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ARTICLE INFO ABSTRACT
Keywords: Subduction polarity reversal (SPR) leaves unique geochemical imprints in arc magmatic records, which serve as
Solomon Island arc robust archives of magma-source evolution and the tectonic processes that shape magma genesis. This study
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reports zircon U—Pb ages, Hf isotopes, and whole-rock geochemical and Sr-Nd-Hf isotopic analyses of magmatic
samples from the Solomon Island Arc (SIA) in the southwest Pacific, revealing three distinct stages of arc
magmatism. Stage 1 (~46 Ma) comprises a set of low-K tholeiitic (TH) rocks from Santa Isabel and Choiseul.
These rocks exhibit N-MORB-like geochemical signatures and display a Pacific mantle domain affinity in HF—Nd
isotopic space interpreted as arc magmatism involving partial melting of the mantle wedge above the NE-
directed subduction of the Indo-Australian plate at the Pocklington Trough. Along with regional evidence, we
suggest this as the first SPR in SIA, which may have begun as early as ~65 Ma, linked to changes in Pacific and
Australian plate motion. Stage 2 (~35 Ma) is represented by low-K calc-alkaline (CA) granites from Ghizo, New
Georgia Group (NGG), showing relatively unfractionated REE patterns, arc-like geochemical signatures, and
Indian mantle-like isotopic affinity. This stage of magmatism reflects asthenospheric upwelling triggered by NE-
directed slab break-off, followed by the arrival of the Louisiade Plateau at the Pocklington Trough and the onset
of the second, SW-directed SPR. The slab break-off facilitated the generation of a juvenile arc pluton derived from
an Indian-type upper mantle, which now constitutes the basement of NGG. Stage 3 (~19 Ma to 0.7 Ma) com-
prises a set of medium- to high-K CA rocks from NGG and Choiseul, with typical arc geochemical signatures (LILE
and LREE enrichment and HFSEs depletion) and less positive eNd(t) (+5.8 to +7.2) and ¢Hf(t) (+10.4 to +13.3)
values than earlier stages. We infer a third SPR to have occurred ~19 Ma, following the ~20 Ma arrival of the
Ontong Java Plateau (OJP) at the North Solomon trench (NST), thus initiating the interaction of OJP-Indian
mantle domains. Together, these magmatic stages reveal recurrent SPR events and constrain the timing of the
OJP-SIA collision that drove the latest SPR.

1. Introduction with several competing mechanisms proposed. SPR involves the cessa-
tion of a previously active subduction zone due to the arrival of a

SPR is one of the most commonly cited mechanisms for the sub- buoyant block (oceanic plateau or continental fragment) at the trench,
duction zone initiation (SZI), which itself remains one of the funda- leading to the nucleation of a new subduction zone that dips in the
mental unresolved problems in modern plate tectonics theory (Cloetingh opposite direction to the earlier subducting slab (Stern, 2004; Stern and

et al., 1989; Crameri et al., 2020; Stern, 2004; Stern and Gerya, 2018), Gerya, 2018). Cooper and Taylor (1985) first documented the presence
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of two opposing dip directions beneath the Solomons. Other notable
examples include the Luzon-Ryukyu SPR system near Taiwan
(Chemenda et al., 2001; Clift et al., 2003; Teng et al., 2000) and the
Vanuatu-Vitiaz SPR system in the New Hebrides region (Falvey, 1975).
Yang (2022) introduced the term “subduction shield” that has encircled
the Pacific Ocean since 180 Ma, preventing subduction-modified mantle
from entering the region, except at the Chile Ridge in the Pacific Ocean.
In contrast, SPR has also been proposed as a mechanism through which
the mantle domain migration can take place from the Pacific to the
African mantle domain (Doucet et al., 2020; Doucet and Li, 2024), a
process often described as subduction infection or invasion (Mueller and
Phillips, 1991; Duarte et al., 2013; Duarte et al., 2018). Similarly, Pearce
et al. (2007) documented that the South Pacific Isotopic and Thermal
Anomaly (SOPITA) mantle began influencing the southwest Pacific
arc-back-arc system only after the OJP collision removed the
subducting-slab barrier ~12 Ma.

SIA has been shaped primarily by the complex interactions between
the Pacific and Indo-Australian plates (Schellart et al., 2006). The SPR
(Cooper and Taylor, 1985) in the SIA and its collision with the oceanic
plateau (Kroenke, 1984; Mann and Taira, 2004; Petterson et al., 1997)
has gained considerable attention over the past decades (Shinohara
et al., 2003; Schuth et al., 2011; Sun et al., 2021; Yang, 2022; Almeida
et al., 2022 and Taylor and Benyshek, 2024). The SIA is considered an
ideal natural laboratory for testing various paleo-reconstruction and
numerical modeling to understand the tectonic evolution of SW Pacific
better (Crawford et al., 2003; Schellart et al., 2006; Tapster et al., 2014;
Matthews et al., 2015; Holm et al., 2016; Taylor and Benyshek, 2024;
Van de Lagemaat and van Hinsbergen, 2024). Previous studies have
proposed contrasting tectonic models and the timing of the SPR and
OJP-SIA collision, summarized in Table S1. Two main models have been
proposed: (i) Petterson et al. (1997, 1999) suggest ‘soft docking’ of the
OJP with the NST at ~25-20 Ma, followed by a magmatic hiatus, SPR at
~8-7 Ma, and eventual ‘hard docking’ with major deformation between
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~4-2 Ma in Malaita; (ii) Mann and Taira (2004), Phinney et al. (2004),
and Cowley et al. (2004) propose a single tectonic event, with Pacific
plate subduction continuing until ~5 Ma.

Intra-oceanic arc magmatism, through its geochemical signatures
and precise chronology, can record mantle source shifts tied to polarity
switches which can be useful to constrain the timing of OJP arrival at the
NST and the subsequent SPR. An attempt has been made to evaluate how
a changing tectonic regime beneath SIA affects magma-source compo-
sition (Schuth et al., 2009), but the scarcity of detailed geochronolog-
ical, geochemical, and isotopic data from the SIA limits a comprehensive
understanding of the spatio-temporal evolution of magmatism in this
region, and the exact timing of the SPR, SIA-OJP collision. In this study,
we re-evaluate existing tectonic models using new zircon U—Pb ages
and Hf isotopic compositions, combined with whole-rock major and
trace element and Sr-Nd-Hf isotopic data from the southern Santa Isabel,
Choiseul, and the NGG within the SIA. By resolving the key issues, this
study provides valuable insights into the spatio-temporal evolution of an
island arc associated with SPR, the permeability of the Pacific “sub-
duction shield”, and the onset of externally sourced mantle inputs.
Collectively, these advances refine the tectono-magmatic history of the
southwest Pacific and provide a benchmark dataset for plate re-
constructions, petrogenetic modeling, and comparative arc synthesis.

2. Geological background

The SIA trend northwest-southeast and forms a double chain of six
major islands (Choiseul, Santa Isabel, Malaita, NGG, Guadalcanal and
San Cristobal), spanning ~5°-12°S and 157°-163°E (Fig. 1). SIA is
bounded to the north by the OJP and the Pacific Plate along the relict
NST, a remnant of the former Vitiaz trench system and to the south by
the Woodlark basin and the Indo-Australian Plate along the currently
active SCT (Petterson et al., 1999). Owing to the geologically complex
assemblage of crustal units (Petterson et al., 1997) and the lack of
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Abbreviations

CS-Coral Sea; KKKFS- Kia-Korigole-Kaipito Fault System; LB-Lau Basin; LHR-Lord Howe Rise; LP-Louisiade Plateau; MT-Melanesian trench; NB-New Britain; NBT-New Britain Trench; NC-New Caledonia; NFB-North Fiji
Basin; NHR-New Hebrides Ridge; NLB-North Loyalty Basin; NR-Norfolk Ridge; NST-North Solomon Trench; OJP-Ontong Java Plateau; PNG-Papua New Guinea; PT-Pocklington Trough; QP- Queensland
Plateau; SFB- South Fiji Basin; SCT-San Cristobal Trench; SIA-Solomon Island Arc; SS- Solomon Sea; SZ- Subduction Zone; TR-Tonga Ridge; TS- Tasman Sea; VA-Vanuatu Arc; WB-Woodlark Basin; mm/yr-millimeter per year.

Fig. 1. (a) Ocean Bathymetry and topography map of the SW Pacific, modified from www.geomapapp.org. The bathymetric map highlights the complex mosaic of
ridges, basins, and plateaus that control present-day plate interactions. The inset shows the regional context within the western Pacific. The black square marks the
location of SIA. (b) Present-day tectonic configuration of the SW Pacific junction region, modified after Van De Lagemaat and Van Hinsbergen (2024), showing SIA
situated between the Pacific and Indo-Australian plates. Red triangles mark active subduction zones, and thick black lines indicate inactive subduction zones. Plate
convergence vectors indicate that the Pacific Plate is subducting westward beneath the Indo-Australian Plate at ~66 mm/yr in the north and 63 mm/yr in the south.
Light pink shaded area highlights the broader junction region showing the extent of the Melanesian (SIA-Vanuatu-Fiji-Tonga-Kermadec) arc. Light green polygons
indicate emergent island groups. The light brown color illustrates the extent of continental material rifted away from the Australian continent (in olive green) after
the opening of the Tasman and Coral Sea (in light blue). The black arrows indicate the Pacific and Indo-Australian plate motion. Note: For higherresolution figure,

readers are referred to web version of this article.
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preserved forearc subduction channels, most estimates for the timing of
SPR are derived from magmatic records, the opening of back-arc basins,
and reconstructions of plate motion (Taylor and Benyshek, 2024). The
temporal and spatial record of arc magmatism is highly heterogeneous,
with notably distinct histories preserved in the SIA as discussed below
for Santa Isabel, Choiseul and NGG.

2.1. Santa Isabel

The geology of Santa Isabel is illustrated in Fig. 2a. The island of
Santa Isabel exposes a juxtaposition of OJP and N-MORB-like terrain
(Petterson et al., 1999). The basement of northern Santa Isabel is un-
derlain by Sigana basalts dated ~90 Ma, which are chemically and
isotopically identical to the OJP (Tejada et al., 1996). However, the San
Jorge volcanics of the Jajao Igneous Suite in southern Santa Isabel, dated
between ~62 and 46 Ma, exhibit N-MORB-like and arc-backarc
geochemical characteristics. Their isotopic compositions plot within, or
close to, the Pacific MORB field and notably lack Indian-MORB-like af-
finities. Tejada et al. (1996) interpreted them primarily as fragments of
Pacific abyssal seafloor (~62 Ma) that were later obducted during OJP
emplacement. Tapster et al. (2014) suggested that this arc-backarc
magmatism was associated with the subduction of the Indo-Australian
plate. Soon after ~45 Ma, the SW-directed subduction initiated
beneath the Indo-Australian margin and leading to arc growth from New
Britain to the Tonga-Kermadec system (Hall, 2002).

2.2. Choiseul

Coleman (1962) identified the Choiseul Schist as the oldest rock on
the island, occurring in two variants (i) finely foliated and (ii) more
granulose and described as amphibolites. Dating using K—Ar method on
hornblende and plagioclase separates from the Choiseul basal schist
yielded a mean age of 44 + 18 Ma, marking the metamorphism of the
protolith to amphibolitic schist (Richards et al., 1966). Subsequent work
by Ramsay (1972) showed that the Choiseul Schist does not represent a
precursor metamorphic event, but rather a sheared, metamorphosed,
and uplifted equivalent of at least part of Voza lavas. Later, based on
geological, geochronological and isotopic evidence Petterson et al.
(1999) suggested that Choiseul has a Cretaceous N-MORB basement
over which lies the arc magmatism from (i) Eocene to Early Miocene and
(ii) Late Miocene to the present day. Geochronological constraints for
the Choiseul basement and its two arc-magmatic stages remain undoc-
umented. Berly (2005) identified that the Voza lava, Choiseul Schist,
and Oaka Meta-microgabbro (a gabbroic intrusion restricted to south-
eastern Choiseul, as shown in Fig. 2b) all constitute the same unit, with a
Pacific-like N-MORB origin. These basement rocks are mostly tholeiitic
with minor calc-alkaline content (Coleman and Packham, 1976). The
metamorphosed basement is unconformably overlain by the Siruka ul-
tramafic complex, which is subsequently overlain by a sedimentary
succession ranging from the Lower Miocene to the Pleistocene, as well as
Quaternary volcanic deposits (Coleman, 1962). The younger volcanic
sequence comprises typical calc-alkaline arc rocks, including basalts,
andesites, and rhyolites (Petterson et al., 1999), and is likely associated
with magmatism following the SPR along the SCT.

2.3. NGG

Unlike the Choiseul and Santa Isabel, the basement of the NGG re-
mains ambiguous. Much of the southern island chain is composed of
volcanic rocks that have formed within the last 6 Ma (Coleman, 1962;
Chivas and McDougall, 1978; Abraham et al., 1987) after the late
Miocene polarity reversal of subduction of the woodlark spreading ridge
along the SCT (Dunkley, 1986; Ridgway, 1987) (Fig. 1). The oldest
known magmatic rocks in the region have been dated to 2.3 £ 1 Ma
(Petterson et al., 1999). This tectonic setting resulted in highly variable
magmatism, including island-arc picrites, high-Mg andesite and adakites
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(Schuth et al., 2004, 2009; Konig et al., 2007; Smith et al., 2009)
(Fig. 2c). Seismic tomography indicates the presence of two opposing
subducting slabs beneath eastern NGG, suggesting complex subduction
geometry beneath this segment of the arc (Taylor and Benyshek, 2024).

3. Samples

This study is focused on various types of magmatic rocks of the
southern Santa Isabel, Choiseul, and the NGG. The geological map of
each Island and sample locations are presented in Fig. 2. A total of 49
volcanic and plutonic rocks were selected for this study, 9 from southern
Santa Isabel, 25 from Choiseul (plus three sand samples), and 15 from
the NGG (Fig. 2), and are summarized in Table S2. The comprehensive
data set is provided in Tables S1-S6. Due to dense vegetation cover and
intense tropical weathering, most of them were collected along or from
river exposures. Zircon U—Pb dating was conducted on 23 selected
samples (Table S3); however, only 9 of these yielded zircon grains
suitable for zircon Hf isotopic analysis (Table S4), as the remainder
either had grains too small for laser ablation or exhibited a high Yb/Hf
ratio. All 49 samples were analyzed for major and trace elements
(Table S5). Whole-rock Sr-Nd-Hf isotopic analyses were carried out on
21 samples, 12 from Choiseul, 3 from Santa Isabel, and 6 from the NGG
(Table S6).

3.1. Petrography

Gabbros from the Santa Isabel (Fig. Sla), Voza lava and Oaka Met-
amicrogabbros of Choiseul were first compared by Berly (2005). The
major mineral phases are plagioclase and clinopyroxene with traces of
opaque minerals. The absence of K-bearing phases and the intergranular
texture are consistent with a tholeiitic basaltic composition. Whereas,
the Choiseul amphibolites represent parallel and alternative bands of
Plagioclase and hydrous minerals like amphiboles, with traces of opaque
minerals. The basaltic andesites from Choiseul display randomly ori-
ented plagioclase laths, interstitial pyroxene and hornblende and biotite.
The Ghizo granites are composed of quartz, plagioclase, and variable
amounts of hornblende. A diorite from Ghizo, display medium- to
coarse-grained texture and contains plagioclase, hornblende, biotite,
quartz, K-feldspar, and Fe—Ti oxides whereas an andesite from Ghizo,
displays a porphyritic texture, with abundant plagioclase phenocrysts
embedded in a groundmass of clinopyroxene. Vangunu monzodiorite
contains plagioclase, quartz, and clinopyroxene, with notable quartz
xenocrysts, suggesting it occupies a transitional composition between
diorite and quartz monzonite. The petrography of representative sam-
ples is shown in Fig. S1.

4. Results
4.1. Geochronology

Zircon U—PD isotopic analyses were performed with a Photon Ma-
chine Analyte G2 193 nm laser ablation system coupled with Agilent
7900 quadrupole ICP-MS, using a 30 pm laser spot size. Descriptions of
the analytical methods used are given in Appendix A (Methodology).
The zircon U—Pb isotopic data of the sample are listed in Table S3. The
207pp/235y vs 206pb,/238Y concordia diagrams for the analyzed samples
are plotted in Fig. 3.

4.1.1. Santa Isabel

Zircons separated from a gabbro (SI78F) from southern Santa Isabel
exhibit anhedral morphologies varying from prismatic to oval shapes,
and CL images show weak oscillatory zoning and patchy textures. Most
zircons range from 30 to 50 pm in size, with only a few reaching 70-100
pm, and their thin rims are generally unsuitable for crystallization age
analysis. Their U and Th concentrations are listed in Table S3. Their Th/
U ratio = 1, suggesting a magmatic origin, and yielded a concordant
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Fig. 2. Geologic map of (a) Santa Isabel (modified after Ota and Kaneko (2010). (b) Choiseul modified after Tapster et al. (2014), and (c) New Georgia Group (NGG)
modified after Abraham et al. (1987). Black circles indicate sample collection sites, and ages shown are zircon U—Pb dates obtained from this study. Note: Please

refer to the online version of this article for higherresolution figure.
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weighted mean 206pt, /238y age of 46.4 + 1.2 Ma (n = 4) (Fig. 3a).
Almost 20 out of 50 zircons yielded Neoproterozoic to Neoarchean
inherited zircons. Thus, the Eocene ages obtained are considered to
represent the timing of gabbro crystallization.

4.1.2. Choiseul

Zircons separated from an amphibolite (CH24) from Choiseul yiel-
ded a concordant weighted mean 2°°Pb/238U age of 46.5 + 1.2 Ma (n =
28) (Fig. 3b). The zircons exhibit subhedral morphologies, typically
prismatic to oval in shape. The grains are relatively small, varying be-
tween 30 and 50 pm in length, with none exceeding 100 pm. Their U and
Th concentrations range from 2 to 17 ppm and 0.13-6.96 ppm,
respectively. The Th/U ratios are mostly >0.3 except for a few grains
showing values between 0.02 and 0.08. Detrital zircon grains from three
sand samples collected along the rivers and beaches of Choiseul yielded
two dominant age peak populations at 46.8 + 0 0.4 Ma (n = 101) and
0.7 + 0.1 Ma (n = 35) along with additional zircon ages ranging from
the Late Eocene to Middle Miocene (Fig. S2). On the other hand, six
basaltic andesites-andesite samples (CH55, CH59, CH62, CH67, CH68,
CH69) from Choiseul yielded mean 2°°Pb/238U ages of 0.79 + 1.05 Ma
(MSWD = 1.1, n = 31), 0.74 £+ 0.08 Ma (MSWD = 1.3, n = 22), 0.71 +
1.04 Ma (MSWD = 1.4, n = 20), 0.71 + 0.09 Ma (MSWD = 1.2, n =13),
0.72 £ 0.06 Ma (MSWD = 0.5, n = 16), 0.73 £+ 0.05 Ma (MSWD = 1.2, n
= 23) all less than 1 Ma (Fig. 3r-w). Their Th/U ratios are >0.1, sup-
porting a magmatic origin for the zircons.

4.1.3. NGG

Zircon separates obtained from six granites (GC03, GC04, GCO5,
GCO07, GCO8, GCO9) of Ghizo Island, NGG yielded concordant weighted
mean 2%°Pb/238( ages of 36.6 + 0.5 Ma (MSWD = 0.88, n = 17), 33.4 +
1.8 Ma (MSWD =1.9,n=4), 33.9 £ 0.6 Ma (MSWD = 1.8,n =18), 32.2
+ 0.4 Ma (MSWD = 0.5, n = 18), 33.6 + 0.5 Ma (MSWD = 0.7, n = 10),
and 33.5 + 0.5 Ma (MSWD = 1.09, n = 11) (Fig. 3c-h). The zircon grain
size ranges from 50 to 150 pm, and their Th/U ratios are >0.1, sug-
gesting a magmatic origin for these rocks. Their U and Th concentration
are listed in the Table S3. Zircon grains from an andesite sample (SG01)
from the same locality yielded two distinct concordant zircon age pop-
ulations: 18.4 + 0.7 Ma (MSWD = 1.2, n = 8) and 11.7 + 0.5 Ma
(MSWD = 1.4, n = 8) (Fig. 3i). A diorite (SGO5) from Ghizo yielded a
concordant 2°Pb/238U weighted mean age of 19.3 + 0.4 Ma (MSWD =
1.03, n =19) (Fig. 3j). The presence of multiple age populations in SG01
suggests either prolonged magmatic activity or incorporation of ante-
crystic zircons from earlier intrusive phases. Seven Monzodiorite from
Vangunu, NGG (SG668, SG676, SG682, SG686, SG688, SG694, SG695)
yielded concordant mean 2°°Pb/238U ages of 2.3 + 0.1 Ma (MSWD =
0.9,n=17),2.7 £ 0.1 Ma (MSWD = 1.0, n = 3), 2.3 + 0.1 Ma (MSWD
=0.8,n=13), 2.4 £ 0.1 Ma (MSWD = 1.2, n = 13), 2.4 + 0.1 Ma
(MSWD =1.0,n=17),2.4 + 0.1 Ma (MSWD =1.4,n=19),2.3 +0.1
Ma (MSWD = 0.8, n = 17) (Fig. 6k-q).

4.2. Zircon Hf isotopes

4.2.1. Santa Isabel

In situ hafnium isotopic analysis of zircon grains dated from Santa
Isabel was not feasible, as the grain sizes were smaller than the laser spot
diameter. Consequently, Hf isotopic data could not be obtained for the
dated zircons from Santa Isabel.

4.2.2. Choiseul

In situ hafnium isotopic compositions for zircon grains from the
Choiseul are summarized in Table S4. The detailed descriptions of the
analytical methods are presented in Appendix A. In situ hafnium isotopic
analysis of ~46 Ma zircon grains dated from Choiseul was not feasible,
as the grain sizes were smaller than the laser spot diameter. Conse-
quently, Hf isotopic data could not be obtained for the dated zircons
from Choiseul. Instead, detrital zircon grains from three sand samples
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were analyzed (Fig. S3) and plotted (Fig. 7a). The eHf(t) values for zir-
cons younger than 1 Ma range from +12.6 to +10.1; those corre-
sponding to the ~46 Ma population range from +15.1 to +9.6, and
Middle Miocene zircon exhibit eHf(t) values between +13.1 and + 11.8.
Zircons from six basaltic andesite samples (CH55, CH59, CH62, CH67,
CH68, CH69) of Choiseul’s youngest magmatism display a wide range
for the eHf(t) values, ranging between +15.2 and + 9.7.

4.2.3. NGG

The in situ hafnium isotopic data of ~35 Ma Ghizo granite (GCO03),
yielded eHf(t = 35 Ma) values ranging between +16.9 to +13.2, plotted
in Fig. 7a. Zircons from an andesite sample (SG01) display ¢Hf(t) values
between +13.1 to +11.1 and diorite (SGO5), between +13.4 to +11.4.
The seven Monzodiorite from Vangunu, NGG (SG668, SG676, SG682,
SG686, SG688, SG694, SG695) couldn’t be analyzed due to a high Yb/Hf
ratio. In situ hafnium isotopic compositions for zircon grains from the
NGG are summarized in Table S4.

4.3. Whole-rock major and trace elements

Whole-rock trace elements data from Santa Isabel, Choiseul, and
NGG are presented in Table S5.

Detailed descriptions of the geochemical methods used in this study
are presented in Appendix A. Forty-nine representative samples were
selected for whole-rock major element analysis, summarized in
Table S5. Samples from Santa Isabel exhibit relatively high loss on
ignition (LOI) values, ranging from 0.32 to 4.31 wt%, while those from
Choiseul show lower LOI values (0.41 to 2.74 wt%), except for sample
CH58, which shows an anomalously high LOI of 6.85 wt%, likely
reflecting secondary alteration or elevated volatile content. Samples
from NGG display LOI values (0.2 to 2.98 wt%), indicating variable
degrees of post-magmatic alteration and/or hydration. The ~46 Ma
samples of Santa Isabel and Choiseul show basic affinities on the TAS
diagram (Fig. 4a) with SiO, (49.05 to 51.52) wt% and total alkalis
ranging from 2.89 to 5.07 wt% for Santa Isabel and between 47.14 and
53.71 wt% and 2.46 to 6.44 wt% for Choiseul. These samples fall in the
low-K TH field on silica content versus K20 wt% diagram as illustrated in
Fig. 4b, with K20 contents ranging between 0.05 and 0.37 wt% in Santa
Isabel, and (0.08-1.60) wt% in Choiseul. Whereas, the basaltic andesite-
andesite samples from Choiseul have intermediate silica and total alkalis
content (55.66-58.48) and (5.85-6.18) (Fig. 4a) and plot in high-K CA
series (Fig. 4b) with K20 (2.20-2.25) wt%. The ~35 NGG samples are
most evolved with the highest silica content between 71.83 and 76.24
wt% and total alkalis (3.85-6.36) wt% with K;O (0.07-0.45) wt%,
showing low-K TH affinities, whereas the diorite, andesite and mon-
zodiorite samples display intermediate silica content with 53.70 to
62.27 wt% with total alkalis ranging between 5.28 and 6.74 wt%, and
has medium to high K0 (1.31 to 2.25) wt% akin to Choiseul basaltic-
andesite to andesites (Fig. 4a and b).

Chondrite-normalized rare earth element (REE) patterns and trace
elements normalized to normal mid-ocean ridge basalt (N-MORB) are
according to Sun and McDonough (1989) (Fig. 5). The ~46 Ma, samples
from Santa Isabel and Choiseul exhibit light REE depletion relative to
heavy REE, accompanied by a negative europium (Eu) anomaly in Santa
Isabel and slightly negative for Choiseul samples. In N-MORB-normal-
ized trace element diagrams, these samples display variable enrichment
in large ion lithophile elements (LILEs; e.g., Rb, Ba) and slight depletion
in high field strength elements (HFSEs), particularly Niobium (Nb) and
Tantalum (Ta) (Fig. 5a and b and Fig. S2). However, the <1 Ma samples
from Choiseul show enrichment of light REEs over heavy REEs, no sig-
nificant Eu anomaly, enrichment in LILEs, and pronounced depletions in
HFSEs (e.g., Nb, Ta, and Ti) in N-MORB-normalized multi-element di-
agrams (Fig. 5f). The ~35 Ma, NGG samples show a flat REEs pattern
with more pronounced negative Eu anomaly, except one sample, GCO8,
showing a positive Eu anomaly. All samples exhibit substantial enrich-
ment in LILEs (e.g., Rb, Ba) and notable depletion in Pb. HFSEs (e.g., Nb,
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Ta, Ti) are relatively depleted (Fig. 5c). On the contrary, the 19-2 Ma
samples from NGG show enrichment of light REEs over heavy REEs with
no significant Eu anomaly except SGO5, showing a negative Eu anomaly
and pronounced depletions in HFSEs (e.g., Nb, Ta, and Ti) in N-MORB-
normalized multi-element diagrams (Fig. 5d-e).

4.4. Whole-rock Sr-Nd-Hf isotopes

Whole-rock Sr-Nd-Hf isotopic data are listed in Table S6. To mini-
mize the effect of alteration, samples were first screened petrographi-
cally and those with the freshest mineralogy were prioritized for isotopic
analysis. In geochemical interpretations, emphasis was placed on
immobile trace elements (e.g., HFSEs, REEs), while mobile LILEs (Rb,
Ba, Sr) were treated with caution. A total of 21 samples, 12 from
Choiseul, 3 from SI, and 6 from NGG were selected for whole-rock Sr-Nd-
Hf isotopic analyses. The variation of Sr-Nd-Hf isotopes with SiO2 con-
tents is illustrated in Fig. 6. The ~46 Ma samples from Santa Isabel and

Choiseul exhibit a wide range of initial Sr isotopic ratios i.e. ®7sr/8%sr);
from 0.7030 to 0.7045 and from 0.7026 to 0.7048 (Fig. 6a), respec-
tively, when plotted against silica content. These samples display the
most depleted eNd(t) values from +8.5 to +8.8 and + 8.2 to +8.7
(Fig. 6b), while eHf(t) values range from +11.9 to +12.6 and + 10.4 to
+14.4, respectively. The <1 Ma samples from Choiseul exhibit a nar-
rower range of (87Sr/868r)i ratios from 0.7037 to 0.7043 and most
evolved eNd(t) values ranging from +6.2 to +5.8 (Fig. 6b) and eHf(t)
values between +11.3 to +10.4. The ~35 Ma granites from Ghizo show
a narrower (87Sr/86Sr)i ratios ranging from 0.7035 to 0.7042, eNd(t)
value of 7.7 and highly depleted eHf(t) values between +15.2 to +15.9
(Fig. 6¢). In contrast, the 19-2 Ma samples show (®7sr/8Sr); ratios
ranging from 0.7035 to 0.7037, eNd(t) value of +6.8 to +5.8 and eHf(t)
values between +13.5 to +11.5. The whole-rock ¢Hf(t) values are
plotted for comparison with zircon eHf(t) values from ~46 to <1 Ma
samples from Santa Isabel, Choiseul, and NGG, along with detrital zircon
eHf(t) values from Choiseul (Fig. 7a).
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5. Discussion
5.1. Crustal contamination and magma source

The (87Sr/86Sr)i, positive eNd(t) and eHf(t) values for Santa Isabel,
Choiseul and NGG with varying SiO; contents (Fig. 6a-c) suggest deri-
vation from a depleted mantle source and insignificant or negligible
crustal contamination during magma evolution. A similar conclusion
can be based on the zircon in situ positive eHf(t) values (Fig. 7a) for all
the studied samples from SIA, which also indicate a lack of crustal
contribution during magma ascent. We conclude that incompatible
elemental and isotopic ratios were unaffected during magma ascent, and
can therefore be used to determine the nature of the source region.

5.2. Petrogenesis

Our new zircon U—Pb ages, Hf isotopic compositions, integrated
with whole-rock elemental and isotopic data, enabled us to classify the
obtained ages as Stage 1, Stage 2 and Stage 3 of arc magmatism in SIA,
inferred from Santa Isabel, Choiseul, and NGG. Stage 1 arc magmatism,
dated at ~46 Ma, is characterized by basic, low-K TH) samples from
Santa Isabel and Choiseul, indicating early arc magmatism. Stage 2 arc
magmatism, dated at ~35 Ma, marked by highly silicic, low-K CA
granites from Ghizo (NGG), reflecting a more evolved magmatic phase.
Stage 3 arc magmatism spans from 19 Ma to <1 Ma and is represented by

intermediate rocks showing medium to high-K CA affinity from both
NGG and Choiseul. These stages are discussed in detail in the following
sections.

5.2.1. Stage 1 arc magmatism

The ~46 Ma samples from Santa Isabel and Choiseul represent
“Stage 1” arc magmatism in the SIA. These rocks are basic, low-K TH in
composition (Fig. 4a and b) and display N-MORB-like REE patterns
(depleted LREEs over HREEs), slight enrichment in LILEs, and depletion
in HFSEs like Nb and Ta in trace element pattern (Fig. 5a and b). Both
islands display depleted whole-rock Sr-Nd-Hf isotopic signatures that
are nearly identical, suggesting their derivation from a juvenile Pacific
MORB-like mantle source (Fig. 6) with no involvement of older conti-
nental crust, consistent with an intra-oceanic arc-backarc setting. The
Stage 1 samples fall within the Pacific mantle domain in eNd(t) vs eHf(t)
correlation diagram by Pearce et al. (2007), illustrated in Fig. 7b, sug-
gesting that the upper mantle characteristics at ~46 Ma were Pacific
MORB-like. The three amphibolite samples lie on the discrimination
line, which might be an indicator of seawater alteration.

5.2.2. Stage 2 arc magmatism

The ~34 Ma granites from Ghizo (NGG) have I-type affinity and
represent “Stage 2” arc magmatism in the SIA. Unlike the earlier Stage 1
magmatism, Stage 2 samples are more silicic and characterized by low-K
CA composition (Fig. 4a and b). They display nearly flat REE patterns
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with prominent enrichment in LILEs and depletion in HFSEs (Fig. 5c¢),
marking a clear elemental composition shift from Stage 1 to Stage 2.
Corresponding shifts in whole-rock Sr-Nd-Hf isotopic ratios (Fig. 6a-c)
and zircon eHf(t) values (Fig. 7a) further highlight a change in magma
source plausibly due to change in tectonic environment around ~35 Ma
or before it. The initial eNd(t) and eHf(t) values suggest that the Ghizo
granites were derived from an upper mantle source with isotopic char-
acteristics similar to the Indian mantle domain. The whole-rock
elemental (Fig. 5¢) and isotopic composition (Figs. 6 and 7) together
with zircon eHf(t) values (Fig. 7a) suggest a juvenile mantle source and
effectively rule out any significant interaction with continental
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fragments during magma genesis in this stage.

5.2.3. Stage 3 arc magmatism

The ~19 to 2 Ma rocks from NGG and < 1 Ma samples from Choiseul
mark the onset of “Stage 3” and a mature arc magmatism. These rocks
are intermediate in silica content and belong to the medium to high-K
CA series (Fig. 4a and b). They exhibit typical island arc-like REE pat-
terns, with pronounced LREE enrichment relative to HREE, variable
enrichment in LILEs, and pronounced subduction-related signatures
such as depletion in HFSEs i.e. Nb, Ta and Ti (Figs. 5d-f). The Hf and Nd
isotopic compositions of the Stage 3 samples from Choiseul and the NGG
fall within the Indian mantle domain and closely overlap with the OJP
basalts field, indicating their derivation from an Indian-type mantle
source influenced by the OJP upper mantle domain (Fig. 7b).

5.3. Tectonic evolution of the SIA

Understanding the spatial and temporal evolution of the SIA requires
insights into tectonic events predating the ~46 Ma Stage 1 arc-backarc
magmatism. Numerous tectonic reconstruction models for the SW Pa-
cific (Crawford et al., 2003; Schellart et al., 2006; Whattam et al., 2008;
Holm et al., 2016; Matthews et al., 2015; Van de Lagemaat and van
Hinsbergen, 2024) have addressed possible tectonic setting, timing for
previous subduction initiation, and interaction between the Pacific and
Australian plates. We attempt to assess the validity of earlier proposed
timings for SPR and OJP-SIA collision based on our newly acquired
U—Pb and geochemical-isotopic datasets.

5.3.1. Pre-Arc Basement formation (before 85 Ma)

Tectonic reconstruction models suggest that a southwest-directed
subduction of the Pacific plate existed in the southwest Pacific before
85 Ma (Van de Lagemaat and van Hinsbergen, 2024). The ophiolitic
crust from Guadalcanal is dated at 92 + 20 Ma by the K/Ar method
(Ridgway, 1987) and formed during the Cretaceous within a back-arc
basin, driven by the rollback of the Pacific slab along the continental
margin (Schellart et al., 2006). This interpretation is corroborated by
~96 Ma zircon population obtained from 26 to 24 Ma pluton on Gua-
dalcanal (Tapster et al., 2014). A major change in plate motion occurred
around 85 Ma, when the Pacific plate shifted ~700 km to the northwest.
This movement led to the termination of south-directed subduction ~85
Ma, and initiated a transform plate boundary between the Pacific and
Indo-Australian plates, marking a significant shift in regional tectonic
configuration (Van de Lagemaat and van Hinsbergen, 2024).
Subduction-related evidence in the Junction region (Fig. 1) is sparse
from 85 to 62 Ma.

5.3.2. First SPR (~62-46 Ma) associated with the Pacific-type mantle
domain

The onset of the first SPR is recorded in (~ 46 Ma) Stage 1 arc-
backarc magmatism (Fig. 8a). These samples are derived from a juve-
nile mantle source (Fig. 6a-c) with eNd(t) and eHf(t) isotopic charac-
teristics of a Pacific-type mantle domain (Fig. 7b). The tectonic setting
corresponds to the initiation of a northeast-directed subduction of the
Indo-Australian plate ~62 Ma, at known as the Pocklington trough
(Tapster et al., 2014). The NW-directed subduction initiated due to a
modest change in the absolute plate motion of the Pacific plate and
major changes in Australian plate motion ~65 Ma (Kroenke et al.,
2004). This timing is further supported by *°Ar—3°Ar ages from the
Santa Isabel ophiolitic assemblage yielding ~62 and 46 Ma, and displays
Pacific MORB-like Sr-Nd-Pb isotopic and chemical affinities (Tejada
etal., 1996). The magmatic hiatus from 62 to 50 Ma could have resulted
from slow and limited relative motion between the Pacific and the Indo-
Australian plates (Van de Lagemaat and van Hinsbergen, 2024). The
initial Nd isotopic ratios range from +7.9 to +8.8 for Choiseul schist and
Voza lava. The gabbro from San Jorge shows a value of +6.3 while the
Oaka microgabbro from Choiseul has a value of +8.2 (Berly, 2005).
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Fig. 7. (a) Zircon U—Pb ages vs zircon e¢Hf(t) as solid symbols and whole-rock zircon eHf(t) as colored fields, triangles show detrital zircon ¢Hf(t) values from
Choiseul. The data from the SIA predominantly indicate a juvenile source for SI, Choiseul and NGG islands with significant changes in magma source composition
from Stage 1-3. Stage 2 samples exhibit the highest radiogenic eHf(t) close to depleted mantle (DM). The depleted mantle array is after Chauvel and Blichert-Toft
(2001). (b) whole-rock eHf(t) vs eHf(t) showing change of mantle domain from ~46 Ma stage 1 low-K tholeiitic samples from Santa Isabel and Choiseul to ~35 Ma
low-K calc-alkaline silicic granites from Ghizo. Another change of mantle domain is marked by Stage 3 intermediate rocks with medium to high-K calc-alkaline
content from the Indian-type to the OJP-type mantle domains. The Indian and Pacific mid-ocean ridge basalts data compiled from Stracke et al. (2022). Solomon Sea
basalts are from Pearce et al. (2007) and eHf(t) versus eNd(t) discrimination line in from (Pearce et al., 1999).

Similarly, the Koloséru gabbros from Santa Isabel/San Jorge yielded eNd
(t = 60 Ma) values of +7.8 (Tejada et al., 1996). Our results, integrated
with existing literature data, suggest the possibility of synchronous
Stage 1 arc magmatism on both Santa Isabel and Choiseul, indicating a
regional magmatic response to the onset of the first SPR.

5.3.3. Second SPR (~35 Ma) associated with the Indian-type juvenile crust

The onset of the second SPR reversal is recorded in (~ 35 Ma) Stage 2
arc magmatism (Fig. 8b). These samples are derived from a juvenile
mantle source (Fig. 6a-c) with isotopic characteristics of an Indian-type
mantle domain (Fig. 7b) above a southwest-directed subduction of the
Pacific plate at NST (Fig. 8b). The spatio-temporal elemental (Fig. 5a-c),
isotopic shifts (Fig. 6a-c, 7a and 7b) is a clear indication of change in
tectonic setting as well as magma source composition from Stage 1 to 2
arc magmatism. The northeast-directed subduction terminated after an
Eocene interaction of a continental fragment (or possibly the Louisiade
Plateau) with SIA (Tapster et al., 2014) and a southwest-directed sub-
duction initiation or second SPR led to the formation of the ~35 Ma
basement of NGG. Arc magmatism associated with this subduction is
recorded between 38 and 35 Ma in Small Nggela, Florida groups (Neef
and McDougall, 1976); and possibly in Guadalcanal as well, as evi-
denced by zircon xenocryst population of 39-33 Ma and 26-24 Ma
plutons from Guadalcanal (Tapster et al., 2014). Additional evidence for
southwest-directed subduction comes from the timing of Solomon Sea
spreading ~33-28 Ma (Joshima et al., 1986) as a back-arc basin due to
Pacific-slab rollback (Schellart et al., 2006; Tapster et al., 2014). After
~45-40 Ma, the NE-directed subducting slab at Pocklington trough
broke off and a SW-directed subduction re-initiated. The NE-directed
slab break-off likely facilitated the upwelling of hotter asthenospheric
mantle, resulting in ~35 Ma emplacement of Stage 2 arc plutons in NGG
with an Indian-like mantle domain and magmatic activity recorded in
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other islands of SIA as discussed above. The highly silicic nature and
depleted isotopic signatures of these granites may indicate that mantle-
derived mafic magmas were possibly subsequently modified through
assimilation and fractional crystallization (AFC) within the crust, which
could account for their genesis. At the same time, the isotopic contrast
between an Indian-type mantle domain in Stage 2 magmatism from the
NGG and a Pacific-type mantle domain of the Solomon Sea basalts
(Fig. 7b) highlights a more complex mantle configuration beneath the
SIA.

5.3.4. Third SPR (~19 Ma) linked to Indian-type mantle and OJP-SIA
collision

Another shift in magma source characteristics is evident in Stage 2
magmatism. The 19 Ma Ghizo diorite, together with bimodal andesite
ages of 18 and 12 Ma from Stage 3 magmatism, marks the onset of
changes in geochemical and Indian-type isotopic composition and the
initiation of typical subduction-related arc magmatism in the Ghizo and
NGG. The southwest-directed subduction of the Pacific plate halted after
the initial contact of OJP at NST ~20 Ma (Fig. 8c) (Petterson et al., 1997;
Petterson et al., 1999; Hall, 2002; Schellart et al., 2006; Holm et al.,
2013). However, in the SW Pacific, Melanesian arc volcanism related to
Pacific Plate subduction at the Vitiaz Trench was terminated between
13.6 and 12.7 Ma in the western belt of Vanuatu (Taylor and Benyshek,
2024). This might suggest that the OJP arrival at Vitiaz or NST was not
uniform along the trench margin; instead, its edges appear to have
collided with the trench at different times and locations. The Pacific-like
isotopic signature of Malekula segment of the Vanuatu arc till ~20 Ma
(Haase et al., 2024a) also suggests the same. Before this study, there was
no evidence that the modern polarity arc volcanism began no earlier
than 8 Ma in the Solomon Islands (Petterson et al., 1999). However, our
data suggest that the third or most recent SPR likely initiated ~19 Ma, as
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Fig. 8. Paleogeographic construction of SIA, SW Pacific from ~62 to present modified from Tapster et al. (2014). Cross-sections along profile A-A’ are also

shown below.

inferred from the Ghizo diorite. A systematic decline in eHf(t = 35 Ma)
to eHf(t = 19 Ma) values from both zircon (Fig. 7a) and whole-rock
isotopic data indicates a shift in mantle source characteristics (Figs. 6
and 7), reflecting a change in magma source after ~35 Ma to 19 Ma and
remains the same until <1 Ma. The enrichment of LREE, LILEs and less
depleted isotopic values of eNd(t) and eHf(t) suggest a third SPR. The
Stage 3 magmatic samples plot close to and overlap with the OJP basalt
field by Tejada et al. (2002), suggesting that the OJP-type mantle ma-
terial started to spread beneath SIA more prominently after 19 Ma.
The ~2 Ma Vangunu monzodiorite and the <1 Ma Choiseul andesites
of Stage 3 magmatism plot within the Indian-type mantle domain and

close to the OJP-basalt field (Fig. 7b). We interpret that the arc mag-
matism was formed from an Indian-mantle wedge overprinted by an
OJP-type upper mantle domain. The “hard docking” of OJP at the NST
~4 Ma (Petterson et al., 1997, 1999) and extensive deformation of the
OJP basement and formation of the Malaita anticlinorium (Kroenke,
1972) or MAP ~4 Ma (Phinney et al., 2004) resulted in the inflow of the
OJP material i.e. OJP-type upper mantle domain beneath SIA. This
Indian-type mantle domain continued through a slab window within the
subducting Woodlark Ridge, resulting in hybrid mantle sources that
contributed to the observed geochemical diversity in late-stage arc
magmatism. We suggest the possibility of initiation of latest SPR in SIA
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initiated between no earlier than 19 Ma and no later than 12 Ma (Fig. 8).
This finding is also supported by supported by *°Ar/3°Ar ages of horn-
blende andesite dated at ~7.7-5.2 Ma from Gallego Volcanic field and
the Gold ridge volcanic, Guadalcanal (Tapster, 2013), marking the
oldest arc magmatism from the latest SPR.

5.4. Broader implications

The tectonic evolution of SIA is mainly controlled by two major
events: (1) Major and minor plate boundary reorganizations resulting in
polarity reversals of the subduction zone, in the SW Pacific and (2) intra-
oceanic arc collision with an oceanic plateau. The “Junction Region” has
experienced a complex tectonic history (Van de Lagemaat and van
Hinsbergen, 2024) with multiple subduction initiation, re-initiations,
polarity reversals, and interaction with continental fragments (Buys
et al., 2014; Tapster et al., 2014). Isotopic signatures suggest that a
mantle boundary separating Indian and Pacific-type mantle domains
existed in the SW Pacific as far back as the Late Permian (Nebel et al.,
2007). While the Pacific mantle domain is widely accepted as the pre-
vailing upper mantle beneath the eastern margin of the Australian plate
at least since the Eocene (Pearce et al., 2007; Todd et al., 2012), the
genesis and nature of the Indian mantle domain remain a subject of
ongoing debate. Machida et al. (2009) proposed the existence of a
geochemical boundary separating the Pacific and Indian type mantle
domains. This conceptual boundary was redefined by Qian et al. (2024),
who illustrated the Zealandia-Antarctica domain in SE Asia and SW
Pacific.

Our revised tectonic reconstruction indicates that arc—plateau colli-
sion can trigger a SPR, modify the mantle wedge, and result in mixing of
two distinct mantle domains potentially across the broader Junction
Region around SIA (Fig. 1). The earlier phase of NE-directed subduction
(~62-46 Ma) is reflected by Stage 1 arc magmatism in SIA with Pacific
mantle domain affinities on eNd(t) vs eHf(t) co-variation diagram,
indicating its dominance up to ~46 Ma beneath SIA. Similar Pacific
mantle domain affinities are observed in the early to Island arc tholeiites
of the Yavuna Group of Fiji and on “Eua” Tonga, persisting until ~44 Ma
(Todd et al., 2012; Marien et al., 2022) and beneath the Malekula
segment of the Vanuatu arc till ~20 Ma (Haase et al., 2024b). This
implies that the transition from Pacific to Indian-type mantle domain
was neither synchronous nor uniform, but instead varied in both
spatially and temporally across the region from Solomon Islands to
Vanuatu-Fiji-Tonga-Kermadec arcs as a result of continuous tectonic
evolution and complex plate reorganization in the SW Pacific since the
Cretaceous. This observation suggests that small-scale upper mantle
domain boundaries exist. Evidence of rapid mantle wedge replacement
driven by mantle corner flow and slab steeping associated with slab
rollback has been observed in New Hebrides (Haase et al., 2024a).
Likewise, the mantle domain boundary can migrate rapidly at smaller
scales. We believe our model provides valuable insights for the complete
replacement of one mantle domain by another and trapped mantle do-
mains. Future detailed investigations integrating age, geochemical, and
isotopic data will be essential for constraining the spatial evolution of
mantle domain boundaries and for elucidating the timescales involved
in the replacement of one mantle domain by another.

6. Conclusions

1. Our study identifies three distinct stages of arc magmatism in the
SIA, elucidating its spatio-temporal evolution.

2. Stage 1, dated ~46 Ma, is a basic, low-K TH series in Choiseul and
Santa Isabel, with N-MORB-like REE pattern and Pacific-like mantle
domain affinity associated with the first SPR.

3. Stage 2, at ~35 Ma, is highly silicic, low-K CA granites from Ghizo
(NGG), with a flat REE pattern and Indian-like mantle domain af-
finity reflecting second SPR.
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4. Stage 3, spanning medium to high-K CA magmatism between ~19 to
0.7 Ma in the NGG and Choiseul, marks the increasing involvement
of OJP-derived material in the Indian-type mantle wedge beneath
SIA, indicating the third and latest SPR in SIA.

5. Stages 1-3 indicate derivation from a juvenile mantle source, lacking
any crustal contamination, as reflected in zircon Hf isotopes and
whole-rock Sr-Nd-Hf data.

6. We constrain the formation age of the NGG basement to ~35 Ma.

7. The initial impingement of the OJP on the NST began around ~20
Ma, triggering a major tectonic reorganization, with the most recent
SPR occurring between ~19 and 12 Ma.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.1ithos.2025.108281.
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