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Abstract

The southeastern part of the Solomon Islands, a highly seismically active area in the southern Pacific, experienced two moderate

earthquakes (Mw 6.3 and 6.0) on January 27th and 29th, 2020. The regional seismic network, operational since October 2018,

recorded the entire foreshock-main-shock-aftershock sequence, allowing for a new 1D velocity model and relocation of events.

Based on the spacial distribution of the foreshock-aftershock sequence, together with focal mechanism data from the Global

CMT database, we suggest that there is a near-vertical slab tear at the southern end of the South Solomon subducting slab,

abutting a zone of strike-slip faulting that links it to the Vanuatu subduction zone to form a Subduction-Transform Edge

Propagator fault. Our new data also indicates that a seismic gap occurs at depths from 25 to 35 km within the southern part

of the South Solomon slab.
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Abstract 16 

The southeastern part of the Solomon Islands, a highly seismically active area in the southern 17 

Pacific, experienced two moderate earthquakes (Mw 6.3 and 6.0) on January 27th and 29th, 2020. 18 

The regional seismic network, operational since October 2018, recorded the entire foreshock-19 

main-shock-aftershock sequence, allowing for a new 1D velocity model and relocation of events. 20 

Based on the spacial distribution of the foreshock-aftershock sequence, together with focal 21 

mechanism data from the Global CMT database, we suggest that there is a near-vertical slab tear 22 

at the southern end of the South Solomon subducting slab, abutting a zone of strike-slip faulting 23 

that links it to the Vanuatu subduction zone to form a Subduction-Transform Edge Propagator 24 

fault. Our new data also indicates that a seismic gap occurs at depths from 25 to 35 km within the 25 

southern part of the South Solomon slab. 26 

 27 
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In October, 2018, a new regional seismic network was established in the southeastern 29 

Solomon Islands with six broadband seismic stations. In January, 2020, two large earthquakes 30 

occurred in the southeastern part of the Solomon Islands. The entire foreshock-aftershock sequence 31 

was recorded by the new network. Since a good 1D local velocity model is crucial for determining 32 

earthquake locations, we use the data set from this earthquake sequence to calculate a new 1D 33 

velocity model, and compare the earthquake hypocenter locations with those determined using 34 

the Preliminary Reference Earth Model (PREM). After the earthquakes are reliably located, we 35 

use the distribution of the foreshock-aftershock hypocenters to investigate the seismogenic 36 

structures in the southeastern South Solomon subduction zone and its link with the Vanuatu 37 

subduction zone. On the basis of these results, we suggest that there is a near-vertical slab 38 

tear along what we call the Makira – Santa Cruz transform forming what is termed a subduction-39 

transform edge propagator (STEP) fault. We also observe a seismic gap in the South Solomon 40 

slab at depths from 25 to 35 km that is observed for the first time. With the current  data set, the 41 

significance of this seismic gap is unclear. 42 

 43 

1 Introduction 44 

Extending for ~300 km in  length, the link between the southeastern part of the South 45 

Solomon subduction zone and the northwestern Vanuatu subduction zone (Fig. 1) has been 46 

variably interpreted to be a subduction to strike-slip transition zone (e.g., Bilich et al., 2001) or has 47 

a continuation of the San Cristobal subduction zone but with a shortened slab length and a tear in 48 

the vicinity of the Santa Cruz Islands, where it interacts with the Vanuatu slab (e.g., Richards et 49 

al., 2011; Holm et al., 2016). Previous studies have mainly focused on the tectonic evolution of 50 

the Solomon Islands (e.g., Yan and Kroenke, 1993; Mann et al., 1998; Petterson et al., 1999; Mann 51 

and Taira, 2004; Holm et al., 2016), their geology (e.g., Mann et al., 1998; Taylor et al., 2005; 52 

Taylor et al., 2008; Chen et al., 2011), regional seismology (e.g., Cooper and Taylor, 1985; Mann 53 

and Taira, 2004; Chen et al., 2011), and crustal and upper mantle structures using ocean-bottom 54 

seismometer data (e.g., Mann et al., 1996; Phinney et al.,1999; Mann and Taira, 2004; Miura et 55 

al., 2004). To date, the subduction zone in the southeastern Solomon Islands and its possible 56 

linkage with the Vanuatu subduction zone has not been documented in detail due to sparse 57 



 

 

coverage of the area by seismic stations that could provide a data set with sufficient resolution for 58 

investigating the complex seismogenic, crustal, and upper mantle structures.  59 

On January 27 and 29, 2020, two moderate earthquakes, Mw 6.3 and Mw 6.0, 60 

respectively, occurred in the southeastern Solomon Islands. The entire foreshock-main-shock-61 

aftershock sequence was recorded by a new regional-scale seismic network that was set up in 2018. 62 

The earthquake sequence was located in the southeastern end of the South Solomon subduction 63 

zone, abutting the linkage zone with the Vanuatu subduction zone, providing a unique opportunity 64 

to look into the crustal and upper mantle structures of this tectonically complex region. The aim 65 

of this paper is to first derive a new, optimized local 1D P-wave velocity model utilizing the 66 

complete earthquake sequence, and compare the relocated hypocenters with those located using 67 

the Preliminary Reference Earth Model (PREM) (Dziewonski and Anderson, 1981). We then 68 

investigate the implications of the hypocenter locations for the structure of the southeastern part 69 

of the South Solomon subdction zone and its linkage with the Vanuatu subduction zone.  70 

 71 

 72 

Figure 1. Topography, bathymetry, and regional tectonic setting of the Solomon Islands region. 73 

Arrows indicate direction and rate of plate motion of the Australia, Pacific, and Woodlark plates 74 

(NUVEL-1A, Demets et al., 1994); heavy lines with triangles represent subduction boundaries; 75 

black  triangles are broadband seismic stations; two stars in the southeastern Solomon Islands 76 



 

 

represent earthquakes occurred on January 27 and 29 from the Incorporated Research Institutions 77 

for Seismology (IRIS) catalog; focal mechanisms color-coded by depth are from GCMT; 78 

background seismicity are shown as gray dots and are compiled by the IRIS event catalog for the 79 

period 1971-2021; AA’, BB’, CC’ and DD’ are the cross sections in Figs. 2 and 4. SH, Shortland 80 

Islands; C, Choiseul; NG, New Georgia Island Group; SI, Santa Isabel; RI, Russell Islands; FI, 81 

Florida Islands; G, Guadalcanal; M, Malaita; MA, Makira; SCI, Santa Cruz Islands. 82 

 83 

2 Tectonic setting 84 

The Solomon Islands is located in a complex and active plate boundary where involving 85 

interactions among the Pacific plate (PAP), the Australian plate (AUP), and the associated 86 

microplates (i.e., the Woodlark plate and Solomon Sea plate) (Fig. 1) (e.g., Demets et al., 1990, 87 

1994, 2010; Beavan et al., 2002; Miura et al., 2004; Phinney et al., 2004; Taira et al., 2004; Taylor 88 

et al., 2005, 2008; Argus et al., 2011; Newman et al., 2011). In the southern Solomon Islands, the 89 

Woodlark plate and the AUP subduct beneath the PAP forming the New Britain Trench, San 90 

Cristobal Trench and Vanuatu Trench (e.g., Taylor and Exon, 1987; Crook and Taylor, 1994; 91 

Taylor et al., 1995; Mann  et al., 1998; Taylor et al., 2005). Using data from global seismic 92 

networks, previous seismological investigations suggest that active subduction now occurs 93 

primarily in the southeastern part of the South Solomon subduction zone, along the San Cristobal 94 

Trench (e.g., Cooper and Taylor, 1987; Mann et al., 1998; Chen et al., 2011). Furthermore, there 95 

is a waning, southwestward subduction of the Ontong Java Plateau along the North Solomon 96 

subduction zone, albeit with slight convergence (e.g., Taylor and Exon, 1987; Yan and Kroenke, 97 

1993; Crook and Taylor, 1994; Mann et al., 1998; Petterson et al., 1999; Mann and Taira, 2004). 98 

The Solomon arc is considered a representative example of an island arc polarity reversal due to 99 

its unique opposing, double subduction zone setting.   100 

The region around Makira Island and the Santa Cruz Islands (Fig. 1) contains two subduction-101 

to-strike-slip transition (SSST) regions and a transform fault system linking the South Solomon 102 

and Vanuatu subduction zones (Bilich et al., 2001). In what follows, we call this the Makira-Santa 103 

Cruz transform (M-SCT). Although seismicity indicates a strike-slip motion along this zone (Fig. 104 

1), some studies propose that the South Solomon slab may continues eastward along it, though 105 

significantly shortened, until it tears at the beginning of the Vanuatu subduction zone near the 106 

western end of the Santa Cruz Islands (Mann and Taira, 2004; Richards et al., 2011; Holm et al., 107 



 

 

2016). The aim of this paper is to investigate the nature of the transition from the South Solomon 108 

subduction zone to the Makira-Santa Cruz transform. 109 

 110 

3 Seismic network and data processing 111 

In October, 2018, the Institute of Geological and Nuclear Sciences Limited (GNS), New 112 

Zealand, deployed six permanent seismic stations in different islets of the southeastern Solomon 113 

Islands (Fig. 1). To date, this seismic network has been maintained by the Ministry of Mines, 114 

Energy and Rural Electrification of the Solomon Islands Government. The instruments are 115 

equipped with broadband seismometer (Trillium 120PA; Nanometrics Inc., Canada) and 24-bits 116 

digital recorder (Q330S; Quanterra Inc., U.S.A.) with sampling rates of 100 Hz. Except for a 117 

timing problem with station LUES, most of the seismic waveforms recorded by the other five 118 

stations have good signal-to-noise ratios. 119 

In this study, we processed two-month of continuous seismic waveforms from the GNS 120 

network, covering one month before and after the two January, 2020 events, encompassing the 121 

entire foreshock-aftershock earthquake sequence. In total, 730 earthquakes (Fig. 2a) were listed in 122 

the preliminary catalog, of which 651 were located within the seismic network. The data set is 123 

formatted with the daily miniSEED and we used the SeisAn Earthquake analysis software 124 

(SEISAN) to establish the event database (Havskov and Ottemoller, 1999). Most of the events 125 

occurred close to the seismic network, so we were able to extract numerous high-quality seismic 126 

waveforms to pick P- and S-wave arrivals, locate earthquakes and determine magnitudes. The 127 

earthquake catalog contains events detected by at least three stations and has more than one clear 128 

S-wave arrival to effectively constrain the depths of earthquakes. The interpolated 1D PREM 129 

velocity model was used as the reference model to locate earthquake hypocenters. We located 130 

earthquakes by the HYPOCENTER program (e.g., Lienert et al., 1986) and determined moment 131 

magnitude (Mw) by spectral analysis (e.g., Havskov and Ottemoller, 2010). Following this, we 132 

then used the program VELEST (Kissling, 1988, Kissling et al., 1994) to derive a new 1D velocity 133 

model, which produces the smallest possible uniform error for a set of seismic events with well-134 

constrained locations. For this new velocity model, only events within the range of the seismic 135 

network with the root-mean-square error in arrival time from 0.5 to 1.0 s were used to invert a new 136 



 

 

1D velocity model. In total, 389 events were selected for inversion to derive the preferred 1D 137 

model and then with it we relocated all 730 earthquakes to obtain the final catalog. 138 

 139 

4 Results 140 

4.1. New 1D velocity model 141 

Because the initial velocity model (i.e. PREM) plays a crucial role in accurately locating 142 

earthquakes (Fig. 2b), it is important to determine the uncertainities involved. For the PREM 143 

velocity model, we calculate the standard error of the means in vertical (ERZ) and horizontal (ERH) 144 

as well as the root-mean-square error in arrival time of the 730 event locations in our data set to 145 

be 24.7 ± 19.15 km, 13.43 ± 10.8 km, and 0.61 ± 0.30 s, respectively. The moment magnitudes 146 

(Mw) determined in this study mostly range from 2.0 to 4.0 with a maximum of 4.9. For the new 147 

velocity model, the calculated root-mean-square error in arrival time is 0.66 ±  0.30 s. The 148 

distribution of the root-mean-square error in arrival times are more centralized after relocating and 149 

this may indicate the new model (Fig. 2b) is closer to the actual observed arrival times for this 150 

region. Furthermore, in comparison with PREM, the new velocity model has a higher velocity 151 

layer between 10 km and 25 km depth and slower velocity from 25-35 km depth (Fig. 2). At 152 

shallow depth (~10 km) the hypocenters relocated by the new velocity model are deeper and the 153 

cluster is more concentrated (Fig. 2c). At greater depth, the cluster becomes more concentrated.  154 

 155 

4.2. South Solomon seismicity 156 

In map view, our January-to-February 2020 data set reveals a significant rise in earthquake 157 

occurrences in the southeast. The majority of hypocenters form a single cluster, deepening 158 

northward near Makira Island, at the boundary between the South Solomon subduction zone and 159 

the Makira – Santa Cruz transform (Fig. 3). Other events form small clusters, or dispersed single 160 

events that extend from Santa Isabel Island and along the Makira - Santa Cruz transform. In the 161 

southeast, the South Solomon subduction zone hypocenters can be broadly divided into two 162 

clusters; a shallow cluster at roughly 0 to 25 km depth, and a second cluster between about 50 km 163 

and 100 km depth (Figs. 4a, b, and c). It is not clear from this data set whether the deeper events 164 

(>100 km) around Santa Isabel and Malaita islands (Fig. 3) are related to the South or North 165 



 

 

Solomon subduction zones. Nevertheless, the hypocenters suggest that the South Solomon slab 166 

steepens significantly southeastward, from about 45o near Santa Isabel Island to around 80o at the 167 

transition to the Makira – Santa Cruz transform (Fig. 4). The area of shallow to moderately deep 168 

(ca. 100 km) earthquakes that form an open cluster between Santa Isabel and Malaita islands are 169 

clearly related to the North Solomon subduction zone (Fig. 4a). The amount of seismicity that can 170 

be attributed to the North Solomon subduction zone decreases significantly toward the southeast. 171 

In cross section, hypocenter locations suggest that the North Solomon slab dips about 60 o. In a 172 

NW-SE section, seismicity related to the North Solomon subduction zone decreases and shallows 173 

significantly at the Makira – Santa Cruz transform (Fig. 4d).  174 

To gain further insight into the South Solomon subduction zone and its transition into the 175 

Makira – Santa Cruz transform, we also look at the background seismicity from 1971 to 2021 176 

recorded in the IRIS catalog (Figs. 1 and 4). In these 50 years, ca. 5100 events were recorded in 177 

our study area. Overall, these show the same trends as our data set (Figs. 4e, f, g, and h), and this 178 

allows us to more confidently the interpret deeper (>100 km) events around Santa Isabel and 179 

Malaita islands to be related to the North Solomon subduction zone, whose slab appears to extend 180 

southward beneath that of the South Solomon subduction zone (Fig. 4e). The background 181 

seismicity also indicates that the South Solomon slab steepens towards the southeast. In a NW-SE 182 

section, it also shows that seismicity related to the North Solomon subduction zone decreases and 183 

shallows significantly at the Makira – Santa Cruz transform (Fig. 4h). 184 

With only five active stations, it is not possible to determine focal mechanisms with our 185 

network. Nevertheless, focal mechanisms extracted from the Global CMT database shows the two 186 

January, 2020 main shocks to be oblique thrusts, similar to other events of MW >6.0 that occurred 187 

between 2000 and 2023 (Fig. 1). Along the Makira – Santa Cruz transform, focal mechanisms are 188 

nearly all strike-slip. 189 

 190 

 191 



 

 

 192 

 193 

Figure 2. Seismic cluster of the southeastern Solomon Islands. (a) The event distribution in 5 km 194 

depth intervals. (b) The 1D interpolated PREM (black line) and the new velocity model (red line). 195 

Note the seismic gap between 25 km and 35 km depths. (c) CC’ cross section (in Fig. 4) with the 196 

seismic cluster located by the reference model (black dots) and relocated by the new velocity 197 

model (red dots). 198 

 199 

 200 

 201 



 

 

Figure 3. The spacial distribution of the foreshock-aftershock sequence. Topography, bathymetry, 202 

regional tectonic setting, and background seismicity are the same as in Fig. 1; circles color-coded 203 

by depth indicate foreshocks and aftershocks recorded by GNS seismic stations; stars are locations 204 

of the two January, 2020 main shocks; focal mechanisms of two main shocks are from GCMT and 205 

color-coded with depth. 206 

 207 

 208 



 

 

Figure 4. (a-d) Cross sections of earthquake hypocenters relocated by the new 1D velocity model. 209 

Circles color-coded by depth are foreshocks and aftershocks; black and white stars represent 210 

January 27 and 29 earthquakes in 2020 from IRIS event catalog; four 200-km-wide project lines 211 

are shown in Fig. 1. (e-h) Comparison of earthquake hypocenters located by the new 1D velocity 212 

model and background seismicity (gray dots). M-SCT = Makira - Santa Cruz transform. 213 

 214 

5 Discussion 215 

We used the complete foreshock-aftershock sequence of the January, 2020 earthquakes, 216 

recorded by the new seismic network, to calculate a more detailed 1D velocity model of the crust 217 

and mantle in the southeastern Solomon Islands. In particular, compared to PREM our velocity 218 

model shows a more varied and higher velocity layer between 10 km  and 25 km depth, and a 219 

lower velocity from 25 km to 35 km depth where mantle velocities (ca. 8 km/s) are reached (Fig. 220 

2).  Recently, Ku et al. (2020) also calculated a low-velocity zone above the Moho in the Western 221 

Solomon Islands which they attribute to a lower crustal magma chamber (c.f. Dufek and Bergantz, 222 

2005), but in our study area we unable to assign such a cause for the lower velocities found in our 223 

model. Nevertheless, because of the good coverage of the study area provided by the new network, 224 

the new velocity model provides better constraints of the quality of the earthquake location results 225 

and makes it possible to better locate local, small magnitude earthquakes, even at shallow depths. 226 

STEP faults (or tearing) have been described from a number of subduction zones worldwide 227 

(e.g., Bilich et al., 2001; Grovers and Wortel, 2005). For example, Isacks et al. (1969) and Millen 228 

and Hamburger (1998) describe tearing along a zone of strike-slip faulting at the northern 229 

termination of  the Tonga subduction zone, as do Molnar and Sykes (1969) and Clark et al. (2008) 230 

for the southern termination of the Lesser Antilles subduction zone. The model for STEP faults 231 

developed by Grovers and Wortel (2005), involves a subduction zone terminating at a strike-slip 232 

system that can range from 100’s to more than a 1000 km in length. Our study area presents a 233 

variation on this model in which the STEP fault links two subduction zones and we investigate the 234 

termination of the South Solomon subduction zone against the Makira – Santa Cruz transform, or 235 

the “convex” SSST of Bilich et al. (2001). 236 

Our results show a steeply inclined seismogenic structure extending from the shallow 237 

subsurface to ~120 km depth beneath the island of Makira (Figs. 3 and 4). This structure, along 238 

with the background seismicity over the past 50 years, aligns within the SSST at the southwestern 239 



 

 

end of the Makira – Santa Cruz transform. On the basis of the southeastward truncation of the deep 240 

seismicity with predominantly thrust focal mechanisms against the Makira – Santa Cruz transform 241 

with predominately strike-slip focal mechanism, we suggest this area forms a subduction-242 

transform edge propagator (STEP) fault (e.g., Grovers and Wortel, 2005) between the South 243 

Solomon subduction zone and the Vanuatu subduction zone (Fig. 5). Following the model of 244 

Govers and Wortel (2005), we suggest that the subducting South Solomon slab forms a steeply 245 

dipping seismogenic structure that terminates against a vertical tear in the lithosphere between the 246 

Australian Plate and the end of the Solomon Island arc (Fig. 5).  Nevertheless, other authors (e.g., 247 

Mann and Taira, 2004; Richards et al., 2011; Holm et al., 2016) have different interpretations of 248 

the geometry and location of the southern termination of the South Solomon subduction zone, 249 

suggesting that the South Solomon slab continues eastward along the Makira – Santa Cruz 250 

transform to a slab tear at the northern termination of the Vanuatu subduction zone. We suggest, 251 

however, that geometry of the termination of the South Solomon slab at a STEP fault along the 252 

Makira – Santa Cruz transform fits better with the northward deepening seismicity with 253 

predominately thrust mechanisms around Makira Island abuting a northeast-trending zone of 254 

shallow seismicity with strike-slip mechanisms. In this interpretation, the Makira – Santa Cruz 255 

transform has been growing northeastward as the Vanuatu subduction zone advanced in that 256 

direction since about 4 Ma ago (e.g., Mann and Taira, 2004; Holm et al., 2016). 257 

Our January-to-February, 2020 data set also suggest a seismic gap at 25-35 km depth within 258 

the cluster regardless of whether it is located in the PREM or the new velocity model (Fig. 4). 259 

Similar gaps in subduction-related seismicity have also been observed in seismic clusters in the 260 

Tonga Trench (Millen and Hamburger, 1998), Gibraltar (Buforn et al., 2004), the southeast Lesser 261 

Antilles Trench (Clark et al., 2008), and the northeast Lesser Antilles Trench (Meighan et al., 262 

2013a). There are a few hypotheses regarding the cause of a gap in seismicity. For example, Clark 263 

et al. (2008) suggest that the gap images a weak, ductile, lower crustal layer separating a strong 264 

upper/middle crustal layer from a strong lithospheric mantle layer, which is interpreted as the “jelly 265 

sandwich” rheology (Chen and Molnar, 1983; Watts and Burov, 2003). In this model, Clark et al 266 

(2008) interprets the subducting slab to be detached from the buoyant South American plate along 267 

a near-vertical tear in the southeast corner of the Lesser Antilles Trench. Meighan et al. (2013b), 268 

propose that in the northeast Lesser Antilles subduction termination that the slab is overlain by an 269 

aseismic mantle wedge (e.g., van Keken et al., 2011), and therefore not directly contact with the 270 



 

 

overlying arc crust. In this model, the seismic gap is because there is shallow seismicity in the arc, 271 

no seismicity in the ductile mantle wedge, and then a vertical band of seismicity that crosses the 272 

entire slab. From our results, however, it is not clear what the exact reason for the gap in seismicity 273 

is. As a preliminary interpretation, we suggest that it could be related to a break in the end of slab 274 

that may be related to either drag along the transform and/or an early stage of slab breakoff. 275 

 276 

 277 

 278 

Figure 5. Three-dimensional visualization of the seismic cluster in the southeastern Solomon 279 

Islands viewed from northeast. Heavy lines with barbs represent subduction boundaries; solid 280 

contour lines are Slab2 – A Comprehensive Subduction Zone Geometry Model (Hayes et al., 2018), 281 

contoured every 20 km; earthquake hypocenters show near-vertical slab tear along the Makira – 282 

Santa Cruz transform. 283 

 284 

6 Conclusions 285 

In this study, we use a new seismic network that was established in the southeastern Solomon 286 

Islands in 2018 to provide better quality constraints on locating earthquakes in the area. We used 287 

a complete foreshock-aftershock sequence from two Jaunuary, 2020 earthquakes to calculate a 288 

new optimized local 1D velocity model and locate the hypocenters. The hypocenters define a 289 

steeply dipping earthquake cluster in the region between Makira and Guadalcannal, at the 290 

southeastern termination of the South Solomon subductions zone. This cluster terminates against 291 



 

 

the strike-slip Makira – Santa Cruz transform, which links the South Solomon and Vanuatu 292 

subduction zones. We suggest that the geometry and kinematics of this area is that of a thrust-293 

dominated subduction zone termination against a strike-slip dominated subduction-transform edge 294 

propagator (STEP) fault. The gap observed in the Makira cluster at depths of 25-35 km may be 295 

indicative of a break in the South Solomon slab, although this is not clear from the data set. Futher 296 

investigations of the mechanism of slab tear and the cause of the seismic gap will be undertaken 297 

in the future. 298 
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Abstract 16 

The southeastern part of the Solomon Islands, a highly seismically active area in the southern 17 

Pacific, experienced two moderate earthquakes (Mw 6.3 and 6.0) on January 27th and 29th, 2020. 18 

The regional seismic network, operational since October 2018, recorded the entire foreshock-19 

main-shock-aftershock sequence, allowing for a new 1D velocity model and relocation of events. 20 

Based on the spacial distribution of the foreshock-aftershock sequence, together with focal 21 

mechanism data from the Global CMT database, we suggest that there is a near-vertical slab tear 22 

at the southern end of the South Solomon subducting slab, abutting a zone of strike-slip faulting 23 

that links it to the Vanuatu subduction zone to form a Subduction-Transform Edge Propagator 24 

fault. Our new data also indicates that a seismic gap occurs at depths from 25 to 35 km within the 25 

southern part of the South Solomon slab. 26 

 27 

Plain Language Summary 28 
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In October, 2018, a new regional seismic network was established in the southeastern 29 

Solomon Islands with six broadband seismic stations. In January, 2020, two large earthquakes 30 

occurred in the southeastern part of the Solomon Islands. The entire foreshock-aftershock sequence 31 

was recorded by the new network. Since a good 1D local velocity model is crucial for determining 32 

earthquake locations, we use the data set from this earthquake sequence to calculate a new 1D 33 

velocity model, and compare the earthquake hypocenter locations with those determined using 34 

the Preliminary Reference Earth Model (PREM). After the earthquakes are reliably located, we 35 

use the distribution of the foreshock-aftershock hypocenters to investigate the seismogenic 36 

structures in the southeastern South Solomon subduction zone and its link with the Vanuatu 37 

subduction zone. On the basis of these results, we suggest that there is a near-vertical slab 38 

tear along what we call the Makira – Santa Cruz transform forming what is termed a subduction-39 

transform edge propagator (STEP) fault. We also observe a seismic gap in the South Solomon 40 

slab at depths from 25 to 35 km that is observed for the first time. With the current  data set, the 41 

significance of this seismic gap is unclear. 42 

 43 

1 Introduction 44 

Extending for ~300 km in  length, the link between the southeastern part of the South 45 

Solomon subduction zone and the northwestern Vanuatu subduction zone (Fig. 1) has been 46 

variably interpreted to be a subduction to strike-slip transition zone (e.g., Bilich et al., 2001) or has 47 

a continuation of the San Cristobal subduction zone but with a shortened slab length and a tear in 48 

the vicinity of the Santa Cruz Islands, where it interacts with the Vanuatu slab (e.g., Richards et 49 

al., 2011; Holm et al., 2016). Previous studies have mainly focused on the tectonic evolution of 50 

the Solomon Islands (e.g., Yan and Kroenke, 1993; Mann et al., 1998; Petterson et al., 1999; Mann 51 

and Taira, 2004; Holm et al., 2016), their geology (e.g., Mann et al., 1998; Taylor et al., 2005; 52 

Taylor et al., 2008; Chen et al., 2011), regional seismology (e.g., Cooper and Taylor, 1985; Mann 53 

and Taira, 2004; Chen et al., 2011), and crustal and upper mantle structures using ocean-bottom 54 

seismometer data (e.g., Mann et al., 1996; Phinney et al.,1999; Mann and Taira, 2004; Miura et 55 

al., 2004). To date, the subduction zone in the southeastern Solomon Islands and its possible 56 

linkage with the Vanuatu subduction zone has not been documented in detail due to sparse 57 



 

 

coverage of the area by seismic stations that could provide a data set with sufficient resolution for 58 

investigating the complex seismogenic, crustal, and upper mantle structures.  59 

On January 27 and 29, 2020, two moderate earthquakes, Mw 6.3 and Mw 6.0, 60 

respectively, occurred in the southeastern Solomon Islands. The entire foreshock-main-shock-61 

aftershock sequence was recorded by a new regional-scale seismic network that was set up in 2018. 62 

The earthquake sequence was located in the southeastern end of the South Solomon subduction 63 

zone, abutting the linkage zone with the Vanuatu subduction zone, providing a unique opportunity 64 

to look into the crustal and upper mantle structures of this tectonically complex region. The aim 65 

of this paper is to first derive a new, optimized local 1D P-wave velocity model utilizing the 66 

complete earthquake sequence, and compare the relocated hypocenters with those located using 67 

the Preliminary Reference Earth Model (PREM) (Dziewonski and Anderson, 1981). We then 68 

investigate the implications of the hypocenter locations for the structure of the southeastern part 69 

of the South Solomon subdction zone and its linkage with the Vanuatu subduction zone.  70 

 71 

 72 

Figure 1. Topography, bathymetry, and regional tectonic setting of the Solomon Islands region. 73 

Arrows indicate direction and rate of plate motion of the Australia, Pacific, and Woodlark plates 74 

(NUVEL-1A, Demets et al., 1994); heavy lines with triangles represent subduction boundaries; 75 

black  triangles are broadband seismic stations; two stars in the southeastern Solomon Islands 76 



 

 

represent earthquakes occurred on January 27 and 29 from the Incorporated Research Institutions 77 

for Seismology (IRIS) catalog; focal mechanisms color-coded by depth are from GCMT; 78 

background seismicity are shown as gray dots and are compiled by the IRIS event catalog for the 79 

period 1971-2021; AA’, BB’, CC’ and DD’ are the cross sections in Figs. 2 and 4. SH, Shortland 80 

Islands; C, Choiseul; NG, New Georgia Island Group; SI, Santa Isabel; RI, Russell Islands; FI, 81 

Florida Islands; G, Guadalcanal; M, Malaita; MA, Makira; SCI, Santa Cruz Islands. 82 

 83 

2 Tectonic setting 84 

The Solomon Islands is located in a complex and active plate boundary where involving 85 

interactions among the Pacific plate (PAP), the Australian plate (AUP), and the associated 86 

microplates (i.e., the Woodlark plate and Solomon Sea plate) (Fig. 1) (e.g., Demets et al., 1990, 87 

1994, 2010; Beavan et al., 2002; Miura et al., 2004; Phinney et al., 2004; Taira et al., 2004; Taylor 88 

et al., 2005, 2008; Argus et al., 2011; Newman et al., 2011). In the southern Solomon Islands, the 89 

Woodlark plate and the AUP subduct beneath the PAP forming the New Britain Trench, San 90 

Cristobal Trench and Vanuatu Trench (e.g., Taylor and Exon, 1987; Crook and Taylor, 1994; 91 

Taylor et al., 1995; Mann  et al., 1998; Taylor et al., 2005). Using data from global seismic 92 

networks, previous seismological investigations suggest that active subduction now occurs 93 

primarily in the southeastern part of the South Solomon subduction zone, along the San Cristobal 94 

Trench (e.g., Cooper and Taylor, 1987; Mann et al., 1998; Chen et al., 2011). Furthermore, there 95 

is a waning, southwestward subduction of the Ontong Java Plateau along the North Solomon 96 

subduction zone, albeit with slight convergence (e.g., Taylor and Exon, 1987; Yan and Kroenke, 97 

1993; Crook and Taylor, 1994; Mann et al., 1998; Petterson et al., 1999; Mann and Taira, 2004). 98 

The Solomon arc is considered a representative example of an island arc polarity reversal due to 99 

its unique opposing, double subduction zone setting.   100 

The region around Makira Island and the Santa Cruz Islands (Fig. 1) contains two subduction-101 

to-strike-slip transition (SSST) regions and a transform fault system linking the South Solomon 102 

and Vanuatu subduction zones (Bilich et al., 2001). In what follows, we call this the Makira-Santa 103 

Cruz transform (M-SCT). Although seismicity indicates a strike-slip motion along this zone (Fig. 104 

1), some studies propose that the South Solomon slab may continues eastward along it, though 105 

significantly shortened, until it tears at the beginning of the Vanuatu subduction zone near the 106 

western end of the Santa Cruz Islands (Mann and Taira, 2004; Richards et al., 2011; Holm et al., 107 



 

 

2016). The aim of this paper is to investigate the nature of the transition from the South Solomon 108 

subduction zone to the Makira-Santa Cruz transform. 109 

 110 

3 Seismic network and data processing 111 

In October, 2018, the Institute of Geological and Nuclear Sciences Limited (GNS), New 112 

Zealand, deployed six permanent seismic stations in different islets of the southeastern Solomon 113 

Islands (Fig. 1). To date, this seismic network has been maintained by the Ministry of Mines, 114 

Energy and Rural Electrification of the Solomon Islands Government. The instruments are 115 

equipped with broadband seismometer (Trillium 120PA; Nanometrics Inc., Canada) and 24-bits 116 

digital recorder (Q330S; Quanterra Inc., U.S.A.) with sampling rates of 100 Hz. Except for a 117 

timing problem with station LUES, most of the seismic waveforms recorded by the other five 118 

stations have good signal-to-noise ratios. 119 

In this study, we processed two-month of continuous seismic waveforms from the GNS 120 

network, covering one month before and after the two January, 2020 events, encompassing the 121 

entire foreshock-aftershock earthquake sequence. In total, 730 earthquakes (Fig. 2a) were listed in 122 

the preliminary catalog, of which 651 were located within the seismic network. The data set is 123 

formatted with the daily miniSEED and we used the SeisAn Earthquake analysis software 124 

(SEISAN) to establish the event database (Havskov and Ottemoller, 1999). Most of the events 125 

occurred close to the seismic network, so we were able to extract numerous high-quality seismic 126 

waveforms to pick P- and S-wave arrivals, locate earthquakes and determine magnitudes. The 127 

earthquake catalog contains events detected by at least three stations and has more than one clear 128 

S-wave arrival to effectively constrain the depths of earthquakes. The interpolated 1D PREM 129 

velocity model was used as the reference model to locate earthquake hypocenters. We located 130 

earthquakes by the HYPOCENTER program (e.g., Lienert et al., 1986) and determined moment 131 

magnitude (Mw) by spectral analysis (e.g., Havskov and Ottemoller, 2010). Following this, we 132 

then used the program VELEST (Kissling, 1988, Kissling et al., 1994) to derive a new 1D velocity 133 

model, which produces the smallest possible uniform error for a set of seismic events with well-134 

constrained locations. For this new velocity model, only events within the range of the seismic 135 

network with the root-mean-square error in arrival time from 0.5 to 1.0 s were used to invert a new 136 



 

 

1D velocity model. In total, 389 events were selected for inversion to derive the preferred 1D 137 

model and then with it we relocated all 730 earthquakes to obtain the final catalog. 138 

 139 

4 Results 140 

4.1. New 1D velocity model 141 

Because the initial velocity model (i.e. PREM) plays a crucial role in accurately locating 142 

earthquakes (Fig. 2b), it is important to determine the uncertainities involved. For the PREM 143 

velocity model, we calculate the standard error of the means in vertical (ERZ) and horizontal (ERH) 144 

as well as the root-mean-square error in arrival time of the 730 event locations in our data set to 145 

be 24.7 ± 19.15 km, 13.43 ± 10.8 km, and 0.61 ± 0.30 s, respectively. The moment magnitudes 146 

(Mw) determined in this study mostly range from 2.0 to 4.0 with a maximum of 4.9. For the new 147 

velocity model, the calculated root-mean-square error in arrival time is 0.66 ±  0.30 s. The 148 

distribution of the root-mean-square error in arrival times are more centralized after relocating and 149 

this may indicate the new model (Fig. 2b) is closer to the actual observed arrival times for this 150 

region. Furthermore, in comparison with PREM, the new velocity model has a higher velocity 151 

layer between 10 km and 25 km depth and slower velocity from 25-35 km depth (Fig. 2). At 152 

shallow depth (~10 km) the hypocenters relocated by the new velocity model are deeper and the 153 

cluster is more concentrated (Fig. 2c). At greater depth, the cluster becomes more concentrated.  154 

 155 

4.2. South Solomon seismicity 156 

In map view, our January-to-February 2020 data set reveals a significant rise in earthquake 157 

occurrences in the southeast. The majority of hypocenters form a single cluster, deepening 158 

northward near Makira Island, at the boundary between the South Solomon subduction zone and 159 

the Makira – Santa Cruz transform (Fig. 3). Other events form small clusters, or dispersed single 160 

events that extend from Santa Isabel Island and along the Makira - Santa Cruz transform. In the 161 

southeast, the South Solomon subduction zone hypocenters can be broadly divided into two 162 

clusters; a shallow cluster at roughly 0 to 25 km depth, and a second cluster between about 50 km 163 

and 100 km depth (Figs. 4a, b, and c). It is not clear from this data set whether the deeper events 164 

(>100 km) around Santa Isabel and Malaita islands (Fig. 3) are related to the South or North 165 



 

 

Solomon subduction zones. Nevertheless, the hypocenters suggest that the South Solomon slab 166 

steepens significantly southeastward, from about 45o near Santa Isabel Island to around 80o at the 167 

transition to the Makira – Santa Cruz transform (Fig. 4). The area of shallow to moderately deep 168 

(ca. 100 km) earthquakes that form an open cluster between Santa Isabel and Malaita islands are 169 

clearly related to the North Solomon subduction zone (Fig. 4a). The amount of seismicity that can 170 

be attributed to the North Solomon subduction zone decreases significantly toward the southeast. 171 

In cross section, hypocenter locations suggest that the North Solomon slab dips about 60 o. In a 172 

NW-SE section, seismicity related to the North Solomon subduction zone decreases and shallows 173 

significantly at the Makira – Santa Cruz transform (Fig. 4d).  174 

To gain further insight into the South Solomon subduction zone and its transition into the 175 

Makira – Santa Cruz transform, we also look at the background seismicity from 1971 to 2021 176 

recorded in the IRIS catalog (Figs. 1 and 4). In these 50 years, ca. 5100 events were recorded in 177 

our study area. Overall, these show the same trends as our data set (Figs. 4e, f, g, and h), and this 178 

allows us to more confidently the interpret deeper (>100 km) events around Santa Isabel and 179 

Malaita islands to be related to the North Solomon subduction zone, whose slab appears to extend 180 

southward beneath that of the South Solomon subduction zone (Fig. 4e). The background 181 

seismicity also indicates that the South Solomon slab steepens towards the southeast. In a NW-SE 182 

section, it also shows that seismicity related to the North Solomon subduction zone decreases and 183 

shallows significantly at the Makira – Santa Cruz transform (Fig. 4h). 184 

With only five active stations, it is not possible to determine focal mechanisms with our 185 

network. Nevertheless, focal mechanisms extracted from the Global CMT database shows the two 186 

January, 2020 main shocks to be oblique thrusts, similar to other events of MW >6.0 that occurred 187 

between 2000 and 2023 (Fig. 1). Along the Makira – Santa Cruz transform, focal mechanisms are 188 

nearly all strike-slip. 189 

 190 

 191 



 

 

 192 

 193 

Figure 2. Seismic cluster of the southeastern Solomon Islands. (a) The event distribution in 5 km 194 

depth intervals. (b) The 1D interpolated PREM (black line) and the new velocity model (red line). 195 

Note the seismic gap between 25 km and 35 km depths. (c) CC’ cross section (in Fig. 4) with the 196 

seismic cluster located by the reference model (black dots) and relocated by the new velocity 197 

model (red dots). 198 
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 200 

 201 



 

 

Figure 3. The spacial distribution of the foreshock-aftershock sequence. Topography, bathymetry, 202 

regional tectonic setting, and background seismicity are the same as in Fig. 1; circles color-coded 203 

by depth indicate foreshocks and aftershocks recorded by GNS seismic stations; stars are locations 204 

of the two January, 2020 main shocks; focal mechanisms of two main shocks are from GCMT and 205 

color-coded with depth. 206 

 207 

 208 



 

 

Figure 4. (a-d) Cross sections of earthquake hypocenters relocated by the new 1D velocity model. 209 

Circles color-coded by depth are foreshocks and aftershocks; black and white stars represent 210 

January 27 and 29 earthquakes in 2020 from IRIS event catalog; four 200-km-wide project lines 211 

are shown in Fig. 1. (e-h) Comparison of earthquake hypocenters located by the new 1D velocity 212 

model and background seismicity (gray dots). M-SCT = Makira - Santa Cruz transform. 213 

 214 

5 Discussion 215 

We used the complete foreshock-aftershock sequence of the January, 2020 earthquakes, 216 

recorded by the new seismic network, to calculate a more detailed 1D velocity model of the crust 217 

and mantle in the southeastern Solomon Islands. In particular, compared to PREM our velocity 218 

model shows a more varied and higher velocity layer between 10 km  and 25 km depth, and a 219 

lower velocity from 25 km to 35 km depth where mantle velocities (ca. 8 km/s) are reached (Fig. 220 

2).  Recently, Ku et al. (2020) also calculated a low-velocity zone above the Moho in the Western 221 

Solomon Islands which they attribute to a lower crustal magma chamber (c.f. Dufek and Bergantz, 222 

2005), but in our study area we unable to assign such a cause for the lower velocities found in our 223 

model. Nevertheless, because of the good coverage of the study area provided by the new network, 224 

the new velocity model provides better constraints of the quality of the earthquake location results 225 

and makes it possible to better locate local, small magnitude earthquakes, even at shallow depths. 226 

STEP faults (or tearing) have been described from a number of subduction zones worldwide 227 

(e.g., Bilich et al., 2001; Grovers and Wortel, 2005). For example, Isacks et al. (1969) and Millen 228 

and Hamburger (1998) describe tearing along a zone of strike-slip faulting at the northern 229 

termination of  the Tonga subduction zone, as do Molnar and Sykes (1969) and Clark et al. (2008) 230 

for the southern termination of the Lesser Antilles subduction zone. The model for STEP faults 231 

developed by Grovers and Wortel (2005), involves a subduction zone terminating at a strike-slip 232 

system that can range from 100’s to more than a 1000 km in length. Our study area presents a 233 

variation on this model in which the STEP fault links two subduction zones and we investigate the 234 

termination of the South Solomon subduction zone against the Makira – Santa Cruz transform, or 235 

the “convex” SSST of Bilich et al. (2001). 236 

Our results show a steeply inclined seismogenic structure extending from the shallow 237 

subsurface to ~120 km depth beneath the island of Makira (Figs. 3 and 4). This structure, along 238 

with the background seismicity over the past 50 years, aligns within the SSST at the southwestern 239 



 

 

end of the Makira – Santa Cruz transform. On the basis of the southeastward truncation of the deep 240 

seismicity with predominantly thrust focal mechanisms against the Makira – Santa Cruz transform 241 

with predominately strike-slip focal mechanism, we suggest this area forms a subduction-242 

transform edge propagator (STEP) fault (e.g., Grovers and Wortel, 2005) between the South 243 

Solomon subduction zone and the Vanuatu subduction zone (Fig. 5). Following the model of 244 

Govers and Wortel (2005), we suggest that the subducting South Solomon slab forms a steeply 245 

dipping seismogenic structure that terminates against a vertical tear in the lithosphere between the 246 

Australian Plate and the end of the Solomon Island arc (Fig. 5).  Nevertheless, other authors (e.g., 247 

Mann and Taira, 2004; Richards et al., 2011; Holm et al., 2016) have different interpretations of 248 

the geometry and location of the southern termination of the South Solomon subduction zone, 249 

suggesting that the South Solomon slab continues eastward along the Makira – Santa Cruz 250 

transform to a slab tear at the northern termination of the Vanuatu subduction zone. We suggest, 251 

however, that geometry of the termination of the South Solomon slab at a STEP fault along the 252 

Makira – Santa Cruz transform fits better with the northward deepening seismicity with 253 

predominately thrust mechanisms around Makira Island abuting a northeast-trending zone of 254 

shallow seismicity with strike-slip mechanisms. In this interpretation, the Makira – Santa Cruz 255 

transform has been growing northeastward as the Vanuatu subduction zone advanced in that 256 

direction since about 4 Ma ago (e.g., Mann and Taira, 2004; Holm et al., 2016). 257 

Our January-to-February, 2020 data set also suggest a seismic gap at 25-35 km depth within 258 

the cluster regardless of whether it is located in the PREM or the new velocity model (Fig. 4). 259 

Similar gaps in subduction-related seismicity have also been observed in seismic clusters in the 260 

Tonga Trench (Millen and Hamburger, 1998), Gibraltar (Buforn et al., 2004), the southeast Lesser 261 

Antilles Trench (Clark et al., 2008), and the northeast Lesser Antilles Trench (Meighan et al., 262 

2013a). There are a few hypotheses regarding the cause of a gap in seismicity. For example, Clark 263 

et al. (2008) suggest that the gap images a weak, ductile, lower crustal layer separating a strong 264 

upper/middle crustal layer from a strong lithospheric mantle layer, which is interpreted as the “jelly 265 

sandwich” rheology (Chen and Molnar, 1983; Watts and Burov, 2003). In this model, Clark et al 266 

(2008) interprets the subducting slab to be detached from the buoyant South American plate along 267 

a near-vertical tear in the southeast corner of the Lesser Antilles Trench. Meighan et al. (2013b), 268 

propose that in the northeast Lesser Antilles subduction termination that the slab is overlain by an 269 

aseismic mantle wedge (e.g., van Keken et al., 2011), and therefore not directly contact with the 270 



 

 

overlying arc crust. In this model, the seismic gap is because there is shallow seismicity in the arc, 271 

no seismicity in the ductile mantle wedge, and then a vertical band of seismicity that crosses the 272 

entire slab. From our results, however, it is not clear what the exact reason for the gap in seismicity 273 

is. As a preliminary interpretation, we suggest that it could be related to a break in the end of slab 274 

that may be related to either drag along the transform and/or an early stage of slab breakoff. 275 

 276 

 277 

 278 

Figure 5. Three-dimensional visualization of the seismic cluster in the southeastern Solomon 279 

Islands viewed from northeast. Heavy lines with barbs represent subduction boundaries; solid 280 

contour lines are Slab2 – A Comprehensive Subduction Zone Geometry Model (Hayes et al., 2018), 281 

contoured every 20 km; earthquake hypocenters show near-vertical slab tear along the Makira – 282 

Santa Cruz transform. 283 

 284 

6 Conclusions 285 

In this study, we use a new seismic network that was established in the southeastern Solomon 286 

Islands in 2018 to provide better quality constraints on locating earthquakes in the area. We used 287 

a complete foreshock-aftershock sequence from two Jaunuary, 2020 earthquakes to calculate a 288 

new optimized local 1D velocity model and locate the hypocenters. The hypocenters define a 289 

steeply dipping earthquake cluster in the region between Makira and Guadalcannal, at the 290 

southeastern termination of the South Solomon subductions zone. This cluster terminates against 291 



 

 

the strike-slip Makira – Santa Cruz transform, which links the South Solomon and Vanuatu 292 

subduction zones. We suggest that the geometry and kinematics of this area is that of a thrust-293 

dominated subduction zone termination against a strike-slip dominated subduction-transform edge 294 

propagator (STEP) fault. The gap observed in the Makira cluster at depths of 25-35 km may be 295 

indicative of a break in the South Solomon slab, although this is not clear from the data set. Futher 296 

investigations of the mechanism of slab tear and the cause of the seismic gap will be undertaken 297 

in the future. 298 
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