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Petroleum and Mineral Resources of Antarctica

By John C. Behrendt, Editor

INTRODUCTION

No known petroleum or mineral resources occur
in Antarctica. The data on these subjects have
been collected, mainly since the IGY (Interna-
tional Geophysical Year), 1957-58, as a part of
other research carried out by geologists and
geophysicists from a number of countries. Specific
resource-related studies have not been made.
Wright and Williams (1974) summarized what was
known of Antarctic mineral resources a decade
ago.

The U.S. Geological Survey has been actively
pursuing various investigations in Antaretica since
1947. In the course of this work and that of our
colleagues elsewhere in the United States and in
other countries, much information relevant to pe-
troleum and mineral resources has been obtained.
Since 1976, modern state-of-the-art multichannel
seismic reflection and aeromagnetic surveys by
several countries over the continental margin of
Antarctica have indicated thick sedimentary ba-
sins. However, no offshore drilling beneath the
continental shelf has taken place since the DSDP
(Deep Sea Drilling Project) holes in the Ross Sea
in 1973. Geologic field investigations begun at the
turn of the twentieth century have been inten-
sified in the past two decades; most rock outcrops
have been visited and samples collected. Technol-
ogy to exploit resources, particularly in the Arctic,
has been developing at a rapid rate, and much
of it could be applied to Antarctica.

As a result of the petroleum price increases of
the past decade, the attention of a number of coun-
tries has turned to Antarctica, but under the pol-
icy of “voluntary restraint” adopted by the Ant-

arctic Treaty nations, no active petroleum or min-
eral exploration is taking place. The Antarctic
treaty countries are in the process of negotiating
an Antarctic mineral resources regime that is
anticipated to be completed within the next
several years. Therefore it seemed timely to us
to readdress the question of petroleum and
mineral resources. These reports review and sum-
marize the available information. The first report
summarizes the information relevant to petroleum
resources. Although uneconomic at present, pet-
roleum is generally considered more likely to be
exploited (if supergiant fields were ever found) in
the next few decades than hard minerals. The sec-
ond report reviews the reported occurrences of
minerals in Antarctica and discusses their signifi-
cance. The final report discusses the Dufek
layered mafic intrusion, second only to the
Bushveld Complex in size in the world; the Dufek
intrusion might be considered as a potential target
for mineral exploration.
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Are There Petroleum Resources In Antarctica?

By John C.

No known petroleum resources occur in Antarc-
tica (fig. 1). Nonetheless, because of current con-
cern about world supplies of oil and gas,
geologists, geophysicists, economists, lawyers,
and statesmen from a number of countries have
turned their attention to Antarctica. The Antarc-
tic Treaty nations are working on the problems
of establishing a mineral resources regime. Exploi-
tation of any metallic minerals that could be mined
economically would be many years in the future
(Rowley and others, in press; Rowley and others,
this volume), even if deposits were to be found
that might be economic to recover in other parts
of the world. The only mineral commodity with
the possibility of exploitation within the next two
or three decades is petroleum. Most of Antarctica
is covered by a moving ice sheet about 3 km thick.
The only areas accessible to available or soon-to-
be-developed oil exploitation technology are the
continental margin, possibly including the areas
beneath ice shelves. Several authors (Wright and
Williams, 1974; Zumberge, 1979a, b; Holdgate and
Tinker, 1979; Dugger, 1978; Splettstoesser, 1977;
Group of Experts, 1977; Rivera, 1977; Ivanhoe,
1980; Cameron, 1981; Quigg, 1983; Behrendt, in
press) have addressed the possibility of the occurr-
ence of petroleum resources on the Antarctic con-
tinental margin from various perspectives
(geologic, environmental, economic, and legal); I
will be referring to their work as well as my own
in this report.

In a study of world oil resources, Nehring (1978)
discussed the occurrence of giant fields (0.5 billion
bbl or about 70 million tons of recoverable oil) and

Behrendt

supergiant fields (5 billion bbl or about 700 + mil-
lion tons of recoverable oil; Meyerhoff (1976) used
the figure 10 billion bbl or 1.4 billion metric tons
for supergiant fields). Nehring (1978) estimated
that a total of four to ten supergiants containing
30-100 billion tons remain to be discovered in the
world. It is probable that nothing smaller than
giant, and more probably supergiant, fields would
be economic in the harsh Antarctic environment,
particularly considering the world petroleum
“glut” as this is written in 1983. Nehring (1978)
concluded that “...the rate at which the ultimate
resource will become available depends primarily
on the development of technology for offshore Are-
tic [Antarctica was not discussed] and deep-water
exploration and production, the production policies
of the OPEC countries, and the existence of the
necessary economic incentives to producers and
refineries.” The cartoon presentation of the “ring
of oil” (fig. 2) from Nehring (1978) shows the con-
centration of nearly 85 percent of the world’s
known petroleum resources on a reconstruction of
Gondwanaland, from which one would infer that
it is unlikely that Antarctica as a whole would be
promising for petroleum. Possibly the “ring of oil”
is only a reflection of the areas of the world where
the most intense exploration has so far taken
place. Meyerhoff (1976) published a map (fig. 3)
showing the locations of giant and supergiant oil
fields of the world; these have a significant concen-
tration in the Northern Hemisphere.

I plotted the southernmost of the giant oil fields

from figure 3 on the continental reconstruction
published by Craddock (1969) as shown in figure



4, which suggests that the areas with the most
potential for petroleum resources are the Ross,
Amundsen, Bellingshausen, and Weddell Seas’
parts of the West Antarctic continental margin.
However, the validity of any conclusion drawn
from a Gondwanaland reconstruction is largely re-
stricted to the consideration of rocks that predate
the Gondwanaland fragmentation. After fragmen-
tation, the various fragments have distinct
geologic histories. Given this, the age of the vari-
ous oil fields on figure 4 becomes crucial. R. J.
Tingey (written commun., 1982) made the follow-
ing comment. “The Australian examples (in fig.
4) range from small gas fields in western Australia
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in pre-break-up Triassic strata, to intracontinental
Permian strata in central Australia, to oil bearing
strata of break-up (i.e. Eocene) age in the Gipps-
land basin. In the South American San Jorge
basin, the petroleum-bearing rocks are the Late
Cretaceous Chubut Group which post-date the Af-
rica-South America separation and thus bear no
relation to the underlying (and older) orogen that
allegedly once continued right across Gondwana-
land. Similarly the Gippsland oil fields of Australia
are not related to the much older Tasman orogen
on which they are plotted; both the San Jorge and
Gippsland rocks appear to be related not to trans-
Gondwanaland orogens but rather to the processes
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FIGURE 1.—Index map of Antarctica showing major geographic features discussed in text, including the continental
margin. Bathymetric contour interval 3000 meters; ice-sheet surface contour interval 1000 meters.
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FIGURE 2.—Cartoon of “ring of oil” showing concentration
of nearly 85 percent of known petroleum resources of the
world on a continental reconstruction about 170 m.y. B.P.
(From Nehring, 1978.)

of Gondwanaland orogens break-up.”

Consideration of the known geology of Antarc-
tica and inferences from sparse geophysical work

suggest the presence of significant thicknesses of
sedimentary rock in the areas throughout West
Antarctica and several areas in East Antarctica
(fig. 1). The Amery Ice Shelf area of East Antarc-
tica might be considered, on the basis of the large
indentation in the continent suggesting a possible
failed rift, analogous to the petroleum-rich Benue
Trough area of West Africa. In this report I re-
view the available geophysical data and discuss
the results of drilling on the continental margin
by the DSDP (Deep Sea Drilling Project). I also
briefly discuss the environmental hazards as-
sociated with future Antarctic petroleum explora-
tion and exploitation.
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FIGURE 8.—Worldwide distribution of giant petroleum fields (solid dot). (Modified from Meyerhoff, 1976.)
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SUMMARY OF GEOLOGY

Rowley and others (in press) summarized the
regional geology of Antarctica, and I am using ma-
terial from their text here. Antarctica (fig. 1) is
generally divided into two parts, geologically and
topographically. The semicircular area (fig. 1)
lying mainly in the Eastern Hemisphere is known
as East Antarctica. There the ice sheet is mostly
more than 3 km high and bedrock is near or below
sea level in places. Subglacial mountain ranges
exist with as much as 4 km of local relief. The
rocks of East Antarctica are rarely exposed except
at the coast and along the Transantarctic Moun-
tains marking the boundary with West Antarctica.
East Antarctica, where outcrops exist, is mainly
a craton consisting of Precambrian crystalline
metamorphic complexes welded together in late
Precambrian or early Paleozoic time. These older
rocks, deformed and folded in early Paleozoic
time, are overlain unconformably by the generally
flat lying Beacon Supergroup sedimentary se-
quence that ranges from Devonian and possibly
Silurian to Early Jurassic in age. The Beacon
rocks are particularly well exposed in the Trans-
antarctic Mountains.

West Antarctica, lying only in the Western
Hemisphere, is much lower in elevation, and in
many areas the bedrock is more than 1 km below
sea level (Bentley, 1964). West Antarctica is
faulted and fragmented and may consist of several
microplates, as discussed by Dalziel and Elliot
(1982) and Behrendt (1964a). These microplates in-
clude the 5-km-high Ellsworth Mountains (mainly
upper Precambrian and Paleozoic sedimentary
rocks folded in Mesozoic time) and the Antarctic
Peninsula (consisting largely of upper Mesozoic
and Tertiary stocks and batholiths intruding Meso-
zoic sedimentary and volecanic sequences). Sedi-
mentary rocks are locally abundant in Marie Byrd
Land. Tertiary and Quaternary volcanic rocks
crop out in Marie Byrd Land and in the McMurdo
area.

All of the known geology on land is based on
samples from highly competent outerops project-
ing through the ice as mountain ranges and iso-
lated nunataks. Therefore, sampling is biased and
the Cretaceous and Cenozoic basins, containing
unmetamorphosed sedimentary rocks whose pres-
ence would be expected by analogy to other conti-
nents, are not exposed but probably occur beneath
the ice sheet and continental margin. These basins
are the places likely to contain petroleum, but only

geophysical methods and drilling can determine
their presence and resource potential.

GEOPHYSICAL STUDIES

Some geophysical work was carried out in Ant-
arctica during the 1930’s (Poulter, 1937) and 1940’s,
but the 1950’s saw the beginning of systematic re-
connaissance seismic-reflection and -refraction,
gravity, land-magnetic, and aeromagnetic studies.
The early seismic reflection work on the oversnow
traverses (Robin, 1958; Kapitza, 1960; Bentley,
1964; Thiel and Behrendt, 1959; Behrendt, 1962;
Crary and Robinson, 1962) was primarily directed
at measuring ice thickness, with few sub-ice re-
flection results reported. No modern multichannel
seismic reflection data have been collected on the
grounded ice sheet or floating ice shelves of An-
tarctica. The seismic refraction results from the
oversnow traverses were biased towards the
higher velocities because the seismic velocity of
ice is about 3.9 km/s, precluding direct observation
of lower velocity sedimentary rocks in basins be-
neath the ice.

The gravity measurements made along over-
snow traverses are of severely limited quality be-
cause of poor elevation control (Bentley, 1964).
Most gravity data on the ice sheet are not particu-
larly useful geologically because ice thickness is
known only at widely spaced intervals where seis-
mic reflection measurements were made. Modern
radio echo ice-sounding techniques allow quick
measurements of ice thickness but, except in a few
local surveys, such as England and others (1979),
gravity measurements are no longer being made
on long oversnow traverses.

Radio echo ice-sounding from the air (Drewry,
1975) has allowed continuous measurements of
bedrock topography over large areas of Antarc-
tica, but only recently (Behrendt and others, 1980;
Yankowski and others, 1983) have simultaneous
aeromagnetic measurements been made, allowing
subglacial geologic interpretations. Aeromagnetic
data without radio echo ice-thickness measure-
ments have been obtained on a reconnaissance
basis mostly on widely spaced profiles throughout
large areas of Antarctica. In West Antarctica,
Behrendt and Wold (1963) and Behrendt (1964b)
reported substantial (>5 km) thicknesses of non-
magnetic presumably sedimentary rocks west of
the Ellsworth Mountains. Jankowski and Drewry
(1981) also indicated several-kilometer-thick sedi-
mentary rocks in this area on the basis of
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aeromagnetic and radio echo ice-sounding.
Behrendt and others (1974) reported thick but un-
determined amounts of sedimentary rock between
the Pensacola and Ellsworth Mountains on the
basis of unusually smooth magnetic profiles.

In the early 1960’s, widely spaced aeromagnetic
profiles were collected across the entire length of
the Transantarctic Mountains (Behrendt, 1964b;
Behrendt and Bentley, 1968). Figure 5 shows the
locations of these profiles between longs 120° W.
and 135° E. in the Ross Ice Shelf area. I reinter-
preted the data shown in figure 5 using the
method of Vacquier and others (1951) to obtain
rough estimates of elevation of magnetic basement
as shown in figure 6. For comparison, figure 7
shows the generalized bedrock elevation of the
same area. Beneath the Ross Ice Shelf and the
grounded ice sheet west of the Transantarctic
Mountains, large areas of rock inferred to be sedi-
mentary have thicknesses of 4-8 km or greater.

The R/V Eltanin collected magnetic profiles
(Hayes and Davey, 1975) over the Ross Sea conti-
nental shelf (fig. 8) along with single-channel seis-
mic reflection profiles, but Hayes and Davey did
not attempt to calculate depth estimates because
temporal variations in the magnetic field relative
to the slow ship speed made it difficult to separate
temporal from spatial anomalies. The anomalies I
determined by the aeromagnetic method are not
as sensitive to distortion by temporal variation be-
cause of much higher aircraft speeds. Neverthe-
less, the 200-nT-contour magnetic anomaly map
(fig. 8) published by Hayes and Davey (1975) is
not inconsistent with several kilometers of sedi-
mentary rock beneath the continental shelf as
suggested in figure 6 for areas beneath the Ross
Ice Shelf.

In the past 5 years, geophysicists from the
U.S.S.R. have collected substantial aeromagnetic
data in the Filchner and Ronne Ice shelf areas
south of the Weddell Sea (Masolov, 1980). His data
suggest a 12-15 km thickness of sedimentary rock
beneath the continental shelf in that area
(Masolov, 1980). The BAS (British Antarctic Sur-
vey) has also begun a program of aeromagnetic
survey flights over the Ronne Ice Shelf, results
of which are consistent with thicknesses of 14 or
15 km of sedimentary rock (G. Renner, personal
commun., 1981). Thus, it appears that the area
beneath the Ronne Ice Shelf and the continental
margin bordering the Weddell Sea to the north
may be underlain by a thick section of sedimentary
rock.

The results from magnetic surveys in West Ant-
arctica discussed previously suggest that several
kilometers of sedimentary rock occur beneath the
ice sheet and continental shelves. By analogy to
sedimentary basins in other continents and the
known geology of West Antarctica, we might ex-
pect Cretaceous and Tertiary rocks to constitute
a substantial part of the unexposed sedimentary
section. Because several kilometers of Paleozoic
and older sedimentary rock are exposed in the
Ellsworth Mountains, sedimentary rocks of this
age may also underlie the Ronne Ice Shelf (fig.
1). Bibby (1966) reported that Cretaceous sand-
stone crops out at the north end of the Antarctic
Peninsula and that a few outcrops of sedimentary
rocks of Tertiary age are also found there. Rocks
of Early Cretaceous age do occur beneath the nar-
row continental shelf of East Antarctica at about
long 147° W. (Domack and others, 1980). Near
long 95° E. there is evidence of Early to Late Per-
mian, Late Jurassic to mid-Cretaceous, and Late
Cretaceous to early Tertiary age sediments (Trus-
well, 1982). There are indications of Early Creta-
ceous, and Late Cretaceous to early Tertiary se-
quences on the continental shelf and slope near
longs 130° E.-135° E. and about long 145° E.
(Truswell, 1982). Truswell (1982) pointed out that
the sequence near long 95° E. (Shackleton Ice
Shelf area) probably has faced the Indian Ocean
since Mesozoic time, whereas the other two Creta-
ceous sequences occur at points conjugate to the
Great Australian Bight Basin and Otway Basin in
Australia. Precambrian, Paleozoie, and early Mes-
ozoic sedimentary rocks crop out in the mountains
throughout West Antarctica and along the Trans-
antarctic Mountains, but these rocks are mostly
metamorphosed, or fractured and intruded by
dikes and sills. The most promising areas for pe-
troleum resources in a frontier region like Antarec-
tica would seem to be those with younger (that
is, Cretaceous and Tertiary age) rocks.

Since 1976, ships from Norway (Haugland and
others, 1983; Fossum and others, 1982), the Fed-
eral Republic of Germany (Hinz, 1982), and the
U.S.8.R. (G. E. Grikurov, written commun.,
1982) have collected muitichannel seismic reflec-
tion profiles over the continental margin in the
Weddell Sea area. In 197677, the NARE (Norwe-
gian Antarctic Research Expedition) acquired 16-
channel data along tracks shown in figure 9 (Fos-
sum and others, 1982). The profile across the
Crary Trough (fig. 10; southernmost profile in fig.
9), which extends beneath the Filchner Ice Shelf
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(Haugland and others 1983, and Yngve Kristoffer-
son, written commun., 1983). The west-dipping re-
flections are consistent with the thick section of
sedimentary rock inferred from aeromagnetic data
(Masolov, 1982) in the western Weddell Sea conti-
nental shelf and Ronne Ice Shelf area discussed
in the preceding. Additional profiles were col-
lected by NARE in 1978-79 (Haugland and others,
1983) in the same area.

In 1978, the BGR (Federal Institute for Geosci-
ences and Natural Resources) of the Federal Re-

public of Germany collected 5854 km of 48-channel
data over the continental shelf between longs 25°
W. and 20° E., as shown in figure 11 (Hinz, 1982).
Hinz reported the “Explora wedge” of seaward-
dipping relectors having seismic velocities >4.5
km/s to be overlain by sediments as much as 3-5.2
km thick having velocities of 1.6-3.6 km/s. These
lower velocities seem reasonable for Tertiary or
possibly Late Cretaceous age rocks. Hinz (1982)
interpreted the >4.5-km/s, seaward-dipping, re-
flectors as evidence of volcanic layers rather than
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FIGURE 8.—Contour map of magnetic intensity along R/V Eltanin cruise tracks (heavy line) in the Ross Sea. Contours
indicate multiples of 200 nT. Dashed lines indicate uncertainty. (From Hayes and Davey, 1975.)
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sedimentary rock, and therefore inferred a low
petroleum potential for the continental margin in
this area. Figure 12 shows examples of profiles
from Hinz's (1982) report. Neither the 1976
NARE or the 1978 BGR expeditions penetrated
the heavy pack ice of the Weddell Sea north of
the Ronne Ice Shelf where the magnetic data re-
ferred to on page 9 suggested a 12-15 km depth
to magnetic basement. The U.S.S.R. collected 12-

30°W

channel seismic reflection data (G. E. Gikurov,
written commun., 1982) partly over this area along
the tracks shown in figure 13 between longs 15°
W. and 60° W. from 1980 to 1982, but no results
are available.

In 1981-82, the R/V Hakurei-Maru from the
INOC (Japan National Oil Corporation) collected
24-channel reflection profiles in the southern Wed-
dell Sea along the tracks shown in figure 14
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(Okuda and others, 1983), which is the same area
as that of the BGR data shown in figure 11. Their
preliminary interpretation indicates about a 1.0-s
time thickness of sedimentary rock on the conti-
nental slope near long 5° W., which would be equal
to 1.5 km for an assumed velocity of 3 kmy/s.

In 1980, the BGR acquired 6745 km of 48-chan-
nel data over the Ross Sea continental shelf (fig.
15) (Fritsch, 1980). These data cover the same
general area as the Eltanin cruise track (along
which single-channel data were obtained) shown
in figure 8. Fritsch (1980) reported that two dis-
continuities were found in the eastern part of the
Ross Sea continental shelf, which he could corre-
late with upper Miocene-lower Pliocene and mid-
dle Miocene-upper Miocene contacts recognized in
the DSDP core holes. He reported a structural
high along about the 180° meridian, which divides

60°W 50° W

the Ross Sea into two geologic provinces. His data
processing is not completed and a maximum sedi-
mentary rock thickness is not available, but at
least several kilometers are suggested. In 1981-82
the IFP (Institut Francais du Petrol), also using
the same ship Explora, collected about 1500 km
of 48-channel data in the Ross Sea area; the ship
tracks are shown in figure 15 (J. Wannesson, writ-
ten commun., 1982). No results from this work
are available. Davey and others (1982) reported
sedimentary basins in the Ross Sea on the basis
of data from seismic refraction and variable angle
reflection measurements using sonobuoys in 1980—
81. These results indicate three major basins with
sedimentary rock thickness exceeding 4 km in the
central trough basin along about the 175° E. meri-
dian west of the ridge reported by Fritsch (1980).
In 1983, the JNOC ship Hakurei-Maru also col-
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lected multichannel reflection profiles in the Ross
Sea area, but no results are known.

In the 1981-82 season, Euxplora collected 48-
channel relection data for IFP along the approxi-
mately 3000 km of tracks shown in figure 16 be-
tween longs 135° E. and 155° E. over the East
Antarctic continental margin (J. Wannesson, writ-
ten commun., 1982) near Adélie Land. No results
are available yet.

The JNOC ship Hakurei-Maru collected more
than 3280 km of 12-channel (3-fold) reflection data
in the Bellingshausen Sea area in 1981 (Kimura,
1982) along the tracks shown in figure 17. Kimura
(1982) reported that maximum sedimentary rock
thickness (about 3 s or about 3-3.5 km) is greatest
in the site of a paleo-trench lower-slope complex
and decreases both seaward and landward.

The BMR (Australian Bureau of Mineral Re-
sources) collected about 5000 km of 6-channel re-
flection data on closely spaced tracks over the con-
tinental margin in the area offshore of the Amery
Ice Shelf (fig. 1) during 1981-1982 between longs

40°W 30°W 200 W

55° E. and 80° E. (R. J. Tingey, oral commun.,
1982). No results of this work are available. The
BMR survey should provide interesting informa-
tion on this area in East Antarctica, which is the
most favorable for petroleum resources.

DRILLING STUDIES

The Glomar Challenger drilled a series of holes
on Leg 28 of the DSDP from December 22 to Feb-
ruary 16, 1973 (fig. 18) in the Antarctic area (Ship-
board Scientific Party, 1975). Of these, Sites 270,
271, 272, and 273 were drilled beneath the conti-
nental shelf at the thinnest part of the sedimenta-
ry wedge and are relevant to the evaluation for
petroleum resources. The most significant results
of this work are summarized in the initial reports
(Shipboard Scientific Party, 1975). Results from
these four holes (fig. 19) showed a Paleozoic conti-
nental basement overlain by a section of early Oli-
gocene to late Miocene, Pliocene, and Pleistocene
rocks.
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FIGURE 14.—Ship (Hakurei-Maru) tracks (heavy line) in the Weddell Sea along which 24-channel seismie, gravity, and magnetic
data were collected by Japan in 1981-82. The 3000- and 5000-m bathymetric contours are indicated. (Modified from Okuda

and others, 1983.)
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Bathymetric contours indicated in meters.

Although small amounts of methane and ethane
were reported in parts of the dominantly non-
marine Miocene sedimentary rock (Shipboard Sci-
entific Party, 1975), the authors considered it pre-
mature to attach any economic significance to the
hydrocarbons. Meclver (1975) also analyzed sam-
ples from the cores of Sites 271, 272, and 273.
He reported significantly higher amounts of
ethane and heavier homologs in these samples
than from others collected in the DSDP. He
suggested this as evidence of local organic
diagenesis. These provocative results must be con-
sidered cautiously until further drilling takes
place.

Leg 35 of DSDP in the Antarctic area did not
drill on the continental shelf or slope, and thus
does not have a direct bearing on the petroleum
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resource question. However, leg 35 provides a
great deal of data on the Paleogene and Neogene
climate in Antarctica (Shipboard Scientific Party,
1976).

DISCUSSION

Various reconstructions of Gondwanaland have
been published, and the position of Antarctica is
basically similar in all. For the purpose of this re-
port, that of Craddock (1969) shown in figure 4
is most useful. The tectonic relationships of West
Antarctica are complex subsequent to rifting (Dal-
ziel and Elliot, 1982), which was probably initiated
in Jurassic time, as suggested by the ages from
163-179 m.y. of the Ferrar Dolerite and correla-
tive intrusions found along the Transantarctic
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commun., 1982.)

Mountains (Grindley, 1963; Elliot, 1970; Ford and
Kistler, 1980). The limited geophysical data dis-
cussed in this report and general geologic consid-
erations suggest that the continental shelves of
the Ross, Bellingshausen, Amundsen, and Wed-
dell Seas, including areas covered by ice shelves
and large areas of the Byrd subglacial basin (fig.
1), contain sections of Cretaceous and Tertiary
sedimentary rock several kilometers thick. Large
areas beneath the ice sheet in East Antarctica
such as the Wilkes subglacial basin (fig. 1) are also
probably underlain by several kilometers of sedi-
mentary rocks of similar ages, as suggested by
the magnetic depth estimates in figure 6. The Ant-
arctic continental shelf east of about long 90° E.
can be expected to have parallels with Australia’s
southern margin in breakup (late Mesozoic) and
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early Cenozoic sequences. Distinct differences are
probable between Antarctica and Australia, par-
ticularly in strata deposited after the Oligocene/
Miocene onset of Antarctic glaciation, by which
time Australia and Antarctica were widely sepa-
rated. West of long 90° E., the Antarctic continen-
tal shelf could be expected in pre-breakup strata
to have similarities to the Indian and West Aus-
tralian continental margins.

Data are insufficient to predict which of the
areas along the West Antarctic continental margin
might be the most likely for petroleum resources.
Wright and Williams (1974) suggested that the
Ross Sea continental shelf may contain more oil
and gas than the Weddell Sea shelf because of the
Ross Sea shelf's affinities with the Gippsland
Basin of Australia, which in 1974 had proved re-



serves of 345 million tons (about 2.5 billion bbl)
of oil and 220 billion m® of gas. Cameron (1981)
pointed out that the Gippsland Basin is not part
of the southern Australian marginal rift and there-
fore has no direct analog on the Antarctic margin.
On the other hand, the probable greater thickness
of sedimentary rock beneath the Weddell Sea shelf
might make this area the most promising location
for petroleum deposits in Antarctica (despite small
amounts of oil and gas produced to date from the
adjacent margins in South America and Africa in
the Gondwanaland reconstruction). Little or no in-
formation is available on the Bellingshausen and
Amundsen Sea’s shelves to allow speculation of
their petroleum resources potential relative to the
Ross and Weddell Sea’s shelves.

The specific questions relating to presence or
absence of source rocks, organic material, reser-
voir rocks, seals, and structures favorable for hy-
drocarbon accumulation in West Antarctica cannot
be answered now. No data are available on past
geothermal gradients that might answer the ques-
tion of whether there is sufficient maturation for
genesis of petroleum. The presence of Tertiary
and Quaternary volcanic activity beneath the Ross
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Sea shelf as suggested by the magnetic anomalies
of figure 5 is well known in various areas of West
Antarctica, and suggests that the regional heat
flow in at least these areas is probably high.
Further research drill holes such as those pro-
posed for the “deceased” Ocean Margin Drilling
Program (Davies and Hay, 1981) are needed to
answer the general questions relating to petro-
leum geology. These will need to be preceded by
much more geophysical data collection, such as the
profile shown in figure 10 (Joint Oceanographic In-
stitutions, 1981), to correctly site the drill holes.

ENVIRONMENTAL HAZARDS

Antarctica has the most severe environment on
Earth in which to carry out petroleum exploration
or exploitation. Were exploration and exploitation
to occur, much research would be required into
the types of hazards that might be encountered
and the types of ecosystems that might be dis-
turbed. Various groups (such as Group of Experts,
1977; Zumberge, 1979b; and Holdgate and Tinker,
1979) have attempted to deal with potential envi-
ronmental problems and to suggest research
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FIGURE 17.—Ship (Hakurei-Maru) tracks (heavy line) in the Bellingshausen Sea along which 12-channel seismic, gravity,
and magnetic data were collected by Japan in 1980-81. Bathymetric contours indicated in meters. (From Kimura, 1982.)
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areas. Generally, these reports have concentrated
on climatological, oceanographic, and glaciologic
hazards and the fragile Antarctic ecosystems that
might be affected, yet have largely ignored the
geologic hazards that could actually lead to blow-
outs and oil spills.

Considering the expense incurred in Antarctic
research, ships conducting the marine geophysical
surveys for geologic framework studies should also
collect as much data relative to environmental haz-
ards as possible. Subsequently, as specific regions
are delineated as possibly high in hydrocarbon po-
tential, systematic programs of research into envi-
ronmental hazards should be undertaken. For ex-
ample, the Ross Sea area is attractive for future
exploitation in that the area is largely free of ice
in the austral summer, and geophysical data
suggest a reasonably thick section of sedimentary
rock. Therefore, it is generally considered the
most probable area for early exploration. How-
ever, further research might exclude the entire
area, or large parts of it, on the basis of results
from geophysical surveys and research drill holes,
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long before other exploration leading to exploita-
tion would have started.

Some of the specific studies needed from a phys-
ical-sciences standpoint (as opposed to the biologi-
cal studies also necessary) are: the occurrence and
frequency of icebergs, pack-ice conditions, wea-
ther, physical oceanography (relative to currents
that might move icebergs or oil spills, or transport
sediment along the sea bottom), sea-bed stability,
evidence of iceberg scour, possible presence of
permafrost or clathrate (Kvenvolden and McMena-
min, 1980), and areas of slumping on steeper
slopes. The Antarctic continental shelf is at a
depth of about 500 m, or deeper than that of the
other continents; this would have a strong bearing
on the difficulty of exploratory or production dril-
ling, subsea completion of oil wells, or risk from
icebergs to subsea installations. A hole drilled
through the Ross Ice Shelf (J9) (Clough and Han-
sen, 1979) demonstrated the feasibility of rapidly
and repeatedly drilling large-diameter holes
through moving ice shelves. The technology prob-
ably could be developed to keep such a hole open



along a track as an ice shelf moved at a meter
or so per day. The risks are obvious and one won-
ders at the difficulty of containing a blowout on
the sea bottom beneath an ice shelf 250 m thick.

SUMMARY

Although no petroleum resources are known in
Antarctica and the petroleum industry is not par-
ticularly interested at present (Ivanhoe, 1980),
economic and political considerations may change
the industry’s interest in the next few years, and
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giant or supergiant fields—and probably only four
to ten supergiants remain to be discovered in the
world. In this report I have attempted to discuss
some of the available information on potential pe-
troleum resources in Antarctica, which can be
summarized as follows.

1. West Antarctica is probably the most promis-
ing area of Antarctica for petroleum because it
likely contains large areas of unmetamorphosed
sedimentary rock of post-rift age. East Antarctica
probably contains a number of subglacial sedimen-
tary basins particularly adjacent to high mountain
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273A, and 270-272 in the Ross Sea. Age in millions of years indicated
at right. (From Hayes and Frakes, 1975.)

exploration and exploitation are possible within

one or two decades. A number of countries are
actively carrying out multichannel seismic reflec-
tion surveys of the Antarctic continental margin,
as noted in this report, which are obviously fo-
cused on petroleum resource studies. Technology
development will probably occur at a more rapid
rate than research, exploration, and legal develop-
ments (Holdgate and Tinker, 1979; Dugger, 1978).
The only types of potentially economically exploit-
able petroleum resources in Antarctica would be

22

ranges and within the probable failed rift in the
Amery Ice Shelf area.

2. Because of the moving grounded ice sheet
several kilometers thick that covers most of Ant-
arctica, the only practical areas for possible exploi-
tation, were petroleum to exist, are the continen-
tal margins (possibly including the parts covered
by ice shelves). The most probable areas for pet-
roleum resources are those bordering the Ross,
Amundsen, Bellingshausen, and Weddell Seas in
West Antarctica, and the Amery Ice Shelf in East



Antarctica.

3. The sparse geophysical data suggest that a
>8-km-thick section of sedimentary rock occurs
beneath the Ross Sea continental shelf and a 14-
to 15-km-thick section beneath the Weddell Sea
continental shelf. The Bellingshausen Basin proba-
bly contains >3 km of sedimentary rock. No infor-
mation is available on sedimentary rock thickness
beneath the continental shelves bordering the
Amundsen Sea and Amery Ice Shelf area at this
time.

4. DSDP holes on the Ross Sea continental shelf
indicate the presence of rocks from Oligocene to
Pleistocene in age. Sedimentary rocks of Creta-
ceous or possibly Jurassic age might be present
in the deepest parts of the section indicated by
seismie reflection data and depths estimated from
aeromagnetic data. Jurassic, Cretaceous, and Ter-
tiary sedimentary rocks are probably present be-
neath the continental shelf and adjacent
glacierized areas of East Antarctica on the basis
of the analysis of a number of samples by several
investigators.

5. No direct information is available on the pet-
roleum geology beneath Antarctic continental
shelves, with the possible exception of the pro-
vocative and equivocal shows of gas reported in
core holes beneath the Ross Sea continental shelf.

6. If future geophysical and geologic (deep-dril-
ling) research were to indicate certain areas as
being worthy of exploration, programs of environ-
mental research would be necessary to study pos-
sible meteorological, glaciological, oceanographic,
and geologic hazards that might be encountered
which would adversely affect future exploration or
exploitation. Concomitant biological research pro-
grams into the fragile ecosystems that might be
affected by possible blowouts or oil spills would
also be required.
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Mineral Occurrences of Antarctica

By Peter D. Rowley, Paul L. Williams, and Douglas E. Pride’

Interest in the exploration and mining of metal-
lic and nonmetallic minerals in Antarctica has in-
creased steadily during the late 1970’s and early
1980’s as world demands for mineral resources
have risen. A major reason for the interest has
been numerous comparisons of parts of Antarctica
with mineral-rich belts on Gondwana continents
that formerly were connected with Antarctica;
such comparisons have revealed many similarities.
Numerous reports have summarized the mineral
occurrences of Antarctica, including the following:
Fermor (1951), Fairbridge (1952), Kosack (1955),
Schnellmann (1955), Anonymous (1956), Chalmers
(1957), Potter (1969), Runnels (1970), Smith
(1972), Wright and Williams (1974), Ericksen
(1976), Piper (1976), Quartino and Rinaldi (1976),
Schofield (1976), Splettstoesser (1976), Wade
(1976), Anonymous (1977), Cheeseright (1977), El-
liot (1977), Ferran (1977), Law (1977), Mitchell
(1977), Scientific Committee on Antarctic Re-
search (1977), Dugger (1978), Turner (1978),
Zegarelli (1978), Anonymous (1979), Kanehira
(1979), Lovering and Prescott (1979), Rowley and
Williams (1979), Zumberge (1979a, b), Ivanhoe
(1980), Mitchell and Tinker (1980), Auburn (1982),
Rowley and Pride (1982), Shapley (1982), Quigg
(1983), Splettstoesser (1983), and Rowley (1983).
Of these, the most comprehensive summary of
mineral occurrences was that of Wright and Wil-
liams (1974). Kameveva and Grikurov (1983) and
Rowley, Ford, and others (1983) tentatively de-
fined the metallogenic provineces of Antarctica.
This report summarizes the known occurrences of
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metallic and nonmetallic minerals on land in Ant-
arctica and attempts to describe them within an
overall framework of ore genesis. A similar report
(Rowley and others, in press) is included in a vol-
ume, edited by J. F. Splettstoesser, that also dis-
cusses other types of mineral resources and the
environmental implications of their development.
Resources such as sand and gravel, manganese
nodules on the ocean floor, icebergs for fresh
water, and geothermal energy are discussed in
some of the reports listed above. Oil and natural
gas resources, which may be the first mineral re-
sources to be exploited in Antarctica, are dis-
cussed by Behrendt (1983; this volume; in press).
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CONSTRAINTS TO MINERAL
DEVELOPMENT

Largely ignored in the increased interest in
Antarctic mineral resources are the physical and
political constraints to development of an “ore
body” in Antarctica. Weather forecasting is not
highly developed in Antarctica. Mean land temper-
atures are much lower than those of any other
large area of the Earth’s surface, and winds gener-
ally are higher in velocity and more constant than
elsewhere. The continent is far removed from po-
tential markets and the surrounding waters are
stormy and filled with pack ice and icebergs for
most of the year. Port facilities and harbors where
ports could be built are rare, and even if port facil-
ities were constructed, few would be usable for
more than 2 months per year. Icebreakers would
be required for assistance during most ship trans
portation. Land travel to the interior in most
places is impaired by poorly accessible coastlines
and by glaciers that are most strongly crevassed
where they drop down the last pitch to the
shoreline. Thus much of the transportation, espe-
cially from the interior of Antarctica, probably
would have to be by aircraft. Because of the low
temperatures and darkness, however, air trans-
portation during most of the winter “night” would
be dangerous at best.

Because of these many constraints, a study of
the economics of hypothetical mining ventures (El-
liot, 1977) found that it would cost about three
times as much to recover hypothetical platinum
from the Dufek intrusion (Ford and others, 1983;
Ford, this volume; in press) as it would cost to
recover an equal amount of platinum from a com-
parable orebody in the United States. The costs
would be considerably higher for commodities such
as iron and copper that have lower unit prices and
thus larger transportation costs. Drastic increases
in metal prices would be necessary to offset the
economic liabilities of mineral development in An-
tarctica. Lacking such incentives, it is unlikely
that private firms would invest in Antarctic min-
ing ventures in the foreseeable future unless costs
ceased to be a factor, perhaps as a result of war,
collapse of the free market system, loss or poten-
tial loss of a supplier of some strategic metal, or
some other disaster. Barring such calamities, pro-
jected world reserves indicate at least 50 years
supply (Brobst and Pratt, 1973) elsewhere in the
world for commodities identified in Antarctica.

Geologic constraints offer additional reasons to
be cautious about the likelihood for development
of mineral resources on land. Purely scientific in-
vestigations have dominated the geologic work in
Antarctica; to date (1983) almost no detailed studies
have been designed to explore for and characterize
mineral deposits. Few chemical analyses of rock
samples or unconsolidated sediment have been pub-
lished. The nature and types of mineralized and
altered rocks, including general geochemical pat-
terns, are unknown for virtually the entire conti-
nent. No mineral occurrences have been explored
by drilling techniques. In addition, the number of
mineral deposits likely to be found in Antarctica
is low because nearly 98 percent of the continent
is covered by ice. (For an analysis of discovery
probabilities, see Wright and Williams, 1974.)
Furthermore, most of the exposed areas have
been so little studied that they remain among the
least geologically and geophysically explored parts
of the world. Some large areas of rock exposures
have never been visited, and most others are
known by reconnaissance geologic mapping only.
The logistics of transportation and supply com-
monly dominate decisions on where to go in the
field; areas that deserve detailed study might not
be accessible or may have to be studied hastily.
Altered and mineralized rocks commonly are soft-
er and subject to more rapid erosion than adjacent
rocks, and thus are more likely to be in lowlands,
now covered by ice. Furthermore, ice levels over
most parts of Antarctica were much higher in
Pleistocene and late Tertiary time, so most ex-
posed bedrock has been deeply scoured by ice. Be-
cause ice has covered Antarctica during much of
Cenozoic time, little surface drainage by running
water has occurred there, and thus few alluvial
sediments have been deposited. Therefore, pros-
pecting by inspecting and analyzing alluvial sedi-
ments for upstream bedrock mineral deposits can
rarely be used, and placer-type mineral deposits
are not likely on the continent. Similarly, ground-
water movement has been absent or restricted
during most of Cenozoic time, and supergene en-
richment deposits either never formed or have
been removed by glacial erosion. Ore minerals will
have to be recognized by their primary minerals
and their alteration products.

The mineral deposits most likely to be exploited
in Antarctica probably would be large-tonnage,
low-grade types (for example, iron, copper, and
coal). Therefore large volumes of ore would have
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to be exported or, more likely, milled or concen-
trated in Antarctica. The technology to mine on
land in polar areas exists (Potter, 1969; Hall, 1975;
Splettstoesser, 1976; Dugger, 1978; Zumberge,
1979a, b; Auburn, 1982), but the climate in Ant-
arctica is much more severe than that encountered
in any past or present mining venture. In addition,
mining and milling activities require large energy
supplies; the availability of adequate energy
sources has not been studied in detail. Similarly,
the effects of exploitation, construction, or mining
on the environment are poorly known but are
probably important obstacles to development.

Political problems offer additional formidable
constraints to any exploitation of possible ore de-
posits in Antarctica. Antarctica is an international
continent governed by the Antarctic Treaty.
There are no provisions in the Antarctic Treaty
that concern the recovery of minerals on the land
areas or from the continental shelves (Scientific
Committee on Antarctic Research, 1977; Alexan-
der, 1978; Anonymous, 1979; Lovering and Pre-
scott, 1979; Zumberge, 1979a, b; Mitchell and
Tinker, 1980; Auburn, 1982; Quigg, 1983). Interna-
tional agreements concerning the exploitation of
mineral resources may be reached in the near fu-
ture, but until such time, we cannot speculate on
what regulations or restrictions any such agree-
ments might entail. It is unlikely that any private
or government enterprise would be willing to com-
mit large sums of money for exploration or de-
velopment prior to establishment of international
agreements on mineral rights and mineral exploi-
tation.

Because of the numerous constraints to discov-
ery and development of mineral deposits in Ant-
arctica, it is unlikely that any such deposit will
be economically developed for many years. De-
spite this conclusion, however, adequate knowl-
edge of the mineral resource potential of Antarc-
tica must be actively sought so that proper deci-
sions can be made about the possible presence,
distribution, and future use of these resources.

REGIONAL SETTING

For purposes of this report, a brief review of
the regional geology of Antarctica—taken from
Ford (1964), Dalziel and Elliot (1972), Craddock
(1972, 1982), Rowley (1983), and others—is given
here. Antarctica may be divided into two parts,

2

East Antarctica and West Antarctica (fig. 20,
inset), on the basis of differences in geology and
topography. The rocks of East Antarctica are
rarely exposed except along the coast and in the
Transantarctic Mountains. East Antarctica is
mostly a shield consisting largely of Archean “nuc-
lei” craton blocks and surrounding belts of de-
formed Proterozoic rocks, all welded together in
Proterozoic and perhaps early Paleozoic time dur-
ing probable plate-tectonic processes. The shield
of East Antarctica contains numerous mineral oc-
currences of many types, as do comparable shield
rocks of most Gondwana continents formerly adja-
cent to East Antarctica. Deposits in Precambrian
shields of these other continents include iron-for-
mation and perhaps bedded manganese in Aus-
tralia, India, and Africa; conglomeratic placer
gold-uranium deposits of South Africa; chromite,
nickel-copper, platinum, and magnetite-vanadium
deposits of the stratiform Bushveld intrusion of
Africa; copper-cobalt deposits of Zambia and
Zaire; nickel deposits in intrusions in Australia;
gold deposits in mafic volcanic rocks in Australia;
lead-zinc-copper-silver deposits of Mount Isa and
Broken Hill, Australia; and diamond-bearing kim-
berlite pipes (Cretaceous) of South Africa (Wright
and Williams, 1974; Rowley, Ford, and others,
1983). Similar deposits might be expected in Ant-
arctica.

The Transantarctic Mountains (Ross belt) are in
large part underlain by Proterozoic and lower Pa-
leozoic sedimentary, metamorphic, and igneous
rocks that were folded and intruded during proba-
ble collisional plate-tectonic processes during Late
Proterozoic and early Paleozoic deformation and
magmatism. The igneous rocks and deformed
rocks of East Antarctica are unconformably over-
lain locally by generally flat lying middle Paleozoic
through lower Mesozoic sedimentary and igneous
rocks of the Beacon Supergroup and Ferrar
Group. These flat-lying rocks are especially wide-
spread in the Transantarctic Mountains and locally
may conceal mineral resources in the underlying
rocks. In contrast to the East Antarctic shield,
few mineral occurrences have been found in the
Transantarctic Mountains. The Dufek Massif
(Ford and others, 1983; Ford, this volume; in
press) is one of the few areas in the Transantarctic
Mountains that contains potentially important
metal occurrences (iron and copper, and perhaps
cobalt, chromium, and other metals). Suggestions
as to what additional deposits might be present



may be attained by looking at the Tasman fold man belt in central Australia may be correlative
belt of eastern and central Australia, which is with some parts of the Transantarctic Mountains;
geologically similar to the Transantarctic Moun- the Adelaide area contains numerous deposits of
tains. In particular, the Adelaide part of the Tas- copper and subordinate gold, lead, zine, silver,
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FIGURE 20.—Map of Antarctica showing numbered localities of mineral occurrences discussed in the text. Dotted lines
show boundaries of ice shelves. Inset shows relationship of Antarctica to other continental and oceanic plates, as
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barium, manganese, antimony, and other metals
mostly in rocks of Late Proterozoic and early Pa-
leozoic age. The more eastern parts of the Tasman
belt, which geologically resemble the Victoria
Land part of the Ross belt, contain gold, copper,
silver, arsenic, lead, zine, molybdenum, bismuth,
tin, tungsten, antimony, and other metals related
to lower Paleozoic volcanic rocks and lower to
upper Paleozoic granitic intrusions (Wright and
Williams, 1974; Rowley, Ford, and others, 1983).

West Antarctica is much lower topographically
than East Antarctica and consists mostly of Meso-
zoic and Cenozoic rocks. West Antarctica may be
composed of several small lithospheric plates that
have moved independently of each other. The An-
dean belt, characterized by caic-alkaline igneous
rocks formed during subduction of Pacific oceanic
lithosphere beneath mostly continental litho-
sphere, has been superimposed on the Pacific mar-
gin of these small plates. Two of the small plates
are the Ellsworth Mountains area and the Antarec-
tic Peninsula, which exhibit, respectively, the low-
est and highest potential for metallic mineral dis-
coveries on the continent. The Ellsworth Moun-
tains consist of Paleozoic clastic rocks that were
folded in early Mesozoic time; the range contains
no known mineral deposits.

The Andean belt is best developed in the Ant-
arctic Peninsula. The peninsula consists in large
part of stocks and batholiths of Early Jurassic
through Tertiary age that form several magmatic
arcs. Most arcs developed on continental litho-
sphere (Pankhurst, 1982) during subduction of
oceanic lithosphere. The peninsula, which is more
ice free than most other parts of the continent,
is considered to be a particularly favorable
geologic environment for copper, molybdenum,
lead, zine, tin, tungsten, and other mineral de-
posits because it has a geologic and plate-tectonic
setting that is similar to the Andean belt of South
America, one of the world’s major mineral belts.
But more recently, Wright and Williams (1974),
Ericksen (1976), and Rowley and Pride (1982)
pointed out that the southern Andes are not
nearly as rich in mineral deposits as are the Andes
farther north. A significant geologic break be-
tween the northern and southern Andes occurs
where the Chile Ridge is subducted beneath South
America. The late Cenozoic igneous evolution has
been markedly different north and south of this
intersect of the Chile Ridge with the continent.
To the north, a trench and a rapidly moving Be-
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nioff zone still are active, whereas to the south,
subduction generally has been slower and the
oceanic plate has moved at an acute angle with
respect to the continent (Herron and Tucholke,
1976; DeLong and Fox, 1977). Subduction under
West Antarctica ceased at different times in dif-
ferent places: it halted first in Late Cretaceous
time in Marie Byrd Land and western Ellsworth
Land (L.eMasurier and Wade, 1976), where no
mineral deposits are known, and at various times
during the Tertiary in various parts of the Antare-
tic Peninsula and southern South America (Herron
and Tucholke, 1976). Thus the geologic history of
the southern Andes and the Antarctic Peninsula
is complex compared to that of the northern and
central Andes. Hawkes (1981, 1982) has even
speculated that the occurrence of some sulfide
mineral deposits in the peninsula has been partly
controlled by onshore extensions of oceanic trans-
form fracture zones. In addition to the differences
mentioned, southern South America and the Ant-
arctic Peninsula may have undergone deeper ero-
sion than the Andes farther north. These concepts
indicate that the earlier predictions of numerous
rich mineral deposits in the Antarctic Peninsula
were premature (Rowley and Pride, 1982). None-
theless, the peninsula appears to have the highest
probability in Antarctica for containing an
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