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Gold solubility in fluids was found to increase with temperature, starting sulfate
concentration, HCl-content, fluid salinity and oxygen fugacity (Fig. 3.2-17). Weight-percent
level Au solubilities were observed in fO,-unbuffered fluids containing sulfate and chlorine,

Fig. 3.2-17: Gold solubility in aqueous fluids at 500-800 °C and 2 kbar as a function of:
(a) NaCl concentration in the starting fluid, (b) H,SO,4 concentration in the starting
fluid, (c) HCI concentration in the starting fluid, (d) temperature, (e) type of alkali ion
and (f) oxygen fugacity. NNO: Ni-NiO buffer; RRO: Re-ReO, buffer; MMO: MnO-
Mn;0,4 buffer; HM: hematite-magnetite buffer; FMQ: fayalite-magnetite-quartz buffer.

which appears to be due to the formation of NaAuCl, complexes via the reaction:

Au + 1/2H,S04 + HC1 + NaCl = NaAuCl, + 1/2S0, + H,O (1)
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Fluids in porphyry Cu-Au (+Mo) ore forming environments (containing 7 wt. % NaCl, 1.0 wt.
% S and 1.1 wt. % HCI; fO, buffered by hematite-magnetite at 600 °C, 2 kbar) may dissolve ~
600 ppm Au, which is about two orders of magnitude higher than actual Au contents in
natural magmatic-hydrothermal brines in porphyry Cu-Au (+Mo) deposits. Therefore, Au
precipitation in porphyry Cu-Au (¥Mo) deposits is not controlled via Au solubility in the
fluid, but rather via the precipitation of Cu-Fe sulfides that incorporate Au as a minor or trace
constituent and then exsolve native Au during cooling. However, fluid composition and fO,
may control the Au mineralization potential at the stage at which aqueous fluids exsolve from
the crystallizing magma.

0. Chemistry, mineralogy and crystallization conditions of porphyry Mo-forming magmas at
Urad-Henderson and Silver Creek, Colorado, USA (D.H. Zhang and A. Audétat)

Porphyry Mo deposits, together with porphyry Cu-Mo (+£Au) deposits, are our main source of
molybdenum. High-grade, rift-related porphyry Mo deposits, which are associated with
fluorine-rich, highly evolved rhyolitic magmas, have been studied extensively due to their
high ore grade and the peculiar geochemical characteristics of the ore-forming magmas. Some
researchers proposed that the ore-forming magmas were extremely Mo-rich, whereas others
argued that they were not necessarily metal-rich, but that metal was extracted from unusually
large volumes of magma. Recent findings of very high fluorine contents in melt inclusions at
Climax indicated that melt extraction may have been promoted by fluorine via its effect on
lowering melt viscosities. We have conducted a detailed mineralogical and melt inclusion
study on two other Climax-type porphyry Mo deposits, Urad—Henderson and Silver Creek,
both situated in the Colorado Mineral Belt, USA, with the aim to constrain the metal- and
fluorine-content of the ore-forming magmas.

Inter-mineralization rhyolite melts at Urad-Henderson were highly evolved (four times more
fractionated than average granite in the continental crust), contained 10-15 ppm Mo (Fig. 3.2-
18), 6-7 wt. % H,0 and 0.5-0.7 wt. % F, and record crystallization conditions of 730-770 °C,
1-3 kbar and oxygen fugacities ca. two log units above the fayalite-magnetite-quartz buffer
(log fO, ~ FMQ+2). Melts from two presumably syn-mineralization rhyolite dikes at Silver
Creek were slightly less evolved and contained 3-5 ppm Mo (Fig. 3.2-18), 7-8 wt. % H,0O, ~
0.3 wt. % F, and record crystallization conditions of 780-800 °C, 2-5 kbar.

Combined with published melt inclusion data from another Climax-type porphyry Mo deposit
(Pine Grove, USA), it is striking that all these melts are characterized by distinctly lower
fluorine contents but higher temperatures or/and higher water contents than those reported
from Climax. Corresponding magma viscosities (log N = 3.5-4.9 Pa s) are lower than the
viscosity of average granitic melts at the same temperature in all cases (Fig. 3.2-19), which
may have facilitated crystal-melt segregation and accumulation of large volumes fractionated,
crystal-poor melts in shallow magma chambers. The latter process appears to be critical for
the formation of Climax-type porphyry Mo deposit.
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Fig. 3.2-18: Rb versus Mo diagram showing compositional trends of melt inclusions
analyzed from porphyry Mo-mineralized, sub-economically Mo-mineralized, and barren

magmas.
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Fig. 3.2-19: Viscosities of rhyolite melts in Climax-type porphyry Mo deposits (red
boxes), compared to viscosities of basaltic to rhyolitic melts reported in the literature

(crosses and open circles).
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