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The largest earthquakes are generated in subduction zones,
and the earthquake rupture typically extends for hundreds of
kilometres along a single subducting plate. These ruptures often
begin or end at structural boundaries on the overriding plate that
are associated with the subduction of prominent bathymetric
features of the downgoing plate*. Here, we determine uplift
and subsidence along shorelines for the 1 April 2007 moment
magnitude My, 8.1 earthquake in the western Solomon Islands,
using coral microatolls which provide precise measurements
of vertical motions in locations where instrumental data
are unavailable. We demonstrate that the 2007 earthquake
ruptured across the subducting Simbo ridge transform and
thus broke through a triple junction where the Australian and
Woodlark plates subduct beneath the overriding Pacific plate.
Previously, no known major megathrust rupture has involved
two subducting plates. We conclude that this event illustrates the
uncertainties of predicting the segmentation of subduction zone
rupture on the basis of structural discontinuities.

The islands closest to the subducting Simbo ridge transform
are Simbo, situated at the crest of the ridge on the subducting
plate, and Ranongga, which is on the overriding plate only
8km away (Fig. 1). Nowhere else on Earth are a pair of islands
situated so close to one another across an active trench. This
extraordinary setting has enabled us to measure coastal co-seismic
uplift of up to 2.46 £ 0.14m on overriding Ranongga and
subsidence of 0.7340.14 m on subducting Simbo Island (Fig. 1 and
Supplementary Information, Table S1). The uplift measurements
enable us to place important constraints on the location, geometry
and amount of fault slip as the rupture propagated from its
epicentre and crossed the ridge-transform boundary.

Other locations where subduction consumes an oceanic
spreading ridge-transform boundary are the southern Chile
ridge in Chile and the Juan de Fuca/Gorda/Explorer ridges
in northwestern North America (Cascadia). Here, young warm
oceanic lithosphere elevates the spreading ridge and promotes
strong coupling with the overlying plate**. One explanation for
the very large 1700 Cascadia and 1960 Chile earthquakes is that
the strong coupling inhibits aseismic plate motion and instead
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residual strain accumulates along the ‘locked’ plate boundary until
it is released seismically. Previous historical earthquakes near the
1 April rupture area in the Solomon Islands had magnitudes M
of 7.2 and less’. This was puzzling because Chile and Cascadia,
where extremely young oceanic crust also subducts, have produced
exceptionally large earthquakes (M > 9.0) (refs 6,7). The 1 April
earthquake confirms that in the western Solomons, as in Chile and
Cascadia, subducted young ridge-transform material is strongly
coupled with the overlying plate.

In the western Solomons before 2007, the evidence for strong
coupling was mixed. The absence of earthquakes larger than
M?7.2 occurring in 1900-2006 between 156° and 158°E seemed
consistent with aseismic subduction and weak coupling®. There is
also no known oral history suggesting that large tsunamis have
struck New Georgia Group islands within the past few centuries.
Yet the presence of three rapidly uplifting islands (Ranongga,
Rendova and Tetepare) within only 5-35km of the San Cristobal
Trench axis suggests strong coupling®'’. In addition, in the western
Solomons region there was evidence that slow interseismic strain
accumulation preceded the sudden release of strain in 2007: we
observed widespread coastal erosion at Ranongga Island during
extensive fieldwork from 1991 onward and before 1 April, and
local inhabitants’ oral histories of slow island submergence'' are
consistent with interseismic strain accumulation.

Coastlines of the western Solomons preserve ample geologic
evidence that the slowly accumulated strain is released abruptly. On
the coasts of Ranongga, Rendova and Tetepare, we have observed
multiple distinct palaeosea-level solution notches in limestone at
1-10 m above mean high tide level (Fig. 2) associated with nearby
young emerged fossil corals”. Solution notches form primarily
owing to bioerosion concentrated in a relatively narrow intertidal
zone. Distinct notch levels indicate intervals of stationary relative
palaeosea-level stand, and their widespread occurrence in the
western Solomons suggests that discrete seismic or aseismic uplifts
have occurred at times before the historical period. The 1 April 2007
earthquake confirms that the subduction zone beneath the western
Solomons is strongly coupled and that strain is released in large,
infrequent megathrust ruptures.
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Figure 1 Plate tectonic setting and bathymetry?®? of the western Solomon Islands. The yellow rectangle indicates the model fault plane and approximate rupture zone
for the My, 8.1 earthquake of 1 April 2007. Note that rupture crosses the triple junction where the Woodlark, Australian and Pacific Plate boundaries intersect. For the 1 April
earthquake, observations of uplifted and subsided coastlines, as well as tsunami heights on islands surrounding the rupture zone, are consistent with uplift produced by 5m
slip along a rectangular fault with dimensions of 30 km x 245 km, centroid depth of 15 km and a dip of 38°.

Figure 2 Geologic evidence of co-seismic vertical motions. a, Solution notch on Parara Island. The white band just above the water level is coralline algae that have died
and bleached owing to ~0.5 m of uplift accompanying the 1 April 2007 earthquake. The lower solution notch was actively eroding before 1 April and microatolls indicate that
this coastline was subsiding before 1 April. It is likely that this notch developed over multiple cycles of interseismic subsidence and co-seismic uplift. b, Photo of exposed
coral reef on southern Ranongga where there was co-seismic coastal uplift of 2.36 +0.14 m.

Following the 1 April earthquake, our team arrived on 16 April
and visited 11 major and numerous small islands where we
used reef corals and other coastal features to measure vertical
displacements. We mostly used coral microatolls, which function
as natural tide gauges that enable us to determine vertical motions
to within ~10 cm. Under suitable conditions, some coral species
grow upward and horizontally; thus, when sea level is stable,

2

the corals form horizontal upper surfaces that are controlled
by extreme low tide levels. Subsequent subsidence (or uplift)
produces further upward growth (or stepped die-downs) along
the microatoll edges. In Vanuatu'>" and in Indonesia'*"?, we have
interpreted these features to infer the amount and geographic
extent of vertical motions caused by recent and prehistoric
earthquakes. In the Solomons, our field efforts focused on
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Figure 3 Vertical motions produced by the 1 April 2007 earthquake. Red circles indicate uplift; blue circles indicate subsidence; size is scaled to the amount of vertical
displacement. The star is the US Geological Survey epicentre for the 1 April main shock; the beachball indicates the centroid moment tensor focal mechanism and centroid
location? . The inset compares vertical motions along a transect A-A" with motions calculated for 5 m slip along the rectangular fault in Fig. 1.

measuring uplift and identifying the boundary between uplift
and subsidence on the forearc; for sites in the far field, we used
paired before/after Advanced Spaceborne Thermal Emission and
Reflection Radiometer images following established methods'® (see
Supplementary Information, Tables S1-S3).

We observed uplift on all of Ranongga and Mbava Islands
as well as the southern coasts of Parara, Ghizo and Vella Lavella
Islands (Figs 1, 3 and Supplementary Information, Figs S1-S3).
The greatest uplift, 2.46 £ 0.14m, was on the southern part of
Ranongga. Uplift on Ranongga decreases northward to ~1m at
its northern end, continues along the trend of the underthrusting
Simbo ridge across Mbava Island and ends on southern Vella
Lavella Island. The line of zero vertical change, or hingeline,
intersects the southern coasts of Vella Lavella, Ghizo and Parara.
The hingeline also shows that rupture was restricted to the portion
of the megathrust shallower than ~15 km that had previously been
interpreted as aseismic on the basis of microearthquake data'’.
Clearly abandoned pre-1 April high-tide lines and local eyewitness
reports limit uplift of Rendova to a small area near the southwestern
corner, providing a firm southeastern rupture boundary.

A broad swath of subsidence is located north of the uplift
and includes much of New Georgia, Kohinggo, Kolombangara and
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Vella Lavella Islands. The subsidence trough reaches a maximum of
0.66+0.14 m between Kohinggo and New Georgia, where flooding
has led to extensive coastal damage during high tides. Long-
term uplift rates of ~1 mmyr~' along much of the co-seismically
subsided volcanic arc suggest that subsidence from 2007-type
events may be more than fully recovered before the next rupture®’.
Rendova and Tetepare, located just east of the 1 April epicentre,
subsided even though they are along strike with the rupture, their
southern coasts are only ~15km from the trench and they have
rapid mean Holocene uplift rates>’. Near the western end of the
aftershock zone, satellite data (see Supplementary Information,
Table S2) showed that Mono Island uplifted at least 0.12m,
Shortland Island was stable or subsided slightly and the Fauro
Islands and southeastern Bougainville subsided tens of centimetres.

Our field observations and measurements place useful
quantitative constraints on models of the 1 April 2007 rupture
zone. Subsidence of Tetepare and uplift of only the southwestern
corner of Rendova indicate that the fault rupture began just west
of the structurally controlled coast of Rendova® and extended
northwestward. Uplift of several metres on the southern coast of
Ranongga suggests that slip may have extended up to the trench
floor here. The fact that damaging tsunamis were recorded on
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Choiseul indicates that the rupture extended along the trench
from Vella Lavella nearly to Bougainville where there is no
island shielding Choiseul from the trench, a total distance of
~245km. The observations of subsidence on Simbo, significant
uplift on Ranongga, Mbava, Vella Lavella, Ghizo and Parara
Islands and subsidence on northern Vella Lavella and northern
Ghizo Islands require that the zone of slip is confined within the
region between the trench and a nearly parallel line ~35km to
the northeast through Vella Lavella, Ghizo and Parara Islands.
However, at Ranongga and along a projection of its trend to
southern Vella Lavella, the uplift zone widens to ~45km. The
northwestern termination of rupture approximately coincides with
the intersection of the Woodlark Rise and the New Britain Trench,
a strike—slip boundary between the Woodlark and Solomon Sea
plates (Fig. 1).

To provide a simple evaluation of co-seismic slip on the
megathrust, we compare our field observations with predictions
from the analytical solution for vertical surface deformation
produced by slip on a rectangular fault embedded within an elastic
half-space’. The simplest fault model with an overall match to
the field observations and the reported focal mechanism (see the
Methods section) is for a thrust with 5 m of slip along a rectangular
fault with dimensions 245 km by 30 km dipping 38° down towards
the northeast, and extending along the trench from offshore
southwest Rendova Island approximately to Bougainville (Fig. 1).
This model matches the amount and pattern of uplift on Ranongga
and reproduces the abrupt transitions from subsidence—uplift—
subsidence observed on Simbo-Ranongga—Vella Lavella (Fig. 3);
it slightly underestimates the maximum subsidence observed on
Simbo and in the backarc.

There are no coastal uplift observations to constrain the
width and depth of the fault between Vella Lavella and Mono
and whether it ruptured up to the trench floor there. However,
tsunami modelling using seafloor uplifts produced by the fault
shown in Fig. 1 (see the Methods section) predicts significant
tsunami run-ups on Choiseul as well as Simbo, Ranongga, Ghizo
and Vella Lavella, consistent with what occurred. This and the
presence of numerous aftershocks occurring between Vella Lavella
and Bougainville indicate that the rupture extended across this
entire region and terminated in the vicinity of the Woodlark rise
boundary between the Woodlark and Solomon Sea plates.

An important implication of the uplift observations and simple
elastic modelling is that they show the earthquake ruptured
across a triple junction on the subducting plate and inferred
boundaries between major tectonic blocks on the overriding plate.
Yet, the rupture terminated near the Woodlark rise, a second
subducting triple junction. The 1960 My, = 9.5 Chile rupture
terminated at the subducting boundary between the Nazca and
Antarctic plates, and no previously known historical earthquakes
have ruptured across adjacent subducting plates. This has been
interpreted as strong evidence that major structural boundaries
on subducting and/or overriding plates control great megathrust
ruptures”?'. In the Solomons, the 1 April 2007 earthquake
clearly ruptured across the Simbo Ridge ridge-transform boundary
separating the subducting Woodlark and Australian plates even
though this boundary accommodates differential motion of
60-72mmyr~" (refs 22-24). Furthermore, a boundary on the
overriding plate just west of Vella Lavella previously inferred
on the basis of bathymetric variations and aftershock zones
did not arrest rupture on the underlying megathrust’. The
1 April 2007 earthquake demonstrates the shortcomings in
predicting megathrust rupture segment boundaries purely on the
basis of structural features on the subducting and overriding
plates. It also suggests that quantitative models of stress regimes
near adjacent subducting plates need to incorporate interplate
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stresses and consider the rheological and dynamic conditions
within the underlying mantle that may apply tractions to both
subducting plates.

Southeastward of the 1 April 2007 rupture zone, subsidence
of Rendova and Tetapare and the occurrence of aftershocks here
may be a cause for concern, because both suggest an increase in
elastic strain accumulation at the rupture boundary. It is thus
possible that the adjacent rupture enhanced static stress here and
that this strongly coupled boundary is still locked. Most of the
people on islands in and around New Georgia live and work along
the coasts and may be adversely affected if a future earthquake
here causes a tsunami. Elsewhere in the Solomons, there have been
notable instances in 1919-20, 1931, 1939, 1945-46, 1971, 1974,
1975 and 1995 of two or more earthquakes with magnitudes of
7.2-8.1 occurring as pairs or multiplets separated by intervals of
hours to months™?.

METHODS

For the slip and geometry of the rectangular fault we used to model vertical
deformation, we assumed a dip (38°) and scalar moment (1.6 x 10*! N'm)

in agreement with the quick global centroid moment tensor?” reported by
Columbia University, a rigidity ; of 30 GPa, an along-arc length of 245 km

in agreement with observed uplift and subsidence and a centroid depth of
15km. Slip is thus 5 m for a fault of width 30 km. To model relative tsunami
heights at coastal locations produced by slip on this fault, we used the standard
half-space solution'® for ocean floor displacements and a finite-difference
program that accurately calculated propagation and wave heights for water
depths exceeding 100 m.

Received 4 October 2007; accepted 25 February 2008; published 30 March 2008.

References

1. Lobkovsky, L. I, Kerchman, V. L, Baranov, B. V. & Pristavkina, E. I. Analysis of seismotectonic
processes in subduction zones from the standpoint of a keyboard model of great earthquakes.
Tectonophysics 199, 211-236 (1991).
2. Taylor, E W, Edwards, R. L., Wasserburg, G. J. & Frohlich, C. Seismic recurrence intervals and timing
of aseismic subduction inferred from emerged corals and reefs of the central Vanuatu (New Hebrides)
frontal arc. J. Geophys. Res. 95, 393-408 (1990).
3. Ruff, L. & Kanamori, H. Seismic coupling and uncoupling at subduction zones. Tectonophysics 99,
99-117 (1983).
4. Kanamori, H. Rupture process of subduction zone earthquakes. Ann. Rev. Earth Planet. Sci. 14,
293-322 (1986).
5. Engdahl, E. R. & Villasenor, A. in International Handbook of Earthquake Engineering and Seismology
(ed. Lee, W. H. K. et al.) 665-690 (Int. Geophys. Ser., 81A, 2002).
6. Cifuentes, I. The 1960 Chilean earthquakes. J. Geophys. Res. 94, 665-680 (1989).
7. Satake, K., Wang, K. & Atwater, B. F. Fault slip and seismic moment of the 1700 Cascadia earthquake
inferred from Japanese tsunami descriptions. J. Geophys. Res. 108, 2535 (2003).
8. Chen, M.-C. Seismicity and Tectonics of the Arc Segmentation in the Solomon Island Arc, SW Pacific
Ocean and their Relation to Subducting Bathymetric Features. MS thesis, Univ. Texas Austin (2007).
9. Mann, P, Taylor, E W, Lagoe, M. B., Quarles, A. & Burr, G. Late Quaternary uplift of the New
Georgia Islands (Solomon Island arc) in response to subduction of the recently active Woodlark
spreading center. Tectonophysics 295, 259-306 (1995).
10. Taylor, F. W. et al. Rapid forearc uplift and subsidence caused by impinging bathymetric features:
Examples from the New Hebrides and Solomon arcs. Tectonics 24, TC6005 (2005).
11. Nunn, P. D. On the convergence of myth and reality: Examples from the Pacific Islands. Geographical
J. 167, 125-138 (2001).
12. Taylor, E. W,, Isacks, B. L., Jouannic, C., Bloom, A. L. & Dubois, J. Coseismic and Quaternary vertical
tectonic movements, Santo and Malekula Islands, New Hebrides island arc. . Geophys. Res. 85,
5367-5381 (1980).
13. Taylor, E. W, Frohlich, C., Lecolle, J. & Strecker, M. Analysis of partially emerged corals and reef
terraces in the central Vanuatu arc: Comparison of contemporary coseismic and nonseismc with
Quaternary vertical movements. J. Geophys. Res. 92, 4905-4933 (1987).
14. Zachariasen, J., Sieh, K., Taylor, . W. & Hantoro, W. S. Modern vertical deformation above the
Sumatran subduction zone: Paleogeodetic insights from coral microatolls. Bull. Seismol. Soc. Am. 90,
897-913 (2000).
15. Briggs, R. W. et al. Deformation and slip along the Sunda Megathrust in the great 2005
Nias-Simeulue earthquake. Science 311, 1897-1901 (2006).
16. Meltzner, A. et al. Uplift and subsidence associated with the great Aceh-Andaman earthquake of 2004.
J. Geophys. Res. 111, B02407 (2006).
17. Yoneshima, S. et al. Subduction of the Woodlark Basin at New Britain Trench, Solomon Islands
region. Tectonophysics 397, 225-239 (2005).
18. Okada, Y. Surface deformation due to shear and tensile faults in a half-space. Bull. Seismol. Soc. Am.
76, 11351154 (1985).
19. Mogi, K. Relationship between the occurrence of great earthquakes and tectonic structures. Bull.
Earthq. Res. Inst. 47, 429-451 (1969).
20. Cummins, P. R,, Baba, T., Kodaira, S. & Kaneda, Y. The 1946 Nankai earthquake and segmentation of
the Nankai Trough. Phys. Earth Planet. Inter. 132, 75-87 (2002).

. Collot, J.-E. et al. Are rupture zone limits of great subduction earthquakes controlled by upper plate
structures? Evidence from multichannel reflection data acquired across the northern
Ecuador-southwest Colombia margin. J. Geophys. Res. 109, B11103 (2004).

N

nature geoscience | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience

© 2008 Nature Publishing Group



LETTERS

2!

I

Taylor, B. in Marine Geology, Geophysics and Geochemistry of the Woodlark Basin-Solomon Islands
(eds Taylor, B. & Exon, N. F.) 25-48 (Earth Sci. Ser., Vol. 7, Circum-Pac. Council Energy Min.
Resour., Houston, 1987).

Goodliffe, A. M. The Rifting of Continental and Oceanic Lithosphere: Observations from the Woodlark
Basin. PhD thesis, Univ. Hawaii, Honolulu (1998).

Taylor, B., Goodliffe, A. M. & Martinez, F. How continents break up: Insights from Papua New
Guinea. J. Geophys. Res. 104, 7497-7512 (1999).

25. Lay, T. & Kanamori, H. Earthquake doublets in the Solomon Islands. Phys. Earth Planet. Inter. 21,
283-304 (1980).

Schwartz, S., Lay, T. & Ruff, L. J. Source process of the great 1971 Solomons Islands doublet. Phys.
Earth Planet. Inter. 56, 294-310 (1989).

Ekstrom, G., Dziewonski, A. M., Maternovskaya, N. N. & Nettles, M. Global seismicity of 2003:
Centroid-moment-tensor solutions for 1087 earthquakes. Phys. Earth Planet. Inter. 148,

327-335 (2005).

2!

»

2

LS

2

o

2

N

nature geoscience | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience

Acknowledgements

Field expenses for this project were supported by a Rapid Response grant from the Jackson School
of Geosciences, University of Texas at Austin and by a grant from the Gordon and Betty Moore
Foundation to the Tectonics Observatory at the California Institute of Technology. This is UTIG
Contribution 1939 and Caltech Tectonics Observatory Contribution 79.

Correspondence and requests for materials should be addressed to EW.T.

Supplementary Information accompanies this paper on www.nature.com/naturegeoscience.

Author contributions

EW.T,, R.B. and C.E. are responsible for tectonic and seismological interpretations; EW.T., R.B., A.B.,
A.K.P.and D.B. carried out the field investigations; M.H. and C.F. developed the tsunami model; A.J.M.
provided satellite-derived observations of vertical motions and tide model calculations.

Reprints and permission information is available online at http://npg.nature.com/reprintsandpermissions/

© 2008 Nature Publishing Group


http://npg.nature.com/reprintsandpermissions/
http://www.nature.com/naturegeoscience

	Rupture across arc segment and plate boundaries in the 1 April 2007 Solomons earthquake
	Methods
	Figure 1 Plate tectonic setting and bathymetry of the western Solomon Islands. 
	Figure 2 Geologic evidence of co-seismic vertical motions. 
	Figure 3 Vertical motions produced by the 1 April 2007 earthquake. 
	References
	Acknowledgements
	Author contributions

