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Introduction:Extreme conditions are all arou
the world. From the atomic scal@here new techrl-
ogical applications constrain more and more mds!
to the macroscopic scaferhere enironment is some-
times hostile for humans). this later case,isk man-
agement requiresobtainirmuick andreliable informa-
tion on the physics and chemistinvolved in these
hostile area that arelcanic eruption, nuclear accide
and so on.

Precisely, inthe frame ofunderstanding and mae-

ment of volcanoes hazardpm entirdy cooled post-
eruptive lava flow is a dynamic system with Ispots,
heat, fluid and ionic transfels.this unstable and n-

gerous environment, lava tubes act like naturdlirdi

allowing to probe inside the lava las. Inside lava
tube me can find secondary minerals resul from

the physical and chemical activitysidethe lava flow.
Thus, these secondary minerals are like undiret-

nesses of thehemical processes wittthe lava layer
and direct witnesses of the recent past of theraen-

ment in the lava tube.

These volcanic secondary minerals seldomstudied
[1,2] and a site of great interest is a recent lava

from the 2007 eruption of thBiton de la Fournaise

volcano (La Réunion islandndian OceanFrance).
This lava flow is more than 60 metedeep [3], still
hoton some spots and preseutsied fumarolic ani
secondary mineralsside lava tube (Fig. 1).

The CEMHTI group(Orléans, France) has a gr

experience ofn situ Raman measurems and for the
study presented here, we adapsethboratoryin situ

spectrometer [4]5or field measurement

In this paper, we present firdte technical adaa-
tions made for a field use of theboratoryin situ spec-
trometer,its capabilities and limits as weSecondly,
we present identification of seccary mineral phases
growing in the lava tube with a particular emphasi
the study of whitespeleothenasd dendrites by mes
of XRD, SEM-EDXand Raman spectrosco

Figure 1: Entrance of the lava tube (up right) Ex-
emples of secondary minerals found in the lava tube
(left and bottom right)

Experimental Methods. The volcanic speleothem
was characterized at various length scales: thgo-
sition, the morphology and the atcc structure were
probed by mean of MEEDX, XRD and Raman s|c-
troscopy. All these techniques we additionallyper-
formed at CEMHTI laboratory after the field Ram
campaigninstruments areESEM XL40 (FEIl), D8
Advance diffractometer (BRUKER AX, and for
Raman, an InviaRefleRenishaw Spectrometer for t
lab setup and a RA100 Renishaw spectrometer fc
field setup. Figur@ shows one of u(AC) working at
the adjustment of the fieldaman probehee
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Figure 2: Experimentalist at work in a lava tube with
the field Raman setup.

Preliminaryresults and discussion:Figure 4
presents two typical uncorrected Rarrspectra ac-
quired with the field setup from the white volca
speleothem shown onigure 3. Top spectrum is ‘e-
nardite (V) and bottom spectrum that up to now
unidentified vanadate mineral. One immediately
remark the presence of water with Thenardite,
incredibleflatness of the background and the nw-
ness of the main peaks: HWHM = 5 (the resolu-
tion of the spectrometer is1 cm?). All this elements
being the signatures of high crystalline qualitplped
by mean of a high quality instrume

Figure 3 : White spel eothem growing hanging to
the lava tube ceiling (top left). At right are pictured
SEM imaging (top) and Ramancharacterization (bot-
tom) of it.

Among the minerogenetic mechanisms listed
Fortiet al. [3] our study dealsainly with intermediate
temperature mecheams (400 + 0 °C) that are io
exchange, substitution of atomsipgrsituration, depo-
sition from aerosols and vaporsvaporation, oxida-
tion/reduction and hydratiorétiydration The richness
of processess a nice reflection of the richness n-
formation about the physicakhemistry dynamic of th
lava flow thatshould give such studies: Among ott
classical secondary minenathases, we observed tin
situtransition from sulfate hydratemirabilite) to the-
nardite, the presence of vaums NpSOmetastable
phases and unidentifiedinadates phas ...
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Figure 4 : Uncorrected Raman spectra acquired with the
field Raman setup.

Partial Conclusion: Three months afteihe field
campaign orthe volcano, the environmental cations
of the lava tube evolvedery quickly and all the <e-
leothems disappeared.
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