Supplementary Information

Supplementary Note 1 - Geological setting and petrological background. The Neogene
Volcanic Province of southeast Spain is an ore-productive volcanic belt extending NE-SW for ~
150 km along the Mediterranean coast. It hosts several epithermal auriferous (Roadalquilar-
Carboneras) and Pb-Zn-Cu-(Ag) polymetallic (Mazarron-La Unidn district) ore deposits associated
with medium- to high-K calc-alkaline volcanic episodes at ~ 9-11 Ma (Arribas et al., 1995; Milot et
al., 2022). The calc-alkaline volcanism in the region began in response to the westward rollback
migration of the Tethyan subduction front beneath the Alboran micro-continent (Duggen et al.,
2004), which caused lateral tearing of the Iberian continental margin along subduction transform
edge propagator fault systems (STEP; Mancilla et al., 2015). The shift towards high-K, shoshonitic,
and lamproite magmatism since the Late Miocene occurred in response to continental edge
delamination of the Iberian lithosphere, which drove asthenosphere upwelling and melting of
metasomatized domains of the subcontinental lithospheric mantle (SCLM; Duggen et al., 2005).
The last stages of magmatism in the area involved the extrusion of intra-plate type alkaline basalts
(6.3-0.65 Ma) (Duggen et al., 2005), which rapidly brought to the surface abundant xenoliths
sampling the metasomatized SCLM that previously fed the ore-productive volcanism of the region
(Hidas et al., 2016; Marchesi et al., 2017; Dallai et al., 2019; Avanzinelli et al., 2020; Schettino et

al., 2022).

The studied nanoparticle-bearing peridotite xenoliths come from the Tallante volcanic field,
and represent a volume of fertile SCLM that experienced metal endowment through the
crystallization of precious metal-rich nanoparticles incorporated in metasomatic sulfides (Gonzélez-
Jiménez et al., 2020; Schettino et al., 2022). The targeted xenoliths have a medium-to-fine grained
(0.5-2 mm) granular texture characterized by the presence of olivine porphyroclasts in a

granoblastic matrix of poorly strained olivine neoblasts and amoeboid orthopyroxene,



clinopyroxene and spinel. The major element compositions of the rock-forming minerals record
cooling and decompression of this portion of lithospheric mantle from 1100 °C at 1.8-1.9 GPa to
850 °C at 0.7-0.9 GPa (Rampone et al., 2010; Hidas et al., 2016). The estimated fO, conditions
based on the olivine-spinel oxybarometer (Ballhaus et al., 1991) vary between -1.5 to +1.5 relative
to the fayalite-magnetite-quartz buffer (FMQ), which fall within the range typically observed in a
subduction-metasomatized lithospheric mantle (Bénard et al., 2018). Spherical droplets of base-
metal sulfides enriched in metals (Au ~ 1.78 ppm) up to 20-50 um across (Gonzalez-Jiménez et al.,
2020; Schettino et al., 2022) are systematically enclosed within metasomatic clino and
orthopyroxene. The trace element signatures of sulfide-bearing clinopyroxene record silicate

metasomatism by Miocene subalkaline subduction-related magmas (Schettino et al., 2022).

Lamproite dykes and lava flows extruded in this region ca. 9.3-7.1 (Pérez-Valera et al.,
2013) along the STEP faults that accommodated the lateral tearing and edge delamination of the
Iberian continental margin (Duggen et al., 2005; Cambeses et al., 2016). The major, trace element
and isotopic compositions of lamproite rocks in southeast Spain point to a heterogeneous,
pyroxenite-veined and metasomatized source region in the subcontinental lithospheric mantle
(Duggen et al., 2005; Prelevi¢ and Foley, 2007), consistent with the lithological and geochemical
characteristics preserved by the Tallante mantle xenoliths mentioned above (Bianchini et al., 2015;
Marchesi et al., 2017; Avanzinelli et al., 2020; Casalini et al., 2021). The lamproite dykes from the
locality of Fortuna (~ 7.71 Ma; Kuiper et al., 2006) studied here have a porphyritic texture with
euhedral phenocrysts and microlites of olivine, phlogopite, orthopyroxene and apatite that are
dispersed in a glassy to microcrystalline groundmass (Venturelli et al., 1988). Orthopyroxene and
phlogopite phenocrysts started crystallizing at T ~1100 °C and FMQ + 1 as multiple magma batches
of lamproite melts ascended by channelized flow from the source region (~ 25-70 km depth,
Fritschle et al., 2013) and mixed within localized magma chambers near the mantle-crust boundary

(Cambeses et al., 2016). Base-metal sulfides in Fortuna lamproites occur as rounded droplets



included within the grain core of prismatic orthopyroxene phenocrysts (Sharygin et al., 2003),
indicating that they were trapped while the lamproite melt rose from the mantle source to crustal
magma chambers. Translithospheric fault systems (e.g., Socovos fault) tore down to the magma
chambers during progressive delamination of the Iberian margin (Mancilla et al., 2015), and

triggered the fast eruption of the lamproite magmas to the surface (Pérez-Valera et al., 2013).

Supplementary Note 2 - Physical transport of sulfide droplets in ascending lamproite
magmas. Experimental work reported that sulfide liquid has high dihedral angles (6 ~150-180°)
relative to a silicate melt (Mungall & Su, 2005). Therefore, sulfide liquid in silicate magmas forms
isolated dispersed droplets (Wang et al., 2020), which are twice as dense (4500 kg/m*, Mungall &
Su, 2005; Kress et al., 2008) as the surrounding silicate melt (~2200-2800 kg/m®). Such a density
contrast results into negative buoyancy (i.e., gravitational settling) of the sulfide droplets, which
opposes the viscous resistive forces according to the general laws of fluid dynamics and mass
transfer (Clift et al., 2005). In particular, whether spherical droplets of sulfide liquid dispersed in
silicate melt settle or remain entrained in the ascending magmas is determined by the difference
between the vertical terminal velocity (i.e., the sinking velocity) of the sulfide droplets and the

ascent rate of the host silicate magma (e.g., Heinrich and Connolly, 2022).

Small-size bubbles and droplets, such those documented in this work (< 30 um), obey the
Stokes law for a solid sphere (Clift et al., 2005) rather than the Hadamard-Rybczynski solution for
liquid spheres (e.g., Robertson et al., 2015; Yao and Mungall, 2022). Therefore, we calculated the
vertical terminal velocities (v) of the sulfide droplets by the Stokes law for steady creeping flow

past a rigid sphere:




, where g is the gravitational acceleration (9.80 m/s?), d is the diameter of sulfide droplet (30
pHm), 4p the density contrast between sulfide liquid and lamproite melt, and # the temperature-

dependent viscosity of lamproite melt.

The temperature-dependent viscosities (1) of the lamproite magmas were calculated with the

excel calculator at https://www.eoas.ubc.ca/~krussell/VISCOSITY/grdViscosity.html (Giordano et

al., 2008). Major element composition of the Fortuna lamproite magma was provided by Duggen et
al. (2005), whereas an average density of 2585 kg/m* was adopted for a lamproite melt (Rao et al.,
2008). A fixed density of 4500 kg/m® was used for a sulfide liquid spanning the range of major

element compositions consistent with this study (Mungall & Sun, 2005; Kress et al., 2008).

The calculated settling velocities of sulfide droplets have been compared with average
ascent rates of magmas within the compositional range of the lamproite melts, as well through a
spectrum of subduction-related settings akin to that of the western Mediterranean in the Neogene.
Estimates of ascent rates estimates of magmas vary over orders of magnitude depending on the
methodological approach employed and the geological conditions through which the magmas
percolate (e.g., lithospheric mantle, lower crust, upper crust). In general, U-series isotope
disequilibria suggest that arc magmas rise from the supra-subduction mantle wedge to the surface
with average ascent rates around 100-1000 m/yr (Turner et al., 2001; Turner and Costa, 2007). On
the other hand, diffusion modelling of chemical zoning in magmatic phenocrysts point out that
primitive andesitic magmas in convergent margins migrate through the lithospheric mantle and
recharge crustal magma chambers with ascent rates around ~ 1000 m/day (Ruprecht and Plank,
2013). Moreover, numerical modelling of the eruption of kimberlites and similar volatile-rich
magmas (e.g. lamproites) indicates that they start rising through the mantle source by rapid crack
propagation due to fluid overpressure, with ascent velocities increasing from 4-50 m/s to 200-300
m/s as the propagating crack reaches the surface (Sparks et al., 2006; Wilson and Head, 2007).

Taking into account these data, we suggest that the parental magmas of the Fortuna lamproite dykes
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ascended from the source region in the lithospheric mantle to pre-eruption magma chambers with
ascent rates ranging between 100 m/yr to 50 m/s. Despite a liquid sphere may sink up to 50% faster
than a solid sphere of the same size and density, the resulting effect for sulfide droplets in our case
of study would be negligible ahead of the order of magnitudes faster ascent rates of the host silicate

magmas.
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TAL129¢_c4

10 um

Supplementary Figure 1. Backscattered electron image (A), energy-dispersive X-ray
spectroscopy spectrum (B) and corresponding electro transparent focused ion beam (FIB)
sections (C, D) extracted from galena-bearing sulfide droplets in Tallante mantle xenolith
(TAL129c). Ni-Fe peaks in EDS spectra in part are due to contamination by the host sulfide.
pn—pentlandite; bn — bornite; cpx—clinopyroxene; cps—counts per second.
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Supplementary Figure 2. Backscattered electron image (A), energy-dispersive X-ray
spectroscopy spectrum (B) and corresponding electro transparent focused ion beam (FIB)
section (C) extracted from galena-bearing sulfide droplets in Fortuna lamproite dyke
(COR21 _c6). Ni-Fe peaks in EDS spectra in part are due to contamination by the host sulfide.
pn—pentlandite; cp — chalcopyrite; opx—orthopyroxene; cps—counts per second.
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Supplementary Figure 3. Backscattered electron image (A), energy-dispersive X-ray
spectroscopy spectrum (B) and corresponding electro transparent focused ion beam (FIB)
section (C) extracted from galena-bearing sulfide droplets in Fortuna lamproite dyke
(COR21_c7). Ni-Fe peaks in EDS spectra in part are due to contamination by the host sulfide.
pn—pentlandite; cp — chalcopyrite; opx—orthopyroxene; cps—counts per second.
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Supplementary Figure 4. Backscattered electron image (A), energy-dispersive X-ray
spectroscopy spectrum (B) and corresponding electro transparent focused ion beam (FIB)
section (C) extracted from galena-bearing sulfide droplets in Fortuna lamproite dyke
(COR21_c8). Ni-Fe peaks in EDS spectra in part are due to contamination by the host sulfide.
pn—pentlandite; cp — chalcopyrite; opx—orthopyroxene; cps—counts per second.
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Supplementary Figure 5. Backscattered electron image (A), energy-dispersive X-ray
spectroscopy spectrum (B) and corresponding electro transparent focused ion beam (FIB)
section (C) extracted from galena-bearing sulfide droplets in Fortuna lamproite dyke
(COR21_c13). Ni-Fe peaks in EDS spectra in part are due to contamination by the host
sulfide. pn—pentlandite; cp — chalcopyrite; opx—orthopyroxene; cps—counts per second.
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Supplementary Figure 6. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
TAL129 c4 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).
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Supplementary Figure 7. Bright field scanning electron images (STEM; A) and high-
resolution transmission electron microscopy images (HR-TEM; B) of magnetite nanoinclusion
in thin foil sample TAL129c_c4.
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Supplementary Figure 8. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
TAL129 c4 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).
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Supplementary Figure 9. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
COR21_c6 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).
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Supplementary Figure 10. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
COR21_c7 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).



Supplementary Figure 11. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
COR21_c8 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).
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Supplementary Figure 12. High angle-annular dark field (HAADF) Z-contrast image and
elemental maps in scanning transmission electron microscopy (STEM-EDS) acquired on
COR21_c13 thin foil sample by high resolution-transmission electron microscopy (HR-TEM).
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Supplementary Figure 13. Representative selected area electron diffraction (SAED) patterns
and fast Fourier transform diffraction patterns from high resolution images of minerals
identified in the Tallante peridotite xenoliths and Fortuna lamproite dykes. Abbreviations
are: gn — galena; pn — pentlandite; mt — magnetite; cp — chalcopyrite; dg — digenite.
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