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The French Massif Central (FMC) is part of the West European Variscan belt, 
which was formed during the Devonian continent-continent collision between 
the Gondwana and Baltica, following the closure of oceanic domains opened 
during the Cambrian-Ordovician and collision of Gondwana-derived continental 
fragments (Eo-Variscan stage; Silurian-Devonian) (e.g. von Raumer et al., 
2015). The FMC is composed of a series of nappes that were piled during the 
Meso-Variscan period (Devonian-Early Carboniferous; c. 350–360 Ma) (Ledru 
et al., 1994). The Neo-Variscan stage (Late Carboniferous-Early Permian) 
corresponds to extensive granitic magmatism and formation of major crustal-
scale shear zones. The FMC hosts numerous Variscan ore deposits, some of 
them being known since the gallo-roman times (e.g. Au). In particular, the FMC 
contains economic to sub-economic deposits of W and Sn, which were formed 
during the late stage of uplift (320–290 Ma) (e.g. Marignac and Cuney, 1999; 
Alexandrov et al., 2000). Most of the W-Sn deposits are hosted by 
metasediments, while minor W-Sn deposits hosted by rare metal peraluminous 
granites (RMG) are found in the Northern Limousin (Marignac and Cuney 1999; 
Vallance et al., 2001). Mineralised structures in the Limousin are vein-hosted 
and arise from percolation of different hydrothermal fluids related to: 1) the 
delamination of the lower lithosphere during exhumation of the Variscan belt 
and, 2) granulite-facies metamorphism at the basis of the lower crust (Vallance 
et al., 2001; Harlaux et al., 2017). Frequently, metal associations are complex 
and reflect different source rocks: Au (As, Bi, Sb, Te) W-Sn (Nb, Ta, REE). 

We have analysed compatible and incompatible metallic trace elements 
in the mineral assemblage of a series of rocks from the Limousin ophiolite 
(serpentinites, amphibolite facies metagabbros and basic dykes) and felsic 
magmatic series (granites as well as gneisses) (Vaulry W-Sn district; St Yrieix, 
Cheni and Lauriéras Au districts; St-Sylvestre and La Marche U districts). 
Determination of the trace element concentrations in non-mineralised rocks is 
expected to trace the source of Sn and W transported by fluids involved in the 
formation of Variscan ore deposits.  

In the Limousin ophiolite, serpentinites and amphibolites have Sn 
concentration below the determination limit (<0.25 ppm) and low abundances of 
W (0.3–1.8 ppm), which differs from the high abundances measured for 
compatible transition metals (i.e. Sc, V, Cr, Co, Ni, Zn, Cu). In serpentinites, 
minerals (serpentine, olivine, amphibole, chlorite and spinel) generally display 
low contents of Sn and W (0.2–5.8 and 0.2–7.6 ppm, respectively). In 
amphibolites, amphibole has low Sn and W contents (Sn: 0.2–1.2 ppm; W: 
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below detection limit), while higher concentrations are measured in accessory 
titanite (Sn: 4.7–5.6 ppm, W: 16–18 ppm). W and Sn concentrations are 
generally below detection limit (<1.2 ppm) in plagioclase. By contrast, high 
concentrations of Sn and W (0.51 and 14 ppm, respectively) are measured in 
an ultra high-pressure zoisite-eclogite (Berger et al., 2010) cropping out in 
contact with the ophiolite massifs. Main host minerals for Sn and W are zoisite 
(2.8–20 and 10–16 ppm), rutile (13–17 and 111–164 ppm), and retrograde 
amphibole (1.1–2.3 and 8.6–10 ppm), while garnet, omphacite and retrograde 
ilmenite have lower Sn and W abundances (Sn: <3.8 ppm, W: <17 ppm).  
 In granite and gneisses, the metallic trace elements are mainly hosted by 
biotite (bt) and muscovite (ms), which display significant Sn and W contents. 
Quartz and feldspars only show minor amounts of Sn (0.59–2.4 ppm), while W 
is below detection limit (<0.4 ppm). Variations in Sn and W in micas allow 
tracing the pre-mineralisation concentrations in the granitic massifs: there is a 
clear geographical correlation between the Sn and W composition of micas and 
the importance of the W–Sn ore deposits, arguing for a local source of pre-
concentrations. Biotite and muscovite from the leucogranites hosting the Vaulry 
W–Sn ore deposit display the highest Sn and W concentrations (Sn: 200–610 
ppm in bt, 196–425 ppm in ms; W: 8.7–77 ppm in bt, 128–193 ppm in ms). W 
and Sn abundances decrease in the leucogranites from La Marche and St-
Sylvestre U districts, which host minor W–Sn deposits, while micas from 
orthogneiss and granites hosting Au deposits (St Yrieix, Cheni, Lauriéras) show 
the lowest Sn and W concentrations (Sn: 11–100 ppm in bt, 11–160 ppm in ms; 
W: 1.9–15 ppm in bt, 2.0–126 ppm in ms).  

Our results argue for a local source of W and Sn pre-concentrations, in 
agreement with Vallance et al. (2001), who has considered the Blond granite as 
the main source for mineralisation in the Vaulry major W–Sn district. There is no 
evidence of Sn and W mobilisation from the surrounding rocks. Subsequent 
percolation of hot pseudo-metamorphic fluids is thought to have leached W and 
Sn from the granite, and triggered precipitation of W- and Sn-rich minerals 
(wolframite, scheelite, cassiterite) in hydrothermal veins (Vallance et al., 2001). 
By analogy, the St Sylvestre and La Marche leucogranites may be the local 
source for the minor W–Sn deposits hosted in the two districts while specific 
element association may be derived locally from some basic lithologies.  
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