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CONTINUOUS SEISMIC PROFILING INVESTIGATION CF TEE
SOUTHERN OREGON CONTINENTAL SHELF BETWEEN

CAPE BLANCO AND COQS BAY

By Angus James Mackay |

ABSTRACT
A structure map was constructed of the continental shelf betwsen

Cape Blanco and Ccos Bay, Cregon, exclusively from an interpretation

]

f approximately TC0 km of continuous seismic profilas. At lsast
ten discernibls seismic units were mapped on the bases of acoustic
appearance, lateral continuity, aﬁgular unconformities, and faults.
The offshore units tentatively were correlated with onshore geology
and are velieved to rangs in age Tfrom the latest Jurzssic to late
Pleistccene. The sparker profiles reveal that the continental shelf
of?f éouthern Oregcn has experienced significant late Tertiary and
Quaterna;y accretion cdue to desposition zand tectqnic uplift.

The oldest rock exposures, believed to be the latest Juréssiq
in age, crop out on the inner continental shelf on the topograpaic

highs off Cape Blanco and Coquille Point. Erosional Temnants of



probable La.;:e 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 Coquille Pouint,

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 Pliocer_:.e age were deposited through-
out much of the continental shelf that was surveyed. The greatest
amount of deposition occurred in a north-south tren&ing basin be-
tween Cape Blanco and Coquille Bank., Late to post-Pliocene tecton-
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
Coguille 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



iresulting 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. tI‘he
detritus was deposited as a wedge of sediments, which forms an un-
conformable contact V;zith the underlying strata on' the outer shelf and
jupper slope between Coos Bay and Coquille Bank. In areas of deposi-
E\‘.5.0:1 there is no distinct break between the shelf and the upper slope;

|
the former merely merges into the latter in a continuous convex

l
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 thé 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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CONTINUOQUS 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 struc'ture 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 L967, 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 l). 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 20 m 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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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 t]:.ze continental margin in this
area. The unconsolidated sediment distribution and thickness were
alsc; 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, 1961l). 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 géosyncline.overlies the older Klamath Mountain pro-
vince. North trending shear zones along the southern Oregon coast
extending f{rom 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



synclinorium 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 Allen and Baldwin (1944), G'riggs'(l945), 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 sou-thern. 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 fau.lt as '"intense shea.r.ing,
brecciation, overturniné 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 Dotjc (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



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

230/U2'34 techniques

Richards and Thurber (1966) with C]'4 a..nd Th
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 Aré.go and 69 m
at Cape Blanéo. 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 Cogquille Bank,
28 km northwest of Cape Blanco. B.oettcher (1.967) also reported the

rocky area southwest of Cape Arago.

Gravitx

S-urface—ship, gimbal-mounted gravimeter surveys have been
conducted off the Oregon coast to abyssal depths by the Or.egon 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



Figure 3.

. 126° 125° 124° 123°

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 rr.xgal 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), Theré are apparently no extensive
volcanic intrusives or flows along the southern Oregon shelf as
compared t.o the seaward extex;xsions 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



Figure 4.

12

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-pearing 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 adj;cent 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 wes'tward convexing
of the bottom contours is displayed off Fivemile Point and off

Bandon in shallower depths. Southwest of Cape Blanco, two
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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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CONTINUQUS SEISMIC PROFILING

A continuous seismic profiler is essentially a reflection seis-
mograph with provisions for continuous récording. Acoustic im-
pulses 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
neceAssary‘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 seisfnic 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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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 assortmeant of
integrated units, recorder, amplifier-filter,. and hydrophones (Fig-
ure 7).

The DC power supply, consisting of a transformer and a recti-
fier circuit, coaverted 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 front 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 2000 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 refyected 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 rece:wer 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 f{il-
ters were set for band-pass with the "Locut' at 63 Hz and the "Hicut"
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 fate or time of the recorder is controlled by the
programmer, which also controls the firing rate of the sparker
sound source. Depending on the wa.ter depth, the recorder was
operated on the water depth scale of 0 to 366 m with a2 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 thé ocean bottom, the fi:ring 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.l
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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 2 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 15 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
a;:curacy 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.

Tw§ sets of velocity data for the area of investigation, one
from a reflection survey and the other 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. 116) to be approximately V = (1707 +
1.392) 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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V is the average compressional velocity in both the water and rock
mediums to the depth of the event being considered; 4 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

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.



straight ray-paths and normal iﬁcidence and reflection with the sii75~
mic horizon, which eliminates normal moveout corrections,
Actually, the ray-paths are refracted into curves by increasing
vélocity 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 (+ 10), but their effects are amplified for seismically steeply
dipping (greater than 6°)~ref1ectors.

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 (Donn 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 a.ngulé.r un-
conformities, faults, and folds. The surface distribution of ten dis-
tinguishable seismic uni.t:sl als-o is presented on the structural map.
Some of the observed offshore units were correlated tentatively with
mapped onshore formations and feé.turés, 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.

1'I’he 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 notbe 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 2 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 a.dvantag_e
of viewing the third or vertical dimension from the.sparker records,
which are ready-plotted geologic (time) cross sections.

Plate I is a 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
basis 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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with seismically steep dips2 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 bounclied 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 w.est 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

2Sei.smica.].ly 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 signiﬁcanﬂ.y 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 ext;ension 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 l’me‘SP-S, 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 fhe 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 inte'rsection 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 pfo—
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 reco;'ds. Unconsolidated
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 2 sea level lowering
of 130 m. The width of the terrace of several kilome;ers' 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
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sedimentary section is much m'ore prominent, because the under-
lying strata have been 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 [ probably repreéents 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
ea.st-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, crop$ 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 a2 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 Orford. 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 sa.nd’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 kin 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, agd 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 (DAott, 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 thAe offshore uplift of unit A,

The sparker records reveal that Coquille Bank, situated 28

m northwest of Cape Blanco, is a north-south trending, doubly
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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 .obta.'med from II and
1V, 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 IIl are not irregular like those of Il 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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The east-west trending fault traces of F a.fe 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 ié speculated between F and C and betw‘een
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, ].966); orof 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 possibl.y across unit C.
Unit F has experienced subsequent late to post-Pliocene uplift and
minor fa.ulting, 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 I
is .proba.bly of middle Tertiary age, Oligocene to Miocene. The
Coos Bay embayment or synclinorium recéived 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—soufh trending, southward
plunging syncline. This s.yncline 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, competeht 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 i; 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 relationsAhip 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 (Allen 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 un.derly-
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. Qutcrops of
the Coaledo Formation form the coastal promontory, Cape Afago,
to the northeast of unit G. Late Cretaceous turbidites crop. out at
Fivemile Point. The validity of the geoloéic 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>