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Water flows monitoring and geochemistry in high-mountain rockwall permafrost:
main results of a 2-year investigation at Aiguille du Midi
(3842 m a.s.l., the Mont Blanc massif).

Matan Ben-Asher!, Antoine Chabas!, Jean-Yves Josnint, Emmanuel Malet!, Yves Perrette!, Florence Magnin
LEDYTEM Lab. CNRS, Université Savoie Mont Blanc, Le Bourget du Lac (France)

Context Objectives of this investigation

Understanding water-related processes in steep apine bedrock is Gaining real-time water flow data in a steep alpine bedrock site to
crucial to better understand permafrost degradation, and especially better assess (i) water flows timing, (ii) water flows quantity, (iii) the
the non-mlinear response to atmospheric warming, as weel as steep link between atmosheric variables and water flows, (iv) water

rock slope destabilisation residence time (relative age)

Study site and Methods

~\

Precipitation Air temperature

(Chamonix station)  (Aiguille du Midi) 2eahill] ; BRI S | S el e o P
i : : Conduct|V|ty and temp "

Th e A' g u | I Ie d uM | d | ﬁ T | ~ » ’ | ehsors

from Meteo France
Hourly & Daily data

Meteoloroglcal conditions

Central pealk fm

Ground surface temperature (GST)

Météo France weather station 30 min timestep — A SETURG . REETN Bk SN MR
. MEWS @  iButon 707, 6202, 608D, 6188 PSRN AT \’1 \"t " ! S A Rain gauge in Box1

() Inside sensors v LAY A’ 4 b R 3
£ 3 ‘ A e A 2 AT B and Box 2
2 VaARS i v G e N % A 3 TS\ o fd . -

i 1\* <= Snowpack evolution (camera) ‘ - - Lt s i o\ [Flo
-5y = ¢ i | r AR ; 2

[N]@Uﬁh @[k{ | i’ﬂ\\\ X S@@ﬁh ”@[k{ Fluorescent dyes in the snowpack

Time lapse pictures - 4 pic. / day

" cid Amino-

4 \, t\, s i ot

A \ i l Fluorescein (2023)

Norh e | o \,, il § i \__Surface conditions

| MEe-14 IGE weather statxon

L Camen - - R | R
Water collect 1‘
system of i

— —

YY-

! Weekly water sampllng

‘- Electrical conductivity .
¢ - Fluorescence test

© Location: Tnl; Elev; ...

-l:llll--'-ll‘lll
: Fluorescence probe
by TRAQUA

P' . | l . , ‘ \ ;_‘.»‘. ,. * Box 1 and Box 2 in 2022 and 2023: - .
y & LAY 7O O e condueiny_1omnumeses | TNE MoNitoring
- Water temperature - 10 min timestep S Stem ran

. Box 1 only: y

Water flows were sampled at different - Fluorimeter - 10 min timestep in 2022 for 2 years

1 min timestep in 2023

locations to performe geochemical analyses | Water measurements (2022 and 2023) Box2 and issues

Main results

Water monitoring data Cumulated water quantity /month and /year Recession curves

Two formulas were applied to characterise
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Main results Implications

- Water flows are affected by daily to seasonal cycles These d_irec_t observations of water flows an_d their
- Water flow start with snow melting and then occur with precipitation characterisation show that they are strongly linked to
- Differences in water flow timing between Box 1 and 2 suggests that water flows are also snow melting and precipitation.

controlled by active layer thawing from the surface to depth and the progressive melting of ice Possible indications of residence time suggest highly
infill in fractures mineralised water that could be an effect of repeated

- Dye tracers show that fractures are connected freeze and thaw cycles and the desquamation of

- Electrical conductivity values suggest that water experiences a relatively high residence time fracture walls, or evidence of the melting ot old ice infill.
as values are far above the snow value (9.2 pS/cm) Those results will help to build forcing data for coupled
- Analyses of major elements showed that some concentrations are unexpectedly similar than at themal and hyd_rogeologmal models tO_ better assess the
the foot of the mountain flank role of water in permafrost degradation and rockwall
- Recession curves show a complex water flow patterns with variable behaviours depending on ddestabilisation.
the atmospheric conditions and fracture connectivity




