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ABSTRACT
The transition zone between the basement and the sedimentary cover is becoming an increasingly
attractive target for the development of geothermal energy in deep sedimentary basin as encountered in the
Upper Rhine Graben. Several geothermal power plants already exploit this target but the transition zone is
however still poorly known, with presence of large permeability heterogeneities. Studies in the framework of the
CANTARE-Alsace project are currently on going in order to develop conceptual models on how it is formed and
how heat can be exploited. In this study, we evaluate the ability of resistivity imaging by Controlled-Source
Electromagnetic (CSEM) method in frequency domain, to identify favorable areas for the development of
Enhanced Geothermal System (EGS). We performed a land-CSEM survey on a shallow analogue of the transition
zone in a well-known catchment basin at Ringelbach (Vosges), to assess the relevance of such data. The
catchment basin of Ringelbach is a well-known hydrogeological site, analogous in surface to our target in depth.
According to previous geophysical studies (Two well logs, ERT…), the site is composed of resistive sandstone
(>1600 Ω.m) superposed over two granitic facies with a NE-SW fault separating the site in two blocks. The first
one is identified as a weathered granite being conductive (250-1600 Ω.m), whereas the second one appears as a
block of fresh granite with a strong resistive signature (>1600 Ω.m). We know from former laboratory
measurements (Belghoul, 2007) that conductivity of Ringelbach granites is related to its alteration degree and
porosity. Furthermore, weathered granites show signs of former hydrothermal alteration succeeding the granite
burial (Wyns, 2012). Fresh granitic basement is not reached by wells (150 meters depth) or former geophysical
studies (Limited around 50 meters depth)
The 3D Land-CSEM survey consists in a 3D-grid of 48 reception sites uniformly distributed over the whole basin
and using a single transmitter located at 1.5 km north from the grid. We performed 2.5D inversions of a data
subset with the 2.5D inversion code MARE2DEM (Key, 2016) to image resistivity structures through a profile of
interest (Figure 1) and compared the result to a former Electrical Resistivity Tomography (ERT) inversion. 3D
inversion of the entire dataset are currently on-going using the BRGM proprietary software POLYEM3D for 3D
CSEM and MT data inversion. Preliminary 3D results are consistent with the 2.5D resistivity image.
CSEM inversion results extended shallow ERT images in depth and allowed to obtain a resistivity image of the
transition zone analogue. Integration of these results with existing geological and geophysical knowledge
allowed identifying and mapping the different resistivity blocks: the resistive sandstone; the altered granite area
more conductive, altered and potentially more permeable; the resistive fresh granites with the “Bunker” block
(Right on Figure 1) as well as the fresh granitic basement, less porous thus less favorable for a geothermal
reservoir. Results of this analogue study demonstrate the importance of obtaining resistivity data at the target
depth before drilling to maximize the success rate of a deep EGS project. Upscaling work will be part of the last
work package of the CANTARE-Alsace project.
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Figure 1: CSEM data 2.5D inversion result over the P1 profile from Baltassat et al. (2018). Former ERT inversion is displayed and
its shadow is projected over our CSEM result with the fault crossing location (from geological map) represented by an arrow.
Source location is around -1.5 km in the y-direction with a 0.4 km shift on the x-axis. Dashed lines separate geological blocks
interpreted from the integration of CSEM inversions and previous geophysical and geological knowledge.
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