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Ocean Boundaries and
Petroleum Resources

National-international ocean boundaries are

discussed in relation to petroleum resources.

During the last decades, the focus of
world interest and activity in exploration
for petroleum has been moving more and
more into the oceans. In the highly com-
petitive petroleum industry, rewards have
traditionally gone to those who were
willing and able to be the first to brave
the hazards of strange and forbidding
environments in order to preempt the
choice petroleum areas they might contain.
Thus, exploration has advanced through
the mountains, the deserts, the jungles, the
swamps, and the arctic tundras on land,
and is already widespread in the coastal
waters of the seas and oceans.

The entry to each new environment has
been made possible only as specialized
equipment and technology could be devel-
oped to meet the special problems of each.
The complexities of resource extraction
offshore once seemed completely prohibi-
tive, but the development of marine
geophysical prospecting and various types
of marine drilling installations suited to
various water depths has now made explo-
ration and production in shallow and mod-
erately deep offshore waters of the conti-
nental shelf entirely feasible and, in some
respects, less difficult than in some land
areas. Currently, there are hundreds of off-
shore fields producing oil and gas in the
world; 17 percent of U.S. production and
18 percent of world production in 1973
came from these offshore sources (/).

Progress into deeper waters of the outer
shelf, the slope, and beyond still presents
formidable obstacles. However, explora-
tion holes for petroleum now have been
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drilled in water depths of as much as 655
meters (2150 feet), and production has
been established in water depths of more
than 125 meters (about 400 feet). The lat-
est record of the Joint Oceanographic In-
stitutions for Deep Earth Sampling Deep
Sea Drilling Program is a hole penetrating
1411 meters (4656 feet) below the ocean
floor in a water depth of 4975 meters
(16,417 feet).

Costs of offshore petroleum drilling and
production operations are extremely high,
and in waters as deep as 1000 meters or
more would be fantastically so. However,
there is now little doubt that drilling and
production at these and greater depths can
and will be accomplished eventually if the
prospective returns are great enough.

Political-Economic Setting

Apart from matters of technology, two
factors during the last few years have dras-
tically altered the situation with respect to
petroleum from the deep offshore waters.
(i) The recent multifold increase in the
price of crude oil on world markets and the
recent emphasis on an inevitable future
shortage of supplies of hydrocarbon energy
have escalated the values attributed to po-
tential offshore petroleum properties. (ii)
The wave of nationalization of the petro-
leum industry, together with the increased
prices of crude oil and the energy crisis,
has stimulated a keener sense of national
proprietorship in the ocean beds by those
countries with ocean coastlines. In contrast

SCIENCE

with this latter point has been the appeal so
eloquently voiced by U.N. Ambassador
Pardo from Malta in 1967 and endorsed in
word if not in spirit by many others since—
the doctrine that the oceans are the heri-
tage of all mankind and that the resources
of the deep-ocean floor belong to the com-
munity of nations rather than simply to
those nations who happen to control coast-
lines adjacent to them.

National-International Boundary

The result of the interplay of these fac-
tors has been the impasse at meetings of
the U.N. Committee on the Peaceful Uses
of the Seabed and the Ocean Floor Beyond
the Limits of National Jurisdiction, start-
ing in New York in 1968 and most recently
held in Geneva during the spring of 1975,
on the question of to whom the ocean
floors belong. Another meeting is sched-
uled for March 1976 in New York but a
solution satisfactory to the various parties
concerned is dubious.

Nearly everyone recognizes that there
should be an outer limit to the areal extent
of a coastal state’s jurisdiction over the
ocean floor extending outward from its
shores. Also, it is generally agreed that the
great central regions of the deep ocean
floor should be under international juris-
diction. The big problem is just how far out
the boundary between national and inter-
national domains should be drawn.

It is critically important that the posi-
tion of this boundary be decided promptly.
It is equally important that it be decided
wisely. Once petroleum exploration drill-
ing has progressed out to water depths
which may bring it close to this boundary,
and the position of particularly attractive
areas for petroleum development begins to
be known, the problem of attaining any
boundary agreement based on principle
rather than on self-interest, greed, or mili-
tary power will have become infinitely
more difficult.

Various boundaries based on depth of
water or distance from shore, or a com-
bination of the two, have been proposed
but none have been adopted. At the mo-
ment, the proposal which is said to have
the most support is that of a national-inter-
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national boundary 200 nautical miles (1
nautical mile = 1852 meters) from shore.
However, for subocean resources this pro-
posal lacks any basis in nature or logic; it is
largely an inheritance from the fishing
claims of certain South American coun-
tries. As applied to petroleum (and other
mineral resources) such a boundary would
be unacceptable to many countries who
would lose much potentially valuable terri-
tory naturally pertaining to them, whereas
others would needlessly be given huge
tracts of ultra-deep ocean bed which would
more appropriately have been assigned to
an international oceanic regime.
Moreover, although the 200-mile bound-
ary superficially has a simple and definite
sound, there appears to be little realization
of the many problems involved in its prac-
tical implementation. One of these is the
lack of any uniform rule among nations for
determining the coastal base lines from
which the 200-mile distance would be
measured. Another is the unsettled ques-
tion of whether the 200 miles should be
measured from the mainland coast only, or
whether any or all of the myriad reefs, is-
lets, and islands of the continental shelves,
far from shore but belonging to coastal na-
tions, might also be used to extend their
200-mile limits farther seaward. Further-
more, probably few have considered how
difficult accurate definition on the ocean
floor of 200-mile limits measured off from
an irregular coastline might be, although
the time might come when such precise and
detailed definition of the national-inter-
national boundary would be of the greatest
economic and political consequence.

Requirements for Boundary

Any plan for a boundary between na-
tional and international jurisdiction that
could, in the long run, prove acceptable to
the nations of the world would be so in
proportion as it satisfied the following
conditions.

1) It should be a plan with a logical or
natural reason behind it rather than one
that is purely artificial.

2) As a minimum, it should give to each
nation what appears to be the natural pro-
longation of its land mass-—continental or
insular—beneath the oceans.

3) It should allow each coastal nation a
substantial maritime zone of ocean bottom
adjacent to its shores, regardless of the
narrowness of its shelf or the steepness of
its slope.

4) It should be a plan which it would be
equitable to impose uniformly on all na-
tions without exception or special modifi-
cation for any.

5) It should be a plan that provides for
the boundary problems of islands, whether
on the shelf or in the deep sea and whether
isolated or in archipelagos.

6) It is desirable that it allow each coast-
al nation to be represented in the fixing of
its own precise boundary, which should be
defined by coordinates of latitude and lon-
gitude within internationally agreed guide-
lines.

7) It should be a plan which can ac-
complish uniformly for all nations what-
ever turns out to be the agreed wishes
of the nations with respect to a national-
international division of the ocean bottom

out beyond the minimum coastal state
limits.

8) Finally, it should be a plan which,
while recognizing the natural oceanward
extent of the coastal state domain, at the
same time leaves some substantial part of
the potentially valuable resources of the
ocean bottom to the international domain.

Continental Margin Boundary Guide

In contrast to the many artificial dis-
tance boundaries and the even more arti-
ficial and impractical water-depth bound-
aries that have been proposed, there is one
obvious, natural, and logical guide to a di-
vision between national and international
jurisdiction over the ocean floor. This is
based on the difference between the topo-
graphically high-standing continental and
island blocks of the earth’s surface—the
traditional domain of mankind and the
nations—and the topographically low-
lying deep-ocean floor which has been con-
ventionally international territory (2).

The line of division between the two is at
the continental margin (or insular margin),
and the boundary problem should have
been approached from the very beginning
with the recognition that the margin is the
natural reference base or guide for any
boundary between coastal state and inter-
national jurisdiction.

The term “‘continental margin,” as used
here, is simply the now-submerged edge of
the continent, as the word margin itself im-
plies. Its position and breadth depend en-
tirely on how sharply one defines that edge.
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The edge may be considered to be the fron-
tal face of the submerged continental mass
(or insular mass) as it faces the deep
oceans; and as such it is the continental
slope (or the insular slope). Most exactly,
however, it is the base of that slope that
marks the outer limit or base of the conti-
nent (or island). (The true inclination of the
margin features is far more gentle than the
exaggerated scale in Fig. 1 might suggest.)

The continental margin as thus defined
coincides in a very general way with a geo-
logical change from a relatively light but
thick continental crust to a relatively dense
but thin oceanic crust—a change that is
probably fundamentally responsible for
the difference in elevation between the con-
tinents and the deep-ocean floors. The con-
tinental masses of relatively low-density
rock tend to float high in the heavier oce-
anic crust. However, this geologic change,
although scientifically important, is too ill-
defined and uncertain in position to be of
much help in drawing a political boundary.

The most practical basis for the defini-
tion of the outer limits of continent and is-
land masses is not geologic but geomor-
phic. It is based on the simply and directly
observable surface form of these earth fea-
tures and is readily identifiable by anyone
at least in a general way. This outer geo-
morphic limit of the continents and is-
lands—the boundary separating these
high-standing masses from the intervening
vast and deep ocean basins—is the most
natural and most logical guide to where the
political boundary between national and
international jurisdiction over the re-
sources beneath the ocean floor should
lie.

Base-of-Slope Boundary Zone Plan

The only boundary scheme that appears
to meet closely the eight requirements list-
ed above is one which calls for the base of
the continental slope (or the insular slope)
to serve as a general guide to an inter-
nationally prescribed boundary zone, with-
in which the exact position of the boundary
between national and international juris-
diction over mineral resources beneath the
ocean floor would be designated by the
coastal state itself.

The continental slope is probably the
single most impressive and most extensive
feature of the earth’s surface, with a linear
extent of 300,000 kilometers on the ocean
floor and a height of as much as several ki-
lometers. The slopes of islands are almost
equally impressive. However, although the
base of the slope is a remarkably wide-
spread and distinctive feature well suited to
serve as a general guide to a boundary, it is
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not definable sharply enough to serve as
the boundary itself. Hence an essential fea-
ture of any proposed plan that uses the
base of slope as a guide is the creation of a
boundary zone that would extend ocean-
ward from the approximate position of the
base of the slope for an internationally
agreed distance within which the precise
boundary would be drawn by the coastal
state itself (Figs. 2 and 3). It would seem
impracticable for the standard width of the
boundary zone to be less than 100 kilome-
ters (54 nautical miles), although it might
be as much wider as the consensus of na-
tions considered desirable.

The principal reasons for the boundary
zone are to take care of uncertainties in
precise identification of the base of the
slope, as well as to guarantee to all coastal
nations as a minimum the submerged part
of the continental or island mass adjacent
to their shores and naturally pertaining to
them and to allow them uniformly such ad-
ditional area as the nations in joint consul-
tation might agree to be desirable. An ad-
ditional advantage of the boundary zone
scheme is that it would allow the final des-
ignation of the precise boundary to be
made by the coastal country itself, al-
though within internationally agreed

Fig. 2. Base of slope, boundary zone, and national-international boundary. [Drawn originally for (/)]
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boundary zone limits. Finally, the bound-
ary zone concept carries the added advan-
tage of allowing the {inal boundary to be
drawn by simple straight lines connecting
fixed points of latitude and longitude,
which makes it a practical, precise, and
readily determined boundary—a feature
quite lacking in a 200-mile-from-shore
boundary.

As must be the case with respect to the
application of any boundary formula, the
establishment of an international bound-
ary commission with qualified technical
personnel would be necessary to make cer-
tain that the precise boundaries drawn by
the coastal states fell within the inter-
nationally prescribed limits. This body,
working in conjunction with individual ad-
visory national oceanographic committees,
would determine in advance the approxi-
mate position of the base of the slope (or
its reasonable projection through areas of
uncertainty) for each coastal state. Based
on this approximate base-of-slope line and
the standard distance adopted by the na-
tions-in-concert for the width of the bound-
ary zone, the coastal state would itself
proceed to draw its own precise boundary.
This would then be submitted to the inter-
national boundary commission for approv-
al, for linking with the boundaries pro-
posed by adjacent countries, and for rec-
ommendation for acceptance by the na-
tions-in-concert.

This, in essence, is what seems to be the
simplest, most equitable, and most prac-
tical procedure for choosing and defining
boundaries between coastal state and inter-
national jurisdiction over the mineral re-
sources beneath the ocean floor. Details of
the scheme have been explained elsewhere
(2). Some years ago, using the best bathy-
metric maps available to me, I tentatively
tried out the feasibility of drawing an ap-
proximate base-of-slope line around most
of the continental and insular areas of the
world, and believe that it could be done
quite satisfactorily by a group of experi-
enced oceanographers working for the in-
ternational boundary commission. Some
examples showing the approximate posi-
tion of the base-of-slope line in various
parts of the world, boundary zones of al-
ternative widths of 100, 200, and 300 ki-
lometers, and supporting profiles were
published in 1973 in order to illustrate the
method and its feasibility (2, attachments
1-8). Further experience and information
indicate that some of these initial attempts
require modification.

It should be stressed that the proposed
plan is recommended only for a national-
international division of jurisdiction for
mineral resources beneath the oceans. It is
not a plan for a division of jurisdiction over
oceanic waters for navigational purposes,
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nor is it necessarily a plan for division of
fishing rights. These purposes involve other
factors and should be settled accordingly.
It might not even be a plan for minerals on
the ocean floor (such as manganese nod-
ules), although it could be. It is rather a
plan that concerns only mineral resources
beneath the ocean floor requiring drilling
or mining and fixed ocean floor installa-
tions for their recovery—principally petro-
leum resources.

Defects of 200-Mile Boundary Scheme

Some of the practical difficulties in ap-
plication of a 200-mile-from-shore bound-
ary formula have been mentioned above.
However, in view of the publicity that has
been given to the 200-mile proposal, it may
be well to consider also some of its more
fundamental defects.

Just as there is no logical or natural
basis for an arbitrary 200-mile-from-shore
limit, so also the distribution of mineral re-
sources is much less related to the very su-
perficial feature of the present shoreline
than to the more fundamental base of
slope, or base of continent. The world’s
great thicknesses of sediments with prom-
ising petroleum prospects are more closely
related to the base of the slope than to
some fixed distance from shoreline.

Adoption of a 200-mile-from-shore
formula would cause many “wide-margin”
countries to lose large potential petroleum-
bearing areas situated on the natural sea-
ward projection of their lands. These
would be countries whose base-of-slope
line is more than 200 miles from shore,
such as Argentina, Australia, Canada,
People’s Republic of China, Ireland, Great
Britain, the United States, and the Soviet
Union. At the same time, many countries
with narrow shelves and slopes would by
the 200-mile formula be given vast tracts
of deep-ocean bottom of little or no value
to them and in no way an apparent prolon-
gation of their lands beneath the sea. Ex-
amples are such countries as Chile, Peru,
Portugal, Liberia, and Malagasy.

In contrast, the base-of-slope formula
would assure to all countries all adjacent
ocean floor naturally pertaining to them,
and only so much more as the nations
agreed to allot uniformly to all coastal
states. If the extent given by the 200-mile
formula were considered a desirable mini-
mum, this could be attained by making the
standard width of the boundary zone great
enough (for example, 300 kilometers, or
162 nautical miles) to always allow the
drawing of a boundary at least 200 miles
from shore. Moreover, this could be done
without robbing the wide-margin countries
of their natural rights or without the com-

plication of having to establish different
formulas for wide-margin countries than
for narrow-margin countries. Conversely,
the international oceanic domain could
be adjusted readily to whatever size the
nations-in-concert might wish, simply
through the standard width assigned to the
boundary zone.

The base-of-slope formula, as compared
with the 200-mile formula, provides a
much readier means of expressing the
wishes of the nations-in-concert and relat-
ing them to essential issues, foremost of
which is the wish of each nation to be as-
sured of the sub-ocean bottom minerals
that it feels naturally belong to it.

Petroleum Prospects Beneath Oceans
Critical to any wise decision on jurisdic-

tion over the mineral resources beneath the
ocean floor is a proper understanding of

“the nature of their occurrence. Aside from

manganese nodules, phosphate deposits,
and other surface deposits on the ocean
floor, it seems clear that petroleum is by
far the most important sub-ocean bottom
resource to be considered. It also seems
clear that thoughts of petroleum resources
have been a dominating factor in the atti-
tude of the nations with respect to pro-
posed boundaries between national and in-
ternational jurisdiction.

We know from the geology of existing
oil-field areas that marine geological envi-
ronments of the type that we can associate
with the continental margins constitute
some of the world’s most favorable set-
tings for the genesis and accumulation of
petroleum. This is in part because of the
abundant supply of organic matter there,
which is derived from both terrestrial and
marine sources by drainage from the land
and from marine life fed by upwelling, nu-
trient-rich waters from the ocean depths.
In part, it is because of the restricted bot-
tom circulation and rapid sedimentation
rate of many of the margin seas which have
been conducive to the preservation of or-
ganic matter. And in part, it is because the
extraordinary crustal mobility of these
margin belts adjacent to the continents has
allowed the thick accumulation of a vari-
ety of sediments, the gradual cooking of
the organic matter under sedimentary
overburden, the collection of the generated
hydrocarbons in reservoir beds, and the de-
velopment of abundant trapping features
through folding, faulting, unconformities,
and stratigraphic changes.

Although a very substantial part of the
world’s petroleum is already coming from
accumulations beneath the ocean floor, al-
most all is from the landward, relatively
shallow waters near shore on the continen-
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tal shelves. We still know little or nothing
directly from actual drilling for petroleum
about the prospects of strata beneath the
deeper waters adjacent to the margin—
those of the continental slope and beyond
the base of the slope.

Such information as we have suggests
that much of this deeper water area asso-
ciated with the margins may also have a
good petroleum potential. Geophysical
surveys and the very limited amount of
deep-sea drilling and sampling done for
scientific purposes indicate that under
much of this deep water lie sequences of
sediments deposited, not under bathyal
conditions as might offhand have been ex-
pected, but under all the favorable shallow-
water sedimentary and structural environ-
ments of the sediments of the known oil-
field areas of the present coastal plains and
continental shelves.

However, about as far as we can justifi-
ably go in appraising the prospects of this
deep-ocean floor is to recognize that in
general it has petroleum potential and that
much of it is worthy of drilling exploration
for petroleum when the need and incentive
are great enough to compensate for the tre-
mendous costs involved in operations in
deep, open oceanic waters far from shore
bases. Furthermore, in considering the
prospects of entirely undrilled ocean areas,
it should be recognized that they are truly
unknowns. At this stage we can only spec-
ulate as to how well they may meet the
geological requirements that experience
and the progress of the science have shown
are necessary for the creation of com-
mercial petroleum accumulations.

The principal requirements for the de-
velopment of a geological setting favorable
to petroleum prospects may be summa-
rized briefly as follows.

1) There must be a rich source of organ-
ic matter of the right kind.

~2) Conditions must be favorable for
the preservation of the organic matter until
it can be buried by sediments.

3) Conditions must be favorable for the
thermochemical conversion of the organic
matter in the sediments to fluid petroleum
(oil or gas). This requires an adequate
thickness of blanketing sediments (1000
meters or more) so that, with the local
geothermal gradient, favorable generating
temperatures (50° to 150°C) may have
been attained in the buried sediments, but
not exceeded to such point as would have
destroyed the fluid petroleum generated.

4) Conditions must be favorable for
the movement of petroleum from source
rocks to carrier beds. This presupposes the
presence, in or adjacent to the fine-grained,
organic-rich source rock sediments, of
porous and permeable rock layers into
which the newly generated petroleum can
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migrate in response to compaction pres-

sure and other expulsive forces, and along

which it can move to accumulation centers.

5) Accumulation traps must be present.
These are structural or stratigraphic fea-
tures where petroleum moving along carri-
er beds might be concentrated to form
commercial accumulations.

6) There must be impermeable cover
rocks to prevent the escape of petroleum
and its dissipation at the surface. Thick
shales and evaporites in the section are
commonly effective cover rocks.

7) Proper timing in the development
of the various conditions mentioned above
is necessary; for example, traps formed af-
ter the petroleum has departed are of
course worthless.

The more nearly an area promises to
qualify with respect to the factors listed
above, the better are its prospects. How-
ever, failure in any one factor may nullify
promise in all the others, and until exten-
sive drilling is done in an area it is rarely
possible to evaluate all of the critical fac-
tors with assurance.

In some ways it is much easier to elimi-
nate areas of little or no prospects than it is
to determine how good are those with
some prospects. One factor stands out as
essential to the fulfillment of almost every
one of the requirements listed, and that is
the presence of an adequate thickness of
sediments. Of course, mere thickness of
sediments does not necessarily mean favor-
able petroleum prospects, but the lack of
an adequate thickness to give temperatures
sufficient to convert organic matter into
petroleum, or to give pressures necessary
to have caused its migration to accumula-
tion centers, is sufficient in itself to con-
demn the prospects of many areas.

Geophysical surveys have already effec-
tively eliminated vast areas of the ocean
floor from serious consideration for petro-
leum by showing that they have only a few
hundred meters of sediment. They have
also shown that particularly thick sections
of sediments commonly exist along the
margins of the continents (and in asso-
ciated seas and small ocean basins) and in
some regions extend far out beyond the
base of the slope. A thickness of about
1000 meters has commonly been used to
separate areas of no promise from those
that may have some promise, depending on
the character of the rocks. Figure 4 shows
estimated thicknesses of sediments above
basement in the Atlantic Ocean as inter-
preted from seismic surveys (3).

Unfortunately, there is no reliable an-
swer to the demand for quantitative esti-
mates of the magnitude of petroleum re-
sources in unknown and undrilled areas
such as those beneath the deep oceans.
Many persons have yielded to the pleas of

the public, governments, or the United
Nations and have come out with figures.
This is perhaps good, because there is a
variety in these estimates which tells its
own story and because, taken as a whole
and in application to large enough regions,
such estimates probably do give a worth-
while order of muagnitude answer. How-
ever, the truth is that the estimators do not
know, nor does anyone know before drill-
ing. Quantitative estimates of petroleum
resources in new undrilled areas should
probably be prefaced by a zero so that a
true impression of the estimator’s justified
assurance may be given (4).

Relation of Boundary to Petroleum

The margins of continents and islands
appear to have constituted a generally fa-
vorable environment for petroleum accu-
mulation. Abundant petroleum production
already comes from the landward edge of
the margin—the near-shore continental
shelf——and even most of the production
from petroleum fields on land comes from
uplifted sediments which were once depos-
ited in close association with the continen-
tal margins of past geologic time.

A dividing line between national and in-
ternational jurisdiction drawn at today’s
base of continental slope would leave a
large share of this promising belt of poten-
tial petroleum-bearing sediments on either
side. The landward side of course has the
better-known potential, is in shallower wa-
ter, and is more accessible. However, some
of the thickest sedimentary deposits known
lie just seaward of the base-of-slope line
and constitute the so-called continental
rises—huge sediment-filled sumps which,
although somewhat questionable as re-
gards adequate reservoirs and traps, must
certainly have been good generators of pe-
troleum. The oceanward side of the base
of slope may thus have a high petroleum
potential although it has the disadvantages
of its remoteness from land and the great
depths of water in which any operations -
would have to be carried out.

However, it is not the base of the slope
itself but a boundary zone adjacent on its
oceanward side that is recommended as the
site for the national-international bounda-
ry. Thus, the width adopted as standard
for this boundary zone would be of critical
importance. A boundary drawn near the
outer edge of a boundary zone of minimum
width (100 kilometers) would still leave
much of the areas of thick sediment in the
international zone, although in very deep
water. On the other hand, the nations-in-
concert might decide that a wider bound-
ary zone was desirable—200 or 300 kilom-
eters, perhaps—expressly in order to give
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the coastal states more of the possible pe-
troleum resources of the so-called rises, or
perhaps in order to give complete continu-
ity to the sea floor areas between the is-
lands of archipelagic countries like Indo-
nesia, Philippines, or Mauritius, or to com-
pletely divide up the very promising seas

and small ocean basins, such as the Gulf of
Mexico, the Bering Sea, or the Black Sea,
among the adjacent bordering states.
Obviously, any increases in the width of
the boundary zone would leave less and
less to the international regime and give
more and more to the coastal states. How-

ever, even with a boundary 300 kilometers
oceanward from the base of the slope there
would still be some large ocean floor areas
with more than | kilometer of sediment
thickness left in the international zone (for
example, off of Argentina, Canada, India,
the United States, and the Soviet Union,

45° 30° 18

o 5% 30°

Fig. 4. Thicknesses of sediment above basement in Atlantic Ocean (3). Diagonal hachuring indicates areas of less than 100 meters of sediment. Dotted
pattern indicates areas of more than 1000 meters of sediment. Numbered contour lines show thicknesses of sediment in hundreds of meters.
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among others). The boundary zone concept
leaves a flexibility in decision to the na-
tions-in-concert as to how much of the
world’s prospective petroleum territory
they wish to make international, while at
the same time guaranteeing by the base-of-
slope guideline that the coastal nations
shall have at a minimum all that naturally
belongs to them.

I am optimistic about the eventual pe-
troleum production prospects of the outer
continental margins, but certainly with a
boundary beyond the base of slope the
ocean territory that would go to the inter-
national regime would have little prospect
of early petroleum development regardless
of how good its ultimate potential might
be.

The problems of drilling and devel-
opment in the extreme water depths and
remote locations of the outer margin may
be so great and the costs so overwhelming
that many of these areas may never even
be given a chance to yield actual produc-
tion. Certainly, only extremely lush reser-
voirs in this environment could be econom-
ic in the near future. And certainly, any
areas beyond the base of the slope could
not be a great source of international reve-
nue in the next few years, as many seem to
have hoped.

Moreover, the plan, once envisioned by
some, to immediately benefit the devel-
oping countries through the proceeds of
petroleum production beyond a national-
international ocean floor boundary can no
longer practically be carried out, because
firm coastal state claims have already pre-
empted the sea bottom out beyond any wa-
ter depths that will be attractive for petro-
leum development for many years to come.

If it is the serious will of the nations to
assign some part of the world’s sea floor
resources for the benefit of developing na-
tions, a much more expeditious and prac-
tical procedure would be for the nations-
in-concert to agree to dedicate to this pur-
pose a certain percentage of coastal state
government revenue from all ocean instal-
lations actually producing petroleum from
water depths greater than a specified num-
ber of meters or at distances from shore
greater than a specified number of kilome-
ters. Accurate determination of such
depths or distances could readily be carried
out for each producing installation. Inter-
national revenue from such sources, how-
ever, should of course come entirely from
the coastal government’s share and not
from private entrepreneurs, because the
development of even moderately deep and
distant water areas will require maximum
financial incentives, not additional tax bur-
dens, in order to stimulate interest and
compensate for the huge financial risks in-
volved.
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Proposed Boundary off Eastern
United States

Figure 5 is a bathymetric mdp of the
ocean floor off the eastern (Atlantic) coast
of the United States, including adjacent
offshores of Bahamas, Bermuda, and Can-
ada (5). The base-of-slope boundary guide
and alternative zones, as well as the 200-
mile-from-shore line, are shown. The base-
of-slope line does not coincide with the
conventional boundary between slope and
rise provinces off eastern United States but
has been drawn farther offshore to make it
correspond approximately with the out-
ermost principal flattening of the seaward
gradient of the ocean floor at the continen-
tal edge. More detailed or revised bathym-
etry might change its position somewhat,
but to have used the conventional slope-
rise boundary would have put the base-of-
slope line at a water depth of about 2000
meters, high up on the edge of the geomor-
phic continent rather than at its base.

~ Thicknesses of sediments (in kilometers)

from the isopach map of Fig. 4 (3) have
been transposed roughly to Fig. 5 where
they are shown as numbers. However,
more recent investigations have indicated
that maximum thicknesses of sediment
near the axis of the sediment-filled trough
adjacent to the continent are somewhat
greater than previously supposed and in
several areas exceed 10 kilometers.

Assuming that a sediment column of a
minimum thickness of 1 kilometer is nec-
essary to make petroleum prospects inter-
esting, it is evident that all of the offshore
area out to the base-of-slope line qualifies
in that respect. The 100-kilometer bound-
ary zone beyond the base of slope also ap-
pears to have an adequate sedimentary
thickness for petroleum prospects. Bound-
ary zones of 200 and 300 kilometers would
include successively less interesting thick-
nesses of sediment but even a 300-kilome-
ter boundary zone would leave some sedi-
ment thicknesses greater than 1 kilometer
on its oceanward side.

Figure 5 illustrates differences that
would result from the proposed 200-mile-
from-shore boundary between national
and international jurisdiction as compared
with a boundary related to the base of
slope.

North of latitude 38°, the 200-mile line
would coincide quite closely with the base
of slope if the 200 nautical miles were
measured from the mainland of Nova
Scotia. However, if the position of the 200-
mile line were also influenced by Sable Is-
land (a small Canadian island at the edge
of the shelf southeast of Nova Scotia), a
quite different boundary would result.
Both possibilities are shown in Fig. 5. This
is an example of one of the problems with

the 200-mile scheme—the question of how
small shelf islands should be treated in de-
termining a base from which the 200 nau-
tical miles should be measured. In con-
trast, using the base-of-slope guide there
would be no such ambiguity.

Between latitudes 34° and 38°N, there is
a large divergence between the 200-mile
line and the base-of-slope line. The 200-
mile line fails to include for the United
States most of a broad terrace area which
is underlain by a substantial sediment
thickness. Likewise, between 29° and 32°N,
the 200-mile line fails to include in national
territory the interesting Blake Ridge,
which has thick sediments and has already
shown evidence of gas hydrates (6). South
of latitude 30°N the 200-mile line is not
shown because it is uncertain how it might
be measured in this area of both United
States and Bahama islands shorelines.

Petroleum Prospects off Eastern
United States

In evaluating the significance of pro-
posed national-international boundaries to
ownership of petroleum resources off the
East Coast of the United States, three cau-
tions need to be emphasized. They are: (i)
the unreliability of attempts at quantitative
estimates of the petroleum resources of
this area; (ii) the tremendous costs of any
drilling and production operations in the
remote deep waters beyond the edge of the
continental shelf; and (iii) the remoteness
in time when technology and economics
might unite to make such areas practically
commercial.

There have been many estimates of the
petroleum resources off the Atlantic Coast
of the United States during the last few
years. Some have been very sanguine, oth-
ers less so; all have one thing in common—
they are necessarily based on little or no
drilling knowledge and so are of little
quantitative reliability. Such estimates,
with the false impressions of accuracy
which they too often give, may actually be
a hindrance to good planning and may im-
pede realization of our true need—the need
to find out.

Probably the best (and most con-
servative) job of appraisal (7) is that which,
however, applies to the offshore only out to
a water depth of 200 meters. This estimate
is based on the coordinated studies of a
large group of specialists and is given as a
range from O to 9 billion barrels plotted
against a scale of probabilities (for ex-
ample, 75 percent probability that there
will be more than 1.5 billion barrels, 25
percent probability that there will be more
than 4 billion barrels, and so on). However,
even with this estimate, perhaps another
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probability factor needs to be applied—the
probability that any estimate in a pre-
viously undrilled region will not be even
close to the truth. What group of special-
ists, however skilled, would have come
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close to estimating the petroleum re-
sources of the North Slope of Alaska be-
fore Prudhoe Bay, even with the most thor-
ough study and after several wells had been
drilled?
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The important initial task is not a quan-
titative estimate but a careful and thor-
ough appraisal of all geological, geochemi-
cal, geophysical, and economic data avail-
able, with the purpose of answering the

£
46°

RN,

2P ).
IO .Sgb{a\-‘i_/a

80* £

74" 72°

. 24
64° 62 60

Fig. 5. Bathymetry (meters), sediment thickness (kilometers), and effect of various boundary proposals off the Atlantic Coast of the United States. The
approximate base-of-slope boundary guide is shown with three alternative boundary zones on its oceanward side (black lines to right of and parallel to
base-of-slope line). These lines indicate possible zone widths of 100 kilometers (54 nautical miles), 200 kilometers (108 nautical miles), and 300 kilome-
ters (162 nautical miles). The thickness (in kilometers) of sediments is measured above acoustic basement (3).
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only pertinent and practical question at
this stage, which is: Do the prospects of the
region, in the light of all the knowns and
unknowns, reasonably justify exploratory
drilling? In the case of the Atlantic off-
shore, the answer is Yes. The sooner we get
on with the job of drilling exploration the
better, regardless of quantitative estimates,
optimistic or pessimistic (8).

To some extent the concern shown about
the division of petroleum resources under
the deep-ocean waters far from shore may
seem a tempest in a teapot, so far removed
is their utilization from present reality.
With the tremendous costs and margi-
nal economics of many current offshore pe-
troleum exploration and development
projects even at very moderate water
depths, it may be completely impractical
to think of ever producing oil and gas from
deep-ocean environments. It may also
seem only a barren academic exercise to
argue about schemes for national-inter-
national boundaries in these remote areas
that are so difficult to exploit.

However, the same things were once
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said about shallow-water offshore drilling;
yet in only a few decades this has become
commonplace. Offshore oil and gas now
occupy an important position in our world
economy. With inevitable progress toward
the exhaustion of our petroleum reserves
on land and in shallow coastal waters, the
already steady march of exploratory drill-
ing into deeper and deeper waters farther
from land may see no limits as far out as
geological possibilities of petroleum accu-
mulations exist. It seems true that if the
productive possibilities are good enough,
there is scarcely a place on the earth where
either technology or economics will be al-
lowed to be a permanent barrier.

In view of this trend, the prudent time to
settle matters of jurisdiction is now, before
actual discoveries in the far offshore make
it more and more difficult to peaceably es-
tablish boundaries on the basis of uniform
and equitable principles without the com-
plicating factor of selfish interest in acquir-
ing specific local areas. The principle on
which the boundary is to be established
should be decided now, even if, locally,

implementation into precise and definitely
defined boundaries is delayed somewhat by
needs for more accurate bathymetric data.

Even assuming that deep water and re-
moteness from land may not be permanent
barriers to petroleum exploration and de-
velopment, realistically it is still necessary
to recognize that petroleum resources near
the base of the slope are resources only for
the far future. Many years of improving
technology and increasing demand must
intervene before such resources can be uti-
lized. Moreover, the chimera of a rapid
and enormous payoff from an inter-
nationally owned and sponsored petroleum
development, to be used for the benefit of
developing nations, must be abandoned,
even in only moderately deep waters. A
much more effective alternative was sug-
gested above, but perhaps it should be con-
sidered whether a more practical way for
all to benefit from petroleum resources un-
der the deep oceans may not be simply to
create stable conditions of national own-
ership of the ocean floor naturally per-
taining to each coastal state so that these
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Fig. 6. Bathymetry (meters) and effect of various boundary proposals, Chukchi Shelf, north of Alaska (9) (conventions as for Fig. 5).
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resources may be developed as rapidly and
efficiently as possible, as the need for them
arises, by those having the special skills,
equipment, and geographic location to do
so. A more abundant supply of petroleum
more widely distributed among the coastal
nations of the world would relieve present
monopolies and inevitably work out to the
advantage of all countries.

Boundaries off Other U.S. Coasts

The possible effect of proposed national-
international boundaries on the U.S. pe-
troleum position off the Atlantic shore has
been discussed in detail. It may be of inter-
est to briefly consider three other U.S.
coasts similarly affected. It is also worth
mentioning that the U.S. Pacific Coast,
including Alaska, has a base of slope such
that with a 100-kilometer boundary zone
all areas of important petroleum promise
would probably go to the United States.
This would also be true for a 200-mile-
from-shore boundary which would; how-
ever, result in the needless inclusion also of
a broad band of deep-ocean bottom with-
out petroleum prospects and with no other
known subbottom values.

1) Gulf of Mexico. Geologically the
whole Gulf of Mexico may be considered
prospective petroleum territory. Extensive
offshore production has long been estab-
lished off the Louisiana, Texas, and Mexi-
can coasts. The base of slope is quite clear-
ly indicated or can be reasonably inter-
polated around most of the periphery of
the Gulf and would serve to mark the lim-
its of minimum areas to be assigned to the
three bordering countries. With a 100-ki-
lometer boundary zone a thin, elongate in-
ternational zone would still be left in the
middle of the Gulf, but with a boundary
zone as wide as 200 kilometers this would
be eliminated and the whole Gulf area
would be divided between the United
States, Mexico, and Cuba (2, attachment
3-B).

Use of the 200-mile-from-shore bound-
ary would also leave a small central por-
tion of the Gulf in the international zone,
but again, the mode of application of this
scheme would be uncertain because of the
presence of several small Mexican reef is-
lets at the edge of the shelf about 100 miles
off the Yucatan shore. If the 200 nautical
miles were measured from these islets rath-
er than from the Yucatan mainland, Mexi-
co’s share of the Gulf would be greatly in-
creased at the expense of the international
zone and in part at the expense of the
United States.

2) Alaska: Bering Sea. The Bering Sea
not only has a thick sediment cover (local-
ly as much as 10 kilometers) over its very
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broad shelf area, but also has thick sedi-
ments and petroleum potential thoughout
its whole deep-water area beyond the base
of the slope. A base-of-slope boundary
would of course assure to the United
States all of the broad eastern shelf of the
Bering Sea, and the use of a 300-kilometer
boundary zone would probably give es-
sentially all of the deep-water sea floor to
coastal state (United States and Soviet
Union) jurisdiction.

A 200-mile limit measured from the
mainland coast of Alaska and the Aleutian
islands would leave much of the potential
petroliferous area of the Bering basins,
both on the shelf and in deeper water, un-
der international jurisdiction. However, if
the 200-mile distance were measured
from the small U.S. shelf islands of St.
Matthew, St. Paul, and St. George, far dis-
tant from the mainland, the United States
could claim the entire eastern shelf area
and also a substantial part of the deep-wa-
ter area beyond the base of the slope under
this boundary formula. Even so, it would
lose much of the deep-sea, potentially pet-
roliferous area that it would have received
from the base-of-slope plan with a 300-ki-
lometer boundary zone.

3) Alaska: Arctic Coast. Probably no-
where on U.S. coasts does the importance
of the base-of-slope boundary stand out
more than off the north coast of Alaska.
Here the huge shallow-water areas of the
Chukchi Shelf extend far out into the Arc-
tic and are underlain by a thick (up to 6 ki-
lometers) section of potentially petrolifer-
ous sediments. The situation with respect
to the Chukchi Shelf is shown in Fig. 6 (9).
The proximity of the great North Slope pe-
troleum discoveries adds interest to the
Chukchi region.

With a base-of-slope guide and a mini-
mum (100-kilometer) boundary zone, a
large part of this extensive and potentially
petroliferous shallow to moderate water
depth area would come under U.S. juris-
diction, whereas with a 200-mile-from-
shore boundary, much of this part would
go to the international zone.

Conclusions

In conclusion, the United States has ev-
erything to gain and nothing to lose by
supporting a boundary formula that gives
it its natural subsea territory out to the
base of the adjacent continental slope, plus
such additional selvage as may be provided
by whatever width boundary zone the na-
tions-in-concert decide is desirable. Con-
versely, the United States would definitely
lose by accepting a 200-mile limit. In sev-
eral places this would deprive it of poten-
tial petroleum territory which naturally

should belong to it, while in other places it
would give it an excess of deep-ocean bot-
tom poor in sediments.

Similarly, for all coastal countries, the
base-of-slope formula could give them as a
minimum all the potential petroleum terri-
tory which they would receive by the 200-
mile formula, without the unnecessary ad-
dition of inutile deep-ocean bottom better
assignable to the international sphere, with
the advantage to broad-shelf countries of
giving them also all of their rightful petro-
leum resources beyond the 200-mile limit.

It is of course conceivable that the
United States and other broad-margin
countries may wish, for political or altruis-
tic reasons, to go along with the 200-mile
boundary proposal and donate what may
be important potential petroleum re-
sources of the far future to an international
regime; but if so, they should know in ad-
vance what they are doing, and that they
alone of the world’s nations are doing it.
Another alternative may be for the na-
tions-in-concert to adopt one formula for
the narrow-margin countries and another
for the broad-margin countries (although
differentiation between the two groups
might be very difficult); or to adopt a com-
bination of the two proposals, such as 200
nautical miles from shore or the outer edge
of the margin, whichever is greater (al-
though implementation of such a plan
might be very complicated). Finally, per-
haps, the United States and other coun-
tries may yet be willing to speak out for the
simpler, more effective principle that gives
all nations the sub-sea bottom resources
that naturally belong to them through the
natural prolongation of their land masses
beneath the oceans, which treats all coastal
states alike, and which still leaves some
substantial areas of thick sediment in an
international zone.
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