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Large, shallow, thrust earthquakes in the Solomon Islands region tend to occur m closely related pairs. Two
recent sequences are July 14,1971 (Mg =7.9) and July 26,1971 (Mg=7.9) and 14 37™ > July 20, 1975 (Mg =17.9)
and 19 54m July 20, 1975 (Ms 7.7). The mechanism of these seismic doublets has important bearing on the
triggering mechanism of earthquakes in subduction zones. Detailed analysis of the seismic body waves and surface
waves were performed on the 1971, 1974, and 1975 doublets, providing a better understanding of: (1) the mechan-
ics of seismic triggering, (2) the state of stress on the fault plane, and (3) the nature of subduction between the
Pacific and Indjan plates. The results indicate that although the geometry of the subduction zone in the Solomon
Islands is complicated by the presence of several sub-plates, the slip direction of the Indian plate with respect to the
Pacific plate is relatwely umform over the entire region. The large seismic moments of the 1971 sequence
1.2- 10%® and 1.8 - 10%8 dyne cm) indicate that these events directly represent the underthrusting of the Indian
and Solomon plates beneath the Pacific plate. The body waves from these doublets, recorded on the WWSSN long-
period seismograms, are remarkably impulsive and simple compared with those from events of comparable seismic
moment in other subduction zones. In addition, the source dimensions of the body waves are 30—70 km in length,
substantially smaller than the overall rupture surfaces radiating the surface waves which are 100—300 km in length.
These facts suggest the existence of relatively large, isolated high-stress zones on the fault plane. This type of stress
distribution is distinct from other regions which have more heterogeneous stress distribution on the fault plane, and
this is proposed as the principal characteristic of this region responsible for the occurrence of the doublets and for
the apparent efficiency of triggering in the Solomon trench. Prior to the 1971 sequence, similar sequences have
occurred in the same area in 1919—1920 and 1945—1946. From the amount of slip (1.3 m) determined for the
1971 sequence and the apparent recurrence interval of 25 years, a seismic slip rate of 5 ¢cm yr ! is determined. This
value is a significant portion of the convergence rate between the Indian and Pacific plates indicating that the plate
motion here is taken up largely by seismic slip.

1. Introduction events with Mg 2 7.5 and several additional doublets

with Mg 2 7.0 have occurred in distinct portions of

Large, shallow earthquakes in the Solomon and
New Britain Islands region tend to occur in closely
related pairs (Figs. 1 and 3). These events are typically
separated by a few hours or several days in time and
by 50—100 km in space. Although earthquake dou-
blets have been observed in several different tectonic
regimes, the Solomon Islands region is apparently
unique in having shallow thrust events of such large
size (Mg 2 7.5) occur in pairs. At least three pairs of

the Solomon trench in this decade alone. A search of
the earthquake catalogues reveals that this doublet
behavior is common for great earthquakes in the area,
indicating that this mode of failure is a true character-
istic of the region. This paper presents the results of a
complete surface-wave and body-wave analysis of
three doublets in this region in an attempt to provide
a better understanding of the mechanics of seismic
triggering, the state of stress on the fault plane, and
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Fig. 1. Principal tectonic features of the Solomon Islands
region. The Indian plate underthrusts the Ontong—Java
Plateau along the Solomon Islands chain. The 5000 m depth
contours indicate the disappearance of the Solomon trench in
the vicinity of the Woodlark ridge. The Indian—Pacific con-
vergence rate and direction are from Le Pichon (1968) and
Minster et al. (1974). The Solomon—Bismark convergence
rate is from this study and Johnson and Molnar (1972).

the nature of subduction between the Pacific and
Indian plates.

Much recent effort has been directed toward elab-
orating the stress distribution on earthquake fault
planes. Detailed seismological investigations have
revealed a great diversity of focal process of earth-
quakes, including slow precursory deformation
(Kanamori and Cipar, 1974; Nagamune, 1977); long
time-constant crustal deformation accompanying
tsunami earthquakes (Kanamori, 1972; Fukao and
Furumoto, 1975; Shimazaki and Geller, 1977); stow
earthquakes (Sacks et al., 1978; Kanamori and
Stewart, 1979); and multiple-rupture events (e.g.
Wyss and Brune, 1967; Kanamori and Stewart, 1978).
This diversity of earthquake process is a manifestation
of the diversity of stress distribution on fault planes
and of variable coupling between lithospheres. The
distinct doublet nature of earthquakes in the
Solomon Istands region provides further information
on the nature of lithospheric coupling.

As is frequently the case for South Pacific thrust
events, the focal mechanisms determined from first-
motion data alone are ambiguous, usually con-
straining at most one nodal plane. In this study we
sought to extract as much information as possible

about the source parameters of the sequences by
using long-period surface waves and, whenever possi-
ble, body waves. The detailed signal analysis em-
ployed provides unambiguous fault plane parameters,
seismic moments, displacements, and stress drops of
the individual events. The information thus extracted
is supplemented by previous seismicity studies of the
region in order to construct a plausible model for the
tectonic framework and nature of coupling in the
subduction zone. Previous seismicity studies have
indicated the general geometry of the trench system
(Denham, 1969; Santo, 1970; Isacks and Molnar,
1971; Johnson and Molnar, 1972; Curtis, 1973a, b;
Pascal, 1979), but this paper presents the first quanti-
tative analysis of particular events in the region,
allowing improved constraints to be placed on the
nature of subduction there.

2. Tectonic framework

Figure 1 locates the Solomon Islands region east of
New Guinea, in the complex mega-shear boundary
between the Pacific and Indian plates. The complex-
ity of this boundary apparently stems from collision
in Miocene times of the northward-moving Indian
plate with a large, southward-facing island arc (Dewey
and Bird, 1970; Karig, 1972). Regional adjustment to
this event has produced several small plates and island
arc reversals as well as the “fractured arc” nature of
the Solomon Islands chain (Johnson and Molnar,
1972; Curtis, 1973b; Packham 1973). Relevant geo-
logic background is reviewed by Curtis (1973a) and
by Coleman and Packham (1976). In Fig. 1 it is clear
from the 5000 m depth contours that the trench has
an unusual geometry. The results of this work and
previous seismicity studies indicate that along the
Solomon Islands the Solomon Sea slab subducts
toward the northeast in the Solomon trench, while
under New Britain the subduction is toward the
northwest. Thus, the slab is contorted around the
junction of the Solomon and New Britain trenches.
Toward the northeast lies the Ontong—Java Plateau
which has a thick (35—40 km) semi-continental
crustal structure (Furumoto et al., 1976). The trench
along the Solomon Islands chain disappears in the
vicinity of the Woodlark Ridge, and reappears down
toward the southeastern end of the chain. Clearly,



there are substantial variations in the subduction
regime over small distances in this region. A more
detailed discussion of the tectonics will follow the
doublet analysis.

3. Data

Figure 2 shows the Pasadena ultra-long period
seismogram of a Solomon Islands doublet which
occurred in 1974. This vertical component seismo-
gram records the multiple Rayleigh-wave arrivals from
the two events, which are separated by less than four
hours in time. This record demonstrates the intriguing
nature of these sequences, occurring as distinct simi-
lar events, which led to this investigation. Three dou-
blet sequences have been studied, all located in the
northwestern portion of the Solomon trench and
extending into the New Britain trench. The locations
of these events and their two-day aftershock zones
are plotted in Fig. 3. The focal mechanisms shown in
the Figure have been determined by the surface wave
analysis described in the next section since the P-wave
first-motion mechanisms are very poorly constrained.
The first-motion data are included with the mecha-
nisms and show very little inconsistency with the sur-
face wave results. All of the first-motions were read
by the authors from the World-Wide Standard Seis-
mograph Network (WWSSN) long-period seismo-
grams. Of the six events, two, those of the 1971
sequence, had first-motion mechanisms previously
published by Pascal (1978), both of which differ
substantially from our solutions which are better
constrained by surface waves.

The 1971 sequence was composed of the largest
events in the region in 50 years. It occurred at the
junction of the two trenches, with the first event in
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Fig. 3. The three doublets analyzed in this work. The first-
motion data are shown along with the surface wave con-
strained fault orientations on equal area projections of the
lower half of the focal sphere, with filled circles indicating
compression and open circles indicating dilatation. Two-day
aftershock zones are also shown for aftershocks of my, = 4.5.

the Solomon trench triggering the rupture in the New
Britain trench. The 1974 and 1975 sequences
occurred in the Solomon trench along the island of
Bougainville. The times, locations, and magnitudes of
these events given in the Earthquake Data Reports
(EDR) are listed in Table I. The values of Mg vary in
different catalogues, but the only significant varia-
tions are for the 1975 sequence, for which Pasadena
reports Mg = 7.8 and Mg =7.3 for the first and
second events respectively and Berkeley reports Mg =
7.4 and Mg=7.3.

The aftershock locations shown in Fig. 3 are taken
from the EDR and the Bulletin of the International
Seismological Centre (ISC) catalogues, and only the
larger (my, 2 4.5), better located events are included.
Note the similarity of the 1974 and 1975 doublet
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Fig. 2. The Pasadena ultra-long period seismogram of a Solomon Islands doublet which occurred in 1974. This vertical component
records the multiple Rayleigh wave arrivals R, R, and R3, for each event. The two events are separated by 3hyom,
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TABLE 1
Earthquake data

Event Origin time (UT) Lat. (°S) Long. (°E) mp M
July 14, 1971 06 :11:29.1 5.5 153.9 6.0 7.9
July 26, 1971 01:23:21.3 4.9 153.2 6.3 7.9
Jan. 31, 1974 23:30:05.3 1.5 155.9 6.0 7.0
Feb. 01, 1971 03:12:33.1 7.8 155.6 6.2 7.1
July 20, 1975 14:37:39.9 6.6 155.1 6.6 7.9
Tuly 20, 1975 19 :54:27.7 7.1 155.2 6.1 7.7

mechanisms, and the fact that the aftershock zone
dimensions are on the order of 100—150 km in length
and ~75-100 km in width. Since the main shocks of
the 1974 and 1975 doublets were separated by only
3"42m26% and 5"16™498 respectively, no attempt is
made in Fig. 3 to delineate separate aftershock zones
of the individual events. There were three events of
magnitudes my, = 4.8—5.2 recorded between the two
main events of the 1974 sequence, and 19 events of
myp = 4.5-5.5 recorded between the main events of
the 1975 sequence. In each sequence the second large
event is well-separated from the first, the separation
being about 50 km as given by catalogue locations
and as confirmed by the authors through comparison
of azimuthal travel-time variations. The 1971
sequence was separated by 12 days, and thus the
aftershock zones are distinct. The aftershock activity
following the first event on July 14 migrated north-
west along the Solomon trench and concentrated
along the bathymetric junction of the trenches. The
July 26 event had an epicenter at this junction and its
aftershocks were confined to and propagated south-
west down the New Britain trench. Note the presence
of a gap between the 1971 and 1975 sequences. Seis-
micity studies show a persistent low seismic activity
in this region (Curtis, 1973a).

Of the three sequences studied, only the smaller
1974 doublet had local foreshocks, there being two
of these of magnitudes my, = 5.3 and my, = 4.8, pre-
ceding the first main-shock by 3114™ and 1"23™ res-
pectively. Aftershock activity was relatiyely low and
tapered off rapidly within 48 hours for each sequence
except the 1971 doublet, when events continued to
occur for a substantially longer timeperiod in the
New Britain trench. The July 14, 1971 event had 27

aftershocks listed in the ISC catalogue with my, > 4.5
in the first 24 hours after the main event, while there
were 24 aftershocks following the 1974 sequence and
28 following the 1975 sequence in the same 24 hour
interval. Activity then leveled off to several events per
day in each case. The July 26, 1971 event was imme-
diately followed by 43 aftershocks on the first day
and 37 on the second day, with activity dropping off
substantially slower than in other cases. This discrep-
ancy is associated with the larger size of the July 26
event, but may also indicate a difference in mechani-
cal coupling between the Solomon and New Britain
trenches. Due to its location, the detection threshold
for the Solomon Islands is relatively high, but the
observed seismicity patterns are considered represen-
tative since they include only events with my, > 4.5.
The 1971 and 1975 sequences were large enough
to drive off-scale most of the WWSSN long-period
body wave arrivals. Thus, we chose to determine the
earthquake mechanisms primarily by surface-wave
analysis. Figures 4, 5, 7, 8, 10, 11 show the surface
waves that were recorded by the WWSSN long-period
seismographs. In Figs. 4 and 5 the data for the 1971
sequence is shown. Here Love waves (G3) and
Rayleigh waves (R ;) have been equalized to a propa-
gation distance of 360° + 90°, following the tech-
nique described by Kanamori (1970). The equalized
traces have been filtered using a short period cut-off
at 40 s in the same manner as described by Kanamori
and Stewart (1976), and the amplitudes have been
adjusted to the standard WWSSN (15-—100) instru-
ment with a gain of 1500. Figures 7 and 8 present the
data for the 1974 doublet and Figs. 10 and 11
present the data for the 1975 events. For these last
two doublets, surface waves R, and G, were equal-
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Fig. 4. Equalized seismograms of G3 and R for the July 14, 1971 event and synthetic seismograms computed for the mechanism
given in Table II with a seismic moment of 1027 dyne cm. Two asterisks represent G4 and R4 arrivals equalized to G and Rg. The
amplitude scale is for the trace amplitude on the WWSSN long-period instrument (15—100) with a magnification of 1500.

ized to propagation distances of 270°. These surface
wave arrivals were employed because the main events
were not separated by enough time to obtain all R
arrivals. In order to extend the azimuthal coverage,
where necessary, the data was supplemented with
backward-propagated R4, G4, or R3, G5 and forward-
propagated Ry, G arrivals. This allowed for better
constraint of the mechanisms. In all cases the

Rayleigh waves exhibit two-lobed radiation patterns
and the Love waves exhibit four-lobed radiation
patterns as is consistent with shallow dipping thrust
events (Kanamori, 1970). This extensive data set con-
stitutes the basic information employed in this analy-
sis, and represents one of the most self-consistent sur-
face wave data sets of any particular tectonic region.
The following two sections contain detailed descrip-
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Fig. 5. Equalized seismograms of G3and Rj for the July 26, 1971 event, and synthetic seismograms for the finite source discussed

in the text.

tions of the surface wave and body wave analysis.
The tectonic framework and doublet mechanism are
discussed in Sections 6 and 7.

4. Surface-wave analysis
4.1. 1971 Sequence

The two events in this sequence proved to have
slightly more complicated structure in their radiation

patterns than the other events. This is attributed to
both their larger seismic moments and fault dimen-
sions and to their location at the trench junction. Uti-
lizing the best initial mechanisms indicated by our
first-motion data and the previously published mecha-
nisms, synthetic surface waves were generated for a
point source double-couple. It was found that prelim-
inary inspection of the equalized-trace azimuthal
amplitude variations proved a better constraint for
the initial modelling than the first-motion results. The
procedure employed for generating the synthetics is



exactly that described by Kanamori (1970) and
Kanamori and Cipar (1974) with Earth model 5.08 M
being used. As with the observed data, a 40 s cut-off
filter was applied to the synthetics enabling direct
comparison of phases and amplitudes. The amplitudes
used for constraining the mechanism are those of the
Rayleigh waves with a period of about 220 s and the
peak amplitudes of the less-dispersed Love wave arri-
vals. These long-period waves are much less sensitive
to propagational effects and lateral heterogeneity
than shorter period phases. The ratio of peak ampli-
tudes of Love and Rayleigh waves also provides a
strong depth constraint, though the depths indicated
by this technique must be considered as averaging
over the fault surface, and do not necessarily corre-
spond to the depths determined from the body-wave
analysis, ,

The July 14, 1971 event (Figs. 4 and 6) has rather
more scatter in amplitudes than any of the other five
events, but it could still be satisfactorily modelled.
The source depth was found to be 53 km. A seismic
moment of 1.2 - 102® dyne cm gives a reasonably
good fit to the data with the fault parameters being
dip, & = 45°; rake, X = 62°; and strike, ¢ = 345°. In
this, and all five other events, the choice of fault
plane between the two nodal planes is made on the
basis of consistency with the regional tectonics and
the interpretation of these as shallow thrust events.
The sign conventions are those of Kanamori and
Cipar (1974). The azimuthal distribution of wave
forms for this mechanism is given in Fig. 4 and the
amplitude variation is plotted with the data in Fig. 6.
There is some asymmetry in the Love wave radiation
pattern, with signals in the southwest quadrant being
somewhat smaller than the model. The cause of this
is not readily apparent, and since the point source fit
to the other Love wave lobes and Rayleigh wave pat-
tern is good, we attribute this anomaly to the scatter
which frequently accompanies Love wave amplitudes.

Note the generally excellent phase agreement
observed in the data for this and the other events.
This consistency indicates that great circle travel
paths through the Solomon Islands traverse relatively
similar average paths. As a result of this consistency
the phase agreement with the longer periods)of the
synthetics is very good, though the Love waves are
not as stable as the Rayleigh waves. One consistent
pattern observed in the Love waves between events is
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Fig. 6. Equalized trace peak-to-peak amplitudes for observed
G3and R data as a function of azimuth (solid circles) for
the July 14, 1971 (top) and the July 26, 1971 events. Curves
represent the radiation patterns for the given fault models.

that the group arrivals tend to be slightly delayed in
the northwestern quadrant which includes the Asian
and European continents.

This event appears somewhat unusual with regard
to the strike of the fault plane (Fig. 3), which trends
more north—south than the other mechanisms.
Detailed examination of the bathymetry in the epi-
central region indicates that the trench tends to strike
slightly more northward along Bougainville, and thus
the fault strike of 340°, one of the fault parameters
best determined by this type of analysis, is consistent
with the trench geometry.

The second 1971 event definitely has an asymmet-
ric radiation pattern, and the fault plane clearly lies in
the New Britain trench trending northeast—southwest
(Fig. 5), as indicated by the loop directions of the



290

Rayleigh waves. Figure 6 shows the radiation pattern
for a point source located at the body wave epicenter
at a depth of 43 km with § = 40°, X = 55°, ¢ = 240°,
and a moment of 1.8 - 102® dyne em. Clearly the
eastern lobes of the Love wave radiation pattern are
consistently smaller than the western lobes. In order
to improve the fit we generated synthetics incorpora-
ting the effects of directivity (Ben-Menahem, 1961).
As indicated in Fig. 3 the aftershock zone of this
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event extends well down the New Britain trench, with
a total length of 300 km. Using the geometry of the
point source we attempted various directivity models
constraining the total fault length to be 300 km. The
most consistent results were those for a bilateral fault
with a northeastern length of 100 km and a south-
western length of 200 km, with rupture propagating
along the strike, ¢ = 240°, The amplitude radiation
patterns for this fault model for varying rupture
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Fig. 7. Equalized seismograms of G, and R, for the Jan. 31, 1974 event and synthetic seiémograms computed for the mechanism
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velocities are shown in Fig. 6, for a moment of
1.8 - 10?® dyne cm. Given the slight scatter around
each model we conclude that rupture velocities of

Ve=2.0kms™ or ¥, =2.5kms™! are most reason-

able. The synthetic wave forms for ¥, = 2.5 km
s™! are plotted in Fig. 5 for comparison with the

data. This procedure incorporates the assumption of

uniform dislocation along the fault strike which
appears justifiec by the quality of the match
obtained.

This 1971 doublet is the most significant sequence
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studied because the two events involved are the
largest in the region since 1919 and they occurred at
the trench junction. The fault mechanisms obtained
by the surface wave analysis are much better con-
strained than the first-motion mechanisms. Indeed,
there was enough ambiguity in the first-motion data
that earlier work (Pascal, 1979) located the thrust
plane of the July 26 event in the Solomon trench
rather than in the New Britain trench.

Given the seismic moment and a reasonable esti-
mate of the fault area 4 as indicated by immediate
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5“35’“ 5"'10'“
0° 360°F SEEN T 300
= = \__Q{Mm coL*
30° 330°r = ADE - 30°
- - B
60° 300°- C W%ﬁﬁ - 60°
SJG*
B r BHP*
90° 270°|- i ‘/:Xo\/; ane ]90°
I~ . NNA*]
[20° 240°} -V’\:\’\//\\"‘,\M Thg 120°
shid [~ AN~ ATU T
150° 210°}- _V\/\/\"‘ s1u 1150°
[ ] o= 6]
(-] -] L L 1 1 1 1 1 1 1 o
180 180° 35344342 4] 46353443 azar 80
U, km/sec
G, (M_=10%" dyne-cm) Synthetic
P 0 y
sNos™ g™ shos™ shig™
Oo 360° T T " T ' T T T IJ‘\/\/I_' T T 0°
: \ 1§m5 : A
30° 330°F—A/\o—n | 300
/N 1 N~ =
60° 300°|— —\/—6c
—— 1k 3
90° 270° —\/~—rd N\ ——o50°
- “/\/‘ 4 F—N\— 4
120° 240° N\/~— 120°
150° 210° —A/\————I50°
- A 4 —/\—
180> 180° A\~ 180°

1 1 i N
36454443 22 4] 26454443 42 4
U, km/sec

Fig. 8. Equalized seismograms of G, and R, for the Feb. 1, 1974 event and synthetic seismograms.
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aftershock locations, one can obtain values for the
average dislocation D and the stress drop Ao. We
noted that since tsunami accompanied all of the
events studied we could assume that the fault plane
extended to the surface. For the July 14 event we
found D = My/ud = 1.3 m and Ac = 773/2uD 4~ 1/?]
16 = 19 bar, using 4 = 7 - 10! dyne cm?. For the
July 26 event D = 1.3 m and Ao = 17 bar.

4.2. 1974 Sequence

The 1974 sequence is less complicated and quite a
bit smaller than the 1971 doublet. The epicenters are
both located in the Solomon trench and the observed
radiation patterns are very similar for both events
(Figs. 7 and 8). The ratios of Love wave to Rayleigh
wave amplitudes indicate a source depth of 16 km,
substantially less than for the 1971 events and con-
sistent with the apparent shallowing of the trench
bathymetry and regional seismicity toward the cen-
tral Solomon Islands (Denham, 1969). Again, the
data demonstrate consistent phase agreement and less
scatter in amplitudes. In Fig. 9 we show the azi-
muthal amplitude variations of the data and synthet-
ics. There is no strong indication of directivity and
the orientation of loop and node directions of the
radiation patterns do not indicate any resolvable rake
variations from pure thrust. The Rayleigh wave radia-
tion patterns are particularly consistent with pure
thrust.

The January 31, 1974 event was found to be well-
fit with a source mechanism of § = 28°, ¢ = 309°,

A =90°, and a seismic moment of 1.0 - 10?7 dyne cm.
The February 1 event has a source mechanism of § =
34°, ¢ =302°, A = 90°, with a seismic moment of

1.4 - 10%7 dyne cm. The wave-form and amplitude
variations for these synthetic models are shown in
Figs. 7, 8, 9. The quality of the data is considered to
be good enough to definitely resolve the slight dif-
ferences in these mechanisms. In each pattern there
are some slightly enhanced Love wave amplitudes in
the southwestern quadrant (Fig. 9) suggestive of some
up-dip propagation, but given the usual scatter
observed in Love wave amplitudes and the small after-
shock area of these events finite source models were
not investigated.

The displacements and stress drops for this
doublet were determined by summing the moments

of the individual events and by using the total area of
the aftershock zone. This was done because the indi-
vidual fault dimensions are not resolvable. This pro-
cedure yields D = 0.6 m and Ag = 12 bar. These
values are appropriate estimates for each of the events
since they occurred close together in time and space
on the same fault plane.

4.3. 1975 Sequence

The July 20, 1975 doublet is of intermediate size,
but most nearly resembles the 1974 doublet in the
similarity of its radiation patterns. The doublet
occurred along Bougainville Island and its aftershock
zone only slightly overlaps the zone of the 1974 dou-
blet, and the mechanisms are very similar. Figures 10

Source Model 8-=28°, $7309°  \=90°

My=10 xIO27 dyne-cm
Q 90 180 270 360

—Gz o o _

Source Model §=34° $7302%  A=90°
My=1.4x1027 dyne-cm

Amplitude, cm

o] 90 180 270 360
Azimuth, deg.

Fig. 9. Peak-to-peak amplitudes of the equalized data and
fault models versus azimuth for the Jan. 31, 1974 (top) and
Feb. 1, 1974 events.
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Fig. 10. Equalized seismograms of G, and R, for the 14h37™ July 20, 1975 event and synthetic seismograms.

and 11 show the equalized data sets and synthetics
generated in the modelling. Again, the data set, which
is very extensive for this doublet, proved most con-
sistent with pure thrust mechanisms.

The 14"37™ event was larger than the accom-
panying event. Figure 12 shows the amplitude varia-
tion for the data and a model with a source depth of
16 km, fault orientation & = 36°, ¢ = 306°, and A =
90°, and a seismic moment M, = 3.4 - 1027 dyne cm.
The 19"54™ event was well modelled with a source

depth of 33 km and a fault mechanism of § = 40°,
¢ =303°,A=90°, and M, = 1.2 - 1027 dyne cm.
These mechanisms are quite well constrained. It will
be seen that the difference in size of these events is
also reflected in the body wave complexity. The same
method used for the 1974 doublet was employed to
calculate D and Ao. For the 1975 events we find D =
0.5 m and Ao =9 bars.

The fault parameters determined from this surface
wave analysis are summarized in Table II.
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Fig. 11. Equalized seismograms of G, and R, for the 19Ms54™ July 20, 1975 event and synthetic seismograms.

TABLE II

Fault parameters

Event My Mg Strike Dip Rake D Ao T te

(1027 dyne cm) ') @) ) (cm) (bar) (sec) (sec)
July 14,1971 7.9 12.0 345 45 62 130 19 5 9
July 26,1971 7.9 18.0 240 40 55 130 17 5 11
Jan. 31, 1974 7.0 1.0 309 28 90 60 12 - -
Feb. 01,1974 7.1 1.4 302 34 90 60 12 - -
July 20,1975 7.9 3.4 306 36 90 50 9 -

July 20, 1975 7.7 1.2 303 40 90 50 9 4 6
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Fig. 12. Peak-to-peak amplitudes of the equalized data and
fault models versus azimuth for the July 20, 1975 sequence:
14P37™ (top) and 19154™.

5. Body wave analysis

The 1971 and 1975 doublets were such large
events that the on-scale body wave data are of very
limited quantity. For example, the July 26, 1971
P-wave is off-scale or ambiguous on all WWSSN verti-
cal seismograms, and the azimuthal coverage for the
other large events is scant and tends to be biased
toward distances greater than 80°. The 1974 doublet
body wave data set is more complete. From the body
waves that are on-scale, supplemented with the
records of the Pasadena Press—Ewing (30—90) instru-
ment, it appears that the P-waves from the Solomon
Islands earthquakes are of unusually impulsive and
relatively simple character. Figure 13 shows a sam-
pling of loop direction P-waves and the first few
minutes of coda for each of the Solomon Islands
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events and for events of comparable moment from
subduction zones around the Pacific. Through such
comparisons we found that two characteristics distin-
guish the Solomon Islands events; (1) the principal
features of the P-wave pulse indicate only one or two
distinct ruptures unlike the more common multiple
rupture subduction zone events, and (2) the P-waves
are very impulsive indicative of abrupt high stress
drop failure. In order to assess these observations
more quantitatively we sought to bound the P-wave
time functions for the 1971 and 1975 events.

The method employed was to generate synthetics
following the procedure described in Langston and
Helmberger (1975) and Kanamori and Stewart
(1976), which gives expressions for the far field
P-wave seismogram. This procedure is applied to a
trapezoidal moment rate function

M) =M, T(t;7,t) 1)

where M, = uDA . Figure 14 shows the sensitivity of
this procedure for bounding the values of rise time 7
and rupture time ¢.. The P-wave observed at GSC
from the July 14, 1971 event is compared with syn-
thetics generated for various combinations of 7 and
tc. It is clear that the rupture time £, can be deter-
mined with an accuracy of £2 s, especially if there are
several records. This assumes that at least a good
approximation of the fault mechanism is known. The
motivation for obtaining the rupture time, 7., is that
for this simple modelling we can use the approxima-
tion .~ L[V, to estimate the fault length, L, where
V', is the rupture velocity. For bilateral faulting 7, ~
L2V,.

Given that the limited body wave data set in itself
was inadequate to constrain the fault parameters we
employed the surface wave mechanisms in the first
attempts at generating synthetics. The body wave
pulse is comprised of interacting P, pP, and sP arriv-
als, thus the wave form is very sensitive to fault orien-
tation. For all six events the surface wave mechanisms
proved consistent with the observed body wave polar-
ities and wave forms.

Body waves and synthetics for the July 14, 1971
event are’'shown in Fig. 15. The source mechanism
differs from that for the surface waves only in that a
rake of 90° was used as this slightly improved the
wave forms, and the depth of the point source is 37
km. The time function is a symmetric trapezoid with
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Fig. 13. Long-period vertical component body wave arrivals for the Solomon Islands events and for other circum-Pacific thrust
events of comparable moment. Stations are chosen in loop directions of the P-wave radiation patterns. Relative amplitudes are not
conserved, thus the 1974 doublet is relatively enhanced.

7=5sand t. =9 s. The width of the initial half cycle event. All of the stations at distances greater than 80°
is the most sensitive to ¢, and this is the basic feature are in the loop direction of the P-wave and these are
we want to model. Clearly, however, this simple the most stable in wave form. The station LEM has

source is adequate to meet the full pulse form of the some high-frequency noise which we attribute to
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Fig. 14. Trapezoid function used in the synthesis and the
change of synthetic P-wave form for GSC for variation of (a)
rise time 7, and (b) rupture time 7. The numbers in paren-
theses indicate the peak-to-peak amplitude on a standard
WWSSN long-period seismogram (X 1500) for a source
moment of 10?7 dyne cm.

receiver structure or path effects as this complexity
was not observed at other stations. Both MUN and
ANP go off-scale on the second upswing but the ini-
tial pulse width is consistent with the synthetics. The
moments are taken from comparison of amplitudes of
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Fig. 15. Observed P-wave forms and matched synthetics for
the July 14, 1971 event. PP denotes the peak-to-peak ampli-
tude on the original seismograms. The moment M, is
obtained by matching the amplitudes of the observed and
synthetic records.
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the observed data and the synthetics generated for a
moment of 1.0 - 1027 dyne cm. The average of the
WWSSN data indicates a moment of M, =7 - 1026
dyne cm, much smaller than the surface wave mo-
ment of 1.2 - 10*® dyne cm. Inspection of Fig. 13
indicates that for this event a slightly smaller, but
similar second rupture took place about one minute
after the initial rupture. This again appears to be a
rather distinct impulsive event, but a reliable time
function for it could not be obtained due to contami-
nation by the coda of the first rupture. The overall
pulse width does indicate that the time function is
similar to that of the first rupture. Given the quality
of the body wave fit for the pulse width and wave
form we are confident that we have a good estimate
of the source time function for this event.

It was of particular interest to determine whether
the July 26, 1971 event was of a similar moment and
time function to the July 14 event. The only useable
body wave record was that of the Pasadena instru-
ment. For the mechanism found by the surface wave
analysis this record is fortunately in the loop direc-
tion of the P-wave radiation pattern. Figure 16 shows
the Pasadena record and a matched synthetic gener-
rated by a double source. The time functions for the
two sources are Ty = 55,7, =11 s,and 7, =405,

P—-Wave July 26, 1971
$=240° 8=40° A=55°
PAS (30-90)

A=916° PP=1254
AZ=56.0° cm

My=4.3 x 10°°
dyne ¢cm

60 sec

Fig. 16. Observed P-wave form and matched synthetic of the
Pasadena Press—Ewing seismogram of the July 26, 1971
event. The source time function of the synthetic is discussed
in the text.
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ter = 7.0 s. The first event was placed at 43 km depth
and the second occurred 18 s after the onset of the
first event at 23 km depth. The second event’s mo-
ment is 60% of the moment of the first. A combined
moment of 4.3 - 10%® dyne cm with an uncertainty
factor of about 2 was obtained. Although this model
is not unique, our basic interest was to bound the
rupture time of the event, and a ¢, of 11 s seems
reliable for at least the first event. Examination of
diffracted P-waves from this event, which are subject
to substantial pulse broadening, further supported an
upper bound on f, of 11 s. It is interesting that there
are again two similar ruptures recorded in the body
wave arrival.

Owing to unfortunate timing of the first event of
the 1975 sequence, with almost all of the P-waves
recorded at United States stations being truncated at
the end of the seismogram, we did not have enough
good data to do a detailed study of this event. Azi-
muthal coverage indicates that a double source can
match much of the data though a few azimuths seem
to require a third source. The sources again appear to
be of similar nature and size, as indicated in the
Pasadena record (Fig. 13). A value of t.=9 s for the
first of these ruptures was found to be very consistent
at all recorded azimuths. Given the complexity of the
event and the lack of good record we satisfied our-
selves with the initial pulse rupture time.

The second member of the 1975 doublet is much
simpler in character and better recorded. Figure 17
shows a selection of the data and synthetics generated
using the surface wave fault orientation and a depth
of 25 km. There is a small precursory event of about
one-fifth the moment of the main event occurring
4.5 s before the main pulse. We included this in a two
source model so as not to misinterpret the initial
pulse width. For modelling purposes the precursor
was located at the same hypocenter as the main
event. Stations at a distance of greater than 80°;
LON, COR, and PAS, were slightly broadened with
respect to those at lesser distances. This may be a
manifestion of up-dip rupture propagation (toward
the southwest), but such directivity is uncertain, and
rather than attempt an overly sophisticated finite
source model we generate synthetics allowing some
variation in the time functions. It was found that the
precursory time function for the distant stations was
7=3.0s, t, = 5.0 s whereas for the nearer stations

h
P-Waves  July 20, 1975  19'54"
$=303°  8=40°  A=90°  D=25km - '
LON COR PAS (30-90)
A=90.4° A=90.0° A=91.2°
AZ=430° 8.36 AZ=559°

PP56 AZ=450°
cm .
Obs.

Sys:
M,=2.2 x10%® 32 25
dyne-cm
AFI WEL ANP
A=331° A=38.2° A=459°

AZ=104.4° 9.7 AZ=155.9° 8.16 AZ=3150° 7.25

55 56
60 sec

Fig. 17. Observed P-wave forms and matched synthetics for
the 19154™ July 20, 1975 event. The source time functions
of the synthetics are discussed in the text.

7=2.0s5, t, =4.0 s. The time function for the main
event, which is what we want most, was fitted at all
azimuths with 7=4.0 s and ¢, = 6.0 s. The slight dis-
crepancy in the precursor may well be due to it
having a slightly different mechanism than the main
event. The average moment obtained was 3.2 - 102®
dyne cm, and the good fit of the main event indicates
that ¢, = 6.0 s is reliable for this earthquake. The
14137™ event apparently consists of two or three
ruptures, and its resulting fault area may be two or
three times larger than the 19"54™ solitary source
thus yielding the larger (surface wave) moment found
for the first event.

We did not attempt to model in detail the 1974
events because the body waves are much smaller, and
somewhat surprisingly in the case of February 1,
1974, fairly complex. A rupture time of 1, =9 s was
suggested by models of the pulse width in the case of
the January 31, 1974 earthquake. There is some
question about this because the wave forms are
apparently caused by interaction of two sources of
slightly different mechanism, thus we concerned our-
selves only with the four larger, more significant
events.

Given the time functions of the events we approxi-
mated the source dimensions of the body wave radia-



tion. We assumed a typical rupture velocity of 3 km
s”'. For the July 14, 1971 event, ¢, =9 s, yielding
fault lengths of L, ~ 27 km and Ly, ~ 54 km for uni-
lateral and bilateral faulting respectively. There is no
strong evidence as to which type of faulting is more
realistic., For the July 26 event ¢, = 11 s giving L, ~
33km and Ly, ~ 66 km. For the first 1975 event with
t.=9sweget L,~ 27 kmand Ly, ~ 54 km while for
the second event ¢, = 6 s, giving L, ~ 18 km, and

Ly, ~ 36 km. The source dimension estimates for both
body waves and surface waves are tabulated in Table
III. The source dimension differences are most appar-
ent for the 1971 events, while the 1975 events results
are less conclusive if bilateral faulting is assumed. The
displacements and stress drops associated with the
body waves are subject to a good deal of uncertainty.
The most conservative estimates yield stress drops
comparable to the surface wave results, and probably
they could be several times greater, but to draw
further conclusions about this is not warranted by the
scant data. The important result of the body wave
analysis is that relative to the areas which radiated the
long-period surface waves the body waves were
radiated from substantially smaller, isolated regions.
The occurrence of one or two distinct impulsive rup-
tures in each event indicates that the zones of strong
coupling that fail, producing the body waves, are dis-
tributed over the fault surface in discrete patches.

6. Discussion

6.1. Tectonic framework

Figure 1 summarizes the essential features of the
Solomon Islands tectonic region. The Indian—Pacific

TABLE III

Source dimension estimates

Event Body waves Aftershock zone
Unilateral  Bilateral Length Width
(km) (km) (km) (km)

July 14,1971 27 54 200 70

July 26,1971 33 66 300 70

July 20,1975 27 54

’ 0
July 20,1975 18 36 135 ?
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convergence direction and rate of 11 cm yr~! is an
average value of those given by Le Pichon (1968),
Chase (1971), and Minster et al. (1974). The direc-
tion of convergence varies along the trench and is sen-
sitive to the exact location of the Indian—Pacific pole
of rotation, but is fairly well constrained at around
N68E (Curtis, 1973a; Kraus, 1973). Previous authors
have suggested the existence of several small plates,
including the Solomon Sea plate, the Bismark plate
lying northwest of New Britain, and possibly a third
small plate north of the Bismark Sea seismic zone
indicated in Fig. 1 (Denham, 1969; Johnson and
Molnar, 1972; Curtis, 1973b; Kraus, 1973). These
complexities have mainly been inferred from the seis-
micity and first-motion mechanisms. The best
documented sub-plate appears to be the Bismark
plate, bounded on the north by the Bismark Sea seis-
mic zone, on the southwest by the complex con-
vergent zone along northern New Guinea, and on the
southeast by the New Britain trench. The existence of
this platelet is supported by bathymetric, magnetic,
volcanic, seismic reflection, and seismicity data
(Johnson and Molnar, 1972; Connelly, 1974, 1976;
Ripper, 1975). Numerous left-lateral strike slip mech-
anisms defining the Bismark Sea seismic zone are in
the literature, and this feature is indicated in Fig. 1
(Johnson and Molnar, 1972; Curtis, 1973b; Kraus,
1973). This seismic lineation enters the Solomon Sea
tangentially to the Solomon trench at the convergent
region of the Solomon and New Britain trenches.
Thus, this source region of the 1971 doublet is a
triple junction.

Several authors have proposed the existence of
spreading at a rate of 2.25 cm yr™* along the Wood-
lark Ridge (Milsom, 1970; MacDonald et al., 1973;
Luyendyk et al., 1973) based on magnetic anomaly
data and heat flow, but no focal mechanisms are
published definitely supporting this. The presence of
the Woodlark Ridge may be related to the shallowing
out of the Solomon trench in the central Solomon
Islands. If the Woodlark Ridge is indeed a plate
boundary, the Solomon Sea may be a small plate
itself. The southwestern termination of this plate
would be along the Papuan ultramafic belt, a region
of extensive faulting but relatively sparse present day
seismicity. Johnson and Molnar (1972) analyzed
numerous first-motion mechanisms and concluded
that the thrusting in the Solomon trench is predomi-
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nantly in a direction N34°E which would indicate
that the Solomon Sea is acting somewhat indepen-
dently of the global Indian—Pacific convergence.
South of 10°S the thrusting is apparently consistent
with the Pacific—Indian convergence vector. An
alternate proposal has been raised by Pascal (1978)
who feels that plate tectonics theory does not apply
rigorously to the area. He employs a slip-line field
theory for a geodynamical model which does not
require a separate Solomon plate. Even with a sepa-
rate Solomon plate moving in a direction of N34°E it
is difficult to explain the convergence in the New
Britain trench, the area with the highest seismic activ-
ity in the region. One of the poorest known quanti-
ties in triple junction vector analysis of this region has
been the convergence rate in the New Britain trench
(Curtis, 1973a; Kraus, 1973).

Our results provide the first quantification of the
Solomon Island tectonic framework beyond what has
been determined through seismicity studies. Examina-
tion of Fig. 3 shows that in general our results are
consistent with the previous tectonic models. The
July 26, 1971 event indicates underthrusting of the
Solomon plate in the New Britain trench on a fault
plane striking along the trend of the trench. The
thrust direction of the event is NI18°E, which is con-
sistent with the gross northeastward movement of the
Indian plate relative to the Pacific plate. Even if the
Solomon plate is somewhat uncoupled from the
Indian plate it must still accommodate the northward
movement of the larger plate. It should be noted that
in this region the movement of the Indian plate is the
basic controlling feature of the tectonics, for it
underthrusts the westward moving Pacific plate. The
New Britain fault plane orientation at N60°E is con-
sistent with the results of Johnson and Molnar (1972)
and Kraus (1973) who have given an average fault
plane orientation of N73°E in the southwest end of
the trench and N63°E in the central portion. The
triple junction analyses performed by Kraus (1973)
and Curtis (1973a) predict very large convergence
rates in this trench of 9.2—12.4 cm yr™!.

In order to obtain an estimate of the seismic con-
vergence rate we investigated the historical record of
great earthquakes in the region. All the events with
Mg = 7.5 are shown in Fig. 18, where we have divided
the region into three areas, the New Britain trench,
the Northwest Solomon trench along Bougainville,
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Fig. 18. Earthquakes of Mg > 7.5 in various portions of the
Solomon Islands region. The Solomon trench is divided into
regions northwest and southeast of the Woodlark Ridge.
Dotted lines connect events inferred to be of doublet nature.

and the Southeast Solomon trench along Guadal-
canal, around 10°S. The lower two rows include the
region studied. Note that an approximately 25-year
recurrence interval in both trenches is indicated. Also
note the apparent occurrence of doublet sequences in
1919—-1920 and 1945—1946. In both cases it appears
as though a great earthquake in the Solomon trench
triggered an event in the New Britain trench, though
there is some uncertainty in the early locations. The
time separation for these events is several months,
somewhat longer than the 12 day separation of the
1971 sequence, however, the doublet nature seems to
be repeated. The trench along Guadalcanal experi-
ences somewhat similar events, including the 1931,
1939, and 1977 doublets and triplets, despite being
separated from the northwestern trench. From this it
appears that the doublet nature is a true characteristic
of the Solomon Islands region. Large single events
appear scarce relative to the paired events. Utilizing a
recurrence interval of 25 years we obtained from the
July 26, 1971 displacement of 1.3 m, a convergence
rate of 5 cm yr™! as indicated in Fig. 1, though this is
not purely in the direction perpendicular to the
trench. This is a substantial rate, allowing much of
the convergence in the New Britain trench to be
accommodated seismically.

Consideration of the five mechanisms in the
Solomon trench indicates that the convergence direc-
tion is roughly perpendicular to the orientation of the
trench. Thrusting south of Bougainville is directed
from N32°E to N39°E, and in the northern vicinity
of the triple junction the convergence is about N65°E



to N110°E. The latter value is somewhat uncertain
due to scatter in the data of the July 14, 1971 event,
but is consistent with the Indian—Pacific convergence
direction. Since the 1971 event is an order of magni-
tude larger than the others it is most representative of
the regional motion. From the 1971 displacement of
1.3 m we get a convergence rate of 5 cm yr™*. This is
a substantial portion of the predicted total Indian—
Pacific convergence rate of 11 cm yr™, indicating
that much of the convergence in this trench is also
taken up seismically. The other mechanisms, though
from smaller events, indicate that along the length of
the trench the convergence is rather uniform in a
direction more like N35°E. This is consistent with
Johnson and Molnar’s (1972) results and supports
their contention that to some degree the Solomon
slab is acting independently of the gross Indian—
Pacific convergence. The apparent discrepancy in
convergence direction in this trench may be associ-
ated with the location of the July 14 event at the
triple junction, or alternatively with the sub-plate
nature of the Solomon plate as discussed below.

There is no indication of a large right lateral com-
ponent in these mechanisms which might be expected
if the Woodlark Ridge was producing significant
spreading toward the northwest. Thus it appears that
the convergence in the New Britain trench cannot be
attributed to northwestward motion of the Solomon
slab. We consider this trench to be the result of
clockwise rotation of the Bismark plate, pushed from
the southwest border along New Guinea and rotating
over the Solomon Sea slab. The Solomon Sea slab
may be partially decoupled from the Indian plate,
moving in a more northerly direction, with spreading
in the Woodlark Ridge accommodating this diver-
gence, but as the 1971 sequence shows , the Solomon
slab behaves in the largest events as though it were
affixed to the Indian plate. This interpretation is sup-
ported by the result of Luyendyk et al. (1973) that
shows that spreading of the Woodlark Ridge is only
occurring in the northeast and has stopped along the
southwestern part of the ridge. This state of only
partial decoupling also explains the lack of a well-
defined plate boundary along the Papua Peninsula, as
here the Indian and Solomon plates are joined. This
interpretation keeps the tectonic situation in a simple
consistent framework which explains the observed
seismicity and geometry.
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6.2. Doublet mechanism

Having determined the mechanisms, moments, and
displacements of the individual members of each dou-
blet, and having a unified overview of the tectonics
characterizing this region, we now attempt to syn-
thesize a simple model to explain the doublet earth-
quake behavior observed. Pertinent observations
include the fact that the convergence rate in the
Solomon trench is quite high, about 11 cm yr™!, and
that the repeated occurrence of doublets indicates
that triggering of adjacent events operates efficiently
here. Triggering also occurs around the trench junc-
tion which indicates continuity of the subducting slab
around this curvature, at least at shallow depths. A
substantial amount of the convergence is accommo-
dated by seismic slip, which indicates strong mechan-
ical coupling between the Solomon plate and the
Ontong—Java Plateau which is being underthrust. The
earthquake rupture dimensions in this region are on
the order of a few hundred kilometers. The width of
the contact zone cannot be determined directly, but
it is apparent that at depths >100 km the Solomon
slab is one of the steepest dipping slabs in the circum-
Pacific zones (Denham, 1969; Isacks and Molnar,
1971; Curtis, 1973b; Uyeda and Kanamori, 1979).
This argues for a relatively narrow contact zone at
shallow depths, as is consistent with the observed
width of aftershock zones and seismicity. Of great
importance is the fact that the body wave analysis
indicates that the area from which the body waves are
radiated in these doublets is about an order of magni-
tude less than the total area radiating the surface
waves.

A simplified asperity model is proposed to explain
the basic features observed in this study and to pro-
vide a plausible model of the stress distribution on
the fault plane. As demonstrated in Fig. 13, the body
waves from the larger Solomon Islands earthquakes
(events in 1971 and 1975) are impulsive, with very
sharp onsets, while the body waves of the events from
other subduction zones are rather complex, either
starting with small precursory events (1968 Japan,
1969 Kurile) or containing a large number of smaller
events following the first event (1966 Peru). This
observation suggests that the stress distribution on
the contact zone in the Solomon Islands is charac-
terized by discrete high-stress regions (asperities) of
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about the same size. In contrast, the size of asperities
in other subduction zones is more variable, producing
more complex events. Failure of one of the asperities
would cause an increase in stress on the adjacent
asperities. In the Solomon Islands region, where the
asperities are large and of similar size, these incremen-
tal stresses are large enough to trigger failure of an
adjacent asperity, producing two distinct but similar
events in a sequence (Fig. 19). In other regions, where
the stress distribution is inferred to be more hetero-
geneous, numerous small and intermediate size asper-
ities must fail along with the larger ones, producing
very complex events.

This difference in the distribution of asperities
would be reflected in the pattern of foreshock and
aftershock activity. If the asperities are more homoge-
neous in size, as in the Solomon Island region, one
would expect fewer foreshocks and aftershocks.
Although quantitative comparison of the nature of
foreshock and aftershock activity between the
Solomon Islands region and other regions is very diffi-
cult due to variations in detection thresholds and
incomplete catalogues, inspection of the ISC Bulletin
does suggest that the Solomon Islands earthquakes
have relatively few foreshocks and aftershocks, parti-
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Fig. 19. Asperity model representation of coupling on the
subducting slab. The Solomon Islands region has a uniform
distribution of discrete, comparable size zones of coupling.
Other areas such as Japan and the Kurile Islands have a more
heterogeneous stress distribution.

cularly for these sequences of two large events. The
1974 doublet is the only sequence with immediate
foreshocks, of which there are only two. The
Solomon trench events typically have 24—27 after-
shocks listed in the ISC Bulletin of my, > 4.5 within
the first 24 hours after the sequences. In contrast, the
single 1968 Japan event was followed by 46 after-
shocks, and the 1969 Kurile event was followed by
67 aftershocks, of my, > 4.5 within 24 hours. The
Kurile event also had seven foreshocks within 30
minutes prior to the main event. The July 26, 1971
event in the New Britain trench had significantly
more aftershocks than the Solomon trench events.
The distinct nature of the New Britain trench can be
attributed to its unusual tectonic configuration, as it
accommodates the northward movement of the
Solomon slab as well as the eastward rotation of the
Bismark plate.

Present understanding of earthquake failure pro-
cess and stress propagation is insufficient to allow a
dynamic analysis of the doublet phenomena. The
time interval between individual members of these
doublets ranges from several hours to 12 days, and
each member typically has two or more impulsive
events, separated by 1060 s (Fig. 13). The factors
controlling these rates are most likely to be the rheo-
logical properties and/or lateral segmentation of the
contact zone (Mogi, 1969).

The principal factors governing the stress distribu-
tion found in the Solomon Islands region are prob-
ably the rapid convergence rate and the presence of
the thick Ontong—Java Plateau. The rapid conver-
gence rate produces the short recurrence time and
rapid strain accumulation in the area. Underthrusting
of the Solomon slab beneath the thick semi-continen-
tal Plateau accounts for the localized strong coupling
in the contact zone, as the contact is with a thicker
crust than normal for Island arcs. Little is known
about the age and structure of the Solomon Sea slab,
but it is believed to be of mid-Tertiary age (Karig,
1972), and may be older toward the northwest if the
Woodlark spreading is significant. The fairly smooth
Solomon Sea floor might contribute to the unifor-
mity of asperity size in the Solomon trench, as more
disrupted ocean floor would lead to greater hetero-
geneity of coupling, but at this point it is difficult to
relate material properties to the nature of the stress
distribution.



7. Conclusions

Detailed analysis of three earthquake doublets in
the Solomon Islands has led to an improved under-
standing of the stress distribution and nature of con-
vergence in this portion of the Indian—Pacific plate
boundary. The doublets include the largest events in
the region, and by constraining their mechanisms we
have quantified the tectonic framework of the area.
There is a high convergence rate in the Solomon
trench, a substantial portion of which is accommo-
dated seismically. A short recurrence interval of only
235 years is observed. Subduction in the Solomon
trench appears to be fairly uniform with a thrust
direction of N35°E, more northerly than the Indian—
Pacific convergence direction of N68°E, which indi-
cates some degree of independent behavior of the
Solomon slab, however, in the great earthquakes of
the region the convergence proves to be in a direction
consistent with the Indian—Pacific convergence, thus
the behavior of the Solomon slab is not wholly inde-
pendent of the Indian plate. The junction of the New
Britain and Solomon trenches appears to be a triple
junction with the subducting slab being continuous
between the trenches. Clockwise rotation of the
Bismark plate onto the Solomon Sea accounts for the
existence of the New Britain trench.

It was determined that the source dimensions of
the body waves had lengths of 30—70 km, substan-
tially smaller than the source dimensions of the sur-
face waves with lengths of 100—300 km. Also, the
body waves are unusually impulsive and simple for
large subduction zone events. It appears that the
stress distribution is characterized by a relatively
homogeneous distribution of discrete high-stress
zones along the fault contact. Failure of these dis-
crete zones induces high, rapidly accumulated stress
concentrations on adjacent areas leading to a second
major failure and the doublet behavior. The charac-
teristic separation of these asperities appears to be
~50—100 km. A result of this type of stress distribu-
tion is the high efficiency of seismic triggering relative
to more heterogeneous stress distributions. The high
convergence rate and the fact that the Solomon Sea
slab is subducting under the thick Ontong—Java
Plateau are believed to be principal features respon-
sible for the inferred stress distribution.
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