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ABSTRACT

Analysis of historical carthquakes is essential for interpretations of seis-
micity in regions away from vecognized plate boundaries, due to long
earthguake recurrence periods. We have applied a sumber of Lechniques
developed for WWSSN data to a variety of instrumental records dat-
ing back to the 1030’s. Basic focal mechanism constraints can be ob-
tained frem P- and S-waves polarities and S-wave polarizations. Surface
wave amplitudes and body wave modeling provide further mechanism
constraints and allow seismic moment estimation. Body wave modeling
also yields source depth and time {unction infoermation. These techniques
can be combined to find a solution which simultaneously fits the different
data types when ouly a few records are available. In one approach, the
moment variance reduction technique, the model space j¢ systematically
searched for the mechanism which provides the best it to P-, SH-, Love,
and Rayleigh wave amplitudes. We present three examples where signif-
icant tectonic processes were ldentified from analysis of historical earth-
quake data. Such data first demonstrated the large magnitude strike-slip
“intraplate” seismicity along the “aseismic” Ninetyeast Ridge, showed the
complexity znd extent of the deformation in the Chagos region, and pro-
vided the key constraints for a new tectonic model in which a diffuse
plate houndary runs east from the Central Indian Ridge to the Nine-
tveast Ridge, and northward along the Ninetyeast Ridge to the Sumatra
Trench. Similarly, historical earthquakes along the eastern Canadian pas-
sive margin demonstrate that such margins can remain tectonically active,
especially in the presence of stresses due to deglaciation or rapid sediment
ioading. Finally, the historical seismicity of the young hthosphere in the
southeast Pacific provides important information on the complex stress
release mechanism in such areas.

1. Introduction

With the advent of the WWSSHN in the early 1960’s and of digital networks i the
late 1970%, the past 25 years have seen dramatic increase in the quantity and guality
of seismological data. As a result, many investigations relving on compilations of
seismicity restrict themselves to the recent data, and overlook the existence and
availability of useful seismograms predating 1962, despite the fact that teleselsmic
instramental recording dates back to 1889. In particular, historical selsmological
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data (defined liere as pre-WWSEEN) are essential for studies of earthquakes aimed
at understanding the tectonics of areas with longer seismic recurrence intervals,
such as intraplate regions or slow, diffuse plate boundaries. In this application,
restriction of the analysis to recent earthquakes can lead to completely erroneous
results,

The purpose of this paper is to demonstrate the application of modern analysia
techniques to historical seismological data. Naturally, the results are more uncertain
than for recent data largely for three reasons, First, the number of available yecords
is mauch less, and thus the dataset from which results are drawn iz much smalier.
Second, instrument responses are much less well known. Finally, the low gain of
wmany historical selsmometers prevents study of many smaller events. In general,
despite these difficulties, we can obtain reasonable and valuable results.

Qur examples will be drawn from oceanje “intraplate” earthqunkes, as they pro-
vide excellent examples of Lhe naed for, and value of, historical earthquake studies.
Typically, in these situalions, the recurrence interval ia long enough that post-
WWSISN data aiona frequently give a misleading binpresston, Moreover, due to
their oceanic locations, cultural accounts of older earthiquakes are often not avajl
able. Thus the resuits of historical earthguake sbudies, despite the uncertainties
inlierent in such work, are essential precisely because they provide primary tectonic
information. For example, the Ninetyeast Ridge in the Central Indian Ocean was
considered “aseistnic”, and the eastern Canadian passive margin was considered tec-
tonically inactive, until historical earthquakes were analyzed. This effect should not
be surprising; based on instrumental seismicity alone (even including pre-WWSSN
records), neither the southern San Andreas fault nor the New Madrid, Missouri
area would be considered zones of intense seismic activity, Only culboral accounts
of the 1857 and 1811-12 earthquakes provide the key evidence for their true tactonic
environment,

Less than ten years ago histerical earthquake analyses could be considered un-
orthodox and suspect. Nonetheless, as the number of such investigations started
growing, their results were important enough to draw attention. The present
IASPE! symposium, on “Historical Seismograme and Earthquakes”, serves proof
that these endeavors are now generally accepted as an hmportant and valuable seis-
mological tool. Rather than attempt to summarize the many such studies, our
purpose in this paper is to offer a perspective by briefly reviewing some of the
sources of information and methods of analysis we have used and some of our niost
significant results,

2. Sources

A number of sources of information are helpful in identifying historical earth-
quakes of significance and conducting further studies. Perhaps the single most
valuable reference, and the starting point of any study, is Gutenberg and Richter's
classic Sersmicity of the Farth (1965). We will see that references to it would
liave avoided several misconceptions, noetably that the Ninetyeast Ridge and the
Canadian passive margin were aseismic. The 1085 edition, a re-issue of the 1954
edition, discusses earthquakes through 1952, The book divides earthquakes into
varioua regions, and classifies them as shallow, intermediate, or deep. Gutenberg
and Richter personally computed all magnitudes given in the book. Geller and
Kanameori (1977) critically discussed their method, and concluded that these mag-
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nitudes are basically consistent with present day Mg. The data used for locations
by Gutenberg and Richter can be found in the quarterly Tnternational Seismological
Suwmmary (IS8}, an indispensable source which covers the years 1813-1963 and is the
predecessor to the current Hulletin of the International Seismological Center (I8C).
Gutenberg’s annotated personal copy of the 133, and his notepads which contain
his original computations for relocation and magnitudes, are available on microfiche
[Seisinclogical Society of America, 1980). Rothé’s Seismicity of the Farih {1969)
is a bilingnal continuation of Gutenberg and Richter’s book, covering the years
1953-1965. During 19571963, the informalion contained in tle IS8 becomnes more
succinet, and smaller evenls are not inchided. Starting in 1964, the I5C’s Bulletin
and Regional Catalogue of Earthquakes provide the wealth of data generated by the
full development of the networks.

Several worldwide listings of seismological stations were compiled starting in the
1930%s. ‘These are very ugeful in identifying which stations can be sources of data;
additionally, they contain crucial information on the often murky issue of instru-
ment types and responses. Most useful are the Nationai Research Council’s List of
Sersmological Stations of the World (McComb and West, 1931) the Royal Belgian
Observatory's Liste des Stations Séismologiques Mondiales {(Charlier and van Gils,
1953}, and for the United Stales, the .S, Geological Survey’s Historical Survey of
U.S. Seismegraph Stations (Poppe, 1979).

3, Techniques

The methods nsed for analysis of abundant data for medemn earthguakes can
generally be used for historical earthquakes, with reasonalle success. We shall see
that first motions, waveform modeling for both P and body waves, and surface
wave amplitude and time domain synthesis can be very valuable. Thas, it is often
possible to derive reasonably well constrained mechanisis, depths, and seismic
maoments.

Fregquently, excellent first motions can be extracted from the data, allowing the
polarities of P-, SH-, and SV-waves and S-wave polarizations to be used, Figure 1
shows a long period P-wave, recorded al La Paz, Bolivia for a 1047 My = 6.9 earth-
quake localed about 300 km northwest of the Pacific-Antarctic Ridge studied by
Okal {1984). The arrival is clearly compressional. Such Frst motion data constrain
one nodal plane well (Fignre 1), The second plane, though less well determined,
fits a variety of constraiuts including the SV/SH ratio ab one station and the low
ampliitudes of both Love and Rayleigh waves at anotlier. The data thus require a
large component of thrust fanlling on a north-south plane. The result, despite this
uncertainty, is tectonically significant, in that it excludes the simplest explanation,
that of a mislecated transform faull event with the expected geometry, left-lateral
strike-slip on a northwest trending plane; indeed, the record shown on Figure i
proves the point by itself,

The International Seismological Summary {I88) offers valuable P-wave first mo-
tion information for earthquakes from about the 1930's. Though mnch inferior to
actual examination of ihe data, ISS first motions can be usefully employed whesn
a set of adjacent stations report consistent polarities. Polarities are reported using
the cryptic notation “a” or “k”: *a” for *anaseismic” {away from the focus, or
compressional; nowadays “C"}, and “k” for “kataseismic” {backwards, to the focus,
or dilatational; nowadays “D").
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Figure I. Sample record (top left), first motions {bottom left), and location {right)
for the 1947 My == 6.9 southern Pacific sarthquake [see Okal (1984) for details]. The first
motion data (open circles dilatational; clesed ones compressional} preciude the most likely

tectonic setting, as left-lateral strike-slip would be the expected mechaniam on a nearby
transform fault.

Given enough data, and provided instrurment responses are kitown, waveform
modeling can be quite effective. Figure 2 shows P and SH waveforms for a 1044
M = 7.2 earthquake near the Chagos-Laccadive Ridge in the central Indian Ocean
{Wiens, 1985). Synthetic body waves, generated for a thrust fault geometry derived
from first motions and surface waves, match the data well and constrain the focal
depth to about 12 km for P- and 3H-waves at various stations. This modeling also
shows the seismic moment of this event, 1.5 x 10?7 dyne-cm is unusually large for
an “intraplate” event.

Surface wave modeling can also be quite valuable. With abundant modern data,
azimuthal coverage is generally adequate to construct an observed radiation pattern
from equalized spectral amplitudes. This is hard to obtain for historical events. It
is, however, often possible to employ the ratio of Love to Rayleigh waves at a small
number of stations to pravide a valuable constraint, especially if one nodal plane
is constrained by first motions. Figure 3 shows an example for the 1939 Mg = 7.2
earthquake on the Ninetyeast Ridge, in the central Indian Ocean (Stein and Okal,
1978). First motions, mostly taken from the IS5, are scattered but show two clear
groups which a nodal plane must bisect, Additional constraints come from surface
wave ratios at two stations. Figure 3 shows a strainmeter record; after bandpass
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Figure 2. Synthetic body waves and data for the 1944 A = T.2 Chagos-Laccadive
Ridge earthguake (Wiens, 1985). The waveforms are well modeled for a focal depth of 12
km for a variety of stations and instraments.

filtering, to exclude periods bLelow 100 5, the Love/Rayleigh ratic is about 1.5.
Synthetic seismograms show that the Love/Rayleigh ratio is extremely sensitive to
the slip angle on the north-south nedal plane. The best match is obtained for a
slip angle of 557, a mixture of thrust and ieft-lateral motion. The power of the
method resides in that in many cases, the Love-to-Rayleigh ratio at a given station
can span several orders of magnitude as a funciion of an unconstrained parameter
such as slip angle, thus reducing considerably the influence of wncertainties in the
gains of the various instruments used {which are inlerent in the method since Love
and Rayleigh waves are usually studied on different compenents). This is illustrated
in Figure 4, for another earthquake near the Nintyeast Ridge. One fauls plane is
constrained by P-wave first motions, Love/Rayleigh ratios at Resolute and De Bilt
uniquely determine the other nedal plane.
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Figure 3. First motion and surface wave data for the 1939 Ms = 7.2 Ninetyeast Ridge
earthquake (Stein and Okal, 1978), Black trinngle is P axis; open triangle s T axis. Both
nodsal planes were obtained from surface wave data, subject to the firat motion constraint
(left). One surface wave datum, the Pasadena strajnmeter record, is shown. The data

were filtered for periods above 100 ¢, and modeled with various slip angles; 55 degrees
yields the hest fit,

Because of the limited number of records available and the often poor station
distribution encountered in most studies of historical seismicity, it is desirable to
analyze as many different types of data as possible in mechanism determination.
Figure 5 shows an example of a particularly useful procedure, the moment variance
reduction technique, applied to the 1944 Chagos carthquake mentioned previously
(Wiens, 1985). The P-wave polarities are insufficient to constrajn the mechanism,
as all clear first motions read from actual records {large symbols) show compression.
The plots on the left show the seismic moment as determined from P-, Love and
Rayleigh waves at two stations of different azimuths, as a function of fault strike.
The mechanism which yields the lowest variance in the seismic moments {and thus
provides the best fit to the amplitudes of the various types of data), is a thrust fault
with northwest striking nodal planes. {In the actual analysis, data from 4 stations
were used, and the moment variance of all possible mechanisms, including those

with strike-slip components, were computed. The mechanism shown produced the
minimum momen$ variance.)
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Figure 4. Surface wave data for the 1955 Mg
tyeast Ridge (Stein and Okal, 1978)
slip angle on this plane must satisfy

= T.0 earthquake just east of the Nine-
. One nodal plane iz constrained by first motions. The
Love-to-Rayleigh ratios at two stations simuitaneously.

4. Results

In this section, we show how seismological studies of historical earthquakes have
cast decisive light on the large scale tectonic activit

y of three supposedly “aseismic”
regions, .

4.1, Indian Ocean

Tectonic models of the Indian plate are the best example of major geclogical
results obtained from historical earthquake data. Until the late 1979’s, the Indian
plate was considered to be a conventional rigid plate, extending from the Central
Indian Ridge to the subduction zones berdering the Pacific plate. Marine magnetic
anomaly data showed that the plate was evolved from

at least three previously
distinet plates, now sep

arated by linear highs known as “aseismic ridges” {Figure 6).
Relative plate motion resolvable from the magretic data along the Ninetyeast Ridge
ceased 35-40 Ma ago (Sclater and Fisher, 1974; Eguchi et of., 1879). Similarly,

the Chagos-Laccadive Ridge was bordered by an active transform until 30 Ma ago
(Fisher et al, 1971).
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Figure 5. Mechanism determination for the 1944 Af = 7.9 Chagos-Lacecadive Ridge
event (Wiens, 1985}, Al high quality frst motions shew compression; the final mechanism
was corstrained by minimizing the variation in seismic moments determined from body
and surface waves. This process is shown for two stations.

On the other hand, until recently, present day global plate motion models {Le
Pichon, 1968; Chase, 1972, 1978; Minster et al,, 1974) assumed a single rigid In-
dian plate. This assumption was reasonable given the seismicity maps in general
use showing only events beginning in the 1960’ {e.g., Tarr, 1974). Stein and Okal
(1978) pointed out that examination of the historical seismicity yielded a very dif-
ferent picture. Far from being “aseismic”, the Ninetyeast Ridge area is a quite
active selamic zore; four magnitude seven or greater earthquakes (including one
with Ms = 7.7) and ten magnitude six events have occurred in the general area
since 1913 {Figure 6). This level of activity is much greater than along any spread-
ing ridge and comparable to that along the southern San Andreas fault. The larger
earthquakes occur along the segment of the Ninetyeast Ridge north of about 10°5.
Stein and Okal (1978} pointed out that this phenomenon had, in fact, been noted
by Gutenberg and Richter as early as 1041 in the first edition of Sersmacity of the
Eerth:

“A peculiarly isolated group of shocks occurs near 2°8, 89°F ... With
other epicenters near 30°E north of the Equator, there is suggested a
minor seismic belt following imperfectly known rises and ridges roughly
north and south.”
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Figure 8. “Intraplate” earthquakes in the Indian Ocean region (1912-present) (Wiens
el al., 1985}, Note the intense seismicity between the Ninetyeast and Chagos Ridges and
the low level of seismicity along the Owen Fracture Zone.

Stein and Okal (1978) studied the largest historical earthqunkes in the Ninetyeast
Ridge area, including the 1939 Mg = 7.2 earthquake discussed earlier {Figure 3},
and several more recent earthquakes. Based on these analyses, summarized by
Figure 7, they concluded that:

“The Ninetyeast Ridge is presently a complex zone of deformation within
the Indian plate, The northern portion (3°N - 10°8) of the ridge is the ac-
tive seismic zone, where hoth vertical and strike-slip motion occur, while
further south the ridge js far less seismic ... The strike-slip motien is left
tateral, which is consistent with the Indian {west) side encountering re-
sistance due fo the collision with Asia while the Australian (east) side is
subducting smoothly at the Sumatra trench . .. To the west the topogra-
phy can be interpreted as the result of NW-SE compression which takes
place largely aselsmically but is observed for one large earthquake. This
significant intraplate deformation may explain the difficulties that occur
in attempts to close the India ~ Africa -~ Antarctica triple junction using
a rigid Indian plate.”
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They further estimated from seismic moment release that the slip rate along the
Ninetyeast Ridge was about 2 em/yr, which is greater than on some generally rec-
ognized plate boundaries. Moreover, no comparable oceanic “intraplate” seismicity
occurs elsewhere. {The only other kuown oceanic intraplate magnitude seven earth-
quakes occur along passive continental marging or at sites of active volcanism like
Hawaii.} The general tectonic model derived from the historical earthquakes has
been confirmed by studies of recent earthquakes {Bergman and Solomon, 1985; Stein
et al., 1986).

An equally intriguing concentration of seismicity occurs along the Chagos-Lacca-
dive Ridge, a pavallel “aseiemic” ridge to the west, where normal fauiting earth-
quakes, including a 1965-1966 swurm (Stein, 1978) and a 1083 Mg = 7.5 event
{Wiens and Stein, 1084}, indicate N-§ extension. These studies of recent seismicity
seemed to indicate that the Chagos area was an isolated region of N-§ tensional
deformation, possibly similar to obther normal faulting earthqnakes found elsewhere
in young aceanic lithosphere (Wiens and Stein, 1084; Bergman and Solomon, 1084},
However, once again, the recent events are somewhat unrepresentative, as reloca-
tion of historical seismicity and analysis of the 1944 M = 7.2 thrust faulting event
discussed earlier {Figures 2 and 5} show that the deformation in the Chagos area
extends a considerable distance northeast of Chagos Bank and includes both thrust
and normal faulting [Wiens, 1985). This finding suggests the Chagos seismicity
is part of a delorniation zone observed in the Centrai Indian Basin bebtween the
Chagos-Laccadive Ridge and the Ninetyeast Ridge, which includes unusual faulting
and folding (Weissel et al,, 1980) and high heai flow {Geller et of., 1983). Wiens
{1985} proposed that the deformaotion observed at Chagos Bank, the Central In-
dian Basin, and the Ninetyeast Ridge indicates a1 continuous zone of deformation
stretching from the Central Indian Ridge to the Sumatra Trench.

These observations provide a basis for investigating the Indian plate's internal
deformation. Minster and Jordan (1978] noted that relative motion data in the
Indian Ocean were poorly fit, as indicated by misclosure of the Indian Ocean triple -
junction, which suggests deviations from the rigid plate model used. Splitting the
Indian plate along the Ninetyeast Ridge improved the fit to the data, and predicted
motion in the Ninetyeast Ridge consistent with the seismological results. Stein and
Gordon {1984} showed that separate Indian and Australian plates were statistically
resolved, as the improved fit to plate motion data was greater than expected purely
by chance, given that the new model has three additional parameters corresponding
to the additional plate. Recent modeling {Cloetingh and Wortel, 1985) using the
distribution of forces at the boundaries of the conventionally defined Indian plate,
predicts a stress field with strong similarities to the observed seismicity, including
extension in the Chagos area and large compressional stresses in the Ninetyeast
area.

A recent model for Indian Ocean tectonics, which differs significantly from the
conventional one, appears to explain the seismicity and plate motion data (Wiens
et al., 1985). The conventional model is that Australia and India are contained in a
single Indian plate divided from an Arabian plate at a discrete boundary, the Owen
Fracture Zone. In the new model (Figure 8), motion along the nearly aseismic
Owen Fracture Zone is negligible, and Arabia and India are contained within a
single Indo-Arabian plate. The Indo-Arabian plate is divided from the Australian
plate by a diffuse boundary, which trends E-W from the Central Indian Ridge near
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Chagos Bank to the Ninetyeast Ridge, and north along the Ninetyeast Ridge to
the Sumatra Trench. This diffuse boundary is the zone of concentrated seismicity
and deformation previously characterized as “intraplate”. Relative motion data
along the Carlsberg Ridge are fit cignificantly better by the new model than by the
conventional model. The rotation vector of Australia relative to Indo-Arabia lies
just east of the Central Indian Ridge, and is consistent with the about 2 em/yr
of left-lateral strike-slip observed seismeologically along the Ninetyeast Ridge, with
N-8 compression in the Central Indian Ocean, and N-§ extension near Chagos. The
complexity of the deformation near Chagos is undoubtedly due to the proximity of
the rotation vector. The diffuse boundary, possibly initiating in late Miocene time
{Weissel 2t al,, 1980), may be related to the suturing of the Arabian plate to the
Indian plate and the opening of the Gulf of Aden, or to the uplift of the Himalayas.
The convergent segment of this boundary is unusual because neither a mountain
range nor a subduction zone occurs zlong it. This segment may represent an early
diffuse stage of the evolution of a convergent plate boundary; a process which may
culiinate with the cnset of “true” subduction.
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With the new model the non-closure of the Indian Ocean tripie junction is re-
duced by 40 percent. Thus this model, though not a panacea for all problems of
Indian Ocean plate kinematics, provides a simple description of motion in terms of
idealized internally rigid plates, where one boundary is diffuse, not discrete. Un-
derstanding of this complex tectonic environment will improve as additional data
accumulate and provide better resolution of both the diffuse boundary and motion
along it. This model could not have been developed without the insight provided
by historical seismicity. Consideration of only recent earthquakes underestimated
the “intraplate” seismicity and resulted in plate geometry models with a singie rigid
Indian plate. Analysis of historical seismicity enabled the estimation of the direc-
tion and rate of motion along the Ninetyeast Ridge and established the extent and
complexity of the deformation near Chagos.

4£.2. Canadian Passive Margin Seismicity

A second interesting tectonic process, first observed using histerical earthquake
data, is intraplate seismicity at passive margins, where continental and oceanic
lithesphere join. Although these areas are in general tectonically inactive, major
earthquakes can occur. The bype example is the active seismic zone on the eastern
coast of North America (Stein et el., 1979), which includes the 1929 Grand Banks
(Ms = 7.2} and 1933 Baffin Bay (M3 = 7.3) earthquakes {Figure 9). Analysis
of data from the 1933 earthquake, and more recent seismicity, suggested that the
earthquakes were divided into thrust faulting seaward of the 1000 m isobath, and
normal faulting landward. Stein et af. (1979) proposed that these earthquakes
were associated with stresses induced by the removal of Pleistocene glacial loads
extending onto the continental shelf, which reactivated the faults remaining along
the continental margin from the original rifting. Simple flexure calenlations prediet
stresses of 100-150 bars, adequate to trigger sarthquakes. The only difficuity for the
model, the large lithospheric thickness required by the 40 km depth estimated for
the 1933 earthquake from the one available record, has been resolved by additional
records which indicate a 16 km depth {Sleep et ol., 1986).

This general model has been accepted and extended by subsequent studies, in-
cluding analysis of microseismicity in Baflin Bay (Reid and Falconer, 1982). Quinlan
(1984} and Sleep et ol. {1986} included the effect of the stress field that occurs on
all passive margins due to the differing densities of continental and oceanic lithe-
sphere (Bott and Dean, 1972; Artyushkov, 1973). This stress field is extensional
in the continent and compressive seaward, in accord with the focal mechanisms.
Thus, the effect of deglaciation appears to be to trigger earthquakes, as such events
are observed primarily on glaciated marigins, such as Canada, Fennoscandia, and
Greenland (Figure 10}, This observation has obvicus implications for the nature of
seismic hazards along previously glaciated margins such as the northeastern United
States: the largest potential for destractive earthquakes arises from the continent-
ocean boundary rifting faults.

‘The same principal applies, to a lesser extent, on non-glaciated passive margins.
Sediment loading can, in itself, generate substantial flexural stresses (Clostingh
et al., 1984}, Stein et al. {1979) suggested that, in general, these loads are much less
effective at inducing earthquakes, since the sediment loads are usually in place long
enough for the stress to relax. Extremely rapid sedimentation is required to induce
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SESSMCITY  OF THE
EASTERN CANADIAN
PASSIVE  MARGIN

Figure 9. Seismicity and focal mechanisims for the eastern Canadian passive margin
(Stein et al., 1979). Earthquakes seaward of the 1000 m contour show thrust faulting;
landward events show dominantly normal faulting, The mechanisms are consistent with
reactivation of the continental margin rifting fauits by flexure induced by deglaciation.
The stress field at the margin due to differences in continent-ccean density strugture also
predicts the observed mechanisma.
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Figure 10. Seismicity of three other recently deglaciated passive margins {Sleep et al,
1985}; all show normal faulting inland as predicted by the eastern Canadian model The
Beanfort Sea seismicity (1920-1977) and mechaniem (top) are from Hasegawa ¢ al. {1979),
The Fennoscandian seismicity (1497-1975) is from Husebye ef al. {1978); the mechanism is
by Bungum et al. (1679). The Greenland seismicity and mechanism are from Sykes (1978}
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seismicity, One such cose is the Gulf of Mexico; the small earthquakes in the area
can be interpreted as a consequence of the rapid sediment loading history (Nunn,
1985).

As with the Indian Qcean defermation, the primary evidence for the importance
of passive margin selsmicity comes from the historical earthquakes. The recent seis-
micity is adequate o confirm its existence, but too small to convincingly demon-
strate the magnitude of the effect.

4.9, Setsmicity Patterns in the Eastern Part of the Pacific Plate

The easternmost part of the Pacific plate, generated at the fast-spreading Bast
Pacific Rise in the past 20 Ma, has been the site of occasional yet intense sefsmic
activity (see Figure 11}, This seismicity s well documented by the post—-WWSSN
data, but only the historical carthquakes show its true disnension. As shown on
Figure 11, 8 events reached or exceeded magnitude 6 between 1937 and 1962. The
preferential location of these events in the young oceanic lithosphere is consistent
with the observation that the rate of oceanic intraplate seismicity decreases with
increasing lithospheric age (Wiens and Stein, 1983). A full study of these events is
given by Okal (1984} and Okai and Wiens {1985).

At the southernmost epicenter, the 1047 earthquake (see Figure 1}, the additional
shoek in 1950, and the probable location of the major 1949 event in its immediate
vicinity, clearly reveal the area as one of preferential intraplate seismicity. The fact
that the 1947 shock has a thrust faulting mechanism, as opposed to the normal
faulting of a smaller event in 1976, some 200 km northwest, is a superb example
of the complex regime of tectonic stress in the youngest portions of sceanic plates
{Wiens and Stein, 1984; Bergman and Solomon, 1984}, Once again, the historical
data rules out the simplest explanation ~ in this case, that the lithosphere would
be in a state of extension in the direction perpendicular to the ridge.

The 1955 earthquake at 25°8, 122°W, is a rare case of a large normal faulting
earthquake on the Aanks of 2 major seamount. lts similarities with shocks following
documented episodes of volcanic activity suggests that the seamount may still be
magmatically active.

Finally, the 1945 event further north and the recent {1984) swarm at 20°N,
116° W, further identify the fringe of the Pacific plate along the northern portion
of the Fast Pacific Rise as a region of enhanced seismicity, particularly at the level
of magnitude 6 or greater. This is in contrast to the bulk of the plate {the “F~
region in Figure 11}, where no magnitade 6 events are known outside of Hawaii
Okal (1984) has proposed to interpret this intriguing pattern in the framework
of the recrientation which accompanied the Miccene ridge jump in the Lastern
Pacific, and resulting in a geometry of particular vulnerability in relation to the
intrapiate tectonic stress. This picture could not have evolved without the crucial
data provided by the historical earthquakes: Figure 11 shows only one event with
Ms > 6 recorded inside the Pacific plate (Hawaii excepted) during the first 19 years
of the WWSSN.
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Figure 11. Map of Pacific intraplate earthquakes with at least one confirmed mag-
nitude > 6 {after Okal (1984)}. Stars are historical events, dots epicenters known from
post-WWSEN seismicity. This map identifies portions of the Pacific plate generated at
various spreading ridges (see Okal {1984} for details). Note that magnitude 6 or greater
seizmicity is common outside Region “F™, generated at the Farallon ridge, but that post.
WWESSN aeismicity gives a very incomplete picture.
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APPENDIX

The types of studies discussed here would not have been possible without the
many seismological stations whose personnel were extremely helpful in providing
countless amounts of crucially important data. Such assistance in accommodating
often inconvenient reguests is extraordinarily vaizable to the seismological commu-
nity. We restrict the following list to those organizations whose data were used in
the case examples described in the present paper:

Seismic Data Library, U.S. Geological Survey, Menlo Park, CA;
Seismological Laboratory, California Institute of Technology, Pasadena;
Seismographic Station, University of California, Berkeley;
Seismographic Station, St. Louis University, St. Louis, Missouri;
Lamont-Doherty Geolegical Observatory, Palisades, New York;

Hawail Volcano Observatory;

Earth Physics Branch, Government of Canada, Ottawa;

Institute of Geophysics, Mexican National Antonomous University, Mexico City;
Kew Observatory, Richmond, England;

Institute of Experimental Geophysics, Trieste, Italy;

Royal Belgian Observatory, Uccle;

Royal Netherlanda Meteorological Institute, De Bilt;

Royal Danish Geodetic Institute, Charlottenfund;
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Geophysical Observatory, Louis-Maximilian University, Fiirstenfeldbruck,
Germany;

Institute of Physics of the Earth, Louis Pasteur University, Strasbourg, France;

Institute of Physics of the arth, Academy of Sciences of the USSR, Moscow;

Kadaikanal Observatory, Kodaikanal, India;

Department of Seismology, Lwire, Zaire;

San Calixto Observatory, La Paz, Bolivia;

Geophysics Division, Dept. of Scientific and Industrial Research, Wellington, New
Zealand;

Riverview College Observatory, Riverview, Australia;

Manila Observatory, Manila, Philippines,




