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        Depth vs. permeability diagram showing the depth-dependent exponential law of the crust (Kc) permeability and the four tested detachment permeability laws (Kd). The pluton non-dynamic permeability model is indicated on the left.

      

    

  
    
      Fig. 5 
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        Experiments testing the topography effects on surface-derived fluid percolation within the detachment. The snapshots have been taken at the same moment (11.1 Myr). The Pe number greater than 1 (in blue) and isotherms (colored lines) and the major streamlines with arrowheads indicating the flow direction (in purple) are represented for the three tested topographies (0m, 500 m and 3000 m). The three diagrams on the left (a, c, e) correspond to the minimum permeability (Kd1) and those on the right (b, d, f) correspond to the maximum permeability (Kd4). Isotherms are indicated in °C.
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        Deep pluton emplacement models for two detachment permeability laws Kd3 (left column) and Kd4 (right column). (a) (b): distribution of advective areas (Pe numbers greater than 1) before (9.9 Myr), during (10.5 Myr) and after pluton emplacement (11.1 Myr); (c) (d): isotherms and FPFV in detachment zone and secondary faults for both permeability at 11.1 Myr. (e) (f): Close-up at 11.1 Myr showing the streamlines (in purple) and Darcy’s velocity (red arrows, size indexed to velocity value) with the same scale for both permeability laws.
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        Tracking of fluid particles in (a) a schematic cross-section and in (b) a Pressure-Temperature diagram considering the model with a pluton dynamic permeability. The depth has been approximated following the hydrostatic pressure. The red curve delineates the vapor-liquid transition of pure water according to Cooper and Dooley (2007), with the critical point of pure water (CP) marked by a red dot.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Comparative analysis of detachment zone models with (right side) and without a syn-kinematic pluton (left side). (a) and (b) display the logarithm of time-integrated fluid flux for the two models. (c) and (d) illustrate the FPFV and isotherms. (e) and (f) present the temperature profiles across the detachment cross-section, depicted in (a).

      

    

  
    
      Fig. 12 
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        A proposed synthetic hydrodynamic model of surface-derived fluid circulations along detachment with or without syn-kinematic intrusion. Here we consider an active detachment-fault system creating a moderate permeability contrast (e.g., max ratio of 50) between the crust and the faults. Free topography model proves ineffective in prompting the deep percolation of surface-derived fluids into detachment segment (a). Modest topographic gradients are also insufficient to generate significant fluxes of surface-derived fluids (b). A heat source as a magmatic intrusion in the detachment foot wall enhances such downward fluid fluxes associated with hot upward flows in the hanging wall (c).
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        Conceptual model showing the main phases of the evolution of uranium mineralization in the Guérande system. (a): Guérande localization in the South Armoricain Domain. (b): Airborne radiometric map showing the distribution of uranium in the Guérande area. (c) Syn-detachment emplacement of the granitic pluton at ca. 310 Myr where the apical zone is enriched in incompatible elements; (d) Exhumation and subsequent brittle deformation at ca. 300 Myr allowing the infiltration of oxidizing meteoric fluids able to leach uranium from the granite and transport uraniferous species along faults. A renewed magmatic activity is recorded at 300 Myr through the leucogranitic dyke emplacement. Precipitation of uraninite occurred along faults crosscutting black shales in the detachment upper plate. Modified after Ballouard et al. (2017)

      

    

  
    
      Fig. 14 
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        Mapping of potential mineralization zones on the application case of the Guérande U mineralized system through the Restricted Rock Alteration Index (R2AI) at four distinct stages during the activation and cooling phases. Blue arrows indicate downward fluid flow and red arrows indicate upward fluid flow.
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