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Subduction initiation is fundamental to plate tectonics. Early basaltic magmatism

early basaltic magmatism at subduction initiation  preceding boninitic magmatism is key to understanding the onset and mechanism

Near fractional melting
under "moist" conditions

of subduction initiation. However, the mantle processes during the early basaltic
magmatism remain poorly understood due to the scarcity of corresponding residual
peridotites. To find the residual peridotites from the early stage of subduction initia-
tion, we compiled spinel data and examined peridotites from the Izu-Bonin-Mariana
and Tonga forearc regions that contain some of the lowest spinel Cr/Al ratios. These
samples present small amounts of pargasitic amphibole and light rare earth elements
depleted patterns in their clinopyroxenes and amphiboles. These features differ from

depleted forearc peridotites associated with boninitic magma, abyssal peridotites, and backarc peridotites, but resemble Iherzo-
lites from the Oman ophiolite. Melting models can reproduce the compositions of clinopyroxene and the corresponding early
basalts for each region. We suggest that the studied forearc peridotite samples are residues after early basaltic magma extractions,
which potentially involved a common process of near fractional melting under moist conditions.
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¥ Introduction

Subduction initiation is a crucial process for the onset of plate
tectonics and arises from a complex interplay between internal
and external plate forces, plate structure, and physicochemical
properties of the mantle (Stern and Gerya, 2018; Maunder
et al., 2020). Izu-Bonin-Mariana (IBM) and Tonga forearc
regions in the western Pacific are the “modern” analogues
(Fig. S-1), where tectonic configurations have been con-
strained by the studies on magmatic rocks and geophysical
observation. Subduction initiation occurred around 50 Ma in
both regions (Crameri et al.,, 2020). In the IBM region, the
Pacific Plate started to subduct beneath the Proto-Philippine
Sea Plate along a pre-existing fracture zone (Ishizuka et al.,
2011). Following the onset of subduction initiation, the slab
sinking induced a counter asthenospheric mantle flow, which
drove seafloor spreading and generated an early mid-ocean
ridge basalt (MORB)-like basalt, known as forearc basalt
(FAB) (Reagan et al., 2010). As the slab descended further, it
released fluids that triggered melting of the residual mantle
via slab-derived fluid influx, which in turn resulted in boninitic
magmatism (Ishizuka ef al, 2020). In the Tonga region,
subduction initiation occurred when the Pacific plate started
to subduct beneath the Australian plate (Crameri et al.,
2020). This was triggered by the collision of the Papuan
peninsula with the trench of the New Caledonia subduction
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zone (Meffre et al., 2012). The basalt in the Tonga region, inter-
preted as a product of subduction initiation, is known as early
arc tholeiite (EAT) (Todd et al, 2012). The early basaltic
magmatism, which can provide the earliest record of subduc-
tion initiation, is the key to understanding subduction initia-
tion mechanism.

Forearc peridotites are expected to record the magmatic
evolution associated with the subduction initiation (e.g., Birner
et al., 2017). Recovered forearc peridotites are mostly depleted,
associated with boninitic magmatism, characterised by high
spinel Cr# [= Cr/(Cr+ Al)] (>~0.6; Fig. 1) (e.g, Loocke and
Snow, 2024). Rarely, forearc peridotites with low spinel Cr#
experienced reaction with early basaltic melts have been
reported (Morishita et al., 2011; Birner et al., 2017). However,
the residual forearc peridotites that retain the information of
early basaltic magma extraction have not yet been identified.
This is most likely because the signatures of the early basaltic
magmatism were overprinted by subsequent melt-rock reaction,
boninitic magmatism, and later geological processes. Such
residual peridotites are the crucial piece for constraining the
mantle processes corresponding to the early stage of subduction
initiation. We systematically examined spinel data from forearc
peridotites to evaluate their compositional variation and re-
investigated forearc peridotite samples with among the lowest
spinel Cr# from the IBM and Tonga regions.
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Figure 1 Spinel Cr# [= Cr/(Cr + Al)] vs. Mg# = [Mg/(Mg + Fe)] plot.

The areas represent the 90 % density contours for spinels from

abyssal and forearc peridotites, respectively. Abyssal spinel data

are from Warren (2016). References for spinel data from the

IBM and Tonga forearc peridotites are listed in the
Supplementary Information.

Abyssal peridotites

! Results

Morishita et al. (2011) and Birner et al. (2017) identified perido-
tites with low spinel Cr# that record reactions with early basalts
(~0.5 for IBM and 0.3 for Tonga, respectively). Because melt-rock
reactions generally increase spinel Cr# (Pearce et al, 2000),
residual peridotites that experienced only partial melting and
basaltic melt extraction are expected to have lower spinel Cr#.
Such samples (Cr# < 0.4) account only for ~4 % of forearc spinel
data but do occur (Fig. 1). Based on the Cr# thresholds (~0.5 for
IBM and 0.3 for Tonga), we investigated five samples with low
spinel Cr# (four from IBM and one from Tonga) (Figs. S-2, S-3).
The samples from the IBM region were collected from Conical
seamount during ODP Leg 125 (Ishii ef al., 1992). IBM harzbur-
gite sample (ODP125-778A-003R-CC-4-7) has spinel Cr#
(0.38 £0.03, average + 20) at the low end of the forearc peridotite

field (Fig. 1). The other three samples show spinel Cr# (average
0.45, 0.52, and 0.57), which are more similar to the Cr# threshold
for IBM (~0.5) (Morishita et al., 2011). For the Tonga region, we
were able to investigate a lherzolite sample (BMRGO08-111-3-6)
with the lowest spinel Cr# (0.19 +0.03; Fig. 1) well below the
threshold (0.3) for Tonga (Birner et al., 2017). This sample was
collected during the 1996 Boomerang Leg 8 cruise from the
northern part of the Tonga forearc.

Rare earth elements (REEs) in clinopyroxenes from the
lowest Cr# spinel-bearing IBM harzburgite and the Tonga lher-
zolite are characterised by light REE (LREE) depleted patterns
with relatively high heavy REE (HREE) contents (Fig. 2). In
the IBM harzburgite, LREE contents in clinopyroxenes are lower
than detection limits, 7.e. LREE depleted. The LREE depleted
patterns of clinopyroxenes from these samples contrast with
those from depleted forearc peridotites, which display high
LREE/HREE ratios and low HREE contents (Day and Brown,
2021; Loocke and Snow, 2024). Clinopyroxenes from the IBM
harzburgite show comparable REE contents to those from the
LREE depleted residual abyssal peridotites formed after exten-
sive partial melting and melt extraction. Clinopyroxenes from
the Tonga lherzolite show similar REE patterns to those from
general abyssal peridotites (Warren, 2016). Clinopyroxenes
from the IBM samples with slightly higher spinel Cr# (>0.45)
show lower HREE contents with detectable contents of LREE,
which share the characteristics of depleted forearc peridotites.

Pargasitic amphiboles (<0.1 vol. %), are observed in the
IBM harzburgite and the Tonga lherzolite with the lowest Cr#,
where they are surrounded by orthopyroxene and/or adjacent
to clinopyroxene (Fig. 3a,b). Amphiboles are often found in fore-
arc and backarc peridotites (Morishita et al., 2011; Akizawa et al.,
2021) but are rare in abyssal peridotites (Cipriani et al., 2009).
Amphiboles also occur in basal lherzolites with low spinel Cr#
(~0.2) of the supra-subduction zone Oman ophiolite (Prigent
et al., 2018). Pargasitic amphiboles show relatively high TiO,
(IBM, 0.45 wt. %; Tonga, 0.75 wt. %) and low K,O contents
(<~0.1 wt. %) (Fig. 3c), which resemble those from abyssal peri-
dotites and from Oman basal lherzolites. Amphiboles from

(a) IBM Clinopyroxene

0.100

0.0101

Clinopyroxene / Chondrite

0.001

(b) Tonga Clinopyroxene

———

Lla Cle Fl’r Nld Slm Elu G:d le Dly Hlo Elr Tlm Ylb Llu
Legends (a and b)
IBM harzburgite
‘® ODP125-778A-003R-CC-4-7 (Cr# = 0.38)
‘® ODP125-779A-26R-02-47-50 (Cr# = 0.45)
(> Data from Ishii et al. (1992)
Tonga lherzolite (8MRG08-111-3-6) (Cr# = 0.19)
Literatures
IBM
== |BM* (Ichiyama et al., 2021)
Tonga peridotite

La Ce Pr NdSmEu Gd Tb Dy Ho Er Tm Yb Lu

‘@ ODP125-780C-10R-01-11-13 (Cr# = 0.52)
@ ODP125-780D-005X-01-0-4 (Cr# = 0.57)
& Detection limit

= Fertile residual abyssal peridotite
««« Depleted residual abyssal peridotite

Figure2 Chondrite normalised REE patterns of clinopyroxene from (a) the IBM forearc peridotites and (b) the Tonga forearc peridotites. Cr#
indicates the value of the coexisting spinel. References for clinopyroxene data of IBM peridotites, Tonga peridotites, and fertile and depleted

abyssal peridotites are listed in the SI.
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Figure3 Back scatter electron images of (a) the IBM harzburgite (ODP125-778A-003R-CC-4-7) and (b) the Tonga lherzolite (BMRG08-111-3-
6). Ol, olivine; Opx, orthopyroxene; Cpx, clinopyroxene; and Prg, pargasite. (c) TiO,-K,0O discrimination plot and (d) chondrite normalised REE
patterns for amphibole from the IBM harzburgite and the Tonga Iherzolite, compared with data from forearc, ultra-depleted, backarc, and
abyssal peridotites, as well as Oman basal Iherzolites. Areas for mid-ocean ridge basalt (MORB), backarc basin basalt (BABB), forearc basalt
and early arc tholeiite (FAB-EAT), and boninite are shown in (c). References for amphibole data are provided in the SI.

backarc and depleted forearc peridotites show distinct composi-
tions: backarc amphiboles display variable and higher TiO, and
K70 contents, whereas amphiboles from depleted peridotites
are characterised by low TiO, and high K,O contents.

Pargasitic amphiboles in the Tonga lherzolite show LREE
depleted patterns similar to those of the coexisting clinopyrox-
enes, and to amphiboles from Oman basal lherzolites
(Fig. 3d). We could not analyse trace element compositions of
pargasite in the IBM harzburgite due to its small grain size.
Notably, amphiboles and clinopyroxenes from one IBM sample
exhibit LREE contents below detection limits (Figs. 2a, 3d;
Ichiyama et al., 2021). Such LREE depleted patterns differ from
those of backarc peridotites (Gong et al., 2022), abyssal perido-
tites (Cipriani et al., 2009), depleted peridotites in relation to
boninitic magmas (Nishio ef al., 2023), and IBM dunites formed
by reaction with FAB (Morishita et al., 2011).

Sample information, analytical methods, and mineral
major and trace element compositions are provided in the SI
and SI Tables.
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I Discussion

IBM harzburgite ODP125-778A-003R-CC-4-7 and Tonga
lherzolite BMRGO08-111-3-6 are characterised by clinopyroxenes
with LREE depleted patterns and relatively high HREE contents,
and low spinel Cr# (Figs. 1, 2). These characteristics align them
with residual abyssal peridotites that experienced partial melting
and basaltic melt extraction without significant melt-rock reac-
tion (Warren, 2016). Clinopyroxenes from the IBM samples with
slightly high spinel Cr# (0.45, 0.52, and 0.57) show lower HREE
and detectable LREE contents. Reactions with melts or fluids
generally increase LREE contents in residues (Birner ef al,
2017). In our compiled forearc spinel data set (1 =287), 4 % of
forearc peridotites exhibit low spinel Cr# (<0.4) and one IBM
peridotite exhibits LREE depleted clinopyroxene patterns
(Ichiyama et al., 2021). The rare forearc peridotite samples with
low spinel Cr# and LREE depleted clinopyroxene patterns re-
present potential mantle residues that preserve a record of partial
melting during early basaltic magmatism of subduction initia-
tion, without significant overprinting by melt-rock reactions.
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Although the number of available samples is very limited and
sampling bias cannot be ruled out, these samples nevertheless
provide crucial direct evidence for early basaltic magmatism.

We therefore examined the samples (IBM, ODP125-
778A-003R-CC-4-7; Tonga, BMRGO08-111-3-6) to investigate
melting processes and their link to early basaltic magmatism
using an open system melting model (Ozawa, 2001). We con-
ducted influx-free melting models using a depleted MORB man-
tle (DMM) source or a depleted DMM (DDMM) source
(Workman and Hart, 2005). We varied two key parameters:
the critical melt fraction (a.: 0-2 %) at which melt starts to seg-
regate, and the degree of melting (F:0-25 %), with melting ini-
tiated in the garnet peridotite stability field (Fg : 0~10 %) prior to
the spinel peridotite stability fields. We compared the modelled
clinopyroxene compositions (1 =~20,000) with those of the
studied samples corrected for subsolidus exchange, respectively
(Figs. 4 and S-4-S-7). The modelled accumulated melt compo-
sitions were compared with FAB from the IBM region (Ishizuka
etal., 2011; Shervais et al., 2019) and EAT from the Tonga region
(Todd et al., 2012), respectively.

Details of model set up, subsolidus correction, best fit
model estimation, and model results are provided in the SL

Our models show that REE contents in clinopyroxene
decrease with increasing F. At a given F, increasing a, suppresses
LREE depletion, whereas increasing F, suppresses HREE
depletion in clinopyroxene of spinel peridotite (Fig. S-5). At
given F (>10 %), accumulated melt shows similar REE patterns
regardless of a. and Fg (Fig. 5-6). The modal Ce contents in
accumulated melts are 2.98 ppm for models derived from the
DDMM source and 3.86 ppm for those derived from the
DMM source (Fig. S-7), reflecting slightly lower LREE contents
in melts from the DDMM source.

Best fit models based on reduced chi square successfully
reproduce the REE patterns of both clinopyroxene and basalt
in each region (Figs. 4, S-8). For the IBM samples, the best fits
correspond to F=16.8 +2.1% (20) with a.=0.4+0.6 % and
Fgy =2.9 £ 3.8 %. For the Tonga samples, the best fits corre-
spond to F=7.4+0.1% with a.=1% and Fgy =4 %. Among
IBM best fit models, 50.9 % adopt the DDMM source and
40.9 % the DMM source, whereas all Tonga best fit models
are derived from the DMM source. Very low a, (< 1 %) indicates
that the melting conditions recorded in the studied forearc peri-
dotites are near fractional melting, which is similar to the melting
conditions beneath mid-ocean ridges (e.g., Warren, 2016).

Given the similarity between the studied forearc perido-
tites and abyssal peridotites, there is a possibility that the studied
samples might be remnants of abyssal peridotites that did not
experience melting during subduction initiation. However, the
studied samples contain minor amounts of pargasitic amphibole
(Fig. 3) that are a common mineral phase in the forearc perido-
tites but not in the abyssal peridotites (Cipriani et al., 2009;
Morishita et al., 2011). High TiO, and low K;O contents in
amphiboles from the studied samples support an origin related
to early basalts (FAB and EAT) or MORB (Fig. 3c). LREE depleted
patterns in amphiboles and clinopyroxenes from our studied
samples and the IBM sample reported by Ichiyama et al.
(2021) further contrast with those of amphiboles from abyssal
peridotites, backarc peridotites, and ultra-depleted peridotites
in relation to boninitic magmatism (Fig. 3d). Such LREE depleted
clinopyroxenes and amphiboles have been reported from Oman
basal lherzolites, where depleted harzburgites associated with
boninites also occur (Prigent et al., 2018). We therefore interpret
the studied forearc peridotites as residues formed by partial
melting and melt extraction during early basaltic magmatism
at subduction initiation.

(a and b) IBM Best fit models
F=0.168 +0.021, F, =0.029 +0.038
a_ =0.004, Source = DDMM, B < 0.0001

(c, d, e) Tonga Best fit models
F=0.074£0.001, F  =0.04
a, =0.01, Source = DMM, B < 0.01

10.0’65}@9900@60@ 1030 - 2 006
o (@) FAB | | (c) EAT
10 10 - JPTY-V-F-y-0:03
00
0.14 0140 ~
(b) Cpx T (d) Cpx
LaCe PrNdSmEUGATb DyHo ErTmYbLu T T T T T LA e
0. 50000000
Sample  Model o
O Basalt = 2:8:88?1 OQ
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LaCe PrNdSmEUGATbDyHo ErTmYbLu

Figure4 Chondrite normalised REE patterns: (a,b) IBM and (c-e) Tonga, showing (a,c) modelled accumulated melt compared with FAB and
EAT, (b,d) modelled clinopyroxene compared with subsolidus-corrected clinopyroxene in IBM harzburgite ODP125-778A-003R-CC-4-7 and
Tonga lherzolite BMRGO08-111-3-6, and (e) modelled amphibole compared with amphiboles in the Tonga lherzolite. Sample symbols re-
present average values with =2 standard deviations. All models are calculated at fixed melting degree (F), critical melt fraction (a.), and
source based on the best fit models (Fig. S-8), indicated at the top of each column, with colour denoting influx rate (8).
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We further performed slab derived fluid (Li et al., 20153;
Shervais et al., 2019) influx open system melting models to evalu-
ate the effect of fluid infiltration and amphibole formation
(Figs. 4 and S-9-S-11). Model settings are based on the best
fit conditions constrained above, with the influx rate (8) varied
from 0 to 1 and include amphibole crystallisation from a small
fraction of trapped melt (0.1 %). At the best fit F (IBM, 16.8 %;
Tonga, 7.4 %), increasing f suppresses LREE depletion in clino-
pyroxene (Fig. 4b,d), and amphibole shows similar REE behav-
iour (Fig. 4e). The effect of fluid infiltration on the accumulated
melt is comparatively minor (Fig. 4a,c).

To reproduce the REE patterns of the studied clinopyrox-
ene, S was required to be <0.0001 for the IBM samples to match
LREE contents below detection limits, and <0.01 for the Tonga
samples (Fig. 4b,d). These models simultaneously reproduced
REE patterns of FAB and EAT, respectively (Fig. 4a,c), and cap-
ture the LREE depleted patterns of the Tonga amphibole
(Fig. 4e). The very low a, (<1 %) and S (<0.01), with the small
trapped melt fraction (~0.1%) also agree with the minor
amounts of amphibole in the samples. Amphiboles in the stud-
ied samples may have formed during the early basaltic magmatic
stage, through a combination of reactions with infiltrating fluids
(Prigentet al., 2018) at very low §, and crystallisation from a small
fraction of trapped melts. Although the source of the fluid
remains uncertain, our results imply that the melting conditions
were not dry. “Moist” conditions have been proposed for the
FAB formation based on their depleted REE patterns with
slightly higher H,O/Ce ratios compared to MORB (Brounce et al.,
2021), and lower TiO; contents at similar MgO contents relative
to MORB (MacLeod et al., 2013). Our findings from mantle peri-
dotite samples are consistent with those of FAB studies.

Our best fit models showed that the Tonga samples can be
reproduced by models with the DMM, whereas the IBM samples
can be reproduced by models using either the DMM or the
DDMM (Figs. 4, S-8). Accumulated melts in the IBM best fit
models are slightly more LREE enriched when derived from
the DMM compared to the DDMM, as reflected in the modal
Ce contents (Fig. S-7). Studies on FAB have also suggested a
source depleted by ~0.5-2 % relative to the DMM (Umino ef al.,
2018; Yogodzinski et al., 2018; Shervais et al., 2019). This degree
of prior depletion is consistent with the difference between the
DMM and DDMM sources (Workman and Hart, 2005).
Therefore, a source more depleted than the DMM, such as the
DDMM may be more consistent with the IBM samples. The
compiled forearc spinel data set shows that Cr# above 0.8 occur
in the IBM, but not in the Tonga (Fig. 1), in agreement with
the higher best fit F in the IBM (16.8 %) compared to the
Tonga (7.4 %). Although further study is necessary, our model
results and spinel Cr# systematics indicate potential regional
variability, in agreement with studies of early basalts (Arculus
etal., 2019), which potentially reflect differences such as the sub-
duction initiation style and source mantle composition.

! Conclusions

We examined the least depleted harzburgites from the IBM fore-
arc and a lherzolite from the Tonga forearc among the rare ~4 %
population among forearc peridotites. They show low spinel Cr#,
and LREE depleted patterns in clinopyroxenes and amphiboles.
These characteristics differ from the typical depleted forearc peri-
dotites after boninitic magma extraction. Our open system melt-
ing models reproduced the REE contents of the studied
clinopyroxenes and early basalts, and amphiboles of each region.
We identified the IBM and Tonga peridotites as residual perido-
tites after the extraction of early basaltic magma during subduc-
tion initiation. The LREE depleted patterns of clinopyroxenes

€)EAC

and amphiboles suggest that the IBM and Tonga peridotites
may have formed through near fractional melting under moist
conditions. These forearc peridotites are very rare, but essential
to understand the controlling factors of subduction initiation
such as source mantle compositions and style of subduction ini-
tiation style.

I Data Availability

All data and Supplementary Information are available in online.
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Samples and Analytical Methods
The samples are four harzburgites (ODP125-778 A-003R-CC-4-7, ODP125-779A-26R-02-47-50, ODP125-

780C-10R-01-11-13, ODP125-780D-005X-01-0-4) from Conical seamount in the IBM forearc (Fig. S-1),
which were collected during ODP Leg 125 Site 778A, 779A, 780C, and 780D (Fig. S-2) (Ishii et al., 1992;
Parkinson et al., 1992; Parkinson and Pearce, 1998) and a lherzolite sample (BMRGO08-111-3-6) from the
northern part of the Tonga forearc, which was collected during the 1996 Boomerang Leg 8 cruise (Bloomer
et al., 1996; Wright et al., 2000; Birner et al., 2016, 2017). We use samples previously studied by Ishii et al.
(1992) (IBM) and Birner et al. (2017) (Tonga). IBM harzburgite ODP125-778 A-003R-CC-4-7 and Tonga
lherzolite BMRGO08-111-3-6 contain minor amounts of clinopyroxene (IBM: ~2 vol.%; Tonga: 9 vol.%).
Plagioclase and garnet are absent in the samples, and the IBM samples are serpentinised.
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Figure S-1 A map of the western Pacific. Arrows in the IBM and Tonga represent the sample locations.

Figure S-2 Photomicrographs of IBM harzburgite and Tonga lherzolite samples. (a and b) The harzburgite sample
(ODP125-778 A-003R-CC-4—7) from the Conical Seamount IBM forearc region. (¢ and d) The lherzolite sample
(BMRGO08-111-3-6) from the Northern Tonga forearc region. The red colour bar indicates 2 millimetres. (b) and (d)
were taken under cross-polarized light.
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Figure S-3 Mineral modes of the IBM harzburgite (ODP125-778A-003R-CC-4-7) and Tonga lherzolite
(BMRG08-111-3-6). Comparison of mineral modes among the studied samples, residual abyssal peridotites (Warren,
2016), and depleted forearc peridotites (Parkinson and Pearce, 1998; Birner et al., 2017; Loocke and Snow, 2024).

Major element compositions of minerals in peridotite samples were obtained using the JEOL JXA-
8900R electron microprobe at the Atmosphere and Ocean Research Institute, University of Tokyo. Analytical
conditions were set at an accelerating voltage of 15 kV, 12 nA probe current, and a 3 um beam spot for the
analyses. Natural and synthetic mineral standards were used for calibration, and ZAF correction was used for
data reduction. In-house mineral standards (olivine, chromian spinel, diopside, and enstatite) were measured
to monitor data quality (Akizawa et al., 2021). We determined Fe** content in spinel using the method that
initially treats Fe as Fe?" and assumes any cation excess as Fe*" beyond the three cations per four oxygens.
Elemental distribution mapping of the thin section was performed using an accelerating voltage of 15 kV, a
probe current of 80 nA, a focused probe with a 20 pm diameter, a step size of 30 um, and a dwell time of
100 ms. Modal mineral abundances were determined using a supervised machine learning method
implemented in XMapTools (Lanari et al., 2014; Lanari and Tedeschi, 2025). To obtain representative mineral
modes, we performed six repeated classifications, although potential bias introduced during thin section
preparation could not be eliminated (Fig. S-3).

Trace element compositions of silicates were determined by a laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS) (New Wave Research UP-213 laser system and Agilent 7850 ICP-
MS) at Kanazawa University. A laser beam diameter of 100 pm was used for orthopyroxene, amphibole, and
olivine, and either 100 pm or 55 pm was used for clinopyroxene, depending on the size, with a repetition rate
of 6 or 10 Hz and an energy density of 8 J/cm?. The NIST 612 standard was used as the primary calibration
standard and was analysed at the beginning of each batch (n < 8) with a linear drift correction applied within
each analytical session. Standard glass NIST 612 was used for calibration with ?°Si as an internal standard,
based on the Si content obtained by electron microprobe analysis (Longerich ef al., 1996; Pearce et al., 1997,

Jochum et al., 2011). Details of analytical procedures and quality checks were provided in Sagawa et al.
(2022) and Tamura et al. (2022).
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Reconstructing Primary REE Contents in Clinopyroxene
The mineral compositions of peridotites commonly reflect subsolidus re-equilibration rather than

compositions at solidus conditions (Witt-Eickschen and O'Neill, 2005; Liang et al., 2013; Liang et al., 2021;
Lin et al., 2023). We corrected the REE concentrations in clinopyroxene at a given temperature using modal
abundances and partition coefficients (Eq. S-1). We did not consider contributions from olivine because of
their very low concentrations and partition coefficients:

measured measured measured
w¢ + w X D
X opx cpx/opx
Ccorrected _ x (Mmeasured (Eq S_]_)
cpx corrected corrected corrected cpx
w, + w X D

cpx opx cpx/opx

CEpxTected is the concentration of element i (REE) in clinopyroxene corrected for subsolidus re-equilibration

at a given temperature. a)g‘,fcasured and w{,’;,exasured are analysed modal abundances of clinopyroxene and

measured
cpx/opx
corrected

sample temperature. C/€2sured is the analysed concentration of element i in clinopyroxene. w and
cpx y cpx

orthopyroxene. D is the exchange coefficient between clinopyroxene and orthopyroxene at the

corrected ;

corrected
cpxjopx 18 the exchange

Wpx are corrected modal abundances of clinopyroxene and orthopyroxene. D

coefficient between clinopyroxene and orthopyroxene at a given temperature.

We estimated the exchange partition coefficient at a given temperature using the semi-empirical model
(Witt-Eickschen and O'Neill, 2005) and the lattice-strain model (Sun and Liang, 2012; Yao et al., 2012; Liang
et al., 2013; Sun and Liang, 2013). In the semi-empirical model of Witt-Eickschen and O'Neill (2005), the
exchange partition coefficient for REE is described by a nonlinear regression equation:

cpx
a;+axN + a3z Crgpy]
= ay+ Na P (Eq.S-2),

Topx (1.5GPa)

InD

cpx/opx

where: a, to a; are the regression coefficients. Nyb™ is the number of atoms of Na in clinopyroxene per
formula unit of six oxygen. €7y, is the molar Cr/(Cr +Al) in spinel. Typx (1.56pq) 18 the temperature estimated
by Ca-in-orthopyroxene geothermometer at 1.5 GPa (Brey and Kohler, 1990). We used average values for
each region: IBM harzburgite (Nyb" = 0.0156, Crgp = 0.378) and Tonga lherzolite (NyP¥ =0.0345, Crspr =
0.195). The Ca in orthopyroxene geothermometer often records lower temperatures than REE in two pyroxene
for exhumed peridotite bodies that have experienced slow cooling, because Ca has a lower closure temperature
than REE (Dygert and Liang, 2015). Applying the Ca in orthopyroxene geothermometer to our forearc
peridotite samples would likely overestimate the extent of REE subsolidus exchange. Therefore, we used
temperatures calculated from the REE-in two pyroxene geothermometer at 1.5 GPa (Liang ef al., 2013). The
estimated temperatures were 919 £+ 3 °C (1o) for the IBM harzburgite (ODP125-778 A-003R-CC-4-7) and
931°C + 31 for the Tonga lherzolite (BMRGO08-111-3-6).

For the lattice-strain model, we obtained partition coefficients using an Excel macro (Sun and Liang,
2012; Yao et al., 2012; Liang et al., 2013; Sun and Liang, 2013) following Lin et al. (2023). We used the
average major compositions of clinopyroxene and orthopyroxene for each sample and used TiO2 contents of
primitive basalts (0.63 wt.% for FAB and 1.27 wt.% for EAT) with MgO > 7.5 wt.% (Ishizuka et al., 2011;
Todd et al., 2012; Shervais et al., 2019) and an H>O content of 0.85 wt.% in FAB (Brounce ef al., 2021) to
calculate the partition coefficient.
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Using the exchange coefficients obtained by two different models, we corrected REE concentrations
in clinopyroxene to temperature of 1000-1100 °C. At subsolidus temperatures, clinopyroxene can exsolve
from orthopyroxene (Poldervaart and Hess, 1951; Arai, 1984). We recalculated the mineral modes at 1000—
1100 °C, assuming that 5% of the orthopyroxene exsolved to clinopyroxene during the subsolidus conditions
(Akizawa et al., 2016). For a semi-empirical model, Pr, Tb, and Tm contents were interpolated from adjacent
elements on the chondrite-normalized REE pattern. To account for uncertainty, we repeated the calculations
by combining multiple parameters. We considered two sets of exchange coefficients (D) and three temperature
estimates from the REE two pyroxene thermometer (mean, mean - 1o, and mean + 1c), mineral modes, and
REE analyses (IBM: 7 modes, 3 analyses; Tonga 6 modes, 3 analyses). All combinations were used to correct
the data over 1000-1100 °C with 10 °C increments, resulting in 3528 corrected datasets for the IBM
harzburgite and 2268 for the Tonga lherzolite sample. We then calculated the mean and standard deviations
to obtain the representative data to compare with the modelled clinopyroxene (Fig. S-4). Average
compositions of FAB from the Ogasawara area in the IBM region (Ishizuka et al., 2011; Shervais et al., 2019)
and EAT from the Tonga region (Todd et al., 2012) were calculated using samples with MgO contents greater
than 7.5 wt.%, respectively (Fig. S-4).
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Figure S-4 Chondrite normalised REE patterns of early basalts and subsolidus-corrected clinopyroxene from the
studied samples (IBM harzburgite: ODP125-778 A-003R-CC-4-7, Tonga lherzolite: BMRGO08-111-3-6). (a) the IBM
region and (b) the Tonga region. Symbols represent average values, and error bars indicate £2 standard deviations.

Influx-Free Open System Melting Models

We conducted a one dimensional, steady state open system melting model (Ozawa and Shimizu, 1995; Ozawa,
2001), where the full set of governing equations is described. The open system melting model encompasses
batch melting, fractional melting, critical melting, melt—rock reactions, and fluid/melt flux melting, and thus
it allows us to evaluate melt segregation and interaction with fluxed melt or fluids.

We conducted a suite of influx-free open system melting models to simulate REE compositions in
accumulated melt and residual clinopyroxene. We used a depleted-MORB mantle (DMM) source or a depleted
DMM (DDMM) source (Workman and Hart, 2005) (Table S-1). Melting mineral modes in the garnet
peridotite stability field were from Walter (1998), and those in the spinel peridotite stability field were from
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Kinzler and Grove (1992). Mineral modes from garnet peridotite to spinel peridotite were converted using the
stoichiometry from Takazawa et al. (1996). We used mineral-melt partition coefficients from Kelemen et al.
(2004), Warren (2016) and Sun and Liang (2014) (Table S-2). We first conducted influx-free open-system
melting models to examine the link between our sample and early basalts (Table S-2), and we varied two key
parameters (Table S-3): the critical melt fraction (a.: 0-2%) at which melt starts to segregate, and the degree
of melting (F: 0 up to 25% or until the residual clinopyroxene is exhausted). We varied the melting degree at
the garnet peridotite stability field (Fy,, = 0-10%) prior to melting at the spinel peridotite stability field. We
set y =1 for the melt separation rate during melting and a large 7 value (= 10,000) for melt separation during
trapped melt crystallisation, effectively neglecting the change of melt separation rate during melting and the
stage of trapped melt crystallisation. We calculated the REE contents of clinopyroxene and the accumulated
total melt at every 0.1% melting increment, resulting in over 20000 modelled clinopyroxene and melt
compositions (Fig. S-5 and Fig. S-6).

Table S-1 Concentrations (ppm) of REE and mineral modes of starting material (DMM and DDMM sources) and

melting modes for garnet peridotite stability field and spinel peridotite stability field.
Elements DMM DDMM
La 0.192 0.134
Ce 0.55 0.421
Pr 0.107 0.087
Nd 0.581 0.483
Sm 0.239 0.21
Eu 0.096 0.086
Gd 0.358 0.324
Tb 0.07 0.064
Dy 0.505 0.471
Ho 0.115 0.108
Er 0.348 0.329
Yb 0.365 0.348
Lu 0.058 0.056
Mineral Mode (%) DMM DDMM
Olivine 59 59.3
Orthopyroxene 22 221
Clinopyroxene 11 10.8
Garnet 8 7.8
Melting Mode Garnet peridotite
Olivine 0.04
Orthopyroxene -0.19
Clinopyroxene 1.05
Garnet 0.1
Melting Mode Spinel peridotite
Olivine -0.06
Orthopyroxene 0.28
Clinopyroxene 0.67
Spinel 0.11
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Table S-2 Partition coefficients used for our melting models. We set the partition coefficients for spinel zero,
following Warren (2016).
Element Kd, chpx Kdopx Kdgrt Kdamp
La 0.0000023 0.0550 0.0007 0.001 0.112
Ce 0.0000073 0.0876 0.0016 0.008 0.189
Pr 0.000021 0.1318 0.0032 0.033 0.294
Nd 0.000058 0.1878 0.0060 0.057 0.42
Sm 0.00029 0.3083 0.0158 0.217 0.645
Eu 0.00055 0.3638 0.0227 0.45 0.72
Gd 0.0010 0.4169 0.0315 0.9 0.769
Tb 0.0017 0.4645 0.0422 1.5 0.786
Dy 0.0029 0.5034 0.0549 2 0.77
Ho 0.0045 0.5294 0.0680 2.8 0.729
Er 0.0066 0.5437 0.0808 3.5 0.673
Yb 0.0121 0.5453 0.1036 7 0.548
Lu 0.0153 0.5373 0.1128 9 0.491
Table S-3 A summary of key input parameters for influx-free open system melting models.
Model Setup
: Fig. 4 (8 =0)
Figures Fig. S-5, S-6, S-7, S-8
Source DMM or DDMM
Critical melt fraction (a.) 0-2%
Melting at the garnet peridotite stability field
prior to melting at the spinel peridotite stability 0-10%

field (Fyyc)
0 to 25%, or until the residual
clinopyroxene (Cpx) is exhausted.
Melting degree step 0.1%
Clinopyroxene /
Accumulate melt outputs

Total melting degree (F)

N =21620

Our influx-free open-system melting models show that REE concentrations in clinopyroxene decrease
with increasing F (Fig. S-5). Ata given F, increasing a. suppresses LREE depletion, whereas increasing Fy,;
suppresses HREE depletion in clinopyroxene from spinel peridotite, as partition coefficients of garnet for
HREE are larger than 1. LREE depletion is thus strongly controlled by a., and HREE depletion is controlled
by Fg,¢. This observation is consistent with the previous studies (Ozawa, 2001; Hellebrand et al., 2002).
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Figure S-5 Chondrite normalised REE patterns of modelled clinopyroxene from nine representative influx-free

open system melting models from the DMM source. Each row corresponds to the melting degree in garnet peridotite
stability field, Fy, increasing from the top to bottom (0, 0.04, 0.1 = 0%, 4%, 10%). Each column represents a different
critical melt fraction, a., increasing from left to right (0.001, 0.01, 0.02 = 0.1%, 1%, 2%). Colour indicates the degree
of melting, F. Model results with low HREE contents correspond to clinopyroxene in the garnet peridotite stability field.

Accumulated melt is produced once melt separation begins, resulting in LREE enriched patterns at low
a. and low F (Fig. S-6). At a given F (< 10%), accumulated melts generated in the garnet peridotite stability
field are lower in HREE than melts generated in the spinel peridotite stability field. At given F (>10%),
accumulated melt shows similar REE patterns regardless of a, and Fg,.;, while those derived from the DDMM
source exhibit slightly lower REE concentrations compared to those from the DMM source. Modal Ce contents
in accumulated melts are 2.98 ppm for models derived from the DDMM source and 3.86 ppm for those derived
from the DMM source (Fig. S-7). The difference in source Ce between DDMM (0.421 ppm) and DMM (0.55
ppm) is 0.13 ppm, which results in a ~0.88 ppm difference in the modal Ce contents in accumulated melts.
Notably, the average Ce content in FAB (3.1 ppm) is closer to the mode of the DDMM-derived accumulated
melts.
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Figure S-6 Chondrite normalised REE patterns of modelled accumulated melt from nine representative influx-free
open system melting models from the DMM source. The models presented here use the same parameters as in Figure
S-5.
2.98 ll 3.86 Model
source
pPM g PPM
1000 - | DDmM
72
e
: | B ow
>
S 500 [
Sample
‘ FAB (3.1 ppm)
01 | ‘ EAT (7.8 ppm)
I I I
1 10 100
Ce,
Figure S-7 Histogram of chondrite normalised Ce value (Cen) of modelled accumulated melt from all influx-free

open system melting models, comparing models derived from the DMM and DDMM sources with FAB and EAT.
Dotted lines indicate the modal Ce concentrations, estimated in log space, for models with DMM and DDMM sources.
Symbols for the samples represent average values, and error bars indicate £2 standard deviations. The corresponding
average Ce concentrations (ppm) are also indicated for clarity.
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Best Fit Model Estimation
To evaluate how well the modelled REE contents match the REE contents in samples, we calculate the reduced
chi-square (y2):

1 (0; — C;)?
2 . . l l _
o= E T (Eq.S-3)

xZ is the reduced chi-square, where v is the degrees of freedom, which is the number of elements minus the
number of fitted parameters, O; represents the mean concentration of element i in the sample, g; is the
corresponding standard deviation, and C; is the concentration of element i in the modelled data. y2 represents
the similarity between two compositions in REE space, with a value close to 1 indicating a good fit, and we
considered models with y2 < 1 + ./2/v to represent good fits (Press et al., 2007).

We first compared the modelled accumulated melts with the REE compositions of FAB and EAT,
respectively, and estimated best fit models that reproduce the REE patterns of FAB and EAT based on the
criteria defined above. Within each region, we subsequently performed a best fit estimation by comparing
modelled clinopyroxene compositions with the corrected REE compositions of clinopyroxene, using the basalt
based best fit models to evaluate whether the studied samples represent residues of the corresponding basaltic
melts.

We obtained the best fit models reproducing both clinopyroxene and early basalt compositions (Fig.
S-8). For the IBM harzburgite and FAB, the best fits correspond to F = 16.8 =2.1% (20) with a, = 0.4 + 0.6%
and Fg,. = 2.9 + 3.8%. For the Tonga lherzolite and EAT, the best fits correspond to F = 7.4% =+ 0.1% with
a. = 1% and Fy,; = 4%. Among IBM best fit models, 50.9% adopt the DDMM source and 40.9% the DMM
source, whereas all Tonga best fit models are derived from the DMM source. Notably, all best fit models for
the IBM clinopyroxene exhibit LREE depleted patterns, consistent with the samples in which LREE are below
detection limits. The accumulated melts for the IBM FAB show slight differences in LREE contents, with
models derived from the DDMM source yielding lower values than those from the DMM source.
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Figure S-8  Chondrite normalised REE patterns of best-fit models compared with early basalts and
subsolidus corrected clinopyroxene from the studied samples (IBM harzburgite: ODP125-778 A-003R-CC-4—
7, Tonga lherzolite: BMRGO8-111-3-6). (a) the IBM region and (b) the Tonga region. Symbols for the samples
represent average values, and error bars indicate +2 standard deviations. Mean and two standard deviations of
the total melting degree (F), the critical melt fraction (a.), and melting degree in the garnet peridotite stability
field (Fy,) are indicated. Colour indicates the source type of each best-fit model (either DDMM or DMM).

Slab Derived Fluid Influx Open System Melting Models

Based on the best fit models estimated by influx-free open system melting models for each region, we
conducted slab derived fluid influx open system melting models to investigate the effect of fluids and
formation of amphibole (Table S-4). Slab derived fluid (or melt) compositions were adapted from Li ef al.
(2013) and Shervais ef al. (2019), sourced from sediment and amphibolite (altered oceanic crust) (Table S-5).
We set a, = 0.4% and Fy,; = 4% and varied the influx rate (f) from 0 to 1 for the IBM sample (Fig. S-9). We
set a, = 1% and Fy,; =4% and = 0 to 1 for the Tonga sample (Fig. S-10). f is the mass fraction of influxed
material relative to the initial solid over F. For example, when F = 10% and 8 =0.001 or 1, influxed mass
material is 0.01% and 10%, respectively.

To examine the formation of amphibole, we considered the crystallisation of trapped melt. We assume
crystallisation of olivine, clinopyroxene, and amphibole in fixed proportions of 1:4:4. Partition coefficients
for amphibole are taken from Shimizu et al. (2017) (Table S-2). We fixed the trapped melt fraction prior to
crystallisation at 0.1% and the all trapped melt is assumed to crystallise in residual solid by setting T =0 (i.e.,
no melt escape during trapped melt crystallisation). The trapped melt fraction (0.1%) was therefore converted
into solid phases (olivine, clinopyroxene, and amphibole) and equilibrated with the residual assemblage.

Using the parameters defined above, we modelled accumulated melt, residual clinopyroxene, and
amphibole compositions up to F = 25%, at increments of 0.1% melting degree.
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Table S-4 A summary of key input parameters for slab derived fluid influx open system melting models.

Model Setup For IBM For Tonga
Fig. 4a-b, Fig. 4c-e,

Figures Fig. S-9, Fig. S-11 Fig. S-10, Fig. S-11
Source DDMM DMM
Critical melt fraction (a.) 0.4% 1%
Melting at the garnet peridotite
stability field prior to melting at the 4%
spinel peridotite stability field (Fj,)
Total melting degree (F) 0-25%
Influx composition Slab derived fluid (Li et al,, 2013; Shervais et al., 2019)
Influx rate (f) 0 (influx-free), 0.0001, 0.001, 0.01, 0.1, 1

Table S-5 REE contents (ppm) in the slab derived fluid used for our models.

Element

La 9.3
Ce 27.4
Pr 2.97
Nd 11.3
Sm 1.7
Eu 0.46
Gd 1.17
Tb 0.16
Dy 0.91
Ho 0.177
Er 0.499
Yb 0.515
Lu 0.08

At the best fit F (IBM: 16.8%, Tonga: 7.4%), increasing [ suppresses LREE depletion in
clinopyroxene, resulting in flatter REE patterns and higher absolute LREE concentrations (Fig. S-9 and Fig.
S-10). Amphibole exhibits a comparable response (Fig. S-10i-1). LREE contents in clinopyroxene and
amphibole are highly sensitive to small variations in £ within the range of 0-0.001, but their HREE contents
decrease with increasing F (Fig. S-9e—g, S-10e—g, and S-10i—k). At £ is high (>0.1), even HREE depletion in
clinopyroxene and amphibole is suppressed (Fig. S-9h, S-10h, and S-101). The effect of fluid influx on the
accumulated melt is comparatively minor at low £ (<0.01) (Fig. S-9 and S-10). At § is high (=1), the
accumulated melt exhibits LREE enriched patterns, while HREE remain broadly similar to those in models
with lower £.

Athigher 8 (~0.01) and F (>20%), the models produce LREE enriched yet HREE depleted patterns in
clinopyroxene (Fig. S-9g and S-10g). These signatures resemble those observed in depleted forearc peridotites
(Birner et al., 2017; Loocke and Snow, 2024) and in ultra-depleted peridotites associated with boninitic
magmatism, where slab derived fluid influx melting plays a key role (Nishio et al., 2023).
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Slab derived fluid influx open system melting models (IBM)
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Chondrite normalised REE patterns of (a—d) the modelled accumulated melt and (e~h) modelled

clinopyroxene from four representative slab derived fluid influx open system melting models from the DDMM source,
comparing with FAB and subsolidus corrected clinopyroxene from the studied samples (IBM harzburgite: ODP125-
778 A-003R-CC-4-7). Each column represents a different influx rate, 8, increasing from left to right (0, 0.0001, 0.01,
1). Colour indicates the degree of melting, F. Symbols for the samples represent average values, and error bars indicate

+2 standard deviations.
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Slab derived fluid influx open system melting models (Tonga)
(a—d) Accumulated melt vs. EAT
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Figure S-10  Chondrite normalised REE patterns of (a—d) the modelled accumulated melt and (e—h) modelled
clinopyroxene, and (i-1) amphibole from four representative slab derived fluid influx open system melting models from
the DMM source, comparing with EAT, subsolidus corrected clinopyroxene, and amphibole from the studied samples
(Tonga lherzolite: BMRGO8-111-3-6). Each column represents a different influx rate, 8, increasing from left to right (0,
0.0001, 0.01, 1). Colour indicates the degree of melting, F.

Figure S-11 presents REE patterns of best fit models of each region (IBM: F = 16.8%, a. = 0.4%, Fg,;
= 4%; Tonga: F = 7.4%, a. = 1%, Fg,c = 4%), with varying 8. At the best fit conditions, increasing  shows
systematic changes in REE patterns. In both clinopyroxene and amphibole, higher  suppresses LREE
depletion, whereas HREE remain relatively constant due to the low HREE concentrations in the slab derived
fluid (Table S-5). Because the best fit F is higher for the IBM samples than for the Tonga samples, the
suppression of LREE depletion is more pronounced at much lower f. For the IBM clinopyroxene, the
detection limit of Ce corresponds to ~0.001 in chondrite normalised value, implying that £ is likely <0.0001.
In contrast, for the Tonga clinopyroxene, changes in REE patterns occur at relatively higher § (>0.1).

Accumulated melt compositions at the best fit conditions are only weakly affected at low f (<0.1),
which indicates that clinopyroxene and amphibole are much more sensitive to small amounts of fluid influx.
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Chondrite normalised REE patterns: (a) modelled accumulated melt compared with FAB, (b) modelled
clinopyroxene compared with subsolidus corrected IBM clinopyroxene, (¢) modelled accumulated melt compared with
EAT, (d) modelled clinopyroxene compared with subsolidus corrected Tonga clinopyroxene, and (e) modelled
amphibole compared with Tonga amphibole. Sample symbols represent average values, and error bars indicate +2
standard deviations. All models are produced at fixed melting degree (F), critical melt fraction (a.), and source for each
region, as indicated at the top of each column. Model colour indicates the influx rate (f3).
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Compiled Forearc Spinel Data and Reference Data for Plots

We compiled spinel data from forearc peridotites (Table S-13), which are used in Figure 1. Data are from the
IBM region (Bloomer and Hawkins, 1983; Ishii et al., 1992; Parkinson and Pearce, 1998; Ishii et al., 2000;
D'Antonio and Kristensen, 2004; Okamura et al., 2006; Zanetti et al., 2006; Dare et al., 2009; Murata et al.,
2009; Pabst, 2009; Morishita et al., 2011; Harigane ef al., 2013; Ghosh, 2018; Debret et al., 2019; Park, 2019;
Albers et al., 2020; Golich and Vysotskiy, 2020; Gose and Schmaidicke, 2021; Ichiyama et al., 2021;
Miladinova et al., 2023; Wang et al., 2023) and the Tonga region (Birner et al., 2016, 2017; Day and Brown,
2021). Spinel data from the South Mariana region were not included due to the tectonic complexity of these
areas (Michibayashi ef al., 2009).

Reference clinopyroxene data used in Figure 2 are from the fertile residual abyssal peridotites,
characterised by low spinel Cr# (0.10-0.11) and high LREE/HREE ratios in clinopyroxene, are from
Johnson et al. (1990), Salters and Dick (2002), Seyler and Bonatti (1997), and Warren (2016). The LREE-
depleted residual abyssal peridotites from Harigane et al. (2016). Clinopyroxene data of IBM peridotites are
from Ichiyama et al. (2021), Ishii et al. (1992), Loocke and Snow (2024), and Parkinson and Pearce (1998).
Clinopyroxene data of Tonga peridotites are from Birner ef al. (2017) and Day and Brown (2021).

Reference amphibole data (Table S-14 and S-15) used for Figure 3 and S-12 are derived from IBM
forearc peridotites (Ishii et al., 1992; Parkinson and Pearce, 1998; Morishita et al., 2011; Ichiyama et al.,
2021), ultra-depleted peridotites from the Kamuikotan unit, Japan (Nishio et al., 2023; Tamura et al., 2024),
backarc peridotites (Akizawa et al., 2021; Sen et al., 2021; Gong et al., 2022), abyssal peridotites (Seyler et
al., 2004; Cipriani et al., 2009; Zhang et al., 2024), and basal lherzolites from the Oman ophiolite (Prigent et
al., 2018). For comparison, we also show the compositional ranges of mid-ocean ridge basalt (MORB),
backarc basin basalt (BABB), forearc basalt and early arc tholeiite (FAB-EAT), and boninite (Brounce ef al.,
2021; Cottrell et al., 2022).

The graphical abstract is adapted from Shuck et al. (2022) and modified to reflect the early basaltic
magmatism stage.
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Figure S-12  TiO, - K,O discrimination plot for amphibole (Ozawa, 1988) from (a) forearc and ultra-depleted
peridotites, (b) backarc peridotites, (c) abyssal peridotites, and (d) basal lherzolites from the Oman ophiolite. We plotted
data with SiO; < 52 wt.%. Compositional area for mid-ocean ridge basalt (MORB), backarc basin basalt (BABB),
forearc basalt and early arc tholeiite (FAB-EAT), and boninite are presented for comparison (Brounce et al., 2021;
Cottrell et al., 2022). For amphibole from forearc peridotites, data from the IBM (Ogasawara), IBM (Conical), and IBM
(Torishima) regions are from Morishita ef al. (2011), Parkinson and Pearce (1998), and Ishii et al. (1992), respectively.
Data for ultra-depleted peridotites from the Kamuikotan unit are from Nishio et al. (2023) and Tamura et al. (2024). For
backarc peridotites, data from the Parece Vela Basin and Shikoku Basin are from Gong et al. (2022), and Akizawa et
al. (2021) and Sen et al. (2021), respectively. For abyssal peridotites, SWIR plagioclase lherzolite data are from Zhang
et al. (2024), SWIR harzburgite data are from Seyler ef al. (2004), and MAR peridotite data are from Cipriani et al.
(2009). Data for basal lherzolites from the Oman ophiolite are from Prigent et al. (2018). Amphibole occurrences in
IBM (Ogasawara) in Spl and Kamuikotan (ultra-depleted) in Spl peridotites represent inclusions hosted by spinel. The
detection limit for K,O in amphibole in our analyses is ~0.1 wt.%.
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