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Abstract
Tungsten deposits are usually associated with granitic intrusions that record a long and complex 

evolution of the magmatic-hydrothermal system. However, the genetic link between magmatic-hy-
drothermal evolution and tungsten mineralization remains unclear. The Xihuashan tungsten deposit in 
South China, an important vein-type wolframite deposit, is closely associated with greisen and multi-
phase intrusive activity that produced biotite granite, two-mica granite, and muscovite granite. From 
the biotite granite to the two-mica granite to the muscovite granite, micas vary from siderophyllite to 
lithian siderophyllite, with decreasing K/Rb and Nb/Ta ratios and increasing Rb and Cs contents. The 
zoned micas in the muscovite granite and greisen display fluorine-depleted rims, reflecting subsolidus 
replacement by external aqueous fluids. The presence of siderite indicates a Fe-, Mn-, and CO2-rich 
fluid under reducing conditions. The micas in the greisen have higher-F contents and lower Fe3+/Fe2+ 
ratios than those in the muscovite granite, suggesting that the fluids contributing to greisen formation 
had a relatively high-fluorine content and were reduced. The increase of CO2 in the fluid enhanced its 
ability to unlock W from melts/rocks into fluids. The reducing environment also facilitated the tung-
sten mineralization. During greisenization, the pH value of the fluid increased, which destabilized the 
polymeric tungstates to form WO4

2–. The mixture of W-rich solution and Fe-, Mn-rich external fluid 
eventually precipitated as vein-type wolframite in favorable locations. An empirical equation (Li2O 
= 0.0748 × F2 + 0.0893 × F) was introduced for estimating the Li2O contents of hydrothermal micas 
using the F contents determined by EPMA.
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Introduction
Most tungsten deposits are closely associated with granitic 

intrusions, and the styles of mineralization may be diverse, 
including quartz veins, stockworks, breccia, skarn, greisen, peg-
matite, and porphyry. Wolframite-bearing quartz veins, regarded 
as an important type of hydrothermal deposit, commonly occur 
in differentiated granitic plutons that show varying degrees of 
hydrothermal alteration (e.g., Gleeson et al. 2001; Schalteg-
ger et al. 2005; Vigneresse 2006). The relationship between 
magmatic-hydrothermal activities and tungsten mineralization 
is, therefore, a critical issue in understanding the formation of 
tungsten deposits. For individual deposits, the role of the intru-
sion as the main source of fluids and metals is usually unclear due 
to the multiple overprint/reopening of the veins and to the lack of 
geochronological data constraining the timing of magmatic and 
hydrothermal events. It has been proposed that the ore-forming 
elements may be concentrated during multiple stages of mag-
matic activity and then extracted by magmatic fluids (e.g., Che 
et al. 2013; Harlaux et al. 2018a), or be leached from granitoids 
and/or metamorphic rocks and transported by external (metamor-
phic or meteoric) fluids (e.g., Linnen and Williams-Jones 1995; 
Vindel et al. 1995; Vallance et al. 2001). Most previous studies on 

the relationship between magmatic-hydrothermal episodes and 
tungsten mineralization have been based on the geochronology 
of deposits and their host granites (e.g., Wang et al. 2011; Li et 
al. 2013), experiments on partition coefficients between minerals 
and fluids/melts (e.g., Linnen and Cuney 2005; Che et al. 2013), 
analyses of fluid inclusions (e.g., Wei et al. 2012), and analyses 
of mineral geochemistry and stable isotopes (Legros et al. 2019). 
Although recent studies have successfully dated wolframite from 
tungsten deposits (e.g., Harlaux et al. 2018b; Deng et al. 2019), 
limitations still exist, owing to the lack of suitable techniques 
for precisely dating both hydrothermal deposits and associated 
granitoids, the intrinsic differences between modeled and natural 
granitic systems, and uncertainties on whether fluid inclusions 
are representative of ore-forming fluids.

The textures and chemical compositions of ore-bearing oxide 
minerals, rock-forming minerals, and even accessory minerals 
may be used to track magmatic-hydrothermal processes in gra-
nitic systems and related metal mineralization (e.g., Roda-Robles 
et al. 2007; Van Lichtervelde et al. 2008; Yang et al. 2013; Li 
et al. 2015; Yin et al. 2019). Micas are ubiquitous minerals in 
peraluminous granitic systems, and these primary magmatic 
or secondary minerals (due to fluid interactions) have the po-
tential to record the processes of fractional crystallization and 
hydrothermal evolution. As the major rock-forming mineral that 
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