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Drinking water supply in the Chaine des Puys [lotcansiogtcal map of Waa?
aine des PUys se.eua.so |

m 350.000 users ®12 Water resource manager ®50 catchments = 10 Watersheds

Hydrogeological functionning:
» Agquifers are located along the axis of filled paleovalleys
* Flow velocities depend on the type of volcanic formation
» Topographic watersheds are meaningless

Bedrock topography controls flow axes and size of hydrogeological catchments

Topo graphic
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Basaltic braccias
- Massive lava flow
l:l Alluvium and sand
Ij Crystallin basement
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m 50.000 users m 2 catchments m Catchment area of 35 km?
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Come Watershed :
Geological context

Geological survey of the Come upstream part

Resistivity (Q.m)
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500 1000 2000 3500 5000 10000 20000

800m

Substratum

700m—

Map and cross-section caption : ®  Wells and springs use for driking water supply ~ ©  Drillings and boreholes
- Trachy-andesitic breccia and scoria - Trachy-basaltic lava Trachy-basaltic or basaltic breccia and scoria |:| Granitic sand or alluvium

|:l Trachy-andesitic lava - Basaltic lava EI Trachytic dome and associated breccia - Substratum

Come wells
 —
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Distance (m)
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Geological context
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How to reconstruct the pre-volcanic topography in order to
map groundwater flows in volcanic structures ?
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River flow =
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Self potential method (SP)
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Borehole time-series
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Hermans et al. (2023) *
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River flow A: Simple paleovalley filling by volcanic formations
Drone thermal Riparian and Hyporheic flow [«
imaging * Groundwater flow = 0
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Theorical SP signal
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Topographic surface

Zs: Saturated zone
Zns: Unsaturated zone
— Impermeable surface or
piezometric surface

* Equipotential
Substratum
Aumar et al. (2023)

 Self potentials correspond to naturally generated potential differences in the subsurface.
 In the Chaine des Puys, the phenomenon of streaming potential may explains the SP signals.

« Spatial variations in SP signal are interpreted as fluctuations in bedrock or water table depth.
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These data can be downloaded in open access on Data OPGC :
Aumar, C., & Labazuy, P. (2021). Self Potential database on the Chaine des Puys [Data set].
OPGC, LMV. https://doi.org/10.25519/ZGHC-N543

These data have been published in a data paper (Data in Brief) :
Aumar, C., Labazuy, P., Buvat, S., Delage, E., (2023). Self-potential dataset for mapping
groundwater flow patterns in the Chaine des Puys (Auvergne, France)
https://doi.org/10.1016/j.dib.2023.109533



https://doi.org/10.25519/ZGHC-N543
https://doi.org/10.25519/ZGHC-N543
https://doi.org/10.25519/ZGHC-N543
https://doi.org/10.1016/j.dib.2023.109533
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Geophysical survey:
Self potential method (SP)
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SP value (mV)
SPS modeling:
-80 -
N * Semi-empirical modeling based on a linear relationship :
SP signal
sigha Zsps (x’ y) - z(x’ y) — @
-1604
» The SPS surface represents the altitude of the roof of the first conductive terrain,
7} Topographic surface which in the context of the Chaine des Puys corresponds to :
200- Z = h . - . - -
Lhettiatedzone 1% The bedrock-volcanism interface OrR The piezometric surface.

1504 \R

Spssurface ' = B * The K coefficient incorporates the hydrodynamic and geological characteristics

RN < of the volcanic pile.
100+ 3

........................ Z H

Impermeable +*‘ *__ Aquifer (Saturated zone)

50 formation (basement) .
. — . >
0 80 160 240 320
D (m)

In Aumar et al. (2023) according to Aubert et al. (1991)
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Geophysical survey:
Self potential method (SP)
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Puy des Goules

Puy de Come Modelling process

Traversin

SP(mV)

Topography and SP map ' sP ma(:;.wi;;v DEM
2 ig.
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Coupling geophysics and geomorphology: 3) B L.
Puy des Goules .
Puy de Come . Modelling process
N Traversin
Topography and SP map SPmap with DEM
(Fig. 4)

Conversion to SPS elevation map from
geological data (boreholes) and SP map.

Clipping of circular patterns
at the location of volcanic edifices

|

SPS Surface ; i | . Corrected SPS elevation map
~ (Fig. 5)
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Coupling geophysics and geomorphology:

Puy des Goules .
Puy de Come Modelling process

Traversin

SP (mV)

oy 53

800m

Topography and SP map

(Fig. 4)

Conversion to SPS elevation map from
geological data (boreholes) and SP map.

<

lla -

SP map with DEM

o
Volcanic infill

Clipping of circular patterns
at the location of volcanic edifices

|

Corrected SPS elevation map
(Fig. 5)

SPS Surface

Données structurales

[West East
1200) Downstream part Intermediate port Upstream part

5 ‘Corect Undatermined’t

E
1100|&
1000)

s 058 F291 o)
900)
800 ,.
...........
Bl B e N N
sool_seomhver Distance (m)
7

Données géomorphologiques
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Puy des Goules .
Puy de Come Modelling process
Traversin
SP(mV)
Topography and SP map sP ma(:;.wi;;v DEM
ig.

Conversion to SPS elevation map from
geological data (boreholes) and SP map.

Clipping of circular patterns
at the location of volcanic edifices

|

Corrected SPS elevation map
(Fig. 5)

Filtering with a 9x9 Gaussian low-pass filter

Injection of geological and ‘
geophysical data (ERT2D and 3D) ‘

SPS Surface

(Fig.6)

GIS process to adapt the geophysical model

w0 | Model of the prevolcanic
920 |topography

Model of the pre-volcanic
topography of the Céme watershed
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Puy des Goules .
Puy de Come Modelling process
Traversin
SP(mV)
. . . SP ith DEM
Thickness and volume of volcanic formations Topography and SP map i
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Conversion to SPS elevation map from
geological data (boreholes) and SP map.
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0009259

Clipping of circular patterns
at the location of volcanic edifices

|

Corrected SPS elevation map
(Fig. 5)

Filtering with a 9x9 Gaussian low-pass filter

Injection of geological and ‘
geophysical data (ERT2D and 3D)
(Fig.6) ‘

GIS process to adapt the geophysical model

SPS Surface

000vZ59

000zZ59

688000 690000 692000 694000 696000 698000

Model of the pre-volcanic
topography of the Céme watershed

e \olume of volcanic formations: 2,74 km?3
* Volume of water in Céme aquifer: 0,33 km?
* Renewal time: 20 ans
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Conclusions

« Data acquisition on a large scale
» With a multi-method approach

« Major contribution to the
identification of groundwater flow in
the Chaine des Puys watersheds

« Useful for water balance,
hydrogeological modeling or
political decision

Geological modeling at the volcanic field scale
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Crossing methods

« Compare methods to validate
hydrogeological functioning

« Estimate water flows and volumes
« Parameterize hydrogeological

models for routine use to improve
resource management
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Crossing methods

« Compare methods to validate
hydrogeological functioning

« Estimate water flows and volumes

« Parameterize hydrogeological

resource management
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Piezometric and flow rate data

models for routine use to improve [~

Hydrogeological modeling

» Integrate all existing data (volume,
residence time, hydrological
monitoring, rainfall, etc.)

» Model operation at watershed scale
(permeability/porosity calibration)

* Projection based on short- and
medium-term climate scenarios for
operational purposes
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L ( J .\» \/‘\(»/ ...... : RESULTS Visualize spatio-temporal results
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