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Report:

Introduction

New ore deposits are becoming increasingly difficult to discover, requiring better ore formation
models. Organic matter is a common constituent of hydrothermal ore deposits, and is mostly
interpreted as a reducing agent for the deposition of metals from hydrothermal ore fluids [2, 3].
However, experiments suggest that organic fluids such as petroleum may also act to dissolve
and transport metals [1], a critical factor missing from current ore deposit models. The
objective of this experiment was to determine the speciation and coordination structure of Au
in organic liquids under hydrothermal conditions (25°C to 250°C, up to 600 bar), to provide a
first assessment of Au dissolution and transport mechanisms in organic liquids, and to derive
the fundamental data needed to determine whether organic fluids are able to transport metals
under ore-forming conditions.

Eperiment

We performed XANES and EXAFS measurements in fluorescence mode (some exeptions with
high Au concentrations where collected in transmission mode) at the Au Ly-edge on n-
dodecane (CHs3(CH2)10CHs) and 1-dodecanethiol (CH3(CH2)10CH2SH) doped with Au(l11)CI or
Au(l)Cl, and on partition experiments between each of the previous mentioned organic liquid
and an acidified ageous brine solution (pH=1.85; NaCl=10wt%) doped with Au(lI1)CI (0.2
wt%), or water doped with Au(l11)CI. The partition experiments were conducted directly in the
glassy carbon tubes, and as separate analyses of the aqueous and the organic liquid following a
partition experiment between the two liquids in a beaker at 25°C. Temperature and pressures
of the experiments ranged from 25°C to 200°C and 1 bar to 600bar. The main hydrocarbon
standards analysed were n-dodecanethiol gold nanparticles (2%) in toluene and



Sodiumaurothiomalate(l) hydrate (C4H3sAuNa,O4S x XH,0). XANES and some EXAFS of Au
were collected successfully for some of the Au doped n-dodecane and 1-dodecanethiol, the
seperatly sampled solutions of the partition experiment in the beaker, and from the partition
experiments performed directly in the carbon tubes. XANES and EXAFS data are currently
under analysis, but preliminary XANES data reduction shows that Au partitions from the
aqueous phase into the n-dodecane in the form of Au'. XANES spectra collected of Au
dissolved in n-dodecanethiol and partitioned into n-dodecanethiol from the aqueous solution
are identical with the data collected from the Sodiumaurothiomalate(l) hydrate indicating that
Au"" is reduced to Au' and bonds with the S in the n-dodecanethiols (Figure 1). The XANES
spectra of the aqueous phase sampled from the beaker partition experiments indicate that Au
stays in solution as Au(lI)CI, when the agueous phase is in contact with n-dodecane or 1-
dodecanethiol. In contrast, the Au'" was reduced to Au' in the aqueous phase in the partition
experiment within the glassy carbon tube. In both hydrocarbon solutions Au started to reduce
to Au® at temperatures >125°C. As noted by other users [4], the reduction was often
accelerated by the X-ray beam, as the Au® intensity increased especially at the beam position.
EXAFS data analysis will lead to determine Au-Au and Au-S distances and coordination
numbers for all the investigated systems.
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Figure I: A small selection of XANES spectra. Spectra 3 and 4 are from partition experiments in the glassy carbon
tube.
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