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Abstract
Field, petrochemical, and stable isotope data from peraluminous microgranite dikes and their 

molybdenite-bearing vugs in the Archean Preissac-Lacorne batholith, Québec, provide evidence for 
the transport and deposition of molybdenum by an aqueous fluid that exsolved from a felsic magma. 
A model is proposed in which the microgranite-forming liquid fractionated from a magma that was 
parental to and intruded less-evolved muscovite monzogranite. Fluid saturation is interpreted to have 
occurred immediately prior to emplacement, allowing sufficient time for small spherical pockets of fluid 
to form and rise through the liquid but insufficient time for them to leave the system. These fluid pockets 
scavenged molybdenum and other components during their migration but were frozen in situ to form 
molybdenite-bearing vugs as a result of the quenching of the magma. We therefore conclude that the 
vugs are relicts of the exsolved fluid pockets and that the molybdenite in them reflects the concentra-
tion of molybdenum in the fluid, estimated from volumetric relationships to have reached ~7800 ppm.
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Introduction
Geological, mineralogical, and isotopic studies of granite-

related molybdenum deposits have established that Mo concen-
trates in the volatile-rich residual melt of a crystallizing magma 
before being partitioned into an exsolving fluid from which 
molybdenite eventually precipitates (e.g., Westra and Keith 1981; 
Carten et al. 1988; Stein 1988; Hannah et al. 2007; Audétat 2010; 
Greaney et al. 2018; Chang et al. 2020). Moreover, fluid and melt 
inclusion studies by Cline and Bodnar (1994), Ross et al. (2002), 
and Audétat and Li (2017 and references therein) have shown 
that there is little or no contribution from meteoric waters to the 
composition of the aqueous phase. The magmatic fluid is consid-
ered to be released during degassing of the magma as bubbles of 
supercritical fluid that migrate in buoyant plumes toward a zone 
of volatile accumulation or percolation that eventually becomes 
the focus of fluid pressure-induced fracturing of the overlying 
rock and intense alteration and mineralization (Whitney 1975; 
Burnham 1979; Candela 1991; Larsen et al. 2004).

Physical evidence for the above processes in granite-related 
Mo deposits and other types of intrusion-related metallic mineral 
deposits is rare. Although miarolitic cavities in granitic rocks 
are widely considered to be the products of fluids exsolved 
from volatile-saturated silicate melts (Candela 1997; King and 
White 2003; Peretyazhko et al. 2004), they seldom contain 
metallic minerals that are economically exploited. Such cavities 
are known to occur in Mo-mineralized granites, for example 
in the Allebuoda, Munka, and Kåtaberget granites in Sweden 
(Öhlander et al. 1989), several granitic complexes in Australia 
(Candela and Blevin 1995), the Treasure Mountain granite in 
Colorado, the Drammen and Glitrevann granites in Norway 

(Lerchbaumer and Audétat 2013) and the Torres del Paine gran-
ites in Chile (Kaufmann et al. 2021). To our knowledge, however, 
only miarolitic cavities in the Glitrevann and Torres del Paine 
granites have been reported to contain molybdenite. In the case 
of the Glitrevann granite, there is no published information on 
the miarolitic cavities other than that they occur in the aplogranite 
zone of the intrusion and contain molydenite, pyrite, quartz, and 
alkali feldspar (Schønwandt 1988). At Torres de Paine, the iso-
lated miarolitic cavities range from a few millimeters up to 1 m 
in diameter and are interpreted to represent late-stage exsolved 
magmatic hydrothermal fluids that were preserved as “bubbles” 
in the solidifying magma (Kaufmann et al. 2021). The contained 
minerals are, therefore, considered to have precipitated from the 
cavity-forming magmatic-hydrothermal fluid (Kaufmann et al. 
2021). One of these cavities of unmentioned size was reported 
to contain “free-grown” molybdenite in the “loose cavity mate-
rial” that comprises quartz, plagioclase, amphibole, titanite, and 
epidote (Kaufmann et al. 2021).

In 1990, one of us (A.E.W.-J.) noticed numerous isolated 
molybdenite-bearing vugs or miarolitic cavities in previously 
undescribed muscovite-garnet microgranite dikes in the Preis-
sac pluton of the Archean Preissac-Lacorne batholith, Québec 
(Fig. 1a). This pluton hosts the former Preissac and Cadillac 
molybdenum mines, which had a combined total reserve of ~6.7 
million tons of ore grading 0.2 wt% Mo (Kirkham et al. 1982), 
making them among the largest Mo deposits in Canada. The 
vugs potentially provide field evidence for Mo transport by, and 
deposition from, orthomagmatic fluids that had been released 
directly from a silicate liquid and subsequently precipitated 
primary molybdenite crystals. In this communication, we use 
field observations, petrography, mineral chemistry, whole-rock 
compositions, and oxygen and sulfur isotope data to explore 
the origin of the vug-hosted molybdenite in the Preissac micro-
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