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Samples and Analytical Methods 
The samples are four harzburgites (ODP125-778A-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 (BMRG08-111-3-6) 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 ODP125-778A-003R-CC-4-7 and Tonga 
lherzolite BMRG08-111-3-6 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 
(ODP125-778A-003R-CC-4–7) from the Conical Seamount IBM forearc region. (c and d) The lherzolite sample 
(BMRG08-111-3-6) 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 μm 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 Fe3+ content in spinel using the method that 
initially treats Fe as Fe2+ and assumes any cation excess as Fe3+ 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 µm diameter, a step size of 30 µm, 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 µm was used for orthopyroxene, amphibole, and 
olivine, and either 100 µm or 55 µm was used for clinopyroxene, depending on the size, with a repetition rate 
of 6 or 10 Hz and an energy density of 8 J/cm². 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 29Si as an internal standard, 
based on the Si content obtained by electron microprobe analysis (Longerich et 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:  
 

𝐶!"#!$%%&!'&( =	
𝜔!"#)&*+,%&(	 +	𝜔$"#)&*+,%&(	 ×	𝐷!"#/$"#)&*+,%&(	

𝜔!"#!$%%&!'&(	 +	𝜔$"#!$%%&!'&(	 ×	𝐷!"#/$"#!$%%&!'&(	 	× 	𝐶!"#
)&*+,%&( 	 (Eq.	S-1) 

 
𝐶!"#!$%%&!'&( is the concentration of element  𝑖	(𝑅𝐸𝐸) in clinopyroxene corrected for subsolidus re-equilibration 
at a given temperature. 𝜔!"#)&*+,%&(	  and 𝜔$"#)&*+,%&(  are analysed modal abundances of clinopyroxene and 
orthopyroxene. 𝐷!"#/$"#)&*+,%&(  is the exchange coefficient between clinopyroxene and orthopyroxene at the 
sample temperature. 𝐶!"#)&*+,%&( is the analysed concentration of element 𝑖 in clinopyroxene. 𝜔!"#!$%%&!'&(	 and 
𝜔$"#!$%%&!'&( are corrected modal abundances of clinopyroxene and orthopyroxene. 𝐷!"#/$"#!$%%&!'&( is the exchange 
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: 
 

ln 𝐷!"#/$"# 	= 	 𝑎/ +	
*!0	*"∙2#$

%&'0	*(∙3%)&*
4+&'	(!./01$)

	 (Eq.	S-2), 

 
where: 𝑎/  to 𝑎5  are the regression coefficients. 𝑁2*

!"#  is the number of atoms of Na in clinopyroxene per 
formula unit of six oxygen. 𝐶𝑟+"6 is the molar Cr/(Cr +Al) in spinel. 𝑇$"#	(8.:;<*) is the temperature estimated 
by Ca-in-orthopyroxene geothermometer at 1.5 GPa  (Brey and Köhler, 1990). We used average values for 
each region: IBM harzburgite (𝑁2*

!"# = 0.0156, 𝐶𝑟+"6 = 0.378) and Tonga lherzolite (𝑁2*
!"# = 0.0345, 𝐶𝑟+"6 = 

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 et al., 2013). The 
estimated temperatures were 919 ± 3 °C (1σ) for the IBM harzburgite (ODP125-778A-003R-CC-4–7) and 
931°C ± 31 for the Tonga lherzolite (BMRG08-111-3-6).  

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 H2O content of 0.85 wt.% in FAB (Brounce et 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 - 1σ, and mean + 1σ), 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). 
 
 

 

Figure S-4 Chondrite normalised REE patterns of early basalts and subsolidus-corrected clinopyroxene from the 
studied samples (IBM harzburgite: ODP125-778A-003R-CC-4–7, Tonga lherzolite: BMRG08-111-3-6). (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 

_ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _

_
_ _ _ _ _ _ _

_
_

_ _ _ _ _ _

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Sa
m

pl
e 

/ C
ho

nd
rit

e

_ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _
_ _ _ _ _ _ _ _

_
_

_
_

_ _ _ _ _ _ _ _ _ _

_
_

_

_

_ _ _ _ _ _ _ _ _ _

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

0.01

1

100

FAB

(a) IBM (b) Tonga

Cpx
EAT
Cpx



 
 
	

Geochem. Persp. Let. (2026) 41, 1–6 | https://doi.org/10.7185/geochemlet.2624  SI-6 

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 (𝐹>%' = 0–10%) prior to melting at the spinel peridotite stability field. We 
set γ = 1 for the melt separation rate during melting and a large 𝜏 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	 22.1	
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	 Kdol	 Kdcpx	 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	

Figures	
Fig.	4	(𝛽	=	0)	

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	
field	(𝐹"#$)	

0–10%	

Total	melting	degree	(𝐹)	 0	to	25%,	or	until	the	residual	
clinopyroxene	(Cpx)	is	exhausted.	

Melting	degree	step	 0.1%	
Clinopyroxene	/		
Accumulate	melt	outputs	 N	=	21620	

 
 
 

Our influx-free open-system melting models show that REE concentrations in clinopyroxene decrease 
with increasing 𝐹 (Fig. S-5). At a given 𝐹, increasing 𝑎! suppresses LREE depletion, whereas increasing 𝐹>%' 
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 𝐹>%'. 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, 𝐹"#$, 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 𝐹>%', 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. 
 
 

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 (𝜒?@): 
 

𝜒?@ 	= 	
1
𝑣 ∙@

(𝑂A − 𝐶A)@

𝜎A@
	 (Eq.	S-3) 

 
𝜒?@ is the reduced chi-square, where 𝜐 is the degrees of freedom, which is the number of elements minus the 
number of fitted parameters, 𝑂A  represents the mean concentration of element 𝑖  in the sample, 𝜎A  is the 
corresponding standard deviation, and 𝐶A is the concentration of element 𝑖 in the modelled data. 𝜒?@ represents 
the similarity between two compositions in REE space, with a value close to 1 indicating a good fit, and we 
considered models with 𝜒?@ 	< 1	 + G2/𝜈  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% (2σ) with 𝑎! = 0.4 ± 0.6% 
and 𝐹>%' = 2.9 ± 3.8%. For the Tonga lherzolite and EAT, the best fits correspond to 𝐹 = 7.4% ± 0.1% with 
𝑎! = 1% and 𝐹>%' = 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: ODP125-778A-003R-CC-4–
7, Tonga lherzolite: BMRG08-111-3-6). (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 (𝐹>%') 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 et al. 
(2013) and Shervais et al. (2019), sourced from sediment and amphibolite (altered oceanic crust) (Table S-5). 
We set 𝑎! = 0.4% and 𝐹>%' = 4% and varied the influx rate (𝛽) from 0 to 1 for the IBM sample (Fig. S-9). We 
set 𝑎! = 1% and 𝐹>%' = 4% and 𝛽 = 0 to 1 for the Tonga sample (Fig. S-10). 𝛽 is the mass fraction of influxed 
material relative to the initial solid over 𝐹. For example, when 𝐹 = 10% and 𝛽 =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 𝜏 = 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	

Figures	
Fig.	4a–b,	

Fig.	S-9,	Fig.	S-11	
Fig.	4c–e,	

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	
spinel	peridotite	stability	field	(𝐹"#$)	

4%	

Total	melting	degree	(𝐹)	 0–25%	
Influx	composition	 Slab	derived	fluid	(Li	et	al.,	2013;	Shervais	et	al.,	2019)	
Influx	rate	(𝛽)	 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 𝛽  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–l). LREE contents in clinopyroxene and 
amphibole are highly sensitive to small variations in 𝛽 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 𝛽 is high (>0.1), even HREE depletion in 
clinopyroxene and amphibole is suppressed (Fig. S-9h, S-10h, and S-10l). The effect of fluid influx on the 
accumulated melt is comparatively minor at low 𝛽  (<0.01) (Fig. S-9 and S-10). At 𝛽  is high (=1), the 
accumulated melt exhibits LREE enriched patterns, while HREE remain broadly similar to those in models 
with lower 𝛽. 

At higher 𝛽 (~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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Figure S-9 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-
778A-003R-CC-4–7). Each column represents a different influx rate, 𝛽, 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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Figure S-10 Chondrite normalised REE patterns of (a–d) the modelled accumulated melt and (e–h) modelled 
clinopyroxene, and (i–l) 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: BMRG08-111-3-6). Each column represents a different influx rate, 𝛽, 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%, 𝐹>%' 
= 4%; Tonga: 𝐹 = 7.4%, 𝑎! = 1%, 𝐹>%' = 4%), with varying 𝛽. At the best fit conditions, increasing 𝛽 shows 
systematic changes in REE patterns. In both clinopyroxene and amphibole, higher 𝛽  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 𝛽 . For the IBM clinopyroxene, the 
detection limit of Ce corresponds to ~0.001 in chondrite normalised value, implying that 𝛽 is likely <0.0001. 
In contrast, for the Tonga clinopyroxene, changes in REE patterns occur at relatively higher 𝛽 (>0.1). 

Accumulated melt compositions at the best fit conditions are only weakly affected at low 𝛽 (<0.1), 
which indicates that clinopyroxene and amphibole are much more sensitive to small amounts of fluid influx. 
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Figure S-11 Chondrite normalised REE patterns: (a) modelled accumulated melt compared with FAB, (b) modelled 
clinopyroxene compared with subsolidus corrected IBM clinopyroxene, (c) 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 (𝛽). 
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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 et al., 2013; Ghosh, 2018; Debret et al., 2019; Park, 2019; 
Albers et al., 2020; Golich and Vysotskiy, 2020; Gose and Schmädicke, 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 et 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 et 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 et 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 TiO2 - K2O 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 SiO2 < 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 et 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 et 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 K2O in amphibole in our analyses is ~0.1 wt.%. 
 

(a) Forearc

Boninite
BABB

MORB

FAB-EAT

(c) Abyssal (d) Oman ophiolite

0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
0

1

2

3

Amp K2O

Am
p 

Ti
O

2

Tonga lherzolite (BMRG08-111-3-6)

IBM harzburgite (ODP125-778A-003R-CC-4-7)

Sample Area

(b) Backarc peridotite
SWIR Pl lherzolite
SWIR Harzburgite
MAR Peridotite

(c) Abyssal peridotite
Basal lherzolite

(d) Oman ophiolite

IBM (Ogasawara)

IBM (Ogasawara) in Spl
IBM (Conical)

(a) Forearc peridotite
IBM (Torishima)

Kamuikotan (ultra-depleted)

MORB
BABB

FAB
Boninite

Kamuikotan (ultra-depleted) in Spl

(b) Backarc

Parece Vela Basin
Shikoku Basin



 
 
	

Geochem. Persp. Let. (2026) 41, 1–6 | https://doi.org/10.7185/geochemlet.2624  SI-18 

Supplementary Tables 
 

Table S-6 Sample information. 

Table S-7 Mineral major element chemistry. 

Table S-8 Mineral trace elements contents. 

Table S-9 Corrected and/or representative REE concentrations in samples. 

Table S-10 Results of representative influx-free open system melting models. 

Table S-11 Best fit influx-free open system melting models. 

Table S-12 Result of slab derived fluid influx open system melting models. 

Table S-13 Compiled spinel data from forearc peridotites. 

Table S-14 Compiled amphibole major element data. 

Table S-15 Compiled amphibole REE data. 

 
 
Tables S-6 to S-15 (.xlsx) are available for download from the online version of this article at 
https://doi.org/10.7185/geochemlet.2624. 
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