanic crustal material

is formed at oceanic ridges, where upwelling of basaltic magma creates

new lithospheric material in the form of two divergent plates.

Subsequently, the crust moves laterally as a rigid plate away from

the ridge until it reaches a convergent plate boundary, usually an

oceanic trench. Here the oceanic crustal material is subducted or

moved beneath the denser continental crust along a Benioff Zone,

which is a dipping zone containing earthquake foci. A second type

of boundary forms when two plates move past one another along trans-

form faults which offset the oceanic ridges; in this case, crustal

material is neither created or destroyed.

Beyond this basic concept, it is recognized that the spreading

history of an individual plate may be quite complex. Changes in

spreading rate or direction, ridge jumps, and subduction of spreading

centers are only a few of the complications which have been documented;

these are recognized as common occurrences rather than the exception.

The Gorda Basin, formed by a roughly triangular oceanic plate,

is situated along the southern Oregon and northern California margins

between the Mendocino Fracture Zone, the Gorda Ridge, and the Blanco
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Fracture Zone (Figure 1) and displays many but not all of the charac-

teristics of a typical crustal plate. The slow-spreading ridge and

the fracture zones which offset this ridge from the adjoining

areas are active seismically. Other geophysical evidence, including

gravity and magnetic data, points to its eastern edge as a convergent

boundary between the Gorda and North American Plates. Also present is

the distinctive 'back-arc' andesitic volcanic chain, which formed

from mantle material possibly contaminated by oceanic sediments and

basalts at depth along a subduction zone. Notably absent is an

oceanic trench and the inclined zone of seismic activity which denotes

a Benioff Zone. In addition, the plate does not act as a rigid

body, especially in the southeast corner of the plate, where ongoing

deformation is indicated by the presence of active faults and

seismicity.

During July of 1975 (Cruise Y7507B) and August and September of

1977 (Cruise W7708C) the Geophysics Group of Oregon State University

conducted airgun seismic reflection and airgun-sonobuoy wide-angle

reflection and refraction studies along the continental margin of

southern Oregon and northern California (Figure 2). This thesis

describes the series of observations, the subsequent reduction and

analysis of the data and interpretation of the results. The purpose

of this study is to determine velocities, structures, probable

lithologies and tectonic regimes present from the base of the conti-

nental slope to the upper shelf basins and to contribute data to the

body of knowledge concerning this continental margin.
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PREVIOUS WORK

General Geological and Geophysical Features

The continental margin of south-central Oregon and northern

California trends generally north-south and is characterized by north-

south trending folds and faults which are thought to be compressional

features (Silver, 1969b, 1971a,b; Spigal, 1970; Kuim and Fowler,

1974a,b;MacKay, 1970) (Figure 1).

Approximately 130 kilometers to the west lies the Gorda Ridge,

which is an active spreading center with a spreading rate of 3 cm/year

north of 4L6°N and L2 cm/year to the south (Atwater and Mudie,

1973). For reasons not understood, the trend of the ridge changes

from N-S to NNE-SSW at this point (Dehlinger et al., 1968; McManus,

1967; Kulm and Fowler, 1974). East of this ridge to the continental

margin is the Gorda Basin, or Gorda Plate (Dehlinger et a]., 1967;

Shor et al., 1968).

Bordering the plate to the south are the Mendocino and Gorda

Escarpments, which are prominent bathymetric features associated

with the Mendocino Fracture zone, while to the north is the physio-

graphic extension of the Blanco Fracture Zone, a northwest-trending

right-lateral transform fault which offsets the Gorda and Juan de

Fuca Ridges (Figure 1).

Between the easternmost end of the Blanco Fracture Zone and the

continental margin lies Blanco Gap, a feature described as a natural

passageway for transport of depositional material between the Cascadia



Basin and the Gorda Basin (Duncan and Kulni, 1970; Kuim and Fowler,

1974a) (Figure 3). Situated at the base of the continental margin

is an elongate depression filled with a sedimentary wedge (Kulm and

Fowler, 1974; Silver, 1969, 1971a).

The southern Oregon and northern California margin is narrower

than the margins lying to the north and south, and considerably

narrower than the worldwide average (Shephard, 1973). The continental

margin may be divided by depths into three different physiographic

areas: the continental shelf, the upper slope, and the lower slope.

The continental shelf extends from the shore line to the shelf

break with a slope of approximately 10, and in this area appears to

be synclinal in nature (Kulm and Fowler, 1974, 1974a,b; Silver, 1969).

The inner shelf basin lies landward of the shelf-slope break in a

water depth of less than 100 m (Shephard, 1973; Kuim and Fowler,

1971, 1974).

The upper slope extends seaward from the shelf break to the

outer slope high, and is characterized by the presence of at least

one plateau, bench, or basin. It has a moderate gradient (2-3°).

The lower slope is quite steeply inclined (4-8°) and is

dissected by small submarine valleys (Kuim and Fowler, 1974a,b; Duncan,

and Kulm, 1970) through which sediments move downslope to the sedi-

mentary wedge at its base. Although basinal features are not always

present, the slope terminates at the abyssal plain, approximately

3000 meters below the sea surface. Spigai (1971) has described

these features in greater detail.
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Sea floor sediments in the Gorda Basin consist largely of thick

Cenozoic deposits of terrigenous turbidites whose sedimentation rate

has increased in time as a result of continental glaciation, Cascade

volcanism, uplift of the Coast Ranges, and erosion of the Klamath

Province (von Huene and Kulm, 1973; Kulm and Fowler, 1974a,b).

These sediments overlie a basement of tholeiitic basalt created

at the spreading Gorda and Juan de Fuca Ridges. At the margin,

part of this material may have been subducted and part accreted to

the margin by means of an imbricate thrust mechanism (von Huene

and Kuim, 1973; Karig and Sharman, 1975; Kulm and Fowler, l974a,b;

Kuim et al., 1975; Couch, 1977). A more detailed discussion of the

sedimentation and structure of the Gorda Basin and the adjoining

continental margin of southern Oregon and northern California will

appear in a later section.

Gravity

Oehlinger et al. (1968) determined that the area east of the

Juan de Fuca Ridge, across Cascadia Basin, and across the continent

to Idaho is in isostatic equilibrium and that continental mantle

depths, densities, and velocities are normal for average continental

crust. These workers also report a relatively shallow mantle beneath

the Juan de Fuca ridge and Cascadia Basin, dipping sharply beneath

the continent at the oceanic-continental crust boundary.



A highly negative regional anomaly of -70 to -100 mgal marks the

base of the southern Oregon continental slope and is probably due to

the dip of the Moho beneath the continent and the overlying thick

sedimentary wedge (Dehlinger, 1971; Spigai, 1971). Couch (1977)

observes lateral variations in the negative anomalies north of the

Gorda Escarpment and along the base of the slope south of Cape Blanco

which he attributes to deformation or segmentation of the downwarped

lithospheric plate.

A narrow but positive 1 to 10 mgal anomaly is situated at the

edge of the continental shelf and suggests the presence of a subsurface

structural high (Spigai, 1971). Another large negative anomaly

parallels the continental shelf in shallow water south of 42°30'N

and may indicate a large sediment-filled basin.

A narrow positive anomaly extends westward from Cape Mendocino

and is associated with the Gorda and Mendocino Escarpments. Couch

(1977) notes that topographic differences and density changes across

a near vertical discontinuity in the crust and upper mantle cause a

negative free-air anomaly north of the Gorda Escarpment and south

of the Mendocino Escarpment. North of the Mendocino Escarpment

this anomaly is zero, indicating isostatic adjustment.

Magneti cs

Magnetic anomalies in the region of the Gorda Ridge, the Gorda

Plate and the Mendocino Escarpment are among the best mapped in the

world (Raff and Mason, 1961) although interpretation of them is by

no means straightforward.
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Kuim and Fowler (1974) stated that in Cascadia Basin the basement

near the slope is no older than late Miocene (8 my0) while Gorda

Basin anomalies indicate an age of 4 m.y, (early Pliocene), Silver

(1969a, l971a) notes that the pattern of age equivalent magnetic

anomalies map asymmetrically about the Gorda and Juan de Fuca Rises.

East of the Gorda Ridge the anomalies are deformed or offset,

a characteristic which increases with the age of the anomaly0

Anomalies representing 35 to 5 m.y. old crust are bent but not

offset and anomalies for the 1 to 35 my. period are bent about

an eastward trending fracture at 42°N (Silver, l971a,b), Truncation of

magnetic anomalies near the base of the slope suggests subduction of

oceanic crust beneath the North American Plate (Atwater, 1970; Silver,

l969a, b; l97la,b) Silver (197lb) estimates that along the Mendocino

Escarpment 45 kilometers of this ocean material has been underthrust

in the last 25 m0y, with 50 kilometers of lateral shortening due

to a 35 to 40° horizontal bend in the lithospheric plate. Couch

(1977) also concludes the presence of thrust activity for the

Mendocino Fracture Zone as far west as l26°W. Finally, truncated

anomalies (northeast-southwest lineations) south of the Gorda Escarp-

ment may indicate overthrust of the Gorda Basin by the continental

margin of northern California.

Regional Seismicity and Faulting

Earthquake activity indicates that the Gorda Plate is seismically

quite active, and, remarkably, these events are not confined to the

periphery of the plate (Figure 1).
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Seismicity is associated with the Gorda Ridge, the Gorda Escarp-

ment, Mendocino Escarpment and the area immediately landward of this

feature, the Mendocino Fracture Zone, the Blanco Fracture Zone,

along the continental margin, and even with the interior of the plate

(Tobin and Sykes, 1968; Bolt et al., 1968; Chandra, 1974; Seeber

et aL, 1970; Auld et a10, 1968; Nowroozi, 1973; Couch, 1977). There

is evidence that most epicentral locations are offset 5° to the east

of their associated structures because of the station location bias

and the difference between the actual velocities of the region and

the velocities used in the epicentral location (Bolt et al., 1968;

Tobin and Sykes, 1968; Northrup, 1970; Seeber et aL, 1970).

At Cape Mendocino, seismic activity continues seaward beyond

the termination of the San Andreas Fault Zone, except for a small

area west of Punta Gorda but extends mainly to the west along the

Mendocino Fracture Zone. Earthquakes are observed north of the

fracture zone in the Gorda Basin, but not to the south (Seeber

et al,, 1970). No activity is observed west of the intersection

with the Gorda Ridge, and the greatest activity is seen either at the

junction of the Mendocino Fracture Zone with the Gorda Ridge or at

the landward end of the fracture zone near Cape Mendocino0 Activity

is lower, in general, to the north and west of the Cape (Seeber

et al,, 1970). Swarm activity has also occurred in the Cape Mendocino

area. Nowroozi (1973) observed between 1966 and 1971 a total of 650

earthquakes with suboceanic hypocenters using an ocean bottom ses

mometer and the Point Arena Land Seismic Station; he concluded that

most of these events are related to the Mendocino and Gorda Escarpments,
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Seeber et al. (1970) demonstrated that right-lateral strike-slip

faults radiate northwest from the Cape Mendocino area into the Gc'1a

Basin, and also concluded that the seismic activity in the Cape

Mendocino region is distributed between two horizontal p1anes

Between 403°N and 4L6°N the Gorda Ridge trends north to south,

but at 41.6° experiences a change to a more northeasterly trend until

it intersects the Blanco Fracture Zone. Northrup et al, (1970)

suggested that this juncture represents the location of a new fracture

zone. Chandra (1974) and Tobin and Sykes (1968) reported normal

faulting along the ridge, using teleseismic data, while Jones (1975)

and Johnson and Jones (1978) observed the occurrance of high-angle

reverse faulting using free-floating passive sonobuoy arrays.

The Blanco Fracture Zone also displays considerable seismic

activity, and demonstrates right-lateral strike-slip fault plane

solutions (Figure 1). Johnson and Jones (1978) showed that fracture

zone topography and observed earthquake activity are coincident.

Couch (1977) indicated that there appears to be a four-year cyclic

variation in the earthquake activity between the Blanco Fracture

Zrne and the Mendocino Fracture Zone and suggested that it is

related to strain accumulation rates and. interactions between the.

adjoining tectonic plates.

Numerous faults have been mapped along the continental margin

of northern California and southern Oregon (Figure 1). Bolt et al.

(1968) reported earthquake mechanisms for right-lateral strikeslip

northwest-trending events off Trinidad Head, near (but not on) pre-

viously mapped traces. MacKay (1970) and Spigai (1971) mapped conti-

nental margin faults using a shallow-penetration sparker system.
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Silver (1969a,b; l97la,b) conducted extensive surveys to map the

margin. His interpretation indicates that faults trend northwest-

southeast off the coast of northern California and more nearly north-

south off the coast of southern Oregon. In the southeast portion of

the Gorda Basin, fault trends are northeast to southwest. Tobin and

Sykes (1968), Bolt (1968) and Chandra (1974) interpreted focal

mechanisms to indicate right-lateral movement to the northwest-south-

east. In general, focal mechanisms along the continental margin in

the study area indicate north-south compression (Ciuch, 1977;

Couch et al., 1974). This compression is also observed onshore

in the Cape Mendocino area. Smith and Knapp (1977) observed that

seismic data from the Eureka network reveals a concentrated band of

seismic energy which dips beneath the continent at an angle of about

15°.

Surprisingly, the Gorda Basin itself is seismically quite active,

and this motion is either right lateral to the southeast or left

lateral to the northeast (Silver, 1971a,b).. Couch (1977) points out

a wide band of earthquake activity which extends from the California

coastline and Gorda Escarpment northwest across the Gorda Basin to

the Gorda Ridge.

Clearly, since deformation is observed in the plate interior,

the assumption inherent in plate tectonic theory -- that plates are

rigid -- is being violated (Seeber et al., 1970; Bolt et al., 1968;

Nowroozi, 1973; Couch, 1977). The cause of this departure from

theory and its attendant result is not clear at present.
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Several workers have discussed the fate of the San Andreas fault

north of San Francisco, Seeber et al., (1970) conclude that right-

lateral motion along the San Andreas Fault is taken up by slip along

the Mendocino Fracture Zone, as well as by motion along the faults

which trend northwest across the Gorda Basin. This implies that the

Gorda Plate is rigidly attached to the North American Plate and

requires a sharp (nearly 90°) bend in the trend of the San Andreas

Fault. Tobin and Sykes (1968), Bolt et al. (1970) and Nowroozi

(1973) also agree with this hypothesis.

McKenzie and Morgan (1969), Silver (1969a,b; 1971a,b), Atwater

(1970) and Smith and Knapp (1977) suggest that the San Andreas Fault

ends at a transform-transform-trench triple junction, and that the

subduction zone north of the Gorda Escarpment extends along the base

of the continental margin. Smith and Knapp (1977) and Couch (1977)

discuss the fact that earthquakes do not occur on a linear extension

of the San Andreas Fault northwest of Point Arena, and that activity

is not, as noted previously, concentrated entirely along plate boundaries.

Regional Geology of the Southwestern Oregon and Northern California

Coastal Regions

The geologic history of the continental margin off southern

Oregon and northern California is most certainly related to that of

the adjoining continent in both a structural and sedimentary sense.

The basic tectonic pattern of this region is very complex, as metamor-

phic, igneous, and sedimentary units of many ages and origins are



15

folded, faulted, and juxtaposed together in a single area. The major

features considered here include the Kiamath Mountains, southern

Oregon and northern California coast ranges, and the Western and

High Cascades (Figure 2).

The Klamath Metamorphic Province lies near the continental margin

on the western edge of the Cordilleran mobile belt in southwestern

Oregon and northern California (Dott, 1965, 1971; Davis, 1967, 1968;

Irwin, 1966) (Figure 4), Structural activity has been nearly

continuous in time, with a Mesozoic climax in metamorphism (blueschist

and greenschist facies, large ultramafic masses) and plutonism (diorites)

(Dott, 1971). This initial deformatiorral pattern was convex to the

west (Irwin, 1966; Koch, 1963; Dott, 1971).

Since the late Cenozoic, the tectonic regime has changed and the

characteristic large-scale, low-angle thrust systems which dip to

the east and are progressively younger toward the west superimpose

upon the earlier arcuate pattern (Dott, 1965, 1969, 1971).

The southern Oregon Coast range is composed primarily of Eocene

sedimentary and volcanic rocks (interbedded basalts and sandstones,

rhythmically bedded micaceous sandstones and siltstones; Davis,

1968; Snavely and MacLeod, 1966) while the remainder of the Oregon

Coast range consists mainly of younger Tertiary and volcanic sedi-

ments (Figure 4) (Snavely et al., 1973). Resistant headlands and

elevated marine terraces are prominent coastal features, and result

from the many Pleistocene eustatic sea level fluctuations (Palmer,

1967).
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Figure 4. Geologic map of northern California and southern Oregon. This

map shows the major units of the Kamath Metamorphic Province.

(after Bennison et al,1968; and Feray et al,1968).
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The northern California Coast Range has not been studied as

extensively as its southern Oregon counterpart. The Nacimiento Fault

Zone, San Andreas Fault Zone, and the Sierran-Franciscan Boundary

separate early Cretaceous granitic rocks from the Franciscan formations.

Schists (metasediments) are also abundant (Blake et al,, 1967; Davis,

1967, Ernst, 1970; Hamilton, 1974; Page, 1970). A complex system of

folds, thrust faults, reverse faults, and contemporaneous strike-slip

faulting has been mapped. Several exploratory wells drilled in the

Eureka area bottom out in Mesozoic strata (Oakeshott et al., 1952).

The Western Cascades include nearly 3000 meters of lava flows

(pyroxene andesite) and pyroclastic materials which interfinger with

Eocene and Pliocene non-marine sedimentary rocks (MacDonald, 1966).

These formations are underlain by Eocene sediments of the Umpqua

formation and overlain by the volcanics of the High Cascades

(McDonald, 1966; Dott, 1969).

The High Cascades are composed of basaltic and pyroxene andesites,

Pliocene to recent in age, which have become more silicic and less

explosively eruptive in time (MacDonald, 1966).

R. H. Dott of the University of Wisconsin and his graduate students

have been working along the southwestern Oregon coast since 1959.

Their studies, and the studies of others, have been instrumental toward

developing an understanding of the tectonic processes occurring in

this area. The following analysis is a very brief summary of the

results (Dott, 1965, 1969, 1971; Bailey, 1964; Blake et al, 1967;

Coleman, 1971; Davis, 1967, 1968; Ernst, 1970; Hamilton, 1974; Hsu,

1971; Hamilton et al., 1966; Irwin, 1969, 1966; Koch, 1966; Schwab,

1963; Snavely and Wagner, 1963; Taliaferro, 1942).



The Kiamath region occupied the western side of a late Jurassic

volcanic arc-tectonic region, with a trench axis slightly west of the

present coastline0 The Dothan formation, the oldest rocks observed

in this region, is believed to have been formed in this type of

environment0 By comparison, the Franciscan of California is similar

in composition and origin but younger in age. The Dothan formation

has been dated from rhyolite flows as at least 149 m.y. old. The

next rocks to be deposited were the Rogue (abundant volcanics) and

Galice (black slate) formations. These strata have a minimum age of

140 m.y., as both have been metamorphosed by the Jurassic Nevadan

Orogeny (125-150 m.y.). It is believed that these rocks were deposited

at or near the continental margin, since the mineralogical composition

of their volcanic constituents is very similar to the composition of

present-day arc-volcanic products.

The Otter Point formation also predates the Nevadan Orogeny, has

Jurassic Franciscan equivalence, and lies entirely west of the Dothan

formation. Its members include intensely sheared and broken strata of

mudstone, graywacke, conglomerate, chert, volcanic rocks, along with

serpentinite pods and diorite masses, It was most probably formed

on an oceanic crust.

The late Jurassic Nevadan Orogeny was a major tectonic event

observed along much of the east Pacific rim and seems to reflect a

climax in sea-floor spreading activity and is characterized by intense

metamorphism and plutonism. Sea-floor spreading from an oceanic

ridge to the west carried oceanic basalts and abyssal plain sediments

eastward to be thrust beneath the seaward edge of the margin and
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tectonically mixed with the lower slope sequence, oceanic basement,

and mantle periodotites. Depression of these rocks in a trench

environment followed by rapid uplift along thrust planes would have

led to a high-pressure low-temperature environment typical of the

blueschist faces. This provides a mechanism to account for the

presence of old (probable Paleozoic) ultramafic materials. The

Galice formation underwent zeolite and lower greenschist metamorphism

with quartz diorite intrusions. The Dothan formation was meta-

morphosed differentially south to north to the Colebrooke Greenschist

and some authors feel that there is a thrust relationship between

the two. The Otter Point formation experienced extensive shearing.

Intensive thrust faulting was the dominant tectonic process

occurring during the Cretaceous, with underthrusting and volcanism,

which indicates continued structural mobility. Broad folding and

faulting is very prominent in the Otter Point and Dothan formations.

This deformation culminated in extensive low-angle thrusting in the

mid-Cretaceous which is highly visible along the Oregon-California

coastline. Large-scale imbricate thrusting has displaced upper

mantle material, and moved the overlying strata at least 25 miles

in some locations.

During the late Cretaceous, a period of relative stability

occurred which allowed erosion and inundation by transgressive seas

with some downwarping which may be due to increased sedimentation.

Post-Eocene vertical faults and shear zones developed after this

quiet period, which imprinted distinctive north-northwest structural
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trends on the older convex pattern along all the margin and coastal

regions of northern California and southern Oregon. The Franciscan

rocks of northern California were structurally juxtaposed against

the older Dothan-Otter Point rocks to the north, where the California

coast range lies against the Kiamath Province0 Some of these shear

zones, such as the Port Orford Shear, are quite prominent offshore0

This shear is characterized by brecciation, overturned strata, and

mixing of rocks0 Seismicity and disturbed overlying younger strata

indicated that motion continues on some of these faults today0

Along all of the coast, especially in the northern and southern

areas, elevated Pleistocene marine terraces can be observed; these

have resulted from the multiple Pleistocene eustatic sea-level

changes0 These terraces are superimposed upon continued Plio-

Pleistocene uplift of the Coast Range, particularly at Capes Arago

and Blanco, where the most rapid rates of uplift on the west coast

are observed0

The Wide-Angle Reflection Technique

A wide-angle reflection (WAR) profile refers to records

containing both wide-angle reflection and refraction returns (Figure

5). A reflection profile refers to a single-channel marine seismic

reflection record.

The practice of simultaneously recording wide-angle reflection

and vertical reflection profiles provides a means of acquiring struc-

ture and velocity information from single channel seismic data0 In
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addition, this method is economical in comparison to the two-ship

refraction method, since only one ship is involved and in comparison

to the common depth point method since less equipment and processing

is required0 If all instrumentation is functioning properly, WAR

data is easily obtained while the ship is underway. The theory

involved is well-documented (Dix, 1955; LePichon et al,, 1968;

Dobrin, 1976; Maynard, 1974; Sutton, 1973; and Wrolstad, 1978).,

The technique utilized by the Geophysics Group at Oregon State

University (OSU) for analyzing the wide-angle reflection profiles

used in this study is the method described by LePichon et a10 (l968)

A Bolt PAR airgun of 300 cubic inch capacity with a firing

rate of sixteen seconds was used as an energy source. This large

chamber is used for penetration to deeper layers in deeper water,

although a smaller chamber is desirable for the resolution of fine

structures in shallow water sediments,. This source was towed 6 to 10

meters behind a ship underway at a speed of seven knots. This speed

was chosen as a compromise between a slow speed, which allows greater

density, and a fast speed, which increases trackline coverage.

Compressor air is supplied at a pressure of 1800 to 2000 psi from a

Chicago Pneumatic Compressor.

A military sonobuoy (model AN/SSQ-4lA) is deployed with four

hydrophones suspended eighteen meters below the sea surface to di-

minish wave noise0 Sonic information detected by the sonobuoy is

transmitted back to the ship. The radio signal is received by a

modified VHF band (154-172 mHz) radio which is tuned to the frequency

band of the sonobuoy. Reception is enhanced by the use of a Yagi
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directional antenna. For all data used in this study, course, and

ship speed were constant throughout each recording.

The vertical reflection signal is received by an Aquatronics

streamer cable 30.5 meters long towed behind the ship at a depth of

about 6 meters, Hydrophones are spaced every .3 meters, with

alternate hydrophones on different channels and are encased in a

flexible vinyl tube filled with neutral density fluid to provide

coupling to the water.

The unfiltered signal was recorded on magnetic tape using a

multichannel tape recorder with channels for time clock, flutter

compensation, recorder motor drive, trigger pulse, streamer, and up

to three sonobuoy data channels, Y7507B data was recorded on a seven

track Teledyne Geotech RM-l00 direct-record tape recorder, and

W7708C data was recorded on an eight track Vetter tape recorder.

The wide-angle reflection profile and the vertical airgun

record are filtered and displayed visually during acquisition on two

EPC graphic recorders which key the airgun signal and continuously

sweep (eight seconds, Y7507B, four seconds, W7708C) the entire record.

Bathymetry is recorded on a third EPC recorder, using a 3,5-kHz

Raytheon transducer as sound source. In the laboratory these records

are played back and filtered to optimize the desirable signals. Once

a suitable record has been obtained, arrivals are hand-digitized and

subsequently analyzed for velocity information using the method of

LePichon et al,, (1968) with computer programs described by Wrolstad

(1978).
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INTERPRETATION OF MARINE SEISMIC PROFILES

Marine seismic data from cruises Y7507B and W7708C, obtained

by the methods described in the preceeding section and analyzed for

their structural and velocity data, are presented in this chapter.

Each seismic line (Figure 3) was shot perpendicular to the

coastline and extended across the entire continental margin, and

acquired data from the inner shelf, upper slope, lower slope, and

base of slope regions0

Seismic lines are presented in the form of record, time, and depth

sections. Record sections are unretouched photographic reproductions

of the original airgun profile record, while time sections present

the line drawing interpretation of the seismic profile with the

velocities obtained from the sonobuoy (SB) data. Presentation of the

sonobuoy WAR records and their interpretations may be found in the

appendix. Depth sections are calculated from vertical reflection times

obtained from the record sections and velocities yielded by the sono-

buoy WAR data.

A summary of the wide-angle reflection data is found in Table 1.

Refraction data is contained in Table 2, while Table 3 is a compila-

tion of all the velocity-depth information obtained by both methods.

An assumed velocity, symbolized by ( ), represents a velocity

estimated from the geological and geophysical characteristics of the

layer. An apparent velocity, [ ], is uncorrected for the dip of

the layer, while a true velocity, * implies some knowledge of the

dip. All velocities are in km/sec. A velocity obtained from wide-

angle reflection hyperbolas is presented without symbols.
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Central Oregon Margin Line

During July of 1975 a seismic line was shot across the central

Oregon abyssal plain and continental shelf off Florence from 43.75°N

126.6°W to 43.75°N 124.20°W, a distance of nearly 160 km (Figure 6,

Table 3). Three sonobuoys, SB 59, SB 60, and SB 61, were deployed

over the abyssal plain up to the base of the continental

slope.

SB 59 was dropped at the western end of the line and shows three

sediment layers (1.60, 1.81, and 2,01 km/sec)., The acoustic basement

interface is very strong and velocities below this boundary were

obtained from refraction arrivals. The velocity immediately below

this boundary is 4.62 km/sec for a section 1 .71 km thick. Under-

lying this is a thinner (1.02 km) section with a velocity of 6.03 km/

Sec. The arrival from the deepest layer at a depth of 3 km below

the water-sediment interface yields a velocity of 7.65 km/sec.

SB 60 was dropped at 48 km immediately landward of SB 59.

Velocities obtained from reflections were 1.74, 1.95, and 2.10 km/sec

and a 2.78 km/sec arrival was determined from a refraction. The

refraction velocity obtained here for the basement layer was 4.79

km/sec for a layer .21 km thick, and it is underlain by material

with a refraction velocity of 6.42 km/sec.

SB 61 was deployed over the thickest portion of the sedimentary

wedge. Sediment velocities of 1.74, 1.77, and 2.72 km/sec were

obtained from wide-angle reflection hyperbo1a, and a basement

layer velocity of 4.86 km/sec was observed as the first refraction
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arrival. The deepest refractor observed here has a velocity of

5.63 km/sec at a depth of 5.5 km below sea level.

The average basement velocity obtained from these three sonobuoys

was 4.75 km/sec and the average observed sediment velocity was 2.02 km/

sec, although the 2.72 and 2.82 km/sec values may have inflated the

average. Although sediment layers cannot be followed from sonobuoy

to sonobuoy in all cases, the velocity structure of the surface

sediment layers is quite consistent.

Because of an airgun malfunction, the structure at the base of

the slope-continental margin juncture could not be determined.

SB 63 was dropped over the continental slope and received arrivals

from a single sediment velocity layer of 1.65 km/sec for this dipping,

somewhat deformed environment. Imediately landward of this sonobuoy

is the steep, rather prominent (500 m relief) escarpment just seaward

from the shelf-slope break, SB 64 was deployed over a tight synclinal

fold between this structural feature and another uplifted folded arc

adjoining it. Velocities of 1.61 and 1.77 km/sec were obtained from

wide-angle reflections in this narrow (2 km wide) basin and refraction

velocities of 2.14 and 3.32 km/sec were obtained from layers in the

basin too deep for detection on the profiler record.

Seismic Line Li

Seismic Line Li was the southernmost line recorded and extends

from 40.5°N 125.3°W, to 405°N 124.4°W,46 km across the northern

California continental margin between Cape Mendocino and Eureka

(Figure 7, Table 3).
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The depth at the western end of the profile is 2711 m and

while the bottom shoals very gradually to the base of the slope, the

subsurface sediment layers dip downward, with the dip angle

increasing with depth. A sub-bottom sediment wedge is present at

the western end of the profile and thickens eastward toward the mar-

gin. Minor deformation occurs under SB 1. Near the base of the

slope deformation is quite pronounced and affects the entire seismic

section. Distorted reflectors imply deformation by compressional

forces. Alternative explanations for the disturbance of reflectors

observed here are river fan deposits from E1 Canyon, large sub-

marine slumps caused by earthquake activity, or large turbidity

current deposits.

SB 1 was deployed over the seaward edge of the sediment wedge,

20 km west of the base of the slope. The sedimentary layer overlying

the wedge yielded an interval velocity of 1.99 km/sec. The thick

layer containing the wedge has a velocity of 2.l'5 km/sec and overlies

an opaque layer with a velocity of 3.14 km/sec. The deepest and also

the most steeply dipping layer gave a true velocity of 5.15 km/sec.

The reflection profile suggests that the sedimentary section has

been folded, faulted, and incorporated into the slope. The lower slope

area is exceptionally steep and has rather prominent anticlinal struct-

ures which extend halfway up the slope. The sediment layers are

remarkably continuous and drape smoothly over the features of the

upper slope.

The slope ends at a structural high which marks the shelf-slope

break. A synclinal basin extends from this high and is filled with

sediments which dip landward.
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Seismic Line L2

Seismic line L2 (Figure 8) extends from 4L23°N 124.30°W to

41.23°N 125.lO°W across the northern California continental margin,

is 47 km in length, and crosses the southern portion of the Kiamath

Plateau (Figure 3).

The Kiamath Plateau is a marginal plateau (Shephard, 1973;

Spigai, 1971; Silver, 1969a, Bales and Kulm, 1969) which is 25 to 30

km wide and 700-1500 m deep. This structure slopes gently to the

southwest and is the largest bench feature found on the northern

California-southern Oregon continental margin (Figure 3).

SB 3 was deployed at the eastern end of this profile at the shelf-

slope break and shows a single sediment velocity of 1.66 km/sec from

reflections. The base of this layer wedges out at 9 km between the

surficial and underlying sediments. From this point at 10 km to the

beginning of Klamath Plateau at 15 kni, the surface of the upper slope

is very lumpy and disturbed but is underlain by at least two smooth

and continuous reflecting layers. Velocities for these layers were

obtained from SB 4, which was deployed at the eastern end of Kiamath

Plateau. The outer slope surface dips beneath the surface sediments

of the plateau. These surface sediments yield n interval velocity

of 1.77 km/sec. The underlying layer, which includes the outer slope

strata, shows an interval velocity of 1.92 km/sec. Beneath this layer

is the deepest layer which could be seismically determined, with

an interval velocity of 2.63km/sec.
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The floor of Kiamath Plateau displays three prominent anticlinal

features whose origin is uncertain. The basin associated with the

anticline at 20 km has experienced eastward movement of the depositional

center in time as shown by the wedge-like character of overlying

sediment layers. The two small middle basins show draping of uniform

sediment layers but not deformation, an indication that the adjacent

anticlinal structures have moved upward since all but the uppermost

layers were deposited. The third, westernmost anticline forms the

outer edge of both the mid-slope area and the Kiamath Plateau. The

lower slope region contains more of these folded features, The

depositional history of the most landward basin is complex and is

controlled in part by the anticlinal folds. A small surface sediment

channel cuts the bench surface over the anticline. The lower slope

area is quite steep and lacks appreciable sediment cover.

SB 5 was deployed over the sediment wedge at the base of the slope

and recorded arrivals from within the thick sedimentary wedge.

Velocities of 2.13 and 2.75 km/sec were obtained from wide-angle

reflections, and velocities of 3.00 and 5.68 km/sec from refracted

arrivals. Deformation and dip increase with depth. Seismic pullup

of reflectors at the lower slope junction is due partially to higher

overlying velocities and partly to structure.

Seismic Line L3

Seismic line L3 (Figure 9) was shot from 4l.58°N 125,24°W to

41.58°Nl24.28°W on the northern California continental margin and
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extends across the northern end of Kiamath Plateau (Figure 3) for

a total length of 48 km0

SB 6 was deployed over the sedimentary prism at the base of the

continental slope and yielded reflected interval velocities of 2.13,

2.63, 3.02 and 3.32 km/sec for four layers whose thicknesses vary from

.35 to .59 km and show dips which increase with depth. The basal

layer overlies a layer which shows deformation by steeper dips, rougher

character, and the lack of continuity of the reflectors. A refraction

velocity of 4.42 km/sec was observed for this deeper layer, which

appears to dip beneath the margin whereas the sedimentary layers above

it seem to abut against the base of the lower slope. It is possible

that some of these layers might be folded into the slope at this

point but this is difficult to determine from the profile.

The lower slope is steep and lumpy in character, and a fairly

prominent ridge has developed at its base. Diffraction hyperbolas

are observed.

The Klamath Plateau is separated from the lower slope by an antL-

dine which forms the outer shelf high, Immediately landward of this

feature at 16 km is a block which appears to have been downdropped

(or not yet uplifted) since it is bounded on both sides by faults and

the depression above it shows no sediment deposition. SB 7 was

deployed over a 5 km wide basin between this feature and an anticline

at 25 km. This basin forms the toe of the Klamath Plateau. Three

sediment interval velocities of 1.73, 1.96, and 1.99 km/sec were

obtained, but the latter values probably represent reflections within

the same layer. The surface sediment layer may be followed over the



35

anticline and through the remainder of the plateau for a distance

of at least 13 km, while the lower two layers pinch out against the

anticline.

Several episodes of deposition and tectonism may be observed

within the plateau. Beneath the thick, horizontally layered surface

sediments which are continuous throughout the feature is a thinner

layer which displays some deformation (particularly at 33 km) and

tighter, more compact reflectors which pinch out at the eastern

end of the anticline, Below this is another layer, even more deformed

which appears to form the anticline. Seismic velocities of the base-

ment of the plateau could not be determined.

The inner shelf area landward of the plateau is very difficult

to study because of bottom multiples. Beneath the shelf a blocklike

feature which extends from .5 sec to 1 sec is observed which, until

recently, has experienced uplift.

Seismic Line L4

Seismic line L4 extends from 42.39°N 124.58°W to 42,39°N l25.28°W,

crosses the southern Oregon continental margin perpendicular to the

Oregon coastline, and is 43 km in length (Figure 10).

The synclinal upper shelf basin observed in this profile displays

disturbed and discontinuous reflectors. SB 8 was deployed near the

western edge of this basin and recorded refracted arrivals only

(Figure 26, Table 2). An assumed surface sediment layer velocity

of 1.66 km/sec was used for the interval down to the first refracted
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arrival of 2.09 km/sec apparent velocity. This thick (1 km) sedimentary

section overlies a rather thin layer of 2.80 km/sec material, which

in turn overlies the deepest refracting layer which has a 3.63 km/sec

apparent velocity.

The shelf-slope boundary observed here is very broad and gentle,

with no apparent acoustic interfaces. The upper slope region displays

a very smooth bathymetric surface but the underlying reflectors show

considerable deformation.

The lower slope area is distinguished by two large, very prominent

mounds which appear to have been uplifted and are devoid of sediment

cover. The eastward mound at 22 km has a small sediment pond behind

it which contains very little recent sediment. The sediment there

has been deformed, an indication of movement on possible faults

bordering the blocks, These fault-bounded blocks influence

the structure of the upper slope region. Such

mobility is indicated by the prevalence of disturbed

sediments in the upper slope region.

SB 10 was deployed at the base of the lower slope directly over

the seaward flank of the westernmost uplifted block, and yielded a

single 2.25 km/sec layer from reflections and a 2.68 km/sec layer

determined from refractions.

The thick upper sediment layers on the abyssal plain terminate

at the lower slope boundary. The apparent pullup of reflectors

beneath the slope is an arrival time advancement due partially to

the replacement of a portion of the water column (1.5 km/sec velocity)

with lower slope material (2.25 and 2.68 km/sec velocities) and



partially to an increase in subbottom velocities. The presence of

the higher velocity lower slope material causes reflected arrivals

to advance over those from the adjoining ab,yssal plain and results

in an upward curvature of the reflectors.

Seismic Line L5

Seismic line 15 begins at the lower slope of the southern Oregon

continental margin at 42.50°N 125.02°W, continues eastward to 4255°N

124.67°W, and turns north to end at 42.75°N 124.67°W. It is 37 km

in length (Figure 11),

The lower slope in this region is quite steep and is distinguished

from the upper slope by a sharp change in dip and lack of sediment

cover, No benches, basins, or plateaus are present A small ridge

rises above the average slope at 8 km0

The upper slope displays a bench feature covered by layered and

gently dipping sediments which are cut by a longshore channel at

17 km. This channel does not extend to basement. Reflectors in the

material underlying the bench are roughly parallel with those in

the overlying sediments.

The outer shelf structural high nearly crops out at 20 km and

forms the seaward boundary for an inner shelf synclinal basin. The

course change to 354° provided a longitudinal profile of the basin

showing it to be synclinal to the north. SB 12 was deployed shortly

after this course change and gave excellent results (Figure 11,

Tables 1,2). Four reflection velocities were observed, along with four
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refraction velocities. Three reflections are from the sediment

layers and one refraction gave a true velocity of 3.98 km/sec from

below the basin. Reflections are continuous and can be followed

across the basin from structural arch to structural arch. Several

depositional episodes are represented. At the northern end of the

line, folding increases. Unfortunately, multiple and bubble pulse

interference increases at the north end of the line and the structure

is more difficult to determine. Deformation seems to have affected

most of the layers in the form of gentle compressional folding but

little evidence exists for faulting.

Seismic Line L6

Seismic line L6 crosses the southern Oregon continental margin from

42.78°N 124.66°W to 42.78°N 125.22°W (Figure 12). A shelf basin 10

km wide is located at the eastern end of the profile and is slightly

concave in both its subsurface and bathymetric expressions. At 4,5

km the basin is cut by a deep channel which extends through the upper

layers. What can be seen of the floor of the basin is quite rough

with draping of all but the uppermost sediment layers. The structure

suggests recent deformation of the surface.

Sonobuoy 13 was deployed at the eastern end of this basin in a

water depth of 133 m (Table 3). Superposition of multiples and the

bubble pulse due to shallow water depth permitted analysis only of

refractions. For the upper sediment layer a velocity of l66 km/sec

was assumed and a dip of -2.0° was measured. Two refractors yielded

velocities of 1.93 and 2.79 km/sec, respectively (Table 2). Since
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the vertical profile indicated a gradually increasing downward dip

with depth, dips of -3O° and 4,O0 were chosen for these layers. It

was not possible to follow these units across the basin with any

certainty0

The structure dips seaward sharply away from the outer shelf high0

The midsiope region displays no basinal features but does include a

narrow (3.6 km wide) structurally controlled bench0 The slope above

this bench displays several structural highs which appear to be slump

scarps, since no corresponding disturbance is seen in the underlying

acoustic layer0

Sonobuoy 14 yielded wide-angle reflection arrivals from this

portion of the slope, and gave an interval velocity of 2.11 km/sec for

the slumped sediments above the sharply dipping interface. Reflection

returns from this layer are coherent and may be traced through the

bench to a mid-slope structural high which allows sediments to accumulate

behind it.

The lower slope area is very rough, with little appreciable recent

sediment cover. Diffraction hyperbolas are numerous and persistent

while the acoustic basement exposed here displays a faulted character.

Seismic line L7

Seismic line L7 extends from 42,80°N 125.2l°W to 42,80°N l24.80°W.

is 27 km in length, and crosses the southern Oregon continental margin

(Figure 13). It extends from the base of the lower slope to the inner

shelf basin.
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The lower slope area is very rough and devoid of sediment cover,

At 6, 7, and 8 km narrow steps, bounded by diffraction patterns, are

observed. These structures have been either uplifted or downdropped

along their seaward edges. The step at 10 km forms the seaward

boundary of a sediment covered mid-slope bench. The basement of this

bench has been highly deformed and may be an extension of the material

composing the upper slope. Overlying this basement is a layer of

deformed sediments upon which horizontally layered, undeformed

sediments have been deposited, possibly by downslope transport.

The upper slope is smooth and quite steep, with several disting-

uishable layers in the upper .25 seconds of arrivals beneath the water

bottom, and is separated from the inner shelf basin by several sub-

surface structural highs.

Inner shelf basin development on this profile is not distinct

but appears to be both folded and faulted with some overlying

undi sturbed sediments.

Sonobuoy 17 was deployed at 19 km and received arrivals from a

structurally folded feature at 20 km. Refracted arrivals only were

observed. A sediment velocity of 1.66 km/sec was assumed for the

interval above the first refracted layer, which gave a velocity of

2.07 km/sec. These layers overlie 2.50 km/sec material.

Seismic Line L8

Figure 14 shows seismic line L8, which is 25 km in length and

extends from 42.8°N l24.7°W to 42.8°N 125.21°W. The shelf break
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on this profile is not distinct and the bathymetry is rather convex.

Subsurface reflectors suggest a slight basinal structure. Although

it is difficult to determine the character of the younger sediments

from the record, they do not appear to be disturbed but, rather, are

represented by gently dipping layers.

Sonobuoy 17A, at the eastern end of the profile, was analyzed

for refractions only, using an assumed sediment velocity of 1.66

km/sec. The first refracting layer has a velocity of 2.20 km/sec

and a dip of -2.0°, while the second layer exhibited a vel'city of

2.79 km/sec with a dip of -2.5°. (Table 2). These acoustic ayers

could not be traced across the basin.

There are two structural highs In this area, one located

beneath SB 18 and a more sharply delineated, possibly younger struc-

ture at 17 km. SB 18 showed an interval velocity of 1.94 km/sec for

a layer 174 m thick which dips at -2.0°. Sediments are ponded between

the two highs, and the lower layers display marked deformation.

Diffraction hyperbolas are evident on the landward side of the outer

structural high. Also, draping of sediments indicates upward relative

movement of the outer high.

From this outer high the margin drops off steeply to a mid-slope

bench, which displays very disturbed deeper reflectors. SB 19 was

deployed here and shows a sediment interval velocity of 2.00 km/sec.

The velocities and standard deviations from SB 18 and SB 19 are

comparable, suggesting that sediment overflows from the pond behind

the outer structural high and spills down the slope to become trapped

on the bench.
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The lower slope is rough and devoid of surface sediment cover and

while it does not dip as steeply as the upper slope region, it is

much rougher in nature. SB 20 was dropped over this slope and yielded

a velocity of 2.50 km/sec in an interval 248 m thick. The remainder

of the lower slope shows very limited acoustic structure with litt1e

but the sea bottom being clearly defined.

The abyssal plain displays uniform horizontal sediment reflectors

half a second thick overlying a somewhat more disturbed lower section.

The apparent continuation of these reflectors under the lower slope

suggests that the reflection representing the toe of the lower slope

is a diffraction.



DISCUSSION

The purpose of this chapter is to integrate previous knowledge

of the geological environments with geophysical data obtained from

this study and to summarize the major tectonic features observed.

The discussion concerns the abyssal plain, lower slope, upper slope,

and inner shelf basin environments and the lithologies, velocities,

and structures associated with them.

Abyssal Plain

The central Oregon margin line (Figure 6) includes 100 km of the

abyssal plain up to the continental margin, The upper sediment layers

are thin and horizontally layered and show an average velocity of 2.02

km/sec, increasing from 1.60 km/sec to 2.78 km/sec for the strata

overlying the acoustic basement layer. These sediment layers represent

terrigenous turbidite and pelagic deposits (Kuim et al, 1973).

The Columbia river basin and the Kiamath Metamorphic Province

are the two major source areas for sediments found in the Gorda and

Cascadia basins and along the continental margin. Terrigeonous material

is transported by turbidity currents across the continental margin

through a complex system of canyons and channels to be deposited

upon the abyssal plain (Duncan, 1968; Spigai, 1971).
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DSDP site 174 was drilled as the foot of Astoria Fan (Figure 3)

on magnetic anomaly 5 (8 my.). The oldest sediments in this hole

consisted of muddy limestones overlain by Plio-Pleistocene clays upon

which late Pleistocene graded sands from the Kiamath Metamorphic

Province were deposited (von Huene et al, 1973). Columbia River

input reached this site 15 m.y. ago, and constructed the sequence of

fan turbidites. Before this time, it is thought that no avenue of

transport across the margin existed, and that sediments were thus

trapped on the slope.

The basement layer of Cascadia Basin, as profiled by the central

Oregon margin line, has an average velocity of 4.75 km/sec and is

representative of oceanic layer 2. At a depth of 6 km at SB 59,

material of velocity 7.65 km/sec is observed which could represent

mantle material since it is similar to the shallow mantle velocity of

7.7-8.0 km/sec observed by Shor et al (1968) near this area0

Sonobuoys 60 and 61 do not show this refractor; SB 60 does show

a layer of 6.42 km/sec (oceanic layer 3) and SB 61 a layer of velocity

5.63 km/sec.

During the Pleistocene, Gorda and Cascadia Basins were connected

with respect to sediment transport, as seen by the distribution of

turbidite types (Duncan, 1968). During the glacial periods, sands

were transported down Astoria canyon, across Astoria fan, and

southward into the Gorda Basin, Columbia River sands have also been

observed in a depression on the south side of the Blanco Fracture

Zone.
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In the Gorda Basin, the thickest sediments are observed in an

L-shaped trough along its eastern and southern sides (Figure 2),

Seismic Line Li profiled 27 km of this trough up to the continental

slope and detected a very thick sedimentary prism associated with

this feature.

Seismic line Li (Figure 7) shows marked evidence of compression

both at the base of the slope and within the wedge farther to the west.

This 781 m thick sediment layer of interval velocity 2.15 km/sec

thickens to the east with a dip of -3.19° (Table 1) and is overlain

by a thick section of 1.99 km/sec sediments which in turn either

become deformed or wedge out. Sediment velocities observed here

differ from those noted for the central Oregon margin line in Cascadia

Basin, partly due to the difference in sedimentary source.

The primary sediment source for the Gorda Basin is the Kiamath

Metamorphic Province (Duncan and Kuim, 1968). Late Pleistocene

deposits derived from this source consist of lithic, arkosic, and

volcanic sands with a considerable portion of young feldspar

fragments. Beneath this is a rather steeply olipping

layer of velocIty 5.15 km/sec material (Table 2) whirh

could represent a rather low-velocity oceanic layer

(Shor et al, 1968).

At the base of the continental slope the abyssal plain comes in

contact with the lower continental slope. Sonobuoys 5 and 6 determined

velocities in the abyssal plain sediments, while seismic lines 1, 2,

3, 4, and 8 show sub-bottom layering.
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Sonobuoys 5 (Figure 8) and 6 (Figure 9) determined velocities

in the sediment wedge off northern California at two locations 21 km

apart along the margin0 Remarkable correlation for shallow layers

was found between the records (Tables 1, 2, 3). The velocity column

at SB 5 shows velocities of 2.13, 2.63, 3.00 and 5.68 km/sec, while

the velocity column at SB 6 shows velocities of 2.13, 2.63, 3.02,

3.32, and 4.42 km/sec.

Seismic returns from the sediment wedge at the base of the slope

are often complex and difficult to resolve. Kulm and Fowler (1974)

discussed the use of seismic records in determining the nature of this

contact and concluded that single-channel records can be used to detect

deformation in abyssal plain sediments, but multi-channel data is

necessary to resolve basement deformation.

Silver (l969b) observed that the structural depression at the

base of the slope off northern California is filled with undeformed,

horizontally layered turbidites overlying poorly layered pelagic

sediments which in turn drape conformably over the basement. The

basement itself shows no deformation.

Seismic lines Ll, 12, and L 3 (Figures 7, 8, 9) show the sedi-

ment wedge. Line Ll shows considerable deformation throughout the

seismic record especially near the base of the slope. Seismic

Lines L2 and L3 show a well-layered sedimentary section overlying an

acoustic basement which indicates deformation of the deepest observable

layers. Seismic line L4 (Figure 10) shot at the base of the southern

Oregon continental margin, displays horizontally-layered sedimentary

deposits overlying a deeper disturbed section, Seismic line L8,



52

obtained just north of Cape Bianco on the southern Oregon continental

margin, shows a disturbed basement beneath flat-lying well-bedded

sediments which abut against the base of the slope0 Kuim and Fowler

(1974) also noted that off southern and central Oregon, basin sedi-

ments terminate, undeformed, abruptly against the lower slope.

Lower Slope

The lower slope is the portion of the continental slope ininediately

landward of the abyssal plain and is separated from the upper slope by

a scarp or ridge feature and a sudden change in dip of the sediment-

water interface0 The lower slope is characterized by rough topography,

numerous diffraction hyperbolas, and little appreciable sediment cover0

Small basins are not always present0

Seismic Line Li (Figure 7) drops off directly from the outer slope

to the lower slope and abyssal plain, and exhibits a fold at the base

of the slope composed of folded abyssal plain sediments0 Silver

(1969b, 197la) noted a thick section of folded Gorda Basin sediments

at the base of the slope, and concluded that the Gorda Basin is being

deformed and uplifted as part of the continental slope. Seismic line

Li (Figure 7) also shows some evidence of this process0 von Huene and

Kulm (1973) observed the same process occurring off the coast of

central Oregon where Cascadia Basin sediment is being upwarped to form

the first fold at the base of the slope0

All three of the profiles shot near Cape Blanco display a

prominent mid-slope bench which is not obvious on the bathymetric map
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(Figure 3). The lower slope itself is quite rough, with little

recent sediment cover. The bench is formed from possible slumped

sediments deposited landward of an outer slope high. On seismic line

L6, the basin is bounded upsiope by what appear to be slump scarps.

SB 14 was deployed over one of these scarps and yielded an interval

velocity of 2.11 km/sec. SB 19 was deployed over the bench on seismic

line L8 (Figure 14) and yielded an interval velocity of 2.00 km/sec.

The basement of this bench is very rough and broken, and its landward

boundary on L8 is formed by a very steep escarpment dropping away

from a shelf high. Seismic line L7 (Figure 13) shows the same bench

feature with minor slumping upsiope from the bench.

In general, measured velocities are low and indicate that shallow

or near-surface lower slope materials are sediments or indurated

sediments.

Upper Slope

The upper slope of this margin is usually separated from the

lower slope by a scarp, ridge, or structurally controlled topographic

high with a sharp slope break. The outer slope structural high, in

general, is often composed of several tight folds and may have an

acoustically unresolvable basement with discontinuous, tightly

curved reflectors (Colbourn and Moberley, 1976; Kuim and Fowler,

1974). It is not unusual to observe on the seismic lines of this

study several anticlinal structures separating areas which represent

several deformational episodes (see Figure 8, seismic line L3) within
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the upper slope. The upper continental slope area is characterized

by benches, basins, and low hills, and in some places is continuous

with the lower slope from the outer slope high (Figure 7, seismic

line Li).

Seismic line L2 displays the prominent anticlinal features of

both the lower and upper slopes, and the broad upper' slope Kiamath

Plateau, whose subsurface exposure is separated into individual

anticlinal folds which control the structure of the basin behind it,

SB 4 was deployed over the most landward of these basins and shows

a surface sediment interval velocity of 1.77 km/sec. Spigai (1971)

observed that these sediments are derived from the Dothan formation

(Figure 4) and include portions of fine mudstones and siltstones which

have been uplifted from the lower slope. This layer is underlain by

a steeply dipping sedge-shaped layer which has an interval velocity

of 1.92 km/sec and a basal sediment layer of 2.63 km/sec. The

velocity of the anticline could not be determined.

Seismic line L3 (Figure 9) crosses the northern end of the Kiamath

Plateau and shows interval velocities for the most seaward basin of

1.73, 1.96, and 1.99 km/sec. The Plateau is separated from the outer

high by a narrow depression underlain by a subbottom anticline.

Seismic lines L4 (Figure 10) and L5 (Figure 11) display upper slope

areas which are continuous with the lower slope. In seismic

lines L6, L7, and L8 the outer high takes the form of a steep scarp

which separates the inner shelf basin from the upper slope. The

upper slope displays the characteristic anticlinal topography over-

lain by slumped sediments and is separated from the lower slope by a
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bench which is structurally controlled and covered by slumped

sediments.

The central Oregon margin profile south of Heceta Bank displays

very tight folds rather than anticlines on the upper slope and yielded

sediment velocities of L61 and L77 km/sec0 Under these sediments

lies a thick layer with a refraction velocity of 2l4 km/sec beneath

which rocks with a velocity of 332 km/sec were observed.

In general, upper slope velocities are slightly higher than lower

slope velocities possibly as a result of increased induration0

Inner Shelf Basin

The inner shelf basins were formed when the outer shelf highs

were uplifted0 Subsidence of the inner continental shelf formed a

broad, shallow basin which filled with Plio-Pleistocene shallow water

sediments (Kuim and Fowler, 1971). Off the southern Oregon coast

the inner shelf is underlain by folded and faulted sedimentary

units which are products of the Kiamath Metamorphic Province (MacKay,

1969; Bales and Kulm, 1969) (Figure il) Spigai (1971) suggested

that folded and faulted Tertiary and pre-Tertiary rocks which crop

out in the coastal region extend offshore to underlie the shelf and

upper slope0

Seismic line Li (Figure 7) crosses the western end of the inner

shelf basin off northern California0 Older sediments are seen to dip

landward away from the outer high and are unconformably overlain by

more recent sediments which wedge out against the high0 SB 3 on seismic
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line L2 (Figure 8) measured a surface sediment velocity of L66 km/sec

for the inner shelf basin approaching Kiamath Plateau0 Seismic line

L3 profiled 8 km of the shelf basin at the southern end of the plateau

and observed a truncated block at 45 km bounded on both sides by

reflections which dip steeply away from the block, This could represent

Mesozoic strata which has been truncated by erosion and covered by

Pleistocene sediments (Kuim and Fowler, 1974).

SB 8 obtained refraction arrivals of 2O9, 28O, and 363 km/sec

within the inner shelf basin off southern Oregon0 SB 12 (Figure 11)

was deployed over the shelf basin and the reflection record clearly

shows the folded natutof the strata underlying the basin. Observed

velocities were l74, l97, 227, 2q44, and 3q98 km/sec. SB 13,

dropped to the north of this line over the basin, showed velocities

of l93 and 279 km/sec. On this profile (Figure 12) an unconformity

is visible near the shelf-slope break and a deep channel or canyon

cuts the basin at 8 km0

Scnobuoys 17 and 17A recorded refraction arrivals from the anti-

dine forming the outer high near Cape Blanco0 Average velocities of

214 km/sec overlying a layer of 2q65 km/sec were observed, and

probably represent older folded sedimentse Silver (l971a) obtained

dredge samples from such a structural ridge off northern California0

Bathyal fauna present indicated uplift from a much deeper environment

than that from which it was collected.

The inner shelf basin is separated from the upper slope by a

shelf break which is formed from uplifted sedimentary material0 The

basin has been filled with material from terrigenous sources and
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sediments eroded from the uplifted shelf-slope break0 Formation of

this basin restricted the supply of terrigenous sediments to the

lower slope0 Sedimentation on the lower slope commenced when new

avenues of sediment transport to the lower slope formed, or when the

shelf sediments overflowed the structural boundary formed by the

shelf-slope break.

('nni'l IIit-nc

The margin structure examined in this study suggests a formational

process which results in a variety of slope structures between Cape

Mendocino and Heceta Bank Seismic line Li (Figure 7) just north of

Cape Mendocino displays compression and uplift0 This is the only

profile located near the Mendocino triple junction (Atwater, 1970)

and the margin there is influenced by relative motion on or between

the Gorda Escarpment, the Mendocino Fracture Zone, the continental

margin, and the North American Plate0 Seismic lines L2 and L3 show

deformation at the base of the slope, as do lines L4 and L8. At line

Li the sediments of the sedimentary wedge appear to be undergoing uplift,

folding, and incorporation into the continental margin while at L8

near Cape Blanco the sediments abut against the base of the slope0

In addition, the sediment trough at the base of the slope along

the entire margin has a negative gravity anomaly, indicating a deficiency

of mass in this area.

Lines Li and L5 show very steep upper and lower slope with no

mid- or upper slope features, while lines L2 and L3 display fold and



basin structures in their lower slopes. Lines L6, L7, and L8 show

steep, rough lower slopes, separated from the upper slope by a bench.

The morphology of the upper slope region also varies widely,

from the featureless slopes of Li and L5 to the broad structural

Kiamath Plateau (lines L2 and L3) which has prominent anticlinal

basement folds,,

Off southern Oregon, the inner shelf synclinal basins are formed

by continental structures which trend offshore (Kuim and Fowler,

1974; Spigai, 1971), Line 5 shows the highly deformed, folded basin

associated with the Klamath Metamorphic Province formations. This

basin has synclinal expression to the east-west and also to the north-

south, Structures under the central Oregon margin line are controlled

by the coast range Tyee formation, and are quite different in both

structure and stratigraphy in its inner shelf basin This line (Figure

11) also gives evidence of the formation of basins which are not

parallel to the coast

Although there is seismic activity along the margin, it is pro-

nounced only the Cape Mendocino area. The seismic studies of Smith

and Knapp (1977) indicate a dipping zone of seismicity only near

Cape Mendocino, possibly representing interaction between subduction

and strike-slip motion below two lithospheric plates. Notably absent

in this area is the deep seismic activity which defines a Benioff

zone, a' characteristic of a subducting margin. Cape

Mendocino is the site of the proposed triple junction

between the Gorda, Pacific, and North American Plates; seismicity is

nearly negligible north of this location along the continental margin.
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The data presented in this study supports the accretionary-

imbricate thrust models of Kuim and Fowler (1974), Karig and Sharman

(1975), Byrne et.al (1966), Kuim et al (1975), and Moore and Karig976)

Seeley et al. (1974) presented multi-channel seismic records which

suggest that the northward-trending folds which characterize the

margin are the exposed edges of imbricate thrust sheets. The promi-

nent folds near the base of the slope in all the seismic profiles

presented here are probably also imbricate thrust sheets. Uplifted

abyssal plain sediments, deformation of sediment within the structurally

controlled basins, and the presence of basement deformation and com-

pression features at the base of the slope all indicate that abyssal

plain sediments have, in the past, been uplifted possibly by these

thrust planes and incorporated into the continental margin. This

process appears to be continuing today.
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Table 1, Wide-Angle Reflection Data Results

Water Interval 2-Way Travel Thickness DIP°

Sonobuoy Depth, m Layer Velocity,km/seca Time, sec km

59 3017 1 1.595 .025 4.270 .198 .055

2 1.808 .045 4.361 .082 -.031

3 2.010 .010 4.593 .233 .888

60 3014 1 1,742 .056 4.212 .168 -.578

2 1.948 .047 4.391 .175 -1.089

3 2.102 .073 4.632 .253 -3.560

61 3080 1 1.736 .042 4.323 .188 -.600

2 1.769 .024 4.624 .267 -1.183

3 2.724 .268 5.338 .973 -0.917

63 1489 1 1.651 .018 2.099 .094 1.829

64 667 1 1.605 .049 1.134 .197 2.792

2 1.765 .032 1.459 .286 .282

1 2711 1 1.989 .018 4.078 .291 .630

2 2.146 .026 4.806 .781 -3.190

3 3.138 .072 5.561 1.185 -4.90

3 150 1 1.664 .051 .845 .482 -8.293

4 1080 1 1.769 .006 1.597 .152 -.073

2 1,923 .099 1.772 .168 -1.970

3 2.630 .275 1.881 .144 -0.004

5 3075 1 2.134 .261 4.422 .305 .261

2 2.750 .211 4.878 .627 .212

6 3092 1 2.128 .022 4.555 .353 .006

2 2.633 .025 4.949 .517 -2.952

3 3.016 .049 5.250 .454 -1.983

4 3.323 .078 5.603 .587 -2.707

.



Sonobuoy
Water
Depth, m Layer

Interval
Velocity,km/seca

2-Way Travel
Time,sec

Thickness
km DIP°

7 970 1 1.725 .023 1.562 .195 2.700
2 1.955 .047 1.887 .325 -1.922
3 1.984 .494 2.040 .153 -1.270

10 2488 1 2.250 .018 3.876 .521 -.929
12 88 1 1.736 .009 .781 .283 -2.966

2 1.966 .037 . .990 .205 -3.465
3 2.273 .019 1.389 .454 -1.486
4 2.439 .094 1 .646 .313 -4.889

14 901 1 2.110 1.634 .230 -14.780
18 412 1 1.936 .017 .768 .174 -1.999
19 1468 1 2.002 .045 2.751 .728 -5.436
20 2205 1 2.562 .059 3.245 .248 -1.388

'.0



Table 2. Sonobuoy Refraction Data Results

Apparent True Velocity Intercept Time Thickness

Sonobuoy Layer Velocity, km/sec DIP,° km/sec sec km

59 4 4.617 .888 4.617 4.389 1.708

5 5.960 -1.00 6.026 4.837 1.022

6 7.460 -1.50 7.650 5.220

60 4 2.777 -3.56 2.777 4.017 .510

5 4.510 -1.10 4.790 4.590 .206

6 6.420 -- -- 4.830

61 4 4.640 -0.917 4.860 4.820 1.419

5 5.330 -0.917 4.630 5.190

64 3 2.139 0.282 2.139 1.458 3.197

4 3.398 0.282 3.320 3.546

1 4 5.150 -4.900 5.150 5.680 1.185

4 2 1.880 0.004 1.880 .573

4 2.180 0.0 --

5 3 2.998 1.011 2.998 4.171 .672

4 5.790 -- 5.680 4.999

6 5 4.415 -2.700 4.415 7.041

8 1 (1.660) 0.0 -- .155

2 [2.090] 0.0 -- .205 .967

3 [2.800] 0.0 -- .875 .144

4 [3.630] 0.0 -- 1.050

10 2 2.683 -1.550 2.680 2.640

12 5 3Q77 -4.890 3.977 1.300 1,852

13 1 (1.660) -2.000 1.660 .292

2 1.860 -3.000 1.929 .305 .134

3 2.550 -4.000 2.790 .551



Apparent True Velocity Intercept Time Thickness
Sonobuoy Layer Velocity, km/sec DIP, km/sec sec km

17

1 7A

1 (1.660) .143 1.660 .469

2 2O2O -2.000 2.070 .644 .124

3 2.395 -2.500 2.500 .845

1 (1.660) -L840
2 2.120 -2.000 2.197 .164

3 2.630 -2.500 2.790 .550

-.4
-I



Tab1 3. Sonobuov Reflertion and Refraction Data Results

REFLECTION REFRACTION

Position Water Velocity Thickness Velocity Thickness

Sonobuoy Day Time Lat.°N Long.°W Depth,m Layer km/sec km km/sec km DIP,°

59 750726 0353 43.77 126.39 3017 1 1.60 .20 - - 0.06

2 1.81 .80 - - -0.03

3 2.01 .23 - - 0.89

4 4.62* 1.71 0.89

5 6.03* 1.02 -1.00

6 [7.65] - -1.50

60 750726 0552 43.73 126.17 3014 1 1.74 .17 - -0.58

2 1.95 .18 - -1.09

3 2.10 .25 - -3.56

4 - - 2.78* .51 -3.56

5 -
479* .21 -1.10

6 - - [6.42]

61 750726 0840 43.75 125.81 3080 1 1.74 .19 -0.60

2 1.77 .27 -1.18

3 2.72 .97 -0.91

4 - - 4,86* 1.42 -0.92

5 - - 5.63* -0.92

63 750726 1312 43.75 125.06 1489 1 1.65 .09 - - 1.83

64 750726 1447 43.75 124.82 667 1 1.61 .20 - - 2.79

2 1.77 .29 - - 0.28

3 - 2.14* 3.,20 0.28

4 - - 3.32* - 0.28

1 770915 1535 40.53 125.20 2711 1 1.99 .29 - -- .63

2 2.15 .78 - - -3.20

3 3.15 1.19 - -

4 - 5.15* -4.90

3 770916 0134 41.23 124.36 150 1 1.66 .48 - - -8.29

4 770916 0306 41.23 124.59 1080 1 1.77 .15 - - -0.07



REFLECTION REFRACTION
Position Water Velocity Thickness Velocity Thickness

Sonobuoy Day Time Lat.°N Long.°W Depth,m Layer km/sec km km/sec km DIP,°

4 2 - - 1.88* 57 0.00
3 1.92 .17 - -1.97
4 - - 2.18* - 0.0
5 2.63 .14 - - -0.0

5 770916 0627 41.23 125.20 3075 1 2.13 .31 - - 0.26
2 2.75 .63 - - 0.21

3 - - 3.00* .672 1.01

4 - - [5.68] -

6 770916 1144 41.58 125.22 3092 1 2.13 .35 - - 0,01

2 2.63 .52 - - -2.95
3 3.02 .45 - - -1.98
4 3.32 .59 - - -2.71

5 - - 4,42* 7.04 -2.71

7 770916 1400 41.58 124.89 970 1 1.73 .20 - - 2.70
2 1.96 .33 - - -1.92
3 1.99 .15 - - -1.27

8 770916 2310 42.39 124.62 92 1 - - (1.66) .155 -

2 - - [2.09] .967 -

3 - - [2.80] .144 -

4 - - [3.63] - -

10 770917 0250 42.41 125.14 2488 1 2.25 .52 - - -1.55
2 - - 2,68* - 155

12 770917 0958 42.53 124.59 88 1 1.75 - - - -2.97
2 1.97 .28 - - -3.47
3 2.27 .21 - - -1.49
4 2.44 .45 - - -4.89
5 - .31 3.98* 1.85 -4.89



Sonobuoy Day Time
Position

Lat,°N Long.°W
Water
Depth,m Layer

REFLECTION
Velocity Thickness
km/sec km

REFRACTION
Velocity Thickness
km/sec km DIP,°

13 770917 1224 42.78 124.69 133 1 - - (1.66) .29 -2.00
2 - - 1.93* .13 -3.00
3 - - 2.79* - -4.00

14 770917 1410 42.77 124.95 901 1 2,11 .23 - - -14.78
17 770917 1803 42.81 124.86 334 1 - - (1.66) .47 .143

2 - - 2.07* .12 -2.00
3 - - 2.50 - -2.50

17A 770917 1948 42.83 124.69 112 1 - - (1.66) .16 -1.84
2 - - 2.20* .55 -2.00
3 - - 2.97* - -2.50

18 770917 2215 42.83 124.90 412 1 1.94 .17 - - -2.00
19 770917 2203 42.83 125.03 1468 1 2.00 .73 - - -5.44

20 770917 2255 42.83 125.16 2205 1 2.56 .25 - - -1.39
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APPENDIX

Description and Presentation of

Sonobuoy Records

This section presents the sonobuoy records obtained and used in

this study and the interpretations involved in their analysis. Data

tables containing the most pertinent data are also included.

All sonobuoy data was collected at a ship speed of 7 knots,

and all lines are nearly perpendicular to the coastline, or the

structures of interest, Figure 4 shows the principle features

used to interpret wide-angle reflection and single-channel airgun

reflection records. The airgun-sonobuoy systeni has been described

in an earlier section.

SB 59 - 43.77°N, 126,39°W, water depth 3017 m (Table 3, Figure 15).

This sonobuoy was deployed over the central Oregon abyssal

plain near the base of the continental slope (Figure 7).

SB 59 recorded clear wide-angle velocities for three sediment

layers and refracted velocities for three additional deeper

layers. Standard deviations for the sediment layers were

quite low (Table 1),

SB 61 - 43.75°N, l25.8l°W, water depth 3080 m (Table 3, Figure 17),

This record was analyzed without playback and is quite good.

This sonobuoy is located near the base of the central Oregon

continental margin. The upper two sedimentary layers have
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similar velocities (see Table 1), but the seismic signature

between the two units is different. The basement reflector

on both records is quite strong and very well-developed.

Two refracted arrivals were analyzed and a dip was assumed

for the deepest layer to agree with the deepest observed

reflection.

SB 63 - 43.75°N, 125.06°W, water depth 1489 m (Table 3, Figure 18).

This sonobuoy was deployed over the central Oregon upper

shelf. Considerable high-frequency electrical or acoustical

interference appears on the records; no refraction returns

were observed, and only one wide-angle sediment velocity

could be determined from this profile.

SB 64 - 43.75°N, 124.82°W, water depth 667 m (Table 3, Figure 19).

Considerable high-frequency electrical or acoustical inter-

ference appears on these records, particularly in the vertical

profile. This record was taken in a narrow, very complex

upper slope basin on the central Oregon margin. Steep,

concave dips are present for all the reflecting interfaces,

and produce short, complex reflection hyperbolas. The two

refracted arrivals are quite good.

SB 1 - 40.53°N, l25.20°W, northern California continental margin

in a water depth of 2711 m (Table 3, Figure 20). This

sonobuoy from the abyssal plain sediment wedge environment
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was played back through an 8-30 Hz bandpass filter to enhance

refracted arrivals; a filter of 12-40 Hz was used to obtain the

direct water wave arrival.

SB 3 - 41.23°N, 124.59°W, (Figure 21, Table 3). This sonobuoy was

deployed in 150 m of water over the outer shelf area near the

inner Kiamath Plateau on the northern California continental

margin. The WAR profile was filtered between 6-30 Hz in an

attempt to reduce the superimposed effects of water bottom

multiples, and bubble pulse arrivals. Although this record

is quite good, the superposition of arrivals on the vertical

record does not favor analysis, A fairly thick 1.66 km/sec

sediment layer was observed for this shelf area; since this was

the only sediment velocity that could be determined for the

shelf, the 1.66 km/sec velocity was therefore used as an assumed

velocity for all the WAR records obtained in outer shelf areas

where only refractions could be analyzed.

SB 4 - 4l.23°N, 124,59°W, water depth of 1080 m (Table 3, Figure 22).

This data was obtained from a mid-slope basin on the Kiamath

Plateau, northern California continental margin. This record

was played back through a low-frequency filter from 8-30 Hz

to remove high-frequency noise, Wide-angle reflection quality,

even though influenced by the concave basin floor, was quite

good, with an excellent direct water wave arrival. Two sediment

layer refractions were observed.
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SB 5 - 4L23°N, l25.lO°W, water depth 3075 m. This sonobuoy

was deployed near the northern California continental margin

near the base of the slope (Table 3, Figure 23). This

record was played back through an 8-25 Hz bandpass filter to

enhance the refracted arrivals; because of the short recording

time, only two refracted arrivals were observed. Two wide-

angle reflection velocities were also received by this sonobuoy.

Note the velocity induced seismic pullup evident in the vertical

airgun profile.

SB 6 - 41.58°N, 125.22°W, water depth 3092 m (Table 3, Figure 24).

Sideswipe and multiple interference is evident in this record

due to the change in slope along the profile. A number of

low-frequency filter settings were tried during playback in

an attempt to minimize these effects. Because of the well-

defined horizontal to plane dipping layers in the upper portion

of the sedimentary wedge, four good wide-angle reflection velo-

cities were obtaineth The dip of these layers increases with

depth to the basement layer, which exhibited marked deformation

as evidenced by the rough, discontinuous arrivals. The upper

sedimentary layers abut against the lower slope. Although the

reflections from the basement layer are not clear, it appears

to dip beneath the margin.

SB 7 - 41.58°N, 124.89°W, water depth 970 m (Table 3, Figure 25).

This sonobuoy was dropped over a narrow structural basin at the
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northern end of the Kiamath Plateau on the northern California

continental margin. Playback was through a bandpass filter

of 12-35 Hz to gain better definition of the wide angle

reflection hyperbolas. Four reflected velocities were

determined, which is unusually good considering the structural

complexity and steep, changing dips of the interfaces in this

area

SB 8 - 24.39°N, 124,62°W, water depth 92 m (Table 3, Figure 26).

This profile was obtained over an upper shelf basin on the

southern Oregon continental margin. Due to lack of signal

during the first ten minutes of recording the wide-angle data

this record was analyzed for refractions only, using an assumed

sediment layer velocity for the interval between the water

bottom and first refracted arrivals. Low-frequency bandpass

filter settings of 5-30, 8-30, and 10-35 Hz were used, with the

8-30 Hz bandpass yielding the best results.

SB 10 - 42.41°N, l25.14°W, water depth 2423 m (Table 3, Figure 27).

This record was obtained where the lower slope joins the abyssal

plain, and was played back through a 8-30 Hz bandpass filter

to reduce high frequency signals, Many diffraction hyperbolas.

a result of the rough topography, are visible within both

records but are particularly strong on the wide-angle profile.

Only one subbottom reflector and one refractor were visible.

The lack of refracted arrivals could be the result of insufficient

recording time.



SB 12 - 42.53°N, 124.59°W, water depth 88 m (Table 3, Figure 28).

This data was obtained from the upper shelf syncline (basin)

located on the southern Oregon continental margin, and was

played back through a filter of 8-30 Hz to enhance the low

frequency refracted arrivals. Because of the shallow water

depth, the direct-water wave arrives on top of the sediment

layer reflections, making their resolution extremely difficult.

The bottom arrival displays almost no hyperbolic curvature.

SB 13 - 42.78°N, 124.69°W, water depth 117 m (Table 3, Figure 29).

This sonobuoy was deployed over an inner shelf basin on the

southern Oregon continental margin. Because of the multiple

superposition of arrivals due to the shallow water depth, no

reflected velocities could be obtained, This record was played

back through an 8-30 Hz bandpass filter to further enhance the

refracted arrivals. An assumed velocity of 1.66 km/sec was

used for the upper sediment layer.

SB 14 - 42.77°N, l24.95°W, water depth 901 m (Table 3, Figure 30).

This record was shot on the steeply dipping upper continental

slope and displays a single good reflection which underlies

a sediment slump scarp and is roughly continuous with the

basin floor of an adjoining shelf bench feature, No refractions

were obtained from this sharply dipping area.
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SB 17 - 42.81°N, 124.86°W, water depth 334 m (Table 3, Figure 31).

Bubble pulse, direct water wave arrivals, overlapping arrivals,

and consecutive multiple interference all contribute to the

degradation of these records. Very few coherent reflectors

could be determined in the vertical airgun profile, and no

distinct reflectors from the WAR record could be analyzed. This

profile was interpreted for velocities from refraction data

only using an assumed sediment velocity of 1.66 km/sec.

SB 17A - 42,83°N, 124,69°W, water depth 112 m (Table 3, Figure 32).

This sonobuoy was deployed over an inner shelf basin on the

southern Oregon continental margin. Because of the multiple

superposition of arrivals due to the shallow water depths,

no reflected velocities could be determined. This record was

played back through an 8-30 Hz bandpass filter to further enhance

the refracted arrivals. An assumed velocity of 1.66 km/sec

was used for the upper sediment layer.

SB 18 - 42.83°N, 124.90°W, water depth 412 m, upper continental

slope (outer slope high), southern Oregon margin (Table 3),

Figure 33). The steep slope and basement deformation serve to

complicate this record. One sediment layer refraction is

observed; no basement velocities could be resolved from the

wide-angle reflections.



SB 19 - 42.83°N, 125.03°W, southern Oregon continental margin in

water depth 1462 m (Table 3, Figure 34). This sonobuoy was

dropped over a mid to lower slope bench feature whose landward

boundary is formed by a steep slump scarp and seaward boundary

by a folded, faulted structural ridge which has undergone uplift

as evidenced by the draped nature of the upper sediment layers

of the bench. The deformed basement underlying the bench appears

to be composed of the same material which forms the scarp while

the sediments, which yield a reflected velocity of 2.00 km/sec,

are obviously slump deposits. In the WAR record, ratio inter-

ference hampered the first five minutes of recording; reflection

hyperbolas are also strongly influenced by the steep dips which

border either side of the bench.

SB 20 - 42.83°N, 125.16°W, water depth 2205 m (Table 3, Figure 35).

This data is from a lower continental slope environment Because

of the complex topography and steep slope of the lower slope

region, this record was very difficult to analyze. Wide-angle

reflections are lumpy and discontinuous while multiples are

strong. No refracted arrivals were seen, probably due to the

short recording interval.

SB 60 - 43 73°N, 125.16°W, water depth 3014 m (Table 3, Figure 16)

Tills sonobuoy was depioyed"over the abyssal 'plain, just westwar.d

of the centraV'Oregon continental margin Three reflection and

three refraction arrivals were analyzed for their velocity data

Basement faulting is evident in this record.














































