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We present a comprehensive study of the seismicity of the Antarctic plate for the period 1925—1980. The
total seismic energy released during this peried in the interior of the plate, 3.2 X 1022 ergs, is compared to
figures for the African plate, of similar kinematics and size, and to the neighboring Nazca plate. We conclude
that Antarctic seismicity is comparable to that of other platss, thus refuting the claim that a surrounding ring
of spreading ridges hampers transmission of tectonic stress and leaves it stress-free, and ¢learly showing the
importance of ridge-push as a driving mechanism for the plates. In the southeastern Pacific Basin, it is shown
that the line of maximum age in the plate, which is the locus of previous positions of the triple junction, is a
line of preferential stress release, along with more conventional features, e.g. fracture zones. In the indian
Ocean, we study a 1973 earthquake northeast of Kerguelen (Mg = 5.5} its depth (45 km), tensional mecha-
nism, and low stress supgest that it represents 2 magmatic process related to the nearby hotspot, and possibly

involving the pipeline structure proposed by Morgan.

1. Introduction

The study of the seismicity of Antarctica and the
Southern Seas has started only about twenty years
ago. Early efforts [1,2] were directed at mapping the
plate’s boundary around the Antarctic continent, and
only more recently two intraplate earthquakes were
studied in the Pacific Basin {3 4]. A systematic
compilation of the intraplate seismicity of the
Antarctica plate Is, however, necessary to permit a
reliable comparison of its state of stress with that of
other plates, in order to gain a better insight on the
forces driving them. Specifically, the generally low
level of reported seismicity in the plate has been used
as an argument (e.g. by Sykes [51), to contend that
ridges, which make up almost entirely the boundary
of the Antarctic plate, are unable to transmit tectonic
stresses, leaving the Antarctic piate motionless and
stress-free. This would then suggest that slab-pull at
subduction zenes may be a prominent {actor in the
driving mechanism of the plates. However,a 1977
event in the Bellingshausen Sea, studied by Okal {4],

gave evidence for compressional stresses generated by
ridge-push, 2900 km inside the plate.

At the same time, Sykes {5] proposed in a
thoreugh review of intrapiate tectonic processes, that
ancient zones of weakness, such as sutured fracture
zones, may be a decisive factor in governing the
implementation of seismicity, magmatism, and other
forms of intraplate activity. The purpose of the
present paper is then three-fold: compile the intra-
plate seismicity of the Antarctic plate, and compare
it quantitatively to that of other plates of various
kinematics; interpret the mechanisms and stresses of
the events involved; and interpret their location in
the context of the known tectonic structures of epi-
central areas,

Gur results indicate that, while seismicity is mostly
concentrated in the southeastern Pacific Basin, with
only one major event cutside if, the seismic energy
release inside the Antarctic plate is comparable to
that in other intraplate areas, They also suggest that
the line of maximum age inside the southeastern
Pacific Basin {which represents the wake of the
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nearby triple junction as it moves northward}is a
preferential emplacement of seismicity probably due
to weakness in the plate, created by the suturing
accompanying the migration process.

In the Indian Qcean, an M, = 5.5 earthquake north
of Kerguelen Island can be correlated to magmatic
activity in the vicinity of the Kerguelen-Heard hot-
spoi, and suggests the presence of a “pipeline” struc-
ture of the type discussed by Morgan [6].

2. Catalogue of infraplate earthquakes in Antarcticz,
19251980

The catalogue, listed in Table [, and mapped in
Fig. 1, was obtained through a systematic search of
the following sources: NOAA epicentral tape {1920—
1977), ISC Bulletins {1950—1978), NEIS-PDE
Monthly Bulletins (1978—Febroary 1980) and NEIS-
PDE Weekly Bulletins (February—August 1980). The
intraplate character of an event was assessed by
requiring that it lie at least 2° away from the plate
boundary of Antarctica, which was digitized from the
USGS-NOAA map of the Earth seismicity,

As always the case for any seismicity study
extending back a few decades, the detection capabil-
ities have considerably improved with time, and the
detection threshold of the catalogue is strongly
inhomogeneous. This becomes even more true in the
case of Antarctica, for which good station coverage
was achieved only during the International Geophysi-
cal Year {1957-58) and became permanent only in
1963 following installation of the WWSSN network.
At that fime, the teleseismic detection threshold in
the Antarctica plate decreased from M =6 o myp, =
49,

In addition, Rothé {2}, quoting Lander, lists six
earthquakes occursing in 1957 in the Antarctic con-
tinent and Ross Sea. No estimate of their magnitude
is given; none of them was recorded by more than 6
stations or outside Antarctica; three of them are
labelled “dubious”. We have not incorporated these
events in the catelogue, since they were most
probably below the 1y, = 4.9 threshold. For the same
reason, a 1968 event (n, = 4.3} reported by
Kaminuma {7} in the vicinity of the Weddel! Ses,
has been left out.

As wifl be discussed more in detail in the next sec-
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Fig. 1. Intraplate seismicity of Antarctica, 1925-1980.
Crosses are individual epicenters, with numbers referring to
Table 1. The thick line is the boundary of the Antarctic
plate. Azimuthal equidistant projection centered on South
Pole. Active intrapiate volcanoes are identified by letters
(£ = Erebus, # = Heard, B = Buckle { Balleny] Island}.

tion, there is virtually no body-wave travel-time con-
trol on depth for most events in the catalogue.
Depths listed as “33 km” are particulazly meaningless

- in an oceanic environment. Only in the case of

detailed studies of major events {e g. {34],event 17
below}, have estimates of epicenrtral depths been ob-
tained, We have therefore chosen not to list any
source depths in the catalogue.

3. Relocations.

Relocations were carried out for ali events prior to
1963, using the Jeffreys-Bullen Tables, and P arrival
times listed in the ISS Bulletins. (In the case of events
1and 2, S times were used.) In the absence of
stations at close distances, these relocations are
characterized by a quasi-perfect trade-off between
origin time and depth, which brings in & singularity if
depth is allowed to vary. Consequently, we chose to
constrain the depth while carrying out relocations. An
attempt was made at obtaining an estimate of the
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TABLE 2

Depth-constrained relocations of event 9 (28 January 19613

Constrained depth Relocation epicenter

QOrigin time r.m.s. residuat

(km) {8}
lat, {°8) leng. ("W}

1 45.00 106.47 14:06:09.0 1.3

5 45.00 106.47 14:06:09.7 1.3
14 45.00 106.47 14.06:10.5 1.3
20 45.00 106 .46 14:06:12.0 1.3
30 45901 106.45 14:06:13.4 1.2
56 45.02 106.43 14:06:15.6 1.2
Ta 45.04 10641 14:06:17.8 1.1
200 45.15 106.22 14:06:31.3 6.9
650 45.69 105.39 i14:67:08.9 2.1

hypocentral depths by minimizing the root-mean-
square {r.m.s.} residuals for relocations involving dif-
ferent vaiues of the constrained depth, following the
technique of Kanamori and Miyvamura [8]. As shown
in the example in Table 2, which inveolved 11 stations,
this proved futile: The rm s. residual remzins on the
order of the precision of the reported readings (1
second) for all physically zcceptable depths, and
starts increasing only for the deepest solution, totally
unjustified for an intraplate event. We must therefore
conclude that the depth of the events in the catalogue
is not constrained by the available teleseismic data.
We have chosen to give origin times for relocations at
a depth of 10 kun {except for the continental event:

7 . d =33 km), which is a relatively general value
reported for oceanic intraplate events [3,9,10].

In relocating events 16, 8 and 9, we used a num-
ber of starting epicenters, including locations on the
nearest plate boundary, in order to reassess their
intraplate character. In all cases, except event 0, the
epicenter moved away from the boundary region. We
delete event 6 from the catelogue, since the relocated
epicenter lies less than 1° from a transform fault of
the Chile Rise {11].

Relocations used an iterative scheme, and the
program included the possibility of eliminating
stations with anomaiously large residuals (vsvally
greater than 10 seconds) or with emergent arrivals.
The following is a detailed discussion of the reloca-
tion results in the context of the local bathymetry

[1j.

Events I and 2, 27 December 1926. The gvailable P
data is extremely poor. Three impulsive S times were
used. The relocation maoves the epicenter 1° to the
east, a figure probably not significant given the
quality of the data. The epicentral area is about 1°
north of the Eltanin fracture zone system, and the
earthquakes may have been located on it.

Eveny 3, 12 March 1927. Although their quaiity was
systematically less than average, all relocation efforts
moved this epicenter to the area of 39°S, 105°W,
where the 1971 sequence studied by Forsyth [3]
occurred. As noted by Bergman and Solomon [12},
this epicenter could lie on the proposed Fernandez
fracture zone, although the local bathymetry is not
well known. The event’s surface-wave magnitude at
Pasadena (6) suggests that the 1971 event may be a
repeat of the 1927 earthquake. The tectonic implica-
tians of this suggestion are discussed in section 4.

Event 4, 13 August 1937, Relocation of this event
moves it 1% south, Lo a point grossly equidistant from
the Udintsev and Tharp fracture zones, No othes
bathymetric features are known in this relatively
poorly chartered area.

Event 3, 24 December 194 7. This Indian Ocean event
is the largest recorded inside the Antarctica plate (M =
7}, Alarge discrepancy exists between the NOAA
epicenter (54°S, 114°E) and the ISC one (55°8,
112°F). The event was refocated at 55.3°5, 112.2°E




by Stover {13], who mentioned its unusual location
and magnitude. By using only stations with impulsive
arrivals reported to the ISS, we obtain an epicenter at
54.4°S, 110.2°E; use of a larger data set of arrivals
would not move it significantly. Since this event is the
only one of its type in the Indian Ocean, it is extrem-
ely important to establish its intraplate character
unambiguously; despite a less-than-average quality for
the relocation, ail efforts to move this event to the
nearby ridge failed. The bathymetry of the ridge and
the magnetics in the area are well-documented (5 K.
Weissel, unpublished resulis), and the epicenter is
found to lie about 4.5° south of the Southeast Indian
Ocean Ridge, in an area where the age of the litho-
sphere is about 15 m.y. 1t is located in the immediate
vicinity of a major fracture zone system.

Event 6, 18 January 1949 All relocation efforts
move this epicenter to a location (42.4°S; 90.8°W) in
the immediate vicinity of an active transform fault
part of the Chile Rise system. This event is, therefore,
most probably interplate and we delete it from the

catalogue,

Lvents 7, 20 April 1952, and 18, 15 October 1974,
These are the only twa events in the catalogue oceur-
ring in continental Antarctica. Since event 18 is
recent, only event 7 was relocated, using a depth of
33 km. It was found that the two epicenters of events
7 and 18 are definitely distinct and separated by
about 200 km. They lie in the general area of Oates
Coast, on the western stope of the Antarctic Range.

Events 8, 4 December 1936, and 9, 28 January 1961,
Relocation for both these events moves the epicenter
to an area approximately 5° east of the Bast Pacific
Rise, with no known major bathymetric features.

4. Energy balance of the seismicity of the Antarctica
plate

The major feature of the seismicity of the Antarc-
tica plate outlined by our results is the concentration
of maost epicenters in the scutheastern Pacific Ocean
section of the plate, where approximately 50% of the
seismic energy release occurs: with the exception of
the two Kerguelen-Gaussberg Plateau events of 1973,
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which are discussed below, seismicity is notably
absent from the West Indian and South Atlantic parts
of the plate, as well as from the southwestern part of
the Pacific Ocean Basin, Only one major event {event
5} was reported in the East Indian Ocean part of the
plate.

Using Gutenberg and Richter’s [14] energy-magni-
tude relation, we computed the total seismic energy
release in the plate over the 55 years coverad by our
study, fo be 3.2 X 10%2 ergs, Since most of the energy
is contributed by older events, this figure is probably
accurate to only £50%. Still, it is interesting to com-
pare these results with the iniraplate seismicity of
other plates, especially Africa, another continent-
bearing piate, whose absolute motion with respect to
the mantle is also very slow [15], and surrounded
mostly be spreading ridges. Over the same period of
time, the energy release in the African plate, esti-
mated from Gutenberg and Richrer’s “Seismicity of
the Earth™ [16], and the data summarized in Sykes’
review [5],1is 7.3 X 10%? ergs, This converts into an
average yearly release per unit area of 1.0 X 10"? ergs
yr™' km™ for Antarctica and 1.7 X 10°® ergs yr ™!
km™ for Africa. These two figures ase very com-
parable. Furthermore, a large part of the seismicity of
the African plate is confined to the active East Afri-
can Rift, and a figure of only 2.7 X 10°% ergs is ob-
tained for the remainder of the plate. If we assume
that ridge-push plays a preponderant role in creating
stresses inside the plates, we can compute the yearly
energy release per unit effective length of ridge
bordering the plate, and we obtain values of 3.4 X
10" 7 ergs yr™! km™! for Antarctica and 2.3 X 1017
ergs yr~" km™ for Africa, using the geometrical
parameters listed by Forsyth and Uyeda [17]. These
figures show that, far from being aseismic, the
Antarctic plate releases just about the same amount
of energy per unit length of surrounding ridge, as
does Africa, whose kinematics and size are similar.
Comparison with the Nazca plate in which only five
major events were recorded since 1925 (total energy
release: 1.6 X10%! ergs; or 0.2 X 10*% ergs yr ™! km™2,
or only 5 X 10"® ergs yr™! km™! of effective
surrounding spreading ridge) indicates that the
Antarctic plate is substantially more seismic than this
fast-moving oceanic plate, bordered both by spread-
ing ridges and a subduction zone. We can thus refute
the argument that Antarctica is stress-free because it
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is surrounded by ridges, or because of its siow abso-
lute motion.

Most earthquakes in the Antarctic plate are con-
centrated in the southeast Pacific Basin, where
spreading rates are fastest; the western Indian Ocean,
and the extreme southern Atlantic Ocean Basin have
no significant seismic energy release, and, signifi-
cantly, these are regions where the spreading rates at
nearby ridges, believed to control the state of stress
in the plate, are extremely slow [15]. However, a
major difference exists between the seismicity pat-
terns in the Pacific and Fast Indian parts of the
Antarctic plate: although the total energy release in
both areas is very similar, it occurs in the form of one
large earthquake {(event 5} in the Indian Ocean, and
several smaller events in the southeast Pacific. It is
not possible to account for this different behavior on
the basis of simple kinematic models involving spread-
ing rates, since the half-spreading rate along the
Southeast Indian Ocean Ridge is 3.5 em yr ™' {151,
almost identical o that along the Southeast Pacific
Ridge in the vicinity of the Eitanin fracture zZone sys-
tem, which creates the stress responsible for the seis-
micity at epicenters 4, 8, 9, 20.

Thus, the character of intraplate seismicity appears
to be governed not only hy kinematic factors creating
sufficient stress inside the plate, bat more impor-
tantly by the ability of this stress to be released along
zosnies of weakness, such as those defined by Sykes
{5]. In this respect, it is important to realize that
despite the existence of large systems of fracture
zones in the southeast Indian Ocean Basin (J K.
Weissel, unpublished data), the nearby ridge has had a
relatively smooth history since the Eocene, with none
of the catastrophic ridge jumps and junction migra-
tions that have characterized the southeast Pacific
124]. A detailed study in the next section will suggest
that the wake of a triple junction in the southeast
Pacific Basin is a zone of weakness; on the other
hand, the fewer such zones in the Indian Geean part
of the plate may explain stress release through larger
events, of the 1947 type, relative to the southeastern
Pacific Basin, and to other plates, such as Africa,
which has a long history of intraplate tectonism, and is
scarred with weak zones [5].

Finally, the relocation of event 3 at the epicenter
of the 1971 shocks suggests a pattern of recurrence
with a period of 45 years. This provides us with a

quantitative estimate of the rate at which intraplate
stress is released at one particular site, and of the
deformation incurred by the plate in this process.
Most recent studies of oceanic intraplate earthquakes
have suggested that the stresses involved are com-
parable to world-wide averages [4,18];if so, using
Geller’s [19] scaling laws, we can estimate the
displacement accompanying the 1971 event at about
10 ¢m. This translates inte 0.15 cm yr™! horizontal
compression. This estimate is very smali — only about
2% of the rate of increase of the width of the Antarc-
tic plate between the Pacific and Chile Rises [15].
This important result indicates that very little defor-
mation of the plate occurs during the process of intra-
plate stress release. For kinematics studies, the plate
can be considered as rigid, as opposed to other situa-
tions, such as the Ninetyeast Ridge area of the Indo-
Australian plate, where a much higher rate of defor-
mation led Stein and Ckal [20] to propose a two-
plate model.

It remains that the seismicity of continental
Antarctica is fower than that of any comparable land
mass, with the exception of central and western
Siberia, west of the Verkhoyansk Range. Both
Antarctica and Siberia are located on slow moving
plates, an argument which would corrcborate
Wesnousky and Scholz’s [21}] model, emphasizing the
role of the craton in the development of continental
seismicity. However, the case of Africa, whose
western {tectonically stable) pari is indeed seismic
despite a very slow absolute velocity of the African
plate, proves that other factors {potentially including
weakness due 1o a past history of tectonism) play a
crucial role in the tevel of seismicity inside a conti-
nental mass.

5. Tectonic interpretations of the seismicity of the
southeast Pacific Basin

Events 12 and 20 have been studied in detail by
Forsyth {3] and Okal [4], who attributed their com-
pressional mechanisms to ridge-push from the nearby
ridges.

Other major events in the southeastern Pacific
Basin are concentrated on the flanks of the East
Pacific Rise (events 1,2, 4,8, 9). The focal mecha-
nism of these old events is very difficult to constrain.
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Fig. 3. Possible steps in the evolution of a RFF triple junction,
leading to the development of a wake. Spreading rates arc
one veloeity unit on the two lower ridges, and two units on
the upper ridge. (1} Initial posifion. {2) Boundary jump
northward, leaving triple fracture inactive {(dashed line). (3)
Spreading episode {one time unit); note scar of previous
triple fracture isolated in middle of plate (dashed fine). {4}
Partial jump of tripie fracture northward, creating unstable
RRF junction. (5) Evolution into RI'F junction during
spreading episcde (one time unit); note second scar in lower
plate. (6) Ridge jump on upper ridge, with ne effect on triple
fracture scars in lower plate. {7) Spreading episode {{wo time
units), note formation of wake behind the triple junction
{dash-dot line “W™).

One exception is event 8, for which all P-wave reports
to the ISC, but two, are ditatational {one of the two
compressions, surrounded by dilatations, is clearly
wrong}. This indicates a predominantly normal
mechanism. An estimate of the age of the lithosphere
from the models of Herron [22] is 8 m.y. This obser-
vation, and the compressional mechanism of the 1971
event, would indicate that the boundary between the
tensional and compressional regimes in the plate yuns
close to the 10-m.y. isochrone, at the young end of
Sykes and Sbar’s [23] estimate of 10--20 m.y., ob-
tained from observations in other ocans. Finally
mechanisms for other events in the southeast Pacific
Basin (events 10, 11, 19, 21) could not be obtained
because of their small magnitude.

The emplacement of the older epicenters with
respect to the bathymetry was discussed in the relo-
cation section above; for more recent events, Berg-
man and Solomon [12} have found little correlation

between epicenters 11 and 19 and the known bathym-
etry; no correlation is evident for event 21. Epicen-
ter 10 lies in a small trough, which may have tectonic
significance,

It is tempting, however, to associate epicenters 12,
10, 11 and 19 with the line of maximum age in the
plate, In doing so, we use the map of magnetic linea-
tions, published by Weissel et al. [24] (see Fig. 2),
and draw a line of maximum age with respect to
motion in a direction perpendicular to the magnetic
lineations. It represents the locus of the ancient posi-
tions of the triple junction of the Pacific, Antarctic
and Nazca {Farallon) plates, as it inched its way
northward starting about 60 m.y. BP. Correlations
with epicenters 10 and 11 are excellent. Epicenter 12
lies in a zone of relatively quiet magnetics (anomalies
5—6) and is within 1° of the line. Epicenter 19 is
somewhat off the line, as drawn from Weissel et al.’s
model. However, their isochrones in this region are
interpolated over as much as 20 my ., during & time in
the early Oligocene when these authors argue that a
small fourth plate had to be present to account for
otherwise highly asymmetric spreading patterns. This
plate would have made the plate boundary in this
area more complex than a simple triple junction. Fur-
thermose, as shown in Fig. 3, the migration of an
RFF-type iriple junction through a series of jumps
will leave a wake consisting of a number of sutured
fracture zone segments, whose length in the center of
the plate will be proportional to the length of time
the triple junction was active at any given location
{typically a few million years, or at present rates, a
few hundred kilometers}. This is the width which
shouid be given to the triple junction’s wake. Ta this
degree of precision, the correlation of the line of
maximum age in the plate with the emplacement of
epicenters 12, 10, 11 and 19 is excellent.

Since the wake of the triple junction consists of
individua! fragments of fracture zones which are
sutured af the time of the migraticn of the junction,
they may retain a character of weakness for the same
reason as more conventional fracture zones do [5].
However, because of their limited geographical
extent, they may not be as readily identifiable in the
bathymetry as the major fracture zones systems. On
the basis of the evidence encountered in the Antarc-
tic plate, we propose that the wake of the tripte junc-
tion, advancing NNW, is a zone of preferential stress
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mechanism of event 17 is sketched.
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release, in addition o other zones of weakness, such
as major fracture zones, It is interesting to note that
in the Nazca plate, intraplate seismicity is emplaced
either on a fossil ridge (1944, 1972) or on a line of
maximum age (1963}, as mapped by Herron [22].
This case, however, is somewhat different, since it
involves a sharp age discontinuity across the line, but
it also involves a ridge jump.and a suturing process.
The 1965 event studied by Mendiguren [9] occurred
near the intersection {and offset) of this line by the
Mendafta fracture zone, a location of double poten-
tial weakness.

6. The Kerguelen Ridge earthquakes of 1973

The only recent events in the catalogue belonging
te the Indian Ocean part of the Antarctic plate
{events 16 and 17} occurred in 1973, on the eastern
flank of the Kerguclen-Gaussberg Plateau (see Fig. 4).
The origin of this feature has long been debated,
although recent studies [25-27] show that the island
is oceanic in origin, with maximum isotopic ages of
early Mioceneflate Oligocene, The islands are inter-
preted as the result of farge-scale magma generation,
by a hotspot over which the motion of the Antarctic

TABLE 3

Seismic records used in the study of event 17

piate is extremely slow, and its direction ill-con-
strained in accordance with most plate tectonics
models [15]. The only presently active voleano on
the plateau is Heard Istand [28]. This is probably the
present location of the hotspot, in agreement with
Watkins et al.’s {25] observation that volcanism on
Kerguelen appears to have migrated southward with
time, although Houtz et al. [26] have suggested that
the hotspot moved slowly northward with respect to
the plate.

Both 1973 earthquakes occurred on the eastern
slope of the plateau. Despite a reported my, of 5.4,
the 20 March event {event 16) was poorly recorded,
did not generate workable surface waves, and could
not be significantly investigated. Ounly five compres-
sional, first arrivals were obtained at selected, high-
gain, WWSSN stations. On the contrary, the 3 May
event {my, = 5.5; M, =35 .5} gave rise to substantial sux-
face waves, and was studied using the techniques
described by Okal [4}: Pwave first motioas, insuffi-
cient to resolve the mechanism, are used as con-
straints in a computer search of focal solutions offer-
ing the best match to the amplitudes of Rayleigl and
Love waves, equalized using the techrique of Kana-
mori {29]. A summary of the data used in this study

Code Station Distance Azimuth P-wave Surface
) ) first motion waves used

KOD Kodaikanal, India 56.37 5.1 down

MAT Matsushiro, Japan 101.06 48.2 LR

GUA Agana, Guam 8749 67,7 LR

MUN Mundaring, Western Australia 35.78 §2.2 R

PMG Port Moresby, New Guinea 72.14 85.1 down

MIR Mirnyi, Antarctica 23.00 160.1 up

SPA Scuth Pole, Antarctica 43.96 180.0 L.R

BHEP Balboa Heights, Canal Zone 136.17 2205 R

CAR Caracas, Venezuela 130.90 236.2 L

WIN Windhoek, Scuthwest Africa 50.72 2917 down i, R

PRE Pretoria, South Africa 41.01 2839 down

NAI Nairobi, Kenva 54.94 3134 down

TAN Antananarivo, Madagascar 34,43 3135 down

IST Istanbul, Turkey 935.51 327.9 LR

SHI Shiraz, Iran 77.89 341.6 down L

KEVY Kevo, Finland 120.56 343.0 R
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Fig. 5. Focal mechanism of event 17, Left: Lower hemi
sphere stereographic projection of first motion P-wave data.
Plus symbols are compressions, open circles dilatations.
Fauits planes obtained from surface-wave analysis. P and T
are projections of compression and tension axes, respectively.
Right: Theoretical radiation patterns of equalized surface
waves for final mechanism, Individual dots, with station
cades referring to Table 3 are observed equalized amplitude
values.

is given in Table 3. Records were first low-passed
filtered (excluding {requencies v 2 0022 Hz) to make
the process less sensitive to lateral heterogeneity in
the shallowest layers of the Earth, as discussed by
Mendiguren [9] and Okal [4]. An estimate of the
focal depth is then obtained by minimizing the r.m s.
residual to the fit of equalized and theoretical ampli-
tudes. Resuits, shown in Fig, 5, indicate normal fault-
ing (slip = 269°), along a plane striking 206°, and dip-
ping 36° to the west. This solution is somewhat dif-
ferent from that proposed by Bergman and Solomen
[12}. The difference may be due to the fact that we
used only high-magnification stations (50 K or better)
for our first-arrival picks. The use of stations with
lower magnifications may often result in the loss of
the first impetus of the wave [10]. Also, these
authors could not constrain the second plane of the
mechanism; in any case, their solution cannot be
compatible with the equalized surface-wave radiation
pattern. The surface wave moment obtained was M, =
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(14 X10%° £25%) dyn em, or My, = 6.0 [30]. The
combination of My = 5.5 and M, = 6.0 indicates a
relatively slow release of energy, with an apparent
stress n& of only about 3 bars [31]. This result is in
agreement with the fact that this event generated
observable surface waves, whereas event 16 did not,
despite very similar body-wave magnitudes,

The depth of the event was obtained as 45 + 10
km, which is compatible with the ISC’s estimate of
18 £ 20 km., A shallower depth in the range of usual
oceanic foci (say 15 km or less} would not be com-
patible with the general Love-to-Rayleigh amplitude
ratio, which is seen to be adequately matched in
Fig. 5. Since this ratio is obtained at relatively low
frequencies {typically 0.015 Hz), its use as a depth
discriminant is not affected by possibie lateral hetero-
geneity in the source area,

The tensional nature of event 17 is also in agree-
ment with compressional P, arrivals recorded at seis-
mic stations cperated on Kerguelen Island at the time
of the event by the Terres Australes et Antarctiques
Frangaises, and whose records were recently made
available to us by the Laboratoire de Détection et
Géophysigue.

It should be noted that a rotation of the focal
mechanism so as to align the direction of tension per-
pendicular to the tectonic direction of the Kerguelen
Plateau, is impossible, since it would viclate the Ray-
leigh-wave radiation pattern. In this respect, it is im-
possible to interpret this earthquake as due to glacial
rebound, as Stein et al. [32] have proposed for deep
normal events in the Baffin Bay,

On the other hand, we believe that the presence of
a normal event, with relstively low stress, at a sub-
stantial depth below the flank of the plateau, is indi-
cative of 2 zone of magmatic activity below the plate
or in its deep layers. The epicenter of event 17 is
about 800 km north of the hotspot’s propesed loca-
tionn under Heard Island, and 400 km NNE from Ker-
guelen Island. This discrepancy may result from the
“awakening” of a new volanic center northeast of
Kerguelen. This would contradict the reported
motion of the hotspot southward [25] but Féraud et
al. [33} working in the Azores, as well as Batiza et al.
{341 in the Gulf of California, have recently shown
that the concept of linear progression of velcanism
with age may not be valid on a small scale. Another
fiypothesis is that the seismic location at epicenter 17
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may be part of the “pipeline” structure proposed by
Morgan [6], through which the Kerguelen hotspot
would feed the Indian Ocean Ridge in the vicinity of
Amsterdam and Saint Paul Islands. Aithough Mor-
gan’s suggestion has yet to be confirmed, such a
model could explain the low stress, normal mecha-
nism and depth of event 17.

In the absence of complementary geophysical
data, such as heat flow measurements, any further
interpretation would be very difficult,

7. Earthquakes in Oates Land, Antarctica: events 7
and 18

Both of these events have been recorded by very
few stations: seven P-wave observations were
reported for event 7, and twelve for event 18. They
did not generate readable surface waves, and their
low magnitude prevents any focal mechanism studies.
It is, however, important to try and replace them in
the context of the lowerdevel seismicity on the Ant-
arctic continent {7]. Apart from volcanic tremors
in the area of Mount Erebus [35], small events have
been identified in the Victoria Range of the Trans-
antarctic Mountains [36], and in Adélie Land {2]. An
my, = 4.3 shallow event was detected in 1968 on the
shore of the Weddell Sea [7]. The Ross Sea—Weddell
Sea graben and the Transantarctic Mountains are rem-
nants of the area of convergence between West and
East Antarctica, about 40 m.v.ago [37]; the present
seismicity indicates that tectonic processes are still
active along this line, although at a very moderate
level, The depth of event 18 is the only parameter of
this event which could be constrained: second arrivals
at South Pole and Windhoek, following P by 3.5
seconds, give a depth of 10 km, if interepreted as pP,
This estimate is corroborated by the excitation of
prominent Lg and Rg phases observed at {faraway
Antarctica stations {38]. Kaminuma [7] also
reported a shallow depth for the 1968 event in the
Weddell Sea area; thus, a relatively shallow depth
seems to be a general characteristic of the seismicity
of the Antarctic continent.

Event 18 is located in the vicinity of a line joining
Mount Erebus to Balleny Islands, the only two active
volcanoes in this part of the world {27]. This line has
alse been proposed by Morgan [6] as a pipeiine feed-

ing the Indian-Pacific Rise from the Erebus hotspot.
Inn view of the shallow depth of event 18, any further
speculation on the possible correlation between this
proposed feature and the seismicity of Oates Coast is
clearly unwarranted.

8, Conclusion

A compilation of intraplate seismicity in the Ant-
arctic plate over a period of 53 years shows that this
plate is as seismic as other continent-bearing, stow-
moving plates, such as Africa. In this respect, it is
impossible to establish & correlation between the
stow motion of Antarctica and its level of seismicity.
As shown previously [3 4], tectonic stress is defi-
nitely generated at the ridges along-its borders, and is
released at a rate comparable to that in other plates.

The emplacement of seismicity in the Pacific
(cean area suggests that, along with sutured fracture
zones, the line of local maximal age in the Antarctic
plate is a zone of weakness, preferential for seismic
energy release.

In the Indian Ocean, a relatively deep, tensional
event of M = 5.5 shows fow stress, suggesting & vol-
canic origin. It may be associated with a magma struc-
ture of the pipeline type proposed by Morgan.

Acknowledgements

Guillaume Auquier helped in the early stages of
this research. I am grateful to Bernard Minster for dis-
cussion, to Eric Bergman and Sean Solomon for 2 pre-
print of their paper, and to colleagues at Lamont-
Doherty Geological Ohservatory for permission to use
their marine maps in Figs. 2 and 4. Jeffrey Weissel
kindly made available his latest work in the Indian
Ocean. This paper benefited from constructive
reviews by Lynn Sykes and an other reviewer. This
study was supported by the Office of Naval Research,
under contract NGOG 14-79-C0292.

References

1 L.R, Sykes, Seismicity of the Scuth Pacific Ocean, J.
Geophys. Res. 68 (1963) 5999--6006.




10

1

1z

13

14

15

16

)

18

19

20

21

IP. Rothé, Séismicité de PAntarctique, Ann. Int. Geo-
phys. Year 30 (1965) 9.-32.

D.W. Forsyth, Compressive stress between two mid-
oceanie ridges, Nature 243 (1973} 78-79,

E.A. Okal, The Bellingshausen Sea Earthquake of Febru-
ary 5, 1977: evidence for ridge-gensrated compression

in the Antarctic plate, Farth Planet, Sci. Lett, 46 (1980}
306318,

L.R. Sykes, Intraplate seismicity, reactivation of pre-
existing zones of weakness, alkaline magmatism and other
tectonism postdating continental fragmentation, Rev.
Geophys. Space Phys. 16 {1978 621 -688.

W.J. Morgan, Rodriguez, Darwin, Amsterdam, ..., A
second type of hotspot island, J. Geophys. Res. 83
(1978) 5355-3360.

K. Kaminuma, Seismicity i Antarctica, §. Phys. Farth
24 (19763 381395,

H, Kanamori and 8, Miyamura, Seismometrical re-evajua-
tion of the great Kanto earthquake of September 1,
1923, Bull. Farthq, Res. Inst. Tokyo Univ, 48 (1970)
115125,

T.A. Mediguren, Focal mechanism of a shock in the
middie of the Nazca plate, §. Geophys, Res. 76(1971)
38613879,

ELA, Okal, J. Talandier, KA, Sverdrap and T.H. Jordan,
Seismicity and tectonic stress in the south-central Pacific,
J. Geophys, Res. (in press).

J. Mammerickx, T.E, Chase, 8.M. Smith and L.L. Tavlor,
Bathymetry of the South Pacitic {Scripps Institution of
Oceanography, San Diego, Calif., 1975) map,

E.A. Bergman and 8.C. Solomon, Oceanic intraplate
earthquakes: implications for local and regional stress
{submitted to J. Geophys. Res.).

C. Stover, Seismicity of the Indian Gcean, I, Geophys,
Res. 71 {1965) 2575-2581.

B. Gutenberg and C.F. Richter, Magnitude and enetgy of
garthquakes, Ann. Geofis, 9 (1956) 1-15,

§.B. Minster and T.M, Jordan, Present-day plate motions,
I. Geophys. Res. 83 (1978) 53315354,

B. Gutenberg and C.F. Richter, Seismicity of the Farth
and Associated Phenomena {Princeton University Press,
1954) 2nd ed.

DWW, Forsyth and 8. Uyeda, On the relative importance
of the driving forces of plate motion, Geophys. 1. R,
Astron. Soc, 43 (1975) 163-200.

R.M. Richardson and 8.C. Solomon, Apparent stress and
siress drop for intraplate earthquakes and tectonic stress
in the plates, Pure Appl. Geophys, 115 (1977) 317--331,
R.}. Geller, Scaling relations for earthquake source
parameters and magnitudes, Bull. Seismol. Soc. Am. 66
(1976} 15011523,

8. Stein and E.A, Okal, Seismicity and tectonics of the
Ninetyeast Ridge area: evidence for internal deformation
of the Indian plate, J. Geophys. Res. 83 (1978) 2233 —
2245,

5.G. Wesnousky and C.H, Scholz, The craton: its effect

22

23

2%

25

6

27

28

28

30

31

32

33

34

35

36

3

-3

38

409

on the disiribution of seismiefty and stress in North
America, Harth Planet, Sci. Lett. 48 (19803 348353,
E.M. Herron, Sea-floor spreading and the Cenazoic His-
tory of the east-central Pacific, Geol. Soc. Am, Bull. 83
(19723 1671-1692,

L.R. 8vkes and M.L. Sbar, Focal mechanism solutions of
intraplate earthquakes and stresses in the Jithosphere, in:
Geodynamics of Iceland and the North Atlantic Area,
Kristjansson, ed. (Reidel, Dordrecht, 1974} 207--374.,
JK, Weissel, ILE. Hayes and E.M. Herron, Plate tectonics
synthesis: the displacements between Australia, New Zea-
land and Antarctica since the {ate cretaceons, Mar. Geal.
501977y 231277,

N.D. Wathking, B.M, Gunn, 1. Nougier and A K. Baksi,
Kerguelen: continent fragment or oceanic igland?, Geol.
Soc. Am. Bulf, 85 (1974) 201--23 2,

H.1. Houlz, D.E. Hayes and R.G. Mark}, Kerguelen
Platean bathymeiry, sediment distribution and crustat
structure, Mar, Geol. 285 1977y 95--139,

L. Dosso and V.R. Murthy, A Nd study of the Kerguelon
Telands: inferences on enviched mantle sources, Farth
Planet. Sci. Lett. 48 (1980) 268--276.

G.A. Macdonald, Voleanoes (Prenctice-Hall, Englewood
CHffs, N3, 1972} 516G pp.

H. Kanamorl, Synthesis of long-period surface waves and
its application to earthguake source nfudies - Kurile
islands earthquake of Gotober 13, 1963, J. Geophys. Res.
75 {1970) 5011--5027.

. Kanamori, The energy release of great earthgnakes, .
Geophys. Res. 82 (1977} 29812987,

H. Kanamori and D.L. Anderson, Theoretical basis of
some empirical relations in seismelogy, Bull. Seismot.
Soc. Am. 65 {1975} 1073 1095,

8. Btein, N.H. Sleep, R.J, Geller, $.-C. Wang and G.C.
Kroeger, Earthquakes along the passive margin of Eastern
Canada, Geophys. Res. Lett, 6 (1979) 537540,

G. Férsud, 1 Kaneoka and C.J. Alldgre, K/Ar ages and
stress patterns in the Azores: geodynamics implications,
Harth Planet, Sci. Lett. 46 (1980) 275--286.

R. Batzia, K. Futa and C.F, Hedge, Trace element and Sy
isotope characteristics of volcanic rocks from Isla
Tortuga: a young seamount in the Gulf of California,
Farth Planet. Sci. Lett. 43 (1979) 269--278.

T. Hatherton, A note on the seismicity of the Ross Sea
region, Geophys. J. R, Asiron. Soc. 5 (1961) 252253,
B.L Silkin, Seismic activity in Antarctica?, Priroda 8
(1970) 7273 (in Russian).

P. Molnar, T. Atwater, J. Mammerickx and §.M, Smith,
Magnetic anomaties, bathymetry and the tectonic evolus
tion of the South Pacific since the Late Cretaceous, Geo-

S.F. Oborina and A.D. Sytinskii, Farthquake in Antare-
tica, 15 Getober 1974, Bull. Sov. Antarct. Exped. 94
{1977y 42--44 (in Russian),







