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THE WP16 - MULTI-SCALE LABORATORIES
The ANALOG MODELING Community

EUROPEANPLATEOBSERVINGSYSTEM

MULTI-SCALE

HABORATORIES S. Dominguez 12/10/2021

The EPOS-MSL Consortium: 11 members, >85 laboratories from 12 countries

ROCK AND MELT PALEOMAGNETIC ANALYTICAL AND
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The EPOS-MSL research infrastructures and the data that they produce, are currently grouped into four subdomains:

1-Analogue modelling of geologic processes, 2-Rock and melt physical properties, 3-Paleomagnetic and magnetic
data, and 4- Analytical and Microscopy data.
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The research activities cover a
(very) wide range of geological
processes, time and space scales

FRACTURATION
PORE FLUIDS

SEISMIC CYCLE
GRAVITATIONAL
INSTABILITIES

MOUNTAIN BUILDING
SUBDUCTION
LANDSCAPE EVOLUTION

PLATE TECTONICS
MANTLE CONVECTION




EPOS - MSL
ANALOG MODELING

EUROPEANPLATEOBSERVINGSYSTEM

MULTI-SCALE
LABORATORIES

% Analytical microscopy

9 Countries

@ Paleomagnetism o £F7 ~30 Laboratories

' Rock physics

> 100 people

..'v‘!!"*"‘ _ - _3'

PSS T e LGN Y G A
“4;h‘%; a n _ N W Ry~ :
C h‘ - ""\”‘ - ‘." \ - Y

- ‘.
v X <At o
P R X ol
g NA
v o 5
N
A Raal A

- .,’/;/‘\ : \ y \ o .\

! - \‘ 0/'
U KR A I N e,&--\:\

P24
‘A
\;.

t—v“}
Black
.(‘Y (-.‘;:-s'-:
t"r ~
—— 3
S
__\ - ,,\ -
S BEIR I
e e
M f‘ N,
I \ E_‘_\ : Py
1S Y 3
R
=, : X? v .;
SEPE L
A
S
. -/.A
CYPRUS

O a -



EPS (9  mm

=9 @ SPAIN =—»  5LABORATORIES

ar UNIVERSITAT e GEOMODELS Research Institute
i+ BARCELONA Oriol Ferrer GARCIA and Oscar GRATACOS TORRA
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SW04(P) experiment

Highlights: Salt Tectonics, Orogenic wedge, Tectonic Inversion, ...

CSIC GEO BCN  GEOSCIENCIES BARCELONA-CSIC

SIMGEO Facilities
Joan Marti MOLIST (CSIC) and Ferran COLOMBO (UB)

Highlights: Accretionary wedge, Magma Chamber, ...
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Universitat Autonoma de Barcelona Jordi CARRERAS PLANELLS

Deformation cell
]

Highlights: Shear Fracture modelling, Ductile deformation, ...

UNIVERSIDAD Laboratorio de Modelizacion Analogica de
DE GRANADA Estructuras Geoldgicas
Ana CRESPO-BLANC

Previous works:
Jiménez-Bonilla et al., 2016;
Crespo-Blanc et al., 2017

H|| Jiménez-Bonilla et al., 2020
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Highlights: Crustal Extension, Folding, Orogenic wedge, ...
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Highlights: Continental extension and Compression, Folding, ...
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X-ray computed tomography is used to analyze the 3-D geometry and kinematic evolution of model structures

Highlights: Transpression/Transtension, Salt Tectonics, Basin Inversion, ...
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Rennes
Benjamin
GUILLAUME
Lithospheric deformation. Salt tectonics. Fluvial incision. Fluid/deformation interactions
@SC/Q’HFHGS Géosciences - University of Montpellier
Montpellier
Stephane
DOMINGUEZ
Subduction-collision, Relief dynamics, Fault kinematics, Seismic cycle, Tectonic/Climate interactions
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Salt tectonics/fluids, Mountain foreland dynamics, Deformation/Sedimentation interactions
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Reservoir tectonics, Hydraulic fracturation, Magmalinjectite intrusions, Gravitational instability
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GeoAzur - University of Nice Sophia Antipolis

Alexandre
CHEMENDA

Rupture mechanics, Landslides, Fractured reservoirs, Oceanic/continental subduction

5{‘;’3:?5,‘:;’;°{'.‘,2?,‘,',‘::m FAST - University of Paris Sud Orsay

Anne
DAVAILLE NEW

Mantle dynamics, Mantle diapirs, Multi-scale convection, Instabilities, waves and turbulence, heat flow J oS eph M ARTI NOD
Olivier ROCHE PN Virginie PINEL
Irr\l oy ISTerre ISTerre Chambéry - Université de Savoie Mont-Blanc

Magmas et Volcans - University of Clermont-Ferrand

Volcanology, plumbing systems, Instabilities, Pyroclastic density current, Debris flows Volcanology, Subduction zone, Fracture, Fluid injection


http://tecmodweb.free.fr/TecMOD_France/Accueil_English.html
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
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https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
https://www.cnrs.fr/en
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Jj)ll'

(ABORATORES EARTH SIMULATION Laboratory (ESL)
§ g}}é‘: Utrecht TECTONIC MODELLING LABORATORY (TecLab)
> Ernst WILLINGSHOFER

Highlights: Subduction, Lithosphere Rheology and Plate Deformation, ...

@V% Utrecht

S
-

= . o FLUME FACILITIES Metronome & Eurotank
YN University

Maarten KLEINHANS and Joris EGGENHUISEN

Highlights: Tidal Flow, Sediment Transport, River Estuaries, Deltas...


https://www.uu.nl/en/organisation/faculty-of-geosciences/laboratories-and-collaboration/labs-and-facilities/earth-simulation-laboratory/teclab
https://www.uu.nl/en/organisation/faculty-of-geosciences/collaboration/labs-and-facilities/esl/metronome-tidal-facility

w I I ITALY =P  2LABORATORIES

§ A ETRE LABORATORY OF EXPERIMENTAL TECTONICS (LET)
= AR = Francesca FUNICIELLO and Claudio FACCENNA

aseismic zone

Highlights: Earthquakes, Subduction/Mantle convection, Volcano-Tectonics, Geomorphology, ...

A

R : : c :
\SIgg ttituto di Geoscenze e Georisorse TECTONIC MODELLING Lab. - IGG Florence

(@ | Marco BONINI, Giacomo CORTI and Domenico MONTANARI
Consiglio Nazionale delle Ricerche

‘@\‘wgp@g‘@\_‘\‘{\

nghllghts Continental Extension, Orogeny, Volcano-Tectonics, Geomorphology...


https://app.scienze.uniroma3.it/research/labs/27

Z
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LABORATORIES

GFZ
HelTec - HELMHOLTZ Lab. for TECTONIC MODELLING
Helmholtz Centre Matthias ROSENAU, Onno Oncken and Claudio FACCENNA

PorTspbAm

Highlights: Mantle dynamics, Subduction, Seismic cycle, ...

iti . o UHH-Tec - EXPERIMENTAL TECTONICS LABORATORY
~a3 Universitat Hamburg Ulrich RILLER and Jan Oliver EISERMANN

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Highlights: Mantle dynamics, Subduction, Orogenic wedge, ...


https://www.gfz-potsdam.de/en/section/lithosphere-dynamics/infrastructure/heltec-helmholtz-laboratory-for-tectonic-modelling/
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wowie LMU - FRAGMENTATION LAB and ANALOG MODELLING LAB.
I_Mu USIvER S PTAT Corrado CIMARELLI and Don DINGWELL, Sara CARENA

MUNCHEN

Highlights: Volcanic processes, Pyroclastic flow, Magma Analog / Rifting, Normal Faulting, ...

Geologie - Endogene Dynamik 2 RWTH-AACHEN ANALOG MODELLING LAB.
Structural Geology — Tectonics — Geomechanics P Susanne BUITERS and Nicolas MOLNAR

Highlights: Crustal Extension, Fracturation, Ductile Deformation, ...


https://www.en.mineralogie.geowissenschaften.uni-muenchen.de/facilities/frag/index.html
http://www.ged.rwth-aachen.de/index.php?cat=Tools_n_Methods&subcat=Experiments&page=Sandbox_experiments
http://www.ged.rwth-aachen.de/index.php?cat=Tools_n_Methods&subcat=Experiments&page=Sandbox_experiments
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http://www.ged.rwth-aachen.de/index.php?cat=Tools_n_Methods&subcat=Experiments&page=Sandbox_experiments
http://www.ged.rwth-aachen.de/index.php?cat=Tools_n_Methods&subcat=Experiments&page=Sandbox_experiments
https://www.en.geologie.geowissenschaften.uni-muenchen.de/facilities/analog-lab/index.html
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U I_l S B []A UNIVERSIDADE TECTONIC ANALOGUE MODELLING - ULISBOA
DELISEOA Joao DUARTE and Filipe ROSAS
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Highlights: Continental Tectonics, Ductile deformation, ...
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OTHER LABS IN THE PROCESS OF JOINING THE EPOS-MSL Analog Modeling Community

—|— UNITED-KINGDOM mm CZECH

UNIVERSITY OF LONDON 0 INSTITUTE OF GEOPHYSICS
ieed  FAULT DYNAMICS ANALOG ANALOG MODELLING LAB.
MODELLING LABORATORIES Michael WARSITZKA
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Fa¥E%Y FACULTY OF SCIENCE
& - Charles University - CZECH

Charles University
Laboratory of
Experimental Tectonics

Jaroslava HAJNA



https://www.royalholloway.ac.uk/research-and-teaching/departments-and-schools/earth-sciences/research/research-laboratories/analogue-modelling-laboratories/
http://ctg.cuni.cz/laboratory-of-experimental-tectonics

TYPICAL WORKFLOW FOR ANALOG MODELLING INVESTIGATIONS

Model observations
& interpretations

TR T
P L A e b 4
o 1A '

1 Field observations 2 Formulate hypothesis

3 Build model & run it

Silicone putty

5 Feedback

(After TecLab, Utrecht)

REQUIREMENTS

GEOLOGICAL AND GEOPHYSICAL CONSTRAINTS ON THE STUDIED NATURAL CASE

RELIABLE MODEL SCALING INTEGRATING THE CONSIDERED TIME AND SPACE SCALES

APPROPRIATE ANALOGUE MATERIALS AND BOUNDARY CONDITIONS

VYV Y

ACCURATE AND MULTI-METHODS MONITORING TO QUANTIFY MODEL EVOLUTION



GEOLOGICAL AND GEOPHYSICAL CONSTRAINTS

Quaternary-Recent Neogene Quaternary
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Geophysics data:




USING SCALED ANALOGUE MATERIALS AND BOUNDARY CONDITIONS

NATURE

subduction seismic cycle

RESULT
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MODEL and EXPERIMENTAL Set-up




EXPERIMENTAL SET-UPS: Use of custom-made devices and High-Tech instruments

GFz 1 %ROMA
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UNIVERSITA DEGLI STUDI

“" Helmholtz Centre
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subducting plate

stepping motor

3D thermomechanical device
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X-ray computed tomography
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Universitat Autonoma de Barcelona - Shear cell device Subduction seismic cycle 3D simulator
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Subduction simulator tank

IVERSITA DEGLI STUDI

Metronome: Very large river estuaries simulator



MODEL MONITORING AND ANALOG MATERIAL TESTING

==ROMA

Helmholtz Centre
PorsbAm

i
":-...MWWhI"IIs WW r.'M-«._h«,m—» s an s m--u-——m——mj

HOLLOWAY

L AN

MEMS accelerometers

Axial testing
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TECMODF________ Multilayer setup

ﬁHeITec

CT scanning Rheometry
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# HelTec
(Updated after Willingshofer et al., EGU2021)
High speed imaging Ring-shear testing
TECMODF
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UNIVERSITA DEGLI STUDI

Laser Scanner MorphologicG3 Granulometer

Laser Interferometer

Use of highly technical monitoring and image processing methods : From qualitative to quantitative!



-> Use of numerous Commercial and Custom-made SOFTWARES

Digital image correlation (DIC) / particle image velocimetry (PIV)

MatPIV, MicMac, PIVlab, StrainMaster, TecPIV, Matlab, Envi-IDL, ...

Structure from motion (SfM) / 3D e-scan / Lidar
Apero, MicMac, Photoscan/MetaShape, OpenMVS, Remake, Pix4d, ...

Data viewer and processing / 3D geomodelling /
Labview, GeoSec, GeoTools, GOCAD, Move, Python, Arcinfo, Erdas, CloudCompare, ...

-> INCREASED use of joint approaches combining ANALOG/NUMERICAL Modelling

Numerical Experiments Analogue Experiments
A) : E)
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TIME SPATIAL
SCALES INTEGRATING THE TIME AND SPACE SCALES SCALES
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DATA and TNA SERVICES

EP_°S

EUROPEANPLATEOBSERVINGSYSTEM

DATA REPOSITORIES used by the Analog Modeling

GFZ (Potsdam) DATA REPOSITORY
Open in 2018. Contain > 65 Datasets

UU (Utrecht) DATA REPOSITORY
Will open in 20227

WP16 TCS MSL statistics:

GFZ Data Services

Portal | Submit Metadata | About/Contact | Date Readiness Roadmap | RDM recommendations for PhD students

Utrecht
University

Datasets Labs Subdomains About

b +| - # / Datasets
(press ESC to close suggestions) { - | =y
: : s other-zb (8) analog modelling
e e == Laboratory of Exper... (4)
+ y Toctonic Modellng ... () & 18 datasets found for "analog Order by: | Relovance :
L HelTec - Helmholiz ... (2) mOde“ing"
Fiter globa data Teclab - Tectonc ... (1)
TecMOD - GRmodel (C... (1) PP to: Rt gical b hmark of silicone oils used for analog modelin...

ICurrent Selection (Link)

Datacenters

FID GEO

GFZ German Research Centre for Geosclences
[Categories

» LI earth science
» LG earth scence services

Top Subjects

analogue modeling results

analogue models of geclogic processes
cohesion

deformation > fracturing

earth interior setting > crust setting > conti
earth science > solid earth > tectonics
earth sclence services > dota analysis and v.
epos

european plate observing system

fouk

force sensor

friction coefficient

multi-scale laboratories

Leaflet | © OpenStroetMap

Found 59 datasets.

Digital image data from anal delling experi 9
extension of weakened crust

Authors: Osagiede, Edoseghe E.; Rosenau, Matthias; Rudolf, Michael et al.
Abstract: This data set includes the results of digital image correlation analysis
applied to i i (Table 1) on the effect of weakness
during distributed crustal extension performed at the Helmholtz Laboratory for
Tectonic Modelling (HelTec) of the GFZ German Research Centre for more

Ring-shear test data of quartz sand - silicate cenospheres mixtures used for ana-
Institute of Geophysi

ments in the laboratory of the Institute of Geo-physics of the Czech Academy of
Science (IG CAS) (Warsitzka et al., 2021). The mixtures have been more

Digital image cor data from

magma emplacement along simple shear and transtensional fault zones

Authors: Michail, Maria; Rudolf, Michael; Rosenau, Matthias et al.

Abstract: This data set includes the results of digital image correlation analysis
applied to nine experiments (Table 1) on magma-tectonic interaction performed
at the Helmholtz Laboratory for Tectonic Modelling (HelTec) of the GFZ German
R ch Centre for I in in the k of EPOS more

CT data, PIV analysis results and surface view videos of analogue models of inter-
acting crustal and mantie weaknesses during rifting

Y Subdomains

analogue models of ... (16)

T Keywords

multi-scale laborat... (16)

Digital Image Corre... (7)

property data of an...

7)
tectonic process (7)
tectonic setting (7)
PLATE TECTONICS (6)

Corundum Sand (5)

The detasets that are presented here have been obtained to provide a rheological benchmark of silicones
used in various analog modeling laboratories. The data contains...

Supplementary material to "Machine Learning can predict the timing and size o...

This data set includes the results of digital image correiation of one experiment on subduction
megathrust earthquakes with interacting asperities performed at the Laboratory of.

Ring shear test data of iron powder - quartz sand mixture: a new marker mater...

Supplement to: Graben formation and dike arrest during the 2009 Harrat Lunayy...

This dataset is supplementary material to the article by Xu et al. (2016) ‘Graben formation and dike arrest
during the 2009 Harrat Lunayyir dike intrusion in Saudi Arabia

Digital image correlation data from analogue modelling experiments addressing...
This data set includes the resuits of digital image correlation of 35 brittle-viscous experiments on

gravitational salt tectonics performead at the Tectonic Modelling Lab of the...

Authors: : i ; i | data of I dels of sub ion i igating the interpla...
property data of analogue modelling materials . ?':.”2' :rani:.'cr:e;m, Plau""eé ET:H' [::"wnﬁa al. Juti v = Show More Keywords . = P
Abstract: This data set includes vi s depicting the surface evolution (time laps This dataset includes images cepicting the evolution in map view and lateral view of 7 analogue
photographs and Particle Image Velocimetry or PIV analsys) of 15 analogue . i
models on rift tectonics, as well as 4D CT imagery (figures and videos) from four experiments of subduction to better understand the interplays between slab pull...
of these experiments. The experiments examined the influence of more Y Formats

Cumulative number of dois minted

B Paleomagnetism
| Rock physics
dell

WP16 TCS MSL statistics:
Cumulative views

B Paleomagnetism

logue experiments at the i ics of the Czech Academy of Sdi- TECTONICS (11) This dataset provides friction data from ring-shear tests (RST) on an iron powder — quartz sand mixture | Rock physics -
ence, Prague {weight ratio 1:3). This matenal is used in particular as marker... -
e types )
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Active Participation to the THREE TNA PILOT CALLS (2017, 2018, 2019)

TNA-derived data gets published trough the MSL data publication chain


https://epos-msl.uu.nl
https://dataservices.gfz-potsdam.de/portal/?

OUTREACH ACTIVITIES

The EPOS-MSL Analog Modeling Community is maintained active through
stimulating actions, among those:

-> On-line annual Community Meeting, Monthly Seminars, SE-special volume, Book with
Cambridge ed.

+ Introducing Experimental tectonics in our classes and in outreach activities.

The EPOS-MSL AMC is also actively participating to the main international conferences
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and plays a key role in organizing the bi-annual GEOMOD workshops
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