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Arsenic speciation in fluid inclusions using micro-beam X-ray absorption spectroscopy

Julianne James-Smith,1,4 Jean Cauzid,2,3 Denis Testemale,4 Weihua Liu,5  
Jean-Louis Hazemann,4 Olivier Proux,6 Barbara Etschmann,1 Pascal Philippot,7  

David Banks,10 Patrick Williams,8 and Joël Brugger1,9,*

1TRaX, Department of Geology and Geophysics, University of Adelaide, 5000 Adelaide, Australia
2European Synchrotron Research Facility, 38043, Grenoble, France

3Université de Nancy, Géologie et Gestion des Ressources Minérales et Energétiques, BP239, 54506 Vandoeuvre les Nancy, France
4Institut Néel MCMF, CNRS, 38042, Grenoble, France

5Division of Exploration and Mining, CSIRO, Clayton, Australia
6Laboratoire de Géophysique Interne et Tectonophysique, UMR CNRS Université Joseph Fourier, 38400 Saint-Martin-d’Heres, France

7Géobiosphère Actuelle et Primitive, IPGP, Paris, France
8School of Earth and Environmental Sciences, James Cook University, Townsville, 4811, Queensland, Australia

9Division of Minerals, South Australian Museum, 5000, Adelaide, Australia
10School of Earth and Environment, The University of Leeds, Leeds LS29JT, U.K.

Abstract

Synchrotron radiation X-ray fluorescence (SR-XRF) was used to characterize As speciation within 
natural fluid inclusions from three deposits with different hydrogeochemical and geological settings. 
The studied samples represent different compositions of Au-bearing fluids: typical orogenic Au deposit 
(low-salinity, ~6 mol% CO2 ± CH4; Brusson, Western Italian Alps); brines from a Proterozoic (Fe)-
Cu-Au deposit (Starra, Queensland, Australia); and an As-rich magmatic fluid with a bulk composi-
tion similar to that typical of orogenic gold (Muiane pegmatite, Mozambique). Arsenic K-edge X-ray 
absorption spectra (XAS) were obtained from fluid inclusions at temperatures ranging from 25 to 200 
°C, and compared with spectra of aqueous As(III) and As(V) solutions and minerals. X-ray absorption 
near edge structure (XANES) data show that initially the fluid inclusions from all three regions contain 
some As in reduced form [As(III) at Brusson and Muiane; As-sulfide or possibly As(0) at Starra]. 
However, this reduced As is readily oxidized under the beam to As(V). Therefore, extended X-ray 
absorption fine structure (EXAFS) spectra for the As(III) aqueous complex could be collected only on 
the sample from the Muiane pegmatite containing large fluid inclusions with high As concentrations 
(>>1000 ppm). Analysis of these EXAFS data shows that As(OH)3(aq) (coordination number of 3.0 ± 
0.2 atoms, bond length of 1.76 ± 0.01 Å) is the dominant arsenic aqueous species in the Muiane fluid 
inclusions at 100 °C, in accordance with predictions based on studies conducted using autoclaves. The 
As(V) complex resulting from photooxidation in the Muiane inclusions was characterized at 200 °C; 
the As-O bond distance (1.711 ± 0.025 Å) corresponds to that found in the arsenate group in minerals, 
and to that measured for the (HAsO4)2– complex at room temperature (1.700 ± 0.023 Å). 

The extent of the XAS information that could be obtained for As in this study was limited by the 
rapid photooxidation that occurred in all inclusions, despite the relatively low photon flux density 
used (~4.4 × 106 photons/s/µm2). Photosensitivity was not observed in autoclave experiments and is 
the result of a complex interaction between redox-sensitive complexes in solution and the products 
of water radiolysis generated by the beam. Even under such challenging experimental conditions, the 
information gathered provides some precious information about As chemistry in ore-forming fluids.
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Introduction

Quantifying the nature, stability, and structure of aqueous 
metal complexes at elevated pressure and temperature is a req-
uisite for understanding the transport and deposition of metals in 
hydrothermal systems, and, in general, the mass transfer in the 
Earth’s crust through aqueous fluids (e.g., Seward and Driesner 
2004). Fluids trapped within fluid inclusions (FLINCs) provide 
a window in which the chemical composition, temperature, and 

pressure of the mineralizing environment is preserved. When 
used in conjunction with numerical modeling of ore transport 
and deposition, the chemical composition of FLINCs associated 
with hydrothermal minerals can be related to the mineral assem-
blages (i.e., mineral solubility) or used to infer the mineralizing 
processes (e.g., phase separation, fluid mixing, fluid-rock interac-
tion). The accuracy of the predictions of these thermodynamic 
models relies on the availability of thermodynamic properties 
for all the important aqueous and vapor complexes as well as 
minerals under the conditions of interest. In this paper, we use * E-mail: joel.brugger@adelaide.edu.au


