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near the vents for 10 mo. Often encased in heavy Mn/Fe deposits, multilayered mats of unicellular bacteria were
observed, as well as assemblages of Leucothrix/Thiothrix-like filaments and othe!s resembling trichomes of apochlorotic
cyanobacteria. To date, species of the genus Thiomicrospira, Thiobacillus, and Hyphomicrobium have been isolated and
studied in detail. The gills of bivalves, collected from areas intermittently flushed with H2S-containing vent water and
oxygenated ambient seawater, contained masses of bacteria with high concentrations of CO2-reducing enzymes. Likewise
the 'trophosome' tissue of the gutless tube worm Riftia was found to consist of procaryotic cells exhibiting CO2-reducing
activity. Thus, three locations of chemosynthetic production are proposed: ( 1) within the subsurface vent system; (2) in
microbial mats in the immediate surrounding of the vents; and (3) in various symbiotic associations with invertebrates. It
appears that the predominant chemosynthetic production and most efficient transfer of organic carbon to the vent animals
occurs via symbiosis.

Gl-4
Thick Wedges of Oceanward Dipping Reflectors Beneath Passive Continental Margins - Their
Possible Origin
K. Hinz
Bundesanstalt fur Geowissenschaften und Rohstoffe,
Stil/eweg 2, Postfach 51 OJ 53,
D-3000 Hannover, 51/Ger,nany

Extensive wedges of oceanward dipping subacoustic basement reflectors have been recognized in seismic data from
many continental margins including Antarctica.
The distribution and the common seismic characteristics of the wedges are described. This is followed by a discussion
of the possibilities for the origin of the wedges of oceanward dipping subacoustic basement reflectors.

SESSION G2
THE OCEAN AND CLIMATE
Convenor: K. Hasselmann
G2-1
Heat and Buoyancy Motions in the Ocean
Peter D. Killworth
Department of Applied Mathematics and Theoretical Physics,
University of Cambridge,
Silver St., Cambridge CB3 9EW, U.K.

This paper discusses the mathematical and physical restrictions placed on large-scale oceanic midlatitude flow by
requiring it to be geostrophic, mass- and buoyancy-conserving. In particular, knowledge of the density structure on a
single hydrographic section, and a measure of the Ekman suction velocity, is sufficient to determine in theory the least
noise three-dimensional velocity field on that section, together with the gradient normal to that section. The method is
applied to north-south sections in the North and South Atlantic. In both cases there is very little meridional flow below
about 700 m, except near equatorial regions (or other places where geostrophy might be expected not to hold); this is
confirmation of theories which suggest that (a) the N-S spreading of tongues of anomalous properties (e.g. the
Subantarctic Intermediate Water) may be achieved by E-W advection from a western boundary layer, and (b) deep
upwelling of water originating in the polar regions only propagates equatorially in such boundary layers.
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G2-2
The Role of the Ocean in the Transient Climate Response to Increasing CO2
Kirk Bryan
NOAA and Princeton U11iversity,
Princeton, New Jersey 08540, USA

Any changes in climate due to increasing atmospheric CO2 will be substantially delayed by the heat capacity of the
ocean. The difficulty in estimating this delay is one of the major uncertainties surrounding the CO2 / climate problem.
Transient tracer measurements provide an important guide indicating the important pathways leading downward from
the ocean surface. Numerical models of a coupled ocean and atmosphere are used to examine the analogue of a heat
anomaly at the ocean surface to a passive transient tracer. Winter convection in the subarctic gyre region is found to be
the most effective downward transport mechanism in both cases. Global vertical austausch coefficients computed from the
three-dimensional model simulations compare well to those computed from transient tracer data within the uncertainly of
observations.

G2-3
Seasonal and Interannual Variability of the Surface Currents in the Tropical Pacific Ocean
James J. O'Brien
The Florida State University,
Tallahassee, Florida 32306, USA

We have succeeded in developing an ocean model which can reproduce the timing and relative amplitude of El Nino
events off South America in the Pacific Ocean. The model demonstrates that knowledge of the atmospheric wind field
allows the simulation of the seasonal and interannual variability of the upper ocean currents in tropical latitudes.
The model of Busalacchi and O'Brien in J. Phys. Oceanogr., December 1980, has been used to simulate the Los
N iiios of the 1960s and 1970s. We use a simple linear transport model with open boundary· conditions at 12°S and 18 ° N. It
was initialized with the mean monthly winds for 4 yr to remove initial transients. The estimated ship winds for each month
from January 1961 to December 1978 are used to drive the model. The baroclinic model has one vertical mode with a
phase speed of 245 cm/s. The model predicts the correct timing for El Nino. The cross-correlation of pycnocline thickness
°
90
W, on the equator with sea-level anomalies from Galapagos, is 0.5 with no lag. The pycnocline thickness at
at
°
TALARA, 4 S, correlates at 0.5 with the sea surface temperature anomalies with a lag of 2 months - warming delayed,
of course. A little El Nino occurs every year in the northern hemisphere winter. A non-El Nino year is typically
characterized by two upwelling Kelvin waves generated in January and July between 180°-160 ° W. These are greatly
reduced or absent in an El Nino year.
It is possible to use this simple model to obtain reasonable estimates of upper ocean current variability. Comparisons
made with field data are promising. It is reasonable to conclude that oceanographers can generate realistic estimates of
seasonal and interannual variations in upper ocean currents at low latitudes if they know the wind field every week or so.

G2-4
The Oceans and Atmosphere During Warm Geologic Periods
Eric J. Barron
National Center for Atmospheric Research,
P.O. Box 3000, Boulder, Colorado 80307, USA

Warm, ''ice-free'' climates are typified by the Cretaceous Period (I 35-65 million years ago). The Cretaceous is
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the decades following World War II, improvement in technology (e.g. freezer ships, efficient pelagic trawls, and fish
locating devices) and the addition of vessels from several countries which had previously not fished this area caused a
significant increase in fishing effort and fishing mortality. As a result the fishery changed from one concentrating on a few
select species to a complex of fisheries harvesting from virtually the entire finfish and squid resour�es. During less than two
decades, new fishing fleets entered the fishery and pulse fished in sequence the most abundant populations. The high
fishing mortality decreased stocks very rapidly so that by the mid 1970s estimates of total biomass (particularly in the
Southern area) were only half of that existing in the early l 960s. The large reduction triggered management efforts to
control fishing mortality and resulted, by the mid 1970s, in controls through international regulations on total biomass
landed in the southern area, and on total effort in the northern area.
In 1977 the United States and Canada extended their fisheries jurisdiction and instituted domestic management. The
result of this domestic management was a further reduction in total fishing effort and a shift from a fishery that harvested
all species to one concentrating on traditional resources (e.g. groundfish - cod, haddock, flounder) - resources of high
value in U.S. and Canadian markets. Fishing mortality on the groundfish fisheries continued at relatively high levels
(although the Scotian Shelf area had more moderate fishing mortality), but was reduced on other species such as silver
hake and mackerel.
This paper describes the changes since the restrictions on fishing effort; e.g. in the Georges Bank, Middle Atlantic
area, the groundfish species have rebuilt considerably since the initiation of management in the early and mid 1970s.
Relative species composition of groundfisb is essentially the same as before the increase in the 1960s. However, heavy
fishing pressure combined with the shortness of time, has meant that these stocks have not rebuilt to the same robustness
in terms of the number of abundant age groups in the population as existed prior to 1960. In contrast, the pelagic and
semipelagic species have been slower to recover. There is also evidence of changes in species composition. Herring on
Georges Bank have essentially disappeared. No recent spawning is indicated by surveys of this area and no fishery exists.
The mackerel stocks have rebuilt considerably, but have not yet had the strong year-classes that increased the population
to extreme abundance in the late 1960s and early 1970s. Silver hake have increased moderately in number, but the total
population is not as large as it was in earlier years. This is especially evident in the Gulf of Maine. The silver hake has been
the largest biomass of fish predators in this area. Illex squid and sand lance have greatly increased in number during this
period. In the case of sand lance, several hypotheses have been advanced to explain this increase. Reduction in predators
does not seem viable for there is still a sizeable silver hake population; dogfish remain abundant; there was an increase in
bluefish; and cod were recovering during the time of sand lance explosion. Reduction in competition between sand lance
and Atlantic herring may have had an effect as these species overlap as larvae areally as well as seasonally. However,
reduction in competition does not explain the abundance of sand lance in the areas south of sea herring larvae distribution.
In conclusion it would appear that the community of commercial groundfish species was fairly immune to fishing
pressure. It recovered to the same general species composition when fishing pressure was released. However, certain
pelagic species have not shown the same resiliency. The extent to which their ability to recover is a function of low
spawning stock size or competition with other species cannot be determined from the data sets currently available.

G3-5
New Ideas on the Fluctuations of the Oupeoid Stocks off California
Reuben Lasker
National Marine Fisheries Service,
Southwest Fisheries Center,
La Jolla. California 92038, USA

and Alec MacCall
California Department of Fish and Game,
c/o Southwest Fisheries Center,
La Jolla, California 92038, USA

The California sardine experienced a classic clupeoid collapse in the late l 940s. With a lag period of some years there
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followed an exponential increase in the biomass of anchovies. Scale evidence from anaerobic varves has shown that in
general, anchovy and sardine abundances varied together rather than inversely over the past 200 years off California. We
conclude that it is quite likely that the California sardine would have increased during the anchovy increase had there not
been an intensive fishery on the sardine stock. Despite the ability of clupeoid stocks to have remarkable recruitment
successes and/ or failures, the average compensation for depletion is slight. We suggest that there is a possible causal
factor in mutual predator-prey relationships between the adults and larvae of the two species, and the apparent instability
of the anchovy-sardine system. A selective fishery on one species may further destabilize the relative abundance of each
population.
A historical perspective is given in this paper for the California sardine and northern anchovy populations, and
comparisons made with those of Japan and Peru. We review the pertinent biological and environmental interrelationships,
particularly as evidenced by recent studies of anchovy reproductive physiology and energetics, population dynamics, and
scales in paleosedimentary deposits.

SESSION G4
TRANSIENT TRACERS
Convenor: C. H. G. Rooth
G4-1
The Transient Tracers in the Ocean - North Atlantic Study (TTO-NAS) 1981
Peter G. Brewer 1
National Science Foundation.
Washington, District of Columbia 20550, USA

During the late l 950s and early l 960s, massive quantities of radiochemical tracers were added to the earth's
atmosphere and oceans by nuclear bomb tests. This has proven to be a boon to oceanographers, for the passage of these
tracers into the interior of the oceans provides unique information on the manner and time scale of ocean mixing. Carbon
dioxide, from fossil fuel burning and terrestrial biota change, has also been added to the atmosphere and oceans. The goal
of the TTO program is to observe these oceanic changes, to document and model the tracer distribution, and to investigate
the oceanic CO2 increase via the tracer analogue approach, and through direct observation.
°
In 1981, 250 stations were occupied in the North Atlantic Ocean from 15-70 N latitude by the RV Knorr for
observation of basic hydrographic and nutrient properties, the CO2 system (pCO2, alkalinity, and total CO2 ), and the
tracers 3 H, 3 He, 14C, 85 Kr, 39Ar, 228 Ra, and freons. Included in this experiment was a reoccupation of the GEOSECS 1972
North Atlantic stations. Results show tracer and CO2 penetration in the deep Norwegian and Greenland seas, with
marked southerly penetration by the western boundary undercurrent to further than 25° N. CO2 penetration is well
correlated with tritium and indicative of an atmospheric CO2 value of approximately 270 ppm in the last century.

G4-2
Tritium and Freons as Oceanic Tracers: Alternative or Complement?
Wolfgang Roether
lnstitut fur Umweltphysik,
Universitiit Heidelberg,
Heidelberg, Germany (FRG)

Among the transient oceanic tracers (tritium, 14C, 85 Kr, 90Sr,

137

Cs, and freons), tritium has been the one mostly used.

1On leave from Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, USA.
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occurred gently but rather in a stepwise function. Short times of rapid changes alternated with long periods of rather
stable conditions. Periods of rapid changes often generated stress situation for the marine floras and faunas which resulted
first in the extinction of old, and afterwards in the generation of many new species. Times of rapid changes can therefore
be easily identified as crises of the oceanic environment. They are related to changes of the shape of the world ocean
basins, of the volume of water accumulated in the ocean basins, and of properties such as ocean water temperatures,
salinities, contents of dissolved oxygen and nutrients as well as current regimes. The series of talks about 'Oceanic crises
during the last 150 million years' will focus on times of major changes of ocean properties and try to identify causes and
consequences of these crises.

G5-2
Paleogeography of Ocean Basins During the Past 150 Million Years
John G. Sclater
Department of Earth and Planetary Sciences,
Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA

Assuming a simple relation between depth and age, and knowing the tectonic history of an ocean basin, it is possible
to reconstruct the paleodepth at given times in the past. As an illustration of a particular basin, the paleodepth of the
Atlantic is reconstructed at six epochs between the Jurassic and present. Using recently published tectonic histories in
other ocean basins, a preliminary attempt is made to construct the paleodepth of all the basins at six times between the
Late Cretaceous (80 Ma) and the present.

G5-3
Trends and Events in Mesozoic Oceans
Hans R. Thierstein
Scripps Institution of Oceanography,
University of California, San Diego,
La Jolla, Ca/1fornia 92093, USA

Severe limitations on Mesozoic paleoenvironmental reconstructions are imposed by incomplete sampling, sediment
diagenesis, and subduction obliterating much of the original evidence. The intelligible portion of the preserved record,
however, suggests that the extent of oceanic crises in the Cretaceous may be unequaled by any other event in the entire
Phanerozoic history of Earth. The two most outstanding events appear paradoxically differentiated: An apparently major
geochemical crisis, known as mid-Cretaceous anoxia, is poorly reflected in the oceanic fossil record, whereas for the most
severe evolutionary discontinuity known, the terminal Cretaceous mass-extinctions, a desperate search is on for
geochemical tracers, whose signals are near or beyond analytical detectabilities. The observed crises, however, hold the
intriguing potential for an insight into the cause and effect relationships and feedback mechanisms governing
astronomical, climatic, geochemical, and evolutionary processes. Difficulties of paleoenvironmental analyses are
compounded by a combination of sedimentological and paleogeographical variability within the Cretaceous, overprinted
onto a nonglaciated Mesozoic globe, which was divided into an essentially hydrous Pacific hemisphere and a dominantly
continental late-Pangean hemisphere. Severe strains are thus put on the applicability of available steady-state models
developed for global processes in a glaciated Quaternary world. An improved understanding of controls of Mesozoic
paleoenvironmental change will have to be based on independent evaluations of rates of production, transfer, and
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deposition of chemical compounds and biological and detrital particles. Most urgently needed for such rate calculations
are more accurate and better calibrated chronologies.

G5-4
Crises in Oceanographic History: The Cenozoic
N. J. Shackleton
Godwin Laboratory for Quaternary Research,
Free School Lane,
Cambridge CB2 3RS, England

There appear to have been two or three climatic events during the Cenozoic of sufficient magnitude to justify the
epithet ''crisis.'' These are: the Eocene-Oligocene boundary event, the late mid-Miocene event, and perhaps a mid
Oligocene event. Considerable efforts have failed to demonstrate a ''crisis'' at the Miocene-Pliocene boundary in the open
ocean. The Eocene-Oligocene boundary marks the dramatic end to the era of warm polar oceans; although there had
been some cooling earlier in the Eocene at high latitudes, the event at the end of the Eocene was sharp, occupying only of
the order 100 000 yr. It is at present unclear whether there was a mid-Oligocene sea-level ''crisis," as postulated by Vail
and coworkers, or whether this is a manifestation of the same boundary event. The late mid-Miocene event is widely
believed to represent the build-up to continental proportions of the Antarctic ice sheet. The event had a duration of the
order I 000 000 years and displayed considerable quasiperiodic structure as revealed in stable isotope studies by Woodruff
and colleagues. It was immediately preceded by a well-documented temperature maximum, and the potential exists for
fascinating studies of oceanographic changes during the mid-Miocene.

G5-5
Pliocene-Quaternary: Glacial-Interglacial Crises
J. C. Duplessy, P. L. Blanc, and M. Fontugne
Centre des faibles radioactivites,
Laboratoire mixte CNRS-CEA,
91190 Gif-sur-Yvette,
France

Up to the end of the Lower Pliocene, the world climates were relatively stable but strongly asymmetrical, with an ice
cap in the southern hemisphere, while the northern high latitudes remained unglaciated. This asymmetry was reduced
when a northern hemisphere continental ice cover was established, about 3.1 Ma ago.
D.S. D.P. hole 116 and 116A from Hatton Rockall plateau covering the last 4 million years was compared with
nearby core CH 73139C from the Feni Ridge, which provides a complete detailed record of the last climatic cycle. This
comparison shows that the glacierization of the Northern Hemisphere has been time transgressive. The oxygen isotope
signal of the first boreal glaciation is registered at 87-m depth in core 116A, but the foraminiferal assemblage still remains
a transitional one, indicating that no local sea surface temperature drop had yet taken place. The first ice rafted debris
only appear at 76-m depth, i.e. about 400 000 yr later, in good correlation with a sea surface temperature decrease which
is demonstrated by the change from a transitional to a subpolar foraminiferal assemblage, and by a 2%o lowering of the
sediment organic matter o 13C (reflecting a 6° C temperature drop). Since Iceland was already glaciated 3.1 Ma ago while
Europe still enjoyed mild climates (Reuverian stage), during 400 000 yr the North Atlantic Drift maintained a climatic
disparity much stronger than at present between the eastern and the western shores of the Atlantic Ocean.
From 2.7 Ma on, the climate has alternated between a warm mode and a cool mode best represented by the last
glacial maximum. Two major oceanic consequences of a glaciation will be discussed: the deep water formation changes
linked to the cooling of the high latitudes and the equatorial hydrologic changes which were related to wind and
precipitation changes whereas temperatures remained rather stable.
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SPECIAL SYMPOSIA
SESSION St
NO_RTH ATLANTIC CIRCULATION (IAPSO)
Convenor: F. Schott

S1-1
Gulf Stream Branching and Recirculation Studies
N. P. Fofonoff
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

The Gulf Stream reaches maximum magnitudes of mass, momentum, and kinetic energy fluxes south of Cape Cod.
Although Stream meanders continue to increase eastward in amplitude, the fluxes gradually diminish eastward of the
New England Seamounts. Southeast of the Grand Banks, where topographic confinement is again apparent, the Stream
weakens abruptly and loses much of its strength and coherence.
The classical descriptions of the deceleration region given by Iselin (1936) and Mann ( 1967) have the flow dividing
into two or more branches that recirculate to the south and west or become part of the North Atlantic current flowing
northward and seaward of the Labrador current. Worthington {1962) has postulated a complete separation of the North
Atlantic current from the Gulf Stream on the basis of increased oxygen content of waters in the Newfoundland basin.
Direct measurements of currents show that strong eddy activity is present throughout the region indicating that the
flow into the Newfoundland basin is probably variable and intermittent rather than absent as suggested by Worthington.
Recent progress in describing and modeling the branching and recirculation region of the Gulf Stream is reviewed. It
seems likely that wind stress and bottom topography are important factors in addition to the mass and energy fluxes of the
Gulf Stream itself in determining the branching region.
References
Iselin, C. O'D. 1936. A study of the circulation of the western North Atlantic. Pap. Phys. Oceanogr. Meteorol. 4: 4, 10 l p.
Mann, C.R. 1967. The termination of the Gulf Stream and the beginning of the North Atlantic Current. Deep-Sea Res. 14: 337-359.
Worthington, L. V. 1962. Evidence for a two gyre circulation system in the North Atlantic. Deep-Sea Res. 9: 51-67.

S1-2
Recent Studies of the North Atlantic Current
W. Krauss
Institut fur Meereskunde an der Universitiit Kiel,
Theoretische Ozeanographie,
23 Kiel,
Dusternbrooker Weg 20, W. Germany

Twenty-six satellite-tracked buoys have been released in different branches of the North Atlantic Current during
spring/summer 1981. They indicate (i) the existence of a stagnation area between the Gulf Stream recirculation branch
south of Newfoundland and the Azores branch of the North Atlantic Current, (ii) a strong current along the polar front
with high eddy activities, and (iii) an intensive eddy field covering the entire area between Newfoundland and the Eastern·
North Atlantic.
From simultaneous hydrographic measurements it could be concluded that the float trajectories are mainly in
geostrophic balance.
Satellite infrared images support the existence of this eddy field. Typical velocities within the eddies are above 10
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S1-5
Mesoscale Eddy Activity in the North Atlantic - Numerical Model Results
William R. Holland
National Center for Atmospheric Research, P.O. Box 1470,
Boulder, Colorado 80302, USA

Eddy-resolving models of ocean circulation contain several regions of eddy generation embedded within the mean
gyre. In the North Atlantic, the Gulf Stream region, the recirculation regime, and the southern flank of the subtropical
gyre are all regions in which mesoscale eddies arise spontaneously due to instabilities. In the equilibrium state, eddy
activity has spread westward from the generation site, leading to rather strong transience near the western boundary.
Model results show that this is particularly important at the latitudes of the Antilles Current, suggesting an explanation
for the large variability in that flow. These model results, together with the few observations available that allow eddy/
mean flow interactions to be assessed, are beginning to sort out the nature of the eddy generation process. In particular,
barotropic instability is a major mechanism in the Gulf Stream, although bottom topographic effects may tend to stabilize
the jet. In the westward-flowing recirculation region the flow is baroclinically unstable. Eddy heat fluxes are downgradient
(equatorward) there. The midpart of the gyre (near the latitude of maximum wind stress curl) has no eddy sources, and
consequently is a region of minimum eddy activity. Further south, where the Sverdrup flow turns westward, the flow is
again baroclinically unstable, with downgradient (equatorward) eddy heat fluxes. This instability is more surface
intensified than that in the recirculation area, and only occurs in models with sufficient vertical resolution. Numerical
experiments suggest the horizontal structure of this instability may be quite complex because of the Mid-Atlantic Ridge.

S1-6
A Lagrangian View of the Subtropical North Atlantic Gyre
T. Rossby
Graduate School ofOceanography,
University of Rhode Isfand,
Kingston, Rhode Island 02881, USA

Since 1973, constant depth Safar floats, which can be tracked acoustically for several years, have been used in
increasing numbers for studies of thermocline and deepwater currents. These instruments provide explicit information on
the pathways and speeds at which matter is transported in the ocean. A major observation of these studies is that fluid
parcels can travel very great distances in a short time, not only compared to that expected by the Eulerian mean field, but
also relative to a random walk description of the local eddy field. In the interior of the subtropical gyre (20-35 ° N, 50700 W) at thermocline depths, this eddy motion takes two predominant forms: large zonal displacements of the order of
300-1000 km in a few months, and orbital trajectories indicative of stable discrete eddies with lifetimes probably
measured in years. The latter have the curious property that they only propagate to the west. Closer to the North
American Continent (70° W), the westward flows to the south of the Gulf Stream split into two branches, one joining the
Gulf Stream and the other curving to the south and east. The floats entering the Stream from the main thermocline
generally remain in it for considerable distances, although near the New England Seamounts, where the meandering
envelope is large, the probability of the floats escaping from the stream increases. At greater depths the floats cross the
path of the Stream freely everywhere. From this we conclude that a Lagrangian Gulf Stream exists only in the upper
ocean.
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S2-3
Near Bed Currents: A Cheap Ride for Foraging Megabenthos
RcO S. Lampitt
Institute of Oceanographic Sciences,
Wormley, Goda/ming, Surrey, U.K.

Near bed currents appear to be used by one species of benthic caridean shrimp to search a large area of sea bed with
minimum energy expenditure. ''Bathysnap'' is a time lapse camera and current meter system. The shrimp Glyphocrangon
sculpta is found between 1645- and 3219-m depth where it feeds upon infaunal bivalves inter alia. It has an unusual and
heavy exoskeleton and a poor escape response. ''Bathysnap'' results show it moving with the current but with the main
body axis at right angles to it. This behaviour may confer on it some hydrodynamic advantage by giving it uplift as well as
facilitating the search of a large area of sea bed with relatively little effort. The results indicate a foraging rate of between
1.5 and 4.0 m2 / d.

S2-4
Incidence, Activity, and Evolutionary Significance of Thermophilic Bacteria Associated with
Submarine Hydrothermal Environments
John A. Baross
School of Oceanography,
Oregon State University,
Corvallis, Oregon 97321, USA

Complex communities of thermophilic bacteria have been detected in the super heated waters emanating from the
large conical sufide ''chimneys'' found along the East Pacific Rise at 21° N. Similar organisms were also isolated from the
sulfide chimneys themselves and from the gut contents of the chimney fauna. These chemosynthetic bacterial
communities are capable of growing at 10Q° C in a medium composed of inorganic energy sources like those found in the
hot waters and include sulfur, manganese, and iron. Under these cultural conditions, community growth rates at 100° C
were measured at 37-65 min. These mixed cultures were found to produce CH 4 , CO, H 2 , and traces of N20 when grown
on media containing sulfur and metals, or on a medium containing formate. Bacteria capable of oxidizing CH 4 to CO 2 ,
and NH 4 + to N0 2- were also present in these samples. These mixed microbial cultures consist of at least three to five
morphologically distinct types and include both oxidative and anaerobic species. Since some of these bacterial
communities originated from waters having temperatures greater than 300° C it is possible that these microorganisms
could grow and produce CH 4 , CO, and H 2 in super heated seawater kept liquid due to hydrostatic pressure. The possibility
that some of these present day hydrothermal vent thermophiles may represent physiological analogues to Archean ocean
bacteria will be discussed in light of evidence that the Archean ocean was at least 70° C and that submarine hydrother111al
environments could be suitable sites for chemical and microbiological evolution to occur.
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R. Laws
(Abstract not available)

SESSION S4
THE CO2 PROBLEM (IAPSO/IAMAP/CMG/IABO)
Convenor: W. Roether

S4-1
The Oceans as a CO2 Reservoir
Taro Takahashi
Lamont-Doherty Geological Observatory,
Columbia University,
Palisades, New York 10964, USA

The most recent data f'or the carbon dioxide concentration, alkalinity, and partial pressure of carbon dioxide in ocean
water are reviewed. The total carbon dioxide content in the oceans is estimated to be 1.39 x 1020 g CO2 , about 53 times
the total atmospheric carbon dioxide content. The oceans contain a greater quantity of CO2 than the amount expected if
the oceans were a single homogeneous body of water. This indicates that their capacity is governed by the dynamic
processes in the ocean such as the circulation and mixing of ocean water, vertical transport of carbon by biological
processes, and air-sea CO 2 gas exchange. Thus, dynamic models for the carbon cycle in the atmosphere-ocean system are
needed to evaluate the response of the oceanic and atmospheric carbon dioxide reservoirs to the industrial carbon dioxide
input and climatic changes. A vertical one-dimensional and box-diffusion model, which has been developed by Oeschger
et al. ( 197 5), has been used widely and successfully to describe the global carbon cycle. A modified version of their model,
in which the size of the land biomass is assumed constant, is presented and used to evaluate the effects of climatic changes
on the atmospheric and oceanic reservoirs. It appears that the predicted climatic warming resulting from the industrial
carbon dioxide release would cause an increase in the airborne fraction of the industrial carbon dioxide and further
accelerate a build-up of industrial carbon dioxide in the atmosphere. Development of more sophisticated models, which
include the ocean circulations, regional differences in the oceans, and climate feedback, is strongly urged for quantitative
assessment of the industrial carbon dioxide effects on the climate and the oceanic carbon dioxide reservoir.

S4-2
The CO2 Problem in the Cryosphere
Gunter Weller
Geophysical Institute,
University of Alaska,
Fairbanks, Alaska 99701, USA

Numerical modeling experiments have indicated that atmospheric warming due to an increased CO2 content of the
atmosphere is likely to be highest in the polar regions, particularly the Arctic. One of the most important factors in
predicting this warming is the snow and ice albedo feedback process. Albedo changes from 0.85 to 0.45 have been noted
over most of the Arctic Basin when the snow cover collapses around the time of the summer solstice. When the sea ice
disappears completely, the albedo drops to even lower values, depending on the solar elevation. The paper examines the
physical properties and processes of sea ice and snow and their relation to climatic change. The CO2 effects alone are
difficult to quantify against a noisy background of other climate-related processes and variations. The possible melting of
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continental ice shelves and the disintegration of the West Antarctic ice sheet are also briefly considered, but are thought to
be beyond the time scale of interest under review here. Finally, the sea ice zones of the polar regions are considered to be
potentially important global sinks for CO2 , due to the intense vertical exchange processes which occur there. It is
suggested that monitoring of sea ice and snow extent may provide an early sign of CO2 -induced climate change.

S4-3
Riverine Carbon
Egon T. Degens
Hamburg University,
Hamburg, Federal Republic of Germ{lny

The transfer of carbon from land to sea via the world's rivers represents one of the major links in the global carbon
cycle. As yet very little reliable information exists on the quantity of carbon transported annually by the major streams.
The values so far reported in the literature range over one order of magnitude and can thus not be accepted uncritically.
To alleviate this uncertainty in the interest of carbon modeling, soil erosion work, sedimentology, or agricultural and
environmental studies, a project on monitoring of carbon in major streams of the world for a full hydrological year was
designed by the Scientific Committee on Problems of the Environment (SCOPE) and the United Nations Environment
Programme (UNEP). Almost 100 scientists are presently participating in this study and the first results were to be
discussed at the SCOPE/UNEP workshop ' Transport of Carbon and Minerals in Major World Rivers'' at Hamburg in
March 1982. My presentation here at Halifax intends to report on the final outcome of the Hamburg conference.
4

S4-4
The CO 2 Problem: Lessons from the Past
Warren L. Prell
Department of Geological Sciences,
Brown University,
Providence, Rhode Island 029 I 2. USA

Study of the earth's past climate provides an estimate of the amplitude and variability of temperature changes
associated with different climatic regimes or extremes. Paleoclimate reconstructions can also identify the spatial pattern
of temperature change and suggest the importance of various physical processes associated with large climatic changes.
Global reconstructions of the last glacial maximum about 18 000 yr B.P. by CLIMAP and regional reconstructions of the
''climatic optimum'' about 6000 yr B.P. by COHMAP reveal complex spatial patterns of temperature associated with
these two climatic extremes. A warming or cooling trend in one area does not necessarily indicate a global trend. For
example, the maximum glaciation of North America and Europe occurs simultaneously with a warming of large parts of
the low latitude oceans. During the last glacial maximum, the global average sea surface temperature was colder than
today by only l .7 ° C in August and l .4 ° C in February. These data provide yet another example that climate change must
be examined on a global scale.
Whether or not the ''climatic optimum'' is the correct analogue for a warmer CO2 world has yet to receive a global
test. However, the stable carbon isotope composition of planktic and benthic foraminifers suggests that large changes in
the oceans' CO 2 budget (and quite probably the atmosphere's) have occurred between the glacial maximum and present
day climate. The synthesis of temperature and carbon isotopic patterns may provide an empirical model for the
interpretation of past and future climatic states and their associated carbon budgets.
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S5-2
The Effect of Sea-Level Changes on the Stratigraphy of Continental Margins
W. C. Pitman III
Lamont-Doherty
Geological Observatory,
Palisades, New York 10964, USA

A eustatic sea-level curve has been obtained by combining marine geophysical, geological, and tectonic data.
Eustatic sea-level variations result from changes in the volume of the world oceans. Volume changes can be ascribed to
changes in the spreading rates of the midocean ridge system, and of small ocean basins; the presence of hot spots beneath
oceanic crust; changes in the volume of the sediments deposited or removed from the oceans; and orogenic activity which
results in increased ocean basin volume. The waxing and waning of ice sheets changes the volume of the ocean water. A
eustatic sea-level curve has been obtained, taking into account all of the above effects.
After an episode of initial attenuation, a continental margin subsides for a time interval that is usually greater than
180 Ma. The rate and magnitude of subsidence is greatest at or near the seaward edge of the passive margin, and
decreases landward to zero. The rate of subsidence at any point decreases approximately as the square root of time with a
time constant of about 50 Ma. The cause of the subsidence is twofold: first, driving subsidence related to thermal cooling
creates a basin, and second the sedimentary infilling of this basin causes further subsidence. The subsidence rate at the
shelf edge is usually greater than the rate at which sea level can change.
Because subsidence is usually quite slow, sedimentation usually keeps pace. Because subsidence varies slowly as the
square root of time, it is the rate of sea-level change with respect to the upper surface of the subsiding platform that
controls the position of the beach and thus variations in the rate of sedimentation. In order for the beach to persist on the
subsiding platform, sea level must be falling. Onlapping transgressive marine sequences may be systematically formed
during episodes of eustatic sea-level fall. Onlapping sequence of coastal (nonmarine) sediments may be caused by a
regression (increase in the rate of sea-level fall).

S5-3
Evolution and Paleoceanography of the North Atlantic Passive Continental Margin
L. F. Jansa
Atlantic Geoscience Centre,
Geological Survey of Canada,
Dartmouth, Nova Scotia,
Canada B2Y 4A2

Detailed stratigraphic studies of the sediments which accumulated at the edges of the continental plates during the
past 200 Ma in the circum North Atlantic, provide information about the tectonic development of the margins and ocean
basins, and the paleoceanographic conditions that existed in the developing ocean. Although the world ocean is a single
system at any one time, it is capable of entirely changing its character from one geologic epoch to the next, primarily in
response to the rearrangement of continents, which in turn affect climatic changes. Such changes and resulting variations
in the thermal circulation and mixing in the oceans, influence composition of sediments deposited, not only at the basin
floors, but also on the continental slopes, and in some instances also on the shelves. Chemically, such variations involve
oxidation as well as the preservation of particular deposits such as organic-rich clays and carbonates. All of these
variations are interdependent and their effect can be traced from the shelf into the deep oceanic basin. This unifying view
of global stratigraphy and the evolution of the continental margins and adjacent deep-sea basins is perhaps the most
important legacy of the past 15 yr of exploration by the Deep Sea Drilling Project, organized by the U.S. and foreign
oceanographic institutions.
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S5-6

G. Maureau
(Abstract not available)

S5-7
Contrasting Recent Sedimentation Patterns on Passive and Active Margins: Some Predictive
Models
Daniel Jean Stanley
Division of Sedimentology,
Smithsonian Institution,
Washington, D.C. 20560, USA

Composition, texture, and structures of seafloor samples indicate that offshelf processes in the Recent have displaced
particles downslope to the rise and beyond on both ''classic'' passive and active margins. Moreover, cores and seismic
profiles reveal that in both margin types, slumping is responsible for bulk transport of enormous volumes to the base-of
slope and rise, and that canyons serve as important byways through which sediment transit the slope. However, significant
contrasts in morphology and tectonic activity that characterize the two margin types result in some essential differences in
sedimentation patterns. In the case of active margins, repeated failure and redeposition on steep, morphologically
complex and unstable slopes result in erosion on highs, and preferential entrapment in depressions. As a result, sediment
facies distributions on such margins are patchy. Models based on analysis of the highly active Hellenic Arc margin
emphasize progressive downslope textural homogenization produced by a relief bypassing phenomenon. This latter
involves segregation of coarser and denser particles in depressions on highly irregular, structurally controlled slopes
traversed by sediment gravity flows. Repeated resuspension and downslope transport result in basinward fining and the
concentration of uniform muds (unifites) and graded muds in distal basin plains. Active margin deposits usually include a
reworked mix of gravity flow and suspension settling (hemipelagic) material and, to a lesser extent, of fluid-driven
(traction) derivation. Thus, detailed correlation of individual units on a regional basis is usually difficult to establish. In
contrast, sedimentation models on passive margins, such as the western North Atlantic, highlight emplacement by
turbidity currents (and other sediment gravity and mass flow processes), bottom currents, and hemipelagic suspension
mechanisms. In the long-term, larger proportions of shallow water material bypass slopes and are deposited further
seaward. Sediments usually record lower sedimentation rates and a greater residence time on most such morphologically
less complex, less steep, and more tranquil margins. Also, smoothing by regionally extensive geostrophic circulation tends
to mask gravity-derived and hemipelagic deposits at depths between the slope and basin plain. In sum, sediment facies
distributions tend to be much less patchy on passive than on active margins.

S5-8
Mounds, Moats, and Ridges: Seismic Evidence for Deep Current-Influenced Deposition East of
Newfoundland
L. R. Kennard
Esso Resources Canada,
Calgary, Alberta, Canada

Seismic surveys acquired by Essa Resources Canada on the continental slope and rise east of Newfoundland show the
widespread presence of large, long-persistent Tertiary sedimentary features. The most prominent of these are anticlinal
mounds and ridges with up to 1500 m of vertical relief, and synclinal moats formed against preexisting topographic
obstacles. The orientation, external morphology, and internal seismic character of these features suggest strongly that
they have been formed under the influence of deep thermohaline currents.
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supported by hard data, is that the bulk of deep-sea sediments, derived fram continents and shelves, has been transported
across the shelfedge onto the slope and beyond. Another concept, developed in parallel, is that of the texturally graded
margin, i.e. one showing seaward fining of sediments, with sand primarily on the outer shelf, silt on the slope, and clay on
the rise. Observations on most outer margins, however, show that there are many exceptions to this orderly depositional
pattern. To explain anomalies in seaward fining one must take into account the role of dominant factors affecting outer
shelf-to-slope sector: (a) sedimentation processes per se - sediment supply, interplay of fluid-driven processes, offshore
spillover mechanisms - and also (b) the effects of larger-scale regional setting - outer margin morphology, slope
instability, eustatic factors, and tectonic activity. One can attempt to model the type of bypassing involved by focusing
primarily on supply, bottom current energy, and shelfedge morphology (shelf width, proximity to canyon heads, steepness
of upper slope).
The classic case of shelf bypassing and onslope spillover is likely to occur where a narrow shelf is scoured by powerful
bottom currents: Cape Hatteras, where the Gulf Stream flows tangentially across a shallow margin, is an excellent
example. Density fronts and the up- and downslope channelizing effect on water masses by canyon heads cut into the shelf
commonly result in entrapment in submarine valleys. Offshelf transport, even in open shelfedge sectors not cut by
canyons, may result from shear-induced resuspension by bottom currents. These occur on the outer shelf to uppermost
slope as a result of the interplay of several mechanisms, including fronts, storm waves, tides, and breaking internal waves.
In addition, spillover, by gravity-induced processes, occurs in sites of sediment instability, such as in zones of high
sedimentation in front of deltas that have developed seaward toward the outer shelf, and in areas prone to earthquake
tremors that trigger mass flows. Here slumps and, less commonly, turbidity currents are initiated near the shelfedge and
uppermost slope. It is well known that bypassing was considerably enhanced during periods of lowered sea-level stands in
the Quaternary, when coastlines were positioned near shelfedges, and enormous volumes of land- and shelf-derived
sediments were displaced to the deep sea. It should be recognized, however, that subsequent to the eustatic rise, and even
now, sediments are bypassed seaward, both in canyon heads and also along open, non-incised shelfedge sectors. The
shelfbreak remains an environment of dynamic sediment transport.

S6-3
Marine Geotechnical Studies at Continental Margins
Gideon Almagor
Marine Geology Division,
Geological Survey of Israel,
Jerusalem, Israel

Marine geotechnical studies of continental margins including the current state of knowledge, techniques, and
concepts relating sedimentological processes to research methodologies are reviewed. Marine geotechnology is a
multidisciplinary science that utilizes principles and practices of soil mechanics to quantify sedimentological processes
and soil behavior as a function of environmental conditions and setting. Quantitative techniques provide a powerful means
of assessing submarine processes such as depositional and erosional effects, diagenesis and lithification of sediments, and
the ability to predict potentially unstable seafloor deposits and mass movements in the form of creep, slides, slumps, and
turbidity currents.
The purpose of this article is to familiarize marine geologists with the major concepts of marine geotechnical
research related to sedimentation processes at continental margins, to briefly review the present knowledge, to point out
major deficiencies in the present knowledge, and to recommend guidelines that ought to be undertaken to fill them.

S6-4
Biogenic Sedimentation on Continental Margin
John D. Milliman
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

Biologically produced calcium carbonate and opal locally contribute important quantities of sediment to continental
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all fine-grained and though there may be some foraminifera and pelleted muds in bedload, nearly all the material will
have been through a suspension phase. One depositional model has these suspended sediments deposited to form the
continental rise while another has them deposited to form the major sediment drifts found along continental margins and
other positions in ocean basins. Although most of the activity shown by suspended sediment measurements and major
sediment bodies is located on western margins of ocean basins (including some circum-antarctic sites), some activity is
recorded under deep tidal systems on eastern margins. On both eastern and western margins suspended sediment plumes
are found emanating from the shelf-break and upper slope where they may represent sediment escape from the shelf and/
or resuspension by internal waves. These suspensions on continental margins constitute nepheloid layers, either Bottom
(BNL's) or Intermediate (INL's) when the layers are not in contact with the bottom such as those generated on the slope
by internal wave action. The BNL's usually comprise a lower well-mixed zone more or less corresponding to a thermally
well-mixed layer, succeeded by a gradual decrease or a stepped decrease in concentration extending over several hundred
to a thousand metres. Occasional inversions in stepped profiles suggest that the whole of this zone of decrease is made of
INL's formed by detachment from the bottom. Sediment rains out from them to be deposited as contourites.

SESSION S7
BOTTOM BOUNDARY LAYER (IAPSO/CMG/IABO)
Convenor: R. Wollast

S7-1
Decomposition and Burial of Organic Matter in Marine Sediments
Robert A. Berner
Department of Geology and Geophysics,
Yale University,
New Haven, Connecticut 06520, USA

Freshly deposited organic matter in sediments undergoes decomposition via a number of microbial processes, the
most important of which are oxic degradation, sulfate reduction, and methane formation. These processes follow one
another in this order as all oxygen, then sulfate is depleted. In the deep sea almost all organic matter reaching the bottom
is destroyed by oxic degradation, in the benthic boundary layer (BBL), because of very slow burial rates. In shallow water
marine sediments, by contrast, organic production and deposition are so rapid that appreciable organic matter escapes
oxic BBL degradation, becomes buried, and undergoes additional destruction by bacterial sulfate reduction. Constant
addition of fresh organic matter and sulfate from the overlying water by bioturbational downmixing can lead to high rates
of sulfate reduction and the decomposition of appreciable quantities of organic matter. As an example, rates and
integrated amounts of decomposition are presented for sediments of Long Island Sound. Under marine conditions of very
high sedimentation rate and inhibited bioturbation, such as occurs in anoxic bottom waters, interstitial dissolved sulfate
can become exhausted during burial so that continued organic matter decomposition occurs via biogenic methane
formation. This process is also favored in freshwater environments because of low intitial dissolved sulfate concentrations.
Most sedimentary organic matter, on a worldwide basis, is presently being buried in shallow water, deltaic
estuarine-continental shelf sediments (overlain by oxygenated water), in which sulfate reduction occurs. This is because:
( 1) most terrigenous sediment carried by rivers is deposited near the river mouths, (2) burial rates are rapid and
productivity is relatively high, (3) terrestrial organic matter carried by the rivers is also added to the sediment, and (4) the
presence of anoxic bottom water is a rare situation in the present day oceans. Worldwide rates of ultimate burial, after
early diagenetic decomposition, (in 10 12 g · C per year) are: deltaic-estuarine shelf sediments, 104; pelagic deep-sea
sediments, 9; areas of very high productivity and/or anoxic bottom waters, 7; shallow water carbonate sediments, 6. The
total burial rate, 126 x 10 12 g C per year, indicates that much of the terrestrial organic matter carried by streams must be
decomposed in the marine environment.
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S8-3
Use of IGY Data
M. S. McCartney
Woods Hole Oceanographic Institution,
Woods Ho/e t Massachusetts 02543, USA

The IGY survey of the physical oceanography of the North Atlantic Ocean provides a rich data set for the
delineation of the water masses and the analysis and interpretation of the general circulation of this ocean. The usage rate
of this data set has not yet peaked. Stimulated perhaps by a controversial interpretation of the general circulation by Val
Worthington in 1976, a number of studies appear every year drawing on parts of the oceanwide coverage of this data. Its
information content seems far from exhausted. The data derive their continued utility partially from their moderately
high resolution coverage of the ocean (synoptic and mesoscale recognition along section lines, synoptic-scale recognition
between sections, and hectometer-scale recognition in the vertical), and partially from the higher accuracy and precision
of conductivity-bridge salinity determinations that make up part of the salinity data set. The ultimate depth of
applications of this data set to specific types of general circulation questions remains to be determined. Some obvious
deficiencies limit the breadth of applications, for example: lack of accuracy and precision in oxygen determinations, lack
of nutrient measurements, lack of mesoscale (in space and time), resolution between sections, lack of decca-meter
resolution in the vertical, and lack of temporal coverage through the seasonal changes in water masses and circulation.

S8-4
Influence of the IGY on Marine Geophysics
B. D. Loncarevic
(Abstract not available)

S8-5
Expeditions in Biological Oceanography
Ronald I. Currie
Du,zstaffnage Marine Research Laboratory,
Oban, Scotland

The great expeditions of the 19th Century laid the foundations of our knowledge of the flora and fauna of the ocean
and their distribution over a large part of the globe. It was, however, only towards the end of the century that attention was
paid to the sea as a biological system.
The trend away from the descriptive towards an experimental approach has been characteristic of more recent work
but the expeditionary approach has continued to play an important role in extending our knowledge in lesser known parts
of the ocean, especially in the Antarctic and Indian Oceans. The IGY biological work contributed to both, particularly in
the Polar Front survey in the North Atlantic: likewise in, for example, the International Indian Ocean Expedition and it is
also characteristic of the BIOMASS study.
There is a somewhat divided school of interest among biological oceanographers, some - the zoogeographers - still
favouring the global extension of distributional studies while others feel that greater attention should be paid to mesoscale
distributions and the processes controlling these and the dynamics of the ecosystem, in preference to the descriptive
approach.
Thus, by comparison with physical oceanography where the trend seems to be towards the global, biology seems to be
. tending toward the particular approach and thus it may not just be the prohibitive cost of wide ranging expeditions but the
trend of the science which disfavours them.
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S8-6
The Future
Robert W. Stewart
Ministry of Universities, Science and Communications,
Parliament Buildings,
Victoria, British Columbia, Canada V86 1 X4

For over two decades now, physical oceanographers have devoted most of their energies to process studies. Since the
Indian Ocean campaign, large-scale survey-type examinations of the ocean have occupied a relatively small portion of
ship time. However, the situation is changing and the future promises to bring a much larger emphasis on large-scale
coordinated surveys. The reason for this change is the conjuncture of a number of events, each leading in the same
direction. Perhaps as important as any is the fact that the masses of data collected by earlier generations have now nearly
been worked out. The gaps in these data have become irresistibly evident and frustrating, and those working with them cry
out for new results. To this is added the fact that considerable progress has been made with the process studies, and even
more progress has been made with the development of large-scale ocean models. More data are required to challenge our
ideas on the nature and importance of the processes and to provide inputs, boundary conditions, and constraints on the
models.
The World Climate Research Programme has arrived at this time, when oceanography is ripe for a return to large
scale observations, and itself demands a great many of such observations. The importance of the ocean to climate has
always been obvious to oceanographers and to some meteorologists. It has now become accepted dogma. The oceanic
aspects of the WCRP are recognized by everyone to be at least as important as any other aspect. Very large-scale
oceanographic programmes are being proposed within the WCRP. Notable among these are CAGE, which is a
comprehensive heat flux experiment for the North Atlantic; the World Ocean Circulation Experiment, which is designed
to use satellite-gained information together with modern analysis techniques to yield comprehensive information beyond
anything we now have for the world ocean and new, more encompassing experiments in the tropical oceans.
At least some aspects of oceanography appear to be on the brink of a new phase.

SESSION S9
E POLLUTION (IABO/IAPSO/CMG/ECOR)
Convenor: G. B. Ku/Lenberg

S9-1
Sources of Marine Pollution
Michael Waldichuk
Department of Fisheries and Oceans,
West Vancouver Laboratory,
4160 Marine Drive,
West Vancouver, British Columbia,
Canada V7V I N6

Marine pollution arises from many anthropogenic substances introduced into the marine environment through rivers,
coastal outfalls, coastal development and exploitation, ocean dumping, shipping, and the atmosphere. These substances
often create local problems. The effectiveness of river input to ocean systems is lessened by the fact that materials may be
largely removed from the water by various biogeochemical processes in estuaries, such as flocculation, coprecipitation,
sorption and biological uptake, and deposited in the sediment. The atmosphere is recognized as an effective medium for
transport of certain anthropogenic materials to the global oceans.
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The more persistent substances entering the sea can be grouped into five categories: ( 1) petroleum hydrocarbons; (2)
organohalogens; (3) metals; (4) radionuclides; and (5) nondegradable solids. Trends during the last decade show a decline
in input of certain substances which have been banned or restricted, e.g. DDT and the PCBs. Although shipment of oil by
sea has increased in the last 10 yr, the proportion of oil in the sea from tankers has probably not changed much because of
increasing use of the load-on-top system. Metals entering the sea are still mainly due to the natural geochemical cycle
with two notable exceptions. Anthropogenic sources of lead, at 300 000 t per year, are about four times as great as those
from the natural geochemical cycle, while cadmium introduced by man, at 4200 t per year, just exceeds natural input.
Radionuclides in the sea have been declining since the 1963 partial Test Ban Treaty. About 6 million tonnes of litter, of
which 1% are persistent plastics, enter the oceans each year.

S9-2

Marine Pollution in the Coastal Waters of Western Africa
Enil J. B. Tutuwan,

Faculty of Science,
University of Yaounde, Cameroon

The region of the Eastern Atlantic Ocean that borders on Western Africa extending from the coastal areas of
Western Sahara in the north to Namibia in the south is, because of its prevailing winds and ocean currents as well as its
unique location and intense human interactions with the marine environment, a unique and interesting oceanographic
entity threatened by pollution from natural and anthropogenic sources. Almost symmetrically bisected by the equator and
the prime meridian, its geomorphologic features and climatic conditions vary systematically and widely. Rainfall is sparse
in the subtropical arid extremities of the region and very heavy in the tropical areas, hence the plethora of rivers and large
riverine inputs into the complex pollution matrix. About 10% of the largely agrarian population lives in coastal towns and
cities, the direct and indirect interaction of this population with the marine environment and adjoining land obviously
causing marine pollution through the discharge of untreated municipal and industrial wastes and through poor land use.
Rapid industrial expansion is causing localized marine pollution problems as yet to be fully understood or controlled.
Pollution from petroleum hydrocarbons (commonly seen on beaches as tarballs) mainly due to heavy maritime transport
of crude oil is perhaps the region's most serious marine pollution problem. There is a general dearth of scientific data on
the region's oceanographic characteristics as well as its responses to various influences. The few reported studies are
fragmentary and isolated, but nevertheless, a useful starting point.

S9-3
Oceanic Processes and Marine Pollution
G. B. Kullenberg
Institute of Physical Oceanography,
University of Copenhagen, Haraldsgade 6,
2200 Copenhagen N., Denmark

The marine pollution problem can be approached in two complementary ways: by considering the properties and
effects on various parts of the system of different pollutants and substances entering the sea, and by considering the
transfer of the pollutants and substances within the system. The transfer is governed by a number of factors and
interactions among physical, chemical, and biological processes as well as geological and topographical conditions. These
interactions also determine to a large extent the significance of an area, for instance, biological productivity, which in turn
must be considered in assessing the sensitivity of the area to pollution. The net effect of transfer and interactions can be
illustrated in biochemical cycles for given elements. These may also help to identify human interference which can give
rise to an increased flow of the substance or can change the pathways and processes. Mercury and carbon dioxide are
substances that have been intensively studied. However, for the ocean, only a few cycles are reasonably well known.
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Most pollutants are introduced at the ocean boundaries and many relevant important processes are related to this
interface. Assessments so far show that the greatest human impact has occurred in the coastal zone and in shelf sea areas.
Water exchange, circulation, and sedimentation processes in this region are of great importance for the potential pollution
impact. Pollution control should be adapted to the nature of these processes as well as to the biological significance of the
area.
Relatively large quantities of pollutants are introduced through the atmosphere. Dissolved substances are spread
through the surface boundary layer. The transfer into the interior occurs most efficiently in deepwater formation areas.
The particulate flux also plays a major role in the transport of pollutants to the ocean interior and to the ocean floor. In the
interior the spreading occurs mainly along isopycnal surfaces. Various types of fluctuating motions act as stirring
agencies, the mesoscale eddies being a very important example.
The extent of the oceanic bottom boundary layer varies considerably. Recent observations have shown that strong
motions can occur along the bottom in some areas.
Processes generating transfer from the various boundary layers into the interior are not well understood, although
several mechanisms like impinging mesoscale type eddies and strong storms with associated flooding have been shown to
be efficient.

S9-4
Geochemistry in Relation to Marine Pollution
D. Lal
Ahmedabad, India

Evaluation of effects of chemical stresses in the marine environment requires knowledge of trace element pathways
and geochemical processes. These are outlined with special references to biogeochemical processes in the oceanic water
column. Potential indications of toxic pollution are proposed.

S9-5
Biological Trans(er of Pollutants in the Marine Environment
Scott W. Fowler
International Laboratory of Marine Radioactivity,
Musee Oceanographique, Monaco

All marine organisms accumulate pollutants to some degree and, hence, can redistribute these substances by means
of their physiological and ecological behavior. Water, food, and sediments are the three vectors by which biota acquire
pollutants. Uptake from water can occur by passive surface adsorption, absorption across body surfaces, or a combination
of both. Pollutants ingested with food are either absorbed across the gut and assimilated into tissue, or they are excreted.
The relative importance of the food and water pathway in achieving pollutant body burdens varies with the nature of the
substance and the conditions under which exposure occurs. Little is known about the mechanisms involved in pollutant
uptake from sediments, but most evidence suggests that, compared to water and food, bioavailability from sediments is
relatively low for all pollutant classes. Regardless of the bioaccumulation pathway, resultant levels in marine species are
in a state of dynamic equilibrium and are the net result of pollutant uptake and elimination processes occurring
simultaneously. These dynamic processes are controlled by many environmental and intrinsic factors including exposure
time, physical-chemical form of the pollutant, salinity, temperature, competitive effects with other substances, organism
size, physiology, life cycle, and feeding habits. Once accumulated, pollutants are transported actively by vertical and
horizontal migrations of marine organisms, and more important, passively by the release of biogenic particulates (fecal
pellets, molts, carcasses, etc.). As these particles sink, they can either release contaminants to deeper waters and
sediments, scavenge materials from the water column or be ingested by meso- and bathypelagic species. Comparative
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make daily infrared observations of the world. Since 1979, several significant improvements have been made to the
satellite infrared data. The data are archived in digital as well as photographic form. Navigation is provided to allow the
geographic location of the digital archive. The infrared measurements are made at three wavelengths (3.7, 11, 12JLm).
The difference between channels can be used to estimate the absolute sea surface temperature. Examples of infrared
images are presented to illustrate the advantages of viewing the ocean simultaneously at several infrared wavelenghts.
The sea surface temperature (SST) patterns associated with western boundary currents and the Circumpolar current are
shown. A global SST analysis based on a multichannel analysis reveals the westward propagation of long waves ( � 1000
km wavelength) in the eastern equatorial Pacific. In the coming decade, oceanographers should take advantage of
opportunities to evaluate SST patterns in cloud-free ocean areas.

Sl0-4
Microwave Radiometric Remote Sensing of the Ocean
Eni G. Njoku
Jet Propulsion Laboratory,
California Institute of Technology,
4800 Oak Grove Drive, Pasadena, California 91109, USA

Microwave radiometry from space can be a useful tool for observing global phenomena of importance to
oceanography and meteorology. Measurements of ocean surface temperature, wind speed, and sea-ice boundaries and
concentration, can be made under most nonraining weather conditions using passive microwave techniques. Atmospheric
quantities such as integrated water vapor, cloud liquid water content, and rainfall can also be estimated. The accuracy of
these measurements ultimately depends on the accuracy and uniqueness of microwave emission models of the ocean
surface and atmosphere, and on the sensitivity and calibration stability of the radiometers. The spatial resolution of the
measurements is a function of the measurement frequency (GHz) and the antenna size. Results from recent space-borne
radiometers will be reviewed, including the Scanning Multichannel Microwave Radiometer (SMMR) flown on the
Seasat and Nimbus 7 satellites. Application of these results to problems of oceanographic interest will be discussed with a
view to improving the present and future utility of passive microwave data in modeling studies and operational forecasts.

S10-5
Passive Microwave Radiometry of Sea Ice
Rene 0. Ramseier
Ice Centre Environment Canada,
Atmospheric Environment Service,
365 Laurier W.,
Ottawa, Ontario,
Canada Kl A 0H3

and Frank E. Bunn
Ph.D. Associates Inc.,
215 Stong Bldg.,
4700 Keele St.,
Downsview, Ontario,
Canada M3J JP3

Fourteen years have passed since the first experiment took place over sea ice using a passive microwave radiometer. It
will take another 2 yr until monitoring of sea ice by the use of a scanning multifrequency radiometer from space becomes
operational. Since 1968, when the first airborne flight over the Beaufort Sea provided brightness temperatures from sea
ice, four satellites have been launched which have globally mapped the presence of sea ice. Using data from the Scanning
Multifrequency Microwave Radiometer (SMMR) onboard NASA's NIMBUS- 7 it is possible to map the extent of sea
ice and to indicate the distribution of first and multiyear ice. In some areas, such as the Gulf of St. Lawrence, the presence
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knowledge of the circulation. Of particular interest are: (1) the discovery of swift eastward boundary currents in both the
Canadian and Eurasian basins; (2) the frequent presence of small energetic baroclinic eddies, generally contained in the
main pycnocline and probably representing a significant fraction of the upper ocean kinetic energy; ( 3) the importance of
ice formation over adjacent shelf seas in the thermohaline circulation of the Arctic Ocean; and (4) evidence of an active
and stratified deep circulation, along with direct measurements of the Lomonosov Ridge overflow.
Our view of the Arctic Ocean circulation is changing from one primarily concerned with steady state explanations of
the principal temperature and salinity features, to one which, based on more sophisticated measurements, is able to
increasingly discern spatial and temporal details and to some extent quantify and model major physical processes.
Nonetheless, an enormous amount of work must be done to bring the level of our understanding approximately up to that
of other portions of the world ocean.

S11-2
Some Unique Features of Northern Ice-Impacted Ecosystems
Vera Alexander
Institute of Marine Science,
University of Alaska,
Fairbanks, Alaska 99701, USA

Sea ice plays a critical role in high latitude ecosystems, particularly in its influence on the annual primary
productivity cycle. The cycle begins in spring with a growth of algae (primarily diatoms) in the ice cover in response to
increased light input. This may persist for a several-week period. Evidence from the Arctic and Antarctic suggests that
where nutrients are abundant, this ice algae growth can occur associated with ice throughout the summer. In the Arctic it
generally lasts only for a few weeks. As ice forms in the fall in regions where the sea becomes ice-free in summer, ice algae
may also occur as fall bloom, depending on light availability. In the southeast Bering Sea, where the ice only penetrates
during the midwinter period, such ice blooms do not occur in the ice formation period.
The second major primary production occurs in the seawater at ice margins in spring, as the ice begins to retreat. The
stability of the water column due to ice melt coupled with frontal structures, possible upwelling, and seeding from the ice
algae, all promote an intense bloom. The importance of the physical and chemical regimes at the ice edge in enhancing
this production has been demonstrated.
The result of these ice-related processes is that primary production in ice-influenced waters is highly seasonal, with a
majority of the contribution occurring during a brief spring period. This apparently favors benthic communities which can
serve as annual integrators of the seasonally imbalanced primary production.

S11-3
Mixing of Arctic Water Masses - Conclusions from Tracer and Constituent Concentrations
David Dyrssen
Department of A1zalytica/ and Marine Chemistry,
Chalmers U11iversity of Technology and University of Go.teborg,
S-412 96 Go'teborg, Sweden

The conclusions are mainly based on oceanographic data from two expeditions: with the icebreaker Ymer in Eastern
Arctic July-September 1980 and with the RV Alpha Helix through the Bering Strait in October 1981. The data include
salinty, alkalinity, and total carbonate (A 1 and C1 ), calcium, oxygen, nitrate, phosphate, silica, trace metals, oxygen-I 8,
and radioactive nuclides such as tritium, carbon-I 4, and cesium-I 34.
The salinity and alkalinity data permit calculation of the salt, freshwater, and alkalinity balance. These calculations
support the data on inflows and outflows. The tritium data of Ostlund give a mean residence time for the freshwater of 11
yr. The oxygen-18 data show, for example, that the surface water in the East Greenland outflow has a low contribution on
melt water. The low salinity is therefore mostly due to the input of river water, and the enhanced values of A,/Cl are thus
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due to the alkalinity of the river water. Silica data show that the Bering Strait water is advected towards the Canadian
Archipelago, but a disc of water with increased silica is discernible in the East Greenland Current. The silica data show
that the Arctic surface water is not well mixed. TheC,and nutrient data show that the intensive photosynthesis is patchy
and not hampered by the ice-cover north of Svalbard up to 82 ° 30N. Photosynthesis causes deep undersaturation of
carbon dioxide down to 150 m, but a plot of A,-C1 vs. temperature shows that the Eastern Arctic Ocean otherwise is in
equilibrium with about 330 ppm carbon dioxide in the air. A deep water outflow of 3 l06m3/s would transport only a small
part of the fossil fuel CO2 • Data on C-14 and bromoform indicate a rapid vertical exchange and the Cs-134 probably
originates from the Irish Sea.

Sll-4
Quaternary Paleoceanography of the North Polar Seas
J �rn Thiede
Department of Geology,
University of Oslo,
P. 0. Box 1047,
Blindern, Oslo 3, Norway

Quaternary sediments which cover the bottom of the presently sea-ice covered Arctic Ocean have up to now eluded
easy explanations of their depositional environments. At first it was very difficult to sample them because of the
unaccessible Arctic Ocean; then they were shown to contain few or only sporadic fossils, and at last - after they had been
dated successfully - they were shown to accumulate at very low rates ( < 0.5- > 2 mm · 10-3 y), which do not allow a
high stratigraphic resolution. Hypotheses about the history of Quaternary Arctic Ocean environments therefore range
from a permanent ice cover, to at times intermittent and/or loose sea-ice cover, to long ice-free stages, despite evidence of
long spells of cold glacial climates from the surrounding continents. Detailed studies of the stratigraphy of Quaternary
sediment cores both from the Amerasian as well as from the Eurasian basins have been carried out over the past decade.
In both basins the sediment cover consists of fossiliferous layers alternating with barren zones, and intervals of clayey very
fine-grained deposits alternating with zones rich in coarse, unsorted obviously ice-rafted terrigenous debris. The oldest
pelagic sediments hitherto found containing ice-rafted material are as old as 4-5 million years B.P., but periods of ice
rafting seem to increase in intensity and length in smaller intervals. They represent times when icebergs could penetrate
deeply into the Arctic Ocean. The fossiliferous zones are marked by dramatic increases of planktonic as well as benthic
fossils (both calcareous and noncalcareous ones; mostly foraminifers). Because of their good preservation they must
indicate times of higher plankton productivity in the surface waters, and higher standing stocks of benthic organisms. The
fossiliferous zones coincide or overlap sometimes with intervals of intensive ice-rafting. Thes.e important changes of the
oceanography of the Arctic Ocean have yet to be correlated convincingly and in detail with the late Cenozoic
chronostratigraphy, but these data allow, for the first time, the comprehensive interpretation of Quaternary Arctic pelagic
depositional environments and paleoceanography.

Sll-5
Sea Ice as a Material
N. Untersteiner
University of Washington,
Polar Science Center,
4057 Roosevelt Way N.E.,
Seattle, Washington 98105, USA

The peculiar physical properties of sea ice are the result of brine and air inclusions during the freezing process and, in
some instances, a prevailing direction of the relative current between the ocean and the growing ice. Once formed, the ice
loses some or all of its brine content with time, and especially during periods of surface melt. The physical mechanisms of
this desalination are only partially understood.
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The thermal and radiative properties in the visual and thermal infrared spectrum are well known and allow accurate
calculations of the heat transfer through the ice-covered ocean surface, provided that external energy fluxes in the
atmosphere and the ocean are known. The radiative properties in the centimetre spectral range are important for all
weather remote sensing. Especially the passive microwave images of sea ice obtained from space are difficult to interpret
because of the numerous parameters affecting ice emissivity·.
Extensive laboratory studies of the mechanical properties have been successful in analyzing the behavior of sea ice in
a laboratory setting and in using the results for engineering applications. Unfortunately, it has been virtually impossible to
bridge the gap between such small-scale ice mechanics and the mechanical properties of sea ice on the scales of oceanic
and atmospheric dynamics. The understanding of geophysical ice mechanics requires field observations of several years in
duration and covering entire ocean basins.

S11-6
Sea Ice in the Global Climate System
John E. Walsh
Department of Atmospheric Sciences,
University of Illinois, Urbana, Illinois 61801, USA

The role of sea ice in large-scale climatic variability is examined from two viewpoints: observational evidence and the
results of theoretical model simulations. The relative advantages and disadvantages of both strategies are compared in
order to place the climatic implications in perspective. On the seasonal and interannual time scales, observational
evidence indicates that ( 1) the ice-atmosphere coupling is strongest in the direction of an atmospheric forcing of the ice,
and (2) responses of the atmosphere to the ice are regional and are most detectable during the autumn. Controlled
experiments with global circulation models suggest that regionally significant changes in the tropospheric circulation can
be forced by somewhat exaggerated interannual extremes of ice extent. Shifts in cyclone trajectories, which are pertinent
to the climatic regimes of the western continental regions, are more readily identifiable in the model results than in
observational data.
On time scales greater than � 10 yr, both empirical evidence (proxy data) and model studies indicate that
substantial changes of global climate are associated with changes in ice extent. While the causal mechanisms pertaining
to sea ice cannot be resolved observationally, the imposition of catastrophic changes in model boundary conditions (i.e. an
ice-free Arctic; ice-age extent of sea ice) results in significant global-scale changes in the simulated fields of pressure
(wind), temperature, and moisture. Conversely, ice model simulations indicate that (CO2-induced) atmospheric
warmings of several degrees would be sufficient to reduce substantially the extent of sea ice in high latitudes.

SESSION S12
VARIABILITY IN PRIMARY PRODUCTIVITY (IABO)
Convenor: 0. J. Koblentz-Mishke

S12-1
Rates of Formation and Decay of Vertical Fine-Scale Phytoplankton Variability
K. L. Denman, D. L. Mackas, and S. H. Hill
Institute of Ocean Sciences,
P. 0. Box 6000,
Sidney, British Columbia, Canada V8L 4B2

Much of the fine-scale horizontal patchiness observed in phytoplankton variables results from contamination by
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S12-4
Edge Effects in Warm-Core Ocean Eddies
D. J. Tranter, G. S. Leech, and D. Airey
Tranter Csiro Marine Laboratories,
P.O. Box 21,
Cronulla, N.S. W. 2230,
Australia

Upwelling was observed at the outer edge of a large warm-core eddy in the southwest Tasman Sea. The path of the
upwelling was up the outer density slope of the eddy. Nitrate concentrations of the order of 50-70 µg/L were brought to
the surface where chlorophyll concentrations in excess of l ._5 µg/L were located. Elsewhere chlorophylls were of the order
of 0.4 JLg!L. The zooplankton in the upwelling area was characterized by large numbers of the copepod Calanoides
carinatus., a known upwelling species elsewhere in the world. The local frontal feature where this upwelling took
place resembled a cyclonic vortex but it could be related to the open frontal ''shingles'' that are now becoming evident
from satellite photography. A mechanism is proposed for the observed enrichment involving exchange of heat and salt
between the warm saline subtropical water of the eddy and the cold fresh southwest Tasman water of subantarctic origin
on which it floats.

S12-5
R. S. Smith

(Abstract not available)

S12-6
Scales of Spatial Heterogeneities of Quantitative Characteristics of Marine Phytoplankton and
Hypothetical Hierarchy of Pelagic Plant Communities
0. J. Koblentz-Mishke
Institute of Oceanology,
Academy of Scie,zce,
USSR, Krasikova str. 23,
Moscow 117218, USSR

The totalities of oceanic gyres and eddies of different dimensions and their populations may be considered as
complexes of ecosystems of different hierarchic ranks. The ecosystem of the World Ocean (I, higher rank) contains
complexes of ecosystems of planetary gyres and macroscale eddies (II rank) which contain complexes of ecosystems of
mesoscale eddies - rings and so on (III rank), containing complexes of ecosystems of coarse-scale hydrographic
formations (IV, lower rank). Each individual complex is composed of several ecosystems, their biota forming communities
of different trophic levels. Thus, among the communities of the planetary gyres, one may distinguish the communities
having the same mean level of productivity as the principal types of terrestrial communities. The oligotrophic marine
communities having mean primary production under 100 mg C · m-2 per day correspond to the land communities of
deserts and glaciers; the rnesotrophic communities (primary production 100-500 mg C · m-2 per day) correspond to those
of meadows, prairies and savannas; the eutrophic communities (production above 500 mg C · m-2 per day) correspond to
those of forests and jungles. Oligo- and mesotrophic communities inhabit the gyres of the polar climatic zones; meso- and
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ASSOCIATION SYMPOSIA
SESSION Al
RESULTS OF THE FIRST GARP GLOBAL EXPERIMENT (IAMAP /IAPSO)
Convenor: P. Hisard

Al-1
Experimental Simulation of the Sea Surface Temperature Using an Oceanic GCM
K. Miyakoda and A. Rosati
Geophysical Fluid Dynamics Laboratory/NOAA,
Princeton University,
Princeton, New Jersey 08540, USA

The oceanic GCM (general circulation model) developed by the oceanographic group of Geophysical Fluid
Dynamics Laboratory was adapted for the eventual purpose of the seasonal weather forecasts. The model includes the
turbulent closure scheme of hierarchy level 2 of Mellor and Yamada (1974), for the upper ocean mixing. The GCM has
the latitude-longitude grid of 5° resolution with 12 vertical levels, where the ocean bottom is 3 km deep, and is flat. The
locations of vertical levels in the model are: 5, 10, 17, 25 m, etc. For the purpose of forecast (or simulation), the model is
run for 1 yr under a specified atmospheric forcing, i.e. the observed air temperature and wind near the sea surface at an
interval of half day for all ocean gridpoints. In order to achieve a successful forecast, it is important to specify an
appropriate and accurate initial condition for the oceanic variables. This is obtained by the data assimilation technique,
utilizing the GCM. Namely the climatological ocean data are used as the initial values, and the GCM is integrated, under
a specified atmospheric forcing, by injecting continuously in time the observed sea surface temperature data into the
model. The prognostic sea surface temperature thus yielded for 1976 and 1977 is compared with the observation. The
beneficial impact of the GCM on the forecast is discussed compared with the counterpart based on the one-dimensional
model.

Al-2
Equatorial Waves and Currents During FGGE
Edward S. Sarachik
Center for Earth and Planetary Physics,
Harvard University,
Cambridge, Massachusetts 02138,
USA

A review of measurements in equatorial oceans made during FGGE and of our theoretical attempts to understand
these measurements will be presented. Transports of the Equatorial Undercurrent and of the Equatorial Countercurrents
will be described, and the status of modeling these currents and their time dependence will be reviewed.

Al-3
Satellite-Derived Large-Scale Energetics of the Tropical Atmosphere-Ocean Interface
Catherine Gautier
California Space Institute,
Scripps Institution of Oceanography,
La Jolla, California 92093, USA

The data set collected in the tropical oceanic regions during FGGE offers a unique opportunity to develop, test, and
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apply methods of combing ship and satellite measurements to study the large-scale energetics (heat and momentum
exchanges) of the atmosphere-ocean interface.
Low-level cloud motion vectors, brought down to the surface using empirical methods and combined with ship
measurements of wind are used to study the spatial and temporal characteristics of the surface wind and stress fields over
large oceanic areas of the globe. The largest terms of the surface heat budget are also analyzed. The net solar radiation
entering the ocean is calculated from a simple radiative model which uses calibrated, high-resolution hourly brightness
measurements from geostationary satellite. The problem of the turbulent heat fluxes is not as well resolved, however; a
combination of satellite-derived surface winds, and ship measurements of sea surface temperature, temperature, and
humidity of the air can be used to infer these fluxes over large scales.
These methods have been applied for time periods of several months during FGGE in regions of the tropical oceans
where the atmosphere-ocean interactions are known to be large and important to the local heat and momentum budget of
the upper ocean. Results for the Indian Ocean during the summer monsoon and for the central tropical Pacific throughout
the year are presented and prosp�cts for studies over longer time periods are discussed.

Al-4
Indian Ocean Oceanographic FGGE Results
Michele Fieux
Laboratoire d'oceanographie physique,
Musee national d'histoire naturelle,
43, rue Cuvier 75231, Paris Cedex 05, France

An attempt is made to give an overview of the oceanographic results obtained by American, English, and French
scientists during the First Garp Global Experiment in the Indian Ocean. Current and water mass distributions in the
Somali basin and the western equatorial region, before and during the SW monsoon, will be described. The oceanic
variability is then considered in terms of atmospheric forcing.

Al-5
An Overview of Atmospheric and Oceanic Results from FGGE in the Atlantic Ocean
Peter Speth
lnstitflt fur Geophysik und Meteorologie der Universitiit Koln,
Kerpener Str. 13, D-5000 Koln 41, Federal Republic of Germany

The north-south meandering of the subsurface, eastward-flowing Equatorial Undercurrent is believed to be caused
either by barotropic instabilities of westward zonal currents or by wind-generated equatorially trapped waves. In the Gulf
of Guinea the equatorial and coastal upwellings are believed to be produced by wind-stress variations in the western
Atlantic. The influence of the atmospheric motion on the oceanic circulation during FGGE is investigated with respect to
these mechanisms. Sea surface temperature (SST) during 1979 from about 15 °N to 7 °S and from the coast of Africa to
about 45 °W is used as an indicator of energetic low-frequency phenomena in the tropical Atlantic Ocean. Stronger
meridional SST gradients exist in the climatological mean data than in the 1979 measurements. During 1979 the SST
isotherms had a stronger meridional orientation south of the equator and in the Gulf of Guinea. The space-time
variability of the SST fields is studied as a function of synoptic scale surface wind fields using empirical orthogonal
functions. The wind fields were analyzed by the European Centre for Medium Range Weather Forecasts for FGGE.
Additionally the position of the Intertropical Convergence Zone (ITCZ) was determined from METEOSAT cloud
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images. It is shown that the ITCZ is not identical with the confluence axis. In the western tropical Atlantic, the confluence
occurred south of the ITCZ but it occurred north of the ITCZ in the eastern part. In situ wind measurements and oceanic
current and temperature registrations are used to study spatial coherences.

SESSION A2
SEA-LEVEL CHANGES AND COAST/OCEAN INTERACTION (CMG)
Convenor:

W.

C. Pitman III

A2-1

Modeling Coastal Plain Stratigraphy
J. Thorne and A. B. Watts
Lamont-Doherty Geological Observatory,
Department of Geological Science,
Columbia University,
Palisades, New York 10964, USA

Passive continental margin stratigraphy has been used by various authors to constrain simple thermal and
mechanical models of margin evolution. In this paper we focus on the interaction of geophysical and geological processes
involved in forming coastal plain stratigraphy.
We find that coastal plain stratigraphy is sensitive to assumptions made regarding rates of erosion, sediment supply,
and compaction. Previous estimates of the parameters involved in margin formation, in particular the eustatic control of
stratigraphy, are reinterpreted in light of these results.

A2-2
Permo-Triassic Sea-Level Variation in the Italian Alps (Dolomites)
Marc L. Helman, Carl 0. Nelson
Queens College (CUNY},
Department of Earth and Environmental Science,
Flushing, New York 11367, USA

and B. Charlotte Schreiber
Queens College (CUNY),
Department of Earth and Environmental Science,
Flushing, New York 11367, USA
and Lamont-Doherty Geological Observatory,
Columbia University,
Palisades, New York 10964, USA

The shallow water, marine sediments which formed across the Permo-Triassic boundary in the Dolomite Mountains
of Italy reflect a variety of influences that result from apparent sea-level changes. Some of these are directly observable in
the rock record whereas others must be inferred. Some of the changes are due to sedimentologic factors and others may be
tectonic in nature. Styles of sedimentation together with the slope of the original shelf itself, all affect the amount of
apparent sea-level fluctuation evidenced in the sedimentary sequence.
Withdrawal of the seas throughout the Permian, but especially during the Zechstein stage, reduced the amount of
flooded continental shelf throughout the world. However, this trend is seen to vary locally due to regional tectonics. The
Middle and Upper Permian sequence of the Dolomites begins with a thick (ca. 1 km) volcanic unit resting upon
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Hercynian basement. This is overlain by a sequence of continental sandstones and shales, partially derived from the basal
volcanics. The uppermost Permian rocks consist of marine marginal supratidal and shallow subaqueous gypsum and
dolomitic carbonates which apparently were deposited on a very gently sloping shelf (less than ½0 slope). The evaporite
sequence is widespread and continuous but the exact environment of formation is variable over a modest range. Shallow
subaqueous evaporites are found to be overlain and underlain by supratidal deposits, and sharp bedding plane contacts are
common throughout.
The Permo-Triassic boundary is marked by a paraconformity distinguished on paleontologic grounds by Permian
foraminifera farming the nuclei of Triassic ooids. In places the lowermost horizon of the Triassic, Werfen Formation is
missing. The beds of the lower Triassic show an even wider range of facies variations than the Permian, which arise from
the usual variations in eustatic sea level, in rate of subsidence, and in changing sedimentology and geomorphology. On a
continental shelf having a low slope angle, ongoing processes of sedimentation, particularly in conjunction with climatic
fluctuation and catastrophic events (major storms), result in widespread, continuous, and sweeping deposits. Single events
generate marked regional sedimentologic variations which are clear and traceable over considerable distance and may be
apparent across the entire paleoshelf.

A2-3
Sea-Level Changes and the Development of Submarine Canyons
William B. F. Ryan and John A. Farre
Lamont-Doherty Geological Observatory,
Columbia University,
Palisades, New York 10964, USA

Images of the seafloor made with midrange side-scan sonar reveal two stages in the morphological development of
valleys and canyons on the mid-Atlantic continental margin of the United States. During a youthful phase, the mass
wasting of the continental margin is dominated by slumping and avalanching of the hemi-pelagic drape of the continental
slope. The valleys thus formed begin as linear chutes with steep headland amphitheater-shaped scars. Parallel grooves
occur on the floor of some chutes, and large debris flow aprons occur at their base. The submarine seascape resembles
extraterrestrial landscapes where catastrophic rock slides have taken place. A correlation between eustatic sea-level
change and massive slope failure is not obvious.
At a more mature stage, landward erosion of the slump scars allows some of the valleys on the slope eventually to
breach the shelfbreak. At this time the valleys become bypass routes for coarse-grained shelf sediments, and the classic
shelf-indenting submarine canyons develop. Oscillations of sea level can have a major effect in controlling the sediment
supply up to the heads of the mature canyons. The sonar images indicate that both stages of canyon development are
present and have been active in the recent past.

A2-4
Coastal Response to Sea-Level Change: Fluid and Sediment Dynamical Aspects
Donald J. P. Swift
Arco Oil and Gas Company,
Plano Research Center,
P.O. Box 2819,
Dallas, Texas 75221, USA

As continental shelves flood in response to rising sea level, the equilibrium profile of the inner shelf is driven back
across the coastal plain by the process of erosional shoreface retreat. During periods of high sedimentation rates or falling
sea level, the inner shelf profile shifts seaward. Jetlike, downwelling coastal storm currents play an essential role in these
movements. They serve to transport offshore the sand resuspended by storm waves, and remove it permanently from the
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detritivores which passively utilize large and small fragments of algae that have become detached from the parent plant.
For example, mussels filter fine particles in suspension, while isopods and amphipods browse upon larger particles. This
category of animal probably has little effect on the structure of seaweed communities, except that mussels may be
competitors for space, especially in the intertidal zone. Secondly, there are the herbivores which browse upon the living
plants. Gastropods may be locally important but sea urchins are clearly the most important on a global basis. They are
capable of destroying kelp beds over very large areas; in Nova Scotia they have destroyed almost all kelp beds along 600
kn1 of coastline. The third category is the carnivores, which prey upon the first two categories. Their activities restrict the
population density of herbivores and only when this occurs can the algal communities develop their climax state.
Important predators in various parts of the world include sea otters, various species of fish, crabs, lobsters, and starfishes.
Overexploitation of the predators leads to population explosions of urchins and destruction of algal communities. Hence
the predators are important determinants of the structure of seaweed communities. In an ecologically stable situation
herbivore biomass is low and carnivore productivity is maximized. Kelp beds in many parts of the world are associated
with highly productive lobster fisheries.

A3-4
Primary Productivity and Survival Strategies of Tropical Marine Macroalgae
Mark M. Littler
Department of Ecology and Evolutionary Biology,
University of California,
Irvine, California 92717, USA

Predictions of a new evolutionary model were examined by costs/benefits strategic analyses of tropical macroalgae
using a functional-form group approach. The ranking from high to low primary producers (Sheet- and Filamentous
Groups > Coarsely Branched- and Thick Leathery-Groups > Jointed Calcareous- and Crustose-Groups), and data
from the literature, support the hypothesis that persistent forms which allocate resources for environmental resistance,
interference competition or antiherbivory defenses do so at the cost of lower primary production rates. The functional
form group approach can be used to predict important morphological/productivity/ecological selective features in a given
environment where the macroalgae are known, without being constrained temporally or geographically.

A3-5
Patterns of Benthic Algal Community Structure Along Temperate Pacific South America
Bernabe Santelices
Facultad de Ciencias Biologicas,
Ponti.fiefa Universidad Catolica de Chile,
Chile

Oceanographic and topographic conditions determine geographic patterns of seaweed communities along temperate
Pacific South America. Between 12°S and 42°S the coastline is precipitous, mostly exposed rocky headlands with few
sheltered bays. Extensive subtidal Lessonia beds have been recently found between 20°S and 40°S. They seemingly
parallel subtidal kelp beds from other temperate latitudes, in community structure and ecological interactions. Exposed
rocky intertidal habitats show zonation of algal morphologies rather than species zonation patterns. Tidal amplitude,
grazing on juvenile plants, and interspecific competition between Lessonia nigrescens and Durvillea antarctica structure
the upper sublittoral. The whiplash effects of Lessonia and Durvillea on grazers and other algae allow the occurrence of a
Lithophyllum belt at the level immediately below these large brown algae. Seasonal abiotic conditions and grazing
regulate space utilization of Codium dimorphum, a middle intertidal dominant which is able to confine a diversity of
frondose and filamentous species to the upper littoral. Grazing exclusion in the bare upper rocky intertidal allows the
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A4-3

The Transport of Mineral Aerosol to the World Ocean
Joseph M. Prospero
University of Miami, Rosenstiel School of
Marine and Atmospheric Science,
4600 Rickenbacker Causeway, Miami, Florida 33149, USA

Earlier work has demonstrated the great impact of soil dust transport from the Sahara to the west, mean mineral
aerosol concentrations of tens of micrograms per cubic metre of air (JLg · m-3) being common over the tropical North
Atlantic and Caribbean. Recent efforts have yielded a better picture of dust transport in other regions. Ship
measurements during the Global Weather Experiment show high concentrations over the Red Sea (mean, 18 JLg · m-3)
and in westerly winds over the Indian Ocean along the African coast (mean, 12 µg · m-3); in contrast relatively low
concentrations were obtained over the Indian Ocean in easterly winds (mean, 0.8 µg · m-3). Measurements over the
Mediterranean also yielded high concentrations (mean, 19 JLg · m-3). Iraq, Iran, Saudi Arabia and Pakistan also appear
to be major sources of dust in the Arabian Sea area. In the central North Pacific, weekly mean soil aerosol concentrations
of several micrograms per cubic metre of air are commonly obtained in a network of stations in operation since early 1981.
The greatest concentrations are measured in the late winter and spring, when dust storm activity in China is at its
greatest. The mineral composition of soil aerosols, being a function of the geology of the source area and the character of
the weathering regime, can vary greatly from one ocean region to another. Such variations are shown to be especially
impressive for the North Pacific which is affected by inputs from a number of different source types. Evidence suggests
that the dominant dust sources in arid regions are those environments where the fine particle fraction of soils has been
concentrated by water transport, i.e., wadis, playas, alluvial fans, and old lacustrine deposits.

A4-4

Organic Carbon Exchange Between the Ocean and Atmosphere
Roger Chesselet
Centre des faibles radioactivites,
Laboratoire mixte C.N.R.S.-C.E.A.,
91190 Gif-sur-Yvette, France

As quoted by Duce (1978), ''our understanding of the global cycle of atmospheric nonmethane organic carbon is still
primitive at best.'' The determination of the net exchange flux between the ocean surface and the atmosphere in the
nonmethane organic carbon cycle implies the necessity to unequivocally identify the origin of this carbon. The progress in
collection and instrumentation allowed a better knowledge of the POC (Particulate Organic Carbon) exchanges between
the continent, the atmosphere, and the ocean. The use of specific tracers like petroleum and plant components has helped
determine that the POC of continental origin is an important fraction of the carbon atmospheric burden over the sea. The
use of stable carbon isotopic studies has shown that the input of POC from the continent to the sea by atmospheric
transport is significant in remote marine areas, even if the mass of marine organic carbon recycled by the sea is more
important. In the microlayer, which acts as a source and sink for marine aerosols, the POC has a different composition
from the POC and DOC of subsurface waters and atmospheric organic carbon. This is due to several causes: the
abundance of hydrophobic material in the microlayer; the role of specific agents like bacteria; the enhancement of gas
POC exchange at the sea surface; the rapid formation of particles in the microlayer by biological and physical processes
such as bubbling and Eckman circulation; the differences of pH; and the important role of the photochemistry. Most of
the POC of continental origin is not recycled at the sea surface to the atmosphere, but is rapidly involved in biological
cycles either when it dissolves in seawater or remains particulate.
Remaining problems are: (a) What are the true conservative tracers of the POC in atmospheric transport? and (b)
Do available tracers validly represent the major part of the POC?
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seismicity at convergent plate boundaries (subduction zones) vary greatly from place to place. Great earthquakes tend to
occur only at certain subduction zones such as those in Chile and Alaska where seismic slip rate is comparable to the rate
of plate convergence rate. On the other hand, no single great earthquake has originated in subduction zones, such as the
Marianas, at least during the past several hundred years. In these zones, plate motion is probably taken up by aseismic
slip. This regional variation can be interpreted in terms of ditference in the strength of mechanical coupling between the
converging plates. Since these great earthquakes are a result of mechanical interaction between the converging plates, the
activity of great earthquakes is expected to correlate with various plate parameters such as the convergence rate, the age
of the subducting plate, etc. An analysis of existing data shows that plate boundaries with a large convergence rate and a
young subducting plate have high seismicity suggesting that the strength of inter-plate coupling is primarily governed by
these parameters. Other features of subduction zones such as the state of stress in the upper plate, back arc opening, and
the nature of volcanism can be related to seismicity in a systematic way in this model.

A5-3
Subduction-Erosion
T. W. C. Hilde
Geodynamics Research Program and Departme,zts of Oceanography and Geophysics,
Texas A&M University, College Station,
Texas 77843, USA

What happens to the rocks and sediments in trenches as plates converge? Recent studies show that accretionary
prisms of offscraped oceanic and trench sedimentary deposits are not as widely developed as previously suspected. In most
convergence zones these sediments are subducted along with the oceanic plate. In many cases it also appears that rocks
comprising the frontal region of the overriding plate are tectonically eroded and subducted. A review of the geological
data for the circum-Pacific trenches shows that where sediment subduction and tectonic erosion is taking place, the
surface of the subducting oceanic plate exhibits numerous faults. These faults are generated by downward bending of the
oceanic plate as it approaches the trench and often form grabens 2-10 km in spacing and cross-sectional dimension, with
more than 500 m of relief near the trench axis. The volume of the grabens in many cases exceeds the volume of sediments
reaching the trench axis. These sediments and in places part of the overriding plate are apparently tectonically displaced
into the grabens and carried down the subduction zone. Other important factors related to sediment subduction and
tectonic erosion include ( 1) the spreading-produced surface fabric of the subducting plate, (2) the rate of sediment supply
to the trench axis, (3) the rate of subduction, (4) the composition and physical properties of �he sediments in the trench,
and (5) the absolute motions of the plates involved.

A5-4
Break-Up and Accretion Tectonics
Amos Nur and Zvi Ben-Avraham
Department of Geophysics,
Stanford University,
Stan/ord, California 94305, USA

Numerous oceanic rises, several of which are submerged continental fragments, are embedded in the oceanic plates
and are fated to be consumed at active margins in the future. This consumption causes gaps in active volcanic chains,
disorders the normal seismic pattern associated with subduction of oceanic crusts, and emplaces ophiolites. Some past
oceanic rises have become accreted terranes, now found in ancient active margins. We suggest that some of these accreted
terranes resulted from the breakup on Gondwana. From Permian fragments in southern Europe to present Arabia and
Somalia, a host of continental slivers, microcontinents, and related rises have migrated from Gondwana to be accreted
into Europe and Asia. Orogenic deformation has resulted, well before full continent-continent collision took place.
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Numerous accreted continental and noncontinental rises have been identified in the northern circum Pacific
involving extensive orogenic deformation. A possible source for these continental terranes is Pacifica, an extension of
Gondwana and Africa found today in the Alpine-Himalaya Chain. Also, fragments of eastern Gondwana - possibly
Pacifica - are found in the northern and western circum Pacific.

AS-5
Some Basic Problems in the Genesis of Arc Magmas
I. Kushiro and Y. Tatsumi
Geological Institute,
University of Tokyo,
Tokyo 113, Japan

Basic problems such as existence of volcanic front (VF), sites of magma generation, mechanism of magma ascent,
and across-arc variations in volume and chemical composition of volcanic rocks are discussed ba·sed on a model proposed
for Japan Arc. The fact that the amount of magma generated in Japan Arc is largest near VF and rapidly decreases away
from it is explained by a tilted melt-rich layer suggested to exist above but nearly parallel to the subducted oceanic
lithosphere. Melt may migrate toward the upper end of the melt-rich layer (i.e. beneath VF) where largest amount of melt
or diapir starts to rise. Temperatures of primary tholeiite and high-alumina basalt magmas at the sites of generation (4060 km depths) are 200-300° higher than the probable geotherms at those depths even in the presence of a few % H20,
suggesting that magmas ascend as relatively high temperature diapirs. The degree of partial melting of the diapirs is
probably largest near VF and decreases away from it. This would account for the major across-arc variations in chemical
composition of magmas. The primary tholeiite magmas formed near VF have densities larger than those of granites, so
that they cannot ascend beyond the granitic layer of the crust as far as buoyancy is the principal ascending force. Only
fractionated lighter tholeiitic magmas can ascend through the upper crust. On the other hand, primary alkali basalt
magmas can ascend without fractionation because of their smaller densities. This would explain why tholeiites are
generally more fractionated than alkali basalts in Japan Arc.

AS-6
Geochemical Aspects of Arc Petrogenesis
Charles H. Langmuir
Lamont-Doherty Geological Observatory,
Columbia University,
Palisades, New York 10964, USA

Arc volcanics are almost invariably characterized by unique trace element signatures, and occasionally by unique
isotopic signatures. Relative to ocean floor and ocean island basalts, arc volcanics are enriched in alkalis, Ba and Sr, and
depleted in high field strength cations such as Ta, Nb, Zr, and Ti. Sr, Nd and Pb isotopic data can be indistinguishable
from data from ocean island volcanics but are sometimes distinguished by high 87 Sr/ 86 Sr relative to 143 Nd/ 144 Nd and by
steep slopes on plots of 201 Pb/ 204 Pb- 206Pb/ 204Pb. Trace element and isotopic ratios often do not correlate, and systematic
geochemical relationships on which to base detailed models have not been well established. Surprisingly, there are no
samples on which the complete spectrum of necessary data has been published; comprehensive analysis of carefully
selected samples is needed.
One difficulty in developing and testing models of arc petrogenesis is that many processes over a range of depths may
be involved. An attempt to see through some of these processes has been made by selecting the most primitive tholeiitic
compositions from eight arcs and examining their trace element and isotopic systematics. The relative partition
coefficients that can be deduced among most trace elements are similar to oceanic basalts, suggesting that the unique
trace element ratios in arc volcanics reflect the source and mantle processes control the final trace element covariations.
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Shelf has been calculated from literature data collected during the Australian summer, and compared with results
reported from the tropical North Pacific Ocean. The quantum efficiency increased with depth within the euphotic zone.
The maximum quantum efficiency was found at the bottom of euphotic zone even though available photosynthetic active
radiation for phytoplankton was relatively low compared to the tropical waters. The maximum quantum efficiency at the
extreme low temperature (-1.8° C) was estimated to be 0.06-0.07 moles carbon per einstein absorbed, which is about 50%
of the maximum possible quantum yield of photosynthesis and similar to that estimated at relatively high temperatures
(20° C) in the tropical North Pacific Ocean. Comparison of the quantum efficiency between the high latitudes and the
tropical North Pacific Ocean showed that phytoplankton in the high latitude were adapted to dark-light and low
temperature regime. Phytoplankton in the high latitude are concluded to be psychrophilic in terms of their quantum
efficiency.

A6-3
The Paradox of the Antarctic Primary Production
Guy Jacques

Laboratoire Arago,
66650, Banyuls-sur-Mer,
France

There is a striking opposition in the Antarctic between the important plankton blooms occurring in coastal and
continental areas and the poor productivity of the open ocean whereas nutrients are high. The possible causes of the poor
offshore productivity during summer have been analyzed. Nutrients? Nitrates (20 matg · m-3) and phosphates (1.5
matg · m-3) reach maximal values; however, silicates decrease rapidly down to 5 matg · m-3 close to the polar front. Trace
elements? Enrichment tests led with metals (Zu, Mo, Cu, Co, Mn, Fe) and vitamins show that they are not limiting
factors. Temperature? It is limiting the production rate, which is about 0.6 doubling per day for natural communities as
well as for cultures (Fragilariopsis kerguelensis, Nitzschia turgiduloides, Chaetoceros sp.). The superficial irradiation is
ranging between 4 and 8.106 J · m-2 in summer, largely enough light for a bloom. The critical depth is between 150 and
200 m and largely greater than the mixed layer (60-95 m, about the 1% level of the surface light). Despite all these
satisfactory conditions, the chlorophyll amount does fluctuate between 0.2 and 0.5 mg· m-3 whereas in samples placed on
the deck, the same, non enriched water, allows a standing stock of 25 mg· m-3 after 10 d. We therefore conclude (1) the
metabolism of Antarctic algae does not show striking characters: the photosynthesis-light curves show Ik between 50 and
80 ftE · cm-2 • min-1 the uptake kinetic has high Ks (30 matg · m-3 for silicates), the carbon pathway is c3 dominant, (2) the
temperature of waters does imply that about 10 d are needed for a bloom, (3) during that time, the vertical mixing, even
limited to the euphotic layer, does prevent any exponential growth. The coastal and continental phytoplanktonic blooms
are due to the larger superficial stability, and therefore a more constant light: coastal dilution, presence of ice, melting of
the pack.

A6-4
The Relative Importance of Nutrients and Hydrographic Features for the Growth of Antarctic
Phytoplankton
G. E. Fogg and P. K. Hayes•

Marine Science Laboratories,
University College of North Wales,
Menai Bridge, Anglesey, U.K.
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Observations
in the austral summer of 1978/9 confirm the supposition that hydrographic features rather than availability of nutrients
determine the abundance of phytoplankton. Surface samples were taken every 8 h for determination of chlorophyll,

'Present address: Department of Botany, University of Bristol, U.K.
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photosynthetic activity under standard conditions species composition of the phytoplankton, nutrient concentration and
bioassay for nutrient limitation (nitrate, phosphate, silicate, trace metals, and vitamins). These were supplemented by
continuous records of temperature, chlorophyll fluorescence, and bathymetry. Good correlations between chlorophyll
fluorescence, extracted chlorophyll, and photosynthetic activity were found. Except at the Antarctic Convergence there
were no marked changes in floristic compostion. No nutrient limitation was detected in the bioassays. There was however,
a tendency for peaks of phytoplankton abundance to be related to temperature discontinuities or to features of bottom
topography.

A6-5
Temperature Response of Various Aspects of Carbon Fixation in Arctic Phytoplankton
W. K. W. Li, J.C. Smith, T. Platt, and B. D. Irwin
Marine Ecology Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia,
Canada B2Y 4A2

Biological adaptation to a given environmental condition may be said to occur when response to changes in that
condition depends on the state of the condition prevailing during growth. Given this, we have sought to determine the
characteristics of phytoplankton growing in the extremely low temperature regimes of arctic waters by measuring short
term temperature response of various aspects of carbon fixation. The effects of temperature are considered with respect to
rates of carbon fixation by intact cells, rates of carbon fixation into various cellular polymers and activities of several
carboxylating enzymes: ribulose-1, 5-bisphosphate carboxylase, phosphoenolpyruvate carboxylase, phosphoenolpyruvate
carboxykinase, and pyruvate carboxylase. Adaptation of arctic phytoplankton to low temperature is discussed in relation
to similarities and differences in the temperature dependencies and rate compensations of the above aspects of carbon
fixation.

A6-6
Biomodal Proliferation of Ice Algae in the Polar Seas
Takao Hoshiai
National Institute of Polar Research,
9-10 Kaga 1-cho,ne,
Jtabashi-ku, Tokyo I 7 3, Japan

The discoloration of sea ice by dense populations of ice algae is well known in ice-covered seas, in particular the polar
seas. Most workers have studied ice algal proliferation only from spring to summer. However, the author observed that
discolorations occurred twice a year, in autumn and spring in the Syowa Station (69 °00'S, 39 °35'E) area, Antarctica.
The autumnal increase of algae occurred in the bottom layer of sea ice of 30 cm thick between late February and
mid-April. Such discoloration of sea ice was found in a lagoon of Hokkaido (44° l l'S, 143° 45'E), in the northern part of
Japan. The mean solar radiation (about 250 cal· cm-2 • d- 1) was common to both localities. The ice thickness (about 30
cm) was also similar and it hardly changed during the period of ice algal proliferation. Therefore, it was assumed that ice
algae increase under the condition that the solar radiation of about 250 cal · cm-2 • d- 1 is supplied for about 1 month, and
the sea ice stops growing. From spring through summer the same conditions as in autumn seem to be set up at the bottom
part of the sea ice where it is thicker than 1 m.
The bimodal proliferation of ice algae is basic in the polar oceans but one of the two modes may be lacking either
when solar radiation is insufficient or when the sea ice is not stable for a long enough time.

62

JOINT OCEANOGRAPHIC ASSEMBLY ABSTRACTS (HALIFAX, 1982)

SESSION A7
MANGROVE ECOSYSTEMS (IABO/WG60)
Convenor: S. C. Snedaker
A7-1
Storage Production and Export of Organic Matter in Mangrove Ecosystems
A. E. Lugo 1 and G. Cintron
Division of Marine Resources,
Commonwealth of Puerto Rico,
Department of Natural Resources,
Box 5887, Puerta de Tierra,
Puerto Rico 00906, USA

The architecture of a forest may be interpreted as a mean for maximum utilization of radiant energy given a specific
site's energy signature. The maximum development attained by a mature stand is a function of this energy signature; in
turn, structure affects the rates of energy fixation, utilization and exportation.
In this paper such architectural characteristics as height, basal area, tree density, crown cover, and biomass are
related mathematically to the diameter at breast height (DBH) or DBH2 • hejght.
The biomass in different compartments (foliage, wood, prop roots) is estimated for riverine, fringe, and basin forests
(including a dwarf stand) using clear-cut harvest technique or biomass-diameter regressions and the stand's actual
composition by diameter classes.
In spite of the importance of a stand's structural characteristics there are few data of this type available for American
stands. We use these data and recent mangrove inventories to calculate the role of mangroves in the global carbon budget.

A7-2
Competition in Mangroves
Hartmut Barth
University of Osnabruck,
Department of Biology and Chemistry,
Albrechtstr. 16,
4500 Osnabruck,
Federal Republic of Germany

Greenhouse experiments, under controlled conditions, were conducted on the intra- and interspecific competition
between seedlings of Rhizophora mangle L. and Avicennia germinans (L.) Stearn. ( = A. nitida Jacq.). In addition, field
planting experiments were made using R. mangle from Florida, in the vicinity of natural stands of Avicennia marina
(Forsk.) Vierh. along the coastal regions of the United Arab Emirates (Persian Gulf). Laboratory experiments confirm
the observations in the field that on sandy soils, Rhizophora seedlings grow as well, or better, (produce equal or more root
and above-ground biomass) when competing with Avicennia in stands of medium or high density, than without
interspecific competition. Under the same conditions, the Avicennia grow better in pure stands. The results of this work
are interpreted from an ecological and management perspective.

1

Permanent address: Project Leader, Institute of Tropical Forestry, P.O. Box AQ, Rio Piedras, Puerto Rico 00928, USA.
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new mangrove resources and restoration of degraded areas. Because mangrove forests function differently from 'typical'
terrestrial forests, management must be based on those ecological principles unique to the mangrove environment. These
are translated into management principles governing control of freshwater inputs, sediment transport control, pollution,
allowable harvests, and harvest procedures. For each, the scientific basis is discussed in the context of socioeconomic
benefits to be expected and the kinds of deterioration which would be prevented.

A7-6

Mangroves: Sewers, Sinks, or Septic Tanks?
Jin-Eong Ong, Wooi-Khoon Gong , and Chee- Hoang Wong
School of Biological Sciences,
Universiti Sains Malaysia,
Penang. Malaysia

Although it is generally believed that there is a major outwelling of nutrients into coastal waters from the mangrove
system, there is increasing evidence that a mangrove estuary can, in fact, act as a nutrient sink. It is also suggested that,
with respect to toxic pollutants, mangroves can act as sinks (accumulation within the system), sewers (flow through the
system), or as septic tanks (concentration within the system). This paper reviews and synthesizes recent scientific
advances to elaborate on each of these presumed functions. Emphasis is placed on the responses of mangroves to toxic
pollutants, such as heavy metals, synthetic organic chemicals and petroleum hydrocarbons, and the relation of these
responses to morphological and physiological adaptations, and the unique characteristics of mangrove waterways. Recent
research results from Southeast Asia are presented and comparisons are made with the Caribbean mangroves.

A7-7
Global Area, Distribution, and Status of Coastal Mangrove Forests
Samuel C. Snedaker
Division of Marine A.ffairs,
Rosenstiel School of Marine and Atmospheric Science,
University of Miami.
4600 Rickenbacker Causeway,
Miami, Florida 33149, USA

The global area of coastal mangrove forests exceeds 23 million ha which is about one-half of previously published
estimates. Reasons for the differences in the estimates are discussed and are attributed largely to errors in assumptions
and techniques. Mangrove forests are approximately distributed as follows: Africa (5 million); Asia and Orient (6.5
million); Caribbean (1.0 million); Oceania (1.6 million); Central America (0.9 million); North America (1.7 million);
and South America (4 million). It is estimated that about one-third of the global area is presently in a degraded state or is
subject to severe alteration from causes that are not in the best interests of the countries possessing the resource. Examples
of degradation are presented and interpreted in the context of long-term consequences relating to ecological changes in
species dominance, forest structure, associated fisheries, and economic potentials.

A7-8
Persistence and Change in Mangrove Communities
Bruce G. Thom
Department of Geography,
University of New South Wales,
Duntroon, A.C. T.,
Australia

Three basic approaches are recognized relative to the problem of persistence and change in mangrove communities.
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SESSION AS
OCEAN CRUST AND MINERALIZATION AT PLATE BOUNDARIES (CMG)
Convenor: D. S. Cronan
A8-1
Hydrothermal Mineralization at Slow-Spreading Oceanic Ridges: The Mid-Atlantic Ridge and the
Carlsberg Ridge
P. A. Rona, G. F. Merrill
NOAA/AOML.
4301 Rickenbacker Causeway,
Miami, Florida 33149, USA

K. Bostrom
Department of Geology,
University of Stockholm,
Box 6801,
11386 Stockholm, Sweden

L. Widenfalk
Department of Economic Geology,
University of Lu/ea,
S-951, 87 Lu/ea, Sweden

D.S. Cronan
Department of Geology,
Imperial College,
Prince Consort Road,
London SW7 2BP, U.K.

and W. J. Jenkins
Department of Chemistry,
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

Systematic investigations for hydrothermal mineralization were performed along 1800 km long portions of the Mid
Atlantic Ridge (MAR) crest between latitude 10 ° and 27° N in the central North Atlanti�, and the Carlsberg Ridge (CR)
crest between latitude 5 °21'S and 10° N in the northwest Indian Ocean. Criteria developed and applied to locate
hydrothermal mineralization included characteristic seafloor morphology, definitive magnetic signature, composition and
mineralogy of sediments and rocks, and certain water properties (3 He; near-bottom temperature). The two slow-spreading
(half-rate < 2 cm/yr) oceanic ridges investigated exhibit a segmented structure with linear sections of rift valley
alternating with ridge-ridge transform faults at an average spacing of 7 5 km. The investigations revealed hydrothermal
mineral deposits that were concentrated by high-intensity hydrothermal activity at localized sites of anomalously high
thermal gradients and permeabilities within tectonic settings related to the segmented structure of the ridges, as follows:
(1) The wall along linear sections of the rift valley where normal faults act as conduits for deep-seated, long-lived
hydrothermal activity, with deposition of disseminated, stockwork, and possibly massive sulfides inferred beneath the
seafloor as a consequence of subsurface mixing of hydrothermal solutions with normal seawater, deposition of Fe-Mn
oxides and silicates as encrustations at the basalt/seawater interface, and precipitation of ferric hydroxide particles from
the discharging solution reduced in temperature and depleted in metals; examples are the TAG Hydrothermal Field and
five additional candidate sites identified along the MAR. (2) The intersection of the rift valley with ridge-ridge transform
faults where thinning of oceanic crust and faulting has exposed disseminated and stockwork Cu-Fe sulfides; examples
occur in the Verna and Romanche fracture zones (Bonatti et al. 1976) of the MAR and the Vityaz fracture zone of the
CR. (3) The axial zone of the rift valley constitutes an inadequately explored province with the possibility for the
occurrence of massive sulfides. Evidence presented indicates that extensive hydrothermal mineralization occurs on slow
spreading oceanic ridges but, unlike that on intermediate- to fast-spreading ridges, the bulk of the mineralization occurs
beneath the seafloor.
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A8-2
Hydrothermal Mineralization at a Fast-Spreading Oceanic Ridge: The East Pacific Rise
R. Hekinian, and M. Fevrier
(Abstract not available)

A8-3
Mineralization and Alteration of the Oceanic Crust: Evidence from Experimental Basalt-Seawater
Interaction Studies
M. A. Menzies
Department of Earth Sciences,
The Open University,
Milton Keynes MK7 6AA, England

and W. Seyfried
Department of Geology and Geophysics,
University of Minnesota,
Minneapolis,
Minnesota 55455, USA

Hydrothermal fluids exiting from ridge crests are enriched in chemical species leached from basaltic glass. They are
characterized by low concentrations of Mg, SO4 and high concentrations of Ca, SiO2 , H2S, heavy metals, and dissolved
gases. Debouching of these reacted fluids onto the seafloor and subsequent titration with cold, alkaline, oxygenated
seawater represents an important mechanism by which the steady state geochemistry of seawater is maintained and
seafloor heavy metals are generated. Basalt-seawater interaction under seawater dominated conditions is probably
important in the formation of umber deposits and metalliferous mudstones at Troodos, Cyprus. At high temperatures
(> 300° C) and high water/rock ratios (> 50) chlorite and smectite/chlorite are the dominant alteration phases and
corresponding fluids are conspicuously acidic and heavy metal rich. Isotopic, trace and rare earth element studies of
experimentally altered basaltic glass compare favorably with analysis of greenstones found adjacent to the discharge
zones of the Troodos geothermal system. One can infer from these data that large volumes of hot, metalliferous brines
must have fluxed through this system, precipitating metalliferous sediments at the point of discharge into cold seawater.
Rock dominated basalt-seawater interaction accounts for seafloor massive sulphide deposits similar to those found at
21 ° N EPR. Hydrothermal alteration of basalt by seawater at low W/R ratios results in formation of the more classic
greenschist facies alteration assemblage. The tendency for heavy metals to be reprecipitated in alteration products is
evident in naturally altered greenstones that tend to have high Co, Ni, and Cu concentrations in chlorite rich alteration
rinds. Experimental basalt-seawater interaction studies have led to a better understanding of (I) alteration mineral
formation, (2) hydrothermal fluid chemistry, and (3) the directions of chemical flux during alteration of the oceanic crust.

A8-4
Disseminated Mineralisation within the Oceanic Crust
M. Ann Morrison
Department of Geological Sciences,
University of Birmtngham,
Birmingham Bl 5 2TT, U.K.

and R. N. Thompson
Department of Geology,
Imperial College of Science and Technology, London,
U.K.

Sulphides in oceanic basalts are divided into three main groups on the basis of composition, stable isotope chemistry
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SESSION A9
VELOCITY FINE AND MICROSTRUCTURE IN THE OCEANS (IAPSO)

Convenor: T. Sanford
A9-l
Fine-Scale Connections of Current with Density
Charles C. Eriksen
Departnzent of Earth and Planetary Sciences,
Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA

Measurements of current variability at fine-scale have been collected at many locations and depths by a variety of
techniques and investigators. In contrast to large vertical scale currents, where bulk Richardson numbers Ri typically
satisfy R; >>1, at fine scales it is not unusual to find R; = 0(1). Temporal measurements suggest that R,. decreases to some
limiting value via an increase in fine-scale shear after which unstable conditions lead to mixing at microscales. We here
attempt to survey the types of fine-scale current variability found in the ocean by their relationships to density structure.

A9-2
The Boundary Between Waves and Turbulence
Ann E. Gargett
Institute of Ocean Sciences, Patricia Bay,
P. 0. Box 6000,
Sidney, British Columbia, Canada

Advances in oceanic velocity measurement techniques over the past decade are beginning to provide insight into the
nature of the fascinating boundary between fluctuating velocities which are dominantly wavelike and those which are
more properly termed turbulent. Present evidence suggests that this boundary is most readily identified in vertical
wavelength, and lies at scales smaller than 100 m. No single existing velocity profiler covers the entire range from 100 m
down to dissipation scales of a few centimeters, so present information has come from combining (in vertical wavenumber
space) data from three separate velocity profilers operated simultaneously. The resulting composite shear spectrum
112
suggests the following: (I) fork< kc 1::::=. 0.1 cpm, motions are essentially wavelike; (2) fork> kb
(N3/e) , motions
are essentially turbulent, with characteristics of classical isotropic turbulence; (3) a scale-dependent Richardson number,
is a decreasing function of k;(4) if k0 is indeed a constant dimensional wavenumber, then
R;(k)
1V2//<J,,(k')dk�
R;(kJ = l in a statistically averaged sense, independent of Vaisala frequency N. This final result is of particular
importance, since it implies that the ocean is everywhere equally close to shear instability and subsequent generation of
turbulence, reinforcing suspicion that the oceanic internal wave field maintains its "universal" character by maintaining
the ability to transfer excess energy rapidly to dissipation scales, i.e. by maintaining a near-critical Richardson number at
a vertical scale close to dissipation scales. The importance of velocity measurements in extending understanding of the
connections between waves and turbulence and our ability to parameterize the resulting turbulent mixing will be
illustrated by a simple argument (each step dependent upon velocity observations) that an appropriate vertical eddy
diffusivity for density in the ocean interior should be a decreasing function of N.
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Acoustic Remote Sensing of Oceanic Velocity
Robert Pinkel
University of California, San Diego,
Marine Physical Laboratory,
Scripps Institution of Oceanography,
La Jolla, California 92093, USA

Doppler sonar is now gaining acceptance as an oceanographic research tool. Ship-mounted acoustic velocity profilers
have been used in studies of ocean fronts, Gulf Stream rings, coastal flows, and equatorial near-surface currents. Sonars
mounted on stationary platforms have been used to sense large-scale turbulence in fjords, small-scale turbulence in tidal
inlets, and internal wave propagation in the deep sea. For reasons of ease in testing and deployment, only monostatic
(backscatter) systems have been �eveloped to date. These transmit sound in a narrow beam. The sound scatters off
plankton and nekton in the beam. From the Doppler shift of the echo, the component of scatterer motion parallel to the
beam can be determined as a function of range. While backscatter devices are entering the mainstream of oceanographic
research, new concepts are being explored to extract additional information from the sea. The new approaches are based
on selectively insonifying different volumes in space, e.g. multiple beams, crossed beams, and acoustic interference
patterns. Current research goals include remote sensing of all three components of velocity and remote sensing of the
sound speed profile.

SESSION Al0
EDDY DYNAMICS (IAPSO)
Convenor: P. B. Rhines
Al0-1

Eddies are Well and Alive in the Eastern North Atlantic
Alain Colin de V erdiere
Centre Oceanologique de Bretagne,
B.P. 337, 29273 Brest, France

An intensive mesoscale eddy survey, the Tourbillon experiment was carried out in the eastern North Atlantic in
1979. A surprisingly energetic, westward moving structure with roughly the Mode energy level was found and surveyed
intensively.
It appears that the eddy is undergoing active changes in its dynamics as can be inferred from a number of
measurements. These changes are quantified through evaluation of potential vorticity and heat balances. Using objective
analysis, it is also shown how mesoscale motions can shear out a blob of Mediterranean water while subgrid scale
processes carry an erosion process. These two ingredients, shearing and erosion, induce a net heat flux (although small)
without accompanying buoyancy flux.
Finally it is useful to hypothesize about the origin and fate of similar eddies by placing the Tourbillon experiment into
the larger context of eastern oceanic basins and contrasting it with more numerous observations of the western North
Atlantic.

Al0-2

Gulf Stream Trajectories from Surface Drifters and SOF AR Floats
P. L. Richardson, W. B. Owens, J. F. Price, and W. J. Schmitz Jr.
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

Satellite-tracked surface buoys and neutrally buoyant SO FAR floats at depths of 700 and 2000 m have recently been
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used to measure trajectories and velocity in the Gulf Stream region. These show that, at times, at least a portion of the
Stream flows around the Grand Banks into the Newfoundland Basin. At other times, the Stream turns southward feeding
a recirculation. A region of high Eddy Kinetic Energy (EKE) extends northeastward from the Stream into the North
°
Atlantic Current. Along 55 W, EKE values in the Stream are 1700 cm2/s2 (surface), 350 cm2/s2 (700 m), and 140 cm2/s2
(2000 m). Much lower values are found in the middle of the subtropical gyre, near 25°N, 100 cm2/s2 (surface), 24 cm2/s2
(700 m) and 1.4 cm2/s2 (2000 m). Much of the high EKE calculated from drifters and floats is due to Gulf Stream rings
and other discrete eddies which have EKE several times larger than ''background'' values.

Al0-3
Mesoscale Variability from the POLYMODE Local Dynamics Experiment
Colin Y. Shen
School of Oceanography, WB-10,
University of Washington,
Seattle, Washington 98195, USA

The POL YMODE Local Dynamics Experiment (LOE, 1978-1979) represents the joint effort of many inve.stigators
utilizing state of the art instruments to measure mesoscale variability of ocean currents and water masses near the
southern edge of the Gulf Stream recirculation gyre. The experimental site covers a 200-km diameter area centered near
31°N and 69.5°W. Results from this joint investigation are summarized. Among the findings are baroclinic eddy
structures, well correlated vertically but anisotropic horizontally, with preference for NE-SW flow, eddy currents having
approximately a 5-mo period of oscillation, and averaged N-NW eddy propagation of 2-3 km/d. On two occasions 1 yr
apart, an elongated transient thermocline jet dominated the structure of the water column. On several occasions water
mass transporting coherent vortices were observed passing through the LDE area. Evidence has also been found for
topographic Rossby waves, mesoscale advection in the thermocline and surface boundary layer, local eddy heat flux and
energy conversion, formation of thermocline jet by local frontogenesis, and geostrophic turbulent dispersion.

Al0-4
Small-Scale Eddies Observed During the POLYMODE Local Dynamics Experiment (LDE)
Eric Lindstrom
School of Oceanography, WB-10,
University of Washington,
Seattle, Washington 98195, USA

Results from the LOE indicate the presence of numerous small isolated vortices within the water column. Special
circumstances permitted the structure of several of these eddies to be resolved in some detail. An intense cyclonic vortex
with a radius of 20 km was well sampled by hydrographic stations and a moored current meter array. A SO FAR float was
entrained in a small anticyclonic vortex (15-km radius) and remained there for a 2-mo period, revealing much about the
eddy structure. In addition, a lenslike structure with low salinity core waters was found in the 1- to 3-km depth range. A
characterization of the frequency of occurrence of such features in the entire LDE density data set was undertaken, based
on the fact that the eddies were revealed in the data by their strong dynamic and/or water property signal. As many as 50
individual eddies were identified in the upper 2 km of the water column after accounting for multiple sightings. The origin
of the eddies, based on a determination of the source of the anomalous water types within their cores, was studied using
maps of salinity and oxygen on isopycnal surfaces for the North Atlantic Ocean. Origins from a wide range of locations
� within the North Atlantic are indicated, suggesting both the longevity of these eddy structures and their possible
importance in the large-scale stirring and mixing process of the ocean.
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interior, beneath the depths of direct atmospheric influence, both q and the potential density are conserved following fluid
particles. Geostrophic contours (i.e. curves of constant q on constant potential density surfaces) thus are idealized flow
paths. Recent theory, analyses of hydrographic data, and numerical models have shown the surprising structure of the
oceanic geostrophic contours, and provided insight into the way mesoscale eddies help to drive the circulation.

SESSION All
EXPERIMENT DESIGN IN SUBMARINE SCIENTIFIC OBSERVATION BY
DIVERS
Convenor: N. C. Flemming
All-1
Use of Scuba in Monitoring High Energy Surfzone and Nearshore Environments
A. D. Short and L. D. Wright
Coastal Studies Unit,
Department of Geography,
University of Sydney,
Sydney NSQ 2006, Australia

The Coastal Studies Unit has been conducting investigations into surfzone and nearshore wave, current, and
sediment dynamics since 1976. During this period both the sophistication of our equipment and the method of deployment
have improved dramatically. We can now obtain wave, current, and sediment information from the most energetic
surfzone and nearshore regions in Southern Australia with breakers to 5-m height. Scuba divers, who are also capable surf
swimmers, are used in the deployment, servicing, and recovery of all instrument arrays, and in observations and sampling
at each site. Four types of experiments utilize scuba divers: ( 1) surfzone circulation - instrument arrays attached by
multicore electrical cable and rope to a beach station are deployed up to 200 m from the beach, in depths up to 3 m, in
locations including rip channels, and under and immediately seaward of the breaker zone; (2) suspended sediment
transport - similar to above except a syphon type suspended sediment sampler is deployed; (3) box coring in surfzone and
nearshore - modified box core is used to obtain 20 x 30-cm sediment cores from the surfzone and nearshore in depths to
30 m; and (4) nearshore waves, tides and currents - in depths 10-50 m. Seaward of the surfzone instrument arrays are
deployed from a boat. In each of the above experiments, particularly 1, 2, and 3, scuba divers are essential for both
installation and recovery and bottom observations. To date experiments have been carried out at numerous locations in
New South Wales; Lakes Entrance, Victoria; Boolwa, South Australia; and Broome, Northwestern Australia.

All-2
Marine Biology of Saint Paul's Rocks
Alasdair Edwards
Dove Marine Laboratory,
Cullercoats, Tyne and Wear, NE30 4PZ, U.K.

and Roger Lubbock
Department of Zoology,
University of Cambridge,
Downing St., Cambridge, U.K.

St. Paul's Rocks (0°55'N, 29° 2l'W) are an isolated group of barren islets scarcely 400 m across lying just north of
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The principal problems are (a) ignorance of the true nature and magnitude of the interactions in real life, and (b) inability
to digest and comprehend the results. Existing models tend to fall into three categories: ( 1) models of entire ecosystems,
from primary production on up - these presuppose knowledge of fundamental workings of the ecosystem, which is
usually lacking in practice; (2) retrospective analyses of commercial fish catch data - these illuminate the least
important aspect of the problem {predation among adults) and cannot usually be used for long-term prediction; (3) highly
idealized (e.g. simple differential equation) models of simple predator/ prey/competition systems, such as multispecies
extensions of general production models, which illuminate the underlying behaviour of the systems but cannot generally
be used to analyse real data. It is suggested that the principal etfects of interspecific interactions are only expressed in the
long-term, so that simple extensions of conventional fisheries forecast models are of very limited use. The problems of
constructing sensible and useful models are inextricably linked with those of adequately representing stock/recruitment
effects (essential for any long-term models). In the foreseeable future such models are therefore most likely to be useful
for determining which factors are not very important (inter-adult predation?) rather than for making quantitative and
reliable forecasts! The problems of fully exploring the behaviour under different levels of exploitation even of models
involving only a few species and a few fisheries, mean that in practice only the very simplest models incorporating a few of
the most important interactions, and probably dealing only with steady state solutions, are likely to be comprehensible and
usable in the first instance. Such models are not difficult to construct, and some preliminary results are discussed.

A12-2
Multispecies Ecosystem Simulations for the Evaluation of Fishery Resources and the Quantitative
Determination of their Response to Ocean Environmental Anomalies and Fishery
T. Laevastu and R. Marasco
Northwest and Alaska Fisheries Center,
Seattle, Washington 98112, USA

Large, holistic marine ecosystem simulations are replacing the earlier single-species and production models for
resource evaluation and for the study of the dynamics of these resources. As the pathways of the utilization of primary
production in the sea are very variable in space and time and quantitatively ill known, therefore the new ecosystem
simulations are ''up the food chain'' types, biomass based, and predation oriented. Some of the results obtained with these
models are: The total finfish biomass varies from about 3 t/km2 in low-latitudes open ocean to maximum 60 t/km2 on high
productive continental shelves in medium latitudes. The North Sea finfish biomass is about 25 t/km2 and the Bering Sea
has about 37 t/km2 , of which about 12 and 16 t/km2 , respectively, is exploitable. Sustainable annual yield in both cases is
about 7 .5 t/km2 • The important ''production buffers'' for finfish are benthos and zooplankton. The total finfish biomass
fluctuates little from year to year; however, individual biomasses fluctuate considerably. The average period of these
fluctuations is 3-8 yr (species dependent), and the magnitudes are about 70% of individual equilibrium biomasses.
However, the highest biomass can be several times the lowest biomass. Rates of annual changes vary from about 8% of
annual biomass (flatfishes) to about 45% (short-lived pelagic fish). Long-period fluctuations (decade to several decades)
are superimposed to these shorter fluctuations. The fluctuations are mostly caused by environmental (e.g. temperature)
anomalies, but can be modified by intensive fishery and by interspecies interactions (mainly predation).

A12-3
Development of Fisheries and Research on Multispecies Ecosystems in the Waters Around Japan
Makoto Ishino
Tokyo University of Fisheries,
4-5-7, Konan, Minato-ku, Tokyo 108, Japan

The waters around Japan which extend broadly from subtropical to subarctic regions of the northwestern Pacific are
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characterized by the narrower continental shelves, complicated coastal lines, and rough submarine topography. Owing to
their fertility, many species, particularly pelagic species, live in these areas and are caught by various fishing gears. Most
important species are sardine, anchovy, mackerel, horse mackerel, saury, yellowtail, bonito, albacore, and squid. The
catch of these fish comprises about half the total catch in Japan, although the yield of each species varies year by year.
The main habitat of many fish is in the coastal waters, but the offshore areas influenced directly by oceanic currents
and/ or oceanic frontal zones are sometimes essential for some fish. Although the spawning grounds of these species
generally differ among each stock and substock, the nursery and feeding grounds are often the same. The occurrence of
broad abnormal cold phenomena in these areas in 1963 had a great influence on the biotic environment and gave us the
opportunity to study marine ecosystems further.
Through a recent cooperative study in Japan, information was recorded on abiotic and biotic environmental
parameters affecting every life history stage of about 80 commercially important species. This should provide baseline
data for continuing study of multispecies ecosystems in Japanese waters. On the other hand, some species released from
hatcheries are increasing in these areas and are establishing themselves as new constituents.

Al2-4
Multispecies Population Dynamics: A Cul-de-Sac?
G. I. Murphy

(Abstract not available)

Al2-5
The Biomass Spectrum and its Relevance to Multispecies Fisheries
R. W. Sheldon
Department of Fisheries and Oceans,
Marine Ecology Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia, Canada B2Y 4A2

The linear biomass spectrum can be used to relate the standing stocks of plankton and fish. The measurement of
average plankton biomass is relatively straightforward, while the measurement of fish biomass is very difficult. However,
estimates of fish biomass can easily be derived from measurements of plankton biomass by using the linear biomass
spectrum. Measurements of fish growth rates then enable estimates of fish production to be made. The fishery yields of the
Gulf of St. Lawrence and the Scotian Shelf estimated in this way are close to the actual yields of the fisheries, indicating
that exploitation rates are probably close to the maximum.
Estimates derived from the biomass spectrum represent the average production of all fish in the ecosystem
considered. The production of individual species within this total will vary from year to year. This variation is climatically
or environmentally determined and can be estimated. Therefore, by considering first the biomass spectrum and then the
environmental variation, one can estimate the total fish production and the year-to-year variation in the production of
individual species. The limits of the scale of these processes are not known. In the cases examined the areal scale is of the
order of hundreds of kilometres. It remains to be established that the same processes apply at scales of tens or thousands of
kilometres.
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Al2-6
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Factors Stabilizing Fish Stocks in Marine Ecosystems
E. Ursin
Danish Institute for Fisheries and Marine Research,
Charlottenlund Castle, DK-2920,
Charlottenlund, Denmark

There is extensive literature on variability in cold and temperate seas, but little on the fundamental stability of these
ecosystems to which ability to counteract perturbation seems essential. Mathematical models of species interaction
therefore tend to react violently to interference by man until certain stabilizers, or buffers, are introduced in the model.
One such buffer is a food web of triangular meshes: a big predator, a small predator also prey to the big one, and a small
species, prey to both. When the stock of the big predator is large, it reduces the stock of the small predator and takes over
its potential food. Another buffer mechanism is observed when displaced animals (specimens in the wrong biotope,
hampered by parasites, etc.) fall easier prey to predators than fully established ones. A small predator stock grows rapidly,
feeding mainly on much displaced prey. A large stock does not create a mortality proportionally increasing with predator
stocks. These must rely more upon healthy prey, with difficulty of access. Another stabilizing factor is a low carrying
capacity of the environment at an early life stage. This prevents later starvation. Overpopulation by long-lived species
spawning many times is prevented by low survival of eggs. Short-lived species quickly build up large stocks from small
parent stocks because of a potential high survival of eggs. If they did not, they would have become extinct.
In tropical demersal fisheries (Gulf of Thailand), an extreme stability evolved with predators exploiting prey stocks
optimally, with little loss of spawning material. Highly specialized and finely tuned, such systems collapse easily under
fishing pressure.

SESSION A13
SUSPENDED MATTER IN OPEN SEAS (IAPSO/IABO/CMG)
Convenor: S. Honjo

A13-1

Particulate Chemical Fluxes in the Deep Ocean
D. W. Spencer, M. P. Bacon
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

R. F. Anderson
Lamont-Doherty Geological Observatory,
Palisades, New York 10964, USA

and P. G. Brewer
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

Comparison of elemental and radioisotope large-particle fluxes to sediment traps in four areas of the subtropical
North Atlantic and Pacific oceans, together with data on fine particulate element distributions, indicates that vertical
chemical fluxes to the deep ocean are principally due to large, rapidly settling particles. However, compositional changes
with depth indicate that the aggregation of fine particles, from a predominantly horizontal flux and acting throughout the
water column, may be a significant contribution to the vertical fluxes in many areas. The fluxes of K, Ti, AI, V, Co and Th232 appear to be controlled by the flux of aluminosilicates. In the upper ocean these fluxes are generally consistent with
the estimates of atmospheric dust fluxes to the ocean surface, but a consistent feature of all the sediment trap sites is that
the aluminosilicate flux increases with depth even though the absolute values of the fluxes in near slope sites may be more
than an order of magnitude greater than that in the interior of the ocean gyres. We suggest that this phenomenon is due to
the resuspension of fine sediment at the continental slope regions and the subsequent quasi-isopycnal flux and aggregation
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in the interior ocean to a fast settling large particle flux. The fluxes of Ca, Sr, Mg, Si, Ba, U, I and Ra-226 have significant
contributions from biogenic particles and they either decrease or are relatively constant with depth. The fluxes of some
reactive elements such as Mn, Cu, Fe and Th-230 always increase with depth and frequently at a rate exceeding that of
Al. This phenomenon is suggested to be due to scavenging from the water column and to the deep water aggregation of
resuspended fine particles.
The fluxes of several of the uranium-thorium series isotopes that are produced at known rates in the ocean water
column are particularly useful indicators of the efficiency of scavenging processes on particles settling from the water
column. Our data indicate that while most of the Tb-230 produced in the interior ocean is removed by scavenging on
settling particles, this process is much less efficient for Pb-210 and Pa-231. All of these isotopes appear to be removed by
boundary scavenging processes that we believe to be associated with the redox cycling of Mn and Fe that is a marked
feature of continental slopes under highly productive ocean regions. However, a significantly greater fraction of the total
production of Pb-210 and Pa-231 is removed by boundary scavenging when compared with Th-230. Resuspension,
aggregation, and settling of all three isotopes from continental slopes under upwelling regions produce, in those regions,
large particle fluxes that are significantly in excess of the production rates within the water column.

A13-2
Roles of Settling Particles in Pelagic Sedimentation
Susumu Honjo
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543, USA

The vertical transport of materials from the surface of the ocean to the deep-sea floor is accomplished by large,
relatively rare, fast sinking '�settling particles.'' The framework of a settling particle is biogenic, but it contains a large
number of biogenic and lithogenic particles which are packed or aggregated together. Sediment trap experiments in the
Atlantic and Pacific oceans have shown that 60-90% of the total flux made by settling particles is of biogenic origin; the
contribution of biogenic materials to the total flux usually decreases with increasing depth at a small rate, and changes its
characteristics insignificantly. The mass flux of lithogenic constituents, clay, quartz, and feldspar, increases linearly with
depth in the pelagic water column. This rate of increase decreased with distance of the station from the continent; it was
largest at the Panama Basin station and almost negligible at the E. Hawaii Abyssal Plain station. At the Panama Basin
station, smectite flux increased with depth. Fine smectite sediment is resuspended from the nearby continental slope,
advected by deep currents, and entrapped by macroscopic amorphous aggregates throughout the water column to settle
down vertically. On the other hand, the flux of hemipelagic clay particles, kaolinite and chlorite, was nearly constant at all
depths; this can be explained by incorporation of these particles into ''fecal pellets'' at the surface which then settle
directly to the depths. The residence time of settling particles through the deep-ocean water column is relatively short and
the hosted particles are expected to arrive at the abyssal floor without major dissolution and remineralization, excepting
small opal particles. Fine and light organic particles such as cell remains and pigmented granules can be settled rapidly to
the deep-sea floor, being ballasted by heavier lithogenic particles. Suspended fine particles are not transported directly
from the surface but are dispersed from settling particles, which are loosely formed and reinjected into the water column
resulting in ''secondary'' suspended particles.

Al3-3
Size Spectra and Aggregation of Suspended Particles
I. N. McCave
School of E11vironmental Sciences,
University of East Anglia,
Norwich, V.K.
and Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts, USA

Particle volume-size spectra of suspended material from regions of active input - the sea surface and the bottom
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sediments; (2) how do the organic composition and flux of particles vary with surface productivity, biomass structure, and
hydrographic features and what time scales are relevant to these variations; (3) what reactions do organic compounds
undergo during passage through the water column; (4) how do composition and flux of particulate organic matter
influence organic matter accumulating in sediments? Our investigations focus on source organisms, particulate matter,
and sediments in several oceanic regimes, such as the oligotrophic open ocean and highly productive coastal upwelling
areas.
Studies in deep water columns show that only a few percent of the organic matter produced in the euphotic zone sinks
below about 400 m, and ;S 1% reaches the deep-sea floor. However, for specific organic compounds, alterations in the
composition of poftions of the organic matter associated within sinking particles occur throughout the water column. A
significant flux of labile, as well as resistant, organic matter sinks to the sea floor. In the Peru upwelling area, we find order
of magnitude variations in the flux of organic compounds on particulate matter collected over diel cycles, and most of the
cycling of organic compounds occurs in the upper 50 m of the water column. Different compound classes may show
different biogeochemistries. Examples taken from recent results will be presented to illustrate our findings.

A13-6

Pelagic Sedimentation of Skeletal Particles: Bi.ocenosis and Micropaleontology
Robert C. Thunell
Department of Geology,
University of South Carolina,
Columbia, South Carolina 29208, USA

As part of the Particulate Flux Program (PARFLUX) sediment trap arrays have been deployed in a variety of
oceanographic settings in the Atlantic and Pacific Oceans for the purpose of measuring the flux of different sedimentary
components to the sea floor. The material collected by this program provides an excellent opportunity for assessing the
relative importance of the various calcareous (planktonic foraminifera and nannoplankton) and siliceous (diatoms and
radiolaria) microfossil groups to the overall biogenic flux in pelagic regions. For example, the maximum planktonic
foraminiferal flux (100-1000 JLm) measured in the equatorial Atlantic was approximately 720 specimens• m-2 • d- 1 or
13.3 mg · m-2 • d- 1, which accounts for nearly 90% of the total carbonate flux. At the same sampling location, the total
radiolarian flux had a maximum value of approximately 2400 specimens · m-2 • d- 1• In addition to estimating and
comparing the fluxes of the different microfossil groups, seasonal variation in flux has been documented using a set of six
consecutive 2-mo long sediment trap samples collected from the Panama Basin beginning in December 1979. During this
year-long period, the maximum flux of planktonic foraminifera occurred during February and March, a time marked by
increased upwelling. A comparison of the foraminiferal and total carbonate flux results from this time series study reveals
that although there is an increase in carbonate flux during the February-March period, the largest flux of carbonate
occurs during June and July. This appears to reflect an increase in phytoplankton productivity that is not mirrored in the
zooplankton.

SESSION A14
HIGH ENERGY COASTAL ENVIRONMENT (ECOR/CMG)
Convenor: L. D. Wright
A14-1

Spatial and Temporal Transformation of Shallow-Water Waves
Sasithorn Aranuvachapun and Edward B. Thornton
Department of Oceanography, Naval Postgraduate School,
Monterey, California 93940, USA

Surface wave elevations were measured at 14 locations in a transect from deep water to the beach during the Atlantic
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Remote Sensing Land and Ocean Experiment (ARSLOE). The wave data were also collected over the evolution of a 26-h
storm. Empirical eigenfunction analysis is applied to all the wave power spectra, and the results from the analysis are
interpreted as the spatial and temporal transformation of water waves propagating from deep water into the shallow
region where breaking finally occurs.
A plot of eigen indices provides good information on the deterministic and stochastic parts of the data. Considering
only the deterministic part, the eigenfunctions that contain significant variance as indicated by the eigenvalues, are
examined. The variations of the functions may be attributed to physical processes such as shoaling and breaking of waves.
Therefore an effort is made to identify each empirical eigenfunction with a certain physical process. Comparisons between
the rate of change of the wave power spectra calculated using the radiative transfer equation, and the eigenfunction
computations are attempted, and the results are used to derive an expression for the wave transformation.

Al4-2
Runup Spectra on High Energy Beaches
R. A. Holman
School of Oceanography,
Oregon State University,
Corvallis, Oregon 97331, USA

and A. J. Bowen
Department of Oceanography,
Dalhousie University,
Halifax, Nova Scotia, Canada B3H 411

Runup on the high energy, low-slope beaches of Oregon tends to be dominated by the infragravity band of the
spectrum (wave periods, 30-300 s). There is good theoretical reason to believe that these long waves may be very
important to beach morphology, both because they can be sharply erosive and, if they are edge waves, because they can
quantitatively explain rhythmic (and even irregular) beach morphology. Proving these motions to be edge waves has been
difficult, but has finally been accomplished (Huntley et al. 1981; Katoh I 981) by examining the longshore structure of the
motion.
We examined field data from the Oregon coast from a high energy day in October 1980. The infragravity band
dominated the spectrum showing a band-passed significant wave height of 2½ m in a somewhat broad peak but with a
sharp longshore coherence peak at 140 s. Empirical eigenfunction analysis was performed to determine the fundamental
modes of longshore variability, and hence the longshore wave number. The motion was clearly an edge wave. Similar
analyses were carried out for synchronous records from two other widely spaced locations (total longshore spacing 7 km)
revealing similar wavelengths. Comparison of the spectra of the fundamental modes is useful in understanding the growth
of progressive edge waves.

A14-3
A Surf Beat Climatology
R. T. Guza
Shore Processes Laboratory,
Scripps Institution of Oceanography,
University of Calzfornia, La Jolla, California 92093, USA

and E. B. Thornton
Naval Postgraduate School,
Monterey, California 93940, USA

Previous observations of the surf zone pressure and velocity fields have shown that a significant portion of the
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regressive facies extends to similar depths. Shore-normal transport of sands has been responsible for barrier accumulation
of various types. These range from the relatively rare transgressive or receded type involving long-term shoreline erosion
to complex composite barriers characterized by thick regressive sequences and extensive dune fields. The dunes exhibit
phases of instability and form dune islands up to 300 m above sea level.

A14-6
High Energy Nearshore and Surf Zone Morphodynamics
L. D. Wright and A. D. Short
Coastal Studies Unit,
University of Sydney,
Sydney NSW 2006, Australia

Hydrodynamic processes and the relative contributions of different mechanisms to sediment transport and
morphologic change differ dramatically as functions of beach state, that is depending on whether the surf zone and beach
are reflective, dissipative or in one of the several intermediate states. Depending on beach state, near bottom currents show
variations in the relative dominance of motions due to: incident waves, subharmonic oscillations, infragravity oscillations,
and mean longshore and rip currents. On reflective beaches, incident waves and subharmonic edge waves are dominant. In
highly dissipative surf zones, shoreward decay of incident waves is accompanied by shoreward growth of infragravity
energy with the result that in the inner surf zone, currents associated with infragravity standing waves are 2-3 times
stronger than the orbital velocities of incident waves and are also strongly dominant over mean currents. Subharmonic
motions are absent. On intermediate states with pronounced bartrough (straight or crescentic) topographies, incident
wave orbital velocities are generally dominant but significant roles are also played by subharmonic and infragravity
standing waves, longshore currents, and rips. Bidirectional currents related to infragravity oscillations are strongest in the
midtrough regions and in rip bays; subharmonic motions are subdominant to dominant near the beach face. For any given
set of wave conditions, the strongest rips and associated feeder currents occur in association with intermediate
''megacusp'' or welded anvil bar type topographies. On such topographies mean rip current speeds are of the same order
as the incident wave orbital velocities near the break.

SESSION A15
CROSS-FRONTAL MIXING (IAPSO)
Convenor: K. Federov

A15-1
Three-Dimensional Fine-Structure of an Upper Ocean Mesoscale Front Measured by Batfish
J. D. Woods

i

lnstitut fur Meereskunde an der Universitc t Kiel,
Kiel, Federal Republic of Germany

Two mechanisms have been proposed for cross-frontal mixing: baroclinic and thermoclinic instability! To discover
which is responsible in a particular case it is necessary to measure the changing three-dimensional fine-structure of both
baroclinicity and thermoclinicity over broad bandwidths in space and time. 2 Theoretical models of frontogenesis and
meander growth suggest the required spectral ranges. 3 Repeated surveys by a Batfish most nearly meet these

1Ocean modelling. 32: 1-4.
2
Modelling and prediction of the upper layers of the ocean. (Pergamon): p. 263-283.
3
Q. J. Roy. Meteor. Soc. 106: 293-311.
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AlS-3
The Role of Internal Friction in Frontal Decay and Cross-Frontal Transfer
Christopher Garrett
Dalhousie University,
Halifax, Nova Scotia,
Canada B3H 411

It is usually assumed that, for small Ekman number, the effects of friction are confined to thin Ekman layers adjacent
to fluid boundaries. However, at fronts, or for features confined to the ocean interior, this may not be correct. It is shown
that, for small Ekman number and small Rossby number, thick features (in the sense that NH>> fL, with�/ the Vaisala
and Coriolis frequencies and H,L the vertical and horizontal scales) decay on a time scale H2/ v (with van eddy viscosity
coefficient parameterizing, say, internal wave effects) due to vertical exchange of momentum, as in the nonrotating case.
On the other hand, thin features (with NH<< JL) have a decay time (f / N2)L2 /v due to frictionally induced cross-frontal
motion. This result is most elegantly derived from a discussion of the problem in density coordinates; it is shown that the
depth of an isopycnal diffuses laterally with a diffusivity (N-lf)v (Garrett and Loder 1981). A general equation in density
coordinates is derived for arbitrary scale ratio and Rossby number, and frontal decay in a more general parameter space is
discussed. Cross-frontal transfer due to friction is compared with other processes, such as baroclinic instability, and found
to be important in shallow sea situations but probably not in the deep ocean (except in the ultimate decay process of
baroclinic eddies).
Reference

Garrett, C. J. R., and J. W. Loder. 1981. Dynamical aspects of shallow sea fronts. Phil. Trans. R. Soc. A302: 563-581.

A15-4
Instabilities and Nonlinear Waves on Baroclinic Fronts
M. E. Stern
(Abstract not available)

AlS-5
Cross-Frontal Mixing for Upper Ocean Density Fronts Deduced from an Integral Circulation
Model
Richard W. Garvine
College of Marine Studies, University of Delaware,
Newark, Delaware 19711, USA

The paper addresses the processes of cross-frontal mixing for an established, persistent upper ocean density front
present at the horizontal boundary between a large pool of light water and surrounding heavier water. It employs
governing equations written in a frame where the frontal structure is time invariant and where alongfront gradients are
weak. These equations are integrated vertically from the sea surface to the bottom of the pycnocline beneath the light
water.
Two cross-frontal length scales are implicit in the circulation dynamics, the baroclinic Rossby radius and a turbulent
transport length scale. When their ratio is large, the dynamics tend toward that of inviscid, inertial boundary currents;
when their ratio is small, the dynamics tend towards that of estuarine fronts. The integrated buoyancy equation shows
that horizontal buoyancy flux is required in the region above the pycnocline in a direction from the pool of lighter water
toward the front to balance the loss of buoyancy through the pycnocline below the frontal zone by turbulent diffusion and
mass entrainment.
The pool of lighter water then acts as a source of buoyant water which is drawn by the cross-frontal circulation into
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the frontal zone. In general, then, the pool of lighter water will also deliver mass to the frontal zone through the cross
frontal circulation. This, in turn, implies that to complete the mass circuit the frontal zone supports downward turbulent
entrainment of mass across the pycnocline. Such entrainment and its corresponding cross-frontal circulation should have
strong effects on the distribution of physical, chemical, and biological properties in the frontal zone.

A15-6
Cross-Frontal Mixing in Coastal Upwelling Frontal Zones
C. N. K. Moores

(Abstract not available)

A15-7
Cyclonic Eddies, Cross-Frontal Mixing and Squid Fishing Strategies in the Western Approaches to
Cook Strait, New Zealand
M. J. Bowman

(Abstract not available)

SESSION A16
GEOCHRONOLOGICAL METHODS (CMG)
Convenor: V. A. Krasheninnikov
A16-1
Numerical Time Scales, K-Ar Isotopic Dating and their Application to the Ocean Basins
Ian McDougall
Research School of Earth Sciences,
Australian National University, Canberra,
A.C. T. Australia

Two types of numerical time scales, both based upon K-Ar isotopic dating of suitable rocks, have been developed,
and these are widely applied in the ocean basins. The first is calibration of the relative geological time scale, which is based
essentially upon superposition of sediments, by dating suitable samples that are more or less precisely controlled as to their
position within the relative time scale by means of biostratigraphy. The second is calibration of the geomagnetic polarity
time scale, that is the history of reversals of the geomagnetic field, for the last 5 Ma or so, and its extrapolation to much
greater ages based upon marine magnetic anomaly patterns. Both types of time scale have been developed by isotopic
dating mainly of igneous rocks cropping out on land, and then have been translated into the ocean basin environment. As a
generalization direct isotopic dating of rocks from the ocean basins has been unsuccessful because most samples from this
environment are altered, and thus do not meet the requirement of closed system behaviour, so yielding incorrect ages. The
translation of the numerical time scales, based upon measurements on land-based samples, into the ocean basins, relies
principally upon biostratigraphic and magnetostratigraphic methods. For the ocean basins we are concerned with
approximately the last 200 Ma of geological time; over this interval, ages for the marine magnetic anomalies or the many
boundaries in the relative geological time scale are known with varying degrees of accuracy, ranging from an uncertainty
of a few percent for the last 10 Ma, to as much as 10% for some of the older anomalies and boundaries.
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A16-2
Problems of Biostratigraphic Correlation of Oceanic Sediments of Different Climatic Belts and
Paleoenvironments
V. A. Krasheninnikov
Geological Institute of the USSR Academy of Sciences,
Moscow, USSR

The general tendency in development of stratigraphy consists in a transition from regional to subglobal schemes,
origin of integrated multidisciplinary stratigraphy, and its active use in elucidation of geological, paleoclimatic, and
paleoenvironmental history. The advances are most appreciable in Late Mesozoic/Cenozoic stratigraphy embracing
continents and oceans, almost all climatic belts, and diverse facies. The present-day stratigraphy can be treated as an
ecological one. Plankton became a paleontological basis of Cretaceous/Cenozoic stratigraphy. Universal zonal scales
based on calcareous plankton have been worked out within the warm-water area of the world. Each zone is characterized
by some paleobiocoenoses depending on bionomic conditions and geographical latitudes. A unified stratigraphic scale of
larger units (stages, subseries, series, etc.) has been compiled mainly with the help of zonal scales. This scale enabled us to
elucidate the main peculiarities of sedimentary cover in oceans.
Present-day studies should be concentrated on Cretaceous and Cenozoic oceanic stratigraphy of the high latitudes.
Its further advances are closely related to siliceous plankton. Drilling in the Antarctic and Arctic waters leads us to the
global investigation of the material. As a result we shall approach the solution of the problem of synchroneity of changing
the faunas and floras and compilation of the global stratigraphic scale. The latter is necessary for reconstruction of
geological and climatic history of the world.

Al6-3
Timing and Global Correlation of Cretaceous Tectonoeustatic Events
Erle G. Kauffman
Department of Geological Sciences,
University of Colorado,
Boulder, Colorado 80309, USA

Alternating rapid and slow Cretaceous seafloor spreading coincident with construction and destruction of positive
features on the world ocean floor produced tectonoeustatic fluctuations of varying magnitudes, each with a characteristic
sedimentologic record. Shallow epicontinental seas are highly sensitive to all eustatic fluctuations, and preserve the most
detailed stratigraphic record of first- to fourth-order cycles. The Cretaceous inundation of global epicontinental areas
comprises a first-order cycle; Late Albian, earliest Turonian, and Coniacian-Middle Campanian transgressive peaks
bounded by major regressions represent second-order tectonoeustatic cycles; first- and second-order cycles are closely
correlated with variations in seafloor spreading rates; plate tectonic activity controls tectonoeustacy with little lag in
response. Third- and fourth-order Cretaceous sedimentary cycles also seem to have globally correlative peaks within a
single 0.3-0.5 Ma biostratigraphic zone. Ten third-order Cretaceous cycles are known with coincident transgressive
regressive sequences in widely dispersed epicontinental seas. Transgressions average 4-5 Ma, and regressions 3-4 Ma,
dated radiometrically. Global regressions on this scale cannot be explained by destruction of seafloor features related to
heat loss. Fourth-order cycles, manifest in widespread progradational sequences, regional disconformities, and bypass or
sediment starvation surfaces rapidly overrun by offshore transgressive facies, represent eustatic stillstand events and
discontinuous tectonoeustatic pulses. Interpretation of global tectonoeustatic events and sedimentologic response requires
a highly detailed system of correlation. Developing biostratigraphic, geochronologic, and geochemical (mainly isotopic)
stratigraphic systems in the Cretaceous provide resolution within one-third Ma or less, and identify many near
synchronous surfaces. Eustatic fluctuations of this magnitude were further accompanied by rapid, widespread
oceanographic changes in temperature, salinity, and oxygen, etc. which provide a unique event stratigraphy for regional

JOINT OCEANOGRAPHIC ASSEMBLY ABSTRACTS (HALIFAX, 1982)

92

A16-6
Six Hundred Million Years of Milankovitch?
Alfred G. Fischer
Princeton University,
Princeton, New Jersey 08544, USA

and Walter Schwarzacher
The Queen's University,
Belfast, Ireland

Marine carbonate sedimentation is sensitive to oscillations in sea level, detrital supply, carbonate production, and
carbonate dissolution. Resulting interruptions in the carbonate record articulate bodies of carbonate sediment into cyclic
strata and stratal bundles, which probably reflect rhythmic change in climate. Their periods generally lie within the time
range (10-500 thousand years) defined by the Earth's four orbital perturbations and associated climatic changes. Two
Cretaceous sequences show four dominant frequencies of carbonate interruption: bedding seems to express the precession,
presently having a period of 18-24 thousand years. Sets of beds represent the 100 000-yr short cycle of eccentricity. The
power spectrum reveals a peak corresponding to the obliquity cycle (41 000 yr) and a low-frequency peak which may
record the 413 000-yr long cycle in eccentricity. Thus the carbonate system responds to orbital cycles much as did the
Pleistocene cryosphere. The roughly 5:1 ratio of beds to bundles occurs from the latest Precambrian onward, suggesting
that orbital perturbations have driven climatic changes throughout 600 Ma. However, existence of other patterns in
bedding rhythms suggests that the Earth's response varies from place to place-with facies, with latitude, or both-and
perhaps through time. Further, periods of orbital perturbations may have changed with time. Thus much remains to be
learned before the strata-based geochronology envisioned by Gilbert (1895) becomes generally practicable.

SESSION A17
OCEANOGRAPHY OF CONTINENTAL SHELVES (IAPSO/IABO/CMG)
Convenor: J. Simpson
A17-1
Density Driven Coastal Currents
P. F. Linden
Department of Applied Mathematics and Theoretical Physics,
Silver Street,
Cambridge, CB3 9EW England

Laboratory models o.f coastal currents will be reviewed with particular attention paid to the dynamics of the frontal
region at the outer edge of the current. Two types of experiments will be discussed. In the first, the width L of the current is
slowly increased and it is observed that a critical width Le is reached at which point the front becomes unstable to waves
with a downstream wavelength A. The observed wavelengths lie in the range Le ::5 A � 3Lc and are in agreement with
two-layer quasi-geostrophic models for baroclinic instability incorporating the effects of friction. In the second type of
experiment the current is produced by geostrophic adjustment of a layer of fluid. The front is found to be unstable in this
case also. For narrow currents (L � 2R, where R is the Rossby radius of deformation) A/ L = 2.2 + 0.3, whilst for
L > 2R, Al21T R = 1.1 + 0.3. These results suggest that disturbances on narrow currents extract energy from the mean
shear, whilst on wide currents they gain energy from the potential energy stored in the sloping interface at the frontal
region. At large amplitudes the waves are observed to 'break' forming closed streamlines. These eddies are formed in
anticyclone-cyclone pairs which are observed to propagate across the mean frontal position under their own vorticity
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A17-4
Biomass Distributions in Relation to the Physical Structure of the Shelf Seas
Robert 0. Fournier
Department of Oceanography,
Dalhousie University,
Halifax, Nova Scotia, Canada B3H 411

Although biological production is clearly linked to physical and chemical processes, it is not always clear what those
processes are. Six years of observation on the Scotian Shelf off eastern Canada have elucidated various mechanisms which
include cross shelf transport of nutrient-rich slope water, topographic effects, and fronts. The fronts are especially
interesting since they have been shown to act as stabilizing influences to retard phytoplankton mixing in winter and
summer when growth would otherwise be limited. Because of the rapid doubling time of phytoplankton, the presence of
significant quantities of biomass are often the first indicator of a favorable physical structure. Using the same approach,
an attempt will be made to compare and contrast the Scotian Shelf with both the mid-Atlantic and South Atlantic bights.

A17-5
The Modelling of Circulation and Fronts in Shelf Seas
I. D. James
Institute of Oceanographic Sciences, Bidston Observatory,
Birkenhead, Merseyside L43 7 RA, England

This paper reviews recent progress in modelling shelf-sea circulation, taking into account in particular the influence
of fronts. Circulation in shelf seas determines the fate of pollutants and plankton, but is difficult to measure beause of the
time and space scales involved and because it is often obscured by larger velocities due to tides and waves. To model this
circulation it is necessary to consider flows resulting from meteorological events, density distributions and tidal effects.
Recent advances in three-dimensional numerical modelling have made such models feasible, but uncertainty remains in
the treatment of subgrid-scale mixing and fronts. The rapid changes of water properties across fronts cannot be resolved
in shelf-scale models, yet the possible strong flows within the fronts themselves and cross-frontal exchange are likely to
have important influences on the shelf-wide circulation pattern and pollutant distribution. Small-scale models are able to
reproduce likely circulation patterns within fronts, including frontal eddies, which are shown on many satellite infrared
images of the shelf seas. These eddies contribute to the cross-frontal exchange, as does the frictionally-induced cross
frontal flow, but friction and mixing coefficients remain uncertain. A study of the energy flow in a model frontal system
shows the transfer between available potential energy in the frontal zone, kinetic energy (of mean flow and eddies) and
dissipation.

A17-6
Internal Tides on the Australian North-West Shelf
P. E. Holloway
Department of Civil Engineering,
The University of Western Australia,
Ned/ands, 6009, Western Australia

Analysis of current meter and thermister chain data collected from the continental shelf and slope regions of the
Australian North-West Shelf reveals the existence of large amplitude semi-diurnal internal tides in the presence of
thermal stratification during the summer months. The shelf is wide and characterised by strong barotropic tides, the
amplitude at Spring tides averaging 0.5 ms- 1, with barotropic M 2 and S2 tidal ellipses aligned in the on/ off-shore direction.
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Internal tides are a maximum at the shelf break, decaying rapidly in amplitude across the shelf and occurring
predominantly at semi-diurnal frequencies, although there is evidence for the existence of some higher harmonics. The
amplitude of the internal motions is about 10 m at the shelf break with horizontal current speeds of about 0.2 ms- 1•
Baroclinic current ellipses are aligned at an angle of 30° to the on/ off-shore direction and hence to the barotropic ellipses.
The motion has a wavelength of about 30 km and phase speed of 0.7 ms- 1 propagating inshore. The measurements are
discussed in the context of existing theories of the generation of internal tides, and it is suggested that the generation
region for the internal motion is around the 1000-m depth on the steepest section of the continental slope.

SESSION A18
ARCTIC OCEAN ENGINEERING (ECOR)
Convenor: K. Croasdale

A18-1
Arctic Ocean Engineering Research: Opportunities to Support Arctic Development
J. Robert Moore 1
Marine Science Institute,
The University of Texas,
Austin, Texas 78712, USA

During the past several years, the Marine Board of the National Research Council (U.S.), has undertaken several in
depth reviews and assessments of the problems and operational concerns related to ocean engineering for development of
resources in the Arctic. In doing so, the Board has reviewed research and research needs, and bas promulgated
recommendations that support Arctic development. While the principal concerns have focused on the development of
petroleum and natural gas exploration, drilling, and production in the Beaufort Sea off Alaska, there has also been
assessment of Arctic engineering needs related to hard minerals and mining, pipelines, and coastal construction in the
Beaufort, Chukchi, and Bering seas. The chief problems are those related to thermal erosion in the coastal zone, gas
hydrates in the shallow sub-seafloor sediments, sub-seafloor permafrost and seasonally frozen soils, thaw subsidence
phenomena, frost heave, ice scour and gouging, grave] islands (sources of material, effects of dredging, and responses to
ice and current scour), geotechnical properties of immature and unstable seafloor silts, seismic risk zones, sedimentary
erosion, soil-structure interaction, and foundation stability. Associated assessments have also revealed that, unless
specialized educational and training programs are soon begun, there will be a shortage of engineering professionals skilled
in high-latitude operations. Recommendations proposed by the Marine Board to aid in solving these problems, and thus
enhance opportunities for development, include detailed, long-term studies of nearshore ice and ice mechanics, field and
laboratory investigations of geotechnical properties of sediments peculiar to the Arctic, design of new coring systems
operated from ice platforms, long-term seismic monitoring nets, mapping and coring of permafrost, instrumentation of
well casings, development of underice marine placer mining machines, in situ tests on hydrates, and development of
predictive capabilities, through research, on the several parameters. Lastly, young scholars must be encouraged to pursue
career opportunities in Arctic engineering, and international cooperation is sought in pursuing the many opportunities to
benefit from opportunities present in the Arctic polar seas.

1

Member, Marine Board, National Research Council, Washington, District of Columbia, USA.
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Al8-2
Arctic Engineering for Canadian Offshore Resource Development
B. D. Wright
Gulf Canada Resources Inc.,
P. 0. Box 1 30,
Calgary, Alberta, Canada T2P 2H7

The most prospective sedimentary basins in the Canadian offshore include the Beaufort Sea, the Sverdrup Basin, the
Labrador Shelf, and the Grand Banks. The hostile environments which characterize these regions have resulted in unique
and innovative approaches to exploration and production systems by the oil and gas industry. Here, the primary
environmental factors which govern the design and operation of exploration and production facilities for these areas are
described along with the development scenarios currently envisioned. The significant Arctic research and engineering
programs associated with offshore resource development are also highlighted, and future needs discussed.

A18-3
Special Hazards in Ice-Free Waters at High Latitudes
T. Carstens and J. Nordoe
Norwegian Hydrodynamic Laboratories,
River and Harbour Laboratory,
N-7001 Trondheim, Norway

While the endemic problems faced by operators in the high Arctic are associated with low winter temperatures, the
problems in the margins of the Arctic are linked to temperature contrasts between the atmosphere and the open ocean.
Four climatic factors of crucial importance to offshore activities are due to the coexistence of cold air and open water: ( 1)
drifting icebergs; (2) icing caused by condensed water vapor and sea spray; (3) wind and wave loadings; and (4) reduced
visibility. By now the whereabouts of drifting icebergs are well monitored and the hazard is much reduced compared to
earlier days. Towing is a practical countermeasure to avoid collisions with platforms, and lately collision-proof platform
concepts are proposed. Icing has proved a major hazard to fishing vessels in northern waters. Its effect on platforms is less
certain, in particular the relationship between icing and elevation for various geometries and wave conditions. Ice
accumulation by the combined action of sea spray and snow is a possible severe case. Wind and wave loadings are caused
by large extratropical cyclones or by small ''arctic storms''. The former are well monitored, but the latter arrive mostly
without warning because of their small scale. The origin of arctic storms is obscure, but the few observations we have
indicate that these storms have at least as high wind speeds as those of extratropical storms. The low air temperature adds
simultaneous ice and extra wind loads to the wave and current loads, thus raising the total load to a probable severe case.
At any rate these storms have repeatedly caused the loss of fishing vessels. Poor visibility is due to lack of daylight and the
occurrence of frost smoke in the winter half of the year, and to a high incidence of fog in the summer. The conditions
controlling visibility are relatively well known.

A18-4
Oceanographic Research for Beaufort Sea Petroleum Exploration and Production
M. Metge, G. R. Pilkington, and B. Mercer
Dome Petroleum Limited,
Calgary, Alberta, Canada

Production of oil from the Beaufort Sea requires unique solutions to many unique oceanographic problems.
Structures have to be designed to withstand the loads exerted by moving ice of extreme thickness, ice ride-up, as well as
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