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SM 1. Detailed analytical procedures 

The samples were analysed by means of secondary ion mass spectrometry (SIMS) using  SHRIMP IIe/MC  ion microprobe. During SIMS analysis a target is sputtered and ionized by focused energetic primary ion beam. As ionization is not separated from sputtering, the quantification is a matrix-dependent process requiring reference materials that have specific and similar composition of matrix. For bioapatitic conodont samples the apatite from Cerrode Mercado Fe-mine, Durango, Mexico (Frei et al. 2005) has been used to calibrate isotopic measurements. It is the same mineral group, that requires the same energy of ionization, but chemical similarity is not perfect because bioapatite is predominantly a hydroxylapatite  with a general formula Ca10(PO4,CO3)6(OH,F,Cl)2, while a most common form of igneous or hydrothermal rock equivalent is fluoroapatite with theoretical formula of  Ca5(P04)3F. The methodology of a mass acquisition by SIMS, however, cannot discriminate between the oxygen ratio 16O/18O in PO4 (91.5%), CO3 (5.6%), OH (2.9%) and other components of a bioapatite target (Pan and Fleet 2002; Passey and Cerling 2006; Aubert et al. 2012) The SHRIMP instrument used in this study, operated with a mass resolution R (M/δM) ~1900, is sufficient to resolve masses of  18O versus 16O, H2,  19F and  isobaric interferences related to the bioapatitic composition.

The apatite reference material was derived from the Durango 3 clusters with  δ 18O determined by C. Lécuyer using GIRMS technique and normalised to the NBS120c standard value of 21.7‰  (Rigo et al., 2012). To perform SIMS analyses it is necessary to examine homogeneity among grains when evaluating a larger portion of the standard material. It is common to examine many samples before one is found to be satisfactory as a standard. In order to evaluate potential standard materials, the candidate samples of Durango were crushed to small fragments and chips or grains for both GIRMS  and SIMS analyses were systematically selected. 

The reference material Durango 3 was here analysed after every three-four sample spots. Carefully chosen, transparent and inclusion-free chips of gem quality Durango apatite usually yield proper internal consistency of isotopic composition, that has to be always controlled. The δ 18O values of  the Durango 3 standard were measured during six-minute runs with an internal precision 0.1 – 0.3 ‰ (standard error of single analyses). The results are summarized in Supplementary Material 3.

In accordance with SIMS requirements, the conodonts and reference Durango apatite were placed within 5 mm of the center of 35 mm diameter megamount (Ickert et al. 2008) to minimize instrumental bias associated with sample position. Conodonts  were carefully positioned upon double-sided tape and potted by epoxy resin (Struers Epofix) together with appropriate number of Durango grains. Hardened mount was polished using 1200 grade SiC paper and 1 mm diamond paste. No chemicals or chemical reactions were used for thise stage of sample preparation. Prior to analysis the mount was cleaned in high-purity ethanol using an ultrasonic bath and dried during a few days in a vacuum heater. Before and after ion microprobe analysis, sample imaging has been prepared under optical microscope in reflected light (Fig. 3B). For ensuring a conductivity of the surface, the mount was coated by thin ~ 12 nm layer of a high purity gold. Afterwards, the mount was positioned into the SHRIMP vacuum lock at least 12 hours prior to analysis. Each session consisted of repeated analyses of the Durango 3 standard until stable operating conditions  were achieved.
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