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Intraplate Seismicity of the Pacific Basin, 19131988

MICHAEL E. Wysesston,! EMILE A. OxaL! and Kristin L. MILLER?

Abstract —We establish here 2 comprehensive database of intraplate seismicity in the Pacific Basin.
Relocation and analysis of 894 earthquakes yieid 403 reliable intraplate carthquakes during 19131988,
These numbers do not include carthquake swarms, which account for another 838 events. Most of the
remainder (304 events) are actually plate boundary earthquakes that have been erronecusly located in
intraplaie regions. A significant number occur in recent years when location capabilities should have
guarded against this situation. Relocations involve a careful linear inversion of P and § arrivals,
accompanied by a Monte Carlo statistical analysis. We have also attentively removed the high number
of clerical errors and auclear tests that exist in epicenter bulletins.

A geographical examination of the relocated epicenters reveals several striking features. There are
three NW-SE lineaments north of the Fiji Plateau and in Micronesia; diffuse seismicity and incompatible
focal mechanisms argue against the southernmost, discussed by OxAL ef af. (1986) and KROENKE and
WALKER (1986}, as the simple relocation of the Solomon trench to the MNorth. Besides another striking
lineament, along the 130°W meridian, there is alse z strong correlation between seismicity and
bathymetry in certain parts of the Basin. In the Eastcentral Pacific and Nazca plates there are many
epicenters on fracture zones and fossil spreading ridges, and hot spot traces like the Louisville, Nazca
and Cocos Ridges also display seismicity.
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1. Inrroduction

This paper presents an extensive evaluation of the intraplate seismicity of the
Pacific Ocean Basin over the 75 years since seismological data has been compiled
systematically. We are motivated in this endeavor by continued interest in stresses
released during intraplate oceanic earthquakes. In particular, the nature, orienta-
tion, and magnitude of these stresses provide important constraints on the deep
rheology of the plates, and on forces driving them (see STEIN and OxAL (1986) for
a review)., Our investigation, involving the systematic relocation of more than 500
earthquakes, both historical {pre-1963) and recent, shows that less than one-half of
the catalog listings of intraplate events can be regarded as genuine {see Figure 1).
Most of the rest become plate boundary earthquakes mislocated to the interior of
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the plates for a variety of reasons. This result casts an ominous shadow on any
attempt to reach quantitative conclusions regarding the magnitude of infraplate
oceanic stress release based on existing, unrelocated catalogs. In addition, on a
more local scale, the correlation of seismicity with existing bathymetric features, in
the context of the possible existence of “weak™ zones featuring preferential stress
release, is even more dependent on an accurate knowledge of seismic epicenters. In
both respects, then, the magnitude of the casualty rate among alleged intraplate
events serves as an g posteriori justification of our present study.

Previous Work

Interest in intraplate seismicity can be traced back to GUTENBERG and
RicHrers (1941) monumental compilation of the earth’s seismicity. Inside the
Pacific Basin, which they recognized as one of their “stable masses”, they identified

ORIGINAL BULLETIN “INTRAPLATE’ EPICENTERS
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Figure la
Map of epicenters with Pacific Basin Intraplate locations, taken from original builetins,
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RELOCATED AND VERIFIED INTRAPLATE EPICENTERS
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Figure |b
Map of mtraplate epicenters that we consider to be reliable, after either relocation or verification. Mote
that the large number of events near the Tonga, Japan, Aleutian and Central American trenches has
been greatly reduced,

22 earthquake listings by the ISS, and concluded that at most 2 could be correct.
By the time of their last edition {GUTENBERG and RiCHTER, 1934), they had come
to the conclusion that none of the 22 could be trusted as intraplate. We will see that
our relocations suggest that 5 out of 21 are indeed intraplate events, including the
two these authors initially recognized (the 22nd event is listed in the Caroline plate,
beyond our study area).

In more recent years, studies of intraplate seismicity can be classified in two
categories. The first type, motivated by the investigation of the dynamic state of
stress of the oceanic lithosphere, was concerned with retrieval of earthquake focal
mechanisms and quantitative evaluation of the actual energy released. For these
reasons, these studies were, in general limited to the homogeneous dataset provided
by the WWSSN, and did not involve historical events. Benchmark papers include
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SykEes and SBAR (1974), RICHARDSON ef al. (1979), BERGMAN and SoLoMON
(1980, 1984), and WIENS and STEIN (1983, 1984).

The second type of study was generally of a more local nature, and was
motivated either by the sudden occurrence of intense seismic swarms (e.g., FILSON
et al., 1973; Lay and OKAL, 1983; WiEns and OrAL, 1987), or even of a single
event (STEIN, 1979; OkAL, 1980); or by the existence of a regional network
providing improved detection capabilities over a limited spatial {and occasionally
temporal) extent (TALANDIER and KUSTER, 1976; OKAL ef al., 1980; TALANDIER
and OkaL, 1984a, 1987; WALKER and McCREERY, 1985).

In addition, some investigations of a more global nature did address, at least
partially, the question of intraplate Pacific seismicity, for instance in the framework
of a general discussion of historical records {e.g., MIYAMURA, 1988).

At least three studies have attempted to compile the complete seismicity of all or
part of the Pacific plate: OxaL (1981) listed 21 earthquakes belonging to the
Antarctic plate, including 16 in the Pacific Basin; OxAL (1984) presented a
compilation of the seismicity of the Pacific plate south of the Equator; more
recently, WALKER (1989) has published a list of 406 reportedly intraplate earth-
quakes in the 4 main plates making up the Pacific Basin.

The present paper can be viewed as an extension of the work of OkaL (1981;
1984) in several directions: (i) full coverage of the entire Pacific Basin, including
North of the Equator, and inside the Cocos and Nazca plates; (ii) more systematic
relocation of all historical earthquakes, capitalizing on a more complete database;
(ii) systematic examination of the statistical significance of the solution, including
Jor recent earthquakes.

2. Data Base

As an initial working dataset we have tried to obtain for analysis ali Pacific
Basin intraplate earthquakes from 1913 through 1988. We have taken as intraplate
events that are more than 2° from a plate boundary, and defined the Pacific Basin
as being the full interiors of the Pacific, Nazca and Cocos plates, and the part of the
Antarctic oceanic lithosphere that extends from 160°E (the Pacific-Australian-
Antarctic triple junction) to 68°W (the southern tip of South America).

We have chosen a 2° buffer around plate boundaries for two reasons. There is
a degree of uncertainty in the exact locations of earthquakes, both from errors and
limitations in choosing travel times and from mantle heterogeneities between events
and stations. A 2° buffer will certainly avoid the erroneous inclusion of most poorly
tocated plate boundary earthquakes. Secondly, there are documented cases (e.g.,
Cuen and ForsyTH, 1978) where earthquakes, associated with plate bending, have
occurred seaward of trenches, and while these are technically intraplate, they are
associated with boundary tectonics and should not be part of this study.
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It is certainly inevitable that in steadfastly choosing a 2° buffer arcund all plate
boundaries we will omit certain verified intraplate earthquakes. Such an example is
the January 21, 1970 event just south of the Sigueiros Fracture Zone, which had 2
M, = 6.8 and a thrust mechanism determined by BERGMAN and SoLomow (1980).
But hopefully, enforcing this stipulation will give us a better understanding of truly
intraplate stresses, removed from the immediate influences of plate interactions.

Geographical Limits of Study

We have made certain exceptions 1o our intraplate regionalization, with the
most notable being Hawaii., In the National Barthquake Information Center
database of world seismicity {the “NEIC tape™) there are 977 listings for Hawaii
between 1868 and 1988, This is actually very small compared to the seismicity
tabulated by the Hawaii Voleano Observatory, which recorded over 70,000 earth-
quakes during 19621983 (KLriN er al., 1987). While this seismicity is certainly
intraplate, its huge amount connected with hot spot volcanism makes it unreason-
able as an inclusion in this study.

Approximately half of the total Pacific intraplate seismicity has occurred in the
form of swarms located in less than a dozen distinct regions. A notable example is
at the Gilbert Islands, where 224 earthquakes were detected teleseismically between
1981 and 1983 (OKAL er al., 1986). A discussion of these swarms appears in
Appendix A, but will be brief because they have been studied elsewhere in more
detail. The majority of our attention will focus on 894 independent events listed by
previous agencies as having occurred in the intraplate regions of the Pacific Basin
before 1989,

In most cases the geographical determination of a 2° buffer was straightforward
due to the numerous well-defined plate boundaries in the Pacific region. On the
basis of bathymetry, seismicity and numerous studies of plate motions, major
subduction zones and mid-oceanic ridges and transforms can be clearly identified.
There are areas, however, where sharply delineated plate boundaries do not exist,
and we have excluded them from our study.

Perhaps the most seismically active of these is in the Caroline Islands region,
whose scattered seismicity WEISSEL and ANDERSON {1978) describe as the diffuse
plate boundary of a Caroline minipiate. A similar situation holds for the Fiji
plateau, as described by CHASE (1971) and HAMBURGER er al. (1990},

‘We have also avoided the northernmost part of the Guif of Alaska as it displays
unusually high seismicity {including two fecent M, = 7.6 intraplate earthquakes
with aftershock distributions extending away from the coast) and seems to represent
a fragmentation of the intraplate lithosphere and the establishment of a new plate
boundary (LAHR e al., 1988).

Similarly, though the Shackleton Fracture Zone marks the proper boundary
between the Antarctic and Scotia plates, we limit our study to events west of 68°W
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because the region between here and the Shackieton FZ is described by PeLavo
and WIENS (1989) as a diffuse seismic zone.

The fuan de Fuca plate is also excluded, for though its boundaries are well
defined, its seismicity seems to suggest that it is undergoing internal deformation
(STODDARD, 1987).

Sources

Cur study, involving relocation and analysis of previously listed epicenters, is
entirely dependent upon other supplying agencies for the original information,
There are two requirements for these intraplate earthquakes which enable us to
carry out relocations: they must have been located by a reporting agency (primary
source) based on arrival times available at the time, and these epicenters must then
be retrievable on a geographical basis from a presently accessible catalog (sec-
ondary source). In carefully reexamining these epicenters, our work represents the
third stage.

Our main two sources of initial epicenters were the chronological NEIC tape
and the database of WALKER (1989). Both sources, like the ISC, perform at two
fevels: they are responsible for some locations themselves, but also catalog earth-
quakes from other agencies. Taken as a whole there were several primary agencies
from which we began our analyses, identified in Tables 1-13 by the following
codes.

1588 =The International Seismological Summary (1913-1943). This was our
preferred primary source for events through 1963 (when the IS8 became
the ISC), as it listed all arrival times received for a given earthquake as well
as the location (though only through 1955, after which locations and
arrival times were listed only for larger events), Their locations were often
very unrehiable as this was before the proliferation of computers and in
carly vears they used the arrival times of surface waves to constrain
locations. In many cases where they were unable to determine an epicenter
but still iisted enough body wave arrivals, this information was sufficient
for us to determine a reliable location.

ISC = International Seismological Centre (19641988}, This was the preferred
primary source for events after 1963. They use a standardized location
algorithm, many arrival phases are listed (though only P arrivals are used
in locations), they supply magnitudes, standard deviations of the arrival
time residuals and error estimates for the hypocenter parameters. Though
there were many cases of ISC mislocations, for the most part their
epicenters were reliable and within the standard error of our locations. The
ISC performs both as a primary source (e.g., MUIRHEAD and ADAMS,
1986) and as a cataloging agency, publishing the listings of other agencies’
solutions.
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G = (yutenberg’s personal annotated copy of the ISS (SEISMOLOGICAL S0CI-
ETY OF AMERICA, 1980), and

G-R = GUTENBERG and RIcHTER {1941, 1954). The majority of these relocated
as genuinely intraplate.

BCIS = Bureau Central International de Séismologie. This bulletin listed arrival
times for its own locations as well as those of other agencies, and was
therefore very useful, especially during 1956—-1963, the lean years of the ISS.

The following seven sources are all agencies of the United States government. Name
changes often reflect no more than administrative reorganizations.

CGS = United States Coast and Geodetic Survey.

NEIS = National Earthquake Information Service. Formerly known as the
CGS.

NGDC = National Geophysical Data Center.

PDE = Preliminary Determination of Epicenters. Published by NEIC.

ERL = Environmental Research Laboratories.

NOS = National Ocean Survey. Four earthquakes are referenced to the NOS,
all occurring on May 9, 1971 in the Northern Antarctic plate.

G5 = United States Geological Survey.

USE = United States Earthquakes Bulletin, Of the 16 references to USE by the
MNEIC tape, 15 were blatant typographical errors.

PPT = Laboratoire de Géophysique, Papeete, Tahiti.

OBS = Ocean Bottom Seismometer Array. From WALKER {1989).

WIA = Wake Island Array. From WaALKER (1989).

W, E = Wake and Enewetak Arrays. From WALKER (1989).

LAOC = Large Aperture Seismic Array (LASA). The determinations by LASA
were the least reliable of the primary sources. Most of these locations are
obtained from an interpretation of apparent slowness vectors across a
small array. Modern work (e.g., CapoN, 1974; Oxal and KUSTER, 1975)
has shown this procedure to be susceptible to errors from local crustal
structure. Though there are few actual references to LAQO, many epicen-
ters credited to the ISC were actually LASA determinations, and the
retocations for these events often moved the epicenter great distances.

WEL = Wellington, Seismological Observatory. Of the 28 references to local
Southwest Pacific epicenters, 19 were genuinely intraplate, and our reloca-
tions usually would not change them.

TAC = Tacubaya, Instituto de Geofisica. The NEIC tape references TAC for five
South American coast events, all of which relocate to the Central
American trench.

The following three agencies were each referenced once by the NEIC tape, and in
each case with a mistranscription.
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JMA = Japan Metecrological Agency.
MOS = Moscow, Institute of Physics of the Earth.
PAS = Pasadena, California. Code reserved for local events in Southern California.

The number of citations is by no means representative of an agency’s ability to
detect Pacific intraplate events, but rather of our preferences and those of NEIC
and WaALKER (1989) in selecting primary sources for an event. The agency listings
are not independent, and most events are recorded by at least two agencies. in some
cases the NEIC tape itself would have multiple listings {which we removed) for a
single event because they differed encugh in location and/or origin time (e.g., IS8,
CGS and G+ R).

The NEIC database that we used is the worldwide global set (m, = 3.0) in
TAGGART et al. (1988). The WALKER (1989) dataset is a list of Pacific intraplate
earthquakes that he considers to be reliable. Its strength lies in its access to local
hicronesian arrays and ocean bottom seismometers. The difference between our
study and WALKER'S (1989) must be strongly stressed. Qutside of the earthquakes
he has located through local arrays, his study is only a compilation of other events,
however carefully they may be chosen. Our study critically analyzes each individual
earthquake, relocating it if necessary. This fundamental difference is best illustrated
by the result detailed in Section 5 that only 48% of Walker’s events will be found
genuinely intraplate by our standards.

The main two sources, the NEIC tape and WaALKER {1989), had surprisingly
little overlap in their events: 24% before 1963, and 11% post-62. While events listed
by both tended to fare well in our relocations and were most often genuinely
intraplate, they were a small percentage of the total, Some of this lack in overlap
is expected, but its magnitude is surprising. One would expect the NEIC dataset to
be included in the I8C, since it is prepared as much as a year earlier than, and is
available to, the ISC. The dataset of WALKER (1989) is primarily from the IST, but
he uses a very conservative and somewhat arbitrary parameterization of the
intraplate region of the Pacific, resulting in a significant lack of overlap between our
WO main sources.

in certain regions we also used the ISC regional catalog as a source for epicenter
listings. While WALKER {1989) uses primarily ISC locations, his parameterization
of Pacific plate boundaries uses latitude and longitude gridding on a scale ranging
from 3 to 107, causing certain large intraplate regions to be overlooked. As an
example, 27 post-1963 intraplate epicenters had to be taken from the ISC regional
catalog ecast of the South Island of New Zealand, which is omitted from his
regionalization. Most of these relocated as genuinely intraplate.

The largest other contribution to our dataset was for Polynesian events recorded
by the Polynesian Network (OKAL et al, 1980; updated by J. TALANDIER, pers.
commuin., 1989) in an area mostly, but not totally, boxed out by WaLker {1989).
Several events were also found in MIvamMuURra (1988),
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Our analysis begins with events occurring in 1913, because the International
Seismological Summary (ISS) began publication then, printing original arrival
times as well as hypocenters. We have also retained in our database two events
from 1905 which, though without available arrival time information, were retained
by both WALKER { 1989) and MivyaMURA (1988). There were 10 other “intraplate”™
events referenced by MivamMURA (1988) from before 1913 (mostly from the work
of Dupa (1965)), but their proximity to the Tonga, Japan and Kuril subduction
zones and their high magnitudes (7.0~8.0) suggest poorly located trench events.

3. Procedure

In relocating an event that has already been located, we seek to improve the
reliability of the epicenter. Cur ability to do so comes through the inclusion of more
data, primarily by adding § arrivals to the relocation technigue, through rejecting
incompatible data more efficiently {notably by using data importances (MINSTER et
al., 19743, and through performing time-intensive computer-modeled statistical
analyses. The large relocation vectors resulting from our analyses justify our efforts.

In determining an accurate database it was our hope at the cnset that while events
before 1963 would have to be relocated, events after this date would be found
reliable. This was not the case. Many events, even those located in recent years, began
as intraplate but ended as interplate after careful relocation, and of the 738 events
considered (not associated with swarms or located by local networks) only 52 had
hypocenters which we considered reliable enough not to warrant a relocation.

Our relocation was done through an interactive least-squares iterative regression
of both P and § arrival times. This is different from the ISC inversion, which only
uses P arrivals. The depth was usually kept at 10 km, except in cases where there
were enough arrivals, including those at nearby stations, to constrain it accurately.
This is because, for Pacific intraplate events, most stations are at great teleseismic
distances, resulting in the classic trade-off between depth and origin time. A depth
of 10 km was chosen, consistent with the modern default value of the ISC and PDE
for oceanic crustal faulting, and with recent studies of intraplate sources
{BERGMAN and SoLOMON, 1980; WieNs and StEIN, 1984).

Our travel times are calculated using the Jeffreys-Bullen tables, both for P and
S. This model gives the travel times only for the Prn crustal phase at close distances,
and being an averaged model, does not accurately represent local crustal siructure.
Thus there are cases, such as off-shore New Zealand events located by Wellington
from local stations, where we feel that local agencies can use appropriate crustal
models and additional crustal phases to better constrain the location. In such
instances we have kept their locations, after checking their statistical significance.

The following sections detail the methods we used to significantly improve the
reliability of our epicenters.
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Inclusion of § Arrivals

Perhaps the greatest cause of large epicentral relocations was the inclusion of §
arrivals in the inversions. Their addition often greatly helped to constrain the
solution. § arrivals have been weighted by 1/\/ 3 to compensate for their slower
velocities relative to P. Even so, errors in § wave arrival times were generally greater
than for P, presumably due to the added complexity of choosing a later arrival.

An example can be seen for the May 18, 1974 earthquake listed by the 18C in
the Caroline Islands region (Event 931). As shown in Figure 2, the ISC solution is

a. | OMAY 18, 1974

LATITUDE (N)

145 150 . 155 160
LONGITUDE (£)

c. RELOCATION:

5.15°M 150.10°E d=315km OJT= {7:41:114

b, ISC LOCATION: Standard Deviation = (.18 sec
Agrival Distance  Residual  fmportance
186 180 17h 20m 3002698, 1172 I S6MX 1831721678
HOLOOBD or 33k, 1B, 0831876, 1D, Ceroline islands LAT P 346 003 0.837
Reglon ESA P 4,63 -G.06 0.608
m;f Lse 1074 21 g L 14 ig 3 ;-5 Eg-&\,ﬁ LMG P 4.2 0.19 0416
LAT Laa - MIN P 20.23 .06 0.531
ESA Esa-hls 1178 194 (P 17 42 28:0 PO - - .
L#MG Laminglon 183 208 P 17 4% 28 88 WRA P 21.28 0.11 0443
MATH Manton gg-gg %36 o ;; ; 2? gg ; +§-g BRS P 2232 -0.10 0.557
WHA Wasrmmungs Ar . 20 P 3 -E- .
8RS Brishone © 2897 182 /P 17 45 305 117 LAT s 346 0.34 0.508
Figure 2

Example of relocation for Event 931 {May 18, 1974). {a) Map showing the ISC location in the Caroline
Istands and the relocation under New Britain. (b) ISC bulletin listing. (¢} Relocated hypocenter, with
greatly reduced residuals.
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very imprecise, with a standard residuai of 5.16 s for 6 arrivals, not including the §
arrival at LAT which is off by over a minute. When the latter is included and the
depth is floated, the solution converges very well to the trench. The hypocenter has
a depth of 315 km and is located beneath New Britain, a seismically active Benioff
zone. Mot only is the § arrival satisfied, but the P residuals are smaller as well, with
a standard residual for all 7 arrivals of .16 s, as shown in Figure 2c.

Floaring the Depth

The case of Event 931 is also an example of how changing the depth will aliow
the hypocenter to locate in an active subduction zone. In cases like this the depth
was varied either by the inversion algorithm itself, or if this proved unstable, by
conducting several constrained relocations at discretized depths and selecting the
best one. In all cases we accepted an intermediate or deep hypocenter only if it
coincided with a known Wadati-Benioff zone.

Removing Emergent Arrivals

Another source of error in bulletin locations is the inclusion of emergent
arrivals, listed as ¢F or e% in bulletins. In some cases excellent solutions are
obtained including all emergent arrivals, but in others these arrivals ave clearly
wrong and need to be removed from the inversion process. An example is Event 666
of February 7, 1974, which the ISC located 5° east of the Tonga Trench. The ISC
solution fits ASP and WRA well but otherwise does a poor job, especially at SPA,
which is inaccurate by a minute. This is questionable, because SFA is the only
arrival marked impulsive, and even records a polarity. In addition we checked the
original SPA record to guard against a clock error. When the two emergent arrivals
at LAT and MTN are removed, the solution converges very well to a location
behind the subduction zone with a standard residual of 1.13 s for five arrivals.

The process of rerunning the inversion many times after removing arrivals is
philosophically similar to a bootstrap technique, simply replacing the randomness
of the choice of station to be removed with some betier understanding of which
arrivals may be suspect.

Fixing Mislabelled Arrivals

An earthquake location can be in error due to the mislabelling of arrivals, either
at the station, where a phase is incorrectly identified, or during the location, with
the inclusion of an arrival from a totally different carthquake, While the ISC does
a very good job of screeming out errors for the latter case, some still do slip
through. An example is the May 23, 1967, earthquake (Event 664), located by the
I8C {from a preliminary determination by LASA) in the Tokelau Island Region.
Two entries from the ISC bulletin are showniin Figure 3, the second being a small
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Preliminary determination given by LASA

237 May 23d 12h 3m 1417 .85, Epicentre 8721 .1 'South by 17¢°41 1 *West, 9 obs
Depth= 0 .00COR or 33 km, SD=2.71s on 9 obs. Mag=3 .4 on 5 obs, 1¢
{625} Tokelau islands Regmn / (35) Pacific Basin

GGA  Glen Canyon .78 460 1214 302 1.3

B O Blue Mountaing FL.00 370 12 14 32 5 +2.4 0.4

DUG PDugway 71.43 43 0 12 14 34 8 +1.9 0.8

ALDQ Albugquerque 73.71 50 0 12 14 44.% -1.9 9.6

FGU Flaming Gorge 74.09 43 e 12 14 48 -0 .4

CoL College Quipost 74 .82 10 e 12 14 53 +0.3

LF2 Lasa F Ring 778 39 1 12 15 07 .6 -1.8 0.7

WM O Wichita Mountains Yy 524 12 15 13.8 -6.3 1.1

Lt Ps La Palma 3.2 Y51 12 15 41.1C +2.5 5 sP 12 15 58 -597 35

L
A
v

May 23d 12h 15m 215 12.8°'N 89.0°W, Depth=5¢ km
(76} Off Coast of Certral America / (&) Centrat America

838  The distances and residuals correspond lo the position and lime given by S85
555  San Salvader .90 348 § 12 15 34.7 -3 8 5 12 15 45 -6

15.67°8 173.36°W d= 10.0km O.T.= 12:02:30.3
Standard Deviation = (.27 sec

Arrival Distance  Residual  !mportance
GCaA P 78.30 0.37 0.265
BMG P 78.91 -0.51 0.427
DUG F 1912 0.35 0,224
ALQ P 81.02 -0.02 0.231
FGU P 8:.74 -0.14 0.136
COL P 82.77 0.11 0.929
LF3 P 85.62 -0.04 G.163
WMO r 86.84 -0 .621

Figure 3

Example of epicenter contamination by arrivals from a different earthquake for Event 664 (May 23,

1967}. (a) The § arrival at LPS (Bl Salvador) for this event (top listing) is 597 s early, but LPS § and

P fit the following San Salvador event very weil. (b) Removal of LES from the first event causes it to
relocate in the Tonga trench.

local earthquake detected only by San Salvador (888), The Tokelau Island event is
largely constrained by the P arrival at LPS (La Palma, El Salvador), and the
solution is only fair, with a standard residual of 2.71 s for 9 P arrivals. The clue that
something is amiss comes from the LPS § arrival, which if taken as an S is 597 s
early, so the ISC interprets it as an sP. If, on the other hand, both LPS arrivals are
from the event recorded subsequently by San Salvador, they agree excellently as
they are, and the “Tokelau Islands™ earthquake relocates to (15.67°5, 173.36°W),
sguare in the trench, with a standard residual of 0.27 s for § P arrivals.

An example of a phase misidentification would be Event 1404, which occurred
on July 2, 1980, and was located by the ISC in the northern part of the Cocos plate
at (11.9°N, 96.9°W). The arrival time residuals for the ISC location were poor, with
g =6.28 s from 11 observations. We expected the relocation, therefore, to be o the
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trench near the northeast. Three arrivals from Colombia (BOG, FUQ and CHN)
were incompatible with the other stations, ail in the United States, which actually
gave a superior location on a transform segment of the Galapagos Rise, to the
southwest of the ISC location. When the BOG and FUG arrivals were interpreted
as S waves instead of P waves they agreed with the other P arrivals, and the final
location (o = 1.29 s for 10 observations) was at {3.09°W, 96.03°W), less than 1°
north of the very seismically active Galapagos Rise transform faunlt. The CHN
arrival is 20 s late when interpreted as an § wave, but comes at the appropriate time
when interpreted as S8,

Monitoring Data Imporiances

We tried to guard against mislocations caused by the heavy weighting of
particular arrivals in the inversion program. An arrival with a unigue back-azimuth
will be given a higher data importance and small errors in them can greatly changs
the epicenter. In suspect cases we both tested the inversion without them and
examined the original scismograms, remeasuring the arrival times.

Determining Aftershock Relations

Common sources of mislocations were aftershocks of large interplate earth-
quakes. Most of the supposed intraplate earthquakes off the coasts of Japan, the
Kuril Trench and the Aleutian Trench relocated into swarms of aftershocks from
large subduction zone events. An example is shown in Figure 4, where the seismicity
for June, 1975 is shown for the trench off the coast of Hokkaido, Japan. The
seismicity is fairly quiet except for a large clusier of events centered at (43°N,
145.5°E) containing over 180 aftershocks of the June 10 “itsunami” earthquake
(Fuxkao, 1979). In Figure 4a the three intraplate listings (1034-1036) are shown
with sohd circles, but their relocations, accomplished by removing incompatible
emergent arrivals, are part of the aftershock sequence shown in Figure 4b.

Monte Carlo Error Ellipses

While the inversion is a straightforward iterative process, using the partial
derivatives of the hypocenter parameters with respect to the arrival time residuals
to determine the next location, the actual process using real! data is more like
detective work, as there are many potential pitfalls. With perfect data there would
be only ong minimum well in the N-dimensional residual space (determined by the
number of arrival times) and the iterative inversion would quickly find the hypocen-
ter parameters that yielded travel time residuals corresponding to this minimum,
Using actual data, however, with errors from misset clocks, poorly read arrivals,
contamination from record noise and arrivals from different events, the residual
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{a) Seismicity (open cireles) for June 1975 off the coast of Hokkaido, with the cluster centered around

the June 10 “tsunami” shock. The solid circles are three aftershocks of this event misiocated as

intraplate. {b} The three events, when relocated, form pari of the aftershock sequence. Many events in
the Japan-Kurii-Aleutian intzaplate areas were aftershocks that relocated to trenches,

space can coniain local mintina into which the inversion can converge even though
they are not the best solutions. A careful way of using the least-squares inversion,
however, is to accompany it with a critical statistical analysis,

We use a Monte Carlo statistical simulation to give us an estimate of the
reliability of our epicenters. As well as possible pitfalls listed above, another danger
with the least squares regression results from having a nonuniform distribution of
event-to-station azimuths. A location can be done with a huge number of P and §
arrivals, but if they are all at the same azimuth the epicenter will be very
unconstrained in a direction perpendicular to the azimuth. Such situations are
common in examining small Pacific events which often are only detected by a
handful of stations at the nearest coast. The Monte Carlo simulation, generating a
confidence ellipse, gives us a quantitative estimate of how well constrained an
epicenter is.

The Monte Carlo test is extremely robust because it takes into account the
nonlinearities of the inversion method by simply adding noise to the arrival times
and rerunning the inversion process hundreds of times., The distribution of new
epicenters gives an indication of the reliability of the best fit epicenter. We start
each Monte Carlo simulation with the best epicenter and origin time found from
our iterative inversion and then add random errors to all the arrival times and
iterate the inversion to its best new location. Repeating this procedure a large
number of times—we generally used 400--—gives a significant distribution, whose
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covariance matrix we use to obtain a 95% confidence ellipse. Having a confidence
ellipse was useful though not always meaningful, as the Monte Carlo distributions
were not necessarily Gaussian in latitude or longitude.

We used Gaussian deviates for our random errors, with standard deviations that
varied according to the date and guality of the location. For recent events we used
a standard deviation of 2 s for the Gaussian deviate errors to the arrival times, but
for 1925 we might use 20 s. Because of the somewhat arbitrariness of this standard
deviation, it was not so much the absolute size of the error ellipse that was
important as the shape of the Monte Carlo distribution in relation to proximate
plate boundaries. An example is shown in Figure 5 for the December 2, 1975
earthquake in the South Pacific {Event 443). Though the event locates west of the
Pacific-Antarciic ridge, the $5% confidence ellipse, using only a 2s standard
deviation for travel time errors, makes this event unreliable as intraplate. The shape
of the ellipse shows that while the epicenter is well constrained in the east-west
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Figure 3
Example of a Mente Carlo simulation for Event 443, The solid dots are the 500 simulation epicenters,
done with a 2 s standard error, and the ellipse is the 95% confidence interval through them. The ISC and
relocated epicenters are identical (bull’s eye) and are 4° from the Pacific-Antarctic ridge (dashed line),
but the ellipse crosses two seismically active transform segmenis of the plate boundary, implying that the
event is most likely interplate.
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direction, it is very poorly constrained north-south, and is most likely from a
seismically active transform segment where the ellipse crosses the ridge. The
uncertainty in location by the ISC (4 2.2° in latitude) is clearly underestimated.

When the Monte Carlo distribution clearly crossed a plate boundary, the event
was considered to be most probably interplate and was rejected.

Relocations to Islands

Farthquake relocations occasionally converge on epicenters in the immediate
vicinity of populated islands. Under such conditions, an additional constraint
should be the existence, or the documented absence, of feit reports. Several of our
events were indeed reported felt (e.g., Event 214 on Gciober 2, 1988, felt all over
the Marquesas). In many instances, however, felt and instrumental reports were
not correlated: In particular, earthquakes have been reported felt at intraplate
locations {e.g., at Pohnpei on April 11, 1911) in the absence of any instrumental
reports.

Proposing a relecation in the immediate vicinity of a populated island should
not necessarily be contradicted by the absence of a felt report. The situation can
be Hlustrated best on the example of Event 177 (July 17, 1929}, whose relocated
epicenter is just 25 km NE of Rarotonga in the Cook Islands. Body and surface
waves from this earthquake were recorded {although imprecisely) in Australia
and America. Thus the event probably has a magnitude of 5 to 51/2: Qur
preseni-day experience with magnitude 4 1/2 events in the region is that they
escape detection outside Polynesia (despite improved instrumentation at teleseis-
mic stations), while magnitude 6 events were better detecied and located, sven in
those times. In the marine environment, and assuming similar source and propa-
gation characteristics, our present-day experience (for example in Hawaii} is that
an earthquake of nr, = 5-5.5 would be felt, at the most, 150 km away. This
distance is less than the half-length of the Monte Carlo ellipse computed for the
event, indicating that our relocation does not suggest, at a statistically significant
level, that the event had to have been felt. At any rate, and assuming the
carthquake would indeed have been felt, we could not identify any newspaper
published in the Cook Islands in 1929; a felt report could therefore have simply
been lost over the past 60 years.

Similarly, in the case of Micronesia and the Marshall Islands, a number of
events (886, BE7, 896, 898, 899, 900, 901, 902, 9G7, 908, 913, 914, ¢15) were iden-
tified as close enough to populated islands that they could have been felt. A
systematic search of local newspaper collections around the dates of the events
(M. T. Woons, pers. commun., 1990) has failed to yield any report of felt
earthquakes, even for Events 902 and 915, reported felt by the I8C.

As a result, we have chosen to list a few events in the immediate vicinity of
populated islands, even in the absence of felt reports.
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4. Resuits: Classification of Events

The results of the analysis of the 894 non-swarm earthquakes are shown in
Tables 1—13. For convenience we have divided the dataset into 13 parts, treating
the Cocos, Nazca and Antarctic plates separately, and subdividing the Pacific into
10 separate regions. These subdivisions do not necessarily reflect distinct tectonic
features, but rather facilitate an easier discussion of the Pacific intraplate seismicity
with some geographical continuity. Some regions are obviously smaller than others,
and feature fewer intraplate earthquakes; this situation is at least parily due to a
higher casualty rate in these areas {e.g., Tonga to Samoa, and Japan-Kuriles). The
locations of these regions are shown in Figure 6, and detailed descriptions of the
regionalizations can be found in Appendix B

Fach table consists of a source code, date, initial hypocenter and magnitude,
final hypocenter {where appropriaie), processing code, site location {where given)
and index number. The events are grouped within each table along geographical
lines, in order to more easily recognize any spatial trends in the seismicity. Among
casualties, events relocated to the plate boundaries (codes 7, 8, 9 and 10) have been
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Figure 6
Map of the regionaiization of the Pacific Basin used in sorting the dataset into Tables [-13, “J-K”

Samoa.
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TABLE 1. SORTED DATASET FOR POLYNESIA

Initial Location Relocation Code  Site  Index
See Date Time Let Long.  Depth Mag. fat fong.  Depth Time Ns g
DMY {GMT} oy °F (o) N g xm)  (GMT) ©

Intraplate Events

CGS 25 11962 10:03:06.8 460 -152.60 k] 4.6 PET -4.54  -152.5¢ 10 1:03:05.5 3% L3y H Li-0 101
sC 13 41967 1426510 580 -151.10 37 5.1 mb 680 -I5L10 0 14:26:46.5 3 it 102
PPT 27 31966 426430 -1170  -151.40 G 42PPT 5 TU-1 103
PP 2412 WP 1108310 <1300 -15130 6 - 29PP7 5 TU2 104
PPT 04 3T 2200350 -12.50  -150.20 0 39 PPT 3 TU-3 105
PPT 2L 111972 1628330 -1330 -149.50 6 37 P07 s TG4 i
PPT 18 131974 O8:01:560 -14.10  -148.40 0 20 Pp7 5 TU-5 167
PPT 02123974 17:23:300 <1600 14510 kil 3.2 PPT 5 TU-6 108
PPY 061975 1935120 1860 -14510 4 2.5 PPT 5 TU-7 109
PPT 24 91976 18:29:3%0 1730 -14470 a 3.1 PPT 5 TU-8 13
PRI 06 10 1976  O2:S8070 1730 14470 { 27 BPY 5 TUS 111
PPT 05 101976  210(:49.0  -17.30  -laad0 0 27 PPY 5 TU-8 112
PPT 07 101976 02.06:240 -317.3¢  -14470 a 2t PET 5 T8 113
PPT 10101976 0340410 1730 -14470 0 27PPT 3 T3 14
PFI 10101976 04:09:23.0 1730 -144.70 0 Z8pPT 5 TU-§ 115
PPT 09301976 2035526 -17.30 14470 0 Z4 PPT 5 TU-8 116
FPT 10301976 13:10:03.0  -17.30  -14490 1] 33 PPT 3 TU-8 17
PPT 16101976 05:10:1640 1730 14470 0 27 PPT 5 TU-§ 113
PEE 21101976 O00:ST:260 1730 14470 0 7 PPT 3 TU-8 i19
FPT 23101976 1L:30:15.8  -1730 14470 Q 24 PPT 3 TU-8 120
ey 01111976 1206000 -1730 14470 o 3.1 PPT 3 TU-§ 121
PP 12121976  (3:55320 1730 -144790 0 23 PPT 3 TU-3 122
PPT 10 11977 1013380 -17.30 14470 Y 23 PPT 3 TU-§ 123
PFT 26 41977 -11300 (14470 o 2.4 PPT 3 TU-8 124
PET 13 21979 -14.20 -140.50 ¢ 18 PPT 5 TU-9 128
Gs 16 41982 -15.64  -137.93 ¢ 48mb 5 TU-10 126
PET 25 21586 -1247  -I5L71 12 4.2 PPT 3 TU-1 127
PPT 10 71868 OBOL:ZI0 1450 -151.40 0 2.4 PPT 3 SC1 128
PPT 23 91965 16:28:52.0 -1490 -I5L40 0 2.5 PPT 3 SC-t 129
PPT 31 31972 17:33:260  -1490 15140 8 3.0 PPT 5 SC-1 130
PPT 8108972 04:23:480 -1440 -15140 0 2.1 PPT 5 8¢ 13
PPT 12 51973 0553020 -1490¢ 15140 9 26 PPT 5 SC-1 132
PPT 12 51973 0831560 1450 -151.40 ] 2.5 PRT 5 8¢ 133
PPT 18 71973 O:14:520 1490 -15140 4  25PPT 5 3C-1 134
PPT 05 51974 OL08:57.0 -14.90  -[51.40 ¢ 25 EPT 5 51 133
PPT 10 6 1975 1828250 4490 -15140 4 ZiPPT b} SC-1 136
PPT 20 31976 07:06:57.C  -1490 -15140 0 B36PPT 5 8C-4 17
BET 11 1977 0006:01.C  -1490  -15140 0 23 PPT 5 85C1 138
PPT 08 31978 0243460 -1490 -151L40 0 2.4 PFY 5 8¢ 139
PPT 14 81971 21:21:5590 -1470 15130 0 L1 PFT 3 5C-2 140
PRy 91971 1113190 -1470 15130 o 32PPT 3 SC-2 143
PPT 14 21974 1707550 1470 -15130 0 25PPT 5 8C-2 142
PPT 12111985 21:36:059  -14.80 15130 12 3.9 PPT 5 3C2 143
PPT 1411 1979 0802:490  -1670 15140 i} 2.4 PPT 3 5C3 144
8¢ 06 41979 224%:53) 0 1550 15050 0 5 5C-4 148
PPT 0511 $988  14:02:548 .15.20 -i50.78 12 32 PPT 5 SC-5 146
PPT 01 41968 1456340 -19.00 -156.50 a 37PPT 5 NA-1 147
PPT 08101968 1707120 2010 -15200 G 33 PPT 5 NA-Z 148
PET 2112 1973 0:0G:00.0 201G -152.00 0 23PPT 5 NA-2 149
FPT 15 51974 1656:07.0 2010 -152.00 G 25PPT 5 NA-Z 156
BPT 07 © 1975 Q2:12:240 2010 15200 0 28 PPT 5 NA-2 151
PPT 15 5 19715 : -19.80  -150.10 0 .6 PPT 5 NA-3 152
P 18 81974 07:34250 -21.10  -149.60 ] 2.2 PPT 5 NA-4 153
PPT 29 §1974  (5:04:18.0 -21.10  -14960 0 28PPY 5 NA-4 154
PPT 20 11975 03:42:460 2110 -149.60 ¢ 29PET 5 NA-4 135
PPT 22 51975 05:50:45.0  -21.10 -145.60 ¢ 30PPT 3 NA-4 156
PPT 22 51975 0556450 2130 -149.60 1 30 PPT 5 NA-4 156
PPT 06 61975 2002:13.0 2510  -149.60 ¢ 2.4 PPT 5 NA-4 £57
PPT 30 71975 0237460 2010 -149.60 1} 33 PPT & 5 NAS 158
PPT 16 101975 09:07:280 -21.10  -349.60 i} 24 PFT 5 Na-4 159
PPT 15111975 203447.0 2110 34960 a 3.4 PFT 5 NA-4 160
PPT 16111975 1013480  -ZL10  -149.60 Q 2.6 FPT 3 NA-4 161
PRI 02321975 1240430 2110 -149.50 i 13 PPT 5 KA-4 i62
PPY i3 31976 21841276 2L10 (14950 Y LT PPT 5 NA-4 163
PPT 12 5197 0230260 -21.10  .149.60 0 37 PPT 5 NA-4 164
PPT 20 51977 1343050 2110  -14960 0 28 pPT 3 NA-4 165
PPY 24 51977 O6:08:540 2010 -149.60 4] Z3PPT B2 NA-4 166
PPT 290 71977 0231100 -20.10  -14960 o 3G PPT 3 NA-4 167
PPT 27 B1ST7T  OL08:360 2010 14960 0 17 PPT k3 NA-4 168
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Initial Location Relocation Code  Sie  Index

See Dae Time Lat Long, Depth Mag. Lat, Long. Depth Time N o

DMY {GMT) °N °E {km) °N °E Qmy  (GMT) ©
PPT 07 91977 1423460 2110  -149.60 ¢ 26PPT 5 NA4 164
PPT 13 91877 0311:490 2110 -149.60 ¢ 3.4PPT S NA4 170
PPT 02111977 0338:550 2110 -149.60 o 28PPT 5 NA4 173
PPT 22121977 0558570 -2110 -146.60 o 28PPT 5 NA4 172
PPT 05 31978 (949450 2110 -14960 [ 8 PPT 5 NA-4 173
PPT 14 41979 (%:19:480 2010  -149.60 o 28PPT 5 NA4 174
PPT 14101979  13:07:000 2110 -149.60 o LIPPT 3 NA4 175
PPT 18101979 23:54:200 2110 -14980 ¢ 32PPT 5 NA4 176
188 1771929 19:52:120 2200 16050 4] ~ZLO8 15576 10 19:52:183 4 2355 1 NA-S 177
PPT 03 21970 1447510 -24.10  -151.80 0 35PPT 5 AU 178
PPT 20 51970 1631:530 -24.10  .151.80 0 3S5PPT 5 AUA 179
PPT 04 1970 1102230 2430 -15180 0 40PPT 5 AU 180
PPT 13 81970 1204310 2430 15180 0 44FPT 5 AU 181
PPT 14 51970 0935:520 2740 -146.60 0 45PPT 5 AU2 182
PPT 24 41977 16:31:03.0 2740 14860 0 2.4PPT 5 AU2 183
PPT 20 51977  20:30:53.0 2740 -14B.60 0 33PPT 5 AU2 184
PPT 28 61977 0337010 2740 -148.60 0 43 PPT 5 AU2 183
PPT 29 61977 0527410 2740 -148.60 0  36PPT 5 AU2 186
PPT 16 § 1977 16:0B:460 2740  -148.60 g 31PPT 5 AU2 187
PRI 20 $ 1977 1233400 2740 -148.60 o 30PPT o5 Amz 188
PPT 12101977 1909070 2740 (14860 0 33PPT 5 AU2 189
PPT 20101977 02037:290 2740 -148.50 9 3SPPT 5 A2 196
PPT 15111977 iB:5T:160 2740  -14860 0 46PPT 5 AU 191
PPT 31 11978 1:10:050 2740 14860 0 29PPT 5 AU 192
PPT 14 21978 0333260 -2740 14860 0 32PPT 5 AUR 193
PPT 08 31978 IC:10:260 2740 -148.60 0 32PPT 5 au2 194
PPT 25 31978  0644:09.0 2740 -348.60 0 31PPT 5 AU2 193
PPT 31 33978 2348240 2740 -145.60 o 31PPT 5 AU 196
PPT 05 51978  13:20:000 2740  -148.60 0 28PPT 5 AU2 197
PPT 21 51978 OTIBITO 2740 -148.60 o s7Pey 5 AU 158
PPT 68 61978  20:40:000 2740 148,60 6 33FPT 5 aU2 194
PPT 09 61978 1706460 3740 -145.60 ¢ 3.3PPFT 5 AU2 200
PPT 09 61978  16:54:040 2740 -148.60 0 33PPT 5 AU2 201
PPT 10 61978 1201:150 2740 -148.60 ¢ 3.2PPT 5 AU2 202
PPT 10 61978 12:19:530 -2740 -148.60 o 3aprr 5 AU2 203
PPT 12 61978 01:08:11.0 2740 -148.60 ¢ 3.0PPT 5 AU2 204
PPT 12 61978 15:01:580 2740  -148.60 o 29PPT 5 AU2 205
PP 16 51979 0136560 -27.40  -148.60 ¢ 36PPT 5 AU2 206
PRI 13 11972 1T4E270 2360 14690 0 4ePPT 5 AU3 207
PPT 12 31977 1731000 2730 -144.40 ¢ 37PPT 5 AU4 208
PPT 20 31977 0102480 -27.10 -144.4C 0 42PPT 5 AU4 209
PPT 28 81977 0141310 2710 -144.40 ¢ 45PPT 5 AU4 210
PPT 20111979 0645044 2657  -138.84 o 53PPT 5 AUS 211
PPT 06101982 DB2%:440 2356  -140.11 G 46PPT 5 AUA 212
PPl 18051987 1833074 2350 14903 12 46PPT 5 AUS 213
PPT 02101988 2341140 947  .140.07 o 44pPr 5 MQ-l 214
PPT 14 51975 1149423 -1743  -136.05 ¢ 50mb 5  GB-l 215
PPT D1 31974 0231270 -17.00 -135.1C ¢ 33PPT 5 GB2 216
PPI 27 31970 2225250 1810 13370 6 31PPT 5 GB3 217
PP 06 91671 2200:560 -18.10 13370 C 35PPT 5 GB3 218
06 31965  11:40:53.01 <1840 .132.90 0 S55mb 1840 13285 10 110522 3 GB4 219
18 91966 0640355 -1848 13281 ¢ SOmb 0 184D -132.86 10 06:4035.8 3 GB4 220
PPT Ol 51968 O8:5(:03.0 1840 -132.80 o 45PPT 5 GR-4 221
PPT 18 81068 0541280 1840 -132.80 ¢ 47 PPT 5 GR4 el
PPT 07 81971 1447390 1840 -132.80 G 42 PPT 5  GB-¢ 223
PPT 13 51972 11:24:490 1840  -132.80 o 33PPT 5  GB4 224
PPT 15 51975  OLO9:350  -1840  -13290 ¢ 31PPT 5 GB-4 25
GS 25 51975 1416313 <1846 -132.99 1% S50mb  -1840 13292 10 1416328 3 GB-4 226
PPT 13 91975 1%47G10  -1840  -13250 0 36PPT 5 GB4 727
PPT 15 51976 0802120 1840  -132.80 0 33PPT 5 GB-4 228
PPT 22 91977 DOOLS51O (1840 13250 0 27PPT 5 GB4 29
PPT 31 5197% 15 -18.40  -13250 0 3.3 PPT 5 GB-4 230
PPT 30 11978  1834:10.6 1623 12694 0 50mb 5 OB6 231
PPE 05111978 09:05:54.0 2200 13200 0 4SPPT 5 G 232
PPT 05 21986 04:04:360 2118  -13510 12 39 PPT 5 GR0 233
1SC 09 51974 O9S2147 520 12920 33 A0 12020 33 0952:14.7 2 S5P3 234
ISC 16111983 123128 1L ({2600 10 48mb 3 5P4 235
ISC 08111969 1705130 -12.00 14830 33 43mb 140 -148.00 16 17:05:17.0 [ & 36
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Table 1 (continged)
Sorted Daiaser for Polynesia

Initial Location Relocation Code  Sue  Index

See Date Thne Lat Long. ~ Depth Mag, Lau Long.  Depth Time Ns a
DMY (GMT) N o o) N °E (km) GMT) (s}
Cuasualties

WEL 27 S 1973 0207280 1600 -160.00 33 -23.36 17958 646 07326 4 0 7 237
18§ 21 61918 0359050 2200 -141.00 0 11 238
ISS 17 41927 0905:420 656G -126.00 160 -6.50 126.00 150 i4 239
CGS 12 11942 160TIEC 800 -156.50 0 -8.00  156.50 14 240
CGS 24 81968 1824589 2221 1388 2 5.0 mb 15 241
CGS 08 91968 1350593 2178 -130.06 0 47mb 15 242
CGS 30 5197¢ 1759585 2224 13879 b} 4.7 mb 15 243
CGS 03 71978 1829391 2180 -139.19 9 4.8 mb 15 244
ERL 14 81971  i8:59:582 2188  -138.95 2 4.7 mh 15 245
GS 11 7198 0029:54.8 2267 13861 0 50 mb s 248
GS 19 21977 2329579 20 -13876 ) 5.3 mb 15 247
Gs 19 3197 23.06:582 2193 13896 ] 59 mb 15 248
Gs 24 41 W 16:59:583 2189 13895 4 68 mb 15 249
GS 22 3178 1729572 226 413856 { 4.8 mb 13 250
Gs 3011 1978 1730584 2196 13897 ] 59 mb 15 251
GS 1912 1978 $&57:00.1 2173 13004 2 4.9 mb 13 252
GS 24 31979 1627588 2182  -130.06 0 4% mb 15 253
GS 18 61979 2326584 2204 13862 0 50mb 15 254
GS 2% 61979 B <21.99 13888 b 53 mb 15 255
G8 25 71979 -21.88 138,99 i 640 mb 15 256
as 28 T 1979 L7 -138%0 a 4,4 mb 15 o257
GS 23 321980 2187 -313902 Q 5.7 mb 13 258
GS 0 41980 2143 13884 0 Slmb 15 259
GS 16 61930 -22.62  -138.87 0 5.5 mb 13 260
GS 19 T 1980 -21.89  -139.02 Q 59 mb 15 261
GS 03 121980 2194 13896 0 56mb 15 262
GS 08 7 981 2222579 2261 -13830 0 53 mb 15 263
(£ 03 81981 183Z57S5  -2.07 (13878 g 53 mb 15 264
GS 111D 1981  17.06:563 20192 13599 ¢ Afmb 15 2658
as 05 12 1981 1657584 22035 13850 4 4.6 mh 13 W
G8 08 12 1981 16:46:5864  -21.91  -138.89 G 5.2 mb i3 267
GS 20 3 12 -2199 13894 g 5.0mb 15 268
G5 G 71982 2178 -139.05 a 52 rab 15 269
Gs 25 7 1982 -21.86 13894 a 5.6 mb 15 270
GS 19 4 1983 -21.B4  -13890 [ 5.6 mb 15 P
GS 25 51983 I7:30:582 2189 13892 1] 58 mb 15 272
GS 2B 61983 1745586 3174 13892 0 Sd4mb i35 prk)
a8 04 51983 1713582 2183 (13892 il 52 mb 15 ’ 4
PDE 12 51984 1730583 2185  -13896 0 3Tmb 15 2715
TDE 16 6 1984 1743579 2193 -138.99 0 53 mb 15 26
PDE 0211 1984  20:44:583 2188  -138.99 ¢ 57mb 13 m
PDE 0612 1484 1728586  -21.85 -138.9)] [ 5.6 mb is 278
PRE 30 41985 17:28:57.9 2207 .13390¢ [+ 4.5 mb 15 279
PLE 08 51985 20:27:58.8  -21.82  -136.05 G 5.7 mb 15 280
PDE 03 51983  17:29:58.0 -2205 -13885 4] 52 mb 15 281
PBE 26 M0 1985 16:34:58.3 2185 -138.97 g 5.4 mb i3 282
PDE 24 11 1985 16:00:58.5 2586  -138.76 0 47mb 13 283
POE 2611 1885 1741584 2186  -13843 o 5.8 mb 15 284
GS 26 41986  17:01:36.7 2215 -13%.11 [ 4.3 mb 15 285
G§ 30 51986  17:24:583 2190 -136.03 ¢ 5.7 mb 15 286
GS 12111986 17:01:383 -219% -139.08 ¢ 33mb 35 287
GS 1012 1686 1714583 2192 -138.92 ¢ 5.2 mb i3 288
G§ 05 51987 168MSTY 2180 (13910 C  49mb 15 289
GS 20 51987 17:04:333  -21.8%  -138.9¢ G 56 mb is 294
GS 06 61987  17:59:393 2175 13889 G 47 mb 15 291
GS 21 61987  IT:S4:509 0 2205 13871 G 5.4 mb is 292
as 23 101987 16:49:588 2182 13403 [} 55 mb & . 15 293
Gs 05 311987 17:29:59.% -2L79 (13800 G 5.8 mb 15 254
GS 1953 1987 16583 L2161 139G ¢ 5.9 mb i3 295
GS 51988 16:59:38.4 2187 13007 G 55 mb 15 296
GSs 25 51988  1700:584 2100 .10 G 5.6 mb 15 257
GS 23 61988 1T3G:386 -2191 -139.02 4] 53 mb i5 298
GS 05 ¥ 1988 16:29:584  2LR8 -136.04 1] 5.4 mb 13 299
Gs 2311 1988 17.00:58.0  -Z199  -138.90 g 5.4 mh 13 3060
GS 30111988  17.54:560 2224 13883 5 55mh 15 301
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Table 2
Sorted Dataset for Southcentral Pacific (Except Polynesia)

Enitial Location Relocation Code  Sie  Index

Sce Date Time Lar Long.  Depth Mag. Lat. Long. Depth Time Ns [}

DMY (GMT) °N °E (km) °N °F Goma} (GMT) (s)

Intraplate Events
CGS 05 11945 013230 200 -107.00 0 254 10825 10 0618216 14 166 1 8P 401
85 ZI 41560 0216320 260  -108.40 0 257 -109.53 10 0216352 60 187 1 Sk 402
I8C 22 71972 L1098 240 -HE3D 0 48mb 240 -11630 0 L1098 2 8p2 403
GS 30 91881 2303475 480 -112.81 0 59mb 3 P 484
GS 04101981 1T0228 467  -11L86 0 S1lmb I 8 405
18C 30 11980 0031140 530 11600 10 53mb 3 w2 406
GS 23 11983 2201573 41525 -11619 10 51mb 3 $PS a7
CGS 22111955 0324000 24350 -123.00 0 GTSPAS 2427 2277 10 03:24:050 19 148 [ ) 408
1SS 29 91931 IEIS000 2660 12200 0. 59mb 2655 12195 10 1815000 12 050 [ X1 a9
CGS 3 81851 192%:150 2800 -121.80 i 2682 -12142 10 19:19:508 13 070 TIPS 410
18C 17 11976 0544:142 2600 12600 33 2600 -12608 33 05:44:14.2 z  SP6 411
CGS 32111568 0829:446 2973 11694 33 43mb 2073 1604 33 08:20:44.6 2 SPT 412
ERL 09 91971 0325478 3328 -H514 33 A4fmb 3 SP8 413
CGS 14 919%3 1616518 3360 12670 33 49mb 3360 -12670 33 IGI6:51S P X 414
18C 29 31975 1502296 3780 -138.90 0 50mb 3 Ipe 415
GS 21 61588 1907202 3T.80  -148.80 10 46mb 3780 -14830 10 1907202 2 SPg 416
IS 22 31821 1154270 3880 -146.00 0 067 -142.99 10 184084 4 444 TSR0 417
BRL 28 91672 0637352 4779 11970 33 Slmb 3 IR0 418
BCY 16 71951 021140 5200 12800 0 55Ms 5294 -126.57 0 06:21:19.7 8 13z T i 419
G 0F 91938 1442320 5500 -152.00 0 GOPAS 5398  -147.85 10 442366 15 178 1 PR 420
GR 15121947 1926:260 5950 -160.00 60 T2 PAS 5876 -159.20 10 19320263 14 LT9 TIP3 4l
CGS 10 41950 0606:460 -SE00  -160.00 0 64Ms  -5870 -159.11 10 0606437 6 097 PR -5 T ]
1S5 17101859 0835000 5730 -16L.00 0 SS5Ms 5736 16100 10 0835023 13 128 TIPS 423
18C 20101976 OR36281 5740 -I6LI0 39 S4mb 5740 36110 39 03:56:28.% 2 IS a4
G821 101988 1345469 4652 -153.37 0 50md 4652 -15337 W TR4546S 2 8Pl 425
Cusualties

1SS 02 214922 0251300 4900 -132.00 o -41LE8  -134.19 10 oBS13LE 4 16S & 426
1S$ 12121924 0847300 4000 -120.00 [ 3731 120485 0 0847398 4 1l 8 427
85 15 61930 2L0S:110. 4400  -H8.00 o 4703 11624 0 21:08:08.8 B 286 8 428
CGS 20 11940 0938060 5250 -134.50 0 67SPAS 5423 13573 10 09580 11 LD L 429
CGS 14111944 0030240 3300 11500 0 3064 13200 10 0830396 0 6 056 8 430
CGS 37 91940 2463230 3500 15400 0 6444 1643C 10 2246255 7 2 E a1
CGS 11111949  1057:360 900  -119.00 0 861 -109.03 10 10:574022 10 175 3 IP3 432
BCE 16 61954 1593240 3750 11440 0 3670 11251 100 1553347 7 1a8 E 413
CGS 26 71958 0835:100 6050 -168.50 0 6338 -163.75 10 0835442 6 099 8 IPi6 434
BCI 30 71958 151120 4800 -120.00 0 49.83 11435 0 1500241 10 138 8 435
BCI 17 §195¢ 06:28:120 3800 -11540 ¢ 3451 (16938 10 0628578 9 052 ] 436
BCI 17301959 0123000 5400 16500 0 6467 -169.40 0 023233 4 034 8 -4 437
IS5 03 41963 1447580 5210 -13150 [ 5508 -128.28 10 1847547 M IS 8 438
CG8 27 11964 1032134 1990 11540 33 42mb 1990 11540 33 0 439
CGS 09101964 0014223 3500 -LISO0 33 45mb 3560 <1380 33 (004222 0 LS 9 440
ISC 09 21968  08:36:240 2000 11400 33 4imb 2000 11400 33 10 441
ISC 26 71969 05:21:40.0 2700 12000 33 43mb -2304  -1173S 10 6522042 6 D93 H 442
IS¢ 02121975 0823097 4840 12030 33 4946 -120.51 0 G532 6 128 H 443
GS 23 T1976 1744268 2097  -11s43 33 Simb 2070 -11420 33 1744290 R 258 9 444
$C 3 7199 031207 387C -12300 34 43mb 2253 11345 10 0532582 8 043 B IP8 445
IBC 15 21975 22:00:585 350 -108.80 33 44 mb 343 10877 10 2O0ST3 6 156 8 446
1SS 26 31922 1325328  AL00 -135.00 9 1 447
1SS 25 91924 O40HI58 4850 16050 o 11 448
IS 04111924 03:02:456 4900 -132.00 bl 6332 -12626 K 03O 3o N 449
$S 19 21920 1954000  -4B50  -1605¢ ] 2 450
ISS 20 71920 0021350 560 12700 bl 4 12 151
CGS 13 11938  03:35:180 3100 -155.00 o 2665 -170.22 10 0314437 7 053 12 P 452
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Tabie 3
Sorted Dataset for Campbell — New Fealand — Kermadec
Inital Location Rejocation Code  Site Index
See Date Tisne Lat. long.  Depth Mag. Lat, Long.  Depth Time Ns ]
Dy (MY N °E () N °E (km) {GMT} {s)

Intraplate Events

ISC 21 41974  06:534379 3528 16430 33 Simb S5.28 18430 33 06:54283 15 193 2 501
WEL 26 31982 1945305 5000 172.80 33 &dmb 119 16830 10 5 17 i 562
ISC 26 61971 2202182 5135 167.60 12 56Ms SL1T 16769 i a0 167 2 503
ISC 11 31984 1642380 4880 17430 3 AO0WEL 4900 17263 0 1642476 8 334 i 3604
ISC 10 21980 22:59:351 4800 17300 33 &imb 4900 17310 33 22550 2 508
ISC 03 61983 0544376 -50.20  174.50 10 $52mb 3 506
WEL 01 51933 1336280 4425 -179.00 9 -44.24  -175.45 10 1336281 11 24y O SR 1)
ISC 09 41965 IH1§:57.0 4360 17600 ¥ 4SWEL 4323 17760 10 13:19:08.2 9 178 1 508
ISC 26 71975 1136553 -4490 17500 8  46mb 4490 -175.00 69 11:36:555 2 509
WEL 2508 1564 02:37:12.0 4210 {7840 0 A0WEL 4110 17840 0 023720 3 s 2 510
WEL 04 41971 O0RS&:112 -4400 17797 12 3AWEL 4400 17797 12 0886112 6 148 2 511
WEL 11011974  03:07:22.1 4213 {7810 I AIWEHEL 4211 17830 3 0TIl 25 L6 2 512
WEL 15 21974 OTaSMg 4301 17690 33 40WEL 4311 17650 3B OOT1S01S 15 231 2 513
WEL 22 31974 2206208 43328 17716 33 40WEL 4328 17716 33 amle205 13 L6 2 514
WEL 26 41976 1606082 4251 177872 3 3 WEL 4251 17782 33 1606082 15 AU 2 51%
WEL 09 12 1976  03:54:400 4342 179.04 33 A3 WEL 4342 179.04 33 0L54400 23 191 2 516
WEL 25121977 04:35:54.8 -42.05 17827 3 4SWEL 4208 17827 33 15 129 2 517
WEL 20 71978 1456422 4274 17740 12 &t WHL 4274 177.40 12 26 112 2 518
WEL 28 21979 2336340 4335 17862 A3 GLWEL 4385 17662 33 16 2.09 2 519
WEL 2 51979 O0B32:038 44856 (7110 3 4T WEL 4456 17710 33 25 192 2 520
WEL 25 41980 0926121 4282 17687 33 A0WEL 4252 17687 ki 21 186 2 521
WEL 03 61982 08:32:48% 4199 17800 31 S0WEL 4199 17803 33 8 130 2 522
WEL 02 21943 1595:508 4284 1702 33 43WEHL 4284 17742 33 2 004 2 523
WEL 08 10 1085 06:23:06.1 4223 17810 12 39 WEL 3 524
CGS 24 91960 1106392 4130 -17930 43 ALY 17872 10 106338 16 136 1 525
WEL 14 71964 ORILOZO 4040 17970 0 4SWEL 4040 179.70 9 OLLO2D 12 137 2 526
ISC 27 71971 1403057 4000  -$70.30 33 45mb AL00 17930 33 1403087 2 527
ISC 07 41672 00:53:01%  -40.40  -179.80 35 4T mb 4040 17990 33 : 2 528
ISC 24 431972 092%:17.% 4060 17940 33 44mb 4060 11940 33 2 529
GS 01111974 2044:312 3906 -179.78 26 Simb 3905 -179.78 2% 2 530
T8C 13 510492 1504031 4050 18000 12 37mb -40.80 15000 12 18:04:13.1 2 531
I8¢ 07 41084 1845086 4010  -179.80 33 3 532
18C It 41084 1RR143 4070 18000 X 3.9 WEL 3 533
ISC 13 41984 0933546 4016 -179.90 3T WEL 3 534
ISC 23 91984 0357552 0.0 17930 %3 38 WEL 3 535
WEL 31 51985 0B:1&265 010 -179.20 33 4lmb 4008 -179.53 10 08:16372 9 L7 1 536
ISC 28 31976 0648282 4140  -171.40 33 4861 17067 10 0648235 4 024 1 537
IS§ 10 51924 0248:400 363C  -169.00 ] 3521 16856 10 0248478 5 16l 1 538
185 10 § 1926 2116200 2800 -163.50 ] 4L99 16124 10 ZLI4STZ 4 931 1 536
CGS 04 11940 081160 3400 16200 0 59Ms 3384 16247 10 0110214 1.30 1 P20 540
IS8 0f 81925 02251400 2800 -163.50 0 2038 -164.34 10 02:26:03.8 4 453 1 541
. Casualties
IS 15 41930 206100 3330 17370 0 34.88  179.96 10 2307203 5 118 7 542
IS§ 26121924 2332430 3200 -173.00 0 2966 17422 10 23:32:34.3 4 247 7 543
18§ 17 21925 140%1BG -51LT0 17380 0 -A9.83 17004 0 1414283 4 1963 7 544
ISS 04 11926 04:01:360 4800 17000 o 4583 17329 10 04:01:45.0 5198 7 545
IS8 23 $1936  133TOTH 400 (17950 13 046 1TE36 249 1532044 9 264 7 546
IS5 09 71936 10:20:450 4070 .179.40 0 3975 17945 231 2028 100 112 7 547
CGS 02101940 16:24:000 3050 -1T2.00 0 2512 170038 0 123563 100 07t 7 348
ISS 0l 21947  13:28:560 -2000 16200 o 21980 17423 0 13:28:564 14 08I 7 349
BCL 21 41959 1524420 -62.50  -17230 0 S219 16448 10 1525023 4 098 3 550
OG5 24 81963 I:S30 3730 -17R30 36 3747 17866 HO VI RN 5 047 7 551
BC G7 21964 1445055 3200 17400 33 A1 179.86 16 1445506 6 L4 7 557
IBC 01 LG 1964 2038060 3550 17050 [+ 3292 1786 15 20:39:003 5 0T 7 553
SO 17 51966 042240 AR66 1790 33 4}WEL 4047 17889 33 0427330 11 192 9 554
LAQ 10 11968 0037450 -350 1740 35 4 LAC 1889 (16731 10 0038396 0 4 034 7 555
ISC 10 91974 15441230 380 17650 33 39 WHL 3949 17802 33 1545283 3 247 9 536
ISC 27 71977 1596457 -5216 16560 33 AYWHEL  SL69 18428 33 g 557
BC 67 131 1979 010 381 1773 33 3BWEL 3897 17930 33 1118 g 554
ISC 27 S 1982  i(ei2:17.2 4730 17890 3 4imb 4977 16470 60 9 146 7 559
ISC 26 71982 10:20:1B.0  -4L76 17908 33 42WEL 4143 17823 33 26 154 [ 560
FOE 30 3 1984 1636382 3041 07476 33 47mb 3057 -176.70 33 16:38:530 26 184 9 561
WEL 04 31985 1844040 4050 17870 33 4lmb -39.98  179.60 10 18:44:287 4 130 7 362
PDE 22 51985 O6:55:58.2 3890 17835 3B 4T mb 37,95 -179.80 3 0eSI00 0 26 L3 9 563
M 23 11 19RS -41L90 17860 31 40WEL  4L66  17R14 33 0244232 7 081 [ 564
BC 28 2 198E 411 179.80 33 37WEL 4042 17R.59 3B 3406078 1L 158 o 565
185 09 51920 SSL70 17380 0 11 566
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Table 3 (continued)
Sorted Dataser for Campbell — New Zealand — Kermadec

Initial Location Relocation Code  Site  Index

Sce Date Time Lat, Long.  Depth Mag. Lat Long. Depth Time Ne o
PMY (GMT) °N % {km) °N °E iy {GMT) )
185 04 71923 2800 -163.50 1] 307 16055 W Z2Es01s 30000 31 567
18§ 25 21927 2800 -163.50 0 664 -163.46 10 1h24d5E 30 568
WS 81 61927 : 4500 180.00 o -45.07 17803 0 Hk09:852 3ogee 11 369
WEL 06 § 1964 0R34000 3850 -176.00 33 29 WEL i 50
WEHL 25 51984 0104420 4119 179.87 12 3LBWEL 4119 179.50 0 0104421 4 a1 571
18§ 06 81924 0022000 2800 -163.50 [ 2650 -163.66 0 : 4 047 12 573
1SS 17121025  0S4L450 4800 17G.00 ¢ -4577  169.0% 10 3800 12 573
ISC 29111974 22:14:436  -42.60 380,00 12 3Emb 12 574
WEL 30 61985 1119534 4010 17460 33 43mb 1z 378
ISS 15101957 0555330 3024 17094 244 3024 .179.04 14 376
Table 4
Sorted Dataset for Off Tonga and Samoa

Initial Location Reifocation Code  Site  Index

Sce Date Time Lat. Leng. Depth Mag. LaL Lamg. Depth Time Ns a
DMY (GMT) N i (km) N % () {GMT) is}
Intraplate Events
185 24121929 0429080 300 17200 ¢ 260 ATLES 10 04:20:100 5 Lo H 651
185 15 61930 0733030 -13.00 16280 ¢ 1268 -15250 10 0733010 5 266 H 652
185 16 61932 I3134T.0 <1300 16700 [ A9 16665 10 233464 6 088 1 653
188 20 21922 0743500 -17.00  168.00 6 1531 18643 10 0743459 5136 1 654
IO 04 71983 1710307 2050 16680 a3 20.50  -156.80 33 1710307 2 655
CGS 04101937 0740300 2680 16310 ¢ 62Ms 2201 -1669% 10 0740348 120 L Imig 8%
Casunlties

185 20121914 1408270 1700 -168.00 8 J18092 17397 O ER R L S R W) 7 657
18§ 23 11825 1701000 -1L0D  170.00 8 BED -164.03 0 17:01:049 4 2219 7 658
5% 22 21938 IBSTR00 2300 (18300 0 254 10 W 1289382 5 413 7 659
IS§ 14 21933 05:22:500 2460 -170.30 8 2008 -174.88 571 0523333 7 044 7 560
COY 29 61938 1844540 <1600 -168.00 8 200 -1T400 0 1544080 9 661
CGS 15 31939 06:09:000 -13.00  -188.00 il -1543  -174.55 235 0609358 9 078 7 662
CGS 31 31954 0830040 -12.00  -17L.50 o S1512 17479 00 0820447 11 041 7 663
ISC 23 51967  12:03:148 800 -170.00 33 44mb 1567 -17136 0 12:02:303 8 027 7 664
15C 12111967 1528240 2560 -169.90 33 43mb 266 17896 600 15:28:53.0 6 130 7 665
IBC 07 21974 -10.40 -181.30 33 2370 -179.20 10 2012215 5 113 ¥ 666
GS 28 51974 2448 17329 33 2612 17500 151 1638342 7 183 9 667
ST Bl 7 T4 23 -1340 (15740 33 1581 -169.56 1 0622:09.8 § QT 7 668
ISC 15 819 RS04 14830 16730 0 39%mb 1740 17452 199 OISa30 0 7 L4 7 664
ISC 17 31975 0RM4B066 1780 16820 33 -17.06  -168.16 16 DE:41:05.2 5130 7 e}
GE 05 3976 08200093 2178 -17L5S 33 33mb 2156 17308 1 0R20n9s 8 128 7 &1
ISC 23 91976 0933047 110 17200 33 -1674 <1754 362 09:40:19.5 g 030 7 572
I8C 23101976 2133054 -16.80  -18880 33 1439 17020 16 2L:30:550 0 11 083 7 873
IBC 14 41979 0921315 (1150 -166.10 33 T3 -17525 550 0923375 7 093 7 674
ISC 09 11 1979 1426378 1100 16260 33 39mb 1635 17282 100 1428013 9 14t 7 675
ISC 01 31980 (75368 2190 -16620 33 49mb 2026 17707 S OR1T:183 6 013 7 676
ISC 06 61980 O%:57:58.4 -19.40 16760 33 42mb 2240 17417 200 08:5%:1108 5 033 7 677
IS¢ 2510 1980 3221468 1360 -16560 5 Ssmb G160 -ITTFD 552 2Rs087 8 010 T 678
PDE 24 51984 0122:0.5 1583 -167.27 33 S2mb (1980 -ITIST 448 OL2416 10 10w g 678
PDE 3011 1984 0642:40.1° 2627 -173.36 33 Afmb 2633 17368 W 0Gan42d 5 066 7 650
GS 26 91986 1036470 2184 .ITL65 33 Slwmb 2260 176320 152 10STA40 11 072 g 681
ISS 18 51917 1905000 1180 -1T0.00 o it 687
I8S 26 31927 0226400 2500 -167.00 4 2412 (16759 10 02:26:56.0 3000 12 [:23
WEL 11 11965 2213281 1810 -166.90 33 12 684
NGD 30 51505 1707008 -100  -i63.00 &0 18 13 685
BCE 17 71955 OT:06:030 -17.50 170,00 o S35 16023 10 V06041 5 233 14 686
BCI 28 10 1958 1907480 1350 6700 0 1337 16676 10 19:07460 4 04 14 687
CGS 01 7196 348369 1390  -166.10 33 -14.00 16570 33 0he8a3 14 688
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Table §
Sorted Dataset for Samoa to Gilbert
Initial Lecation Relocation Code  Site  Index
See Date Time Lan Long.  Depth Mag. Lan Long,  Deph Time Ns G
DMY (GMT) N B (k) N “E km)  (OMT) (s)
Intrapiate Events
G 24 41937 0458350 1200 -17800 200 625PAS -1004  -176.00 16 G4:58:30.0 1.64 I o1 S
CGS 26 61956 1123:090 1000 -173.50 bl 1026 173.65 10 11:23142 21 124 1 152
BCI 03101957 1344300 1000 .179.00 ] 1058 -179.49 10 1344328 5 194 1 753
IS 30 41935 1402340 560 163.30 il 636 163,22 0 42355 100 077 1 754
ISS 15 51931  0741:550 -800  1TIO0 [ 835 17282 2 Or4LSTZ 11 183 1 735
CGS 05 31964  05:50:352 <610 -172.50 33 43w SAT 17382 10 0550220 4 LA 1 756
ISC 03 61981 2215340 530 17520 33 33mb 3 757 °
95 10 21921 [BM4R6s 380 17150 [ 079 ITISG 10 19d245 5 118 1 58
WE 19 91967  0826:1G3 G50 165.00 ¥ 4 759
WIA 28 51983 4100 17050 o 4 160
WIA 29 61983 000 170.00 0 4 761
WIA 19 91983 050 16950 0 4 762
NGD 19 11 1986 030 16970 33 S3mb k] 763
1SC 17 21982 610 179.00 31 42mb 361 181 16 1423497 8 137 6 T4
ISC 02 51982 SLIG 17570 31 44 mb 322 17724 i 2EIESLY 09 043 [ 765
Casualties
IS5 06 21915 OHIZ300 -1L00 17600 0 1248 17480 10 4 364 7 766
1SS 01 81918 1142000 1100 -176.00 i 1236 17531 10 4 0z 7 767
IS8 20 11922 06:30:540 650 16650 9 554 16495 0 : 4 667 7 768
1SS 01121924 2256480 -1200 17700 o 1034 17472 10 2256424 4 378 7 69
IS 19111925 19:30356 <1000 17600 ¢ 1561 -179.65 10 13492 4 1313 7 70
I$S 05 21928 7243300 -1G60 17600 o 1231 17RO 10 2245550 4 335 7 T
1SS 08 61928 1439000 1200 MO0 [ 1487 -175.60 19 4308 7 139 7 712
1S5 02 21932 06:59:30.0  -1L00  -176.00 0 1386 17630 182 06:59:400 7 102 7 T3
1SS 23 11933 1314080 580 17500 0 Aj212 1BDEZ 432 184883 ¢ 3@ 7 774
185 11 91933 20090 <1080 17830 o 437 LS4 284 11204080 100 291 7 178
18§ 12 91935 1600200 860 17980 128 699 18014 484 1601311 18 125 ki 176
CGS 23 71936 06:20:480 1006  -173.00 0 2020 -174.20 ¢ osRe:13.0 [ T
IS§ 02 41637 053¢:100 -800 18000 0 2122 17840 494 05502007 13 244 7 778
IS5 10 11939  1:O7:300 1200 -176.00 ] 1264 -176.13 10 107357 5 291 7 e
CGS 19 11840 13:53:060 1100 -i73.50 0 1649 17300 108 I3SH06S 7 042 7 780
CGS 25 4 1940  10:18:420 -850 -17650 0 S50 -17572 0 398 108573 7 033 7 781
CGS 12 91940 09:21:300 1200 17650 200 1663 217624 220 0921328 9 031 7 782
CGS 1B 71949 8827210 1150 17168 0 1300 17100 0 08:28:20.0 9 783
CGS 1012 1954 0031400 -12.00 17250 ¢ 1456 17417 4 003L2T 16 067 7 784
BCI 25 11959 O05:34380 375 15878 [ 875 15813 0 0514439 7 162 7 785
BCT 14 21959 O729::50.0 550 16250 ¢ 1070 6078 0 07:30:02. 6 128 7 786
BCI 08 11960 Ca06:18.0 -840 17000 ¢ 1683 -17R.80 10 0405458 8 108 7 787
¢ 10 11968 1746540 -10.40  179.80 43 4d4mb -1541  JITERT 353 14728 7 066 7 788
5C 19 7196% 2051140 830 1T 33 43 mb 816 -174.63 10 20:51:437 8 048 7 789
15¢ 11101969 11024206 -12.00 17850 33 47mb  -1392 17641 281 110304 s 004 7 790
ISC 29101969 0702056 -9.00 17700 33 A3mb  -1423  -17401 10 0703522 4 048 7 791
IC 0 L1970 0725252 980 17830 B 42mb 1664 -179.08 475 0726035 6 D4l 7 92
BC M o3I ORITAES S1SD 17AaR 0 43mb 2328 17643 10 0uIT044 5 060 7 793
IC W 41992 111304 1130 17TED 0 43mb 1592 17499 260 1232013 10 096 1 794
ISC 08 41973 03:50:568 -1L10 17970 0 41lmb  1SB8  17TAT 358 0400316 8 106 7 195
ISC 15 41973 1205087 AL0 TR0 0 43mb 511 17560 225 12:05:33.1 6 o072 k 796
1SC 30 71873 00:30:333  -iLIG -178.60 0 42mb 1485 17673 292 0031027 5 630 k 197
ISC 02 51§74 2039468 870 17810 0 S0mb 1769 17875 512 2040337 7 013 7 798
B¢ 10 61974 0335134 LG 7770 0 4Tmb -147F 17597 251 0354206 0 9 029 7 799
ISC 18 91974 1830043 1140 17730 3 41601 17785 443 1830352 5 025 7 500
ISC 1011167¢ 238011 jr40 17720 33, 48mb 1739 17875 482 2138:57.4 11 052 7 301
IC 3121974 18:26:599  -1LSG -177.20 0 44mb 1628 17485 241 1827274 5 225 1 502
PDE 37 21985 O6udGdB3 679 16524 33 48mb 800 1822 13¢  06:47:13.0 7 233 ¢ 803
1SS 06 21918 13420 1100 17600 ¢ 1 804
IS5 20 91921 1851300 1100 -1TE00 [ 1 BOS
IS 72 61926 0451300 <1200 1700 [ E i1 806
1SS 23 3127 0737250 <1200 1TLG0 [ i1 867
IS§ 04 51921 2112250 1140 17600 0 3 12 808
1SS 01 61926 227360 1000 17600 o 813 169.90 10 2218316 4 659 12 309
18§ 1612 1926  00:24:08.0 1650 17450 o 950 17401 10 0024065 5 208 12 810
S 2811 1927 HRIZOSL -300 177S6 ] 676 179.80 16 113052 4 0S8 12 Bi1
185 21 101928 ISIT068 100 178.00 o 183 179.40 10 1517395 4 235 12 812
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Tabie 6
Sorted Dutaset for Micronesia and Marshall Islands

Initial Location Relocation Code  Siie  Index

Sce. Dae Time Lat. Long.  Depth  Mag. Lau Long.  Depih Time Ns a

DMY (GMTy °N 8 {fikm) N °E Gm)  (GMD) 5]

Tnraplate Events
1SS 2% 9926 (6300 800 15500 [ S84 170.43 TR S e S BN H 1 76
NGD 03 51968 0822148 B30 17560 33 52mb ' 3 877
ISC 08 51976 2311354 1350 17620 33 1350 17820 33 2541354 z 878
NGD 27 11965 0144358 1890 17660 43 damb 8O0  176.60 31 0144358 2 879
WIA 26 8 1983 0117340 2250 17160 [} 4 880
WIA 0211 1984 17:17:20.5 2600 162.00 [ 4 881
ISC 16 11976 1908308 2660  163.00 33 2656 16292 10 19:08:389 8 L4 H BS2
ISC 16 31976 0805504 2890 15700 33 2850 157.00 33 08:05:50.4 2 883
WIA OB 71983 1439336 RS0 17600 [ 4 884
NGB 22 31982 0604167 660 17516 33 56mb 3 885
OBS 27 81981 (4:04:080  9.00 167.00 ¢ 4 886
CBS 13 81981 1849197 1000 16600 o 4 887
WE 20 81965 1844345 1560 16750 [ 4 888
W.E 23 31969 013350 1400 18606 [ 4 £89
WE 12121963 1003416  18.00  163.00 [ H 890
WE 18121965 0244119 1600 155.00 0 4 891
WIA 24 31983 0024082  19.60 15400 0 4 892
WIA 04 71985 O%:18:333 1650  160.50 0 4 593
WE 17 71963 1928468 2100 15900 o 4 494
WE 20 81963 2338252 2150  157.00 0 ] 895
WE iS5 81963 1740226 2350 15400 0 4 896
BCI 21 71960 09:51:366  25.00  147.00 0 2530 14834 10 09:5L434 6 128 1 897
WIA 30 11985 1003014 550 16250 0 4 9%
WIA 65 111982 1626079 550 16230 0 4 899
ISC 05311975 0156380 650 15980 33 650 159.8¢ 33 DLS6:38.0 2 900
I5C M2 61977 1T7:4%:163 6.50 16050 Ex] 550 18050 33 17:49:163 2 901
NGD 18 41951 03:00:256 650 159.80 25  S0mb 3 502
E 26 21967 06:10:546 1000 159.00 0 4 903
WE 27 31863 iRITSIL 0 400 15700 0 4 %04
185 05 S 1924 3586450 1230 15800 0 1130 1568 10 1557358 4 016 1 905
WE 28 11865 0736202 1150 15600 0 4 506
E 0l 41964 19:56:579  7.00 157,00 0 4 567
NGD 16 51625 10:27:500 900 15500 0 8.53  154.47 10 1028:077 6  2.43 1 908
WE 21 71969 0458558 1200 15100 0 4 et
WIA 21 91984 21200287 408 15750 0 ] 910
ISC 08 71969  04:09:031 550 15470 33 550 15470 33 04:08:00.1 2 911
B 07121964 0534357 600 15400 0 4 912
WE 30 31964 0847344 708 15100 i 4 913
NGB 42 31974 511085 880 15100 3B S5mb 880 SO0 33 151055 2 914
ISC 4 31974 B8 8 15110 0 48 870 1510 0 2322128 2 915
$C I B985 17H231¢ BY 14820 33 S0mb 3 916
ISC 22 31966 O7T:52:58.0 1003 14790 68 4T mb 3 917
IBC 201t 1964 0056256 060 15630 0 42mb 060 15630 0 00:36:21.6 2 918
8C 091 1970 0240060 280 15040 33 280 15040 33 02:40:06.0 2 919
Casualties

NGD 3G H 1918 01:33:300 2200 151.00 0 W2 15147 0 013337 51380 7 920
1SS 19 91623 0822300 1250 16800 i 2242 14381 10 0826426 4 333 7 921
1SS 18111926 16:31:H8.0 2970 14700 0 29.5¢ 15029 00 1631143 5 04T 7 922
1SS 24 111926  17:40:540 2970 14700 0 289t 144.05 10 1741183 4 210 7 =)
NGD 18 321926 0938450 2200 15100 1] 1796 14523 10 6 177 7 924
1SS 30 61928  2221:450 2500 150.00 0 4848 14738 10 22:24:003 10 204 7 925
ISS 05 81931 IS2115C 000 1SLO0 o 162 15165 10 1521047 5 154 7 926
I8 09 21933 1534400 000 15100 [ 355 14870 10 1534202 7 14t 7 927
ISS 21 51933 21:5405.0  27.00 14650 [ 2258 14600 1% 21d%813 0 13 152 7 928
CGS {2 51839 06151120 000  150.00 ¢ 54403 -162.42 10 0620475 5 037 7 929
NGD 15 71851 06:05:220 2100 15050 4 2034 15097 10 06:05:25.8 & 067 7 930
IS¢ 18 51974 1739389 170 15370 33 515 15000 314 1fanllde T Q16 1 931
1SC 16 11976 1534055 2760 158.10 33 45mbd 4407 149.60 16 1535143 12 078 7 %32
1ISC 20 21976 19:26:393 2370 15420 33 ABwb 4307 14135 10 1928311 % 034 7 933
IS§ 14 3118 09:29:150 100 14350 0 11 934
IS8 21 51818 1:15:100  1L70 {7600 9 1 935
1SS 2% 91826 0543300 900 15500 0 i1 936
S 1 51823 OG220 1600 15350 0 1541 15545 10 0702340 3 000 12 937
1SS 03 31928 IT:15:100 900 15500 0 927 15722 10 1715068 4 344 12 938
1SS 24 81630  (9:08:400 800 157.00 0 800 157.00 14 939
IS8 28 41851 2h19410 560 156.50 0 56 15050 14 940
BCT 04111953 0847090 1250 16550 3] -12.50 16550 60 14 941
COS 17101955 OLOBET.0 600 15400 ] 154,17 10 0008128 46 122 14 942

-5.53
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Table 6 (continued)
Serted Dataset for Micronesia and Marshall Tslands

Initial Location Redocation Code Site Index

See Date Time Lat, Long.  Depth  Mag. Lat. Long.  Depth Time Ns o

DMY {GMT) N °F (k) N °E fem) {GMT) )
IS8 14 7198 (227030 141 15139 30 4611 15039 14 943
COS 15101960 12:42:067 740 15720 416 74U 15720 14 944
BCI 08 71956 1806010 ILYS 16300 o 1365 16210 10 1806020 10 L1f 15 945
COS 12 51958 1BIRSEG 1200 16200 0 15 946
CGS 16 51958  0130:000 1250 16100 0 15 947
CGS 14 61958 120560 1200 16150 i 15 548
CGS 2% 61558 199580 1200 16200 o 15 949
CGS 12 71958  O03:29:580 1200 16500 ] 15 950
CGS 26 71958 AL24:590 1200 6150 a 15 951

Table 7
Sorted Dataset for East of Japan and Kuriles

Initial Location Relocation Code  Site  Tndex

Sce. Date Time It long. Demph  Mag. Lat, Leng.  Depth Time Ns [

DMY (GMT) N °B {km) N °E {km) (GMT) )

Iniraplate Events
1SC 14 21975  O0R33:0L6 3440 14790 0 37mb 3440 14750 0 08:33:016 2 1001
IS¢ 4 21975 OB:AS33E 3450 14780 9 44mb 3450 147.80 0 0835336 z 1007
15C 05 51976 I02IR6 3520 15680 33 3574 15608 10 20:02308 5174 1 1003
ISC 66 51976 14:42:258 3680  158.00 39 Slmb 3680 15800 39 142258 2 1004
IS¢ 21 81985 06A9:107 3770 14950 2 42mb  FLI0 14950 26 0649107 2 1008
1SS 11111936 0041570 4100 15500 ¢ 4104 15472 1o 60447 9 LO6 1 1006
GS 07 31988 1521068 4167 15222 it 59 wmb 3 1007
Casualties

IS§ 06 21916 @SLII0 4100 15650 0 4151 15081 10 052101 14 164 7 1008
S5 31101916 1530330 4650 16000 0 4967 157.90 10 153n023 X 33 7 1009
185 31 5107 0650220 3200 14750 ] 3348 14337 10 0606004 4 027 7 1010
1SS 06 91924 236550 4650 16040 o 4235 14304 10 0aTHSs 5 16D 7 1011
IS 2% 11925 IRIS:06.0 3000 15500 0 5351 153.80 16 1816364 4 009 7 1012
1SS G410 1925 07:28:42.0  4LOD  156.50 [ 4239 15564 16 6720063 4 L2 7 1613
1SS 28 121925 21:56:100  39.00  155.00 o 3544 147,18 0 2156232 4 049 1 1014
1SS 04 31528 20:58:120 4150 15300 0 4477 15131 0 WSE3se 4 039 1 1015
IS5 70 BiY28 OLS6:03.0 3950 157.00 0 4744 14977 0 0187077 11 108 7 1016
IS5 16 21920 13450 4150 15300 0 4164 15280 0 0:InS08 5 209 7 1017
1§58 25 71929 1507240 4200 15800 ] 4551 13476 10 1507568 11 . 15D 1 1018
1SS 24 21931 3401500 4200 15300 ! 4461 15182 16 1408244 9 238 7 1019
18§ 02 81931 2329320 4R50 159.00 ¢ 3565 15774 1o 23094 7132 7 oz}
1SS 26 41937 1331326 4130 15760 o 4738 15310 1 1331350 3 180 1 101
1S$ 30 81932 16:16:500 3950 157.00 0 4786 150.01 W0 1619524 5 067 1 102
oGS T 61936 3250 14550 0 3060 14180 0 08:10:23.0 9 023
ISC 19121966  07:56:43.0 3340 148.10 3 44mb 3418 34238 385 OUAT208 9 271 7 1024
IS¢ 18 11967 1LITA00 4000 15300 33 43mb  SL24 15666 60 1nI&dls 8 038 7 s
ISC 79 11968 14:38:430 4020 14980 30 4030 14968 10 1458433 5 819 7 1026
[SC 12 81968 OLIT:S5.0 3830 14800 0 4334 H4LTT W 01806 7 054 7 L
ISC 18 51968 : 4170 15180 o 4307 1483 16 1205032 9 048 7 1028
ISC 27 %1969 40.60 14820 45 4280 14592 10 3 038 7 1029
I™C 04 21972 36380 14860 0 45mb 2604 14555 10 9 148 7 1036
ISC 17121972 OMAB352 3020 14850 0 38mb 51O Q5411 10 4 D24 7 1031
ISC 01 51973 (4:003631 3550 14730 0 3Tmb 3650 14670 19 5 274 7 1032
WC 27 91974 ORGROLE 3080 1470 0 4Zmb 4378 14660 10 5 243 7 1033
ISC 10 61975 15:38:10.5 3950 147.00 0 46mb 4400 14813 10 1538382 9 D85 7 1034
ISC 10 61975 20:40:59.9 3930 14870 25 43 mb 4367 14756 16 2041229 5 120 1 1035
ISC 11 61978 118 4100 147.80 G 36mb 4368 14638 16 teitacd 6 201 b 1036
ISC 2 11976 2340:04.9 4100 15160 13 45mb 4352 14895 1 2349:23.8 5 089 ki 37
ISC 07 21976 96:50:208 4160 15050 1¥ 43mb 4400 HG57 0 0&S0280 8 070 7 1038
1SC 24 31978 2149267 4L50 15130 31 S4mb 4442 14941 10 214432 I 202 7 1039
IS¢ 25 31978 2320440 4LS0 15090 13 4Tmb 4419 130T 10 2323003 8 020 7 1040
18C 21 41978 1907003 4080 15120 40 4imb 4442 14854 10 1907249 5 021 7 3041
18§ 05 § 1931 0726010 3600 14950 9 34,49 14695 10 02627 5 274 12 1042
NGD 17 21905 1139260 3300 15200 @ 713 13 1043
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Table 8
Sorted Daraset for Northern Boundary

Initial Location Relocation Code  Site  [ndex

Sce Date Time Lat. leng.  Depth Mag. Lar Long. Depth Time Ns 3
DMY {GMT) N B tkm) N “E {km) (GMT) (s}
Twraplate Events
ISC 28 41968 O04:18:155 4480 17460 36 S5 mb 3 1
ISC 28 41968 06:23:020 4490 ITAT0 33 44md 3 1102
ISC 18 11976 O05:17:158 4320 -§79.90 33 aLEl 17889 10 05:17:14.1 ] 1 193
ISC 05 31985 1401026 4570 (7880 33 52mb 3 1104
CGS 2t 113938 21:34420 4500 -17840 i 46.68  -164.96 0 na3sse 7 24 i 1103
ISC 14 B 1980 10:35:583 4520 16160 0 démb 4509 -162.40 10 1035582 4 025 1 1106
ISC 11111975 1153579 5130 15380 33 5120 -153.80 33 11:53:57.9 z 1107
GS 27 3 I9E6  2242:388 5378 14848 33 a5 an 5398 14848 33 2242366 2 1108
ISC 04 21975 21:25:419 4240 -149.20 10 5lmb 3 1109
IS¢ 14 L1975 20:56:334 AS00 14760 33 4500 14760 33 2156336 2 1110
GS 0411 1978 18:22:567 5396 -139.84 10 44mb 5396  -139.84 10 1822:56.7 2 1111
1SS 20 31940 0035400 4690 -134.80 0 46.9% 13479 10 0035446 9 L84 1 112
1SS 20 31940 (245270 4590  -134.80 ] 4712 -134.06 10 245350 14 221 1 113
IS5 05111936 2046200 4000 13300 ] 4004 15246 16 2046:193 8 144 1 114
18C 21 11979 03:46:13.6 3290 13180 33 3.5 mb 3250 -131.80 33 05:46:13.6 2 s
CGS 20 51949 2235310 3500 12600 0 48PAS 3303 L1358 10 2235308 21 148 1 1116
GS 15101982 10:58:30.1 3284 12582 5 Simb 3 1117
GS 27101982 1333440 3LES  -1Zem 10 40mb 3 1118
GS 21 1198t 2049047 3115 -123.06 15 43 mb 3 111§
GS 05 61988 20:55:189 3126 -126.04 10 3126 12604 10 20:55:18.9 2 1126
Casuaities

IS 29 41913 WIESH0 5000 1700 0 5535 17109 10 2329347 13 L6 7 112}
1SS 23111913 21:17:33.6 4950 16550 0 5188 159.55 10 2118:065 8 294 7 122
1585 0810191 ISS59360 400 17000 i} 4927 149.74 10 1500452 13 265 7 1123
18 02 21923 0LOGISC 5050 16400 i 346 16219 10 006409 20 146 7 1124
185 02 21923 0507150 5050 184,00 [ T4 PAS 5338 161.26 10 05:07:424 93 668 7 1123
1SS 05 231923 2223300 5050 16400 o 5350 16237 0 233200 8 213 1 1126
188 03 21926  1930:160 5000 {7100 ¢ 4420 17540 10 1930040 4 009 ? 1127
188 27 81927  12:1%:150 4050 16050 [ 4147 15427 10 124083 5 458 7 1128
158 24 91927 141000 4130 16000 G 49.14  -1068.81 10 17:41:180 10 132 1 29
1SS 28 11928  23:59:000 4740 17670 o 4918 179.44 10 23:59:29 7 204 1 1130
1SS 21 41930 21:56:57.0 4050 16050 ¢ 44.87 15196 10 257408 4 247 7 1131
IS5 09 61931 1214060 5050  164.00 [ 5237 16348 10 12:14:39.9 24 229 7 132
1SS 31 31932 0922090 4000 -140.00 [ 40.55  -136.01 10 0923370 ¢ 154 7 1133
CGS 11 81932 (09:42:060 4900 -166.00 [ 5198 -169.41 10 941470 12 182 7 34
IS5 21 71644 1224350 4200  -130.50 [ 4251 13106 10 1224290 17 161 3 1135
CGS 14 61949 05:49:000 5200 -160.00 ¢ 4834 -174.28 10 05:48458 6 046 7 1136
OGS 15 T1954 1324350 5400 13800 ¢ 3365 13326 10 13:24:363 13 123 ] 1137
BCI 12121960 11:24:420 5000 166.00 4 5593 18054 10 124425 8 128 7 1138
BRK 23 71964 0B:46:266 4120 -130.80 3 ASBRK 4042 12699 10 0847:189 12 464 3 1139
ISC 04 21965 06:42:581 4870 17150 33 S52mb 5190 17430 0 0643161 8 055 7 1140
ISC 04 21965 17:35:200  S000 1700 33 40mb 5134 17504 10 1735436 0 5 077 H 1141
ISC 08 21985 2:59:5T4 49380 17180 33 45mb 4996 17207 0 2159585 9 122 7 1142
CGS 22 21965  08:49:328 4900 16800 3¢ 44 mb 5283 16437 10 08:51:556 8 232 7 1143
ISC 30 31965 0315340  42.00 17200 33 Aémb 5182 17338 W G544 9 GI6 b ‘1144
ISC 28121967 07:30:260 4480 13560 33 42mb 4432 -130.04 W 07312y 16 224 L] 1145
ISC 06 91969 10:54400 4700 16900 33 5328 16854 0 1054588 4 o0 b 1146
ISC 2013 1969 O74743.0 4840 17300 33 42mb 5127 17905 0 074B2L4 6 059 7 1147
ISC 01 41972 ©342:331 4540 17030 0 38mb 508 -170% W 304222 6 4y 7 1148
LAQ 17 81974 09:25:251 4740 17280 6 4lmb 4716 17283 0 095288 4 118 1 1149
IBC 02 21975 09:3235.0 4950 17100 ¢ 42 b 4975 17117 e 0932392 5 114 7 1150
ISC 08 41975 {8:49:028 4910 168.00 ¢ 46mb 5204 16064 0 1849348 4 017 7 1151
ISC 28101985  06:15:458 4930 17170 33 44mb 4934 171,83 0 065462 5 024 7 1152
188 05 21923 22:58200 50% 164.00 i} 11 1153
18 07 71923 06:09:540 5200 -142.50 0 241 -144.00 1 06:09:520 4 401 12 1154
1S5 28 61927 1T:19:250  40.00 16800 i 643 138.87 W 1913 4 160 12 1158
WEL 29 71958 2221210 4050 17630 0 SOWEL AR50 17630 14 1156
MGS 07 61961 05:03:025 4438 -14920 30 45 MOS 4550 15080 61 05:03:407 14 1157
BSS 1 51967 20:00:000 3123 -124.2% [} . 13 1158
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Table 9
Sorted Dataset for West and South of Baja California

Enitial Location Relocation Code  Sie  Index

Sce Daze Time Lat Long,  Depth Mag. iar Long. Titme . Ns o
DMY (GMT) N “E k) N °F Ay (GMT) &)
Intraplale Events
IS5 14 11936 (004080 2350 13550 ¢ 2318 o154 10 00:04:008 11 143 t 12
i85 08 51930 145 1700 11200 [ 1573 11446 10 2244015 4 137 1 1262
IBS 22 91930 1600 13100 ¢ 1508 11207 10 0501470 6 a0 1 1203
GR 30 61945 1700 -115.00 0 6T5PAS 1660 11580 10 0531200 55 2.80 1 1284
BRL &7 51973 1657 11608 33 48mb 1657  -116.08 3 i62712 2 1208
GS 2 B9 RO 1493 -113.07 33 50mb 1493 1d 3 0LIG:284 2 1206
POE 04 51985 1247009 1667 14353 16 47mb 1667 -113.53 0 1247094 2 1207
GS 24 31986 1943239 1308 -113.57 tr 31 mb 3 1208
IS5 21 11936 08: 1350 10750 g 1200 10787 0 0407584 7 243 1 1209
GS 22121977 1088 -10743 33 49 mb 1038 -107.43 33 0257508 2 1210
IS5 24 61924 500 -118.00 o 838 -119.09 0 1348479 5306 i 1211
SS 25111927 100 -129.00 [H 536 -114.18 0 1954405 5287 I 1212
GR 20 61938 600 1190 8 S6DAS 57T -11896 00 1402272 9 1o 1 1213
CGS 23 7 1961 680 12150 33 631 12357 00 43NEG 200 150 ) 1214
SC 08 41977 250 -11570 33 d&mb 250 11570 33 1106518 2 1218
ISC 11 31976 470 -112.10 33 49mb 470 -112.10 33 0k45:19.9 2 1216
1SC 12 6 1983 460 -112.20 10 45mb 400 11220 10 15:30:06.0 2 1217
188 17 51924 100 12900 0 078 12932 10 20:51:19.49 4 213 1 1218
G 10121549 400 12900 0 575PAS 412 12885 0. 1RS458 1 L0 i 1219
ISC 12 41972 620 13030 0 44mb 620 -13030 0 2h42463 2 1220
ISC 25 61943 060 -130.40 33 46mb 3 1221
IBC 24 91966 57; 216 -130.80 92 49mb 1211 -130.87 31 O%ST6T 40 097 i 1222
G 04 11933 2a0dS0 2000 12750 4 S5PAS 2842 12699 10 2110450 17 220 1 1223
CGS 06 10 1963 0848122 2190 12740 ¢ A0mh 2180 12740 0 0RAR22 2 1224
ISC 23 51976 1736321 280 (12530 33 2346 12637 10 1736355 7 161 i 1225
Casualties

IS5 09 7919 1909250 1700 -11200 o 1903 10800 10 1919442 7 178 8 1226
IS 26101920 19:04:2200 1940 12220 4 1752 11683 10 1905041 4 1954 8 1227
ISS 02 41927 1700450 1100 10800 i 1516 9039 L e o) & 377 7 1228
185 30 £1922 2240420 2000 <1400 [ 1856 -107.86 0 2241320 4 i 8 1228
1SS 69 91922 0015470 1750 1650 g 1427 11604 0 00:15:50.7 4 34t 8 1230
88 26 31524 2022500 1700 11200 i 1781 -11291 10 2023316 4 070 8 1231
IS8 20 61926 1855400 700 10700 0 1697 9336 10 1856213 7w ¥ 1232
IS5 27111926  1440:060 1500 -117.00 0 1657 -10B45 10 14:40:493 4 335 7 1233
138 30 71928 0246100 400 11550 0 i34 w2 10 02:43:520 5 262 7 1234
185 17 1193 54 00 10630 0 308 -103.37 100 1554445 10 299 H 1235
1S5 18 41931 ficg G50 -107.00 ] 832 10644 10 1304504 6 229 8 1236
CGS 21 11936 454180 7S50 10800 g 1015 19440 10 0&54277 ] 8 1237
188 03 31937 09:2L:120 3100 -118.50 a 2522 -110.87 16 0923380 7 145 8§ 1238
OGS 12121938 2202420 550 11000 o 650 800 G 202460 9 1239
CGS 11 11939 2013:540 1270 -119.50 0 1482 -114.91 10 204250 5 109 % 1240
CGS 01101940 2043120 2260 12900 o 3553 131833 16 20:145:514 4 061 & 1241
85 25 41941 1210 2630 11660 0 A3 -11514 10 1Zi00s 200 182 H 1242
CGS 05 21943  0RS2180 2000 -11550 0 2993 11497 19 0%52:220 7 L3 g 1243
TAC 17 51954 242070 1615 11292 0 2265 {0660 10 2246:14.1 5 L5 ] 1244
TAC 08121854 2ndd450 1280 -11750 0 467 10733 10 2041570 10 128 3 1245
TAC 00 51955 1106480 1333 11100 0 1927 10795 10 107379 14 091 8 1245
BCT 06 61958 2245180 2000 -11100 o B0 8430 2244070 9 1247
CGS 20 31962 0LO0257 2530 -117.90 33 2947 11490 10 01:01:267 5 080 8 1248
ISS 1411 191% 0633350 1100 (10800 ¢ 1t 1249
IS 20 61922 0943060 1200 -120.08 i 3639 -160.70 0 004238 6 B2 12 1250
8S 09 B 1927 DLASGNO0 1250 10970 + 1106 -111.16 0 o192 3 4m 1 1251
1SS 2 91§31 0125460 1550 -i22.50 Q 1550 12250 14 1252
USE 19 21433 2036000 1420 122770 9 1420 12270 14 1253
USE 06 61933  1829:000 1430 12160 0 1430 12160 4 1254
USE 21 81933 (546000 1360 12480 0 1h60 12480 14 1255
USE 0312 1933 0045000 2030 12190 0 2038 12190 H 1256
USE 14 21934 20:00:000 1733 11942 ¢ 1733 119.42 14 12857
USE 2711 1$34 0410000 1437 12612 [0 M7 12002 14 1258
USE 27311934 2348:000 11.08 12508 0 108 12508 14 1259
USE 08 21938 1267 124483 50 1267 12183 14 1260
USE 24 51935 1125 -126.08 ¢ 1125 12608 14 1261
USE 02 § 1935 030 12642 | © 1050 12642 14 1262
USE 20 B 1437 1457 -122.08 4 1426 12210 115006.6 14 1263
USE 05 21941 1042 12655 200 1042 12655 14 1264
USE 18 21941 1528 -120.05 15 1528 12005 14 1265
USE 2% 91941 1466 -119.66 ! 466 119466 14 1266
USE 18 71557 15241200 Q00 -11G.50 ] 40.00 ..-110.50 14 1267
PAS 22 61971 0953582 445 -118.33 1 25ML 3445 11833 1 14 1268
188 14 51855 200000 289G 126320 0 2837 -126.02 10 2000058 52 156 15 1269
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Table 10
Sorted Dataset for Northcentral Faclfic Basin
Initial Location Relocation Code  Site  Index
Sce Daze Time LN Long.  Depth Mag. Lat. Leng,  Deph Time Ns <
DMY {GMT) N °g (km) N °E {km) {GMT) (s)
Intraplate Events
ISC 05 31976 3750 17510 33 37.50 17510 3 2041593 2 1303
Gs 22 91988 23E1 16720 20 S5mb 3 1302
ISC 30 61972 256 -16370 0 30mb 2950 16370 0 10:04:594 2 1303
IBC 14 21984 WIG 15710 0 49mb 3 1304
1ISC 02 $1975 8.10 15610 33 45mb 8.4 -13572 0 OnlsA66 9 lao 1 1305
Casuglties
ISC 14 51976  06:21:113 380 -167.60 33 48mb 2478 I3 415 p6nmi63 10 146 k 1306
188 11101928 2332280 2680 17240 o 4754 15160 10 2335144 6 LS 7 1307
18§ 17 61917 0834300 3400 16200 0 ) 1308
USE 17 91932 13:03:000 2625 -H48.60 [ 1 1309
IS5 01101918 0020150 3000  -174.00 [ 12 1310
ISS I IO 2B 2344060 2680 17200 ¢ 4335 17229 W 234546.1 6 124 12 1311
ISC 17 31976 1847207 1270 -171.80 3 1270 -171.30 W0 1847270 12 1312
CGS 24 71938 03:05:000 3200 16200 o 3245 -115.86 10 0308068 7 23 14 1313
COS 21 71945 2087870 2900 17600 0 -19.82 17632 10 258112 7 L2614 1314
ISS 21 91951 0941208 3920 17150 0 3970 7150 14 1315
IMA 0L 91953 14:14:53.8 300 3570 70 3400 13570 14 1316
WEL 30 ¢ 1958 1R:38:40.0 3840 17640 150 3840 176.40 14 1317
BCI 04121959  18:0%:100 3600 17950 g 3318 11908 10 18:09:08.7 5wl 4 1318
CGS 08 10 1960 1734007 3610 17690 176 3610 17690 14 1319
ISC D9 41967 1hS2I00 W0t 15300 33 62 12986 118 1450 14 1320
Table 11
Sorted Dataset for Cocos Plate
Enitial Location Relocation Code  Site  Index
See Date Time Lat. Long. Depth Mag. Lat. Long. Time Ns k]
PMY (GMT) °N °B km} °N °B (k) GMT) ()
. Intraplate Events
GR 24 31937 20:1%:230 500 .89.00 0 60PAS 498 8909 1 3213 I 1 oot 1351
18§ 03121928 1226100 420 8500 ¢ 347 WBT62 10 1226008 7 21t 1 co2  13%
CGS I8 11955 O0R42:080 500 875 o 504  -B7.54 10 0842053 2% L72 1 Co2 1353
CGS 31 31968 0416010 520 8730 33 42mb 5804 B33 10 0415580 18 145 1 co2 1354
CGS 17121969 0311465 434 -88.04 33 44mb 4,46  -81.95 10 REP 15 164 1 co2 1358
BRL 20 61973 (353184 453 81T 33 43 mb 291 8172 10 B 262 10O 1356
GS 25 61975 DeSI42 594 8T 13 Addmb 548 -87.59 10 0 276 1 Co2 1357
G809 B19V6  1Z:3S39Y 432 BTS2 1 4% mb 432 8142 33 2 Co2 1358
GS 12 81976  O%53509 414 8748 1 50mb 414 8748 33 Rk 2 COZ 1359
IS¢ 1 61977 00:16:19.8 500 -8830 33 474 B0 0 k16198 6 118 1Co2 1360
CGS 03111668 19:53:229 791 8592 25 47 mb 778 8609 00 1953232 &4 283 1 o036t
NEL 03 131987 18:14:413 330 9430 10 4Bmb 536 9430 10 1814431 1 159 1 €04 1362
NEI 63 11987 18:19:359 60 9370 1 45 mb 575 9368 10 18:19:387 10 G.82 1 Co4 1363
NEI 05 13987 1525338 580 9220 W 42mb 555 9364 10 1525350 0§ LO4 1 C04 1364
ISC 12 91974 1538143 8O0 9190 G 43 mb giz 9192 10 1538187 5 085 1 CO5 1365
ISC 05 61975 A3 830 Y130 ¢ 39mb 841 911 10 1443353 4 278 I Ccos 1366
5C 11101978 32 800 OO0 127 42TUL 145 8169 0 0731580 5 LS9 1 cos 1367
GS 12 71978 0133351 1034 9175 33 39 mb 1065 -91.59 1 0133377 1 182 1 Ccos 1388
G 30 81931 0734340 600 99.00 0 36mb 585 -99.97 10 734338 10 183 1 cod 1369
IS¢ 08 71878  07:57:42.3 860 9530 33 40mb 854 -95.62 10 Gh57:421 5 w37 1 Co8 13
PDE 22111984 (748354 1017 9554 33 42mb 1049 9585 1 GT48383 10 LTO tCco% 187t
1SS 15111932 1030190 3190 -99.50 0 A9 9926 10 10:30:123 10 109 1 o0 13R
Casualties
1S5 23 91916 0R41:540 1000 97.00 hl 1242 8349 10 05:43:00.1 8 163 7 1373
155 25 11918 26 1200 9550 o 1477 9119 10 0L20:548 10 1.54 7 1374
IS§ 05111918 2239:000 1200 9550 i 1327 -88.12 10 209506 4 231 7 1375
IS5 30 31928 288500 1200 9550 ¢ 1256 952 10 2059083 7 238 K 1376 -
G 26121928 2122520 600 4R00 ¢ 6O0PAS 583 10144 10 16 194 8 1371
IS 07 41929 1931450 1200 9550 o 1437 9410 10 1932:169 30 324 7 1378
COS 1701933 1333366 100 9S00 0 1657 -93.90 10 13a%es 1 133 7 1379
18§ 24 71934 02:47:240 820 -87.00 1] 000 -84.32 16 (247340 11 408 7 1380
COS 0% 311934 1611420 00 69.00 0 121 19.46 16 1&11388 § 134 7 1381
CGS 14101635 17:36300 500 8640 9 474 8152 10 1738504 W0 0T3 % 1382
CGS8 29121936 13:58:420 300 -90.00 /] 1356 250 0 1359580 4 1383
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Table 11 {continped)
Sorted Dataset for Cocos Plate
Initiai Location Relocation Code  Site  Index
See Date Time Lat. Long.  Depth Mag. Lat. Lotg,  Depth Time Ns [+
Dby {GMT) °N °E (km) °N T them} (GMT) )
BCE 12 41951 0410300 800 -B6OU 0 1156 7834 10 0411247 5 4 7 1384
CGS 16 31955 O04:55:100 1000 9050 0 1129 9011 10 04:35221 14 16} 1 1385
TFAC 20 41985 i1mSI0 150 9000 ¥ T8 -103.89 10 1046538 11 049 § 1386
CGS 26 41961 1Z:1%:320 880  -9L10 33 1562 5991 0 123980 6 157 7 1387
CGS 20 21962 2346494 300 5630 25 379 8347 10 23:46:44.4 6 084 8§ 1388
TAC 14 31966 15:00:115 1142 9667 [ 1115 9571 W 1509128 4 08 7 1389
CGS 20 81967 16:43:26.8 720  -85.10 33 42mb 741 -B450 10 1643305 21 2 9 1390
IBC 6 5 196% 1627400 1000 -52.40 33 42mb 1808  94.52 10 1628:588 10 213 7 1391
ISC 19 91969 2221:500 1090 9680 33 1378 9633 33 220008 9 1592
IO 9% 11970 1205238 1360 9330 33 42mb 1571 9345 88 1208086 11 126 7 1393
ISC 29 4197¢ 1601178 110 -04.20 31 4T mb 1230 9420 33 0L3LE 10 160 7 1394
ISC 22 51970 03:08:160 1150 9450 33 43mb 1759 9518 45 03:09:05.2 B 250 7 1355
ISC %9 51973 14203108 1200 -97.00 0 43mb 1287 156 10 14:20:39.0 4 055 7 1396
ISC 18101973 2158249 050 60 0 43mn 1274 9147 10 21:58:533 IR 1 7 1397
ISC 11121974 20149:44.3 120 9L 0 3dmb 13.52 8739 18 20:50331 6 029 7 1398
1ISC 24 41975 1%:12:410 1280 9930 30 43mb 1630 9870 3 1RI30T9 16 0.8 9 1399
GS 26 21976 2325255 835  -87.46 33 46mb 1160 -8768 188 23260857 19 099 9 1408
1SC 29 91977 05:28:36.] 420 9500 [ 241 9851 10 0528279 10 074 8 1431
18C 08 31978 : 000 9300 335 d4mb 1330 110 194 23423568 9 1402
ISC 24 41978 730 8940 146 25 mb 1068 8502 146 05.42:54.0 9 1403
8¢ o 71980 9 9650 33 309 9003 16 2355053 10 12§ 8 1404
1SS 04 11918 050 9100 0 1 1403
B8 04 11918 432260 050 9100 0 u 1406
1SS 1611 1918  05:56:30.0 1200 9550 [ 1580 9366 10 05:5706.7 3000 it 1407
CGS 07 61937  O4:0%120 500 9200 0 4 12 1408
ISC 05121986 ORIGOOD  TO0 9400 33 40mb 292 9874 10 02:09:38.8 5 L 12 1409
1SC 13 81979 1142250 670 -8R.80 33 50mb 12 1418
BCI 28 31958 306300 1200 9350 ¢ 13 1411
CGS 26 11962 1840:23.0 1030 9060 45 13 1412,
Table i2
Sorted Dataset for Nazca Plate
Enitial Location Relocation Code  Site  Index
Sce Dalte Time Lat Long,  Deph Mag, Lat. Long.  Depth Time Ns a
DMY M1y °N °8 (km} N °E &m) (GMT) 15}
Intraplate Events
ISC 29 71968 1L44:570 200 9010 33 43 mb -195 9009 10 1148563 e 1 Nzl sm
ERL 14 8 197F  04:26:039 262 5915 33 46mb 250 8921 10 ; R ] 1 Nz 15;
ISC 16 81975 0943483 210 9033 33 aaMB -185 9024 10 15 163 1 NZL 15m
CGS 07 $1951  O4:08:540 650 RSO0 0 654 8498 0 19w 1ONZ2 1504
1SS 20 § 9% OM8340 680 RS20 ] £77 3510 Hi] 4 L% tONZ2 1505
CGS 24121963 02:40:426 660  -85.310 33 43mb 648 503 10 STt T NZ2I 1506
I8C 18 61983 07430 610 8540, 39 44mb 622 3340 10 07.14:90.8 T2 1t NZZ 1507
GS 02101988  23:21:032 07 8862 It 47mb Ao .88.62 10 2321032 2 NZ3 1508
I8¢ 12111968 0644516 380 995D 33 360 99,55 W 064512 704 P A% N £111]
ISS 23 81923 0512458 500 9500 i 5358 9691 16 0:12:48.8 4 087 L NZ4 15
IC 1 11967 I3ATSL0 480 9660 33 48mb 478 9664 16 1337489 3 066 I NZ-4 15U
ISC 07 91986  OT5039.5 806 960 15 48mb 3 NZ-4 1512
BCO 721972 1600338 1100 96,20 85 47 mb 3 NZ4 1513
G 05 81944 O0STITO 1330 9250 0 60PAS 1294 9244 10 00572300 13 054 1 NzZ+4 1514
G 05 81944 OL20RO 1350 0250 0 625PAS  -1329 9262 10 2424 16 075 1 NZ4 1515
ISC 12 31969 Q102256 1170 9520 3 43mb (1160 9508 10 0742246 7035 1 NZ4 1516
CGS 22 31958 12:18:530 1150 -97.00 o 1292% 9774 10 1218517 3 057 1 NZ4 1517
T8C 15 41976 1427434 1400 8850 33 -1398 990 10 1427418 4 087 T NZ4 1518
ISC 25114965 10:50:508 1730 -10020 43 S3mb 1710 -100.20 13 150400 T ONZa4 1519
ISC 0B 21982 1780 .00 10 47mb 3 NZ4 1520
BC 23 11983 1190 9680 10 d42mb 3 NZ4 15
ISC 08 10 1967 1720 -106.00 33 d4dmb 17T 10611 10 23342l 13 067 tONZS O 1sm
GS 16 £1975 2037 210042 33 48 mb 3 NZ6 153
18C 0% 12 1964 2130 3200 48 S0mb 2126 -82.06 13 0914309 30 LI 1 NzZT 354
18C 1910 972 : 2251 829 33 A3mb 2249 8299 1o 2030338 26 1% 1 NZT 1528
ERL 20 41973 15:16:454 2876  -108.65 33 49mb 2839 -108.64 16 1516147 2] 1 NZ-8 1526
ISC 09 11986 09:05349 2900 -106.50 10 48mb 2833 10 0905368 24 LW 1 NZ& 5y

-1066.14
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Tablg 12 {continued)
Sorted Dataset for Nazca Plate

Inisial Location Relocation Code  She  Inde

Sce Date Fime Lat. Long, Depth Mag. Lt Long.  [epth Time Ns o

DMY ({GMT) N B {km} N “E km} GMT} (8}
PDE 11 31984 13:42:564 2665 -108.5) 10 5.7 mb 3 NZ-§ 1528
GS 06 71987 OL0&02.Y  27.00 10829 10 62mb 3 NZS 15
G5 0 71987 11L:50:314.8 2607  -10816 10 6.1 mb 3 Ni£-s 1530
GS 02 61988 02:53485 2682 -108.16 10 47mb 2682 10814 10 0253458 2 NZB 1531
IsC 0 11970 0444:420 -29.40 06,50 33 -28.73 -20.00 J{H 04:44:38.2 5 .57 1 NZ-9 1532
Isc 21 61564 (OT:42:350  -30.00 -91.50 33 4.5 mb -25.89 -91.75 10 (77:42:534.2 H Q71 i NZ-9 1533
isC 25 91965 1627260 -30350 -0G.60 33 4.6 mb ~30.37 -96.55 14 16:27:25.6 13 102 1 NZ-9 1534
G 7?5 51918 1929200 3050 9L50 60 TOPAS 3085 9L88 16 19:29:188 11 178 1 ONZY 1§38
BCI 05 1iush 0227360 3500 62,60 4 -3 0634 10 (12:27:56.2 8 1.2G 1 NZ-G 1536
ERL 28 51972 08:38:515 3785 4218 33 50mb 3 NZSG 1537
IS§ 28 11939 10:04:000 3070 7890 4 3085 7901 16 1804525 52 128 1 NZIG 1538
ISC 23 21968 12:28:040 3000 7600 33 2941 7596 10 12793 4 a4 1 NEZH 158
CGS 26 11962 1434457 3650 8890 &0 3681 8921 16 1434433 M 124 1 NZ12 1540
IS¢ 04 61981 07:39:41.5 3420 -1 37 51 mb -34.04 -18.86 ¢ 07:39:36.7 &} 1.57 1 NZ-13 1541
NEl 27 101986 DR:(2:523 3420 ~78.5G i 50 mb 3 NZ-13 1542
IsC 22 11981 O2:23:587 -34.40 -73.60 33 4.1 mb -34.47 <1974 Ho 02:23.56.9 8 6.9 i NZ-13 1543
ISC 4 81974  1RI:1TH -35.80 ~T9.60 33 -35.66 “19.65 i3 {1:20:16.6 5 0.18 1 NZ-13 1544
1SC 13 61973 1510388 3700 793¢ ¢ dlad 385 7939 0 1RID425 5 086 1 NZI3 1545

Casualties

188 3¢ 1 192F 1858380 -G.59 -93.00 4] .36 -93 84 1] 18:38:49.9 5 2.19 8 1546
158 06 11922 1923806 -19.60 -76.60 1] -16.50 -730 9 1547
155 06 61921  2haS2350 3200 9550 0 4777 10915 0 2043247 4 2269 8 1548
188 05 61926  01:215.0 -17.00 ~78.50 1] -15.20 ~76.07 10 01:20:42.8 4 G113 7 1549
188 05 81927 0343030 o000 8500 0 080 833 10 0h43356 7 219 7 1550
185 23 1928 2024440 000 00 0 -877 7945 10 2024021 4 336 b 1551
CGS 0% 91937 05:29:000 -5.00 -84.00 0 12.01 93.56 10 03:32:354 g Lie 7 1552
CGS 153171937 o:51:06.0  -14.60 -B2.40 g -1.38 -17.33 10 0051:22.5 3 ot 7 1553
CGS 28 11840 0727480  -12.00 -32.00 ] 10.74 -85.10 16 O1:36:34.4 & 266 7 1554
TGS 31 B 1940 1712420 1700 7R.00 0 -1539 0 7063 153 12370 12 182 7 1555
<GS 81541 1702480 -5.00 -88.00 1] -32.00 -T0.00 [ 16:59:45.0 9 1856
IS§ 15 21942 1420490 970 8510 4 &40 8413 16 14:20:56.3 16 115 7 1557
iss 13 21947 O3:13:2210  -19.00 -75.00 o -18.27 -75.09 1 00:13:27.0 13 1.55 1 1558
CGS 07 91940 0726570 200 9300 i 07 9026 ¢ 0727085 8 125 8 1559
CGS 16 71950  11:58:480 <2.00 -86.09 G -135 -86.12 10 11:59:00.1 3 192 B 1560
BCI 29121851 10:38:80.0 -31.00 -56.00 [t -39.24 5407 10 10:37:19.9 12 172 8 1561
BCI 24 111958 21:42:490 1000 ~85.00 o -10L1% -80.70 10 21:42:52.9 4 0.55 7 1562
CGS 23 51960 1202360 -38.00  -T600 50 3904 1442 10 12:02284 8 034 1 1563
Gs 19 61960 2{:42:560 -38.50 -T6.00 O -36.84 -73.10 10 21:42:44.7 10 G.91 7 1364
CGS 22101961 0701421 -0.20 -94.60 & 422 9835 i0 07:01:53.8 11 161 8 1565
CGS 27 101963 01:30:32.1 2050 -101.20 33 4.6 mb -3607  -10392 0 01:29:55.0 17 2.0 8 1566
CGS 05 11964 17:15:142 2980 -1052G 33 4.5 mb -30.57  -1052% 10 1715078 3 1.14 § 1567
Cas 0% 11964 21:19:384 120 -89.90 33 4G mb 088 5033 0 2119543 5 646 3 1568
CGS 18 11964 070219 3250 10370 33 4.5 mb -31.88  -103.46 10 0h10:25.3 12 1.56 H 1568
CGS 29 81964 1717342 320 9120 3 42mb 131 92 10 17:18:08, W H 1570
CGS 25 31965 20:36:32.0 3810 -80.20 23 4.4 mb -42.00 “TEFT 10 :36:05. 1z 047 7 JE1]
CGS 30 51965 07121862 3770 -89.30 17 4lmb 4068 EBA3 10 £ 7 LOD H 1572
CGS 23 71965 2521253 346 -85.50 13 4.9 mb -39.40 -85.64 10 21:22. 1z 0.86 8 1373
CGS 23 91965 1516588  368¢ 9170 31 42mb 3657 9279 10 1506588 9 143 8 1574
I8¢ 03 51967 0hLS52:000 2900 18550 KX 4.1 mb 3132 15w 10 D1:51:43.3 § 0.95 2 1575
BC 16 51967 08:25.070 2000 10050 3 4dwmb 2898 MY 0 824:153 10 183 H 1576
IsC 15101967 1516100 3000 “98.00 33 4.2 mb 3349 -98.04 10 15:16:06.7 5 229 k] 1577
1ISC 07 21868 07:28:300 2600 9370 33 4tmb 3263 9933 10 0728043 5 L9 8 1578
15C 19 31968 23:06.490 3200 10030 33 4.4 mb 3084 10007 1o 23:06:53.3 6 173 3 1579
I8¢ 05 61968 330 98.00 33 43 mb 212 9184 10 : g 049 8 1580
CGS 30 8 1969 061 -89.62 33 42mb 064 -89.54 JTU W L4E 7 1581
I5C 20 5197 30710 43.40 25 -34.09 -96.69 ic G3: 4 0.45 7 1582
15C 10 91970 2000 400 33 225 -84.01 16 0432 i 289 7 1583
18C 12 61972 -18.50  -104.50 6 38mb 2812 11238 16 G0:53:44.7 4 137 8 1584
18C 15 41973 -30.50 S16.10 ¢ 3.4 mb -30.35 -15.40 10 13:08:483 10 191 7 1585
GS 271231975 0244002 351 -BAE2 33 45mb 0oe 4097 10 0244:3t9 14 065 8 1586
isC 23 41970 1427:408 2070 1110 33 <3015 <7289 it 14:28:09.4 i 2.52 T 1587
ISC 15 51971 1646:13.9 3560 -8530 33 46mb  -4003 8634 10 16:45:482 % 186 8 1568
e 01101977 0042321 3799 ~T76.50 33 -37%0 <16.56 10 00:42:31.5 il 2.57 T 1589
NEL 19 71978 : 310 -B430 33 344 Bd14 10 251 [ ¥ 1550
sC 04 4 1980 -1G.60 -82.20 33 -11.28 -80.96 10 & 1.85 7 1591
ISC 06 51981 (1830 7520 33 -1B36  -T4.86 14 I 31 7 1592
S 27 41982 : 2380 75A0 33 1355 TA6T 10 51 7 216 7 1593
ISC 27 101982 1437077 29490 <75.20 33 <2949 ~T4.45 10 14:37:13.5 22 2.45 7 1594
ISC 04121983 0014120 3420 TR0 33 71.84 1 015195 16 671 7 1595

-32.54
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Table 12 (continued)
Sorted Daraser for Nazca Plate
Initial Location Relocation Code S Index
Sce Date Time Lt Long. Depth Mag, Lat. Long. Depth Time Ns o
DMY {GMT) = o {km} °N =g () {GMT) s}
NEf 30 7198 3020 -15.70 X -3031 7526 0 ez 18 18 8 1596
IS 16 21917 2600 -80.00 o 11 1597
185 2121917 2600 -80.00 0 11 1596
188 22 21917 2600 -80.00 0 11 1599
188 28 91918 2600 -BD.OD 0 ¥ 1600
ISS 07 51919 2021160 2950 HE00 o 11 1601
CGS M 111963 16:21:044 3280 9550 33 42mb 11 1602
IS5 15 21917 OH4R090 2540 8000 0 2473 580 1o 4 180 12 1603
186 03 21918 1441500 300 -88.00 0 1z 1604
185 01 91920 0245500 300 -8R0 [ 936 9623 10 4 5B 12 1605
188 06 61935  0R42250 3000 IO [+ 23032 7769 10 4 1046 12 1606
1SS 67 31936 20:32300 950 8400 o 12 1607
18§ 28101947  0%392L0 1480 10650 ¥ 1507 16758 10 09:39:22.5 E ¥ B ] 1608
COS 08 21962 0826268 (170 8460 45 12 1609
ISC 27 71972 15:92L7 3610 SLM G 39mb 12 1610
IS5 28 91618 10:35200 2600  -80.00 i 2991 7818 1 1617381 3000 14 1611
Table 13
Sorted Dataset for Antarcilc Plate
Initial Location Relocation Code  Site  Index
Sce Date Tirme fan Long.  Depth Mag. Lat. Long.  Depth Time Ns o
DMY GMT) N °E (e °N R (om) (GMT) 6}
Intraplate Events
G-R 12 31927 1844320 4100 -10600 50 65PAS 3938 10351 W 15:44415 7 B H 1701
NOS 09 51971 0825017 3978 10484 33 62mb 3 1702
KOS 09 5197 0853258 3974 -10493 3 S2mb 3 1703
NOS 0% FI971 1800569 3984 10489 33 S4mb 3 1704
NOS 09 31971 35 1972 -10448 3 Sdmb 3 17035
18§ 4121956 -45.50  -106.50 o 4540 -107.30 W 088 0.90 1 1706
CGS 28 11961 106 -45.100 -10640 28 4500 -106.50 10 14:06:105 130 1 1707
I[BC 11 1976 232242 4640 A0LID 33 S53mb 4640 -IOLID 3} 2322412 2 1708
GS 07 31988 O0B:S0:44.1  -4457 9326 10 49mb 4452 9326 10 08:50:44.1 2 1709
ISC 29 41975 0B:33:273 4580 -87.20 0 4lmb 4580 8120 0 0833273 2 1710
18§ 05 12 1927 X 6800 90.00 0 6681 0280 10 1749072 4 20 1 711
PDE 15 6 1984 118: -68.54  -1iL.73 0 S2mb 3 712
COS 06 61970 06:14EL9 6259 9127 33 49mb 3 1713
GS 05 277 03289 6645 8258 33 62mb 6649 8258 33 0329:189 3 14
G8 OV Nondse 6258 729) 10 Simb 6258 7291 10 11:3149.6 2 TS
Casualties
158 1D 51922 0044320 4880  -79.00 o 5043 7754 0 0044396 05 197 7 1718
G 27121926 0OBA42SS0 5700 -110.00 0 GOPAS  -6LIT 10458 0 05:42:50.2 4 19 ] i
G 27121826 0920:30.0 5700 -110.00 . 625PAS  -6LE8% 10361 W 0920:22.4 5 208 E] 1718
GR 18 51044 19:55:12.0 4400 10900 0 64PAS 4384 -110.87 01955158 13092 8 1719
1SS 18 11%49  04:43:180 -3450 9050 ¢ 4240 -90.80 10 0443330 1.80 8 1720
18C 16 81967 1003080 -5520 8300 33 5576 1607 W0 16:02:55.7 4 181 8 1721
G5 20 61974 0%:03:20% 4391 8858 33 48mb 4380 R8I 1 A0%I192 15 138 8 1722
8C 17 11967 23080 5700 8500 33 53 mb 11 1723
IS5 01 91919 1932250 6000 10800 1 6589 -112.57 16 1912433 4 221 a2 1724
G-R 14 B1929 02:6:500 6600 17500 G 60PAS 12 1128
WEL 13 91975 0B4(:100  W5LOC 10500 33 14 1726
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regrouped and sorted by date. The index number reflects this particular arrange-
ment. The numbering sequence has gaps to allow for the possible updating of the
cataiog in the future.

A computerized version of the whole dataset is available from the senior
authors. This package comprises both the sorted dataset, arranged geographically
and by relocation code, and the chronological list of all events in Tables 1-13. In
addition, it also includes separate files for the swarm events described in Appendix
A.

The general processing code represents the nature of the analysis performed for
each earthquake supposed to be intraplate, and is a factor of the type of data
available and the results of the relocation. The events can be divided into two basic
categories: those we deem to be true intraplate earthquakes, and the casualties we
consider are not.

Intraplate:

e Code 1 (123 events): Relocation yields a statistically significant intraplate epicen-
fer.

= Code 2 (72): Relocation confirms the bulletin listing as intraplate, and the bulletin
listing has been retained.

» Code 3 (52): Epicenter very well located by the reporting agency, with no
relocation deemed necessary.

« Code 4 (28): Modern event located by a local array of either Wake Island,
Enewetak Island or Ocean Bottom Seismometers, retained here without reloca-
tion (WALKER, 1989).

» Code 5 (128); Modern event located by a local array of Polynesian stations,
retained without relocation (OKAL et «f., 1980; J. TALANDIER, pers. commun.,
1989).

« Code 6 (3): Relocation makes them part of a swarm described independently in
Appendix A.

Casualties:

» Code 7 (196): Earthquakes that were relocated to seismically active subduction
ZONES,

« Code 8 (76): Events relocated to a ridge or transform fault system.

= Code 9 (30): Original location is intraplate, but a second listing from a distinet
agency is interplaie,

« Code 10 (2): Listing appears in WALKER'S (1989) catalog, but epicenter locates
on a ridge system,

» Code 11 (32): Two few arrival times available to perform a meaningful reloca-
tion.

* Code 12 (37): Relocation was attempted but failed to converge to a siable
solution.
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= Code 13 (4): Events for which no arrival times could be obtained.

* Code 14 (41): Original location was blatantly wrong, as the probable result of a
clerical error in reporting.

* Code 15 (70): Announced or presumed to be a nuclear explosion.

Discussion

Code 1: For an event for which a relocation was performed to be considered
truly interplate, several criteria had to be satisfied. The new location had to not
oniy be intraplate but also remain at least 2° from a plate boundary, a requirement
discussed above. In addition the event had to be statistically significant, as deter-
mined through the Monte Carlo simulation, also discussed above. Otherwise the
cpicenter was rejected as interplate and given a code of either 7 or 8, depending on
the type of plate boundary. All events initially deemed intraplate from a relocation
were given a Monte Carlo test.

Code 2: In these cases a relocation and Monte Carlo test were performed but
the new location did not differ significantly from that listed in the bulletin. Events
with this code did not relocate more than 0.5° and had depths which, when
unconstrained, did not become intermediate or deep. There are a few borderline
cases, however, where the epicenter moved less than 9.5° but in such 2 direction that
it becomes less than 2° from a plate boundary, thus giving it an interplate rating.

The depths listed by the various agencies for these events (as well as with codes
3, 4 and 5) ranged from 0 km to below 60 km, and were commonly 33 km. We now
know that oceanic iniraplate earthquakes are generally shallower than the latter,
and therefore do not necessarily endorse these depths. If an epicenter did not move
much during the relocation we kept its original depth unless it was substantially
overestimated, in which case we changed the depth and adjusted the origin time
(e.g., Event 1367 located by the ISC as being 127 km deep in the interior of the
Cocos plate. Relocation verified it as intraplate, but a betier standard residual was
found with a depth of 10 km).

Code 3: If the location given by the reporting agency was considered to be very
reliable, then no relocation was performed. This required a large number of travel
time arrivals, very small residuals (with a standard deviation on the order of 1.0 8}
and a fairly complete azimuthal coverage of stations. These events were in the
middle of plates so there was little chance of relocating to plate boundaries, It was
also important that other arrivals listed but not used in the agency’s location, such
as &, PKP, Sc§, ete, were well fit by the location. This code is not given to any
historical (pre-1963) events because all of these were relocated (when enough data
was available),

Codes 4 and 5: For the 152 events located by local arrays no relocation was
performed. A full description of the Polynesian array and its location algorithm can
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be found in OKAL et al. (1980). We refer to WaLkER and McCCREERY (1985)
regarding the Western Pacific arrays.

Code 6: These three events had coriginal locations that were independent from
any other seismicity, but their relocations vielded epicenters and origin times that
were concurrent with large swarms. The fact that this occurred only three times for
swarms that included a total of over 800 events reassuringly implies a great degree
of accuracy in the determination of these swarms.

Codes 7 and 8: These 272 events relocated to plate boundaries—ecither trenches
and Wadati-Benioff zones or ridge and transform systems. These earthquakes were
labelled as being interplate for one of three reasons: either their hypocenters were
directly on, or within 2° from, or had 95% confidence ellipses that intersected, a
seismically active plate boundary. This was largely the case for events listed by
WALKER (1989) near the Tonga and Japan-Kuril trenches, and events from the
NEIC tape listed near the East Pacific Rise and the Nazca-Antarctica plate
boundary. A large number of events relocated to interplate regions using only the
arrival times used in the original location. More ofien, however, the svents
relocated to active plate boundaries after applying techniques discussed earlier:
including § waves in the inversion, floating the depth and removing emergent
arrivals.

Code 9: For these events the existence of a weil determined interplate epicenter
by one agency invalidated the imtraplate location by another. The interplaie
gpicenter was preferred either because it was a more thorough location with more
data and/or smaller residuals, or because we relocated the event and found it agreed
with the plate boundary location.

Code 10: These two events, listed as intraplate in WALKER (1989}, were within
2% of the East Pacific Rise and were therefore removed from the intraplate dataset.

Code 11: A location was given for which there were three or less £ or § arrival
times and a relocation was not possible. Most of these events occurred before 1930,
when 188 locations were occasionally done on the basis of the arrival times of
surface waves. Other exclusions were for locations determined on the basis of only
3 arrivals, While an mversion for three parameters can be carried out using three
arrival times, the solution is uniquely determined and yields residuals of zero for the
arrival times (unless the arrival times have differences greater than a certain
threshold of compatibility). We do not feel that this is a meaningful solution, and
require a minimum of four arrivals to achieve some measure of reliability.

Code 12: There were two possible results of the relocation that were deemed as
failing to converge to a stable solution. The first is a strict interpretation of this:
The inversion, no matter how many times it was iterated did not reach a final
location. Unable to find a runimum in the residual space, the least-squares
regression would yield a very different location with each successive iteration. In the
second case the inversion program would actually iterate to a single epicenter for
any given subset of arrival times, but the addition or exclusion of one arrival time
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could significantly change its location (in some cases by over 10°), and there was no
rationale for choosing one station over another. This was often accompanied by
excessively large residuals for what was wsually a small number of arrival times,
indicating the inadeqguacy of the location. Both of these cases are representative of
large errors in the available arrival times.

Code 14: There were a surprisingly large number of blatant typographical
errors in the reporting bulletins, signified by Code 14 in Tables 1-13. These errors
were usually in the form of a missing or improperly included negative sign or
reversal of adjacent numerals either in the latitude, longitude or origin time. Most
of these errors are not traceable to the original locating agency but rather seem to
occur upon transcription by the cataloging agency.

A dramatic example consists of 14 USE epicenters (1253—1266) listed as
occurring off the coast of Mexico during the years 1933 and 1941; these epicenters
formed a very distinct curvilinear trend around {15°N, 125°W), but it did not match
with any known bathymetric features in this region, and no references to these
events could be found in any other bulletins. However, when the negative signs of
the longitudes were removed they located precisely on top of the known seismicity
of the Philippines for the same time period. The events were found in the original
USE catalogs, but as small local earthquakes felt on the Philippine Islands,

Some of the errors, when corrected, merely place the epicenter at the nearest
trench, but some move them far from their true origin. Another USE epicenter,
Bvent 1267, was listed at (0.00°, 110.50°W) but was actually a local Utah earth-
quake at (40.00°N, 110.50°W). A 1951 IS8 event (1315) was put in the Northeentral
Pacific at (39.20°N, 171.50°E) but was actually a Hindu Kush earthquake at
(39.20°N, 71.50°E), and four other “Northcentral Pacific” earthquakes (Events
1156, 1317, 1318, 1319) listed in the Northern Pacific near (38°N, 176°E) were
actually New Zealand events at (38°S, 176°E) which were missing minus signs on
the latitudes.

In the case of Event 1726, the earthquake is credited to WEL but does not
appear in the Wellington (or associated) bulletins (B. FERRIS, pers. commui.,
1589); it is therefore assumed that there is an error in the listing of the date (and
perhaps in the location as well) and the event is for all practical purposes
irretrievable.

There is one other segment of this category, though less populated, which
consists of blatant errors in the original location procedure. An example is Event
1320 (April 9, 1967), which was given a preliminary determination by LASA, later
located by the ISC (see Figure 7) and finally compiled into WALKER (1989). The
LASA array received the arrival at 18:01:45.1 and located the event in the North
Pacific at (36°N, 172°E) with an origin time of 17:51:39, giving it an epicentral
distance of 59.72°. We surmise however that the earthquake never occurred because
at 17:41:55 there was an event in the Banda Sea (7.02°8, 129.66°E; h = 118 km;
my, = 5.3). The distance to LASA from this event was 118.12°, and taking into
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d.

LAQ Apr 94 17h 5im 395, 3&6°N 172°FE. Mag=5.0
{611) North Pacific Gcean / (39} Pacific Basin
318  The distances and residuals correspond to the positior and time given by LAD

LAG Lasa Centre 5¢.¥2 52 % 18 01 45.1 +2 .4

315 Apr  9d 17h 52m 10:xlls, Epicentre 39'32 .7 "North by 16371 .0 East, 14 obs
Depth= 0.0C6OR or 33 km, S0=6.48s on 14 obs, 1D
{611) North Pacific Ocean / (39) Pacific Basin

TED Tonta Forest £6.15 64 0 18 02 40.3 -~12.1 0.%6
WM O Wichita Mountains 74 .54 58 i 1B 03 53.6 1604 0.8
FAY Fayetteviiie 7H.54 54 0 1B D4 §3.9 9.3
SCH Schefferviile 77.05 27 ¢ 1B 04 02 +4.8
LAND London 79.50 42 e 1B 04 18 +7 .2
SI1C Seven [slands 80.76 30 e 18 04 17 -0 .4
SFA Seven Falls 81 .47 34 o 1B 04 28 -1.2
MR G Morgantown 82.%6 44 i 18 04 28.3D 21 .4
LBMm Caribou 82.78 33 i 1B 04 25.4 -2.5
BNH Berlin {N.HJ $3.23 36 18 D4 28.8  -1.4
MIM Milo B3.71 34 1 1B 04 29.2 -3 .4
E Mt East Machias 84,78 34 & 1B D4 31.6 -6.5
WE S Weston 84 8% 37 i 18 04 32.0 -6.7
KER Kermanshah 86 .08 312 e 18 G4 46 +1.3

b.

Times from the Banda Sea Earthquake
7.02°6 i29.66°8 d=118km OT=17:41:550

Arrival Distance  Residual
Station Type {73 (see)
LAG PP P18.10 G38
TFQ ? 117.87
WMO SKP 12781 G.1
SCH SKP §30.48 <13
FAY SKP 130.61 o1
SIC SKP 134,79 -1.0
LND SKP 134.99 .6
SFA SKpP 136.30 2.7
MRG SKP 137.99 0.6
CBM SKP 138.12 2.6
BNH SKP 138.32 0.2
MIM SKP 138.54 0.0
EMM SKP 139.50 -0.2
WES SKP 146,14 -1.5
KER s 87.84 -4.7

Figare 7

The “ghost” event of April 9, 1967 {Event 1320). (a) The LASA and ISC locations for an event that
most likely never existed. (b) The residuals for the stations used in {a) if the arrivals are interpreted as
PP, SKP and § waves from the earlier Banda Sea earthquake.

account the depth of the Banda Sea earthquake, the LASA arrival has the exact
time and distance expected for a PP arrival from the Banda Sea event. However,
since LASA located using the slowness vector across a siall array, there was no
way for them to distinguish between the two.

This ghost event was then located by the ISC at (397N, 163°E) and encounters
similar problems. The ISC lists 13 P arrivals at North American stations, mostly in
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Mew England and Northeastern Canada, and one in Iran. Of the 13 MNorth
American stations, all except TFO are fit excellently by SXP arrival times from the
Banda Sea earthquake, at epicentral distances of 128°—140°, a range in which Py
is smali but SKP can be a very significant arrival {CHOUDHURY, 1973). The Iranian
station KER is nearly equidistant from the Banda Sea and ghost Pacific events, and
the alleged P arrival time from the latter would fit the § time for the former. This
case could be included in the category of events relocated to plate boundaries but
unlike the cases where locations are contaminated by arrivals from other events or
mislabelled phases, this earthquake never occurred.

Code 15: A itarge number of announced or presumed nuclear explosions took
place in the Pacific Basin since 1946. Some are listed in computerized and other
epicentral catalogues, but this dataset is far from homogeneous, with many events
missing while officially announced as nuclear tests by the U.S. Government
{ANONYMOUS, 1989). Actually, we failed to recognize a rational algorithm for the
identification and/or elimination of nuclear tests (presumed or announced) on the
NEIC tape. In particular, neither a threshold in yield or seismic magnitude, nor the
nature of the event (atmospheric, underwater or underground) can explain it, even
over periods of time as short as a few months. It is thus suggested that the policies
of the various seismological agencies towards reporting nuclear tests varied over the
years, or perhaps even were oceasionally nonexistent or random. As a result, the
dataset on the NEIC tape is confusing and could be misleading. We have chosen to
compile in Tables 1, 6, 8 and 9 events listed in various seismological catalogues and
known or believed to be nuclear tests. These tables are intended as a warning to the
seismological user of these catalogues (primarily the NEIC tape), and do not
pretend to be a complete listing of nuclear explosions in the Pacific.

Seven Bikini and Enewetak events {945-951) listed on the NEIC tape were
officiaily announced as nuclear explosions {ANONYMOQUS, 1989).

Finally, Event 1269 (May 14, 1955; 28.9°N, 126.2°W), part of WaLkEr's (1989
dataset, is an announced underwater U.8. nuclear explosion { ANONYMGUS, 1989}
We also include in Table 8 Event 1158 (May 11, 1962; 31.2°N, 124 2°W); because
of its unusual location, this anncunced nuclear test could be a source of confusion.

In French Polynesia, the WEIC tape includes 61 svents in the vicinity of
Mururoa and Fangataufa atolls, 42 of which are flagged on ithe tape as presumed
nuclear explosions. All 61 feature a computed origin time no more than 5.2 s away
from an even minute, and all occurred during daylight hours {07:28 to 15:30 GMT-
9). On the basis of these characteristics, and also for several of them of strong
my, .M anomalies, we believe the remaining 19 are also explosions, and list all 61 as
such in Table 1. Once again, the criteria for identification of events as explosions on
the WEIC tape are unclear,

Conversely, the tape lists Event 126 at Polynesian site TU-10 on April 16, 1982
as an explosion, with a zero depth (“assigned by Geophysicist™), This is most un-
likely, since the USGS epicenter (equivalent to the ISC’s) is more than 550 km from
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the cluster of presumed explosions at Mururoa, and 200 km from Puka-Puka, the
nearest island. Rather, this epicenter plots on the Eastern flank of the Northern
Tuamotu chain, and complements the alignment (TUS-GB1-GB2-GB3-GB4) de-
seribed by OKAL ef af. (1980). We regard this event as a genuine earthquake.

5 Results: Statistics

Of the total of 894 events (not related to swarms) that we extracted from
reporting agencies and examined, 406 were considered to be genuinely intraplate
(including three that relocated to swarms), with the breakdown between categories
given in the previous section. This represents an intraplate percentage of 45.4%. In
other words, less than half of the events reported that were not associated with
localized swartns were actually intraplate earthquakes. The locations of the 894
original bulletin listings are shown in Figure 1a and the 406 remaining intraplate
epicenters are shown in Figure 1b.

GENUINE
INTRAPLATE
403
IS .
£ %

y PLATE BOUNDARY =133
EVENTS
405 304 513

—wiﬁ»’_ Blatant Errors 41 Jm—iﬁ—— """
24 o[ Too Litde Info, 73—
i 69
r-—‘-wr Nuclear Tests 70 1@—#

23
\ SWARMS 838 },\
, SWARMS

Local Tahiti (Non-Walker)
Events 815

WALKER DATASET

) Figure 8
Chart of the repartition of the dataset between various sources (left and right}, and according to the
results of the processing (center).
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The distribution of rate of success was fairly even amongst the reporting
agencies. For example, of the 405 events available to us as part of the WALKER
(1989) dataset, 194 were found to be intraplate {47.9%), though if we do not count
the 24 earthquakes be inciudes that were only a small part of the Line Islands,
Tahiti and Gilbert Islands swarms, then the WALKER (1989) set vields 170
intraplate out of 381, a percentage of 44.6% which is nearly identical to that of the
total set. These results are shown schematically in Figure 8, where we show the final
numbers and their sources. The sources have been divided into those events which
were taken from WALKER (1989}, and those that were from the NEIC tape and
elsewhere. Those events that were found in both references are therefore included
on the WALKER (1989} side, though as mentioned earlier, the overlap was small.

Expectedly, there was a noticeable difference beiween historical and modern
events as to the rate of success for intraplate verification, Of the 340 historical evenis
(before 1963), only 7t (18.5%) were actually intraplate. The majority, 105, relocated
to trenches. OFf the succeeding 554 modern events 60.5% were found to be intraplate.

Number of Events with Time

The results as a function of time as shown in Figure 9. Figure 9a shows the total
references to Pacific intraplate earthguakes between 1913 and 1988, with actual
intraplate events shown in Figure 9b and plate boundary events shown in Figure 9¢.
The bimodal distribution seen in Figure 9a is an interesting feature, and is an
artifact of the evolving location capabilities of recording agencies since the {wo
major peaks also appear in Figure 9¢. Through the late 1920s there was an increase
in the number of reported intraplate events as the increase in stations world-wide
allowed for an increase in the number of total events recorded. These do not
represent an increase in actual intraplate activity, however, which as is shown in
Figure 9b remains constant. For the next decade the number of reported evenis
decreases and remains low during post-war depression. This actually mirrors very
well the reported world-wide seismicity, as contained in the NEIC tape, where we
see seismicity increase until the mid-1930s and then decline, reaching a low in 1945
which is one-third the number from 1935, This pattern of an increase and then
decrease in the number of reported intraplate events may therefore not only be a
factor of the accuracies in locating Pacific events and the amount of Pacific activity
but may also be simply expressing the influence of world events (principally World
War II} on the activity of seismological observatories.

In the carly years location accuracy sigtiificantly affected the number of reported
events. In 1917 over 10% of global seismicity as listed by the NEIC, 7 out of 65
events, is placed in the Pacific Basin. The following year 17 of 431 are reported as
Pacific intraplate events. Only one from both of these two vears is reliably
intraplate. By the 1950s onty 0.5% of global seismicity was listed as being Pacific
intraplate, and this continues until the 1980s when this drops to around 0.15%. It
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Histograms, by vear, of the data used and analyzed, (a) Total event listed as intraplate by reporting
bulletins. {b) Relocated and verified intraplate sarthquakes. (¢) Earthquakes that have relocated to plate
boundaries. Note: the vertical scales are not the same.

is interesting to note, however, that until 1963 the number of reliably intraplate
events remains nearly constant at ~1.5 per year, implying that the magnitude
detection threshold is not significantly lowéred during this time. After 1963, we do
see an increase in intraplate seismicity due to the emplacement of Pacific arrays.
The large peak that appears in Figure 9b in the mid-1970s is the increase in
Polynesian seismicity made detectable through the operation there of many local
stations. Excluding this large peak, since the start of the 1970s the number of actual
intraplate events has averaged around 10 per year.



302 Michael E. Wysession e al. PAGEOQOPH,

Residuals

Figure 10a shows a plot for each event of the standard arrival time residuals
from all listed P and § arrivals. Even though this was somewhat arbitrary, as
arrivals that we considered blatantly wrong were removed and this value is also
a function of the number of stations used, it still gives & good indication of the
quality of the data over time. A continual improvement in either picking arrivals
or clock maintenance is evident, especially from the late 1920s to the early
1940s.
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Figure 10
{a) Plot of the initial standard residuals for builetin locations. The value is taken from all availabie P
and S arrivals that are not blatantly in error. The quality of the data shows a steady improvement
through time. (b) The leagth of the relocation vectors (in degrees), Oper circles are individual values
and the solid line is a 3-yr moving average through them. The trend of the average starts from &° for
early events and decreases to almost zero at the present. Note the significant deterioration of solutions
during WwIL,
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Relocation Vectors

The distance that the epiceniers move as a resull of our refocations is shown in
Figure 10b, with the open circles marking individual values and the solid line
representing the average change in distance using a three-year moving window.
After 1963 the averaged curve is not as meaningful because in cases where the
epicenter moves less than 0.5° we have kept the reporting agencies’ epicenters.
Monetheless, there is an evident quasi-linearly decreasing trend in the average
distance by which the original epicenter was in error, starting at §° before 1920 and
decreasing to nearly zero by 1988. A plot of the median change in distance would
be similar, starting at 6° (nearly 700 km) in 1915 but decreasing to less than 0.5°
earlier, by 1970.

The relocation vectors in Figure 11 show magnitude and direction of the
relocations separately for the historical and modern epicenters. Only changes of
more than 0.5° are shown. Figure 1la is visually dominaied by the blatant errors
that were due to typographical bulletin errors, such as the cluster of Philippine
events with the longitudes reversed and the WNew Zealand earthguakes with the
latitudes flipped. Figure 11b shows an attractive force of “slab pull” in the Tongs
and Japan/Kuril regions, where nearly all events listed as intraplate actually
relocate to the trenches. It is remarkable that on both figures, the plate boundaries

RELOCATION VECTORS

18151962 18653—1988
[218]
\%“‘ .
VA, 'y
w a
g 7,’/4»4” ;,:-
$;i ﬂ’\
e
< N -
-8
115 -85 116 -B5
FigureQ»IE

Relocation vecters for all earthquakes relocating more than 0.5° from their bulletin listing. The tail of

each arrow is the original listing, and the head the relocated epicenter. The dataset is categorized into

historical (pre-1963) and recent events. Note that the historical dataset is dominated by clerical errors

affecting the sign of one coordinate. For clarity, the 1951 event relocating into the Hindu Kush is simply

shown as an arrow exiting the box, The recent dataset is dominated by small earthquakes relocating to
nearby subduction zones.
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are well delineated even though all events were initially considered to be intraplate.
This is true not only for the trenches, but also for the ridge and transform systems
that separate the Cocos, Mazca, Pacific and Antarctic plates.

Focal Mechanisms

Table 14 lists all focal mechanisms available in the literature for genuine
intraplate events listed in our catalogues, with orientation conventions after Aki
and RICHARDS (1980). Sources are various individual studies listed in Table 14, and
for more recent events, the Harvard moment tensor solutions (DZIEWONSK! ef al.,
1983a,b,c; 1984a,b; 1987a,b,c; 1988a,b,c; 1989a,b,c).

While it is conceivable that some of the older mechanisms could be partially
or fully constrained from relatively sparse datasets of old seismograms (STEIN e7
al., 1988; IMENEZ et al., 1989), such studies are outside the scope of the present
paper.

Table 14
Focal Mechanisms Available for Intraplate Events

Dase Epicenter Index Focal mechanism Momeat Reference
oMY °N °E ¢y 3() Ay (107 dynem)
Regular Events
3G 6 1945 16460 -115.30 1204 80 40 270 11 a
15 12 1947 -58.76 -154.20 421 350 30 90 b
2211 1935 -24.27 -122.77 408 270 10 230 b
461963 -33.60 -126.70 414 26 67 154 b
06 3 1968 -18.40 -132.85 218 84 6% 204 c
25 11 1965 -17.10 ~140.20 i519 7 46 113 .18 d
18§ 1966 -18.40 -132.86 219 103 5% 206 [
28 4 1968 44,80 174.60 110¢ 330 53 0 02 e
08 31971 <3978 -104.84 1702 16 50 90 f
25 51975 -18.40 -13292 225 115 63 187 [
05 21977 66,45 -B2.38 1714 I 58 82 44 g
30 11978 -16.23 -126.94 230 iR 85 169 [
07 1t 197 -62.58 -72.91 1713 353 48 124 0.036 h
20 11 1979 -26.57 -138.84 21t 139 47 108 0.097 h
03 6 1981 -5.30 -175.20 157 131 44 123 0.047 i
30 91981 -4.80 Dipai) 404 107 73 25 0.22 i
04 10 1981 -A.67 -111.86 405 302 1% N 045 i
22 31982 6.64 17510 883 306 57 56 0.46 k
15 10 1982 3284 -125.82 1317 282 79 17 0.69 k
03 6 1983 5024 -174.56 506 301 51 354 0.1 i
i1 3 1984 -26.65 -108.51 1528 211 68 250 0.14 m
19 1t 1986 .36 16G.70 763 118 79 146 0.10 n
06 7 1987 -27.08 -108.29 1529 38 50 249 15 [
o8 71987 -26.97 -108.16 1530 51 42 260 5.5 o
07 3 1988 41.67 15222 1067 356 54 7 022 P
22 9 1988 2381 -167.20 1302 44 78 117 004 q
Swarm Eveats
971968 -1.47 -148.16 Reg. A 232 85 191 <
06 8 1969 -1.40 -148.19 Reg. A 241 75 159 [
19 11973 (A) -136 ~148.24 Reg. A 253 75 195 ©
19 11973 B) -1.31 -148.27 Reg. A 265 30 211 c
05 11978 -20.8¢ -126.94 Reg. C 56 30 104 0 T
25 71978 -20.76 -12697 Reg. C 152 96 o ¢
31 71983 -20.13 -12693 Reg. C 156 43 270 .54 s
% 31976 3.929 -85.88 Caocos 208 77 183 113 1
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Table 14 (continued)
Focal Mechanisms Available for Intraplate Events

Date Epicenter Index Focal mechanism Moment Reference
DMY °N °B ) Y A (10% dyncm)

12-17 6 968 0.25 91.5 Galap. 333 47 247 0.6-1.2 u
24 2 1988 0.567 091.653 Galap. 185 43 100 0.18 P
24 2 1988 -0427 -91.627 Calap. 16 45 117 054 p
20 5 1988 -0.493 91,668 Galap. 320 38 338 0.16 v
33 12 3981 -3.45 17755 Gilbert 167 32 129 0.03 i

7 1131982 337 177.52 CHlbent 125 60 120 0.81 W
20 11982 -3.36 177.38 Gilbert 351 81 172 022 k
13 21982 -3.43 17738 Gilbert 253 88 0 110 W
23 21982 -3.39 177.37 Gilbert 18 56 26 0.20 k
16 3 1982 <320 17738 Gilben 140 66 138 097 w
22 31982 -3.35 177.53 Gilbert 12 25 138 012 k
27 31982 3.42 177.60 Ciitbert 150 37 126 0.6% k
4 41682 -3.40 17752 Gitbert 277 23 51 0.65 k
I8 41982 -3.43 177.47 Gitbert 121 i6 95 0.12 k
22 41982 -3.45 1168 Gitbert 133 49 122 0.6% k
28 41982 -3.42 177.57 Gitbert 281 38 69 0.13 k
17 51482 -3.46 17754 Gitbert m 41 47 .68 k
73 51982 335 171,40 Gilbert 120 54 120 o w
7 71982 325 177.47 Gilbert 281 54 26 .08 k
11 71982 3.22 17755 Gilbert 2 49 141 0.05 k
13 71982 -3.28 177.55 Gilbert 300 32 a5 .10 X
15 7 1982 -3.37 1771.62 Gilbert 259 25 36 0.10 k
15 7 1982 -3.39 171.54 CHlbert 142 44 132 0.09 k
5 81982 -3.38 177.66 Gilbert 316 13 109 9.04 k
G 91982 -327 1171.57 Chibert 2} 35 44 3.67 i
13 9 1982 -3.51 177.58 Gilbert 279 48 34 9.17 k
14 9 1982 -3.4% 1700 Cilbert 43 6 80 9.10 &
16 9 1982 <333 177.60 Gilbert 72 53 354 211 k
26 9 1982 -3.44 177,66 Gilben 106 43 101 0.03 k
310 1982 -3.48 17766 Gilbert 254 48 41 2.04 k
510 1982 -3.49 17764 Gilbert 272 32 38 8.07 k
9 10 1982 -3.44 17778 Gilbert 116 43 106 2.03 k
9 10 1982 347 170 Gitbert 60 5 56 0.06 k
§ 12 1982 <337 177.57 Gilbert 325 41 54 403 k
912 1982 -3.48 17162 Gijbert 124 42 114 .16 k
31 121982 -3.56 17773 Gitbert 284 3 48 .05 k
21 11983 -3.33 17787 Gitbert 163 43 144 412 X
31 11983 -3.39 177.62 Githert 283 38 76 &.19 b3
5 21983 337 17767 Gitbert 130 36 95 .19 %
8 31983 -3.48 177.63 Gitbert 118 27 96 &1t %
G5 10 1984 26.19 -116.61 30. Baja 60 45 290 &.14 3
02 12 1984 23.36 - 1877 So. Baja 50 35 P 4% &
8 51986 19.96 -115.88 So. Baja 40 50 284 .28 &

References: a: Wiens and Oxar (1987); b Oxar (1984); ¢! Okaw et al. (1980); d: Menoicures (1971); e
Stun (3979); £ Forsyri (1973); g Oxan (3980); h: Dzmwonski ef al. (1987h); i Dzmwonskr et al.
(1988b); j: Focal mechanism Oxan §§984), Moment Dzewonskr ef af. (19880); k: Dzewonskt et al.

(1983a}; b Dzmwonsk et af. (1983c)h

m: Dmewonskl el o, (19845); n: Dzmwonsky ef al. {1987¢) o

Drmwoxnskr e7 al, {1988¢); p: Dzewonsks 2t af. {1989a); q Jivenez er af. (1989 r Duewonsks et al.
(19874} & Wiens (1985) t: average of Wimns and Svenv (1984) and Beraman and Soromon (1584, u:
Kaurman and Buroick (1980) (21 evenis with similar mechanism); v Dzmwonskr ef af, {1989b); w:

Eay and OxaL (1983); x: Dzewonsk: e al, (1983h).

Magnitudes

305

Magnitude values reported in Tables 1-13 were compiled from the reporis of
various primary agencies. With regard to several available magnitudes, the largest
figure was kept. Available seismic moments, principally from the Harvard CMT
solutions, but also from a number of individual studies, are listed as part of the
focal mechanism data, in Table 14.
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In our previous study, OxaL (1984) noted an absence of magnitude 6 or larger
events in that portion of the Pacific plate generated at the Old Farallon, prior to the
reorientation of spreading. In contrast, other oceanic plates, and those portions
which were not involved in the reorientation, feature larger intraplate earthquakes,
{commonly M = 6 and occasionally M = 7). ORAL (1984) interpreted this pattern
as a consequence of greater vulnerability of the plate in a geometry where stresses
are oriented at an angle to the lithospheric fabric. Gur present results fully uphold
this observation: the only earthquakes with M 2 6 in our dataset are located either
at the fringes of the Pacific plate (e.g., the 1984 swarm South of Baja California),
in the Southern portion of the plate (e.g., Events 408, 420, 421), or in the Cocos,
Mazca and Antarctic plates (e.g., Bvents 1351, 1515, 1535, 1702, 1714).

6. {Geographical Discussion

It has long been suggested that the state of stress in oceanic intraplate regions
is controlled largely by the gravitational sliding of the lithosphere as it ages
{*“ridge-push”™) and to a lesser extent by drag forces on the lithosphere-astheno-
sphere boundary (ForsyTH and UvEDa, 1975, Sear and Syxes, 1977, RICHARD-
SON ef al., 1979; Oxal, 1980). Where and how this stress is released, however, can
be determined through the knowledge of the distribution of seismicity, especially if
there are correlations with bathymetric features (OraL, 1983).

SYKES (1978) discussed the possibility of intraplate seismicity occurring along
pre-existing zones of weakness such as fracture zones and fossil spreading centers,
This has been supported by studies of oceanic intraplate regions. BERGMAN and
Soromon (1980) found that larger earthquakes were often associated with old
fracture zones. OkKAL and BERGEAL {1983) have suggested that there is increased
seismicity on the boundary line of lithosphere generated at the old Faralion Ridge
before it jumped and reoriented itself along the present East Pacific Ridge, and
STEIN (1979) has also discussed ancient plate boundaries such as the Emperor
Trough as preferential sites for seismicity. Ancien! traces of hot spots have also
been proposed as possible zones of weakness.

A major tectonic fabric in the Pacific is the presence and often high density of
seamounts. While a correlation betwen seismicity and seamounts or islands is
difficult—seamount dimensions can be smaller than the inherent uncertainties in
the garthquake epicenters—its occurrence may signify the release of very local as
proposed to plate-wide stress. Such seismicity may be the expression of isostatic
compensation of oceanic islands or the injection of magma associated with volcan-
ism. Indeed, seismic activity has been well documented in association with volcan-
ism in the Polynesian Islands {TaLANDIER and OKAL, 1984z, 1987}

What will follow here is a discussion, region by region, of the possible correla-
tions between Pacific intraplate seismicity and the tectonic settings it occurred in.
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The latter inciudes bathymetric featwres, such as fracture zones, fossil ridges,
seamounts and hot spot traces, as well as seafloor age, determined through
magnetic lineations.

In order to classify our dataset and arrange if in a manageable fashion, we
proceeded with the regionalization described on Figure 6 and Tables 1-13, It must
be realized, however, that while small-scale geological features, such as seamounts
and short fracture zones, lend themselves well fo such classifications, many large-
scale bathymetric expressions iranscend any attempt to regionalize the Pacific
Basin. As a result, our geographical discussion of the seismicity will not strictly
adhere to the chosen regionalization, but rather proceed along a very broad
clockwise spiral, starting with Polynesia.

We concentrate in this scction on a description of the resulting intraplate
seismicity in the context of focal geology. Technical details regarding the quality
of the individual relocations, and a documentation of the casualty events, can be
found in Appendix B. In areas where seismicity tends to cluster at identifiable
sites, we have followed our earlier practice {(ORAL et al, 1980; Oxar, 1984) of
assigning location codes to these various sites. In some areas, the level of seismic-
ity and its scattered character do not warrant this effort, and no codes have been
assigned.

Polynesia

Most of the siies in Polynesia have been described in detail by OrAL e al
{1980). The present discussion will emphasize the new sites, and in particular their
possible relationship with features recognized earlier. OKXAL et al’s dataset is
compiled and updated to 1988 in Table 1, with the exception of Regions A and C,
whose swarms are described separately in Appendix A. Figure 12a shows the
updated seismicity in the area. We keep these authors’ coding scheme for the
various seismic locations involved. A total of 136 genuine intraplate earthquakes
were recognized, most of them located by the Polynesian network. In keeping with
our exclusion of the seismicity in the immediate vicinity of Hawaii, we do not
include in our dataset epicenters located in the Tahiti-Mehetia area, defined as
“TM™ in OKAL ef al. {1980), and outlined on Figure 12a. This results in the
climination of 4 events sclected by WALKER (1989) out of the more than 70 listed
in OKAL e al. (1980),

It is remarkable that activity in Polynesia has been extremely low during the
1980s: Event 127 defines a new site {TU-11) in the Northeastern corner of the
Tuamotu Islands. Renewed activity took place at a very low level Northwest of the
Society Istands (Events 143, 143 and 146), two new epicenters were defined
MNortheast of the Austral Islands {AU-7 and -8, Bvents 212 and 213), and one
North of the Gambier Islands, along the northern flank of the Marutea-Acton
group {GB-10, Event 233). Finally, one event {214, on October 2, 1988} was widely
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felt i the Marquesas Islands, and located by PPT in the center of the archipelago.
We should recall, however, that volcanoscismic activity was extremely intense
during 19811985 in the Tahiti-Mehetia area, and at Macdonald Seamount during
the whole decade.

The two new sites 8C-4 and SC-5 North of the Society Islands {Events 145 and
146) define, together with 8C-1 and 8C-2, a cluster grossly parallel to the axis of the
island chain. In the Tuwamotu and North-of-Gambier regions, and as noted by
OKAL {1984), the single 1982 event at TU-10 {(number 126) is remarkably aligned
with the lineation running from TU-9 (Event 125) to the cluster at GB-4 (Events
219-230), which can indeed be extrapolated to the swarm site GB-3, part of Region
€. While the exact origin of this lineament is speculative, it also coincides with the
4000-m isobath (with the exception of Region C). It is remarkable that the two sites
immediately North of the Gambier Islands (Events 232 and 233) are also in the
immediate vicinity of the same isobath.
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Figure 12a
Map of intraplate epicenters in Polynesia. Numbers refer to individual indices in Table 1. Triangles
identify the swarm site at Regions A and C. Bathymetry is contoured at 1000 m intervals. The stippled
quadrangle is the Tahiti-Mehetia area, as described by OxaL et al. (1980), and excluded from the present
study. Two-letter codes follow the scheme of these authors.
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Figure 12b
Foca! mechanisms availabie for Polynesia.

Southcentral Pacific

In the Southcentral Pacific and East of Kermadec (Figures 13 and 14) we
update OKAL'S (1984) description of the active sites, by recognizing a few remark-
able features:

» Four events (425, 537, 538, 539) are located at most 1.5° from the Louisville Ridge.
These earthguakes could represent tectonic procgsses linked to prolonged activity,
reactivation, or differential subsidence along this feature, generally interpreted as
the wake of a hotspot presently located in the vicinity of the Eltanin transform
(Haves and EwiNg, 1971). A precise interpretation remains however speculative
in the absence of any knowledge of lower-magnitude seismicity.

« A remarkable North-South lincament between longitudes {30 and 125°W can be
followed from 34°S (Event 414) all the way inte the Northern Pacific (see
discussion below). The maximum distince between sites is 7°. This “130°W”
seismic line, recognized by WALKER (1989), runs through the swarm site at Region
C. Because of the numerous fracture zones in that part of the Pacific Basin, this
North-South lineament is neither an isobath (ocean depths range from 2500 io
5500 m), nor an isochron (the various epicenters being spread out from Chron 6
(Region €) to Chron 18 (at SP-3)). Upon intersecting the Oeno-Ducie-Crough
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chain, the lineament branches out Hastward, the new gpicenters $P-7 and 8P-8
{BEvents 412 and 413) providing some continuity with Sites IP-4, 1P-5 and IP-6

(Events 408-410), recognized by Orar (1984),

In a previous study, ORAL and BERGEAL (1983} had suggested that seismicity
might be preferentially released along a line of age discontinuity related to the
Miocene jump of the Farallon ridge. This line does run between 125 and 130°W

at latitudes

10-38"8, but is offset Eastwards further North. It should also be

noted that three evenis used by Okal and BERGEAL (1983) are proven casualties

in the present study: Events 432, 445 and 1267,
&

Campbell Plateau to Samoq

The region east and south of New Zealand has a large amount of documented
intraplate seismicity due to the complex geophysics of the region and the exiensive
network of local stations. Out of 76 intraplate events listed for this region, 41 were
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Figure 14
Same as Figure 13 for Campbell-to-Kermadec Region. See Table 3.

considered genuine, and for many of these our relocations did noti differ signifi-
cantly from the epicenters determined by Wellington (Figure 14; Table 3).

Much of the seismicity in this region is located on the Campbell Plateau and
Chatham Rise, both of which are of continental origin and possess a complex
history {FLEMING, 1970): They are thought to have been former extensions of a
M-8 trending Triassic geosyncline that were swung clockwise about the South
Island during the Early Cretaceous, based on the continuation of geologic facies
from the bottom of the South Island to the Chatham and Bounty Isiands (FLEM-
ING, 1970}, and the continuation of the Stokes Magnetic Anomaly on the South
Isiand out into the Campbell Magnetic Anomaly System {(DAVEY and CHRISTOF-
FEL, 1978). The Campbell Plateau was then separated from and moved south
relative to the Chatham Rise, with 330 km of right-lateral displacement determined
by Davey and CHRISTOFFEL {1978) to hve occurred along the Campbell Fauly,
which trends northeast. The seismicity correlates well with these lineations.

Two earthquakes, Events 502 and 503, occur at the same position just east of
the Auckland Islands, at the junction of the southern end of the proposed Campbell
Fault and the western end of a large, positive magnetic anomaly. This magnetic
anomaly terminates at the Pukaki Saddle, a location where seismic data has shown
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a sediment-filled faulted graben (Houtz, 1975); this is the site of Event 506
{m, = 5.2}, an earthquake whose CMT focal solution is shown in Figure 14. Two
other events (504—3035) relocate to the same location on the northernmost Campbell
Magnetic Anomaly (the equivalent of the Junction Magnetic Anomaly), which
extends from northeast of the Auckland Islands to south of the Bounty Islands.
There is also one carthquake (501) at the extreme southern end of the Campbell
Plateau, along the Campbell Spur.

Seismicity is conspicuously absent from the Bounty Trough, but is very active
along the Chatham Rise, just north of it. The North Istand of New Zealand
represents a transition zone from the Kermadec Trench to the South Island’s Alpine
Fault System, and though there has been Pacific oceanic lithosphere subducted
under the North Island at the Hikurangi Trench, the entire island is displaying
internal deformation and the exact location of the plate boundary is not evident
(MoLnaR, 1988). We have therefore chosen our 2° buffer o extend from the
current coastlines of New Zealand, and we find that the seismicity beyond this point
is dominated by two large clusters.

Events 510-524, with local Wellington magnitudes of 3.8—-4.5, occur at the
western end of the Chatham Rise and are separated into two features. The first,
containing most of the epicenters, lies just bevond our 2° buffer. Though this
appears as a linear feature, extending northeast from the rise into oceanic crust, this
is misleading as there is much seismicity directly to the west of here. Particularly
significant is a linear northeast-trending termination to these events which defines a
zone of inactivity between this cluster and the second feature, three events {511, 516
and 520) which also lie along a northeasterly trend. These three shocks also define
a previously recognized fault shown on the Circum-Pacific Map of the AMERICAN
ASSOCIATION OF PETROLEUM GEOLOGISTS (1981). Further out on the rise, cen-
tered around the Chatham Islands, are three more events {507~ 509).

The second cluster, separated by about 150 km, Hes directly to the northeast of
the first (Events 525-536). These are slightly more energetic than the other cluster,
with 4 events of m, = 4.5. Unlike the first cluster, which is temporally continuous,
these events occur in three separate groups:; Events 526 (1964), 527-53C (1971
1974), and 531536 (1982-1985). They do not correlate with an obvious bathymet-
ric feature.

There are five more earthguakes, also listed in Table 3, which are further to the
gast. Three (537-539) located on or just beyond the Louisville Ridge, and are
discussed earlier. The remaining two are east of the Louisville Seamounts and are
both old. Event 340 (IP-20 in OxaL, (1984)) is from 1940, and Event 541 is from
1925,

The Pacific regions surrounding the Tonga Trench and Fiji Plateau were found
to have very low seismicity. This was surprising, considering that most previous
maps of Pacific seismicity, such as WALKER'S {1989), have displayed a very high
density of seismicity in this region. Of the 100 events histed i these regions,
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Figure 15
Same as Figure 13 for Region East of Tonga and Samoa. See Table 4.

delineated in Figures 15 and 16, only 21 were reliably intraplate. The majority (63)
of reported events were relocated to the Tonga Trench.

The seismicity east of Samoa and the Tonga Trench was found to be very
minimal (Figure 15). Of the five earthquakes that are retained {(Events 651-656),
four occurred before 1930, and therefore have larger error ellipses. Nonetheless, the
best found epicenters for four of these (653-656) form a lineation that extends
north-south along the 167.5° meridian. We have no simple explanation for this
feature, as the distance from the trench is too great to invoke a systematic buckling
of the lithosphere in the manner of CHEN and ForsyTh (1978) and CHAPPLE and
ForsyTh {1979).

Finally, a single historical event (651) relocates north of Canton Island, possibly
at the castern end of the Nova Canton Trough.

Samoa 1o Micronesia

We concenirate here on a large region extending from Samoa to the Marianas
Arc as shown in Figures 16 and 17. This region exhibits substantial scattered
seismicity which was dominated by the Gilbert Islands swarm of 19811984 (LAY
and OKAL, 1983, summarized in Appendix A). On this basis it has been suggested
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Same as Figure 13 for Samoa-Phoenix-Gilbert Region. The triangle identifies the Gilbert Island swarm
site. See Table 5. The four bottom focal mechanisms are for those events in the swarm studied by Lay
and OKaL (1983). Thirty-twe additional CMT solutions are listed in Table 14.

that a process of incipient subduction is taking place, Oxar er al. {1986) have
traced this line of activity from Samoa to the Ralik Fracture Zone, north of Gcean
Island. KROENKE and WALKER (1986) have extended it all the way to the Caroline
Ridge just cast of the Yap Islands.

We will examine the seismicity of the region in the context of these speculative
models, and in particular will show that a significant difference in the level of
seismicity, as well as inconsistencies in focal mechanisms, result in a picture both
fuzzier and more complex than the simple relocation of the Sclomoen subduction
zone to the North.

Immediately to the North of Samoa were three historical events (751 -753) two
of which relocated to the Robbie Bank, with the third ome (753) 1° zast of
Nurakita. Further north, in the Phoenix Islands, there are two events (736 and
757), with the latter given a CMT solution that shares the NE-SW compressional
axis common to all Gilbert Islands events (Figure 16).

fn the 8W part of the Tuvalu Basin a single event (755) is Jocated on a chain
of seamounts that extend west from Funafuti Atoll. Further west a single historical
event (754} relocates to the interior of the Ontong Java plateau,

At the Gilbert Islands swarm site two earthquakes in 1982 (764-765) became
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Same as Figure 13 for Micronesia and the Marshall Islands. On this particular figure, bathymetry is
contoured at 2000 m intervals. See Table 4.

part of the swarm when relocated, and there was a third event (758) that relfocated
north of the site but whose error cllipse incorporates this region.

To the northwest, the Ralik FZ site underwent a new strong event since the
studies of KROENKE and WALKER (1986) and OxAL ei al. {1986). The CMT
solution for this event {763; m, = 5.3), however, is irreconcilable with the stress
orientation at the Gilbert Islands (Figure 16).

Further north, in Micronesia and the Marshall Islands, seismicity is arranged
along several linear trends oriented about 307°; we have geographically ordered the
44 intraplate events along these lineaments.

While these trends do not represent a unique way of organizing the seismicity of
this region, they form very striking features. Certainly the dominant trend, the
subject of the previous studies, is the one that extends from Samoa to the Caroline
Ridge. Largely due to the inclusion of the Gilbert Islands swarm this line of
seismicity was estimated by OKAL et al. (1@86) to have accounted for 15--30% of
the total Pacific intraplate seismic moment budget for the vears 19371983, This
line of seismicity does not indicate a localized active subduction zone as suggested
by KROENKE and WALKER (1986), however, because there is no cvidence for a
trench (OKAL ef al., 1986) and because the trend is only moderately linear. As was
discussed above, the seismicity at the Samoa and Ralik locations is very minimal,
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certainly compared to the Gilber: Islands activity, and the extension of this trend
into the Micronesian region (Events 898--919) is as a zone of diffuse seismicity.

In addition, there are two other distinct features (considerably more linear)
that form ESE trends, pointed out by WALKER (1989). One extends from the
Ogasawara Plateau (east of the Izu-Bonin Trench) down to the Marshall Islands,
following the Jurassic Magnetic Quiet Zone (Events 884-897), and the other (seen
across the top of Figure 17) extends from south of the Shatsky Rise through the
Mid-Pacific Mountains into the Central Pacific Basin {Events 876-883). The
orientation of these trends is the same as the direction of absolute plaie motion,
determined relative to hot spots. The top and middle lineaments, when taken SE
to NW on a Mercator projection, have azimuths relative to north of 308° and
306°, and the absolute motions of the middle of the trends are 307° and 304°,
respectively { GrIpp and GorbDon, 1989). The earthquakes in these regions, with
the exception of Events 877 (m, = 5.2) and 885 (m, = 5.6, with a CMT solution
shown in Figure 17), are small and usually only detected by local arrays. The
presence of these three distinct belts of seismicity supports the idea that Aus-
tralian-Pacific subduction is being arrested, but suggests that it has not yet found
a new home,

Off the Coast of Japan and Ruriles

Compared to the Micronesian and Polynesian regions, the northern part of the
Pacific Basin displays very sparse seismicity. There are two sites of active seismic-
ity--~the Hawaiian Istand and the swarm at (20°N, 117°W} studied by WieNs and
OrAL (1987; sce Appendix A) —and otherwise there is very little. There is one large
tract of oceanic lithosphere, with latitudes 0—40°N and longitudes 152-132°W,
that does not boast a single recorded epicenter.

This lack of seismicity is especially remarkable near the Japan, Kuril and
Aleutian Trenches, which like Tonga have many intraplate bulletin listings
{WALKER, 1989). Off the coast of Japan and the Kurile Islands (Figure 18, Table
7) we retained 7 intraplate earthquakes of the 43 that were reported. The largest
{Event 1007: m, = 5.9), on March 7, 1988, was given 2 CMT thrust fault mecha-
nism, shown in Figure 18. Though this epicenter does not correlate with any
bathymetric feature, it is interesting to note that a 1936 earthquake (1006} relo-
cates near this site.

Of the remaining 5 events in this region, two occur on the same day adjacent
to an unnamed seamount { Events 1001-1002) and two locate to the western flank
of the Shatsky Rise. Of the latter, the larger earthquake (Event 1004 on May 6,
1976: m, = 5.1) has a reliable location on the 4000 m isobath. Occurring on the
previous day, Event 1003 relocates 2.5° to the southwest of this, but it was a small
event (no magnitude given) with a poor relocation, so it may very likely have
occurred at the site of Event 1004,



Vol. 135, 1991 Intraplate Seismicity 37

GFF THE CORST OF JAPAN AND KURILES

1007 —— 07 MAR 1388

LATITUDE (N}

i ]
145 150 1586 160
LONGITUDE (E) )

Figure 18
Same as Figure 13 for Region Bast of Japan and Kuriles. See Tabie 7.

Northern Boundary

The tecionics of the Northern Boundary {Figure 19; Table 8) are dominated by
the Aleutian Trench, and as with the Japan and Kuril Trenches, most of the
reported seismicity relocates into the trench. There are 20 epicenters (out of 58) that
are reliably intraplate, however, and they are distributed fairly evenly throughout
the region, occasionally forming small clusters that correlate with bathymetric
features.

The largest event in this geographical region was an my, = 5.5 shock in the
Emperor Trough (Event 1101), which had a thrust mechanism (Figure 19) deter-
mined by STEIN {1979}, and had one recorded afiershock (1102). Event 1108 is
located on a seamount in the Seamount Province south of Kodiak Island, though
the other earthguakes in the central part of the Northern Boundary (11051107,
1109~1110) are not associated with identifiable seafloor structures.

Particularly recognizable in this and the Japan-Kuril regions, and eliminated as
casualties of the relocation process, are aftershocks of the large interplate earth-
quakes of February 3, 1923 in Kamchatka, February 4, 1965 in the Aleutians,
August 11, 1969 and March 23-24, 1978 in the Kuriles, and June 10, 1975 at the
Hokkaido corner (with moments ranging from 8 x 10% to 1.4 x 10%¥ dyn-cm). Our
failure to document reliable intraplate seismicity among the aftershocks of these
large mtraplate events means that the oceanic lithosphere at a distance of 2° from
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Same as Figure 13 for Northern Boundary Region. Sge Tabie 8.

the trench does not participate in the coseismic siress relaxation. In this respect, our
study yields an interesting result, since the paftern of seismicity observed on pub-
lished maps of unrelocated earthquakes would lead to the exact oppesite conclusion,

Further east, one epicenter is retained from the Alaska Plain, Event 1111, which
is in the far northeast corner of the Pacific, but still south of the incipient plate
boundary seismicity described by LAHR ef al. {1988).

Slightly southwest of the Eickelberg Ridge are the epicenters of two events
(11121113}, statistically identical, that occurred within hours of each other on
March 20, 1940. Further to the south, there are two earthquakes that occurred on
major fracture zones: Event 1114 relocated to the Mendocino, and Bvent 1115
occurred on the Murray.

West of Southern California there is a cluster of epicenters that occur near or on
the Feiberling Tablemount. Event 1116, with a magnitude of 4.8 (PAS}, occurred in
1949 at the northern edge of the Tablemount, the same location as Events 1117-1118
which happened in 1982. The CMT mechinism for the larger of these two was
dominantly strike-slip (Figure 19). A 1988 earthquake (1120) was located directly
on the Feiberling Tablemount, and one more occurred 3° to the east. These events
may possibly be associated with voleanism, which was reported o have erupted in
1972 at a location between Events 1119 and 1120. This report was qualified as
“uncertain” by SIMKIN et al. {1981).
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West and South of Baja California

The region west of Mexico is a very complicated one {Figure 20), and appropri-
ately there is a significant deal of seismicity that correlates with the seaficor
stractures. As listed in Table 9, there are 25 events of the 69 listed that are genuine
intraplate earthquakes. The success rate of relocations was actually better than this
would suggest, as 15 of the casualties were the mislisted USE epicenters that
occurred in the Philippines.

The tectonics of the Pacific-Morth American-Cocos-MNazea-Rivera plate
houndaries have been complex, and the fabric of the Eastcentral Pacific seafloor
displays this. There are many east-west trending fracture zones, several north-south
fossil spreading ridges, and countless seamounts. It is interesting, however, that the
most visualy striking patterns in the seismicity are two north-south lineaments that
do not seem to be associated with former tectonic activity: that along the 130°W
meridian, mentioned above, and along the 116°W meridian, extending into the
South Pacific. The 130°W lincament siarts at 31°N the Nerthern Boundary Region
(Figure 19} with Events 11161120 on the Feiberling Tablemount, passes through
this region as Events 1218—1225 and extends into the Southern Pacific {(Figures 12a
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Figure 20
Same as Figure 13 for Region West and South of Baja California. Triangle identifics the site of 1984
swarm studied by Wiens and OxaL (1987), See Table 9.
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and 13) as Events 230, 233, 234, Region C, all the way down to Event 414 at 34°S.
This lineament is insensitive to magnitude thresholds, as the earthquakes contained
within it cover a range of magnitudes, and does not seem to be an artifact of
detection capabilities as similar patterns are not seen in the South Pacific areas
where a gradient of detection threshold also exists. The 116°W lincament begins
with Events 1212 and 1215 in this region and then passes into the Southern Pacific
(Figure 13) as Events 403, 406 and 407.

Many of the earthquakes on these Hneaments also correlate well with small scale
or cast-west features, so the lineaments may not be siatistically significant, Bvent
1220 is one of four small earthquakes, along with 1210, 1211 and 1214 (within error
bounds) that occur on the Clipperton Fracture Zone. The epicenter of Event 1219
{and also 1213) relocates to an unnamed fracture zone south of the Clipperton,
Event 1215 is located on the Galapagos Fracture Zone, and the relocation of a 1927
earthquake (Event 1212, if it can be trusted) puts it on a 10 Ma fossil spreading
ridge (MAMMERICKX and KLITGORD, 1982). In addition, there are two earth-
quakes (1216-1217) that occur seven years apart at the same place on a fracture
zone just north of the Galapagos Fracture Zone.

Much of the seismicity in this region also occurs in parts of the crust that are
densely populated with seamounts. Nine events (1201-1209), as well as the swarm
studied by WiENS and Oxal (1987; see Appendix A), cccur in an area that includes
the Suitcase Seamounts to the north, the Shimada Seamounts 1o the west and the
Mathematicians Seamounts to the east. Three more events { 1223—1225) are located
in the Baja California Seamount Province. This region is very young, formed by a
spreading center (now the Mathematicians Ridge) that created a microplate be-
tween the Rivera, Cocos and Pacific plates (KLITGORD and MAMMERICKX, 1982).
Though there is still volcanism associated with the northern part of the Mathemati-
cians Ridge at the Revilla Gigedo Islands (SIMKIN ef al, 1981), none of the
seismicity is associated with it. It is significant, however, that events 1202—1206 and
one further to the east (1209} form a lineation that locates very well on the
O’Gorman Fracture Zone, formerly a major transform in the development of this
area.

Northcentral Pacific

With the exception of the Hawaiian hot spot, the region of the Pacific shown in
Figure 21 is seismically very quiet, with only five earthquakes of a possible 25
located or refocated as intraplate (8 of those listed were clerical or typographical
bulletin errors). Though a large amount of Pacific intraplate seismicity has been
found to correlate with seamounts or seafloor ridges, it is somewhat surprising that
the Hawaiian and Emperor Chains, which are very bathymetrically elevated, are
mostly inactive (though their isolation would reduce detectability). The one notable
exception is Event 1302 (September 22, 1988; m1, = 5.5). This earthquake occurred
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Same as Figure 13 for Northeentral Pacific. The stippied quadrangle is the Hawaiian area, excluded from
the present study. See Table 10.

on the southern flank of the Hawaiian chain, approximately 100 km west of Tern
island, where it was felt. In this region, the chain includes a broad structure,
continuous at the 1000 m depth, comprising French Frigate Shoals, and the Brooks
and St. Gregatien Banks. It is limited by the Necker Ridge to the East, and
separated by a deep North-South channel from the Gardner Pinnacles group to the
West. Event 1302 took place directly South of the Brocks Bank. The focal
mechanism of the event was given by JIMENEZ er af. {1989) and DzZIEWONSKI ¢t al.
(1989¢). 1t features nearly horizontal compressional stress release in a direction
(293%) within 20° of the direction of absclute motion of the plate (311°) (Gripp and
GORDON, 1989).

The deployment {even on a temporary basis) of a seismic station at Tern Island
could help shed light on the origin of Event 1302, by allowing the detection of any
possible activity at lower magnitudes.

The other four shocks in this region were small, all with m, < 5.0. One of these,
Event 1301, is only 2° from the Emperor ‘Seamournts and is located on the 4000 m
contour of the Hess Rise. Events 1303 and 1304 are north of Hawail, with the
former occurring in the Musician Seamounts and the latter farther to the east, just
north of the Murray Fracture Zone, Event 1305 relocates directly south of Hawaii,
east of the Christmas Ridge.

To the east of these events is the Northeast Pacific Basin, a region of smooth
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bathymetric contours, mostly devoid of significant seamounts and disturbed only by
the major fracture zones: Murray, Molokai, Clarion and Clipperton. It is significant
that until we reach the line of seismicity at 130°W we do not have any intraplate
earthquakes in this region, even though it is close enough to the coast of North
America for an m, = 5.0 earthquake to be well detected.

Cocos Plate

There were 22 events of 62 that were listed in bulletins that relocated as reliably
intraplate in the Cocos plate {shown in Figure 22). The location capabilities for
both Cocos and Nazca events are greater than for many other parits of the Pacific
Basin due to the presence of local Central and South American siations, bul the
added coverage also lowers the magnitude detection threshold, and it is the
unreliability of the smaller events that causes this low intraplate percentage.

The Cocos plate is the product of the East Pacific, Farallon and Galapagos
Rifts, and is therefore younger to the west and south, but the seismicity is scattered
across the plaie and does not bear any obvious correlation with age. There is a
strong correlation, however, with the location of the Cocos Ridge, the northeast-
southwes! trending fossil trace of the Galapagos hot spot {HEy, 1977). Eleven
events (1351-1361) cccur on the ridge, with ten relocating to the middle and one
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Figure 22
Same as Figure 13 for Cocos plate. The triangle identifies the site of the 1976 East of Cocos swarm. See
Table 11.
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to the north. In the middle there is a spatial cluster of nine events (Site CO-2} which
is temporally spread out between 1928 and 1976, with an isolated event slightly to
the west (Site CO-1). They are well separated from Bvent 1361 which is located
further up the ridge at Site CO-3. In addition, there occurred in 1976 a swarm of
28 carthquakes at a location on the east flank of the Cocos Ridge (see Appendix
A). The age of the ridge at Site CO-2 is approximately 10 Ma, but there has been
rejuvenescent volcanism along the Cocos Ridge (CASTILLO, 1987) so the seismicity
in this region may be due either to attempts to isostatically compensate the ridge or
to recent magma migrations,

There are two sifes to the west of the Cocos Ridge that involve small clusters of
events. Site CO-4 consists of three events {1362-1364) that occurred on January
31-35, 1987, and Site CO-5 also contains three events {1365—-1367) which tock place
during 1974—1975. These earthquakes and the five others that are scattered to the
west, however, do not suggest any spatial trends and do not correlate with any
recogmizable bathymetric features.

Nazea Plate

Within the Nazca plate seismicity seems to correlate very well with known
bathymetric features, as can be seem in Figure 23. Outside of the very active
Galapagos swarms, there are 45 carthquakes that we consider to be reliably
intraplate (of the 111 originally listed here), of which fuily 90% locate on or near
seamounts, islands, or other bathymetric features. The especially strong correlation
with extinct ridges is a striking feature of the Nazca seismicity.

The seismic activity at the northern part of the plate is dominated by the
Galapagos hot spot. The Galapagos Islands are active volcanically, and there is
much seismicity connected with this (see Appendix A). The Carnegie Ridge is the
ancient trace of the hot spot, but unlike its symmetrical counterpart, the Cocos
Ridge, which is still scismically active, the Carnegie Ridge seems to be quiet. There
are three events (1501—1503), however, which lie on its southern flank, and it is
uncertain whether or not they are of volcanic origin. Two of these are 0.5° from the
islands Floreana and Bspafiola, which are certainly of volcanic origin but do not
seem to be currently active. It was thought that eruptions occurred on these islands
in 1813 and 1958, respectively, but these reports have since been discredited
{SmMKIN et al., 1981).

There is one other site of seismicity in the Nazca plate, Site NZ-13 near the Juan
Fernandez Islands, that may be associated with volcanic activity. Submarine
voleanism occurred in 1835 just north of the main island at (33.62°5, 78.78°W), and
possibly in 1839 at (33.62°S, 76.83°W) as well (SIMKIN ef al., 1981). There are five
carthguakes {(1541-1545) that occur at this site, three on the south flank of the
islands, about 40 km from the eruption sites, and two further south.

South of the Carnegie Ridge lies the Grijalva Ridge and two bathymetric highs



324 Michael E, Wysession et al. PAGEOPH,

NAZCA PLATE
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Figure 23
Same as Figure 13 for Nazea plate. The triangle identifies the site of the Galbpagos swarm activity,
19681998, See TFable 12,

that are south of and paraliel to it, the southern being the Sarmiento Ridge. These
features have complicated histories in which they began as fracture zones between
the Pacific and Farallon plates, but became involved with the early spreading
between the Cocos and Nazca plates. The Grijalva Ridge seems to have been the
southern scarp of the Cocos-Nazca spreading center when it initiated 25 Ma b.p.
(HEY, 1977), though the scarps south of that may also have been involved with the
spreading. All five of the events occurring here locate on the sharp bathymetric
scarp between the Grijalva and Sarmiento Ridges, with 4 (Events 150641567
clustering at 85°W and one {1508) further west at 88.6°W.

There is also an association between seismicity and the bathymetric lineament
that forms the Quebrada Fracture Zone (Site NZ-3, Events 15091511}, Of the
three events here, one locates just north of the fracture zone and two relocate to its
eastern terminus. One other earthquake located on a fracture zone, that being
Event 1540 on the Challenger Fracture Zone.

Lithosphere forming the present Nazca plate was involved in the reorientation
and jump of the old Farallon Ridge and concurrent break up of the Farallon
plate starting in Late Oligocene (HERRON, 1972; MAMMERICKX ef al., 1980). As a
result, a set of extinct spreading centers, in three distinct segments trending



Vol. 135, 1991 Intraplate Seismicity 323

north-south, divide the plate in half. These fossil remnants of the Farallon Ridge
are the Galapagos Rise to the north, the Mendoza Rise in the center and the
Roggeveen Rise in the southern end of the plate. Though these spreading centers
have been extinct for some time, their active seismicity suggests that they constitute
zones of tectonic weakness.

Ten events (1512-1521) locate in the region of the Galapagos Rise, as defined
by the 400 m isobath. This spreading center was active until 6.5 Ma ago, as
described by MAMMERICKX et al. (1980), when Pacific-Nazca motion was fully
taken up by the East Pacific Rise. This area (Site NZ-4) has several ridge segments
that extend from just south of the Quebrada Fracture Zone down to the Mendafia
Fracture Zone, and the 10 earthguakes are evenly distributed throughout. This
includes Event 1519, quoted by the ISC as having a depth of 143 km but which was
relocated to 13 km by MENDIGUREN (1971), who also showed that its mechanism
(see Figure 23) is compatible with ridge-push stresses.

The Mendoza Rise is seismically quiet, but the Roggeveen Rise (Site NZ-9) is
very active, with six events {1532-1537) clustering on the fossil ridge. The 3500 m
isobath defines this feature as having two parallel north-south bathymetric highs,
and the earthquakes occur along these prongs, three on a side. Event 1535 on the
western prong is tentatively one of the largest events in our dataset (A, 5= 7.0}.

There is also seismicity connected with the hot spot trace that extends across the
plate, the Sala y Gomez Ridge and the Nazea Ridge. There are six events located
at Site NZ-8, at the Western end of the Sala v Gomez. Four of these carthquakes
are very recent and cluster 1° due east of Easter Island (1528-1531), Though Easter
Island is the most recent expression of the hot spot, there has not been any known
Holocene volcanic activity there. There are two adjacent events that relocate to site
NZ-7 along the 2500 m isobath of the Nazca Ridge, though the rest of the Sala y
Gomez Ridge between here and Easter Island is seismically quiet.

In conclusion, the Nazca plate is remarkable in that only 4 events (1522, 1523,
1538, 1539) do nol scem to be associated with prominent bathymetric features.

Antarctic Plate

There have been 15 intraplate earthquakes in the region of the Antarctic plate
that is part of the Pacific Basin, shown in Figure 24. The seismicity is in two parts,
a northern set that is in relatively young lithosphere and a southern segment that is
older.

The seismicity of this region is sparse (there were no confirmed earthquakes
west of 115°W) and does not match significantly with bathymetric features, though
there are two locations of recurrent seismicity. One involves the earthquake of May
9, 1971 {m, = 6.2, studies by ForsYTH (1973)) and its three aftershocks (1702—
1705), as well as an older event {1701 on March 12, 1927) at approximately the
same site. The recurrence of seismicity at this location is an interesting feature.
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Figure 24
Same as Figure 13 for the Antartic plate. See Table 13,

The second site is situated to the south of the first and consisis of two shocks
(1706-1707) relocated by OraL (1981) that occur at neatly the same location in 1956
and 1961, Both of these sites are on very young lithosphere near the Pacific-Antarctic
spreading center. The first site is between the 5 and 5a magnetic lineaments, implying
an age of 10 Ma, and the second is even younger, with an age of no more than § Ma.

The two events (1709-1710) at the eastern side of the northern seismicity both
ocour on fracture zones of the Chile Rift. Event 1710 relocates to the Guafo Fracture
Zone, and the other jocates on the unnamed fracture zone directly north of it.

The five earthquakes (1711 1715) that are further to the south form a quasilinear
trend and occur in much older lithosphere adjacent to Antarctica— the three western
events are in Cretaceous lithosphere. The two events to the east are both within 4°
of the South Shetland trench, which is an active subduction zone south of the diffuse
plate boundary with the Scotia plate (PELAYC and WiENs, 1989).

L3

7, Conclusions

The principal aspects of our study can be summarized as follows:

1. The measurable level of intraplate seismicity of the Pacfic Basin is very low,
considering its size, and even less so than previously assumed. Our relocations
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have revealed 403 intraplate events (not counting localized swarms), which is
only 48% of the amount reported from previously published builetins.

2. The majority of earthquakes occur as parts of a small number of spatial and
temporal swarms. Some of these, like the Galapagos Islands swarms and
Hawaiian seismicity, are clearly connecied with hot spot voleanism, while others,
iike the Line Islands swarms, do not have any recognizable tectonic or volcanic
origins. Nothing is known at lower magnitudes and the exploraticn of swarm
locations like the Gilbert Islands, Regions A and C, and Scuth of Baja is long
overdue.

3. A very large number of earthquakes, 304, relocated to seismically active plate
boundaries, in particular the Tonga, Japan and Central American trenches.
Frrors in the original locations can be rectified through a more careful and
critical use of a least-squares linsar regression routine. Many events located in
Pacific intraplate regions are small, poorly located aftershocks of larger plate
boundary earthquakes.

4. The correlations between seismicity and bathymetry in the intraplate regions of
the Pacific are inconclusive. Tn some regions, like the Nazca plate or Eastcentral
Pacific, nearly all of the seismicity is highly correlated with identified bathymetric
features. These inciude former plate boundaries (like fracture zones and fossil
spreading ridges), seamounts and hot spot traces. In other regions, like Region
A, the seismicity does not correlate well with bathymetric features, and often the
release of large amounts of seismic energy is not understood in the context of
iocal tectonics.

5. The seismicity also takes the form of distinct lineaments in several regions of the
Pacific. Some, such as those along the northeastern fiank of the Tuamotus and
the three lineations through Micronesia and the Marshall Islands, follow the
direction of plate motions. Others, like the spectacular 130°W lineament, neither
follow plate motions nor correlate with bathymetry.

6. The high amount of seismicity in the Western Pacific may represent the onset of
a relocation of the choking Solomon trench further to the north. There is
obviously considerable activity in the eastern part of the region, with the Gilbert
Islands seismicity as the biggest contributor and some level of consistent activity
in the Phoenix Islands. But in the west the mechanism at the Ralik site is
incompatible with the Gilbert Islands mechanisms, and seismicity further west is
much more diffuse. A simaple linear model for the creation of a new trench is
therefore certainly an oversimplification, especially west of 170°E.

7. Maps of global seismicity often show nfany earthquakes surrounding subduction
zones and extending for hundreds of km into the oceanic plate. Most of these
events, especially around the Tonga, Japan, Kurils and Aleutian trenches, are
mislocated plate boundary events. This suggests that coseismic stresses from
trenches are not transmitted into the approaching oceanic plate beyond 2° i a
manner that can be released as teleseismic earthquakes.
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8. Databases of intraplate events contain many erroneous listings. Most of those
are blatant clerical errors that have occurred either by the locating agency or in
the transcription to a reporting bulletin, and many involved switched negative
signs in the latitudes or longitudes. There are many nuclear tests that are listed,
but as they are only a percentage of the full number, the criteria for their
identification in published bulletins is unclear,

9. Pacific intraplate events tend to be small, with a paucity having reliable magni-
tudes of m, = 6.0. In regions where there is a good distribution of local stations,
like Polynesia and New Zealand, the magnitude detection threshold is lowered
and considerably more events are recorded. This detectability is not available for
many isolated regions of the Pacific, and the numbers of reliable epicenters there
is extremely small. The small magnitudes and large teleseismic distances for these
events make the determination of focal mechanisms difficult, and there are
surprisingly few available.

Appendix A

Swarms

In addition to events isolated in space and time, considerable seismic activity
takes place in the Pacific Basin in the form of swarms. In order to avoid cluttering
our datasets, we have removed such events from Tables 1-13, In this appendix, we
present a rapid review of the main swarms known in the Pacific Basin. Individual
listings of all 838 events involved have been prepared and are available as part of
our computerized datasets,

Gilhert Islands, 19811984

Probably the most remarkable swarm to take place in the Pacific Basin, the
Gilbert Islands activity lasted from December, 1981 to April, 1983, with two
isolated events continuing into 1984. A total of 225 earthquakes were detected
teleseismically, at a minimum magnitude threshold of m, = 3.9 (see Figure A-1).
Two more (Events 764 and 765) were relocated into the swarm from a different
bulietin location. In the absence of a local network, nothing is known of the
probable activity at lower magnitudes. The major events in the swarm have been
studied in detail by Lay and OxaL (1983), and their conclusions have been
confirmed by 36 available moment tensor solutions listed in Table 14. Using cluster
relocation techniques, SVERDRUP and OKAL (1987) have estimated the spatial
extent of the main events in the swarm to be 40 by 30 km. Despite its high b-value,
Lay and OkAL have indicated that the swarm is unlikely to have a volcanic origin;
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Gilbert Isiand swarm, 1981-1984. (a) History of individual events, with magnitude, as a function of

time. (b) Histogram of number of earthquakes per 7-day window; (¢} Histogram of energy release per

7-day window; (d} Frequency-magnitude analysis: dots are incremental values, squares cumulative ones,
The straight line shows a best-fit regression of the cumulative values.

interpretation of the orientation of released stress has been given by OKAL et al.
(1986), in the general, although at this stage somewhat speculative, framework of
the incipient development of 2 new “Micronesian” subduction zone (KROENKE and
WALKER, 1986). The occurrence, in 1921, of an event about 2060 km to the North,
with a confidence ellipse encompassing the swarm site, suggests a pattern of
recurrence of seismicity at the site. It is clear that this location should be earmarked
for a small-scale marine geophysical study including OBS deployments.

South of Baja California, 1954—86

As studied in more detail by WiENs and OkaL (1987), this swarm involved 69
teleseismically detected earthquakes (m, 2°3.5). It started abruptly in September,
1984, culminated with the main shock on December 2 (M, = 6.2}, and died off very
quickly with sporadic activity untit July, 1985, followed by two isolated aftershocks
in April and May, 1986. No new activity had been reported at the site as of June
6, 1990. Figure A-2 shows a b-value comparable to world-wide averages. The
available focal solutions shown on Figure 23 point out to normal faulting; Wigns
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Figure A-2

Same as Figure A-1 for the 1984-86 swarm South of Baja California, studied by WiENS and OxaL
{1987). Time windows in {b) and {c) are 5 days.

and GxaL (1987) have Indicated that they are compatible with the release of
thermoelastic stresses, as suggested by TURCOTTE (1974) and BRATT et al. (1985),
but if so, the question of the spatial concentration of this activity, and of its
magnitude, remains unclear.

Galdpagos Islands

We discuss here seismic activity in the immediate vicinity of the Galdpagos
Islands, despite its location within 2° of the Nazca-Cocos spreading center. fts
characteristics, evaluated within the framework of documented volcanic activity,
shed precious light on the nature of other swarms, notably underwater ones, for
which no such evidence is accessible.

Activity in the Galdpagos Islands is ‘presented on Figure A-3. About 230
earthquakes (3.8 < m, < 5.4) were recorded teleseismicaly during the collapse of the
Fernandina caldera, in June, 1968. We refer to FILsON ef al. (1973) for a detailed
analysis of this seisnicity, and of a myriad of events of smaller magnitude detecied
either by the local station GIE, or by distant high-gain observatories (including
Pacific Basin hydrophones). Focal mechanisms are available for the largest event
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Activity at the Galdpagos site, 19681988, (a) History of individual events; (b) Histogram of number of

earthguakes per 30-day time window; note that the 1968 swarm dominates all zctivity; (c) Same as (b)

plotted on a logarithmic scale; (d) Energy release per 30-day window. A comparison of {c) and {d)

illustrates the difference in nature between the 1968 caldera collapse, and the relatively more energetic
swarms in the subsequent years,

{June 14, 1968, 22:27 GMT) and KaurMaN and BURDICK (1980) have shown that
at least 20 events of smaller magnitude have exactly similar geometries.

In the present study, we have limited ourselves to a compilation of Galidpagos
events reported on the NEIC tape (Figure A-4). A frequency-magnitude analysis of
our dataset yields a high b-value (1.95) comparable to FILSON ef al’s (1973) result
for the high-end of their magnitude range (b = 1{.91).

Additional activity in the Galapagos Islands featured a short-lived swarm of 17
teleseismically detected events in the Spring of 1971, sporadic activity through the
1970s and 1980s, and a burst of 1! telescismically detected earthquakes in 1988,
eight of them on February 24. Of the total 51 events recorded posterior to the 1968
swarm, only the latest earthquake (September 14, 1988) is listed as associated with
volcanism. Our b-value investigations of tHe 1971 and 1988 episodes, as well as of
the whole post-1968 activity, vield values typical of world-wide averages (0.97, 1.00
and 1.05, respectively), suggesting that these events were not directly controlled by
magmatic processes {Figure A-5). Furthermore, CMT solutions available for two
events on February 24, 1988 feature thrust faulting (see Figure A-6), and a larger
carthquake on May 20 is predominantly strike-slip on a dipping fault.



332 Michael E. Wysession ef al, PAGEOPH,
GALAPAGOS Is. 1968 ONLY
1888 1858
] 4 J M 4 4
: - T T : T
6 4 o 801 R
a, b
) (a) : (b
g- [
2 Eal 4
at . z
5
E 1 o I? Il
140 200 40 180 200
1868 JULIAN DAYS
s T
1988 B.85 +
] 1 ar
- M 3 T 4 T T 1e75
5 L LSt (d)
& = 1.85 b
g
5 1E
] 0.75 b
F4
s 0.5
o
- 0e85 -
(L]
3 | - e
150 180 200 a5 4 4.5 -] 5.5
186B  JULIRM OQY_S Body~¥ove Magni tuda
Figure A4
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East Flank of Cocos Ridge, 1976

The Eastern Flank of the Cocos Ridge, in the vicinity of 4°N, 87.5W, was the
site of a swarm of 28 teleseismically located events, during a period of 70 days in
the first half of 1976. The ISC reprinted a rather long description of the main event
{March 29, 1976; 05:39, m, =3595; M,=40.5) by the Smithsonian Institution’s
Center for Short-lived Phenomena, as representing interplate motion along the
Cocos-MNazca boundary. However, it is now clear that the plate boundary in this
region runs along the Panama Fracture Zone, about 300 km to the East, and this
swarm is actually intraplate.

The history of the activity of the swarm and a frequency-magnitude plot
(b = 0.99) are shown on Figure A-7. A focal mechanism for the main event is given
on Figure 22 (BERGMAN and SorLomon, 1984; WiEns and STEIN, 1984; WIENS,
1987). 1t is characterized by strike-slip motion with one of the fauli planes striking
at an azimuth of 28°, identical to the direction of absolute motion of the plate, 28.6°
(Grrpp and GORDON, 1989), which is of course also the trend of the Cocos chain.

The Cocos Ridge has been described as the wake of the Galdpagos hotspot on
the Cocos plate (HOLDEN and DIgTzZ, 1972, HEY, 1977). Significant volcanic
edifices postdating the formation of the ridge itself have been recognized on its
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FOCAL SCLUTIONS FOR GRLAPAGOS SWRRMS

1868 SWARM 24 FEB 1988 15:43

24 FEQ 1988 20:22 20 MAY 1888

Figure A-6
Focal mechanisms available for Galdpagos swarm events. Sources are listed in Table 14, For the 1968
swarm, this mechanism is common to at least 21 events (KAUFMAN and BURDICK, 1980).
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Same as Figure A-1 for the 1976 swarm East of Cocos. Time windows in (a) and (b) are t day.



Vol. 135, 1991 Intraplate Seismicity 335

sumnmit and its flanks, the most prominent being Cocos Island (CastiLio, 1987).
The site of the 1976 swarm is on the East flank of Cocos Ridge, approximately
aligned with Tortuga and West Cocos seamounts. The occurrence of a swarm at
this site is suggestive of volcanic activity. However, the strike-slip geometry of the
main shock, together with the b-value of 0.99, suggest that the seismicity was not
directly controlled by active magmatism. It is clear that a more detailed investiga-
tion of the site is warranted.

Region A, Line Islands

OxAL ef al. (1980} reported 90 events, 10 of which detected telessismically, at a
location {“Region A”) East of the Line Islands, approximately 7.5°S and 148°W
(see Figure 12a). A major swarm took place during 1968—70, followed by sporadic
energy release continuing until the end of 1976, The site was then quict for 9 years,
until a short burst of new activity took place in 1985 at an epicenter undistinguish-
able from Region A. Six events were detected teleseismically and 8 more recorded
ai the French Polynesia array, bringing the total to 104 events at the site since 1968,
The history of activity at Region A is presented on Figure A-8.

JORDAN and SVERDRUP'S {1981} cluster relocations showed that the 4 main
events were spread over approximately 25 km. Available focal mechanisms (OxaL
et al., 1980} are all strike-slip, compatible with the release of ridge-push stresses.
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The new events {(m, <4.8) are too small for reliable focal mechanism studies;
however, our frequency-magnitude studies revealed no significant change in h-val-
ues between the older events and the new swarm in 1985 (Figure A-9). During a
1979 cruise on R/V Gyre, no sign of anomalous bathymetry could be recognized at
the site {SYERDRUP, 1981}, and thus the origin of clustering of activity at Region
A remains unclear.

Region C, East of Tuamotu Islands

Another site of particular interest is Region C, located approximately 21°% and
127°W. OxaL et al. (1980) documented 97 events (m, < 5.5) during a short-lived
swarm lasting from August, 1976 1o June, 1979, This precise epicenter { GB-3, which
JORDAN and SVERPBRUP (1981) estimated to be spread over 45 km) has been quict
ever since, but significant activity has taken place at nearby locations. A major
event (m, = 5.9; M, = 5.3), followed by a same-day aftershock (m, = 5.4) occurred
in 1983 at GB-8, aboui 75 km North of GB-5; three additional events took place in
1986 at GB-9, 200 km to the Northeast {see Figure A-10).
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GB-9 in 1986,
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OKAL ef al. (1980) demonstrated that the swarm had an extremely low b-value
(b =0.55), and obtained one strike-slip focal mechanism for the July 25, 1978 event
at Region C; a CMT solution is now available for a second event {January 3, 1978)
which they could only partially constrain (see Figure 12b). Both solutions are
compatible with the release of ridge-push stresses. The 1983 mainshock at GB-8
features normal faulting (WieNs, 1985; DZIEWONSKI et al., 1984a). The variety of
mechanisms obtained in Region C is illustrative of the variation with depth of the
stress regime of a4 young oceanic plate (BRATT ef al., 1985).

The origin of the activity at Region C is unclear. Little is known from in sifu
investigations, except for the presence of distorted topography on the ocean floor
(J. FRANCHETEAU, pers. commun., 1980). Using satellite geodesy, OkaL and
CAZENAVE (1985) have proposed a speculative model of the areas’ evolution during
the Miocene, in which Region C would have formed during an episode of ridge
propagation of the Old Farallon spreading center, driven by the Easter Island
hotspot. A more definite interpretation must await a systematic exploration of the
site.

Other Polynesian Swarms

The existence of the high-gain Polynesian Seismic Network {ORAL et al., 1980)
has allowed the detection of a number of local swarms in and around Polynesia, the
most spectacular of which, involving up to 40,000 detected events in the Tahiti-
Mehetia area, resulted from underwater volcanic activity from the Society Island
hotspot (TALANDIER and OKAL, 1984a, 1987). In addition, Macdonald Volcano has
been the site of intense volcanoseismic activity, whose T waves are recorded routinely
in Polynesia (TALANDIER and OKAL, 1982, 1984b, 1987;. In keeping with our
exclusion of Hawaiian seismicity, we do not list such activity anywhere in our dataset.

Weaker swarms (involving up to 25 recorded events) have been detected at
other Polynesian sites, including North of the Society Islands, and in the Austral
Islands (OKAL er al., 1980). These events are listed as part of the Polynesian dataset
in Table 1, and their location is outlined on Figure 12d.

Appendix B

Description of Individual *Regions and Sites

In this Appendix, we provide a detailed account of the results of our relocations,
and in particular discuss some of the more difficult cases, in which the differences
in original and relocated epicenters are most drastic. We refer to the main text for
a discussion of the seismic locations notably in the context of bathymetry.
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The discussion is arranged geographically, starting with the 10 Pacific plate
regions, followed by the Cocos, Nazca and Antarctic plates. Figures 1224 plot the
genuine intraplate seismicity over the SYNBAPS bathymetry, contoured at 1060 m
intervals {2000 m in Micronesia and the Marshall Islands).

Polynesia

We define Polynesia as extending from 30°S to the Equator, between longitudes
161°W and 125°W (see Figure 12). This region is covered by the French Polynesia
seistnic network, which has been described in various papers {TALANDIER and
KUSTER, 1976; OKAL ef al., 1980). In addition to the swarms at Regions A and C,
the total dataset includes 260 potentially intraplate events.

Intraplate Earthguakes

» In addition to new events described in the main text, only one historical
earthquake could be relocated with confidence inside Polynesia: Event 177 (July
17, 1929).

Casualties

« Fvent 238 (June 21, 1918) could not be relocated. The IS8 indicates that it
probably occurred in the midst of a local shock off the coast of Southern
California. GUTENBERG and RICHTER (1941) similarly commented that the
solution was defective.

< Bvent 237 (September 27, 1973) is listed by Wellington at 16°S and 160°W.
Despite the short distance, it was not recorded in Polynesia (J. TALANDIER, pers.
commun., 1989). The WEL epicenter listed by the ISC provides a very poor fit to
the 4 available times {¢ = 7.1 5). The only way to make the data consistent is to
interpret the time at Mangaho (MNG) as S rather than P. This provides an
excellent solution at the bottom of the Tonga Benioff plane.

> One event {236 on November 8, 1969; 17:05 GMT), allegedly South of the
Marquesas relocates to the Region A swarm, as listed in OKAL er al. (1980).

» Two events (239 on April 17, 1927; and 240 on January 12, 1942} are blatant
mislocations due to clerical errors.

+ Finally, and as discussed in Section 4, we identified 61 events as presumed nuclear
explosions (241-301). :

Focal Mechanisms

Apart from mechanisms at Regions A and C (see Appendix A), focal solutions
for three events at GB-4 were published by Oxal e of. (1980). The only new
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solution is for Event 211 (Location AU-6; November 20, 1979). OKAL {1984) gave
a partially constrained thrust faulting mechanism; the newly available CMT solu-
tion (DZIEWONSKI e7 al., 1987b) is in general agreement with it. Focal solutions are
regrouped on Figure 12b,

Other Sites in the Southcentral Pacific

We regroup here all seismicity in the Pacific plate South of the Equator,
bordered on the West by meridians 125°W to 30°S, 161°W to 43°S, and 170°W
further South (Figure 13). OkAL (1984) identified 22 potentially intraplate events in
this area. Access to the ISC catalogue, and to WALKER'S {1989} dataset resulted in
the recognition of 27 additional, potentially intraplate earthquakes. In addition,
three new events (ail in 1988) occurred since the completion of OKAL's (1984)
study, for a grand total of 52 potentially intraplate evenis, all of which were
re-examined in the present study. Events are described and numbered in a geo-
graphical pattern from Northeast to Southwest, Locations codes identified in OraL
{1984} are retained. New locations are given codes starting with SP- (for “Southern
Pacific”). In general, our results are similar to OxaL's {(1984), but a number of
improvements were possible:

Intraplate Earthquakes

* Apart from 6 events, described in detail below, all Southcentral Pacific intraplate
earthquakes in OKAL (1984) are confirmed by the present study, although one of
them (Event 420 on September 5, 1938) was moved 120 km to the MNortheast
while still remaining inside the plate.

* Of the 30 additional events considered, only 10 were confirmed as genuine
intraplate: three historical earthquakes (401, 402, 417), four more recent ones
(403, 411, 412, 413), and the three 1988 earthquakes (407, 416, 425).

Casualties

* Access to the BCIS listings allowed relocations for the period 1957-1963, when
the IS8 listings are limited to large earthquakes. As a result, we relocated to the
ridge Events 434 (July 26, 1958), 435 (July 30, 1958), and 437 (October 17, 1959;
01.23) for which OxkaAL {1984) could not perform relocations. Consequently, his
sites IP—14 and IP-16 are eliminated.

° Confidence ellipses are computed systematically for all events, including those
post-1962 earthquakes supposedly well-tocated by the USGS or ISC. As a result,
we climinate from the intraplate listings Event 445 (July 31, 1976). Site IP-8 is
eliminated,
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+ Regarding Event 452 (January 13, 1938), and as mentioned by OKAL (1984),
arrival times are not listed in the ISS. Access to BCIS data and to a number of
seismograms resulted in an inconsistent dataset, precluding convergence to an
acceptable solution. Elimination of the times at WEL, where the instrument
developed instability, vields an intraplate location (26.7°8, 170.3°W), but the
confidence ellipse reaches the trench. Epicenter IP—19 is eliminated.

+ Finally, regarding Event 431 (September 17, 1949), we were able to duplicate
OkAL'S (1984) solution at TP—13, but a statistical analysis reveals that a ridge
location at 63°S and 165°W cannot be excluded. We elect to consider this event
as interplate.

> Among the newly identified events, 12 were relocated to the Hast Pacific or
Pacific-Antarctic Ridges (428430, 433, 436, 438—442, 444 and 446}, and three
had confidence ellipses intersecting the plate boundary (426, 427 and 443), the
jatter being described in the main text and on Figure 3.

data to aliow stable, if any, relocation.

Focal Mechanisms

OKAL (1984) obtained 5 focal mechanisms in this region. One of them (Event
424 at TP—15) is unconsirained normal faulting. New solutions are available for
only two earthquakes: Events 404 and 405 at IP—1. The Harvard solution for Event
404 (DZIBWONSKi ef al., 1988b) is a thrust fault violating a strong, impulsive
dilatation at NNA. On this basis, we prefer the strike-slip solution given in OxaL
(1984).

Campbell Plateau to Kermadec

We define this area as the portion of the Pacific plate South of 27°8 and West
of 161°W; South of 43°S, the Eastern boundary is moved to 170°W {see Figure 14).
As documented for example on WALKER'S (1989) map, this region is rich in
potentially intraplate earthquakes. However, because of his coarse gridding of
intraplate areas, a very incomplete picture is presented on his map. By combining
Walker's dataset with the NEIC tape, and the original ISC regional catalogues, we
identified a total of 76 potentially intraplate earthquakes, of which 41 were retained
as truly intraplate. ¥

Intraplate Earthguakes

Intraplate events are sorted and discussed by generally increasing latitude. See
the main text for geographical discussion; among them:
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Five events (502-506) regroup into three epicenters on the Campbell plateau in
the vicinity of its magnetic anomaly. While these are not high-quality location (¢
reaching 3 s on 8 stations), their intraplate character is statistically significant,
OxarLs (1984) epicenter IP—17 (Event 567 on August I, 1953) was confirmed at
44.2°8 and 175.5°W, in the mmmediate vicinity of the Chatham Islands. Two
additional events (508 on April 9, 1965; and 509 on July 26, 1575) are listed by
the ISC in the same general area, along the Chatham Rise, and were confirmed
upon relocation.

In the vicinity of Mew Zealand, between approximately 45 and 40°8, lies an active
seismic zone composed of two major clusters. The northern cluster is quite evident
on WALKER'S (1989) map, although approximately 7 of the earthquakes he lists
in the region actually qualify as interplate. However, because he limited his
analysis to the quadrant East of 180°, and South and 40°8, he totally missed the
existence of the second cluster further South, and a significant number of events
in the Northern cluster. As a whole, we identified 16 events in the Southern
cluster, and 11 in the Northern cluster. An additional event (Number 537 on
March 28, 1976) is isolated on the Northeastern flank of the Campbell platean,
about 130 km North of the Northern cluster.

In general, our relocations easily duplicated the WEL epicenters, but were often
inconsistent with the ISC. This is due primarily to our use of S times. The largest
magnitude for all these events was my, = 5.1, too small to allow any focal
mechanism studies.

in the northeastern quadrant of the area under study, three evenis (two historical
and one recent) relocate in the immediate vicinity of the Louisville Ridge (537 on
March 28, 1976; 538 on May 10, 1924; and 539 on August 10, 1926), the latter
being moved more than 1500 km from its listed location.

Finally, we confirm Event 540 (January 4, 1940) at Site 1P-20, as defined by
OkAL (1984), and a single event (541 on August 1, 1925) relocates to 29.4°8,
164.3°W; the intraplate character of this solution being statistically significant.

Casualties

A total of 23 events were relocated to the Pacific-Australia plate boundary, two

of them at significantly deep foci (346 and 547 on May 23 and July 9, 1936), and
three others as recently as 1984-85 (561-563). Included are 7 events listed as
intraplate by the ISC, but whose relocated epicenter {on the plate boundary, or less
than 2° away) is the original WEL solution. Two events (561 and 563) had
intraplate PDE listings, and relocated to an 1SC interplate solution.

°©

In the case of Event 575 {June 30, 1985), the ISC solution on the Campbell
platcau achieves a residual of only 6 =385 on 3 P and 2 8 times. A similarly
mediocre solution (¢ =4.2s) is obtained by locating the earthquake on the
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Puységur trench, at 49.5°S, 162.3°E. The residual could be further reduced (to

3.95) by deepening the focus to 60 km, but it is not clear that seismicity does

occur at such depths in the Puységur trench. We list the earthquake as failing to

converge (code 12).

Similarly, for Event 559 (May 27, 1982), the ISC solution on the Campbell

plateau fails totally to fit § times, resulting in a residual ¢ =215 for the full

dataset. An inversion of P times only provides two egually excellent solutions,
one at the ISC epicenter, the other on the plate boundary at 49.7°5, 164.0°E; this

Iatter solution also fits 3 of the 4 § times, and the listed § at OMZ, if interpreted

as P (this station reports only an alleged § time), with a global residual of only

o = 3.4 5. We regard this solution as better quality than the ISC’s, and classify the

garthquake as interplate.

« [n addition, one event (Number 550 on April 21, 1959) relocated to the Pacific-
Antarctic ridge.

 The reported location of Event 576 (October 15, 1957) results from a clerical
error; it actually belongs to the Kermadec Benioff zone.

* Finally, six historical events (566—569; 572 and 573, dating from 1923 to 1927),
but also two recent ones (570 and 571) had too few data for stable, if any,
relocation. The last event (574 on MNovember 29, 1974) fails to converge to a
satisfactory, stable epicenter, we believe that some of its readings may actually
relate to a Japanese earthquake occurring only 9 minutes earlier.

Focal Mechanisms

Only one focal solution is available in this region: (Event 506, June 3, 1983,
m, = 5.2), its CMT mechanism featuring strike-slip (DZIEWONSKI et 2l., 1983c).

Off Tonga and Samoa

We concentrate here on the area located East of the Tonga trench north of 27°5,
and Hast of 172°W north of 13°8. The Equator and meridian 161°W bound it to the
MNorth and East {see Figure 15), We identified 38 potentially intraplate events.

Intraplate Earthguakes

Cnly 6 earthquakes were kept as truly intraplate; they are arranged from North
to South, to the East of the Samoa arc.

» Regarding Event 651 (December 24, 1929), we confirm an interplate location on
the basis of five arrival times {¢ = 1.90 s), despite GUTENBERG and RICHTER’S
(1941} opinion of insufficient data.
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it is worth discussing in detail Event 656 {October 4, 1937). As mentioned in
OxraL {1984), a solution cannot be found fitting all arrivals reported in the ISS.
While equally mediocre solutions can be found at various depths in the Tonga
trench, they all violate the arrival time at Tucson (TUC). We obtained a copy of
the TUC seismogram, including time correction information, which weights this
station very strongly in the available dataset. The only epicenter compatible with
TUC is the retained intraplate solution (IP-18).

= Only one recent earthquake (655 on July 4, 1983) was located in the same general
area, 150 km to the North.

Mo focal mechanisms are available for any of these events,

Casualties

= Twenty-one earthquakes were relocated to the Fiji-Tonga subduction zone, 10 of
them at intermediate and deep foci. 1t is particularly significant that many of these
events took place in the 19705 and 1980s. An additional four were listed on the
NEC tape as intraplate, but had other listings (mostly I8C) in the subduction
zone, three of them intermediate or deep.

» Three events (686 on July 17, 1955; 687 on October 28, 1958; and 688 on July 1,
1961) were relocated to the Vanuatu trench, their alleged location obviously the
result of clerical errors.

» Two historical earthquakes (682 and 683), but also Event 684 in 1965, had too
few data to allow a significant relocation.

= We could find no data regarding Event 685 in 1905, quoted by WALKER (1989).

Samoa-Phoenix -Gilbert Area

We define this area as the part of the Pacific plate South of "IN between
Longitudes 155°E and 172°W {sce Figure 16). We use 1°N rather than the Equator
in order to avoid splitting an interesting cluster of seismicity in the vicinity of Geean
Istand and the Ralik Fracture Zone. In addition to the 2235 events detected
teleseismically during the 1981-1984 Gilbert Islands swarm, we identified 62
potentially intraplate earthquakes in this region, only 15 of them were determined
to be truly intraplate.

Intraplate Events

« Two 1982 events {764 and 765 on February 17 and May 2, 1982) relocate to the
epicenter of the Gilbert Islands swarm during its period of activity (code 6).
Similarly, Hvent 758 (February 10, 1921} originally located at the 1982 swarm
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epicenter, relocates 250 km to the MNorth, but its confidence ellipse intersects the
swarm site. This event suggests that activity at the swarm site may be of a
recurring nature. It is remarkable that GUTENBERG and RICHTER (1941} describe
this event as “doubtful, but may be correct”.

In the case of Event 751 {April 24, 1937), we confirm the ISC’s epicenter at 13.2°8
and 176.0°W. The NEIC tape uses Gutenberg’s solution ($BISMOLOGICAL S0CIL
ETY OF AMERICA, 1980), at 12°8, 178°W and 200 km depth. This solution is
unacceptable since its location is clearly outside the Benioff plane. Indeed, all
attempts to locate this earthquake in the Fiji-Tonga subduction zone failed, and
moved the epicenter to the North, regardless of starting depth and of whether or
not depth was constrained in the relocation process. We confirm OxAL’s (1984)
evaluation of this event as intraplate. This represents a rare case when one of B.
Gutenberg’s personal confident locations (SEISMOLOGICAL SOCIETY OF AMER-
ICA, 1980) is cast in doubt. Two events in the 1950s (752, on June 26, 1956; and
753 on Oetober 3, 1957) were relocated respectively East and West of the 1937
epicenter.

Relocation of Event 754 {April 30, 1939) does not move it substantially from its
listed epicenter on the Ontong-Java plateau. All efforts to associate it with the
nearby Sclomon trench, which included floating its depth, failed.

Finally, we confirm an older event (755 on May 15, 1931) in the Tuvalu Basin,
and two events (756 on March 5, 1964; and 757 on March 6, 1981) in or around
the Phoenix Isiands.

We also incorporate into the catalogue four earthquakes (759-762) detected by
the Enewetak and Wake Island arrays in the vicinity of Geean Island {( WALKER,
1989), as welt as a tcleseismically detected cne at the same location (763 on
November 11, 1986).

Casualties

@

Of the remaining events, 35 were successfully relocated to the trenches, 21 of these
relocations involving an intermediate or deep focus. In particular, we found ISC
reports of epicenters determined by LASA in the late 1960s and early 1970s most
unreliable. These solutions usually violate § arrivals, and move to the Fiji-Tonga
Benioff zone once hypocentral depth is allowed to float.

Among the earthquakes relocated deep in the Tonga trench, Event 781 (April 25,
1940) is the only casualty in this region listed {but not refocated} in O AL {1984),
Also, Event 776 (September 12, 1935),@ listed by GUTENBERG and RICHTER
{1954} as the only case of erroneous ISS listing inside the Pacific Basin in the
period 1931-1935 (a somewhat optimistic statement judging by this study), is
relocated to the Tonga Benieff zone, but shallower than, and to the North of,
Gutenberg and Richter’s solution.

Event 777 (July 23, 1936}, listed on the NEIC tape as intraplate, has an ISC
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listing in the Tonga trench, and Event 782 {July 18, 1945} on the Fiji plateau. One
recent event, (803 on February 27, 1985) given as intraplate by the USGS, is
listed at an intermediate depth in the Solomon trench by the ISC,

* Finally, 9 older ecarthquakes (804812, dating from 1918 to 1928) had too few
reported times to yield a stable solution.

Focal Mechanisms

Qutside of the Gilbert Island swarm, oniy two events have available focal
solutions: Event 757 in the Phoenix Island (DzIEWONSKI ef al., 1988b), featuring
thrust faulting, and Event 763 (November 11, 1986) at the Ralik site (DZIEWONSKI
et al., 1987¢), featuring strike-slip. They are shown on Figure 16, together with the
mechanisms obtained by Lay and Oxar (1983) for the four main events in the
swarm. An additional 32 swarm events have CMT solutions listed in Table 14
{(DZIEWONSKI ef af., 1983a,b).

Micronesia and Marshall Tslands

We define this area as the part of the Pacific plate bounded by Latitude [°N,
Longitude 170°W, and Latitude 30°N, and to the Northeast by a great circle from
30°N, 160°E to 15°N, 175°W. We identified in this area 76 potentially intraplate
earthquakes. Epicenters are plotted on Figure 17. Because of the large number of
isiands and seamounts in this region, and in order to aveid cluttering of the figure,
contouring of the bathymetry is only at 2000 m intervals. West of 160°E, the
southern boundary is moved to the Equator.

Intraplate Earthquakes

We relocated 15 events and confirmed 5 more as genuine intraplate earthquakes.
Among those, Event 914 (March 12, 1974) was felt on Moen (Truk), and Event 902
(April 18, 1981) on Mokil Atoll, halfway between Pohnpei and Kosrae.

« Also, Event 908 (May 16, 1925} is confirmed at a location not significantly
different from that listed by the ISS. It 1s noteworthy that GUTENBERG and
RicHTER (1941) list it as “‘cannot be rejected definitely; to bring it into the active
belts would require an [unacceptable] error”. In their later edition ((GUTENBERG
and RICHTER, 1954), they suggest that this earthquake could be in New Guinea,
although that location could not match the guality of our solution.

* Finally, we regard Event 876 (September 29, 1926 at 05:16) as probably in-
traptate. Confidence ellipses with very large noise (¢ = 20 s) do not intersect the
trenches. It is probable that its aftershock 27 minutes later (Event 936) is at the
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same location but data are insufficient and we could not relocate it. Both were
fisted as doubtful by Gutenberg and Richter.

* In addition, WALKER (1989) lists 24 events detected at the Enewetak and Wake
arrays. Our index pattern follows the broad lineations described in the main text.

Casualties

We relocated 14 events as belonging to the various subductions zones around
the Pacific, including New Britain, the Mariana Arc, Japan, the Kurile arc, and
even the Aleutian trench near Unimak Island (Event 929 on May 2, 1939).

¢ Among them, Event 921 {September 19, 1923) was relocated to the Mariana
trench, rather than Tonga, as proposed by GUTENBERG and RICHTER (1941).

* Of particular interest are three cases of recent events grossly mislocated by the
ISC:

* The ISC location for Event 931 (May 18, 1974) is poor (¢ =525 on 6 P
waves), and misfits the § time at Lae by more than one minute, See main text
for discussion.

* Regarding Event 932 (January 16, 1976, 15:34), the ISC solution is unsatisfac-
tory (¢ =625 on 14 P waves). Removal of MAT and CLL leads to an
excellent solution (¢ =0.8 s on 12 times) in the Kurile subduction zone.

* In the case of Event 933 (February 20, 1976), the ISC location, of poor guality
(o0 =52s on 11 stations), is totally controlled by two stations (Lae and
Lamington) in Papua New Guinea. Removal of these stations yields an
excellent solution (¢ =0.3s on 9 stations) off Hokkaido. The New Guinea
times are interpreted as due to local activity; indeed two other events are listed
in the area less than 12 hours away from these reports.

* Five older events (934-938, dating from 1918 to 1928) had too few listings to
provide a stable relocation. Among them, Event 935 (May 21, 1918) is listed by
GUTENBERG and RICHTER (1941} as “may be anywhere in the Pacific area”; we
also concur with these authors that Events 937 (May 14, 1923) and 938 (March
3, 1928) have insufficient data.

* Finally, six events were found to have listings clearly resulting from clerical errors
(939-944), and seven are nuclear explosions at the Bikini and Enewetak test sites
in the 1950s (945-951; see Section 4). *

Focal Mechanisms

Only one focal solution is available in this region, a CMT mechanism for Event
885 (March 22, 1982), featuring thrust faulting (DZIEWONSKI ef al., 1983a).
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Off the Coast of Japan and the Kuriles

We define this region as the part of the Pacific plate North of 30°N and West
of 160°E (see Figure 18). It contains 43 potentially intraplate earthquakes.

Intraplate Earthquakes

o Intraplate earthquakes are indexed by order of decreasing latitude. We relocated
or confirmed five recent events as intraplate (1001—1003), as well as a single older
shock (1006, November 11, 1936).

Casnalties

» Fvent 1043 (the oldest earthquake in our dataset) has no arrival time informa-
tion, and Event 1042 (August 3, 1931) failed to converge to a stable solution.

= All 34 remaining earthquakes can be relocated to the subduction system. Among
the latter, at least 15 are small aftershocks of major events in the Japan-Kurile
subduction zone. In many instances, ISC epicenters {of poor quality in the first
place) gave extremely poor fit to reported S arrivals, Their inclusion in the
relocation algorithm, as well as the removal of a few (often a single) reported
emergent P arrival was enough to bring the epicenter back into the cluster of
aftershocks. We believe that the ISC mislocations are in such cases due to a single
erroneous P arrival time, itself the result of a mispick due to insufficient
signal-to-noise ratio in the coda of larger aftershocks,

Focal Mechanisms

Only one event has a published solution: Event 1007 (March 7, 1988), featuring
thrust faulting (DZIEWONSKI ef al., 1989a).

Northern Boundary

We discuss here the region extending along the Northern border of the Pacific
plate, East of 160°E. This area is bounded to the South by Latitudes 40°N West of
135°W, and 30°N East of that line (see Figure 19). We identified 58 potentially
intraplate events in this region.

Intraplare Earthquakes

« We relocated five historical earthquakes (1105, 1112, 1113, 1114, and 1116) and
two recent ones (1103, January 18, 1976; and 1106, August 14, 1980) as truly
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intraplate. We further confirmed 13 more from recent catalogues, including
Events 1101 and 1102 (April 28, 1968), the Emperor Trough ecarthquakes studied
by STEIN {1979). Earthquakes in this region are arranged by increasing longitude
to the Alaskan corner, then by decreasing latitude,

Casualties

= We relocated 29 events to the circum-Pacific subduction zones, among which were

two foreshocks (1124 and 1125) and an aftershock {1126) of the great Kamchatka

earthquake of February 3, 1923. Our relocation of the main foreshock (Event

1125, February 2, 1923 at 05:07) is consistent with Gutenberg’s location {SEISMO-

LOGICAL SOCIETY OF AMERICA, 1980). It is probable that Event 1152 (February

5, 1923), another aftershock in this sequence, for which too few data were

available, i1s also in the subduction zone.

Similarly, we relocate to the subduction zone four aftershocks of the great 19635

Rat Island earthquake (1140-1142 and 1144).

Events 1123 (October 6, 1921), 1128 (August 27, 1927) and 1131 (April 21, 1936)

were described by GUTENBERG and RICHTER (1941} as very doubtful. We

relocate all three to the Kurile trench.

o We relocate one event (1137, July 15, 1954) to the Queen Charlotte Transform
Fault, two to the Blanco Transform Fault (1135 on July 21, 1944, and 1145 on
December 28, 1967) and one to the Mendocino Transform Fault (1139 on July
23, 1964).

« In addition, two old events (1154 and 1135, from 1923 and 1927 respectively)
failed to converge, two were blatant clerical errors (1156 on July 29, 1938; and
1157 on June 7, 1961), and one event (1158, May 11, 1962} is the underwater
nuclear test “SWORDFISH” (see Section 4}.

*

Focal Mechanisms

In addition to StEms (1979) dip-slip focal solution for Event 1101, a CMT
mechanism is available for Event 1117 (DzigwoNSKI er al., 1983a), featuring
strike-slip.

West and South of* Baja California
This region extends from 30°N to the Equator, East of 135°W (see Figure 20).

In addition io the 69 earthquakes detected during the 1984 swarm South of Baja
California (see Appendix A), we identified another 69 potentially intraplate events

. in this region.
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Intraplate Earthquakes

* We retained 25 confirmed intraplate earthquakes, in addition to the 1984 swarm,
in this part of the Pacific Basin. For five of those (1203, 1204, 1214, 1219, and
1223), we use the results of the WIENS and OKAL (1987) study, carried on with
similar techniques. Events 1212 and 1218 were described by GUTENBERG and
Ricirer (1941) as doubtful, but we confirm their intraplate character with
residuals ¢ < 3 5.

Casualties

¢ Most remarkable in this region are 17 blatant mislocations due to clerical errors:
15 belong to the Philippine trench (1252-1266) between 1931 and 1941, one
(1267} is in Central Utah in 1957, and another one a small Southern California
shock detected only at Pasadena {1268, June 22, 1971

* We relocated to the East Pacific Rise or the Middle America trench 21 earthquakes;
two more (1239, December 12, 1938; and 1247, June 6, 1958) were listed by the
NEIC tape as intraplate but had alternate listings in the Central American trench.

= Three older events (12491251, dating from 1919 to 1927) had too few reported

times to allow a stable relocation.

Event 1269 (May 14, 1955) is the underwater nuclear test “WIGWAM” (see

Section 4).

@

Focal Mechanisms

Apart from three events during the 1984 swarm, Wiens and OrAL (1987)
obtained a solution for Event 1204 {June 30, 1945), featuring normal fauliing. No
other mechanism is available in this region.

Northeentral Pacific Basin

This region comprises the rest of the Pacific plate, extending roughly from 160°E
to 135°W at latitude 40°N, and from 175°W (o 135°W at the Equator {see Figure
21). It excludes Hawail, defined as extending from 17°N to 23°N and 152°W (o
162°W. This area has an extremely low level of teleseismically recorded activity,
with only 20 potentially intraplate events.

Intraplate Earthquakes

* We relocated or confirmed only five events as intraplate, which we have sorted by
increasing longitude. By far the largest (m, == 5.5) and most interesting event in
this region is the Tern Island earthquake of September 22, 1988 (Event 1302). Its
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focal mechanism was given by JIMENEZ ef @l {1989) and DZIEWONSKI et af
(1989¢), This is the only event known t¢ occur on the Hawaiian ridge away from
the active hotspot.

Casualties

* By letting hypocentral depth be unconstrained, we relocated deep into the Tonga
Benioff plane Event 1306 (May 14, 1976). In addition, we relocate an older svent
(1307, October 11, 1928 at 23:32) to the Kurile subduction zone, our solution
fitting all but 1 P times. It is probabie that a second event {1311) 12 minutes later
(and for which too few data were available for stable relocation) also belongs to
this system. GUTENBERG and RICHTER (1941} had suggested that these events
belong to the Alentian trench, but no solution of comparable guality could be
achieved in that region.

= Six additional events have blatantly wrong locations, presumably due to clerical
errors (including Event 1315 on September 21, 1951, actually in the Hindu Kush).

* Similarly, Event 1313 (July 24, 1938) relocates to the Imperial Valley. The correct
latitude in the original location, and the simullansous occurrence of a large swarm
in the Imperial Valley at the time, argue that this mislocation was the result of a
clerical error.

* We refer to the main text for a detailed discussion of the “ghost” event, Mumber
1320 (April 9, 1967); its listing is the result of a gross misinterpretation of
observations.

* Regarding Event 1312 (March 17, 1976), the ISC sclution is of poor quality
(¢ = 0s on 6 stations), Despite the recent date of this event, we were unable to
identify more arrivals at high-quality WWSSN stations located in the vicinity of
stations having reported arrivals (COL, LPS). We regard the available data as
insufficient to provide a stable epicenter.

= In the case of Event 1309 (September 17, 1932), the only report is that it was felt
by the S5 Mericos 8. Whittier at location 26,3°M, 148.6"W (NEUMANN, 1934). The
isolated character of this location away from plate boundaries would suggest that
this shock would have to be intraplate. We report this event as (code 11) *not
enough information to allow relocation”.

* Two older events {1308 on June 17, 1917 and 1310 on October 1, 1918) had too
few data for stable, if any, relocation. GUTENBERG and Ricurer (1941) had par-
ticularly harsh comments on the gquality of their ISS listings (*No evidence for the
indicated epicenter” for Event 1308 and “A badly forced solution” for Event 1315).

Cocos Plate

In addition to the 28 events of the 1976 swarm, we identified a total of 67
potentially intraplate events inside the Cocos plate (see Figure 22).
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Intraplate Earthquakes

@

We relocated or confirmed 22 events as genuinely intraplate inside the Cocos
plate. As discussed in the main text, some earthquakes have a tendency to form
distinet clusters; consequently, we have identified sites with a location code
starting with CO- for “Cocos”.

Regarding Event 1367 (October 11, 1973), we regard the ISC depth (127 km) as
inconsistent with the location of the event removed from a Benioff zone. This
depth was probably suggested by the Huancayo report of a later arrival, identified
as pP by the 18C. While we have recognized a second arrival at Tucson, it is only
13.5 s after P, suggesting a depth of about 50 km, if interpreted as pP, or 30 km
as sP. The latter is on the order of the maximum depth of reported intraplate
seismicity for oceanic lithosphere of 40—45 Ma age (Wiens and STEIN, 1983), It
is worth noting that a number of seamounts are present in the immediate vicinity
of CO-5,; if the event was associated with magmatic activity, higher strain rates
could allow brittle fracture at greater depths. The discrepancy between the two
time lags at HUA and TUC argues against a multiple event. Constraining the
depth at 30 km, we obtain an excellent solution, with ¢ <1s. We can only
speculate on the origin of the second arrival at HUA, which was not available for
inspection.

Mo focal mechanisms are available for any events in the Cocos plate, excepting

the 1976 swarm mainshock (see Appendix A}.

Casualties

Thirty-three events had alternate bulletin listings or were relocated to the

adjacent plate boundaries.

The available dataset for January 4, 1918 is extremely confused due to the
apparent occurrence of two events within 150 s of each other {1405 and 1406}. As
a result, no relocation of either event could be performed.

Similarly, Bvent 1407 (November 16, 1918) has only three body wave arrivals
listed; we list it as “unsufficient data”, but it is worth noting that the 3 times
converge on the Middle America trench in Southern Mexico).

An additional historical event {1408, June 7, 1937} could not be relocated in a
stable way.

Regarding event 1409 (December 5, 1966), the ISC solution is poor (o = 6.7 5 on
7 stations). It is remarkable that the event is followed by a sequence of 4 well
located shocks on the Galdpagos Ridge. Such a location would fit 5 of the 7
stations with ¢ = 1.2s, We list the event as having nonconverging data, but
regard it as most probably interplate.

In the case of two events (1411, March 28, 1938; and 1412, January 26, 1962), we
could not obtain arrival time information.



Yol. 135, 1991 Intraplate Seismicity 353
Nazca Plate

In addition to the events recognized as part of the (Galdpagos swarms (see
Appendix A), a total of 111 potentially intraplate events were identified in the
Nazca plate (see Figure 23).

Intraplate Earthguakes

We relocated or confirmed 43 earthquakes inside the Nazca plate, the majority
having a tendency to cluster at locations correlating with the main bathymetric
features of the plate; we have ordered and numbered the events following decreas-
ing latitudes of these clusters, which have been given codes starting with NZ- (for
“Mazca’).

= For Event 1505 on Aug 20, 1939, the interesting case arose where the § and P
waves individually yielded similar epicenters but times mutually incompatible.
When combined, 14 5 waves averaged 8.8 s slower than predicted for the epicen-
ter based on P arrivals (the median lag was -+ 12.2s), This unusual result could
be the resuit of poorly selected § waves, selection of &§ instead of S arrivals or
perhaps even a deviation of the Poisson ratio for the upper mantle from that used
in the Jeffreys-Bullen tables. This was the only event from Site NZ-2 containing
a significant number of § arrivalis.

Casualties

« We isolated 14 events for which no sufficient daia were available to perform a
significant relocation. Among those are six events in February 1917 and Septem-
ber, 1918, listed in the ISS at 26°S and 80°W (1597-1600, 1603 and 1611). It is
probable, as repeatedly stated in the ISS, that these epicenters are common. if an
intraplate epicenter could be confirmed, it would represent a rather unique
spacio-temporal accumulation of intraplate stress release, in view of the numerous
reports of Love and Rayleigh waves in Europe which would suggest magnitudes
of at least 5 1/2. The 1918 events (1600 and 1611) are probably one and only, this
clerical error resulting from the use of a nonstandard time at two Argentinian
stations.

s Finally, we relocated 27 events to the South American or Middle American
trenches, and 24 to the nearby ridge systems.

Focal Mechanisms

In addition to MENDIGUREN'S (1971) thrust solution for Event 1519, normal
faulting CMT solutions are available for the Easter Island events of 1984 and 1987
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(1528, 1529, 1530) (DzIEWONSKI ef al., 1987¢; 1988¢) (see Figure 23). Focal Solu-
tions for Galépagos swarm events are given separately on Figure A-6.

Antarctic Plate

We identified 26 potentially intraplate events in the Pacific Ocean part of the

Antarctic plaie and relocated or confirmed 15 as genuine intraplate earthquakes
{see Figure 24).

Intraplate Earthquakes

@

As discussed in the main text, we confirm 11 events listed by OxAL (1981} as trufy
intraplate.

in addition, we identified two events (1711 on December 5, 1927 and 1710 on
April 29, 1975) listed in the ISS/ISC, but not on the NEIC tape, and two new
events (1709 and 1712), since the completion of OxAL's (1981) study in 1980,

Casualties

Y

-

Of the events listed by OkaL (1981), we did not consider the August 13, 1937
earthquake since its epicenter (57.4°S, 129.9°W) is less than 2° from the plate
boundary. In addition, we confirm that Event 1720 (January 18, 1949) is actually
interplate on the Nazca-Antarctica boundary.

Relocation of Events 1717 and 1718 on December 27, 1926 moved them further
inside the Antarctic plate than proposed by OkAL (1981). However, as already
noted in that study, these locations are very poorly constrained and confidence
ellipses run with 1-o noise of 10 s (a conservative value in the 1920s) intersect the
Menard Transform Fault at 50°S and 115°W. We regard these events as pre-
sumably mterplate.

Event 1723 (January 17, 1967) is listed in the ISC catalogue through a single
report from LASA; we inspected records from regional high-gain WWSSN
stations (SPA, LPB), and could find no trace of the event, In view of the large
errors often associated with LASA slowness solutions, we regard this event as
unsupported by data,

As discussed in the main text, the listing for Event 1726 (September 13, 1975y is
probably the result of a clerical error. ®

Focal Mechanisms

In addition to ForsyTtw's (1973) ridge-push mechanism for Fvent 1702, CMT

Solutions are now available for two earthquakes in the Antarctic plate: Event 1714
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was studied by OxaL (1980). The new CMT solution is basically identical to his
mechanism and confirms the release of horizontal ridge-push {DZIEWONSKI ¢f al.,
1988a). A thrust mechanism is available for Event 1715 (DZIEWONSKI ¢! al.,
1987b).
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Note added in proof (September 16, 1990)

Since this paper was accepted, we have received confirmation that events 1541
and 1542 were felt at the Juan Fernandez Islands (E. W. Bravo M., pers. comm.,
1990). It is alse worth mentioning a burst of activity (including a m, = 6.1 event)
at the eastern end of Region NZ-8, around 27°S and 104°W (August 21, 22
September 2, 1990).
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