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CONTINUOUS SEISMIC PROFILING INVESTIGATION OF THE 

SOUTHERN OREGON CONTINENTAL SHSLF BETWEEN 

CAPE BIANCO AND COOS BAY

By Angus James Mackay

ABSTRACT

A structure map was constructed of the continental shelf "between 

Cape Blanco and Coos Bay, Oregon, exclusively from an interpretation 

of approximately 700 km of continuous seismic profiles. At least 

ten discernible seismic units were mapped on the "oases of acoustic 

appearance, lateral continuity, angular unconformities, and faults. 

The offshore units tentatively were correlated with onshore geology 

and are "believed to range in age from the latest Jurassic to late 

Pleistocene. The sparker profiles reveal that the continental shelf 

off southern Oregon has experienced significant late Tertiary and 

Quaternary accretion due to deposition and tectonic uplift.

The oldest rock exposures, believed to be the latest Jurassic; 

in age, crop out on the inner continental shelf on the topographic 

highs off Cape Blanco and Coquille Point. Erosional "remnants of
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probable Late Cretaceous turbidites and the middle Eocene sand­ 

stone beds also are exposed on the bathymetric high on the inner 

shelf southwest of Cape Arago. The initial emplacement of these 

three uplifted structural blocks is probably a result of late Eocene 

wrench faulting of the Port Orford shear zone and of the postulated 

shear zone at Coquilie Point.

No other early Tertiary sediments apparently are exposed on 

this portion of the Oregon continental shelf, but they probably ex­ 

tend seaward at depth on the continental margin. Middle Tertiary 

strata are believed to be exposed on the outer shelf topographic high 

southwest of Cape Arago.

Sediments of Miocene to Pliocene age were deposited through­ 

out much of the continental shelf that was surveyed. The greatest 

amount of deposition occurred in a north-south trending basin be­ 

tween Cape Blanco and Coquilie Bank. Late to post-Pliocene tedton- 

ism uplifted and exposed the older underlying rocks on the inner 

shelf, which are probably of uppermost Jurassic to middle Tertiary 

age. These same stresses also deformed the Mio-Pliocene sedi­ 

ments into gently undulating structures on the inner shelf. The 

greatest deformation occurred on the outer shelf and formed 

Coquilie Bank, a north-south trending, doubly plunging,-asymmetri­ 

cal anticline. The terraces or benches on the upper continental 

slope to the north and south of .the Bank are structural features

vi



resulting from the doubly plunging anticline.

i Eustatic sea level lowerings during the Pleistocene truncated 

the shelf structures as deep as 130 m below present sea level. The 

detritus was deposited as a wedge of sediments, which forms an un- 

conformable contact with the underlying strata on the outer shelf and 

upper slope between Coos Bay and Coquille Bank. In areas of deposi­ 

tion there is no distinct break between the shelf and the upper slope; 
I
the former merely merges into the latter in a continuous convex
i

curve. In areas of nondeposition, the edge of the shelf is an ero- 

sional and structural feature.

A possible buried channel was detected northwest of the mouth 

of the Coquille River. This sediment filled channel is believed to be 

an erosional remnant of a former course of the Coquille River during 

a lower stand of sea level.
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CONTINUOUS SEISMIC PROFILING INVESTIGATION OF
THE SOUTHERN OREGON CONTINENTAL SHELF

BETWEEN CAPE BLANCO AND COOS BAY

INTRODUCTION

Submerged margins of the continents, the continental shelf and 

slope, have received a great deal of attention from geologists and 

geophysicists for both academic and economic interests. The geo­ 

logical development and history of the continental margin can be re­ 

constructed by investigating its stratigraphy and structure. The 

stratigraphy can be studied from ocean bottom and sub-bottom rock 

samples; and the structure can be determined by geophysical tech­ 

niques. Continuous seismic profiling is perhaps the best geophysical 

method for a detailed structural investigation.

During the summer of 1967, a continuous seismic profiling in­ 

vestigation, using a sparker seismic source, was conducted along 

70 km of the southern Oregon coast between Coos Bay and Cape 

Blanco (Figure 1). Approximately 700 km of sparker track lines 

were recorded in the survey area, which extends from 42 45' N to 

43 25' N latitudes and from approximately the 20 m depth contour to 

125 W longitude (Figure 2). The major part of the sparker survey 

consisted of east-west seismic profiles beginning at water depths of 

approximately 20m and extending across the continental shelf to a 

depth of about 400 m on the upper continental slope. The east-west
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CONTINUOUS SEISMIC 
PROFILE UNES

Figure 2. Track line map of continuous seismic profiles. Indi­ 
vidual lines are designated by "SP- ". Numbers 
beside solid dots refer to navigation fixes. Contours 
in meters.
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lines were spaced approximately 7 to 9 km apart and were joined to­ 

gether in a grid with north-south trending lines. Additional sparker 

profiles were run off the Coquille River and the Sixes River just 

north of Cape Blanco in search for possible buried stream cut chan­ 

nels on the continental shelf.

The structure of the continental shelf and upper continental 

slope was mapped from an interpretation of the sparker records. An 

attempt was made to correlate offshore geologic features and seismic 

events with the mapped onshore coastal geology. Inferences were 

made as to the ages of the offshore geologic units, to the periods of 

tectonism, and to the development of the continental margin in this 

area. The unconsolidated sediment distribution and thickness were 

also determined from the sparker records. The findings of this in­ 

vestigation are only preliminary, and more detailed geological and 

geophysical investigations can be conducted on the basis of the re­ 

sults of this study.



REGIONAL GEOLOGY AND PREVIOUS WORK

Along the coast of southern Oregon from Bandon to Cape 

Blanco the Tertiary sedimentary and volcanic rocks of the Coast 

Range are in juxtaposition with the older Mesozoic units of the 

Klamath Mountain province (Wells and Peck, 1961). In an attempt 

to reconstruct the Cenozoic history of the Pacific northwest, 

Snavely and Wagner (1963) suggested that the southern end of the 

Coast Range geosyncline overlies the older Klamath Mountain pro­ 

vince. North trending shear zones along the southern Oregon coast 

extending from the Oregon-California state line to Cape Blanco are 

in obvious contrast with the typical northeast trending structural and 

metamorphic pattern of the Klamath-Siskiyou province (Dott, 1965). 

The structural pattern of shear zones along the coast appears to ex­ 

tend as far north as Bandon (Howard and Dott, 1961). Principal geo­ 

logical features important to this study are the Coos Bay synclinori­ 

um, the Port Orford shear zone, and the elevated coastal marine 

terraces.

Coos Bay Synclinorium

The geology of the Coos Bay synclinorium was first described 

by Diller in 1901 in his pioneer mapping of the Coos Bay quadrangle. 

Because of good exposures of the sedimentary section of the



sync lino rium at Cape Arago, and economic interest in coal, and 

the heavy mineral placer deposits in the beaches and marine terraces, 

the Coos Bay quadrangle is one of the best studied areas along the 

Oregon coast. Investigators who have more recently studied the 

area include Alien and Baldwin (1944), Griggs (1945), Baldwin 

(1945, 1964, and 1966), Dott (1964, and 1966), and Ehlen (1967).

The north trending synclinorium is discordant with the more 

prevalent northeast folds of the southern and central Oregon Coast 

Range (Wells and Peck, 1961). The synclinal feature contains the 

sedimentary section characteristic of the southern Coast Range. 

The rocks range in age from the Late Cretaceous to early Eocene 

lower member of the Umpqua Formation through the Pliocene Empire 

Formation (Baldwin, 1965 and 1966).

Port Orford Shear Zone

Although Diller (1903) was the first investigator to map the 

Cape Blanco area in detail, the Port Orford shear zone was first 

described by Koch, Kaiser, and Dott (1961) at its sea cliff exposure 

at Port Orford, Oregon, 21 km southeast of the Cape. Dott (1962) 

also recognized a shear zone at Blacklock Point 5 km northeast of the 

Cape. According to Dott, the shear zone is coextensive with the pre­ 

viously named shear zone at Port Orford and is one of a series of 

such zones which lace the southwest Oregon and northern California



coasts.

The Port Orford shear zone trends north-northwest and ap­ 

pears to be as wide as 3 km (Dott, 1962). Dott (1962, p. 132) de­ 

scribed the chief characteristics of the fault as "intense shearing, 

brecciation, overturning of strata, and great heterogeneity of con­ 

tiguous rock types and ages". In the shear zone the exposed rock 

types are extremely varied. The units range from the Otter Point 

Formation (Koch, 1966) (originally mapped by Dott (1962) as the 

Dothan? Formation) of presumably latest Jurassic age to extensive 

Cenozoic deposits. Dott (1962) indicates that the shear zone was 

clearly active after the middle Eocene and again after the Miocene 

and was overlain by extensive Pleistocene marine terrace deposits.

In his studies of the Port Orford area, Koch (1966) reclassi- 

fied and divided the Upper Jurassic and Lower Cretaceous units of 

the southern Oregon coast, originally mapped as Myrtle Group by 

Diller (1903), into the Otter Point, Humbug Mountain, and Rocky 

Point Formations. His revised interpretation has been incorporated 

by Baldwin (1966) and Phillips (1968) and will be used in this study.

Elevated Marine Terraces

Along the southern Oregon coast between Cape Arago and Cape 

Blanco, remnants of numerous marine terraces have been recognized 

as high as 460 m above sea level (Griggs, 1945). The elevated
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terraces are a result of multiple eustatic sea level changes during 

the Pleistocene glaciation. The sea level changes were superimposed 

upon the late Pliocene to Pleistocene vertical uplift of the Oregon 

Coast Range. Marine mollusks from a shell layer in the Elk River 

beds at Cape Blanco, about 60 m in elevation, have been dated by 

Richards and Thurber (1966) with C and Th /U techniques 

and are at least 33,000 years old. The youngest, lowest, and most 

prominent terraces, the Whiskey Run and the Pioneer Terraces 

(Griggs, 1945) of very late to post-Pleistocene age {Baldwin, 1945), 

have been upwarped to elevations of 38 m at Cape Arago and 69 m 

at Cape Blanco. From these two headlands the marine terraces dip 

both to the north and the south to significantly lower elevations.

The elevated marine terraces indicate that the southern 

Oregon coast has undergone broad regional uplift since the late 

Pliocene or early Pleistocene through the Holocene. The late 

Pleistocene or Holocene uplift has been the greatest at Cape Arago 

and Cape Blanco.

Previous Work Offshore 

Sedimentation and Stratigraphy

Maloney (1965 and 1967) studied the geology of the continental 

terrace off the central coast of Oregon, 50 km to the north of the
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investigation area. He reported that siltstones, deposited at bathyal 

depths during the Late Miocene and Pliocene, crop out on the banks of 

the central Oregon continental shelf. Benthic foraminifers in the 

siltstones indicated the shelf had been uplifted as much as 1 km by 

the late Pleistocene (Byrne, Fowler, and Maloney, 1966). Then the 

shelf was eroded by the migrating shoreline of the transgressions 

and regressions resulting from eustatic changes in sea level.

The continental shelf sediments from the Columbia River to 

Cape Blanco have been analyzed by Runge (1966). In obtaining his 

unconsolidated sediment samples he defined rock outcrops on the 

ocean bottom 13 km southwest of Cape Arago and on Coquille Bank, 

28 km northwest of Cape Blanco. Boettcher (1967) also reported the 

rocky area southwest of Cape Arago.

Gravity

Surface-ship, gimbal-mounted gravimeter surveys have been 

conducted off the Oregon coast to abyssal depths by the Oregon State 

University Geophysics Research Group. The free-air gravity 

anomaly maps west of Oregon have been published by Dehlinger, 

Couch, and Gemperle (1967 and 1968). Along the southern Oregon 

coast, two pronounced large negative anomalies are noted on the 

continental shelf (Figure 3). One parallels the coast from approxi­ 

mately the .Rogue River south to Cape Mendocino, and the other
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Figure 3. Free-air gravity anomaly map of the Oregon contin­ 
ental margin. Adapted from Dehlinger, Couch, and 
Gemperle (1969).
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extends from Coos Bay north to Heceta Head. These anomalies have 

been interpreted (Dehlinger, Couch, and Gemperle, 1967 and 1968) 

as thick sections of low density rocks, indicating the presence of 

synclinal or downfaulted structures in the sedimentary layers.

A positive 20 mgal free-air gravity anomaly occurs on the 

continental shelf off Cape Blanco and extends south to Rogue River. 

The gravity high is probably caused by high density basement rocks 

cropping out on the continental shelf or by a shallow high density 

basement covered by a thin, low density sedimentary section.

Magnetics

A ship-towed magnetometer survey has been conducted off the 

Pacific Northwest coast by Emilia, Berg, and Bales (1966). The 

anomaly map of the total magnetic field off the Oregon coast {Emilia, 

Berg, and Bales, 1968a) displays an absence of large magnetic ano­ 

malies on the continental shelf from Coos Bay to the Oregon- 

California state line (Figure 4). There are apparently no extensive 

volcanic intrusives or flows along the southern Oregon shelf as 

compared to the seaward extensions of the coastal volcanics noted 

along the central and northern Oregon coast (Emilia, Berg, and 

Bales, 1968b). Thus, the previously discussed positive free-air 

anomaly off Cape Blanco is probably not caused by igneous intrusives 

or flows, but rather by the seaward extension of high density
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Figure 4. Anomaly map of the total magnetic field off 
the coast of Oregon. Adapted from Emilia, 
Berg, and Bales (1968a).
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Mesozoic rocks observed onshore by Koch (1966).

Local, steep gradient magnetic anomalies have been noted off 

some of the rivers of southern Oregon (Kulm et al. , 1968). These 

anomalies are believed to be caused by heavy mineral-bearing sands 

high in magnetite concentrations, located on or just below the sea 

floor.
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BATHYMETRY

The bathymetry of the southern Oregon continental margin has 

been mapped in detail in fathoms by Byrne (1963) and in meters by 

the U. S. Coast and Geodetic Survey (1968). Byrne (1963) noted that 

the continental shelf off the southern Oregon coast is characteristi­ 

cally narrower, steeper, and deeper than the world average.

In the area of investigation the shelf break generally occurs at 

water depths of approximately 120 m to 180 m, and the shelf width 

varies from 15 km off Cape Blanco to 27 km at Coquille Bank north­ 

west of the Cape. From echo sounding profiles across the continental 

margin, Byrne (1963) noted that the slope of the shelf in the study 

area ranges from 18' to 40'.

  The bathymetry of the study area reveals several anomalous 

topographic features on the shelf and upper slope (Figure 5). The 

most prominent features are Coquille Bank, 28 km northwest of Cape 

Blanco, and the adjacent benches or terraces to the-north and the 

south of the Bank on the upper continental slope. Southwest of Cape 

Arago in the area where Runge (1966) and Boettcher (1967) reported 

rock outcrops, the 60 m through 140 m contours are bowed westward 

towards the outer edge of the shelf. A similar westward conyexing 

of the bottom contours is displayed off Fivemile Point and off 

Bandon in shallower depths. Southwest of Cape Blanco, two
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Figure 5. Bathymetry of the continental shelf and upper slope 
between Coos Bay and Cape Blanco. Adapted from 
U. S. Coast and Geodetic Survey bathymetry chart 
(U.S. C. and G. S. , 1968).
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prominent reefs, the Blanco and Orford Reefs, produce a threat to 

coastal navigation with sea stacks occurring as far as 7 km from 

the coast.
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CONTINUOUS SEISMIC PROFILING

A continuous seismic profiler is essentially a reflection seis­ 

mograph with provisions for continuous recording. Acoustic im- 

puises are generated in the water at regular intervals, and the acous­ 

tic energy is propagated through the water column and into the under­ 

lying sediments (Figure 6). Part of the acoustic signal is reflected 

at the ocean bottom" and from each geologic interface having the 

necessary-contrast in acoustic impedance (the product of seismic 

velocity multiplied by density). Hydrophones, receiving transducers, 

convert the reflected acoustic signals into electrical signals, which 

are amplified, filtered, and recorded on a graphic recorder. Con­ 

tinuous seismic profiles are essentially time sections in which the 

ship's running time is recorded horizontally across the record and 

ocean-bottom and sub-bottom reflection times are recorded vertical­ 

ly down the record.

The graphic recorder is highly desirable in this type of geo­ 

physical mapping system, because it presents the seismic data as a 

ready-plotted geologic (time) section. It also provides the necessary 

vertical exaggeration for mapping gently dipping beds. The record 

quality and depth of seismic penetration varies with the output power 

of the sparker sound source, water depth, sea state, and geologic 

conditions of the ocean bottom and sub-bottom.
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Figure 6. Survey geometry of the continuous seismic profiler 
for normal incidence relfections.

.115V, 60 Hz,

Figure 7. Block diagram of the electrical components of the 
sparker system.
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Instrumentation

The continuous seismic profiler used in the survey consisted 

of E. G. & G. (Edgerton, Germeshausen, and Grier Corp. ) capaci­ 

tors, trigger, and spark electrodes coupled with an assortment of 

integrated units, recorder, amplifier-filter,. and hydrophones (Fig­ 

ure 7).

The DC power supply, consisting of a transformer and a recti­ 

fier circuit, converted 220 v, 60 Hz, single phase, AC current from 

the ship's generator to 5000 v, DC current. The high voltage DC 

current charged two parallel, 2000 joule capacitor banks and an 

additional parallel, 1000 joule capacitor bank, contained in the trig­ 

ger, to 5000 v.

The trigger bank controlled the capacitor discharge by an air- 

gap switch or spark thyratron. At regular intervals, the air-gap 

trigger switch received a high voltage AC pulse from the program­ 

mer in the graphic-recorder. The pulse, similar to the voltage de­ 

livered to a spark plug in a gasoline engine, momentarily ionized the 

air, resulting in a spark between the high voltage electrodes of the 

switch. This completed the electrical circuit across the gap and 

allowed the 5000 v, DC current to pass from the capacitor banks to 

the electrodes trailing in the water.

The sparker sound source consists of three 0. 6-cm diameter,
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rubber insulated brass anodes equally spaced at 50 cm-between tips 

within a large ground-return cage (Rusnak, 1967, p. C83). At regu­ 

lar intervals on command from the graphic recorder, the capacitors 

are discharged creating an explosive spark, in the water, as the high 

voltage DC current dissipates in the sea water between the anodes 

and the cage. A bubble pulse is generated, and its intensity is re­ 

lated to the energy from the arcing system. The multiple-electrode 

spark source produces a cylindrical wave fro-nt perpendicular to the 

axis of the array. According to Hersey (1963), a single electrode 

discharge is only 0. 5 to 10 percent efficient in converting electrical 

energy into acoustical energy; but higher efficiency is obtained with 

multiple electrodes. The power output of the system was varied from 

500 to 5000 joules (watt-sec) by switching the storage capacity of the 

capacitor banks. The maximum energy output of this sparker sys­ 

tem is at frequencies between 125 and 250 Hz (Huckabay, 1967).

Acoustical energy reflected from the ocean bottom and sub- 

bottom layers is converted into electrical signals by a towed neutral­ 

ly buoyant, 30-meter long Geospace hydrophone streamer, contain­ 

ing 20 piezoelectric receiver elements at a fixed spacing of 1. 2 m. 

From the receiver elements, which are wired in parallel, a single 

pair of shielded leads was connected to a Geospace 111 seismic 

amplifier-filter powered by a 12 v battery. The seismic data were 

recorded unfiltered on magnetic tape by an Ampex SP-300 tape
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recorder and in a filtered condition on a graphic recorder. The fil­ 

ters were set for band-pass with the "Locut" at 63 Hz and the "Hicut 1 

at 205 Hz. In order to reduce confusion in the record interpretation, 

the band-pass filter settings were generally left unchanged for the 

entire survey.

The amplified and filtered seismic signals were fed into an 

Ocean Sonics Graphic Depth Recorder, which graphically reproduces 

the signals on 18-inch wet Alden paper. The incoming signal vol­ 

tages were half-wave rectified and printed as a variable density 

record.

The sweep rate or time of the recorder is controlled by the 

programmer, which also controls the firing rate of the sparker 

sound source. Depending on the water depth, the recorder was 

operated on the water depth scale of 0 to 366 m with a sweep time of 

0. 5 seconds or 0 to 732 m with a sweep time of 1. 0.seconds. In 

order to record the complete time section from the water surface to 

the reflecting horizons below the ocean bottom, the firing rate must 

be equal to or greater than the sweep rate. The sparker profiles 

were generally recorded with a firing interval from two to four 

seconds. The sweep rate and the firing interval were adjusted with 

each profile for optimum record quality.



22 

Survey Procedure

During seismic survey, ambient noise from both electrical and 

acoustical sources must be kept as low as possible. Mechanical 

acoustical noise from the ship and from ocean whitecaps, caused by 

high winds, are received by the hydrophone streamer and are fed in­ 

to the system. In order to reduce acoustical noise, the sparker 

sound source and hydrophones were towed astern of the ship at slow 

speeds of 7 to 11 km/hr. Higher ship speeds increased the acousti­ 

cal noise level and markedly reduced the quality of the records. The 

electrode cage was towed 9 m astern of the ship at a depth of 3 m. 

The hydrophone streamer was towed approximately 30 m behind the 

ship at a depth of 1. 5 to 3 m. This procedure was used to clear the 

ship's wake, whose bubbles absorb sound, and to place the receiving 

elements farther from the acoustic noise of the ship.

In order to improve both the energy output of the sparker 

source and the signal received by the hydrophones, the source and 

hydrophone streamer towing depths are commonly adjusted to be 

approximately one-quarter wavelength of the lowest desired signal 

frequency (Hersey, 1963). According to Huckabay (1967), the opti­ 

mum signal returning from reflecting geologic horizons would be at a 

frequency of approximately 100 Hz, so attempts were made to place 

the source and receiver at an optimum towing depth of 3 m.
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The seismic data were recorded as continuously as possible. 

The most frequent interruptions were changes in the spark source 

power level, which was varied according to water depth and desired 

penetration. Continuous seismic profiles were shot in water depths 

from 20 to 400 m. In depths shallower than 20 m, the time interval 

between the bottom reflection and the first ocean bottom multiple was 

so short that little useful information was obtained. In depths great­ 

er than 400 m, exiguous information was obtained because of the ab­ 

sorption of acoustic energy in the water column and the scattering 

of energy on the steeper continental slope. The power of the sparker 

system was varied according to the water depth with a minimum 

power of 500 joules at 20 m to a maximum power of 5000 joules at 

depths greater than 100 m. The records were marked at 1 5 minute 

intervals to correspond with the simultaneous navigation fixes.

Navigation for the sparker track lines was primarily by radar 

and supplemented by Loran, water depth, and dead reckoning. The 

accuracy of the ship's positioning decreased from + 0.5 km within 8 

km of the coast to approximately + 2 km at distances greater than 30 

km from the shore.

Interpretation of Records

The ship's speed and heading between fixes was computed by 

plane sailing navigation (Bowditch, 1958) on a digital computer.
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Some of the navigational errors in the survey were reduced by ad­ 

justing the fixes of the track lines according to water depth, ship's 

speed, intersections with other lines, and navigational accuracy. 

The adjusted navigation data is listed in Appendix I.

For easier interpretation and multiple reproduction the 18' 

inch wide sparker records were reduced to one-half scale by Rapid 

Blue Print Co. , Los Angeles, California. Each of the reduced re­ 

cords was picked to accent the real primary events and to remove 

the multiples and then was interpreted for anticlinal and synclinal 

features, faults, unconformities and acoustic appearance.

Two sets of velocity data for the area of investigation, one 

from a reflection survey and the othe'r from a refraction survey, 

were obtained from prominent oil companies, who wish to remain 

anonymous. A best fit curve to the two sets of velocity information 

was used as the time-depth curve throughout the entire area of 

study (Figure 8). The velocity function was determined by Miller's 

Procedure (Dix, 1962, p. 11 6) to be approximately V = (1707 + 

1. 39z) m/sec, where z is the depth below the ocean bottom in 

meters.

Apparent dips were calculated on a digital computer for 

sample reflecting horizons, assuming straight ray-paths with nor­ 

mal incidence with the reflecting horizons. The equation for the dip 

computation (Dobrin, 1960, p. 137) is given by:
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Sin" 1 V A T
2X

V is the average compressional velocity in both the water and rock 

mediums to the depth of the event being considered; & T is the dif­ 

ference in two-way time of the seismic reflection measured at two 

close points on the sea surface; and X is the distance the ship has 

traveled between the two points. This computation was simplified 

by reading the .water depth from the sparker records below the two 

points on the surface, timing the events from the ocean bottom to the 

reflection, and converting the two-way travel time into depth by us­ 

ing the velocity curve shown in Figure 8. Since the sparker sections 

are two dimensional, unmigrated time sections, the dip computation 

becomes

^ - 
d> = Tan  =-
T A D

X is the distance between the points on the sea surface, and D is 

the difference in depth below sea level between two vertical projec­ 

tions of the points on the reflecting horizon. The results of the dip 

computations are given in Appendix II.

Several unavoidable errors enter into the calculations of the 

apparent dips. First, the computation is simplified by assuming .
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straight ray-paths and normal incidence and reflection with the seis­ 

mic horizon, which eliminates normal moveout corrections. 

Actually, the ray-paths are refracted into curves by increasing 

velocity with depth, and the received reflections may not be of 

normal incidence. Since the majority of the dip computations were, 

computed for reflections less than 400 m, a straight ray-path is a 

 close approximation.

The other sources of unreliability in the apparent dips are 

caused by navigational and velocity function errors. Navigational in­ 

accuracies, the major source of error, generate uncertainties in the 

distance a ship has travelled between two points. Velocity errors, 

caused by projecting the time-depth curve throughout the entire 

region of investigation will plot the seismic reflections at inaccurate 

depths below the ocean bottom. For shallow, flat-lying and moder­ 

ately dipping seismic horizons, these errors are of little signifi­ 

cance (+ 1 ), but their effects are amplified for seismically steeply 

dipping (greater than 6 ) reflectors.

True dips and strikes were determined graphically by stero- 

graphic net from two apparent dips of a correlated event at the in­ 

tersections of sparker profiles whenever possible (Bonn and Shimer, 

1958). The primary source of error in the dip and strike determin­ 

ations were the uncertainties in the apparent dips, which have been 

previously discussed. The true dips and strikes are listed in 

Appendix III.
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DISCUSSION OF RESULTS

A structural map of the continental shelf was compiled from 

the interpretation of the sparker records (Plate I). The map is based 

solely on the sparker record interpretations, which note angular un­ 

conformities, faults, and folds. The surface distribution of ten dis­ 

tinguishable seismic units also is presented on the structural map. 

Some of the observed offshore units were correlated tentatively with 

mapped onshore formations and features, but without actual rock 

samples the inferences can be only very broad and general.

Since the majority of the continental margin is covered by a 

thin veneer of unconsolidated sediments, the sediment cover is re­ 

moved from the sea floor in the construction of the map. The struc­ 

tural map thus displays the various mappable seismic units of the 

continental terrace and their associated structural features. Infer­ 

ences then can be made about the geologic development and history of 

the continental margin by using the laws of superposition and original 

horizontality.

The term "seismic unit" refers to a discernible and mappable 
part of the seismic records based on acoustic appearance, angular 
unconformities, lateral continuity, and faults. It should not be con­ 
fused with the rock-stratigraphic unit, formation. A seismic unit 
may contain more than one rock unit.
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In a sense, the sparker survey is similar to a land mapping

project, in which the area is investigated along continuous lines in a 

pre-determined grid. The land survey would have the advantage of 

studying the lithologic and paleontologic properties of the rock out­ 

crops, but the continuous seismic profiling survey has the advantage 

of viewing the third or vertical dimension from the sparker records, 

which are ready-plotted geologic (time) cross sections.

Plate lisa structural map of the continental shelf and upper 

slope of the area of investigation. Since the rock units and age 

determinations can only be broadly inferred, the observed seismic 

units and structural features can be more logically discussed on the 

basts of geographical distribution, beginning at the southeast, off 

Cape Blanco, rather than in the normal chronological order of oldest 

to youngest. In the Summary and Conclusions an attempt is made to 

discuss the observed geological events and seismic units in chrono­ 

logical order.

?

Unit A

Seaward of Cape Blanco, unit A crops out on the sea floor 

(Plate I). Poor to no seismic returns on the sparker records are 

characteristic of the seismic unit A. The few reflections recorded 

on the profiles indicate that the unit A is structurally very complex
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2 
with seismically steep dips and numerous folds and faults. Only

one anticline and an adjacent syncline could be correlated from one 

profile to another. The validity of this correlation and the structural 

orientation is somewhat questionable.

Seismic unit A is bounded on the north and the west by a con­ 

tinuous normal fault and on the northeast by what appears to be the 

seaward extension of the Port Orford shear zone. The unit extends 

to the south beyond the study area, and the southern limit is unde­ 

fined. Sediments on the north and west side of the normal fault dis­ 

play upward deformation against the fault. Thus, the sedimentary 

units to the north and west of the fault are apparently younger than 

unit A.

The Blanco and Orford Reefs, previously noted as a region of 

irregular bathymetry (Figure 5), southwest of Cape Blanco lie within 

unit A. Some ocean bottom rock outcrops displayed on the sparker 

records and the Reefs indicate that seismic unit A is quite resistant 

to erosion.

The 20 mgal positive free-air anomaly (Dehlinger, Couch, and 

Gemperle, 1968) seaward of Cape Blanco also coincides with seismic

2 
Seismically steep dips occur when the rock units are inclined

at approximately 7 to 20° from the horizontal. Dips greater than 
20° are not thought to be detectable with this profiling system, be­ 
cause of the short spread distance between the spark source and the 
hydrophones and the vertical exaggeration of the graphic recorder.
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unit A. This suggests that unit A is probably composed of rocks of 

greater densities than the adjacent material to the north and west. 

Higher density rocks would account for the greater resistance to 

marine erosion, exhibited by the Blanco and Orford Reefs.

Unit A may very well be the Otter Point Formation described 

at Port Orford by Koch (1966) and mapped at Cape Blanco as the 

Dothan? Formation by Dott (1962). Koch (1966, p. 36) states that 

"the uppermost Jurassic Otter Point Formation includes bedded 

chert, numerous graded beds, and several zones of pillowed flows 

and pyroclastic rocks".. The offshore strata may also be composed 

of the Rocky Point or Humbug Mountain Formations, which crop out 

east of the Port Orford shear zone (Koch, 1966). They also may con­ 

tain erosional remnants of late Tertiary sediments that crop out on 

Cape Blanco (Dott, 1962). The Mesozoic rocks would probably have 

a significantly higher seismic velocity than the velocity function ob­ 

tained in the .neighboring Tertiary section (Figure 8). The dips in the 

unit may be as much as 50 percent greater than the attitudes com­ 

puted from the lower velocity function. The correlation of unit A 

with the Otter Point Formation is suggested by structural complex­ 

ity, lack of consistent reflecting horizons, greater erosional resis­ 

tance, apparently greater density, propinquity to onshore exposures 

at Cape Blanco, and its geographic location west of the Port Orford 

shear zone.
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Port Orford Shear Zone

A lack of any sub-bottom seismic reflections on the sparker 

profile SP-8 between fixes 8 and 9 and on the eastern end of SP-18 

between fixes 42 and 43 (Figure 2 and Plate I) may be evidence of 

the northward extension of the Port Orford shear zone. Little or no 

seismic reflections would be expected in a zone that has been in­ 

tensely brecciated and sheared. Thus, the Port Orford shear zone 

may extend across the shelf as far north as line SP-8, 6 km north­ 

west of Blacklock Point.

North of SP-8 the shear zone is apparently covered by younger 

sedimentary rocks that have been deformed only gently. If the Port 

Orford shear zone is buried beneath these younger rocks, there has 

been no significant displacement along the shear zone since the de­ 

position of the overlying sediments. Dott (1962) has indicated that 

the last movement along the shear zone occurred after the Miocene.

The structural relationship of the intersection of the shear 

zone and the previously discussed normal fault (associated with unit 

A) is not defined on the sparker records. However, the same sedi­ 

ments, which overlie the shear zone, are in fault contact with unit 

A. This infers that the normal fault is younger in age than the last 

movement of the shear zone (post-Miocene).
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Surf Cut Terrace

Southwest of Cape Blanco on lines SP-22, 23, and 53, an ap­ 

parent surf cut terrace in unit A is displayed on the seismic pro­ 

files (Figure 2 and Plate I). "On profiles SP-22 and 23 (Figure 9) 

the eroded platform appears as a continuous, very prominent re­ 

flector and is at least 4 km wide and 9 km long.. No seismic reflec­ 

tions are observed below this strong reflector. The toe of the plat­ 

form is visible on SP-22 (Figure 9) and indicates that the terrace has 

been cut to a depth of 140 m. The terrace apparently extends east­ 

ward of line SP-23, for the back edge or notch of the abrasion plat­ 

form is not observable on the sparker records. UnconsolLdated 

marine deposits have buried the terrace on SP-22 and 53 and on the 

northern half of SP-23. The surf cut terrace is exposed on the 

southern half of SP-23 at a depth of approximately 90 m (Figure 9).

The toe of the abrasion platform is evidence of a sea level lowering
/ 

of 130 m. The width of the terrace of several kilometers attests

that the platform was abraded by a transgressing sea and may have 

been cut by the Holocene transgression, which began some 18, 000 

years ago.

Unit B

Off Cape Blanco west of unit A to Coquille Bank and north to 

Bandon, seismic unit B is exposed on the continental shelf. Its



SP-22
66 WEST 69 EAST

<
"V-**»>Pl *. *' * ~il   J

SP-23 NORTH 
70 71

SOUTH

Figure 9. Sparker lines SP-22 and 23 showing a surf'cut terrace 
in unit A. The terrace appears as a continuous, 
prominent reflector. A local diapir is seen on the 
west end of SP-22. "T" designates ties or intersec- .. 
tions with other seismic profiles, and the smaller 
numbers refer to navigation fixes positioned in 
Figure 2. Vertical exaggeration 10X.
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sedimentary section yields good sparker records with deep penetra­ 

tion (0. 5 sec two-way time) and laterally continuous reflections. 

Several angular unconformities are exhibited on the sparker pro­ 

files, showing at least seven distinct periods of deposition, deform­ 

ation, erosion (or non-deposition), and subsequent deposition (Plate 

I and Figures 10 and 11). The surface exposures of the seven de- 

positional periods or small sedimentary basins within B are displayed 

on Plate I. . ,

The rather low angle unconformities delimit the seismic sub-

3
units of unit B and are more readily visible on the inner portion of

the shelf (Figure 11). On the outer portion of the shelf and on 

Coquille Bank, the sub-units are separated by what appear to be 

disconformities, which are recognized by acoustic appearance and 

laterally continuous reflections (Figure 10). The angular discord­ 

ances between sub-units II, III, IV, and VI are quite small and are 

visible in the inner shelf and are associated with minor folds (Fig­ 

ure 10).

In the northeastern portion of unit B, north of 43 N. latitude, 

the angular unconformity between sub-unit I and the underlying

Seismic sub-units refer to detectable subdivisions within a 
seismic unit, based on angular unconformities and acoustic appear­ 
ance of the sparker records. Seismic unit B is comprised of at 
least seven seismic sub-units, I through VII.
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sedimentary section is much more prominent, because the under­ 

lying strata have besn tilted to steeper dips. In this region sub-units 

II, III, and IV have experienced significant erosion; and sub-unit I 

overlies in succession each of these older sub-units. On SP-52D 

(Figure 10) sub-unit I is quite thin, but to the north and to the south 

of this traverse it thickens significantly. The angular unconformity 

at the base of sub-unit I probably represents the greatest hiatus of 

all the unconformities noted.

Sub-unit V also forms a distinct angular unconformity on the 

inner shelf with the underlying sub-unit VI (Figures 10 and 11). On 

SP-2D (Figure 10) V appears to be correlative across an anticline 

with IV, but V also could be interconnected with I, II, or III. The 

east-west profile SP-20 at approximately 43 N. latitude'indicates 

that V may be interrelated across the anticline with sub-units I or 

IV. Because its relationship with the other sub-units is not clear, 

V is given a separate designation. However, V is best tentatively 

correlated with I, because both I and V form quite discernible angu­ 

lar unconformities with the underlying sedimentary strata.

  The oldest sub-unit, VII, crops out on the eroded axis of an 

anticline (Figure 11). One poor seismic reflection within V suggests 

an angular unconformity between VII and the overlying sub-unit VI. 

There appears to be a westward shift and constriction of the 

younger sub-units (Plate I and Figure 10). This probably is due
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both to deposition and to erosion on the inner shelf. Several struc­ 

tural features are correlated between adjacent profiles, and the 

gentle folds generally strike in a north-south direction. In many 

instances the seismic .reflections demonstrate that the seismic sub- 

units of unit B thicken in the basin lows and thin over the structural 

highs (Figure 10). This suggests that In some cases there has been 

simultaneous deposition and deformation. Northwest of Blacklock 

Point sub-unit V has been warped Into a small structural basin (Fig­ 

ures 10 and 11).

Unit B Is believed to consist of Miocene and Pliocene sediments 

deposited in a north-south trending synclinorium. Miocene sediments 

have been dredged from Coos Bay by the U. S. Army Corps of 

Engineers. The abundant Miocene fossils in the dredge tailings were 

described by Moore (1963). Baldwin (1966) implied that in the axis 

of the South Slough Syncline the Tunnel Point Formation is uncon- 

formably overlain by a thick section of Miocene beds, which in turn 

are unconformably overlain by the Empire Formation of Pliocene 

age. Koch (1966) tentatively has identified Miocene sediments 2. 5 

km southeast of Port Offord. Miocene sediments, which are uncon­ 

formably overlain by the Empire Formation, have been reported by 

Durham (1953) on the south side of Cape Blanco. The Empire Form­ 

ation is in turn unconformably overlain by the Port Orford Forma­ 

tion (Baldwin, 1945) of probably middle to late Pliocene age.
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The Empire Formation is reported to crop out at the mouth of 

China Creek 5 km south of Bandon (Baldwin, 1966). Miocene- 

Pliocene boulders have been observed along the beach from China 

Creek to 6 km north of Blacklock Point (Phillips, 1968) and abundant 

loose Pliocene fossiliferous boulders have been found on the beach 

of the sand spit just north of Bandon (Baldwin, 1964). The boulders 

apparently have been washed ashore from surf zone exposures or 

eroded from hidden beach and sea cliff sources. A preliminary 

examination (Fowler, 1968) of the foraminifers in a rock sample 

taken from a pipe dredge haul 8 km west of Fivemile Point in unit 

E which is probably correlative with unit B (see the section on unit 

E for complete discussion), indicates a Pliocene age and a paleo- 

bathymetry of outer sub-littoral to upper-bathyl (Plate I).

The Miocene and Pliocene rock outcrops in the vicinity of 

Coos Bay, Bandon, Cape Blanco, and Port Orford localities have 

been described by Baldwin (1964), Durham (1953), and Koch (1966) 

as massive poorly consolidated sandstone of relatively uniform 

lithology with distinct angular unconformities between each of the 

late Tertiary formations. Numerous prominent unconformities are 

observed offshore in unit B. Good seismic reflection records, which 

are characteristic of the unit B, can be expected from massive sand­ 

stone beds of uniform lithology. The sediments of B also overlie the 

possible seaward extension of the Port Orford shear zone. The lack
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of significant deformation in B also indicates that the sediments are 

late Tertiary because the last movement of the shear zone is postu­ 

lated to be post-Miocene (Dott, 1962). Thus, the correlation of the 

sedimentary unit B with the onshore Miocene and Pliocene forma­ 

tions is suggested by numerous angular unconformities, good seis­ 

mic records with laterally consistent reflecting horizons, proximity 

to onshore rock outcrops and beach awash boulders , and stratigraph- 

ic position of the sedimentary sub-units overlying the possible sea­ 

ward extension of the Port Orford shear zone.

Off Cape Blanco, the sub-units of B are upturned by the nor­ 

mal faulting of unit B against A, which is believed to be the Otter 

Point Formation of latest Jurassic age. Seismic reflections reveal- 

that the sub-units of B thin towards unit A as if it was formerly a 

structural high at the time of the deposition of the younger sedi­ 

ments. Unit A has subsequently undergone further uplift by normal 

faulting. Based on the correlation of B with the onshore Miocene 

and Pliocene formations, the normal faulting is late to post- 

Pliocene. Both the B and A seismic units were truncated during 

the Pleistocene. The differential uplift of Cape Blanco may be re­ 

lated to the offshore uplift of unit A.

The sparker records reveal that Coquille Bank, situated 28 

km northwest of Cape Blanco, is a north-south trending, doubly
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Figure 12. East-west profiles across Coquille Bank. A north-south trending, asymmetrical anticline 
is exhibited on the profiles. Vertical exaggeration 8X.
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plunging, asymmetrical anticline (Figures 10, 12, and 13). This 

shoal is approximately 4. 5 km wide and 14 km long.

The sub-units of unit B are best exposed on the east limb and 

on the north and south noses of the bank (Figures 10, 12 and 13). ' 

The flanks of the shoal are an excellent place for sampling much of 

the sedimentary section of unit B with a series of bottom rock 

samplers or shallow core holes; however, no samples as yet have 

been obtained by the Department of Oceanography. The sedimentary 

section exposed on the east limb of the shoal can be traced eastward 

on the seismic profiles to the inner shelf outcrops of the sub-units 

of B, which are believed to be of Miocene to Pliocene age. On the 

east flank of the anticline, the sub-units II, III and IV of unit B 

(Figures 10 and 12) crop out and dip 3 to 5 degrees eastward. 

Laterally continuous seismic reflections are obtained from II and 

IV, and the prominent irregular outcrops at the ocean bottom sug­ 

gest that the sub-units are resistant to marine erosion and are well 

consolidated. However, sub-unit III displays relatively few con­ 

tinuous acoustic reflections; and, in many cases, there is a notice­ 

able lack of seismic returns from it. Surficial exposures of sub- 

unit III are not irregular like those of II and IV, but are smooth, and 

are covered, in some instances, by unconsolidated sediments. On 

profiles 52D, 20, 52A, and 16 (Figures 10, 12 and 13) the outcrops
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of III form noticeable lows in the bathymetry. Sub-unit III is 

apparently less resistant to erosion than the more competent beds 

of II and IV and is probably of different lithology or less consolidated 

than its adjacent strata.

The steep and relatively straight western side of Coquille Bank 

expressed in the bathymetry suggests faulting on the west limb of 

the anticline (Figure 5). The thick sedimentary section of sub-units 

II and III that crop out on the east limb of the structure (Figures 10 

and 12) are apparently missing on the western flank of this asym­ 

metrical anticline. The absence of the sedimentary section of II 

and III further implies faulting on the west limb of the structure, 

although no fault zone can be distinguished from the poor seismic 

records of the seaward side of the shoal.

Adjacent to the Coquille Bank anticline are two broad, north 

and south plunging synclines, which parallel the shoal. The axial 

plane of the synclines dip to the west, while the axial plane of the 

anticline slopes towards the east. The terraces or benches noted 

in the bathymetry (Figure 5) to the north and south of Coquille Bank 

are apparently structural features, resulting from the north and 

south plunging anticline-syncline complex (Figure 12 [SP-50] and 

13). Both of the terraces slope away from Coquille Bank, either to 

the north or to the south (Figure 5).

The north-south trending structures in unit B, particularly
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the asymmetrical faulted anticline of Coquille Bank, suggest that 

the late to post-Pliocene deforming stresses were essentially com- 

pressional forces from the west. Maloney (1965) has postulated that 

the benches, hills, and scarps of the continental slope off central 

Oregon are the result of step block faults. These low angle faults 

differ from the common type of normal faults in that both the hang­ 

ing wall and foot wall have moved upward. The foot wall has moved 

farther than the hanging wall, making the net displacement like that 

of a normal fault. This type of slope structure implies that the de­ 

forming stresses were also compressional and upward from the 

west. The postulated fault on the west flank of Coquille Bank may 

be the same type of fault as described by Maloney.

The most outstanding characteristic of Coquille Bank is its 

flat truncated top at a depth of about 120 to 130 m (Figures 10, 12 

and 13). This depth is in close agreement with the maximum eusta- 

tic lowering of the sea level at 120 m (Curray, 1961) at the beginning 

of the Holocene transgression. The truncated top of Coquille Bank 

is evidently an erosional remnant of a surf cut terrace. The shoal 

may have undergone subaerial erosion during sea level lowerings of 

greater than 130 m; however, the last significant erosion of the 

Bank was the planation of its top. The present depth of the terrace 

suggests the Bank may have been truncated during the late-Wisconsin 

glaciation. If the crest of the anticline was eroded during the
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late-Wisconsin, present water depth indicates there has been no 

appreciable uplift of Coquille Bank during the Holocene.

Unit C

West of Bandon unit C forms prominent rock outcrops on the 

sea floor. Sparker profiles traversing the unit disclose that it is 

structurally very complex with seismically steep dips and numerous 

folds and faults (Figures 11 and 14). The poor seismic returns and 

structural complexity of this area are similar to those observed in 

unit A off Cape Blanco. The rock outcrops of unit C are visibly re­ 

sistant to marine erosion and produce a topographic high on the in­ 

ner shelf (Figures 5 and 14).  

Unit C is believed to be a northern extension of the Otter Point 

Formation described by Koch (1966). Baldwin (1966) has noted the 

outcrops of this formation at Coquille Point. Although C is tentative­ 

ly correlated with unit A, C is given a separate designation, because 

of the geographic separation of the two exposures. The correlation 

of the seismic unit C with the Otter Point Formation is inferred by 

its structural complexity, poor seismic records, greater erosional 

resistance, and contiguity with onshore outcrops. The unit may also 

contain Late Cretaceous, rhythmically bedded, turbidites, which crop 

out at the mouth of Crooked Creek 4 km south of Bandon (Baldwin, 

1966).



N
O

R
TH

 
S

P
-1

4
 

I4
y
!2

 
x

I4
T

I3
 

4
S

O
U

TH
I4

-T
-5

o 
-

 x
l4

-r
-5

N
o
rt

h
-s

o
u
th

 p
ro

fi
le

 
a
c
ro

ss
 
u
n
it

s 
B

, 
C

, 
D

, 
an

d
 E

 o
ff

 C
o

q
u

il
le

 
P

o
in

t.
 

A
 f

o
rm

e
r 

st
re

a
m

 c
h
a
n
n
e
l 

cu
t 

in
to

 
u
n
it

 C
 i

s 
re

v
e
a
le

d
 o

n 
th

e 
re

c
o
rd

. 
T

h
e 

cu
t 

an
d
 f

il
l 

st
ru

c
tu

re
 

o
f 

th
e 

b
u

ri
e
d
 
st

re
a
m

 c
h

an
n

el
, 

u
n

it
 

D
, 

is
 

sh
o

w
n

 i
n

 t
h
e 

e
n
la

rg
e
d
 
se

c
ti

o
n

. 
V

e
rt

ic
a
l 

e
x
a
g
g
e
ra

ti
o
n
 9

X
.

iil>
 h

l'
l 
ll

 i
* 

Ji
iri

K
J 

fii
n 

1I
 V

IF
f 

F'
Ti

" W

-a
wT

W
ifff

lP
fflw

iffl
W

'M
*5

W
B

-l
iii

lif
e
M

ii&
a
fil

l
.4

H
fi

- 
.5

C
X

3/



49

Younger sediments of units B and E appear to unconiormably 

overlie unit C from both the north and the south (Figures 11 and 14). 

The younger sediments of B thin towards C as if the area west of 

Ba'ndon was a structural high during the deposition of the late 

Tertiary sediments of B and E. Late to post-Pliocene uplift has 

tilted the overlying sediments upward a few degrees. Both units 

have been truncated subsequently by erosion during the Pleistocene.

Dott (1966) postulates a shear zone through Bandon. Only 

weak evidence of faulting is seen on the very southern end of line 

SP-4, but the structural complexity and poor sparker records of unit 

C may be indicative of a shear zone. The lack of deformation of the 

overlapping sediments of units B and E of Miocene to Pliocene age 

indicates that there has been little significant movement in the postu­ 

lated fault zone since the deposition of the younger sediments.

Unit D

Five and a half kilometers northwest of Coquille Point, a 

buried stream channel, which was cut in unit C, is displayed on the 

sparker lines SP-13 and SP-14 (Figure 14). The buried channel, 

unit D, trends northwest in about 50 m of water. The bottom of the 

channel forms a distinct angular unconformity with the steep south­ 

west dipping reflections of unit C, which may be the Otter Point 

Formation. The maximum thickness of the channel fill is



50

approximately 25 m, and the rough ocean bottom displayed on both 

the sparker and fathometer records indicates the presence of conso­ 

lidated rock exposures in the buried channel.

Baldwin (1945, 1964, and 1966) named and described the 

Coquille Formation of late Pleistocene age as a former filled chan­ 

nel of the Coquille River. The formation is exposed between Whiskey 

Run and Cut Creek, north of the river's present mouth. Baldwin 

(1966, p. 200) described the formation as containing "semiconsoli- 

dated conglomerate, sandstone, and mudstone with numerous stumps 

and logs, all of which were deposted in a bay during a stage of alluvi- 

ation similar to 'that taking place today". At the mouth of Whiskey 

Run the formation unconformably overlies the pre-Tertiary gray- 

wackes of Fivemile Point,

Unit D is believed to be a remnant of a former course of the 

Coquille River during a lower sea level stand and possibly corre­ 

lates with the Coquille Formation 6 km to the northeast. The off­ 

shore buried channel would be of late Pleistocene age and may have 

been formed during the last lowering of sea level. The correlation 

of unit D with the Coquille Formation is suggested by the cut and fill 

structure on the sparker records, apparent consolidation, and pro­ 

pinquity with the Coquille Formation and the present river mouth.



51 

Unit E

Unit B south of Bandon has been previously described in the 

discussion of the southern portion of the study area. Between Five- 

mile Point and Bandon a similar sedimentary section, seismic unit . 

E, crops out on the sea floor (Figure 14 and Plate I). The unit pro­ 

duces good seismic profiles with relatively continuous reflections. 

The ocean bottom reflection on the sparker and fathometer records 

and a dredge haul on the western boundary of E verify that the sedi­ 

ments are consolidated.

Unit E has been structurally deformed into a broad synclinal 

basin whose axis plunges to the south-southeast towards Bandon 

(Plate I). The base of the syncline is clearly visible in the northern 

and western portions of the basin and forms a distinct angular un­ 

conformity with the older, underlying sedimentary rocks, which dip 

apparently to the south. The sediments in the synclinal basin are 

believed to be of Miocene to Pliocene age and appear to be correla­ 

tive with the extensive sedimentary section to the south of Bandon 

(unit B). Unit E is given a separate designation because B and E are 

divided by the structural and topographic high of unit C (Plate I). 

Foraminifers, analyzed from a dredge sample on the -western 

boundary of this unit off Fivemile Point, have been tentatively identi­ 

fied by Fowler (1968) as Pliocene in age. These sediments were



52

apparently deposited in outer sub-littoral to upper-bathyl depths, 

Fossiliferous Pliocene boulders have been reported to have washed 

ashore on the sand spit just north of Bandon from a source in the 

surf zone (Baldwin, 1964). Similar seismic records with prominent 

and continuous reflecting horizons, a dredge haul sample, and proxi­ 

mity with beach awashed boulders are the bases for the suggested 

correlation of unit E with unit B south of Bandon and with onshore 

Miocene and Pliocene formations.

Sediments of E overlie C to the south and the older units G 

and H to the north. Sparker profile SP-12 reveals that the Mio- 

PHocene sediments of E are faulted against F on the northwest. No 

east-west profiles cross the southwestern portion of unit E, so the 

southern extent of the fault between E and F is undetermined. Be­ 

cause of this lack of information, units E and F are postulated to be 

in questionable sediment contact on the southwest (Plate I). The 

syncline associated with E was probably formed as a result of the 

late to post-Pliocene uplift of the older surrounding seismic units 

C, F, G, and H.

Unit F

Unit F's appearance on the continuous seismic profiles is quite 

different from the surrounding strata. Many strong reflections 

appear on the seismic profiles, but the reflections are very
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irregular and are soon Laterally interrupted by the numerous faults 

that lace the unit (Figure 15). Structurally the unit consists of 

gently undulating small folds superimposed on an east-west trending 

major anticline. Bottom photographs of the rock outcrops on the 

southern flank of the anticline show evidence of bedding trending 

from approximately N 50 E to due east-west (Neudeck, 1968). The 

Pan American Oil Corporation OCS-P-0112 well (43° 14' 45. 7" N. 

latitude and 124 35'. 34. 5" W. longitude) was drilled on this anti­ 

cline. The numerous faults and folds displayed on the records could 

not be correlated between adjacent sparker profiles, so the orienta­ 

tion of the structural features is merely speculative.

The sparker and fathometer records display irregular outcrops 

throughout unit F's exposure on the continental shelf (Figure 15). 

The unit evidently was resistant to Pleistocene marine erosion be­ 

cause it forms a distinct, large topographic high southwest of Cape 

Arago (Figure 5).

A discernible change in dip and acoustic appearance of'the 

strata on sparker record SP-53 suggest faulting between F and B on 

the south and F and I on the north (Plate I). The east-west orienta­ 

tion of the fault traces and the upward displacement of unit F are 

conjectural, because each fault is crossed by only the one profile. 

Seismic unit F is unconformably overlain on the west by a wedge of 

sediments, unit J, on the outer edge of the shelf (Figure 15).
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The east-west trending fault traces of F are postulated to 

terminate against north-south oriented faults (Plate I). The fault 

trace, forming the northeast boundary of F, is positioned by three 

sparker traverses (Figure 15). However, the fault on the south­ 

eastern boundary was crossed only once. No east-west sparker pro­ 

files cross the boundary between F and units C and E. A question­ 

able sedimentary contact is speculated between F and C and between 

F and the southwestern limit of E. It is possible that the eastern 

boundary of F may be one continuous north-south fault trace. The 

north-south striking faults could be part of the wrench fault system, 

common to the southwestern Oregon coast (Koch, 1966), or of a 

normal fault system, which are frequent in the southern Oregon 

Coast Range (Baldwin, 1965 and Phillips, 1968). The sense of 

movement could not be determined from the sparker records; but 

bathymetry, stratigraphic relationship of F and B, and faulting of 

F against younger strata, units B and E, suggest at least some ver­ 

tical component of the net slip.

Erosional remnants of the strata of B unconformably overlie 

F in the southern portion of the older seismic unit. The younger 

sediments of unit B are preserved in graben-like features. The 

north-south dimensions of the younger sediments are defined on 

line SP-53; but the longitudinal dimensions and orientations of the 

grabens are only inferred, for no east-west seismic profiles cross
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the structural features.

At least the southern portion of unit F was covered by overly­ 

ing sediments of B,which are believed to be Miocene to Pliocene in 

age. During the Pliocene, the deposition of B and E may have ex­ 

tended across the southern half of unit F and possibly across unit C. 

Unit F has experienced subsequent late to post-Pliocene uplift and 

minor faulting, and the majority of the overlying younger sediments 

have been removed by the migrating shoreline of the Pleistocene 

transgressions and regressions.

Unit F's location on the outer continental shelf makes any 

correlation with an onshore coastal outcropping formation very dif­ 

ficult. The stratigraphic relationship of the erosional remnants of 

B overlying F indicates that unit F is probably early Pliocene or 

older. Its greater structural complexity and erosional resistance 

further suggest that F is older than seismic units B and E. Unit F 

is probably of middle Tertiary age, Oligocene to Miocene. The 

Coos Bay embayment or synclinorium received littoral and inner 

sub-littoral marine deposits from the late Eocene through the Plio­ 

cene (Snavely and Wagner, 1963). Significant marine deposition 

probably occurred contemporaneously on the continental shelf. Most 

of the lower and middle Tertiary rocks on the continental shelf and 

upper continental slope probably are covered by Pliocene deposits. 

However, this portion of the outer shelf apparently has experienced
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late Cenozoic uplift, exposing the postulated middle Tertiary sedi­ 

mentary rocks. Regardless of what the actual correlation may be, 

unit F is a distinct mappable seismic unit and is different from any 

of those previously discussed.

Unit G

Faulted against unit F is a north-south trending, southward 

plunging syncline. This syncline and an adjacent minor anticline 

comprise unit G (Plate I). The unit produces good seismic records 

with deep penetration and strong continuous reflections (Figure 15). 

The good reflections suggest that the sedimentary rocks consist of 

massive laterally continuous, competent beds. The sedimentary 

beds crop out at a depth of about 40 to 70 m in the southern portion 

of the seismic unit, and form the outer part of the topographic high 

northwest of Fivemile Point (Figure 5). In some instances, the 

strong reflectors continue through the ocean bottom reflection of the 

bubble pulse and imply that the bedding surfaces are exposed on the 

sea floor (Figure 15).

The syncline is faulted against unit F on the west and unit H 

on the east (Plate I). A questionable angular unconformity, visible 

on SP-6, suggests that unit G is in sedimentary contact with I on the 

north. The sediments of E overlie the southern limits of the syn­ 

clinal structure of H. In both cases the overlying sediments have
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been tilted upward by late to post-Pliocene uplift of unit G. Pleisto­ 

cene erosion has removed all but the bordering sediments of the less 

resistant strata of E and I and has exposed the more resistant de­ 

posits of G.

It is very difficult to correlate the sediments of unit G with an 

onshore formation. The stratigraphic relationship of G with units 

E and I discloses that G is older than these contiguous deposits. 

Seismic unit G is presumed to consist of the middle Eocene Tyee 

Formation. The Tyee Formation is composed of massive, rhythmi­ 

cally bedded micaceous sandstones grading upward into siltstones 

(Baldwin, 1964). Prior to the deposition of the upper Eocene 

Coaledo Formation, erosion removed the Tyee Formation from a 

large portion of the Coos Bay quadrangle (Alien and Baldwin, 1944). 

However, the Sacchi Beach member of the Tyee Formation is ex­ 

posed at Sacchi Beach 5 km north of Fivemile Point. The underly­ 

ing massive phase of the Tyee is presumably down dropped against 

older pre-Tertiary strata that crop out at Fivemile Point (Baldwin, 

1966). The offshore syncline is apparently a similar down dropped 

block or graben, which escaped the erosion after the deposition of 

the Tyee Formation.

Unit G is correlated tentatively with the Tyee Formation by 

the acoustical appearance of its reflections, erosional resistance, 

the north-south trending synclinal structure, and the proximity with
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onshore outcrops. However, It may also be the Coaledo Formation 

(deltaic shallow-water sandstones, siltstones, and shales) or 

rhythmically bedded turbidites of Late Cretaceous age. Outcrops of 

the Coaledo Formation form the coastal promontory, Cape Arago, 

to the northeast of unit G. Late Cretaceous turbidites crop out at 

Fivemile Point. The validity of the geologic correlation of unit G 

cannot be established without actual samples of the rock; but it 

seems certain that unit G is a separate seismic unit from any of 

those previously discussed.

Unit H

Unit H is in fault contact with the east limb of the south plung­ 

ing syncline of unit G. Very poor to no seismic reflections were ob­ 

tained on the sparker profiles across unit H (Figure 15). The poor 

records suggest that the rocks have been intensely folded and fault­ 

ed. Resistant ocean bottom outcrops form a high on both the spark­ 

er records and on the bathymetry 5 km northwest of Fivemile Point 

(Figures 5 and 15).

Unit H may be correlative with northwest trending sandstones 

and siltstones that crop out along the sea cliffs at Fivemile Point 

between the mouths of Whiskey Run and Twomile Creek just south 

of Sacchi Beach. Evidence of cross bedding in the rhythmically 

bedded turbidites at the Point indicate that the steeply dipping
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sedimentary rocks are overturned to the east (Ehlen, 1969). These 

strata are similar to the turbidites that crop out at Crooked Creek 

south of Bandon and north of Blacklock Point (Baldwin, 1966). Late 

Cretaceous fossils, referred to by Dott (1962), in the graywacke 

north of Blacklock Point suggest that the exposures at Crooked Creek 

and Fivemile Point are of a similar age. The more resistant sand­ 

stone beds are nearly vertical at Fivemile Point. Sea stacks, ex­ 

tending as far as a half kilometer offshore off the Point, may be the 

seaward extension of the resistant graywacke. Steeply dipping beds 

and their associated outcrops would tend to scatter and defract the 

sound energy, resulting in poor seismic returns. The correlation of 

unit H with the turbidites at Fivemile Point is questionable; however, 

the relationship is suggested by the poor seismic records, erosional 

resistance, and contiguous onshore outcrops at the Point.

Unit H is overlain on the south by the younger sediments of unit 

E. A sediment contact also is postulated on the north between H and 

the younger unit I. The overlying sediments have been subsequently 

tilted upward with the late to post-Pliocene uplift of units F, G, and 

H. Differential weathering has left H as a bathymetric high (Figure 

5).

Unit I

Good sparker records across unit I depict moderately undulating
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sedimentary strata. The gently folded structures trend in a north­ 

erly direction, but their exact orientation could not be determined. 

Only a few rock outcrops are apparent on the sea floor, which indi­ 

cates that this consolidated unit is less resistant to erosion than its 

adjacent sedimentary deposits to the south. Unit I coincides with the 

southern end of a free-air gravity anomaly trough or low (Figure 3), 

which has been interpreted as synclinal or downfaulted structure in 

the sedimentary layers (Dehlinger, Couch, and Gemperle, 1967). 

The negative free-air gravity anomaly extends from Coos Bay to 

Heceta Head as an elongated trough or low and is evidence of a thick 

section of low-density sedimentary layers on the central and outer 

continental shelf.

As previously noted in the discussion of unit F, a distinct 

change in dip and acoustic appearance on sparker profile SP-53 infer 

a questionable east-west striking fault off Cape Arago between units 

I and F. Poor evidence of an angular unconformity between I and 

underlying G on line SP-6 suggests a sediment contact between the 

two units off Cape Arago (Plate I). A similar contact is suggested 

with unit H. On the west unit I is unconformably overlain by unit J 

at approximately the shelf break (150 m). The northern expanse of 

I is undetermined, but it probably coincides with the majority of the 

negative free-air gravity trough on the central and outer shelf from 

Coos Bay to Heceta Head.
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The sedimentary rocks of unit I are believed to be also of 

Miocene to Pliocene age. The seismic unit produces prominent 

continuous reflections, similar to those returned from units B and E. 

The north-south trending, gently undulating folds of I are similar to 

the structures of B on the inner portion of the shelf. Unit I and E 

have the same stratigraphic relationship with units G and H; units 

B, E, and I are faulted against unit F, A preliminary interpretation 

of a recent sparker profile across the continental shelf at approxi­ 

mately 43 25' N. latitude reveals a distinct angular unconformity 

between I and the underlying strata on the inner and central continen­ 

tal shelf (Kulm, 1968). The angular discordance of the strata is 

similar to those observed on the inner continental shelf at the base of 

unit E and between the sub-units of B. In addition, Miocene and 

Pliocene sediments were deposited in the nearby Coos Bay syn- 

clinorium (Baldwin, 1966).

On the basis of acoustic appearance, structural and strati - 

graphic relationships with adjacent seismic units, and proximity with 

onshore outcrops, the sedimentary rocks of unit I are inferred to be. 

of Miocene to Pliocene'age and probably are correlative with the 

sediments, of B and E. Each of the correlative units are separated 

by older rocks and are given separate designations.

Post depositional stresses have folded unit I into gently undu­ 

lating, north-south striking structures. The late to post-Pliocene



SP-I
NORTH

0

600

WEST EAST

1 _- i ^^

600 -

SOUTH

13 12
7->--T~-  >-°2

-
'   t.J-"^-^3^./-. !''.t^^'^- -3

_ 2
I

m

600

Figure 16. Sediment wedge perched on the outer shelf and upper slope. The base of the sediments
of unit J forms an angular unconformity with the underlying strata. Vertical exaggeration 8X,



63

deformation is probably associated with the uplift of its contiguous 

units, F, G, and H. Pleistocene erosion has smoothed the bathy­ 

metry of the continental shelf in the outcrop area of unit I (Figure 5)

Unit J

A wedge of sediments, unit J, unconformably overlies units F, 

I, and possibly B along the edge of the continental shelf for at least 

28 km from Coos Bay to Bandon (Plate I). Good seismic returns 

with strong, prominent, laterally continuous reflections were ob­ 

tained from these strata (Figures 15 and 16). The stratigraphic re­ 

lationship of unit J and unit B at the southern end of the wedge- of 

sediments is not defined on the seismic records, but it is inferred 

that the sediments of J also overlie those of B and are, therefore, 

younger.

The wedge of sediments begins at the edge of the continental 

shelf at a water depth of 130 to 150 m and thickens westward on the 

upper continental slope (Figures 15 and 16). The sparker survey 

lines do not extend seaward far enough to determine the lower limit 

of the sediment wedge, but the strata is seen on SP-11 at a water 

depth of 330 m. Unit J probably extends down onto the terrace or 

bench on the upper continental slope north of Coquille Bank (Figure 

5).
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The wedge of sediments has undergone little deformation; 

however, on line SP-12 (Figure 15) some slumping has occurred. 

In deep water on.SP-11, the sediments thin over the gently undulating 

structural highs and thicken in the troughs, which suggests that de­ 

position and deformation have been contemporaneous.

The most outstanding feature of unit J is its contact with the 

older underlying units B, F, and I at a water depth of 130 to 1 50 m 

(Plate I). The wedge of sediments is possible evidence of a lower 

stand or stands of sea level of at least 130 m during the Pleistocene. 

The continental shelf experienced marine and subaerial erosion dur­ 

ing the several Pleistocene sea level lowerings, and the detritus was 

deposited seaward on what is now the upper continental slope. The 

Coos and Coquille Rivers may have carried significant loads of sedi­ 

ments to the sea and contributed markedly to the outbuilding of the 

wedge. The truncated structural features and eroded seismic units 

are clearly visible on the sparker records and are evidence of ex­ 

tensive Pleistocene erosion of the continental shelf (Figures 15 and 

16). Unit J is interpreted to consist of late Pliocene to Pleistocene 

sediments deposited during a single, or a series of, sea level re­ 

gressions and transgressions.
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THE SHELF BREAK

The continental shelf is believed to be an erosional and deposi- 

tional feature due to numerous transgressions and regressions of the 

sea, particularly those resulting from Pleistocene glaciation 

(Shepard, 1963). The last major regression during the Wisconsin 

glaciation lowered sea level approximately 120 m (Curray, 1961). 

The world average depth of the shelf break of 132 m suggests that the 

shelf edge is an erosional feature (Shepard, 1963). However, in 

some areas geophysical and geological evidence indicate that the 

shelf and shelf break are also of constructional and structural origin 

(Dietz, 1964;'Guilcher, 1963; and Uchupi and Emery, 1967). Con­ 

tinuous seismic profiles off the southern Oregon coast illustrate that 

the continental shelf break is an erosional, structural, and deposi- 

tional feature, all within a short distance of 70 km.

The wedge of sediments, unit J, perched unconformably on top 

of the outer shelf and upper slope strata indicate significant Pleisto­ 

cene deposition took place on the edge of the continental shelf from 

Cape Arago to Coquille Bank (Figures 15 and 16). The shelf has 

undergone extensive erosion during the lower stands of sea level. 

As a result detritus was apparently deposited in the inner srublittoral 

zone, which is now the uppermost part of the continental slope. This 

suggests that the lowest stand of the late Pleistocene shoreline was
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130 m below the present sea level. This agrees quite closely with 

the world average depth of 132 m for the shelf break.

Thus, along 28 km of the continental margin between Cape 

Arago and Coquille Bank the shelf break is both an erosional and 

depositional feature. During these lower still stands, the upper con­ 

tinental slope experienced significant outbuilding, while the shelf 

was extensively eroded. No true distinction exists between the outer 

edge of the shelf and the upper slope; the former merely merges into 

the latter in a continuous convex curve (Figure 16).

The crest of the Coquille Bank anticline, as previously de­ 

scribed, apparently was truncated at a depth of about 120 to 130 m 

by surf cutting during Pleistocene sea level lowerings. The major 

portion of the sedimentary section of the west limb of the anticline 

has been removed by faulting (Figures 5, 10 and 12). The surf cut 

platform and the fault escarpment form a distinct shelf break at 

approximately 130 m. Thus, on Coquille Bank the shelf break is of 

erosional and structural origin.

South of Coquille bank, the shelf break is both a depositional 

and structural feature. Off Cape Blanco on line SP-22 (Figure 9), 

the shelf edge is structurally controlled by what appears to be a 

diapir instrusion. The diapir probably is a serpentinite intrusive, 

similar to those found onshore in the Klamath Mountain province. 

On line SP-50 just north of the Cape sub-bottom reflections are
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conformable with the ocean bottom on the outer shelf and upper 

slope (Figure 16).

The continental shelf break in the study area is of multiple 

origin. The majority of the shelf and upper slope has experienced 

late to post-Pliocene tectonism. The oscillating shoreline of the 

Pleistocene eustatic sea level changes eroded the late Tertiary to 

early Pleistocene structures on the shelf and have deposited the 

detritus on the outer shelf and upper slope. Thus, the shelf break 

is an erosional, structural, and depositional feature.
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UNCONSOLIDATED SEDIMENT COVER

The unconsolidated sediment was mapped from both the sparker 

and echo sounding data. Both sets of data were recorded simultane­ 

ously over the 700 km of track line. Additional information was ob­ 

tained from underwater photographs (Neudeck, 1968) and bottom 

samples taken by Runge (1966) and Boettcher (1967).

Resolution and Interpretation

The ocean bottom reflection of the bubble pulse masks approxi­ 

mately the first 12 to 18 milliseconds (two-way travel time) of the 

sub-bottom seismic information and limits the resolution of the sedi­ 

ment thickness to approximately 9 to 15 m. Detectible sediment 

cover greater than 15m was timed and converted into depths below 

the ocean bottom from the time-depth curve (Figure 8). Rocky areas 

were delineated by irregular traces of the sea floor on the fathograms 

and by bottom photographs and samples.

Areas portraying a smooth ocean bottom on the fathometer 

were interpreted to be regions covered by unconsolidated sediments. 

If the bottom of the unconsolidated sedimentary layer could be inter­ 

preted on the sparker profiles, it was timed and converted into 

depths. In areas where the unconsolidated sediments were not visible 

on the seismic profiles, the overlying cover was assumed to be less
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than the resolution of the sparker system, 9 to 15 m, but at least a 

few meters thick.

The sediment distribution and thickness were mapped as five 

zones: rocky areas, 0 to 15 m, 15 to 20 m, 20 to 25 m, and greater 

than 25m thick (Figure 17). This type of presentation was selected 

because of the uncertainties in determining sediment thicknesses less 

than 15m due to the ocean bottom reflection of the bubble pulse.

Sediment Distribution

On the continental shelf between Cape Arago and Cape Blanco, 

there is a distinct lack of unconsolidated sediment cover. Most of 

the area is covered by only a thin veneer of sediments less than 15 

m thick. There are only a few small pockets of unconsolidated sedi­ 

ments off Coos Bay where the sparker records reveal a sediment 

thickness greater than 15 meters,

A large area of sediment cover, greater than 15m thick was 

detected oh the east side of Coquille Bank. Recent deposition is 

apparently the greatest landward of the Bank. The Bank is probably 

a controlling factor in the greater accumulation of sediments on this 

portion of the shelf.

A larger and thicker accumulation of sediment was detected 

west of Cape Blanco. Sediment thicknesses are greater than 25 m 

and cover what is interpreted to be a surf cut terrace (Figure 9).
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Figure 17. Unconsolidated sediment map. Note the large 
areas of rock outcrops on Coquille Bank and 
southwest of Cape Arago. Contours in meters.
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SUMMARY AND CONCLUSIONS

A continuous seismic profiling investigation was conducted 

over approximately 700 km of track lines on the southern Oregon 

continental shelf and upper slope between Coos Bay and Cape Blanco 

(Figure 2). A structural map of the continental shelf was compiled 

solely from the interpretation of these sparker records. Since the 

majority of the continental margin is covered by a thin veneer of 

Quaternary unconsolidated sediments, the sediment cover was re­ 

moved from the sea floor in the fabrication of the map. At least ten 

discernible seismic units were identified on the continental shelf. 

The rock outcrop patterns of these units are shown on the structure 

map (Plate I). The interpretation of the sparker records is support­ 

ed by bathymetry, gravity and magnetic data, and rock outcrop pat­ 

terns (Figures 3, 4, 5, and 17).

Several onshore geologic formations and structures are be­ 

lieved to extend offshore onto the continental shelf. The offshore 

seismic units were correlated tentatively with onshore coastal forma 

tions or periods of speculated marine deposition. In summarizing 

the geological history of the investigated area, the correlations of 

the seismic units and their proposed relative ages are assumed to be 

those listed in Table 1. The validity of the interpretation is untested 

until rock samples are obtained for both stratigraphic and
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Table 1. Postulated correlations of seismic units with onshore 
geology.

Seismic Unit
Postulated Age of 

Seismic Units
Possible Correlative 

Forma tion(s)

D

J

B, E, I

F 

G 

H

Late Pleistocene

Late Pliocene to 
Pleistocene

Miocene to 
Pliocene

Oligocene to Miocene 

Middle Eocene 

Late Cretaceous

Coquille Formation

Port Orford Formation 
Empire Formation 
Miocene beds at Cape 
Blanco and Coos Bay

Tyee Formation

Rhythmically bedded 
turbidites at Fivemile 
Point

A, C Uppermost Jurassic Otter Point Formation
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paleontologic studies. As yet no published stratigraphic studies are 

available for this portion of the shelf. However, adjacent onshore 

stratigraphic studies by other investigators (Alien and Baldwin, 

1944; Baldwin, 1945, 1963; Dott, 1961, 1964 and 1965; Snavely and 

Wagner, 1963; Koch, 1966; and Phillips, 1968) can be projected 

broadly offshore to aid in the discussion of the geological history of 

the continental shelf between Coos Bay and Cape Blanco.

The oldest rocks exposed on the continental shelf are believed 

to be the uppermost Jurassic Otter Point Formation (Table 1). 

Large hiatuses in the late Mesozoic and early Cenozoic are inferred 

from the interpretation of the sparker records (Table 1). A better 

understanding of the geological development of the shelf can be ob­ 

tained by briefly sketching the adjacent onshore region's early geo­ 

logic history, based on the findings of other investigators.

The study area is located on the continental margin of the 

westernmost edge of the Cordilleran mobile belt in southern Oregon. 

The Cordilleran belt has been generally eugeosynclinal throughout 

most of the Paleozoic to late Cenozoic time (Dott, 1965). In his 

model of block tectonics of the earth, Morgan (1968, p. 1971) postu­ 

lates that "the Coast Ranges of Oregon and Washington are probably 

the fill of an uplifted trench, and the Cascades are probably the vol­ 

canic counterpart of this now extinct system". The dominance of 

continental-type andesites throughout the Cordilleran Geosyncline
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infers the presence of essentially continental crust throughout its

known history. However, because of the large ultramafic bodies in 

the Klamath Mountain province, Dott (1965) suggests that the crust 

may be transitional between typically continental and typically 

oceanic types.

The diastrophism displayed in the arcuate structural and meta- 

morphic pattern of the Klamath Mountains resulted from the Nevadan 

orogeny of late Jurassic age (Dott, 1965). The westwardly convex 

 Klamath structural arc became the foundation for orogenic accretion 

which continued into the early Tertiary.

During the latest Jurassic, a sea transgressed the lower ele­ 

vations of the Klamath province (Koch, 1966). The mainly fine­ 

grained detritus of the Otter Point Formation was deposited by tur­ 

bidity currents and landslides at bathyal depths off southwestern 

Oregon. At the end of the Jurassic, the southwestern Oregon coast 

experienced a diastrophic episode, which corresponded to the 

northern California terminal Jurassic "Diablan" orogeny (Koch, 

1966). This orogeny culminated the late Mesozoic eugeosynclinal 

conditions of the coastal regions of the Klamath province and initi­ 

ated the wrench faulting, characteristic of the northern California 

and southern Oregon coasts (Dott, 1966).

In the early Cretaceous, a shallow sea transgressed the 

coastal margins of the Klamath Mountains. Tectonism at or near
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the end of the early Cretaceous locally halted the coastal turbtdite

deposition and uplifted selected areas along the coast. None of the 

early Cretaceous deposits are believed to crop out on the shelf in the 

study area.

North of the Klamath Mountain province, western Oregon and 

Washington was the site of a eugeosyncline that occupied the present 

site of the Olympic Mountains, the Coast Ranges, the Puget- 

Willamette lowland, and the western Cascades (Snavely and Wagner, 

1963). The structural deformation and deposition in the southern 

end of the geosyncline probably was controlled by the elevated 

Klamath Mountain province.

During the Late Cretaceous, the sea transgressed over the 

northern end western flanks'of the Klamath terrane. Sediments of 

the lower member of the Umpqua Formation (Late Cretaceous through 

early Eocene) were deposited by turbidity currents in a subsiding 

eugeosynclinal basin north of the Klamath terrane (Phillips, 1968). 

Scattered eroded remnants of the once extensive Late Cretaceous 

turbidites, deposited along the western edge of the Klamath area, 

are found at the following onshore localities: Fivemile Point; 

Crooked Creek, south of Bandon; Blacklock Point; and Cape 

Sebastian, 38 km north of the Oregon-California state line. The 

rhythmically bedded turbidites also are believed to crop out on the 

continental shelf in the region represented by unit H immediately
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seaward of Fivemile Point (Plate I).

Marine deposition of the lower Umpqua Formation at the 

southern end of the geosynclinal basin continued through the early 

Eocene (Baldwin, 1965). During the early Eocene extensive basaltic 

pillow lavas erupted onto the sea floor of the subsiding eugeosyncline 

(Snavely and Wagner, 1963). At the end of the early Eocene, the 

lower Umpqua Formation was uplifted and was severely faulted and 

folded along northeast trending axes (Baldwin, 1964).

The sea reoccupied the southern Coast Range geosynclinal 

basin, and the middle and upper members of the Umpqua were de­ 

posited in a shallow marine environment (Baldwin, 1965). Although 

none of the members of the Umpqua Formation are believed to crop 

out on the continental shelf between Coos Bay and Cape Blanco, they 

probably extend seaward at depth onto the shelf beneath the middle 

and late Tertiary deposits. The massive, thickly bedded, coarse­ 

grained sandstone of the middle Eocene Tyee Formation unconform- 

ably overlies the members of the Umpqua Formation and suggests 

major uplift of the Klamath source area. The Tyee Formation in 

the Coos Bay quadrangle represents deposition m littoral to inner 

sublittoral environments (Alien and Baldwin, 1944). The southern 

portion of the Oregon Coast Range geosyncline was filled essentially 

by the shallow marine and turbidity deposits of the Tyee Formation 

by close of the middle Eocene (Snavely and Wagner, 1963).
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At the beginning of the late Eocene, areas of the southern

Coast Range were locally uplifted. The middle Eocene strata were 

folded, faulted, and preserved in fault troughs (Baldwin, 1964; 

Phillips, 1966). Koch (1966) and Howard and Dott (1961) have de­ 

scribed block faulted structures associated with the north trending 

wrench faults of the southwestern Oregon coast. Such a wrench fault 

tectonic pattern was propounded by Moody and Hill (1956). Similar 

models for Tertiary structures of southern California were proposed- 

by Corey (1962) to explain the horst and graben surface expression 

often associated with wrench fault tectonics, A horst and graben 

structure involving the Otter Point and lower Umpqua Formations was 

mapped 14 km southeast of Bandon by Phillips (19-68). Phillips also 

described several shear zones within the uppermost Jurassic Otter 

Point Formation. Dott (1962) has proposed a shear zone, the Port 

Orford shear zone, through Cape Blanco that was clearly active 

from the late Eocene to the post-Miocene, He also has postulated a 

shear zone through the Otter Point Formation at Coquille Point (Dott, 

1966). The block faulting, described onshore by Phillips (1968) and 

observed offshore of Cape Arago, Bandon, and Cape Blanco in this 

investigation, may be a result of late Eocene wrench faulting (Plate

I).

Thus, the emplacement of seismic units A and C, which tenta­ 

tively are correlated with the uppermost Jurassic Otter Point
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Formation, on the inner continental shelf off Cape Blanco and

Coquille Point may be the result of middle Tertiary wrench fault 

tectonics. Seismic units G and H, which are believed to be the Tyee 

Formation and the Late Cretaceous turbidites, respectively, off 

Fivemile Point probably are similarly emplaced by the late Eocene 

lateral block faulting (Plate I). During this period of tectonism, 

extensive' erosion removed much of the early Eocene section south 

of Coos Bay; and erosional remnants of the Tyee Formation pre­ 

served locally in down faulted blocks both onshore at Sacchi Beach 

and 7 km offshore as unit G.

The tectonism at the beginning of the late Eocene divided the 

Coast Range geosyncline into several individual basins and signifi­ 

cantly reduced the area of marine deposition (Snavely and Wagner, 

1963). The Coos Bay embayment or synclinorium was one of these 

local basins and received littoral and inner sublittoral marine de­ 

posits from the late Eocene through the Miocene. Offshore, the 

continental shelf was probably characterized by significant middle 

Tertiary marine, deposition. Unit F is believed to consist of sedi­ 

ments of Oligocene to Miocene age. Similar strata probably extends 

over much of the continental shelf but is presently overlain by the 

Pliocene deposits.

At the end of the Miocene the southern Coast Range was up­ 

lifted, and the Coos Bay embayment was warped into a north-south
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trending synclinorium (Alien and Baldwin, 1944; and Snavely and

Wagner, 1963). During this period of tectonism, the offshore strata 

of unit F also was folded and faulted, perhaps by renewed movement 

of the wrench fault system (Figure 14). The older seismic units A, 

C, G, and H probably experienced further deformation and uplift.

During the Pliocene, detritus from erosion of the uplifted 

southern Coast Hange continued to be deposited in the Coos Bay 

embayment and on the adjacent continental shelf. The late Tertiary 

sediments appear'to have covered unit A off Cape Blanco and the 

southern half of unit F, the middle Tertiary strata. In fact, the 

correlative late Tertiary units B, E, and I probably were continuous 

throughout most of the study area and also covered the structural 

highs formed by C, G, and H off Bandon and Fivemile Point (Plate I 

and Figure 14),

Sparker records of seismic unit B reveal that the greatest Mio- 

Pliocene deposition occurred in a north-south trending basin between 

' Cape Blanco and Coquille Bank (Figure 10). Within unit B, seven 

seismic sub-units,'discernible by angular unconformities and acous­ 

tic appearance, infer at least seven periods of deposition, gentle 

deformation, erosion or non-deposition and subsequent deposition 

(Plate I and Figures 10 and 11). Thickening and thinning of the sub- 

units over gently undulating anticline and synclinal structures sug­ 

gest simultaneous deposition and deformation. The north-south
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trending Mio-Pliocene folds imply east-west compressional deform­ 

ing stresses throughout the deposition of the sediments. The angu­ 

lar unconformity which separates sub-unit I and the underlying 

strata probably represents the greatest erosional break, and it may 

be the most important of all the unconformities noted on the sparker 

records. Northwest of Blacklock Point, sub-unit I unconformably 

overlies in succession each of the older sub-units II, III, IV, and 

V (Plate I).

Strata, which are acoustically similar to unit B, are exposed 

northwest of Bandon and west of Cape Arago, units E and I respec­ 

tively. No angular unconformities or sub-units were noted within 

these two units; however, a distinct angular discordance with the 

underlying strata of questionable age occurs at the base of E and I.

The late Tertiary sediments of unit B apparently cover the 

seaward extension of the postulated Port Orford shear zone north of 

Cape Blanco. The lack of deformation of the overlying unit B infers 

there has been no significant movement of the fault since the deposi­ 

tion of these younger sediments.

Late to post-Pliocene stresses, associated with the renewed 

uplift of the Coast Range, vertically displaced the older strata of 

A, C, F, G, and H off Cape Blanco, Bandon, and Cape Arago and 

folded the late Tertiary strata of units B, E, and I along north-south 

striking axes (Plate I). The Coos Bay synclinorium also experienced
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recurrent post-Pliocene folding along its north-south trending axes

(Baldwin, 1966). Off Cape Blanco, the uplift of unit A has up-warped 

the adjacent sub-units of unit B. The sedimentary beds of B and E 

have been upturned similarly by the uplift of C and F off Coquille 

Point (Figure 14). The uplift of the older surrounding units, C, F, 

G, and H, has warped unit E into a south plunging syncline. The 

late Tertiary strata of unit I also have been tilted upward by the late 

to post-Pliocene vertical displacement of its contiguous units F, G, 

and H.

The inner continental shelf folds of unit B characteristically 

have lower dips than the outer shelf structures (Figure 10). The 

greatest deformation of the Mio-Pliocene strata of unit B occurred 

on the outer shelf in the formation of Coquille Bank, a north-south 

trending, doubly plunging, asymmetrical anticline (Figures 10, 12 

and 13). The structural development of the shoal may have been 

contemporaneous with the uplift of the older units, A, C, F, G, and 

H. The seaward limb of the anticline has been faulted down to the 

west and an adjacent syncline parallels the anticlinal axis on the 

east (Figure 10). The terraces or benches, expressed in the bathy­ 

metry on the upper continental slope, are structural features re­ 

sulting from the north and south plunging anticline-syncline complex 

(Figures 5, 12, and 13).

The north-south trending, late Tertiary structure of the Coos
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Bay embayment implies deformation from east-west cornpressional

stresses. The similarly oriented continental shelf structures of 

seismic units B and I, especially the Coquille Bank anticline, also 

suggest east-west compression. The step block faults postulated by 

Maloney (1965) on the central Oregon continental slope further sug­ 

gest deforming stresses from the west, A possible source for the 

compressional stresses on the continental shelf may be located 

farther offshore in the seismically active Juan de Fuca and Gorda 

Ridges (Figure 1), which are believed to be the northern extension 

of the East Pacific Rise (Menard, I960),

Several geophysical models have been proposed to explain the 

continuous, north-south trending magnetic anomalies associated 

with the East Pacific Rise. Dietz (1961) postulates sea floor 

spreading from the Rise; Wilson (1965) suggests transform faulting 

along the Blanco Fracture Zone; and Morgan (1968) proposes tec­ 

tonic blocks, which are rifting along the Rise. Any of these postu­ 

lated models would produce eastward movement of the oceanic crust 

on the continental side of the Rise. Extensive compressional stresses 

would occur at the oceanic-continental crust interface as the oceanic 

crust dips beneath the thicker and less dense continental crust. The 

remarkable north-south linearity of the base of the continental slope 

off Oregon probably is a result of the seaward limit of the continen­ 

tal-type crust and of the compressional stresses on the continental
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margin. The irregular topography of the Oregon continental slope

presumably are structural features, folds and step block faults, re­ 

sulting from compression from the west (Byrne, 1966).

Elevated marine terraces onshore indicate that the entire 

coast between Cape Arago and Cape Blanco has- undergone broad re­ 

gional uplift which began in the late Pliocene and contined throughout 

the Quaternary. The uplift is greatest at Cape Arago and Cape 

Blanco and may be associated with the late to post-Pliocene uplift of 

the older seismic units seaward of the two Capes.

The continental shelf experienced extensive marine and sub- 

aerial erosion during the numerous late Pliocene and Pleistocene 

transgressions and regressions of the sea. The late Tertiary strata 

of units B, E, and I were eroded from the top of the presently ex­ 

posed older, uplifted units of A, C, F, G, and H.

All of the seismic units experienced further erosion; the detri­ 

tus was deposited as a wedge of sediments, unit J, on the outer 

continental shelf and upper continental slope (Figures 15 and 16). 

The wedge of sediments is discernible along the outer edge of the 

shelf for at least 28 km from Coos Bay to Bandon (Plate I). The 

wedge of sediments, which is believed to be of late Pliocene to 

Pleistocene age, begins at the edge of the continental shelf at a 

water depth of 130 to 150 m. It unconformably overlies the older 

units B, F, and I and thickens westward on the upper continental
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slope. The contact of the sedimentary wedge with the older under­ 

lying units is possible evidence of eustatic sea level lowerings of at 

least 130 m.

Additional evidence of a lower sea level stand is the truncated 

top of the Coquille Bank anticline (Figures 10, 12 and 13). The 

depth of the terrace at 120 to 130 m indicates the Bank may have 

been cut at the beginning of the Holocene transgression.

The submerged surf cut terrace southwest of Cape Blanco in 

unit A is further evidence of a lower stand of sea level (Figure 9). 

The seaward limit of the terrace occurs at a depth of 140 m.

A possible buried channel was detected northwest of the mouth 

of the Coquille River (Figure 14). The sediment filled channel, unit 

D, is believed to be an erosional remnant of a former course of the 

Coquille River during a lower stand of sea level. The unit is corre­ 

lated with the onshore Coquille Formation of late Pleistocene age.

The continental shelf break in the study area is of multiple 

origin. The majority of the shelf and upper slope has experienced 

late to post-Pliocene tectonism. The oscillating Pleistocene shore­ 

line has truncated the shelf structures to a depth of 130 m and has 

deposited the detritus, in some areas, on the outer shelf and upper 

slope. In areas of deposition, there is no sharp break between the 

shelf and the upper slope; the former merely merges into the latter 

in a continuous convex curve (Figure 16). In areas of non-deposition,
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the edge of the shelf is erosionally and structurally controlled (Fig­ 

ure 12). Thus, the shelf break is an erosional, depositional, and 

tectonic feature and may have been developed by a combination of any 

of the three geological processes.

There is an apparent lack of unconsolidated Pleistocene and 

Holocene sediment cover on the continental shelf between Cape 

Arago and Cape Blanco. Most of the shelf is covered by a thin 

veneer of sediments less than 15m thick; however, several small 

isolated pockets of thicker sediment cover were detected on the 

sparker profiles (Figure 17).

Large exposur-es on rock crop out southwest of Cape Arago, 

off Bandon, on Coquille Bank, and off Cape Blanco. There is a 

distinct interrelationship between the rock outcrop pattern, the 

seismic units, and the bathymetry (Plate I, Figures 5 and 17). The 

rock outcrops on the continental shelf are a result of existing struc­ 

ture, tectonism, and differential weathering.
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42° 45. 1'

42° 52. 4'

42° 52. 4'

42° 52. 2'

Longitude 
(West)

124° 51. 3' 

124° 53.7' 

124° 57. 1' 

124° 57. 1' 

124° 57. 0'

O
124 56.8'

124° 56. 7'

124° 56. 1'

124° 55. 8'

Q
124 51.5'

124° 49. 8'

O
124 48.0'

124° 44. 8'

124° 43. 0'

O
124 40.5'

O
124 38.8'

124° 38. 7'

124° 39. 2 1

124° 39. 5'

124° 39. 7'

124° 39.7'

124° 53. 3'

124° 52. 3'

124° SO. 8'

Course Speed 
(Decrees) (m/min) (km/hr)

176°

178°

168°

172°

94°

90°

90°

o
92

77°

o
93

68°

o
173

208°

o
192

194°

180°

90°

o
100

o
86

272

225

200

230

183

210

222

229

193

262

276

280

244

190

229

265

136

138

190

16.3

13.5

12.0

13.8

11.0

12.6

13.3

13.7

11.6

15.7

16.6

16.8

14.6

11.4

13.7

15.9

8.1

8.3

11.4
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S packer
Line No.

50

50

50

50

50

50

50

51

51

51

51

51

51

51

51

51

52A

52A

S2A

52A

S2A

52A

52A

52A

Fix 
No.

4

5

6

7

8

9

10

11

12

13

14

IS

16

17

18

19

1  

2

3

4

5

6

7

8

Time

8-3-0430

8-3-0445

8-3-0456

8-3-0512

8-3-0530

8-3-0543

8-3-0600

8-3-0617

8-3-0630

8-3-0645

8-3-0650

8-3-0706

8-3-0716

8-3-0725

8-3-0730

8-3-0746

8-4-0230

8-4- 0245

8-4-0300

8-4-0316

8-4-0335

8-4-0347

8-4-0359

8-4-0416

Latitude " 
I North)

42 52.3'

42° 52. 5'

42° 52. 4' '

42° 52.4'

42° 52. 6'

42° 52. 8'

42° 52.9'

42° 54. 6'

42° 53. 3'

42° 52. 0'

42° 51. 6'

42° 52.0'

42° 52.3'

42° 52.4'

42° 52. 1'

42° 51.0'

42° 52.3'

42° 53. T

42° 54. 7'

42° 55. 8'

42° 56. 9'

42° 57.6'

42° 58. 4'

42° 59. 7'

Longitude 
' (West)

124° 48. 7'

124° 46. 0'

124° 44. 4'

124° 42. 4'

124° 39.7'

124° 37. T

124° 34. 8'

124° 37. 0'

124° 37. 2'

124° 37. 5'

. 124° 37. 5'

124° 36. 0'

124° 35. 1'

124° 34. 4'

124° 34. 5'

124° 35. 6'

124° 45. 2'

124° 44. 7'

124° 44; 5'

124° 44.9'

124° 46. 0'

124° 46. 3'

124° 46. 3'

124° 45. 5'

Course 
(Desrees)

o
84

95°

o
90

84°

82°

87°

186°

190°

o
180

70°

66°

79°

194°

216°

15°

-8°

345°

324°

343°

0°

24°

4°

Speed
(m/min) (km/hr)

246

198

170

205

211

232

186

163

148

135

134

108

114

158

179

125

132

133

113

123

155

143

14.7

11.9

10.2

12.3

12.6

13.9

11.2

9.8

8.9

8.1

8.1

6.5

6.9

9.5

10.7

7.5

7.9

8.0

6.8

7.4

9.3

8.6
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Sparker
Line No.

52A

52A

52B

52B

52B

52B

52B

52C

52C

52C

52C

52D

52D

52D

52D

. 52D

52D

:. 52D

52D

52D

52D

52D

52D

S2D

Fix 
No.

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Time

8-4-0429

8-4-0445

8-4-0500

8-4-0515

8-4-0530

8-4-0545

8-4-0550

8-4-0600

8-4-0615

8-4-0630

8-4-0635

8-4-0643

8-4-0655

8-4-0716

8-4-0730

8-4-0746

8-4-0759

8-4-0815

8-4-0830

8-4-0843

8-4-0907

8-4-0920

8-4-0933

8-4-0945

Latitude 
(North)

o
43 .7»

43° 1.9'

43° 2.1'

43° 2.0'

Q

43 2.1'

43° 2.2'

43° 2.1'

43° 1.7'

43° . 2f

42° 58. 7'

42° 58. 2'

42° 57. 8'

42° 58. 0'

42° 57. 2'

42° 57. 4'

42° 57. 1'

Q
42 57.0'

42° 57. 2'

42° 56. 9'

42° 57. 2'

42° 56. 9'

42° 57. 0'

42° 57. 3'

42° 57. 3'

Longitude 
(West)

124° 45. 4'

124° 45. 4'

124° 47. 0'

124° 48. 7'

rt

124 50.5'

124° 52. 2'

124° 52. 8'

124° 53. 2'

124° 53. 1'

124° 53. 2'

124° 53. 2'

124° 52. 5'

124° 51. 3'

124° 49. 6 1

124° 47.9'

124° 46. 4r

rt
124 44.7'

124° 42. 5'

124° 40. 1'

124° 38. 1'

124° 36. 1'

124° 35.0'

124° 33. 6'

124° 32.3'

Course 
(Decrees)

0°

280°

o
265

274°

o
275

257°

o
216

'o
177

183°

o
180

128°.

o
77

123°

o8-1

o
105

95°

83°

100°

o
78

102°

o
83

o
74

90°

o
67

Speed
(m/min) (k

139

147

154

163

154

167

92

185

185

185

ISO

139

130

167

132

178

188

220

213

115

116

152

147

127

:m/hr]

8.3

8.8

9.2

9.8

9.2

10.0

5.5

11.1

11. 1

11.1

 9.0

8.3

7.8

10.0

7.9

10.7

11.3

13.2

12.8

6.9

6.9

9.1

8.8

7.6
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Spaiker 
Line No.

S2D

52D

S3

53

S3

S3

S3

53

S3

S3

53

53

S3

S3

S3

53

53

53

53

53

53

53

S3

53

Fix
No.

33

34

1

2

13

4

5

6.

7

3

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Time

8-4-1000

8-4-1007

8-S-022S

8-5-0245

8-S-0300

8-S-0315

8-5-0330

8-S-034S

8-S-0400

8-S-041S

8-S-0430

8-S-0445

8-S-0500

8-S-OS15

8-5-0533

8-5-0548

8-5-0602

8-5-0617

8-S-0631

8-5-0646

8-5-0700

3-5-0715

8-S-0730

8-5-0743

Latitude
(North)

42° 57. 7'

42° 57. 3'

42° 48. 0'

42° 49. 8r

42° SO. 6'

42° SI. 7'

42° 52. 8'

42° S3. 8'

42° 54. 8«

42° 55.9'

42° 56. 9'

42° 57. 9'

42° 58. 8'

42° 59. 6'

43° . 4'

43° 1.2'

43° 2.2'

43° 3.2'

43° 3.8'

43° 4.7'

43° S.6 1

43° 6.6'

43° 7.7*

43° 9.0'

Longitude
(West)

124° 31.0'

124° 30. 2 1

124° 42. 7'

124° 41. 6'

124° 40. 7'

124° 40. 6'

124° 40. 3'

124° 39.9'

124° 39.7'

124° 39. 1'

124° 38. 8'

124° 3 8. 7'

124° 38. 3'

124° 38. 4'

224° 38.8'

124° 38.9'

124° 38. 2'

124° 37. 1'

124° 35. 6'

124° 35. 8'

124° 35. S 1

124° 34.5'

124° 34. 2'

124° 34. 01

Course 
{ Degrees)

o
124

o
24

o
40

4°

11°

o
16

8°

22°

12°

4°

o
18

355°

o
340

355°

27°

o
39

o
61

o
351

14°

36°

o
11

6°

o
354

Speed
( m/min) ( km/hr)

188

183

128

136

139

129

125

146

126 '

124

117

99

88

99

149

158

165

113

123

153

139

186

143

11.3

11.0

7.7

8.2

8.3

7.7

7.5

8.8

7.6

7.4

7.0

6.0

5.3

6.0

8.9

9.5

9.9

6.8

7.4

9.2

8.3

11.2

8.6
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Spaxker Fix 
Line No. No.

53

53

53

S3

53 

S3

S3

S3

53

S3

23

24

25

26

27

28

29

30

31

32

Time

8-5-0800

8-5-0815

8-5-0830

8-5-0845

8-5-0900

8-5-0916

8-5-0930

8-5-0946

8-5-1001

8-5-1016

Latitude
(North)

o
43

43°

.43°

Q

43

43°

43°

43°

o
43

43°

43°

10.

11.

13.

15.

16.

18.

19.

20.

21.

22.

3'

9'

5'

1«

5'

0'

2'

3'

2'

2'

Longitude 
(West)

o
124

124°

124°

o
124

124°

124°

124°

o
124

124°

124°

34.

34.

33.

33.

33.

34.

33.

33.

32.

32.

21

2'

9' .

7T

6'

0'

6 1

3'

8'

3'

Course 
(Deuces)

0°

8°

5°

3°

349°

14°

11°

o
.22

20°

Speed
(m/min) (km/hr)

198

199

198

173

177

163

-130

120

131

11.9

12.0

11.9

10.4

10.6

9.8

7.8

7.2

7.9
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APPENDIX II 

APPARENT DIPS

Sparker 
Line Between 
No. Fixes

1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4

1
2
3
4
5
6
6
7
8

10
10
12
13
13
14
14
14
14
IS
IS
IS
16
17
17
18
19
19
20
20
21
21
22
22
24
24
24
24
25
27

2
2

2
3
4
S
6
7
7
8
9

11
11
13
14
14
15
15
IS
15
16
16
16
17
18
18
19
20
20
21
21
22
22
24
24
25
25
25
25
26
28

4
4

Average
Time

1024.5
1033.0

.1053.5
1102.0
1119.0
1133.5
1133.5
1156.5
1207. 0
1238. 5
1245. 8
1313.0
1323. 0
1325. S
1339.8
1342. 0
1342.0
1344.3
1352.5
1353. 3
1354. 5
1404.0
1416.5
1428. S
1441,5
1456. 0
1449.5
1509.0
1512. 0
1525.5
1527. 0
1531.5
1546.5
1552. 0
1552. 0
1558. 5
1558.5
1608. 0
1626.0
1219.3
1235. 5

Latitude 
(North)

43°21.71
43°21.6'

O
43 21.5'
43°21.4'

Q

43 21.3'
43°21. 1'
43°21. 1'

Q

43 20. T
43°20. S'
43°19.9'

43°19. 8'
43°19. 3'
43°19.2'
43°19.2'
43°18.4'

43°18. 3 1
43°18.3'

43°18. 1'
43°17. 4'
43°17.4'
43°17.3«
43°16.8'
43°16.6f
43°16.4«

43°16. 2'
43°15.9'

43° 16.0'
43°15.6'

43°15. 6'
43° 15. 4'

. 43° 15. 4'
43°15.3'

43°15. 0'
43°14.9«
43°14.9'

43° 14. 7'
43° 14. 7'
43° 14. 5'
43°14. 2'
43°16.0»
43°13.9'

Ave. Depth Ave. Depth 
Below Below Sea Dip 

Longitude Ocean Bottom Level Heading Angle 
(West) (Meters) ( Meters )( DezreesY Deszrees)

124°24. 1'
124°24.9f

Q

124 26. 6'
124°27. 4'

O
124 28.8'
124°30. 1'
124°30. 1'

O
124 32.3'
124°33.2'
124°36. 0!
124°36. 6'
124°39. 1'
124°39.9'
124 °40. 0'
124°40. S 1
124°40. S'
124°40. S'
124°40. S'
124°40. 5'
124°40. 51
124°40. S'
124°40. 0'
124°38. 6'
124°37. 4'
124°36. 1'
124°34. 7'
124°3S. 3'
124°33.5'
124°33.2'
124°31.9'
124°31.7'
124°31.3«
124°29.8'
124°29.2«
124°29.2'
124°28. 4'
124°28. 4'
124°27. 2'
124°25. S'
124°26. 1'
124°26. 51

43
45
68
52
81
35

161
83
36
42
97

151
48

181
150
44

102
427

73
38

188
164
23

218
49
32'.

55
238

S3
307

86
t42
82
63

183
31

283
291
100
54
42

86
98

149 .
140
177
136
263
193
151
177
235
315
225
361
332
222
280
597
238
201
350
317
169
342
170
136
165
330
143
389
167
222
145
124
243

86
338
338
132
93
82

257°
270°

o
258
270°

o
257

75°
75°

o
2SS
255°
252°
252°
72°

257°
77°

180°
0°
ob

180°
0°
0°

180°
0°

281°
281°
284°
285°
285°
102°
102°
104°
104°
106°
106°
102°
102°
282°
282°
108°
280°
186°
186°

1°
1°
o

9
6°
3°
4°
4°

Q
Q
2°
9°
9°
4°
2°
8°

10°
1°
2°
2°
2°
1°
5°
5°
2°
6°
3°
3°
1°
2°
3°
9°

"6°

2°
14°
6°
7°
1°
3°
7°
6°
7°
3°
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Ave. Depth Ave. Depth
Sparker 
Line Between
No. Fixes

4
4
4
4"4

4
4
4
4
4
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7

4
4
4
4
4
4
4
4
5
5
8
8
8
8
9

10
10
10
11:
11
11
11
11
12
12
12
12
13
13
13
14
14
IS
15
16
16
17
17
18
18
18
18
2
2
2
3

5
5
5
5
5
5
5
5
6
6
9
9
9
9

10
11
11
11
12
12
12
12
12
13
13
13
13
14
14
14
IS
15
16
16
17
17
18
18
19
19
19
19

3
3
3
4

Average
Time

1240. 0
1242. 5
1246. 0
1251.0
1253. 0
1258. 3
1300. 8
1300. 8
1311.3
1318.5
1337.5
1341.8
1341.5
1346. 3
1355. 3
1405. 0
1408. 5
1411.8

  1416.0
1417.5
1426. 0
1426. 0
1423.5
1440.0
1440.0
1440.0
1440.0
1447.5
1447.5
1447.5
1501.0
1511.5
1523.3
1523.5
1539.0
1539. 0
1549.0
1549.0
1602.5
1602.5
1608.5
1608. 5
1137.8
1139.8
1139.8
1155. S

Latitude 
(North)

43°13.3'
Q

43 13.0'
Q

43 12.6'
Q

43 11.9'
Q

43 11.7'
43°11.0'

Q

43 10.7'
Q

43 10.7'
Q

43 9.£'
Q

43 8.9'
Q

43 8.3'
Q

43 8. 3'
Q

43 8. 3'
43° 8.3'

Q

43 8. 7'
Q

43 9.4'
43° 9.7'
43° 9.9'
43°10.3'

43° 10. 4'
43°11.2'

Q

43 11.2'
Q

43 11.0'
43°12.7'

43°12. 7'
Q

43 12.7'
Q

43 12.7'
43°13.5«
43°13.5'
43°13.5J
43°14.9'
43°15.9'

43°17. 1'
43°17. 1'

Q

43 18.7'
rt

43 18. T
O  

43 19. T
43°19. 7'

rt

43 20. 9 r
43°20. 9'
43°21.5«

Q

43 21.5'
Q

43 5. 8'
Q

43 5. 5'
43° 5.5'
43° 3.8'

Below Below Sea Dip 
Longitude OceanBottom Level Heading Angle 
(West) (Meters) (Meters) (Decrees K'Dezrees)

124°26.5'
Q

124 26. 6 1
Q

124 26.6'
Q

124 26.7'
Q

124 26.7'
124°26. 8'

Q

124 26.8'
Q

124 26.8'
Q

124 27.0'
Q

124 27. 1'
Q

124 29.2'
O

124 29.9'
Q

124 29.8'
124°30. 6'

Q

124 30.6'
Q

124 30.4'
124°30.3'
124°30. 2'
124 °30. 0'
124°29.9'
124°29.3'

Q

124 29.3'
Q

124 29.5'
124°28.4'
124°28. 4'

Q

124 28.4'
Q

124 28.4'
124°28. 1'
124°28. 1'
124°28. 1'
124°27. 8'
124°28. 0'
124°27.9'
124°27. 9'

Q

124 28. 1'
rt

124 28. 1'
rt

124 28. 1'
124°28. 1'

O
124 27.8'
124°27. 8'
124°27. 6'

rt

124 27.6'
Q

124 28.7'
O

124 28.8'
124°28. 8'
124°29.2'

29
121
102
256

79
258

63
229
167
88
28

108
' 41

46
39
31
99
57

102
26
40
69
93
32

112
282

66
38
87

188
109

35
61

183
52

132
50

138
40
84
27
66
58
27
41
20

71
163
144
297
119
295
99

265
199
113

79
161
95

100
93
86

156
116
162
85
96

125
148
88

168
338
123
94

143
243
160
95

129
251
126
205
130
217
126
170
116
155
101
71
85
69

o
184

o
184

o
  184

o
184

o
184
184°

O
4
,0
4

0
8

0
8

o
270

o
90

o
90

270°
o

192
o

14
14°
14°

210°
30°
30°

o
30

o
210

18°
198°

o
198

o
18

190°
190°
190°
171°
351°

8°
188°

o
346

o
346

o
187
187°

o
14
14°

194°
o

194
o

188
o

188
188°
192°

o
1

o1
o

3
7°
'O

0
2°
1°
3°
.0
9
5°

o
3

Q

8
rt

8
9°

o
5
5°
3°

10°
4°
0°
2°

o
2

o
1
0°
1°
3°

o
0
1°
1°
4°

10°
4°
3°
4°
-0
2

o
2o  
1
1°
o11°

2°
_o
2

o
10
_o
2
2°
0°
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Sparker 
Line Between 
No. Fixes

7
7
7
7
7
7
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

3
4
5
6
6
6

10
. 10

10
10
11
11
11
12
12
12
12
13
13
14
14
IS
15
IS
IS
17
17
13
18
18

2
2
3
3
3
3
4
4
6
7
7
7
7

. 7
8
8

4
S
6
7
7
7

11
11
11
11
12
12
12
13
13
13
13
14
14
IS
15
16
16
16
16
18
18
19'

19
19

3
3
4
4
4
4
S
S
7
8
8
8
8
8
8A
8A

Average
Time

1155. S
1211.0
1229.5
12S2.5
12S4. 3
12S7. S
1334. 3
1341.5
1343. 0
1343.5
1356. S
1356. S
1356. 5
1405. 5
1407. 5
1407. 5
1416.8
1420. 5
1425. 0
1438. 3
1438. 3
1447.0 '
1454. 5
1S04.0
1504.0
1515.0
1515. 0
1526. 5
1527. 5
1540. 3
90S. 3
905.0
9 IS. 3
920.0
931.S
936.0
941.0
946.8

1001.8
1021.0
1017. 8
1021.8
1024.5
1024.5
1039. 0
1039. 0

Latitude 
(North)

43° 3.8'
43° 2.0'
42°S9.9'

42°57. 4!
42°57. 2'

Q

42 56.9'
42°56. 2'
42°56.9'

42°57. 1'
Q

42 57. 1'
42°58. 3'
42°58. 3'
42°58. 3'
42°59. 1'
42°59. 4'
42°59.4'

o
43 .3'
43° . 7'
43° 1.2'

43° 2. 6'
43° 2.6'
43° 3.5'
43° 4.3'
43° 5.4'
43° 5.4'
43° 5.9'
43° 5.9'
43° 6.7'
43° 6.8'

43° 8. 1'
43°17. 7'
43°17. 7'
43° 17. 4'
43°17.3'
43°17.3'
43°17.2'
43°17.2 f
43°17.2'

43°17. 3'
43°17.3'
43°17.3'

43°17. 3'
43°17.3'

43° 17. 3'

Below Below Sea ^P 
Longitude OceanBottom Level Heading Angle 
(West) (Meters) (Meters) (Degrees X Decrees)

124°29. 2'
124°29.6'
124°30. 0'
124°30. 7'
124°30. 3'

Q

124 30.9'
124°34. 3'
124°34. 1'
124°34. 1'

Q

124 34.1'
124°33.8'
124°33. 8'
124°33.8'
124°33. 6'
124°33.5'
124°33.5'

Q

124 33. 1'
124°33. 0'
124°32. 8'
124°32. 3'
124°32. 3'
124°32.-1'

124°31.8'
124-°31.5 f

124°31.5'
124°31.4'
124°31.4'
124°31.2'
124°31. 1'
124°30. 6'
124°27. 7'
124°27. 6'
124°29.2'
124°30. 0'
124°31.7'
124°32.4'
124°33. 2'
124°34. 1'
124°36. 7'
124°39.6'
124°39.2!
124°39. 6'
124°40. 0'
124°40. 0'

98
88

128
30
56

160
42
63
40
30
27
82

169
119

55
77
64
27
79
34

268
47
50
31
42
28
38
55
22
43
56
18
97
89
39
41
60
61

239
3S
79
99
33
65
51
93

147
134
170
64
90

192
105
130
109
100
10S
160
246
199
137
1S8
147
109
161
167
349
126
129
106
117
100
111

' 120
36

100
.119

81
173
172
136
138
159
166
359
193
229
255
197
229
265
307

192°
189°
186°

16°
16°

o
16
10°
10°
10°

o
10

190°
190°

10°
13°

193°
195°

o
195
194°
14°

190°
190°
194°
194°

14°
14°

190°
190°
197°
197°
197°

249°-
249°
86°
86°
86°

266°
270°
270°
273°
261°

81°
261°
261°
261°
274°
274°

1°
0°
1°
0°
0°
,o
4
9°

.8°
3°
3°
0°
0°
4°
1°
1°
1°
2°
1°
1°
2°
9°
2°
3°
3°
3°
1°
1°
9°
2°
4°
6°
0°
7°

13°
4°
3°
0°
2°
4°
2°
2°
8°
2°
1°
1°
0°
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Spark er 
Line
No.

11
11
11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
13
13
13
13

Between 
Fixes

8A
8A
8A
8A
8A
8A
8A
8A
8A
8A
8A
8A
8A
9
9
9
9

10
11
12
12
12
12
12
13
13
13
14
14
IS
IS
IS
IS
16
16
17
17
17
17
17
17
20
20
20
20

8B
8B
8B
8B
8B
8B
8B
8B
8B
SB
8B
3B
8B'10

10
10
10
11
12
1313'

13
13
13
14
14'14

IS
IS
16
16
16
16
17
17
18
18
18
18
18
18
21
21
21
21

Average
Time

1117.5
1121.5
1121.5
1127. 8
1127.8
1132.5
1132.5
1141.0
1141.0
1141.0
1148.0
1148. 0
1148.0
1202.8
1202.8
1213.0
1212.5
1226. 0
1237. 5
12S6.0 .
1256. 0
1300.5
1300. 5
1300. S
1308. 5
1317.0
1318.0
132S.S
1329.5
133S.S
1335.5
1339.5
1343. 0
1354.5
1354. 5
1403.0
1403. 0
1403. 0
1406. 0
1406.0
1406. 0
1528.3
1529.8
1548. 3
1548.3

Below Below Sea Dip 
Latitude Longitude Ocean Bottom Level Heading Angle 
(North) (West) (Meters) (Meters) (Desrrees)( Decrees)

43° 12. 2'
43°12.2'

Q

43 12.1'
43° 12. 1'

Q

43 11.6'
Q

43 11.4'
43°11.4'
43°11.4'

Q

43 11.4'
Q

43 11.4'
43°11.4'
43°11.6'
43°11.9'

43° 12. 0'
43°12. 1'
43°12. 2'
43°12.2'
43°12.2'
43°12.3'
43°12.3'

Q

43 12.6'
43°12.6'

43° 12. 8'
43°12.8'
43°12.8'
43°12.9»
43°12.9'
43°12.9'

43° 10. 4'
43°10. 4'
43°10. 4'
43°10. 4'

.

124°43.4'
124°43.4 f

Q

124 41.7'
124°41. 8'

Q

124 39. 2 1
Q

 124 37.7'
124°3S.9»
124°35.9'

Q

124 35.4'
Q

124 35. 4'
124°3S. 4'
124°34. 5'
I24°33.4f
124°33.3'
124°32. 3'
124°31.8' '
124°31.1'
124°31. 1'
124°30. 8'
124°30. 4'

Q

124 29. 2 1
124°29. 2 1
124°28. V
124°28. 1'
124°28. 1'
124°27. 7'
124°27. 7'
124°27. T
124°26. 3'
124°26.S'
124°29.2'
124°29.2f

43
46

163
52

128
76

154
82

172
296

68
128
249

33
145
102
485

56
41
38
96
45
95

178
79
72

211
33
45.
39

ISO
118
77
36
75
29
63

107
52
78

111
108
72
26
48

379
371
489
364
440
380
458
377
466
591
359
419
540
285
396
295
679
219
180
134
192
138
189
271
184
165
303
105
114
105
216
179
137
98

137
84

118
161
105
131
164
140
106
84

106

12°
o

12
o

192
o

12
o

12
192°

o
192
192°

o
12

o
12

o
12
12°
12°

277°
277°

o
277
277°

o
286

o
99
85°
83°

o
265

o
265
265°

69°
69°
69°

"84°
264°
264°
264°
264°
84°

o
70
73°
74°
74°
74°
74°
74°
74°

270°
90°

270°
270°

1°
o

0
1°
o

1
.0
4
5°

o
7
0°

o
1
o1

.0
2
2°
3°
2°
4°
5°

11°
o

3
,.0
2
3°
5°
1°
Ao 
4
4°
7°
4°
2°

-2°
1°
2°
2°
6°
6°
-0
2
1°
2°
1°
0°
1°
1°
0°
0°
2°
1°
4°
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Sparker 
Line
No.

14
14
14
14
14
14
14
14
14
14
15
15
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
15
15
IS
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Between
Fixes

2
2
2
3
3
4
S
6
6
6
8
8
8
9
9
9

10
10
11
12
12
13
14
IS
IS
16
16
17
17
19
19
19
19
19
19
19
20
20
20
20
21
21
21
22
22
23

3
3
3
4
4
S
6
7
7
7
9
9
9

10
10
10
11
11
12
13
13
14
15
16
16
17
17
18
18
20
20
20
20
20
20
20
21
21
21
21
22
22
22
23
23
24

Average
Time

10S0.8
1050. 8
1051.0
1106.3
1107.0
1120.0
1130.8
1148.3
1158.5
1158.5
1249. 0
1249. 3
1250. S
1300. 0
1300. 0
1309. 0
1320. S
1327. 3
1331.8
1346. 3
1354. S
1410.5
1426. S
1434. 0
1441.5
1452.5
1452.5
1503.5
1503.5
1518.5
1518.5
1533.8
1540. 0
1540.0
1541.0
1541. 0
1547.0
1553. 0
1608. 0
1619.0
1640. 0
1640. 0
1641.5
1655. S
16SS. 5
1703.0

Below Below Sea Dip 
Latitude Longitude Ocean Bottom Level Heading, Angle 
( North) (West) f Meters) (Meters) (DeareesH Decrees)

43°12.8'
43°12.8'

Q

43 12.8'
Q

43 11.2'
Q

43 11.1'
43° 9.6'
43° 8.2'
43° 6.4'

Q

43 S. 4'
Q

43 S. 4'.
Q

43 S. S'
O

43 S. S'
43° 5.5'
43° S.6 1
43° 5.6'
43° 5.9'

Q

43 6. 0'
Q

43 S. 9'
Q

43 5.9'
Q

43 S. 8'
Q

43 '5.9'
Q

43 6. 2'
Q

43 6. 2'
43° 6.2'

Q

43 6. 1'
Q

43 S. 9'
43° 5.9'

Q

43 5. S'
43° S.S'

43° 4. 8'
rt

43 4. 8'
O

43 2. 8'
O

43 2. 0'
43° 2.0'
43° 1.9 1

O
43 1.9'
43° 1.1'

43° .5'
42°S8. 8'
42°S7. S'
42°55. 0'
42°S5. 0'

Q

42 54.8'
42°53. 1'
42°S3. 1'

O
42 52.3'

124°27. 7'
124°27. 7'

Q

124 27.7'
O

124 28. 1'
Q

124 28. 1'
124°28. 5'
124°28. 7'
124°29.6'

Q

124 30. 1'
Q

124 30.1'
Q

124 28.6'
Q

124 28.7'
124°28. 8'
124°30. 1'
124°30. 1'
124°31.3'

Q

124 32.9'
Q

124 33.8'
Q

124 34.5'
Q

124 36.8'
Q

124 37.9'
Q

124 40.5'
Q

124 42.8'
124°43.9'

Q

124 44.9'
Q

124 46.5'
124°46. S'

Q

124 48. 1'
124°48. 1'
124°48.9'

Q
124 48.9'

O
124 49.5'

Q

124 49.7'
124°49.7'
124°49.7'

Q

124 49.7'
124049.9'
124°SO. 1'
124°50. 4'
124°50. 7'
124°S1.2'
124°S1.2'

O
124 51.2'
124°S1.8'
124°S1.8'

Q

124 51.9'

S3
105
78

102
13
50
18
37
43
64
32
20

127
41
62
21
26

309
20

224
22
30
39
56

138
93

191
30

122
17

124
332

14
30
39
59
28
34
32
61
56

137
29
25
67
21

106
159
131
154
64
93
63
92

105
127
79
68

177°

104
125
96

118
407
124
346
160
194
237
263
367
329
420
25 1
343
195
303
459
133
149
158
177
141
1S3
158
192
2SO
331
230
302
344
323

7°
187*

7°
o

14
o

14
185°
199°
203°

o
203

o
203

o
274

o
274
274°
105°
285°
105°

o
86

o
266

o
267

o
97

 577°

W

279
o

266
266°

o
86

O
72
72°

o
78
78°
11°

o
11

o11
o1111°11°
o11

9°
189°
189°
189°
187°
187°

o
187
194°
194°

o
183

o
1
0°

o
0
.0
4

o
1
9°
3°
5°

o
0

Q

0
o

3
_o
2

10°
0°
0°
0°1°

0
8

rt

4
o

10
_o
2
1°
1°
0°
_o
2

o
2
3°
_o
2
2°
2°
2°

o
S

o
1
1°
1°
o1

2°
0°
3°
1°
2°
2°

o
2
1°
1°
o

1
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Ave. Depth » ve. Depth

Sparker 
Line 
No.

16
16
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20

Between 
Fixes

23
23
25
25
25
25
29
30
30
32
32
32
33
33
33
33
33

. 33

34
34
35
35
35
35
35
36
36
36
37
43
44
44
44
44
45
45
48
48
48
48
48
48
48
49
50
SO

24
24
26
26
26
26
30
31
31
33
33
33
34
34
34
34
34
34
35
35
36
36
36
36
36
37
37
37
38
44
45
45
45
45
46
46
49
49
49
49
49
49
49
50
51
51

Average
Time

1712.5
1712.5
1730.5
1734.5
1742.0
1742.0
1843.3
1849.0
1859.3
1924. 5
1925.5
1925. 5
1932.5
1932.5
1932.5
1946.5
1944. 3
1949.0
1957. 5
1957.5
2002.5
2002.5
2002.5
2010.5
2010.5
2022.0
2022.0
2027.8
2039.0
2209.0
2214.5
2214.5
2224. 0
2224. 0
2237.5
2243.3
2302.0
2302.0
2310.0
2310.0
2314.5
2314.5
2314.5
2330. 3
2335.0
2341.5

Latitude 
(North)

42°51.4'
Q

42 51.4'
42°50. 7'

Q

42 51.0'
Q

42 51.6'
Q

42 51.6'
42°54. 2'

Q

42 54.2'
Q

42 54.3'
Q

42 54.9'
42°34.9'

Q

42 54.9'
Q

42 55. 1'
Q

42 55. 1'
42°55. I 1

Q

42 55.4'
42°55. 3'

Q

42 55.4'
Q

42 55.4'
Q

42 55.4'
42°5S. 4'
42°5S. 4'
42°S5. 4'
42°S5,4'

Q

42 55.4'
42°55. 4'

Q

42 55.4'
42°S5. 5'

Q

42 55.4'
Q

42 56.0'
Q

42 56.4'
42°56.4'
42°S7.4»

42°57. 4'
Q

42 58.9'
42°59.5'
42°S9.8'

42°S9. 8'
Q

42 59.8'
Q

42 59.8'
42°S9.8'

42°59. 8'
42°59.8'

Q

42 59.6'
Q

42 59.6'
42°59. 7'

Below Below Sea Dip 
Longitude Ocean Bottom Level Heading Angle 

(West) (Meters) (Meters) (Decrees) (Degrees)

124°52. 0'
Q

124 52. 0'
124°53.0'

Q

124 53.4'
Q

124 54.3'
Q

124 54.3'
124°56.2»

Q

124 55.5'
Q

124 54. 1'
Q

124 51.2'
124°S1. 1'

Q

124 51.1'
Q

124 50.2'
Q

124 50.2'
124°50.2'

Q

124 48.4'
124°48. 7'

Q

124 48. 1'
Q

124 46.8'
0

124046. 8'
124 46.0'
124°46. 0'
124°46. 0'
124°44.6»

Q

124 44.6'
124°42. 7'

O
124 42. 7'
124°41.8'

Q

124 40.0'
Q

124 31.5'
Q

124 31.3'
124°31.3'
124°30. 6'
124°30. 6'

Q

124 30.0'
124°29. 8'
124°32.2'
124°32.2'

Q

124 33.3'
Q

124 33.3'
124°34. 0'
124°34. 0'
124°34. 0"

Q

124 36.5'
Q

124 37.3'
124°38.4'

20
71
93
30
24

120
24
34
30
62
38

143
29
63

163
47
84

113
20
66
64
89

142
48

130
36

137
64
39

107
12
32
14
30
38
44
25
45
52
78
43
73

103
62
69
40

338
389
438
396
451
547
580
515
300
248
224
330
211
245
345
217
255
280
180
226
218
244
297
193
276
167
268
186
142
144
48
68
51
67
80
87
98

119
135
161
131
160
191
166
179
157

o
183

o
!S3
312°

o
312

o
312

o
312
290°

o
266

o
266

o
75
75°

o
75

o
77

o
77
77°

o
257
257°

o
257

o
96

o
276
270°
270°
270°
270°

o
270
267°

o
267
267°

o
95

o
26

o
25
25°  
25° '

205°
o

12
12°

270°
270°

o
270

o
270
90°
90°
90°

o
264

o
274
274°

0
0

0
0
0°1°
.0
2
.0
2
6°
.0
4

Q

6
.0
2
1°
2°
1°
2°
3°

O
1
1°

o1
.0
0

o
0
1°
1°
1°
1°
2°
2°
3°
6°

Q

4
o

5
o

0
0°
0°
0°

o
1
0°1°
2°

o
0
1°
1°
1°
3°

Q

4
Q

4
2°
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Sparker
Line
No.

20
20
20
20
20
20
20
20
20
20
20
20
20
20
22
22
22
22
22
22
22
22
22
22
22
22
22
23
24
24
24
50
50
50
50so'

50
50
50
50
51
51
51
51
51
51

Between 
Fixes

50
51
51
52
53
53
53
54
55
55
55
56
56
56
62
62
63
63
64
65
66
66
66
67
67
67
68
70
75
75
76

2
3
3
3
4
5
6
6
7

11
12
12
13
14
14

51
52
52
53
54
54
54
55
56
56
56
57
57
57
63
63
64
64
65
66
67
67
67
68
68
68
69
71
76
76
77

3
4
4
4
5
6
7
7
8

12
13
13
14
15
15

Average
Time

2341.5
2348. 0
2348. 0
2403. 0
015.0
015.0
015.0
036.5
050.5
050.5
050.5
105.0
105.0
105.0
353.5
359.0
411.5
411.5
417.0
435. 0-
452.0
455.8
457.0
502. 8
506.3
508.5
515.0
530.3
618.5
618.5
628.8
406.3
416.3
419.8
428.0
435.0
452.5
458.0
502.5
520.8
617.8
634.0
638.3
648.5
656.5
700.0

Ave. Depth Ave. Depth 
Below Kelow Sea "Jip 

Latitude Longitude Ocean Bottom Level Heading Angle 
iNorth) (Wesr) (Meters) (Maters) (Degrees) (Degrees)

42°S9.7'

42°S9. 7'
Q

42 59. 7'
42°59. 6'
43° . 1'
43° . 1'
43° . 1'
43° 1.3'

Q

43 1.9'
Q

43 1.9'
Q

43 1.9'

Q

42 49.5'
O

42 49.4'
Q

42 49.4'
Q

42 49.4'
42°49. 4'

Q

42 49.4'
Q

42. 49. 51
Q

42 49.5'
Q

42 49.6'
42°49. 6'
42°49. 5'

Q

42 49.5'
Q

42 49. 71
42°48. T
42°44.9 f
42°44.9'

Q

42 45.2'
42°52. 3'

Q

42 52. 2'
42°52. 2'
42°52. 3'
42°S2. 4f
42°52. 4'
42°52.4'
42°52.4'

42°52. 5'
O

42 54.5'
42°53.0'

42°S2. 6'
42°S1.7I
42°51.8'
42°51.9'

124°38. 4'
124°39.5'

Q

124 39.5'
124°41. 3'
124°44. 0'
124°44. 0'
124°44. 0'
124°46.3'

Q

124 47.4'
Q

124 47.4'
Q

124 47.4'

Q

124 52.9'
Q

124 52.2'
Q

124 50.3'
Q

124 50.3'
124°49. 5'

Q

124 46.5'
rt

124 43.8'
rt

124 43.3'
Q

124 43. 1'
124°42. 1'
124°41.4'

rt
124 41.0'

Q

124 39.7'
124°39.2'
124°41. 8'
124°41.8'

Q

124 43.4'
124°51.7'

Q
124 50.6'
124°SO. 1'
124°49.0«
124°47. 8'
124°44.9'
124°44. 1'
124°43. 6'
124°41. 1'

Q

124 37.0'
124°37.3'
124°37. 4'
124°37.5'
124°36.9'
124°36. 6'

83
SO

111
43
62
86

ISO
20
42
79

125
36
53
73
23
39
30

129
84
22
S3
27
91
21
49
32
23
16
28
65
18
20
39
17
44
45
57
75
37
98
47
19
17
29
52
25

200
175
237
186
227
252
315
186
196
233
278
153
170
190
355
356
341
440
396
248
211
173
233
146
161
134
106
81

198
236
276
322
326
302
306
258
224
220
175
198
116
81
77
89

108
75

274°
267°

o
267
284°
126°
126°
126°
126°

o
127

o
127

o
127

o
105
105°

o
105

o
274

o
94

o
90

o
90

270°
o

272
o

257
o

77
o

77
273°
273°

o
273

o
248
28°

281°
281°

o
296
100°

o
86
86°

266°
264°
275°
270°
270°
84°
6°

10°
190°

0°
70°
70°

3°
1°
o

2
0°
1°
2°
2°
1°
5°

Q

6
7°

o
6
6°

Q

6
o

0
1°
o

1
o1

0°
.0
2

o
3

o
1

Q

g
1°
6°

o
1
o1

0°
3°

10°
Q

6
2°

o1
0°
2°
2°
3°
3°
2°
9°
6°
2°
2°
8°
4°
4°
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Sparker 
Line Between
No. Fixes

51
51
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52

16
17

1
1
2
2
2
3
3
3
4
4
5
5
6
6
7
7
8
9
9
9
9

10
10
11
11
11
12
12
13
13
16
17
17
20
21
21
21
22
23
23
24
24
25
25

17
18

2
2
3
3
3
4
4
4
5
5
6 .
6
7
7
8
8
9

10
10
10
10
11
11
12-

12
12
13
13
14
14
17
18
18
21
22
22
22
23
24
24
25
25
26
26

Average
Time

722.5
726.0
236.5
236.5
252.0
252.0
258.5
305.0
305.0
312.5
327.5
327.5
340.0
340.0
351.5
356.5
404.0
412.5
422.5

  438. 0
438.0
439.5
439.5
450.0
450.0
507.5
507.5
508.0
524.5
524.5
533.8
539.0
606.8
616.5
621.5
653.0
658.3
704.0
714.0
722.5
744.5
744.5
755.5
755.5
810.0
810.0

Below 
Latitude Longitude Ocean Bottom 
(North) (West) ( Meters)

42°52. 4'
Q

42 52.3'
42°S2.9'
42°52.9'

Q

42 54.2'
42°54.2'

Q

42 54.6'
42°55. 0'

Q

42 55.0'
42°55. 6'
42°56. 5'
42°56. 5'

Q

42 57.2'
Q

42 57.2'
Q

42 57.9'
Q

42 58.2'
Q

42 58.8'
Q

42 59.4'
43° .2'
43° 1.4'

Q

43 1. 4'
Q

43 1. 5'
43° 1.5'
43° 2.0'

Q

43 2. 0'
43° 2. 1'
43° 2. 1'
43° 2.0'

43° 2. 1'
43° 2,1'

Q

43 2. 1'
43° 2.2'

Q

43 1. 0'
43° 0. 1'
42°59. 6'
42°58. 0'
42°57.9'

42°57. 7'
42°57. 3'
42°57. 3'
42°57. 1'
42°57. 1'
42°57. O1
42°57. 0'
42°57. 1'
42°57. 1'

124°34. 6 T
Q

124 34.4'
124°45.0'

  124°45.0'
Q

124 44.6'
124°44. 6'

Q

124 44.5'
124°44.6'

Q

124 44.6'
124°44. 8'
124°45. 6'
124°45. 6'

Q

124 46. 1'
Q

124 46,1'
Q

124 46.3'
Q

124 46.3'
Q

124 46. 1'
Q

124 45.7'
124°45.4f
124°45. 4'

Q

124 45.4'
Q

124 45.4'
124°45. 4'
124°45.9'

Q

124 45.9'
124°47.9'
124°47.9 f
124°47.9'
124°49.8' .
124°49. 8'

Q

124 50.9'
124°51.5'

Q

124 53.2'
124°53. 1'
124°53. 1'
124°51.5'
124°51.0'
124°50. 6'
124°49.8'
124°48. 8 f
124°46. 5'
124°46.5»
124°4S.2'
124°45.2'
124°43.2'
124°43.2'

26
16
65
83
41
63

182
54

189
154
64
91
98

117
149
79
64
31
83
68
95
98

148
40

135
44
86

125
45
73

201
47
52
35
33
43
55
53
40
63
98

120
34

101
31
76

Below Sea
Level 

(Meters)

59
47

230
249
203
225
343
215
350
313
222
248
252
271
302
233
218
186
242
232
259
262
313
214
309
195
237
273
162
190
358
241
393
372
361
160
181
181
166
207
251
273
180
248
164
208

Dip 
Heading Angle 

( Depress) (Desrsas)

259°
1 .014

195°
195°

o
8

188°
-O
8

165°
o

345
345°
324°
324°

o
343

o
343

Q

0
o

0
o

24
o

24
4°
0°

o
0

o
0
0°

100°
Q

280
85°
85°
85°
94°
94°

o
275
275°

o
297

3°
3°

257°
123°
123°
123°
81°

285°
285°

95°
275°
263°
263°

0°
o

6
0°
1°

Q

0
1°
o

0
1°
1°
1°

0°
0°

o
1
1°
o

1
_o
2
1°
1°
1°
0°

o
0
-0
0
0°
2°

o
3
3°
4°

- 4°
3°
3°

o
15
2°

Q

0
2°
0°
8°
5°
3°
2°
2°
1°
2°
0°
0°

  2°
2°
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Spaiker
Line 
No.

52
52
52
52
52
52
52
52-

52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

Between
Fixes

26
26
26
26
26
27
27
27
27
28
23
28
29
29
29
30
30
30
30
31
32
32
33
33
33

1
1
2
2
3
3
4
5
5
7
7
8
9
9
9

10
10
.11
11
12
12

27
27
27
27
27
28
28
28
28
29
29
29
30
30
30
31
31
31
31
32
33
33
34
34
34

2
2
3
3
4
4
5
6
6
8
8
9

10
10
10
11
11
12
12
13
13

Average
Time

817.8
817.8
817.8
824.5
824.5
833.0
833.0
838.5
838.5
85 1.5
901.5
901.5
909.0
912.0
919.0
923.0
927. 0  
932.0
932.0
943.5
946.5
957.5

1001. 8
1001.3
1005.0
237.5
243.5
246.0
259.0
303.3
308.5
328.0
332.8
341. S
402.3
406.8
419.8
432.5
436.0
443.0
452.5
452.5
510.0
510.0
525.0
525.0

Latitude 
(North)

42°57. 1'
Q

42 57.1'
42°57. 1'
42°57. 0'

o
42 57.0'
42°57. 0'

Q
42 57.0'

Q

42 57. 1'
Q

42 57. 1'
Q

42 57. 1'
Q

42 57.0'
Q

42 57.0'
Q

42 56.9'
Q

42 56.9'
42°57. 0'

O
42 57.1'

Q

42 57.2'
O

42 57.3'
O

42 57.3'
O

42 57.3'
O

42 57.3'
O

42 57.6'
42°57.6'

Q

42 57.6'
42°57. 4'

O
42 49. 1'

O
42 49.7'

O
42 49.9'
42°50. 5'
42°50. 8'
42°51.2'

42°52. 7'
42°53. 0'
42°53. 6'
42°55. 0'
42°5S. 3'
42°56. 2'
42°57. 1'
42°57. 3'
42°57. 8'
42°58. 4'
42°58.4'

42°59. 3'
42°59. 3'
43° . 0'
43° .0'

Below Below Sea Dip 
Longitude Ocean Bottom Level Heading Angle 

(West) (Meters) (Maters) (Decrees} (Degrees)

124°42. 1'
Q

124 42. 1'
124°42. 1'
124°41. 0'

Q

124 41.0'
124°39.6'

O
124 39. 6 f

Q

124 38.8'
Q

124 38.8'
Q

124 37.4'
Q

124 36.6'
Q

124 36. 6 1
O

124 35.9'
Q

124 35.7'
124°3S. 1'

O
124 34.7'

Q
124 34.2'

O
124 33. T

O
124 33.7'

O
124 32.5'

O
124 32.2'

O *
124 31.2'
124°30. 8'

O
124 30.9'
124°30.4'

O
124 42.0'

O
124 41.7'

Q

124 41.5'
124°40. 8'
124°40. T
124°40. 6'
124°40. 3'
124°40.2'
124°40. 0'
124°39. 6'
124°39.4'
124°39.0'
124°38. 8'
124°38. 8'
124°38. 7'
124°38. 5'
124°38.5'
124°38. 4'
124°38. 4'
124°38. 6'
124°38. 6'

33
104
185
40

186
49
81
34
70
57
40
73
39
67
50
41
57
30
43
47
48
29
14
26
26
27
28
64  
55
35
38
50

102
82
99
77
99

107
75
39
30

181
51

105
56

231

158
229
310
159
305
159
191
137
174
ISO
125
158
120
145
123
113
125
95

108
103
102
72
52
64
60

148
138
171
149
128
131
148
201
184
205
183
205
216
186
152
146
298
173
228
181
355

280°
o

280
280°
100°

o
100
258°

o
258

o
258

o
258o?
282

o
282

o
282

o
83

o
83

263°
o

254
o

74
o

74
o

74
o

90
o

247
o

247
124°

o
304
304°

o
204

o
204

o
40

220°
184°

4°
11°
16°

196°
22°

202°
12°
4°
4°
4°

18°
18°

355°
355°
160°
160°

1°
3°

0
4
1°
3°
1°
1°

- 1°
0

0
o

2
3°

o
4
.0
2
.0
2
1°
o

4
fi°
D
1°

_o
2
rto
0

o
1
1°
0°

o
1
0°
_o
0
2°
6°
2°

o 
4
3°
7°
5°
4°
5°

10°
15°
6°
3°
1°
1°
1°
1°

' 1°
0°
6°
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Sparker 
Line Betwe en 
No. Fixes

53
53
53
S3
53
53
S3
53
53
53
53
53
53
53
S3
S3
53
S3
53
53
S3
S3
53

' 53

53
53
53
53
S3
53
S3
53
53
S3

13
13
13
14
15
15
15
16
16
17
17
18
18
19
20
20
20
21
22
23
23
24
25
26
27
27
28
29
30
30
31
31
31
31

14
14
14
15
16
16
16
17
17
18
18
19
19
20
21
21
21
22
23
24
24
25
26
27
28
28
29
30
31
31
32
32
32
32

Average
Time

542.5
542.5
547.0
555.5
605.0
609.5
609.5
632.3
632.3
639.5
644.0
649.0
658,5
703.0
716.0
727.5
727.3
733.8

' 7S7.0
306.3
812.5
819.0
831.5
849.5
904.0
913.0
922.5
935. 5
950. 5
959.0

1005.5
1005.5
1012. 0
1012. 0

Ave. Depth 
Below 

Latitude Longitude Oc ean Bottom 
(North) (West) (Meters)

43° .9'
43° .9«
43° 1.1'

o
43 1. T
43° 2.4'
43° 2.7'

43° '2. T
43° 3.9*-

, *

43 3,9'
43° 4.3'

Q

43 4. 61
Q

43 4.9'
43° 5. 5» ' '

Q

43 5. 8'
O

43 6. 7'
43° 7.5'
43° 7.S1

43° 8. 1»
Q

43 10.1'
Q

43 11. O1
43°11.6'

43° 12. 3'
43° 13. T

Q

43 15. 5'
Q

43 16.9'
Q

43 17.7'
Q

43 18.6'
Q

43 19.6'
O

43 20.6'
43°21. 1'

Q

43 21.5'
Q

43 21.5'
Q

43 21.9'
43°21.9«

124°38.9«
124°38.9'
124°38.9«
124°38. 5'
124°38. 0'
124°37. 6'
124°37. 6«

O
124 35.5'

Q
124 35.5'
124°35. T

Q

124 35. 8 1
O

124 35. 7'
124°35. 51

Q

124 35.3'
Q

124 34.5'
124°34.3'
124°34. 3'
124°34. 1'

Q

124 34.2'
Q

124 34.2'
124°34.2«
124°34. 1 1
124°33.9'

Q

124 33. T
Q

124 33. 7'
Q

124 33.9'
Q

124 33.8'
Q

124 33.5'
Q

124 33. 1'
124°32.9'

Q

124 32.6'
Q

124 32.6'
O

124 32.4'
124°32. 4'

24
88

220
30
29
38
77
48
78
37
55
28
49
44
20
37
74
43
18
46
26
73
34
38
52
56
31
83
44
33
24
90
35
90

Ave. Depth 
Below Sea Dip 

Level Heading Angle 
( Meters) 1 Decrees) ( Decrees)

149
213
390
153
151
158
197
159
190
145
163
135
153
146
117
129
165
135
112
137
110
153
175
141
168
168
143
192
155
144
137
203
148
204

17S°
175°
3S5°

o
27

219°
219°
39°

o
241

o
241
171°

o
171

o
14

194°
o

216
o

11
191°
191°
186°

o
174

o
180
180°
188°
185°

o
3

o
349

o
349

o
14

o
11

o
22

202?
o

20
o

200
o

20
20°

  1°
10°
16°
.0  o
1°
1°
5°
.0
0
3°
2°

0
3
_o
2
1°
0

0
3°
5°

20°
10°

1°
fi° 
o
7°
6°
8°
.0
2

o
4

o
1
3°
.0
4

o
2
1°
1°
1°
o

1
3°
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APPENDIX III 

TRUE DIPS AND STRIKES

Sparker 
Line 
No.

1

6

1

S3

1

2

1

2

10

S3

10

2

10

2

12

6

12

6

12

6

12

14

Between
' Fixes

4

18

3

30

13

14..

13

14

4

27

7

15

7

15

17

12

17

12

17

12

17

2

S

19

9

31

14

IS

14

IS

S

28

8

16

8

!6.

18

13

18

13

18

13

18

3

Apparent Depth of Inter- 
Heading Dip Reflector section 

(Decrees) (Desrees) (Meters) of Lines

270

194

255

22

257

0

77

180

270

.349

261

0

261

0

74

18

74

18

,74

198

74

7

6

2

2

2

2

1

3

10

2

4

2

1

1

2

2

  0

1

0

0

1

1

1

52
1 G 6

67

36
1 G53

44

43
1 G 2

44

181

1 & 2
150

61
10&S3

52

33
10 & 2

33

65
10 & 2

73

29
12 & 6

32

63
12 & 6

66

107
12 G 6

114

52
12 & 14

53

Aver. Depth 
Below 

Dip Sea Level 
Strike (Decrees) (Meters)

o o
N6W 6 W 59

O O
N 48 E 4 N 40

O O
N 24 E 3 W 46

N 44°E 14°S 166

N 61°E 5°N 56

N 23 °E 3°W 35

N S6°E 2°N 69

N 18°E 2°E 31

N 18°E 1°E 64

N 74°E 1°S 109

N 40°W 1°E 52
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Aver. Depth
Sparker 

Line 
No.

12

14

12

14

S

9

15

7

IS

7

IS

14

IS

14

IS

9

IS

16

IS

16

20

9

20

9

Between 
Fixes

17

2

17

2

3

18

3

2

8

2

9

6

9

6

9

17

17

19

17

19

48

12

48

12

18

3

18

3

9

19

9

3

9

3

10

7

10

7

10

18

18

20

18

20

49

13

49

13

Apparent Depth of Inter- 
Heading Dip Reflector section 

(Decrees) (Decrees) (Metsrs) of Lines

74

7

74

187

270

197

274

188

274

188

105

203

285

203

105

190

78

11

78

11

270

195

270

195

1

0

0

0

9

4

3

2

10

10

0

0

0

0

0

1

2

2

2

2

0

1

1

1

78
12 & 14

78

111
12 S 14

105

46
S & 9

43

32

15 S 7
41

127
IS & 14

58

41
15 & 14

43

62
15 & 14

64

21
1S& 9

28

30
IS & 16

17

122
IS S 16

124

52
20 & 9

55

78
20 S 9

77

Below 
Dip Sea Level

Strike (Decrees) v Meters)

O O
N 7 E IE 78

0° 109

O O
N 10 W 9 W 45

O O
N 30 W 3 W 35

O O
N 40 W 14 W 93

o
0 42

o o
0 0 63

N 80°W 1°S 25

N 30°W 2°E 38

O O
N 30 W 2 E 123

N 76°W 1°S 54

N 33°W 1°W 77
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Aver. Depth
Spaxker

Line 
No.

20

S3

20

53

20

52A

20

52A

20

52B

20

S2B

20

52B

52D

7

52D

19

52D

19

52D

9

52D

9

Apparent Depth of Inter- 
Between Heading Dip Reflector section 

Fixes (Decrees) (Decrees) (Meters) of Lines Strike

51

11

51

11

S3

9

 S3

9

55

11

55

11

55

11

33

6

33

44

33

44

30

10

30

10

52

12

52

12

54

10

54

10

56

12

56

12

56

12

34

. 7

34

45

34

45

31

11

31

11

267

355

267

355

203

0

126

0

127

85

127

85

127

85

304

16-

124

25

304

205

74

10

74

10

1

1

2

1

1

0

2

0

5

3

6

4

7

4

0

0

0

0

1

0

1

3

2

3

50
20 & S3 N 42 °E

51

111
20 & 53 N 25°E

105

62
20 & 52A N 36 °E

68

86
20 & 52A N 36°E

95

42
Q

20 & 52B N 50 E
44

79
20 & S2B N 43 °E

36

125
20 & 52B N SO°E
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PLATE I. STRUCTURE MAP OF THE CONTINENTAL SHELF OFF SOUTHERN OREGON. SEE TEXT FOR COMPLETE DISCUSSION OF SEISMIC UNITS AND SUB-UNITS.


