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Appendix 1. Analytical methods

Sample preparation

The samples were cleaned and altered areas excluded from the milling process. The rock fragments were milled with an agate mill for further geochemical preparation. For the age dating, the zircons were separated at GeoTrack in Australia. 

Geochemistry

Geochemical data obtained using inductively coupled plasma mass spectrometry (ICP-MS) analysis at Acme laboratory (Vancouver, Canada). Detection limits and detailed description of the analytical process and certificates can be downloaded under http://acmelab.com.

U–Pb geochemistry

The zircons were mounted in Buehler Epokwick epoxy along with standard zircons 91500 (Wiedenbeck et al. 1995) and Temora (Black et al. 2003). After epoxy cured (c. 4–5 days) the puck was polished till zircon grains were half-sectioned. Optic transmitted and reflected light images as well as BSE and CL microphotographs were taken in order to choose area of analyses.

In situ U–Pb analyses were performed on a SHRIMP-II in the Center of Isotopic Research (CIR) at VSEGEI, applying a secondary electron multiplier in peak-jumping mode following the procedure described by Williams (1998) and Larionov, Andreichev & Gee (2004). A primary beam of molecular oxygen was employed to bombard zircon in order to extract secondary ions. A 70 µm Kohler aperture allowed focusing of the primary beam so that the ellipse-shaped analytical spot had a size c. 27 × 20 µm, and the corresponding ion current varied from 3.7 to 4.5 nA. The sputtered secondary ions were extracted at 10 kV. The 80 µm wide slit of the secondary ion source, in combination with a 100 µm multiplier slit, allowed mass-resolution M/ΔM > 5000 (1 % valley); thus, all the possible isobaric interferences were resolved. One minute rastering over a rectangular area of c. 35 × 30 µm was employed before each analysis in order to remove the gold coating and possible surface common Pb contamination.

The following ion species were measured in sequence: 196(Zr2O)–204Pb–background (c. 204 AMU)–206Pb–207Pb– 208Pb–238U–248ThO–254UO with integration time ranging 2 to 14 seconds. Four cycles for each analysed spot were acquired. Apart from ‘unknown’ zircons, each fifth measurement was carried out on the zircon Pb/U standard TEMORA (Black et al. 2003), which has an accepted 206Pb/238U age of 416.75 ± 0.24 Ma. 

Inclusion- and fracture-free areas of the ‘unknown’ zircons were preferably chosen for analysis. The results collected were then processed with the SQUID v1.12 (Ludwig, 2005a) and ISOPLOT/Ex 3.22 (Ludwig, 2005b) software, with decay constants of Steiger & Jäger (1977). The common Pb correction was done on the basis of measured 204Pb/206Pb according to the model of Stacey & Kramers (1975).

Nd isotope geochemistry

Sm and Nd concentrations and Nd isotope analyses were conducted at IFREE, JAMSTEC. Powdered samples for Sm and Nd concentrations and Nd isotope analyses were digested with mixed acids (0.5 ml HClO4, 2 ml HF and 10 ml HNO3) using a microwave digestion (Milestone Ethos1 with NOVA-10) system at 250 °C. 


Concentrations of Sm and Nd were analysed by ICP-MS using an Agilent 7500ce system fitted with PFA sample introducing and a Pt-inject torch system. The ICP-MS system was operated in no collision gas and multi-tune acquisition mode. Sample preparation and measurement were described by Chang et al. (2003) and Nakamura & Chang (2007). Analytical accuracy and precision for ICP-MS analyses, estimated from repeated measurements of international reference rocks (JB-1a of GSJ, BCR-2 and BIR-1 of USGS) were mostly better than 5 % and 3 %, respectively.

The analytical procedure used for chemical separation and mass spectrometry for Nd isotope determinations is outlined in Miyazaki et al. (2007). Mass spectrometry was performed on a Thermo-Finnigan® Triton TI equipped with nine Faraday cups, using a static multi-collection mode. Normalizing factor used to correct for isotopic fractionation in the Nd isotope analyses was 146Nd/144Nd = 0.7219. Measured isotopic ratio for standard material was 143Nd/144Nd = 0.512097 ± 09 (2 sd), for JNdi-1 (n = 6).

References
Black, L. P., Kamo, S. L., Allen, C. M., Aleinikoff, J. N., Davis, D. W., Korsch, R. J. & Foudoulis, C. 2003. TEMORA 1: a new zircon standard for Phanerozoic U–Pb geochronology. Chemical Geology 200, 155–70.
Chang, Q., Shibata, T., Shinotsuka, K., Yoshikawa, M. & Tatsumi, Y. 2003. Precise determination of trace elements in geological standard rocks using inductively coupled plasma mass spectrometry (ICP-MS). Frontier Research on Earth Evolution 1, 357–62.

Larionov, A. N., Andreichev, V. A. & Gee, D. G. 2004. The Vendian alkaline igneous suite of northern Timan: ion microprobe U–Pb zircon ages of gabbros and syenite. In The Neoproterozoic Timanide Orogen of Eastern Baltica (ed. D. G. P. Gee), pp. 69–74. Geological Society of London, Memoir no. 30.
Ludwig, K. R. 2005a. SQUID 1.12 A User’s Manual. A Geochronological Toolkit for Microsoft Excel. Berkeley Geochronology Center Special Publication, 22 pp. 
Ludwig, K. R. 2005b. User’s Manual for ISOPLOT/Ex 3.22. A Geochronological Toolkit for Microsoft Excel. Berkeley Geochronology Center Special Publication, 71 pp. 

Miyazaki, T., Takahashi, T., Hirahara, Y., Chang, Q., Vaglarov, B. S., Suzuki, K. & Tatsumi, Y. 2007. Low blank and precise Sr-Nd-Pb analysis and in-situ Sr analysis of minerals in volcanic rocks. Frontier Research on Earth Evolution 3, 72–6.

Nakamura, K. & Chang, Q. 2007. Precise determination of ultralow (sub-ng g-1) level rare earth elements in ultramafic rocks by quadrupole ICP-MS. Geostandards and Geoanalytical Research 31, 185–97.

Stacey, J. S. & Kramers, J. D. 1975. Approximation of terrestrial lead isotope evolution by a 2-stage model. Earth and Planetary Science Letters 26, 207–21.

Steiger, R. H. & Jäger, E. 1977. Subcommission on geochronology – convention on use of decay constants in geochronology and cosmochronology. Earth and Planetary Science Letters 36, 359–62.

Wiedenbeck, M., Alle, P., Corfu, F., Griffin, W. L., Meier, M., Oberli, F., Vonquadt, A., Roddick, J. C. & Speigel, W. 1995. Three natural zircon standards for U-Th-Pb, Lu-Hf, trace element and REE analyses. Geostandards Newsletter 19, 1–23.

Williams, I. S. 1998. U-Th-Pb Geochronology by ion microprobe. In Applications in microanalytical techniques to understanding mineralizing processes (eds M. A. McKibben, W. C. P. Shanks and W. I. Ridley), pp. 1–35. Society of Economic Geologists, Reviews in Economic Geology no. 7.
