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Hello there! 1 am Konstantinos and together with my supervisor we would like to

briefly present you our work on the affect of the grain boundary diffusion in mantle
xenoliths. Okay, lets start!



» Water concentration in pyroxenes from mantle
xenoliths is frequently used to trace water
content in the lithospheric mantle. =

The assumption that water signature recorded in [ powls, L0
mantle xenoliths is representative of mantle o Loy

o
ocAuty

conditions is still a hypothesis. Demouchy sd/Bolfan-Casasiova, 2016

* This work will attempt to evaluate the role of grain boundaries in the exchange of
hydrogen between the pyroxenes of the xenoliths and the host magma.

Samples taken from a
quarry in Allegre, in the
French Massif Central
(FMC), a former lava
lake or thick lava flow.
Xenoliths are classified
as Lherzolites.

[bullet 1 - slide text] In the map presented you can see a fraction of the geological
localities of studies which are reporting hydrogen concentrations in mantle minerals.
But we do not understand yet how these pyroxenes can preserve a memory of their
deep equilibrium prior of their transport to the surface, so [bullet 2 - slide text].
[bullet 3 - slide text] through experiments of hydrogen exchange in blocks of mantle
xenoliths. As the isotopic exchange is the fastest process, this is just the first step of
the experiments and it will followed by experiments at higher temperatures involving
reaction of oxidation-reduction of iron and formation/destruction of cation vacancies.
[bullet 4 — slide text]. The xenoliths contain clinopyroxene, orthopyroxene and
olivine of mm to sub-mm size.



Experimental and analytical methods

Concurrently experiments of H-D exchange
performed on isolated single crystals and
polycrystalline cubes (1 cm?®) of xenoliths, from
the same origin.

Single crystals will serve as reference to
compare with the results of diffusion inside the
cube.

Diffusion exchange and pO, during experiments
controlled by a deuterium enriched gas (D 10%,
Ar 90%) passing through heavy water (D,0).

» At the end of the experiments the xenolith cubes where cut in middle and thin slices (~300um
thick) were produced in order to study the interior of the cubes.

Aoy » Agp in the single crystals (after each H-D
exchange time step) and OH-OD profiles in the
opx of the cube slices (in the end of the
experiments ) measured by FTIR.

[bullet 1 - slide text] [bullet 2 - slide text] In the figure we can see a schematic set-
up of the experiment and apparatus. The samples (xenolith cube, Cpx and Opx crystal)
are placed in alumina cases and then in a ceramic holder. The ceramic holder then
placed inside the ceramic tube, where the thermocouple is also present in order to
accurately measure the temperature. [bullet 3 - slide text] [bullet 4 - slide text]
[bullet 5 - slide text] In the picture we can see the high-temperature furnace that is
designed specially with sufficient diameter to perform experiments in multiple
xenolith cubes at a time and next the Bruker’s Hyperion 3000 FTIR microscope,
coupled to the Vertex 70 spectrometer at LASIR lab, Lille University, where the FTIR
analyses performed.



H-D results at 600°C in the cube

Experiment at 600°C lasted for 135 hours.
We utilize GNU Octave for fast data processing.

OH-OD profiles in opx crystals from the edge and inside
the cube of same orientation were compared:
* //y[001] Edge ~1-2e-'* (m*/s) Inside ~ 1-3e-!5 (m%/s)
* //a[010] Edge ~3-7e'5 (m%/s) Inside ~ 1-3e°!% (m?s)

For opx single crystals, diffusion coefficient was measured
in o [010] direction :

* at700°C 1-2e!* (m?/s)

« at900°C 4-7e!3 (m?/s)

We present here the results of H-D exchange experiment performed at 600°C at room
pressure. [bullet 1 - slide text] In the figure on the top left we can see how the cube
slice looks like (1 cm?). Red circles are opx in the edge and inside the cube that were
measured. [bullet 2 - slide text] More specific we developed a code in GNU Octave
software were we could load our spectra files (txt) and then normalize data to cm,
plot, calculate the polynomial backgrounds, find absorbance for OH and OD, and
finally calculate the diffusion coefficient of the profile based on Fick’s second law. At
bottom left we see a representative profile in a crystal at the edge of the cube, at the
center the graph show the profile spectra and the OH-OD absorbance and on the right
the calculated diffusion coefficient for a profile. Distance in the last graph refers to the
distance from the rim of the crystal. [bullet 3 - slide text] [bullet 4 - slide text]



W a (Stalder and Behrens, 2006]

Discussion-Conclusion

Concemning single crystal values, they are coherent [ ) o e 20001
with experimental data of synthetic enstatite from NN e asinglecrystals thisstucy
Stalder and Behrens 2006, although our natural ™
crystals show a slightly slower diffusion rate in o
direction.

The OH-OD profile in « direction at the edge of
the cube slice i1s only slightly different from the
one recorded inside while y direction show a
bigger difference. These results show that the
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hydrogen transport in grain boundaries is fast
enough to equilibrate rapidly the grains mside the

distance (mm) from the edge of the cube

xenolith. # ea

N s ey
It proves that in nature the 6D signature of —venorkes
xenoliths 1s very likely controlled by the wel \‘n\ e
equilibrium with the host magma even in the case ) L - ..
of xenoliths with large grain size. ... * e +

[bullet 1 - slide text], something we can observe in the top figure. [bullet 2 - slide
text] In the bottom figure we plot the diffusion coefficients of profiles in regard their
position from the edge of the cube. [bullet 3 - slide text] Unfortunately our latest
experiments at higher temperatures with xenolith cubes where postponed due to the
virus outbreak.



Thank you for downloading and
reading this presentation!
Please let me know for any questions.

Ardeche hills 'FFMC (courtesy Rebecca Wrag;

Thank you again! Stay healthy! Cheers!



