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In Northwestern Europe, the Dinantian limestone formation, could be a promising geothermal reservoir from 1 kilometer deep\
for heat production in densely populated regions. In the 1970s and 1980s, scientific drilling in Belgium encountered hot water
at high flow rates in this layer, turning these wells into productive geothermal sources for district heating (e.g., Saint-Ghislain,
Douvrain, and Ghlin). However, similar wells in France (Jeumont and Condé-sur-I'Escaut) were not productive enough for econo-
mic viability due to the heterogeneous nature of the Dinantian reservoir, influenced by the region’s complex geological history.
To enhance understanding of this formation, an interdisciplinary study was conducted under the INTERREG NWE
DGE-Rollout project. This study involved creating a cross-border map of the Dinantian structure and building a litho-
logical chart to represent variations across the region, including Belgium, France, Germany, and the Netherlands.
The formation is mainly composed of carbonate rocks but also contains significant heterogeneities, such as sedi-
mentary breccias within the middle Visean (Livian), identified as a geothermal reservoir in Belgium's Mons region.
Seismic surveys and petrophysical analyses were conducted across Belgium, France, and Germany. Results showed five main
facies in the Dinantian: limestone, dolomite, anhydrite, sandstone, and clay. The Epinoy 1 well, for instance, revealed low
porosity in dolomitic facies, while Jeumont 1 showed higher porosity levels in dolomitic intervals. Seismic data reprocessing
further identified key geothermal targets, with dolomitic zones offering better reservoir properties in the north and east.
Temperature data from wells in the region are scarce, though the Epinoy 1 well shows a normal geothermal gradient of 30°C/km.
Favorable areas for geothermal development were identified based on energy demand and geothermal resource availability. The
largest zone is located between Douai and Valenciennes, with significant heat demand and an existing district heating network.
Another zone, around Maubeuge, also holds potential despite deeper Dinantian depths.

INTRODUCTION

Deep Geothermal Energy (DGE), which is considered
arenewable energy source with ubiquitous availability, can
play a significant role in the future energy mix. The Trans-
national EU Interreg North-West Europe (NWE) funded
project DGE-ROLLOUT (“Roll-out of Deep Geothermal
Energyin NWE), between 2018 and 2023, aimed to promote
the DGE potential of Carboniferous carbonate rocks, which
are expected to represent one of most favorable reservoirs for
hydrothermal energy extraction. This reservoir is widespread
in the NWE subsurface of the Rhenohercynian Basin, which
was investigated following a multidisciplinary geoscientific

approach. In the NWE, the carbonate rocks of the Lower
Carboniferous are known by various names: Carbonife-
rous Limestone Group, Zeeland Formation, 'Kohlenkalk',
Dinantian or sometimes as 'Kulm'. For the project, we use the
generic term ‘Dinantian’ when referring to this stratigraphic
interval, equals to the lower part of the Mississippian series
according to the international geological time scale of the
International Commission of Stratigraphy (ICS). The project
objectives were focused on three main axes: 1) to provide
a reconciled and common knowledge baseline for DGE
market development in the Dinantian reservoir rocks; 2) to
fill existing information gaps by acquiring transnational 2D
seismic surveys, conducting drilling operations, reprocessing
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vintage seismic data, and producing a variety of subsurface
2D and 3D models; and 3) to increase the efficiency of exis-
ting geothermal systems by implementing new or improved
production techniques in the fields of reservoir behavior,
cascading systems, and thermal energy storage. This paper
presents an overview of the project and their results at the
North-West Europe and the Hauts-de-France scales, without
claiming to be a scientific article. More details are available
on the project website and in the report Dezayes et al. (2024)
for the Hauts-de-France part.

GEOLOGICAL CONTEXT

Dinantian limestones are present in a large part of the
Northwestern Europe (Figure 1) and in the British Isles.
The sedimentary deposition and stratigraphy of the Dinan-
tian were influenced by sea-level changes, local and global
tectonics, and paleoclimatic conditions (Poty, 2016). This
results in various lithologies from carbonates to dolomites

and sandstones regarding sedimentation areas and facies
(platform deposit, calciturbidites, siliciclastic flysch, ...).

At the end of the Dinantian and during the Silesian
times, the southern part of the study region has been consti-
tuted by lower Paleozoic and Devono-Carboniferous rocks,
which were folded and thrusted to the North, formed the
Variscan front.

In the Hauts-de-France area, a thin Meso-Cenozoic cover
overlies the Paleozoic terrains because of the Midi thrust fault.
Below this cover, Paleozoic formations are more than thou-
sand meters thick of sediments and was strongly structured
by the Variscan orogeny (Laurent et al., 2021). This northern
front of the Variscan range is defined by large structural units
(Meilliez & Mansy, 1990 ; Mansy et al., 1997 ; Lacquement
et al., 1999 ; Mansy & Lacquement, 2006; Bélanger et al.,
2012; Laurent et al., 2021) that are respectively from North
to South (Figure 2):
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Figure 1- A- Location of NWE area, black square : area of B. 1: alpine massifs; 2: hercynian massifs; 3: volcanic massifs; 4: graben filling; 5: sedi-
mentary basins. B : Facies distribution map for the Visean showing the depositional environment and carbonate platforms (Mozafari et al., 2019;

Nelskamp et al., 2022). The red rectangle represents the studied area.

Figure 1- A- Localisation de la zone NWE, cadre noir : zone de la carte B. 1: massifs alpins ; 2: massifs hercyniens; 3: massifs volcaniques; 4: grabens;
5: basins sédimentaires. B : Carte des distributions de faciés du Viséen montrant la répartition des environnements de dépot et les plate-formes carbo-
natées (Mozafari et al., 2019; Nelskamp et al., 2022). Le rectangle rouge représente la zone de la présente étude.
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Figure 2 - Schematic cross-section through the main structural/stragraphic units of the Variscan front (inspired from Meilliez, 1989 and Laurent A.
et al., 2021). AMBT : Allochthon Main Basal Thrust or Midi fault. BEMR : Overturned Thrust Sheets Basal Thrust. Approximative scales.

Figure 2 - Coupe schématique transversale aux principales unités du Front Varisque (inspiré de Meilliez, 1989, et Laurent A. et al.,, 2021). AMBT :
Faille du Midi. BEMR : Chevauchement basal des écailles et massifs renversées. Echelles approximatives.

<~ the Brabant Para-Autochthonous Unit, which consists ~ Formation) is also present throughout the region. The upper
of Carboniferous-age terrain affected by folds and  partofthe Tournaisian (Ivoirian) is characterised by presence
north-verging thrusts overlying the undeformed terrains.  of a carbonate platform and formation of biostromes. Only
< the Overturned Thrust Sheet complex characterized  the northern partis more clayey with the presence of marly
by strongly deformed Silurian to Carboniferous series. deposits. Dolomitic facies are abundant at the top of the Tour-
<~ the Ardenne Allochthonous Unit carried by a major  naisian. Thickness of the Tournaisian is globally constant,
crustal-scale thrust: the Midi Fault or Allochthon Main  around 250 metres.

Basal Thrust (AMBT). In the lower part of the Visean, dolomitic facies alternate
with limestones. In the middle Visean (Livian), two levels
METHODOLOGY of interstratified sedimentary breccias in the limestones are

present and constitute the geothermal reservoir in the Mons
productive wells (Licour, 2014) The thickness of the Visean is
highly variable, from a few tens of metres to several hundred
metres, depending on the areas. The top of the Visean is
composed by shales indicating the transition to the detrital
coal series of the Upper Carboniferous (Namurian).

Bulding of a shared lithostratigraphic chart

Although the lithology of DInantian is dominated by
carbonate, local heterogeneities exist. To help to build the
transborder maps, a lithostratigraphic chart was yielded
to represent the variations in the lithological nature of the
Dinantian along the variscan front in the Hauts-de- France
region and Belgium.

The use of borehole data coupled with works on the
lithostratigraphy field observations of the Carboniferous
series makes it possible to propose synthetic litho-stra-
tigraphic columns by sector (Paproth et al., 1983 and 1999).
Whatever the area, the columns can be divided into 5 distinct
stratigraphic units (Figure 3). Detailed methodology for
building this chart is presented in the report project D1.1.5
(Veldkamp et al., 2023).

Atthebase, the Lower Tournaisian (Hastarian) is charac-
terized by an alternance of limestones and sandstones. The
proportions vary according to the sites, particularly on the
edge of the Brabant massif. A shaly horizon (Pont d'Arcole
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Figure 3 — Schematic structural map and lithostratigraphic chart of the studied area. The location of the lithostratigraphic logs are indicated on the
map by numbers (1 to 15) and letters (AN, AS, EB, WB, B], BG, BW).

Figure 3 - Carte structurale et charte lithostrigraphique de la région d’étude. La localisation des colonnes lithostrigraphiques est indiquée sur la carte
par des chiffres (1 d 15) et des lettres (AN, AS, EB, WB, BJ, BG, BW).
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Reprocessing vintage seismic profiles

Besides the lithostratigraphy definition, the subsurface
structures were highlighted by the interpretation of seismic
profiles. Vintage profiles, acquired in 1980’s, were repro-
cessed consisting of several steps to remove anthropic and
acquisition noises, surface waves and other coherent events
which do not correspond to primary energy. The aim of the
seismic reprocessing is to obtain an image of the subsurface
allowing a better definition of the geometry. In the Hauts-de-
France, a depth migration and an elastic impedance inversion
was performed. Depth migration allows to obtain the depth
migrated images which serve for the interpretation and inver-
sion of main structural elements at depth. These processed
profiles were used to build a 3D geological regional model
of the Variscan thrust front between Lens and Maubeuge
(Laurent et al., 2021).

Moreover, an elastic impedance inversion allowing to
derive information about the petrophysical characteristics
of the reservoirs (Mougenot, 1999) has been done. For this
quantitative interpretation, reprocessing of seismic profiles
with amplitude preserving and well petrophysical data are
needed to interpret impedances of P and S waves of each
seismic lines. The detailed process and results are presented
in the project report D2.1.15 (Capar et al., 2022).

Heat In Place calculation

In order to calculate the geothermal potential maps of
the Carboniferous Dinantian in the wider Dutch, North-
Rhine Westphalia, Belgium and French region, temperature,
permeability and heat in place maps have been constructed
and calculated. Maps are generated from information made
available by the DGE Rollout consortium, and literature data.
It builds on Dinantian depth and thickness maps that were
constructed as parts of previous DGE Rollout deliverables.
A temperature map for the Top Dinantian was constructed
by integrating temperature data derived from regional 2D
maps, 3D temperature models and well data. Because of the
different data formats a workflow was adopted to (re)calculate
available temperature data into (local) temperature gradients
(°C/km), merge the gradients into a single map and then use
the resulting cross-border temperature gradient map together
with the Top Dinantian map to calculate the temperature at
the Top Dinantian. In this way, the structural grain (presence
and incorporation of (local) faults) is preserved, challenges
related to sparse temperature data coverage are alleviated and
effects resulting from differences in burial, compaction and
lithology are negated. Regional permeability maps have been
constructed for the Dinantian. Based on existing literature
reviews, it is assumed that Dinantian permeability is largely
governed by structural (fault permeability) and diagenetic
(karstification) processes. Using literature data on fault
damage zone width, fracture permeability, fault displace-
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ment and length, combined with carbonate rock properties
(permeability measurements on Dinantian core plugs) and
karst permeability assumptions), minimum, average and
maximum permeability maps have been calculated. A Heat
in Place (HIP) map was calculated for the Dinantian for areas
where the Dinantian thickness is known. The HIP varies
from 50-200 GJ/m? in the North-Rhine Westphalia and
Wallonia regions to up to 400 GJ/m?in the Flanders region.
For the most part, Dinantian thickness is unknown in the
Netherlands, hence the HIP here is sparse

Using the ThermoGIS method with flow property (the
permeability maps), maps of the geothermal power that can
be extracted by a heat exchanger were calculated. Depen-
ding on the permeability scenarios, minimum, average and
maximum potential power maps have been compiled. Limi-
tations of the various compiled maps include:

< Uncertainty in the temperature map is largely caused
by sparse temperature data (or models) in certain regions.
With the addition of new temperature data, the map will
improve in accuracy.

<~ Sparse permeability measurements on Dinantian rock
plugs, as well as incomplete understanding of the spatial
continuity of permeability in fault zones, requires that
permeability concepts and/or assumptions need to be
adopted in order to correlate permeability to structural
concepts (fault displacement, fault damage zone) as well
as sedimentological concepts (karstification). Calibrating
the maps with new permeability measurements on rock
plugs will improve the map.

<~ Only few of the faults used for the permeability assess-
ment have been actually mapped in the Dinantian but
rather extrapolated from the Base Permian/Top Carbo-
niferous. Therefore additional uncertainty is related to the
actual presence and precise location of these faults and
associated assumed high permeability zones. 3

<~ The generated heat in place maps do not include flow
property information. Therefore they do not provide infor-
mation on the actual geothermal potential on alocal scale.
The HIP maps do provide regional information, and as
such should only be used to for a first order, regional
assessment of the heat potential

Uncertainties assessment

The diverse sources of input data influence the robustness
and reliability of the interpreted top and base depth, thickness
and temperature maps, the Heat In Place and ultimately the
geothermal potential of Dinantian rocks at depth. Asses-
sing the uncertainty of the resulting maps will provide the
end-user with a first order assessment of the reliability of these
maps. For this first order assessment, the focus was carried
out on the top of Dinantian. The following major qualitative
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indicators for the uncertainty computation were identified
that determine the uncertainty in depth for the top Dinantian:

1. Data quality and density
2. Total depth
3. Tectonic complexity

Various uncertainties result from the source of data that
hasbeen used to interpret the top Dinantian. Seismic data is
often of different vintage with varying quality and is either
2D (digital or analogue lines) or 3D seismic. In addition,
seismic data density varies within a country, but also between
countries. Also, seismic data was interpreted by multiple
individuals over longer periods of time, applying varying
methods with different geological models/targets in mind.

Seismic data is acquired in time and converted to depth
using velocity models of the for the overlying units. With
cross-border interpretations, differences in the used velocity
models will result in different time-depth conversions. This
adds to the uncertainties.

In areas where seismic data is unavailable, the depth of
the Top Dinantian may be derived from available well data
of from geological concepts. Nearby wells, uncertainties in
interpreting the top/base are less than away from the wells.

There are also areas where no seismic and no well data is
available. Here, depth to the Top Dinantian may be inferred
from regional geological knowledge and trends.

Structural complexity introduces another source of
uncertainty. In The Netherlands and North Rhein-West-
phalia, the structural setting of the Dinantian is relatively
simple, with block faulting present. Further south in Northern
France and Southern Belgium (Wallonia), Dinantian is more
complex with thrust sheets and structural duplications
present. Moreover, Southern and below Midi fault, Dinan-
tian is deeply buried, and geometry is still poorly understood
(Figure 2).

The complete methodology and maps developed by
DGE-Rollout partners are available in the project report
D.L.T.3.2: Reduce_uncertainties_of_geological_interpre-
tation (Valdkamp & Foeken, 2023).

Socio-economic combined index

The importance of evaluating both topics, social and
reservoir factors, is described in the technical approach
pyramid by Moeck et al., 2020. It considers social and
geological aspects in the exploration phase of geothermal
projects and emphasizes the decisive surface and subsur-
face elements. The Combined Index of the socio-economic
potential in DGE-ROLLOUT area was calculated to map
areas where deep geothermal projects might have a larger
chance of success from the surface view. The methodology
of this project was mainly based on literature and adapted
from previous surveys. The main categories Social, Economy
and Environment are taken from the literature, (Moeck,
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et al., 2020; International Renewable Energy Agency, 2017;
Chocobar, 2020). Those categories are the typical groups for
the factors involved in socio economic studies.

The detailed methodology and calculation are available
for the scale of North-West Europe in D1.2.3 NWE and for
Francein D.1.2.3 France.

DATA

Date available for the NWE area

In the framework of the project, several seismic lines were
acquired. Two lines were acquired by the Geological Survey
of Belgium (Department of the Royal Belgian Institute for
Natural Sciences) in Wallonia, the line L2 islocated to the east
of Charleroi and the line L1 is to the east of Namur.and the
latter crossed the deepest borehole of Belgium (Havelange:
5648 m MD) (Figure 4). In Flanders three lines were acquired
by VITO near and across the Dutch border, near Bree and
Lommel. EBN acquired several lines in the Netherlands,
which some of them reached into Germany (Figure 4).

Due to many new cross-border lines, the DGE-ROL-
LOUT campaign helped to gain some insights into geological
ambiguities in particular in the border areas, allowing the
linkage of different mapping areas, facilitating the exchange
ofknowledge on potential geothermal aquifers in the subsur-
face.

The borehole data of the studied area were gathered ina
database in which the main information of Dinantian layers
is highlighted (total depth, coordinates, lithological facies,
Dinantian top and thickness, nature of the contact, etc..
The Dinantian boreholes database covers Northern France,
Belgium, the Netherlands and North-Rhine Westphalia,
and is downloadable from the EGDI/DGE-Rollout webGIS:

Data in Hauts-de-France

In the Hauts-de-France region, no seismic acquisition
has been carried out, but six seismic lines, acquired in 1980
and 1981 between Lens and Maubeuge, were reprocessed for
a combined length of around 172 km (Figure 5).

To perform the seismic quantitative interpretation, a
petrophysical analysis from 2 wells Jeumont 1 and Epinoy 1,
located on seismic lines (Figure 5) was carried out. Five main
facies have been identified by the petrophysical analysis:
limestone, dolomite, anhydrite, sandstone and clay. The
Dinantian formations, in Epinoy1well, arelocated between
2100 meters depth and the bottom of the well (3952 meters),
in a reverse series. The petrophysical analysis revealed the
absence of porous levels. In the dolomite facies located around
2640 meters depth, the porosity isaround 1to 2 % (Figure 6).


https://vb.nweurope.eu/media/21135/2023_06_dge_rollout_dlt32_reduce_uncertainties_of_geological_interpretation.pdf
https://vb.nweurope.eu/media/21150/2022_06_dge_rollout_dt123_socio_economic_potential_mapping_for_dge_nwe.pdf
https://vb.nweurope.eu/media/21144/2022_12_dge_rollout_dt123_socio_economic_potential_mapping_for_dge_france.pdf
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Figure 4 - Location of the seismic lines acquired during the DGE-ROLLOUT project.
Figure 4 - Localisation des lignes sismiques acquises durant le projet DGE-ROLLOUT.
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Figure 5 - Location map of used seismic lines (red lines) and boreholes (yellow dots) in the Hauts-de-France part. Background

geological map (BRGM).

Figure 5 - Carte de localisation des lignes sismiques (lignes rouges) et des forages (points jaunes) utilisés dans la partie Hauts-

de-France. Carte géologique de fond (BRGM).
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Figure 6 - Petrophysical analysis of Dinantian in Epinoy 1 well. MD: Measured Depth in metersFacies (1) Clay; (2) Anhydrite; (4) Dolomite; (4) Limes-
tone; (5) Sandstone; (6) Clayed sandstone. Corrected porosity (last column) indique 1 to 2% of porosity for the dolomitc interval (red rectangle).
Figure 6 - Analyse pétrophysique du Dianantien dans le puits Epinoy 1. MD : profondeur mesurée en métreFacies : (1) Argile; (2) Anhydrite; (3) Dolomie;
(4) Calcaire; (5) Gres; (6) Grés argileux. La derniére colonne (carrected porosity) indique 1 a 2% de porosité pour Uinterval dolomitic (rectangle rouge).
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In Jeumont 1 well, the Dinantien formations are located
between 3650 meters depth and the bottom of the well
(4315 meters) in a normal series (Figure 7). The petrophy-
sical analysis shows permeable dolomitic facies between
4115 and 4230 meters depth with a porosity between 5 and
8% (Figure 7).

The elastic impedance inversion of the seismic lines
provided the impedances P and S for each line (see more
explanation in the project report D2.1.15 (Capar et al., 2022)
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and Dezayes et al. (2024). The quality of the data and the low
porosity do not allow to establish a relationship between
impedance and porosity. However, a further analysis of the
data allowed to establish a qualitative differentiation of the
facies from the Vp/Vs ratio. The Vp/Vs ratio for dolomites
has empirical values between 1.78 and 1.84 (Domenico, 1984).
Clay has Vp/Vsratio below1.78 and it can be lower than 1.7.
For anhydrites the Vp/Vsratiois1.75, and for limestones the
Vp/Vs ratio is rather between 1.84 and 1.99.
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Figure 7 - Petrophysical analysis of Jeumont 1 well. Facies : (1) Clay; (2) Dolomite; (3) Limestone; (4) Sandstone; (5) Clayed sandstone. Correc-
ted porosity (last column) indique 5 to 8% of porosity for the dolomitc interval (red rectangle).Figure 7 - Analyse pétrophysique du puits Jeumont 1.
Faciés : (1) Argile; (2) Dolomie; (3) Calcaire; (4) Gres; (5) Grés argileux. La derniére colonne (carrected porosity) indique 5 a 8% de porosité pour l'in-

terval dolomitic (rectangle rouge).
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Figure 8 - Summary map of water temperatures (in °C) measured in the Carboniferous under Cretaceous cover and in deep boreholes in the Mons,
Tournais and Leuze area and at Condé-sur-Escaut and Jeumont. The map background corresponds to the Paleozoic basement map of northern
France published in 1965 (CFP), transparent on the geological map to the million of France (2006). Measurement depths are given where known.
Figure 8 - Synthése cartographique des températures (en °C) des eaux mesurées dans le Carbonifére sous la couverture crétacée et dans les sondages pro-
fonds du secteur de Mons, Tournais et Leuze et au niveau de Condé-sur-Escaut et de Jeumont. Le fond cartographique correspond a la carte du socle
paléozoique du nord de la France publié en 1965 (CFP) mise en transparence sur la carte géologique au million de la France (2006). Les profondeurs

des mesures sont données lorsqu’elles sont connues

Temperature data

Temperature data are available in wells to complete the
geothermal characteristics of the Dinantien, but, except for
Mons area in Belgium, are scarce in the Hauts-de-France
region (Dezayes et al.,, 2024). Observations in mine galleries
sometimes indicate anomalous values, probably due to water
rising along faults (Licour, 2014). Only the Epinoy 1 well has
usable data indicating a normal geothermal gradient (30°/km).

SOCIO-ECONOMIC DATA IN HAUTS-DE-
FRANCE

Data allowing the assessment of the socio-economic
potential of DGE comes from national and European
database (de los Angeles Gonzalez de Lucio et al., 2022).
These databases are open access form various institutes and
detailed in Table 1.
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RESULTS

NWE Dinantian maps

Based on pre-existing national grids, a first version of
the NWE transnational maps of the top and thickness of
Dinantian formations was prepared by stitching together
regional maps. This approach revealed multiple trans-border
issues which were evaluated and finally solved thanks to
insights gained from the interpretation of newly acquired
and reprocessed seismic lines and well data made available
during the project. The result is harmonized maps of the top
and the thickness of the Dinantian formations (Figure 9),
the description of the maps and methodology is provided
on DGE-Rollout website (see report of D1.1.5).

Although maps show important improvements from
previous ones, large uncertainties about the depth and espe-


https://vb.nweurope.eu/media/21105/2023_08_dge_rollout_dt115_updated_transnational_harmonized_depth_and_thickness_map_of_deep_geothermal_potential_in_project_area.pdf
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Table 1 - Databases used for socio-economic mapping of France. Sources in appendix.
Tableau 1 - Bases de données utilisées pour la cartographie socio-économique en France. Lien sources en annexe.

Factors to be considered during the assessment process of a geothermal energy project

Political orientation Political parties map / Election maps
Density of population
. Income
Socio Country Information

Employment / Forecast

Social level map

Heat demand
Infrastructure District heating
Official national geothermal development plan
Investment Promotion by the ministry/interest of municipalities/major of the city/strategy plan
Economic Level of debt of municipalities
Legal framework
Regulation Financial risk management (funding/investment)
Recommendations on legal framework and risk management
Land ownership
Land access Assigned land usage

Environmental - "
Environmentally sensitive areas

Greenhouse gas emissions

Thickness Dinantian DGE Rollout final deliverable WP-T1-D1.1.5

. ~og
Thickness [m]
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Figure 9 - Dinantian top (up) and thickness (down) maps of NWE region (Veldkamp et al., 2023).
Figure 9 - Cartes des profondeurs du toit (en haut) et de U'épaisseur (en bas) du Dinantien dans le Nord-Ouest de ’Europe (Veldkamp et al., 2023).
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cially the thickness of the reservoir still exist due to the limited Opverall, the Dinantian slopes southward at a shallow
availability and quality of the data in some areas of the study  angle (5°). The northern limit corresponds to an erosion zone
area. These uncertainties were assessed (Veldkamp et al.,  where the Dinantian gradually thins. Its southern extension
2023) and are illustrated below (Figure 10). corresponds to a structural limit. It is truncated by south-slo-
ping faults bearing the Ardenne Allochthon (AMBT).

Dinantian maps in Hauts-de-France

Dinantian is widely present in the eastern part of the
Hauts-de-France region, whereas it is observed only to aband
about 20 km wide in the western part from Lens (Figure 11).
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Figure 10 - Uncertainty composite map (D), composed of (A) tectonic complexity (red), (B) depth (green) and (C) data availability (blue). Dark
shades indicate areas of high uncertainty (i.e., large distance to data, large depth, large structural complexity).

Figure 10 - Carte d’incertitude (D) constituée par les complexité tectonique (A en rouge), la profondeur des données disponibles (B) et la densité des
données disponible (C). Les ombres sombres indiquent les zones de fortes incertitudes (par exemple : forte distance a la données, forte profondeur de la
données, importante complexité structurale).
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Figure 11 - Maps of the roof depth (up) and thickness (down) of the Dinantien in the Hauts-de-France.
Figure 11 - Cartes des profondeurs du toit (en haut) et de I’épaisseur (en bas) du Dinantien dans les Hauts-de-France.
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Important thickness variations affect the series, which
can reach 2700 metres in thickness ( Figure 11 10). These

variations are associated with two phenomena:

< Eitherlinked to tectonic overthrusting with thicknesses
of up to 1200 metres. Indeed, the presence of thrust faults
such as those to the west of Lens and to the south of the
thrust faults located in the zone between Douai, Valen-
ciennes and Cambrai allows the series to be duplicated

locally.

< Or associated with significant local subsidence, as
in the area west of Mons, but also south of Jeumont and

south of Cambrai.

Heat In Place map

The HIP map has been computed based on Dinan-
tian thickness maps and temperature maps, derived from
borehole temperature collected in the investigation area
and interpolated in volumetric 3D (Nelskamp et al., 2022).

The HIP is calculated as energy per unit area (Figure 12).

Unlike over the London Brabant Massif in Belgium
where the aquifer does not occur, the large grey areas in the
Netherlands are not related to its absence. However, the data
quality in central part of the Netherlands is such that it was not
possible to determine the thickness of the aquifer (Figure 12).

Several areas attract attention as having HIP around
~500 GJ/m?, the highest heat content. However, these are not
necessarily the most attractive areas for geothermal production
because heat content alone does not say anything about the
possibility that the subsurface energy can in fact be produced
using usual extraction technique (i.e. enough permeability) or
having economic return (i.e. drilling cost). For example, at the
highest heat content in the south part of the Hauts-de-France
(Figure 12), the top of Dinantian reaches 6 km depth, which
brings a high temperature but deep and expective boreholes for
exploitation. On the contrary, western part of Hauts-de-France
have very low HIP in the Dinantian (less than 25 GJ/m?) due
the thinness and shallowness of the layer (Figure 11). Except
these zones, the HIP of most parts of the Hauts-de-France is
between 200 and 400 GJ/m?, which makes it an attractive area
for deep geothermal energy development.

Heat in place map of Dinantian in North-West Europe
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Figure 12 - Heat in place of Dinantian reservoir in NWE.

Figure 12 - Carte de la Chaleur en Place du Diantien dans 'Europe du Nord-Ouest
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Socio-economic maps

The different quantifiable factors of the socio-economic
potential for deep geothermal energy were combined into
ajoint index (see detail in the project report DT1.2.3 de Los
Angeles Gonzalez de Lucio & Theil (2022)). The factors
population density, social progress index, acceptance of
renewable energies, availability of district heating, gross
domestic product, public debt, environmentally sensitive
areas and greenhouse gas emissions were considered to
produce a map (Figure 12).

In the Hauts-de-France, except Lille area, the socio-eco-
nomic index is low (around 20 000) in regards of the rest
of the NWE (Figure 12). Other urban areas have a socio-

0

250000
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index around 60 000, mainly due to the high heat demand
(including the high interest demonstrated by the privateand
public sectors the last past years) and the presence of district
heating (Figure 12).

DISCUSSIONS

The combination of the Heat In Place derived from
the subsurface data and the socio-economic maps allows
the definition of Hotspots, showing the best places for the
development of deep geothermal energy in the North-West
Europe from the Dinantian formations (Figure 13). This
result shows the important potential of this reservoir in the
studied area (Figure 13).
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Figure 13 - Composite index for the socio-economic potential for deep geothermal energy
in the North-West Europe, the limits are defined per region (de los Angeles Gonzalez de

Lucio et al., 2022).

Figure 13 - Indice composite du potentiel socio-économique de la géothermie profonde dans
le nord-ouest de I'Europe, les limites sont définies par région (de los Angeles Gonzalez de

Lucio et al., 2022).
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Hot spot areas for Dinantian in North-West Europe
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Figure 14 - NWE Hotspots map combining the Dinantian Heat in place and socio-economical potential.
Figure 14 - Carte des zones favorable au développement de la géothermie profonde combinant les cartes de chaleur en place du
Dinantien et de potentiel soci-économique.
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Figure 15 - Favorability zones for deep geothermal energy in the Hauts-de-France. These zones are presented as hatched polygons.
Figure 15 - Zones favorables pour le développement de la géothermie profonde dans les Hauts-de-France. Ces zones sont repré-
setées par des polygones hachurés.
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In the Hauts-de-France region, we identify a large
Hotspot between Douai and Valenciennes (Figure 14). This
zone is characterized by a high population density, a high
heat consumption and the presence of a district heating
network. Form a resource point of view, the top of Dinantian
lies between 2000m and 400om depth with a temperature
between 75°C and 125°C (Bonté et al., 2010) and a dolomite
facies. A second Hotspot is located around Maubeuge, with
rather the same characteristics, but the top of Dinantian is
deeper, around 3500m. The areas around Liévin and Lens,
and Arras are also potential Hotspots but the Dinantian facies
could be less permeable.

CONCLUSIONS

The DGE-Rollout project, funded by EU Interreg
NEW between 2018 and 2023, explores the most promising
geothermal reservoir int the North-West Europe and allows
develop and de-risk geothermal energy projects from the
North-West Europe scale to the Hauts-de-France scale by
providing:

< Identification of facies variations of Dinantian carbo-
nates

< Better knowledge of Dinantian carbonates structures
in depth, with top and thickness maps

< Petrophysical characteristics of the Dinantian carbo-
nates

< Computation of Heat in Place map for the Dinantian
geothermal reservoir

< Socio-economic index for better targeting geothermal
project development

< And, finally, favorability maps, so called Hotspots map,
to help stakeholders & investors of geothermal energy in
North-West Europe

In the Hauts-de-France, the most favorable places for
developing deep geothermal projects are located between
Douaiand Valenciennes, and the Maubeuge area, with high
demands and district heating network available.

This study brings new data and knowledges to contribute
for future deep geothermal development to play a significant
role int the energy mix in a dynamic transnational region.

POUR ALLER PLUS LOIN...

https://www.nweurope.eu/dge-rollout
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RESUME LONG EN FRANCAIS

Dansle Nord-Ouest de’Europe, bien que cette région ne présente pas d'anomalie thermique positive connue, les calcaires
du Dinantien, situés au-dela de 1 ooo m de profondeur, pourraient constituer un réservoir géothermique intéressant pour
produire de la chaleur dans une région densément peuplée.

Dans les années 1970 et 1980, cette formation a été traversée par des forages scientifiques en Belgique. Des venues
d’eaux chaudes a débits élevés au niveau du Dinantien dans le Hainaut belge ont permis de transformer ces forages en puits
géothermiques productifs pour le chauffage urbain (Saint-Ghislain, Douvrain et Ghlin). Coté frangais, le forage profond
pétrolier de Jeumont et le forage prospectif de géothermie de Condé-sur-I’Escaut, qui ont également traversé cette forma-
tion, n'étaient pas assez productifs et donc non économiquement viables. La formation du Dinantien possede donc des
caractéristiques de réservoir fortement hétérogenes liées a I'histoire géologique complexe de la région.

Afin d'accroitre la connaissance du Dinantien et d'en évaluer le potentiel géothermique, une étude de sa structure et
de ses propriétés réservoir a été menée dans le cadre du projet européen INTERREG NWE DGE-Rollout (Déploiement
dela géothermie profonde dans I'Europe du Nord-Ouest) sur la partie nord-est de 'Europe. En étroite collaboration avec
les équipes belges, une carte transfrontaliére de la structure du Dinantien a pu étre réalisée, bénéficiant des résultats de la
theése d’A. Laurent (collaboration BRGM-Université de Lille) sur la structuration du front nord-varisque.

Une charte lithologique a été construite pour représenter les variations de la nature lithologique du Dinantien dans la
région des Hauts-de-France et la Belgique, ainsi que les autres pays impliqués (Allemagne et Pays-Bas). Bien que dominée
par des roches carbonatées, dansle détail le Dinantien présente des hétérogénéités lithologiques. Ainsi, au niveau du Viséen
moyen (Livien), qui constitue le réservoir géothermique identifié dans la région de Mons en Belgique, deux niveaux de breches
sédimentaires sont présents avec une épaisseur tres variable (quelques dizaines de métres a plusieurs centaines de metres).

Afin d’imager la structure de ce réservoir en profondeur, plusieurs lignes sismiques ont été acquises en Belgique, Pays-Bas
et allemagne. Dans les Hauts-de-France, six lignes sismiques acquises en 1980 et 1981 entre Lens et Maubeuge (longueur
totale de 172 km) ont été retraitées en amplitude préservée. En association avecles données des puits de Jeumont 1 et Epinoy 1,
une interprétation quantitative a permis d’obtenir des informations sur les caractéristiques pétrophysiques du Dinantien.

Cinq faciés principaux sont identifiés par I'analyse pétrophysique : calcaire, dolomie, anhydrite, gres et argile. Dans le
puits Epinoy 1, les calcaires du Dinantien sont situés entre 2 100 et 3 952 m de profondeur (fond du puits), en série inversée
etappartiennent a une écaille tectonique. Le faciés dolomitique situé vers 2 640 m de profondeur montre une porosité trés
faible, estimée de l'ordre de 14 2 %. Pour le puits Jeumont 1, les calcaires du Dinantien sont situés entre 3 650 et 4 315 m de
profondeur en série normale. A 'intérieur de la formation, l'analyse pétrophysique montre un faciés dolomitique entre
4115 et 4230 mde profondeur avec une porosité comprise entre 5 et 8 %.

La qualité des données et la faible porosité de la formation ne permettent pas d'établir une relation entre l'impédance
acoustique et la porosité. Toutefois, une analyse plus poussée des données a permis d'établir une différenciation qualitative
des facies a partir du rapport Vp/Vs. Ce rapport est interprété en termes de variations de faciés et de valeurs de porosité en
cohérence avec les variations lithologiques observées a I'affleurement.

Une corrélation fine entre les séries décrites a I'affleurement et les profils sismiques les plus proches a permis de difté-
rencier quatre facies sédimentaires al'intérieur du Dinantien, dontla cible géothermique, caractérisée par des évaporites et
desbréches carbonatées (Livien). L’analyse détaillée des résultats montre que les intervalles dolomitiques sont plus présents
dansles parties nord et est des profils sismiques. Comme les dolomies présentent des valeurs de porosité plus importantes,
cette zone pourrait avoir de meilleures propriétés de réservoir que la partie sud-ouest.

Pour compléter les caractéristiques géothermiques du Dinantien, des données de température en puits sont disponibles,
mais peu nombreuses dans les Hauts-de-France. Des observations dans les galeries de mines indiquent parfois des valeurs
anomales probablement en raison de remontées d’eau le long de failles. Seul le puits Epinoy 1 dispose d'informations
exploitables indiquant un gradient géothermique normal (30°/km).

Afin de déterminer les zones les plus favorables pour le développement de I'exploitation géothermique, les besoins en
énergie ont été identifiés pour les différents secteurs d’activité, ainsi que les réseaux de chaleur urbains existants. Les zones
les plus favorables sont définies par la combinaison du besoin d’énergie et de la disponibilité de la ressource géothermique
(profondeur, épaisseur, propriété du réservoir du Dinantien). Dans les Hauts-de-France, deux zones sont identifiées, la
plus importante en termes de superficie se situant entre Douai et Valenciennes. Cette zone est caractérisée par une forte
densité de population, une forte consommation de chaleur et la présence d'un réseau de chauffage urbain. Du point de
vue des ressources, le sommet du Dinantien, présentant un faciés dolomitique potentiellement plus poreux, se situe entre
2000 et 4 000 M. de profondeur avec une température estimée entre 75 °C et 125 °C. Une seconde zone favorable est située
autour de Maubeuge, avec sensiblement les mémes caractéristiques, mais le toit du Dinantien est plus profond, vers 3 500 m.
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