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Field trip overview map
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Thursday 28' September

USHBUT - BWEPY - 1IGOY - BPUSBST - EPRAOEN - USEIPO

3€BZLT6V L ‘NT6TSEVS 0S
A0INWOYD SAN0 ‘03d BXOSAA
9ad ByosiA

JTYTTSLY EL ‘NISYLLLE QS
AoInwoyD sanjo ‘ouzalg
wep 321ueIyaaN

JEGELEVE'EL 'NLESEOVEOS
3.LV0'6G.0Z-€L ‘N.LEV'LT0T.06
Kerod

3168LE99°EL 'NBTLIGBZ 0G
funo sanjo ‘sooyNL o 3

291oyonL
fpogq
jezews jeropodx3 1lpS wzoin
[ F & &
x Apoq jujsejp
Adew alopy . 7 JUBAOUBI ﬁ. uepsiH D

L~ ‘3__26,.\
Nl
e

P (L .,\m’_.ﬂ f. :

991

4

iday -

Nk

12

=~

b

o \, )
Auejsoy
el



ystibu3 - ewepRY - IIGOW - BPUSLST - BpRAOdeN - USBIUPO

3LLL6ZIY TL ‘NBEEBLEL 0S
3.087'9%.L2.2) ‘N.C09VS.L.0G
AosnoueH

3GZ€T89Y T ‘NIIOESEL 0S
3./€9'G8Z.C} ‘N.CO6'ES.LL0G
euluedoy

36€TLLIETL 'NGLBTEOL 0S
GaUd Sabi0 ‘BUIR)S @ i

BuRyS

3180626€TL 'N6L0G8YL0S
Q3UD SN0 ‘BUIRNS "BULRIEN
S00§

Friday 27" September

3L1L916ETL ‘NIOVBLEL 0S
Gy S8nj0 'Uagall Moyeiq foN
(uonepowwosse) Aoyesg AAoN



Field Trip Programme:

Thursday 3" September 2019

Departure: IRSM Prague, conference venue

14a) Introduction to the Eger Rift

(Coubal, M.)

1b) ¢ dzO K 2s0juth€rs marginal fault, slicksitles and their measurement

(Coubal, M.)

2a)t 2 £ $1128nj S YOAONR 6 NJ Y R Buddl sedinBtgnib&idedinto the fault zone,
paleostress analysis of the slickenside planes

(Coubal, M.)

2byt 2€+ 18Y fFyR&a&f ARS

(Hartvich F.)

3a)Nechranice damodzii ONR L) 2F GKS OSYdNIf NRFG FldzE G 06
(Coubal, M.)

3b) Nechranicedam: Slumps and rockfallS#AV remote sensing demonstration

(Hartvich. F.)

Hrea2 ¥ [tISYORat ARSa Ift2y3 GKS F220 2F (GKS YNNIz
(Hartvich F., Burda, J.)
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Friday 27" September 2019

1 ) Introduction to the Cheb Basi
2 )Soos
3a){ 1 DYBRREYIlI YAO 20aSNBFG2NE | yR
(Fischer, T.)
3b){ 1 I fFauk nvonitoring using TM1 3D dilatometer
(Hartvich, F.)
4a) Kopaninag Paleoseismic trenching site (backfilled trenches results)
O~UGSLI YyEN1 20t t ®O
4b) KopaninaERT and DEMP measurement method
¢t o2nNlZ t @0
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Return to IRSM Prague, conference venue



Thursday 28 September

1a)Introduction to the Eger Rift
Origin of the Eger Rift
The Eger Rifs the deepbased volcanic/tectonic structure in the northern part of Bohemian
Massif, which has been formed in several phases. There have been a discussion, whether the
EgerRiftisorisiio G KS NBIFt 02y d Ay Syiry descidedihie Struduped S @S NJ
as a proper rift and today, the Eger Rift is generally accepted as a part of the European
Cenozoic Rift Sy@h ¢ ECRIS(ST Sa Si | f ®X wanno
The rift itself is founded on the deep ity SnjA OS Cl dzf 6 ¢6KAOK T2 NXSR
two zones of Variscaorogeny-the ¢ S L-Barrandan unit and Saxdhuringian unit. The
complex volcanitectonicstructure of the Eger rift haseen formed in several phases during
the Cenozoic reactivationfo 4§ KS [ AG2YSnAOS Fldz Gd 2SS OFy F2
for a continental riftsasymmetricgraben, onesided uplift of a bounding block, axial horst
structure, higher kat flow, presence of aalkalinevolcanism, negative gravimetric anomaly
etc.
Volcanic Activity
The volcarsm was activasince 80 Ma (upper Cretaceous) tilb®la (Pleistocene) in the Eger
Rift. Therewere a several phases of activity, with the maximum during the Oligocene epoch.
Y2LISO01é oO6mMmpTyOo KI @S cadty: n LIKIFasSa 2F GKS @2t 0O
l. (Upper Cretaceous Paleogene): NephelinitPolzenite magma formed
dykes in peripheral parts of the rift, orientation of dykes did not follow the

main orientation of the rift

Il. (Upper Eocene middle Miocene): Volcanism of both phonolitic and
basaltic chemism. In the beginning of the phase, huge accumulations of
LB NROf I AGA0a 6SNBE T-DINMEB), thefhumejbus 2 & F 2 |
bodies of intrusive volcanics can be found in a central horst of a the rift,
some of them along the rift itself

Il (Upper Pliocene; lower Pleistocene): Lower activity than in previous
phases. Subaerial lava flows or shallow subsurface intrusive bodies of
oFralrtaArAo t+r@gra Oy 06S F2dzyR Ay GKS L
Turnov).

V. (Pleistocene): Ultrabasic volcanigmellilitic basalts) in the Cheb Basin
OFYR FIFENJI FNRY (GKS NATFO Ay . NHzyat f | NJ

Tectonic structure of the Eger rift

Thecentral horstcan be found in the inferior part of the Eger Rift. It forms a belt of uplifted
oft201a yR YS3l | ySilA204 ANAIR 3 Sasi NHRG GAdyNIS &S f o Al nji A 2
where the older rocks (crystalline, cretaceous) can be foumdhe southern part of the

horst, we can see theentral riftfault6 { 4 njST 2@ Fl dzf o GKS y2NIKSN
formed by faultsa ¢Sttt o. Nt Ayl Cl dz G0 @

Thenorthern trough (Choumtov Basin) is lying along the central horst on the northern side,

on the southern side there is treouthern rougho ¢ I 1 SO . | A AMnpugllsare 2 G K 2 F |

6
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Fig 2: Simplified geological map of the Eger Rift
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filled with the Tertiary sedimentst 2 6 SNJ { (4 njST 2 @ F<edidehtarylofigh 2 F @2
(Oligocene) and upper Most formation (Miocene).

The rift is bounded by marginal faul@outhern marginal rift faulto [ A G 2 YSnjA OSk h Knj¢
is the surface2 dzi ONR L) 2F (GKS RSSLI [AG2YSnAOS Cldz (2
structure of the whole rift. The fault is composed from the wide zone of parallel faults or by
constituent faults in en echelon setting. The central part of the rift ipdedl by 200 m

along the southern fault.

Northern marginal rift faulto Y NHzOy S e hldb re@ctivdrédiiniseveral phases; it has

a simple structure of a normal faultharacteristic fature of the fault is the massive normal

fault drag of Mioceneediments from a footwall, which can be seen anopen-pit coal
mines. After the end of a rift formatiogt £t A 2 OSy Skt t SAaG20SySs (KS o

was uplifted along this fault with a drop over 700 m.

1b)¢ dzO K 2sopih@isrivarginal fault, slickensides and their measurement

(Coubal, M.)

¢tKS t20FftAGe A& YySIENbeée GKS a2dziKSNY YIFNBAY!I f
extremely wide zone of subJ- NI f f St ¥ | Eafitizéne &ig. SiDtKi2 fladelJhe

narrow uplifted and dropped blocks of upper Cretaceous marlstones and lower Miocene
limestones are separated by those faults.ef these faults are outcroppedn the locality,

GKS fAYSaidtz2ySa FNBE RNI3IISR f2y3a GKS FldAfd 6
In the nearby limestone mine, there can be found a slickensides planes with striations.

General conditions of the locality are corresponding to a notiaalt activity; however the

striations have been formed during the reactivation of the fault in a stsilgeregime.
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2a)t 2 f $1128nj S YOAONR 0 NI vy Rifuwsl sedinie®sprib8ddedinto
the fault zone, paleostress analysis of the slickenside planes
(Coubal, M.)

The clays of Most Formation (lower Miocene), which are parts of the southern through of
the Eger rift are disrupted by a series of small faults, are outcropped in the §hke
RAANHzZLIGA2Y A& tAY1SR G2 I ySIFENbe {{inSiz20
orientation) in this area. The disruption itself has been formed during the several tectonic
phases. In the upper part of the gully, we can see a flugdihsents (Pliocene or younger)
embeddedin the fault structures in underlying claystones. After the deposition of the fluvial
ASRAYSY(Gax hKnS AyOAaSR (2 |y dzyRSNI eAy3
happened there. The claystones werarisformed to porcellanites and the age of this
metamorphosis was sé & ¢ @eladl. 9B to middle or upper Pleistocene. It means,
that the tectonic disruption of claystones is younger than filagial sediments but in the

same time older than the metaorphosis. So it is a rare case of the preservation of
slickensides of Pliocene/Pleistocenge.

Fig.6: A slickenside cutting theclaystones subjected to caustic alteration by an underground fire

10

Cl d.

o2



Fig 7: Slickenside with tectonically

embeddedpéb8 & 2F INI @St a 2F | tftA20SyS 2N
River

Fig.8: Historical photo of slickensides in the porcelanites of Most formation

11



2b)t 2 t +ldndslide

(Hartvich F.)

On the southern coast of the Nechranicakea large active landslewas identified already

in 1963, when the dam was still under construction. The area is formed by basaltic volcanic

rocks, overlaid with Tertiary clays of Most formatidig. 9 and 1015, 19.

Due to the unstable conditions, the planned railway was etbfurther up the slope and the

building was banned in the area. However, the building ban was lifted in 1985 and then the
recreational colonyFig. 9 spread on the temporarily inactive landslide 2 & Gahda M ¥ N |

2015)

In December 2014, two shalldwl Yy R&f ARS RS@St 2LISR Ay GKS NBON
alf Nl HAamMpO® CANRGEEYS avYlff TFTAaadadz2NBEA RS@OSt 2L
forming a 2,5 m high headscarp, destroying several recreational hgtiged1 and 12).

Currently, the ladslide is stabilized, also due to five consequent years with low precipitation
(20142019), however reactivation in the future is likely as practically no attempts of

mitigation were performed. The report of Czech geological suve¥ 6 G £ N1 F)yY R al £ N
recommends renewal of the building ban, draining of the area of the landslide and decrease
infiltration of water into landslide body.

12



Fig. ot 2 f fThe %Ndsiide documented in 1963 shown on 195‘5 topogfabhic map (left) and Qﬁ)dgraphic

during 1980 a recreational

map (right). A and B are 2014 reactivations. While there are no buildings in 1960ies,

colony spread into the landslide area.
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reactivations (red line).
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3a) Nechranice dam: outcrop of the central rif I dzf & o { G njST 23 ¥FI d:
(Coubal, M.)

¢CKS {GnST 20 FldzZ G A& 3A2Ay3A [f2y3 a2dzi KSNYy aai
FTNRY (KS @2t 0lyAaAd O2YLX SE 2F 5210AR0R: 84 K& NB
(1979), tre value of vertical drop of the SW block has been about 350m since upper

Cretaceous.

hy GGKA& t20FrtAGes {i(inST20alé FldzZd 6y2N¥YIt 7
formation (Oligocene) and the siltstones and claystonath(bedsof carbonaes and coal

sediments) of Most formation (lower Miocene). The slickenside plane of the fault was

formed in thin layer of a clayish material; we can see also striations of a dextral oblique slip.

i

Fig. 13Historical photo(1991)of slickensidesin&dlY2 y A GS Ay FAtt 2F GKS { (njSi
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3b) Nechranicedam
(Hartvich. F.)
Slumps and rockfalls

TheNechranice danfFig 14 was built in 1960ies with several purposes, namely as a source
of water for the nearby codheatedpower plant¢ dzOA Y A Ou®lFlood dischérgeg and

for recreation. The dam itself is 3280 m long, one of the longest ddirdhams in Europe.
Volume of the lake is 288 mil.*marea 13,4 kfhand maximum depth 47,5 m.

Geologicallyit is situated orslightly deformectlayey andnarly sediments of the Most

basin, formed in the Tertiaryocally overlaid with loess depositus thesedimentary

bedrock is not very stable, and several types of slope deformations developed in and around
the lake.

Practically since the constructiotagted, the slopes around the dam were affected by
various slope processebhe northern shoraear the danis affected bysmall slumps,

related to strong abrasion of the coast by the erosive effects of wales slow sliding can

be observed throughout th existence of the lake, with the coastline retreating significantly
(1-10s of meters).

The slumps affect the most approximately 1,5 km long segment of northern grigre
15,16,17,18along the water level. The scarps,12 m high, are visible above tea level,

and the accumulation can be found underwater.

Aside from slumps, rockfalls occur locally, as the tectonically disrupted claystones, silts and
marls as well as loess loose stability particularly due to changes in water content and under
freezec thaw conditions.

16



Figl4:! SNA It @GASg 2F (GKS &a2dz0i KSNYy LI NI 2F (GKS

Fig. 15:Bathymetric map of the Nechranice lake. Red line indicates the areas with active landshideern
AK2NB&a 060G2L) NXIKG O0Thé ofleur sal@shawy the dépdhdfithie RlechrdniSefake)
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Fig. 16Northern coast oftie Nechranice lake affected by slumps, landslides and rockfalls in the length of
about 1500 m(register of slope instabilities, Czech geological suriyfice the underwater aaonulations of
the slumps shown by the isobaths.

ﬁ;’ z&

blocks of old slumps with conserved vegetation.

Fig. 17Nechranice damBacktilted
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UAV remote sensing demonstration

Nearremote sensing using UAV
(Field method overview)

UAV(@unm YYSR I SNAIf @OSKAOfSI O2YY2yte (y2sy

pilot present inside. It can be a helicopter, multicopter, plane, or glider

UAV is component of UAS (unmanned aerial system) comprising UAV, drased
controller and system of comumication

Usage for scientific (and commercial) purposes is regulated by Civil Aviation
Authorities. Regulations depend on type, size and purpose

Operator has to pass a theoretical and practical exam and has to have permission to
fly and to perform fly wdks in a way to comply with the law (many restrictions and
limitations)

UAV flies over studied site, taking photos from various places and angles. The photos
should overlap at least by 60% both along and across the flight path

Changing of the camera tilt hpgs the processing.

GPS position and tilt, roll and pitch of the vehicle is recorded in the EXIF table

Flight and image collection can be programmed, but this is not allowed in many
states

Structurefrom-motion (SfM)
(Data processig method overview)

SfM is an imaging method of using photographs to reconstruct 3D objects

Principle is known since 1950s, but onlgest evolution of computer processing

power allowed its massive use

Its accuracy can be compared to LIDAR with an advantage of evading the shade
effect. Depends on distance, pixel size, lens, aperture, and capture velocity.

In geosciences, SfM is often dsi@ create detailed DEMSs or object models. For the
collection of images, UAVs are often used. However, practically any camera, including
mobile phones, can be used.
Current software solutions (e.g. Agisoft PhotoScan/Metashape; Pix4D; Autodesk
123D; osmBundler; 123D Catch)ymss . .

allow fast semautomatic g

processing to acquire 3D point&
clouds, meshes; adding texture$k
and exporting DEMs, 3D models q
orthophotos

Recognizable control points (
should be established in the studie
area and their position thoroudyn Fes=
measured (total station, GNSS) &

20



DJI Phantom 4Prdg

i bdgad pC . =5 7
o propelier e 1 DJI InSpiI’e 1Prd

-5

pitot tube

control link antenna
battery

- Example of data collection:

Textured model Mesh model Wireframe model
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(706 mn.m.)

Paleozoic C e n o z o i c Faults
] orthogneisses [ ftuvial deposits [_] proluvial deposits —— verified
[] granites [_] deluviofiuvial deposits [__] Miocene sands - - - supposed
B granite porphyry [ ] deluvial sedimens [ organic deposits
[ base dumps = 18 Km

Fig20:[ I Yy Raf A RS a3Dwbitizglo/ogervikv ditheYarea of interest

Fig21:[ F Yy Raf A RS a TettbdizOeftisg akdyéhBrad ewiew of the landslide area at the foot
2F GKS YNHzOYS | 2NB aidia olF FOSNI . dzZNRI S
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