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Heterogeneity of carbonates...

Starts from matrix

Is enhanced by

fracturation

Reaches a climax 

with karstification



LSBB rock overburden : A key to low-noise signals… 

but also an object of study

At the roots of carbonate matrix heterogeneity :

Variability

From deposits environment

To diagenesis

Leonide et al



LSBB rock overburden : A key to low-noise signals… 

but also an object of study

Fracturation :

A legacy of many stages

of geodynamic evolution

1%

2%
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LSBB rock overburden : A key to low-noise signals… 

but also an object of study

Karstification : 

A rapid, self-organizing process

Jouves 

2017



Water (and air) run through it

Flow in karst is complex

because of the high 

degree of heterogeneity 

of karst medium



Water (and air) run through it

Origin of hazards :

⚫ Flash floods

⚫ Vulnerability of fast flow paths to groundwater contamination

Valuable water resource :

⚫ Provide 10 % of world’s population drinking water

⚫ Key ressource for many countries (up to 80 % of drinking water 

supply) & towns

Chen et al., 2017, Stevanovic, 2019, Goldscheider et al., 2020



Water (and air) run through it
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Flow monitoring at LSBB

600m

Observed flows

Monitored flows

Galerie 
principale

Galerie de 
secours

⚫ Within tunnel : 
⚫ automated discharge, conductivity, natural fluorescence & temperature monitoring

⚫ Sampling & hydrochemical monitoring



Flow monitoring at LSBB

⚫ Within tunnel

⚫ At the surface of exit gallery : 
⚫ Triplet of wells in UZ, evidence of perched saturated zones

⚫ MRS, ERT, GPR, seismics, muography… experiments to image structure & monitor flows



Flow monitoring at LSBB

⚫ Within tunnel

⚫ At the surface of exit gallery

⚫ In a 450-m deep well reaching saturated zone
⚫ Close correlation with Fontaine de Vaucluse dynamics



5 km

Multi-scale insights from LSBB into Critical Zone



My signal is your noise

And 

Your signal is my noise

Multi-physics insights from LSBB into Critical Zone
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First Evidence of Correlation Between Evapotranspiration and Gravity at a Daily Time Scale From Two Vertically

Spaced Superconducting Gravimeters
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Correlation Between Evapotranspiration and Gravity at a Daily Time Scale



Magneto hydro sysmique





New insights on fractures deformation from tiltmeter data measured inside the Fontaine de Vaucluse karst system
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reflect the response of karst hydrosystems
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ALBION:

The LSBB & the Fontaine-de-Vaucluse 

aquifer,

as a dynamic analogue

of Barremian-Aptian carbonate platforms



➢ Geological heterogeneity VS diagenesis

➢ Karst genesis VS geology

➢ Hydrodynamics VS geology

➢ Scales & Upscaling

ALBION: key figures



MIDDLE - LATE BARREMIAN PALEOGEOGRAPHY, 
SE FRANCE. (FROM MASSE & FENERCI-MASSE, 

2006).

France

NORTH PROVENCE
(FONTAINE-DE-

VAUCLUSE SECTION)

(Tendil, 2018)

Well-studied area for years



Regional stratigraphic model
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Reservoir 
Flow 

Simulation

Reservoir
Monitoring
& upscaling
Synthesis

e.g. Geobodies characterization

with Passive seismic tomography

@ LSBB – Buissonnière

e.g. Passive seismics: Ambient noise intra-correlation

e.g. Passive seismics

@ UPPA Sandbox

e.g. Blocks acoustic & EM characterization @ UPPA Lab
e.g. Unsaturated vs saturated zone

parameters characterization
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