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Introduction: 

Radiogenic tungsten (W) isotopes have been widely used for more than 20 years in cosmochemistry to date and 
study early differentiation processes in the solar system. Recently, stable tungsten isotopes have been explored fol-
lowing the analytical development. Mass-dependent fractionation of non-traditional stable isotopes are well suited to 
trace processes such as metal-silicate differentiation and alteration. Most chondrites show evidence of relatively low 
temperature alteration that affected their components [1]. The presence of hydrous and anhydrous minerals such as 
serpentines, clays, sulfates, oxides, sulfides, halides, and oxyhydroxides prove that these rocks have undergone 
aqueous alteration [2]. We therefore decided to perform laboratory experiments to investigate the behavior of W 
during fluid-rock interactions and to establish W stable isotopes as a new tracer of alteration. 
Materials and Methods: 

This study is aimed to better understand the aqueous alteration of meteorites and its effect on the Hf-W systemat-
ics. Meteorites are made of silicates, phosphates, sulfides, metal and oxides. Even if W is moderately siderophile 
and thus mostly present in metal, silicate is of prime importance as it is the most abundant phase in meteorites, dis-
playing the highest Hf/W ratios. The expected Hf-W fractionation due to fluid-rock interactions is then larger in 
silicates, resulting in a larger potential disturbance of the isochron. Among silicates, olivine, pyroxene and plagio-
clase are the most common minerals in extraterrestrial samples. Anorthite was synthesized in order to represent a 
plagioclase end-member. One set of short-term and two sets of long-term dissolution experiments were conducted. 
Short-term tests involved the dissolution of anorthite as a function of pHs (1, 3, 5, 7, 9, 11) under agitation (100 
rpm) for 24 hours. The first long-term dissolution experiments involved continuous dissolution tests where anorthite 
was agitated at 100 rpm with pH drift. The second set involved intermittent dissolution tests as a funtion of pHs (3, 
7, 10) where anorthite was soaked in leaching solution for 24 hours before drainage, followed by another 24 hours of 
drying in open atmosphere. All short and long-term experiments were performed at a constant liquid to solid ratio 
(L/S =10), at ambient temperature (21 ± 2 °C) and pressure (1 atm).  

In parallel to dissolution experiments, precipitation of carbonates (calcite) and oxides (scheelite) have been per-
formed in order to understand the fate of W present in solution during the precipitation of secondary minerals (post-
alteration conditions). Carbonate precipitation experiments were carried out with various W concentrations of 0.1 to 
2 ppm along with a fixed concentration of Ca (0.25 mol L-1) and Urea (0.75 mol L-1) by incubating at 90 °C for 3 to 
48 hours. Likewise, oxides were precipitated using similar W and Ca concentrations at ambient temperature.  

Element concentrations were measured with a quadrupole ICP-MS, while isotope compositions were determined 
using a MC-ICPMS. In parallel, X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) with Energy Dis-
persive X-Ray Analysis (EDS), and Raman analyses were used to characterize and compare fresh and altered sam-
ples in order to give insights regarding the surface morphology, the mechanisms of alteration, and the formation of 
secondary mineral phases. 
Results: 

Preliminary results show that there is a significant difference between the behaviors of Hf and W in solution, W 
being much more mobile than Hf. This is in line with our observations on altered carbonaceous chondrites: altera-
tion seem to fractionate the Hf/W ratio, thus disturbing the Hf-W system and its associated radiochronometer. In 
addition, W co-precipitated with CaCO3 within the first 24 hours as CaWO4 (scheelite). As W is a heavy mass ele-
ment, it could alter the nucleation and crystal orientation of CaCO3, meaning the crystal structure of aragonite is 
destabilized, resulting in the formation of rhombohedral calcite crystals. Tungsten was uptaken within the first mi-
nutes of experiments during scheelite precipitation experiments. Co-precipitation processes are very well-known for 
fractionation of many stable isotope systems, hence W stable isotopes fractionation is expected.   
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