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Supplementary Material 2: Setup and results of a model with more

geological units

Meshing

To test the sensitivity of the results on the consideration of a higher complexity in terms of geological
units, we have built a second mesh (Fig. B1). In this mesh the Cenozoic sediments were divided into
Quaternary and Tertiary, and the Pre-Keuper sediments into Muschelkalk, Buntsandstein and
Permocarboniferous (Tab. B1). Thus, the mesh differentiates 6 sedimentary units, 3 upper crustal
domains and the 2 main border faults. In addition, it includes also the sediments outside the URG (Fig.

B1, B2).

Sediments Basement

I:l Quaternary - Mid-German Crystalline High
- Tertiary |:| Saxothuringian
Keuper/Lias/Dogger - Permo-Carboniferous - Moldanubian

Fig. B1: 3D finite element mesh of the more complex model

The more complex model was meshed with the software Hypermesh (©Altair) and integrates different
element types such as tetrahedrons, wedge elements or brick elements. Hypermesh allowed us to

integrate out-pinching and outcropping layers like the Keuper/Lias/Dogger-unit in the northern URG
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and all sedimentary units outside the URG. However, for technical and numerical reasons minimum
thickness for all layers is 100 m. Parts with less than this 100 m were neglected, so that steps were

created in the mesh and outcropping layers have a smaller horizontal distribution.

The model area as well as boundary conditions were the same as in the basic mesh described in the

main part of this publication.
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Fig. B2: Thickness of (a) Quaternary, (b) Tertiary, (c) Keuper/Lias/Dogger, (d) Muschelkalk, (e)
Buntsandstein and (f) PermoCarboniferous sediments in the more complex model. Maps are

shown in UTM32N and rotated counter-clockwise by approximately 20°.
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Model Layers and Parameterization

The more complex model differentiates more sedimentary units than the model described in the main
part. The Cenozoic sediments are divided into Quaternary sandy gravel and Tertiary marls and sands
based on the GeORG model (GeORG-Projektteam 2013a). The Quaternary thickens significantly
towards the “Heidelberger Loch” (compare Fig. 3) in the north with a maximum thickness of 780 m
(Fig, B2a). It has a high permeability and contains the upper groundwater reservoir (Tab. B1). However,
most of the Cenozoic is made up by the Tertiary sands and marls that have a thickness of up to 4700

m (Fig. B2b).

The Dogger/Lias/Keuper unit is pinching out towards the North and has small occurrences in the NE

and the SW of the URG (Fig. B2c; compare with Fig. 3b).

The Pre-Keuper sediments were differentiated into Muschelkalk, Buntsandstein and
PermoCarboniferous and cover the basement also outside the URG (according to Freymark et al.,
2017). Muschelkalk carbonates have an average thickness of 200 m and occur mainly inside the URG
(Fig. B2d). Buntsandstein sandstones cover almost the whole model area with an average of 700 m
(Fig. B2e). PermoCarboniferous sediments occur only locally inside the URG (Fig. B2f). Highest
thicknesses of 3000 m are located in the northwesternmost model area. The crystalline basement is

structured in the same way as in the simpler model (Fig. B3).
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Fig. B3: Depth of top basement of the more complex model. Map is shown in UTM32N and rotated

counter-clockwise by approximately 20°.

The parameters used for the coupled thermo-hydraulic simulation are listed in Table B1. The main
border faults were parameterized with a width of 1 m and a permeability of 5E-14 m? (to be

comparable to model B).

Table B1: Parameter values used for the coupled thermo-hydraulic simulations with the more complex model
(UC = upper crust; 1: GeORG-Projektteam 2013a, 2: Bar 2012, 3: Stein 2001, 4: Berger et al. 2011, 5: Altherr et
al. 2000, 6: Haenel 1983, 7: Krohe & Eisbacher 1988, 8: GeORG-Projektteam 2013c, 9: Lampe & Person 2002, 10:
Bar 2012, 11: Clauser & Villinger 1990, 12: Jodocy & Stober 2011, 13: GeORG-Projektteam 2013b, 14: Stober &
Bucher 2015, 15: Stober & Jodocy 2009, 16: Guillou-Frottier et al. 2013, 17: Baujard et al. 2017, 18: Stober &
Bucher 2013, 19: Jorand et al. 2015, 20: Dezayes et al. 2008, 21: Surma & Geraud 2003, 22: Wilhelm et al. 1989,

23: Landolt-Bornstein 1982, 24: Gutscher 1991, 25: Freymark et al. 2017)
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Layer Prevailing Matrix Matrix Specific Matrix Radiogenic Matrix
Lithology Porosity | Permeability Heat Thermal Heat Density
[m?] Capacity Conductivity Production [kg/m?3]
[/(kgK)] [W/(m*K)] [pW/m?3]
Quaternary | Sandy gravel [1] | 0.35 1E-12 [9] 850 [18] 1.5[13] 1.0[8] 3000 [24]
[8,9]
Tertiary Marl, sand [1] 0.18 7E-14 860 [19] 1.3 [13] 1.0 [8] 2585 [25]
[1,8,9,1 | [1,9,10,11,12,
0,11,12] | 14]
Dogger/Lias | Clay, marl-, | 0.04 4E-16 800 [8,18] | 2.6 [13] 1.6 [8] 2667 [25]
/Keuper lime-, [1] [1,12]
sandstone [1]
Muschel- Carbonates [1] 0.05 6E-14 730 [8] 2.1[10] 1.2 [8] 2863 [25]
kalk [12] [1,10,13,15]
Buntsand- Sandstone [1] 0.10 3E-14 [1, | 710[20] 3.3[13] 1.0 [8] 2778 [25]
stein [1,12] 10,14,15,16]
Permo- Sandstone, 0.07 2E-15 [13] 760 [10] 2.3 [10] 1.0 [8] 2720 [25]
Carbonif- conglomerates, [9,10,
erous rhyolites [1] 13]
UC: Mid- | Granitoids [2,3] | 0.01[8] | 3E-18[1] 755 [10] 2.4 [10] 1.8 [6] 2717 [25]
German
Crystalline
High
UC: Saxo- | Slate, granitoids | 0.01[8] | 3E-18[1] 900 [8] 2.5 [21] 2.5 [4] 2747 [25]
thuringian [4,5]
UC: Mold- | Gneiss, 0.01[8] | 3E-18[1] 900 [8] 2.5[22] 2.6 [23] 2707 [25]
anubian granitoids [6,7]

Results and Discussion

The basin-wide fluid flow in the URG (Fig. A4) shows the same main characteristics than in the simpler
model (Fig. 7). Differences in fluid velocities are most obvious outside the URG, where the complex
mesh differentiates high-permeable sediments from low-permeable crystalline crust. Local differences
in fluid velocities and minor changes in fluid direction inside the URG can be explained by the
differentiation of more sedimentary units and thus more variations in permeability (compare also

Table 3 and B2).
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Fig. B4: Hydraulic field of the complex model with illustrated (a) fluid velocities and (b) z-

component of the fluid velocity that differentiates the flow into upward (red colours) and

downward (blue colours) directed flow averaged for the entire model. Maps are shown in UTM32N

and rotated counter-clockwise by approximately 20°.

Table B2: Simulated fluid velocities for each of the geological units of the complex model.

Geological Unit Fluid Velocity [m/year]
Min Max
Quaternary 4.2E-3 74
Tertiary 2.5E-4 11
Keuper/Lias/Dogger 3.5E-6 1.3E-1
Muschelkalk 2.3E4 3.5
Buntsandstein 8.0E-5 2.9
PermoCarboniferous 6.1E-6 3.7E-1
Upper Crust 2.8E-8 4,5E-4
Faults 2.1E-4 9

Z-component of Fluid velocity [m/year]
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