
American Mineralogist, Volume 93, pages 1437–1448, 2008

0003-004X/08/0809–1437$05.00/DOI: 10.2138/am.2008.2812      1437 

The effect of crystal-melt partitioning on the budgets of Cu, Au, and Ag 

ADAM C. SIMON,1,* PHILIP A. CANDELA,2 PHILIP M. PICCOLI,2 MICHAEL MENGASON,2 AND         
LEAH ENGLANDER3

1Department of Geoscience, University of Nevada, Las Vegas, Nevada 89154-4010, U.S.A.
2Laboratory for Mineral Deposits Research, Department of Geology, University of Maryland, College Park, Maryland 20742, U.S.A.

3Ardsley Middle School, Ardsley Union Free School District, 500 Farm Road, Ardsley, New York 10502, U.S.A.

INTRODUCTION

Porphyry- and high-sulfidation epithermal-ore deposits are 
linked genetically to shallow-level intermediate to felsic magmas 
via a magmatic volatile phase(s) that exsolves from the melt 
phase, scavenges metals from the melt, and ascends to the super-
jacent environment. Ore metals precipitate owing to changes in 
metal solubility caused by processes such as cooling, decompres-
sion, and neutralization during water-rock interaction and mixing 
with meteoric water (Holland 1972; Burnham 1979; Candela and 
Holland 1984). The exsolution of a volatile phase from the melt is 
driven by decompression and/or crystal fractionation (Burnham 
1979; Candela and Piccoli 1995). The mass transfer of a given 
metal from the magma to a volatile phase is controlled by the 
concentration of metal-carrying ligands (e.g., chlorine, bisulfide) 
in the gas phase (Candela and Piccoli 1995). For example, the 
mass transfer of Au from a silicate melt to an exsolved volatile 
phase can be described by an equilibrium such as

AuO m
0.5 + 2HClmvp = AuCl2Hmvp + 0.5H2O (1)

where m and mvp stand for melt and magmatic volatile phase, 

respectively (Frank et al. 2002). Gold is assumed to be present 
as AuO m

0.5 as discussed in Frank et al. (2002); Au may be present 
as Au or as a Au-S species; however, the speciation of Au is not 
the focus of this paper. A more fundamental control on the abil-
ity of a silicate melt to supply metal(s) to the volatile phase(s) 
is the absolute quantity of the metal(s) in the melt at the time 
of volatile saturation. The concentration of metal in the silicate 
melt will be controlled by its affinity for minerals crystallizing 
during cooling. The mass transfer of a metal such as Au from a 
silicate melt to a crystallizing phase such as pyrrhotite (PO) can 
be described by one possible equilibrium such as 

AuO m
0.5 + FeSPo + 0.5S2 = AuFeS2

Po + 0.25O2. (2)

If a crystallizing phase(s) sequesters significant quantities 
of a given metal (i.e., a high mineral/melt partition coefficient), 
the total quantity of the metal available to be scavenged by an 
exsolved volatile phase then will be reduced (cf. Jugo et al. 1999). 
Constraining the partitioning of metals between silicate melt and 
crystals is required to describe quantitatively the effect of crystal 
fractionation on the metal budgets of an evolving magmatic 
system. Data from natural systems suggest that sulfides and 
oxides may sequester significant quantities of ore metals from 
a crystallizing melt (Cygan and Candela 1995; Jugo et al. 1999; * E-mail: adam.simon@unlv.edu

ABSTRACT

We have performed five separate sets of experiments to elucidate the effects of magnetite, ulvöspinel-
magnetite solid solution, and pyrrhotite crystallization on the budgets of Au, Cu, and Ag at magmatic 
conditions. The experiments were done in both hydrous and anhydrous assemblages at temperatures 
between 800 and 1050 °C, pressures from ambient to 140 MPa, log fO2 from NNO-0.25 to NNO, and 
log fS2 from –1.5 to –3.0. Nernst-type partition coefficients (±1σ) at 800 °C in a water-saturated as-
semblage are DAg

Mt/melt = 2 × 10–4 ± 2 × 10–9, DCu
Mt/melt = 0.82 ± 0.69, DCu

Usp/melt = 26 ± 17, DAu
Usp/melt = 50 ± 31, 

DCu
Po/melt = 174 ± 25. Nernst-type partition coefficients (±1σ) at 1050 °C in an anhydrous assemblage 

are DCu
Po/melt ≥ 200, DAg

Po/melt = 58 ± 8, DAu
Po/melt = 120 ± 50. The calculated values for DAu

Usp/melt and DCu
Usp/melt 

indicate that the addition of Ti to magnetite increases significantly the Au- and Cu-scavenging potential 
of ulvöspinel relative to end-member magnetite. Partition coefficients for Cu and Au between pyr-
rhotite and melt indicate that a temperature change from 1050 to 800 °C in an anhydrous and hydrous 
assemblage, respectively, results in no observable change in Cu partitioning. The calculated partition 
coefficients are used to model the effect of crystal fractionation on the concentrations of Ag, Cu, and 
Au. Model results suggest that the co-crystallization of magnetite and pyrrhotite sequester no more 
than 2% Ag, 7% Cu, and 37% Au from the melt over the first 25% solidification. If the melt reaches 
volatile saturation after 25% crystallization, the presence of end-member magnetite and pyrrhotite do 
not appear to inhibit the Cu-, Au-, and Ag-ore potential of the magma. Ulvöspinel-magnetite, however, 
may reduce the Au concentration in the melt by approximately one-third relative to its initial value 
that decreases the overall Au available to partition into the volatile phase. 
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