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Global overview of the Tsanfleuron area.
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Glarey spring. Collecting tunnel. Supplies drinking water to the municipalities of Conthey.
Discharge ranges from 30 to 200 L/s.



Glarey spring and estavelle discharge.



Simple reservoir model - simulated discharge at Glarey spring, obtained with the reservoir model
developed (Salamin 2023)

RCP8.2

The values are smoothed using a 31-day and 15-year moving average.

Projected changes in annual discharge relative to 2022 for 2030, 2050, and 2090 under the
RCP2.6, RCP4.5, and RCP8.5 scenarios. Violin plots show the distribution of the simulated changes
across the different model projections; wider sections indicate a higher concentration of results.



Water balance for 2021-2022 (Salamin 2023)
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Overview of the Glarey area

Estavelle

Glarey spring



Excavation of the Glarey estavelle in the 1990s (personal archives of Daniel Masotti).



Excavation of the Glarey estavelle in the 1990s (personal archives of Daniel Masotti).



Aquifer type of Switzerland Aquifer type
Consolidated rocks

Porous, partly fractured aquifer in sedimentary rocks
Fractured, partly porous aquifer in sedimentary rocks
Fractured aquifer in crystalline rocks

Karst aquifer

Unconsolidated sediments
Porous aquifer

Tectonic sketch of Switzerland

Neuchatel
()

Tsanfleuron
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Simplified NW-SE tectonic cross-section of the Swiss Alps. The Tsanfleuron—Sanetsch area is located
within the Helvetic domain of the Alps.

Cross section of the Helvetic nappe system in Western Switzerland (Schoeneich and Reynard 2020,
modified by Epard, University of Lausanne).

The region of Tsanfleuron is part of the Wildhorn Nappe Complex, which comprises several
superposed tectonic units, including the Diablerets and Mont Gond nappes.

The Tsanfleuron plateau itself is mainly located on the Diablerets Nappe, while adjacent areas
belong to the structurally higher unit of the Mont Gond nappe.



Lithostratigraphic and hydrogeological column of the Tsanfleuron—-Sanetsch area (Gremaud et al, 2009)
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Geological map of the Tsanfleuron—Sanetsch area showing the locations of the main springs and
geological cross-sections (Gremaud et al, 2009).
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Geological cross-section from the Sanetsch Pass to the Glarey spring (see location in Figure 11). At the
pass, the Urgonian limestones form a broad anticline. The Glarey spring is located within a small and
tight syncline.



3D geological model of the Tsanfleuron area (Trottet, 2026, in progress)

/N
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3D geological model of the area (Measday 2021).
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2D cross sections taken from the 3D geological model of the area (Measday 2021).

West East



North South

2D cross sections taken from the 3D geological model of the area (Measday 2021).
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Historical view of the glacier



Glacier view in August 2009, photo: Vivian Gremaud
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Details of the structural and dissolution features: (A) slickenside indicating lateral movement

(dextral), (B) NE-SW fracture filled with siderolitic deposits, (C) rhombohedric dissolution, (D)
NW-SE fractures with en echelon dissolution.

Tanaka, A. P. B., Renard, P., de Moraes Caldeira, J. N., & Trunz, C.
(2025). Graph-based fracture network analysis to integrate
structural geology properties and identify preferential flow
pathways in the aquifer system of Tsanfleuron, Swiss

Alps. Journal of Structural Geology, 105543.

33



34



‘eJajluiweloy oluopjued

JO 9dueseadde ay3y Aq pasijeusis si

eaJe |euolyisodap ayi Ul adueyd e y3noyyje
“1ounsip st Alepunoq ay3 usyo 1So\

"9JeJ S| 1U9IU0D |Jew 3uisealdul Jo 3 nsau

e Se uollew.o4 peis ay3 4o |Jew a3yl olul
2U01SaWI] Jepallald 9yi JO uolsuesy

"Suol}puod

W|ed Japun J33em JIMO[|_YS JeYyM SWOosu|
pawojyIym’(, y|ey-uauiweyioyin,,)
dUO}SaWI| ueddeu|||elo) 3y} SAejJano
dU03ISaWI| Yd14-saulpAd00sIg Y3 UalO

's9130|0Y3}| JueUlWOpPId B4 BJDJIUIWEIO)
J98.e7 /8T UOI3LI14ISSe|D MU ‘UoINUSpP
M3U ‘MIIA3J :duU303e|ed J11DA|9H

33 o syun d1ydelsiesisoy d1yuaq

JO sise|o Auew pue saulpA202sIg yHm
2UO0ISaWI| 2131IDIW AjJew pue ‘esajluiweloy
J934e7 21yjuaq JO S491sN|d |ed0|

Y3IM sueadeul||edo) JO }Ing Ajutew ‘@Jd1A

"'SUOIeI0| M3J Je
pue Ajluepuo2as Ajuo un220 s|eso) ‘wJojie|d
9leuoqJed e uo pajisodap sem pue sagueyd

S910e} |EIUOZIIOY pue |edI14aA 1dnuqge

Aq pasiia1oeseyd S| duolIsawWl| pjojluew siy |
Jaquiaw d1ydeadilells 9|os ay3 se

1ed ul uollew.o4 yasiaues ayl syuasaidal
(suoisawi] Jepaliald) y|ed-iepatiaid

yle) sepatsaid

‘W /T 03

dn si ssauydIy3 9yl "Suissiw 34
ued 11 Jo ‘su193sAo 984e| Jo Ayug|d
YHM pag auoispues e Aq ‘xiJiew
Apues e yum paq ajesswo|3uod e
Aq pa1uasaidal aq ued U Ajjesaie)
‘Ajlsnonuijuoasip pansasald

S| J9QWISIAl UoJn3jjues] ayl

‘do1 ay1 spJemo} Jaquisw ay3
S93eulwJa) pag auolsawi| Apues
e JO paq duolspues e ‘uoizdasdn

sasealdap Ajddns pues ay

‘'sueadeul||ed0) 1514 9Y3
YHM MO||0} ‘931401W 0} SuOolspues
‘}]ays 4auul Y3 03 UoI}ISuUeJ} Y}
JO SJUBWIPSS "B1eJ1S SNOJILIDID
8ulAjaapun ayy jo dol ayy

Ul $24nssi4 1548y s||14 3 Ajpuanbauy

‘uonNquIsIp

9z|s-uleJs |epowiq YHUM ualpo
‘S|1SSO} JO PIOAIP SUOIS pues
SnoaJed|ed 03 duolspues ziienb
se 3jIng AjJuowwod S| JaqUIaIA|
uoJnajjues] ayj jo aseq ayy
J9qWIdIA Uonajjues)

's9]qgad o wnJ1oads

|e20| B YyUM paysodap a4am
Spaq 91eJ49wo|3u0d 40 e1223.q
pue pa)JoMaJ 9J9M SUOI1BWIO)
snoaoelas) 3ulAjspun

9y3 uoissat3dsuesy ayl 3uling

‘pId2USWIWOD
uoIssai3suesy auliew

[IN} 3Y1 uaym (suoissasdap

pue s1ayo0d 40} 1d2Ix3)

1U31X3 1ea.8 e 0} ule3de papoud
1nq ‘eaJe d3.4e| e JaA0 paysodap
Ajgewnsaid sem Jaquisaw 3y

‘uolssaJdsued) e JO 19Suo ay}
S109|J24 pue sy3sodap snoade1as)
Jo dojy ayj 1e jais409ejed

e jo 3ul||1} e se Ajjedo| Ajuo

3Ing S1 Jaquid|A S1243|qeld 3yl

S6E6CTT 0¢L98SC -uohdes
9dAj :1aquiaw s3aJ3)qelq



"TST-TYT (2)zz ‘Yya4pasad

auld|y pup 21324y "Wi} Ja1em |eseq ay1 Jo ASojoipAy

9y} Joj suojiedldwi :sa319|ed |e1ae|3gns Jo Aisiwaydoan
"(066T) "D ‘suaJal4 1 “7 [ ‘UosiL “|A ‘dJeys

s|eysAuoald|ed
J1ague|pue‘aio|yopue’al||i‘aniAdpapiaipAlpuly(wiro9

-G) s9|npou

yleway‘(wrooST»Ssiuaw-3el) 21y (wros-g) HA0ISNW
‘(Wwro0T-0T)234enbjosa)diped Suipn|pul’ (%9T401USUOI3NPISAI
9|gnjosul p1oe ueaw) saiyandwii Jo syjunowe

9|ge-49PISU0I SUIBIUOD YIIYM D1I|eD JO SISISUOD DIIDIA

"9ZIS UIWOT ueyl ssa| Ajjensn ade s|eisAid 9112|ed |enpiAlpu|
"UOI3-03JIP MOJJ 331 BY} YIM

[9]]e4ed paudije smoJlinj pue sa3pId JO SISISUOI SISNJD 3S3Y]

J0 92ejins yaddn ay] w g0 Se 1ea43 se seale JIA0D YdIym
“21Yy3 ww QT 03 dn S3SnJd 9d2eyJns se 3uldind20 ‘931deds ueyy
juepunge 240w S| 3| "UOIIDS U] UIAS udYMm ysiAesd sieadde
1nq ‘d042-31n0 32e44Nns Ul J0|0d Ul 9319¢ 01 UMOJQ 3Y3I| SI DUIDIA

‘%0T Ueyl ssa| SAem|e S| JuU9lU0I ANPISAJ 3|gN|OSuUl pIoe 3yl pue
‘Quoje 9310|ed JO 9ouasaid ay3 s|eanad sisAjeue uoiyoelpip Aes-x
‘sJa1awWl||1w

M3} B JO SSDUDIY] B pue SI919WIIUad auenbs may e Ajuo jo eaue
ue 3uiaey sdoudino [enpiaipul ‘Aydized s| 9yaeds Jo 92Ua44n220
9Y] ‘suollels 3204paq Aq paledipul Se MOJ4 921 JO UOIIIAIP

9Y1 0} |9||eJed pale3uo|a dJe pue wJo4 Jejndjoe ue aney s|eisAid
‘8uo| wd g pue Jajawelp ul ww T 03} dn sje3sAud a1djed aind jo
S1SISUOD pue 40|02 Ul aUYMm Ayjiw sI (egpueeg saindl{) ayseds

"3JI0WIN-DID0J0ISIDY *(S1ew1|D03|ed aJ1eutaleny "a3essi|dway
'S9}IARD “SisJey)aJied|ed sudejuow ainey el (066T) Y ‘DJ1eN

s1snJd 2110|ed [ede(8gns



Estimation of glacier ice thickness in 2018 using ground-penetrating radar (GPR).
Instruments, data acquisition on the glacier, and example of raw data (signal intensity as a
function of travel time) — Bachelor’s thesis by Marie Vallat and Cyprien Louis.
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GPR data points — along walking tracks (Vallat, 2020).

Photogrametry DEM E-Bee Sensefly drone data from 2019, (Louis, 2020)
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Estimated ice thickness (Neven et al., 2021)
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Estimated evolution of ice volume. Gremaud & Goldscheider (2010) estimated an annual ice
loss of approximately 4.2 million m3 per year. At this rate, the glacier was projected to disappear
completely by 2035. Based on new ground-penetrating radar (GPR) data, Louis (2020) revised
this estimate and projected the glacier’s disappearance beyond 2040.



Glacier Mass balance model (Doucerain, 2021)

B(ti,z) = A(ti, z) — M(t;, z) mass balance
A(ti,z) = fa Psolid(ti, 2) = fa - fsolid(T(ti,2)) - Protal () accumulation
M(t;,z) = fm -max(0, T(t;,z) — Tperr) - At ablation/melt

41



Estimated future glacier evolution under different climate scenarios using a mass-balance model
(Doucerain, 2021).
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Simulated time series of the discharge of Glarey for the scenarios RCP4.5, obtained with the
reservoir model developed by Salamin 2023

RCP4.5

Spring discharge in m3/day

RCP4.5 - The data are smoothed using a 31-day and 15-year moving average.
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