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1 Lbe¢wh5!/¢Lhb

This is the final fault data collectioeport describing the contents of the populat&diropean
fault database KDB with standardized and processed fault data embedded in Eueopean
Geological Data Infrastructur@latform (EGDL) This report also includes a country data
evaluation and aEuropean geological/statistical analysis and evaluation of the database
contents (quality, extent, scale, applicability for research).

One of the ambitions of the GeoERKKE project was to developEuropean FDBhat can
broadly support geological resadr on tectonic boundaries and deformation zones in Europe.

In particular, the FDB is linkedresearch and assessments of induced hazards and impacts that
are related to the exploitation of subsurface resources and capatifié® FDB describes and
defines faults and deformation zones as 2D spatial objects with associated static and dynamic
geological, mechanical, petrophysical, chemical and thermal properties that support further
assessments.

The development of the FDB is motivated by the fact tlexcept for seismamic faultg, a
centralizedand uniformadministration and standardisation gkologicafault data is currently
lacking in Europe. Through the FDB, the HIKE project strives to improve, integrate and disclose
relevant faults and faulzones and their characteristics in various national and transnational
geological settings. The extent of the FDB covers entire Europe (betlanohoftshore),
including all depth ranges and all geological settings covered by exploration and exploitation
activities. This database was developed, populated and tested over a period of ~2 years. The
partners in the project consortium are the primary contributors of fault data. In addition, the
FDB benefited from cooperation with other GeoERA projects and netigeological
programmes in order to collect supplementary fault data, in particular from modelling and
characterization projects under GE2 (HotLime), GE5 (3EERE@nd GE6 (GeoConnect3D). This
collaboration helped to increase the spatial coverage of FlB and was facilitated by joint
technical workshops.

http://geoera.eu/wp-content/uploads/2021/10/D3.2_HIKE Improved Seismic_Events_Localization.pdf
http://geoera.eu/wp-content/uploads/2021/10/D3.3_HIKE_Subsidence_Assessment Techniques.pdf
http://geoera.eu/wp-content/uploads/2021/10/D3.4 HIKE Improved Reservoir_Seals Assessment.pdf
http://geoera.eu/wp-content/uploads/2021/10/D3.5HIKE_Subsurface_Injection_Safety Seismicity.pdf
2Woessner, J., Laurentiu, D., Giardini, D. €flaé 2013 European Seismic Hazard Model: key components

and results. Bull Earthquake Eng 13, 33896 (2015). https://doi.org/10.1007/s1051@1597951
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2  Cl'[¢/Hm[qIO/tonEBE w9

This chapter briefly summarizes the followed procedures for collecting, harmonizing, processing
and compiling theeountryfault data provided by the HIKE and othesd&ERA partners.

2.1  General Fault database structu@nd concept

In 2018 and early 2019 the HIKE partners established the owethitie and concepof the FDB
architecture. This structure consists of four main components, i.e.: 1) fault geometries, 2) fault
attributes, 3) fault vocabularies and 4) mealata. A first overview of typical geometry
descriptionsand attributes was madeThe concepts werdiscussed with HIKE partners, liaised
GeoERA projects and the Gifoject in several workshops

Faults in the FDBre shown a®2D geometriegvector line daty which are the geometrical
representations of 3D fault planes intersectiaga certain stragraphic level or surface. The
faults are classified according sosemantictectonic boundary classificatiofnamework (fault
vocabulary) The Austrian Fault Databdsrmed the basis for the initial specification of this
classificationvocabulary but has been extended to cover the needs for partnérke final
classification ipublished inChapter 5.2 of deliverablB2.1b® and is included in the project
vocabulary using Linkedata principles and SKOS referendhsreby providinga mapping to
a dobal context on the Semantic Web.

Thevocabulary also provides the possibility to sort faults into hierarchical rankings, in order to
accommodate different scale levels and/or different levels of information. Fault objects can be
described as individual objects, but faults are almost alwalgda® to other faults either in a
regional or kinematic sense. Individual faults can be either hierarchically grouped into
kinematically linked fault systems, which then age#m be linked transregionally into large
scale fault systems. On the other hardylts can be also grouped into fault sets of parallel
trending faults with similar kinematic characteristics. Different fault sets can be then grouped
into fault domains in order to highlight their kinematic linkage.

In addition, the vocabul@sprovide the possibility to link to already existing databases, such as

the SHARE database or national fault databases, such as the ITHACA database of active faults,
and create context by linking to other sources of information, i.e., publications regarding the
specific fault (system) or Wikipedia articles.

Metadata of the FDRre stored in the EGDI Metadata Catalogu€here is a metadata record

for the entire FDB, but because the faults are provided as a national (or regional) data set of
multiple¥ | dzAf G&ax SIFOK RIFGF aSd KlFra AGa 2¢6y YSOl REFGL

l dZZGNRT ¢ 2NJ a¢SOG2YyAO0 o602dzyRFNASa Ay . I @I NRIE&D ¢
to reference the source and the specifications of each individual datékey are linked to the

overall FDB record via the build parent/children functionality of the EGDI Metadata

Catalogue.

3 HIKE vorkshop in Augsburg on3 Feb 2019 an#ilIKEworkshop in Vienna on 113 Mar 2019.

4 Hintersberger, E., Iglseder, C., Schuster, R. & Huet, B. (0K7$ y Sé RI Gl ol aS a¢SOG2yACc
at the Geological Survey of Austrizahrbuch der Geologischen Bundesanstalt. 157-2105

Shttp://geoera.eu/wp-

content/uploads/2021/10/D2.1b_HIKE Fault Data Characterizatioral@ate.pdf

8 hitps://data.geoscience.earth/ncl/geoera/hike/category/7856&Ilang=en

" https://egdi.geology.cz/record/basic/5edf7bdd270-4188b69d-7ddd0a010833
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Although the FDB incorporates an extensive set of fault attributes, most of the available data
arestill limitedmainlyto geometricaspects (length, strike, dip, surface area), fault type (normal,
reversed, etc.), timing of fault activity (youngest surface affected) and observation/evaluation
method (seismic interpretation, inferred modelling, etc.).

2.2 Initial fault data inventoryand mncept specifications

In order toestablishan overview of theexpectedcoverage and characteristics of national fault
datasets, alHIKEpartners haveprovided an inventory ovailable fault GIS and attribute data
at national and regional scal€Ehis iitial inventory was made in 2019he map irFigure2-1
shows the initial sources that were potentially available.

B Latvia

PENMARK

IRELAND

3 sELdion

CZECHIA

K
SLOVAKIA

AUSTRIA 5.
\ HUNGARY

G

RN ROMANIA
N

Zagret Bra
GHOATES Banja Luba Belgrade
BOSNIA AND
HERZEGOYINA

Sarajsve

530 Marinc SERBIA

BULGARIA

S

Madrid

SPAIN

GREECE

Tunis

Figure2-1: ~Overview of the 201%hventory of available fault GIS and attribute data at national
and regional scales.

Based on the overview a concept specification for FiBarchitecture was established. These
specifications wereaviewed by the partners and reported in two reports:
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- HIKE report B.1a% is an internal report angbrovides a detailedechnicaldescription
and specificatiorof the FDB frameworkncludingall data types and attributes. This
report formed the basis forhte initial platform architecture development by the GIP
project The data type specifications and vocabulary elements have been clarified in
several other documents and inventories by the -Giject.

- HIKE report D2t is apublicly available fault datapecification and characterization
cataloguefor the FDB It is a cataloguéor data providers and end users explaining in
detailthe exact formats and parameters for the FDB

2.3 Faultdata collectionand definition of vocabularies

Beginning of 2020, thélIKE partners started an extensive campaign to prepaskect and
processall national fault datasetsAdditionally each partner establishedgaological country
fault data reportin order to provide a scientific geological background to the information
delivered To this end a guideline was established expigihow to prepate the fault data(GIS,
attributes), how to setup the national tectonic boundary classifications and associated
vocabularies and how to deliver the data in Geopackage format. Thawiog tools and
templates where provided:

- Example dataset
- An excel template for the fault attribute definition

- An excel template for the specification of the national fault vocabularies (prepared by
GIRproject).
The templates and guidelines are incldda HIKE report D5.1b

As theentire data collection process was carried out amidst the C&l@lbutbreakthere was

no opportunity to organize the planned live technical workshop intendedugport the fault

data collection process. Insteddias dedied toset upa twoto four weekly schedule of online
bilateral meetings with all HIKE partners. These meetings were usegpmrtand monitorthe

data collection processf individual partnersclarify all procedureshave regular Q&A sessions,
and monitor the preparation of the geological country data reporfhe majority of partners

had to work from home and often lacked the appropriate IT support to prepare and process the
fault data. Due to these unexpected challenges, the data collection proceksriach longer

than expectedand finally ended ithe second quarteof 2021

Each partner ultimately provided the following requested inputs:

- A GeoPackage file containing a GIS dataset of all mapped and evaluated faults as well as
the associated fault attibutes

- An excel file containing the complete national fault vocabulary definition

- A country report providing a geological background on the provided fault dsga (
Annexl)

- A country fact sheet containing a general and uniform description and claoficafi
the dataprovided (see Chapte3)

- A metadata description of the provided dataset

8HIKE D5.1arechnical IP requirements of the Fault Datab@sernal document.
®https://geoera.eu/wp-
content/uploads/2021/10/D2.1b_HIKE Fault Data Characterization Catalogue.pdf

0 HIKE D5.1b: Technical IP requirements ofkhewledge Share Poifinternal documen.
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2.4  Data processingcompilation, testing and QC

The FDBcoordination teams of work package 2 (Fault Database) and work package 5 (GIP
interface)worked closely together with th&IP project team members to compile and prepare

all the data for the European FDB platforithe majority of this phase took place in 20&hd
lasteduntil the end of the project in October and inved the following activies:

- All data sets have undergone an extensive quality control to check for deviations in
agreed standards and specificatiofGIS data, attribute data, vocabulary information
and metdata) Identified issues were communicated with the data providers whden
corrections and requested updates.

- The FDB coordination teams (work package 2 and 5) establishdidkbédetween the
provided GIS fault datathe fault vocabulariesand the metadata Eachlink was
inspected to identify any inconsistencies which wegeolved by the project partners.
The GIFP team assisted in enabling the functionalities in the EGDI platform.

- In Germany the data was delivered by multiple organizations with overlapping areas.
BGR provided the data at a national (lower detail) levdijlavsome Federal States
provided more detailed information for their region8d. harmonization between the
national and regional fault data did not take place as part of the HIKE project

- With the compiled and processed dataset, the FDB coordination team and partners
assessed possibilities to improve and extend filmectionalities. The overview below
provides some major improvements that have been implemented:

0 Where possible and relevanthé provided fault data has been linked with
external fault databases and information systems such as the SHARE and
ITHACA databases. It is now possiblditectly access additional information
from these sources.

o0 In some countries the ptmers havemade a pecification and implementation
of multi-scale fault definitionsThisallowsto choose betweewarious levels of
detail for the visualization and analysis of the fault dataée functionality has
been embedded in the online FDB platform.

o0 In some ountries, additional efforts have been made to improve the cross
border correlation of fault data. This was either done through the revision of 2D
and 3D fault models (e.g. in collaboration with the HOTLIME, 3EXRE&nd
GeoConneéd projects), or by estdishing crossdorder links between the
national fault vocabulary definitions (e.g. by defining semantic relations).

0 Itis now possible tdirectly shift between vocabulary information afallt GIS
data.

- Finally the entire populated online FDB platform wested. Any remaining issues were
resolved with the EGDI / Gi*oject teams.
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Collection and harmonization of fault data is hampered by the fact that the contributing
countries may have experienced different tectonic higge and show huge differences in their
(sub)surface structuration. In this respect the HIKE project implemented state of art and novel
methodologies and workflows in order to improve fault characterization in various geological
settings. Specific attentiowas paid to resolving critical issues that hamper the integration of
fault data from different sources and vintageédthoughthere are agreed upon standards for
data delivery to the FDBsee section?), full crossborder harmonization was not a main
objective of the HIKE project. In other words, data is provided as is and-luyosr
inconsistencies do exisexcept for several countries (among others the NethaftarBelgium,
Austria, Bavariagndthe PannoniarBasinand Rer-to-Rhinepartners from GeoConnett) who

have made improvements in this direction (see Parag@gh As such, the data base can serve
as good stimulant for future harmonization efforts that are directed towards practical and
specific applications.

3.1  Summary of delivered data

In total 28.078unique fault vocabulary definition$ ¢ A (1 K dzy Alj dz§ L5 Q& 0- I NB
FDB thatarerepresented by 269.348 fault geometridde total length of all fault geometries is
1.594.110.504 mAll institutes, either representing countries or federagjiens were asked to
accompany their delivery to the FDB with a country report that describes quality and origin of
the data delivered, the geological evolution that producsiluctural elements and their
bounding and transectintaults, the fault patternfault characteristicandthe local relevance

of having fault dataTable3-1 presents a summary of édelivered faultinformation. Next to

the country reports, a brief synthesis of the information is captlirecountry fact sheets that

are provided in3.2. Forthe full country reports angroper references to supporting data or
literature the reader is referred to Annex 1.

Table3-1: Metadata summary of collected fault data

-|_1:250.000] 6700 carb-ua

-| 1:250.000]
1:500.000 [ 1:2500.000
-|_1:750.000]
1:50.000( 1:1.000.000]
1:600.00|

-| 1:500.000
150000 1100000 -
-| 1:1.000.000]
-| 1:500.000

1:250.000)
1:1.000.000)

not applicable or mentioned
partly/regionally or potentially applicable
generally applicable
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3.2  Countryfactsheets
3.2.1  The Netherlands TNO

Organization: Geological Survey of The Netherlands (TNO)

Date: 2021-04-01

Author(s)/contact Serge van Gessdhbhan ten VeerHans Doornenbal, Maryke den Dt
person:

3.2.1.1 Introduction

TNO is a partner in HIKE and has contributed natiscale fault informabn to the HIKE Fau
Database for the entire extent of the countAmnex Iprovides further geological backgrour
related to the fault data. This country fact sheet summarizes the key characteristics (
origins and geological relevance of fault imf@tion.

3.2.1.2 General data metrics and sources

Mapping scale: National (1:250.000)

Number of faults: 6319 faults in vocabulary; 10018 atures in database
Geographical coverage] Nationwide including land and sea area. Regional variation
datadensity and detail related to exploration areas for oil and
(3D vs 2D seismic data)

Stratigraphic coverage: | Faults are defined across ca. 10 stratigraphic levels from
Carboniferous up to the Holocene and surface level. The d
ranges up to 6 loimetres.

Format: The faults for the deep and shallow subsurface are delivered ¢
intersection lines for each dissected stratigraphic horizon. Tl
are references to 3D fault surfaces defining the basis for 2D
geometries. The main faults, faulbahains, systems, chains, s¢
and fault zones are classified according to the generic sem,
framework in HIKE. This includes a correlation link with the fz
in neighbauring countries (in particular Germany and Belgiul
Fault attributes are still maly limited to geometric aspect
(length, strike, dip, surface area), some of thenm fault type
(normal, reversed, etc.) and observation/evaluation metr
(seismic interpretation, inferred modelling, etc.)

3.2.1.3 Fault data acquisition and mapping

2D/3D seimic: | Predominantly 3D and some areas 2D surveys (outside
hydrocarbon exploration areas). For gas exploration m
detailed fault models have been developed at reservoir level:

Gravitational and Not used for fault mapping
magnetic surveys:
Wells: Well data are mainly used to predict the location of shall

(Neogene) faults
Surface mapping an{ Holocene and Pleistocene faults are sometimes recognizal
outcrops: the surface topography (e.g. height differences, river terrace
Mapping/Mocelling: All faults are defined in 3D geological models covering the el
country. These models include uncertainty information.
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3.2.1.4 Structural elements

Most of the structural elements recognized today have developed during the Mes
(Figure3-1), often as a result of reactivation of NBE Paleozoic fault systems. The first o
classification of structural elements includes highs, platforms and basins. A highesioz]
an area with significant nedeposition and erosion down to Carboniferous or Permian st
(Rotliegend and Zechstein). A platform is characterized by the absence of Lower and
Jurassic strata due to Late Jurassic erosion down to the Trialssiterm graben (or basin)
used for a faukbounded basin where, in general, Jurassic sediments are preserved. Fc
platforms and basins, a further subdivision has been made. Platforms may either repref
areas where Cretaceous rocks overliea3sic rocks or 2) areas where Cretaceous rock
directly on top of Permian sediments. Since most Jurassic basins in the Netherland
subject to inversion during Late Cretaceous and Paleogene times, a subdivision ig
between basins that experiead strong inversion (absence of Upper Cretaceous and (
rocks) or mild inversion (presence of Lower and Upper Cretaceous rocks). The object
structural elements map is to distinguish between areas that experienced markedly difi
burial and eosion history. Structural elements are often bounded by fault zones/ syst
Therefore the main fault systems have been included in the structural elements map an
boundaries have been drawn along faults as much as possible. The following four
provide further insight in the geological development of the structural elements during
Paleozoic, Mesozoic and Cenozoic.

Annex 1provides a detailed description of the structural element characteristics and tec
evolution.

3.2.1.5 Faultcharacterization and definition

For the Netherlands, all fault data from the deep and shallow national geological ma
programs are included~{gure3-2). The faults for the deep subsurface are delivered ag
intersection lines with the main stratigraphic horizons and as 3D surface models (of
downloads). For the shallow subsurface, faure represented as (near) vertical structul
due to the limited inclination in this interval and the limited thickness, which minimizes
misfit.

The main fault patterns and fault styles in the Dutch subsurface originate from repi
extensional ad compressional phases, leading to several reactivation and inversion s|
especially withing the major Mesozoic basins. The Zechstein aidang formation
generally acts as a fault detachment interval, separating Paleozoic faults from the yd
Mesozoic and Neogene faults. As shown in the fault maps, the general fault orien
remained roughly NWSE throughout the Late Permian to the Neogene despite char
tectonic regimes and rotations of the stress field. Repeated (oblique) reactivatic
basement faults has led to a high degree of fault parallelism. This domina:@B#ault trend
is inherited from the miePaleopic when Avalonia, including the LondBnabant Massif]
collided with Baltica to form Laurussia. Examples of this-Pailtkozoidault trend are the
major Hantum and Mid Netherlands fault zones which show evidence of repg
reactivation. The Early Permian{S&/ to ENEVSW orientation is the second most comm
fault trend.

Annex land the HIKE fault database provide a detailedadigtion of the faults and tectoni
boundary classification.
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3.2.1.6 Local fault relevance and application

Natural
Seismicity

The southreastern part of the Netherlands is known for the occurrenct
small to moderate natural earthquakes in an area extenditgBelgium
and Germany. The largest event registered to date is the M
earthquake of 1992 under the city of Roermond.

Induced
seismicity

Especially in the norteastern part of the country, many compactio
induced earthquakes have been registered @ep faults at the level o
Permian natural gas reservoirs. Despite moderate magnitudes (mg
3.6), these earthquakes have caused significant damage due to rela
high peak ground accelerations that result from the shallow depth
earthquake hypoceters in combination with amplification effects in th
weaker soil. Seismicity associated with onshore gas production has
more stringent legislation in order to reduce seismic hazards and risl
all deep onshore subsurface activities, includingenground natural ga:
or CO2 storage and geothermal energy production.

Geothermal:

Two geothermal systems in the Raalley Graben used to produce fro
faulted and fractured carbonates of Carboniferous age. Production
Lldzi 2y K2fR FFGSNJI YAY2N) aSAaYA
of these systems. Thus far, no seismicity has been recorded near
geothermal systems, most of which are mainly producing fr
permeable reservoirs of Permian to Cretaceous age. A Seismic H
Assessment guideline is being developed for new geothermal proje

Groundwater:

Faults are important for groundwater extractioma@-flow. Especially ir
the southern part of the Netherlands, groundwater seepage at
surface occurs when the groundwater encounters impermeable
layers in fault zones. Faults play a role in the delimiting groundw
aquifer as well

Infrastruture/
construction:

Especially in the southern part of the Netherlands, where fa
associated with the Roéfalley Graben come at or near the surface.

HydrocarborEP:

If the baffling function of a fault is sufficient, a fault may play a rol|
the formah 2y 2F K@RNROFINbB2yYy (NI LI
important conduits for hydrocarbon migration as well.

Mining:

For coal mining activities (now ceased) faults were of important for
seam continuity and operational issues (instability groundwater flc
Modern sinkholes occur that are associated with (intentionally) sha
collapsed mine shafts where the coll@pgenerated faults in the
overburden
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Figure3-1: Late Jurassie Early Cretaceous s
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Figure3-2: Location of mapped national faults and fault systems in the Netherlemasibuted
to the HIKEFDB reference depth Upper Permian, base Zechstein Group.
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3.2.2 Albania- AGS

Organization: Albanan Geological Survey (AGS)

Date: 20210315

Author(s)/contact Siri Hamiti, Ndoc Vukzaj, Rushan Cdklisa PrendiMaga Ceroni
person: Alfred Mara

3.2.2.1 Introduction

AGS is a partner in HIKE and has contributed natggaé fault information to the HIKE Fal
Database for the entire extent of the countAmnex Iprovides further geological backgrour
related to the fault data.
origins and geological relevance of fault information.

This country fact sheet summarizeskine characteristics on th

3.2.2.2 General data metrics and sources

Mapping scale:

National (1:200.000) regional (1:5.000, 1:10.000 and 1:25.00{

Number of faults:

272 faults in vocabulary; 47I8atures in database

Geographical coverage:

Nationwide with strong regional variations in data density g
detail. More detailed information on fault characteristics is giy
for one area because in this area we can fimdcat all the fault
types found in Albania (normal faults, thrust, overthrust).

In this area we find ophiolitic rocks also sediments of ages 1
Triassic to Eocene. In this sector we have the presence of
and platform sediments.

Stratigraphic coveige:

Predominantly subdivided in deep crystalline basement fa
(Precambrium) and faults crossutting the younger (Paleozoc
Cenozoic) sediment cover.

Format:

The faults included in the database are delivered as 2D

representing the position ofhe fault at surface, derived fror]
direct observation or inferred, or the position of the upper tip
the fault at depth. The major tectonic domains, main fault syste
and faults are classified according to the semantic framew
defined in HIKE. The faualttributes for which we completed are
LOCAL_NAME; EVAL_METH; OBSERV_METH; FAUL
YOUNG_UNIT; OLD_UNIT; DIP_ANGLE; DIP_DIRECT;
MOVE_SENSE; REFERENCE; ACTIVE; CAPABLE; and AC]

3.2.2.3 Fault data acquisition and mapping

2D/3D seismic:

2D

Gravitational and
magnetic surveys:

In our country were carried out:

Gravitational surveys in the following tectonic zones: Jon
Krujg Magnetic surveys in the following tectonic zonkrdita,
Alpe, Gashi.

Wells:

Some areas witlwvells down to 1000 m

Surface mapping and
outcrops:

Cartographic works at a scale of 1: 25 000 for sedimen
formations. Cartographic works in scale 1: 5 000, 1: 10 000,
000 accompanied by drilling to a depth of 2000m, elestedical

probing, chemical and petrological studies, mineralogi
magndometric, etc.
Mapping/Modelling: 2S R2y Qi KI @S o5 Y2RSf a
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3.2.2.4 Structural elements

Structural elements of Albania are based on their position in the Ditdgldnicarc, which is
the southern branch of the Mediterranean Alpine thrust belt, The transition between
Dinarides and Helenides is formed by the Albanides. The external (western) Alabanil
separated from the internal (eastern) Albanides by a majorv@Wjent thrustzone that is
associated with the subduction of the Apulian plate.

3.2.2.5 Fault characterization and definition

Both platforms and basins are affected by tectoniesmal faults, overthrusts, detachmer,
faults (gravity slide tectonics) and hasizal faults (nappe)The time of fault formation begin
from the Triassic until todayhe extension of the faults in general isSNbut there are many
other cases where the extension of the axis of faults goes from east to west, nort
southwest, etc.

Annex land the HIKE fault database provide a detailed description of the faults and te
boundary classification.

3.2.2.6 Local fault relevance and application

Natural Collection of data on natural seismicity caused by earthquakes that occ

seismicity at different times, which will be used to predict the places where diffel
sociacultural objects can be built

Landslides Protection of the territory from possible landslides

Resource Accurate data are obtained on the possiebeploration of useful mineral;

exploration such as Chromium, Oil, Gas, etc.

Groundwater | Preservation of surface water sources emerging in the nappe tec]
contacts between carbonate deposits which serve as a collector and {
deposits which serve as a screen

Geothermal Hydrothermal energy is found in the areagh ring faults (Peshkopi diapir
energy andnear the transverse fault Tepelefizermet (Benja thermal waters).
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TECTONIC SCHEMA OF ALBANIDES
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A - Albanian Alps Zone
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K-C 1- Cukali subzone
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U 2- Albanian-Th
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a. - Evaporites
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by- Diapiric tectonics

Figure3-3: Scheme of thalistribution of faults and main structural elements of Albania
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Figure3-4: Location of mapped national faults and fault systemAllmaniacontributed to the
HIKEFDB. Faults are representatsurface level.
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3.2.3 Austria- GBA

Organization:
Date:

Author(s)/contact person

Geological Survey of Austria (GBA)
2021-05-05
Esther Hintersberger

3.2.3.1 Introduction

GBA is a partner in HIKE and has contridutationalscale fault information to the HIKE Fa|
Database for the entire extent of the countAmnex Iprovides further geological backgrour
related to the fault data.
origins and gealgical relevance of fault information.

This country fact sheet summarizes the key characteristics (¢

3.2.3.2 General data metrics and sources

Mapping scale:

National (1:1.000.000)

Number of faults:

238faults in vocabularyl160features in database

Geographical coverage]

Nationwide with strong regionaVariations in data density an
detail. The level of information on faults is patchy, some faults
well studied and there is evidence for detailed mypltiase
deformation history, others are only lines on maps with

kinematic information

Stratigraphicoverage:

Precambrian to Quaternary. The oldest rocks (Dobra Gneis
1.38 Ga old. Deformation events range from Ordovig
(Caledonian), Variscan, Alpine and more recent extru
tectonics.

Format:

Mostly mapped 2D fault traces at tisarface, except for faults i
the Neogene basins, which are mapped at the base of
respective Neogene basin. The main faults, fault systems and
zones are classified according to the generic semantic frame!
in HIKE.This includes correlation ks with the faults in
neighbauring countries (in particular Germany, Slovenia ¢
Italy). Fault attributes are mainly limited to geometric aspe
(length, strike, dip, surface area), fault type (normal, revers
etc.), timing of fault activity and obseation/evaluation method
(seismic interpretation, inferred modelling, etc.).

3.2.3.3 Fault data acquisition and mapping

2D/3D seismic:

Especially the Vienna and Molasse basins have been investi
by industrial 2D and 3D industry seismic exploration campaig

Gravitational and
magnetic surveys:

Not generally applied.

Wells:

Well interpretation for fault mapping is used to support 2D/]
seismic data interpretation and 3D fault modelling.

Surface mapping and
outcrops:

Predominant method of fault mapping, as the majority of
tectonic boundaries cropping out at the surface. The ongq
nationalmapping progranprovidinggeological maps at the sca
of 1:50k (and since 2019 at the scale of 1:25k) is not compl
on naional level.

Mapping/Modelling:

Local 3D modelling exists for faults in the Vienna and Mol
basins
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3.2.3.4 Structural elements

The topography and also the deformation history in Austria is dominated by the A
orogeny. Austria can be subdivided into threajor paleogeographic areas with distinct fa
patterns.

1) TheBohemian Massifmostly north of the Danube at the border to the Czech republic
Bavaria, is situated on the European tectonic plate and is dominated by Variscan defori
and containghe oldest rocks of Austria. The major structures have been reactivated d
the Alpine orogeny.

2) TheAlpine orogen,with the Eastern Alps represents the most dominant geological s
unit in Austria. Here, the fault pattern is dominated by nappe boundaries. Since Mig
times, the dominant features are steeply dipping stritip faults accommodating the later;
extrusion of the Eastern Alps towards the east.

3) A group ofNeogene Bains consisting of the North Alpine foreland molasse basin,
Vienna Basin, and the Styrian Basin, which is tectonically linked to the larger Pannonia
further east. Even though the deformation histories of these basins are not identical, th
contain buried faults that were active during the Neogene and have been partly reacti
during the Pleistocene and Holocene.

3.2.3.5 Fault characterization and definition
Next to a geographic zonation (or structural elements), historically, tectonic structur
Austria are differentiated into two major groups (Fig&): large, almost horizontal thrus
faults transporting nappes over large distances (nappe boundanieis$taeply dipping faults
with strike-slip or normal sense of shear. In general, the steeply dipping faultsdadstand
displace the nappe boundaries.

TheBohemian Massifs dominated by conjugate sets of steeply dippingINE striking, left
lateral andNW-SE striking righiiateral faults that originated as ductile to ductiteittle shear
zones during the Variscan orogeny (~290 Ma) and were reactivated during the
Cretaceous and the Miocene. Minor Quaternary reactivation occurred and sparse 9gis
has been observed. In addition, NNSEW trending, gently to the E dipping thrust faults w
active during the Variscan orogeny in the Carboniferous-G8Ma).

The Eastern Alpsthe most prominent geological supenit in Austria, are subdivided int
three groups showing distinct fault patterns:

Bounded towards the north by the Alpine Thrust, tiRenninic Units (including the
Rhenodanubian flysctgnd Helvetic Unitsconsist of EWrending, Sdipping faults with N
directed kinematics along nappe badarieswhichwere active during Paleogene to Neoge
times. They are closely spaced, steeply dipping thrust faults, mostly indicatingf-g
sequence thrusting. They are displaced by youngeSWNHeftlateral strikeslip faults active
during upper Oligaene to recent times. Partly Quaternary reactivation and sparse seisn
is observed.

TheNorthern Calcareous Alpare dominated by large southergent, mostly BV-trending
nappe boundaries that were active during the Cretaceous to PaleogerenBdNecAlpine
Events. They are posiated by a complex pattern of steeply, almost vertical conjuge
strike-slip fault sets that have accommodated different phases & Bhortening since th
Oligocene and later on the lateral extrusion of the Eastern Alpst @atg #19#21 in Figure
1).
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The main structures of thAustroalpine Units south of the SEMP Fault Syst@#9 in Figure
3-5) are (N)EHS)Wtrending basement nappe boundaries that represent -toghe-W
thrusting during the Cretaceous Eoalpine Event amalsa later overprint by tofio-the-SE
normal faulting. These earlier structure are reactivated and crosscut byANee strikeslip
faults with mainly righdateral kinematics. During the Ne&lpine event, the most dominan
fault pattern are NWSE to NM/-SSE trending righliateral faults active during late Oligocel
to Miocene times. Partly Quaternary reactivation and sparse seismicity is observed.

A general overprint affecting most of the Austrian Alps strectures related to the lateral
extrusion d the Eastern AlpgRatschbacher et al. 1989) since the Miocene (Linzer €
2002). The most prominent structures are E(RESW) trending steep strikdip faults with
left-lateral (e.g. SEMP FS, #29 in Figds¢ and rightlateral (e.g. PeriadriatiES, part of #25
kinematics. In addition, Early MioceneS\trending shear zones and normal faults along
western (Brenner sufault system) and eastern edge of the Tauern window cause the ope
of the Tauern window (Schmidt et al., 2013). In a latage, WS\AENE leflateral (MurMurz
FS, part of #15) and righdteral (Pold.avantal FS, #27) strilghip faults are the active
structures (Brtickl et al., 2010). In addition, the opening of the Vienna Basin (part of #1
N(NBE)S(SW) striking normé&hults in the Styrian basin (#38Je caused by ongoing later
extrusion. Ongoing moderate seismicity suggest Quaternary movement along the men|
structures.

The large Neogene basins consist of the Molasse Basin, the Vienna Basin, and the
Basin. Even though the deformation histories of these basins are not identical, they all ci
buried faults that were active during the Neogene and have been partly reactivated ¢
the Pleistocene and Holocene. TiHerth Alpine foreland molasse basiitomprising #22 an(
#33 in Figure8-5) consists of NNVBSE trending normal faults creating a hanst-graben
structure that overprints WSYENE trending thrusts. Théienna Basin(part of #15) is
characterized by the NGW striking leftateral Vienna Basifiransfer Fault, from which-8
striking normal splay faults are branching of, compensatifg &tension. Th&tyrian Basin
comprises mostly ¥ striking normal faults.

3.2.3.6 Local fault relevance and application

Infrastructure | Austrian mountainous landscape demands the construction of sev
tunnels for both, cars and trains. Due to the complex geological situati
most of the construction sites, intensive geological investigations are p:
these large projects. In all cases, digd understanding of the local fau
inventory is of utmost importance

Natural Austria is characterized by moderate seismicity with moment magnity
seismicity: (Mw) up to 6.0 documented since the"18entury. Even though a statistic
overview of eartiquake occurrence in Austria is available, the linkage to
origin of earthquakes, i.e. active faults, is not yet well established.
Induced Induced seismicity has not been observed or systematically docume
seismicity Future reactivation of the fdts might have an effect on the preservati
of the oil and gas fields as well on related infrastructure

Hydrocarbons | Ongoing oil and gas production since the 1@60 the Vienna Basin and tt
Molasse basin in Upper Austria has provided detailed inétion on the
geometry of faults within these basins.

Hydrothermal | The existence of thermal water and springs is widespread in Austria an
been exploited since Roman times. Even though the direct linkage bet
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the existence of faults and sources diiermal water has not ye]
systematically investigated, a close connection between both phenome
assumed.

Geothermal

Geothermal energy generation in Austria is concentrated on the Mol
Basin in Upper Austria and the Styrian Basin in the Souttufa&tistria.
Here, the conditions are fawpable for the usage of geothermal ener
exploration, even though the potential is far greater than the aci
exploitation.
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Figure 3-5: Tectonicboundaries in Austria at the scale 1:1.000.000, differentiated between

steeply dipping strikeslip and normal faults (black and coig) and mostly gently
dipping nappe boundaries (grey) showing large thrusting. The numbers indicate the
respective (largescale) fault systems and fault sets:Dhnube Fault System; 2
DefereggerAntholzVals Fault System,-BiendorfBoskoviceCebin Largascale
Fault System, DrautatZwischenbergeiwWoéllatratten Fault System,-Bngadin
InntakinnsbruckSalzburgAmstetten Largescale Fault System;Ereyenstein Fault
System, 7 GiudicarieBrennerSilltal Largescale Fault System,- &urktal Alps
Subfault System, -&o6rtschitztal Fault System, -HbchstuhiGegendtal Fault
System, 1dseltal Fault System, 1Rarlstift Fault Systeni,3-KourimBlaniceRod}
Kaplice Largscale Fault System, 14 Konigsed.ammertalTraunsee Subfault
System, 18Mur-Mirz-Vienna BasHVah Largescale Fault System, Molital Fault
System, 1INCA BW Fault Set, 1:8ICA ENEBVSW Fault Set, 18CA NESW Fault
Set, 20NCA NNEBSW Fault Set, NNCA NWSE Fault Set, 28E Molasse Fault Set,
23- Lower Tauern Southern Margin Fault SystempP2#tenLiesing Fault System,
25-PeriadriatieMid-Hungarian Largscale Fault System, Z&ahl Fault System, 27
PdlsLavanttal Fault System, 28aggaleuchl Fault System, Z®alzacHennstal
MariazeltPuchberg (SEMP) Fault System;S3@rian Basin Fault Set, -3huern
Window Subfault System, 32itisPribyslav Fault System, -¥8est Molasse Fault
Set
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3.2.4 Belgium-GSB

person:

Organization: Geological Survey of Belgium (GSB)
Date: 2021-04-12
Author(s)/contact Renata Barro& Alejandra Tovar

3.2.4.1 Introduction

GSB is a small partner in HIKE for the methodology development. It is contributing to th
Fault Database with nationakale fault information collected in the scope of t
GeoConnect3d project with a focus on the Rt®iRhine area. Fault data thadwer the north
eastern part of the countrgFlanderskare originating from VITQraults form the southerr
part (Wallonia) are originating from GSB.

The Belgian fault repofAnnex 1provides further geological background related to the fz
data. This country fact sheet summarizes the key characteristics on the origins and geag
relevance of fault information.

3.2.4.2 General data metrics and sources

Mapping scale:

Regional (1:250.000)

Number of faults:

171 faults (VITO) and 30 (GS3B)yocabulary1188 VITO) and 3
(GB)features in database

Geographical coverage]

Derived from the GeoConnect3d structural framework model v
focus on the Roero-Rhine area of interest, with strong region
variations in data density and detail. The result is ndtaalt
inventory of the whole country, but a highlight of faults of regio
geological importance inside the area of interest. No data for
north western part (outside area of interest).

Stratigraphic coverage:

Predominantly subdivided irbasement faults (pr@and syn
Variscan) and faults crossitting the younger (Permian t
Cenozoic) sediment cover.

Format:

Faults are delivered as 2D intersection lines reference surfg
These are the surface (in the southern part of Belgium), and
bases of Quaternary, Neogene, Paleogene, Cretaceous, Ju
and PermianTriassic, as well as the top of the Dinantian (nd
eastern part of the country). The fault systems are classi
according to the generic semantic framework in HIKE.

includes a correlation link with the faults in neighisimg
countries (in particular the Netherlands). Fault attributes co
basic information on geometric and timing aspects, as wel
reference surface for the trace, fault type, al
observation/evaluabn method.

3.2.4.3 Fault data acquisition and mapping

2D/3D seismic:

2D surveys, focused mainly in the nodhstern part of Belgium

Gravitational and
magnetic surveys:

Residual Bouguer gravity anomaly map of Belgium.

Wells:

Flemish wells.
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Surfacemapping and Predominantly regional geological maps of scale 1:25|
outcrops: (Walloon Region) and national geological maps of scale 1:40
structural maps when available (scale 1:75,000), Topograp
maps (DHMv2 for Flandédrs

Mapping/Modelling: Caal layer depth maps of Flemish mines.

H3Oprojects in the NE part of the country.

3.2.4.4 Structural elements

The structural framework of Belgiurfi§. ) developed as part of the GeoConnect3d proj|

summarizes the main geologic and tectonic elements in thenwgu In the structural

framework model, faults and other(largely) planar features (e.g. contacts ang

unconformities) are treated as geologidiatits that often define geologicalnits.

Based on the geological history of Belgium, the geological lingt#tifibd include regiona

unconformitiesand contacts the Variscameformation front and variougaults. The regiona

units then follow:

Lower Palaeozoic basement:

1 The Brabant Massif, limited by the unconformity between late Sildri@wer Devonian
deep marine deposits and Middle Devonian conglomerates

1 The Condroz inlier, limited by the contact between its more competent rocks
surrounding Upper Devoniaghales.

1 The Ardenne inliers Stavelot and Rocroi Massifs, limited by angular umcotiés
between the inliers and Prideliochkovian.

DevonianCarboniferous sedimenta#gctonic cycle:

1 The deformed rocks of the Ardenne Allochthon, the northernmost thrust nappe o]
Rhenohercynian foreland folandthrust belt, limited in the north bythe Variscan
deformation front

1 The foreland Namur Basin, part of the regional Rhenish Massif, between the V3
deformation front and the Brabantian unconformity.

TriassieJurassic sediments:

1 The Paris Basin, defined by the unconformity between itsfiag, gently soutkdipping
Triassielurassic sedimentary sequence covering the southern limb of the Ard
Allochton.

CretaceousCenozoic sediments:
1 Sedimentary sequences in the Campine Basin and Roer Valley Graben, mostly de]
normal faults.

Thecomplete structural framework model, covering different scale ranges, will be ava
for free consultation in the EGDI platform from October 2021.

The Belgian fault repotfAnnex 1)rovides a detailed description of the structural eleme
characterisics and tectonic evolution.

3.2.4.5 Fault characterization and definition

The main fault styles can be broadly divided into two different domains in the south g
the north. The southern domain corresponds to a geotectonic region of the Variscan &
Europe, where faults follow NSW to WNWESE trends resulting from the Variscan Oro
(Fig. 3. The northern domain is composed of basement rocks belonging to the L
Paleozoic Brabant Massif (WNRGE striking faultg) not covered in the data delivered fq
Belgium since it falls out of the Retr-Rhine area of interest of GeoConnectsd, as wel

Page 24 of 97



sedimentary cover from the Devonian to Quaternary associated with subsidence stag
synsedimentary tectonics (NVBE to NNWESE striking faultsFig. 2.

TheBelgian fault repor{Annex 1)and the HIKE fault database provide a detailed descrip
of the fault patterns and characteristics.

3.2.4.6 Local fault relevance and application

Nuclear wasteg Surface disposal site for lel@vel radioactive waste ithe Mol-Dessel area|
storage: interface between Campine Basin and Roer Valley Graben. Test facil
hightlevel radioactive waste on the same site.

Underground | Underground pumped storage hydropower potential being investigate
energy storage various abandoned coal and slate mines in the Variscan realm (Ard

potential: Allochton).

Natural Moderate seismic activity in the Ro¥alley Graben, extending northwar
seismicity: to the southern North Sea.

Induced Restricted events related to geothermal exploitatiaat the Balmatt
seismicity: geothermal power plant in Mol, interface between Campine Basin and

Valley Graben. Events in the k® Basin (Ardenne Allochton) probal
related to past mine activity.

0 25 50 Paris Basin
" e ]

Figure3-7: GeoConnectd structural framework highlighting main limits and units in Belgium.
Geological limitsrepresented: unconformities in purple, contact in black,
deformation front in light blue, and faults in red.
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Figure3-8: Fault traces from the GeoConnect3d structural framework of the Rm&hine
area ofinterest (inside dashed linegpntributedto the HIKEFDB Upper. data from
VITO represented at multiple reference surfaces. Lowetata from GSB

represented at surface \el.
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3.25 Denmark- GEUS

Organization:
Date:
Author(s)/contact
person:

Geological Survey of Denmark (GEUS)
2021-03-11
Peter BritzeFinn Jakobsen

3.2.5.1 Introduction

background related to

GEUS is a partner in HIKE and has contributed natsmade fault information to the HIK
Fault Database for the entire extent of the country. Anrdeprovides further geologice

characteristics on the origins and geological relevance of fault information.

the fault data. This country fact sheet summarizes the

3.2.5.2 General data metrics and sources

Mapping scale:

National (1:750.00)

Number of faults:

16faults in vocabularyl686features in database

Geographical coverage:

The fault data extends beyond the borders of the Danish areg
includes bordering Norwegian, Swedish, German and P
(regional) fault data.

Stratigraphic coverage:

The 'Top preZechstein' either represents the top of the young
- Palaeozoic deposits or the top of the Precambrian rocks wl
Palaeozoic deposits are absent. It is the deepest regional su
that can be mapped seismically ttughout the Danish area, an
all Late Paleozoic to Mesozoic major tectonic structural elem
and fault zones in Denmark are represented on this surface. |
zones have not been mapped in areas where no data are avali
or where the reference surfade absent

Format:

The fault zones at the top pre Zechstein surface are represe
as 2D lines.

3.2.5.3 Fault data acquisition and mapping

2D/3D seismic:

Fault zone mapping used all 1993 public domain reflec
seismic data in the Danish area, seismic dataed by STATO|
in the Norwegian area, and all data available to the SGU ir|
Swedish area. The seismic data vary in quality from single
analogue sections to 3D data.

Gravitational and
magnetic surveys:

Where reflection seismic data asparse or poor in quality, othe
geophysical methods (refraction seismic data, magnetic data
gravity modelling) have been used to improve the map.

Wells:

Fault zone mapping used all public domain well data in the De
area

Surface mapping and
outcrops:

Mapping/Modelling:

The fault zones presented in the Danish territory are publis
with the 1994 Geological map of Denmark, 1:750.

3.2.5.4 Structural elements

The major structural elements within the Danish area are delineated by fault zon
represented in the Europe Web GIS (Fig. 1). These major structural elements arg
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northeast to southwest: the Skageri#lattegat, the Sorgenfréiornquist, the Norwegin -
Danish Basin, the RingkagbiRgn High and the North German Basin. The Central Gr
delimits the Ringkgbingyn High to the west. Annécontains a listing of all major and min|
elements and fault zones affecting the mapped surface and also irglliterature
references.

3.2.5.5 Fault characterization and definition
No specific information on the fault zone characteristics is provided. The HIKE fault da
stores strike and length attribute data. From the 16 identified fault objects only 15
AYRAGARdIZ f & RSTFAYSRI |ff 20KSNBR | NB 3

3.2.5.6 Local fault relevance and application

Underground Numerous structural closures edhore as well as eshore are undel
energy  storage consideration.

potential:

Natural Denmarkhas a relatively low level of natural seismicitythwihe most
seismicity: active regions off the NW coast of Jutland and in Kattegat. As met

and data for calculating earthquak®/pocentresadvance, the ability tc
tie seismicity to specific faults improves as wdlhis is particularly
important for identifying suitable formations for CO2 storage.
Induced Not mentioned

seismicity:
Hydrocarbons EF All oil and gas production is found in the westernmost part of the Da
North Sea, almost exclusively in the Ceh@Gaaben area

Other? Not mentioned

l Strukeurelle elementer ved
Top prae-Zechstein
g Sydlige Skandinavien
(Vejbek & Britze | 994).

S0km

s (|
Tyskland{FiG%) ® \

Het |INTT )
Det Nordryske Bassin A AF |

il LA

Figure3-9: Scheme of the distribution of major faultzonést top preZechstein level) and
structural elements in the Danish sector and bordering regions
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3.2.6 France- BRGM

person:

Organization: French Geological Survey (BRGM)
Date: 2021-0311
Author(s)/contact Thierry Baudin

3.2.6.1 Introduction

background related to

BRGM is a partner in HIKE and has contributed nateesle fault information to the HIK
Fault Database for the entire extent of the country. Anrdeprovides further geologice

the fault data. This country fact sheet summarizes ke

characteristics on the origins and geological relevance of fault information.

3.2.6.2 General data metrics and sources

Mapping scale:

National (1:1.000.000) regional (1:50.000)

Number of faults:

7893faults in vocabulary7893features in database

Geographical coverage:

- National
- only the Pyrenees domain

Stratigraphic coverage:

-The sixth edition of the Geological Map of France at 1:1,000
scale, compiled in 1993 and published in 1996, was revised in
before publication of a new edition in0R3. New data includy
those from the national 1:50,008cale geological mapping surv
(currently under completion) undertaken as part of scientific 4
technical programmes, and those from recent compilat
documents of bordering countries and the sutnina shelf.

The design and making of this map were the responsibility of
French Geological Survey, with the collaboration of many rese
workers from French and foreign universities and other scien
organizations, and Geological Surveys in neighing Europear
countries.

The map was drawn out to highlight the structural character |
maximize readability, although data at this scale are inevit;
schematic compared to the detail found in the original larg
scale source documents.

- All faults in the Pyrenean domain were created duri
convergence of the Iberian microplate and the Européate, i.e.
from Late Santonian (84 Ma)Early Miocene (20 Ma). Most ¢
them are inherited from the Albian rifting and then invertq
during the collision phse.

Format:

2D lines

3.2.6.3 Fault data acquisition and mapping (only for Pyrenees)

2D/3D seismic:

Only in the western most part of the North Pyrenean domain |
2 Ecorgrofiles respectively in the central and western Pyren

Gravitational and
magnetic surveys:

From National gravity and magnetic maps

Wells:

Only in the northernmost part of the Pyrenees
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Surface mapping and Not mentioned
outcrops:
Mapping/Modelling: Sheets of the Geological Mapping Program 1:50,000 w
consulted next tgapers and thematic scientific publications.
Entire 3D model and some local 3D model provided by the
program.

3.2.6.4 Structural elements
National level
The structural data, mainlgierived from the Structural Map of France at 1:1,000,000 s
(1980), have been greatly improved compared to former editions. Structural feat
particularly deformation trends and major faults, are schematically displayed accordi
two criteria:
1) the relative degree of displacement, indicated by the thickness of the line: m
large and minor faults;
2) the sense of movement, indicated by various symbols: normal and detachment f
reverse faults and thrusts, and striséip faults.
The general pojghase nature of the faults, which causes complications for
aforementioned criteria, renders impossible the distinction of timing of movemen
whether deformation was brittle or ductile. Finally, certain surface and subsurface de
major structuraimportance are highlighted using specific symbols: significant isobaths v
basins, salt diapirs within trenches, Messinian canyons throughout the Mediterranean rq

A profile through the Pyrenees (fig. 1) shows alfe®, flowerlike arrangementThe structure
is strongly asymmetric with a steeper and narrower French northern side and a much
and more gently inclined Spanish southern side. The desidied orogen can be divided ini
several tectonic zones, from north to south, that are boutd®y eastwesttrending major
faults. Three of these major faults limit the main current tectonic zones of the North (Fr
Pyrenean Thrust Belt. These are from South to North : the North Pyrenean Fault (NP
North Pyrenean Frontal Thrust (NPFT) &adPyrenean Thrust (SPT).

3.2.6.5 Fault characterization and definition (only for Pyrenees)

All the faults belonging to the Pyrenean domain were created during convergence bet
the Iberian microplate and the Europe&tate. The northernmost SPT thrust faidta blind
thrust and constitutes the limit between the Pyrenean domain and the Aquitaine basin
North Pyrenean Frontal Thrust (NPFT) corresponds to the northward inversion of the
Pyrenean rift basins. In the eastern part the NPFT joins thei&@es Thrust showing
westwards kinematics.

The North Pyrenean Fault (NPF) is a crustal upright fault putting in contaciT}
metamorphicMesozoianarbles of the North Pyrenean Zone with the Paleozoic sedimer
the Axial Zone. This fault, seismigaictive. To the South of tHe | (i {itte MXb&Zone (Z4
corresponds to the south margin of tli&etaceous riftbasins.

Annex1 and the HIKE fault database provide a detailed description of the faults and te
boundary classification.

3.2.6.6 Localfault relevance and application (only for Pyrenees)
Underground | Western part of the North Pyrenean foothill basin
energy storage
potential:
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Natural The North Pyrenean Fault is seismically active with some transfer Fal
seismicity: the north PyrenearZone
Induced induced seismicity following gas extraction, since 1950's, in the Lacq
seismicity: (North Pyrenean Zone)
Hydrocarbons | In the Lacq basin (North Pyrenean Zone)
EP
Other? Whyte Hydrogen production ( along the North Pyren&antal Thrust)
2°W 1°W 0°E TE 2°E 3E
(a) A Toul 7 .
6B \ [Aquitaine foreland basin|

Sedimentary rocks

[1Neogene
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Fig. 1Geology of the Pyrenean system. (a) Geological map of the Pyrenees from the 1:1,000,000
BRGM geological map of Frangeodified after Bernard et al., 2020); (§jmplified
geological cross sections of the central Pyrenees modified after MU8&2)(
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Figure3-11: Location of mapped national faults and fault systemBrincecontributed to the
HIKEFDB Faults are represented atirfacelevel
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3.2.7 Germany-BGR

Organization: Federal Institute for Geosciences and Natural ResourceR)(BG
Date: 20210310

Author(s)/contact HeidrunLouiseStlick, Fabian Jah#dingberg

person:

3.2.7.1 Introduction
BGR has contributed nationstale fault information to the HIKE Fault Database for the el
extent of the country.The concepts of principal and overarching tectonic bounde
presented for entire Germany bjaé BGR are in an overview scdi®r someéserman Federa
States, more detailed concepts are available. The fault data consideradbuted by the
BGRare characterized by regional variations in density and detail, different degre
generalization and origin. For this reason, different disgleales are recommended for th
respective data sets: 1.) German onshore (1: 2.500-0600000), 2.) Baltic Sea (1:1000(
- 1:250000), 3.) Central German North Sea (1:1006A0000000), 4.Entenschnabel regiol
- The northwestern German North Seacg® (1:1000000 1:50000).Chapter 8 of Annex |
(Countryreport, BGRprovides further geological background related to the fault data. ]
country fact sheet summarizes the key characteristics of the origins and geological relg
of fault information

3.2.7.2 General data metrics and sources

Mapping scale: National (:500.000to 1:2.500.000)

Number of faults: onshore: 915, offshore: 112 Baltic Sea, 1780 North Sea. In
2711faults in vocabulary29085features in database
Geographicatoverage: | Nationwide, on and offshore with strong regional variations
data density and detail. Sparse ssirface fault information ir]
the central part due to lack of seismic and well data (ma|
defined by outcrop data).

Stratigraphic coverage: | Suldivided in preRotliegend basement and younger bas
especially within the extent of Central European Basin syster
Mid-Germany surface outcrops of Variscan to -Megiscan
basement also define the structural pattern. In southern ¢
western Germany Gmzoic Rifts and basins as well as thioslkts
of the Alps highlight the latest major events of structural evolut
in Germany. (Fig. 1)

Format: Predominantly generalized 2D polylines, detailed
interpretation data for selected regions.

3.2.7.3 Fault data aquisition and mapping

2D/3D seismic: 2D and some 3D surveymeamainly concentrateéh three areas,
the North German Basias well as the North Sea and Baltic {
offshore the South German Molasse basin and the Upper R
grabenas these are the focalreas forexploration of oil and gag
salt mining and geothermal exploration

Gravitational and Covering entire country in an overview scale, usedhowsthe
magnetic surveys: bedrock geology as well as deep fault structures.
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Wells:

Mostly in the northern (including offshore) and southernmo
parts of the country, i.e., in areas with hydrocarbon explorat
and production licenses.

Surface mapping and
outcrops:

Especially for regions with a Mesozoic surface geology or
basement outcrops. No&r information from surface mappin
in regions with Quaternary and Neogene cover in North
Germany and Midsermany.

Due to strong activity during Neogene to Quaternary within |
Lower Rhine Bight, the Upper Rhine Graben, the Molasse |
and the Aps, fault information can be derived from surfa
mapping data.

Mapping/Modelling:

The used fault datasets were compiled from former mapg

projects. These were used for a complete exploration |

structural interpretation of the subsurface @ermany and as |

basis for the evaluation of different potentials of the subsurfa

No site explorations were represented in these data, or they w

only roughly generalized.

9 Fault data for the onshore area of Germany originate

the data compiled withff G KS aDS2 i KSN|

et al. 2013). These data are made up of an integration
merging from different map series, such as e.g.

Geological surface map of Germany (Toloczyki et

2006; GK1000), the Geotectonic Atlas of North W

Germanyand the German North Sea Sector (Baldsch

et al. 2001), the Southern Permian Basin A

(Doornenbal & Stevenson 2010) and several more, w

then were collected and generalized within the frame

the Geothermal Atlas (Schulz et al. 2013). The presk

spatal data of faults consistxclusively of generalize(

horizon independent lineaments from overvie

structure maps or of generaditions from surface maps

1 For the Central German North Sea offshore 4
contributed fault data consist of faulintersections with

13 Mesozoic to Cenozoic horizorsthe Late Paleozoi

Base Zechstein (Baldschuhn et al.,, 200)r the

northwestern part of the German North Sea, tl

Entenschabel, faults originate on interpretations of-3
seismic data from the GPDRIroject
(https://www.gpdn.de/; Arfai et al. 2014). Those fau

are defined by vertical and horizontal faylolyline
seismic pickgrault data of the Baltic Sea are based on

studies of Seidel et al. (2018), Seidel (2019) andt 1
intersections of 13 Mesozoic to Cenozoic horizons as

as the base Zechstein and base Upper Rotliegend |
Doornenbal & Stevenson (201@or the HIKEault data

base these fault intersections were assigned, wh

useful, to individual faults oratllt systems due to thei

orientation, length or spatial proximity in the map viev
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1 At this point it should be noted that the generalizati
I 0O02YLX AAaKSR Ay GKS FNI
originally not includes aomparisonof data available af
the geological state authorities. The necess;
generalization and harmonization of faults in an overvi
scale may therefore differ in details from detailed de
hosted by geological state authorities of Germany. Th
particularly evident on Bavarian ora®nyAnhalt
territory, where the faults depicted at the finer, moi
detailed scale can differ locally quite significantly in th
extent, location and naming than in the smsdlale
overview of 1: 500 000 to 1: 2,500 000.

3.2.7.4 Structural elements

The crust of Central Europe including Germany is composed of an undefined numk
crustal segments that aggregated during the Paleozoic. Crust formation was ¢
completed with the end of the Variscan orogeiiferefore, most basement outcropshid-

and Soutlern Germany show Palaeozoic but also-r@mbrian rocks with a predominant
Variscan overprint. In parts, evidence@i domian orogeny is also preservedviid-German
basement outcropsThe PreCarboniferous basement of the northern North German Bj{
andof the German North Sea basin is characterised by a Caledonian overprint.

Since the Rotliegend, the Central and Western Europlesrelopment was characterized
intraplate tectonics and associated processes such as the formation of several sedin]
basins and graben structuréBased on the dominant faybiattern, the predominant directior]
and the structural style of important fault zones well as facial trends, sevenalain

structuralregions aralistinguishedThese include the North German Basin and its sub b
(such as the Gluckstadt Graben, Horn Graben, Hessian Depression, Lower Saxony B
Minsterland Basin, the Upper Rhine Graben, the Lower Rhine Bight/Graben, the M
Basin, the domains of & Alps, the Rheinisches Schiefergebirge and otherPRrenian
basement outcrops of Midand Southern Germany as well as the Pef@asboniferous Saal
Nahe Basin. Although the boundaries between these regions are mostly not to be cons
as sharp transitins, there are some prominent fault zones, such as the Harznordrand

the Osning thrust fault or the Franconian lineament, which clearly separate indiv
structural regions.

Chapter 8 of Annex 1 (Country report, BGiR)vides a detailed desctipn of the structural
element characteristics and tectonic evolution.

3.2.7.5 Fault characterization and definition

Sdimentary basins and grabens respectively of Gern&ity.1)have a varied appearand
due to their different structural histories and can beken down regionally into the followin
structural styles:

1. Deepreaching Mesozoic, often reactivated or partly inverted rift zones can be
found in the North German Basin and adjacent areas of the German North Sea|

2. In Northern Germany and within the Geam North Sea the Mesozoic and Cenoz(
sedimentary evolution as well the structural style is determined by halotectonic
processes since the Lower Triassic. As a result large areas of the North Germe
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and the German North Sea are marked by tkmnel related faulting in the
Mesozoic and Cenozoic overburden above the Zechstein and Upper Rotliegeni
layers.

3. Narrow, complexly structured normal to oblique fault zones in Central Germany
"young" rifts are witnesses of the European, Cenozoic rift sygtépper Rhine Rift,
Eger Rift)

4. Fold and thrust belts are characteristic for the Northern Alpine and parts of the
Molasse basin in the northern foreland.

5. Complex fold and thrust tectonics, meshed with a complex pattern of different
degrees of metamorphisrand intrusion shape the image of the Paleozoic Varisc
surface outcrops but as well dominate the seismic image of the basement from
Southern to Northern Germany

6. Several German Low mountain ranges, such as the Harz or the Thiringer Walg
partially borcered by reactivated Late Variscan to Rotliegend faults or newly fori
steep basement reverse faultsiring the Late Cretaceous

7. Narrow complex grabesystems mapped in Mesozoic outcrops, which resulted
from several ifting phase from the Triassic to thewer Cretaceous and are partly
inverted during the Late Cretaceous, dominate the structure of-Glemany
(Mitteldeutschland).

This general information on structural styles and trends was used to define within the {
of GeoEreHIKE anew interpretation of the structural framework (Fig.-33), for enabling in
an abstracted manner a systematic classification and distinctioemérglized fault data ir
Germany (Fig-35). The structural map presented here was compiled from different regi
tectonic maps, several publications or geological surface maps and finally consists
defined structural regiondDue to the inevitablesimplification, the following aspects shou
be taken into account when considering the data presented here

1 Although the deliveredault data illustratedn the structuralmapwithin a defined
structural regiormay vary with respect te.g.their fault pattern. Nevertheless, the}
have undergone the same structugdological development by being assigned tc
structural region.

1 Even if the transitions between individual structural elements as a GIS dataset
always show sharp transitions, some transititbe$ween the structural elements
are only imprecisely defined. Other borders of structural elemeamngsclearly
defined by faults.

91 Due to a different degree of generalization and different data basis, the structur
elements newly created for this studydate from the generalized compiled fault
lineaments of the Geothermal Atlas (Schulz et al., 2013).

Chapter 8 of Annex 1 (Country report, B@RJ the HIKE fault database provide a detai
description of the faults and tectonic boundary classification.

3.2.7.6 Local fault relevance and application

Underground Not mentioned

energy  storage

potential:

Natural Figure 314 show the distribution of events with magnitude > 2
seismicity:
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Induced Figure 314 show the distribution of suspected events with magnitudj

seismicity: 2
Hydrocarbons EF Qil and Gas exploration and production predominantly in the wes|
parts of the North German Basin or the Rhine Graben and Molasse
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Figure3-12: Scheme of the distribution of the main structural elements of Germany (after Ref).

Red and pink colors represent outcropping magmatic and metamorphic rocks,
respectively. Green colors represent sedimentary basins with thickfe€km) in

green scale. White areas represent platform domains with a sedimentary cover <

1km.
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tectonic earthquakes, yellow: probably induced earthquakes; Source: BGR
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generalized faults of offshore Germany from 3DE@ROWP5For the onshore
faults are represented at multiple surface leveMost of faults in Mid and
Southern Germany, with exception of the Rhi@eaben and Molasse basin, are
defined by outcrofsurface)



3.2.8

Brandenburg (GERLBGR

Organization:
Date:
Author(s)/contact
person:

Landesamt fur Bergbau, Geologie und Rohstoftsm&enburg (LBGH
2021-03-31
Christoph Jahnk&'homas Hodig

3.2.8.1 Introduction

information.

LBGR is a partner in HIKE and has contributed natsmadéd fault information to the HIK
Fault Database for the entire extent of the country.

Annexl provides further geological background related to the fault data. This country
sheet summarizes thkey characteristics on the origins and geological relevance of

3.2.8.2 General data metrics and sources

Mapping scale:

National (1:500.000)

Number of faults:

59faults in vocabulary9features in database

Geographical coverage:

Nationrwide with strong regional variations in data density a
detail.

Stratigraphic coverage:

PrecambrianPaleozoic (prdermian) toCenozoic

Format:

The faults included in the database are delivered as 2D
representing thegeneralizedposition of the faults(without a
defined depth) They are derived from direct observatiomwells
and seismics(Permian to Cenozoic) or arinferred (most
basement faults)The described fault attributes are mainly limity
to the geometric characteristics, t.m. length, strike or {
direction.

3.2.8.3 Fault data acquisition and mapping

2D/3D seismic:

The faults were interpreted and mapped/modelled in actance
to 2D seismic depth sections.

Gravitational and
magnetic surveys:

Basement faults were postulated in accordance to potential f
data (gravimetry and magnetic).

Wells:

In addition to the geophysical indicators several faults are lo(
detected in deep drillings (Permian to Cenozoic strata).

Surface mapping and
outcrops:

All faultsare covered by Cenozoic and Quaternary cover.
There were some Geological Maps used as like aGdophysica
Atlas of the GDR (Reflection Seismics), 1:1).0eipzig, 1975
1990, Geologicalap of the GDR 1:500.0¢Geology at the bas;
of Cenozoic, Tectonical mapgrlin 1989, the Atlas of the Geolo
of Brandenburg State 1:1.000.000, Cottbus 2010 and s
thematic scientific publications.

Mapping/Modelling

The provided fault traces are a generalization of-rBbdels
0a. N} YRSY 06 dzNB o Snéps mentiohed abéve

3.2.8.4 Structural elements

The area of Brandenburg is situated in the South Eastern part of the North German B
part of theCentral European Basin System). The NEaiern part of Brandenburg is in cloj
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contact to the border zone of the NGB and the Polish Trolmgthe southern part Variscia
Blocks were uplifted during the inversion phase of the North German Hapjref Cetaceous
to Paleogei

The present structural inventory of Brandenburg can be roughly subdivided 3 strajotural
domains defined according to the position in the North German Basin (South Eastern n
including the structural subdomain of the Vai#t Lusatian Block, the central basin and |
North Eastern border). These domains show typical fault pattern (fault type, striking, ti
stratigraphic coverage).

3.2.8.5 Fault characterization and definition

Only faults at anational/transnational scale of ca. 1:500.000 are provifledgth >10km)
The major structural elements in the southern paftBrandenburgare the NWSE striking
Central German Main Escarpments and related parallel struct(pestvarisciandextral
strike-slip faultsof a crustal wrencksystem inversion in Late Cretaceous/Early Cenozdi¢
second fault set isrossdirectionalorientated(NESW). Partially old Variscian strusts were
reactivatedin the varying stress regimes from Permian to Cenozoic

In the Central Basin the fault orientation differs: a) basement faults with influences up t
Mesozoic striking NNBSW, b) EN&WSW striking faults in Permocarboniferous and
complex fault zones striking W reaching from the basement to the Mesoz

In the Northeast of Brandenburg NNBSE striking faults can be found (belonging to
WesternPommerania fault system at the Northeastern border of the North German ba
The regionaldults transect theostvarisciansequence of the Brandenbwgart of the
North German Basin and divide it into several blo&ksablock structured & { OK 2 f f |
can be observedspeciallyin the prePermian subsurface of Brandenburg (as well as in t
whole northern Germany)jThe intense halokinesis of the Permgatt starting in Late
Triassic ledo a partial decoupling of the tectonics of the R#echstein strata and the
Mesozoic/Cenozoic succession.

Annexl and the HIKE fault database provide a detailed description of the faults and te
boundary classification.

3.2.8.6 Local fault relevance and application

Infrastructure | Nearly no relevance to infrastructure

Nuclear wastg Planning angrospecting strategies for the disposal of radioactive wast
storage: wide areas. Tectonic faults as described here are an exclusion criter
the search for a nuclear waste deposit. This search is currently taking
throughout Germany, including Brandeungy

Underground | Storage of gas and oil took and takes place at several locations in Me!
energy storage pore storages (Bunter Sandstones, Keuper sandstones) and in salt c;
potential: in the Zechstein. One tesite for COztorage was situated ifKeuper
sandstone. The locations lie outside of regional fault zones. Local fault;
crestal grabens at the top of salt anticlines) have to be taken in accou

the planning.
Natural Brandenburg is a state with very low seismic activlgismicity induced b
seismicity: tectonic faults is not documented in recent times
Induced Brandenburg is a state with very low seismic activity. Seismicity induct
seismicity: tectonic faults is not documented in recent times

Hydrocarbon | Especially in the stlieast of the country, faults can form and influen
geological trap structures (Permian Stal3furt Series). Hydrocarbons
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been detected in the vicinity of such faults and have also been produc
recent decades

Groundwater

Groundwater extraction tak@lace from shallow Quaternary and Tertig
aquifers. In some regions shallow aquifers are connected to deep ¢
aquifers along fault zones reaching the Cenozoic (especially influencir
Rupelian Clay, the major seal between fresh and saline growatdrvin
Brandenburg).

\ Geotectonic units
\ Variscian Lusatian Block
= North German Basin (NGB)

I
/ structural domains & faults

Faults at the Southeastern
border of the NGB and Lusatian
Block (DE-BB-1)

Faults in the Central part of the
Eastern NBG (DE-BB-2)

Faults of the Northeastern
Border of the NGB (DE-BB-3)

Variscian faults and strcutures
zones of the Lusatian Block (DE-
BB-13)

Figure3-14: Geotectonic units, structural domains and related faults in Brandenburg
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Figure3-15: Location of mappedaults and fault systems in the federal state of Brandenburg
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3.2.9 SaxonyAnhalt (GER)LAGB

person:

Organization: Geological Surveyf SaxonyAnhalt (LAGB)
Date: 2021-03-25
Author(s)/contact Alexander Malz

3.2.9.1 Introduction

background related to

LAGB is a partner in HIKE and has contributed natioadé fault information to the HIK
Fault Database for the entire extent of the country. Anrdeprovides further geologice

the fault data. This country fact sheet summarizes the

characteristics on the origins and geological relevance of fault information.

3.2.9.2 General data metrics and sources

Mapping scale:

Fault datawill be available for the HIKE fault database in scale
dzLJ 62 mMYpnQnnno

Number of faults:

829faults in vocabularyl09529features in database

Geographical coverage:

Statewide with strong regional variations in data density, de|
and type. Sparséault information in central and eastern par
due to lack of seismic data and well data.

Stratigraphic coverage:

Both shallowand deep subsurface faults.

Generalized fault lines (LevE) from largescale 3D models
generated for twostratigraphic levels, the base Late Perm
Zechstein, representing the mechanical top basement in tect
sense, and approximately the top Mesozoic for faults in
sedimentary cover.

Exemplarily, faults referred to main lithostratigraphic un
extracted from detailed 3D models (Lev&).

Shallow faults taken from geological maps and faults
intermediate depths taken from regional to local maps of 1
Cenozoic (Levd).

Format:

For areas were yet no 3D model exist, Levellata were
completed with «isting fault traces from local and i
unpublished investigation reports. A generalization has b,
made to make local data suitable for HIKE. Intersecting ling
faults with regional geologically and economically relev
stratigraphic horizons (footall and hanging wall cwdff lines) of
the Mesozoic was derived from detailed models (L&)elThese
fault data will be available for the HIKE fault database in scall
dzLJ G2 wmYpnQnnannod £t &Sid | O
shallow subsurface Wbe included in the HIKE fault database.
dataset was complemented with additional surface expressior
faults (LeveB). Detailed faults for the deep subsurface ¢
classified according to a generic semantic framework.

3.2.9.3 Fault data acquisition angiapping

2D/3D seismic:

>700 depthconverted reflection seismic sections we
interpreted. These data predominantly cover the northe
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(Altmark) and western (Subhercynian Basin) parts of the g
(Levell and Levep faults).

Gravitational and Covering entire country, used for mapping major fault lineame

magnetic surveys: along uplifted blocks of prMesozoic basement (Harz block a
Flechtingen High)

Wells: Well data was used for 3D modelling. Dense data available il

north western part of SaxonyAnhalt. Sparse informatiol
available in the eastern and southern parts of the state (l-&v
and LeveP faults).

Surface mapping and Sparsely available. Faults mostly covered by Cenozoic

outcrops: Quaternary cover. Extracted from geologicahps in scale o
MYHpQnnan FR2FOSylG G2 3 Ay o
Mapping/Modelling: Compilation of existing regional to local maps, geophysical ¢

seismic data. 3D modelling performed in ~50% of the a
Interpreted fault sticks were digitizedind compiled into &
consistent fault network for the whole area of investigation. |
every digitized fault stick the original reflection seismic sec
and the report of the geophysical survey was documented
fault sticks were transferred into thregimensional fault
surfaces. During 3D modelling and parameterization efforts f
traces will become systematically collected for map sheets in
a0ltS 2F wmYpnQnnnd ¢KS Ayi(]
geologically and economically relevantragigraphic horizons
(footwall and hanging wall cutoff lines) will be derived from thg
detailed models (Level). These fault data will be available frc
GKS 1'LY9 FldzZ d RFEGFoFasS Ay

3.2.9.4 Structural elements

Various NWSE and NNESSWstriking faults, structural domains, uplifted blocks and Ig
depressions define the present day structural inventory and segmentation of Saxdaft.
The realm of Saxor&nhalt can roughly be subdivided into a northern (Altmark area), cel
(Subhercynian Depression) and a southern part (northeastern part of the Thuri
Syncline), where Mesozoic and Cenozoic sedimentary rocks specify the deep (baf)y
geologic structure. Two structural blocks of uplifted Palaeozoic crystalline and gedim
basement rocks, the Flechtingen High and the Harz Mountains, respectively, separatq
areas. In contrast, the near surface geology can be subdivided in a northern area (north
Subhercynian Depression) with flat topography, which is widelemd with Cenozoif
sediments, and a southern realm with smooth morphology and in parts deep river inc
due to Pleistocene uplift and lithospheric buckling.

Annexl provides a detailed description of the structural element characteristics and tec
evolution.

3.2.9.5 Fault characterization and definition

Only structural elements and fault zones of regional importance subdividing the rea
SaxonyAnhalt are described. The Altmark area comprises 6 major tectonic blocks that
either NNESSW or NWSE. The Flechtingen High to the south forms an apf@dkm long
and 20km wide, NWSE trending surface outcrop of Palaeozoic rocks in central Sa
Anhalt. The internal structure of the Subhercynian Depression, located betweer
Flechtingen High and the Harz Mountains, is characterized bypEWéndingfault zones sall
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structures, thinskinned anticlines and longavelength faukrelated folds and deej
synclines.

Together with the Palaeozoic rocks of the Flechtingen High the Harz Mountains for
outcropping units of the Rhenohercynian Zone in Saxdmiyalt (inset map in Fid). The
internal structure of the Harz Block comprises 8l trending folds and faults formed in th
evolving foreland basin of the Variscan orogen.-S®and subordinated NNESWstriking
fault zones, longvavelength folds andktal Cenozoic depressions characterize the Thurin
Syncline in the southern part of Saxefighalt. The deep Palaeozoic structure comprises
SWirending faults and folds of the Rhenohercynian Zone in the west and the Saxothur|
Zone in the southeasf the former Rheic Suture Zone (M@krman Crystalline Rise; Efg.
1). This crystalline to losgrade metamorphic basement is segmented by theS\striking,
t SN¥2O0FNDb2YAFSNRdza W{II S 5SLINBaAaarA2yQd
strike NWSE and subdivide the northeastern Thuringian Syncline

Annex1 and the HIKE fault database provide a detailed description of the faults and te
boundary classification.

3.2.9.6 Local fault relevance and application

Nuclear wastg Planning angbrospecting strategies for the disposal of radioactive wast
storage: wide areas.

Underground | Storage of gas takes place in salt structures in the Altmark area and ps
energy storage the Subhercynian Basin.

potential:

Natural Natural seismicity is documented in the southern part of SaxAnpalt.

seismicity: Earth quakes with magnitudes < 3 occur are distributed along t&
trending LeipzigRegensburg Zone.

Induced Not mentioned

seismicity:

Hydrocarbon | Gas production predominantly in the nomtiestern (Altmark) region of thg
state.

Groundwater | Groundwater extraction from deep aquifers occurs in the southern paj
SaxonyAnhalt. In parts shallow aquifers are connected to deep sg
aquifers along fault zones.

Other
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Figure3-17: Location of maped national faults and fault systems in the German federal state
of SaxonyAnhalt contributed to the HIKEEDB Fault are represented at various
reference leves.
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3.2.10 Bavaria(GER}LfU

Organization:
Date:

Author(s)/contact person

BavariarEnvironment Agency (LfU), Geological Survey
2021-03-16
Gerold W. DiepoldefTimo Spoérlein

3.2.10.1 Introduction

LfU is a partner in HIKE and has contributed various scale fault information to the HIK
Database for the entire extent of tratate, w/o the Alpine Domain. Annexprovides further
geological background related to the fault data. This country faeessummarizes the ke
characteristics on the origins and geological relevance of fault information.

3.2.10.2 General data metrics and sources

Mapping scale:

Various scales: National (1:500,000) for the northwest of Bay
(Scarpland) as presently undeevision and update, region:
(1:100,000) for the Molasse Basin, swgional (1:100,000 tc
1:50,000) for the Franconian Alb and Bohemian Massif.

Number of faults:

272 faults in vocabulary; 47 I8atures in database

Geographical coverage:

Data focused othe federal state of Bavaria, but with embeddi
in the regional setting

Stratigraphic coverage:

Paleozoig Quaternary

Format:

The faults for the deep subsurface are delivered as 2D interse|
lines either at surface or, for the blind faults of thelsse Basin
at the top Jurassic level (HotLime 2020).

Within the scope of HIKE project the tectonic boundary conci
in Bavaria have been s®valuated, revised and, state 920,
uploaded to the EuropeanDB A connected Semantic We
vocabulary desdpes the faults and their overarching concepts
detail. Considered are major faults and fault systems from
geological units / structural domains of Bavaria, except for
Alpine Domain.

3.2.10.3 Fault data acquisition and mapping

2D/3D seismic:

2D andsome 3D surveys are used in the deeper parts of
Molasse Basin domain.

Gravitational and
magnetic surveys:

Used in the Lower BavargdUpper Austria Molasse Basin shall¢
parts where no seismic data is available, for accentuating
basement structure.

Wells:

Drillings > 100 m depth from the BBY database have been us
wherever available.

Surface mapping and
outcrops:

In the Bohemian Massif domain and Cuesta Region (in the |
generalized as presently under revision and update)

Mapping/Modeling:

A 3D models was constructed (layers and faults) for the Mol
Basin and northern adjoining Franconian Alb (Diepolde
HotLime Team 2020, HotLime 2020), by revision, extension
refinement of preexisting 3D geological models from GeoN
and a vaiety of smaller, detailed 3D geological models &
considered in mapping the fault network of the Scarple
domain.
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3.2.10.4 Structural elements

1)

2)

3)

4)

5)

Situated at the southern margin of the European Plate Bavaria is characterized by a M
sedimentary sequence, overlying and framed by Paleozoic rock suites of the Ve
basement and the Alpine Orogen to the south (Figg#0). Four structural domias can be
distinguished:

The Alps as part of the Alpirgarpathian orogen that formed during Cretacegus
Cenozoic collision of the Adriatic and European plates. This domain comprises
elements of both plates.

The Molasse Basin represents a foreland baking the forefront of the emerging
orogenic belt that formed due to the laregeale dowrwarping of the European
PMIFGS YR 6KAOK ¢l & LINPINBaargdSte Ay
northward thrusting Alps during Cenozoic times. Juragsior®entary sequences
make up the footwall of the, up to 5 km deep, Molasse Basin.

The Scarpland (Cuesta Region) is situated north of the Molasse Basin and is
characterized cuesta topography with progressively older (Tridss#ssic) strata
towards the nathwest. The lowermost cuesta forming sequence is the Triassic
Buntsandstein, which rests upon nometamorphic Permian sediments in pest
Variscan troughs that directly overlie older lgrade to highgrade metamorphic
rocks associated with plutonic rocksth formed during Variscan orogenesis.
The Variscan basement, which is made up of three stratigrdjphadogictectonic
zones, the MigGerman Crystalline Rise, exposed in a small inlier only, the Ante
{LISaal NI Ay . | @I NR I &athugh§iahBand yialdaiiukian S &
v2yS&as SELRASR Ay GKS . 2KSYAlLY al &a
(Figure3-20)).

The 14.6 Myr old Ries asteroid impact crater is situated in western Bavaria in tf
southernmost Cuesta unit, the SwabiBmanconiarAlb.

3.2.10.5 Fault characterization and definition

1)
2)

3)

Fault information is given for each domain, except for the Alps:

Alps: no fault data provided as currently under revision and update.

Molasse Basin: All faults of the Central Molasse Basin are blind andibe fa
geometries and concepts refer to the fault traces on the top of Upper Jurassic
carbonate sequence. The central part of the South German Molasse Basin, is
characterized by syrand antithetic normal faults related to flexurkke strain of
theforelando I Ay @ Cl dzf 6 & LINBR2YAY Ll yif élinég N
and the Alpine Thrust Front. The Lower Bavatipper Austria Molasse Basin fauli
domain, overlapping the Austria@erman border is dominated by roughly N&¥
trending (Variscan ske) reactivated Perm&arboniferous faults that subdivide th
basin into sukbasins and troughs (Figuge21).

The northern boundary of the Molasse Basin is formed by the Swdlvamconian
Alb fault domain, a SWE trending ridge (cuesta) formed by SEpufig Jurassi(
LX I G§F2NY OFNDB2YylF{iSad ¢KS az2fl aas .
thrust front. The Danube Fault System, featuring a throw of up to more than ]
represents the borderline where the blind faults of the Lower Bavaddipper Alistria
Molasse Basin and exposed resp. subcropping faults of the Bohemian |
converge.

Bohemian Massif: Roughly NBE, flatangle Hercynian (10020°) to highangle
Hercynian (13€140°) trending faults or fault zones prevail the tectonic boundarie
pattern particularly in the Moldanubian Zone forming larggale polyphase shear
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zones. Transverse faults, predominantly-Skrending in the south, prevalently +
SWNE in the north, resuming the orientation of accreted terranes sutures,
complement the overthpicture. Traversing Bavarian territory for more than 150 |
the overall NWSE trending borderline separating the Bohemian Massif to the e
from the South German Scarpland to the west, primarily forms a + E dipping re)
or thrust fault (system), mitiply displaced by transverse fault systems and is in
sections obscured by younger deposits.

Scarpland Domain: The tectonic elements of the South German block arepade
bulges and depressions, as well as loagge fault zones. The tectonic boundaries

4)

of its sedimentary cover, the Bavarian Scarpland, mostly strike iarilgle
Hercynian (WNWESE) or highngle Hercynian aka Franconian (MBE) direction
(Figure3-21) and show indications of multiple extensional and compressional ey
(graben and hots.

3.2.10.6 Local fault relevance and application

Infrastructure |wlk Rgl aiS NBLRaAIG2NE aSS a2dKSNE

Geothermal Karstifiedcarbonate rocks of the Upper Jurassic at great depth (undern

Energy: GKS az2ftl aas FaAyo K2ad OSydNI ¢
Here, synthetic normal faults are the prime target for geothermal E&P (
in operation, 3 presently under dewgment).

Underground | Several exploited hydrocarbon deposits bound to structural traps

energy storage antithetic faults in the Molasse Basin are utilized for underground

potential: storage to cover the seasonal swing.

Natural Minor andlimited to a small area in NBavaria aligned with Eger Graben

seismicity: Czech territory, whose northern boundary créssSNJ g A G K a |
Fault Zone (Figur8-20) forms the hypocent of Novy Kostel recurren
earthquake swarms. No specific fault (systémBavaria can be aligned wi
this seismicity.

Induced Rare and minor (M< 2.5); only a few instances in the Grater Munich A

seismicity: over the last decade which are under suspicion to be related to (
geothermal reinjection wells.

Hydrocarbon | Antithetic normal faults of the Molasse Basin form structural traps
KERNROINb2y RSLR&AGA SELX 2AGSR
considered mature with only few residuals left. Respective oil and gas |
are mentioned in the vocabulary concepts

Groundwater | Ubiquitous, all groundwater E&P in bedrock and basement rocks is gt
towards intersecting/tapping faults.

Other Deepseated faults are a prime criterion for exclusion in the present sf
of radwaste repository location search@ermany.
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Southern Boundary
of Mid-German
Crystalline Rise

CBSZ Central Bohemian Shear Zone
DRFS Deggendorf-Ried Faultsystem
FL Franconian Line —
EL Erbendorf Line

MLF  Marianske Lazné Fault Zone
TFZ  Tachov Fault Zone

WEBSZ West Bohemian Shear Zone

MK  Miinchberg Klippe
ZEV  Erbendorf-Vohenstrauss Zone
ZTM  Tirschenreuth-Mahring Zone

Al Moldanubian s.str.
lithotectonic zones after
c2 Eberts et al. (2021)

schramBis

Figure3-18: Basement units and their limiia Bavaria and eastern adjoining arg#se
adjoining areas are shown to elucidate the contextual relation only and are not
considered in the FDB or vocabularjlext tothe basement unitshe map shows
limits and principal fault systems as well as Pex@daboniferous troughs
(Variscan mola), labelled in black, and pegariscan structures deforming the
basement, labelled in redost of the Variscan structures havedn reactivated
in Late Cretaceous and Cenozoic (Saxonian deformatimnjothe Alpine
orogeny and its distant effects
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Figure3-19: Synopsis of the faults and shear zone as stored in and retrievable from the
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European FDB, and described in the connected vocabulty://data.
geoscience.earth/ncl/geoera/hike/faults/7378Black: surficial faults, blue: traces

of blind faults at the top of Upper Jurassic Molasse Basin footwall, orange: Ries
Impact crater rim.


https://data.geoscience.earth/ncl/geoera/hike/faults/7378
https://data.geoscience.earth/ncl/geoera/hike/faults/7378
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d national faults and fault systems in the G

Figure3-20: Location of mabp
of Bavaria(red) contributed to the HIKEDB Reference level

described irFigure3-19.
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3.2.11 Iceland-ISOR
Organization: Iceland Geosurvey (ISOR)
Date: 2021-03-11
Author(s)/contact Sigidur Kristhnsdbttir, Albert Porbergsson
person:

3.2.11.1 Introduction

ISOR is a partner in HIKE and has contributed natsmadé fault information to the HIKE Fal
Database for the entire extent of the country. Anrdgxrovides further geological backgrour
related to the fault data. This country fact sheemnsmarizes the key characteristics on t
origins and geological relevance of fault information.

3.2.11.2 General data metrics and sources

Mapping scale:

National (1:600.000)

Number of faults:

59faults in vocabulary2678features in database

Geographical coverage:

The dataset covers the active plate boundaries and adjacent ¢

crossing the island as well as the plate boundary in the soutl
and northern offshore

LOStIYRQa NRO] F2NXYIGA2ya L
observed fault affect basalts of Quaternary age. The age of
basalt increases away from the active rift axis and can reach |
Miocene (1617 Ma) in age.

The faults are represeed as 2D lines.

Stratigraphic coverage:

Format:

3.2.11.3 Fault data acquisition and mapping
2D/3D seismic: -

Gravitational and -
magnetic surveys:

Wells: -
Surface mapping and Faults have been mapped either in the field or by examir
outcrops: aerial photographs. Most faults submitted by ISOR are loc

close to the plate boundaries. Areas outside the boundaries |
not been mapped as extensively and surface features have |
erodedby glaciers and weathering. Additionally, the offshore |
been mapped within the EMODnet project using prima
seafloor bathymetry.

The faults are from the institutes 1:600,000 catalogue.

Mapping/Modelling:

3.2.11.4 Structural elements

Iceland is a volcanisland located in the North Atlantic. It is forged by the interactior
excessive volcanic activity and plate spreading. Three main types of plate boundarie
the country, i.e., volcanic riftones, transform faults and oblique rifts. Volcanicaifhes are
the surface expression of the North Ameridaarasian divergent plate boundary and con
of several large central volcanos that area associated with faults and fissures th;
frequently arranged in erechelon pattern along the axis of the Hiog volcanic riftzone.
Transform fault zones are (close to) parallel to the direction of plate spreading
accommodate the offset of the plate boundary that crosses Iceland by faulting orig
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transverse to the zone. Strilgdip faulting is dominant red volcanism insignificant. Th
oblique rifts are aligned oblique to the direction of spreading resulting in a combinati
typical transform tectonics and rifting with volcanism. Both processes show episodic a
but with very different periods.

3.2.11.5 Fault characterization and definition

The main type of structures in Iceland are normal and stikefaults. The normal faults ar
mainly found in the volcanic zones, accommodating the main rift extension in associatio|
volcanic systems. The strilsdip faults are mainly found in the transform zones and the lart
magnitude events in recent history have taken place along these stijxdaults. Fissure
and volcanic crater rows are also included in our database. The fissures and crater roy
to have a neaparallel alignment as the normal faults and are usually connected ta
volcanic systems.

3.2.11.6 Local fault relevance and application

Natural Natural seismicity in Iceland is largely confined to the plate boundaries
seismicity majority takes place in the oblique rift zones and transform zones with
activity in the volcanic zones. Occasional intense seismic periods
associated with volcanic eruptions. The seismicity may occur caxpsting
faults which are reactivated when the bilt-up stress exceeds the streng

of the rock.
Induced Induced seismicity is common and exclusively related to the exploitatiq
seismicity geothermal systems.
CQ A new method for the sequestration of €flas been developed in Icelar

sequestration | within the Carbfix project (www.carbfix.com). A reliable fault databas
crucial both for finding suitable faults to pump the fluid into and to estim
hazards due to the injection.

Infrastructure | Fault mapping isised in Iceland to assess hazard for infrastructure suc
roads, buildings, electrical lines, and pipelines for hot and cold w;
However, the data in the 1:600,000 catal@gfrom ISOR is not detaile
enough for this type of assessments.

Geothermal Geothermal systems in Iceland are fracture dominated but these fract
Erergy: are on a much finer scale than what ISOR has provided to the HIKE dat
There have been some cases where major faults mapped on the st
have served as the target for gtoction or injection of geothermal fluid an
some of those are included in the 1:600,000 cata®fjom ISOR.
Underground | Not applicable

energy storage
potential:
Hydrocarbon | Not appli@able

Groundwater | The faults in the 1:600,000 database provided B3R have not been ust
to map groundwater flow.

Other Not mentioned
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Figure3-21: Map of the faults and fissures submitted to the HIKE database by iISOR including the
names of the definedtructural elements. Fault and fissure sets which belong to a
distinct volcanic systems have the same color
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Figure3-22: Location of mapped national faults and fault systemk@andcontributed to the

HIKEFDB All faults are represented at surface level.
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3.2.12 ltaly - ISPRA

Organization:
Date:
Author(s)/contact
person:

Istituto Superiore per la Protezione e la Ricerca Amiaile (ISPRA)
2021-03-31
Pio Di MannaChiara D'AmbrogMaria Pia Congi.

3.2.12.1 Introduction

ISPRA is a partner in HIKE and has contributed natsoa# fault information to the HIK
Fault Database for the entire extent of the country. Anrdeprovides further geologice
background related to the fault data. This country fact sheet summarizes kiy
characteristics on the origins and geological relevance of fault information.

3.2.12.2 General data metrics and sources

Mapping scale:

National (1:1.000.000) regional (1:50.000)

Number of faults:

272 faults in vocabulary; 47 ¥8atures in database

Geographical coverage

The Iltalian contribution to the HIKE fault database inclu
onshore faults only. An extensive overview of the offshore fa
mapped in Italy is available and downloadable throuidie
EMOdnet map viewer (https://www.emodnet.eu/geoviewer/)
GKS [I8@SNJ aDS2ft23A0lf SaASWWS

Stratigraphic coverage:

Precambrian to Quaternary

Format:

The faults included in the database are delivered asligés
representing the position of the fault at surface, derived fr
direct observation or inferred, or the position of the upper tip
the fault at depth. In some cases also the 3D surface modelt
available (on request). The major tectonic domainginmfault
systems and faults are classified according to the semg
framework defined in HIKE. The fault attributes are mainly lim
to the geometric characteristics (length, strike, dip direction ¢
dip angle), fault kinematics, observation and ewion method.
For the faults derived from 3D geological models also the ag
the younger faulted unit is reported. In addition, the link
external specialist databases are provided for some faults.

3.2.12.3 Fault data acquisition and mapping

2D/3D seismic:

Predominantly 2D surveys in the Po Plain area

Gravitational and
magnetic surveys:

Gravity measurements and derived gravity anomaly maps in
Po Plain

Wells:

Predominantly in the Po Plain

Surface mapping and
outcrops:

Especially outside the Po Plasheets of the Geological Mappif
Program 1:50,000 were consulted nextpapers and thematic
scientific publications

Mapping/Modelling:

3D geological models, with particular attention to the Po P

area.
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3.2.12.4 Structural elenents

From Precambrian to Recent, numerous plate tectonic events drove and controlle
overall tectonic framework of Italy. On this basis, the Italian territory can be subdivide(
the seven tectonic regions that share a common history charactebyethultiple tectonic
events. From north to south these include: the Alps, the Po Plain, the Apennines, the
and Hyblean foreland, the Calabri®eloritan arc, and Sardinia.

Sardinia (SA), in the western Tyrrhenian Sea, has preserved the oldesbuboiapping in
Italy, PrecambriaiCarboniferous in age, and faults related to the pfariscan orogeni
history. In the other parts of Italy, the Variscan orogeny has been overprinted by the 4
orogeny. The Alps can be subdivided into two belts, adngrdo the sense of tectoni
transport toward the foreland: a Europeergent belt (AE) and an Africaergent belt (AA),
named the Southern Alps.

The Apennines geographically extend the length of the Italian peninsula, from north to
(AP/APm); thidoelt is the result of the convergence between the Alpine orogen and
continental crust of the AfricaRate (Adria promontory or Adria microplate). The Po RI;
Adriatic foreland basin Domain (PP), developed between the Alps and the Apen
represens the common foreland of these oppositely verging faft-thrust belts. Finally, the
CalabridePeloritan arc Domain (CP), interpreted as a fragment of the Alpine chain mig
toward the SE and overlay the Apennifdaghrebides belt, where some sectquseserve
nearly entire segments of Variscan continental crust, unaffected by Alpine metamorphi

3.2.12.5 Fault characterization and definition
The faults collected in the database are organized according to a hierarchical scheme
on concepts. The toponcept is the Tectonic Domaira region with a typical fault patter|
and arrangement of geological units related to wddfined geological history/evolution. |
some cases, Tectonic Domains are divided indaubains. Subordinate concepts are Fé
Sys$em and Lineament.
According to the patU view of the HIKE project, a large effort has been done to simplif
Italian structural setting, grouping the faults in 20 main Tectonic Domains, 5 Subdoma
Fault Systems and 8 major Lineaments.

The mainfaults, fault domains, systems, chains, sets and fault zones are classified ac(
to the generic semantic framework in HIKE. This includes a correlation link with the fa
neighbauring countries (in particulaBlovenid Fault attributes are stilinainly limited to
geometric aspects (length, strike, dip, surface area), some of thienfault type (normal,
reversed, etc.) and observation/evaluation method (seismic interpretation, infe
modelling, etc.)

Annex land the HIKE fault database prowid detailed description of the faults and tector
boundary classification.

3.2.12.6 Local fault relevance and application

Infrastructure | Urban planning and critical facilities siting (dams; regasification power
nuclear waste repository, etc.)

Geothermal Geothermal plants in the Po Plain and along the Tyrrhenian coast and
energy main volcanic areas

Underground | Storage of gas and oil takes place in the Po Plain

energy storage

potential:
Natural Italy is characterized by a high level of seismicity connected bot
seismicity: compressional and extensional tectonic processes as a conseguence

Page 62 of 97



geodynamic evolution of the Mediterranean region. The integration of
database with other available data orctave and inactive faults allow
defining a more detailed gestructural setting better supporting induce
hazard studies. This is particularly true for Italy where a large numb
active and capable faults are mapped close to inactive or passive iiau
areas where anthropogenic activities are present and increasing

Induced Evaluation of the potential interaction between faults traces and
seismicity: location of anthropogenic seismielevant activities.

Hydrocarbons | Oil and Gas exploratiomd production predominantly in the Po Plain, in t
EP Southern Apennines and Sicily

Groundwater | Faults are key elements in the geological modelling supporting
groundwater exploration since they can represent a barrier or an eas
flow way for water, ating for the groundwater compartmentalisation.
Other? Faults can play a relevant role in the diffusion of pollutants in
environment from natural or artificial reservoirs. In addition, active offsh
faults and /or inland faults not far from the cdasould represent a sourci
of tsunami.

y 9° 112 13° 15° 17° 19°

T T T T T T T

| | Continental Plio-Quaternary

Alpine orogeny - Alps
Europe-verging Africa-verging
[

Alpine orogeny - Apennines
Ol
Variscan orogeny

]

['] calabro-Peloritan Arc

Apulia-Hyblean Foreland

41°F

;' )r @ ( : AP - AF

T8
]

A

39°F ﬂ&‘, 4

P[] Volcanic rocks
O

" l Plutonic rocks
Variscan/Alpine el HF N

metamorphic basement

— Tectonic contacts -
" Main thrusts (dashed, if buried) A 100 200 km
[ — —

Figure3-23: Tectonic regions of Italy (modified after ISPRA, 2011). Al = Alpine orogdnay (Al
Europe vergent domain, #l = Africa vergent domain); PP = Po PI&R =
Apennines; AF = Apulia Foreland; HF = Hyblean Foreland; APm = Apennines
Maghrebides; CP = CalabriBeloritan arc Domain; SA = Sardinia".
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Figure3-24: Scree}] shot of the EMObn&éb portal showing the Tectonics I‘iynes mapped in the

Mediterranean Sea
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0 340 km

Figure3-25: Location of mapped national faults and fault systemétaty contributed to the
HIKEFDB. Faults arepresented at surface level.
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3.2.13 Lithuania-LGT

Organization: Geological Survey of Lithuania (LGT)
Date: 2021-03-04 i
Author(s)/contact | WdzNB I [ 151 IDded/0A ST ! Yy RNRA dzO1 SDA «

person:

3.2.13.1 Introduction

LGT is a partner in HIKE and has contributed naterale fault information to the HIKE Fal
Database for the entire extent of the countAmnex Iprovides further geological backgrour
related to the fault data.
origins and geological relevance of fault information.

This country fact sheet summarizeskine characteristics on th

3.2.13.2 General data metrics and sources

Mapping scale:

National (1:500.000)

Number of faults:

22 faults in vocabulary; 102atures in database

Geographical coverage]

Nationrwide with strong regional variations in data density g
detail. Sparse fault information in central and eastern parts du
lack of seismic data and well data.

Stratigraphic coverage:

Predominantly subdivided in deep crystalline basement fa
(Precambrian) and faults crossutting the younger (Paleozajaup
till Carboniferouy sediment cover.

Format:

The faults for the deep subsurface are delivered as 2D interse|
lines with the oldest and youngest dissected stratigraphic horiz
indicated. The main faults, fault domains, systems, chains,
and fault zones are classified according to the generic sem,
framework in HIKE. This includes a correlation link with the fz
in neighbairing countries (in particular Polandjault attributes
are still mainly limited to geometric aspects (length, strike, {
surface area), some of thenin fault type (normal, reversed, etc
and observation/evaluation method (seismic interpretatic
inferred modelling, etc.)

3.2.13.3 Fault data acgusition and mapping

2D/3D seismic:

Predominantly 2D and some 3D surveys in western par
Lithuania within hydrocarbon (HC) exploration and produci
licenses (area where sediment cover is thickest)

Gravitational and
magnetic surveys:

Covering entireountry, used for mapping major fault lineamer
in crystalline basement

Wells:

Southern(iron ore exploration/mappingdnd western margins g
Lithuania (HC exploration). In the central parts of Lithuania ¢
well data is rather sparse

Surface mapping and
outcrops:

Not mentioned. Faults mostly covered by undisturbed Mesoz
Cenozoic and Quaternary cover

Mapping/Modeling:

All available not confidential fault data from the deep we
national geological mapping programs, industrial repo
scientific publications and the other investigation projects
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3.2.13.4 Structural elements

The territory of Lithuania is located in thenteal part of the Baltic Basig a Phaneroaic
sedimentary basin situated along the western edge of the East European Craton. §
major structural units are distinguished based on the structure of the crystalline basel
thickness, stratigraphic ctinuity of the sedimentary cover and the facies distribution. Th
units include the Baltic Depression, the Latvian Saddle, the slope of the RMazigian
High, the southern slope of the Baltic Shield, the Central Baltic Depression, the- |
Lithuanan Depression and the LatvigBstonian Monocline (Figur8-28). The firstorder
tectonic element of the crystalline basement is theSNrending Middle Lithuanian Sutu|
zone separating Western Lithuanian domain and East Lithuanian Domain, it also n
considerable offset of Moho.

Annex Iprovides a detailed description of the structural element characteristics and tec
evolution.

3.2.13.5 Fault characterization and definition

The crystalline basement is strongly dissected by tectonic faulting, with two major tyy
faults prevailing: i) the oldest Precambrian faults in the crystalline basement which d
dissect the sedimentary cover and ii) faults juxtaposed by youngendPbzoic features
which penetrate into the sedimentary succession overlying the crystalline basement
faults are oriented N5, WE, NWSE and NBEW predominantly. Two major systems of I
Caledonian reverse faults, oriented-B(WSWENE) and SWE (S®-NNE) prevail.

Within the HIKE fault database (FiguB29) three major fault domains have bee
distinguished in the territory of Lithuania, also following the major features of the struc
composition of area of interest namely, the West LithuaniaRault Domain, the Middle
Lithuanian Shear Zone and the East Lithuanian Fault Domain. These major fault dom:;
hierarchically subdivided into smaller subdomains, fault systems, fault sets, fault chait
individual faults, and subfaults.

Annex land the HIKE fault database provide a detailed description of the faults and tec
boundary classification.

3.2.13.6 Local fault relevance and application

Nuclear  wastg Lithuania has several strategic nuclear objects, such as decommiss
storage: Ignalina NPP, several constructed and planned radioactive W
storages varying form low to high level radioactive waste; plan
project of Visaginas NPP. Following the IAEA requirements, one (
major aims of the geological investigations in the @sx of the NPP ¢
radioactive waste storage site selection is to determine the capability
neotectonic activity of tectonic faults, especially determining |
potential for and rate of ¥ I dzf &G RA & LJX I OSY S yand
toidentifyconditt ya 2F LR OGSy aGAlf 3S2¢23

Underground For underground energy storage facilities assessment the geolc
energy storage structure which ensures isolation of the Earths, subsurface,
potential: distribution, tightnes and activity of faults in the area are importa

parameters to be considered. Over 100 local structures in Lithuania
analysed for their suitability suitable to be considered as prospective
Natural The territory of Lithuania feature low seismic activity that is determii
seismicity: by tectonic structure Earth's crust of early Precambrian consolidati
specific properties of the lithosphere and significant distances to a(
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tectonic zones. No natural eadake has been reliably recorded
within the territory of Lithuania. Majority of seismic events in the cen;
Baltic Basin region are historical ones.

Induced Tests being conducted to investigate potential effects and intensity f
seismicity: inducedseismicity

Infrastructure Not mentioned

Geothermal The heat flow in Lithuania ranges from 30 m\W/m the East to nearly
energy 100 mW/n? in the West Lithuanian geothermal anomalome

convective heat transfer in the sedimentary cover and crystal
basement seems to disturb heat flow along some faulted path wHys,
frNBESad aARRES tNRGSNRBTA2O0 ON
represents prospective HDR geothermal potential; some parts of
intrusion are intensely tectoeéd. The most prospecte parts of the
intrusions show subhorizontal foliation with associating subhorizo
fracturingd ~ € Al dzLJ SdG £ ® wamnoL®

Hydrocarbons EF

Conventional oil exploration and production is predominantly carried
in Western Lithuania. The structural evobriof the area have had
significant impact on formation of the petroleum play. The main
prospects are related to the late Caledonian NB&W and VE oriented
fault zones associating local uplifts. Most producing oil fields
tectonically screened uk to the culmination of late Caledonian tin
faulting.

Groundwater

The tectonic faults are key factor for Injection type mineral we
resources formation in Southern Lithuania. Such type of mineral wal
dzZaSR Ay NBaz2NI 026y a s, whkizadetailgd
geologicahydrogeological investigations were conducted over (
hundred years of their exploitatiorthe faulted zones in the crystallir
basement are often indicated by the hydrogeochemical anoma
pointing to intense vertical migtn of the groundwater along the faulte|
pathways in the southern Lithuania. Druskininkai mineral water spring
related to migration of mineralised water from crystalline basement at
intersection of 3 tectonic zones: Druskininkai zone, the Middleuanian
Suture zone and some lowerder NWESE and NESW faults.

Other

Not mentioned
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Figure3-26: Scheme of the distribution of faults and main structural elements of. Red solid and
dashed lines indicate the distribution of faults; black liggsohypses of the base
of the Silurian.
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