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Extended abstract

Mediterranean coastal karsts are known to exist below the current sea level. They were initiated or enlarged when the sea level was lower, mainly during the quaternary, pliocene or messinian periods. Indeed, the sea acts as a boundary condition in the aquifer, imposing a base level that forces the groundwater to: 1) flow deeper during recession times, or 2) find a new outlet at a higher elevation during transgression when the sea level rises. The karst network is now submerged, and the Mediterranean coastal karst aquifers discharge usually in point source in springs close to the sea level. Moreover, coastal karstic aquifers are encroached by saline intrusion. Saline intrusion has the shape of a saltwater wedge, locally modified by preferential flow in karst conduits.

Submarine karst conduits open to the sea are connected in a network of pipes where fresh or brackish or seawater can flow. These preferential groundwater flows can discharge from inland to the sea, or from the sea to the continent. This latter flow direction has been described in several case studies: Croatia [START_REF] Bonacci | Sea water intrusion in coastal karst springs: example of the Blaz Spring (Croatie)[END_REF], Greece in Kefalonia [START_REF] Drogue | Continuous inflow of seawater and outflow of brackish water in the substratum of the karstic island of Cephalonia, Greece[END_REF], Spain in Moraig-Toaix (Fleury et al. 2007b), or in Florida peninsula [START_REF] Xu | Long distance seawater intrusion through a karst conduit network in the Woodville Karst Plain[END_REF]), but the usual observation is submarine groundwater discharge (SGD) to the sea (Fleury et al. 2007a). SGD to the sea at springs is usually brackish, with a varying salinity correlated to the groundwater flow rate. The brackish water comes from a mixing between the fresh groundwater recharged in the catchment area, and the seawater intruded at depth within the aquifer (called hereafter salt groundwater). The karst conduits allowing preferential flows play a major role in the saline intrusion mechanism. The deep salt groundwater that mixes with the fresh groundwater can flow by two ways (Figure 1): i) the main karst conduit connected to the submarine spring cross the saline intrusion wedge, and then diffuse flow from the matrix (salt groundwater) to the conduit (initially fresh groundwater) occurs (Figure 1a), or ii) the salt groundwater flows through karst conduits connected with the fresh groundwater karst network (Figure 1b). These two conceptual model of salt and fresh groundwater mixing are still very difficult to observe since in-situ data are often limited to wells observation, that are not necessarily representative of the aquifer behavior in karstic environment. In situ measurements at spring are usually the only observation available. In order to go insight into the saline intrusion observation in karst aquifer, we decided to record salinity, temperature and depth (CTD) time series during cave diving exploration in large, long and deep karst conduit. Indeed, when karst conduits connected to a submarine spring are large enough to be explored by cave divers, the in-situ CTD time series recorded at the spring over time can be compared to the spatial variation of saline intrusion within the conduit. It's also a way to explore the places where salt and fresh water mix inland within the aquifer (see the two conceptual models in Figure 1). 2016). So we have a data base of two in-situ time series, that we will call hereafter: cave diver CTD measurements (spatial variation along the karst conduit), and spring CTD measurements (time variation in one point of observation, at the underground laboratory). Spring CTD measurements show that for each flood (related to rainfall in the recharge area), discharge and salinity variations are correlated, with a variable time lag, that draws a hysteresis plot on discharge VS salinity scatter plot. This time lag is a typical piston effect, i.e. the flush of the brackish pre-event water stored in the karst conduit and moving from inland to the sea. It constitutes a volume around 1.10 6 m 3 , confirmed by the data recorded during the cave diving.

We show that the seawater intrusion occurs upstream the 2000 m long karst conduit explored from the Port-Miou submarine spring. The salt and fresh groundwater mixing in depth generates a brackish groundwater flow in the aquifer over several kilometers, flowing in the main karst conduit connected to the spring. The original new observations in depth show that the brackish water is still present at the deepest point reached, at -233m below the sea level. This work shows that preferential deep flow in karst conduit exists below the current sea level down to several hundreds meters deep that may impact the groundwater salinity. Groundwater resources in coastal zones are then restricted in the sea-shore and inland in the deep part of the aquifer. A CTD in-situ monitoring of submarine springs can help to forecast the saline intrusion. 
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Figure 1 :

 1 Figure 1: Conceptual cross-section of a coastal karst aquifer. a) Saline intrusion as in porous medium, with a saltwater wedge crossed by a karst conduit connected to the submarine spring. b) Saline intrusion by seawater preferential flow path in the karst conduit ("annex conduit") connected to the main karst conduit discharging at the submarine brackish spring.

Figure 2 :

 2 Figure 2: Location of the Bestouan and Port-Miou submarine karst conduits explored by cavedivers in the Port-Miou coastal aquifer (Cassis, France), from the springs up to 2000 m inland.

Figure 3 :

 3 Figure 3: Schematic 3D view around the Port-Miou karst conduit
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