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To start with…

“3D subsurface modeling is generally not an end, but a means 
of improving data interpretation through visualization and 
confrontation of data with each other and with the model being
created,...”

Caumon et al. (2009)
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− Geologie
− Das Projekt “GeoMol”
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Stratigraphy

5

Sommaruga et al 2012

Cenozoic: siliciclastics (& carbonates)
sandstones, conglomerates, shales
3805m in SGGT-1

Cretaceous: carbonates
380m in Humilly-1

Jurassic: carbonates & shales
1050m in Humilly-1

Triassic: evaporites, carbonates
siliciclastics
>634m in Essertines-1

Modeled horizon (formation top)
Modeled horizon (formation base)
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Schweizerisches Molassebecken

Rationale 1/3 (from 2012)

Bevölkerungsdichte 2010 (bfs)Pendlersaldo 2000 (bfs)Abbau von Kohlen, Erdöl, Bitumen 
und Erdgas 1995 (AdS3)
Abbau von Tongesteinen + 
Standorte Ziegeleien 1995 (AdS3)
ÖV – Dichte der Haltestellen 2006 
(AdS3)
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Rationale 2/3 (from 2012)

 Importance
Geology is 3D
Politics (motions Gutzwiller + Bourgeois)
Technology
E-Government (duty of disclosure, data exchange)

 Geopotentials as a focal point
Renewable energies, deep aquifers, energetic and non-

energetic raw materials, waste disposal, etc.

 Usage conflicts
Spatial and infrastructural planning
Resource management
Natural Hazards

No independent 3D basic data available
7
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Rationale 3/3

8

3D models serve
− as an instrument for prognosis 
− to reduce the uncertainty 
− to improve the knowledge
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A brief introduction to GeoMol

9

− a project
− co-funded by the EU with €2.1 Mio,
− duration: 2012 - 2015
− jointly steered by 7 Geological Survey Organizations
− aimed for a trans-national, harmonized geological data set
− Assessed and described the existing and assumed 

potentials of the underground in 5 pilot areas

GeoMol – Assessing the subsurface potentials of the 
Alpine Foreland Basins



GeoMol – Results, Best Practices, Lessons learned
Kolloquium swisstopo – 2nd December 2016

Federal Office of Topography swisstopo
Swiss Geological Survey 10

From the European branch…

10

Übersicht über die Pilotprojekte (GeoMol EU)

Earthquakes

Geothermal 
energy

Geothermal 
energy

Geothermal 
energy

CO2 storage
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… to the Swiss GeoMol project

11

Project 2013 – 2015/2016
For the entire Swiss Molasse basin
- 1 enhanced model (CH)
- 1 reduced model (EU)

EU Pilot area

EU Pilot area

EU Pilot area
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GeoMol EU vs. GeoMol CH

GeoMol EU GeoMol CH
Project Area Alpine Foreland Basins Swiss Molasse Basin

Work Area CH Swiss Molasse Basin Swiss Molasse Basin

Level of Detail Reduced (1:200’000) Enhanced (1:50’000)

Model Label Framework Model Detailed Model

Partners 7 EU Geological Surveys
Lead: Bavaria

6 national partners 
Lead: swisstopo

Input Data Seismic Atlas of the Swiss 
Molasse Basin

Existing seismic
interpretations,
New interpretations of 2D 
seismic & wells
Additional surface and 
near surface data

Speciality Major Fault Zones New interval velocities

Adjustments Boundaries against EU 
Homogeneous Model

No internal adjustment
Heterogeneous model

Access Public, via viewer Restricted until ~2019
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EU – A Patchwork of 3D models

13

Access to:
− Reports
− 3D models
− Map viewer
 www.geomol.eu
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CH – Framework Model
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CH - Framework Model (reduced detail)
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Framework Model (reduced detail)
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Detailed model (enhanced detail)

Modell BE
Uni. Bern

Modell LCA-CH
Uni. Basel

Modell VD
Musée cant. VD

Modell FR
Uni. Fribourg

Modell GE
Uni. GE (& BRGM)

Conditions
- Contractual basis
- Freedom of methodologies and 

infrastructure
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Detailed model (enhanced detail)

swisstopo Model
Shallow West

swisstopo Model
Shallow East

swisstopo Model
Deep
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Detailed model (enhanced detail)
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Shallow & deep areas

20
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Organization

Steering Committee 
(POL)

Project Manager

External Review 
GroupAdvisory Board

InterpretationData Management Modelling / Production

− swisstopo
− BAFU, BFE, Kt. Geneva
− SEAG

− Nagra
− University of Strasbourg
− Geo4D (NL)

− Project partners

− swisstopo staff − swisstopo staff − swisstopo staff

Coordination

− swisstopo staff
− Project partners
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Resources / Budget

Phase Total CHF
Contributions CASH

Federal Offices swisstopo, BAFU, BFE, ARA 1‘550‘000.-

7 Cantons GE, FR, VD, SO, AG, ZH, LU 660‘000.-

Contributions in kind

Data SEAG, Nagra, swissgas, St. Galler Stadtwerke

Personnel costs swisstopo 1‘300‘000.-

Total contributions in minimum ~3‘500‘000.-
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− Eingangsdaten
− Workflow
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Röti / Topography and geology

Günsberg 630 müM

Röti 1395 müM
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Input Data / Cross sections
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Input Data / Geological maps
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Input data / Well data

28
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Map total measured depth [m]

29

8'240 wells
1'124 km
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Input data / 2D seismic

30

GE: 420 km 2D 
VD: 1,399 km 2D
FR: 1,912 km 2D
BE: 1,137 km 2D
LG: 3,064 km 2D
AUG: 933 km 2D
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Shallow vs deep

31

Shallow West:
Geol. sections [Z] & maps

Deep:
Seismic [twt] & wells

Shallow East:
Seismic [Z] & wells
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Seismic survey

32

www.oilandgaslawyerblog.com/files/2015/02/seismic-truck.jpg

[t]

[t]

[t]
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Topography & velocities

33
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Meier 2010; NAB 10-039

Synthetic seismogram Riniken
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74BE07 / interpreted

SN

-518m MüM

-1875m MüM

550m MüM

150m MüM

-989m MüM

Mörigen Antiklinale

Röti 1395 müM

Günsberg 630 müM
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General data workflow

36

Archive

Data Processing

swisstopo
products

Protocols
&

Procedures

Processed & 
Harmonized Data

• LV 95 coord. system
• HARMOS (stratigraphy)
• Data models
• Seismic navigation
• Vint
• …

Unprocessed
Data

QA

External Data

3D Modelling

Data:
− shapes, polygons, lines, points
− seismic paper/pdf/jpg
− seismic navigation xls
− seismic SEGY
− well data paper/pdf/jpg
− well data ASCII, LAS
− maps paper/pdf/jpg
− sections paper/pdf/jpg
− …



Resultate & Produkte
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− Felsoberfläche
− Geschwindigkeitsmodell
− Strukturmodell
− Beispiele & Live Demo

37
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Detail Model

Velocity model

Velocity map Top Lower Malm
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Fault modelling

597 fault zones
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Fault modelling

597 fault zones
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Detailed model – Top bedrock



Federal Office of Topography swisstopo
Swiss Geological Survey

45GeoMol – Results, Best Practices, Lessons learned
Kolloquium swisstopo – 2nd December 2016

Modelled structures



Federal Office of Topography swisstopo
Swiss Geological Survey

46GeoMol – Results, Best Practices, Lessons learned
Kolloquium swisstopo – 2nd December 2016

Modelled structures
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Modelled structures
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Modelled structures
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Born-Engelberg-Anticline
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Shallow model with Permo-Carboniferous trough
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Shallow model with Permo-Carboniferous trough

Source:
Naef, H. & Madritsch, H. 
(2014):Tektonische Karte des 
Nordschweizer 
Permokarbontrogs: 
Aktualisierung basierend auf 
2D-Seismik und 
Schweredaten. Nagra
Arbeitsbericht (NAB 14-17)
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All sections extracted from the 3D model
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Section checks

First model version

After manual revisions of the 3D model
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Permo-Carboniferous trough
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Results – https://viewer.geomol.ch

• Live Demo or Video
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− Zusammenarbeit mit Partnern
− Interpretationsmöglichkeiten
− Modelltypen
− Reviews
− Qualitätssicherung
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Collaboration with partners
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Modelling teams & partners

University of Geneva
− Nicolas Clerc, Andrea Moscariello

Musée cantonal de géologie du canton du Vaud
− Robin Marchand

University of Fribourg
− Marius Gruber, Anna Sommaruga, Jon Mosar

University of Bern
− Samuel Mock, Marco Herwegh

University of Basel
− Birte Anders, Horst Dresmann, Peter Huggenberger
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Collaboration with partners

• Collaboration & goals were contractually defined

• Partners were allowed to choose a preferred interpretation 
set

• Partners were allowed to choose software (education vs 
industry licences) and therefore also procedures

• Varying datasets, software and procedures combined with 
subjective interpretations can lead to lateral variations

• This is not necessarily a matter or right vs wrong, but 
reflects the unavoidable element of subjectivity found in 
interpretations
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Structural Modelling

597 fault zones
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Fault modelling examples

Fault offset modelled with steps
Continous surface
No thrust faults

5km

5km 2.8km
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Fault modelling examples

Fault offset modelled with steps
Continous surface
No thrust faults

5km

5km 2.8km
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Structural Modelling

597 fault zones
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Fault modelling examples

La Sarraz-Structure

7km

1.4km
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Fault modelling examples

La Sarraz-Structure

Fault cutouts

7km

1.4km
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Structural Modelling

597 fault zones
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Fault modelling examples

Thrust faults

10km

1.3km
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Fault modelling examples

Thrust faults

10km

1.3km
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Quality Assurance

• Review Gruppe
• POL
• Begleitgruppe
• External review

• Model consistency checks

77
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Review board

78

• Philip Birkhäuser, Herfried Madritsch, Michael Schnellmann

(Nagra)

• Armelle Kloppenburg (4DGeo)

• Gian-Reto Manatschal (U. Strassbourg & G-GeoMargins-M)

• 1-2 technical reviews per year (2013-2016)



GeoMol – Results, Best Practices, Lessons learned
Kolloquium swisstopo – 2nd December 2016

Federal Office of Topography swisstopo
Swiss Geological Survey 79

Steering committee (POL)

79

• Patrick Lahusen (SEAG) & Werner Leu (SEAG & geoform)
• Nathalie Andenmatten (DETA)
• Gunter Siddiqi (BFE)
• Bernard Loup (BAFU)
• Urs Marti & Olivier Lateltin (swisstopo)

• 2 project reviews per year (2013-2015)
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Advisory board (Begleitgruppe)

80

• Andreas Märki & Daniel Schaub (Kt AG)
• Jon Mosar (Uni FR)
• Marco Schwab (Kt FR)
• Felix Renner (Kt LU)
• Yvonne Kaufmann (Kt SO)
• David Georgis (Kt VD)
• Werner Blüm & Kurt Nyffenegger (Kt ZH)

• 2 project meetings & exchange with partners per year 
(2013-2015)
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Quality Control

81



Zusammenfassung
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− Lessons learned
− Fortführung von GeoMol
− Ausblick
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− Planning purposes (resources, infrastructure etc.), 
including the reduction of the uncertainty

− Visualization of the subsurface
− Education

Uses of 3D models

83

Improved knowledge of the subsurface
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Access to the GeoMol 3D models

84

− Access to the reduced detail Framework Model is 
free and without restrictions
 https://viewer.geomol.ch
 see postcard

− Access to the enhanced detail model is currently 
restricted to project partners (review period and 
retention period)

− Unrestricted access to the high resolution model 
will be possible by 2019
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Reports & Closing event

85

− GeoMol Switzerland closing event and report are 
due Q4 2017

− Road show to partner cantons in Q1/Q2 2017

GeoMol
Switzerland
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Lessons learned

86

− Collaborative 3D modelling works

− It’s a matter of definitions and prescribed workflows

− QA and QC must be defined well in advance

− Deliverables & formats must be defined well in advance

 The project lead should not be part of the production team!

− GeoMol was planned and executed with a minimum of 
previous experience



GeoMol – Results, Best Practices, Lessons learned
Kolloquium swisstopo – 2nd December 2016

Federal Office of Topography swisstopo
Swiss Geological Survey 87

Continuation of GeoMol

87

− Finalize GeoMol  CH 
Harmonization of all 
partner models

− Parametrisation
Populate the Framework 
Model with geothermal 
data

− New data
Addition of new, previously 
not used data (seismic 
data, wells)
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Continuation of GeoMol

− Update Top Bedrock in 
collaboration with the 
GeoQuat project

− Finalizing the Calcimetrie
compilation for Eastern 
Switzerland (internal 
Molasse structure)

− Addition of energy 
resource potentials to the 
model

88
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GeoQuat

89

Aaretal

Visp

Birrfeld

Vierwaldstättersee
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St. Gallen
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GeoQuat
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3D visualization of wells and
geological layers based on 
interpretations and USCS 
classification.

Geological 3D model of 
the Birrfeld area.
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Models planned
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− 2017+: GeoCover 3D
Geological 3D model of the shallow subsurface

− 2017+: National Geological Model
3D visualization tool for geological data of swisstopo 
and partners
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Visions
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Pascal KuhnRoland Baumberger

GeoMol team @ swisstopo 

Robin Allenbach

Lance Reynolds

Eva Kurmann-Matzenauer Salomè MichaelPhilip Wehrens

Bastien DelacouAngelo Milani

Gennaro Di Tommaso Mirjam Dürst Stucki

Valentin ZuchuatMaria Ponzio



Fragen

Salomè Michael
Robin Allenbach, Roland Baumberger

Federal Office of Topography swisstopo
Geological data
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Fragen & Antworten

«Geological 3D models are always wrong to some extent»

Danke für Ihre Aufmerksamkeit!

Contact
robin.allenbach@swisstopo.ch
roland.baumberger@swisstopo.ch
salome.michael@swisstopo.ch
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