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tyouhave ever felt the eerie ground-shaking

that accompanies an earthquake, then vou

are one of millions of people who have
briefly experienced the dance of the tectonic
plates that slowly drifi across the Farth’s sur-
face. But earthquakes account for only a frac-
tion of the plate displacements that are predict-
ed by models of present-day plate velocities,
thereby indicating the existence of a ‘seismic
slip deficit”". Using a relatively new rechnique
for measuring active crustal deformation, Heki
and colleagues (page 595 of this issue ') demon-
strate that seismically invisible slip following
earthquakes accounts for some of this deficit,
Their work, when combined with other obser-
vations of strain release along plate boundaries,
bolsters the case that steady motion between
plates is accommodated by a continuum of
processes that include slow-rupture earth-
quakes™, silent earthquakes’, aseismic creep”
and afterslip™"” (Fig. 1).

During a typical earthquake, crustal
strain that has accumulated over decades or
longer is released in a period of seconds to
minutes. Seismic waves radiating out from
the earthquake source region are recorded
by seismometers, instruments designed to
measure ground motions and accelerations
induced by high-speed fault ruptures. Seis-
mic data collected over the past century have
yielded a plethora of information about the
earthquake source process, the structure of
the Earth’sinterior and the nature of present-
day crustal deformation.

In contrast, attempts to study slip process-
es that occur over periods longer than a few
minutes have been hindered by the fack of an
mexpensive and reliable technique for mea-
suring long-term ground displacements. The
completion of the Global Positioning System
(GPS} satellite constellation in the 1990s
dramaticallyimproved the prospects for such
studies by enabling sub-centimetre determi-
nations of the absolute and relative locations
of points nearly anywhere on Earth. Since
October 1994, the Geographical Survey Insti-
tute {GSI) of Japan has used a network of 200
continuously operating GPS receivers (o
monitor displacements associated with the
earthquake zones thatsurround Japan.

On 28 December 1994, a magnitude 7.6
earthquake west of northern Honshu rup
tured the fault that accommodates motion

100 % F Fra L34 4 £ X

el earthauakes

“nreemage of plate sip

Slowerupture earthquakes

b
=
=

f0s W00s -01d -1
Event duration

s

o s “10 ¢
Figure | Processes that accommodate long-term
maotion of tectonic plates. Event duration is the
time required for the majority of slip to occur;
circles show slip released by sudden-onset
earthquakes along different plate boundary
segments as a fraction of the long-term plate slip
(ref. 1}, Along most plate boundaries, sudden-
onset earthquakes account for less than half of the
total slip since 1900. Measurements from the
Global Positioning System (GPS) should in the
future define the amount of slip accommodated
over intervals longer than a few seconds.

between the subducting Pacific plate and
overlying continental margin'". The GPS
array precisely recorded crustal displace-
ments during the carthquake, and after-
wards Heki and colleagues tracked the
motions of 16 of the sites closest to the
rupture zone. During the ensuing year, the
post-rupture displacements of all but one of
these sites exceeded their coseismic displace-
ments, thereby indicating that significant
carthquake afterslip had occurred.

No large earthquakes occurred along the
fault plane during this period, implying that
the afterslip was accommodated by aseismic
creep. Modelling of the postseismic displace-
ment vectors indicates that the energy
released by the aseismic afterslip was compa-
rable to that released during the earthquake,
butwas more evenly spread across the original
rupture zone than was the coscismic motion.

These results have important implica-
tions for our understanding of the seismic
cycle and of how faults accommodate plate
motions, For example, large earthquakes
along this partof the Japan Trench have peri
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odically relieved the strain that accumulates
as the Pacific plate subducts beneath Japan.
Historically, the energy released by these
earthquakes has equalled only 20 per cent of
the convergence rate (about 80 mm yr '},
thereby raising the question of how the
remaining 80 per cent occurs. Heki and col-
leagues demonstrate that significant aseis-
micslip canoccur duringtheinterval afteran
earthquake ruptures the asperities that are
locking the subduction fault and before
new asperities limit further motion. Other
processes such as slow-rupture earthquakes
accommodate additional slip*’; however,
how much slip is unknown because slow-
rupture earthquakes are largely undetectable
by conventional seismometers. Continuous
GPS observations should help to answer this
question in the coming decades.

Heki and colleagues’ results also add to
the body of evidence that suggests that the
concept of a ‘stick-then-slip’ seismic cycle is
overly simplistic. Fault slip instead appears
to vary in both space and time as a function
of numerous varijables including the geo-
metric configuration of fault asperities, the
frictional properties of materials bounding a
fault, and changes in crustal stresses due to
slip along nearby faults. Knowledge of fault
slip during one seismic cycle may not neces-
sarily imply predictability of fault slip in the
future — which bodes ill for those who have
hopes of earthquake prediction. At the least,
many more observations are needed.
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Over the past two-to-three years, contin-
uously operating GPS receivers have been
installed in actively deforming zones around
the globe although none matches the
impressive Japanese network employed by
Heki and colleagues. Measurements {rom
these receivers should provide many addi-
tional observations of fault slip before, dur-
ing and after earthquakes. These will help to
define whether significant aseismic afterslip
is characteristic of interplate earthquakes or
1s instead peculiar to particular earthquakes
and fault zones. In either case, our under-
standing of the manner in which the crust
accommodates the unceasing motion of the
tectonic plates will be greatlyimproved.
Charles DeMets is in the Department of Geology
and Geaphysics, University of Wisconsin-Madison,
Madison, Wisconsin 53706, USA.
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