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Transit time issues in karsts
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Fast flows in karst

* Complex and fast recharge through hierarchized
network

* Quantity and quality issues

- Essential to trace short transit time (< 6 months)
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Transit time issues in karsts
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Fast flows in karst Natural tracers
* Complex and fast recharge through hierarchized * Few available on the 0-6 months range
network * High potential of natural organic matter
* Quantity and quality issues (life duration < 6 months, Batiot, 2002)

* Use of Humification IndeX (HIX)

— Essential to trace short transit time (< 6 months) by Blondel et al. (2012)
ondeil et al.
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Transit time issues in karsts
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Objective : Analyze the potential of fluorescent organic compounds
as natural tracer of short transit time (<6 months)

Eurokarst 2022 — L.Seréne — Transit Time index (TTi)



Study site & sampling

® Springs
=== Springs catchments
® UZ flows
Geology
Quaternary
Pliocene
Miocene
Oligocene
Eocene
Upper Cretaceous
Lower Cretaceous : Albian - Aptian
| Lower Cretaceous : Barremian
Lower Cretaceous : Hauterivien
Lower Cretaceous : Valanginian and Berriasian

Jurassic

Trias

Fontaine de Vaucluse karstic system
* Catchment of 1160 km? oiivier, 2020
* Mean flow rate 23,3 m3/s cognard-piancq et al., 2006
* Aquifer thickness up to 1500m

* Unsaturated zone average thickness 800m
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Study site & sampling
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. Trias

Fontaine de Vaucluse karstic system Sampling test

* Catchment of 1160 km? orivier, 2020 * One year bi-monthly sampling (06-2020 to 10-2021)

* Mean flow rate 23,3 m3/s cognard-piancqetal, 2006 * Major and trace elements, TOC, water stable

: : isotopes, fluorescence of organic matter
* Aquifer thickness up to 1500m

_ * 4 springs, 1 losses, flows from unsaturated zone
* Unsaturated zone average thickness 800m (LSBB)
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Humification index (HIX) in brief

HIX=H/L Light organic ol-::‘r?i,c
HIX=H/(L+H
sl e matter
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matter type
Digestibility high low

Hypothetic soil
biodegraded

Hypothetic soil
s Biological

Seréne et al., 2022
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Humification index (HIX) in brief

HIX=H/L | Light organic AIEEI H and L quantification
HIX=H/(L+H) | matter organic Fluorescence A2580m Xt/
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Seréne et al., 2022
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Humification index (HIX) in brief

. . Heav
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Seréne et al., 2022

Eurokarst 2022 — L.Seréne — Transit Time index (TTi)



Questioning the use of HIX in karst waters

Previous works

H and L windows calibrated 100
on soil water Zsolnay (1999) and

Aex=254nm
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Seréne et al., 2022
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Questioning the use of HIX in karst waters

Previous works

H and L windows calibrated 100

on soil water Zsolnay (1999) and
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Application results
* Mismatch of H and L windows with fluorescent peaks of groundwater samples
* Zsolnay (1999) and Ohno (2002) HIX formulas not applicable to groundwaters
* Blondel (2008) relation between HIX and transit time need to be rebuild

Seréne et al., 2022
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From the Humification IndeX to the Transit Time index
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Seréne et al., 2022

Eurokarst 2022 — L.Seréne — Transit Time index (TTi)



From the Humification IndeX to the Transit Time index
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HIX

Humification : Transit Time
IndeX (HIX) | index (TTi)
2D spectra * 3D matrix

H and L windows * PARAFAC modelling

H
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High values =2 « long » transit time
Low values—= short transit time

Seréne et al., 2022
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Comparison of TTi between different springs
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Comparison of TTi between different springs
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* Increase of TTi with decrease of
karstification degree

—> Consistency of mean TTi with
expected transit time

Seréne et al., 2022
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Comparison of TTi between different springs
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Discussion, conclusions & perspectives

—

Fluorescence of organic matter as a natural tracer of transit time ?

* Methodological biases in previous work with HIX (Blondel, 2008)

Results

* Adaptation of HIX to groundwater usage thanks to PARAFAC modelling = TTi

* Consistency of mean TTi with expected transit time of studied springs

Seréne et al., 2022
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Discussion, conclusions & perspectives

—

Fluorescence of organic matter as a natural tracer of transit time ?

* Methodological biases in previous work with HIX (Blondel, 2008)

R | |- Adaptation of HIX to groundwater usage thanks to PARAFAC modelling = TTi
* Consistency of mean TTi with expected transit time of studied springs
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Discussion, conclusions & perspectives

—

Fluorescence of organic matter as a natural tracer of transit time ?

* Methodological biases in previous work with HIX (Blondel, 2008)

R | |- Adaptation of HIX to groundwater usage thanks to PARAFAC modelling = TTi
* Consistency of mean TTi with expected transit time of studied springs
: - . Little impact Depending on hydro-
Improw'ng Seasonal variations TS L vedoclimatic context
qualitative [ = 4 selecti -
: I t compounds selection thanks to
approach uorescen
] Anthropic activities PARAFAC modelling

eveloping quantitative Biodigestibilityin natural groundwaters? Artificial
approach tracer test? Radiogenicisotopes?

Seréne et al., 2022
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Transit Time index (TTi)
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