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Russ Kendail

In past reports, I have discussed the agenda for oce-
anography in the coming decade, such as the study of
climate change where ocean dynamics are a central
issue. I have described potential tools for such
research, including satellites which can give us infor-
mation about both the physical and biological
processes we must understand for insight into global
problems like ocean climate. Further, through the
promulgation of the Exclusive Economic Zone (EEZ),
the U.S. has acquired over 3 billion acres of the
ocean. This more than doubles the area under our
jurisdiction. The proper exploration of this new terri-
tory, in the spirit of Lewis and Clark, and its subse-
quent development and management are formidable
tasks but exciting opportunities. Major undertakings
such as these require strong, long-term national com-
mitment. They need highly skilled professionals, lab-
oratories and ships. The availability of these can
never be guaranteed, and we are especially aware of
this today. There is real cause for concern that we will
not have the scientists, the facilities or the money for
the work that lies ahead.

The funding of science is predominantly a federal
process subject to year-to-year vagaries in policies.
We have benefitted in the last four years from ade-
quate funding of basic research. At the same time,
however, there has been a decrease in support for
the applications of results to issues, particularly in
environmental concerns, which are regarded as
appropriate for private and industrial funding. It is
unclear whether the positive aspects of this funding
pattern will be maintained in the face of mounting
pressures on government to reduce deficits through
cuts in all areas of federal spending. This uncertainty
hampers our ability to plan the long-term advances in
ocean science research where our involvement not

Director’s
Comments

only extends to large questions such as ocean climate
dynamics, but also has applications to problems such
as extended coastal management, waste disposal, and
oil, hydrocarbon and other mineral resources in the
deep ocean.

It would be unreasonable to expect complete pre-
dictability in funding, especially for science which is
built on the search for new ideas and innovative tech-
niques. This is especially true in the ocean where we
continue to make startling discoveries in this still
largely unknown realm. But, the scientific as well as
the commerical exploitation of these discoveries requires
some continuity. Within the tripartite structure of
federal agencies, peer-reviewed grants, and research
institutions, the first two are subject to the restric-
tions of year-to-year distribution of money. As funding
gets tighter, they become more and more committed
to a short-term, incremental approach to research.
The continuity can be maintained only if the institu-
tions themselves have some capability to plan longer-
term strategies for the advance of the science. Yet,
this strategic planning becomes increasingly difficult,
partly because the programs are now on such a large
scale and the facilities are so expensive, but also
because the federal support for institution develop-
ment is negligible. This problem is recognized, in
principle, by agencies and by independent groups
who have reviewed the structure of scientific
research, but we do not see any steps to asstire even
a partial solution.

About half of our support at Woods Hole comes from
one agency, the National Science Foundation. One
quarter is provided by the U.S. Navy, and the remain-
der is mainly from non-federal sources — endow-
ment, private foundations, corporations, and
individual gifts. Only the last category has increased
in the past decade. We have been fortunate to receive
from the private sector the funds essential for new
directions, including state-of-the-art chemical labora-
tories such as the Fye Laboratory, Innovative Research
Awards, support for new ship designs. Buy, if this
“seed” money is to bear fruit, it must be supple-
mented by federal resources. This is especially neces-
sary for independent laboratories like the Woods
Hole Oceanographic Institution. It is essential that we
provide an environment in which our scientists can
see the promise of a productive future for their
research and for themselves. Without this element in
the pattern of support, we shall soon face a crisis of
confidence in the long-term development of ocean
science.

Jobn H. Steele

Director




Areas of
Interest

Biology

The broad aim of biological oceanographers is to
study the temporal and spatial distributions of popu-
lations of marine organisms and their interactions
with each other and their environment. The work is
predominantly ecological in its attempts to provide
the basic information required to understand how
the ocean works biologically. Among the specific
research interests of Institution biologists are
microbiology, biochemistry, planktonology, benthic
biology, physiology, biogeochemistry, animal behav-
ior, and aquaculture. Work on marine pollution
includes research on the effects of PCB's and hydro-
carbons and the biochemical responses of animals to
these and other pollutants. The “patchy” distribution
of many marine animals is under investigation as are
the physiological adaptations of deep sea organisms
to sparseness of food, low temperatures, high pres-
sures, and deep sea thermal vents. Answers to ques-
tions about the food supply in the oceans are sought
in studies of particles falling from the surface waters
through the water column to the bottom of the sea,
in studies of upwelling areas, through investigations
of sulfur oxidizing organisms in the deep sea and
shallow coastal ponds, and in laboratory experiments
that complement field investigations. The uses of
sound by marine mammals and the behavior of large
marine animals followed by tagging are being stud-
ied. Other work concentrates on salt marsh ecology
and conservation, nutrient cycling in coastal warers,
and on aquaculture and waste water recveling, The
symbiotic relationships between marine microbes
and other organisms (including wood-borers) are a
new focus. Gelatinous organisms of the plankton
(salps, ctenophores, etc.) are being studied with new
techniques that finally allow us to properly evaluate
the roles of these organisms in the oceans.

Chemistry

Chemical oceanographers are concerned with the
composition of the ocean environment. They seek to
understand the processes that have brought seawater
and sediments to their present composition and that
contribute to the observed variability. They also seek
understanding of the extent to which the environ-
ment may be changed by both natural and man-made
phenomena operating on a variety of time scales.
Input from rivers and reactions at the air-sea, seawa-
ter-sediment boundaries and seawater-volcanic rock
interaction at spreading centers are under investiga-
tion as chemists consider the processes taking place
at major ocean boundaries. Some critical questions in
chemical oceanography revolve around the vertical

transport and transformations in particles as they fall
from the surface waters to the bottom of the water
column. The photochemistry of the surface ocean
and the marine atmosphere is critical to our under-
standing of the global sources and sinks for many
gases. The genesis and composition of the oceanic
crust and its interaction with seawater is important to
a general understanding of the oceanic system. Stud-
ies concerning the interstitial water chemistry of
deep sea sediments help us to better understand the
diffusive flux of ions between sediments and the
oceans. Work on the fluxes of organic carbon
includes determination of the amount of organic car-
bon produced in surface waters, the distribution,
nature, and biogeochemistry of specific organic com-
pounds in the marine environment, and studies of
processes responsible for formation and diagenesis
of organic matter in sediments. While studying radio-
active isotopes in the ocean, whether as a natural
occurrence or as 4 form of pollution, chemists are
also finding the known decay rates of the isotopes
useful as indicators for studying rates of water circula-
tion, the in situ rates of chemical processes in the sea,
and rates of biological and chemical processes that
change the composition of seawater. Stable isotopic
studies in rocks can be used as geochemical and pet-
rological indicators of large scale terrestrial mantle
processes.

Geology and Geophysics

Marine geologists and geophysicists study the
processes which form and affect the earth beneath
the sea, as reflected in its underlying structure and
composition. The sedimentary and volcanic material
of the seabed is investigated by direct sampling and
remote observation. Coring, dredging, or drilling
techniques are commonly used to obtain samples,
which are further classified in the laboratory by pet-
rological descriptions, geochemical analyses, and
measurement of physical properties. Geophysical
methods include the fields of seismology, gravity,
magnetism, and geothermics. The establishment of
plate tectonics as the primary kinetic process creating
and shaping ocean basins has focused attention at the
boundaries where plates interact. At divergent plate
boundaries, or mid-ocean ridges, the processes
which bring up hot materials to create ocean crust
and lithosphere are studied in detail. Investigations of
rifted continental margins of different geological ages
are important to understand how continental plates
initially break apart. Finally, subduction of oceanic
lithosphere beneath either continental or other
oceanic lithosphere is a process which is ultimately
associated with the creation of deep sea trenches and
back-arc basins, accompanied by the important geo-
logical phenomena of earthquake belts and volcanic
island arcs. In such geological processes, earth mater-
ials sometimes behave like viscous fluids, which can
be modelled in the laboratory. Research is actively
pursued on processes of particulate flux in the ocean
('marine snow’), carbonate and silicate dissolution,
and other phenomena relevant to the transport of




biogenic material to the sea floor. The results are
essential to a better understanding of the fossil
record, which in combination with studies of its oxy-
gen isotopic variation reveal changes in climate and
ocean environment over periods of thousands to mil-
lions of years. The study of the dynamics of sediment
distribution on the ocean floor is important to deci-
phering the fossil record and interpreting sea floor
morphology. Marine geologists also study near-shore
and shallower regions such as continental shelves
and coasts where earth, ocean, and atmosphere
dynamically interact to produce complex and rapidly-
changing morphology.

Ocean Engineering

The field of ocean engineering is a complex hybrid
of many of the classical engineering disciplines such
as electrical, mechanical, civil, chemical, and marine
engineering, Its purview is broad and inter-discipli-
nary. Ocean engineers conduct research and design
instrumentation in almost every field of oceanogra-
phy. Mechanical, electrical, acoustical, chemical, opti-
cal, civil, marine, and ocean engineering talents are
used to develop techniques for measuring oceanic
processes and for answering basic scientific ques-
tions about the marine environment. Measurement
programs span ocean time scales of vears to millisec-
onds and ocean space scales of kilometers to milli-
meters. Electronic data handling and processing
circuits using microprocessors are developed for
these programs. Instrument housings and anchoring
and mooring systems are designed, fabricated, and
deployed at sea. Acoustic techniques are applied to
measurement problems. Manned and unmanned
deep submersible systems are engineered for search
and discovery. Techniques for using the earth orbit-
ing satellite as an observational tool are being devel-
oped together with image enhancement and image
processing algorithms. Information processing,
whether applied to acoustic systems, satellite images,
geophysical time series or general data reduction is
the primary concern of a large segment of the depart-
ment. Research is conducted in hydrodynamics, sig-
nal processing theory, applied mathematics, acoustic
tomography and propagation, deep submergence
engineering, arctic acoustics, coastal processes and
benthic currents, and instrumentation techniques.
Programs in mooring materials and design, elec-
tronic and microprocessor applications, optical mea-
surement, and remote observation and sampling
support these and other scientific projects through-
out the Institution. The technological sophistication
of modern ocean science demands the application of
special engineering knowledge and skills. The solu-
tion of challenging problems requires creative com-
binations of wide ranging ocean engineering
principles.

Physical Oceanography

Physical oceanography is the study of the physics of
the ocean. Its central goal is to describe and explain
the composite of oceanic motions, which occurs in a
wide range of scales from millimeters to megame-
ters, and seconds to centuries. On a large scale, the
sun heats equatorial waters and the ocean transports
this heat toward the poles, so as to smooth out the
climate of the planet and make large parts of the
earth habitable. Variations of the temperature and
salinity, the driving effects of the winds, the rotation
of the earth, and the pull of the sun and the moon all
contribute to these motions. There are grand persis-
tent currents like the Gulf Stream, and there are tran-
sient waves and eddies of almost all sizes and speeds,
from high frequency acoustic and surface gravity
waves, to slower internal gravity waves beneath the
sea surface. Large regions of the oceans are domi-
nated by the mesoscale eddying vortical patterns of
flow that display visual and dvnamic similarity to
atmospheric weather patterns. As in the atmosphere,
relatively intense frontal systems exist. Important
mixing and stirring of the ocean is accomptlished by a
variety of physical processes, some of great subtlety
like the phenomenon of “salt fingers” whose sizes are
on the centimeter scale. Important scientific ques-
tions also arise in considering the interaction of the
ocean with the atmosphere. The ocean and the
atmosphere drive each other in an as vet poorly
understood way: exchanges of energy between the
air and sea are important in determining the climate
of both the atmosphere and the oceans. Physical
processes in coastal regions are strongly affected by
atmospheric forcing and bottom topography, and the
current and wave systems in this complicated region
are of vast importance to the local climate and ecol-
ogy. Physical oceanography staff members are
involved in experimental, theoretical, laboratory, and
numerical investigations of many parts of the system
of oceanic motions. Small programs and large inter-
national projects are undeway, and multidisciplinary
efforts are increasing. All of these studies have the
ultimate goal of understanding the structure and
movement of the world’s oceans, the interaction of
the sea with its boundaries, and the physical role of
the ocean in relation to other branches of oceanogra-
phy. Physical oceanographers come to the subject
with a variety of backgrounds: mathematics, physics,
engineering, computers, and chemistry. The mix of
interests provides a broad approach to the equally
broad range of problems in the ocean.

Marine Policy &
Ocean Management

The Marine Policy and Ocean Management Center
provides an opportunity for scholars to conduct
interdisciplinary research regarding the problems
and opportunijties generated by our increasing use of
the ocean. Evaluating and suggesting appropriate pol-
icies and management strategies to deal with the




issues of marine resource development, utilization,
and protection are complex tasks, often requiring the
data and skills of both natural or physical scientists
and social scientists. The three main objectives of the
Marine Policy Center are: to provide opportunities for
interdisciplinary application of natural science, tech-
nology, and social science to marine policy problems;
to research, evaluate, and convey the information
necessary for the development or modification of
local, national, and international ocean policy; and to
provide support and experience to Research Fellows
interested in marine policy issues. The professional
research staff of the Center conducts studies on a
wide range of policy issues, aided by a competent
support staff. In addition, the Center sponsors semi-
nars, conferences, and lectures on marine policy
issues. Within the broad field of marine policy and
the wide range of research interests pursued by the
Center’s staff, a coherent research program has
emerged around, but is not limited to, the following
thematic areas: Law of the Sea issues, implication, and
opportunities for domestic and international marine
policy including broader future U.S. ocean policy in
light of the Law of the Sea Treaty and the U.S. declara-
tion of an Exclusive Economic Zone (EEZ); Marine
Mineral and Mining studies consider the domestic
and international policy problems of developing
potential resources contained in seafloor nodules,
polymetallic sulfide deposits, and other marine min-
erals; Coastal and Fisheries Management issues
include assessments of the use of scientific and tech-
nical information in the management of coastal
zones, including techniques in integrating social, eco-
nomic, and biological information into fisheries man-
agement planning, and analyzing the effectiveness
and distributional aspects of fisheries management
policies; Studies of the Interaction of Science and Pol-
icy observe ocean science and policy from two per-
spectives: 1) how marine science and technology are
affected by public policy, and 2) how scientific infor-
mation is used in the formulation of decisions for
coastal and ocean resources policy; Cooperative
International Marine Affairs projects have been initi-
ated to assist developing countries which are inter-
ested in addressing informational and policy needs
stemming from the extension of their national juris-
dictions over vast marine territories, i.e., their 200-
mile EEZs. The Marine Policy Center offers Research
Fellowships to professionals in the social sciences,
law, or natural sciences to apply their training to
these research areas. Thus far, more than 90 Fellows
trained in such fields as law, economics, anthropol-
ogy, political science, engineering, marine science,
mathematics, and geography have participated in the
program.

Mel Briscoe

Mooring recovery aboard Oceanus.




The constituents that make up seawater and ocean sed-
iments, as we see and experience them today, have
resulted from a melange of complex interacting pro-
cesses operating both within the ocean and at its
boundaries. These processes are active over a very
wide range of spatial and time scales, from seconds
and centimeters to thousands of vears and kilometers.
All contribute to the dynamic and changing perspective
of the ocean as a chemical system. Evaporation and
precipitation, the growth, settling and decay of organ-
isms, sediment-water exchanges, seawater-hot lava
reactions, riverine and atmospheric materials fluxes,
and the stirring and mixing created by winds and the
rotation of the earth are examples of some of the pro-
cesses that are effective in modifying the composition
of the ocean environment and whose study is one of
the principal occupations of many ocean scientists. In
recent years, principally due to advances in analytical
technology;, it has been possible to deduce and follow
many of the processes by studying chemical tracers. In
this report we have concentrated on the highlights of
such studies underway in the Chemistry Department.

Radioactive isotopes are added to the ocean both arti-
ficially and naturally. Manmade radioactivity from wea-
pons tests and from nuclear reprocessing wastes can
provide a very valuable tracer of the rate of formation
of the world's deep ocean water, as is illustrated for the
North Atlantic and Arctic Oceans in the article by Liv-
ingston and Sholkovitz. Knowledge of the rate at which
the ocean water column “tums over” will be essential
for our future understanding of the role of the ocean in
modifying weather and climate. Given the variety of
chemical forms involved and the fact that the input
rates are reasonably well known, the distributions of
manmade as well as natural radioactive isotopes as dis-
cussed by Bacon are revealing information on the rates
at which reactive chemicals are removed from the
ocean. Such information is important for the prediction
of pollutant behavior in the marine environment.

It has been known for many vears that the world’s
rivers contribute both solid particles and dissolved
chemicals to the ocean. Only in recent years, however,
has the importance of an atmospheric path been doc-
umented. Programs such as SEAREX (Sea-Air Exchange
Program), described by Gagosian and Peltzer, are
major contributors to this knowledge. Exchange of gas
at the air/sea interface is involved in modifying the
composition of both ocean and atmosphere. The
importance of this exchange in terms of the carbon
dioxide level and the resulting “greenhouse effect,” or
global atmospheric warming, as well as some of the
problems involved in its assessment are treated in the
article by Brewer.

Reports on
Research

Perhaps the most obvious but least understood pro-
cesses involved in the modification of the ocean’s
composition are the growth, death and decav of
marine organisms, particularly as they affect the nature
and distribution of organic chemicals. Some recent
advances in this area are described by Lee and Wake-
ham. The growth of organisms in the surface ocean
and their subsequent settling into the deep ocean has
been shown to be of primary importance for modify-
ing not only the surface ocean but also the deep ocean
and the sediments underneath. While this settling flux
and its effects have been known for many vears, the
article by Deuser shows that it is much more rapid
than was supposed. This work, together with other
studies, show that the deep ocean floor can respond to
changes in the ocean surface in periods as short as
weeks to months. The settling of small organisms into
sediments with subsequent burial and alteration are
believed to be the precursor steps in the genesis of
crude oil and natural gas. The nature of the transforma-
tion processes that convert dead organisms to petro-
leum hydrocarbons is the subject of the article by
Whelan, Farrington and Hunt.

One of the principal actions of sunlight on the surface
ocean is to stimulate the growth of microscopic plants
that form the basis of the food web. These plants are
the ultimate source of the downard “rain” of biological
particles discussed in previously mentioned articles.
Zafiriou notes that plant growth is not the only impor-
tant result of the absorption of the sun's energy; an
extensive suite of chemical changes occur directly via
photochemistry without the intervention of life
processes.
The recent discovery of hydrothermal hot springs on
mid-ocean ridges has sparked tremendous scientific
and popular interest. These areas are among the few
places on earth where material from the mantle
beneath the earth’s crust is erupted to the surface to
form new crust. Processes occurring within the mantle
are responsible for sea floor spreading at these mid-
ocean ridges and for the formation of the continents
and ocean basins as we know them today. The article
by Kurz describes some of our efforts to understand
the nature of this inaccessible part of our world. The
hot water that issues from these vents was once cold
deep seawater that has penetrated into cracks on the
ocean floor to zones of hot lava and rocks in the man-
tle. Thompson and Mottl describe the chemical altera-
tions involved in this process and their effects on the
composition of seawater worldwide.
Derek W. Spencer
Associate Director for Research




Radiochemistry: Artificial
Radionuclides in the Marine
Environment

Hugh D. Livingston and Edward R.
Sholkovitz

There is considerable interest in the fate and behav-
ior of artificial (man-made) radioactivity in the
world’s oceans. This man-made radioactivity has been
largely provided by two sources: 1) global fallout of
atmospheric nuclear weapons testing and 2) radioac-
tive waste discharges following the reprocessing of
spent nuclear fuel.

The arrival of artificial radioactivity in the ocean from
atmospheric nuclear weapons tests took place prima-
rily in the 1950s and early 1960s. Since most of the
tests took place in the Northern Hemisphere, it
received 4 larger proportion of the atmospheric fall-
out. In contrast to the global nature of fallout, radio-
activity from nuclear fuel reprocessing waste is
introduced to coastal zones at point sources.
Although such waste discharges to the ocean have
been made by the United Kingdom (U.K.), France
and India, only the UK releases have been quantita-
tively large enough to represent other than minor
local inputs. The UK. releases from the Sellafield
plant (formerly called Windscale) in northwest
England were especially large during the 1970s but
are currently declining and are expected to become
insignificant in the near future. This radioactive waste
is discharged into the Irish Sea and, depending on
the chemical reactivity of the component radioiso-
topes, is either deposited in the sediments of the
Irish Sea or flushed northward along the European
shelf through the shallow European seas and into the
Arctic Ocean.

The introduction o the ocean of artificial radioiso-
topes from these two sources has been widely used
by oceanographers to study a variety of geochemical
and oceanographic problems, including water circu-
lation, reactive element removal and cycling, and
issues related to the use of the ocean for the disposal
of radioactive waste. We summarize below three top-
ics under investigation in our laboratories.

Arctic Ocean Ventilation and Circulation

Because of their inaccessibility, the Arctic Ocean and
contiguous seas have not been studied as extensively
as the other oceans. Yet, as the major region of deep
water formation in the Northern Hemisphere, it is a
critical point of connection between the atmosphere
and the world oceans. A variety of man-made chemi-
cal tracers have recently been employed as tools to
learn more about Arctic Ocean circulation. Hugh Liv-
ingston and his colleagues have been studying the
dispersion of the radioelement cesium-137 as a tracer
of Arctic processes; cesium-137 is a major component
of the Windscale (U K.) discharges and is extremely
soluble and well suited for tracing water circulation.

uzon

Hugh Livingston and Ed Sholkovitz

Figure 1 shows jts surface distribution pattern in the
Norwegian and Greenland Seas in 1981-1982. The
high levels along the eastern margin of the region
result from its transport from UK. coastal waters.
Although cesium-137 is present in the oceans from
bomb fallout, the cesium-137 signal from Windscale
dominates in this region. In the North Atlantic, south
of Iceland, the observed levels result only from fall-
out and represent the regional baseline prior to the
arrival of the Windscale cesium-137. The Windscale-
derived tracer has two properties which are particu-
larly relevant to Arctic circulation. Firstly, it has
labelled the warm and saline Adantic water flowing
into the Arctic Ocean through Fram Strait with a well-
characterized time-marker. The invasion of this signal
throughout the upper layers of the Arctic should
trace the routes and rates of Atlantic water circulation
in the Arctic. Secondly, dense water forming on the
Arctic shelves and moving offshelf into the Arctic
Ocean interior should carry a strong Windscale
cesium-137 signal. In 1979, a strong Windscale
cesium-137 signal believed to be of shelf origin was
found at a depth of 1500 meters (nearly 5,000 ft.)
underneath the North Pole.
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Figure 1

Dispersal pattern of Windscale cesium-137 in

sub-Arctic surface waters (1981-1982).

Symbols indicate different ships and cruises.

Figure 2

A. Vertical profiles of plutonium (%24 Pu) and americium
(2" Am) from the Central North Pacific Ocean water column.
B. Schematic model showing relationship of particle transport to

Am/Pu ratios in the North Pole.
A

Geochemical Cycling of Fallout
Transuranics

Researchers in Hugh Livingston’s laboratory have also
been studying the oceanic behavior of the group of
radionuclides called the transuranics. Named for ele-
ments heavier than uranium, transuranics such a nep-
tunium, plutonium and americium were widely
distributed in the ocean from fallout produced by
atmospheric nuclear weapons tests. Since many of
the isotopes of these radioelements remain radioac-
tive for hundreds and thousands of years and are
major components of nuclear waste, knowledge of
their oceanic behavior is critical to the development
of a predictive capability of their fate following acci-
dental or planned release to the ocean.

Figure 24 illustrates the depth distributions of fallout
plutonium and americium at about 30°N in the cen-
tral North Pacific. These profiles represent the distri-
butions which have developed approximately two
decades following their input to the surface. The
most outstanding features are the large maxima in
concentrations at about 500 meters. Both elements
have chemistries favoring association with particles.
Their distributions are a result of a variety of proc-
esses, including horizontal and vertical advection and
diffusion of soluble and suspended particulate phases,
and vertical transport and cycling in association with
sinking particles. Figure 2B illustrates a model cur-
rently believed reponsible for the vertical transport of
reactive substances on particles. Large particles pro-
duced in the upper ocean by various biological
processes sink rapidly and interact with the fine parti-
cles in suspension. They both add to the fine particle
phase by disintegration and subtract from it by coa-
lescence of fine particles with which they come in
contact. The particle phase is in dynamic equilibrium
with the soluble phase fraction of the substance in
question. This type of mechanism is believed respon-
sible for the particle transport of fallout transuranics

Plutoniugn4 and Americium Concentration d.p.m./100 kg B. Am/Pu Ratios in Central North Pacific
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through and below the main thermocline to the deep
ocean. This transport occurs at rates set by the differ-
ent particle reactivities of the various transuranics.
Some idea of this difference can be derived from the
different proportions of plutonium and americium in
the various phases depicted in Figure 2B. The partic-
ulate phases, especially the fine particulates, are
americium rich (or plutonium poor) as compared to
their soluble phase composition. As a result of the
greater affinity of americium for particles, it is trans-
ported to depth and delivered to the seafloor at rates
substantially faster than those for plutonium.

Plutonium Chemistry in the Coastal
Environment

Edward Sholkovitz and co-workers have been study-
ing the marine chemistry of plutonium in the coastal
environment. Sampling has been done in the estua-
ries of the Delaware and Connecticut Rivers and on
the continental shelf and slope of the northeast United
States. Water depths range from 10 to 3000 meters
(30 to 3,900 ft.) while the salinity varies from 0 (fresh-
water) to 36 parts per thousand. The purpose of the
project is to understand the processes controlling the
concentration, distribution, and cycling of plutonium
(Pu) in coastal waters and sediments. One problem
being addressed is how, why, and where dissolved
plutonium is being removed from the water column
to sediments and/or suspended particles. The coastal
zone is complex and many dynamic processes oper-
ate simultaneously; for example, in estuaries and on
the continental shelves there are large temporal and
spatial variations in river discharge, tidal exchange,
salinity, pH, suspended matter concentrations, biolog-
ical productivity, and circulation patterns.

Our studies combine both field work (i.e., collecting,
filtering, and analyzing samples) and laboratory
experiments which simulate the estuarine mixing of
river water with seawater. Figure 3 illustrates our

field results by showing the distribution of

dissolved *#*Pu vs. salinity for samples collected in
the Delaware River Estuary. The main feature is a pro-
nounced minimum in the **Pu concentration at the
low salinity end (0.5-7 parts per thousand). This mini-
mum coincides with a maximum in the concentra-
tion of suspended particles (Figure 3). One
interpretation of these data is that dissolved pluto-
nium (**Pu and **Pu) is being removed from fresh-
water and seawater by the scavenging or stripping
action of particles which are continuously being
resuspended by the estuarine water circulation.

The plutonium concentrations in Figure 3 are
extremely low (107%g/1) and require special analyti-

Concentration of dissolved plutonium

(#%9:240 Pu) and suspended particles versus
salinity in the Delaware River Estuary. Note that
the maximum in particle concentration
coincides with the minimum in plutonium
concentration.

cal procedures to be properly measured. This pluto-
nium was introduced from global fallout, primarily in
the mid-1960s. We are using this 20-vear-old input of
plutonium as a tool (or tracer) for understanding
present-day chemical reactions in the coastal ocean.
This information is important when trying to predict
or determine the fate of plutonium (or similarly
behaving radionuclides) introduced to estuarine and
coastal waters.
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An important property of the ocean as a chemical sys-
tem is its ability to process the inputs of natural and
artificial chemical substances and transport them to
the sediments for burial. Certain heavy metals,
radionuclides and organic compounds are removed
from the oceanic water column (at least partly) by
adsorptive uptake on particles followed by sedimen-
tation. This process is often referred to as “chemical
scavenging.” An understanding of the uptake rates
that govern this process is necessary to assess the
ocean’s capacity to assimilate waste materials.

For the past several years my co-workers and I have
been engaged in studies of the natural radicactive
elements in the ocean. Several of the daughter
radionuclides that are formed within the natural radi-
oactive decay series — isotopes of lead, polonium,
thorium and protactinium — are strongly controlled
in their oceanic concentrations and distributions by
chemical scavenging. These daughter radionuclides
are generated within the ocean by the radioactive
decay of their parent radionuclides, which are dis-
solved in seawater. By appropriate sampling we can
often follow the transport of the daughter
radionuclides, resulting in large-scale natural tracer
experiments in which elements of interest are contin-
ually introduced to the system under study at exactly
known rates.

One of the key aspects of our research strategy is to
examine how the radionuclides are partitioned
between the dissolved state and the particulate state.
Because of radioactive decay we are often able to
deduce, from measurements of this partitioning, the
rate at which the radionuclides are adsorbed from
solution by the particle surfaces or desorbed back
into solution. It is also possible to estimate the sink-
ing rate of the particulate matter. In a recent study of
thorium isotope distributuons, we were able to con-
clude that a thorium atom in the deep ocean gener-
ally remains in solution for approximately two years
before it is taken up on the surface of one of the sus-
pended particles, where it resides for approximately
six months before it is released back into solution.
During its residence on the particle, the Th atom is
carried downward a hundred meters or so. This cycle
is repeated many times until the Th atom finally
reaches the sediment and is buried there. We now
have a conception of chemical scavenging as a
dynamic exchange process, in sharp contrast to our
earlier view of scavenging as an irreversible binding
of the radionuclides by the particles.

Much of our work depends on our ability to sample
large quantities of particulate matter at all depths in
the ocean. In this respect we have benefitted from a
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number of recent technological developments in
sampling instrumentation at WHOL We use two sam-
pling techniques: (1) in situ filtration of large
volumes of seawater (a few thousand cubic meters)
with submersible pumps, which gives a measure of
particle concentration; and (2) collection of the sink-
ing particles (a few hundred milligrams required)
with sediment traps, which gives a measure of parti-
cle flux. The two techniques are complementary. Fil-
tration collects mainly the fine suspended matter,
which constitutes most of the standing crop of parti-
cles in the water column but contributes little to the
downward flux because of the very low sinking
velocities (less than 1 meter per day). Trapping, on
the other hand, collects mainly larger aggregates that
sink rapidly (more than 100 meters per day) and are
responsible for most of the flux but little of the sand-
ing crop. Our submersible filtration systems also col-
lect radionuclides present in the dissolved form by
passing the filtered seawater stream through
adsorbers containing manganese dioxide to scavenge
the radionuclides from solution.

Our present view of the scavenging process in the
deep ocean is that of a dynamic exchange equilib-
rium between seawater and the fine suspended parti-
cles, which have an average residence in the water
column of 5-10 years. It is the fine particles, we
believe, that control the adsorption/desorption reac-
tions because of their large specific surface area. For
significant removal from the water column, however,
an aggregation process to increase the sinking speed
in required.

New information has underscored the need for more
research. Colleagues Werner Deuser and Susumu
Honjo at WHOI have observed that the flux of partic-
ulate material reaching the deep ocean, measured
with sediment traps, undergoes large seasonal fluctu-

ations related to the seasonally varving productivity of

the overlying surface waters. Our measurements of
the fluxes of thorium-230 and other radionuclides in
the trapped material show corresponding fluctua-
tions in the rate of chemical scavenging in the deep
ocean. This opens up the exciting possibility of using
the seasonally-pulsed rain of particles as a probe for
examining the dynamics of chemical and biological
processes in the deep ocean. In parallel with their
colleagues in other oceanographic disciplines, chem-
ical oceanographers are discovering more and more
variability on different spatial and temporal scales.
One of the challenges of future work is the develop-
ment of sampling strategies, instrumentation and ana-
lytical methodology for coping with this variability.

Top: Submersible pumping system built at WHOI and used to
process large volumes of seawater in situ for determination of
radionuclides in dissolved and particulate forms.

Bottom: Flux of thorium-230 at a depth of 3200 meters
(approximately 10,500 feet) in the Sargasso Sea near Bermuda
compared with total particle flux measured by Werner Deuser.
The annual cycle observed in both records appears to be
closely related to the annual cycle of productivity in the
overlying surface waters. Thorium-230 radioactivity is given in
disintegrations per minute.

Rebecca Belastock
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Ed Peltzer and Bob Gagosian

SEAREX Air Sampling Tower at the Nincty-Mile
Beach experiment site on the west coast of

North Island, New Zealand.

Atmospheric Transport of Material
from the Continents to the Ocean

Robert B. Gagosian and Edward T. Peltzer

In recent years, there has been a growing interest in
the role the atmosphere plays in transporting natural
and anthropogenic (man-made) substances from the
continents to the open ocean. Marine geochemists
have been searching for a better understanding of the
processes involved in this long range transport on a
global scale. For the past seven years, we have been
involved in the Sea-Air Exchange Program (SEAREX),
a multi-institutional, multidisciplinary program
funded by the National Science Foundation to investi-
gate these transport processes. The program is a
closely coordinated field and laboratory effort involv-
ing researchers from eight American, one British and
one French institution.

SEAREX was designed to increase our understanding
of atmospheric transport and transformation
processes and their involvement as sources and sinks
for materials found at the ocean surface. The primary
objectives of the program are: 1) to measure the
atmospheric concentrations and the sources of
selected heavy metals, radioisotopes and organic
compounds found in the marine atmosphers; 2) to
investigate the meteorological processes that control
the transport of materials from continental sources to
the ocean and to model these processes; and 3) to
conduct controlled laboratory and field experiments
to investigate the mechanisms of exchange of these
substances across the air/sea interface, to measure the
net deposition of these substances to the ocean, and
to assess the impact of atmospheric fluxes on chemi-
cal cycles in the ocean.

Our role in SEAREX has concentrated on the natural
and anthropogenic organic compounds. Six com-
pound classes were selected as indicators of these
sources to atmospheric materials: n-alkanes, poly-
cyclic aromatic hydrocarbons, fatty alcohols, fatty
acids, sterols and wax esters. These “source marker”
compounds have been used to differentiate atmos-
pheric samples as primarily marine, terrestrial or
anthropogenic in origin. In addition, within the vari-
ous terrestrial and marine sources of these com-
pound classes, there is a sufficient diversity of
composition, allowing us to use the relative abun-
dance patterns of the individual components as
“chemical fingerprints” to assign a more specific
source (such as soils, plant waxes, phytoplankton
debris, etc.) or to assign a more definite source
region.

The major focus in the SEAREX program has been to
use an air sampling tower (photo left) 1o investigate
material found in the atmosphere. This tower, used to
collect both gaseous and particulate samples for a
wide variety of chemical analyses, is situated at sam-
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pling sites far removed from the major land masses
and sources of anthropogenic activity. The air sam-
pling devices are mounted inside protective shelters
along the windward railing at the top level of the
tower (see photo). Four sites (see map) in each of
the major wind systems of the Pacific Ocean were
originally planned: Enewetak Atoll and American
Samoa in the Northern/Southern Hemisphere trade-
wind systems, and New Zealand and a cruise north of

250
Hawaii in the Southern/Northern Hemisphere wes- 1000+
terlies. To date, three of these sites have been suc- R 1200
cesstully occupied and samples have been collected, T 7s50i -
the fourth, the cruise north of Hawaii, will take place > liso
in the summer of 1986. & ol Lg‘
Although sea salt (derived from sea spray) is the 3 lioo =
major form of particulate material in the atmosphere, o 2s0i S
samples collected at Enewetak Atoll revealed an 3 e 1sg
extremely high concentration of unequivocably ter- ol
restrially-derived material. Not only did the atmos- 1g
pheric aerosol samples contain very high levels of 9 120 130 180 210 aso

soil dust and terrestrial plant wax material given this
site’s extreme remote location, but the concentration
levels of this material were found to vary dramatically
with the season. In April, atmospheric dust levels
were at a maximum,; then they slowly declined
throughout the spring and summer months. This can
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Total land plant lipid compounds ( € ) and

particulate aluminum (0) concentrations of
acrosol samples as a function of time during
the Enewetak field experiment. Sample dates
are Julian days, 1979.

Locations of the major SEAREX sampling
sites and some of the typical air mass
trajectories for each site. (1) Enewetak
dry season, April - May, 1979; (2)
Enewetak wet season, July - August, 1979;
(3 - 6) Samoa, January - February and July
- August, 1981; (7 - 9) New Zealand, June
- August, 1983,




clearly be seen in the figure at left where plots for
total particulate land plant lipid concentrations
(indicators of a continental source) and particulate
aluminum concentrations (indicators of crustal mate-
rial) show a decreasing rend with time. An investiga-
tion of meteorological records revealed the

presence of extensive dust storms in northern China
in the late winter and early spring and a high altitude
wind system which can transport this material from
central Asia to the tropical central Pacific ocean (map
trajectory 1). Subsequent studies of this phenomenon
have shown that it is an annual event and that the duse
from China can be seen throughout the North Pacific
at locations other than Enewetak Atoll, including
Hawaii and the Aleutian islands. During the summer
months when the source of Asian dust is quite weak,
meteorological and chemical evidence suggests that
the source for particulate material in the atmosphere
at Enewetak comes from the western United States
and possibly northern Central America (map trajec-
tory 2).

The sampling expedition to American Samoa
resulted in very different results. Because of the El
Nino/Southern Oscillation, the trade winds at Samoa
in 1981 were much weaker than we had experienced
at Enewetak, and the southern edge of the Inter-
Tropical Convergence Zone (ITCZ) was very close to
American Samoa. The ITCZ is a zone separating the
Northern and Southern Hemispiere atmospheric cir-
culation systems. Thus we found that the trade wind
conditions which had made the weather ideal for
sampling at Enewetak were frequently interspersed
with periods of stagnant air or even reverse-flow con-
ditions at Samoa. Meteorological calculations have
revealed that instead of collecting a suite of samples
from a single major source region whose source
strength varied with time (as occurred in Enewetak),
the samples from Samoa represent air masses from a
variety of sources (map trajectories 3-6). In effect, we
were sitting at the meteorological crossroads of the
Southern and Northern Hemispheres. Air mass trajec-
tories include sources from a diverse suite of foca-
tions: South America, Australia, New Zealand, New
Guinea-Solomon Islands, and some transport from
the Northern Hemisphere, probably from the Pan-
ama-Central American region,

These Samoan air mass trajectories calculated from
meteorological data are strongly supported by the
results of chemical analyses of the atmospheric par-
ticulate matter. The long transport trajectories (map
trajectories 3-6) proposed by the program meteorol-
ogist (J. T. Merrill, URD) suggest that we should find
very low concentrations of terrestrial material; and

indeed, the Samoan samples have the lowest concen-
trations measured to date. Furthermore, the Samoan
samples exhibited a wide range of organic com-
pound compositions. While each sample would be
classified as having a terrestrial plant wax source,
only rarely was the chemical fingerprint of one sam-
ple identical to another. Like forensic scientists, we
seek to match the chemical fingerprints of the sam-
ples with the chemical fingerprints of the sources.
Some samples are dominated by relatively high
molecular weight compounds which are an indicator
of the plant waxes of tropical plants. Other samples
contain lower molecular weight compound distribu-
tions which suggest that the source is a mixture of
temperate land plant waxes. We are currently corre-
lating the chemical compositions of the samples with
the various air mass trajectories to further pin-point
the source regions.

At our third air sampling site at the northern tip of
North Island, New Zealand, air was sampled from the
Southern Hemisphere westerlies, Unlike the trade
wind systems which are known for their consistency,
the westerlies are known for their variability in both
velocity and direction. Due to this variability, we were
able to collect an excellent suite of air samples repre-
senting a variety of sources (based on the air rmass
trajectories). The expedition was completed in late
1983, and the initial results of the analysis of these
samples are quite exciting, Concentrations of ter-
restrially derived materials at New Zealand range
from some of the lowest levels measured in Samoa to
levels in excess of those measured in Enewetak at the
height of the dust season. Air mass trajectories indi-
cate that samples of air were collected that had
recently passed over Australia (map trajectory 7) and
the Southern Ocean (map trajectory 8). In addition,
samples were collected from air masses that passed
over New Zealand, went out to seq, then passed over
our tower site (map trajectory 9). The chemical com-
position of the samples from the various sources are
quite distinct, with some bearing a strong resem-
blence to the air samples collected in Samoa which
were thought to have an Australian or New Zealand
origin (map trajectory 5).

As these examples indicate, we are just beginning to
understand the interplay between aumospheric
chemistry and meteorology in transporting material
from the land to the sea. Models are being developed
which will allow us to determine quantitatively the
source strengths of the organic substances. With this
additional information and the long-range meteoro-
logical trajectory analyses, we will be in a position to
better understand the global distribution of organic
material in the marine atmosphere.
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Upper Ocean
Gas Exchange

Peter G. Brewer

The carbon dioxide issue, by which we mean an
understanding of the causes and consequences of the
fluctuating concentrations of this trace gas in the
atmosphere, is of fundamental concern to a wide

range of ocean scientists. The broad picture is rea-
sonably well known: atmospheric CO, levels late in
the last century appear to have been in the 270-290
parts per million (ppm) range. The level today is about
345 ppm. The rising level is attributed to the burning
of fossil fuels and to changing storage of vegetative
carbon in the earths’ terrestrial biosphere. The Ocean
is the principal buffer against change, taking up annually
some 40% of the CO, produced. The CO, capacity of the
ocean is so vast that over geologic time scales it is the
cycling of carbon within the ocean that determines

the atmospheric CO, level. The rising CO, levels will
eventually cause a climatic warming and a rise in sea
level.

A major effort to understand these processes was
made with the Transient Tracers in the Ocean (TTO)
program in 1981. This multi-institutional effort involv-
ing scientists from the Scripps Institution of Oceanog-
raphy, the Lamont-Doherty Geological Observatory,
the Unijversity of Miami, Princeton University, and
Woods Hole occupied the R/V Knorr for a nine-month
field effort covering 23,000 miles of cruise track and
250 hydrographic stations. In participating in this ven-
ture, we had as our goal the accurate measurement of
fundamental ocean CO, properties: the alkalinity and
total carbon dioxide concentration of sea water.
Moreover, the North Atlantic is the site of formation
of much of the deep water of the world ocean, and
thus our studies could ascertain the “labelling” of the
deep water source areas by man’s inclustrial
contaminants.

Some of the results of our measurements are displaved
in the figure on the opposite page. The presentation is
a three-dimensional perspective view of the partial
pressure of CO; gas (pCO;) in the North Atlantic ocean
in 1981. The figure was prepared by D. K. Shafer with
the WHOI computer system. The ocean is seen from
height above mid-continent with respect to a “floor”
of atmospheric equilibrium at about 340 ppm. There
has been one correction applied, that for the small
amount of excess oxygen in surface waters. Data are
contoured between widely spaced stations, and the
map cannot be synoptic but reflects the spring-sum-
mer-fall tour of the Knorr around the ocean basin. In
spite of these problems, important features emerge,
and questions wait to be answered. What causes this
particular pattern of highs, representing evasion of
CO, to the atmosphere, and lows, representing inva-
sion of CO, to the ocean, to be established? What are

sy
i
.

Peter Brewer

the seasonal fluctuations? How sensitive is such a pat-
tern to change? In searching for answers, we found
that the arguments presented by our colleagues fell
into two distinct and opposing groups. There are
those who see in this picture an expression of the
photosynthetic activity of the upper ocean. The low
values north of 55° are then drawn down by primary
productivity fixing CO,. High values off Africa
represent upwelling of CO, rich deep water, followed
by intense lowering of the CO, levels in this biologi-
cally rich area. Other investigators see the predomi-
nant signal here as the physical heating and cooling
of the water. Indeed, models connecting CO, fluxes
between sea and atmosphere appear to rely entirely
upon simulation of purely physical variables. In the
fast year, we have constructed instruments and car-
ricd out cruises designed (o resolve these issues.

Our results show a strong correlation with the ocean
bieat thax. For instance, the high values off Newfound-
land are caused by the advection southwards of bit-
terly cold water in the Labrador Current. on reaching
the Grand Banlks, the water receives heat from con-
densation of water vapor and the absorption of radi-
ant energy. The warming elevates the pCO, levels
more rapidly than gaseous exchange with the atmos-
phere can restore equilibrium, and from the inter-
play of these two rate processes, the observed signal
is created.
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Three-dimensional view of the partial pressure
of CO, gas (pCO,) in surface waters of the
North Atlantic Ocean, viewed from high over
the United States and looking east toward

In the Gulf Stream recirculation region, the opposing
effect occurs. There, warm water at equilibrium with
the atmosphere is rapidly advected northwards to
colder climes. Swept by cold dry continental air

over much of the year, strong evaporation and
cooling occurs. Again, the balance of heat and gas
exchange rates results in a net residual signal, here a
lowering of the pCO,. North of 55°N, biological
processes appear to dominate, the low values found

there resulting from summertime primary . L
: : experimental work will

Europe and Africa. Cape Cod is shown at
approximately 41° latitude. The ocean “floor”
or flat surface area is at atmospheric equi-
librium. High values represent evasion of gas
from sca to air; lows represent invasion of gas
from the

air into the occan.

amplitude of the swrface signal is about 10 micro-
moles kg at 307N about 30 micromoles 'kg; and at
657N about 100 micromoles kg, Clearly, demanding

he required to make these

roductivity. .
p ’ accurate measurements and to document in the face
By combining our insights into numerical models, of such natural complexity the changing nature of
we are attempting to reconstruct the seasonal cvcles ocean CO, chemistry.

of CO, in the surface ocean, to construct synoptic
maps, and to devise experiments to verify our
hypotheses. Hidden within these data lie important
information on the climatic, biological and chemical
processes of the upper ocean. Sea water contains
approximately 2,000 micromoles of dissolved CO, per
kilogram of sea water. Our calculations and analyses
show that at latitudes of about 15°N the seasonal
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Marine Organic Chemistry:
The Influence of Living Organisms

Cindy Lee and Stuart G. Wakeham

Many of the organic chemicals found in the ocean are
produced by living organisms. This process begins
when carbon dioxide (CO,) enters the ocean from
the atmosphere and is taken up by phytoplankton.
Phytoplankton use the CO, during photosynthesis to
produce the biochemicals necessary for metabolism
and growth. Other marine organisms live by consum-
ing the organic chemicals produced by phytoplank-
ton. For example, zooplankton eat phytoplankton
directly while bacteria consume the metabolic prod-
ucts of both phytoplankton and zooplankton. Bacteria
are particularly important organisms in seawater
because they consume dissolved compounds. The
composition of dissolved organic carbon in seawater
largely reflects a balance between compounds pro-
duced by plankton and those consumed by bacteria
as sources of nutrition.

Marine organic chemists are interested in the
processes which control the distribution of organic
compounds in the ocean. Photosynthesis converts
inorganic carbon dioxide to organic carbon, but
there are elements other than carbon which are also
important in organic compounds. Two of these ele-
ments are nitrogen and sulfur, found most notably in
proteins, which play a part in almost every structural,
regulatory, and metabolic process in living organ-
isms. Protein and its component amino acids are
commonly found in the marine environment in liv-
ing organisms, in detrital particulate matter, and dis-
solved in seawater. One of the projects under
investigation in our marine organic chemistry labora-
tories at WHOI is the production and decomposition
of organic nitrogen and sulfur compounds derived
from the degradation of protein.

Our studies of organic chemical reactions are usually
broken into two parts. First, we determine the mech-
anism of a reaction, that is, the starting materials and
end products and how the reaction occurs. Then we
measure the rate of the reaction in different places
and try to determine the environmental conditions
which influence that rate. In order to look at reaction
mechanisms, it is useful to work in an area which is
easily sampled at any time of the year. A local coastal
pond, Salt Pond in Falmouth, was selected as a site for
our work. Salt Pond is a shallow, semi-enclosed gla-
cial pond surrounded by a bird sanctuary and rela-
tively undisturbed by man. Since Salt Pond has also
been studied by other WHOI scientists, we know
much about its geology, biology, and inorganic
chemistry.

Shelley Lauzon

Cindy Lee and Stu Wakeham
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In our Salt Pond studies, we are investigating the role
of phytoplankton in producing, and bacteria in con-
suming, certain dissolved nitrogen and sulfur com-
pounds. To do this, we use radiolabelled tracers to
follow the fate of these compounds. By taking a water
sample from the pond and incubating it in the labora-
tory with small amounts of a “C-labelled compound,
we can trace the pathway of the carbon through bac-
terial incorporation and respiration processes.
Results show the influence of several environmental
factors in controlling the concentration of dissolved
organic compounds in scawater. These include sea-
sonal changes in the organisms present, the amount
of oxygen in the water, the presence of light, and
depth of the mixed layer. For example, we have stud-
ied the organic nitrogen compound putrescine.

Futrescine and DMS Concentrations in Salt Pond
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Putrescine and DMS concentrations in Salt
Pond are related to the character of the water
column. Putrescine concentrations build up in
the anoxic waters where oxygen (O?) is
absent and hydrogen sulfide (as shown by pS-2)
is present. The maximum concentrations of
DMS are found in the suboxic zone where
oxygen concentrations are decreasing but
above the depth at which sulfide can be
detected (3 meters, or 10 feet, depth).

Putrescine is formed during putrefaction, or the
decomposition of protein and free amino acids, nota-
bly arginine and ornithine. The concentration of
putrescine usually increases with depth in Salt Pond
and is highest in the deeper anoxic waters (see fig-
ure). Uptake and respiration by bacteria are highest
there. Putrescine in the deep waters is, most likely,
coming from two sources, decomposition of protein
in sinking particles, and production from ornithine
diffusing out of the sediments.

At certain times of the year when conditions in the
pond cause a phytoplankton bloom to occur in the
surface waters, there is a large increase in the con-
sumption of putrescine, Using radio labelled putres-
cine in incubation experiments, we can follow the
path that natural putrescine takes through the food
chain. By measuring the amount of putrescine which
is lost from the system to the bacteria, we can esti-
mate how much must have entered from the phyto-
plankton. Radiotracers are a particularly important
tool in estimating production because the concentra-
tion of putrescine does not change during these pro-
duction and consumption processes. They remain in
balance since bacteria are taking up putrescine as fast
as it is being produced. Thus, if we measured only
the concentration, we would not know how dynamic
the system really is.

Another compound we have studied in Salt Pond is
dimethyl sulfide, or DMS. This organic sulfur com-
pound has its highest concentration at a depth just
above the oxic/anoxic interface (see figure). The ver-
tical distribution of DMS in the pond parallels the
seasonal changes in the oxic/anoxic boundary. Dur-
ing winter, wind-driven mixing of the water column
drives this interface to greater depths (or eliminates it
completely if the pond overturns). In summer, the
pond becomes thermally stratified and the oxic/
anoxic interface is more shallow. Throughout the
year, the DMS peak “rides” just above the interface.
We believe that the peak in concentration is due to
production of DMS under low oxygen conditions,
either by decomposition of dead algal matter or by
physiological stress on live cells at low oxygen ten-
sions. The most likely source of production of DMS is
dimethylpropiothetin, an osmoregulator related to
the amino acid methionine wheh is abundant in
some species of phytoplankton. Concentrations of
DMS are always very low in the anoxic waters of the
pond, suggesting active consumption by anaerobic
microorganisms. We plan to conduct radiotracer
experiments in the summer of 1985 which will verify
DMS production and consumption mechanisms.

Falmouth's Salt Pond has been successfully used to
develop methods to measure organic compounds
and reaction rates and to determine reaction mecha-
nisms. We are ready to apply this knowledge more
efficiently to processes affecting organic compounds
in the open ocean.
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Oxygen Isotopes Record
the Annual
Sedimentation Cycle

Werner G. Deuser

Until a few years ago oceanographers generally
assumed the deep ocean to be invariable over long
periods of time. Snapshot measurements of any
property in a given place were thought to give values
representative of that property for centuries or more.
Differences occasionally found between repeated
snapshots were attributed to differences between
methods or investigators rather than to changes in
the properties. After all, the deep sea was known to
be permanently cold and dark, and vertical transport
processes of any consequence were thought to be so
slow as to shield the deep sea completely from the
variability to which the surface ocean is exposed,
except on the long time scale of climatic change, such
as the coming and going of ice ages.

A number of independent lines of evidence emerged
within just a few years which drastically altered this
traditional view of the deep sea. Annual layers
(varves) were identified in sediments of the deepest
part of the Black Sea which underlie more than 2000
meters (approximately 6,500 feet) of water and are
devoid of life forms other than bacteria. Radioisotope
dating of deep-sea clams suggested that their shells’
growth bands might be annual; some deep-sea ani-
mals were found to have annual reproduction cycles.
These diverse types of evidence found a simple
explanation a few years ago when we discovered pro-
nounced seasonality in the flux of particles sinking
into the deep Sargasso Sea. Similar variations have
since been measured in other parts of the ocean.
These findings indicate how rapidly particles descend
to the deepest parts of the ocean and how they pro-
vide a conveyor by which chemical and biological
signals of seasonal change at the surface are transmit-
ted to the deep sea.

We have extended our studies of seasonal and year-
to-year variations in the quantity and composition of
particles approaching the sea floor. In May 1984 we
completed a six-year series of measurements off Ber-
muda in which we used a sediment trap moored at a
depth of 3200 meters (approximately 10,500 feet)
and suspended 1000 meters (approximately 3,300
feet) above the sea floor. We recovered the mooring
and collected the material accumulated in the trap
every other month. The location we chose for the
experiment was close to Station S, the site of the
longest series of open ocean hydrographic measure-
ments (begun in 1954 and carried out in close coop-
eration between the Woods Hole Oceanographic
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Globigerinoides ruber x 190

This species spends its short life of days to
weeks in the surface water and is abundant in
the subtropics throughout the year.
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Figure 2

Inverse relationship between
surface temperature and deep
particle flux in the Sargasso Sca.

Figure 1

Temperature variation at the
surface and the delayed arrival of
its record in G. ruber skeletons
at a depth of 3200 meters
(approximately 10,500 feet).
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Institution and the Bermuda Biological Station). The
Station S measurements have produced an excellent
record of the seasonal and year-to-year temperature
and salinity variations in the waters around Bermuda.

Planktonic foraminifera, a group of single-celled
organisms inhabiting the surface ocean, build a tem-
perature record of their environment into their skele-
tons: the ratio of the isotopes of oxygen depends on
the temperature at which the skeletons are built. One
species, Globigerinoides ruber, spends its short life of
days to weeks in the surface water and is quite abun-
dant in the subtropics throughout the vear. Its skele-
tons constantly “rain down” to the sea floor (at an
average rate of 100 per square meter per day) and
carry with them a record of their life-time ambient
temperature which may then be preserved in the
sediment for millions of years. With our sediment
trap we have intercepted many G. ruber skeletons
along with all the other debris which settles through
the water column. By measuring their oxygen-isotope
ratios we can use these tiny particles as recorders in
our samples of the temperature prevailing at the time
the collected material left the sea surface. Moreover,
by comparing the variations in their isotopic temper-
ature record with the variations of surface water tem-
peratures as given by the Station S measurements, we
detect a delay of about one month between the tem-
perature extremes at the surface and the arrival of
their records in the sediment trap. This delay is a
good measure of the time spent by the particles in
sinking from the surface 10 3200 meters (figure 1).

Our isotopic recorder of sea surface temperature in
the sediment trap samples revealed a close depen-
dence of particle flux to the deep sea on surface tem-
perature (figure 2). Annual averages derived from
our six-vear experiment show a clear inverse rela-
tionship between the mean variations of sea surface
temperature and particle flux. At the time of the late
winter temperature minimum in the Sargasso Sea,
the quantity of particles sinking out of the euphotic
zone (the sunlit upper layer of the ocean in which
organisms produce the great majority of particles) is
at its maximum. Conversely, the late summer temper-
ature maximum is associated with minimal particle
flux. Although we do not vet have quantitative data on
the relationship between primary production at the
surface and deep water particle flux, we can now
infer such a relationship. We know that the winter-
time cooling provides the mechanism for fertilizing
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the surface ocean with nutrients convected upward
from the deeper water. We also know that this fertili-
zation stimulates primary production into what is
often called the “spring bloom”. It follows from our
data that a signature of this spring bloom is carried to
the deep ocean within one month, and that through-
out the year the permanently dark and cold deep sea
and its creatures are closely coupled to the seasonal
temperature cycle at the earth’s surface by means of a
similar cycle in the supply of food and sediment.

The information on temperature dependence of par-
ticle fluxes and on sinking rates revealed by the “iso-
topic recorder” are examples of the insights gained
by repeated measurements at one site. Modern
instruments make it possible to measure variabilities
of more and more properties in the deep ocean on
time scales from hours to decades. Assessing variabil-
ity is the key to understanding the nature and rates of
processes which govern the ocean and life within it.

By
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Deployment of a sediment trap off Bermuda.

Material accumulates in the jar at the bottom
of the cone.
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Figure 1

Distribution of hydrocarbons generated in
sedimentary rocks at various subsurface
temperatures. Temperatures start at 0°C
(32°F) at the sediment-water interface
(top of figure) and then increase with
sediment depth.

Petroleum
Geochemistry

Jean K. Whelan, John W. Farrington
and John M. Hunt

Oil and gas, which form from the remains of orga-
nisms in deeply buried aquatic sediments, are the
major focuses of research in our laboratory. Petro-
leum companies, of economic necessity, usually con-
fine their research to questions related directly to
exploration — finding new sources of oil and gas. It is
left to academic and government laboratories (such
as our own and the U.S. Geological Survey) to answer
more fundamental questions which have long range
importance in successful exploration as well as in
using the sediment organic matter record to under-
stand geological processes in the ocean. The impor-
tance of viewing oil formation/migration as a
continuum that begins at the sediment/water inter-
face can be seen by taking a brief look at current
thinking about how petroleum generation occurs.

Oil and gas originate from the organic matter (ker-
ogen) that is deposited in the sedimentary basins on
the continents and continental margins of the world.
These basins are shallow depressions hundreds of
square miles in area that intermittently have been
covered with water and now are filled or are filling
with sediments. These sediments include 1) sands
and clay muds containing organic matter formed on
continents that were eroded from hills and moun-
tains and carried to the basins by rivers and streams,
2) lime (carbonate) muds like those on the east coast
of Florida that form from the shell material of mil-
lions of organisms, 3) chemical precipitates such as
salt, anhydrite, and chert, and 4) organic matter
formed in the water column over the basins.

Petroleum is made up of a complex mixture of
hydrocarbons — only a small amount of which is pro-
duced by living organisms. The rest of petroleum
comes from the thermal alteration of sediment
organic material (polymeric), called kerogen. Heat
flows outward from the center of the earth causing
the temperature of sedimentary basins to increase
with depth. The temperature increase is variable, but
averages about 3°C (approximately 37°F) per 100
meters of increasing sediment depth. This heat cooks
organic matter and produces oil in the same way that
an oven cooks a roast, except that the rate of heating
is slower and the times required longer. The temper-
atures at which oil and gas form have been well
defined. During the first stages of burial, diagenesis
(less that 50°C, or 120°F), methanogenic bacteria
form methane from substrates in the sediments.
Traces of C’ to C** and some C" to C* hydrocarbons in
crude oil also are formed from the organic matter as
a result of low-temperature biological and chemical
reactions. During catagenesis (50 to 200°C, 120° to
400°F), most oil and gas are formed from the crack-
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ing (thermal break down) of organic matter in the
sediment (figure 1). In the last stage, metagenesis or
metamorphism (greater than 200°C, 400°F), only gas
(methane) is formed in appreciable quantities. The
maximum sediment depth below which no oil
accumulation of economic value forms varies
between about 3 and 7km (2 to 4 miles) depending
on the geothermal gradient (although there is still
some controversy on this point, as discussed further
below). With the thermal regime of petroleum gen-
eration now being relatively well defined, petroleum
geochemists are turning their attention to the more
difficult problem of unraveling the processes by
which oil and gas migrate out of fine-grained source
beds into porous formations (eg. sand, porous car-
bonate rocks, etc.) where it is concentrated in
rEServoirs.

Recent work in our laboratory has dealt with several
important aspects of the processes outlined above.
For example, in terms of the generation process, the
correct type of organic material (i.e. the amount of
hydrogen rich organic matter) must be present in a
sediment. Our work has concentrated on thermal
techniques, including development of new instru-
mentation, which is now widely used in the petro-
leum industry (figure 2). A few milligrams of sample
are gradually heated — first to low temperatures in the
range of 150 to 250°C in order to drive off petroleum
which has already been formed naturally in the sedi-
ment —and then to high enough temperarures (450
to 550°C) to crack (or break off) hydrocarbons from
the kerogen. The total amount and composition of
the products produced indicates the total amount
and type (i.e. gas vs. kerosene vs. oil, etc.) of petro-
leum which already has been generated and which
would be generated if the sediment were buried
more deeply. Thus, the explorationist is in a position
not only to know whether the proper formations to
trap oil are present underground via the traditional
seismic profiling, but also, once a test site is drilled,
to determine if the sediments feeding the potential
petroleum trap or reservoir are of the proper tvpe to
have ever generated oil.

Another important way in which pyrolysis techniques
are being used in our laboratory is in determination
of how deep oil and gas generation might occur, As
mentioned above, as sediment organic matter is
exposed to high temperatures in very deep hot for-
mations, all the oil and gas winds up being cooked
out of the sediment. Our approach to determination
of the maximum depth of oil and gas formation (a
topic which has generated considerable controversy)
has been to subject very old and deeply buried sedi-
ments to pyrolysis to see if any hydrocarbons can be
generated even with extreme heating conditions. A
successful resolution of this question has obvious
economic implications when it is considered that the
cost of drilling increases exponentially with increas-
ing depth in deep wells. It is very difficult to obtain
suitable samples for this type of work. We are fortu-
nate in being involved in two collaborative research

projects — one with a government laboratory and one
with industry — which have provided suitable samples
as well as shared data directed toward a resolution of
the deep oil and gas question. One suite of samples,
provided by the U.S. Geological Survey and by Chev-
ron, comes from a series of wells drilled on the Alas-
kan North Slope (figure 3). These wells, which
include a complex intermixing of marine and conti-
nental sediments, are ideal for examining the “deep
gas” question, because they were once buried more
deeply than at present and were subsequently
uplifted and eroded. Therefore, deep drilling was not
required to recover these overmature sediments, A
second set of more carbonaceous marine sediments
from Texas (provided by Chevron) are also being
examined.

We have also conducted research to unravel
processes of generation and migration of the lightest
petroleum components, those with less than 9 car-
bon atoms in the molecule (the C' to C* hydrocar-
bons). These compounds are important in
understanding the basic processes of petroleum
migration because they are among the first compo-
nents of petroleum to migrate. We found the light
hydrocarbons to be present throughout the sedimen-
tary column at the parts-per-billion level in shallow
sediments and at the parts-per-million level in deeper
sediments. These low levels of light hydrocarbons
near the surface have caused and are still causing
problems in exploration studies because it was ini-
tially thought that they represented compounds
migrating up from deeply buried reservoirs. How-
ever, our research has shown that small amounts of
many of these compounds can form by a combina-
tion of low temperature chemical and biological
processes in recent sediments. In a number of cases,
we have determined the specific types of compounds
expected from various types of depositional environ-
ments and have found the levels of these compounds
to depths of about 500 meters (approximately 1500
feet) are low enough to have been generated by nat-
ural processes operating near the sediment-water
interface at the time of deposition. Furthermore, our
research as well as that of others indicates that even
these light compounds (with the exception of meth-
ane) do not migrate easily through consolidated fine-
grained sediments. In fact, current thinking in our
laboratory is that migration does not generally occur
at all until the petroleum generation process is well
underway. However, it is well known that il does
migrate by some process into reservoirs and that
thermally generated hydrocarbons can sometimes be
detected in surface sediments above or near a petro-
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Diagram of thermal distillation — pyrolysis-gas
chromatography apparatus. Wet sample in
quartz tube is treated by a platinum coil heater.
Compounds evolved during heating are swept
from sample in a gas (helium) stream and
analyzed further either by gas chromatography
(GC) or GC Mass Spectrometry ( GCMS). Data
collection has been automated as shown.
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Figure 3
Location of Alaskan North Slope petroleum
wells from which samples have been analyzed.

leum reservoir. Based on our own and other
research, we believe that these hydrocarbons are
migrating to the surface along vertical permeability
channels. We are currently attempting to get detailed
concentration profiles of hydrocarbons near such
features in order to better distinguish between vari-
ous possible migration mechanisms.

Hydrogen rich organic material can be biodegraded
by microorganisms at the time sediments are depos-
ited on the sea floor, so that the resulting sediment
organic matter will never be able to generate oil. We
believe some of the Alaskan North Slope sediments
we have examined fall in this category. However,
these sediments have been so altered through deep
burial and subsequent uplifting that it is difficult to
distinguish the influence of depositional from later
thermal alteration in these ancient sediments. Thus,
the influence of depositional conditions on the petro-
leum generation process is not well understood and,
therefore, has not generally been considered in
exploration studies. This is an area where an oceano-
graphic institution, with recent organic rich sedi-
ments from well defined depositional environments,
can make a unique contribution. Work in our labora-
tory has been carried out on shallow sediments from
many areas including the Persian Gulf, the Arabian
Sea, the Gulf of Maine and Southwest Africa. Recent
work has concentrated on two types of settings
thought to be particularly important in formation of
good petroleum source rocks: 1) sediments from the
upwelling area off the coast of Peru and 2) sediments
from the Mississippi River delta in the Gulf of Mexico.
By characterizing organic matter in these recent sedi-
ments by a variety of techniques and then extending
our results to deeper horizons, we hope to be able to
recognize better oceanographic processes which
operated in the past and left their imprint on ancient
sediment.
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Marine
Photochemistry

Oliver C. Zafiriou

Sunlight warms surface waters and promotes the
growth of photosynthetic organisms, thereby influ-
encing the properties of the surface ocean. In the past
decade, an extensive suite of more subtle chemical
effects traceable to sunlight-induced reactions —
photochemistry — has also been discovered. My col-
leagues and I initiated the first systematic studies of
such processes in marine systems in the early 1970s
at WHOI. A summary of our progress in the field and
some current areas of research are described in this
report.

In September 1983, we organized the first interna-
tional scientific conference on “Natural Water
Photochemistry,” which took place at WHOI under
the sponsorship of the NATO Scientific Affairs Pro-
gramme. Some of the most important questions and
points that have emerged from our studies and this
conference concern the processes that are initiated
by the absorption of light by molecules in the system.
What are the light absorbing molecules in a given
water mass? Where do they come from? What are the
products of their photolysis; how do these interact
further with the natural system? What is the efficiency
of a given process? How is the balance maintained
between production of light-sensitive compounds
and their photochemical destruction?

The earlier work in marine systems at Woods Hole
focused on inorganic photochemistry in marine sys-
tems, particularly of nitrite and nitrate, two
photochemically reactive species that are important
as biologically available forms of fixed nitrogen —
often a growth-limiting element in surface waters.
Contrary to earlier work, it was found that nitrate is
extremely stable to sunlight in seawater, while nitrite
is lost at surface-light intensities at rates varying from
about 2 to 25 percent per day. This wide variation is
probably due to ill-understood effects of other trace
components in the water, such as transition metals
and unknown organic compounds. More recent
work aims to break completely new ground in this
area. It is known that many photochemical reactions
produce free radicals — highly reactive molecules
with an odd number of electrons — that go on to react
further. For example, the photolysis of nitrite pro-
duces hydroxyl radical, famous as the “key” specxies
in tropospheric chemistry. In many cases, formation
of free radicals might be far more significant than the
disappearance of the molecules that formed them.

In 1979, we detected for the first time a free radical
(nitric oxide, NO) directy in surface seawater being
exposed to sunlight. This technically-difficult observa-
tion is direct evidence of the presence of a radical in
a natural water system under natural conditions, and
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confirms the hypothesis that such species are formed
by sunlight. Figure 1 shows how the detected radical
concentration in surface waters of the equatorial
Pacific, containing nitrite, rises after sunrise as the
light intensity increases. Even though the radical is
being formed rapidly, its concentration is low
because it also reacts rapidly — in this case half of it is
gone within about 100 seconds after formation.
Other, more reactive radicals disappear much faster:
For example, the OH radical mentioned above,
which lasts about 1 second in the atmosphere, reacts
in seawater in much less than a microsecond.

Encouraged by this success, we are now attempting
to devise methods to detect the superoxide radical in
natural water systems. It is probably formed
photochemically, but could also have biological
sources or come from dark chemical reactions. We
are trying to measure superoxide, because it is a
“key” species from both the chemical and biological
points of view. Chemically, it forms in the first step in
the reaction of dissolved oxygen, the major oxidizing
agent in surface waters. Biologically, superoxide is
thought to be ubiquitous in aerobic organisms, and
to be responsible for cell damage leading to such
diverse effects as ageing, death, and in people, arthri-
tis. We hypothesize that formation of superoxide radi-
cal is ubiquitous in marine systems, and that most of
it comes from photolysis of dissolved organic com-
pounds. The new methods will hopefully have the
extreme sensitivity necessary to test this hypothesis
and enable us to investigate the concentrations,
sources, and reactions of superoxide in surface
waters.

Another area of interest has been the photochemical
reactions that take place at the air-sea interface, where
the average light intensitity is highest and surface
films enriched in reactive components are often pre-
sent. Although it is virtually impossible to make rele-
vant measurements in this film, model calculations
suggest that both photochemistry in the film and dif-
fusion of highly reactive species from the atmosphere
to the ocean surface may cause some unusual effects
there. An heuristic model of these effects as they may
influence the geochemical cycling of the element
iodine in the ocean and atmosphere is shown in Fig-
ure 3.

Mantle
Geochemistry

Mark D. Kurz

Much of our understanding of the chemistry of the
earth’s mantle comes from studies of oceanic vol-
canic rocks. Despite the fact that the mantle, the
region between the lower crust and the core of the
earth, constitutes most of the mass of our planet, it is
very difficult to sample. The basalts erupting in the
ocean basins are of interest because the crust
through which they pass is relatively thin, and they
are essentially uncontaminated by it. To some extent,
theretore, the products of melting in the mantle can
be used as a “window” into the mantle. Isotope geo-
chemistry is one of the most powerful means of stud-
ving these samples because, in many cases, shallow
contamination processes are negligible.

AtWHOI, we have focused on the gases, particularly
helium (He), in these basalts. The magmas erupted
on the sea floor offer a great advantage to this type of
research. They are erupted at great depth (mid-ocean
ridges are an average 3 kilometers, 1.8 miles, deep)
and at low temperature, so the molten rock is rapidly
chilled to form glass. The glass traps some of the
mantle-derived magmatic gases, uncontaminated by
seawater or atmosphere. By analyzing the helium in
the glasses, we can learn about their mantle source.
There are two isotopes of helium: helium-4, which is
produced by natural radioactive decay of thorium
and uranium; and helium-3, whose major source is
the gas trapped during earth formation 4.6 billion
years ago. By measuring the ratio between these iso-
topes, we can search for “primitive” samples, i.e.,
those that come from segments of the mantle that
have remained relatively undegassed for eons. For
example, the basalts erupted at the islands of Hawaii
and Iceland are enriched in the rare isotope helium-3
10 a greater extent than mid-ocean ridge basalts. We
infer that the island basalts are derived from a more
undegassed “primitive” mantle source. In contrast,
islands such as Tristan da Cunha and Gough consist
of basalts with relatively less helium-3 when com-
pared to mid-ocean ridge basalts, and are therefore
derived from a less primitive source.

These variations within oceanic rocks have helped
constrain structural models for the earth’s interior.
We now know that a minimum of three distinct man-
tle sources must exist. Although the real nature and
origin of these mantle “types” is currently a martter of
vigorous debate, one simple model to explain the
observations would involve a layered mande. In such
a model, the lower mantle layer would be most prim-
itive, having been isolated for a long period of time
(perhaps as long as 4.5 billion years), and the less
primitive upper mantle would be the source for mid-
ocean ridge basalts. The third mantle source could be
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explained by a small amount of “recycled” oceanic
crust and sediments that is reinjected back into the
mantle at subduction zones and mixed with the
ambient mantle. Developing this type of model
requires information not only from the field of geo-
chemistry but also from geophysics and fluid dynam-
ics, which makes isotope geochemistry even more
exciting to investigators.

Basalts are not the only available material that can be
used to study the mantle. Ultramafic zenoliths are
fragments of the mantle that are brought directly to
the surface by the violent action of a volcanic erup-
tion. An interesting subset of this sample type now
under study at WHOI are diamonds. Aside from their
€conomic importance, diamond is unique as a man-
tle sample because it is formed at depths greater than
100 kilometers (62 miles). This alone makes it impor-
tant since no other material can unequivocally be
attributed to such great depths. The diamonds often
contain microscopic mineral inclusions that are frag-
ments of the mantle from which the diamonds
formed. They offer clues to the formation conditions
and hence to the origin of diamond. These inclusions
drastically decrease the market value of any diamond
because they are imperfections in the crystal struc-
ture, but increase the diamond’s scientific value. We
are studying the gases associated with the inclusions
by breaking them in vacuum and measuring the
gases that are released. Because diamond is the hard-
est substance known, it is difficult to break, and a
sample must be heated to over 2000°C in order to
thermally release its gases. However, the microscopic
features of these diamonds contain information that
is well worth deciphering,

Another advantage of isotope techniques is their use
for time evolution studies of the mantle using differ-
ent parent-daughter pairs. For example, just as
helium-4 is the stable daughter of thorium and ura-
nium decay, xenon-129 is the stable daughter of
shortlived jodine-129. Iodine-129 has a very short
haltlife (15 million years) and although it was pre-
sent when the earth formed, there is no longer any
naturally occurring iodine-129. Therefore, the varia-
tions in abundance of its stable daughter xenon-129
can be used to study the very early history of the
earth. We are now expanding our gas measurement
capabilities to include argon and xenon. The new
solid source mass spectrometer, which will arrive in
summer 1985, will allow us to measure the isotopes
of strontium, neodymium and lead. Each isotope sys-
tem has a unique story to tell, and when applied to
the right samples can yield information about global
processes.

Right: Photograph of a2 one carat diamond,
showing the original octahedral growth form
of diamond. Two inclusions are visible near
the center, one black chromite and the
second a paler, colored garnet.

Shelley Lauzon

Above: Photomicrograph of a gas-containing
bubble in a matrix of basaltic glass. The small
crystals around the bubble are olivines that
grew from the melt at the melt-bubble inter-
face. The width of the field is 0.5 millimeters.
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Artist’s rendering of the hot spring on the axis of the East Pacific Rise at
10° 56" north visited by Alzin in May 1984. The view is to the soutl.
The dark area in the upper right represents the main axial rift valley. A
mound comprised of spires of massive sulfides and active “black
smoker” vents is shown in the center, perched on a three-meter high
fault scarp. A collapsed lava lake with basalt pillars can be seen to the
right. Drawn by S. McConnville from data collected by T. McConachy,
M. Mottl and R. Von Herzen.

Interaction of Seawater with the
Rocks of the Sea Floor

Geoffrey Thompson and Michael J. Mottl

Reaction of seawater with igneous rocks on and in
the sea floor is now recognized to have a major effect
on the nature of the oceanic crust and on the compo-
sition of seawater itself. Appreciation of this effect has
grown mainly over the past decade, during which
seawater-fed hot springs were first discovered and
sampled on the seafloor. These springs have been
found mainly along the axis of the mid-ocean ridge
system, where molten rock rises from the Earth's
mantle to form new oceanic crust as the great tec-
tonic plates of the earth’s outer shell spread apart. We
now know that seawater percolates downward
through cracks in the newly formed crust, becomes
heated by contact with the hot rock, and reacts with it,
replacing the original minerals with a different
assemblage and exchanging chemically with the rock
in the process. The hot water which exits from the
springs thus has a different composition from seawa-
ter, having gained some chemical species from the
rock and lost others to it. The whole process thereby
represents a net transfer of various chemicals from
the oceans to the crust and vice versa.

It has been recognized since the 1950’ that the rate
of input of chemicals to the oceans via rivers, derived
from the weathering of continental rocks, is very high
compared to the amount of those same chemicals
dissolved in the oceans. Thus the chemicals dissolved
in the oceans could be supplied on a time scale that
is very short compared to the age of the oceans. This
implies that the ocean’s dissolved salts are present in
a nearly steady state condition, and that output
processes and their rates relative to the input rates
are the major mechanism controlling the composi-
tion of seawater. A major task in geochemistry has
been to identify the important input and output
processes and to determine their rates. Much of our
research at WHOI on basalt-seawater interaction has
focussed on this task.

The upper part of the igneous oceanic basement con-
sists of basaltic lava. This basalt undergoes reaction
with seawater over a range of temperatures, time and
Jocale. The nature of the chemical reaction and the
thaxes of ions exchanged between the oceans and the
igneous basement are mostly dependent on the tem-
perature of reaction and the relative proportion of
the reactants. These vary in respect to the location of
the water circulation and distance from the heat
source. Four examples of seawater-basalt interactions
are considered and the net exchange fluxes are cal-
culated; these examples cover the range of tempera-
ture and water:rock ratios typically found in the
ocean floor.
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Estimates of Hydrothermal Fluxes between Oceanic Basement and Seawater

x 10" g/yr X 10" g/yr

Si Ca Mg K B Li Rb Ba
Case A
Surface -0.006  —0.045 —0.03 +0.013 +0.45 +044  +0.14 +0.43
Basin 052 0082 026 +009 4269 +2.42 +137 4273
Flanks 0.2 -0.47 —0.11 +0.22 +5.12 +3.7 +4.23 +1.1
Axis —0.87 -1.3 +1.87 0.49 (—)*0 -111 =205 46
Total -1.60 -1.90 + 1.47 -017  +826 -10454 -14.76
River -1.99 —4.88 -1.33 —0.74 —47.0 -94 32 -1373
Basement Flux as 80.4 389 1105 23.0 176 1112 461 30.4
% of River Flux
Case B
Surface —0.006  0.045 -0.03 +0013 +0.45 +044  +0.14 +0.43
Basin 052  -0.082 -0.25 +009  +269 +242 +137 4273
Flanks —0.2 -0.47 —0.11 +0.22 +5.12 +3.7 +4.23 +1.1
Axis -0.087 -0.13 +1.0 0049 -11.1 -2.05 —4.6

(=)0

Total -0.82 -0.73 +0.6 +027 4826 454  +3.69 —0.34
River -1.99 —4.88 -1.33 —0.74 -47.0 -94 32 -1373
Basement Flux as 412 14.9 451 36.5 17.6 483 1153 0.2

% of River Flux

+ = Gained by rock, lost from seawater
— = Lost from rock gained by seawater

Si (silicon), Ca (calcium), Mg (magnesium), K (potassium), B (boron), Li (lithium), Rb (rubidium), Ba (barium)

*Boron is not seen in the Galapagos vents but is at 21°N on the East Pacific Rise. Edmond (personal communication) believes
the low temperature subsurface mixing at Galapagos results in B uptake from the hydrothermal solution. Calculation of the

B flux for high temperature reaction will have to await the completion of analytical data for the 21°N vents.

Low temperature, high water:rock ratio is typical of
the exchange in the upper few meters of the oceanic
basement. only about 0.1% of new oceanic crust
undergoes this reaction which extends over a time
period of tens of millions of years. The annual fluxes
produced are not very large. Low temperature, low
water:rock ratio is typical of the reaction in the
deeper parts of the oceanic basement. About 8% of
newly formed oceanic crust can be expected to
undergo this reaction over a period of a few million
years. Reactions and fluxes on the flanks of mid-
ocean ridge spreading centers are at moderate tem-
peratures and water:rock ratios. These reactions are
relatively short lived, but the fluxes produced are
quite high. High temperature reaction of seawater
and basalt (in excess of 100°C, 212°F) takes place at
spreading center axes. These reactions are fast but
result in very high fluxes and formation of polvmetal-
lic sulfides or iron and manganese oxides. The prod-
ucts of this reaction and the direction of exchange for
some ionic species are quite different compared to
the lower temperature reactions.

The net effect of the basalt-seawater exchange is the
sum of all the reaction fluxes over the full tempera-
ture range. This calculated net flux indicates that the
basalt is a source for ions such as Si, Ca, Ba, Li, Fe, Mn,
Cu, Zn and hydrogen ions. It also is the sink for ions
such as Mg, K, B, Rb, H,O, Cs and U. The annual
fluxes calculated for some of these species is of the
same order of magnitude as the annual river influxes
into the ocean.
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Dean’s
Comments

Charles D. Hollister
Dean of Graduate Studies

The need has never been greater for more marine
scientists, and yet graduate schools of oceanography
are receiving fewer and fewer applications. We are
struggling now with relatively small numbers to fulfill
the increasingly complex and tantalizing agenda
before us. During the past five years we have seen a
steady decline in the number of applicants to gradu-
ate schools of oceanography, and among that pool,
we have seen increasingly fewer applicants from the
undergraduate fields of physics, mathematics and
chemistry.

The steady decline in applicants, coupled with the
spiralling growth of applied technology, such as the
planned oceanographic satellites and their related
marine science opportunities, may present us with a
serious dilemma in five to ten years. Will there be
enough well-trained oceanographers on hand to take
full advantage of these new opportunites?

For the first time in more than a decade, we saw this
year a decrease in the number of applicants to bio-
logical oceanography, the field that has always had
the greatest number of applicants. These findings are
based on information from the ten largest schools
and institutions offering doctoral degree programs in
all subfields of oceanography. At our annual Deans’
“Retreat” at Scripps Institution of Oceanography in
December, we agreed to begin as soon as possible a
program at each of our schools to attract more phys-
ics graduates. We plan to invite physics teachers from
nearby four-year colleges to summer “informational”
seminars on physical oceanography, geophysics and
oceanographic engineering, We hope to reach the
undergraduate students and majors of physics
through their teachers. There is no federal funding
yet for such a program, and it addresses only part of
the problem. Bur it is a start.

We also agreed to explore the feasibility of establish-
ing a traineeship program at major national laborato-
ries in an effort to give undergraduate students as
much hands-on experience as possible with super-
computers and other systems still generally
inaccessible to them.

Another conclusion from the Deans’ meetings: We
are just beginning to understand the importance of
viewing the ocean through the eyes of more than
one scientific discipline. We need to encourage our
graduate students to follow their curiousity across the
traditional barriers between highly-specialized fields
so that they may understand, as we are only begin-
ning to, the interaction between physics, biology,
chemisiry and geology in the ocean. Knowledge of
these interactions lead us to fundamental insights
into how the oceans work.

Shelley Lauzon

Anne Rabushka

L
Dean Charles Hollister congratulates 1984
Falmouth Science Fair overall winner Roger
Hayward. Roger received the Institution’s
$1,000 college scholarship.

Jim Broda of the Geology and Geophysics
Department explains core samples to visiting
students.




Larry Workman

Sea trials for Atlantis II/Alvin operations off
Charleston, South Carolina, in February.

Shelley Lauzon

Dr. Edward Goldberg speaks with Mrs.
Bostwick Ketchum and Director John Steele
following the first Ketchum Lecture 30 April.

Shelley Lauzon

Corporation
Member Halsey
Herreshoff spoke on
the 1983 America’s
Cup defense at the
spring Associates
Dinners.

Ashore
& Afloat

A new cra of ocean exploration began 24 January
when Atlantis 11, with Alvin aboard, departed Woods
Hole on Leg I of extended Voyage #112 to the Pacific.
The departure ended a two-vear mid-life refit and
overhaul for the ship, during which time it was also
converted to handle submersible operations. A 41-
foot hydraulic A-frame designed and built by Caley
Hydraulics Ltd. in Glasgow, Scotland, was installed on
the fantail in 1983 for submersible launch and recov-
ery; a new stern deck hangar enables the sub’s crew
to work under cover for the first time. Sea trials and
inspections were held in late January-early February
off Charleston, South Carolina, where the weather
was considerably milder than in wintery Woods Hole.
The first scientific dives using the new hoist systern
followed on the Blake Plateau in the western North
Atlantic. After smoothing out a few bugs, the Alvin
group was enthusiastic about the A-frame svstem,
which allows quick deployment and recovery in sea
conditions too rough for previous support vessel
Lulue’s lift system,

Congressman Mervin M. Dymally of California spoke
on “Science and Politics: Implications for Blacks in
the 1980s” 3 February in Redfield Auditorium as part
of a series of events in celebration of Black History
Month. The February lectures were jointly sponsored
by the Institution, National Marine Fisheries Service,
Marine Biological Laboratory, and the U.S. Geological
Survey.

In February, the Institution received a $650,000 four-
year grant from The Andrew W. Mellon Foundation to
support ongoing research and new initiatives at the
Coastal Research Center. The Foundation provided
$750,000 in 1980 to support professional staff at the
Center for five years and established a flexible fund
for response to emerging research opportunities in
coastal studies.

Director John H. Steele met with local media repre-
sentatives, the Falmouth Board of Selectmen, and
community groups in February and March to discuss
the Institution’s opposition to a proposed bylaw to
make Falmouth a nuclear-free zone. A letter from the
Director explaining the management decision to
oppose the proposed bylaw appeared in the
emplovee Newsletter. The Director stressed that the
Institution “is involved predominantly with basic
research in the ocean. This is our mission in which
we take great pride, but which carries concomitant
duties. My concern is with the ability of our scientists
to carry out their research freely and with the respon-
sibility of the Woods Hole Oceanographic Institution
not only to our community but to the national inter-
est.” Considerable discussion of the issue took place
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throughout the Institution and in the press. The pro-
posed bylaw was indefinitely postponed at Town
Meeting in April.

Once again Alvin dives in support to geological stud-
ies revealed an unexpected and unusual animal com-
munity, this time in the Gulf of Mexico. An oasis of
exotic marine life, similar to that found at hydrother-
mal vents in the eastern Pacific, was discovered 9
March during dives on the West Florida Escarpment
off Tampa, Florida. The community, the first found
outside the eastern Pacific, was discovered at a depth
of approximately 10,000 feet during erosion studies
on the Escarpment, a steep slope leading to the floor
of the Gulf of Mexico. Unlike the Pacific communities,
this oasis does not occur at a spreading center or
plate boundary and is not associated with high tem-
peratures. Florida’s aquifers are thought to supply the
sulfur that supports the food-producing processes of
the chemosynthetic bacteria.

Director John Steele, Associate Director of Research
Derek Spencer, and Ocean Engineering Department
Chairman Robert Spindel visited Southeastern Massa-
chusetts University (SMU) in North Dartmouth 13
March to discuss possible research collaboration with
SMU Dean of Faculty and Graduate Studies Donald
Douglas and others. In 1983 Governor Michael S.
Dukakis proposed Centers of Excellence throughout
Massachusetts and indicated WHOI as a major factor
in designating southeasten Massachusetts the Center
of Excellence in Marine Science.

Falmouth High School Senior Roger Hayward was
the 1984 recipient of the Institution’s $1,000 college
scholarship as the overail winner of the sixth annual
Falmouth Science Fair 17 March at Falmouth High
School. Roger’s project on computer-aided analyses
in aerodynamics also won a third place award in the
prestigious Westinghouse Science Talent Search. He
is the son of Research Assistant Nancy Hayward of the
Chemistry Department.

A $133,000 grant from The Tinker Foundation was
received in March to support a three-year project on
the development of a marine management plan for
Ecuador’s Galapagos Islands. A four-member team
from the Marine Policy and Ocean Management
Center visited the Islands in the summer of 1983 to
gather data for the Presidential High-Level Commis-
sion, which is developing a Master Plan for the
Galapagos Islands to cover coastal and marine
resource management.

The Coastal Research Center’s Rapid Response Funds
allowed Institution scientists to coordinate initial con-
tacts and monitor the grounded freighter Eldia on
Nauset Beach. The vessel ran aground during a 29
March storm and was refloated with considerable
effort six weeks later. Geologist David Aubrey, a
member of the Rapid Response Team, has conducted
extensive studies on sediment transport and erosion
in the area of the grounding and was able to provide
important information to the salvage effort.

Two hundred twenty-five Associates and guests
attended the annual spring dinner 18 April at the Bos-
ton Museum of Science and 90 awended the New
York dinner a week later at the Lotos Club. Corpora-
tion Member Halsey Herreshoff, navigator on the
1983 American defender Liberty, spoke about “The
America’s Cup 1983 Defense and the Future” in an
illustrated lecture. Poster displays on oceanographic
instrumentation and careers in oceanography pro-
vided background during the cocktail hours.

The first Bostwick H. Ketchum Award was presented
30 April to Dr. Edward D. Goldberg, Professor of
Chemistry at the Scripps Institution of Oceanography,
for his “pioneering efforts and continuing leadership
in environmental quality research in coastal and open
ocean areas of the world.” More than 150 employees
and guests of the Institution attended the award pres-
entation in Redfield Auditorium and reception at
Endeavour House. Dr. Goldberg, an internationally-
known marine geochemist, spoke on “Informational
Needs for Ocean Waste Disposal.” His lecture focused
on who makes the decision as to how much informa-
tion is needed in order to pursue a course of action.

Knorr returned to Woods Hole 11 May after a 10-
month voyage to the South Atlantic. Scientific activi-
ties during the cruise involved primarily geological,
geochemical, and physical oceanographic studies.
The ship spent nearly two months of the voyage in
the Antarctic.

Thirty-five new Associates and their guests had an
opportunity to learn more about Institution activities
during their visit 25 May. The group heard several
presentations and toured the Environmental Systems
Laboratory, Coastal Research Laboratory, and Md.ean
Laboratorv.

Institution Biologists J. Frederick Grassle, Holger Jan-
nasch, and Peter Wiebe were among the 269 Fellows
of the American Association for the Advancement of
Science (AAAS) elected during the group’s annual
meeting 24-29 May in New York City.

Physical Oceanographer Henrv Stommel was elected
a Foreign Associate of the Academie des Sciences of
France. The Academie was founded in 1666 by Louis
X1V and is equivalent to the U.S. National Academy of
Sciences.

A new methane-producing bacterium which thrives
in hot deep sea hydrothermal vents has been named
for Institution Microbiologist Holger Jannasch. Metha-
nococcus jannaschii is significant because it is the
first methane-producing bacterium to grow at
extremely high temperatures and at a very fast rate.
The senior scientist was also honored with election
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Roger Goldsmith explains computer graphics
equipment during the June Associates Dinner
Open House at IPC.

Above: Senator Edward
Kennedy visited WHOI in
November and discussed
ocean research funding with
staff members in the Oceanus
galley.

Left: Director John Stecle
presents an acrial view of
Woods Hole and a 30-year pin
to R. Lorraine Barbour in
ceremonics 14 December,

as a Corresponding Member of the Gottingen Acad-
emy of Sciences in West Germany. The Academy was
founded in 1751 and is limited to 120 regular and
corresponding members.

David Ross, Director of the Marine Policy and Ocean
Management Center, and George Grice, Associate
Director for Scientific Operations, spent a week in
Jordan during May meeting with representatives of
various marine science facilities to develop and
define priorities for a potential U.S.Jordanian coop-
erative program.

Twenty-four Trustees, Honorary Trustees, and Trust-
ees-elect assembled 21 June prior to the Annual
Meetings for a meeting and dinner. The following
day, fifty-six Corporation Members and Trustees
attended the Annual Meetings. Associate Scientist G.
Michael Purdy presented the science report on “The
Seismic Structure of Oceanic Lithosphere.” A high-
light of the day’s activities was the presentation of the
ninth Henry Brvant Bigelow Medal to Physical Ocea-
nographer Arnold L. Gordon of Lamont-Doherty
Geological Observatory for his work in the Antarctic.
The medal, established by the Trustees in honor of
WHOI’s first Director, is awarded to those who make
significant inquiries into the phenomena of the sea.
Dr. Gordon was recognized for his “dedication in
completing the Antarctic Circumpolar Survey” and
for his “continuing scientific leadership in Antarctic
oceanography.” Later that evening, after Open Houses
at the Information Processing Center, radiocarbon
laboratory in McLean Laboratory, and the Coastal
Research Laboratory, three-hundred forty Trustees,
Corporation Members and Associates attended the
annual Woods Hole dinner under a tent on the
Fenno House grounds.

Alvin celebrated its 20th birthday in June hard at
work in the eastern Pacific engaged in its first dives
on the Gorda and Juan de Fuca Ridges off the Ore-
gon and Washington coasts. Alvin was commissioned
5 June 1964; through the end of 1984 the sub had
made 1,502 dives. During the Juan de Fuca Ridge
dives scientists discovered exotic marine life and
black smokers like those found further south along
the East Pacific Rise.

The Penzance Foundation made a $100,000 award to
the Institution, to be used at the discretion of Direc-
tor John Steele. In accepting the award, Dr. Steele
noted the “immense value™ of unrestricted grants in
allowing the Tnstitution to take initiatives that would
not otherwise be possible. The Penzance Foundation
was established through the estate of the late Edna
MeConnell Clark and W, Van Alan Clark.

Twelve doctorates were awarded in the MIT/WHOI
Joint Program in 1984, bringing the total number of
degrees awarded since the program was founded in
1968 to 144 doctorates and 21 engineers degrees.
Three WHOI degrees have also been awarded, for a
total of 156 degrees. The 1984 entering class con-
sisted of twenty-one students, including eight women
and four foreign students. Susan Allen, a physics
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major from Queens University in Canada, received
the Paul M. Fye Fellowship as the outstanding
applicant.

Associate Scientist Frank Carey of the Biology Depart-
ment got a rare chance to study a great white shark
when a 654-pound specimen was brought to the
Institution 23 July for dissection. The 11-foot juvenile
shark was donated to the National Marine Fisheries
Service and Dr. Carey by fishermen who captured it
in Cape Cod Bav.

The Board of Ocean Science and Policy (BOSP),
organized by the National Research Council of the
National Academy of Sciences and the National Acad-
emy of Engineering, met 27-31 August at the Carriage
House on the Quissett Campus to discuss “Oceans
2000, a major study of future trends and new oppor-
tunities in ocean science and policy o the vear 2000.
Director John Steele and President Paul Fye are mem-
bers of the Board.

Ninety Associates and guests were treated to the
antics of a score of humpback whales during the
annual whale watch expedition 7 September off
Provincetown aboard the charter vessel Dolphin 1V,

After nearly twenty years of service as Alvin's support
vessel, R/V Lulu departed Woods Hole 18 September
on her last voyage, a transit cruise to San Diego to
begin a new career as support vessel for the Navy
submersibles Sea Cliff and Tiertle. A bit of a scare
occurred shortly after the 44-day transit began when
radio contact with Lut/ze was lost for several days; the
culprit turned out to be a tempermental radio. Zueu
arrived safely in San Diego on 31 October and was
offcially transferred to the Navy on 14 December.

The tenth annual meeting of the International Associ-
ation of Marine Science Libraries and Information
Centers was held in Woods Hole 2-5 October. More
than 100 from 21 states and seven foreign nations
attended the conference, the third in Woods Hole.
Research Librarian Carolyn Winn is Past President and
founding organizer of the group.

Coastweek 84 was celebrated 6-14 October, during
which time more than 500 visitors toured the Exhibit
Center at Endeavour House. As part of the week's
activities, fifty local officials directly involved in
environmental management decisions attended a 13
October workshop in Redfield Auditorium to discuss
issues affecting Cape Cod and the Islands. Topics
were shellfish and public health, chemical use for
pest control, coastal pond pollution, protection of
coastal banks and beaches, and interaction between
conservation commissions and the state Department
of Environmental Quality Engineering. The work-
shop was jointly sponsored by the Institution’s
Coastal Research Center and Sea Grant Program and
the Cape Cod Coalition of Conservation
Commissions.

The Coastal Research Center received a three-year
$250,000 grant from the Richard King Mellon Foun-

dation to support ongoing research and new
initiatives.

Thirty-year service awards were presented 14
December to employees R. Lorraine Barbour, Richard
S. Edwards and Michael Palmieri, Jr, in ceremonies in
Clark 507 as friends, family members, and colleagues
stood by: Eleven individuals who retired in 1984, rep-
resenting 265 years of service, were also honored.

More than 170 emplovees and guests attended the
annual Institution Christmas Party 15 December at
the New Seabury Inn and Country Club.

Among the many visitors to the Institution during the
vear were Secretary of the Navy John F. Lehman, Jr.,
who visited in July, Oceanographer of the Navy Cap-
tain John R. Seesholtz, who visited in August, and
deans from the service academies who spoke with
WHOI Dean Charles Hollister about possible educa-
tional collaboration. Thirty-four nations were repre-
sented in the Naval Command College class of senior
officers which visited the Institution 1 June. The
International Commission for the Conservation of
Antarctic Living Marine Resources held a workshop
11-15 June at Carriage House on data collection and
handling; Director John Steele, a member of the
Commission, was one of 30 attending the meeting.
“Forensic Oceanography — Tides and Currents”

was the topic of Associate Scientist Kenneth Brink’s
lecture to 100 Harvard Associates in Police Science
during the group’s visit 27 June. Representatives of
Planet Earth, a new public television series and uni-
versity telecourse produced by WQED/Pittsburgh in
association with the National Academy of Sciences,
conducted a series of preliminary interviews with
Institution scientists in August. The series, scheduled
to air in the fall of 1985, is being funded by the
Annenburg/CPB project and IBM. The Ocean Indus-
try Program sponsored two September meetings:
“Slope Oceanography” was attended by fifieen and
“Geochemistry of Sealevel Changes™ attracted seven-
teen participants. Dr. George Cahill, Director of
Research at the Howard Hughes Medical Institute,
discussed possible research collaboration during a
September visit. More than one hundred twenty-five
members of the Association of Engineering Geolo-
gists participated in a Columbus Day field trip to
Woods Hole. The 12 October meeting on “Deep Seis-
mic Reflectors on Continental Shelves™ sponsored by
Senior Scientist James Heirtzler of the Geology and
Geophysics Department attracted fifty-five partici-
pants. Ten Vannevar Bush Fellows spent 18 October
talking with staff scientists and visiting research labo-
ratories; the Fellowship Program at MIT allows jour-
nalists to take courses and visit research centers in
New England in an attempt to make them better pre-
pared o report on science and technology.
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Craig ID. Taylor, Associate Scientist

Frederica W. Valois, Microbial
Physiologist

John B. Waterbury, Associate
Scientist

As of 31 December 1984

William A. Watkins, Bioacoustic
Engineer, Senior Research
Specialist

Stanley W. Watson, Senior
Scientist

Peter H. Wiebe, Senior Scientist,
Director-Center for Analysis of
Marine Systems

Carl O. Wirsen, Jr., Marine
Microbiologist

Chemistry
Department

Robert B. Gagosian, Department
Chairman, Senior Scientist

Michael P. Bacon, Associate
Scientist
Adjunct Associate Professor;
Department of
Oceanography, Old
Dominion University

Donald C. Bankston, Anaktical
Inorganic Geochemist

Peter G. Brewer, Senior Scientist

Susan A. Casso, Research
Associate

Charles H. Clifford, Research
Associate

Alan C. Davis, Research Associate

Werner G. Deuser, Senior
Scientist

Wayne H. Dickinson, Research
Associate

Ellen M. Druffel, Assistant
Scientist

John W. Farrington, Senior
Scientist, Director-Coastal
Research Center

Alan P Fleer, Research Associate

Nelson M. Frew, Analytical Mass
Spectrometrist, Senior
Research Specialist

John M. Hunt, Scientist Emeritus

William J. Jenkins, Senior Scientist

Mark D. Kurz, Assistant Scientist

Cindy Lee, Associate Scientist

Hugh D. Livingston, Analytical
Radiochemist, Senior Research
Specialist

Dempsey E. Lott I1I, Research
Associate

Paul C. Mangelsdorf, Jr, Adjunct
Scientist

Don R. Mann, Research Associate

Christopher S. Martens, Adjunct
Scientist

41



42

Zoha J. Mlodzinska-Kijowski,
Research Associate

Michael J. Motl, Associate
Scientist

Gale E. Nigrelli, Research
Associate

Edward T. Peltzer I, Research
Associate

Peter L. Sachs, Research Associate

Richard M. Sawdo, Research

Associate

Frederick L. Sayles, Associate
Scientist

David L. Schneider, Research
Associate

Brian W. Schroeder, Research
Associate

Edward R. Sholkovitz, Associite
Scientist

Geoffrey Thompson, Senior
Scientist

Research Associcte,
Departinent of Mineral
Sciences, Smithsonian
Institution

Bruce W. Tripp, Rescarch
Associue

Mary B. True, Rescarch Associate

Stuart G. Wakeham, Associate
Scientist

Jean K. Whelan, Analytical Organic
Geochemist, Senior Research
Specialist

Oliver C. Zatiriou, Associate
Scientist

Geology &
Geophysics
Department

Richard P von Herzen,
Department Chairman, Senior
Scientist

David G. Aubrey, Associate
Scientist

William A. Berggren, Senior
Scientist
Adjunct Full Professor, Brown
Uiniversity
Professor, University of
Stockboln

Carl O. Bowin, Senior Scientist

Thomas M. Brocher, Assistant
Scientist

James E. Broda, Rescarch
Associate

Wilfred B. Bryan, Scnior Scientist

Elizabeth T. Bunce, Scientist
Emeritus

William B. Curry, Assistant
Scientist

HenryJ. B. Dick, Associate
Scientist

Kenneth O. Emery, Scientist
Emeritus

John L. Ewing, Senior Scientist

James R. Heirtzler, Senior
Scientist

Susumu Honjo, Senior Scientist

Glenn A Jones, Assistant Scientist

Jeffrev A. Karson, Associate
Scientist

Llovd D. Keigwin, Jr., Associate
Scientist

David B. Lazarus, Assistant
Scientist

George P Lohmann, Associate
Scientist

Steven J. Manganini, Research
Associate

John D. Milliman, Senior Scientist

G. Michael Purdy, Associate
scientist

David A. Ross, Senior Scientist,
Sea Grant Coordinator,
Director-Marine Policy and
Ocean Management Program

Hans A. Schouten, Associate
Scientist

Loren Shure, Assistant Scientist

Wayne D. Spencer, Research
Associate

Ralph A. Stephen, Associate
Scientist

Kozo Takahashi, Assistant Scientist

Brian E. Tuchotke, Associate
Scientist
Adjunct Senior Research
Scientist, Lamont-Doherty
Geological Observatory

Elazar Uchupi, Senior Scientist

Allvn C. Vine, Scientist Emeritus

Warren E. Witzell, Sr.,
Hydroacoustics Engineer

Ocean
Engineering
Department

Robert C. Spindel, Department
Chairman, Senior Scientist

Yogesh C. Agrawal, Associate
Scientist

John J. Akens, Research Associate

Robert D. Ballard, Senior Scientist

Lincoln Baxter II, Applied
Physicist

Christopher J. Belting, Ocean
Engineer

Henri O. Berteaux, Staff Engineer

Paul R. Boutin, Research Specialist

Albert M. Bradley,
Instrumentation Engineer

Peter R. Clay, Research Associate

Clayton W. Collins, Jr., Research
Associate

Christopher H. Converse, Ocean
Engineer

Thomas W. Danforth, Research
Associate

+Yves J. E Desaubies, Associate

Scientist

Thomas K. Dettweiler, Research
Engineer

Kenneth W. Doherty, Research
Associate

James A. Doutt, Research
Associate

Paul M. Dragos, Research
Associate

Alan E. Duester, Ocean Engineer

George V. Frisk, Associate
Scientist

>aul D. Fucile, Ocean Engineer

Roger A. Goldsmiith, Software
Applications Analyst

William D. Grant, Associate
Scientist

Robert C. Groman, VAX Systems
Supervisor

Stewart E. Harris, Electrical
Engineer

Earl E. Hays, Scientist Emeritus

Frederick R. Hess, Electronics
Engineer

Mary M. Hunt, Softwvare Engineer

Jules S. Jaffe, Assistant Scientist

Maxine M. Jones, Research
Associate

Richard L. Koehler, Electrical
Engineer

Donald E. Koelsch, Electronics
Engineer

William S. Little, Jr., Manager-
Information Processing Center

James F. Lynch, Assistant Scientist

Andrew R. Maffei, Research
Associate

Roger H. Maloof, Research
Associate

William M. Marquet,
Instrumentation Engineer,
Senior Research Specialist,
Manager-Deep Submergence
Engineering Section

Edward C. Mellinger, Research
Associate

Robert W. Morse, Scientist
Emeritus

Richard T. Nowak, Acoustics
Engineer

Kenneth R. Peal, Electronics
Engineer

George H. Power, Computer
Analyst

Kenneth E. Prada, Electronics
Engineer, Senior Research
Specialist, Manager-
Engineering Technologies

William T. Sadler, Jr., Ocean
Engineer

Warren J. Sass, Research Associate

Edward K. Scheer, Rescarch
Associdte

Arnold G. Sharp, Mechanical
Engineer

_“Allard T. Spencer, Design

Engineer

John L. Spiesherger, Assistant
Scientist
Visiting Scientist,
Massachusetts Institute of
Technology

Robert H. Squires, Research
Associate

Jesse H. Stanbrough, Research
Physicist

Eugene A. Terray, Assistant
Scientist

William E. Terry, Jr, Research
Associate

Keith von der Heydt, Research
Associate

Barrie B. Walden, Manager-
Submersible Operations

Robert G. Walden, Electronics
Engineer, Senior Research
Specialist, Manager-Ocean
Structures, Moorings &
Materials Section

Ehud Weinstein, Associate
Scientist
Sentior Lectugrer, Departimernt
of Electronic
Communications, Control
and Computer Systems,
Faculty of Engineering, Tel
Aviv University

Albert J. Williams 3rd, Associate
Scientist

Valentine P. Wilson, Research
Associate

Clifford L. Winget,
Electromechanical Engineer

Dana R. Yoerger, Assistant
Scientist

Earl M. Young, Jr., Research
Associate

Physical
Oceanography
Department

Nicholas P. Fofonoff, Department
Chairman, Senior Scientist
Professor of the Practice of
Physical Oceanography,
Harvard University; Associate
of the Center for Edrth &
Planetary Physics, Harvard
University

Robert C. Beardsley, Senior
Scientist
Adjunct Professor of
Ocecinography, University of
Rbhode Island

Alvin L. Bradshaw, Applied
Physicist

Kenneth H. Brink, Associate
Scientist

Melbourne G. Briscoe, Associate
Scientist

Harry L. Bryden, Associate
Scientist




Dean F. Bumipus, Scientist
Emeritus
David C. Chapman, Assistant
Scientist
Robert R. P. Chase, Manager-
Remote Sensing Applications
Program: Project Leader-Buoy
Group
James H. Churchill, Research
Associate
Gabriel T. Csanady, Senior
Scientist
Assoctate, Great Lakes
Institute, University of
Toronto
Jerome P Dean, Electronics
Engineer
Gifford C. Ewing, Scientist
Emeritus
Frederick C. Fuglister, Scientist
Emeritus
+ Dale B. Haidvogel, Associate
Scientist
Associate, Division of Applied
Sciences, Harvard University
Nelson G. Hogg, Associate
Scientist
Terrence M. Jovee, Associate
Scientist
+ Thomas Kefter, Assistant Scientist
Richard Limeburner, Research
Associate
Kelly G. Luetkemeyer, Research
Associate
James R. Luyten, Associate
Scientist
Michael 5. McCartney, Associate
Scientist
James R McCullough, Instrument
Engineer
Robert E. McDevitt, Research
Associate
William G. Metcalf, Scientist
Emeritus
Robert C. Millard, Jr., Physical
Oceanographer
Gerald J. Needell, Research
Associdte
W. Brechner Owens, Associdte
Scientist
Richard E. Payne, Research
Associate
Joseph Pedlosky, senior Scientist,
Henry L. Doherty
Oceanographer
James FPrice. Associate Scientist
Mary B Ravimer, Research
AssOcie
Peier 13, Rhines, Senior Scientist
Philip L. Richardson, Associate
Scientist
Karl E. schleicher, Oceanographic
Engineer
Raymond W. Schmitt, Associate
Scientist
William J. Schmitz, Jr., Senior
Scientist
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Sus Honjo discusses a coring
operation with Cindy Pilskaln.
Steve Manganini and Terry
Hammar are at left.
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Bob Ballard

Marvel C. Stalcup, Physical
Oceanographer

Henry M. Stommel, Senior
Scientist

John M. Toole, Assistant Scientist

Richard P Trask, Research
Associate

George H. Tupper, Research
Assoctate

James R Valdes, Research
Associate

William S. von Arx, Scientist
Emeritus

Arthur D. Voorhis, Associate
Scientist

Bruce A Warren, Senior Scientist

Robert A. Weller, Associate
Scientist

John A, Whitehead, Jr, Associate
Scientist

Geoftrev G, Whitney, Jr, Research
Associate

Alfred H. Woodcock, Scientist
Emeritus
nonresidert
Rescarch Affiliate, Depertment
of Oceanography, University
of Hawaii

Valentine Worthington, Scientist
Emeritus

Marine Policy &
Ocean
Management

David A. Ross, Senior Scientist,
Director-Marine Policy and
Ocean Management

James M. Broadus 111, Social
Scientist

Maynard E. Silva, Political Scientist

Postdoctoral
Investigators

Blair H. Brumley (OE.)
Cheryl A Butman (O.E.)
Richard W. Gregory-Allen
(Physical Oceanography)
Thomus £ Gross (O.E)
Randall E. Hicks (Chemistry)
Brian L. Howes (Biology)
Katherine A. Kelly (PO.)
Peter S. Mever (Geology &
Geophysics)
David L. Musgrave (PO.)
Peter R Shaw (G&G)

+ Leave of Absence

#Disability Leave of Absence
*Deceased 30 July 1984
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Full-Time

Support Staff

Departmental

Assistants

Biology Department

Philip Alatalo
Valerie A. Barber
L. Susan Brown-Leger
Catherine M. Cetta
Nancy]. Copley
William B. Dade
Mary Ann Daher
Linda H. Davis

+ Gregg R Dietzman
Margaret S. Dimmock
Laura M. Doyle

+ Diana G. Franks
Lisa Gerstein
Ronald W. Gilmer
Dale D. Goehringer
Linda R. Hare
Bruce A. Keafer
Eileen M. Klopfer
David M. Kulis
Bruce A. Lancaster
Dale F. Leavitt
Ann E. Michaels
Stephen J. Molyneaux
Karen E. Moore
Linda Morse-Porteous
Jane M. Peterson
Rosemarie F. Petrecca
Daniel W. Smith
Mary Jane Tucci
Richard G. van Etten
Isabelle P Williams
Bruce R. Woodin
Bonnie L. Woodward

Chemistry
Department

Jane B. Alford

Lary A Ball

Rebecca A. Belastock
Scot P. Birdwhistell
Barbara J. Brockhurst
Christine C. Burton
Elizabeth A. Canuel
Peggy A. Chandler
William R. Clarke
Carolyn C. DesRosiers
Sheila M. Griffin
Terence R Hammar
Margaret F. Harvey
Marilyn R. Hess

Carl G. Johnson
Danuta Kaminski
Joaquim B. Livramento
Peggy A. O'Brien

Joanne G. Olmsted
Brenda L. Olson
Charles A. Olson
Julianne Palmieri
Marcia W. Pratt
Edith H. Ross
Deborah K. Shafer
Gabriella Snyder
Margaret M. Sulanowski
Lolita D. Surprenant
Martha E. Tarafa

Geology &
Geophysics
Department

Geoffrey A. Abers
Julie M. Allen

Paul J. Andrew

Pamela R. Barrows
Stephen T. Bolmer, Jr.
Maureen E. Carragher
Maura Connor

Christine A. Coughanowr

David L. Dubois
Anne S. Edwards
Emily Evans

Pamela V. Foster

C. Eben Franks
BarbaraL. Friesz
Stephen R. Gegg
Ruth A. Gorski

Leon A. Gove

Robert E. Handy
Marleen H. Jeglinski
Molly M. Lumping
Douglas R. MacFarland
Ann Martin

Dorinda R. Ostermann
George L. Pelletier
Laurie A. Raymond
Abigail A. Spencer
Alice L Tricca
Andrew H. Ursch
Christine M. Wooding
F. Beecher Wooding

Ocean Engineering

Department

Emile M. Bergeron
Leonard A. Boutin
Martin . Bowen
Sharon L. Callahan
Rodney M. Catanach
Bruce R. Cole
Aganoris Collins
Thomas Crook

#Marguerite F. Dace

Stanlev R. Deane

Edward A. Denton
Christopher E. Dunn
Alan W Eldredge
Kenneth D. Fairhurst
Richard A. Filyo
William F. Freund, Jr.
Charlotte M. Fuller
Nancy R. Galbraith
David J. Goldstein
Allan G. Gordon
Matthew R. Gould
Carlton W, Grant, Jr.
Denis W. Hanson
Catherine S. Heide
Ann C. Henry
Channing N. Hilliard, Jr.
Betsey G. Hirschel
Elizabeth J. Howard
Andrew W. Keene
John N. Kemp
Stephen P. Liberatore
Karl E. Lindstrom
Robert G. Lowe
Christine M. Lynch
Jane E. Marsh
Gretchen McManamin
George A. Meier
Alfred W. Morton
Barbara A. Newell
James B. Newman
Teresa L. Nielsen
Patrick O'Malley
Deborah A, Parent
Ann C. Rams
Gordon D. Rose
Stanley G. Rosenblad
Catherine O. Scheer
Frederick J. Schuler
Leon W. Schuyler
Kurt A. Straube
Suzanne B. Volkmann
Karlen A Wannop
Dana 5. Wiese

Glen P Williamson
Susan F. Witzell
Martin C. Woodward

Physical
Oceanography
Department

R. Lorraine Barbour
Karin A. Bohr

Dolores H. Chausse
Jane A Dunworth

+ Erika A. Francis

Margaret M. Francis
Robert E. Frazel
Barbara Gaffron
Brian J. Guest
Elizabeth D. Guillard
William H. Horn
George P Knapp 111
Siobhan R. Knuttel
Kevin W, Lange
Cynthia H. Lanyon
Roderigue A LaRochelle

Ellen Levy

Christina Light
Brian J. Littlefield
Mary Ann Lucas
Craig D. Marquette
Theresa K. McKee
Anne Marie Michael
Carol A. Mills

Ellyn T. Montgomery

Salvi G. Naples
William M. Ostrom
Nancy J. Pennington
Joseph R. Poirier
John Pomer
John B. Reese
Mabel M. Reese
Samuel T. Simkins
R. David Simoneau
Brian Skelly
Ann Spencer
Robert J. Stanley
Susan A. Tarbell
Robert D. Tavares
John H. Thomson
Toshiko T. Turner
+ Cynthia T. Tynan
David Walsh
Brvan 5. Way
Audrev L. Williams
Brian R. Wolf
Scott E. Worrilow
A. Cleo Zani

Marguerite E. Zemanovic

Nancy Pennington

Shelley Lauzon




Marine Policy &
Ocean Management

Ingrid E. Desilvestre
Judith Fenwick

Ann R. Goodwin
Clayton E. Heaton
Porter Hoagland 111
Rosamund C. Ladner
Ethel E LeFave

Coastal Research
Center

Elizabeth A. Suwijn
Catherine M. Herrity

Gary Walker

Shetliey Lauzon

Steve Manganini checks the time

during an experiment.

John Jasper

Administrative Staff

#Flanice R Battee ... ... Payroll Administrator
Constance A. Brackett .................... Affirmative Action Administrator/Housing Coordinator
PatriciaM. DeBoer. . ... ... o Financial Analyst/Auditor
Paul Dudley Hart .. ... .. . Development Director
JoAnn M. Fishbein ... ... o o o Programmer/Analyst
EricH. Frank, Jr.. ... ... o Systems & Procedures Manager
Arthur G. Gaines, Jr. . . ..o Marine Science Advisor
Ellen M. Gately ... ... ... .. Sea Grant Administrator
GordonK.Glass .......... ... ... .. Executive Assistan/Ocean Engineering
Arthur T.Henderson ... ... . Purchasing Manager
Hardey Hoskins. . ........ .. .. o Coordinator, Ocean Industries Program
Charles S. Innis, Jr.. ... ... L Executive Assistant to Director/Security Officer
PhilomenaS.Jenney ............. .. ... ... Development Administrator
SusanKadar............ Executive Assistanty/Chemistry
VictoriaA Kaharl ...... ... .. . Science Writer/Assistant to the Dean
JudithL. Kleindinst ........ ... ... ... ... . Executive Assistant/Biology
Shelley M. Lauzon .. ... ... Publications & Information Manager
VirginiaA. LeFavor. .. ... .. o Accounting Operations Administrator
Charlene RLEWIS ... .. . oo Marine Policy Administrator
JackN.Lindon ...................... Assistant Personnel Manager (Benefits’/Marine Employment)
Frank L. LOWeNSteIN. . ... ...ttt Assistant Editor, Oceans
Shirley-Annelong .. ........... . Personnel Administrator

#CarolynB. Miller ... ... .. . Affirmative Action Administrator
DavidJ Miller ............ ... .. ... ... ... Assistant Sponsored Programs Administrator
Elizabeth A Miller . .. ... Assistant Editor, Ocearius
MozartPMoniz ... ... ... Assistant Purchasing Manager
Theresa G.MONIoe . ... ... Benefits Administrator
Laura A Murphy .. ... Payroll Administrator
ALlawrence Peirson IIL .. ... ... .. ... o Assistant Dean & Registrar
AnnelLRabushka. ... ... ... .. . . Public Information Officer
Christine M. Rinaldi. ......... ... ... ... ... ... ..., Executive Assistant/Development
R DavidRudden, Jr. . ... .o Assistant Controller
Paul R RYAN . .. Editor, Ocearitis
CLRovSmith.......... . . Executive Assistant/Geology & Geophysics
MauriceJ. Tavares .. ............ .. Sponsored Programs Administrator

#Harold R VanSiclen, Jr ........... ... ... .. ..... Assistant Controller for Accounting Operations
GaryB.Walker ... ... . . Controller
LHovtWatson......... ... .. o i Executive Assistant/Associates Program
Mary NanWeiss ... ... oo o Executive Assistant/Associates Program
BarbaraWickenden. .. ... .. ... ... Personnel Manager
ClareR Xander .......... ... .. ... .. ... .. Executive Assistant/Physical Oceanography
Bernard L. Zentz ... ... Personnel Manager

Diana Franks prepares microbiological samples.

Shelley Lauzon
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Administrative
Personnel

Julie A. Andrade
Marion E. Andrews
Dorothy J. Berthel
Kendall B. Bohr
Eleanor M. Botelho
Linda J. Botelho
Phyllis M. Casiles
Margaret M. Costello
Homer R. Delisle
Dale V. DePonte
Marianne Draper
Catherine H. Ferreira
Steven R. Ferreira
Larry D. Flick
Donna M. Garcia
Patricia A. Garcia
Nancy H. Green
Monika Grinnell
Carolyn S. Hampton
Susan K. Handwork
Susan M. Hastings
Nancy E. Hazelton
Abbie Jackson
Valerie A. Jonas
Lynda K. Kingsley
Susan F. Knox
Samuel J. Lomba
Loretta M. Martin
Roland G. Masse
Joan E. Maxwell
Philip E. McClung
Joanne M. McDonald
Tracey A. McEachern
Cheryl C. Murphy
Susan E. Newton
Sylvia D. Pauze
Nancy L. Pena
Doreen M. Perito
#Eugene A. Pineault
Florence T. Pineault
Clara Y. Pires
Marjorie K. Pont
Ruth N. Poppe
John M. Powers
Patricia A. Pyvkosz
Mary Anne Rossi
Sandra A. Sherlock
Evelyn M. Sprague
Karen E. Taylor
Mildred M. Teal
#Patricia A. Thomas
Wayne R. Vincent
Gordon H. Volkmann
N. Joye Wirsen
Jeanne A Young
Jane P. Zentz

Facilities
Personnel

Edward F. Acton
William R. Askew
Nadine N. Athearn
Ernest E. Baker
Janice M. Baker

Facilities, Services and Marine Operations Staff

Reuben R Baker,Jr. ........... ... ... ... .. . . .. Master, RV Atlanitis [T
John P Bizzozero. .. ... ... . . Chief Engincer, R\ Atlartis 17
EdwardL. Bland, Jr. .......... ... . . ... .. .. ... ... .. Rescarch Associate, Alvin Operations
RichardJ.Bowen . ........... . ... .. . . .. . . . . Master, RN Knorr
Richard . Chandler. .. ................ ... ... . .. . Manager, Shipboard Scientific Support Group
ErnestG.Charette . ........... ... ... ... . . Assistant Facilities Manager
Arthur D. Colburn, Jr. ..o o Boat Operator, Asterias
DonC. Collasius ........... .0 Pilot, DSV Alrin
Vicky Cullen ..o o Manager, Graphic Services
Richard H. Dimmock ... Port Engineer
Robertson P Dinsmore ................ ... ... .. Consultant for Marine Operations and Planning
JohnD.Donnelly. ... Manager, Marine Operations
CraigW. Dowley ... Facilities Engineer
William M. Dunkle, Jr. ... . Research Associate, Data Library
RichardS. Edwards ............ ... . . ... . . Marine Superintendent
Dudley B.Foster . ... . Pilot, DSV Aliin
James E.Hardiman ... o o Pilot, DSV Alvin
RalphM.Hollis ... oo Chief Pilot, DSV Alvin
PaulC. Howland ... ... ... ... . . . Master, RV Ocearuis
David G.Landry. ... ..o o Master, RV Lufit
JonathanLeiby ... ... oo Naval Architect
Barbara J. Martineau ..... ... Executive Assistant/Facilities, Services and Marine Operations Department
WilliamE.-McKeon .............. .. .. . Assistant Facilities Manager
#FPaulR Mercado. ... ... .. . . Chief Engincer, RV Ocearius
DonaldA Moller ............. .. .. . Marine Operations Coordinator
HarryE. Oakes ... ..o Chief Engineer, RV Knorr
Terrence MURIOUX . ..o Lo Diving Supervisor
EricWoSpencer .. ... ... Safety Officer
#FEmilioSoto .. ... Chief Engineer, RV Knorr
BarrieA Walden ........ ... ... ... ... Manager, Submersible Program
Ernest C.Wegman . ............. ... ... . . Chief Engineer, RV Oceanus
Carolyn PWinn . ... ... Research Librarian

Linda Benway
Thomas D. Billings
Thomas A. Bouche
Richard W. Bowman
John R Bracebridge
Frederick A. Brauneis
Richard J. Breivogel
Frank Cabral, Jr.
Paul Canale
Phillip F. Canedy, Sr.
Nathan M. Cardoza
John P. Clement
Charles Clemishaw
James E. Coddington
#Arthur Costa
Arthur Costa ’
Teresa A. Coughlin Beth Andrews
Ronald C. Craft
Gordon E. Crandall, Jr. Kittie Elliott
Donald A. Croft
William B. Cruwys
Pearl R. DeMello
Richard A. Dionne
James H. Dufur, Jr.
Daniel B. Dwver
Lynne M. Ellsworth
Grace R. Fernandes
Anthony Ferreira
Michael J. Field
Michael E. Fournier

Shelley Lauzon

Anne Rabushka

Mel Briscoe




Shelley Lauzon

Anne Rabushka
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Robert A. Greenfield
Robert J. Joyce
John A, Keizer
Fred W. Keller
Christopher F. Kennedy
Donald F. LeBlanc
John A Lomba
John T. McMahon
Anthony G. Mendousa
John R. Murphy;, Jr.
William J. Murphy
Brian R. Nichols
Ivan G. Nutter
Charles E. Pacheco
Bernard G. Pelletier I1I
Charles J. Peters, Jr.
Arthur Peterson
Edward J. Phares
Thomas D. Rennie
John E. Rice
Henry A. Rogers
John P. Romiza
Thomas H. Smart
James P, Sullivan
Harrison L. Summerville
William R. Tavares, Jr.
Douglas K. Tiernan
Barbara M. Vallesio
Michael W. Verissimo
Robert G. Weeks
John C. Williams
Ronald E. Woods
#Carleton F. Young

Shelley Lauzon
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Top: Tom Kleindinst; left: Laurel

Swain; right: Pat Garcia

Library
Personnel

Lisa M. Brunette
Lois C. Burgess
Joan B. Hulburt
Colleen D. Hurter
Marie M. Johnson
Laurel E. Swain
Grace M. Witzell

Graphic Services

Personnel

Donna S. Carson
John E. Cook
Ruth H. Davis
David L. Gray
Ann M. Hart
Frederic R. Heide
Mark V. Hickev
Robert E. Kelley
Thomas N. Kleindinst
William N. Lange
Stefan E. Masse
Frank Medeiros
Anson P. Moore
#Joseph F. Motta
E. Paul Oberlander
John Porteous
Karen E. Walsh

Services
Personnel

Norman E. Anderson
Edward M. Bertozzi
Frederick V. Brown
BernardJ. Cassidy
Retha ). Charette
James P Corr
Bernard C. Crampton
John A. Crobar
Judith O. Cushman
David L. Fish, Jr.
James E. Gifford
Lewis D. Greene, Jr.
Robert J. Hindley
Howard A. Holland
Percy L. Kennedy, Sr.
Jay R Murphy
Lewis J. Saffron
Eben A. Sage

Albert Santiago, Sr.
Roland R. Simmons
Robert Wichterman

Food Services
Personnel

Sheila T. Payne
Beth L. Stone
Patricia E. Thompson

Marine
Operations

Edward H. Chute
Kittie E. Elliott
Carole R. Merson
Stephen G. Page

Alvin Operations

James F. Aguiar, Jr.
Jonathan Borden
Ronald Gisondo
Denzel E. Gleason
David M. Sanders
William J. Sellers
Margaret P. Stern

Marine
Personnel

Wayne A. Bailey
Robert W. Baker
Mitchell G. Barros
Gunter H. Bauerlin
Kenneth E. Bazner
Stephen M. Bean
Lawrence T. Bearse
Edward R. Brodrick
David F. Casiles
Gary B. Chiljean
Harry F. Clinton
Arthur D. Colburn HI
John F. Connell, Jr.

Robert]. Corey
Lawrence P. Costello
Jerome M. Cotter
Stephen W. Cotter
Robert W. Craig
William E. Darcy, Jr.
Sallye A. Davis
Craig D. Dickson
Roger J. Dube
Dana Filipetti
+Leon J. Fitzgerald
Peter M. Flaherty
Robert E. Gallagher
#John M. Gassert
William A. Gillard, Jr.
Edward F. Graham, Jr.
Joseph A Guzgj
David L. Hayden
Alfred C. Henser
+ Henry P. Hirschel
Roger W. Hunt
Albert C. Jefferson
John P. Kamataris
J. Kevin Kay
Edward H. Keenan
John T. Lobo
Tomas M. A Macedo
Ronald J. MacLellan
Joseph F. Martin
William McBride
David H. Megathlin
Richard F. Morris
Martin H. Morse
Stephen D. Murphy
Michael P. Nolin
#Conrad H. Ocampo
David L. Olmsted
Peter P. O'Reilly
Michael Palmieri, Jr.
Randall B. Perry
#Samuel F. Pierce
Joseph Ribeiro
#Harry Rougas
+Douglas L. Shores
Richard F. Simpkin
Ernest G. Smith, Jr.
+ Harry H. Stanton
John K. Sweet, Jr.
Herman Wagner
Stephen T. Wessling
Linda G. Wilson
Jonathan M. Wood

+ Leave of Absence

# Disability Leave of Absence
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MIT/WHOI
Joint Graduate
Program
1984-1985

Yehuda Agnon
Hebrew University, Israel
Elizabeth V. Armbrust
Stanford University
Vernon L. Asper
Messiab College
University of Hawaii
John A. Barth
University of Colorado
SaraL. Bennett
Colorado State University
Gaboury Benoit
Yale University
Patricia M. Biesiot
Bowling Green State
University
Brian J. Binder
Massachusetts Institute of
Technology
Donna K. Blackman
University of California,
Santa Cruz
Martin B. Blumenthal
Princeton University
+ Philip S. Bogden
Harvard University
Barbara V. Braatz
Smiith College
Esther C. Brady
University of Massachuselts,
Amberst
Bruce J. Brownawell
DePaud University
Michael S. Bruno
New fersey Institute of
Technology
University of California,
Berkeley
Kenneth O. Buesseler
University of California, San
Diego
Janice I. Campbell
University of California,
Irvine
Josko A. Catipovic
Massachusetts Institute of
Technology
+Paola Cessi
University of Bologna, Italy
+Emily H. Childs
Humboldl State University
Ching-Sang Chiu
Northeastern University

Joon Won Choi
Seoud National University,
Korea
Jeremy S. Collie
University of York, United
Kingdom
John A Collins
University College, Cork,
United Kingdom
University College of North
Wales, United Kingdom
Peter H. Dahl
University of Washington
Carol E. Diebel
Humboldt State University
Martin E. Dougherty
Winona State University
University of Washington
Mavis L. Driscoll
University of California,
Berkeley
Cynthia ). Ebinger
Dutke University
Meir Feder
Tel-Aviy University, Israel
Joyce M. Federiuk
University of California,
Berkeley
Edwin L. Ferguson, Jr.
Massachusetts Institute of
Technology
Karen M. Fischer
Yale University
Peter J. S. Franks
Queens Uniiversity, Carada
Dalhousie University,
Canada
Virginia A. Fry
Fennsylvania State University
Ichiru Fukumori
University of Tokyo
Paula C. Garfield
Mt. Holyoke College
University of Delaware
David P Genereux
University of Delaware
Margaret R. Goud
Stanford University
David W. Graham
Florida Institute of
Technology
University of Rhode Island
Melinda M. Hall
Duke University
Bernward J. Hay
George Auguist Uniiversity,
West Germarny
Cornell University

+ Not registered

Fellows, Students & Visitors

Janet G. Hering
Cornell University
Harvard University
Joshua K. Hovt
Massachusetts Institute of
Technology
Dean M. Jacobson
Occidental College
John P, Jasper
University of Chicago
John P Jemsek
University of Notre Dame
Harrv L. Jenter, It
Uriiversity of Michigan
Anne V. Judge
Williams College
Michael A. Kaminski
Rudgers University Jagiel-
lonian University, Poland
Kelly L. Kenison
Reed College
Pamela J. Kloepper-Sams
Uniiversity of California,
Irvine
Laura S.L. Kong
Broun University
Melissa M. Lakich
Harvard University
David W. Lea
Haverford College

Alan J. Lewitus
Rutgers University
Moss Landing Marine
Laboratories

Sarah A. Little
Stanford University

Stephen E. Lohrenz
Uriversity of Oregon

Elizabeth S. S. Macomb
Barnard College, Coliumbia
University

William R. Martin
Brown University
Crniversity of Washington

Anne E. McElroy
Broun University

Ann P. McNichol
Trininy College

Andre A. Merab
Massachusetts Institute of
Technology

Richard S. Mercier
University of Waterloo,
Canada

James H. Miller
Worcester Polytechriic
Institute
Stanford University

Boris Moro
University of Zagreb,
Yugoslavia
State University of New York,
Story Brook

Mark H. Murray
Massachusette Institute of
Technology

Ellyn Montgomery launches an XBT from
Oceanus.

Mel Briscoe




Haim Nelken
Hebrew University, Israel
Kirby S. Olson
Eckerd College
Brian P. Palenik
Princeton University
Stephanie L. Pfirman
Colgate University
Robert S. Pickart
Susquebanna University
Stephen D. Pierce
Tufts University
JohnJ. Polcari
United States Naval Academy
Lorenzo M. Polvani
McGill University, Canada
Rui V. Ponte
University of Rhode Island
Subramaniam D. Rajan
College of Engineering, Indica
James B. Rilev
Yale University
Stephen R. Rintoul
Harvard University
- Elizabeth M. Robinson
Reed College
Leslie K. Rosenfeld
Uniiversity of Washington
Jill V. Scharold
Michigan Technological
University
Hagen Schempf
Stevens Institute of
Technology
Steve G. Schlipf
California Institute of
Technology
Peter N. Schweitzer
Urniversity of Maryland
Unaversity of Kansas
GlenT. Shen
Massachusetts Institute of
Technology
Robert M. Sherrell
Oberlin College
Richard P. Signell
University of Michigear
Elisabeth L. Sikes
Wesleyan University
University of North Carolin
Niall C. Slowey
Tufts University
University of North Carolina
Wendy M. Smith
Rensselaer Polytechnic
Institute
Elisabeth A. Snowberger
Washington University
Kevin G. Speer
University of California,
Santa Barbara
William S. Spitzer
Harvard University

Arthur J. Spivack
Massachusetts Institute of
Technology
Peter J. Stein
Massachusetts Institute of
Technology
W. Kenneth Stewart
Florida Atlantic University
Cape Fear Technical Institute
Lucia Susani
Broun University
Stephen A. Swift
Dartmouth College
Oregon State University
Fredrik T. Thwaites
Massachusetts Institute of
Technology
Douglas R. Toomey
Pennsylvaria State Uniiversity
Thomas W. Trull
University of Michigan
Eli Tziperman
Hebrew University, Israel
Lisa A. Urry
Tufts University
Alexander F. M. J. van Geen
Uniiversity of Washingtorn
Daniel Vaulot
Ecole Polytechhiique, France
Ecole National du Genie
Rural des Eaux et des Forets,
France
M. Ross Vennell
University of Auckland, New
Zeciland
Sophie Wacongne
University of Pierre and
Marie Curie, France
Elizabeth B. Welsh
College of William and Mary
Michael S. Wengrovitz
Southern Methodist University
University of Virginia
John L. Wilkin
University of Aucklarid, New
Zealand
Joanne M. Willey
Unidversity of Pennsylvanic
Unidversity of Peninsyiveania,
School of Nursing
Tamara M. Wood
Uniion College

Postdoctoral
Scholars
1984-1985

Mark A. Altabet

Harvard University
John R Ertel

Uriversity of Washington
Kurt Fristrup

Harvard University

Ann McNichol prepares samples in a

nitrogen atmosphere for studies of
anoxic sediments.

Barbara J. Kamicker
University of Washington
Ross C. Kerr
University of Cambridge
Robert M. Leckie
University of Colorado
Saran Twombly
Yale University
Spahr C. Webb
Scripps Institution of
Oceanography

Marine Policy
and Ocean
Management
Research Fellows
1984-1985

Bernhard I Abrahamsson
Crversity of Wisconsin
Conner L. Bailev, Jr.
Cornell Criiversity
Dean E. Cyeon
Yale Law School
Steven E Edwards
University of Rbhode Island
Nathaniel B. Frazer
University of Georgia
Finn Laursen
University of Pennsylvania

Mark Meo
University of California,
Dauis

*Michael A. Morris

The John Hopkins University

M. J. Peterson
Columbia University

Ivon D. Pires-Filho
CUniversity of Virginia School
of Law

Summer
Student
Fellows

John A Assad

Steite Uniiversity of New York,

Buffalo

Peter A Braza

University of Wisconsin
Stephen S. Childress

Carleton College
Mary C. Curran

Urniiversity of South Carolina
Michael M. Givertz

Brown University
Noel P. Gurwick

Brown Urniversity

*Senior Fellow
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Yvette M. Jockin
Colgate University
Gregory C. Johnson
Bates College
Musa K. Jouaneh
Uriiversity of Southwestern
Louisiana
Anthony D. Leavitt
University of Massachusetts,
Amberst
Ana Lucia G. Macario
Uniiversity of Oregon
Duncan C. Mellor

University of New Hawmpshire

William R. Morrell

Yale University
Laurence Peiperl

Princeton University
Sandra M. Pinnavaia

Michigan State University
Jonathan G. Pope

Harvard University
Timothy J. Snope

Lafayette College
Lisa 1. Strong

Obio Northerrt Uriiversity
Jennifer S. Tirnauer

Yale University
David Walsh

Earilbam College

Minority
Trainees in
Oceanography

Sharon P. Downey

Colgate Uriversity
Lisa G. Hardy

University of Rochester
Luis L. Hernandez

Broun University
Joanna Lee

Bryn Mawr College
Peter O. Okrah

Lemoyne-Owen College

Visiting Scholars

Farooq Azam
Scripps Institution of
Oceanography
Steven Emerson
Uniiversity of Washington
John A. DeSanto
Colorado School of Mines
Ray F. Weiss
Scripps Institution of
Oceanography
Robert L. Parker
Scripps Institution of
Oceanography

Peter P Niiler
Scripps Institution of
Oceanography
Isaac M. Held
Princeton University
Michael S. Longuet-Higgins
University of Cambridge,
United Kingdom

Geophysical
Fluid Dynamics
Summer Seminar

Fellows:

Bruce J. Bayly
Massachusetts Institute of
Technology
Andre Gorius
Ecole Normale Superieure,
Faris
Yoshi-Yuki Havashi
University of Tokyo
Oliver S. Kerr
Bristol University
Ross C. Kerr
Urniversity of Cambridge
Lorenzo M. Polvani
Massachusetts Institute of
Technology
Leonard A. Smith
Columbia University
John R. Taylor
Australian National
University

Staff Members
& Lecturers:

Hassan Aref
Broun University
Michael Baker
Massachusetts Institute of
Technology
Wilfred B. Bryan
Woods Hole Oceanographic
Institution
Frederick H. Busse
University of California
William Collins
Uriiversity of Chicago
Henry J. B. Dick
Woods Hole Oceanographic
Institution
David Fearn
Cambridge University
Glenn Flierl
Massachusetts [nstitute of
Technology
Andrew Fowler
Massachusetts Institute of
Technology

Roger Grimshaw
University of Melbourne
Tim Grove
Masscachusetts [ystitute of
Technology
Leslie Hocking
University College of London
Judy Holyer
Bristol University
Louis Howard
Florida State University
Herbert E. Huppert
University of Cambridge
Joseph B. Keller
Stanford University
Ruby Krishnamurti
Florida State University
David Loper
Florida State University
Willem Malkus
Massachusetts Institite of
Technology
Joseph Pedlosky
Woods Hole Oceanographic
Institution
Yves Pomeau
Schlumberger-Doll Research
Michael Proctor
University of Cambridge
John Reid
Hampshire College
Neil M. Ribe
Yale University
Frank Richter
University of Chicago
Peter N. Rhines
Woods Hole Oceanographic
Institution
Barry Ruddick
Halifax University
Raymond W. Schmitt
Woodls Hole Oceanographic
Institution
Haraldur Sigurdsson
University of Rbode Islard
R. Steven J. Sparks
Uniiversity of Cambridge
Edward Spiegel
Columbia University
Melvin E. Stern
University of Rhode Island
Henry M. Stommel
Woods Hole Oceanographic
Institution
George Veronis
Yale University
Pierre Welander
University of Washington
John A. Whitehead
Woocls Hole Oceanographic
Institution

M. Grae Worster
Massachusetts Institute of
Techrnology

William Young
Scripps Institution of
Oceanography

Stephane Zaleski
University of Paris

Visiting
Investigators

Marie-Pierre Aubry-Berggren
National Center of Scientific
Research, Paris

Robert E. Bowen
Institute for Marine & Coastal
Strecdies, University of
Southern California,

Los Anigeles

Cabell S. Davis 111
National Marine Fisheries
Service Woods Hole

David Gulley
Henry Krumb School of
Mines, Columbia University

Sherwood Hall
Institute of Marine Science,
University of Alaska

David A. Johnson
Geology and Geophysics
Department, Woods Hole
Oceanographic Institution

Julie A. Leary-Pederson
Massachusetts Institute of
Technology

Susan H. Lohmann
Sea Education Association

Vincent D. Lyne
University of Australia

Ian N. McCave
University of East Anglia,
United Kingdom

Douglas C. Nelson
Biology Department Woods
Hole Ocearographic
Institution

Ivon D. Pires
University of Virginia

Giulio Pontecorvo
Columbia Urniversity

Bryce Prindle
Ocean Engineering
Department Woods Hole
Oceanographic Institution

Kurt L. Smrcina
Ocean Engineering
Departmert Woods Hole
Oceanographic Institution

Jens C. Sorenson
Massachusetts Institute of
Technology




Guest
Investigators

Beverly Agler
Marine Biological
Laboratory

Arthur B. Baggeroer
Massachusetts Institute of
Technology

Bradford Butman
U. S Geological Survey,
Woods Hole

Sang-Kvung Byun
Korea Oceann Resecrch &
Development Instituite, Seoul,
Korec

Jerry Cheney
Biology Department, Woods
Hole Oceanogreaphic
Institition

Sallie W. Chisholm
Massachusetts [nstitite of
Technology

Biliana Cincin-Sain
Depeirtment of Political
Science University of
California, Santa Barbara

J. Phil Clarner
Biology Department, Woods
Hole Ocearnographic
Institution

Robert Commeau
US.G.S., Woods Hole

Liang Gao
Institute of Oceanography,
Qingdao, PRC

Newell Garfield 111
University of Rbode Island

Graham S. Giese
Provincetoun Center for
Coastal Studies

Richard M. Goody
Harvard University

Marvin Grosslein
National Marine Fisheries
Service, Woods Hole

Kazuchika Hamuro
Mirnisiry of Foreign Affairs,
Japan

Jean M. Hartman
Biology Department, Woods
Hole Oceanographic
Institution

George F. Heimerdinger
Environmental Data Service,
NOAA

Xiaoping Jia
Nan Hai Fisheries Institute
Fisheries Academy of China
Guangzhou, PRC

Ruth E. Keenan
Science Applications, Inc,
Mclean, Virginia

Thomas H. Kinder
Naval Ocean Research &
Development Activity NSTI,
Mississippi

Helen Kirk
University of California,
Santa Barbara

Robert W, Knecht
University of California,
Santa Barbara

Jacques-Andre Malod
Universite Pievre et Marie
Curie Faris, France

Timothy F. McConachy
University of Toronto

Linda Miller
Wellesley College

Lloyd Nadeau
Marine Biological
Laboratory

Frederick Olmsted
Biology Department, Woods
Hole Oceanographic
Institution

Efrain Perez
Quito, Ecucdor

John H. Ryther
Harbor Branch Institution,
Ft. Plerce

Amelie Scheltema
Biology Department, Woods
Hole Oceanographic
Institution

Rene P. Schwarzenbach
Federal Institute of
Technology Switzerland

Brian W. Scully
Acadia University New
Brunswick, Canada

Kurt M. Shusterick
Marine Policy & Ocean
Management Department,
Woods Hole Oceanographic
Institution

Michael Sissenwine
National Marine Fisheries
Service, Woods Hole

Ruth D. Turner
Harvard University

Peter Tvack
Department of Biology,
Woods Hole Oceanographic
Institution

John Walsh
Brookhaven National
Laboratories

Gui-Zhong Wang
Xiamen University Xiamen,
Fujian, PRC

Terry Whitledge
Brookhaven National
Laboratories

E. Paul Oberlander and John Cook at
work in Graphic Services.

Guest Students

Rebecca M. Andrade
Wheaton College
Christine J. Becker
Smith College
Wafik B. Bevdoun
Massachusetts Institute of
Technology
Jessica A. Bush
Wheaton College
Anne E. Carey
Massachusetts [nstitute of
Technology
Colleen Cavanaugh
University of Michigan
Harvard University
Louise L. Cholette
Colby College
Kathryn A. Doms
Boston University Mavine
Progreim
Fiona N. H. Dorgelo
Rijkstodcersitet Utrech,
Netherleris
Todd A Drummey
Roger Willicims College
Evan J. Frost
Kalewnazoo College
Newell Garfield, 111
University of Rbhode Island
Kourosh Gharachorloo
Stanford University
Estelle S. Harris
Claremont McKenna College
Rhonda M. Kavee
University of Virginia

Susan P. Keydel
Hampshire College

Constant A. Kyriazi
Clark University

Dennis A. Lindwall
Cniversity of Hawaii

Jessica Liu

Harvard University
Gayle C. Lough
Northeastern University
Timothy E McConachy
University of New Englarnd,
Australia
Catherine McGowan
Boston University
Pilar M. Munoz
University of Madyid, Spain
Michael E O'Dea
Unidversity of Massachusetts,
Amiberst
Federico Pardo-Casas
National University of
Engineering, Peru
Caroline M. Pomeroy
Yale University
Amy T. Sewell
Carleton College
Theodore G. Shepherd
Massachusetts Instittite of
Technology
Samuel M. Welch
University of New Hampshire
Nicole L. Wolf
Kalamazoo College

Shelley Lauzon
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Voyage Statistics

R/V Lulu

Voyage Cruise Period
7 Jun-7 Jun
25 Aug-26 Aug
121 18 Sep-29 Oct

Principal Objectives, Avea of Operations

To shipyard
From shipyard
Transit to San Diego for transfer to Navy,

COMSUBDEVGRU ONE for use with Navy submersible
SEA CLIFF

Total Nautical Miles for 1984 — 5,143 miles

Total Days at Sea — 35 days

Ports of Call
(Destination)

Boston
Woods Hole

Rodman Naval Base
Balboa

Acapulco, Mexico
San Diego, California

R/V Lulu spent the first five months of the year at the Woods Hole pier awaiting word on Navy plans for the vessel. Commencing 1 June
1984 WHOI personnel began preparation to deliver Lulu to the Boston Shipyard Corporation for certain repairs and overhaul as required
in order to bring the ship to readiness condition for delivery to Submarine Development Group ONE in San Diego, CA. On 14 December,
after repairs and transit had been completed, responsibility for Lz was passed to Tracor Marine in San Diego.

R/V Knorr

Voyage Cruise Period
104-VI 11Jan-19 Feb
104-vil 28 Feb-13 Mar
104-VIIl 17 Mar-7 Apr
104-IX 14 Apr-21 Apr
104-X 24 Apr-11 May
105 15 May-16 May
12 Aug-13 Aug
106 18 Aug-28 Aug
107 5 Sep-9 Sep
108 14 Sep-24 Sep
109 2 Oct-2 Oct
1101 12 Oct-22 Oct
110-I1 25 Oct-15 Nov
110-1I 18 Nov-28 Nov
111 9 Dec-18 Dec

Principal Objective, Area of Operations

Hydrographic stations and data collection on the
general circulation of the South Adantic and southern
oceans

Hydrographic and XBT stations in the Falkland and
Brazil Currents for biological studies of the western
South Atlantic

Studies of the dynamic response of the upper equatorial
Atlantic Ocean to seasonally varying surface winds for
the SEQUAL program

Hydrographic station in the eastern North Atlantic for
chemical studies

Deployment of a sediment trap mooring, box coring,
and hydrographic stations for studies of marine
phytoplankton, foraminifera and pore water chemistry

To shipyard
From shipyard

Geological and ocean engineering studies at the High
Energy Benthic Boundary Layer Experiment (HEBBLE)
site to characterize the effects of the Western Boundary
Undercurrent on the Nova Scotian continental rise

Engineering tests of newly developed deep ocean
vehicles

Performance evaluations of the ARGO testbeds and
other deep sea floor exploration tethered vehicle
systems

Navy inspection

Deployment of three free-drifting buoy systems for the
Real-Time Link and Aquisition Yare System (RELAYS)
program

Collection of sediment core samples from the Ceara
Rise in the equatorial Adantic

Recovery of three RELAYS buoy systems deployed on
Legl

Continuation of geological and ocean engineering
studies at the HEBBLE site

Total Nautical Miles for 1984 — 26,500 miles

Total Days at Sea — 186 days

Ports of Call Chief Scientist
(Destination)
Punta Arenas, Chile Nowlin (TAMU)
Recife, Brazil Hart

Watson
Dakar, Senegal Weisberg (NCS)
Ponta Delgada, Ferek (FSU)
Azores
Woods Hole Corliss

Andreae (FSU)
East Boston
Woods Hole
Woods Hole Hollister
Woods Hole Marquet
Woods Hole Ballard
Woods Hole
Bridgetown, Walden
Barbados
Bridgetown, Curry
Barbados Lohmann
Woods Hole O'Malley
Woods Hole Hollister




Larry Workman

Anne Rabushka
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Top: Knorr returns home in May after a
HO-month South Atlantic cruise. Left: Testing
the new Avin lift systeny aboard Atlantis 1T
during sea trials in February. Above: Lulu
departs Woods Hole for San Diego and a new
career in September.
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R/V Oceanus
Voyage Cruise Period
144 9 Jan-19 Jan
145 22 Jan-29 Jan
146 1 Feb-7 Feb
147 13 Feb-18 Feb
148 23 Feb-8 Mar
149 12 Mar-19 Mar
150 22 Mar-28 Mar
151 1 Apr-12 Apr
152 17 Apr-1 May
153 2 May-10 May
154 16 May-23 May
155 13 Jun-1Jul
156 5 Jul-5 Jul

22 Jul-22 Jul
157 29Jul-31 Jul
158-1 8 Aug-3 Sep
158-11 9 Sep-6 Oct
158-111 8 Oct-23 Oct
158-1vV 26 Oct-5 Nov
159 13 Nov-20 Nov
160 27 Nov-10 Dec
161 14 Dec-17 Dec

Principal Objectives, Area of Operations

Deployment of five subsurface current meter moorings
in the core of the Gulf Stream east of Cape Hatteras

Deployment of a surface current meter mooring, CTD
and XBT stations at the Long Term Upper Ocean Study
(LOTUS) site at 34°N, 70°W

Collection of samples for the continuing Georges Bank
Sediment and Organism Monitoring Program

Deployment of moored instrumentation for the Shelf
Edge Exchange Processes (SEEP) program

Continuation of studies for the SEEP program and a
hydrographic survey on the continental shelf and slope
south of Long Island

Recovery and deployment of subsurface moorings and
tripods, hydrographic survey across the outer shelf and
slope from 68°W to 71°W

Retrieval of seven subsurface moorings for the SEEP
program, CTD and XBT stations

Continuation of studies for the SEEP program, recovery
of eight moorings, deployment/recovery of sediment
traps, CTD and box core stations

Continuation of studies for the SEEP program,
deployment of seven subsurface moorings, CTD and
XBT stations

Biological studies to assess the impact of exploratory
drilling on benthic communities in Lease Block #372
off Cape May, New Jersey, at 38°36'N,72°55"W

Recovery of five current meter moorings from the
LOTUS site, CTD and XBT stations

Water column measurements of the carbon dioxide
content of seawater related to meteorological and
biological observations

To shipyard
From shipyard

Studies of internal gravity waves in Massachusetts Bay
generated by the interaction of the semi-diurnal tide
with Stellwagen Bank

Diving, mid-water trawling, and plankton net tows to
assess feeding behavior and energetics of gelatinous
zooplankton

Studies of Mediterranean salt lenses in the Canary Basin,
CTD and XBT stations, deployment of SOFAR (Sound
Fixing and Ranging) floats

Deployment of a net of Autonomous Listening Stations
(ALS) and a cluster of SOFAR floats in the Canary Basin
centered at 31°N, 23°W

Deployment of 15 SOFAR floats southwest of the Azores
near 33°N, 33°W; three transponding beacons at 38°N,
59°W, and one SOFAR float at 40.5°N, 63°W

Recovery of six subsurface current moorings, three
surface buoys, one bottom tripod, and a hydrographic
survey as part of the USGS Slope Experiment

Box cores and hydrographic casts to investigate the
impact of exploratory drilling activities on benthic
communities on the Mid-Atlantic Continental Slope off
the New Jersey/Delaware coast

Recovery of four subsurface moorings at 36°14'N,
73°30°W

Total Nautical Miles for 1984 — 22,581 miles
Total Days at Sea - 250 days

Ports of Call Chief Scientist
(Destination)
Woods Hole Watts (URI)
Woods Hole Briscoe
Woods Hole Petrecca
Hampson
Woods Hole Hopkins
(BNL)
Woods Hole Smith
(BNL)
Woods Hole Butman (USGS)
Woods Hole Biscaye (LDGO)
Woods Hole Whitledge
(BNL)
Woods Hole Biscaye (LDGO)
Woods Hole Petrecca
Grassle
Woods Hole Briscoe
Woods Hole Brewer

Newport, Rhode Island

Woods Hole

Woods Hole Joyce

Ponta Delgada, Madin

Azores

Funchal, Madeira Armi (SIO)

Ponta Delgada, Valdes

Azores

Woods Hole Owens

Woods Hole Butman (USGS)

Woods Hole Petrecca
Grassle

Woods Hole Spiesberger




DSV Alvin and R/V Atlantis |l

Voyage

Trial
1121

Trial

112-11

112-111

112-Iv

112-v

112-v1

112-VIl

112-VIIl

112-IX

112-X

112-X1

112-X11

112-XJ1I

112-X1V

112-XV

112-XV1

112-XVII

112-XVIII

Cruise Period

12 Jan-12 Jan
24 Jan-27 Jan

31 Jan-31 Jan
3 Feb-15 Feb

18 Feb-2 Mar

6 Mar-19 Mar

26 Mar-18 Apr

24 Apr-14 May
17 May-26 May
29 May-23 Jun
S Jul-26 jul
30Jul-16 Aug
20 Aug-10 Sep

14 Sep-5 Oct

12 Oct-29 Oct

2 Nov-3 Nov
7 Nov-11 Nov

17 Nov-30 Nov

4 Dec-10 Dec

13 Dec-18 Dec

Principal Objectives, Area of Operations

Test of DSV Alvin handling system

Transit to warmer climate for testing and certification of
DSV Alvin handling system

Test of DSV Alvin handling system

Studies of abyssal bedforms created by deep-sea
currents on the Blake Plateau; four Alvin dives

Four dives off the northern Bahamas to study carbonate
deposition, five dives at the AUTEC Range in the Tongue
of the Ocean for inspection and servicing of various
arrays

Studies of slope evolution and biological communities
on the West Florida Escarpment; seven Alvin dives
Chemical and biological studies of the sediment-water
interface in the Pacitic Guatemala Basin; fifieen Alvin
dives

Exploration and sampling of hydrothermal vents on the
East Pacific Rise; seventeen Alvin dives

Continuation of studies of East Pacific Rise hydrothermal
vents; six Alvin dives

Geological studies of two volcanoes on the East Pacific
Rise; seventeen Alvin dives

Studies of rift morphology and vent deposits on the
Gorda and Juan de Fuca Ridges; sixteen Alin dives

Sixteen dives off the central Oregon and southern
Washington coasts for geological studies

Studies of crustal accretion processes on the Juan de
Fuca Ridge; nineteen Afvinz dives

Continuation of studies of the structural and
metallogenic processes on the Juan de Fuca Ridge; nine
Alvin dives

Observation and sampling of young cratered volcanic
seamounts off the California coast for geological and
biological studies; twelve Alvin dives

Orientation of Navy personnel and one dive to test and
evaluate Alvin navigation systems

Five dives for engineering tests of ALVIN sampling
equipment

Ecological energy transfer studies of the benthic
boundary layer in the Santa Catalina Basin; twelve Alvin
dives

Studies of feeding activities of zooplankton ar the
benthic boundary laver off the California coast: five
Alvin dives

Investigations of fauna and dynamics of sediment
mounds on the floor of the Santa Catalina Basin; four
Alvin dives

Total Nautical Miles for 1984 — 15,900

Total Days at Sea — 274

Total Dives — 174

Ports of Call
(Destination)

Woods Hole

Charleston,
South Carolina

Charleston,
South Carolina

West Palm Beach,
Florida

Andros Island
Tampa, Florida

Cristobal,
Panama

Acapulco,
Mexico

Acapulco,
Mexico

Manzanillo,
Mexico

San Diego,
California

Newport, Oregon
Astoria, Oregon
Astoria, Oregon

San Diego,
California

San Diego,
California

San Diego,
California
San Diego,
California
San Dicgo,
California

Sun Dicgo,
California

San Diego,
California

Chief Scientist

Grice

Flood (LDGO)

Neumann (UNC)
Ricci (NUSC)

Paull (SIO)

Grassle

Craig (S1O)
Edmond (MIT)

Mottl

Von Herzen
Batiza (WU)
Malahoff (NOAA)
Kulm (OSU)
Delaney (UW)

Johnson (UW)
Normark (USGS)

Lonsdale (SIO)
Levin (UNC)

Walden
Childress (UCSD)

Smith (SIO)

Wishner (URI)

Jumars (UW)
Smith (SIO)
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Trustees &
Corporation

To serve until 1986 JOAN T. BOK JAMES D. EBERT

Board of Trustees

Officers

CHARLES F. ADAMS
Chairman

PAUL M. FYE
President

JOHN H. STEELE
Director

KENNETH S. SAFE, JR.
Treasurer

EDWIN W. HIAM
Assistant Treasurer

JOSEPH KIEBALA, JR.
Clerk

Honorary Trustees

ALAN C. BEMIS
JOHN P CHASE

CECIL H. GREEN

CARYL P HASKINS
HOWARD C. JOHNSON
*NOEL B. McLEAN

**DANIEL MERRIMAN

HENRY A. MORSS, JR.
ALBERT E. PARR

E.R. PIORE

ROGER REVELLE

DAVID D. SCOTT

MARY SEARS
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in Memoriam Daniel Merriman

Long-time Corporation Member and Trustee Daniel
Merriman died 6 August 1984 at his home in Bethany,
Connecticut, at age 76. His association with the Insti-
tution began in 1931 when, as a student at Harvard
University, he was invited by the Institution’s first
Director, Dr. Henry B. Bigelow, to sail as 4 member
of the Azlantis crew on her maiden voyage from
Copenhagen to Boston to Woods Hole. A biologist
who served on the faculty of Yale University for many
vears, Dr. Merriman was elected a Member of the
Corporation in 1944 and served as a Trustee from
1944 to 1964. Through the vears he served on
numerous committees and was named an Honorary
Trustee and Honorary Member in 1979. In 1980 on
the occasion of the Institution’s 50th anniversary he
chaired the Third International Congress on the His-
tory of Oceanography in Woods Hole and co-edited
an 812-page volume of proceedings with Dr. Mary
Sears.

Noel B. McLean

Former Chairman of the Board of Trustees Noel B.
McLean died 17 September 1984 at age 77. Mr.
McLean’s formal association with the Institution
began in 1953 when he became one of the founding
members of the Associates, which he served as Presi-
dent from 1955 to 1961. He was elected a Member
of the Corporation in 1954 and a Trustee in 1956,

In 1961 he was elected Chairman of the Board of
Trustees, serving in that capacity until 1973, During
his tenure as Chairman of the Board, the Institution
experienced significant growth in many areas: the
number of personnel doubled, operating funds
nearly tripled, the market value of Institution endow-
ment fund assets increased sixfold, and real property
holdings increased tenfold.

Following his term as Chairman Mr. McLean served
on several Trustee committees including the Devel-
opment Committee from 1966 to 1982 and as Chair-
man of the Campaign for the 1980s and Beyond. In
June 1980 during the Institution’s SOth anniversary
celebration the newly constructed Geosciences Labo-
ratory on the Quissett Campus was dedicated and
named for Noel McLean, “distinguished industrialist
to whom all of marine science is deeply indebted for
his unusual interest and leadership in expanding
man’s knowledge of the ocean in all its facets.”

Philip S. Weld

Well-known sailor and newspaperman Philip S. Weld
died 6 November 1984 in Boston at age 70. Mr. Weld
was the first American winner of the Observor Single-
Handed Transatlantic Race (OSTAR) in 1980, sailing
Monie 2,810 miles from Plymouth, England, to New-
port, Rhode Island, in just under 18 days. His long
career in journalism began as a reporter in Chicago
and later Boston. He served as President and Pub-
lisher of the Glowucester Daily Times and associated
newspapers on the North Shore of Massachusetts and
as President, Publisher and Editor of the European
edition of the New York Herald Tribune. He also
served on the Board of Directors of Affiliated Publica-
tions which publishes The Boston Globe. In 1982 Mr.
Weld endowed his alma mater, Harvard University,
with $1 million to finance a professorship in atmos-
pheric chemistry. He was elected a Member of the
Corporation of the Institution in 1982.

Mr. MdLean’s industrial career began in 1927 at
Bendix Corporation. He was named Executive Vice
President and Director of the EDO Corporation,
manufacturer of airborne and underwater electronics
systems, in 1946; in 1950 he was named President
and in 1962 Chairman of the Board, retiring in 1972.
Noel MdLean spent his life assisting the technical and
scientific communities, energetically and enthusiasti-
cally pursuing various means of coordinating modern
technology with the useful exploitation of the sea.
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©| Financial
Statements

Highlights:

The institution’s total operating revenue increased 6% in 1984 to $48,997,255 compared with a 21% increase and total
revenues of $46,351,069 in 1983. Current unrestricted funds of $2,000,000 were transferred to Unexpended Plant Funds.

Funding for Sponsored Programs increased 4% in 1984 as compared to 1983. The increase results partly from continued
strong funding from the United States Navy which increased from $11,511,000 in 1983 to $13,058,000 in 1984, an increase of
13%. Included in the increase was $589,000 awarded as part of the Department of Defense Instrumentation Enhancement
Program, as well as additional funds for the Deep Submergence Laboratory and acoustics research. The increase in funding
from the National Science Foundation and the Office of Naval Research with general decreases in funding from other
agencies reflect the reprioritization that has been occurring in the federal research effort over the last several years.

Increase
1984 1983 (Decrecse)
National Science Foundation ... ... .. .. ... . . $20,936,000  $19.978.000 +.8%
Office of Naval Research ... ... ... ... ... . .. .. 13,058,000 11,511,000 13.4%
Department of Energy . ... ... o 533.000 812,000 (34.4%)
National Oceanic & Atmospheric Administration ... ... ... .. 1.389,000 1,869.000 (25.7%)
Other GOvVernment ...................... ... 1.775,000 1,819,000 (2.4%
Restricted Endowment Income . ... ... .. .. . ... ... .. ... 723,000 685,000 5.5%
Other Restricted Gifts, Grants, and Contracts .. .......... ... 4,180,000 4,262,000 (19%)
$42,594.000  $40,936,000 +.0%

Capital expenditures including year-end work in progress were $1,306,000, a decrease of 42% over 1983 expenditures of
$2,265,000. Included in the total for 1983 was $1,250,000 applied toward completion of the Paul M. Fye Laboratory.

Funds expended in 1984 were used for continuing renovations to our older facilities, additional warehouse space and
the upgrading and replacement of our computer resources. Funds for capital improvements were derived from gifts,
depreciation recovery, and use of other Institution unrestricted income.

. 1984 1983 Increase

Other selected statistics are: { Decrease )
Full time Equivalent Employees . ........... ... ... ... .. 71 772 (0.1%)
Total Compensation (including Overtime and Benefits) ... .. $25.780,000  $23,550,000 9.5%
Retirement Trust Contribution .............. ... ... .. ... 2,119,000 2,184,000 (3.0%)
Endowment Income (nety . ... 3,221,000 2,634,000 22.2%
Additions to Endowment Principal ... ... 00000 57,000 791,000 (92.8%)
Endowment Principal (vear-end at marketvalue) ..o 56,441,000 57,473,000 (1.8%)

Gifts and grants from private sources including the 1,455 WHOI Associates totaled $1,813,000 in 1984 of which $985,000 was
restricted and $828,000 was unrestricted as follows:

Addition to Endowment Principal ... $ 56,000
Laboratory CONSIUCHON . .. ..o e 35,000
Marine Policy & Ocean Management ... ... ... i 116,000
Benthonic Foraminifera Studies ... ... 62,000
Education Program . ........ ... 69,000
Coastal Research Programs ... ... . 514,000
Other Research Programs .. ... .. . 21,000
OCEANUS MAAZIME . ..ottt e e e 20,000
Whale BIOACOUSLICS -« v o vt e e et et e e e e e e 92,000
UNCEStricted . . . o oo 828,000

$1.813,000

Funds availed of in support of the Education Program were derived principally from endowment income received in 1984
totaling $1,617,000. In addition to other funds restricted for education, unrestricted funds of $451,000 were availed of for the
Education Program. Funds of $838,000 for student tuition and stipend support were provided either directly by charges to
Research Grants and Contracts or indirectly through the General and Administrative overhead rate.

Your attention is invited to the Financial Statements and the notes accompanying them, audited by Coopers & Lybrand.
Joseph Kiebala, Jr.
Assistant Director for Finance and Administration
Kenneth S. Safe, Jr.
Treasurer
Gary B. Walker
Controller




Anne Rabushka

Balance Sheets, December 31, 1984 and 1983

ASSETS 1984 1983
Current Fund Assets (Note A):
Cash. ... oo o 5 (297484 § (136327)
Short-term investments,
at cost which approximates market ........... 13,479,552 11,837,079
Accrued interest 199,040 106,587
Reimbursable costs and fees
Billed. ... 949,552 423347
Unbilled .......... .. ... .. .. ... . 227153 631,902
Otherreceivables. . ... ... ... ... .. .. ... 333,598 380,888
Inventorie +42,522 449,106
Deferred charges and prepaid expenses 210,272 91,468
Deferred fixed rate variances .. ... .. ... ... (565,568) 164,431
Ductootherfunds. ........... .. .. .. ... ... (3.974,165) (4.247,263)
9,004,432 9,701,218
Endowment and Similar Fund Assets
{Notes A and B):
Investments, at market:
Bonds ... 18,417,993 18,072,639
StOCKS ... 32,461,532 35,743,528
Other....... ... . .. ... ... . 595,013 113,720
Total investments (cost $43,796,201 in 1984
and $45,463,470In1983) .. ... ... 51,474,538 53,929,887
Cash and cash equivalents . ........... ... ... ... 4,956,614 3,543,605
Due fromcurrentfund ...... ... . L 10,200 —
56,441,352 57,473,492
Annuity Fund Assets (Note A):
Investments, at market (cost $69,614 in 198+ and
BO6T951IN1983) ... 100,580 102,700
Casho . oo 1,727 1,928
102,307 104,628
Plant Fund Assets:
Land, buildings, and improvements . ... ....... .. 22502,765 21,840,140
Vessels and dock facilities ... ... ... L 7,430.092 T420,676
Laboratory and other equipment ... ......... ... 2,984,951 3,703,389
Construction in progress............... . ... 151,560 23,665
33,069,368 32987870
Less accumulated depreciation . ... .. L. 11,749,854 11,724.960
21,319,514 21,262910
Due from currentfund ......... ... L 5,963,965 4,247,263
27,283,479 25,510,173
$92,831,570  $92,789,511

LIABILITIES AND FUND BALANCES
Current Fund Liabilities and Balances:
Accounts pavable, other accrued expenses and
deferred revenues ... ... L.

Accrued payroll related liabilities .. ... ...

Unexpended balances restricted for:
Sponsoredresearch .. ... oL
Education program

Total restricted balances

Unrestricted balances designated for:
Income and salary stabilizaton . .. ... ...
Ocean Industry Program ... .................
Unrestricted carrent fund . ............ . oL

Total unrestricted balances

Endowment and Similar Fund
Liabilities and Balances:
Endowment:
Income restricted . . ... L Lo
Income unrestricted
Termendowment. . ........ ... ... ...

Quuasi-endowment:
Income restricted . ... ... oL

Annuity Fund Liabilities and Balance:
Annuities payable . ... oo o oo
Fund balance

Plant Fund Balances:
Investedinplant. . ... .o oo L
Unexpended, unrestricted

1984 1983
$ 1866430 $ 1936,298
1,846,677 1,923,041
807,021 1,713,233
425409 384,316
1,232 430 2,097,549
3,213,778+ 2,949,998
298,543 273,177
540,562 520,555
4,058,889 3,743,730
9,004,432 9,701,218
34,375,632 35,003,586
660,710 651,782
3,630,173 3,700,359
8195972 8,353,700
9,578,865 9,764,065
56,441,352 57,473,492
22351 23,381
79.956 81,247
102,307 104,628

21,319.51+4 21,262910

5,963,965 4,247,203
27,283,479 25,510,173
$92,831,570  $92,789,511

The accompanying notes are an integrad part of the financial statements.

? Left: Director
John Steele
greets Knorr
upon the ship’s
arrival in Woods
Hole in May
following a 10-
month South
Atlantic voyage.
Right: Tom
Rennie checks
controls in the
Clark power
plant.
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62 | Statement of Current Fund Revenues

and Expenses for the years ended

Shelley Lauzon

December 31, 1984 and 1983

Revenues 1984 1983
Sponsored Research:
GOVEernMENt .. ...t $ 37090433  § 35988942
Nongovernment. . ........... ... ... 4,904,224 4,940,970
42,594,657 40,935912 H H H
Education funds availedof ... .. ... . ... ... .. 1,868,849 1,720,821 Report Of the Certlfled PUbIIc
Total restricted ... ... 44463506 42656733 Accountants
Unrestricted:
FEES. 86,229 a3+ 10 the Board of Trustees of
Endowment and similar fund income ... ... .. ... 791,357 648,833 H 1 1 .
GHfES . oo oo 827,868 659,089 Woods Hole Oceanographlc Institution:
Tuition. ... ... 788,101 645,523 .
Investment income . . ........... .. ... .. ... ... 1,141,562 764,853 We have examined the balance sheets of Woods Hole
Oceanus subscriptions ......... ... .......... .. 246,871 244157 : : :
Other. . L 251761 24754 Oceanographic Institution as of December 31, 1984, and
Total unrestricted ... ... 4,533,749 3094336 1983, and the related statements of changes in fund
Total revenues . ......................... .. 48,997,255 46,351,069  balances, and of current fund revenues, expenses and
P
Expenses transfers for the years then ended. Our examinations
Sponsored research: Wi i rdan i
Salaries and fringe benefits .................. ... 12,822,261 11.913,384 er.e.made n accordance Wlth genel.‘ally accepted
Ships and submersibles ... ... 923,030 -370500  auditing standards and, accordingly, included such tests
M il | i 6,265,839 5,581,783 &
aterials and equipment . ... L 6,265, \581,7 , i
SUBCOMMUACES .. ..o 1,016,392 gsiza1  Of the accounting records and such other auditing
Laboratory Overhead . ... ................ ... ... 3,460,402 3,463,170 procedures as we considered necessary in the
Other. . ... 6,612,020 7,589,201 i
General and administrative .. ..., . .. 4,494,713 4,163,524 clrrcumstances.
12594657 0935912 In our opinion, the financial statements referred to
Education: ’
Faculty eXpense . ... ... 522,052 421188 above present fairly the financial position of Woods Hole
Student expense. . ... 1,000,533 861,555 : -
Postdoctoral programs. ... L 338,302 319,618 Oceanographlc Institution as of December 31’ 1984’ and
Other. ... 227,270 214,022 1983, the Changes in its fund balances, and its current
General and administrative . ... ... 0L 231,340 285417 fund d ‘ for th th
2319407 2.101.800 I erenUCS, eXp.CIlSC.S and transters for the years 'el'l
Unsponsored research . ........... ... ... ....... 632,486 918,858 ended, mn COI'lfOI'IIlltY with genemlly accepted accountmg
Oceanus mggazine .............................. 303,102 29/2/50:’ principles applied on a consistent basis.
Otheractivities . ............. ... ... ... ....... 588,210 544,595
General and administrative .. ... ... L 184,144 231,522
1,707,942 1,987,482
Totalexpenses............................ 46,622,096 45,025,194

Net increase — unrestricted current fund ... .. .. $ 2,375,159

$ 1,325,875

Designated for:

Cp@fe/m_-é,z/ﬂml

Income and salary sabilizatdon ... ... ... .. ... $ 263,786 3 216278

Ocean Industry Program ... ... ... .. 25,366 (15887)  Boston, Massachusetts
Unrestricted currentfund .. ....... ... ... ....... 26,007 66,490 !

Innovative research fund .. ............ ... ... .. 60,000 - March 27, 1985
Endowmentfund .............. ... .. ... . ... - 58,994

Plant fund, unexpended ... ... .. 2,000,000 1,000,000

$ 2,375,159

$ 1,325,875

The accompanying notes are an integral part of the financial statements.

Noynius®

Coastal Research Laboratory,
Quissett Campus.




Statement of Changes in Fund Balances
for the years ended December 31, 1984 and 1983

1984

Increases:
Gifts, grants and contracts:
Government . ...
Nongovernment . . S

Endowment and similar funds investment

income{Note D) ... ..
Net increase in realized and unrealized

appreciation ...
Other............ .

Decreases:
Expenditures
Depreciation (Note A) ...

Total decreases .. ..o o oo

Net change before transfers ... ...
Transfers — additions (deductions):
Current revenues to plantfund ... ... L.
Current revenues to endowment ... .. ..
Current revenues to innovative research
fund. ... o
Plunt asset additions .. ... .o o

Totalwansfers .. ... . L

Change in fund balance for the vear. ... ...
Fund balance, December 31,1983 .. ... ...

Fund balance, December 31, 1984

1983

Increases:
Gifts, grants and contracts:
Government .. ...
N()ng()\‘emmen[ -

Endowment and similar funds investment

income (Note D)
Net increase in realized and unrealized

appreciation ... L
Other. ... o

Total increases .. ... ... ..
Decreases:

Total decreases ...

Net change before transfers ... L.
Transfers — additions (deductions):
Current revenues to plant fund . ... .
Current revenues to endowment ... . ...
Fiftieth anniversary fund to endowment .
Plantassetadditions .. ........... ...

Total transfers . ... . ...

Change in fund balance for the vear
Fund balance, December 31, 1982

Fund balance, December 31, 1983

Current Fund Plant Fund
Endowment
and Similar Annuity Invested Total
Restricted  Unrestricted Total Funds Fund In Plant Unexpended Funds
$37.175.709 37175709 § 3770
3.841.043 § 827808 +069,511 b 56.206 3 35.120 +.700831

2,429,840 T91.357 3.221.203 3221203
(1.089.117) (L0891
91.9006 2914524 3.006.430 §(1.291) 3.005.139
43,539,104 +.533.749 48072913 (1.032917) (1.291) 35,120 47073825
(+4.403.5006) (2,158,590) (40.022.096) (40,022,090}
$ (1.2489™4) 987160 (261.814)
(++4,403.500) (2.158.390) (40,622,096) (1.248.974) 987100 (40.883.910)
(924,342) 2.375.159 1450817 (1.032917) (1,291} (1.24897¢) 1,022,280 189915
(.2.000.000) (2.000.000) 2,000,000 -
(777 (7 o -
60,000 (60.000) -
1305578 (1.305578) —
59.223 (2.060,000) (2.000.777) o 1.305.578 094,422 -
(865.119) 315139 (549.960) (1.032.140) (1.291) 30.604 1.716,702 189915
2097549 3.743.730 5.841.279 57473492 81,247 21.262910 £.247.203 88.900.191
$1,232,430 $4,058,889 $5,291,319 $56,441,352 $79,956 $21,319,514 $5,963,965 $89,096,106
$35.775,13+4 S A5TTS034
4,362,960 $ 039089 § 326496 $ 083,025 0032170
1,985,502 648.833 2.034.335 2034335
3.889.689 3.889.089
71,946 2380414 2,458,360 § 5655 2404015
42,195,542 3,094,336 45,889,878 4210185 5.05% (83,625 50.795 343
(-42.656.733) (2.308.:401) C45.025.191) (45.025,194)
$1099.087)y 837243 (201.81+4)
I 197
CR20%0,744) 2308301 (AR 025 194 (1098.800) 837243 (45.286.811)
(401,191 3 Hirg vty 1LA16,185 5.065% € 1.098.800) 1.520.868 5,508,332
(1000000 {1.000,0060) 1.000.000 -
(397) [AREAATS Clab), 45 ) 149,145 -
CA15.00%) (319,013 AIS.0eiA -
2204874 (2,204.87+4) -
(597 (1404191 (1.404.788) 404,788 2204874 (1,204,874) -
(161.788) C1A8.310) (600, H)-1) 1080973 3,655 1,166,014 25599+ 5.508,532
RESDER S A MR 0440 Oq401,383 52792519 75,592 20,096,896 3,991,269 83,397,659
$2,097,549 $3,743,730 $5,841,279 $57,473,492 $81,247 $21,262,910 $4,247,263 $88,906,191
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Notes to Financial Statements

A. Summary of Significant
Accounting Policies:

Frnd Accounting

In order to comply with the internal
designations and external restrictions
placed on the use of the resources avail-
able to the Institution, the accounts are
maintained in accordance with the prin-
ciples of fund accounting. This proce-
dure classifies resources into various
funds in accordance with their specitied
activities or objectives.

Investments

Investments in securities are stated at
market value determined as follows:
securities traded on a national securitics
exchange are valued at the last reported
sates price on the last business day of
the vear: securities traded in the over-
the-counter market and listed securitics
for which no sales prices were reported
on that day are valued at closing bid
prices. Investments for which a readily
determinable market value cannot be
established are stated at cost.

Income, net of investment expenses.

is distributed on the unit method.
Unrestricted investment income is rec-
ognized as revenue when received and
restricted investment income is recog-
nized as revenue when it is expended
for its stated purpose. Realized and
unrealized gains and losses are attrib-
uted to the principal balance of the
funds involved.

The Institution follows the accrual basis
of accounting except that endowment
and similar fund investment income is
recorded on a cash basis. The difference
between such basis and the accrual basis
does not have a material effect on the
determination of investment income
earned on a vear-to-yvear basis.

Contracts and Grats

Revenues associated with contracts and
grants are recognized as related costs
are incurred. Beginning with fiscal 1978,
the Institution has negotiated with the
government fixed rates for the recovery
of certain indirect costs. Such recoveries
are subject to carrvforward provisions

Rod Catanach

that provide for an adjustment to be
included in the negotiation of future
fixed rates

Gifts

Gifts are recorded in the applicable
funds when received. Noncash gifts are
generally recorded at market value on
the date of gift although certain noncash
gifts for which a readily determinable
market value cannot be established are
recorded at a nominal value of $1 until
such time as the value becomes known
Unrestricted gifts are recognized as rev-
enue when received and restricted gifts
are recognized as revenue as they are
expended for their stated purposes.

Plant

Plant assets are stated at cost. Deprecia-
tion is provided at annual rates of 2% to
8129% on buildings, 3',% on Adantis 11
and 5% 10 33 1.3% on equipment.
Depreciation expense on Institution-
purchased plant assets amounting to
$987.160 in 1984 and $837.243 in 1983
has been charged to operating expenses.
Depreciation on certain government
funded facilities (Affantis I laboratory
for Marine Science and the dock facility,
amounting to $261,814 in each vear) is
accounted for as a direct reduction of
the plant asset and invested in plant
fund. Title to the research vessel Adantis i
is contingent upon its continued use for
oceanographic research.

Plant assets were reduced $1,126,000 for
fully depreciated assets no longer in
service and those items which no longer
meet the [nstitution’s criteria for
capitalization

The Institution consolidates available
cash from the plant fund with other cash
in the current fund for investment.

Annuity Funds

On the date of receipt of annuity fund
gifts, the actuarially computed value of
the future payments o annuitants is
recorded as a liability and any excess
amount of the gift is credited to the fund
balance. The actuarial values of the lia-
bilities are recomputed annually.

Alvin returns from a dive as Atlantis Il
approaches for recovery.

B. Endowment and Similar Fund Investments:

The cost and market value of investments held at December 31, 1984, and 1983, are as
follows:

December 31, 1984
Cost Market

December 31, 1983
Cost Market
Government and

government agencies  $ 15191373 § 15949425 § 14405246 § 14,692,093

Convertible bonds .. .. 268,125 287,000 780,563 T45.250
Corporate bonds ... .. 2,162,592 2,181,508 2.333.2406 2,635.296
Convertible preferred

stocks Lo 295,715 222,000 596,790 496,000
Common stocks .. .. .. 25297331 32.239.532 27,041,625 35.247.528
Other............... 581.065 395.013 100,000 113,720
Total investments . . . $43,796,201  $51,474,538 $45,463,470 $53,929,887

C. Pooled Investment Units:

The value of an investment unit at December 31, 1984, and 1983, was $1.2652 and $1.2896,
respectively. The investment income per unit for 1984 and 1983 was $.0723 and $.059+,
respectively.

1984 1983
Unit value beginning of vear . ... ... o0 oo L $12896  $ 12011
Unitvalue end of vear ... oo oo oo 1.2652 1.2896
Net change forthevear ..o oo 0 o €02-44) 0885
Investment income per unit for the vear ... .. o0 0L 0723 059+
Total return pervmit ... ... ... ... $ 0479 $ .1479
D. Endowment and Similar Fund Income:
Income of endowment and similar funds consisted of the following:
1984 1983

Dividends ... ... 3 995476 $ 888,367
INECTEST oot e e e e e e 2,534,382 2,074,335

3,529.858 2,962,702
[nvestment Management Costs ...................... (308,655) (328367)
Net investment income $3,221,203  $2,634,335

E. Retirement Plan:

The Institution has a noncontributory defined benefit trusteed retirement plan covering
substantially all full-time emplovees. The Institution’s policy is to fund pension cost
accrued which includes amortization of prior service costs over a 30-vear period. Retire-
ment plan costs charged to operating expense amounted to $2,310.000 in 1984 and
$2,352.000 in 1983, including $190.700 and $168,000, respectively, relating to expenses of
the retirement trust. As of January 1, 1984 (the most recent valuation date) the compari-
son of accumulated plan benefits and plan net assets is as follows:

January 1
1984 1983

Actuarial present value of accumulated plan benefits:

Vested ... $ 21570874 § 19282937

Nonvested............... ... ... ... ........ 1,161,858 1.032,504
Total actuarial present value of accumulated plan bene-

(LS L § 22732732 § 20315441
Net assets available for plan benefits . ..... ... .. $31,2806,294 $25,435,384

The assumed rate of return used in determining the actuarial present value of accumu-
lated plan benefits was six and one-half percent compounded annually.

F. Post-Retirement Health Care Benefits:

In addition to providing pension benefits, the Institution provides certain health care ben-
efits for retired employees and their spouses. Substantially all of the Institution’s employ-
ees may become eligible for the benefits if they reach normal retirement age or elect
early retirement with certain time-in-service limitations. The cost of retiree health care is
recognized as an expense when paid. For 1984, those costs totaled $103,779.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


