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‘ Preface

Starting in the 1930’s and continuing until the 1950’s, scientists in academic
institutions made investigations along the U.S. continental margins using the
technologies available during that period. The International Geophysical Year
(1GY) in the late 1950’s led them to investigate the nature and history of the
deep-ocean basins. These investigations led, during the 1960’s, to the plate-
tectonics model, which has proved remarkably effective in explaining the prop-
erties of the seafloor and the processes affecting it. Academic geological and
geophysical oceanographers then turned their attention more toward
specifics —the processes taking place in seismically active zones and the nature
and history of continental margins.

In 1962, a marine-studies program within the U.S. Geological Survey (USGS)
was begun, “to identify and evaluate potential mineral resources on and beneath
the sea floor, and to aid in the solution of problems of coastal areas—which were
mushrooming because of rapid population growth, urbanization, and industrial
expansion” (Agnew, 1975). The program involved limited collaboration with
nongovernmental oceanographic institutions, such as the Woods Hole Oceano-
graphic Institution and the Scripps Institution of Oceanography. By late 1975,
the USGs had substantially increased its activities on U.S. continental margins.
Furthermore, accelerated leasing schedules on the Outer Continental Shelf of
the United States resulted in a large increase in industrial activity on the conti-
nental margins. In the 1970’s, when geoscientists in oceanographic institutions
began to explore U.S. margins more intensely for answers to some scientific
puzzles, they found it difficult to counter the argument that their efforts might
better be diverted to other areas because industry and the government agencies
would adequately handle the problems of the U.S. margins.

To confront this problem, geoscientists from oceanographic institutions, fed-
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eral agencies, and industry met in Galveston, Texas, in March 1976. USGS scien-
tists explained their mandate and research plans. Their counterparts from the
academic community discussed their research interests in continental margins.
All participants recognized that it was timely and necessary to have a national
program that placed emphasis and priorities on continental-margins research.
The Ocean Sciences Board of the National Research Council responded to this
need by establishing an ad hoc Panel to Investigate the Geological and
Geophysical Research Needs and Problems of Continental Margins, the authors
of this report. The Panel was asked to do its work within a year, starting October
1, 1976. Three agencies—the National Science Foundation, the U.S. Geological
Survey, and the Office of Naval Research—contributed support for the Panel’s
activities. The terms of reference for the Panel were framed as follows:

The ad hoc Panel to Investigate Geological/Geophysical Research Needs and Problems
of Continental Margins will be concerned with solid earth research problems of continen-
tal margins (i.e., shelf, slope, and rise). It will include consideration, as required, of the
effects of adjacent onshore and deep-sea areas which are in geological continuity with the
continental margins, as well as ancient continental margins now outcropping in mountain
ranges.

The Panel will not concern itself with the details of exploration and prospecting for
nonrenewable resources, nor with the environmental aspects associated with exploitation
of such resources. Instead, the Panel will concentrate on geological-geochemical and
geophysical research oriented towards gaining new conceptual insights. The main em-
phasis will be on problem definition and goals for future solid earth research on continen-
tal margins.

Concurrently, the Panel will consider alternative plans for solving the most important
problems and search for ways to coordinate current and future research efforts in keeping
with the respective roles of academic, governmental, and industrial institutions. Such
coordination should enhance more effective use of research facilities, currently limited
manpower, and financial resources without reducing diversity of creative efforts—one of
the strengths of our current research efforts in the field.*

The Panel met in November 1976 at Denver, Colorado, and in May 1977 at
Boulder, Colorado. Several members of the Panel also met informally while
serving with other groups dealing with more specific aspects of continental-
margins research. It soon became obvious that several related efforts paralleled
ours. The most important of these were the following:

e The U.S. Geodynamics Committee (National Research Council) focused on
national and international solid-earth research in the 1980’s. A working docu-
ment, Crustal Dynamics, a Framework for Resource Systems (August 1976,
circulated by the U.S. Geodynamics Committee) provides a summary, from
which we quote: “...it is time to invoke a program that first supports and
encourages fundamental research in fields contributing to the understanding of
the principles governing the distribution of the resources of the solid earth, and

*Note from the chairman with regard to the last paragraph of the Terms of Reference: The Panel did
consider the need for coordination of continental-margins research done by government, industry,
and academe, but in the end, we refrained from making significant specific proposals in this area.
This was for the following reasons: (1) In the time available, we were not able to obtain reasonably
detailed current and past expenditure figures for federally supported earth-science research on
continental margins as we perceived them (i.e., including both land and marine portions). (2) We also
lacked forecasts that dealt with the number of earth and marine scientists needed to fulfill the needs
for resource exploration and environmental management. (3) We became aware that the federal
government has begun to reexamine its own organization. This activity includes a search for better
ways to coordinate resources and environmental and related research activities.
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second provides a bridge between the geoscience community and the public.”
The Geophysics Research Board of the National Research Council has requested
the U.S. Geodynamics Committee to propose plans for long-range research in
the solid-earth sciences.

The Inter-Union Commission on Geodynamics (ICG) included many sugges-
tions paralleling those of the U.S. Geodynamics Committee in the report,
Geodynamics Post 1980 —A Successor to the International Geodynamics Pro-
gramme (1CG, December 1976), which concludes with: *“... we recom-
mend . . . the continued study of the nature of the Earth’s surface, including
oceanic and continental structures, continental margins, and mountain ranges,
the state and composition of the crust and the vertical movements and evolution
of sedimentary basins.” Task groups of the International Union for Geodesy and
Geophysics (IUGG) and the International Union for Geological Sciences (1UGS)
are currently working to finalize a plan that would implement the preceding
recommendation.

@ joi, Inc. (a consortium of major academic oceanographic institutions)
adopted a specific program for the remainder of this decade and for the 1980’s.
This is summarized in A Program for Ocean Crustal Dynamics (Talwani, 1977),
which emphasizes (1) studies of the evolution of the lithosphere and astheno-
sphere, (2) passive margins studies, and (3) active margins studies. The program
contemplates total science and facilities expenditures on the order of $9 million
per year for 1977-1980 and $21.2 million per year for 1980- 1990, with ship time
(not included in the preceding figures) adding up to 48 ship-months per year for
1977-1980 and 66 ship-months per year for 1980-1990.

® A JOIDES (Joint Oceanographic Institutions for Deep Earth Sampling) Sub-
committee on The Future of Scientific Ocean Drilling prepared a report based
on a series of white papers concerned with ocean-crust drilling, passive and
active continental margins, and paleooceanography. Following a meeting at
Woods Hole in spring 1977, the subcommittee wrote a summary recommenda-
tion that proposed a 10-year drilling program to follow the current International
Phase of Ocean Drilling (1POD) program (scheduled to end late in 1979). The
estimated costs for the 10-year program total $450 million, which include the
costs to convert the Glomar Explorer to develop a 12,000-foot riser system; $83
million for geophysical work; and $38 million for analysis, interpretation, and
synthesis of the results. Continental-margin studies constitute a large part of this
program.

@ A shelf sediment dynamics workshop, sponsored by the International Dec-
ade of Ocean Exploration Program of the National Science Foundation, the
National Oceanic and Atmospheric Administration, the USGS, and the Energy
Research and Development Administration, was held in November 1976. The
results of this workshop are summarized in Shelf Sediment Dynamics: A Na-
tional Overview (Gorsline and Swift, 1977).

e The International Decade of Ocean Exploration (IDOE) Program will end in
1979. The National Science Foundation’s IDOE Office held a series of meetings
during the spring and summer of 1977 to identify possible projects for large-
scale, long-term, cooperative ocean studies in the 1980’s. These workshops cov-
ered physical oceanography, chemical oceanography, biological oceanography,
and geological/geophysical oceanography (including sediment dynamics). The
last topic is of special interest to this Panel. Finally, the NRC’s Ocean Sciences
Board organized a major workshop involving all aspects. The workshop was held
in September 1977. The preliminary conclusions of this report were presented at
that workshop. The findings of the relevant workshops were published in Heath
(1977) and Wooster (1977).
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At one time or another, individual members of our Panel were involved in
most of these activities. In this report, we have freely used material written and
discussed by our colleagues for these other meetings.

This report provides an overview and recommendations for continental-
margins geoscience research in the 1980’s. We concentrate on academic re-
search, but we also review coordination and communication between federal,
academic, and industrial research groups. Our focus is on the priorities and the
sequence of geoscience research on continental margins.

We have attempted in the report to reconcile the need for a concise summary
with the desire for a more comprehensive documentation of our current knowl-
edge. The essence of our thoughts is found in the beginning of the report under
Introduction, Summary, and Principal Recommendations. The remaining text
and the appendixes are for those who wish to dig deeper. This introductory
material is intended for science planners concered with strategy. It presents an
overview of the main scientific problems, our most important recommendations
for continental-margins research in the 1980’s, and general conclusions.

The scope and costs of the proposed research for the next decade are unusu-
ally large. Because of this, we believe that a more detailed perspective is in
order—if only to help those readers who want more than a mere summary of our
Panel’s judgment. This is the aim of Parts I and II.

Fellow scientists and others involved in the details of research planning may
want to read Parts I and II. These sections contain recommendations that are
presented within their scientific contexts, without regard to priorities.

In Part I, we look at the state of the science of continental margins and pose
some questions. From the surface of the seafloor into the depths of the earth, we
proceed from physiography to sediments, their geochemistry and diagenesis,
and conclude with their spatial and temporal distribution (stratigraphy and
paleooceanography). Following this is a discussion of the geophysical and
geological evolution of continental margins. Finally, we focus on the deeper
structure of continental margins as revealed by seismic studies.

Part I1 tackles methods and tools. It first deals with some geophysical methods
and then discusses remote sensing, drilling, and research vessels.

Following some general remarks in Part III, we reiterate our high-priority
recommendations summarized in the introductory material, expand on them,
and relate them to some of the second-priority items contained in Parts I and I1.
We did this to give the reader a look at the array from which we chose our
high-priority items.

To differentiate more easily between our priorities, three styles of presenta-
tion are used:

1. High Priority In this class, recommendations and conclusions are in
boldface print.

2. Second Priority Recommendations that are either of secondary impor-
tance or subsets of high-priority items are presented in italics.

3. Lower Priority High- and second-priority recommendations are repeated
in Parts I and II, where they are italicized. In addition to these, Parts I and I1I
contain lower-priority items, also printed in italics. These are good but less
urgent programs, often of smaller scope.

Appendix A contains a review of the organization of and funding modes for
continental-margins research in the United States and Canada. The discussions
of organization and funding were written in mid-1977 to provide an overview of
the agencies involved, some idea as to how they are structured (in terms of
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continental-margins research), and to give some rough idea of what amounts of
funds are allocated to such research. Appendix A evolved as an attempt to re-
spond to the third paragraph of the Panel’s terms of reference (see p. xxii and the
chairman’s footnote, particularly items 1 and 3). A chapter on the Law of the Sea
and scientific research is also included to give the reader an indication of some
further problems that scientists may face in doing research on continental mar-
gins. :

In the course of our work, we were offered a number of geophysical papers
that document specific areas of interest. Some of these are included in Appendix
B. They may prove useful for the reader who is more interested in the technol-
ogy of continental-margins research.

Appendix C describes a modern geophysical research vessel.

Note that, unless indicated otherwise, all dollar figures used throughout this
report are in 1977 dollars. Thus, no allowance has been made for cost increases
due to inflation.
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INTRODUCTION

Today, the earth sciences are especially concerned with continental margins. In
the past, people regarded the seashore as the margin of a continent. Since the
nineteenth century, marine surveyors have discovered extensive underwater
terraces and slopes. These became the continental margins of the oceanog-
raphers. However, geologists working on land have long been aware of sea-level
changes through the ages. They consider the present level of the sea to be an
ephemeral coincidence.

Modern earth scientists are beginning to take a more comprehensive view of
continental margins—one that encompasses a wide transition zone that sepa-
rates oceanic from continental realms. The zone includes the continental shelf,
slope, and rise, but it also embraces the landward extension of this geologic
province. Thus, continental margins have now become the joint concern of sci-
entists working on land and their colleagues who work in the oceans.

The continental margin is the place where land scientists meet ocean scien-
tists, where sedimentologists meet physical oceanographers, where stratig-
raphers meet geophysicists, where economic geologists meet environmentalists,
where industry meets government, and where government meets academe.

The plate-tectonics hypothesis, developed during the last decade, serves well
to define major problem areas. Figure 1 shows how the outer shell of the earth
(the lithosphere) is segmented in plates that have convergent and divergent
boundaries. We differentiate three types of continental margins, based on their
relation to plates and plate boundaries and to the presence or absence of seismic
and volcanic activity (Figure 2).

1
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Passive continental margins are those without significant concentrations of
seismic and volcanic activity. They are located within a plate on the transition
between continental and oceanic crust. These margins form at divergent plate
boundaries. With time, they move away from those boundaries and become sites
of massive subsidence and thick accumulations of sediment.

Cratonic margins lie entirely on continental crust. Strictly speaking, they do
not qualify as transition between continental and oceanic crust. They do, how-
ever, occupy large areas covered by seas. Cratonic margins also may contain
thick sediment accumulations.

Active margins are associated with intensive earthquake activity and spectacu-
lar volcanism. These margins form at convergent plate boundaries, that is, where
rigid lithospheric plates are sinking deep in the more viscous asthenosphere of
the earth or where plates move laterally with respect to each other. Differential

uplifts and downwarps on active margins lead to the formation of mountain
ranges and small, but deep, sedimentary basins. Most characteristic of conver-
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FIGURE 1 Schematic great-circle section through the equator of the earth, showing lithospheric
plates, plate boundaries, and occurrences of energy and mineral resources. For clarity, the thickness
of the lithosphere is expanded by a factor of approximately 3. From P. A. Rona, 1977. Plate tectonics,
energy and mineral resources: Basic research leading to payoff. EOS, Trans. Am. Geophys. Union
58(8): 629-639. Copyrighted by the American Geophysical Union.
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Bocend ACTIVE MARGINS B oceANiC CRuST

PASSIVE MARGINS [ ] CONTINENTAL CRUST
a. ON EARLY MESOZOIC
- ACTIVE MARGINS o9%2% SCHEMATIC DISTRIBUTION OF

RECENT EARTHQUAKE EPICENTERS
CRATONIC MARGINS

FIGURE 2 Classification of continental margins. Active margins are also referred to as converging
margins, and passive margins as diverging margins. The detailed earthquake distribution is shown
on Figure 1.4.

gent active margins is the formation of island arcs, with marginal basins develop-
ing on their concave side.

Sedimentary basins belonging to all continental-margin types are sites of oil
and gas accumulations. Significant amounts of oil and gas trapped in these basins
remain to be discovered. Other mineral resources of continental margins include
sand and gravel, heavy minerals (such as cassiterite, diamonds, gold, and barite),
phosphates in shallow water depths, and manganese nodules at greater depths.
Metallic minerals are associated with active margins as indicated in Figure 1.

A stepped-up effort in solid-earth research on continental margins is desirable,
because without scientific underpinnings we cannot properly evaluate and man-
age resources of these margins. Because all resource exploitation affects the
surrounding environment, we should also try to understand that environment.

Erosion and sedimentation mold the surface of continental margins. On coasts,
these processes have been studied for many years. In the past, sedimentologists
have made surveys of the sediment distribution on continental margins. The
next task is to go beyond these studies and try to understand the processes that
dictate the entrainment, transport, and deposition of sediments in coastal areas
and on the shelf, slope, and rise, We know there are complex currents sweeping
over the continental margins, but we know little of their spatial distributions.

3


http://www.nap.edu/catalog.php?record_id=19863

Introduction, Summary, and Principal Recommendations

Physical oceanographers have made great advances in modeling these currents,
but many theoretical aspects are not fully understood. Most of the concepts have
not been tested. We need to measure the capacity of these currents to erode and
to carry sedimentary particles in order to understand the details of sediment
settling and deposition.

In order to apply what we learn of sediment settling and deposition, we must
reconstruct conditions of the geological past. We now better understand how sea
level has changed by amplitudes of more than a hundred meters during glacial
versus nonglacial epochs of the Pleistocene. With these changes of sea level,
continental shelves have been alternately exposed and inundated. The last rise
of sea level was so recent that sediment distributions have not yet come into
equilibrium with environmental conditions. To apply the principles of distribu-
tion and deposition of sediment on continental shelves, we ought to understand
fully how the processes we observe today differ from those that were prevalent
during other geological times.

Recently, geological and physical oceanographers have paid more attention to
the benthic boundary layer, that ill-defined layer involving some 20 cm of sea-
water over the seafloor and about 20 cm of sediments below the seafloor. Physi-
cal, chemical, and biological processes occurring in this layer are only dimly
perceived; yet these processes ultimately determine the “‘soil” properties so
important to seafloor engineers. Viewed in a different light, the benthic bound-
ary layer is where sediments, through early diagenesis, start on their way to
becoming solid sedimentary rock. As these rocks are buried, they undergo many
more diagenetic changes and losses in porosity, which determine the quality of
the layers as aquifers or as reservoirs for hydrocarbons.

Although older sediments occasionally outcrop on the seafloor, the history of
their genesis and burial is more spectacularly displayed on reflection seismic
lines. Today, we are witnessing some very exciting changes in stratigraphic
methodology. In the past, stratigraphers carefully studied sections outcropping
on land or sections penetrated by wells. Correlations between such sections
were often ambiguous. Today, reflection seismic lines offer x-ray-like sections
that display stratigraphy in considerable detail.

Our newly acquired ability to make fairly detailed paleooceanographic recon-
structions further enhances the scope of stratigraphy. Reconstructions are based
on detailed paleontologic correlations and the paleomagnetic studies that led to
the development of plate tectonics. Much work, including drilling, is needed to
reconcile seismic and stratigraphic evidence with postulated paleooceano-
graphic configurations. The sedimentary record of the margins holds clues to
past climatic and oceanographic conditions that are vital ingredients of modern
climate-prediction models. These will help us to understand the effects of future
climate changes.

Passive continental margins are now recognized to be the modern equivalent
of some of the old geosynclines. During the last decade, we have learned that the
deeper portion of passive margins conceals an early rifting history that preceded
the actual opening of the ocean. Geologists infer much from seismic lines, but in
fact, there are few places where the early rifting sequence has been documented
in detail by seismic lines that are calibrated by drilling evidence. Such studies
could greatly improve our understanding of the restricted early rifting environ-
ments visualized by geologists. These environments sometimes lead to the dep-
osition of salt and organic-rich source beds, which can be critical factors in
determining and explaining the presence or absence of hydrocarbons on passive
margins.

Geophysical models portray the evolution by subsidence of passive margins as
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the consequence of crustal cooling combined with sediment loading. To confirm
the validity of these models, we need reliable subsidence data based on wells
not located on structural anomalies.

A vexing problem on both active and passive margins is the nature of the
ocean-continent boundary and its associated gravity and magnetic anomalies.
Multichannel seismic techniques combined with refraction seismic methods
have improved the geophysical resolution of the continent—ocean boundary.
The answers to some aspects of this problem await testing by the drill in loca-
tions that are carefully selected after much geophysical work. However, a basic
understanding of this problem will require the application of geophysical
methods capable of resolving lateral variations in upper-mantle structure ex-
tending to several hundred kilometers depth.

Major problems in geology remain to be solved on active margins. Plate
boundaries were initially defined by the distribution of earthquakes. In some
cases, two plates slip laterally past each other (San Andreas Fault), while other
cases (e.g., island arcs of the West Pacific) suggest that a cold lithospheric slab is
sinking under another lithospheric plate. First-motion studies of earthquakes
suggest that some segments in the sinking slab are under compression and that
others are under extension. Often, these studies lack detail and precision. The
use of ocean-bottom seismometers (OBS) allows much more detailed studies of
microearthquakes on a more local scale and should greatly help augment exist-
ing data. The same instruments, used for refraction profiling, allow us to study
the nature of the lower crust and the upper mantle on active margins.

The study of earthquake dynamics is an especially important aspect of
continental-margins research. Emphasis should be placed on investigating the
tectonic stress regime of the margins. Digitally recording global networks of
seismometers and 0BS’s will be useful for this purpose. This research is directly
relevant to earthquake forecasting.

Seismic-reflection data suggest that great wedges of structurally deformed
sediments exist on the inner side of deep-sea trenches. These are believed to be
sediment scraped off the top of deep-sea trenches. Only a few wells have pene-
trated the top of these sequences. Here again, deep drilling based on carefully
planned geophysical surveys will help in explaining the genesis of these frontal
zones of island arcs.

As we move landward from the deep-sea trenches, we observe extensive vol-
canic arcs. Farther inland, we encounter their deep-seated equivalents, the
igneous intrusions, which have been uplifted during complex, mountain-
building events. Geoscientists now realize that active margins are the places
where mountain building can be caught in the act. A large data gap separates the
deep-earth information given by seismologists from the surface data gathered by
surface geologists and geochemists.

To close this gap, we need crustal refraction and reflection studies both on the
oceans and on land. Current progress in deep crustal reflection work on land is
particularly encouraging. This work should be the foundation for crustal drilling
on land that would complement the marine margin drilling planned for the
International Phase of Ocean Drilling (IPOD).

The genesis of marginal basins behind island arcs is obscure. We need deeper
insights into the origin of these basins, as they appear to represent an important
stage in mountain-building (orogenic) processes. Such processes often seem to
involve the collapse of marginal basins.

This brings us to the importance of understanding ancient continental mar-
gins, which often are deformed by mountain-building processes. Suffice it to say
that mountain ranges are the locus of some of the most important metallic miner-
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als. Also, the richest petroleum provinces occur in foredeeps intimately as-
sociated with orogenic processes resulting from continental collisions. Old
folded belts allow us to see rocks formed by past processes analogous to those
occurring at depth in today’s continental margins. Study of old mountain ranges
is essential if we are to understand contemporary mountain-building processes.

THE ROLES OF GOVERNMENT, INDUSTRY, AND ACADEME

We are a society fond of checks and balances for our institutions, a basic attitude
that transcends politics. The same concept applies particularly to scientific re-
search that aims to provide a solid background for important economic decisions.
Three major active constituencies—government, industry, and academe—
engage in such research. The tensions between these three groups are creative
tensions; they have spurred much of our recent progress and new fundamental
insights.

Some recent developments seem to be shifting research efforts away from
academe and industry into the mission-oriented agencies of the federal govern-
ment. Some of the more important trends in this direction that we perceive are as
follows:

® Overall federal money for oceanographic research has increased substan-
tially in recent years, but most new funds have gone to mission-oriented gov-
ernment agencies. Funding for basic oceanographic research done by scientists

E== rASSIVE MARGINS I :00 MiLE BOUNDARY
[ c2-Mz C-MEGASUTURE

FIGURE 3 Proposed 200-mile exclusive economic zones (EEZ's) superimposed on continental
margins. Compare with Figure 2 and note that, in essence, continental margins and the 200-mile
EEZ's coincide. For definition of Cenozoic-Mesozoic Megasuture, see Figure 8.1.
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in academic institutions has barely kept up with inflation. Of course, this situa-
tion, as well as the next, noted below, is common to much of all government-
supported academic science.

® To get the same support as in the past, ocean scientists must devote substan-
tially more time to proposal writing and administration.

e Real environmental concerns that must be dealt with have introduced dif-
ficulties and delays in obtaining approvals, particularly for U.S. margins research.
Penetration of the seafloor by drilling, jetting, or even, in some cases, long piston
coring now requires permits from the U.S. Geological Survey. Seismic work
using explosive sound sources requires special permits because of the danger of
killing fish. Delays in securing these permits are often discouraging.

® The Law of the Sea Conference has led to increased unilateral claims of
200-mile exclusive economic zones, which effectively cover all continental mar-
gins of the world (Figure 3). Sanctioning and continuing this trend will make
research on foreign continental margins the subject of lengthy international
negotiations.

We are disturbed by these trends. Our views regarding the distribution of
work on continental margins are simple. Government should govern and regu-
late the use of public lands, as whatever mineral wealth they contain is the
proper heritage of the people. This involves setting policy and administration in
connection with resource exploitation and management of the environment. In-
dustries should explore for and exploit resources, competing with each other to
provide needed services for a profit. Academic institutions should obtain and
transmit knowledge and teach. All three constituencies do research appropriate
to their roles.

The traditional distribution of effort between industry, academe, and govern-
ment was quite effective. For example, academics gave birth to the theory of
plate tectonics, one of the most spectacular scientific advances of this century.
Industry developed a superb geophysical technology and geological expertise
that assisted in the discovery and exploitation of significant hydrocarbon re-
serves in geologically complex and logistically hostile areas. Federal agencies
(e.g., the U.S. Geological Survey) have provided much-needed general back-
ground and surveys in addition to their research contributions.

Gradually, the study of continental margins has progressed to a point where,
for much of the world (although by no means for all), a generalized knowledge is
now available for strategic resource planning. Simultaneous with this evolution,
industry developed and now can provide strategic and tactical knowledge
adequate for its own needs and far beyond the capability of academic institu-
tions. This evolution suggests that future academic research on continental mar-
gins should emphasize studies of fundamentals rather than surveys or inven-
tories and that they should be conducted in a climate of intense dialogue be-
tween scientists in academe, industry, and government.

RECOMMENDATIONS FOR CONTINENTAL-MARGINS GEOLOGICAL
AND GEOPHYSICAL RESEARCH IN THE 1980'S

PREMISES

Our recommendations* are designed primarily to contribute to the solution of
major geological problems on continental margins. Because, in our view,

*Refer to Part I1I for more details concerning the recommendations discussed in this section.
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continental-margins research by government and industry is growing and
healthy, our recommendations are aimed at increasing the vitality of academic
research in this field.

® We propose that academic research on our domestic margins be
increased—if necessary, at the expense of work on foreign continental margins.
Such an emphasis will help to clarify many fundamental scientific questions
and, at the same time, provide important conceptual background for the eco-
nomic development of our own continental margins. A strong program on our
own margins may help to set standards for research on foreign margins.

e Academic research on continental margins is aimed at developing princi-
ples and thus differs from prospecting by industry. It does not duplicate work
done under the missions of either industry or government. Government agencies
and industry should remain sensitive to the fact that, ultimately, they have to
rely on universities to provide and train scientists for their future programs on
continental margins. It is beneficial to mission-oriented agencies that they sup-
port research in academic institutions, and they should be encouraged to do so
further.

® To carry out a geophysical program effectively, academic institutions should
have access to the best available technology. It is wasteful to undertake geophys-
ical surveys using substandard equipment.

e Work on continental margins should be designed to take advantage of all
available information, if possible, including that from wells drilled by industry.
Geological and geophysical reconnaissance should precede detailed surveys.
Drilling should be undertaken only after thorough detailed studies of such sur-
veys and careful selection among alternate drilling locations.

The geological and geophysical work preceding drilling constitutes inde-
pendent research. Drilling for scientific purposes without adequate geophysical
research constitutes seeking answers to questions not yet asked.

e Like industry and government, academe should also undertake large-scale
multidisciplinary studies of continental margins. Advisory committees should
involve representatives from government, academe, and industry. Such commit-
tees have successfully directed the Deep Sea Drilling Project (DsDP), the U.S.
Geodynamics Project, and, more recently, the cocoRP (Consortium for Conti-
nental Reflection Profiling) Project on land. Groups of this type have provided
effective means through which industry and government scientists can partici-
pate in the planning of such projects and can provide pertinent information.
Even so, the necessary and desirable use of these advisory structures imposes a
major burden in the time taken from their participants to develop and get sup-
port for large-scale science efforts. Therefore, simpler advisory structures would
help to conserve the efforts and time of our best researchers.

HIGH-PRIORITY RESEARCH FOR THE 1980°'S

A Sediment Dynamics Program —High Priority

We recommend that a coordinated program be developed to study sediment
dynamics on continental shelves, slopes, rises, and marginal basins. This pro-
gram would study the entrainment, transport, and deposition of continental-mar-
gin sediments.
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Relevance

Sediments and human particulate wastes are transported and deposited by the
same processes that determine sediment distribution. Therefore, studies in
sedimentation are deeply relevant to the solution of waste-disposal problems.

Studies of seafloor sediment stability are a legally imposed prerequisite to the
design and installation of seafloor-mounted structures (e.g., petroleum produc-
tion platforms, subsea safety and production systems, pipelines, and other struc-
tures). This is an area in which science and engineering are thoroughly en-
twined.

Areas for Concentrated Efforts

® Marine currents, the movement and settling of sediments in estuaries, conti-
nental shelves, slopes, rises, and marginal basins.

e Interdisciplinary research efforts on the benthic boundary layer with studies
of solution-sediment, organism-sediment interactions, sediment-water
interface metabolism, water turbulence, velocity gradients, and seabed con-
solidation and stability.

e Quaternary deposition and erosion in coastal areas and on the continental
slope and rise.

e Evaluation of differences in sediment distribution and sedimentary processes
on modern continental shelves as compared with pre-Quaternary continental
shelves.

® Multibeam swath-mapping to determine the microbathymetry of continental
slopes and rises.

Coordination and Communication

Existing federal efforts in this field need coordination. One single agency should
be declared as lead agency. Basic research should be done by academic scien-
tists with support from the mission-oriented agencies. This is especially neces-
sary for studies of the benthic boundary layer and the Quaternary.

Estimated Level of Expenditure (in 1977 Dollars)

Conversion of multibeam arrays on two NOAA
Class I vessels to deep-ocean swath-mapping
capability $ 500,000/vessel

Operating costs 1,500,000/vessel/year

Sediment dynamics studies (combined effort

of federal agencies and academic
institutions) 18,000,000/year

A Program for Geotraverses on Domestic Continental Margins—High Priority

We recommend recording long, multisensor (reflection, refraction, potential,
and electrical) geophysical and geological traverses across land and marine seg-
ments of U.S. continental margins. Traverses should extend across both active
and passive margins into the continental interiors. General problems that are
involved include the kinematic, dynamic, and thermal evolution of active and
passive margins. Geotraverses over land and water are recommended for the

9


http://www.nap.edu/catalog.php?record_id=19863

Introduction, Summary, and Principal Recommendations

East Coast, Gulf Coast, and West Coast, with a large proportion of the whole
geotraverse effort devoted to Alaskan continental margins.

Relevance

Our current understanding of the genesis of active and passive margins is in its
infancy. Geological history and thermal evolution of passive margins influence
the potential for oil and gas. Understanding the geochemical evolution of active
margins is important as a conceptual basis for the exploration of mineral de-
posits. Earthquakes occur frequently on active margins, and they also occur,
although less frequently, on passive margins. To improve forecasting, detailed
earthquake studies and monitoring are necessary.

Areas for Concentrated Efforts

e Rifting on passive margins

e Stratigraphy, diagenesis, rates of subsidence, paleooceanography during drift-
ing of passive margins

Evolution of continental fragments

Continent-ocean boundaries on all margins

Thermal history of passive margins

Formation of accretionary wedge and forearc basins on active margins
Geochemical evolution of active margins

Formation of marginal basins

Effective monitoring of seismicity on all domestic margins

® o ® 0 & O @

Approach and Methods

The sequence of activities should begin with a compilation of previous work,
progress to regional geological and geophysical studies on land and sea, and
narrow down to a transect band (typically some 100 miles wide and 400-600
miles long) that is half on land and half over water. Advantage should be taken of
existing well control, but in many cases, only targeted drilling for scientific
purposes may answer essential questions. Bottom sampling and drilling for
deeper samples will help to achieve most objectives, but such drilling should
follow appropriate geological and geophysical surveys and studies.

Methods employed include earthquake seismology; multibeam sounding;
multichannel seismic-reflection and -refraction work; ocean-bottom seismome-
ters; gravity, aeromagnetics, and electrical methods; geological sampling; drill-
ing; submersibles; and other techniques.

Communication and Coordination

We recommend that a committee be established to set up four regional working
groups to draft the details and costs for geotraverses and related work in the East
Coast, Gulf of Mexico, West Coast, and Alaska. The project should enlist scien-
tists from government, academe, and industry, selected for their competence in
the field. The cCOCORP Project and the DSDP are excellent administrative models.

Estimated Level of Expenditure (in 1977 Dollars)

The costs of a transect obviously will vary with accessibility, length, and com-
plexity of the geological problems involved. For one typical land-sea geotran-
sect, a very rough estimate of the costs is in the following range.

10
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Geology and Geophysics $ Millions
Marine geophysics 3.0 to 5.0
Land geophysics 1.0 to 2.0
Marine geological and geochemical work 1.0

Land geological and geochemical work 1.0 to 2.0

(including helicopter support as needed)

Total cost for one typical net geotraverse 6.0 to 9.0
(without drilling)

Outfitting Modern Geophysical Research Vessels—High Priority

Cost studies for marine surveys show that the major expenditures are for the
vessel, precise navigation, and scientific and technical personnel. Once commit-
ted to these expenditures, the incremental cost for the best geophysical and
geochemical equipment is comparatively small and is desirable for cost-effective
acquisition of geological-geophysical information. To work with inadequate
equipment is a waste of money, scientific talent, and time.

The sediment cover in most of the deep oceanic areas is fairly thin. While it is
true that there are significant piles of sediment in such deepwater areas as the
Argentine Basin, the Somali Basin, and the deep Gulf of Mexico, the major
sediment accumulations are associated with continental margins. Scientists will
not be able to understand the deep structure of these margins without modern
multisensor geophysical and geochemical instrumentation, including mul-
tichannel seismic reflection and refraction and onboard data processing.
Moreover, scientists will likely have to use this equipment in unconventional
ways. Since the equipment involved is bulky and complex, it must be perma-
nently mounted on a ship. The nature of operations with this equipment
suggests that the ship necessarily be dedicated to work with this equipment and
would not, therefore, be available for other oceanographic experiments.

The fundamental problem, then, is to find a method by which the necessary
data— particularly 48- or 96-channel seismic-reflection data—can be obtained
for continental-margin studies. At present, the academic research community
does not have 48- or 96-channel capability. The U.S. Geological Survey does not
have in-house 48- or 96-channel capability either, and the Survey needs to assess
whether such capability is or is not necessary to accomplish its assigned mission.

Given that the scientific problems of continental margins require 48- or 96-
channel capability to solve them, how might this be obtained?

(a) One possibility is to purchase seismic lines from a commercial contractor.
This is reasonable if conventional data are sought, but it is unlikely that data
from other geophysical or geochemical sensors could be collected simulta-
neously. The opportunities for experiments of a nonconventional sort, or innova-
tions, would be limited, and the exposure and training of research scientists and
students to these techniques would be limited.

(b) A second possibility would be to arrange cooperative programs with the
U.S. Geological Survey or industry. The Survey, as noted earlier, does not have
48- or 96-channel capability and uses contractors for a significant portion of its
seismic-reflection work. Moreover, it has heavy responsibilities to assess the
resources of the continental margins. Industry contracts most of its seismic-
reflection work, and research vessels operated by the petroleum companies are
kept very busy acquiring proprietary data for these companies. Industry’s ves-
sels are not available for cooperative research programs as they are largely dedi-
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cated to hydrocarbon exploration. Moreover, the time schedule imposed by
Outer Continental Shelf lease sales has created a new urgency in the allocation
of vessel time for industrial research. Current lease sales schedules suggest that,
during the next decade, industry will continue to be preoccupied with the im-
mediate problems associated with Outer Continental Shelf leasing.

(e) A third possibility would be to convert ships in the present academic fleet
and to equip them for comprehensive geological and geophysical continental-
margins research. These ships would then be removed from the fleet and made
unavailable for other oceanographic purposes. All indications are that pressure
for ship time is very strong and will remain so in the near future. There is the
question of whether existing vessels in the academic fleet are suitable for such a
conversion as well as whether a ship would be available.

(d) Finally, there is the possibility of adding to the oceanographic fleet ships
that have been constructed and equipped specifically for multisensor geophysi-
cal investigations appropriate for modern continental-margin studies. This alter-
native would provide vessels that are best suited for the purpose and opportu-
nity for innovative experiments, and the academic scientific community would
possess the potential to determine the deep structure of the margins. To con-
struct such vessels from scratch and equip them for this work would be expen-
sive, but in the view of this Panel, this approach promises to be the most fruitful.

Therefore, we recommend that funds be made available to outfit two such
vessels to operate principally (1) on the East Coast and Gulf of Mexico margins
and (2) on the West Coast and Alaska margins. The two ships should have
reinforced hulls to permit summer work in Arctic waters. The Hollis Hedberg
(described in Appendix C) is an example of such a vessel.

The vessels should be equipped with onboard digital processing capable of
real-time monitoring of all sensors, including seismic deconvolution and stack-
ing of sufficient channels (at least half of those recorded) to ascertain that the
data recorded are qualitatively and quantitatively adequate to solve the scien-
tific objectives. Outfitting vessels now with less than 48 to 96 seismic-reflection
channels would fail to take advantage of available technology.

While a substantial amount of processing would take place onboard, it would
be necessary to plan facilities and/or contracts for postcruise playback processing
to support detailed interpretations.

From industry experience, it is estimated that to build (or purchase) and equip
vessels as described above would cost $12 million to $14 million (in 1977 dol-
lars) each. Total annual costs, including shipboard operations, onboard and post-
cruise processing, and interpretation are estimated at $9 million to $11 million
for each vessel. The availability of two modern geophysical vessels would sub-
stantially reduce the demand on ships currently used for geophysical research
and permit them to be used more heavily in other fields of oceanographic re-
search or permit a reduction in the size of the existing fleet.

The geophysical vessels should be highly available to and shared by qualified
scientists, primarily members of the academic community. The ships should be
national facilities based at two selected academic oceanographic institutions.
Disposition of the vessels and their long-term programming would be a major
responsibility that should respond to national scientific goals, while component
projects should be selected on the merit of the science proposed. Planning and
advice could be structured in analogy to other “big science” efforts, such as
IPOD-DSDP, IDOE, or COCORP.

The two ships proposed would not necessarily have to be built or acquired
simultaneously. However, in weighing whether to recommend one or two ships,
we reasoned that the geology of the Pacific coast is sufficiently different from
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that of the Atlantic to justify two vessels. Because each coast has a representative
scientific community, it seems likely that it would be difficult for each commu-
nity to have access to a single ship on alternate years. Furthermore, if scientists
are to make significant progress in Arctic Ocean reconnaissance, and because the
Arctic season open for work is short, research would proceed faster and more
efficiently with two ships.

SECOND-PRIORITY RESEARCH FOR THE 1980’'S

Geotraverses and Ocean-Continent Boundary Studies on
Foreign Continental Margins—Second Priority

We recommend that foreign geological and geophysical traverses be carried out
if the specific problem cannot be studied on U.S. margins or if the problem is
complementary to the domestic work. In general, most problems outlined for
the domestic geotraverse program can also be studied on other continental mar-
gins. The sequence of activities and the research methods would be similar, and
the relevance is consonant. (See pp. 8-9.)

Areas of Concentrated Effort

Areas of particular importance (in order of priority) are the following:

e The Arctic Ocean, where the logistic difficulties and common interests
suggest that an international (U.S., Canada, Scandinavia, and U.S.S.R.) program
should be undertaken. Part of this program may overlap the traverse program in
Alaska. The cost for a typical Arctic Ocean transect is about $5 million. To make
five transects would require about five years and a total cost of about $25 million.
(See Part I, Chapter 7.)

® The Caribbean, where the structural and stratigraphic evolution is not un-
derstood and is the subject of intensive scientific speculation.

e Conjugate passive margins, which appear to be symmetrical to a midocean
ridge. Studying them helps to emphasize differences that may be due to (a)
climatic control of sedimentation, (b) differing late structural histories, and, pos-
sibly, (c) discontinuities across spreading centers.

® West Pacific margins and their marginal seas. This type of margin is not
well represented in the United States. Study should be continued because the
formation of marginal seas is a principal, still unsolved plate-tectonics puzzle.

Drilling on Continental Margins—Second Priority

We fully and emphatically concur with the recommendation of the JOIDES Sub-
committee on the Future of Scientific Ocean Drilling (FUSOD) that an ambitious
drilling program be undertaken, but only if adequate funding is assured for
scientific studies that include (1) broad-scale problem definition, (2) small-scale
site examination and preparation, (3) sample analysis and well logging, and (4)
interpretation and synthesis.

Because continental margins extend onto land, geophysics and land drilling
should be part of the same program. Doing both the science and the drilling on
the marine and landward portions of U.S. continental margins would provide the
United States, for the first time, with a comprehensive approach to solid-earth
research on domestic margins.

This Panel also agrees with FUSOD that the high total cost of the proposed plan
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for continued Glomar Explorer drilling (about $450 million) dictates that the
best possible geological and geophysical reconnaissance be undertaken to pro-
vide a selection from which to choose the best drilling sites.

The recommendations of the Panel on Continental Drilling of the (now dis-
banded) FCCSET Committee on Solid Earth Sciences do not address the problem
of continental-margin drilling on land. Such drilling could be complementary to
and provide continuity with the program envisaged in the JOIDES/FUSOD propos-
al. We recommend that a committee be established to design specific plans for
geological and geophysical traverses on the landward extensions of continental
margins (see p. 13) with a view toward continental-margin drilling on land. The
approximate costs for such a program need to be established.

Relevance

Drilling gives scientists a major opportunity to test their scientific predictions.
To quote from the JOIDES/FUSOD report:

It is readily apparent that a knowledge of the nature and origin of oceanic crustal rocks is
of utmost importance for our understanding of the structural and lithologic history of both
active and passive continental margins, and indeed, for an understanding of more ancient
parts of continents which were generated during earlier episodes of ocean crust formation
and destruction. . . . Through deep sea drilling and field geology using submersibles we
are beginning to understand the structure of the ocean .. .the (drill) hole is not the
experiment, it is the ground truth that translates geophysical parameters into geological
reality.

Discussion and Estimated Level of Expenditure (in 1977 Dollars)

Drilling costs are very high. Our crude estimates for a typical transect such as
that described on pp. 10-11 would cost on the order of

Drilling 3-4 deep holes on land

and on the continental shelf $ 45 million—60 million
Drilling 2-3 deep holes in deeper waters $ 60 million-90 million
TOTAL $105 million- 150 million

A rough estimate for a total drilling program on continental margins for the
decade of the 1980’s would be

About one third of the proposed Glomar

Challenger drilling program $ 40 million
Most of the proposed Glomar Explorer program $160 million
About 10 shelf tests for scientific purposes,

using commercial drilling vessels $150 million

TOTAL estimated drilling costs e
for the 1980’s $350 million

In view of the large costs for a drilling program, we emphasize

e That previous well control —if available—should be used in the planning of

all work;
e That enough geophysical and geological work must be done to provide several

geotraverses from which we can choose the most suitable drilling sites to solve
the scientific problems—haste in the selection process could be very wasteful;

and
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® That any drilling on continental margins requires government approval and,
therefore, it is of great importance that representatives of government agencies
be consulted and involved early in planning.

It is difficult to assess the importance of drilling for scientific purposes. There
is no doubt in our minds that drilling key research wells on continental margins
will be a fitting ultimate test of the concepts and models developed from
geophysical and geological studies. The prospect of having the necessary tools
available in time to test new concepts is exciting. Nevertheless, the Panel gave
the following reasons for giving a second priority to the drilling program*:

(1) The fact that we are so heavily insistent on adequate and intensive pre-
paratory geological and geophysical work preceding any drilling suggests that, at
this time, the ideas for a drilling program are not sufficiently specific.

(2) In our judgment, the high-priority efforts that we have recommended stand
as valuable research targets quite independent from any drilling plans. Some of
us are particularly concerned that a traverse program as well as other oceano-
graphic research projects might be refashioned into a simple surveying process
focused mainly on finding a sufficient number of drill sites in time, while other
scientific objectives are downgraded.

(3) We believe that, while some drilling targets could be reached only by the
proposed 12,000-foot riser technology, many objectives could probably be
reached with current commercial drilling technology. We judge that, with
proper planning, commercial drilling vessels could be made available for scien-
tific drilling in the 1980’s. Note also that the FUSOD report identifies some sites
with 13 km of sediment over basement and deep crustal holes in 18,000 feet of
water with 9000 feet of penetration. The proposed 12,000-foot riser technology
will not be able to reach these deep targets.

(4) The overall logic inherent in a research program leading from a
geological-geophysical reconnaissance to detailed surveys and then drilling
suggests that drilling should have a second priority. In other words, first the
high-quality geophysical research, then the drilling.

To sum up, we believe that it is far preferable that the basic science be healthy
and adequately funded before more expensive drilling is planned.

RECOMMENDED LEVEL OF EXPENDITURES FOR BASIC EARTH SCIENCE
RESEARCH ON CONTINENTAL MARGINS IN THE 1980’S

Looking at the high-priority components of the proposed program (which, as
previously mentioned, concentrates on academic research) and allowing for
work on certain research items that fit less easily into the main program, we
recommend the following estimated overall level of expenditures (in 1977 dol-
lars) over the next decadet:

*Note from the chairman: These comments concemn an overall, large-scale, expensive drilling pro-
gram. They do not address the question of whether there are some single locations that may be ready
for drilling as separate objectives outside the context of a large-scale drilling program.

tNote from the chairman: The proposed level of expenditures does not address the question of
drilling. Should there be sufficient funds available to permit an additional extensive drilling effort,
then the level of expenditures may be increased by some $350 million, as mentioned on p. 14.
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Ships

Conversion of two NOAA vessels to

deep-ocean swath-mapping capability $1 million
Construction and instrumentation of

two modern geophysical research vessels $24 million to 29 million

Research

A basic geological/geochemical/geophysical research program undertaken
mainly by scientists in academe and complementary to and coordinated with
research undertaken by scientists in government and industry:

Annual Costs
Marine geophysical research* $18 million to 22 million
Land geophysicst $ 2 million to 4 million
Marine geology and geochemistryt $ 1 million to 2 million
Land geology and geochemistryt $ 2 million to 4 million
TOTAL estimated costs for geological/
geochemical/geophysical research operations $23 million to 32 million
Sediment dynamics program (combined
federal agencies and academic programs) $18 million/year
RESEARCH TOTAL: $41 million to 50 million/year

These figures are very rough estimates, and they are large and considerably
higher than proposals being considered by other groups. In light of this, we
re-emphasize the following points:

e The proposed program concentrates on domestic continental margins (two
thirds or more of the total program).

¢ The proposal includes substantial expenditures for geophysical and geological
work on land.

@ A large part of the land effort would be spent in Alaska.

e A significant part of the domestic marine effort would be spent off Alaska and
in the Arctic Ocean.

® The geological and geophysical work is a sine qua non condition for any drill-
ing plans. That is, if we cannot afford the geology and geophysics, we should
not embark on the drilling.

RECOMMENDATIONS CONCERNING PROPOSAL WRITING
AND THE DISTRIBUTION OF GRANTS

Writing proposals for research, attending committee meetings, and particularly
the ever-increasing budget monitoring and administrative work required to ver-
ify the time (in minutes!) spent on each project are fast becoming dominant and
time-consuming activities for many of the nation’s best researchers. The time
many scientists spend on various planning committees with overlapping scopes
is time that they cannot devote to their research.

*Two geophysical vessels working on transects and nontransect work, i.e., continent-ocean bound-
ary, seismic stratigraphy, deep crustal refraction, Arctic research. Realistically, some vessel time will
be devoted to deep-ocean research off continental margins.

tWork equivalent to two net transects.
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We recommend that the National Science Foundation (NSF) take the lead to
review and streamline current research funding procedures with a view to

(a) Designing a more standardized format for research funding procedures that
NSF and most other federal agencies could use;

(b) Minimizing the length of research proposals;

(c) Limiting the required length of vital statistics and scientific credentials of
the requesting researcher(s);

(d) Standardizing budget forms; reducing budget details to the minimum ac-
ceptable to federal auditors; and

(e) Streamlining committees and their procedures to avoid duplications and to
limit the scope and size of such advisory groups.

We further recommend that NSF study the feasibility of “progressive grant
status” for institutions engaged in well-circumscribed basic research fields, e.g.,
continental-margins research, as follows:

(1) Project support—for individual projects;

(2) Coherent—for groups of projects at an individual institution; and

(3) Institutional—for large programs at institutions that are generally ac-
knowledged as having a broad base of competent activity in a given field.

A move in this direction could help to streamline procedures and, at the same
time, provide more meaningful relations between grantors and grantees.

CONCLUSION

The essence of our thinking is that (a) the time is ripe to concentrate more
research on domestic continental margins, (b) the best geological and geophysi-
cal technology should be used for such research, and (c) drilling for scientific
purposes can be justified only if it is preceded by detailed geological and
geophysical surveying.

We attempted to compare expenditure levels for solid-earth continental-
margins research with past expenditures but were unable to isolate the relevant
figures from the multitude of budgets from federal agencies and academic in-
stitutions. The levels of expenditure we propose are high. Our most expensive
recommendations (i.e., first priority, two geophysical vessels; and, second prior-
ity, drilling) address primarily the problems of data quality and, to a lesser
degree, increases in the pace of gathering or volume of data. Consequently, the
number of people working on continental margins on land and at sea may not
increase proportionately to the increased expenditures.

Science—and particularly oceanography—is international. However, we be-
lieve that an effort with increased emphasis on national concerns is needed. The
scientific problems are there in abundance, and to remain leaders in the interna-
tional field, we must couple the best technology and a strongly developed un-
derstanding of our own efforts with efforts undertaken by our North American
neighbors. There, we must be mindful of the obvious: Our neighbors have their
own style of work on their resources and their environment. We should not take
them or their cooperation for granted. However, we do share the same resources
and environmental concerns and, therefore, should also share the fruits of our
mutual research.

We recommend that these goals for geological and geophysical research on
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continental margins be part of an overall research plan for the 1980’s that
addresses the evaluation of resources and the management of the environment of
North America and its surrounding seas—in short, the North American natural
heritage. We are recommending an increase in the momentum of solid-earth
science research in our own backyard.

Our recommendations should be but a small part of a larger plan that places
emphasis on cohesive research efforts on continental interiors and in the neigh-
boring deep oceans. This overall plan should be paralleled by similar efforts in
the biosphere, the hydrosphere, and the atmosphere. These research concerns
need to be evaluated in the context of the whole.

To undertake such a plan, we must rely on the traditional bridge-builders, the
professional societies and such programs as the U.S. Geodynamics Project and
its successor, to reduce stress between the constituencies and to provide much-
needed neutral ground. In the absence of good communication, it is not surpris-
ing that there is a tendency toward polarization between government, academe,
and industry, and even perhaps questioning of motives. If the geological and
geophysical problems are to be successfully attacked with proper strength and
full perspective, scientists from industry, government agencies, and the
academic community must gather in a neutral setting, unfettered by hangups,
inhibitions, regulations, or jealousies, to identify the challenges and opportuni-
ties that lie ahead—and to bring these to the attention of the supporting public
in clear language.
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Concepts

Iand

As illustrated by the hypsographic curve, the surface of
the earth has two dominant levels: the continental plat-
form and the oceanic, or deep-sea, platform. The transi-
tion zones between the two levels are continental mar-
gins. Oceanographers see three major submarine prov-
inces (proceeding from the shoreline to the deep plains of
the oceans).

(1) Continental shelves occupy some 7 percent of the
seafloor. They are usually 65-100 km wide but may ex-
tend offshore as far as 1200 km. Typical depths are around
130 m, but can range up to 550 m. Gradients rarely exceed
1°

(2) Continental slopes occupy 8-9 percent of the ocean
floor and are typically 15-100 km wide, as measured
horizontally from the shelf edge to the bottom of the
slope. From the edge of the shelf, the slope ranges to
about 5000-m depth, with gradients between 2° and 6°.

(3) Continental rises occupy about 3 percent of the
ocean floor. Rises are not always present, but when they
are, they occupy as much area as the adjacent shelf and
slope, and their widths range from 0 to 600 km, with
depths of 1400-5000 m.

Geologists realize that submarine margins are exten-
sions of provinces that occupy large areas on land and that
have variable morphologies. On Atlantic-type margins, a
wide coastal plain marks the landward continuation of the
shelf. In sharp contrast, the margins surrounding the
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Pacific display mountains, island arcs with volcanoes, and
limited local coastal plains. The striking morphologic dif-
ference is related to the structural evolution of the various
margins. The following paragraphs express that evolution
in a global and geological perspective. Figure 1.1 illus-
trates and explains several terms that are used in this text.

Geophysical measurements and inferences indicate
that the earth has an outer rigid shell (the lithosphere),
which overlies a hotter, weaker, and more viscous zone
(the asthenosphere). The thickness of the lithosphere is
not well established, because its bottom is not easily mea-
sured or defined. Depending on the point of departure,
geophysicists make differing measurements leading to
different inferences (Jordan and Fyfe, 1976). An example
of a map that is based on the relation of the age of the crust
to heat flow is shown in Figure 1.2.

For years, seismologists have observed a sudden in-
crease in the propagation velocity of seismic waves from
lower velocities to velocities greater than 8 km/sec. This
discontinuity in velocity was named after its discoverer,
Andrija Mohorovicié, and is colloquially referred to as
“the Moho.” Rocks overlying the Moho form the crust.
Deeper rocks form the upper mantle. Together, the crust
and upper mantle form the lithosphere. The base of the
crust beneath the oceans is usually less than 10 km deep,
while the crust beneath continents is 30-60 km thick.
The map in Figure 1.3 gives the approximate thickness of
the crust.
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FIGURE 1.1 Schematic cross section of
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FIGURE 1.2 Thickness of the lithosphere derived from geothermal data. Surface heat-flow variations have been used to map the
thickness of the lithosphere. Redrawn after Chapman and Pollack (1977) and modified by A. W. Bally.
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FIGURE 1.3 Thickness of crust in kilometers.

The distribution of historic earthquakes suggests that
the lithosphere is segmented in a number of rigid, shell-
like plates. The boundaries of these plates are cir-
cumscribed by worldwide earthquake belts (see Figure
1.4). Based on the seismic motion of these earthquakes
and on geological observations, three kinds of boundaries
are commonly differentiated:

(1) Rifts associated with shallow-focus earthquakes
(indicate extension of the crust);

(2) Transform faults with shallow-focus earthquakes
(indicate a strike-slip motion along which crustal seg-
ments slide past each other); and

(3) Subduction boundaries associated with shallow- to
intermediate- or deep-focus earthquakes. (Motions are
complex, but compressional thrust faults dominate, while
extensional and strike-slip faulting is less predominant.
This zone—within which most earthquakes occur—is
known as the Benioff Zone.)

Figures 1.4 and 1.5 show the distribution of the major
lithospheric plates. Plate boundaries appear to be unre-
lated to the distribution of oceanic and continental crust.
For instance, the extensional boundary of the midocean

rift leaves the ocean and bisects continental crust in the
area of the Red Sea and the East African Rift Zone. A
similar situation is observed in the California—Great
Basin area. Also, the earthquake belt surrounding the
Pacific continues to the west into the Himalayas, Central
Asia, and the Alpino-Mediterranean area. Thus,
earthquake belts and the associated plate boundaries de-
scend much deeper than the Moho, which underlies both
continental and oceanic crust.

The plate-tectonics hypothesis is concerned with the
motion of lithospheric plates. This concept visualizes the
intrusion of hot igneous rocks derived from the mantle
along the axes of midocean ridges. The magma cools to
form new lithosphere emplaced between older litho-
sphere. As the molten mass cools, it registers the polarity
of the earth’s magnetic field. In the past, that polarity was
reversed several times. Thus, series of igneous rocks of
alternating polarity are successively emplaced parallel to
midocean ridges. These reversal sequences allow us to
follow and reconstruct the history of a growing crust be-
neath the oceans.

The concept of ocean-floor spreading was spectacularly
confirmed by the Joint Oceanographic Institutions for
Deep Earth Sampling (JoIDES) Deep Sea Drilling Project
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FIGURE 1.4 Worldwide earthquake epicenter distribution (1963~ 1977). The dark bands on the map consist of thousands of small dots,
each representing the epicenter of an earthquake. The data plotted are for earthquakes with magnitude 4.5 and greater for which 10 or
more stations were used to determine the epicenters. The earthquake distribution shown on Figure 2 is a highly schematic version of

this distribution array. (Courtesy, Environmental Data Service, NOAA, 1978.)

(pspp), which documented the ocean floor's history in
considerable detail. Specifically, the age of sediments
overlying what are believed to be the topmost (and there-
fore the youngest) basalt flows was predicted with re-
markable accuracy. Occasionally, sediments were dis-
covered underneath these basalts, but, so far, they have
not been demonstrated to be substantially older than the
basalts. Also, reflection seismic data suggest that layers
exist below the basalts in some areas of the ocean. These
layers need to be cored. The results of such drilling may
suggest substantial revisions of the plate-tectonics con-
cept.

Subduction is the process by which a lithospheric slab
dips under a continent or an island arc deep into the as-
thenosphere. The most common case involves subduction
of oceanic lithosphere with Benioff Zones (B-
subduction). Another case involves more limited subduc-
tion of continental crust and is critical to geologists who
want to know how mountain ranges are formed. This is
A-subduction (A after Ampferer, who originated the con-
cept early in this century).

In a nutshell, new lithosphere is created at midocean
ridges and returns to the mantle at subduction zones.

Earthquake belts provide a fair outline of present
plates, but it is more difficult to infer the outline and
distribution of earlier plates. The ocean-spreading
hypothesis documents the history of today's oceanic
lithosphere backward into Jurassic time. Magnetic linea-
tions and their offsets by transform faults record a rela-
tively orderly accretion of igneous material in a domi-
nantly extensional regime. In essence, the floor of the
world oceans can be perceived as an immense exten-
sional scar.

We can make reconstructions based on matching sym-
metrical linear anomalies and the presumed boundaries
of continents. Such reconstructions show a steadily
changing distribution of continents and ocean through
time. These changes greatly influenced past ocean cur-
rents, climate, geography, and the distribution of past ac-
tive and passive margins (Figures 4.7 through 4.11).

At this point, we must ask: Where are the subduction
zones of the past? It turns out that the world-encircling
fold belt that was formed during the Mesozoic and
Cenozoic is the counterpart of the extensional scar. Many
sedimentary basins are associated with the fold belt. On
Figure 1.6 this zone is shown in white and referred to as
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the Cenozoic—-Mesozoic Megasuture, a unit that repre-
sents the product of subduction-related processes that
complemented the ocean spreading occurring since the
breakup of a huge supercontinent (Pangea) in early
Mesozoic times. In fact, many rocks that outcrop in to-
day’s mountain ranges are products of these deep-seated
ancient processes.

Subduction may be responsible for converting oceanic
crust into continental crust, although that is a simplistic
view of a complex and barely perceived process. Possibly,
large segments of pre-existing continental crust became
heated and remobilized. Structures in metamorphic and
igneous rocks suggest deformation by (ductile) flow and
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widespread intrusions. The rigid continental lithosphere
was perhaps “softened.”

Putting continental margins in perspective, we can
subdivide the surface of the earth in the following way:

(1) The Cenozoic—Mesozoic extensional scar of the
oceans, commonly called ocean crust.

(2) The Cenozoic-Mesozoic megasutures of the world.

(3) The combined Paleozoic fold belts represent the
Palezoic Megasuture, which is bounded on both sides by
sialic crust and shows Paleozoic A-subduction. Paleozoic
B-subduction can only be surmised, because Paleozoic
oceanic crust has not been preserved in its pristine form.

ACTIVE FAULTS ON CONT.
LITHOSPHERE

=== STRIKE SLIP

= NORMAL

?  EURASIA-NORTH AMERICAN
PLATE BOUNDARY

I cz-M2 C-MEGASUTURE

FIGURE 1.5 Distribution of lithospheric plates.
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Only minor amounts of it can be found as ophiolitic se-
quences in folded belts. This suggests that the
B-subduction process was so effective that virtually all
Paleozoic oceanic crust vanished at depth during and
after Paleozoic times.

(4) The Precambrian fold belts of the world represent
several complex Precambrian megasutures. Again, no
oceanic Precambrian crust is believed to have been pre-
served.

Figure 1.6 illustrates this summary and also indicates
the approximate age of the economic basement for hy-
drocarbon accumulations. In other words, the map
roughly predicts the age span of sediments that could
vield hydrocarbons. For instance, basins on Precambrian
crust contain Paleozoic and younger sediments, those on
Paleozoic crust contain Mesozoic and younger sediments,
and basins within the Cenozoic—-Mesozoic Megasuture
are filled with predominantly Tertiary sediments. This

illustrates how the new global tectonics—which is based
on fundamental scientific research—helps to give eco-
nomic geologists a simple and relevant overview of the
age of sedimentary basins.

The basic types of continental margins are (see Figure
2) as follows:

(1) Passive margins: These mark the ocean-continent
transition that is within a rigid lithospheric plate. Gener-
ally, they are associated with and facing a spreading
midocean ridge. In our view, passive margins include the
coastal plains on land and extend to the deep oceans.

(2) Cratonic margins: These are located on continental
crust and, therefore, do not strictly qualify as continental
margins. However, several cratonic basins are submarine
and extend onto the shore. Others are entirely on land and
would not concern people primarily interested in conti-
nental margins.

(3) Active margins: These are continent-ocean transi-
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FIGURE 1.6 Economic basement and tectonics of the world.


http://www.nap.edu/catalog.php?record_id=19863

tions associated with Cenozoic—Mesozoic subduction
processes at plate boundaries. They coincide with the
circum-Pacific to Mediterranean earthquake belt. In a
very general manner, active margins coincide with the
Cenozoic—Mesozoic Megasuture, but keep in mind that
today’s earthquakes indicate present subduction, while
the megasuture is the product of past subduction.

It is useful to differentiate further between

(3a) Active margins associated with B-subduction of
oceanic crust and

(3b) Active margins associated with A-subduction of
continental crust.

(4) Transform margins: Transform-fault systems can
intersect both passive and active margins. In this text, we
discuss them as subdivisions of those two basic margin

types.

This Panel’s views are deeply rooted in the modern
plate-tectonics theory. There are scientists who do not
accept plate tectonics as a workable hypothesis (see Be-
loussov, 1975; Carey, 1977; and Meyerhoff's several pub-
lications, as cited at the end of this and other chapters).
They judge that the evidence is not sufficiently compel-
ling, or they require plausible mechanisms to explain the
purported mechanics. Others believe in a dramatically
expanding earth and concurrent vertical tectonics. We re-
spect these views but believe that plate tectonics offers a
fine reference frame for this report.
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I The Surtace

SUBMARINE TOPOGRAPHY AND TOPOGRAPHIC
SURVEYS

The classic passive-margin profile consisting of continen-
tal shelf, continental slope, and continental rise implies
the dominance of sedimentation processes over tec-
tonism. Sediments are derived primarily from the adja-
cent continent, then transported by a variety of processes
over the shelf, progressively down the slope, and through
submarine canyons to form the prism of sediment that
comprises the continental rise.

In the Pacific, the typical active margin consists of a
continental shelf and slope bounded on the seaward side
by a trough, a trench, or a ridge. These topographic lows
or highs often 