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Chosen sample: fluid inclusions

Fluid inclusions are small quantities of fluids trapped in minerals. A single inclusion traps a few cubic
micrometers of fluid, which migrates in km® volumes through the Earth’s crust. Usually, variability between
inclusions must therefore be smoothed out to allow extraction of information about past fluid-rock
interactions from such samples. This is fulfilled through analysis of statistically relevant series of fluid
inclusions. Quantifying series of fluid inclusions using Synchrotron Radiation —induced X-Ray Fluorescence
(SR-XRF) was the aim of other experiments (ME401, ME824), which led to a series of publications (Cauzid
et al., 2004; Cauzid et al., 2006; Cauzid et al., submitted; Foriel et al., 2004; Thébaud et al., 2006). In some
specific cases, fluid inclusion generations are well constrained and no systematics are required on them, but
some unknowns remain on the chemical speciation in the fluid, which can be accessed directly through
spectroscopy (experiments ME824, 30-02-748, 30-02-751, 30-02-812) or inderectly through the spatial
repartition of selected elements inside individual fluid inclusions.

This spatial repartition has been approached through the SR-XRF mapping of inclusions. However, SR-XRF
mapping integrates the fluorescence signal over the sample thickness and some uncertainty may remain
(Figure 1). Performing X-ray Fluorescence Computed Tomography (XFCT) with an helical mode enables
reconstructing the 3D distribution of elemental concentrations at a micron scale in selected minerals hosting
fluid inclusions. Thus uncertainties linked with SR-XRF mapping are solved. The chosen samples were
extracted from three locations: the Creede epithermal deposit (Colorado), a pegmatite from Madagascar and
the Yankee Lode of the Mole Granite (Australia). Quartz crystals from these three locations were prepared as
needle of ~150%150 pm2 section hosting one to ten fluid inclusion.

Results

Amongst the three samples two could not provide elemental reconstructions due to the following: in the
Madagascar sample, the fluid inclusion hosted CO, liquid and vapour that were heated by the beam. The
instability of the CO,-rich phases led to fluid motion during the data acquisition, which is incompatible with a
tomographic reconstruction. In the sample from Creede (Colorado), most concentrations in metals were too
low to be resconstructed. The last sample from the Mole Granite provided exceptionnaly interesting results.



Elemental concentrations were high enough for 3D reconstruction. Cu, Fe and As distributions are presented
in Figure 2. Cu concentrates in 3 inclusions identified as “vapour”, Fe concentrated in the inclusion identified
as “liquid” and As has an intermediate behaviour. This confirms result obtained using destructives methods
(Laser-Ablation Iductively Coupled Plasma Mass Spectrometry) and ensures that the Cu-rich crystal
associated with “vapour”inclusions is really included in those inclusions, thus has to be taken into account for
calculating the initia vapour composition.
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Figure 1:

2D mapping integrates the signal over the entire
thickness of a sample. From the CI, Cu and Ge
maps of a fluid inclusion hosted in quartz (bottom)

it cannot be known if the Ge signal is coming out Figure 2: From a 3D reconstruction, there is no
of a concentrated point situated inside or below the doubt that the Cu signals emerge from inside the 4
fluid inclusion (top). The Ge signal could be inclusions found into this quartz crystal.

generated in any point along the beam path
represented by the gold arrow.
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