Supplementary Text S1 

a. LA-ICP-MS of clinopyroxene

Based on thin section petrographic investigations of representative amphibolite samples, clinopyroxenes (30 points) of sample A126 were selected for in situ trace element analysis by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). LA-ICP-MS was performed at the University of Texas at Austin using a New Wave UP193-fx (193 nm, 4-6 ns pulse width) excimer laser coupled with an Agilent 7500ce ICP-MS. 

A large (100 µm; Fig. 2S) spot was selected to optimize sensitivity and also enable multi-spot transects across individual large clinopyroxene crystals. Laser power, repetition rate, and He-flow were iteratively modulated to obtain the most stable settings over 60-second dwell times. The best settings were determined to be fluence of 7.7 J/cm2 (60% laser power), 10 Hz repetition rate, and a He-flow of 250 mL/min. Pulse-to-pulse laser fluence variation was within 3.3% during analysis. All samples were preablated for two seconds using a 150 µm spot, 20% laser power, and 10Hz repetition rate. The quadrupole time-resolved method involved measurement of 29 analytes, using integration times of 10 ms (23Na, 29Si, 47Ti, 85Rb, 90Zr), 20 ms (7Li, 88Sr, 89Y, 93Nb, 137Ba, 178Hf, 181Ta, 208Pb, 232Th, 238U), 25 ms (139La, 140Ce, 141Pr, 146Nd, 147Sm, 157Gd, 163Dy, 165Ho, 166Er, 169Tm, 172Yb) and 30 ms (153Eu, 175Lu). A gas blank interval of 45s was used between all laser measurements to establish baseline sensitivities. Clinopyroxene analyses were bracketed by hourly standard analyses (measured in triplicate) of NIST-612, NIST-610, and USGS BCR-2G. Measured intensities were converted to ppm concentrations using Iolite software (Hellstrom et al., 2008) with 29Si as the internal standard. Calibration standards used for clinopyroxene analytes (based on similarity of measured concentrations) were: NIST-612 for Li, Rb, Sr, Zr, Ba, Ce, Dy, Ho, Er, Tm, Yb, Lu; BCR-2G for Na, Nb, La, Pr, Nd, Sm, Eu, Gd, Hf, Ta, Pb, Th, U; and NIST-610 for Ti and Y. Analyte recoveries for secondary reference standards were typically within 2% of GeoReM (www.georem.mpch-mainz.gwdg.de) preferred values, with standard deviations below 13%. Laser ablation parameters were determined from tests of clinopyroxenes in Ashin amphibolites. LA-ICP-MS data for clinopyroxenes in Ashin pillow lavas are from Shirdashtzadeh et al. (2014b) (Table 2S).

b. Whole rock trace element concentrations

Whole rock trace element compositions were obtained by solution ICP-MS for amphibolite and pillow lava samples. ICP-MS sample preparation and analysis follow the methods of Meisel et al. (2002) and Bokhari and Meisel (2017). In brief, The samples were crushed in a steel jaw crusher and then ground into powder (< 74 µm). The sample powder (100 mg) was mixed with 600 mg finely ground Na2O2, sintered, and dissolved in 3ml of HCl. Final dilutions of 1:5000 were used for the ICP-MS measurements using an Agilent 7500cx at the Montanuniverisät, Leoben, Austria. Quantifications of the signal were done with external calibrations on certified and non-certified geological reference materials. 

These data (amphibolite (n=1), amphibolitic dike (n=2), and pillow lava (n=2)) complement previous elemental data obtained for Ashin by Neutron Activation Analysis (NAA) published by Shirdashtzadeh et al. (2011) (amphibolite (n=3), amphibolitic dike (n=4), and pillow lava (n=4)), and whole rock data obtained for pillow lava samples (n=10) by ICP-MS (Pirnia et al., 2020, Table 3S).
In order to evaluate the tectonomagmatic setting of Ashin ophiolite samples, we used the GeoRoc database (http://georoc.mpch-mainz.gwdg.de) for Izu-Bonin and Tonga arcs, consisting of whole rock data from intra-oceanic arc (n=668), back-arc (n= 913), and fore-arc settings (n= 374) with SiO2 ranging from 45-56 g/100g (Table 3S). Complementing this evaluation are previously published geochemical data for Ashin basalts and pillow lavas (Shirdashtzadeh et al., 2011; Torabi et al., 2011; Pirnia et al., 2020, and for basic to intermediate pillow lavas and amphibolites (SiO2: 45-56 g/100g) from Nain-Baft ophiolitic belt (e.g., Shahr-Babak, Dehshir, Nain) (see data and references in Supplementary text S2).

c. Whole rock Sm-Nd isotopes

Sm-Nd isotope analyses (Table 1) were carried out in 20–40 mg aliquots of four amphibolite and two pillow lava samples after digestion under clean laboratory conditions at Universidade de Brasília in two stages using concentrated HF/HNO3 and 6 N HCl on a hot plate. The Nd ions were separated by chromatographic columns, including AG 1-X8 and AG50W-X8 anion-exchange resin for Pb ion and AG 50W-X8 cation exchange resin for Sr and rare-earth elements (REEs). The Nd fractions were further purified from the remaining REE fractions using a second AG 50-X2 cation-exchange resin column. Sm and Nd were loaded separately on a tungsten filament using a TaF solution. Neodymium was loaded on double rhenium filaments with 3PO4 (0.1 M) and measured as Nd+ (Gioia and Pimentel 2000).
The measured 143Nd/144Nd ratios are presented as fractional deviations in parts per 104 (units) from 143Nd/144Nd in a Chondritic Uniform Reservoir (CHUR) as measured at the present-day: εNdo=[(143Nd/144Nd)SA/ICHURo−1]∗104, where (143Nd/144Nd)SA is the present-day ratio measured in the sample, and ICHURo is the 143Nd/144Nd ratio in the CHUR reference reservoir at the present (ICHURo=0.512638; Jacobsen and Wasserburg 1980). The blank level was 100 pg, and the relative standard deviations are 0.004% and 0.05% for 143Nd/144Nd and 147Sm/144Nd, respectively. 

In addition, GeoRoc database for Izu-Bonin and Tonga arcs is used as a reference to evaluate how 143Nd/144Nd ratios of back-arc (n= 33) and fore-arc basalts (n= 78) compare to Ashin ophiolite Nd isotope ratios (Table 3S).  

d. Zircon U-Pb geochronology

Four samples for zircon U-Pb geochronology were prepared and analyzed at the University of Brasilia (UnB) Geochronology Laboratory (Table 2 and 3S). Samples were mechanically crushed and sieved. The < 700µm fraction was panned to obtain a heavy mineral separate, which was passed through a Franz magnetic separator set at 1.5 Amps. Zircons (~50-100µm), picked from the resulting non-magnetic concentrate, were mounted in epoxy and polished to expose grain interiors. Grain mounts were carefully cleaned with dilute HNO3 and zircon zoning imaged by SEM CL. 

For 238U-206Pb age measurements a New Wave Research Nd-YAG UP-213 laser (λ=213 nm) ablation system coupled with a Thermo-Fischer NEPTUNE ICP-MC-MS was used. Pb204, Pb206, Pb207, U235, and U238 were measured using a combination of Faraday and MIC collectors (for details on cup configuration see Bühn et al., 2009). The ablations were performed with 30mm spots with a laser energy of ~1.02 J/cm2 (30% laser power) and laser frequency at 10 Hz. To minimize laser induced fractionation, grain ablations were performed as rasters. The carrier gas flow to the ICP-MC-MS consisted of ~1L/min Ar and ~0.4 L/min He. Zircon grain measurements consisted of 40 cycles of 1s, with the GJ-1 zircon reference material (608.5±1.5 Ma; Jackson et al., 2004) bracketing runs of eight grains. Reference material zircon 91500 (Wiedenbeck et al., 1995) was used for calibration purposes. The intensity data obtained was reduced using an in-house spreadsheet called Chronus (Oliveira, 2015), which performed corrections for background and instrumental drift. Concordia diagrams were calculated using ISOPLOT 4.15 (Ludwig 2003). This program also allows for cycle selection and exclusion of outliers, refining the data. Probability density plots (PDP) and kernel density estimates (KDE) were calculated using the Density Plotter software (Vermeesch 2012). All reported errors are at the 2s level. Details of the analytical procedures are further documented in Bühn et al. (2009). References are reported in Supplementary text S2.
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