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Abstract
To better understand the transport of Mo and W in granitic melts and the formation mechanism
of porphyry ore deposits, we have investigated the diffusivities of Mo and W in granitic melts with
0.04–5.1 wt% H2O at 1000–1600 °C and 1 GPa using a diffusion couple approach and a Mo saturation
approach with Mo sheet serving as the source. The Mo and W diffusivities obtained from diffusion
profiles measured by LA-ICP-MS can be described as:
DMo,anhy = 10–1.47±0.73exp[–(387 ± 25)/RT],
DW,anhy = 10–1.28±1.05exp[–(396 ± 35)/RT],
DMo,2.7wt%H2O = 10–5.37±0.52exp[–(211 ± 18)/RT],
DMo,5.1wt%H2O = 10–6.87±0.69exp[–(133 ± 20)/RT],
where D is diffusivity in m2/s (with the subscripts denoting water contents and “anhy” representing
nominally anhydrous melt), R is the gas constant, T is the temperature in K, and the activation energies
in the exponential are in kJ/mol. When the influence of H2O is incorporated, Mo diffusivity in granitic
melts with <5.1 wt% H2O can be modeled as:
logDMo = – (1.94 ± 1.58) – (0.87 ± 0.36)w – [(19 341 ± 2784) – (2312 ± 620)w]/T
where w is H2O content in the melt in wt%. The diffusion behavior (low diffusivities, high activation
energies, and strong H2O effects) of Mo and W indicates that they exist and diffuse in the melt in the
form of hexavalent cations. Their low diffusivities imply that the bulk concentrations of Mo and W in
exsolved hydrothermal fluid and those in the melt are probably not in equilibrium. However, because
of the large fluid-melt partition coefficients of Mo and W, they can still be enriched in the hydrothermal
fluid, although to a lesser extent than equilibrium partitioning would allow. Slow Mo and W diffusion
can be a significant rate-limiting step for the formation of porphyry Mo/W deposits.
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Introduction
Porphyry-type ore deposits, of which the majority were formed
in the Phanerozoic (Kesler and Wilkinson 2008), are commonly
found at oceanic or continental arcs above subduction zones
(Wilkinson 2013). They are the primary source of copper and
molybdenum (approximately accounting for 60% of all mined
Cu and 99% of all mined Mo) and an important source of gold,
silver, and tungsten (Singer 1995; Simon and Ripley 2011). Porphyry deposits are typically large tonnage and low grade (e.g., Cu,
Mo, and W generally less than 1, 0.2, and 0.2 wt%, respectively;
Kirkham and Sinclair 1995). They are associated with intermediate
to felsic hypabyssal intrusions (granite porphyry and granodiorite
porphyry) located in the mid to shallow crust (Seedorff et al.
2005; Sillitoe 2010).
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logical processes starting from the dehydration of subducted slab
(Richards 2005). Within crustal depths, the formation of a porphyry
deposit generally involves the following steps (e.g., Annen et al.
2005; Candela and Holland 1986; Candela 1997; Landtwing et
al. 2010; Stoffell et al. 2004; Wilkinson 2013): (1) production of
metal-containing hydrous magma in the deep crust; (2) emplacement of the magma in the mid to shallow crust, and enrichment of
metals into exsolved magmatic-hydrothermal fluid, partly driven
by crystallization; and (3) deposition of ore minerals locally from
the hydrothermal fluid. The second step requires not only that the
metals are partitioned into the fluid relative to the silicate melt, but
also that the transport of metals in the melt is efficient. Huber et
al. (2012) demonstrated with quantitative modeling that rapidly
diffusing metals tended to establish equilibrium fluid-melt partition and hence be efficiently scavenged from the melt, whereas
slowly diffusing metals would be left behind in the melt. A great
deal of effort has been devoted to investigating the partitioning
behavior of metals between fluid and melt (e.g., Candela and
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