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INTRODUCTION

A major part of the oceanic research conducted by Oregon State
University is sponsored by the Office of Naval Research. During the
period covered in this report (October 1962 through September 1963)
the research of every staff member has been advanced by support from
these funds.

The major effort in physical oceanography has shifted from
preliminary exploration of the ocean off the Oregon coast to a study
of specific features and processes that occur in the region. Initially
(1961) a cruise plan was designed to allow for repeating stations
bimonthly. This was necessary because previous sampling in the area
was largely nonsystematic and winter observations were virtually
lacking. All measurements to date have been located off Oregon within
165 miles of the coast. The limitation of area has been due, principally,
to the undesirability of operating a small vessel (154 tons) too far
from port in an area of changeable and violent weather. The results
of two years of observations now make it possible to redesign the
monitoring program while retaining two of the initial series for time-
series collections. Also, the use of a large vessel (750 tons) will
make it possible to work farther at sea.

Almost all computations of repeated and tedious nature have been
programmed for the IBM 1620 computer. A list of computer programs for
physical and other oceanographic research projects appears later in
this report.

The program in marine geology is oriented toward an understanding
of the Recent and older geology of the continental shelf and continental
slope off the coast of Oregon. A number of coastal studies are being
made in an attempt to learn something of the interaction of the land
and sea. Coastal erosion, as well as the movement of sediment along
and across the shoreline, is being investigated. The various aspects
of the geological program will be described in two phases: offshore
studies and coastal studies.

The geophysics program has been directed toward research in
seismology, gravity, magnetics, and thermal studies, both at sea and on
land. Oceanic studies have been conducted primarily under ONR sponsorship.:
The National Science Foundation, Air Force Office of Scientific Research,
and the American Petroleum Institute have provided support for geophysics
research conducted within Oregon. A grant from the National Science
Foundation has made it possible for us to obtain a radar transponder
system which will improve the precision of our navigation over the con-
tinental shelf. A nuclear precession magnetometer has been built under
a separate National Science Foundation grant.



2

Through the cooperation of the U. S. Coast Guard, much of the work
at sea was carried out aboard the Coast Guard Cutter YOCONA. In; addition,

we were able to make gravity measurements from Seattle to the Kodiak
and Pribilof Islands aboard the BERTHA ANN, a U. S. Bureau of Commercial
Fisheries vessel. When the YAQUINA is in operation, it will be possible
to carry out most of the geophysics work of the department aboard our
own vessel.

The long-range aim of the chemical oceanography program is to learn
more about the dynamics of chemical species dissolved in the Pacific
Ocean off the Oregon coast. This research has been supported by grants
from the Earth Sciences Section of the National Science Foundation as
well as from the Office of Naval Research.

New, accurate methods of determining various chemical species have
been developed using gas chromatography and conductiometric analysis.
Studies of the distribution of various elements and compounds have been
conducted both offshore and near shore during upwelling. With the

addition of two new members to the staff (P. K. Weyl in March and
R. M. Pytkowicz in September 1963), we have begun research on the physi-
cal chemistry of sea water. A survey has been made of the literature,
and promising lines of investigation are being examined. In order to
describe quantitatively the properties of the various salts in sea
water, we are initiating measurements of their partial molar volumes and
partial equivalent conductances.

Research in radiochemistry and radioecology has been directed
toward the determination of the fate of radionuclides in the ocean.
This program has been supported mainly by grants from the Atomic Energy
Commission. The contribution to these studies by the Office of Naval
Research has been in providing ship time aboard the ACONA.

A variety of programs in biological oceanography are being carried
out within the department. Almost all of this research in marine
biology is sponsored by the Atomic Energy Commission, Public Health
Service, and the Division of Biological and Medical Sciences of the
National Science Foundation. However, these studies in biological
oceanography require sampling programs and/or in situ measurements which
would not be possible without a seagoing vessel. By providing funds
for the operation and maintenance of the ACONA and smaller boats, the
Office of Naval Research makes a major contribution to all the research
programs in marine biology.

The ecology, primary production, food chain, systematics and
radioecology of marine life at all trophic levels are being studied.
The program includes research on microorganisms, phytoplankton, zoo-
plankton, benthic fauna, and nekton. Many of the biology studies are
interrelated or are related to physical, chemical, or geological
programs. A number of joint papers have resulted.
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PHYSICAL OCEANOGRAPHY

Hydrography of Oregon Coastal Waters - Wyatt, Kujala, Still

A prerequisite to understanding the ocean's behavior is some
knowledge of the average or reference distribution of variables, and of
their principal obvious variations. Data for determination of these
have been collected as shown in the table.

TABLE I.

Data collected by OSU, Oct. 1962 through Sept. 1963

Hydrographic Casts - - - - - - - - - - - - - 273
Bathythermograph Casts - - - - - - - - - - - 453
Surface Temperature and Salinity Observations 492
Drift Bottle Releases - - - - - - - - - 3196
Midwa to r Trawl Tows - - - - - - - - - - 108
Plankton Tows - - - - - - - - - - - - - - 145
Chlorophyll (C14 samples) - - - - - - - 863
Phytoplankton Samples - - - - - - - - - - 178
Photometer Readings - - - - - - - - - - ill
Drogue Measurements - - - - - - - - 25

The stations occupied on each cruise (weather permitting) extend
from the coast to 165 miles offshore at the latitudes of Astoria,
Newport, Coos Bay, and Brookings, Oregon. Volunteer observers collect
water for salinity analyses and make surf temperature readings weekly
at 11 localities along the coast. The locations of the hydrographic
and coastal stations are pictured in Figure 1. In addition, weekly
monitoring of temperature, salinity and dissolved oxygen, as well as of
zooplankton populations, is maintained at two stations in Yaquina Bay.

Maximum variability'in surface water properties is observed along
the coastline. Statistical analyses of this variability, and a compari-
son with offshore data (Denner, 1963) indicate that the principal
deviations from oceanic conditions are caused by upwelling (maximum
near Cape Blanco), Columbia River water influx (near Arch Cape), and
the Davidson Current (from the California border to Cape Blanco).

A dominant feature of the near-surface water is the permanent
pycnocline normally found at depths between 100 and 250 meters. This
has some features similar to and some features different from those
described by Tully and others for. the Gulf of Alaska. It is associated
with a strong halocline at all seasons, and superimposed upon it is a
thermocline in summer. During upwelling, the pycnocline reaches the
surface within several miles of shore and becomes a surface, as well as

- -
- -

-
- -

- -

- - - -
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subsurface, oceanic front,. Stability, structure, position, and possible
flow characteristics in this layer have been studied (Collins, in prep.).

Below the pycnocline the waters are largely a mixture of Subarctic
and Equatorial waters. This had previously been pointed out by Sverdrup
and Fleming, and Tibby gave some quantitative results for individual
cruises. Detailed water-mass analyses of our hydrographic data yield
the average mixtures present, but also indicate the frequent appearance
of bubbles or filaments in the structure. The features are tens of
miles wide, up to a hundred meters thick, and of lengths as yet unknown.
They have been observed to persist for two or more months. The T-S
correlations have also been determined (Rosenberg, 1962; Pattullo and
Rosenberg, in prep.). Additional cruise lines are planned in an effort
to delineate the sizes of these features and to test their reality.

Currents - Maughan, Pattullo

The vertical shear in the horizontal currents in the upper layers
has been computed from travel of drogues. To date we have launched
drogues on 10 cruises, 6 of them during this calendar year. In addition,
drift bottles have been released (12 at each hydrographic station).
The surface drogues, drift bottle results, and previously published
charts all agree, in general, and indicate southward flow in summer and
northward flow in winter. A new result, however, is that the surface
drift, no matter what its actual direction, has on each cruise been
slightly more southward than the subsurface drift (200 meters). Also,
the surface drift is onshore at all seasons except during upwelling in
the summer (Maughan, 1963). It is, we feel, premature to discuss
seasonal variations at depth and other indicates from the data. The
work is continuing.

Upwelling - Smith

Strong upwelling occurs along the Oregon coast in summer. It is a
maximum south of Cape Blanco (Denner, 1963; data in Wyatt and Kujala,
1962). Temperature and salinity values near the coast indicate the
water may rise from depths of 200 meters and greater. Preliminary
efforts to "predict" the upwelling a few days in advance, using
geostrophic winds computed from weather charts, and local surface winds
at Cape Arago, have proved successful. As a result, it was possible to
monitor an occurrence of upwelling during May along the Brookings series
of stations. Existing theories are being examined in the light of
these and other data.

Air-Sea Interchanges - Lane, Pattullo

One of the purposes of the Island Observatories Program of the IGY
was to acquire more open-ocean data for use in computing heat and water
budgets of the sea. Most of the results for the Pacific have already
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been reported by Pattullo and others. A brief analysis of the water
budget results was presented at the IGY Symposium in Los Angeles during
August, and will be published in the Proceedings of that Symposium (Donn,
Pattullo, and Shaw, 1963).

Preliminary investigation of the heat budget of Oregon coastal
waters has convinced us that it is essential to make direct measurement
of as many of the terms as possible. The work has been begun by
installation of an Eppley pyrheliometer on the ACONA, to measure incident
short-wave radiation. Records since May have been analyzed in an effort
to determine the amount of radiation actually received in the region
and its spatial and temporal variations. Each hourly total has been
compared with the clear-sky radiation expected at the place and time of
measurement. Work to date indicates that, in addition to the numerical
values obtained, empirical relationships between expected and observed

radiation may be developed that would be useful in gross prediction.

Arrangements are now underway for purchase and installation of a
buoy to be installed approximately 25 miles offshore (initially) to
monitor temperature fluctuations with periods of hours and longer.
When this is operational, measurements of additional oceanic and atmos-
pheric variables will be started.

It has been found possible to relate changes in the direction of
the nearshore wind to changes in the coastal sea temperatures. This

study is being continued towards more well-defined statistical results.

A review has been made of the techniques used in the computations
of the ocean heat budget. A program for the IBM 1620 has been written
for the computation of the energy exchange at the air-sea interface of
the coastal waters of Oregon. Data gathered from the ACONA during the
past year will be used to test the program.

A study of the proportion of solar radiation energy used in the
evaporation process is being made. An equation for predicting land
"pan" evaporation from air temperature and solar radiation data has been
empirically obtained. The evaluation of this empirical equation for
oceanic conditions, by use of atmometer measurements, will be made.

Estuarine Studies - McAlister, Blanton

Estuarine circulation in Coos Bay has been studied with emphasis
on the relationship between available tidal energy, energy dissipated
through viscous action, and energy used for mixing in the estuary. All
data collected from 1960 through 1963 are included in Data Report No. 10
(McAlister and Blanton). The tidal wave was studied in Coos Bay, and
new amplitude and phase curves were obtained. Standard hydrographic
surveys provided estimates of the extent and rate of mixing in Coos Bay.
Continuous velocity records were obtained over a tidal cycle for mean
15-second intervals. Auto-correlation analysis of these records has
been performed, and amplitude-frequency and amplitude-wave number
spectra have been obtained. Preliminary analysis shows that the
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spectrum varies over a tidal cycle; maximum tidal dissipation is
comparable to that which has been observed in Seymour Narrows.

Deep-Ocean Studies - McAlister

Distribution of properties at depth is being studied. Charts
showing long-term averages of temperature and salinity for the North
Pacific Ocean north of 40°N have been prepared. They have been used in
connection with 1958 coverage of the surface 1000 m to evaluate the
total geostrophic transport in the North Pacific, and to provide a
comparison with the calculated wind-driven transport. The work is
essentially complete and will be submitted for publication shortly,
after the first of the year
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GEOLOGICAL OCEANOGRAPHY

Offshore--Geology of the Oregon Continental Terrace - Byrne, Bushnell,
Kulm, Maloney, Runge

Geological studies of the continental shelf and continental slope
have been concerned with the physiography of the bottom and with the
types of material exposed on the sea floor. Published and unpublished
soundings provided by the U. S. Coast and Geodetic Survey have been
used to construct 3 charts which show the general physiography of the
continental shelf and continental slope to approximately 1000 fathoms.
These charts have been used to evaluate the geomorphology of the conti-
nental terrace from the Oregon-California border (42°00'N) to north of
the Oregon-Washington border (46°30'N). The areas represented on the 3
charts are from 42°00'N to 43°30'N, 43°30'N to 45°00'N, and 45°00'N to
46°30'N.

A detailed study of the bottom topography of the continental slope
between latitudes 43°50'N and 44°40'N has been made with sounding lines
1.5 to 2.5 miles apart. From these soundings a bathymetric chart of
the continental slope has been prepared. The chart and the echograms
from which it was made are being used to describe the details of the
geomorphology of this portion of the continental slope. Such a descrip-
tion will provide a key to the geology of the area. Similar studies of
other sections of the continental slope off Oregon will be made in the
future.

With the bathymetric charts as guides, numerous samples of rock
and of sediment have been collected from the continental shelf and slope
off the central part of the Oregon coast. Since the shelf sampling
program was begun in 1961, the entire shelf between 44°20'N and 46°02'N
has been sampled at 3-mile intervals. Grab samplers, Phleger corers,
and rock dredges were used. The number and type of samples collected
during 1962-63 are listed in Table I.

TABLE I.

Geologic Samples Collected during 1962-63

Continental Shelf: Rock dredges - 14 stations
Grab samples and

Phleger cores - - 326 stations
Continental Slope: Rock dredges - 37 stations

Gravity cores - - - 32 stations
Abyssal Plain: Gravity cores - 2 stations

9

- -

- -

- -
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In general, well-sorted, fine-grained subangular sands cover the
continental shelf to a depth of about 50 fathoms. Below this depth the
sediments grade uniformly to clay-silts on the upper continental slope.
Rock outcrops, gravel, and medium and coarse sand are present in patches
commonly associated with the numerous shoals that rise above the general,
surface of the shelf. The nearshore sands and the sand fractions of the
finer-grained sediments are for the most part mineralogically immature.
Glauconite, calcium carbonate, and organic matter are essentially absent
from the sands, but may be abundant in the offshore sediment. Small
quantities of organic silica, mainly sponge spicules and Radiolaria, are
irregularly distributed in the fine sediment.

Sediments collected from Astoria Submarine Canyon during 1961-62
have been analyzed for gamma-ray emitters. Chromium-51 and zinc-65
(products of the atomic reactor at Hanford, Washington); zirconium-95,
niobium-95, ruthenium-103, and cerium-141 (products of nuclear fallout);
and potassium-40 (naturally occurring) were all present in the sediments..
All of the radioactive isotopes decrease in abundance with distance from
the mouth of the Columbia River. This suggests that the Columbia River
funnels the isotopes from its drainage basin and deposits the major
portion of the radioactive sediments near the mouth of the river.

Rocks collected from the numerous shoals off the central coast of
Oregon and from a few localities off the northern coast are all
sedimentary. To date, no volcanic rocks have been dredged from the
bottom, other than in the immediate vicinity of the volcanic headlands
along the coast. Representative samples have been analyzed for micro-
fauna by the U. S. Geological Survey and by several of the major oil
companies. The faunal analyses indicate that the rocks cropping out on
the continental shelf and continental slope to a depth of 1000 fathoms
are Upper Miocene to Middle Pliocene in age, younger than those exposed
on shore. The offshore samples, coastal geology, and recent geophysical
measurements suggest that a Tertiary sedimentary basin of some size may
be located offshore in the area of the outer continental shelf and
continental slope. At the present time this area is being intesively
investigated by several of the major oil companies.

Coastal--Deposition and Erosion - Byrne, Kulm, North

Much of the sediment present on the continental shelf and continental
slope is derived from the adjacent land. We are attempting to determine
the origin of the material in the area off Oregon by analyzing the
various minerals encountered in the offshore sediments. The movement
of sediment once it reaches the ocean is also being studied. Samples
of sediment have been collected from all of the major rivers discharging
into the Pacific, from the Klamath in northern California to the
Columbia River. Sand samples have been taken from all the major beaches
of Oregon, northern California and southern Washington. Heavy minerals
from both the river and beach sands currently are being studied.
Monomineralic slides of 38 heavy minerals have been prepared with the
aid of the Franz Isodynamic Separator to be used as an aid to the
identification of heavy minerals from coastal and offshore sands.. The
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slides will serve not only as an aid to the researcher, but also to the
student unfamiliar with the heavy minerals of the Oregon area.

The sediment study of Yaquina Bay, the first of a series, has been
completed and is being prepared for publication. From studies of heavy
minerals and microfaunas we have been able to trace the movement of
sediment into and within the bay, and also to indicate the approximate
intrusion of the tidal wedge of marine waters. Most of the sand in the
bay has been transported from nearshore by tidal currents moving through
the entrance of the bay, and most of the finer-grained sediments have
been introduced by the Yaquina River as part of its suspended load.
Deposition of both the suspended load introduced by the river and the
traction load moved by tidal currents apparently takes place during the
winter months. This is confirmed by the records of shoaling maintained
by the U. S. Corps of Engineers and by our knowledge of the general
hydrography of the bay. In winter, the river is carrying its maximum
load, the estuary is partially mixed, and the longshore drift is from
the south. Studies to determine the differences in sediment transport
related to different estuarine hydrographic conditions will be under-
taken in the larger estuaries along the coast.

In conjunction with the beach, river, and estuary sediment studies,
samples of sediment are being collected from the active and stabilized
sand dunes, and from the uplifted marine terrace deposits along the
coast. Mineralogic studies of these deposits will provide a clue to
the magnitude of sediment contribution to the continental shelf by
direct erosion of the coastline.

Erosion is a major process along the Oregon coast. An evaluation
has been made of the geologic factors which affect erosion along the
160 miles of coastline between the Siuslaw and Columbia Rivers (northern
Oregon coast). It appears that lithologic factors alone are important
in controlling the shape of the shoreline along 34 percent of the coast,
structural factors along 16 percent, a combination of lithologic and
structural factors along 17 percent, and a combination of stratigraphic
and structural factors along 2 percent. No active. erosion is taking
place along the remaining 31 percent of the coast. Landsliding, the
most rapid type of erosion, is prevalent along 25 percent of the coast.

During the past summer a field study of the areas of landsliding
was initiated, and the landslides between the Columbia and Siuslaw
Rivers were mapped and described. Five basic categories of landslide
phenomena are recognized as occurring along the northern Oregon coast.
The classification of these various mass movements is dependent on the
lithology of the material available for movement. Structural factors
in the shore material, such as fracturing and unit attitude, and
surrounding stratigraphic relationships are secondary in control of
mass movement. Physical oceanographic factors affect the slide areas
before and after movement. Where waves have unimpaired access to
sedimentary material, the continuous force upsets the slope equilibrium,
weakening the base and allowing gravity to carry material downward.
After sliding or slumping has occurred, the leading edge of the slide
rubble is quickly dissected by the waves. The material is then spread
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to adjoining shores by littoral processes. Portions of the coast
protected by offshore stacks or rock benches provide interesting
variations of the erosional process. In areas of igneous rocks, the
waves cut 75 to 85 degree cliffs. Mass movement in these areas is
strictly rockfall with no dissected toes, and only rarely is accumulated
debris visible.

In addition to the studies along the Oregon coast, studies of
coastal sediments from areas other than Oregon were initiated during
the year. A study of phosphorite-bearing sands from Santo Domingo
Island, Baja California, is nearing completion. Analysis of the texture
and composition of the sands suggests that the major concentration of
phosphorite grains is confined to the coastal dune deposits and that
lower percentages occur in the underlying beach sediments. Textural
parameters determined by other workers to distinguish beach and dune
sands were found to be essentially valid and were used to help distin-
guish the beach from the dune deposits in the subsurface.

Thin-section studies of the phosphorite pellets reveal that the
pellets are mainly colitic in structure with nuclei of quartz and
feldspar. It is suggested that the phosphorite was deposited in an
area of wave agitation offshore, was washed ashore, and subsequently
was selectively sorted by wind action. The dune sands contain up to
8.9 percent phosphorite, the beaches commonly less than 2 percent.

A study of the Recent carbonate sands of the island of Bermuda has
been started. The sedimentary characteristics of the nearshore, beach,
and dune environments will be studied and an attempt will be made to
correlate these sedimentary characteristics with the known oceanographic
and meteorologic characteristics of the region.
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GEOPHYSICAL OCEANOGRAPHY

Seismology - Dehlinger, Berg, Chiburis

Two studies aimed at gaining 'a better understanding of the tectonics
of this region have been completed. A paper on the Portland earthquake
of October 1962 described the earthquake fully, including time of
occurrence, source displacements, travel times of seismic arrivals, and
damage reported. Also, a report on the earthquake history of Oregon
was published. This paper listed all offshore and onshore earthquakes
in Oregon for which data could be found.

The primary purpose of the seismicity and crustal structures
investigation is to construct travel-time curves for Oregon and adjacent
regions. Epicenters and origin times for 13 local earthquakes recorded
at more than 40 earthquake stations in the Pacific Northwest were
determined as accurately as possible. It was found that the Pn wave
velocity is 7.7 km/sec in a north-south direction west of the Cascade
Mountains and 8.0 km/sec in an east-west direction east of these
mountains. Arrivals from other earthquakes, as well as those of the
P*, P, S, and LR are also being plotted on the travel-time curves. The

observed Pn velocity differences are believed to indicate differences
in composition, temperature, or crystal alignment of the sub-Moho
materials in the two areas. The merits of these possibilities are
being investigated in terms of Poisson's ratio differences and vari-
ations of Boujuer gravity anomalies as functions of elevation. A

difference in variation of Boujuer anomaly with elevation appears to
exist in the two areas, suggesting a difference in mineralogic composi-
tion beneath the Mohorovicic discontinuity.

A shallow reflection survey of Yaquina Bay has been underway
during 1963 and is nearly completed. A report will be written as soon
as the work is finished. A shallow reflection survey of the offshore
gravity range area has been made using the ACONA. This area extends
from shoreline to about 12 miles at sea off Newport and approximately
40 miles along the coast. The data are currently being analyzed.

The Corvallis Standard Seismograph Station has been operated on a
routine basis. Records are analyzed and the arriving waves are being
tabulated in terms of earthquake, wave type, and arrival time. An
additional vertical seismometer was installed at the Seismic Station
for visual recording on the OSU campus. A vertical seismograph and
associated equipment is being installed. An additional seismic station
is being established on the Oregon Technical Institute campus in Medford.
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Gravity - Berg, Dehlinger, Rinehart

More than 4,000 miles of continuous gravity profiles were run off
the coast of Oregon between the Oregon-Washington border and
Cape Mendocino, California. A LaCoste-Romberg surface-ship gravity
meter S-9 was used aboard the USCG Cutter YOCONA. Seven long profiles
were run from the coast to 100 miles offshore. Fourteen lines were
run across the seaward extension of the San Andreas fault zone and two
across the Mendocino escarpment. The data were, in general, of
excellent quality. Free-air anomalies have been calculated for the
survey. A free-air anomaly map will be contoured and crustal structures
analyzed, particularly across the San Andreas fault zone and the oceanic
to continental transition zone.

A continuous gravity profile was obtained between Seattle and
Kodiak Island aboard the U. S. Fisheries Ship BERTHA ANN. Additional
gravity measurements were made from Kodiak Island to the Pribilof Islands
and Dutch Harbor. Sea conditions and meter failure prevented reliable
measurements over the latter portion of the cruise. Anomalies for the
data obtained remain to be calculated.

Gravity meter S-9 was used aboard the ACONA on three traverses
over the Newport gravity range to determine the meter reliability under
normal sea conditions. Seas were moderate, such that corrections for
horizontal ship accelerations were of medium to large size. The data
obtained were good, indicating that the meter reliability was within
6 mgals at Browne corrections of less than 400 mgals.

The linearity of meter S-9 calibration factor was checked against
26 land-base stations between Vancouver, B. C., and Paso Robles,
California. A gravity change of over 1250.mgals was involved. At
least squares analysis of the measurements indicated that the calibration
factor provided by the manufacturers was 0.1% too high. A revised
table of calibration factors for different counter readings has been
prepared and will be used with subsequent measurements.

A free-air gravity anomaly map of the Gulf of Mexico was constructed
from measurements made previously with meter S-9. Crustal cross sections
were determined.. These cross sections were consistent with the observed
gravity results and published seismic data.

Magnetics - Berg, Rinehart, Ropes, Bales

A nuclear precession magnetometer was built and has been used to
measure the earth's magnetic field. Approximately 4,000 miles of
continuous profiles were obtained during May 1963, at the same time the
gravity survey was made aboard the YOCONA.

During July about 500 miles of continuous magnetic field measurements
were made aboard the ACONA along profiles extending from shore to 75.
miles at sea off Newport. The data from both these surveys have been
reduced and are being analyzed.
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Thermal Studies - Berg, Hutt

A thermal probe has been received and checked. Initial measurements
will be made in the gravity range area off Newport, where precise navi-
gation control is possible. Precision and other aspects of heat flow
measurements will be studied.
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Publications

BERG, J. W., JR., and C. D. BAKER

Oregon earthquakes, 1841 through 1958. Bull. Seism. Soc. Am. 53:
95-108, 1963.

BERG, J. W., JR., (with A. VIKSNE, and K. L. COOK)

Reply to discussion by L. F. Stephenson and R. D. Tooley.
Geophysics 27(5):721-724, 1962.

DEHLINGER, PETER (with J. D. ALLAN, C. GANTAR, C. MORELLI, M. PISANI,
and J. C. HARRISON)

Comparison of Graf-Askansia and LaCoste-Romberg surface-ship
gravity meters. J. Geophys. Res. 67:5157-5167, 1962.

DEHLINGER, PETER (with D. K. CHOWDHURY)

Elastic wave propagation along layers in two-dimensional models.
Bull. Seism. Soc. Am. 53:593-618.

DEHLINGER, PETER, and J. W. BERG, JR.

The Portland earthquake of November 5, 1962. Ore Bin 24:185-188,
1962.

DEHLINGER, PETER, R. G. BOWEN, E. F. CHIBURIS, and W. H. WESTPHAL

Investigation of the earthquake of November 5, 1962, north of
Portland. Ore Bin 25(4):53-68, 1963.

DEHLINGER, PETER, and S. H. YUNGUL

Experimental determination of the reliability of the LaCoste and
Romberg surface-ship gravity meter S-9. J. Geophys. Res. 67:4389-
4394, 1962.

DEHLINGER, PETER (with S. H. YUNGUL)

Preliminary free-air gravity anomaly map of the Gulf of Mexico
from surface-ship measurements and its tectonic implications. J.
Geophys. Res. 67:4721-4728, 1962.

Data Reports

RINEHART, W. A., and J. W. BERG, JR.

Nearshore marine gravity range, Newport, Oregon. Data Rept. No. 9,
11 pp., Dept. Oceanography, Oregon State University, Corvallis,
Oregon, 1963.
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Submitted for Publication

BERG, J. W., JR.

Seismic refraction profiles, Narragansett Bay, Rhode Island.
Bull. Geol. Soc. Am.

BERG, J. W., JR. (with K. L. COOK, M. 0. HALVERSON, and J. C. STEPP)

Regional gravity survey of the northern Great Salt Lake Desert
and adjacent areas in Utah, Nevada, and Idaho. Bull. Geol. Soc. Am.

BERG, J. W., JR. (with K. L. COOK, and DANIEL LUM)

Seismic and gravity profile across the northern Wasatch Trench,
Utah.

COLLVER, M. M., and PETER DEHLINGER

Oregon State University Seismological Bulletin No. 1 (July 1 -
September 30, 1963). Dept. Oceanography, Oregon State University,
Data Report No. 14.

DEHLINGER, PETER, and B. R. JONES

Free-air gravity anomaly map of the Gulf of Mexico and its tectonic
implications, 1963 edition. Geophysics.

DEHLINGER, PETER, and B. R. JONES

Reliability at sea of LaCoste-Romberg surface-ship gravity meter
with 0.75 critically damped accelerometers. J. Geophys. Res.

RINEHART, W., and J. W. BERG, JR.

Nearshore marine gravity range, Newport, Oregon. J. Geophys. Res.
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INSTRUMENTATION AND DATA PROCESSING

Deep-Moored Unmanned Instrument Station - Burt, Maughan

Preliminary work in the feasibility and application of a deep-
moored, unmanned instrument station was carried out jointly with Scripps
Institution of Oceanography. Relying on the Isaacs, Holt, Schick
general purpose buoy and instrument package, work is rapidly progressing
to the early placement of an instrumented station off the Oregon coast.

Data Processing - Borden, Rinehart

Mechanical data processing has been done on an IBM 1620 digital
computer with 40,000 core storage positions. Routine analysis of
hydrographic data accounts for the largest part of the processing.
Temperature corrections, interpolations at standard depths, and calcu-
lation of various dependent parameters are made by computer. The
original data cards are kept for use in computing other quantities of
interest in more detailed studies. An attempt is made to complete the
routine data processing for a cruise within a month after the cruise.
The results of this processing are printed in loose-leaf form, checked
against the original data, and distributed to department staff members.
Any errors that are found in this preliminary copy are reported and
corrected in an attempt to make the data as error-free as possible.

Computer programs in use in physical, chemical, and geological
oceanography are listed below.

1. Hydrographic data program. All hydrographic data from
June 1960 through July 1963 have been processed.

2. Computation of a sigma-t at observed depths.

3. Computation of sigma-t, specific volume anomaly, and dynamic
height, given temperature and salinity at standard depths.

4. Interpolation of sigma-t distribution curve to determine the
depths of the 25.5 and 26.0 isopleths.

5. Volume transport between stations, given the dynamic heights
at standard depths and the appropriate current factor.

6. Correction of temperatures from one unprotected and two
protected reversing thermometers, and calculation of thermo-
metric depth.
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7. Drogue data reduction. Computation of distances and rates of
travel.

8. Size frequency distribution in marine sediments.

9. Sand-silt-clay ratios in marine sediments.

10. Drift bottle computations. Distance and rate traveled.

11. Percent saturation of oxygen in sea water.

12. Averaging wind data from shore stations.

13, Heat budget computation from weather reports.

Programs in use in geophysics research are as follows:

1. First and second order polynomial surface.

2. Two-dimensional gravity model.

3. Rapid random number generator.

4. Reduction of data for gravity at sea.

5. Short distance computation by Richter's method.

Plans for the future include the conversion of several programs
for use on the IBM 7094 which is available to us via a teleprocessing
link with Western Data Processing Center at UCLA. Also anticipated is
the acquisition by the Statistics Computing Laboratory of the IBM 1410
computer which will have magnetic tape facilities.
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MARINE OPERATIONS

A vital part of the research program of the Department of
Oceanography at Oregon State University has been the collection of data
at sea and in estuaries. Any measurements or sampling at sea can be
accomplished only if a seagoing vessel is available to take the
scientist: and his instruments offshore. Even work in the bays requires

a boat, although a much smaller craft will suffice for estuarine or
river studies.

The ACONA will have completed 3 years of operation in May 1964,
averaging 180 days at sea a year (Figure 1). Regular bimonthly cruises

to 165 miles offshore have been carried out. Samples have been
obtained to determine salinity, temperature and dissolved oxygen to
depths of 1200 meters. Whenever possible, net hauls or other biological
sampling have been combined with the hydrographic cruises.

Special cruises have been planned for specific investigations,
such as the monitoring of parachute drogues, studies of upwelling, and
attempts to better differentiate specific water types by taking more
closely spaced hydrographic observations. 'Drift bottles released from
the vessel have made it possible to continue studies of the surface
currents offshore.

With the ACONA, we have been able to learn more about the geology
of the area offshore from surveys and data collections. Sounding lines
have been made to study the bottom topography of the continental slope;
rock samples and sediments have been collected from the shelf and slope;
sediments have been collected from Yaquina Bay and from Astoria Submarine
Canyon..

Geophysical work aboard the ACONA has included a gravity meter
check over the Newport gravity range and one survey of continuous mag-
netic field measurements offshore. Because the ACONA is too small to
be an adequate platform for much of the geophysical work at sea, we
have been fortunate to have the cooperation of the U, S. Coast Guard
and the Bureau-of Commercial Fisheries. These agencies have made it
possible for us to carry out some of our studies on their larger vessels,
the YOCONA and the BERTHA ANN. When the YAQUINA is in operation, most
of our geophysics research will be performed aboard our own vessel.

While the primary purpose of the vessel is support of research,
student training is also enhanced through their participation in work
at sea. All students are required to make several different types of
cruises to become familiar with the handling of equipment and gear and
the techniques of making routine measurements at sea.
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STUDENT INSTRUCTION

The number of students majoring in oceanography has increased
rapidly each year since the Department of oceanography was established in
1959. Students minoring in oceanography number very nearly the same as
the majors, and the rate of increase is also nearly the same. On the
following pages are lists of students who are currently majoring or
minoring in oceanography, along with information on their fields of
specialization, degrees sought, and major professors.

A well-rounded program of course work has been developed to meet
the. needs of these students. Requirements for the various degrees and
descriptions of the undergraduate and graduate courses offered are out-
lined on the following pages.

To date, two Doctor of Philosophy degrees and five Master of
Science degrees have been granted by the department. Degrees have been
awarded to the following students:

W. Bruce McAlister, Ph.D., 1962. Physical Oceanography (Burt)
Thesis: The General Circulation in the North Pacific Ocean Referred
to a Variable Reference Surface.

Charles L. Osterberg, Ph.D., 1963. Biological Oceanography (Frolander)
Thesis: Radioactivity in Oceanic Organisms.

David Bushnell, M.S., 1963. Geological Oceanography (Byrne)
Thesis: Continental Shelf Sediments in the Vicinity of Newport,
Oregon.

Warren W. Denner, M.S., 1963. Physical Oceanography (Pattullo)
Thesis: Sea Water Temperature and Salinity Characteristics Observed
at Oregon Coast Stations in 1961.

Robert K. Lane, M.S., 1963, Physical Oceanography (Pattullo)
Thesis: A Model of Sea Water Structure Near the West Coast of
Vancouver Island, British Columbia.

Paul M. Maughan, M.S., 1963. Physical Oceanography (Pattullo)
Thesis: Observations and Analysis of Ocean Currents Above 250 m
off the Oregon Coast.

Donald Rosenberg, M.S., 1963. Physical Oceanography (Pattullo)
Thesis: Characteristics and Distribution of Water Masses off the
Oregon Coast.
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OCEANOGRAPHY STUDENTS - MAJORS 1963-64

Entered Field Ma 'or Prof. 1st Minor 2nd Minor

Ph.D. Degree

Albin 1962 Physical Burt Physics Chemistry

Car is on 1963 Geological Byrne Geology Gen. Sci.

Chiburis 1962 Geophysics Dehlinger Math. Oceanogr.

Connors 1963 Chemical Weyl Chemistry Phys. Oceanogr.

Couch 1963 Geophysics Dehlinger Meteorol. Physics

C ra nde l l 1962 Biological Frolander Zoology Entomol./Stat.

Cutshall 1963 Radiochem. Osterberg Anal. Chem. Inorganic Chem.
Griswold 1963 Physical Pattullo Meteorol. Math.

He ba rd 1961 Biological Pearcy Zoology Phys. Oceanogr.

Fngham 1962 Physical McAlister Biol. Oc. Gen. Sci.

Kulm 1960 Geological Byrne Geology Gen. Sci.

Lane* 1961 Physical Burt Meteorol. Mech. Eng.
Laurs 1961 Biological Pearcy Zoology Gen. Oc.

Maloney 1960 Geological Byrne Geology Paleon./Stratig.
Mans ke 1963 Biological Frolander Geology Zoology

Maughan 1962 Physical Burt Meteorol. Civil Eng.

Ne a I 1962 Physical Pattullo Gen. Sci. Education

Nelson 1963 Geological Byrne Geology Zoology

Rens haw 1961 Biological Pearcy Zoology Gen. Sci.

Rinehart, W.* 1963 Geophysics Berg Math. Statistics

Runge 1962 Geological Byrne Geology Biol. Oc.

Sa rma h 1963 Geophysics Berg Physics Meteorol.

Smith* 1960 Physical Burt Physics Math.

Stevenson 1962 Physical Pattullo Gen. Sci. Chemistry

Thiruva thuka 1 1963 Geophysics Berg Geology Math.

Blanton 1962 Physical

M.S. Degree

Pattullo Civil Eng.

Collins 1962 Physical Pattullo Math.

Crocker 1963 Physical Pattullo Phys. + Chem.

Cross 1962 Biological Small Gen. Sci.

Dave y 1962 Biological Curl Gen. Sci.

Duedall 1963 Chemical Weyl Chemistry

Ensminger 1963 Geological Byrne Geology

Erickson 1963 Geophysics Dehlinger Gen. Sci.

Hubba rd* 1961 Biological Pearcy Zoology

Hunger 1963 Geological Byrne Geology
Hutt 1963 Geophysics Dehlinger Elec. Eng.
Jennings 1963 Radiochem. Osterberg Gen. Sci.

Jones 1963 Microbiol. Morita Microbiol.

Ka rinen 1962 Biological Curl Gen. Sci.

Kujala* 1961 Physical Pattullo Fish. Biol.

La rsen* 1962 Radiochem. Osterberg Education

Laun 1962 Geophysics Berg Math.

Matson 1962 Chemical Park Gen. Sci.

McCormick 1963 Biological McCauley Gen. Sci.

Mina rd 1963 Physical Pattullo Civil Eng.

Morrison 1963 Biological Carey Gen. Sci.

North 1962 Geological Byrne Geology
Rinehart, V. 1962 Geophysics Dehlinger Math.

Russell 1961 Biological Frolander Zoology

Schatz 1963 Physical Pattullo Gen. Sci.

S kov 1963 Physical Pattullo Statistics

Souders 1963 Geophysics Berg Math.

Swanson 1963 Physical Pattullo Civil Eng.

Thornton 1962 Physical McAlister Mech. Eng.

Tont 1962 Biological Pearcy Gen. Sci.
hTrembly 1962 Geophysics Berg .Mat

Whitcomb 1962 Geophysics Berg Math. + Elec. Eng.

*Full-time staff
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MINORS IN OCEANOGRAPHY

Degree
Sought Major

Year
Entered

Program
Filed

Committee
Member

Alspach M.S. Zoology 1963

Baldwin M.S. Fish Manag. 1963
Burnett M.S. Statistics 1963

Burton Ph.D. Microbiol. 1962 5-29-63 Park

Carson Ph.D. Physics 1963

Chammek Ph.D. Zoology 2-7-63 Frolander

Craig Ph.D. Microbiol. 1963 10-28-63 Pearcy

Crawford M.S. GS-M,Phys,Oc 1963 McAlister

Curl M.S. Math. 1962

Darrow Ph.D. Zoology 1961 1-4-62 Frolander

Ellingson Ph.D. Geology 1960

Ewing Ph.D. E. E. Pattu-l to

Forss Ph.D. Sci. 1961 12-7-61 Frolander

Fryback Ph.D. Zoology 4-5-62 Frolander(1964)

Gallagher M.S. GS-M,Phys,Oc 1961 Pattullo

Glenn Ph.D. Geology 1963 Byrne

Gosink Ph.D. Chem. 1962 1-22-64 Park

Haight Ph.D. Microbiol. 1962 4-25-63 Park

Healy Ph D. Chem. Pattullo(1964)

Husband M.S. E. E. 1963 Pattullo

Hutchinson Ph.D. Biology 11-20-61 Pattullo

Kaiser Ph.D. GS-SciEd,Chem,Oc 9-29-63 Pattullo

Kathman M.S. Fisheries 1961 4-9-63
Keesey Math. 1962

Kennedy Ph.D. Chem. 1962 5-21-63 Park

Knechtel M.S. Meteorol. 1963 Pattullo

Kulm, Sally M.S. Math. Pattullo

Lamb M.S. Meteorol. 1963

Layton Ph.D. Geology 1960

Lenzer M.S. Geology Byrne

Lewis M.S. Nat. Resources 1963

Livingston Ph.D. Geology 1962 Byrne

Magnuson E. E. 1963 McAlister

Mason Ph.D. Fisheries 1963 10-29-63 Frolander

Mathemeier Ph.D. Microbiol. 1963 Morita

McIntire Ph.D. Botany 1961 7-6-61 McAlister

McKnight
Meland

Ph.D.

M.S.
Geology
Meteorol. 1963

Murray, M.S. Math. 1963

Murray, M.S. GS 1963

Nazeeri Ph.D. GS 1963 Park

Odegard M.S. Phys(Geophys) 1962 Berg
O'Neal Ph D. San. Eng. 1963 5-31-63 Small

Pavelka M.S. Meteorol. 1963

Pelto Ph.D. E. E. 1963 3-64 Park

Porter M.S. Zoology 1961 Frolander

Self Ph.D. Chem. 1960 5-23-62 Park

Slabaugh Ph.D. GS 1962 8-21-63 Park

Spencer M.S. Zoology Pearcy

Stensland M.S. Geology 1963
Straty Ph.D. Fisheries 1963 (9-30-63)

Streebin M.S. C. E. 1963
Tashiro Ph.D. Chem. 5-23-62 Park
Tichenor Ph.D. San. Eng. 1962 5-31-63 Small
Vallier Ph.D. Geology 1962 Byrne
Van Atta Ph.D. Geology 1960 Byrne
Vellutini M.S. GS-M.Phys,Oc 1-64 Berg
Vlastlicia M.S. Hydraulic Eng. McAlister
Wallace Ph.D Fisheries 1961 4-6-61 Frolander
White M.S. Geology 1963 Byrne
Wolf gram Geology 1962
Armantrout M.S. Zoology 1964 Frolander
Coughenowner M.S. GS-Chem,Oc,SciEd 1963 Pattullo
Iverson M.S. Fisheries 1963 3-17-64
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Ph.D. PROGRAM

The program leading to the degree of Doctor of Philosophy consists of a major
and two minors. Course work should include all the requirements for the

master's degree listed below. A typical program would be for 130 hours of
course work divided as follows:

Oceanography, including 30 to 35 hours of thesis research 80 hours
First minor' 30 hours

Second minor 20 hours

A reading knowledge of French and German is required. Students may petition

to substitute another language.

M.S. PROGRAM (45 hours minimum)

I. BASIC PHYSICAL SEQUENCE

Oc 432 Physical Oceanography
Oc 433 Currents and Water Masses

9 hours

Oc 434 Estuarine and Shoreline Processes

II. GENERAL OCEANOGRAPHY 12 hours

Oc 441 Biological Oceanography
Oc 551 Chemical Oceanography
Oc 561 Geological Oceanography

III. SPECIALTY OPTION 3-5 hours

Physical Oc 571 Marine Hydrodynamics
Oc 572 Underwater Sound
Oc 573 Waves and Tides

Biological Oc 442 Marine Zooplankton
Oc 443 Marine Nekton
Oc 444 Marine Phytoplankton Ecology
Oc 445 Marine Phytoplankton Physiology
Oc 446 Marine Primary Production
Mb 531 Marine Microbiology

Geological Oc 565 Geology of the Ocean Basins
Oc 566 Marine Sedimentation

Chemical Oc 552 Theoretical Chemical Oceanography
Oc 553 Theoretical Chemical Oceanography

Geophysical

1V. THESIS

See Geophysics Program

6 hours

V. MINOR FIELD 15 hours

The minor may be selected from two fields, such as physics
and chemistry or botany and zoology.
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GEOPHYSICS PROGRAM

A curriculum in geophysics has been developed within the Department and with
the cooperation of the Departments of Physics, Geology, and Mathematics. A
student studying for a degree under this program will work out a course of
study upon consultation with his faculty advisor. This program must include
a minimum of three courses in oceanography. The remainder of the student's
major program will be selected from:

Oc 480 Marine Geophysics
Oc 580 Theoretical Geophysics, Sound Transmission
Oc 581 Theoretical Geophysics, Earth Gravity
Oc 582x Theoretical Seismology
Oc 583x Earthquake Seismology
Oc 584x Physics of the Earth
Oc 505 Reading and Conference (Computer Applications to Geophysical

Problems)

GENERAL SCIENCE PROGRAM

Students may enroll in a program leading to a graduate degree in General
Science with emphasis in oceanography. For the master's program, 45 credit
hours of course work, without thesis, is required. Students with undergraduate
degrees in physical science may register for approximately 21 credit hours in
oceanography, 9 hours in geophysics and 15 hours in one or more of the basic
supporting sciences. It will be possible for able full-time students to com-
plete this program in three terms.

MINOR PROGRAMS

Ph.D. First Minor 30 hours

I. Basic Physical Sequence 9 hours
II. General Oceanography 12 hours

III. Specialty Option 9 hours

Ph.D. Second Minor - 21 hours

I. Basic Physical Sequence 9 hours
II. General Oceanography 12 hours

M. S. Minor 15 hours

Oc 432 3 hours
Oc 433 3 hours
Specialty Option 9 hours

-

-
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hNDERCRADDATE C(NJRSES

On 133 Elements of oceanography 3 hours spring
Study of the development of the principles of oceanography by the men who have been pioneers
in the field; background of and contributions by these pioneers; ships and equipment used from
Polynesian times to the present.

On 331 Introduction to Oceanography 3 hours any term
Elective non-technical course designed to give student broad general background. Emphasis on
relationship between oceanography and other fields. Prerequisite: Jr standing.

Upper Division Courses Carc in Graduate Credit*

G 420 Geophysical Exploration (g) 3 hours fall
Physical methods used in mining and oil prospecting, emphasizing geologic interpretation.
Prerequisite: Ph 2031 G 321, 323.

GS 431 Physical Limnology (G) 3 hours spring
Physical and chemical processes in lakes and rivers; methods of making physical measurements;
some field work. Prerequisite: Sr or grad standing, 2 yrs biological science.

Oc 432 Physical Oceanography (G) 3 hours fall
Physical processes in ocean and estuaries; some field work. Prerequisite: Sr or grad
standing, l yr math, 1 yr physics.

Oc 433 Currents and Water Masses (G) 3 hours winter
Factors contributing to the origin and preservation of the water masses and currents of the
oceans; distribution of variables in the sea. Prerequisite: Oc 432.

Oc 434 Estuarine and Shoreline Processes (G) 3 hours Spring
A general study of estuarine and nearshore processes. Waves, surf and beach effects, tides
and tidal currents; types and mechanism of estuarine circulation. Prerequisite: Oc 432.

On 441 Biological Oceanography (G) 4 hours fall
Physical, chemical, and biological factors characterizing the marine environment; factors

controlling plant and animal populations, methods of sampling, identification, and analysis.
Prerequisite: 18hrs of upper division science.

On 442 Marine Plankton (G) 5 hours winter
Floating plant and animal life in the sea; factors controlling population and production;
regional distribution; methods of sampling; identification; nuisance forms. Prerequisite:
2 yrs biology and On 441.

On 443 Marine Nekton (G) 4 hours spring
Review of the swimming animals of the oceanic zones of the sea, including squid, fishes, and
marine mammals; their vertical and horizontal distribution; migrations; physical, chemical,
and biological factors affecting distribution and abundance; food-chain relationships, special
problems of deep-sea life; and methods of sampling. Prerequisite: 2 yrs biology and On 441.

On 444 Marine Phytoplankton Ecology (G) 4 hours fall
Floating plant life in the sea and estuaries; systematics and distribution; physiology;

population dynamics; effects of environmental factors; artificial cultivation; effect upon the
environment and position in food webs. Prerequisites: On 441 or 2. yrs biology.

On 445 Marine Phytoplankton Physiology '(G) 3 hours winter
The life processes of plankton algae with special emphasis on energy-capturing processes,
mineral nutrition, flotation mechanisms, cell division, and the evaluation of experimental
procedures; problems of existence in the open ocean; artificial production of maximum yields.

Prerequisites: Oc 444 or two yrs-chemistry.

On 446 Marine Primary Production (G) 5 hours spring
A detailed examination of the experimental procedures used in measuring primary biological

production. An opportunity is afforded in acquiring skill in most procedures. Stress is laid
on evaluation of experimental results and their interpretation. Prerequisites: nc 445 and

consent of instructor.

Oc 480 Marine Geophysics (G) 3 hours winter
Marine applications of geophysical methods, including seismic, gravity, magnetic, etc.
Prerequisites: Mth 203, Geol 203, Ph 203.

Proposed Courses

Marine Radioecology (G)

Marine Phytoplankton Systematics (G) (lab supplementing Oc 444, 3 hra)

3 hours spring

2 hours fall

*Courses designated (G) count toward a graduate major; courses designated (g) count toward a minor only.
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GRADUATE COURSES

Oc 507 Seminar: Benthic Ecology 2 hours spring

Oc 507 Seminar: Computer Coding and Applications 1 hour

Mb 530 Marine Microbiology
Microorganisms of ocean water, their ecology and economic importance.

upper division microbiology.

4 hours spring
Prerequisites: 1 year

Oc 551 Chemical Oceanography 4 hours winter

Chemical composition and properties of see water; standard chemical methods for oceanographers;
salinity, pH, dissolved gases, nutrients, carbonate cycle, geochemistry, and extraction.
Prerequisites: Ch 203 or Ch 205, Oc 432, or consent of instructor.

Oc 552 Theoretical Chemical Oceanography 4 hours spring
Dissolved salts, oxygen and carbon dioxide in the sea; photosynthesis; organic matter; biogeo-
chemistry of carbonates: marine corrosion; sorption reaction. Prerequisites: Oc 551, Ch 234,
or consent of instructor,

Oc 553 Theoretical Chemical Oceanography
Systematic development of inorganic physical chemistry of sea water.

4 hours fall
Prerequisite; Oc 551.

Oc 561 Geological Oceanography 4 hours spring
Structure and morphology of the ocean basins; processes of marine erosion and deposition;
sediment types and distribution; marine geological methods and applications. Course designed
for non-geologists. Prerequisite: Oc 432.

Oc 565 Geology of the Ocean Basins 3 hours winter
Methods of geological and geophysical measurement in the ocean basins; topographic, geologic,
and geophysical nature of the ocean basins and the major features occurring in them, their
origin and development. Prerequisite; undergraduate degree in geology or consent of instructor.

Oe 566 Marine Sedimentation 3 hours spring
Equipment and methods of sediment collection; nature and distribution of sediments in the
various marine environments; physical and biological processes affecting sedimentation; chemical
deposits; engineering applications of marine sedimentation; recent marine sediments as a key to
paleoecology. Prerequisite; undergraduate degree in geology.

Oc 571 Marine Hydrodynamics 4 hours fall
Mathematical treatment of motion in the ocean; methods for solving physical problems.
Prerequisite: Math 322 or equivalent and consent of instructor.

Oc 572 Underwater Sound 4 hours winter
Applications of sound transmission; factors affecting sound transmission in the sea; uses of
sound; active and passive sonar, sofar, Swallow, sediment study, depth determination, navigation.
Prerequisites: Oc 432, Math 201.

Oc 573 Waves and Tides 4 hours spring
Cause, nature, measurement, analysis and prediction of surface waves, tides and tidal currents;
tsunamis; storm surges. Prerequisites: Math 322, Oc 432, or consent of instructor.

Oc 580 Theoretical Geophysics, Sound Transmission 3 hours fall
Fundamental relations between stress-strain. general theory of wave transmission, shallow water
and deep water transmission, reflectivity, attenuation. Prerequisites: Math 323, 2 yr physics
(incl. 332 or 426), Oc 480x or consent of instructor.

Oc 581 Theoretical Geophysics, Earth Gravity 3 hours winter
Internal constitution, gravity field and gravity potential of the earth, earth ellipsoid,
gravity measurements (sea, land, and space), isostasy, reduction of gravity measurements,
gravity anomalies, deviations from isostatic equilibrium, convection currents, polar migrations.
Prerequisites: Math 323, 2 yr physics, 1 yr geology, Oc 480, or consent of instructor.

Oc 582 Theoretical Seismology 3 hours winter
Fundamental elastic wave equation and solutions, including body and surface waves; layered
half-space problem; effects of gravity, curvature, and viscosity; wave equations and solutions
for plates and cylinders, wave propagation in medium with variable velocity. Prerequisites:
Math 423 or 412, 2 yr physics (incl. 332 or 426), Oc 580, or consent of instructor.

Oc 583 Earthquake Seismology 3 hours spring
Description of earthquakes; types of earthquakes; seismograph theory; seismic ray paths;
velocity determinations; shallow and deep earthquakes; magnitude and energies of earthquakes;
locating earthquakes; microseisms; seismicity. Prerequisites: Oc 582, or consent of instructor.

Oc 584 Physics of the Earth 3 hours spring
Effects of confining pressure, temperature, time and solutions on the properties of rocks; the
earth and moon in the solar system; source materials and their reliabilities for determining
the nature and composition of the earth; composition of the core, crust, and mantle; processes
within the earth with special reference to effect on earthquakes, isostasy, crustal structure,
island arcs.. Prerequisites: Oc 580, Oc 583 (may be concurrent) or consent of instructor.
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CHEMICAL OCEANOGRAPHY

Offshore Chemistry - Park

Studies were made of the distribution of such chemical species as
inorganic phosphate, inorganic reactive silicate, dissolved oxygen, pH,
and alkalinity. Knowledge of changes in these parameters assists the
physical oceanographer in identifying water masses and tracing movements
of water in the ocean; it helps the biological oceanographer understand
the environment in which marine organisms exist.

Chemistry of Upwelling - Park

Research on offshore chemistry has been directed toward studies of

the chemistry of upwelling. Oceanographers conventionally have studied
upwelling by examining measurements of temperature and salinity. How-

ever, along the coast of the Pacific Northwest the temperature below the

thermocline decreases only gradually with depth. Also, the salinity

increases very gradually below the halocline. Certain chemical properties,

therefore, appear to be more useful than temperature or salinity for
identifying the source of water and the extent of upwelling. Among those

properties investigated are pH, dissolved oxygen, inorganic phosphate,
and alkalinity.

The largest variations during upwelling were found in the saturation
of carbon dioxide and of oxygen in the surface water. The gas saturation

relative to the atmosphere for carbon dioxide exceeded 200%. Oxygen

showed a similar pattern of undersaturation (Figure 1). Thus, the sea

gives off carbon dioxide to, and absorbs oxygen from, the atmosphere
during upwelling.

Conductometric Analyses of Salinity and Alkalinity - Park

An extensive study on the conductometric determination of salinity
was carried out to understand the conductivity variations of sea water.

This program led to an evaluation of the reliability of the inductive
salinometer and international standard sea water. Through this research,

a new conductometric method for the determination of alkalinity of sea

water was developed.

In oceanographic research, the relative electrical conductance is

frequently used as a primary characteristic of sea water. At present
chlorinity determinations have been almost completely replaced by measure-

ments of relative conductance. Since January 1962, all salinity samples

taken by the R/V ACONA have been analyzed by inductive salinometers. The

reliability of the salinometers used aboard ship was found to be satis-

factory.
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The reliability of international standard sea waters as standards
for the conductometric determination of salinity was tested. Among 12

batches of the standard sea water, ranging from 7 months to 26 years old,
the relative difference of salinity calculated from the certified
chlorinity and obtained from the relative conductivity measurement ranged
from 0.000 to 0,007 %. S. Nine out of 12 batches agreed within 0.004 % S.

Biological activity causes appreciable change in the electrical con-
ductance of sea water by changing the carbon dioxide concentration.
Above a pH of 7.5 removal of carbon dioxide from sea water was found to
decrease conductance (Figure 2). The pH of the open ocean generally
varies from 7.6 to 8.3. If it is assumed that natural pH changes are
mainly due to carbon dioxide change, then a maximum precision of predicted
salinity due to the carbon dioxide would be approximately 0.01%.

Recently, inductive salinometers were used to determine the alkalinity
of sea water. The major components responsible for the alkalinity of sea
water, bicarbonate, carbonate, and borate ions, may be converted to
carbonic acid and boric acid by titration with hydrochloric acid. The

slight change in conductance during the titration is due to the replacement
of bicarbonate, carbonate, and borate ions by chloride ions. After the

equivalence point is reached, conductivity rises rapidly. This sharp rise

results from the increase of both chloride ions and highly conductive
hydrogen ions. The alkalinity of sea water is directly proportional to
the amount of hydrochloric acid needed to reach the equivalence point
(Figure 3).

Gas Chromatographic Determination of Dissolved Gases in Sea Water - Park

We have adopted the gas chromatographic method developed by
Swinnerton (U. S. Naval Research Laboratory) and Sullivan Cu. S. Naval
Oceanographic Office). Two improvements were made on their method:

(1) Elimination of argon correction factor - by the use of argon,
instead of helium, as a carrier gas (Figure 4).

(2) Development of total CO2 determination method - by the addition
of acid (HC1) to sea water (Figure 5).

Our shipboard trial gave a precision of approximately 1% for the
total CO2 determination. This work is being continued.

Physical Chemistry of Sea Water - Weyl

In March 1963, a program of studies on the physical chemistry of
sea water was initiated. This program consists of a systematic survey of
existing knowledge as well as laboratory determinations of new data.

A recent survey paper reported that the temperature coefficient of
electrical conductance of sea water was anomalous. We, therefore,
reanalyzed the available data and compared it with data on sodium chloride
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solutions. Our survey, which will be published in Limnology and
Oceanography, indicates that there is no anomaly.

In order to better understand the behavior of sea water we have
determined the partial specific volumes of water and sea salt in sea
water at 35 %, salinity from density data in the hydrographic tables
(Figure 6). Of particular interest is the temperature derivative of the
specific volume. While pure water has a maximum density at 4°C the
temperature of maximum density for sea water is below its freezing point.
This can be explained by the large coefficient of thermal expansion of
the partial specific volume of sea salt. At about 8°C, 3.5% of the

thermal expansion of the partial specific volume of sea salt is equal
to that of pure water. In addition, the partial specific volume of water

in sea water is smaller than the specific volume of water and appears to
have its temperature of maximum density below 4°C.

Our laboratory investigations will concentrate on the determination
of the partial molar volumes and the partial equivalent conductances of
salts in sea water. The instrumentation for these investigations is now
being assembled under a National Science Foundation grant. Preliminary

to these studies, Park has made a series of measurements of the partial
conductances using the inductive salinometer. These measurements were

made at room temperature with a temperature-compensated circuit. They
indicate that the partial equivalent conductance is about 75, 60 and 40
percent of that at infinite dilution for the alkaline halides, the
alkaline earth chlorides and sodium sulfate, respecitvely. These results

are being submitted for publication.
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RADIOCHEMISTRY

Distribution of Radionuclides - Osterberg

The fate of radionuclides in the ocean has been the major interest
of our research. Fission products from fallout and neutron-induced
radionuclides from the Hanford Laboratories have been studied. Both
are prevalent in many of the samples collected off the Oregon coast.

Through a study of the relative abundances of various radionuclides
in marine plankton and nekton, it was apparent that not all radio-
nuclides were equally concentrated by all trophic levels. With Drs.

Pearcy and Curl, a general theory was formulated on the uptake and trans-
fer of several radionuclides through marine chains. Zirconium-95,
niobium-95, and cerium-141-144 were concentrated at the first and second
trophic levels, Zinc-65 was ubiquitous, occurring in all trophic levels.
Our conclusions were that the higher marine trophic levels should be
relatively free from fission products even when subjected to considerable
fallout.

With Drs. Carey and Curl, a theory was formulated to account for
the surprisingly high levels of fallout (i.e., Zr95-Nb95 and Cel41-144)

in sea cucumbers from the bottom at 2800 m, The small size of fallout
particles made the settling rates determined from Stokes' Law inadequate
to account for these short half-lived radionuclides in deep benthic
sediment feeders. Laboratory experiments by Dr. Curl indicated that the
settling rate of fecal pellets was much greater than that of unincor-
porated fallout particles. Apparently herbivorous zooplankton play a key
role in accelerating the removal of fallout from surface waters into
deep water. A popular version of this theory by Science Editor, Delos
Smith, was circulated by the United Press International News Service.

The role of vertically migrating plankton in the transport of
radionuclides across thermoclines was investigated. Samples collected
simultaneously from 0-150 m, 150-500 m, and 500-1000 m show that fallout
radionuclides are most concentrated in the surface layers, while Zn65
appears in animals throughout the water column.

With Drs. Pattullo and Pearcy, an effort was made to use the radio-

activity from the Columbia River as a tool in physical oceanography.
Zn65 values in euphausiids were correlated with salinity data, drogue
measurements, etc. Results indicate that various physical and biological
factors combine to retain Zn65 in the Oregon coastal area even in winter
when the low salinity plume of the river is absent.



44

Radioecology - Haertel,.Wiese

A radioecological study of the Columbia River estuary has been
undertaken. Otter trawling and plankton sampling have been carried out
monthly at 3 stations. One station is in sea water off Chinook Point,
another is in intermediate water off Astoria, and the third is in
fresh water near Harrington Point.

Neutron Activation of Marine Organisms - Wiese, Larsen

From this work we are attempting to learn the abundance of stable
trace elements so that specific activities of the radioelements can be
determined.
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BIOLOGICAL OCEANOGRAPHY

Benthic Fauna of the Chukchi Sea - McCauley

During the month of October 1962, Dr. James E. McCauley joined the
scientific party on a postseason cruise of the Coast Guard Cutter
NORTHWIND. He had an opportunity to observe the arctic environment and
collect marine life from the area.

Collections were made from depths of 20 to 45 meters at 15 stations
by towing an otter trawl (22-foot gulf-type shrimp trawl) at slow
speeds. Specimens were preserved and returned to the laboratory for
identification and further specimens were collected representing more
than 300 species. Arctic birds and mammals were observed. Ice con-

ditions ranged from ice.that was just forming to thick ice that the
ship had to break through. A preliminary report has been submitted to
the Coast Guard for inclusion in the scientific reports of the NORTHWIND
cruise. In addition, a paper on the decapod crustaceans of the region
and a paper on a gastropod parasite of shrimp have been submitted.

Benthic Fauna off Oregon - McCauley

The fauna on the bottom of the ocean off Oregon is being studied
on a long-term project to determine what is there. Animals are being

collected with both an otter trawl and biological dredge and sorted for
identification. A reference collection is being prepared to facilitate
future identifications, and a checklist of the fauna is being prepared.
To date, more than 2,000 species lots have been collected,and about one
half of these are now identified and in the permanent collection. The

rest remain to be identified.

Benthic Ecology - Carey

Sampling for benthic animals off the coast of Oregon was undertaken
on 8 cruises during this year. A total of 14 otter trawl, 6 Phleger core,
and 40 quantitative anchor dredge samples were collected from a depth
range of 175 to 2800 meters and a distance of 165 miles offshore. The
otter trawl was successfully used to depths of 2800 meters. Sixteen

stations were occupied, many of them several times during the year.
Duplicate anchor dredge samples at each station were collected during
cruises after December 1962.
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Summary of benthic samples collected from the ACONA:

Cruise No.
Anchor
Dredges

Otter
Trawls Cores

6209-B 5

6210-A 6

6212-A 6

6301-E 9 1

6304-C 6 4

6305-C 4 3

6306-C 8 3

6308-C 4 3

Primary Production - Curl, Small

Measurement of primary production by the chlorophyll and ambient
light method have continued. These estimates will be used in conjunction
with pertinent hydrographic and chemical data to establish the seasonal
and local factors which control biological production in this part of the
Pacific Ocean. Since the chlorophyll and light technique measures rela-
tive gross photosynthesis, several in situ measurements of production
have been made during a daylight-day, at one station, using the C14
technique. The measurements have been used to "calibrate" the other
estimates. Nutrient-enriched samples of sea water have been brough back
from inshore stations as part of the effort to build up our culture
collection of phytoplankton algae. A pyrheliometer was installed aboard
the ACONA in order to obtain a continuous record of solar insolation.
These data are being used by other personnel for studies in marine clima-
tology.

Yaquina Bay Studies - Frolander

A weekly sampling program was followed at 4 stations in Yaquina
Bay. Measurements of temperature, salinity and dissolved oxygen were
taken. Analyses of these data are complete to date. Zooplankton
samples were obtained from 298 Clarke-Bumpus hauls (155 with #6 mesh,
and 143 with #12 mesh),.and 71 half-meter net hauls.

Oxygen saturation values for the ranges-of salinity and temperature
encountered in Yaquina Bay have been compared with the observed oxygen
values. During the winter months observed values were higher than the
calculated saturation. Cold, fresh water runoff in conjunction with low
biological activity would lead to such a result. The opposite situation
occurred in summer. Undoubtedly both biological activity and advection
contribute to low oxygen values during this period.

Preliminary analyses indicate a greater discrepancy between the
calculated and observed oxygen values at the downstream station than at
the upstream station. At the downstream stations, oceanic advection is
probably the chief contributor to the oxygen deficit; whereas at the
upstream stations, it is probably in situ biological activity within the
bay.

Phleger

6
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Two special studies were conducted to determine (1) the variability
and interdependence of biological and physical-chemical properties with
distance upstream, and (2) the rate of change of major variables with
the tide. The studies were made in February and August so that both
winter and summer conditions could be sampled. During the surveys,
samples were collected for quantitative measurements of zooplankton,
salinity, and dissolved oxygen. Concurrent temperature and current
(summer only) measurements were also taken. Six stations from the bay
entrance to 9 miles upstream were sampled. Tide records were kept at

three locations.

Oceanic Nekton and Macroplankton - Pearcy

Data for studies of oceanic nekton and macroplankton were collected
on 21 cruises during the year. Seventy meter net collections and 110
Isaacs-Kidd midwater trawl samples were made in the upper 200 meters to
study distribution of pelagic animals in relation to their environment.
Hydrographic casts to 1000 meters accompanied collections, so that infor-
mation on physical-chemical properties will be available for correlation
with the animal distributions.

Fifty tows were made with an opening and closing cod-end unit on
the midwater trawl, each giving samples from 0-150, 150-500 and 500-1000
meter depths. These provided data on the vertical distribution and
diurnal migration of animals. Thirty-four opening-closing meter net
samples were also made to various depths within the upper 1000 meters.
Echograms were made with a Simrad 510-5 recorder on all above cruises
for study of the vertical, horizontal, and seasonal variations in layers
of sonic reflection.

Marine Microbiology - Morita

The research in marine microbiology is concentrated in 3 areas,
the biochemistry and physiology of marine psychrophilic bacteria, study
of Beggiatoa species, and the effect of hydrostatic pressure on meta-
bolic systems. Ship operations have permitted us to obtain sea water
necessary to use as a medium, as well as to isolate various strains of
obligate psychrophilic marine bacteria (those that do not grow above
20°C). In order to duplicate the environmental conditions in the deep
sea as closely as possible, the hydrostatic pressure work will be coupled
with the cold temperature work. From a biochemical and physiological
viewpoint, we hope to help elucidate the effect of cold temperature and
elevated pressure on metabolic systems,
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