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Analytical methods for Rb, Sr, Nd, Sm, and Pb isotopes
Whole-rock powder (c. 100 mg) was digested using HF-HNO3 techniques and column chemistry following similar methods described by Waight et al. (2002), Larsen and Petersen (2009) Mukherjee et al. (2012) and Scott et al. (2014). Rb, Sr, Sm, Nd and Pb isotopes were measured on a Sector-54 TIMS at the University of Copenhagen. Rb and Sr cuts were loaded on Re filaments using H3PO4 and TaF activator, Sm and Nd were loaded in 2N HCl on Ta side filaments with a Re centre filament and Pb was loaded with silica gel on a Re centre filament. Rb, Sm and Pb were run in static mode, whereas Sm and Nd were run in multidynamic mode using an exponential mass fractionation correction and 86Sr/84Sr = 0.1194 and 146Nd/144Nd = 0.7219 respectively. Replicate analyses of standards were within the range of those for the lab for the period 2013-2014 [i.e. SRM987 87Sr/86Sr = 0.710237 ± 24 (2 s.d., n = 45); JNdi 143Nd/144Nd = 0.512096 ± 14 (2 s.d., n = 15); and Pb SRM981 206Pb/204Pb = 16.8917 ± 20, 207Pb/204Pb = 15.424 ± 25, 208Pb/204Pb = 36.512 ±73]. All analyses were corrected for instrumental mass fractionation correction to the values of Baker et al. (2004). Parent-daughter ratios for age correction of Sr and Nd isotope data were obtained by isotope dilution, whereas ICP-MS trace element data were used for age correction of Pb isotope data.
Analytical methods for in-situ zircon analysis of P42693

Secondary Ion Mass Spectrometry (SIMS) zircon U-Pb analyses were performed on a Cameca ims1270/80 (NordSIMS facility at the Swedish Museum of Natural History) following the methodology of Whitehouse et al. (1999) and Whitehouse and Kamber (2005). An O2- primary beam with a spot size of ca. 15 µm was used, and all analyses were carried out in peak-switching mode on a single electron multiplier. Pb/U and Th/U ratios were calibrated against the 1065 Ma Geostandards zircon 91500 (Wiedenbeck et al., 1995). Data have been calculated and corrected for common Pb when detectable amounts were present. All concordia ages were calculated using the programme Isoplot (Ludwig 2008) version 4.13. When mentioned, individual spot ages are the 207Pb corrected 238U/206Pb ages, except when older than 1200 Ma and 207U/206Pb ages are used. 

Oxygen isotope ratio analysis was performed using the same Cameca ims1280 ion microprobe following methods outlined by Whitehouse and Nemchin (2009). The primary beam current was ca. 2 nA yielding a ca. 15 µm analytical spots, including a 10 µm raster to homogenise the beam. Each analysis consisted of an initial pre-sputter over a rastered 20 µm area to remove the gold coating, followed by centering of the secondary beam in the field aperture (field of view on the sample of 30 µm with 90 x magnification transmission ion optics). The 16O (ca. 2 x 109 cps) and 18O ion beams were mass filtered at a mass resolution of ca. 2500 (M/ΔM) and analysed simultaneously using two Faraday detectors with amplifiers housed in an evacuated, temperature stabilised chamber. The secondary magnet field was locked at high stability using an NMR field sensor operating in regulation mode. All pre-sputter, beam centering and data acquisition steps were automated in the run definition. Typical internal precision obtained for individual run 18O/16O ratios determined from 12 4-second integrations was ca. 0.1 ‰ (SE). Data for unknowns were normalised to an accepted δ18O V-SMOW value for Geostandards zircon 91500 of 9.86 ‰ (Wiedenbeck et al., 2004). 

Oxygen isotopes were measured after U-Th-Pb analysis (after repolishing to remove U-Pb pits), due to the relatively small sampling volume and non-destructive method used for U-Th-Pb and O isotope analyses these spots correspond well and can be expected to sample the same zircon domain. This is less certain for the laser probing executed to sample Hf isotopes but an effort has been made to sample as similar domains as possible. O isotopes are reported in the δ18O notation; as per mil (‰) deviation of the 18O/16O from Vienna standard mean ocean water (V-SMOW). Data were generated in two sessions with external precision on δ18OV-SMOW of 0.17 and 0.22 ‰ (SD), which were propagated onto the internal precision to yield the overall uncertainty reported in Table 4 and Supplementary Table 2. 

Lu-Hf isotope analysis was carried out by laser ablation, inductively coupled plasma source mass spectrometry (LA-ICPMS), using a Nu Plasma HR multicollector mass spectrometer at the Department of Geosciences, University of Oslo. Ablations were made with a CETAC LX213G2+ laser microprobe equipped with a dual volume, Helex cell. All ablations were made in helium which was mixed with argon within the plumbing system of the cell. A spot size of 50 µm was used with 5 Hz laser pulse frequency and ca. 2 J/cm2 beam fluence with an ablation time of 120s after 30s on-mass  background measurement. Typical total Hf signals were between 2 and 6 volts. The analytical protocol described by Elburg et al. (2013) was used. Interference from 176Yb on mass 176 was corrected using the measured signal on mass 172 (interference-free 172Yb) and mass discrimination factors for Yb determined from measurement of 174Yb/172Yb ratio, after correction for interference from 174Hf. Interference from 176Lu was corrected from observed 175Lu, using mass discrimination factor of Hf as a proxy. Reference zircons run during the period these analyses were made gave: Mud Tank: 176Hf/177Hf= 0.282512 ± 0.000028, 178Hf/177Hf = 1.46726 ±0.00007, n = 523., Temora 2:  176Hf/177Hf = 0.282681 ± 0.000043, 178Hf/177Hf  = 1.46725 ±0.00009, n = 53 (initial 178Hf/177Hf at 417 Ma: 0.282671 ± 0.000043). LV11: 176Hf/177Hf = 0.282829 ± 0.000049, 178Hf/177Hf = 1.46725 ±0.00008, n = 323 (initial 176Hf/177Hf at 290 Ma: 0.282812±0.000048). CHUR parameters from Bouvier et al. (2008) and a decay constant of 1.867* 10-11a-1 (Söderlund et al., 2004) were used to calculate initial 176Hf/177Hf ratios and epsilon Hf values. 


End member mixing parameters

Two supracrustal source components were considered in O-Hf binary mixing models for zircon from the Welcome Bay Clast; the Greenland Group (representing the Buller Terrane), and metasediments from the Takaka Terrane.

Hafnium isotopic concentrations and elemental compositions for the Greenland Group were calculated based on existing εNd isotopic data sourced from Pickett and Wasserburg (1989), Adams et al. (2005), and Tulloch et al. (2009), and assuming an Hf-Nd correlation lying on the terrestrial array ([εHf ≈ 1.21 x εNd + 1.55]; Vervoort et al., 2011). The range in εNd for all 11 Greenland Group samples was -7.2 to -10.9, with an average of -8.9 which was used in calculating an εHf value for the Greenland Group of -9.2. The Hf content (4.96 ppm) of the Greenland Group used in mixing calculations was obtained from averaging 30 analyses sourced from Nathan (1976), Tulloch and Christie (2000) and Ryland (2011), which ranged from 2.0 ppm to 9.1 ppm. The average  δ18O value for the Greenland Group is estimated at 14‰, averaged from whole-rock values from Tulloch et al. (2009), with a δ18OZrc-WR correction of -2‰ of isotope fractionation between zircon and granitic magma (Valley et al., 1994). For a hypothetical Takaka Terrane end member, εNd values for metasediments (Adams et al. 2005) range from -11.0 to +0.2, with an average εNd of -6.5 (this corresponds to average εHf of -6.3). Very few metasedimentary samples from the Takaka Terrane have been analysed for hafnium. A poorly constrained Hf content of 3.2 ppm for the Takaka Terrane was used based on averaging 16 analyses ranged from 0.65 ppm to 8 ppm [data sourced from Wombacher & Münker (2000)]. Whole-rock δ18O values for Takaka Terrane metasediments are from Faure & Brathwaite (2006), with values ranging between +13.6 to +16, with an average δ18O of +15.1. After correction of -2‰ for isotope fractionation between zircon and granitic magma, and average value of +13.1‰ was used.

The mafic end member component is a hypothetical Devonian juvenile depleted mantle (DM) derived melt assuming a MORB-like present day 176Hf/177Hf of 0.28325 and 176Lu/177Hf of 0.0384 (Griffin et al. 2004), and a Hf concentration of 1.5 ppm as a low Hf estimate from primitive arc magmas or MORB (Kelemen et al. 2003), resulting in εHf(360Ma) ≈ 15.3. Mantle zircon δ18O values are assumed as 5.3 ± 0.3‰ (Valley 2003).

References cited:
Adams CJ, Pankhurst RJ, Maas R, Millar IL 2005. Nd and Sr isotopic signatures of metasedimentary rocks around the South Pacific maring and implicaitons for their provenance. P. 113–141 In: Vaughan APM, Leat PT and Pankhurst RJ (eds) Terrane Processes at the margins of Gondwana. Geological Society of London special publication 246.

Baker J, Peate D, Waight T, Meyzen C 2004. Pb isotopic analysis of standards and samples using a 207Pb-204Pb double spike and thallium to correct for mass bias with a double focusing MC-ICP-MS. Chemical Geology 211: 275–303.

Bouvier A, Vervoort JD, Patchett PJ 2008. The Lu–Hf and Sm–Nd isotopic composition of CHUR: constraints from unequilibrated chondrites and implications for the bulk composition of terrestrial planets. Earth and Planetary Science Letters 273: 48–57.

Elburg MA, Andersen T, Bons PD, Simonsen SL, Weisheit A 2013. New constraints on Phanerozoic magmatic and hydrothermal events in the Mt Painter Province, South Australia. Gondwana Research 24: 700–712.

Faure K, Brathwaite RL 2006. Mineralogical and stable isotope studies of gold-arsenic mineralisation in the Sams Creek peralkaline porphyritic dike, South Island, New Zealand. Mineralium Deposita 40: 802–827.

Griffin WL, Belousova EA, Shee SR, Pearson NJ, O’Reilly SY 2004. Archean crustal evolution in the northern Yilgarn Craton: U-Pb and Hf-isotope evidence from detrital zircons. Precambrian Research 131: 231–282.

Jaffey AH, Flynn KF, Glendenin LE, Bently WC, Essling AM 1971. Precision measurement of halflives and specific activities of 235U and 238U. Physical Review 4: 1889–1906.

Kelemen PB, Hanghoj K, Greene AR 2003. One view of the geochemistry of subduction-related magmatic arcs, with an emphasis on primitive andesite and lower crust. Treatise of geochemistry 3: 593–659.
Larsen LM, Pedersen AK 2009. Petrology of the Paleocene picrites and flood basalts on Disko and Nuussuaq, West Greenland. Journal of Petrology 50: 1667–1711.

Ludwig KR 2008. User's Manual for Isoplot 3.6, a geochronological toolkit for Microsoft Excel. Special Publication No. 4, Berkeley Geochronology Center.

Mukherjee R, Mondal SK, Frei R, Rosing MT, Waight TE, Zhong H, Kumar GR 2012. The 3.1 Ga Nuggihalli chromite deposits, Western Dharwar craton (India): Geochemical and isotopic constraints on mantle source, crustal evolution and implications for supercontinent formation and ore mineralization. Lithos 155: 392–409.

Nathan S 1976. Geochemistry of the Greenland Group (Early Ordovician), New Zealand. New Zealand Journal of Geology and Geophysics 19: 683–706.

Pickett DA, Wasserburg GJ 1989. Neodymium and strontium isotopic characteristics of New Zealand granitoids and related rocks. Contributions to Mineralogy and Petrology 103: 131–142.

Ryland CB 2011. The geology and structural evolution of the Bald Hill – Maori Saddle region, South Westland, New Zealand. Unpublished MSc thesis, University of Otago.

Scott JM, Waight TE, van der Meer QHA, Palin JM, Cooper AF, Münker C 2014. Metasomatized ancient lithospheric mantle beneath the young Zealandia microcontinent and its role in HIMU-like intraplate magmatism. Geochemistry, Geophysics, Geosystems 15: 3477–3501.

Söderlund U, Patchett JP, Vervoort JD, Isachsen CE 2004. The 176Lu decay constant determined by Lu–Hf and U–Pb isotope systematics of Precambrian mafic intrusions. Earth and Planetary Science Letters 219: 311–24.

Tulloch AJ, Christie AB 2000. Reconnaissance rare earth element (REE) geochemistry of Ohika Detachment Fault (Buller) and Mandamus Intrusives (North Canterbury), New Zealand. Lower Hutt: Institute of Geological and Nuclear Sciences. Institute of Geological and Nuclear Sciences science report 2000/10. 26 p.

Tulloch AJ, Ramezani J, Kimbrough DL, Faure K, Allibone AH 2009. U-Pb geochronology of mid-Paleozoic plutonism in western New Zealand: Implications for S-type granite generation and growth of the east Gondwana margin. Geological Society of America Bulletin 121: 1236–1261.

Valley JW, Chiarenzelli J, McLelland JM 1994. Oxygen isotope fractionation in zircon. Earth and Planetary Science Letters 126: 187–206.

Valley JW 2003. Oxygen isotopes in zircon. Reviews in mineralogy and geochemistry 53: 343–385.

Vervoort JD, Plank T, Prytulak J 2011. The Hf-Nd isotopic composition of marine sediments. Geochimica et Cosmochimica Acta 75: 5903-5926.

Waight T, Baker J, Peate D 2002. Sr isotope ratio measurements by double-focusing MC-ICPMS: techniques, observations and pitfalls. International Journal of Mass Spectrometry 221: 229–244.

Whitehouse MJ, Kamber BS, Moorbath S 1999. Age significance of U–Th–Pb zircon data from early Archaean rocks of west Greenland—a reassessment based on combined ion-microprobe and imaging studies. Chemical geology 160: 201–224.

Whitehouse MJ, Kamber BS 2005. Assigning dates to thin gneissic veins in high-grade metamorphic terranes: a cautionary tale from Akilia, southwest Greenland. Journal of Petrology 46: 291–318.

[bookmark: _GoBack]Whitehouse MJ, Nemchin AA 2009. High precision, high accuracy measurement of oxygen isotopes in a large lunar zircon by SIMS. Chemical Geology 261: 32-42.

Wiedenbeck MAPC, Alle P, Corfu F, Griffin WL, Meier M, Oberli F, von Quadt A, Roddick JC, Spiegel W 1995. Three natural zircon standards for U‐Th‐Pb, Lu‐Hf, trace element and REE analyses. Geostandards newsletter 19: 1–23.

Wiedenbeck M, Hanchar JM, Peck WH, Sylvester P, Valley J, Whitehouse M, Kronz A, Morishita Y, Nasdala L, Fiebig J, Franchi I, Girard JP, Greenwood RC, Hinton R, Kita N, Mason PRD, Norman M, Ogasawara M, Piccoli PM, Rhede D, Satoh H, Schulz-Dobrick B, Skår O, Spicuzza MJ, Terada K, Tindle A, Togashi S, Vennemann T, Xie Q, Zheng YF 2004. Further characterisation of the 91500 zircon crystal. Geostandards and Geoanalytical Research 28: 9–39.

Wombacher F, Münker C 2000. Pb, Nd and Sr isotopes and REE systematics of Cambrian sediments from New Zealand: implications for the reconstruction of the Early Paleozoic Gondwana margin along Australia and Antarctica. Journal of Geology 108: 663-686.

