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        Satellite image of the Lake Abhe area with nearby grabens (©2023 Google, TerraMetrics). The purple area locates the recent flows from the Dama Ale Volcano. The black lines correspond to the regional structural pattern (modified after Barberi and Varet, 1977 and Polun et al., 2018).WFB: Wonji Fault Belt, E-WFB: East Wonji Fault Belt, TGD: Tendaho-Gob Aad Discontinuity.
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        a) Location map of the LAGF and the two Small Hydrothermal Chimneys area (SHCa) and Great Hydrothermal Chimneys area (GHCa). 1/60,000 scale structural lineament mapping results are represented as red lines. b) Rose diagrams representing the 1/60,000 scale structural lineament mapping (the whole dataset is presented on the half rose diagram on the right, and a zoom of its central part (orange rectangle) is shown on the left to highlight minor sets).
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        a) Topographic map of the LAGF area generated from SRTM Global DEM. White dashed lines are locations of topographic profiles represented in Figure 5b. Normal faults, interpreted from field and topography observations, and unresolved lineaments from 1/60,000 scale structural lineament mapping are shown as black lines. Viewpoint location of Figure 6 is shown on the map. b) Topographic profiles extracted SRTM Global DEM. Normal fault location is pointed out on the profiles.
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        Large-scale hydrothermal chimney distribution and characteristics. a) Drone aerial photograph of a part of the SHCa. b) Adjacent massive chimneys, exhibiting crosscutting subparallel planar structures with orientation. c) Sublinear weakly-lithified carbonate and siliciclastic mixed materials outcropping on the surface between hydrothermal chimneys. d) Irregular-shaped collapsing crack observed across a hydrothermal chimney. e) & f) Hydrothermal chimneys exhibiting bulbous-shaped tops bounded by crosscutting subparallel planar structures, with orientation.
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        a) Location map of hydrothermal chimney crosscutting planar structures measured in the SHCa, represented as oriented orange symbols (satellite image from ©2022 Google Earth). Green lines correspond to 1/10,000 scale hydrothermal chimney alignment mapped over the LAGF area. Map location is shown in Figure 4. b) Rose diagram and stereographic projection represent overall measurements of the hydrothermal chimney crosscutting planar structures. The different sized green arrows indicate the main directions of chimney alignments by relative importance (cf. Fig. 4c).

      

    

  
    
      Fig. 10 
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        Location map of hot springs in the LAGF area, with structural lineament mapping results (satellite image from ©2022 Google Earth).

      

    

  
    
      Fig. 11 
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        Schematic representation of two possible configurations for hydrothermal activity within the LAGF: 1) Meteoric water infiltrates and is heated in the vicinity of the Dama Ale volcano. Fluids migrate eastward along ESE-striking fault corridors until they intersect N-striking faults acting as barriers that prevent further eastward migration. Upflow to the surface occurs along structurally favorable zones with enhanced vertical permeability, such as fault intersections and relay zones. 2) Meteoric water infiltrates south of the GG through major structural features. It is heated by conductive heat flow related to crustal thinning, and then channeled northwards along the continuation of the E-WFB, acting as vertical drains. Fluids rise to the surface where these structures intersect the ESE-striking fault corridors in the LAGF area.
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