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Abstract :

The development of ideas leading to a greater understanding of subduction initiation is limited by the
scarcity of present-day examples. Furthermore, the few examples identified so far unfortunately provide
few insights into the nature of magmatism at the inception of subduction. Here we report new
observations from the Matthew and Hunter (M&H) subduction zone, a very young subduction zone
located in the South-West Pacific. Tectonics of the area show it is younger than 2 Ma, making the M&H
the youngest known volcanically-active subduction system and hence providing unigue insights into the
earliest stages of subduction initiation. Volcanism in this area comprises an exceptionally diverse range
of contemporaneously erupting magma compositions which are spatially juxtaposed. Pb isotopic
compositions and abundance of LILE and REE strongly suggest melting of upwelling asthenospheric
mantle (Indian MORB) and subducted oceanic crust (Pacific MORB of the South Fiji Basin) and the
mixing of these two components. Volcanism occurs much closer to the trench compared to volcanism in
more mature subduction zones. We demonstrate that the M&H subduction zone is a modern example of
an immature subduction system at the stage of pre-arc, near-trench magmatism. It is not yet building an
arc but what we propose to call a Subduction Initiation Terrane (SITER). Today, the proto-forearc of the
M&H subduction zone is a collage of these SITERS, coeval back-arc domains and remnants of pre-
existing terranes including old Vitiaz Arc crust. The M&H area represents a modern analog of a Supra
Subduction Zone setting where potentially a majority of ophiolites have formed their crustal and
lithospheric components. Present-day magmatism in the M&H area therefore provides clues to
understanding unforeseen distribution of contrasted magmatic rock types in fossil forearcs, whether they
are at the front of mature subduction zones or in ophiolites.
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Highlights

» The youngest known (2 Ma) volcanically-active subduction system. » Exceptionally diverse range of
magma compositions coeval and spatially juxtaposed. P Mixing of an upwelling asthenospheric mantle

melt and a slab melt. » Modern example of an immature subduction system building its proto forearc.
» Modern analog of the environment where SSZ ophiolites lithosphere forms.
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1. Introduction

The development of a subduction zone begins with the initiation of plate convergence and/or
foundering of the subducted plate, followed by initiation of slab-dehydration processes and
convection within the mantle wedge. Subduction-related partial melting and volcanism ensue,
very close to the trench, producing new oceanic crust. We define this new crust as ‘proto-
forearc’ as it will eventually, as the arc matures, become the forearc of a mature subduction
system with well-defined large trench parallel volcanoes (the volcanic front). This initial stage
in the evolution of subduction zones is of short duration and modern analogues are therefore
scarce; most active subduction zones are considered to be at a mature stage, with steady-state
subduction having established active magmatism within a volcanic arc (Stern & Bloomer, 1992;
Stern, 2004; Gurnis et al., 2004; Ishizuka et al., 2011; Stern et al., 2012).

The composition of forearc crust is believed to differ from that of normal arc crust (Pearce et
al., 1992; Bloomer et al., 1994; Reagan et al, 2017). Notably, sampled lavas from modern
forearcs contain a highly diverse suite of spatially associated lavas, including boninites, island
arc tholeiites and back-arc basin basalts (BABB). Their co-location is thought to reflect rapid
temporal changes in the type of erupted magmas caused by mantle sources which become both
chemically depleted and progressively more metasomatized, rather than subsequently
juxtapositioned through tectonic processes (Pearce et al., 1984; Pearce et al., 1992; Bloomer et
al., 1994; Reagan et al., 2010; Whattam & Stern, 2011; Stern et al., 2012). In the case of the
Izu-Bonin-Mariana (IBM) forearc, BABB-like volcanics are believed to have been erupted in
the earliest stages of subduction initiation (Reagan et al., 2010). Compared to BABB erupting
in the current Izu-Mariana back-arc spreading centers the BABB-like lavas from the forearc
have lower Ti/V and Yb/V ratios and Reagan et al. (2010) called these lavas FAB (fore-arc
basalts) and considered them to be a distinctive lava type erupted during subduction initiation.
However, recent results from ocean drilling in rear-arc locations have recovered similar lavas
to FAB (Arculus et al., 2015) suggesting that the term FAB should be used with caution. Several
recently initiated subduction systems have been identified (e.g., Puysegur-Macquarie-Hjort,
Mussau Trench; Gurnis et al., 2004) and this has contributed to improving our understanding
of subduction initiation. However, none of these systems has reached the stage of significant
magmatic activity, except for Pleistocene adakitic andesites on the Solander Islands in the
Middle Miocene Puysegur subduction system (Sutherland et al., 2006; Mortimer et al., 2013).
In the absence of pertinent modern analogues, understanding early-stage subduction zone
volcanism is based on studies of forearc basements in the Izu Bonin Mariana (IBM) and Tonga
Arcs, and of obducted remnants of forearc basements in some supra-subduction zone ophiolites
(Bloomer et al., 1995; Shervais, 2001; Pearce, 2003; Whattam and Stern, 2011; Stern et al.,
2012; Jean and Shervais, 2017). Here we describe a rare, very young (2 Ma) subduction zone
where volcanic activity occurs very close to the trench and is characterized by an exceptionally
wide compositional range. This range in composition includes boninites, low-Ti island arc
tholeiites, BABB, adakite and a range of low to medium-K subduction related lavas. We
demonstrate that it is a modern example of an immature subduction system at the stage of pre-
arc, near-trench magmatism corresponding to the construction of a proto-forearc.

2. The Matthew and Hunter area: A recently discovered infant
subduction zone

The Matthew and Hunter subduction system (M&H) in the SW Pacific was recently proposed
as a recently initiated subduction (Patriat et al., 2015). In this area, the trench and the arc present
an abrupt change in direction from NW-SE to E-W. Historically, this region was considered the
southern termination of the New Hebrides subduction zone and not an independent, newly



initiated subduction system. Tectonics of the M&H area have been interpreted as corresponding
to a Subduction-Transform Edge Propagator (STEP) fault at the end of the New Hebrides
subduction (Monzier et al., 1984; Govers & Wortel, 2005; Lister et al., 2012). However, GPS
data show that the Matthew and Hunter Islands are moving south at a speed of 4.8 cm/y relative
to north-directed subduction of the South Fiji Basin, a part of the Australian Plate (Fig. 1;
Calmant et al., 2003).
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Figure 1: A) Simplified present-day geodynamic map of the New Hebrides and Matthew-Hunter subduction
systems (modern trenches shown in black). Inferred location of the New Hebrides subduction and its termination
as a STEP fault before 2 Ma shown in light grey. Inset map shows the regional bathymetry. B) Schematic evolution
of the North Fiji Basin when the system shifted from a STEP fault to subduction initiation at 2 Ma (after Patriat et
al., 2015). LR, Loyalty Ridge; NC, New Caledonia. Green box: area of figure 2.

Combined with new data collected during three voyages of the RV Southern Surveyor (2004-
2009) and with detailed analysis of seismicity, the GPS kinematic evidence led to reinterpreting
the tectonic setting (Patriat et al., 2015). Miocene SW rotation of the New Hebrides arc-trench
system was slowed by a collision of its southern end with the Loyalty Ridge. This kinematic
change induced deformation of the upper plate (North Fiji Basin) and initiated a new and
independent N-S subduction system east of the collision (Monzier et al., 1984, Patriat et al.,
2015). Thus, the area formerly dominated by a Miocene STEP fault is now a distinct new WSW-
ENE subduction system related to northward subduction (Fig. 1).

The geomorphology of the M&H region (Fig. 2) reflects this tectonic setting. The Hunter Ridge
runs parallel to a trench up to 7300 m deep located 80 km to the south. The ridge is characterized
by shallow bathymetry and an alignment of volcanoes and elevated blocks. Satellite bathymetry
of the largely unsurveyed area between the ridge and trench indicates an average depth of ~4000
m. This area is cut by NNW-SSE grabens reaching 5800 m in depth (Fig. 2). The N-S Eissen
Spreading Center propagates southward from the North Fiji Basin into the Hunter Ridge
(Maillet et al., 1989; Patriat et al., 2015). At the transition between the Hunter Ridge and the
Eissen Spreading Center is the Monzier Rift, a WSW-ENE flat valley intruded by small



volcanic elevations and separated from its shoulders by steep fault scarps. The rift hosts small
seamounts and volcanic ridges arranged en-echelon along the axis of the rift and elongated in a
NNE direction. A linear and continuous E-W sinistral strike slip fault connects the southwestern
tip of the Monzier Rift to Hunter Island. The Monzier Rift is interpreted as a graben opening

synchronously with the Eissen Spreading Centre in an area of sinistral transtension (Fig. 2).
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Figure 2: Morphology of the Hunter Ridge (multibeam and satellite bathymetry). Black lines are 1000m isobaths
based on satellite bathymetry. Inset shows structural interpretation after Patriat et al. (2015). Although most of the
area between the Hunter Ridge and the trench is interpreted as being younger than 2 Ma, only the area in grey
(inset) can be demonstrated to be of such a young age, see text.

The chronology of the tectonic elements that make up the M&H subduction system must
postdate initiation of Pleistocene deformation in the supra-subduction plate and the switch from
wrenching along a STEP fault to N-S convergence between the Hunter Ridge and the South Fiji
Basin at ca. 2 Ma. This is consistent with interpretation of magnetic anomalies which shows
that opening of the Eissen Spreading Ridge began 1.8 Ma ago (Patriat et al., 2015). The Monzier
rift is of the same age (Fig. 2) but opened within elevated blocks probably inherited from the
~10 Ma Vitiaz Arc (Danyushevsky et al., 2006; Patriat et al., 2015). While unmapped, the area
between the Hunter Ridge and the trench also has a probable Pleistocene or younger age, based
on its thin pelagic sediment cover (two-way travel times <0.15 sec) and the biostratigraphy of
lithified sediments dredged with basement samples (Puschin, 1990). By inference, the M&H
subduction zone is also younger than 2 Ma (Patriat et al., 2015). This is supported indirectly by
the size of the slab and by the timing of collision between the Vanuatu Arc and the Loyalty
Ridge (Maillet et al., 1989; Monzier et al., 1993). Finally, the geomorphology of the dredge site
locations (see Supplementary Information) constrains the age of lavas sampled within the
Monzier Rift and along the Eissen Spreading Centre as < 2 Ma, as they cannot be older than
the age of the crust (< 2 Ma) in these locations. The M&H is thus the youngest known

volcanically-active subduction system.



3. Geochemistry of M&H lavas

3.1.  Sampling

This study is based on results from 5 voyages to the southern termination of the Vanuatu
Trench-North Fiji Basin-Hunter Ridge area between 1990-2009. These voyages include cruise
17 of the RV Akademik Alexander Nesmeyanov in 1990 (Pushchin 1990; Sigurdsson et al.,
1993), the 1994 ‘ProFeTi’ cruise of the RV Alis (Fleutelot et al., 2005; Durance et al., 2012)
and three voyages of the RV Southern Surveyor in 2004, 2006 and 2009 (Patriat et al., 2015).
In Tables S1 and S2 we present representative geochemical data for the RV Southern
Surveyor and RV Akademik Nesmeyanov voyages respectively. Sampling was conducted by
rock dredging except for the sampling of the Eissen Spreading Center, which was done by
wax coring techniques (Supplementary Information figure S1).

Analytical techniques are detailed in Supplementary Information.
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Figure 3: Morphological map (multibeam and satellite bathymetry) showing the locations of dredges from which
representative samples are presented in this paper (Supplementary Information, Tables S1 and S2). Each dredge
station in figure 3 is given a color-coded symbol to highlight the nature of the most significant or representative
magma type recovered (see legend). Note that in a few cases dredge stations recovered more than one magma type.
However, for clarity and to demonstrate the overall spatial range of magma types recovered in the study area, each
dredge station has a single magma type displayed (e.g. SS08 D33 in addition to low-K, SSZ lavas also recovered
adakite; SS10_D15 also recovered Med-K SSZ lavas. As discussed in the text, this diversity reflects mixing
processes occurring during subduction initiation). See Supplementary Information figure S1, for a more complete
map, with the location of all dredges used in this study.

In the following figures, we distinguish data obtained from the Southern Surveyor voyages and
those of the Nesmeyanov voyage. This is because the level of accuracy and the confidence on
the position of dredge operations were not comparable. Sampling during the Southern Surveyor
voyages was undertaken with such good multibeam bathymetry that it was clearly possible to
identify scarps cutting the old Hunter Ridge basement versus young volcanic features
associated with the Eissen Spreading Center and the Monzier Rift. The majority of Nesmeyanov



dredges however occurred in deeper waters on the landward trench slope, and their position
was decided using only single line bathymetric profiles (Pushchin 1990). Thus it is not certain
whether young or old crustal components were sampled. Notably, although the majority of the
low-Ti arc tholeiites and boninites sampled by the Nesmeyanov are identical to those sampled
on well-located scarps on the Hunter Ridge and are mostly likely old Hunter Ridge basement,
in the absence of rock age it is not possible to be absolutely confident that some of these lavas
are not contemporaneous with current volcanism in the Monzier Rift and Eissen Spreading
Center.

3.2. Results

3.2.1. Exceptionally diverse range of lava compositions

Dredging and wax-coring of the Monzier Rift (MR) and Eissen Spreading Center (ESC) by the
Australian National Marine Facility’s RV Southern Surveyor (voyages SS10/04, SS08/06 and
SS03/09) recovered an exceptionally diverse range of lava compositions (Fig. 3). The
compositional diversity of these lavas is illustrated in figure 4. Low-K compositions from the
ESC and MR have V-Ti contents, and Ti/V and Zr/Sm values which overlap with those in low-
K forearc basalt (FAB) suites inferred to have formed during the initial stages of subduction in
the Izu-Bonin-Mariana (IBM) subduction system (~50-52 Ma, Ishizuka et al., 2006; 2011;
Reagan et al., 2010; 2013). Boninites are a prominent component in the Hunter Ridge although
their ages are poorly constrained: high-Ca boninites were dredged from high blocks of the
Hunter Ridge which could be relics of the dismembered 10 Ma Vitiaz Arc (Danyushevsky et
al., 2006; Patriat et al., 2015) while more depleted boninites collected closer to the trench
(Sigurdsson et al., 1993) may be younger. The boninites have the lowest Ti, Ti/VV and high
Zr/Sm.
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Figure 4: Chemical variations in M&H lavas (Table S1 and S2), compared to composition of forearc basalts (FAB)
from the 1zu-Bonin-Mariana subduction system (Mariana FAB — Reagan et al., 2010; U1438 — Hickey-Vargas et
al., 2018, Ishizuka et al., 2018) and recent lavas erupted in rifts on the Southern Mariana Trench slope (SEMFR —
Ribeiro et al., 2013a). A) V vs Ti (with lines of constant Ti/V marked 10, 20 and 50 (Shervais, 1982)) and B)
Zr/Sm vs Ti. Classification as low- and med-K after Peccerillo and Taylor (1976). Note that some of the overlap
in composition could be due to fractionation and accumulation of phenocryst phases. The average MgO content
for Low-K SSZ lavas from the Monzier Rift is 9.6 wt% MgO and BABB from the Eissen Spreading Center is 7.0
wt% MgO, comparing favorably with averages for FAB from the IBM (6.92 wt% MgO, Reagan et al., 2010) and
IODP site U1438 (8.58 wt% MgO, Ishizuka et al., 2018). This suggests that the effects of fractionation and
accumulation of phenocryst phases will not be a significant factor in the relative positions of different lava suites



in figure 4. Although correction to a constant MgO content (e,g, TiO2 contents at MgO of 8 wt%, Ti8) would be
more accurate, such calculations can potentially introduce errors (e.g. Kelemen et al., 2003).

Boninites recovered by R/V Nesmeyanov (Sigurdsson et al., 1993) are divided into groups 1 or 2 (see text for
explanations). Boninite Group 2 samples are characterized by relatively high Zr/Sm (>45).

The M&H subduction system also produced adakites. Adakites are a subduction-related
magmatic rock suite that has chemical features atypical of volcanic arcs but consistent with
melting of subducted oceanic crust. They are classified mainly on the basis of trace element
abundances and ratios, showing notably enrichment in Sr, Na, and Eu but depletion in Y and
the HREE (see Danyushevsky et al., 2008 for detailed discussion and references concerning
adakites and their definition and classification). In the M&H area both low and high-silica
adakites are present. Compared to other magma types present in the M&H area, adakites have
low Ti contents (Fig. 4) combined with high La/Yb values (Fig. 5b).

A more detailed petrological study of the large range of volcanic rocks recovered from this
area will be presented elsewhere. However, physical and geological evidence indicates that
these diverse lavas are <2 Ma old, broadly coeval and spatially juxtaposed (Fig. 3). The
purpose here is to highlight these associations. In particular, three remarkable juxtapositions
of rock types are found, BABB and Adakite, BABB and Boninite 1 and low-K SSZ lavas and
boninite 2.
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Figure 5: A) A%"Pb vs A*%®Pb of H&M lavas (Table S1) compared to South Fiji Basin oceanic crust (Gill, 1987;
Pearce et al., 2007) and North Fiji Basin spreading centers (Fleutelot et al., 2005; Pearce et al., 2007). A*’Pb and
A?%®PD are deviations from the ‘Northern Hemispheric Reference Line’ (Hart, 1984). A A?®Ph = 20 distinguishes
Pacific and Indian MORB mantle sources (Hanan et al., 2004). The linear variation in A%’Pb-A?%Pb suggests
mixing between an Indian MORB mantle component, represented by the Eissen Spreading Center BABB, and a
Pacific MORB mantle component, represented by the adakites from the Monzier Rift.

B) Chondrite-normalized rare earth element (REE) patterns of Monzier Rift lavas. In general, REE patterns and
REE abundances are consistent with mixing between adakite and BABB lavas (see figure 5a) if phenocryst
accumulation (MgO 5-20 wt%) is taken into account. The plotted data include whole rocks and glasses (Table S1).
Chondritic REE abundances from Taylor and Gorton (1977). C) Ba/Th vs La/Yb values for young M&H lavas,
symbols as in figure 5a. The observed patterns suggest mixing of a depleted asthenospheric mantle component
derived from the Eissen Spreading Center and subduction components from the subducting South Fiji Basin crust.

3.2.2. The close association of BABB and Adakite

In two locations within the Monzier Rift, a tectonic graben <2 Ma old (Patriat et al., 2015),
we discovered a very close spatial association (<4km) of depleted BABB and adakite lavas
from young volcanic cones.



The first location occurs at the western end of the propagating Monzier Rift, where SS03/09
D74A sampled depleted Babb and SS03/09 D71 sampled adakite (Fig. 4). Both dredges
D74A and D71 sampled small volcanic cones within the active rift and recovered very fresh
glassy volcanics consistent with a very young age and contemporaneous eruption
(Supplementary Information figure S2). Adakite composition D71-9 (Table S1) has very low
TiO2 (0.39 wt%) and is picritic in composition (15.13 wt% MgO) reflecting accumulation of
abundant olivine and clinopyroxene phenocrysts and is highly vesicular indicating a
significant volatile content degassing on eruption (Supplementary Information figure S4a). In
contrast BABB composition D74A-3 has MORB like TiO> (1.34 wt%) and is basaltic in
composition (9.50 wt% MgO) reflecting small amounts of olivine phenocrysts (+ minor
plagioclase) and is non-vesicular indicating very low volatile content on eruption
(Supplementary Information figure S3). As can be seen from figure 6a, samples D71-9 and
D74A-3 have strongly contrasting abundances of trace elements reflecting very different
source origins and petrogenetic processes. Sample D74A-3 shows no evidence of a
subduction component and has a trace element abundance pattern identical with a depleted
asthenospheric MORB-like melt, whereas sample D71-9 has a strong subduction component
with very high enrichments in LILE, LREE and depletion in HFSE and HREE. It also has a
very high Sr/Y value of 80 due to high Sr contents (800 ppm) and low Y (10 ppm), a
characteristic of adakite magmas.
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Figure 6: Primitive mantle normalized trace element abundance patterns (Table S1). Primitive mantle
normalizing values from Sun and McDonough (1989). Wr: whole rock, gl: glass. A) Adakite SS03/09 D71-9 and
BABB SS03/09 D74A-3. Note that for sample D74A-3 U was not plotted due to minor seafloor alteration. B)
Adakite SS10/04 D22-2 and BABB SS010/04 D21-1a. (Table S1).

The second location occurs in the center of the main part of the Monzier Rift where dredge
SS10/04 D21 recovered fresh basaltic pillow lavas and ~10 km away dredge SS10/04 D22
sampled highly phyric (oliv opx cpx plag amph) andesitic compositions from a young
volcanic cone ~600m high (Fig. 3). Again the freshness of the samples is consistent with a
very young age and contemporaneous eruption within the Monzier Rift. The analyzed glass
from D21 (SS10/04 D21-1a, Table S1) has MORB-like TiO> (1.32 wt%) and is basaltic in
composition (7.63 wt% MgO). The analyzed dredge D22 adakite whole rock composition
(SS10/04 D22-2, Table S1) has very low TiO> (0.41 wt%) at a similar MgO content (7.37
wt%). Like BABB from dredge D74A and adakite from dredge D71, both BABB from dredge
D21 and adakite from dredge D22 have strongly contrasting trace element abundance
patterns. However in this case the BABB composition shows a significant contribution of a
subduction-related component. This can be seen from elevated abundances of LILE in glass
D21-1a relative to the pattern of sample D74A-3 (Fig. 6b). Both the BABB compositions
have Pb isotopic compositions falling in the range of wax-coring samples from the Eissen
Spreading Center indicating an Indian MORB-like mantle derivation, whereas the adakite
compositions have Pb isotope compositions overlapping the range of basalts from the South



Fiji Basin crust (see figure 5a). This result strongly suggests that we have contemporaneous
melting of upwelling asthenospheric mantle (Indian MORB) and subducted oceanic crust
(Pacific MORB of the South Fiji Basin). We believe the mixing of these two components may
explain the range of compositions seen in the other SSZ lavas as suggested by their
intermediate location in the 3 diagrams of figure 4. A detailed examination of this hypothesis
and implications will be presented elsewhere.

3.2.3. The close association of BABB and boninite 1

As previously mentioned, the Nesmeyanov voyage sampled deeper areas of the landward
slope of the trench (Supplementary Information figure S1). Several of these dredges sampled
material from deep graben-like structures on the landward slope. In particular dredges D116
and D117 are of interest as they are only 2km apart and sampled BABB (D117) and boninites
(D116). As seen in figure 7a the two BABB glass types identified by Sigurdsson et al. (1993)
match the compositions of BABB erupted at the Eissen Spreading Center (BABB 1, Fig. 7a)
and within the Monzier rift (BABB 2, Fig. 7a). This result strongly suggests that BABB
magmas are currently erupting at relatively deeper water depths (4640m) on the landward
trench forming new oceanic crust. Dredge D116, in contrast, recovered boninites at slightly
deeper water depths (5200m) very close (2 km) to the location of dredge D117. As can be
seen on figure 8a the dredge D116 boninites are very similar to boninites recovered from
scarps of the tectonically dismembered Hunter Ridge. The significance of this result is
difficult to resolve in the absence of age dating and detailed bathymetric mapping. Two
possibilities include dredge D116 sampled contemporaneous boninite magmatism associated
with BABB and subduction initiation or dredge D116 has sampled Hunter Ridge boninitic
basement
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Figure 7: Primitive mantle normalized trace element abundance patterns. Primitive mantle normalizing values
from Sun and McDonough (1989). A) BABB 1 and BABB 2 recovered by the Nesmeyanov at dredge D117
(Table S2) compared to the range of representative BABB glasses from the Eissen Spreading Center (Table S1)
and depleted BABB of dredge D74A-3 from the Monzier Rift. B) Low-K SSZ lavas recovered by the
Nesmeyanov from the landward trench slope within the study area compared with the average low-K SSZ lava
recovered from the SEMFR (Ribeiro et al., 2013b).
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3.2.4. The close association of low-K SSZ lavas and boninite 2

To the west of dredges D116 and D117, the Nesmayenov voyage recovered a distinctive suite
of low-K SSZ lavas at dredges D84, 86, 78 and 79 at water depths between 3030-4965m (Fig.
7b and Supplementary Information figure S1, Table S1 and S2). Boninites were also
recovered together with these low-K SSZ lavas at dredges D77 and D78. The location of these
dredges coincides with a rift-like structure cutting the older crust (which forms local
topographic highs and ridges). The low-K SSZ lavas consist of rhyolites at dredges D84 and
D87 and basaltic andesites and andesites at dredges D78 and D79. As can be seen in Table
S2, the low-K SSZ lavas have glass major element chemistry identical to Pliocene aged (2.7-
3.8Ma) lavas recovered from the Southern Mariana landward trench slope (Ribeiro et al.,
2013a, b) and recently erupted lavas near the Challenger Deep at 5.5-6km depth (Stern et al.,
2014). These lavas from the Southern Mariana area erupt in rifts (Southeastern Mariana Rifts
—-SEMFR, Ribeiro et al., 2013b) and form new oceanic crust very close to the trench. The
lavas are BABB-like in their TiO- contents but are unlike most BABB and MORB lavas in
having relatively high SiO,, and Na2O contents and a strong subduction derived slab
component (Fig. 7b; Ribeiro et al., 2013a, b). Although we do not as yet have age dating for
these lavas — the similarities between the SEMFR lavas geochemistry and tectonic setting and
the Nesmeyanov low-K lavas strongly suggests the possibility of active to recent volcanism.
The boninites were recovered along with the low-K SSZ lavas and also at dredges D76, 77
and D80 (Supplementary Information figure S1, Table S2). The majority of the boninites are
similar to those recovered from well-located scarps on the Hunter Ridge (boninite 1) and
could either represent old basement material or in view of their close association with the
low-K SSZ lavas, relatively recent magmatism associated with subduction initiation. Of
interest is the recovery in the deepest dredge D76 (6240m) and also dredges D77 and D80 of
a distinct boninite lava not previously sampled from well-located scarps on the old Hunter
Ridge basement (boninite 2, Fig. 8b). These boninite lavas are distinctive due to their
relatively high Zr/Sm values compared to boninites recovered from the Hunter Ridge (Fig.
3b). As can be seen on figure 8b, the enrichment in Zr, as well as Hf, produces a distinctive
positive Zr-Hf anomaly relative to REE in the normalized abundance patterns. Such Zr and Hf
enriched boninites are also present in the IBM system starting c. 2 Ma after subduction
initiation (Pearce et al. 1992; Reagan et al., 2017). Future work — especially age dating — is
required in order to fully understand the geodynamic significance of these boninites.



4. Discussion

4.1 A unique magmatic setting?

Until the M&H area was recognized as a distinct subduction zone accommodating N-S
convergence (Patriat et al., 2015), the trench south of the Hunter Ridge was interpreted as a
transform boundary (the Hunter Fracture Zone; Monzier et al., 1984; Maillet et al., 1989) at
the southern termination of the New Hebrides Subduction Zone. The large diversity in lava
compositions sampled in this area, particularly the presence of boninites, was then attributed to
the peculiar regional geodynamic context, most often summarized as the intersection of a
spreading ridge and a volcanic arc (Crawford et al., 1989; Monzier et al., 1993; Sigurdsson et
al., 1993; Deschamps and Lallemand, 2003). This tectonic setting was suggested to be capable
of producing at least two types of melts: one resulting from adiabatic decompression of MORB-
like mantle and the other resulting from melting of the metasomatized mantle wedge. Intrusion
of a MORB mantle diapir into a metasomatized supra-subduction zone mantle would also
provide an explanation for the high temperatures required to cause melting in the subducting
slab and high melting rates of the mantle. In other models, a toroidal flow of hot asthenospheric
mantle into the metasomatized mantle wedge at the southern end of the New Hebrides
subduction zone is invoked (Durance et al., 2012). Lallemand (2016) suggests that a mantle
plume could explain the improbable intersection of a spreading ridge with a volcanic arc and
provide an additional source of heat to produce significant amounts of boninitic magma.

The northern termination of the Tonga Trench and the southern termination of the Mariana
Trench are also two subduction edge areas whose tectonic setting and the large variety of
volcanic rocks resemble the M&H area. As a matter of fact, the North Lau Basin have boninites
and one reported adakite composition (Falloon et al., 2008), and the South Mariana has
subduction related low-K lavas but no calc-alkaline lavas and no adakites (Ribeiro et al.,
2013b). However, these two areas do not produce primitive calc-alkaline magmas or an intimate
temporal/spatial association of depleted asthenospheric MORB-like magmas and primitive
adakites. Only in the M&H area do we see these two distinct components, an asthenospheric
derived MORB-like decompression melt and a slab melt, and their mixing products, including
adakites.

4.2 Is near-trench magmatism of the Matthew and Hunter area a feature of
subduction initiation?

As shown above, the M&H Subduction System has some unusual features. Although its exact
location is unclear, the M&H volcanic axis (i.e. the Matthew, Hunter, Vauban and other
volcanic centers of the Hunter Ridge) is <100 km from the subduction trench, among the
shortest arc-volcano-to-trench distance globally (Syracuse and Abers (2006, also see
Supplementary Information figure S4). Another subduction system where volcanism also
occurred close to the trench is the Bonin-Ogasawara Ridge, part of the 1zu-Bonin forearc that
has been recognized, on the basis of age, geochemistry and melting processes, as being formed
during subduction infancy (Ishizuka et al., 2006).

The great diversity in primitive lava compositions, including adakites (Figs. 4 & 5), associated
with this particular geodynamic setting is proposed herein as a characteristic feature of
subduction initiation. These proposed features are consistent with both tectonic and petrological
data from the Hunter Ridge and other similar settings (e.g., Southern New Zealand; Reay &
Parkinson, 1997; Sutherland et al., 2006; Kadavu, Fiji, Danyushevsky et al., 2008; Bonin
forearc, Li et al., 2013).

One final argument in support of M&H being a young subduction zone is the available age
information for the area between the Hunter Ridge and the inner slope of the E-W-directed



trench. Maturation of a subduction zone to the point of stable magmatism and establishment of
an extensive volcanic arc involves development of mantle convection and dehydration
processes in the subducted lithosphere, and this takes several millions years (Mitchell et al.,
1992; Ishizuka et al., 2011; 2018). This length of time was not available in the case of M&H
which thus cannot be a mature arc.

In summary, the M&H subduction zone is an immature system which has only evolved to a
first stage of subduction related magmatism. The geochemical, geodynamic, chronological and
geomorphological features of the area are consistent with those of an infant subduction zone
showing pre-arc near-trench magmatism.

4.3 How is the future forearc constructed?

In a mature subduction, a forearc corresponds to the area between the trench and the magmatic
arc and represents the leading edge of the supra-subduction plate. Although forearcs may be
complex, often with multiple episodes of volcanism (Shervais, 2001; Meffre et al., 2012), most
forearc lavas are among the earliest products in any given subduction zone (Mitchell et al.,
1992; Ishizuka et al., 2006, 2011, 2018; Reagan et al., 2017). This suggests that the forearc
basement is predominantly built during subduction infancy by near-trench magmatism (Reagan
etal., 2010; Ishizuka et al., 2011; Reagan et al., 2017).

The M&H area is a modern analog of this specific stage of the building of the future forearc. It
is characterized today by a juxtaposition of several contrasted domains, such as the high-
standing blocks in the Hunter Ridge, the Eissen Spreading Center and the Monzier Rift. These
contrasted domains have different origins. The high-standing blocks in the Hunter Ridge
probably represent dismembered remnants of the 10 Ma old Vitiaz Arc, while the Eissen
Spreading Center and Monzier Rift opened since 2 Ma, synchronously with the subduction
initiation.

To distinguish settings directly related to the subduction initiation, we propose the term
Subduction Initiation Terrane (SITER). SITERs, besides being of an age corresponding to the
early history of one subduction zone, should be distinguished by the very diverse compositional
range of their magmas, reflecting the presence of two components, an asthenospheric derived
MORB-like decompression melt and a slab melt, and their mixing products, including adakites.
Based on these proposed characteristics, the Monzier Rift is clearly a SITER, whereas the
Eissen Spreading Center, although formed synchronously with the subduction initiation, is not
a SITER as, based on our current sampling of magma products, this domain has erupted only
BABB-like compositions.

Finally, today, the proto-forearc of the M&H subduction zone is a collage of SITERs, coeval
domains of back-arc type oceanic crust and remnants of pre-existing terranes including old
Vitiaz Arc crust. As the subduction matures, we speculate that the proto-forearc will likely see
the progressive addition of small amounts of arc tholeiites and calc-alkaline rocks before being
fossilized as the volcanism will definitely back away from the trench and stabilize under the
future arc.

This juxtaposition of SITERs with other contrasted terranes is a direct consequence of the
subduction initiation. We interpret it as a very generic feature that should characterize most
forearcs, regardless of their present location, in situ at the front of mature subduction zones, or
in SSZ ophiolites.



5. Conclusion

As the 2 Ma old M&H subduction zone corresponds to the youngest known volcanically-active
subduction system, it provides much needed insights into the nature of magmatism at the
initiation of a subduction zone.

Lavas from the M&H area show an exceptionally diverse range of compositions. They suggest
melting of upwelling asthenospheric mantle (Indian MORB) and subducted oceanic crust
(Pacific MORB of the South Fiji Basin) and the mixing of these two components.

From its geochemical, geodynamic, chronological and geomorphological features we
demonstrate the M&H subduction zone is an infant subduction system which has evolved to
the first stage of magmatism. This early stage corresponds to pre-arc, near-trench magmatism
building what we call Subduction Initiation Terranes (SITERS) in the proto-forearc of an
immature subduction zone. As a consequence of the tectonic setting of subduction initiation,
such SITERs are characterized by a very diverse compositional range of their magmas,
reflecting the presence of two components, an asthenospheric derived MORB-like
decompression melt and a slab melt, and their mixing products, including adakites.

Such SITERs, together with coeval back-arc domains and remnants of old Vitiaz Arc crust,
make up the current proto-forearc of the M&H subduction zone. We speculate that, as the
subduction zone matures, the magmatism will move away from the trench, eventually leaving
the near trench area stranded. From then on, the proto-forearc will remain practically
unmodified. Therefore, the future forearc of the subduction zone, once mature, will be a
juxtaposition of SITERs with domains of back-arc type oceanic crust and remnants of pre-
existing terranes including old Vitiaz Arc crust. We interpret this, the SITER and its
juxtaposition with contrasted terranes, as a very generic setting that should characterize most
forearcs, regardless of their present location, in situ at the front of mature subduction zones, or
in SSZ ophiolites.

Is the M&H a pertinent modern analog of subduction initiation and immature forearc
formation? Having formed from the collision of an ancient STEP fault with the Loyalty Ridge
at the location of a spreading ridge (Fig. 1; see also Wortel et al., 2009; Patriat et al., 2015;
Maillet et al., 1989), the M&H may be considered too complex and specific. However, analog
and numerical modeling demonstrates that it is difficult to initiate subduction from simpler
settings (Gurnis et al., 2004; Stern & Gerya, 2018), suggesting that the geodynamic and
petrological complexity observed at the M&H may indeed be a prerequisite for the development
of a mature modern oceanic subduction system.

Finally, the M&H area constitutes the only known modern analog of the Supra Subduction Zone
environment at the initiation of a subduction zone. Therefore, knowledge from the M&H area
brings valuable insights into the genesis of ophiolites, a majority of which have been considered
to have inherited their lithosphere from such a setting.
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