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Supplementary Material
Partial melting modeling

The material presented here is to supplement section 5.b. Partial melting in the main text and to test whether the PGE-depleted and high PPGE/IPGE characteristics of the Aleppo Plateau basalts from NW Syria can be a result of partial melting and subsequently melt extraction from the mantle. Two melting scenarios are considered here —basaltic magmas acquire their PGEs through (1) physically entraining suspending sulphide droplets in the mantle matrix and (2) silicate melt–sulphide melt equilibration.
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(c) Fsulphide = 40%
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(b) Fsulphide = 15%
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(b, c) Compositions of basaltic melts containing drained sulphide droplets(a) Compositions of sulphide melts



(d-f) Model silicate melts in partial equilibrium with sulphide melts retained in residual mantle












	Supplementary Figure S1. Distribution of PGEs as a function of partial melting and silicate/sulphide mass ratio (R factor). (a) Calculated compositions of sulphide melts as a function of degree of sulphide partial melting. The composition of sulphide melt approaches that of the sulphide in the source at 100% melting. (b, c) Calculated compositions of basaltic melts as a function of degrees of silicate partial melting after complete incorporation of sulphide droplets derived from (b) 15% and (c) 40% of sulphide partial melting. (d–f) Calculated compositions of silicate melts coexisting with sulphide droplets at varying degrees of sulphide partial melting and different R factors. See text in this Supplementary Material for explanations. Also shown as shades are PGE ranges of Phase 1 (light gray) and Phase 2 (dark gray) Aleppo Plateau basalts. All melting was assumed to be batch and partition coefficients among silicate melt, mss and sulphide melt were those listed in Table 3. The starting sulphide composition in (a) was calculated assuming that the mantle contains PGEs in primitive mantle abundances (Palme & O'Neill, 2003) and 280 ppm sulphides which host all the PGEs. From all diagrams, it appears that for whatsoever mechanism basaltic magmas acquired their low PGE abundances, Dmss/sulphide liq. play a very important role in determining their PGE ratios. Fsulphide, degree of sulphide melting; Fsilicate, degree of silicate melting.


Assume that the mantle source contained ~800 ppm sulphides, which is an appropriate estimate for a primitive mantle of ~280 ppm S (Fischer-Gödde, Becker & Wombacher, 2011). Using the primitive mantle compositions of Palme and O’Neill (2003), this gives 4 ppm Ir, 5.7 ppm Ru, 1.2 ppm Rh, 8.3 ppm Pt and 4.1 ppm Pd in the sulphides if all the PGEs are hosted in the sulphides. This assumption is reasonable given the extremely high Dsulphide liq./silicates and Dsulphide liq./spinel. Melting of these sulphides will generate sulphide melts enriched in PPGEs relative to IPGEs, ~3–4 orders of magnitude higher than the bulk composition of primitive mantle (Fig. S1), according to published Dmss/sulphide liq. (e.g. Ballhaus et al., 2006), and assuming batch melting and 40% melt productivity. The produced sulphide melts will either dissolve or occur as immisible droplets in the silicate melts depending on the sulphide solubility, which is a function of a number of factors such as temperature, pressure and the silicate melt composition (Mavrogenes & O'Neill, 1999). For the Aleppo Plateau basalts, the rocks are characterised by mildly alkaline to tholeiitic compositions, and are generally thought to be derived from relatively low-fraction melts that would be saturated with sulphides under upper mantle conditions (Hamlyn et al., 1985). At such conditions, pressure exerts a great control on the sulphide solubility, suppressing incorporation of sulphide into silicate melts. According to the hypothesis of Ballhaus et al. (2006) where all sulphide droplets can be readily drained by silicate melts, we can calculate the compositions of the resulting ‘hybrid’ basalts at various degrees of silicate and sulphide melting. Two cases of fixed degrees of 15% and 40% sulphide melting are shown in Figures S1b, c, respectively, with varying degrees of silicate melting. The two cases show different amounts of PGE fractionation, but for a given degree of sulphide melt, mixing with silicate melts dilutes the PGE abundances and does not fractionate the PGEs. The whole scenario testifies to the importance of Dmms/sulphide liq. and degrees of sulphide melting in controlling the PPGE/IPGE ratios in basalts.

Of importance, however, is that the absolute abundances of PGEs in the model ‘hybrid’ basalts of 5–20% silicate melting are too high compared to those of the Aleppo Plateau basalts (Figs S1b, c), as well as to those of most OIBs and MORBs. One explanation may be associated with the controversial assumption of complete entrainment of sulphide melts into silicate melts. Indeed, studies of sulphide morphology have argued against effective mobilisation of sulphide melts by silicate melts (Mungall & Su, 2005; Barnes et al., 2008). As such, in an extreme case where no sulphide droplet is drained, the PGE budgets of the silicate melts can be inferred from the partition coefficients between sulphide and silicate melts and the silicate/sulphide liquid mass ratio (R ratio), and can be estimated using the R ratio equation (Campbell & Naldrett, 1979):

Cjsilicate liq. = Cjsulphide liq.(R + Djsulphide liq./silicate liq.) / Djsulphide liq./silicate liq.(D + 1)

where Cjsilicate liq. is the concentration of element j in silicate melt, Cjsulphide the concentration of element j in sulphide melt, R the silicate melt/sulphide melt mass ratio and D the partition coefficient of j between sulphide and silicate melts. Calculations made in this way using published Dsulphide liq./silicate liq. (Table 3) can reproduce the PGE fractionation patterns and absolute abundances of some higher-PGE Aleppo Plateau basalts (those of the Phase 1 lavas) if melting produces 40% sulphide melt and 60% mss (Fig. S1e, f) and R is of the order of 106 or higher.
There is a substantial range of PGEs among the Aleppo Plateau basalts. The preceding model is able to reproduce the data of the less PGE-depleted Phase 1 lavas, but not those of the more PGE-depleted Phase 2 lavas. We vary the R ratio in the model and yet cannot reproduce the low PGE abundances. The potential reasons behind are discussed in the main text.
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