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ABSTRACT

Recent mass movements currently
comprise one of the main morphogenetic
processes in the extensive anthropogenic relief
of the foreground of the Krusné Hory
Mountains in the Czech Republic. These mass
movements result in several types of deep-
seated slope failures, depending on the type of
movement, lithological, structural, and
geotechnical conditions and the water
saturation of the landslide material. This thesis
presents broad set of various methods of
geomorphology,  geophysics,  engineering
geology, dendrogeomorphology and geodesy
in an attempt to fully understand the problem
of slope failures in the Jezefi area located at
the boundary between the Krusné Hory
Mountains and the Most Basin (Czech
Republic). An interdisciplinary approach has
enabled an in-depth review of both the
dynamics and development of recent slope
failures as well as morphology and structure of
slope failures. There are two sectors -
Southeast and Southwest — with different types
of slope failures. In the Southwest sector, mass
movements occur in thick colluvial mantle and
weathered Tertiary claystones. The main
factors influencing their development include
rainfall culminations, groundwater flowing
from the valley of Sramnicky Brook and
former slope failures. All of the slope failures

that have occurred here have originated at
former slope failure sites. There is evidence to
suggest that, over recent research (before
1980s), the site had been subjected to
progressive deformation caused by the collapse
of an old mine gallery. However, climatic data
show that the reactivation itself was triggered
by a dramatic rise in the water table induced by
rapid snowmelt during a period of winter
warming. Development of deep-seated slumps
occurring in the Southeast sector. In assessing
the climatic factors affecting landslide genesis,
we evaluate two or three-year term anomalies
in long-term precipitation balance. These
anomalies cause the genesis of deep-seated
landslides with a one or two-year delay.
Furthermore, geophysical profiling has been
used to characterise the internal sructure of
landslides. The results show that fissures are
continuing to develop above the reactivated
landslide scarp while highly saturated stiff-
fissured claystones provide an incipient slide
plane. It is, however, clear that future landslide
events will occur due to the favourable
lithological, structural, and geotechnical
conditions. Finally, we propose that future
landslide activity at the site may be predicted
by the height of water table as this defines a
theoretical pore pressure at the depth of the
shear plane.
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KAPITOLA A

Uvod

Tato kapitola, tvotici pravodni ¢ast disertacni prace, ve svém tvodu ¢&tenafe seznamuje
s celkovou strukturou elaboratu a také s hlavnimi cili prace. V kapitole je nastinéna podrobna fyzicko-
geograficka a geologicka charakteristika zkoumané lokality Jezeti, v niz bylo soustfedéno t&zisté
autorova vyzkumu. Kapitola ¢tenafe seznamuje se stavajicim stupném poznani zkoumané lokality a

struéné popisuje metody pouzité v pribéhu autorova vlastniho vyzkumu.
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Al STRUKTURA A CILE PRACE

Geomorfologicky  zaméfeny  vyzkum
Krusnych hor v okoli zdmku Jezefi ma na
Piirodovédecké fakult¢ Univerzity Karlovy
dlouhou tradici. Lze wvyzdvihnout ucelené
prace Z. Kudrny, J. Kalvody, K. Drozda, J.
Marka a V. Vilimka.

Snahou mého vyzkumu tak bylo ucelené
navazat na predeslé vyzkumy této lokality. Na
rozdil od fady predchozich praci, které se Casto
zamétovaly spiSe na oblast krystalinika
Krusnych hor, byla pozornost smétovana
zejména na oblast styku hor a sedimenti
Mostecké panve, kde je dynamika pohybu
nejveétsi a kde bylo mozné aplikovat moderni
metody geomorfologického vyzkumu.

Disertacni prace ,,Hodnoceni rozsireni a
dynamiky recentnich svahovych pohybii na
upati Krusnych hor je strukturovana do péti
hlavnich kapitol (A — E), vV nichzZ jsou formou
pivodnich védeckych ¢lanki publikovanych
Vv pfednich geovédnich Casopisech
n€kolikaletého

vyzkumu zabyvajiciho se dynamikou a Caso-

prezentovany vysledky
prostorovym rozsifenim recentnich svahovych
pohybtl pti tpati Krusnych hor.

N 2

Jezeti, vyzkum byl provadén v ramci
vyzkumného projektu Grantové agentury
Univerzity Karlovy ¢. 155610: ,,Hodnoceni
rozsireni a dynamiky recentnich svahovych
pohybui v lokalité Jezeri, Krusné hory*.

Vysledky ziskané v prubéhu terénniho i
laboratorniho  vyzkumu  (geomorfologické
leteckych  snimka,
dendrogeomorfologicka analyza odebranych
vzorkll, laserové skenovani, geofyzikalni

mapovani,  analyza

prizkum) jsou podrobné¢ prezentovany
v kapitolach B a C a nasledné sumarizovany
v kapitole D.

Hlavnimi cili mého vyzkumu bylo:

e Piesné lokalizovat svahové deformace,
ur¢it typy a dynamiku recentnich
svahovych pohybu (kapitoly B1, B2, B3
aD1)

e Vymezit potencidln€¢ instabilni partie
svahu  v§irS§im  okoli ~ zameckého
komplexu Jezeti (kapitoly B2, B3 a C1)

e Urcit faktory determinujici a iniciujici
vznik recentnich svahovych pohybi
(kapitoly B1, B2, B3 a C1)

e Vymezeni miry vlivu antropogennich
zasahl na stabilitni poméry (kapitoly
B2,B3aCl)

e Zaclenit svahové procesy dané oblasti
do geomorfologického vyvoje
kru$nohorského svahu (kapitola D)

e Aplikovat v zajmové lokalit¢ nové,
moderni a doposud nepouzité metody
vyzkumu (kapitoly B2, B3, C1 a C2)

Celkové shrnuti a diskuze ziskanych
vysledki tvoii zaveére¢nou ¢ast disertacni prace
(kapitola D).

Soucasti prilohové casti (kapitola E) je
kapitola vénovana vyzkumu svahovych
deformaci ve flySové oblasti VngjSich
Zapadnich Karpat, kde jsem v prubéhu badani
rovnéZz spolupracoval na vyzkumu sesuvnych
lokalit a ziskaval cenné zkuSenosti, které jsem
nasledné vyuzil v lokalit¢ Jezeti. Kapitola ma
opét formu piivodniho védeckého ¢lanku a je
do prace zaclenéna s cilem:
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e llustrovat podobnost obecnych ptehled pouzité literatury a Curriculum vitae
podminek a  zakonitosti  vzniku autora predlozenou disertacni praci uzavira.
svahovych deformaci antropogenniho
reliéfu  Mostecka s nejdynamiétéjsim
reli¢fem Ceské republiky.

Prace je psana v Ceském jazyce, pouzité
¢lanky jsou ponechany v plvodnim ceském
nebo anglickém znéni.

Rada grafickych ptiloh dale ilustrané
roz§ifuje textovou cast prace. Kompletni
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A2 FYZICKO-GEOGRAFICKA CHARAKTERISTIKA

A2.1 LOKALIZACE ZAJMOVE OBLASTI

Vysledky, které jsou souhrnné
prezentovany Vv této disertatni praci, byly
ziskany pfi vyzkumu svahovych pohybl pfi
upati Krusnych hor vokoli zdmku Jezefi
(kapitoly B a C). Studovana oblast je situovana
na jihovychodnim svahu Katefinohorské
Klenby v oblasti, kde se ke svahim Kru$nych
hor ptimyka antropogenni reliéf vznikly
povrchovou dobyvkou hnédého uhli v prostoru
Mostecké panve. Zjednodusené 1ze
analyzovanou oblast definovat jako oblast
mezi vrchem Jezerka' (706 m n. m.) a byvalou
obci Albrechtice®. V ohnisku mého zajmu byl
pfedev§im prostor stabilizaéniho pilite pod
zamkem Jezeti a pfilehlym reliktem
zameckého Arboreta. Celd zdjmova oblast je
prehledné zobrazena na obrazku A2.1.

Dominantnim orienta¢nim prvkem v krajiné
je zamecky komplex Jezefi, pochéazejici ze 14.
stoleti (50°33'15" s. §., 13°30'17" v. d., 380 m
n. m.), ktery je situovan piiblizné uprostied
zajmového  Gzemi. Severozapadné¢  —
jihovychodni osu oblasti tvoii Sramnicky
potok, vytvarejici hluboké erozni tdoli.

Povrchovy hnédouhelny lom
Ceskoslovenské armady (dale jen CSA) lezi v
ptedpoli hor a boc¢ni skryvkovy svah (vysoky
asi 100 m, dfive az 150 m) tohoto lomu
plynule navazuje na svah krusnohorsky.
Nejblize polozenym sidlem je osada Cernice

rrrrr

! Spravny mistopisny nazev je ,.Jezeri“ & ,Jezer*, ale
nazev Jezerka je v soucasné dobé rozsifen&jsi a bézné jej
pouziva i odborna literatura. Z divodu mozné zamény
vrchu Jezeii se zamkem Jezeii je proto v této praci
pouzivan mistopisné ne zcela spravny nazev vrchu
Jezerka“.

2 Obec zanikla mezi lety 1981 — 1983 v disledku
povrchové t&zby CSA (kapitola A2.6).

nachazejici se cca 2 km severovychodné od
zameckého komplexu Jezefi.

A2.2 GEOLOGIE

Jadro zkoumané oblasti tvori
Katetinohorska klenba, geologicky nalezici
k sasko-durinské jednotce (saxothuringikum;
obr. A22) a predstavujici  strukturné
geologicky fundament sedimentd svrchni
ktidy, terciéru a kvartéru. Jadro vlastni
Katetfinohorské klenby, jez ma plochou
antiklinalni stavbu se zdpado-vychodni osou, je
tvofeno ortorulami, ke kterym pfiléhaji
obalové série krystalickych biidlic (Skvor
1975, Barta et al. 1973). Oblast byla
vyvrasnéna a metamorfovana béhem sudetské
faze variského orogénu (Zoubek in: Barta et al.
1973) jako soucast prvohorniho vrasného
systému.

Od mladsiho karbonu probihala denudace,
ktera pokracovala az do druhohor (Barta et al.
1973). AZ béhem rozsahlé moiské transgrese,
ktera postinla Cesky masiv ve svrchni kiidé
priblizné na prelomu motského cenomanu a
spodniho turonu, mofe proniklo aZ do oblasti
sttednich Cech a k upati Krusnych hor
(Malkovsky et al. 1985). V négkterych
oblastech jest¢ motské transgresi predchazela
sladkovodni sedimentace. Vlastni moiska
sedimentace pokracovala az do svrchniho
turonu, nékde az do spodniho senonu. Po
ustupu mote byly sedimenty vystaveny
tropickému a subtropickému zvétravani, které
zde zapficilo vznik kaolinickych a lateritickych
hornin (Barta et al. 1973).

Dynamika a rozsifeni recentnich svahovych pohybi na Upati Krusnych hor | Kapitola A



(ouasfao4d xp' ‘qIOVEYZ PrPpod £401vp) Q00T My0-L Z NADIS Dpiaodpo F§) NWO| 1284 Y faoyadss
v dyddsda ju01UA BYO|0d "BIRI0GLY NI0IsoUd A aujid oypuun.iyd0 Hu) afingdoy nzas yogaoyaLeys vyojod (wdja10q.y pod) nuio] oup pudpynda vu vuppppypz puzaqud af (nyoia oyysupr
wayeAs pod) S nuio] vyddsda puginig wnyiuipisAry aysi0yousn.Ly [uisvja Jois 07 Y22J3] 0§ 4 Ajizpuqo Aza4 100A0QYapo apy ‘widYdA wysupy pod afnyvsvz fo11a.4 [WU2I0dOLUD NYDAS Op
agdafop toy yodusn.ry jjodpasd a funpd a4q0p 8 yS) nuio] wafoazo. z 1jojs1anos & qquyza fo12.4 [UUIS0AONUY NIGIYDADYD OYIAOSIIY Yvas (ujoazod A 1fozpyda d nywpz 1joy0 A 241y Nyd4a
oyaysvr v A2z Aynas 1uamyngs gupuiop Ayo13ojofiow nosl ysv wpvdpz 4 ‘nyil z papyod ‘Lipzaf nywpz 1]0Y0 A 40y Yo un.Ly nyvas youupoysdaoyrl nua.a) japour 1ypidiq T2V 190

ti Krusnych hor | Kapitola A k!

0 na Upa

tnich svahovych pohyb

,

sireni recen

v v

Dynamika a roz



0 10 km

1o [ ++ 0 <IN o

& E

17 18 1ol 2o=<] 21 -]

Obr. A2.2 Schematicka geologicka mapa krusnohorské oblasti saxothuringika. KruSnohorské krystalinikum: 1 - svory a
pararuly kadomského podkladu, 2 - ortoruly kadomského podkladu (580-550 Ma); 3 — kadomské tzv. cervené ortoruly v
alochtonni pozici s uzavieninami vysokotlakych hornin; 4 - amfibolity, eklogity; 5 - patrné kambrické fylity a svory s
vioZkami karbondtii, kvarcitii, skarnii a relikty vysokotlakych hornin; 6 - slabé metamorfované fylity ordovického stdri s
hojnymi vilozkami kvarciti; 7 - silurské grafitické fylity s lydity, stredosasko-vogtlanské synklinorium; 8 - devonské fylity a
bazické vulkanity; 9 - alochtonni ruly frankenbergské kry. Labska zona, Wilsdruff-Nossenské krystalinikum a plast’
saského granulitového pohoti: 10 - proterozoické droby;, 11 - kadomské granitoidy; 12 - staropaleozoické slabé
metamorfované vulkanosedimentdarni komplexy; 13 - spodnokarbonska synorogenni klastika (flys) — droby, bridlice, slepence
ve stiredosasko-vogtlandském synklinoriu a labském bridlicném pohori; 14 - variské plutonity: KM — karlovarsky masiv; FM
— Flajsky masiv; M — Misensky masiv; 15 - zulové porfyry a ryolity; 16 - postorogenni permské sedimenty a vulkanity; 17 -
sedimenty kiidy; 18 - neogenni kontinentalni prevazné limnické a fluvialni sedimenty: CH — Chebska panev, SO — Sokolovska
pdnev a MO — Mosteckd pdnev; 19 - terciérni neovulkanity: D — Doupovské hory, CS — Ceské Stiedohori; 20 - zlomy; 21 -
statni hranice (prevzato: Kachlik 2003).

Jako soucast oherského riftu (Kopecky et
al. 1985) byla peneplenizovana oblast do

(Vaneé 1985, Kopecky 1989), resp. syn-
sedimentarni vulkanicko-subsidenéni

dnesnich stfedohorskych vysek vyzdvihovana
od oligocénu, pticemz v oblasti Katefinohorské
Klenby  probéhl  vyzdvih  podél linie
kru$nohorského zlomu (Barta et al. 1973,
Malkovsky  1977).  Zlomova tektonika,
dominantn& v linii hercynského (62°, 296° a
332°) a kaledonského (70°) sméru, se uplatiiuje
v celém svahu, coz masiv ¢leni do soustavy
dil¢ich bloku (Kral 1968, Kopecky et al. 1985).

Zatimco v oblasti Krusnych hor prob¢hl
intenzivni vyzdvih, v oblasti Mostecké panve
doslo k poklesu a vzniku grabenové struktury

struktury, jak ji ve svém pojeti uvazuje
Malkovsky (1980).

Sedimentarni  vypln  Mostecké panve
piedstavuje heterogenni stratigraficky
komplex, kterému dominuji lakustrinni
sedimenty (predevsim jilovce) terciérniho stari
(Barta et al. 1973, Elznic 1973, Malkovsky et
al. 1985). Nicméné i zde tvoii krystalinikum
zasadni strukturnégeeologicky prvek, kdyz
vytvaii hibety (napf. jezersko-ryzelsky,
lahost'sky atd.) oddélujici jednotlivé casti
panve (Kopecky 1989).
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Obr. A2.3 Digitalni model terénu SirSiho okoli zdjmového iizemi se zndzornénim geologické situace (DEM: Zabaged;
Geologicky rastr: CGS, [cit. 2012-2-8], http://mapy.geology.cz/website/geoinfo/).

A2.2.1 Krystalinikum

V krystaliniku (horském i v podlozi panve)
lze obecné vyclenit dveé casti s rozdilnou
geologickou stavbou (Kachlik 2003). Zapadni
¢ast je tvofena mezozonaln¢ metamorfovanymi
horninami (monotonni skupiny
migmatitizovanych pararul, dvojslidé pararuly,
dvojslidé a granaticko-muskovitické svory,
fylity), ve vychodni ¢asti potom vystupuje
granitoidni jadro antiklinoria
(ortometamorfity) S zulovymi solitéry
(dvojslidé az biotitické ortoruly, drobné az
sttedné zrnité muskovitické ¢i  dvojslidé
ortoruly  pfechazejici  ¢asto do  rul
migmatitizovanych az migmatitll). Hranice
mezi obéma oblastmi probiha zhruba po ose
Pohrani¢i — Py$na — Diinov (Skvor 1975),
zkoumana oblast nalezi do vychodni ¢asti.

Vlastni Katefinohorska klenba ma plochou
antiklinalni stavbu se zapado-vychodni osou a
je tvofena prevazné ortorulami, ke kterym
priléhaji obalové série riznych krystalickych
bridlic (Skvor 1975). Charakteristickymi

ortometamorfity  jsou  drobnozrmné  az
sttednézmné ruly (zrnito-plastevnaté, zrtnito-
Supinaté) nebo okaté hrubozrnné ruly, které
vystupuji pfevazné na svazich hor (Horacek
1994).

V horské i1 panevni ¢asti jsou krystalinické
horniny postiZzeny alteraci rtizné intenzity. Jde
o husté rozpukani hornin, ¢astecnou ¢i Gplnou
destrukci  hornin, jejichz vysledkem je
podstatné snizeni pevnosti, popf. totalni ztrata
soudrznosti horniny. Podrobné je tato stavba
popsana v okoli zamku Jezeti, kde byly
vrtnymi pracemi v 70. a 80. letech minul¢ho
stoleti (Marek 1983a) ovéieny dvé poruchové
zony opacného uklonu tvofené jak drcenym
slabé¢ alterovanym pasmem, tak typickou
tektonickou brekcii zpevnénou karbonatovym
tmelem (BejSovec 1992) a uzSimi polohami
mylonitu (Bodlak a Domecka 1986).

Plochy btidli¢natosti hornin v okoli zamku
upadaji podle Marka (1983b) v¢jifovité do
panve. Foliace vykazuje strmé& uklonénou
strukturu (na svazich Jezrky 30 - 40° v okoli
zdmku az 70°) sméru Z — V. Foliace mé&fena
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v prizkumnych $tolach reprezentuje plvodni
tektonickou stavbu krystalinika a obecné
pfi stejné orientaci.

Pod sedimentarni vyplni Mostecké panve je
povrch  krystalinika  postizen  souvislou
kaolinizaci (Barta et al. 1973), ktera se lokaln¢
projevuje i ptimo v horském svahu (E2.1).

A2.2.2 PodloZni souvrstvi

Podlozni sedimentarni komplex je tvoifen
litostrafigraficky a litofacialné nejednotnymi
pestrymi  sedimenty spodné miocennich
jilovet, piskt a piskovet, které jsou lokalné
prostoupeny faciemi slinovci, kiemencli a
vapennych jili (Malkovsky et al. 1985).

Pii kruSnohorském okraji panve ma cely
tento sedimentarni komplex charakter splacht
nejcastéji o0 mocnosti do 10 m, vyjimecné do
30 m (Macirek 2005). Naopak smérem do
panve jsou typické spiSe bélavé Sedé
kaolinické jilovce, tufitické jilovce, ob¢as se
sideritem (Malkovsky et al. 1985). V piibiezni
zoné dominuji hruba klastika (slepence,
brekcie, slepencové brekcie aj.) s polohami
vétSich ¢i mensich valound nebo kust
krystalinika. Piskovce v podloznim souvrstvi
velmi Casto prechazeji do poloh kiemenct ¢i
prokiemenclych piskove a slepencli o
mocnosti v fadech metri (Domaci 1972).

K podloznimu komplexu se fadi rovnéz
denudaéni relikty horniny svrchni kiidy a
vulkanity (fonolity, basalty a tufy), ty vSak v
zajmovée oblasti tvori pouze ojedinélou Zzilu o
mocnosti 1 m (BejSovec 1992).

A2.2.3 Slojové souvrstvi

Podlozni komplex nezfetelné ptechdzi v
uhelnou sloj, ktera je mocna 20 — 40 m,
lokaln¢ az 50 m (Malkovsky et al. 1985).
V zajmové oblasti ma slojové souvrstvi
charakter jediné kompaktni uhelné sloje,
zatimco smérem Kk okraji pfechazi do dvou,
lokalné i do vice, sloji (Titl et al. 2006). V
oblastech pii Gpati hor, bilinské a zatecké delty

byla sloj casto degradovana jilovitymi a
predevsim pis€itymi proplastky (Hurnik a
Marek 1962, Malkovsky et al. 1985).

V blizkosti hor byla sloj strmé vyvlecena
vuhlu presahujicim 45° (priloha E2.1) a
vyklinuje piiblizn€ na kotach 295 — 310 m n.m.
V centralni ¢asti Mostecké panve je sloj na
mnoha mistech porusena tektonickymi
poruchami (napf. Viktoria, Centrum, Quido
aj.), na nichz byl zdokumentovan skok o 10 —
30 m (Barta et al. 1973). Dale se uplatiiuje cela
fada méné vyznamnych poruch, na které byla
vazana mineralizace, pfi niz vznikal markazit i
jeho krychlova modifikace — pyrit.

A2.2.4 Nadloini souvrstvi

Svrchni lavka uhelné sloje prechazi velice
ostie do nadlozniho souvrstvi, pouze lokalné je
kontakt tvoten ptechodnou zénou piscitych jilt
0 mocnosti do 1 m (Malkovsky et al. 1985).
Nadlozni sedimentarni komplex je tvofen
charakteristickymi Sedymi az hnédoSedymi
jilovei, pisCitymi jily a jilovitymi pisky
svrchniho miocénu S proménlivym podilem
prachové primési. Dykast (1965) uvadi, Ze
jilovit¢  mineraly kaoliniticko-ilitické  se
stopovym mnozstvim montmorillonitu jsou
v poméru k jemnému kiemeni zastoupeny 20-
40%. Jily a jilovce jsou lokaln€ prostoupeny
sideritem a vytvareji pevna deskovita télesa
(ojedinéle konkrece) prostupujici jilovitym
komplexem (Malkovsky et al. 1985).

Nadlozni souvrstvi byva obecné ¢lenéno do
tfi horizontll, v jejichz rdmci vymezuji riizni
autofi jednotliva souvrstvi (Hurnik a Marek
1962, Domaci 1977, Malkovsky et al. 1985).
Horizont pevnych jiloved je  tvofeny
svétlesedymi prachovymi
jilovei s proménlivym podilem sideritu a jeho
kontakt s uhelnou sloji byva velmi ostry.

laminovanymi

Naopak ptechod do nadloznich horizontd je
neostry, misty facidlni (Domaci 1977).
Smérem k Bilinské delt¢ roste vyznam
horizontu  pisCitych ~ jild s variabilnim
petrografickym sloZzenim (prachové jily, pevné
kfemité jemnozrnné piskovce).
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Obr. A24 Geologicky rez upatim Krusnych hor a
Mostecké panve v misté prizkumné Stoly, ta byla ve svahu
pod zamkem vyrazena v letech 1980 - 1981 a prispéla ke
zpresnéni stavajicich geologickych poznatku. Viastni
zamek je situovan na bloku krystalinika, jenz je limitovan
dvéma poruchovymi zonami (40 a 70 m) opacného uklonu
(70° do hor resp. do panve). 1 — krystalinikum (ruly), 2 —
tektonické poruchové zomy, 3 — neogenni piscité
sedimenty, 4 — uhelnd sloj, 5 — neogenni jilovité
sedimenty, 6 — porusSené neogenni jily (regelacni zéna), 7
— kvartérni sedimenty, EG — prizkumna Stola, B —
priizkumné vrty (upraveno podle: Marek 1983b).

V mistech, kde byla
sedimentace stfidana deltovou, se vyskytuji
polohy meziloznich piski (Domaci 1977,
priloha E2.2), pro néZ je charakteristicky
vysoky podil kfemennych zrn — az 95%,
zastoupeni  ostatnich minerald se  lisi

lakustrinni

v zavislosti na pivodu piskil (Barta et al.
1973). Mezi Mostem a Bilinou ¢ini mocnost
horizontu piscitych jili az 140 m a smérem
k horam vyklinuje (Malkovsky et al. 1985).

Tieti horizont je tvofen litologicky
monotéonnimi prachovymi jily az jilovci Sedé
bravy. Na jeho bazi se vyskytuji az tii laminy
karbonatickych jilovet, které mistné prechazeji
v pelokarbonaty az metrovych  mocnosti
(Hurnik a Marek 1962). Podle Marka (1983a)
byly vlivem pleistocenniho klimatu tyto
nadlozni jilovce lokalné destruovany az do
hloubek 60 m. Tato zbéna, pro niz je
charakteristicky kostkovy az stfipkovy rozpad
a rezavé zabarveni zpilsobené oxidacnimi
ucinky vody, byva v odborné literatuie
nazyvana regelacni zona (Pichler 1998,
Pletichova 2006).

Maximalni zji§téna mocnost panevnich
sedimenti od povrchu ke krystalinickému
fundamentu ¢ini v oblasti pod zameckym
komplexem Jezeti 231 m (Marek 1983b). Pro
sedimenty Mostecké panve je charakteristické

subhorizontalni ulozeni, pouze v blizkosti hor
jsou sedimenty, v diasledku bezzlomového
vyvleCeni na okraji panve, ulozeny v tklonu
40-50° (piiloha E2.1; obr. A2.4).

A2.3 GEOMORFOLOGIE

Podle geomorfologického ¢&lenéni Ceské
republiky cela oblast nalezi do Krusnohorské
subprovincie a nachazi se na hranici dvou
geomorfologickych celkd Krusnych hor a
Mostecké panve (Balatka a Kalvoda 2006).

Jihovychodni svahy Kru$nych hor se velmi
strmé zdvihaji nad oblasti podkrusnohorskych
panvi a v krajiné tak tvofi vyraznou
dominantu. Vétsina  odborné literatury
povazuje tento svah za zlomovy, at’ uz v celé
délce nebo jen v nékterych 1secich
(Machatschek in: Vilimek1994, Kopecky et al.
1985, Vane 1985, Marek 1985, Vilimek 1995).
Toto je vSak pojeti vSeobecné uznavané az od
80. let 20. stol., kdy vrcholil dlouholety spor o
charakter a genezi svahu.

Odlisny pohled navrhoval zejména Hurnik
(1982a), ktery ve svém pojeti vyloucil
tektonické omezeni Krusnych hor vici
hnédouhelnym panvim. Hranici hor a panvi
interpretuje jako zoénu stiedniho ramene
ctvrtohorni  velevrasy, jejiz vznik popisuji
Hurnik a Havlena (1984, s. 64) jako ,,...proces
mirného viceméné tristivého ohybani tuhych
horninovych hmot, kdy se rlst napéti
z prostorové redukce vyrovnava nejen tvorbou
protiklonnych zlomG v misté flexe, ale i
vznikem slozitéjsich struktur...”. Celkova
amplituda této velevrasy se odhadovala
priblizné na 1000 m (Hurnik 1982a).

Kopecky et al. (1985) a Kopecky (1986) s
timto pojetim nesouhlasi a jihovychodni svah
oznacuji za zlomovy. Vyvoj krusnohorského
zlomu posuzuji v souvislosti s vyvojem
oherského riftu, za jehoz soucast se tento zlom
povazuje (Kachlik 2003), s ¢imz Se ztotoziuji
napt. i Vané (1985) a Marek (1985). Pojeti
velevrasy vylucuji, protoze: ,,...rifty jsou misty
rozpinani a ztenCovani zemské kury, nelze
krusnohorsky zlom interpretovat jako sttedni
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Obr. A2.5 Geomorfologicka skica §ir§iho okoli zamku Jezefi. 1 — geomorfologicky vyrazné strukturni svahy, 2 — vyvySené
povrchy, 3 — denudaéni svahy, 4 — erozné--denuda¢ni svahy, 5 — hlavni vrcholy a hibety, 6 — skalni stény, malé hibety a
skupiny skalnich vychozi, 7 — izolované skalni vychozy a stény, 8 — skalni vychozy ve svahu, 9 — skalni véze, 10 — mrazové
sruby, 11 — pramenné panve, 12 — erozni ryhy s ob&asnymi toky, 13 — vyrazné okraje eroznich stupni, 14 — vyrazné udolni
stupné, 15 — sufozni deprese, 16 — proluvialni sedimenty, 17 — kamenna sut, 18 — dejekéni kuzel, 19 — skluzy, 20 —
polygenetické akumulace, 21 — skalni deprese a jamy, 22 — soutésky, 23 — vodni plochy, 24 — antropogenni reliéf, 25 —
prameny, 26 — hranice tvart reliéfu plnou ¢arou a domnélé hranice ¢arkovanou ¢arou (prrevzato: Kalvoda et al. 1994).

rameno megaflexury, nebot’ vrasova tektonika,
k nizZ megaflexura patfi, je zaZenim prostoru a
vede naopak ke zvétSeni mocnosti kiry*
(Kopecky et al. 1985, s. 166).

Tektonické pojeti zastavaji 1 jini autofi,
napi. Kral (1968), Vilimek (1992) nebo
Malkovsky (1977 a 1980), ktery vSak zaroven
nabizi vulkanicko-subsiden¢ni pojeti geneze
panve, tedy poklesavani jako dusledek
vyplnovani uvolnéného prostoru ve svrchnim
plasti po neogennim vystupu vulkanickych
materiald do zemské kiry a na povrch.

Ostry prubéh upati hor, dale mnozstvi
mladych fasetovych svahti a pfitomnost

terciérniho a kvartérniho vulkanismu, tak jak
ho dokumentuje Kopecky et al. (1985),
skute¢né indikuji zlomové omezeni Krusnych
hor vici podkrusnohorskym panvim.

Zdvih  kru$nohorského bloku vyrazné
zménil hydrografické poméry v oblasti,
puvodni parovinné zarovnana oblast byla
odvodiiovana k SZ do moiského zalivu (Barta
et al. 1973). Obraceni sméru tokd smérem do
panve mélo za nasledek vyznamnou fluvidlni
modelaci reliéfu jv. svahu. Pro tyto kratké
svahové toky (7 — 15 km) je charakteristicka
silna hloubkova a zpétna eroze (Kral 1968).
Bystfinné toky maji velky spad i specificky
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odtok. Ri¢ni niva je vyvinuta jen minimaln&
nebo ¢asto chybi tplné (Kral 1968).

Kvartérni  vyvoj svahu byl ovlivnén
pfedev§im vyznamnymi zménami klimatu a
silnou antropogenni Cinnosti. V  obdobi
pleistocénu lezel Cesky masiv v periglacialni
zong, mezi severskym  kontinentdlnim
ledovcem a oblasti pokrytou alpskymi
horskymi  ledovci.  Periglacidlni  klima
zanechalo v relié¢fu KruSnych hor vyrazné
stopy (priloha E2.3). Vrcholové partic byly
zarovnany kryoplanaci, lokalni elevace jsou
tvofeny vystupy odolnéjsich hornin (Vilimek
1992).

Soucasnou morfologii oblasti ovliviiuje
kru$nohorsky zlom, ktery ma v této lokalité
zasadni strukturné-geologicky vyznam
(Horacek 1994). Pivodné kompaktni zlomovy
svah byl vyznamné ovlivnén erozni Cinnosti

horskych potokd, které zde vyhloubily hluboka
soutéskovita udoli (lokaln¢ se lze setkat i s
pfevySenim 150 m na 500 m). I pfesto je
Zlomovy stupen stale vyrazny Vv oblasti
Jezerky, Janského vrchu a v nékterych partiich
zameckého svahu. V oblasti Jezerky a casti
Janského vrchu je okrajovy zlomovy svah (az
na depresi odd€lujici oba hibety) jednolity a
neporuSeny a zasahuje az do vrcholové oblasti.
Svah, ve kterém je situovan zamek Jezefi, a
severozapadni Cast Janského vrchu vykazuji
schodovitou stavbu. Zlomovy svah je
roz¢lenén do péti dil¢ich blokt (Marek 1994b).
Zlomovy rdz svahu vykazuje pouze spodni
stupen, ve vySSich partiich maji svahy spiSe
erozné-denudacni raz (Kral 1968).

Horské potoky stékaji kolmo kupati v
mistech nejvétsiho spadu nebo vyuzivaji
pti¢nych poruch (Kral 1968, Vilimek 1994).
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Obr. A2.6 Zjednodusend geomorfologickd skica zndzornujici prostorové rozsieni fosilnich svahovych deformaci u Drinova
pred odtézenim povrchovym lomem CSA (Srafované). 1 — Krystalinikum, 2 — vychozy ruly, 3 — koluvidlni a proluvidlni
sedimenty, 4 — aluvidlni ndplavy, 5 — predpoklidany vychoz uhelné sloje, 6 — hranice poddolovaného vizemi, 7 — zejici tahové
trhliny recentnih0 SesuvU V Jezeri, 8 — suché bezodtoké deprese, 9 — Vrty S oznacenim mocnosti kvartéru (zaokrouhleno na
m): a — mocnost kvartéru vétsi nez 30 m, b — mocnost kvartéru mensi nez 30 m, ¢ — ve Vrtu zjisténo pohibené sesuti (Fs)

rozsahem blize neurcené (upraveno podle: Spiirek 1974).
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Obr. A2.7 Rozsah pleistocenni svahové deformace
(Gervené) v okoli Sibenicni hiirky (upraveno podle:
Marek 1979).

Vlivem erozni cCinnosti potokd a

pleistocenni soliflukce maji horské svahy
charakter erozné--denudacni ¢i Cisté erozni
(Kalvoda et al. 1994; obr. A2.5). Denuda¢ni
svahy jsou typické pro vrcholové oblasti
klenby (Stovicek 1973), kde se rovnéz
uplatnila kryoplanace, jejimz vysledkem jsou
eluvia s charakterem mrazovych drti in situ o
mocnosti okolo 2 m (Vilimek 1992). Erozni
¢innost potokd v mnohych piipadech setfela
zlomovy charakter n€kterych z téchto svahil
zalozenych na  tektonickych  poruchach
(Machatschek in: Vilimek 1994), proto se
nekteré svahy jevi jako erozni.
Svahy jsou pfi upati pokryty ostrohrannym
koluviem tvofenym S$patné opracovanymi
ulomky ruly a kiemene od Stérkovité po
balvanitou frakci. Na svazich Jezerky a
Janského vrchu ma tento pokryv mnohdy
charakter kamennych moti a soliflukénich
blokovych proudu (Ruzickova et al. 1987,
priloha E2.3), jehoz primérna mocnost ¢ini 0
— 10 m a vyznacuje se proménlivym podilem
hlinitopisCité slozky (Marek 1980a). Dikazem
soliflukce jsou premisténé balvany ,,plovouci®
v téchto sutich (Zizka a Halif 2009).

Pfi upati hor mocnost kvartérnich
sedimentt stoupa az na 30 — 40 m (obr. D1.4).
V téchto partiich je kvartér uloZen piimo na
terciérnich panevnich sedimentech a je tvofen
hrubozrnnymi sutémi a Stérky s proménlivym

podilem hlinité slozky (obecné vy$Sim nez na
svazich hor). Diky relativné kratkému
transportu je material opracovan minimalng,
naopak pii usti potokt tekoucich z hor do
panevni oblasti, Vmistech kde wvznikly
dejekéni kuzely, je typicky vys§i stupném
opracovani (Vilimek 1992, Marek 1994b,
Zizka a Halif 2009). Nejvétsich mocnosti
dosahoval kvartémi pokryv v okoli Sibeni¢ni
harky pii upati Jezerky a Janského vrchu (az
70 m). Tato akumulace byla vysledkem
rozsahlé pleistocenni skalni laviny (viz.
kapitola A2.3.1). Hranice mezi kvartérem a
krystalinikem popf. terciérem V pisCitém
vyvoji V podlozi je Spatné zietelnd. Obzvlaste
problematické je stanoveni baze kvartéru v
ptipadech, kdy je v prizkumném vrtu
zachycen kvartér ptimo na povrchu zvétralych
a alterovanych hornin krystalinika.

Od 40. let 20. stoleti krajinny raz nejvice
ovliviluji ~ antropogenni ~ jevy  spojené
s povrchovou té€Zbou uhli (viz. kapitola A2.6).

A2.3.1 Svahové deformace

Upati Krusnych hor je na styku s vychozem
uhelné sloje  podkrusnohorskych  panvi
lemovano fadou recentnich, ale i fosilnich
svahovych deformaci pleistocenniho,
terciérniho a kiidového stafi (Zmitko 1983).

Z regionalniho i1 republikového hlediska
byla  nejvyznamnéjsi  fosilni  svahova
deformace v okoli Sibeni¢ni harky® (287 m n.
m.) poprvé popsana Vaném (1960). Ten
vychazeje z vysledki vrtného prizkumu
dilnich map a terénniho mapovani poprvé
vyslovil hypotézu o tom, Ze Sibeni¢ni hirka
neni vychozem ruly in situ, ale rozsahlou
akumulaci staré svahové deformace. Na
zakladé inzenyrsko-geologické klasifikace
svahovych pohybli (Zaruba a Mencl 1974)
konstatoval, Ze §lo o skalni zficeni Ci spiSe
konsekventni sesuv po predisponované plose.
Predisponovanou plochou chape pukliny

® Nevyrazny pahorek, ktery byl na starych mapach
oznacovany také jako Galgenhiibl, byl spolecné s vétsi
&asti akumulace odtézen lomovou &innosti CSA v 70. a
80. letech 20. stol.
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krus$nohorského sméru uklonéné 60° Kk jihu.
Véané rovnéz popsal zédkladni morfologické a
morfometrické  charakteristiky akumulace.
Sesuv byl tvofen hrubozrnnou zvétralou a
charakteristicky hnédorezavou rulou, ktera
byla vespod nahrazena kaolinizovanou, jinak
neporusenou  mékkou rulou. Maximalni
mocnost materialu ¢inila 70,2 m a akumulace
vybihala cca 1 km od upati hor smérem do
panve k obci Diinov (obr. A2.6 a A2.7). Dale si
v§ima anomalniho prubéhu kontaktni plochy,
ta upada smérem do hor (az 4%).

Podstatné zptfesnéni stavajicich znalosti
morfologie, rozsahu a morfometrickych
charakteristik ptinesly az prace Spirka (1974)
a Marka (1979). Celkova plocha svahové
deformace pied odtézenim cCinila 64 ha, délka
akumulacni ¢asti byla zptesnéna na 1200 m,
Sitka na 300 — 350 m a mocnost kolisala od 36
do 70 m. Kubatura transportovanych hmot
prekrogila 26 mil. m® (Rybat 1981b). Material
svahové deformace se od slab& navétralé,
hrubozrnné a bfidli¢naté ruly tvofici okolni
kvartérni sedimenty vyrazné lisi jak stupném
zvétrani horniny, tak rozpadavosti a kaolinizaci
(Sptirek 1974).

Vysledna akumulace byla ziejmé tvoiena
minimalné¢  ,dvéma  sutovymi  proudy,
vzniklymi ziicenim (resp. sesutim), z nichz
severni je pravdépodobné starsi“ (Spirek 1974,
S. 231; obr. A2.6). Odlu¢né oblasti se nachazeji
na svazich Jezerky a Janského vrchu, kde je
dodnes patrna vyrazna deprese.

K destrukci svahu dochazelo opakované
(Rybar 1981Db), podle Marka (1979) mozna jiz
od miocénu. Deformace byva datovana do
pleistocénu (Vang 1960, Spiirek 1974, Marek
1979), novéji zptesituje dobu vzniku na Wiirm
Rybat in: Kalvoda et al. (1994).

Zatimco v otazce stafi sesuvu panuje v
odborné literatuie vzacna shoda,
nejednoznacna je otazka genetické klasifikace
diskutované svahové deformace. Zatimco
Vané (1960) se priklani ke konsekventnimu
sesuvu po predisponované plose, Spurek
(1974) uvadi dokonce termin sutovy proud
vznikly zficenim, nebo sesouvanim, coZ jsou
tfi zcela odlisné mechanizmy pohybu (Némcok

et al. 1972). Ani nov¢jsi prace (Marek 1979,
Zmitko 1983) problém piesného zafazeni
nevyfeSily. Obecné panuje shoda v tom, Ze
doslo k pohybu rozvolnénych rulovych blokd
po svahu a akumulovany material byl nasledné
jesté rozvleGen smérem do panve. Spurek
(1974) usuzuje, ze pohyb hmot byl primarné
valivy, coz umoznilo transport nejvétSich
bloka (v&tsich nez 1 m®) az na vzdalenost 1200
m smérem do panve.

Nicméné i pres jist¢ znacnou pohybovou
energii pfemistovanych hmot neni
pravdépodobné, Ze by tento mechanizmus
pohybu umoznil transport hmot na vzdéalenost
1200 m, coz je témef Ctyrnasobek délky
odlu¢né oblasti. Vzhledem ke znacné hodnoté
uhlu vnitiniho tfeni je pro svahové deformace
typu ficeni nebo sesouvani po predisponované
plose charakteristické vytvofeni rozsahlého
osypového kuzele pii paté svahu nebo v misté
zmirnéni jeho sklonu. Buwal et al. (in: Stoffel
2005) uvadi, ze ke zbrzdéni pohybujicich se
hmot a jejich akumulaci dochazi jiz v mistech,
kde sklon reliéfu klesi pod hodnotu 30°.
V takovych mistech potom
charakteristické osypy (priloha E2.4).

V piipadé Jezerky c¢inil sklon odluéného
svahu 30 — 35° a material byl akumulovan
vrovinném  relié¢fu

vznikaji

Mostecké  panve,
bezprostiedné pii Gpati svahu styéna plocha
mezi miocennimi jily a vlastni svahovou
deformaci dokonce upada pod thlem 1 — 2°
smérem do svahu (obr. A2.8). Zvyse
uvedenych faktli 1ze usuzovat, ze se pfi vzniku
popisované svahové deformace musel uplatnit
jiny mechanizmus pohybu, ktery umoznil
transport hmot po subhorizontalni podlozce na
vzdalenost 1200 m.

Transport znacnych kubatur (desitky mil.
m®) hrubozrnného, nevytiidéného materialu na
kilometrové vzdalenosti je typicky pro svahové
pohyby typu ,debris avalanche* (skalni
laviny). Ty jsou popisovany jako nahly a velmi
rychly pohyb (> 100 km/h) nesoudrznych,
netfidénych hornin a zemin vlivem zemské tize
(Schuster a Crandell 1984). Skalni laviny ¢asto
vznikaji z rozsadhlych skalnich sesuvl a
konsekventnich sesuvii po predisponované
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Obr. A2.8 Schematicky geologicky profil svahovou deformaci pod Jezerkou se schematickym naznacenim vyskytu ploch a zon
oslabeni — stav pred odtézenim. Krystalinikum: 1 — pevny skalni masiv prostoupeny systémem ploch nespojitosti, 2 - zona
porusend rozvoliiovanim podle predisponovanych ploch nespojitosti, 3 — kaolinicky a lateriticky zvetrala hornina, 4 —
tektonicky oslabené pdasmo — zlomova zéna (misty provdzend hydrotermdlni alteraci); Miocén: 5 — pirevizné piscité podlozni
sedimenty, 6 — uhelnd sloj (v nékterych mistech porusend hlubinou tézbou), 7 — jilovité sedimenty, 8 — jilovité sedimenty
regelacni zény druhotné poruSené systémem ploch nespojitosti vlivem poddolovani; Kvartér: 9 — akumulace skalnt laviny a

sedimenty), EG — prizkumna stola Jezerka. Na styku panevnich sedimentii a krystalinika je naznaceno krusnohorské zlomové

pasmo S pribliznou vyskou skoku 150 m (upraveno podle: Rybar 1981a).

plose, resp. rozpadem horninovych mas béhem
jejich pohybu. Vysledkem tohoto procesu je
matrix rizné frakce (od Stérkopisku az po
balvany o rozmérech desitek metri), ktera, je-li
dostate¢n¢  saturovana vodou, pokracuje
formou proudu i nékolik kilometrti od odlu¢né
oblasti (Hoblitt et al. 1987, Miller 1989). V
fad¢ pfipadi je voda, umoznujici pohyb
formou stékani, do matrixu injektovana ze
sedimentd uloZenych pod odlu¢nou oblasti v
dasledku jejich nahlého zatizeni
zficenymi/sesutymi hmotami (Crandell 1989).
Na zakladé stavajicich znalosti a vySe
popsanych morfologickych a morfometrickych
charakteristik, zejména kubatury, jiz patii k
nejvétsim v republice, 1ze usuzovat, Ze svahova
deformace pod Jezerkou je fosilni skalni
lavinou. Pfi pohybu materidlu do vzdalenosti
1200 m od upati hor se tedy jako transportni
médium  uplatnila voda. Ta se do
mobilizovanych  hmot  zfejmé  dostala
plastickym vytlacenim zvodnénych
miocennich sedimentd pii upati hor, coz
doklada i lokalni deprese pod svahem Jezerky,
ktera je patrna z podélného profilu (obr. A2.8).
Podle Rybatre (1981b) tato deprese nemohla
vzniknout zatlaCenim hmot do podlozi. Marek

(1979) ji ve své podstaté interpretuje jako
prizlomovou depresi.

Vzhledem k tomu, ze v ostatnich ¢astech
Mostecké panve je jeji okraj vzdy pomérné
strm¢ vyvleCen smérem do hor, Ize
predpokladat, ze tato lokdlni deprese pod
svahem Jezerky wvznikla druhotng, ziejmé
pravé jako dasledek vlastniho svahového
pohybu.

Prudky impakt n&kolika miliond m®
transportovanych hmot mohl zpisobit jejich
kompresi a v disledku vysoké hladiny
podzemni vody i jejich ztekuceni, nikoliv v8ak
zatlaCeni, ale vytlaceni smérem od hor (jak
¢astecné naznacil jiz Hurnik 1986b). Takto
plasticky se chovajici material zapracovany do
puvodni matrix mohl fungovat jako mobilni
vrstva vynasejici balvanitou akumulaci daleko
od upati hor, coz dokladaji polohy
prohnétenych jili zjisténé na bazi akumulace
(Marek 1979).

Je jasné, ze podminkou vzniku takovéto
skalni laviny s takto rozsahlou akumula¢ni
oblasti bylo zvodnéni miocennich sediment
Mostecké panve, a to do hloubky né€kolika
desitek metrd. V prubéhu Wiirmu mohly
takové podminky nastat v interstadialech jako
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Obr. A2.9 Trhlina z 50. let 20. stol. reaktivovand v roce
1990, viz kapitoly B2 a B3 (foto: J. Burda, 21. 4. 2010).

disledek tani permafrostu, ale pravdépodobné
také v  dusledku  vzniku  pratoéného
Komotanského jezera a zamokieni prakticky
celé centralni casti Mostecké panve na ploSe
presahujici 2400 ha (Barta et al. 1973).

Proti tomuto pojeti se vSak stavi Rizickova
et al. (1987), kteti staii kladou spise do stadialu
domnivajice se, ze pudni led fungoval jako
pojivo pohybujicitho se materidlu, coz mélo
umoznit zachovani celistvosti kaolinizovanych
rul v prabéhu pohybu. Dodateény zptsob
rozvleCeni akumulace do panve vSak
neuvadéji.

Z této svahové deformace jiz existuje jen
relikt (Burda a Dohnal 2011), kde v
soucasnosti probihaji rozsahlé sanacni prace, a
proto vySe popsany mechanizmus pohybu
zustava  pouze  hypotetickou  uvahou,
vychazejici z dostupnych zaznamd, a tedy bez
ptimé moznosti ovéfenti in situ.

Dalsi fosilni svahové deformace, rozsahoveé
podstatné mensi, byly zdokumentovany v
celém pasmu mezi Hornim Jifetinem a
Kundraticemi (Zmitko 1983), mimo zajmovou
oblast potom prakticky vSude na styku

Obr. A2.10 Situace z obr. A2.9 fotografovana s odstupem
jednoho roku (foto: J. Burda, 11. 4. 2011)

Krusnych hor a Mostecké panve (Vané 1960,
Absolon 1987).

Za specifické fosilni deformace lze rovnéz
oznacit skluzy jilovcd a subakvatické skluzy
vyskytujici se v celé Mostecké panvi (priloha
E2.5). Vané¢ (1989) si vs8ima, ze k témto
rozsahlym  gravitatnim  skluzim  jila
(nadloznich i podloznich) do uhlonosnych
mocali dochézelo na rozsahlych plochéach
(napt. u lomu Most na souvislé plose 1 km?),
casto v mistech Sikmo ulozenych panevnich
sedimentl v okoli pronikajicich neovulkaniti.

V ramci této disertacni pace nemaji tyto
jevy navaznost na feSenou tématiku a ani
nebyly pfimo v ziajmové  lokalité
zdokumentovany, proto jsou zminény jen
okrajove.

Recentni svahové deformace jsou vazany
na oblast panevnich sedimentd, konkrétné
terciérni  jilovce a  kvartérni  koluvia
exhumovana povrchovou dobyvkou hnédého
uhli. Rozhodujici roli hraji geologické poméry:
polohy rozrusenych jili regelacni zony a rizné
mocnych kvartérnich sedimenti uloZzenych na
pevnych nepropustnych jilovcich miocenniho
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Jezerka

Obr. A2.11 Situace recentnich sesuvnych jevii pod
Jezerkou. P — stabilizacni pilii Jezerka, A — hluboce
zalozeny sesuv pod Vodarenskou cestou, B — hluboce
zalozeny sesuvny komplex pod Vesnickym potokem, VV —
vnitini vysypka lomu CSA (foto: J. Burda, 10. 10. 2010).

stafi a sklonitost povrchu krystalinika, které
pfedstavuje panevni fundament (Rybar 1981a,
Marek 1994a, Razickova et al. 1987).

Déle se wuplatiiuje celd tada faktort
antropogennich — zména vysky a sklonu svahu,
odleh¢eni paty svahu (Pichler 2006) a Siroka
Skala faktort klimatogennich (Rybatr a
Novotny 2005).

Dle inzenyrsko-geologické rajonizace spada
zdjmova oblast do nejrizikovéjsi kategorie
obtiznosti dobyvani uhli s moznosti poruseni
stability krystalinika i sedimentarni vyplné
Mostecké panve (Rybar 1987). Cely boc¢ni
svah lomu CSA na styku Mostecké panve a
Krusnych hor od Jezerky az po Albrechtickou
vysypku Ize charakterizovat jako rozsahly
sesuvny komplex o délce 5 km, vyznacujici se
svahovymi  deformacemi ruzného  stafi,
hloubky, tvaru, stupné aktivity a mechanizmu
pohybu (kap. B; priloha E2.6).

Asi nejstar§$i zdokumentovanou svahovou
deformaci vazanou na té€Zzbu uhli je
katastroficky sesuv z let 1952-1954, jehoz
nasledkem byla zlikvidovana obec Jezefi (obr.
A2.17). Svahové deformace vznikla v dasledku
hlubinné t€Zby uklonéné uhelné sloje v dole
mar$al Konév a néslednymi poklesy nadlozi,

Obr. A2.12 Oblast sesuvu z roku 1983 v prostoru pilire
Jezerka. Pokles vizemi doklada napr. vrt JZ 62A, jehoZ
betonovd patka, kterd je pevné prechycena K zakotvené
paznici vrtu, je v soucasnosti 34 cm nad drovni terénu.
Vrt pochdzi z let 1983-84 a je vystrojen do hloubky 27 m.
V lestku za vrtem je zretelnd tahova trhlina, jejiz celkova
délka je 370 m (foto: J. Burda, 21. 4. 2010).

které se na povrchu projevily rozevienim
tahovych trhlin a pohyby majicimi za nasledek
nevratné poskozeni zistavby vesnice (Spirek
1974, Rybar 1997). Konfigurace trhlin a
poddolované izemi zachycuje obrazek AZ2.6.

K oziveni této trhliny doSlo o témé&f 40 let
pozdéji v ¢ervnu 1990. Rybat (1996) si v§ima
pohybu v rozmezi 3 - 6 mm/meésic
zachyceného inklinometrickym vrtem JZ 149 v
hloubkach 5 — 17 a 140 — 141,5 m, ktery byl
doprovazen ozivenim vyrazné trhliny pod
byvalou silnici I/13 (pokles az 0,5 m). Jelikoz
tahova trhlina vybihd az ke Stole Jezefi, byl i
zde zachycen pokles v rozmezi 1,2 — 4,2 mm
za 6 mesict doprovazeny extenzi ve staniceni
61,5 - 86,5 m (Rybai 1997; obr. D1.6).

Oblast byla v90. letech 20. stol.
povrchovou téZbou zasazena jen minimalng,
vétSina odborné literatury (Rybat 1997, Vales
1998) tedy tvrdi, Ze reaktivaci sesuvu nelze
davat do ptimé souvislosti s rozvojem lomu
CSA, uspokojivé vysvétleni pro oZiveni
svahové Cinnosti vSak také nepodava. V
pozdégjsich letech jsou jiz antropogenni vlivy
na stabilitu svahu, spojené s rozvojem lomu,
neoddiskutovatelné. Sesuv je aktivni dodnes
(obr. A2.9 a obr. A2.10) a byl ptedmétem
zajmu mého vyzkumu (kapitoly B1, B2, B3 a
C3).
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Obr. A2.13 Sesuv skryvkového svahu piliFe Jezeri z cervna roku 2005. Z obrazku je patrné, Ze sesuv zasahl az za hranu

prvniho skryvkového rezu. (prrevzato: Marek 2006).

V odborné literatufe je asi nejcastéji
zminovan sesuv v prostoru pilife Jezerka
(obr.A2.11). Vales (1986) tika, ze v 1ét¢ 1983
upozornil inklinometricky vrt JZ 59 na vznik
rozsahlého sesuvu, pohyb postihl kvartérni
sedimenty (sut¢ a fosilni zficené hmoty
krystalinika) do hloubek 58-65 metri. Pohyb
suti o celkové kubatuie az 8 mil. m3 probihal
po kontaktu s miocénnimi nadloznimi jilovei
(Rybar 1997, Pichler 1998). Rychlost pohybu
se v prubéhu né€kolikaletého pozorovani ménila
od 1-4 mm/mésic (v prvnich letech pohybu),
pres 50 mm/mésic (v roce 1988), az po cca 1
mm/mésic (po roce 1989). Vznik sesuvu byl
zaznamenan 1,5 roku po kulminaci vodni
bilance z let 1981-1982 (Rybat a Novotny
2005). Vlastni destabilizaci svahu podle
Rybate (2006) zpisobila srazkova kulminace
na jate 1983. Ke stabilizaci sesuvu pfispél
Cerpaci vrt KU 378, jenz téleso sesuvu
odvodnil (Vales 1998).

V prostoru stavajiciho pilife Jezerka (obr.
A2.11) se sesuv podafil stabilizovat v
pfipravném stadiu vyvoje, nicméné odluc¢na
trhlina je morfologicky stale dobie patrna (obr.
A2.12) a pasmova méfeni dokladaji pohyb v
zévislosti na sezénnim chodu klimatu. K

vyznamnému oziveni pohybt na trhliné doslo
po prudké lednové oblevé v r. 2011, kdy byl
béhem nasledujicich ¢tyf mésicli zaznamenan
posun o 30 - 50 mm (Burda a Pichler 2012).
Naopak ve vychodni casti pod Janskym
vrchem sesuvné pohyby pokracuji prakticky do
soucasnosti a pivodni reliéf skryvkovych fezii
byl kompletné destruovan. Tento sesuv s
dominantni obnaZenou amfiteatralni odlu¢nou
sténou (vysokou 50 — 60 m), z ¢asti tektonicky
predisponovanou (Marek 2006), byva nazyvan
jako sesuv pod Vodarenskou cestou, ktera vede
jen nékolik metrti od hrany sesuvu.

Dne 19. Cervna roku 2005 doslo k sesuvu
cca 3 — 7 mil. m* skryvkovych zemin
Vv jihovychodnim svahu pilife Jezetfi (obr.
A2.13). K prvnim pohybiim doslo jiz v zimnim
obdobi 2004-2005, na jafe roku 2005 potom
nastalo nahlé urychleni pohybu. Ackoliv se
sesuv projevil pohyby v fadech metru, nedoslo
k aplné destrukci svahu a po nékolika dnech se
pohyby uklidnily. | tak bylo nutné pfistoupit
k pomérné rozsdhlym sana¢nim {pravam,
Pichler (2006) uvadi objem zemnich praci cca
2 500 000 m°, jejichz vysledkem bylo &astedné
zplo§téni  svahu a  posunuti  prvnich
skryvkovych fezli smérem k horam.
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Rybar a Novotny (2005) davaji tento sesuv
do souvislosti s atmosférickymi srazkami i
presto, Zze k sesouvani doslo v obdobi
S dlouhodobé podprimérnymi  srazkovymi
uhrny. Tii dny pfed sesuvem vsSak v oblasti
vytrvale prSelo a cely kvéten byl srazkove
nadprimérny. Pobliz situovand meteorologicka
stanice Bolebot (640 m n. m.) zaznamenala v
Cervnu celkovy uhrn srazek 66,1 mm, coz
odpovida 80% normalu®, ale srazky v kvétnu
dosahly 101,6 mm, to odpovida 133,9%
normalu (Burda 2008). Jiz v kvétnu tak ziejmé
doslo k saturaci svahu vodou a nasledné srazky
v ¢ervnu se uplatnily jako spoustéci faktor.

Rybai a Novotny (2005) dale usuzuji, ze
antropogenni svah byl celkové pfili§ strmy a z
dlouhodobého hlediska nestabilni, coz doklada
i Pichler (2006), kdyz konstatuje, ze koeficient
bezpecnosti provozniho svahu byl
V inkriminovanych mistech F; = 1,2 - 1,3.

A2.4 KLIMA

Vyjma geografické polohy jsou klimatické
pomery lokality Jezefi urCeny rovnéz jeji
zavétrnou polohou ve srazkovém stinu
Kru$nych hor (Barta et al. 1973). Lokalita se
nachdzi na hranici teplé a mirn¢ teplé
klimatologické  oblasti (Quitt  1971).
Charakteristicky  je teplotni pramér
nejteplejsiho  mésice presahujici 18°C a
pramérné teploty nejchladnéjsiho meésice pod
bodem mrazu.

Rozdil teplot mezi KruSnohofim a panevni
oblasti je patrny z obr. A2.14, ro¢ni praimérna
teplota se v parovinné oblasti pohybuje okolo
5°C, zatimco v Podkrusnohoti b&Zné presahuje
8°C, coz je republikovy nadpramér (CHMU
2005). Rozdil pramérnych teplot nejteplejsiho
mésice (Cervence) ¢ini az 4°C, zatimco rozdil
pramérnych teplot nejchladnéj$iho mésice
(ledna) je mensi nez 2,5°C.

Zajimavym jevem je zvySeni prumérnych
mési¢nich teplot pfiblizné o 1°C v druhé
poloviné 20. stol. ve stanici Kopisty. V obdobi
1901 — 1950 byly primérné meésicni teploty

4 obdobi 1961 - 1990

prvnich osmi mésict 0 0,9 — 1,6 °C niz§i nez
v obdobi 1971 — 2008 (viz. tabulka v obr.
A2.14). Primérné teploty zbylych ctyf mésict
se v obou obdobich lisi podstatné mén¢ (max.
0o 0.4 °C). Pfi¢inou mize byt kombinace
n¢kolika antropogennich vlivli (podrobnégji v
kapitole A2.6) — vysuSeni rozlehlych vodnich
ploch; regulace puvodné bystiinné Biliny a
jejich horskych pftitoki; rozsédhla deforestrace
v disledku  rozvoje  povrchové  tézby
»Zpusobujici prehrati vzduchu® (Marek 2006,
s. 11) vletnich mésicich, ale také celkova
zména klimatu na regiondlni ¢i globalni
arovni.

Ro¢ni srazkové uhrny se lisi v zavislosti na
nadmotské vySce, resp. na expozici stanice
vici bariéfe KruSnych hor (Barta et al. 1973;
obr. A2.15). Ve vrcholovych oblastech a na
svazich Krusnych hor spadne rocné¢ 800 —
900 mm srazek. Diky atlantické cirkulaci je
ro¢ni chod srazek vyrovnany (52 — 54% letnich
srazek).

V prostoru Mostecké panve se uplatiuje
vliv srazkového stinu a celkové srazky jsou
proto az o 50% niz$i nez v horské oblasti,
rovnéz roste podil letnich srazek, jak ilustruje
tabulka A2.1. Cast Mostecka, reprezentovana
meteostanicemi Kopisty a Ervénice, tak patii
K nejsussim oblastem Ceské Republiky (Barta
et al. 1973, CHMU 2005).

Lokalita Jezefi, resp. cely podkrusnohorsky
piedmont, pfedstavuje pfechodnou oblast mezi
srazkovym stinem Mostecké panve a srazkove
bohatym Krusnohofim. Vyjadfeno C¢iselné,
na Upati hor spadne ptiblizné 0 25% méné
srazek nez v jejich temenné oblasti. V tabulce
A2.1 je tato oblast zastoupena stanici
Albrechtice. Stanice Jezefi, kterd byla
zprovoznéna az vroce 2005, neni soucasti
klimatologické sit¢ CHMU, je provozovana
Vyzkumnym tstavem pro hnédé uhli v Mosté.
Z divodu kratké a nekompletni Casové fady lze
data z této stanice pouzit pro zakladni
klimatologickou charakteristiku oblasti pouze
se zna¢nou rezervou a ziskané vysledky je
nutné  podrobit  kritickému  zhodnoceni.
Neocenitelné jsou vSak udaje o dennich a
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B Kopisty* -1,5 | -05 | 3,5 82 | 13,6 | 16,5 | 181 | 17,5 | 14 8,3 33 | 0,2
Kopisty** | -0,1 | 1,1 4,4 93 | 14,7 | 175 | 19,3 | 18,7 | 13,7 | 8,6 33 0,2

W Ervénice* | -1,4 | -0,4 | 3,6 83 [ 13,9 | 169 | 18,5 | 17,4 | 13,7 | 8,2 3,2 0

[ Pfisecnice* | -3,9 -3 01| 4.1 94 | 12,5 | 143 | 13,6 | 10,3 | 53 0,2 | -2,7

maésic

Obr. A2.14 Priimérnd teplota v jednotlivych mésicich roku na vybranych stanicich (zdroj dat: Bdrta et al. 1973; CHMU).
* obdobi 1901 — 1950
** obdobi 1971 — 2008
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| Il i v \ Vi Vi Vil IX X Xl Xl
M Kopisty | 27,8 | 22,0 | 26,5 | 25,3 | 48,1 | 54,6 | 58,9 | 58,5 | 38,1 | 29,5 | 32,5 | 30,5

W Jezefi 28,8 | 25,6 | 43,9 | 28,6 | 66,7 | 48,1 | 61,4 | 78,5 | 33,3 | 42,5 | 51,5 | 24,0
[ Bolebof| 69,5 | 57,1 | 61,3 | 55,5 | 729 | 80,6 | 86,4 | 72,5 | 58,2 | 58,7 | 69,5 | 74,1

mésic

Obr. A2.15 Priimérné mésicni srazky. Stanice Kopisty reprezentuje oblast srazkového stinu Mostecké pdanve, stanice Bolebor
oblast Krusnych hor a stanice Jezeri je situovdana ve stiedu zdjmové oblasti. V' letech 2008, 2009 a 2011 chybi iidaje ze 4
mésicii, zaznam z Jezeri je nutné povazovat za orvientacni (zdroj dat: Barta et al. 1973; CHMU).
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Tabulka A2.1 Podil letnich a zimnich srazek na rocnich srazkovych vhrnech na krusnohorskych svazich a paroviné -
Kliny, Bolebor, Prisecnice; Vv Mostecké panvi — Kopisty, Ervénice; a na upati Krusnych hor - Albrechtice, Jezeii

(zdroj dat: Bdrta et al. 1973; CHMU).

. Nadm. vyska Délka datové Srazky (mm)
Stanice 9
(m) fady Ro¢né IV - 1X X-1l VI % letnich srazek

Kopisty 239 1971-2008 452 283 169 59 63
Ervénice 234 1901-1950 463 271 193 60 59
Albrechtice 300 1901-1950 674 358 316 74 53
Boleboi 600 1955-2007 819 426 390 86 52
Piise¢nice 750 1901-1950 903 483 420 9 53
Kliny 815 1901-1950 891 479 412 94 54
Jezeti* 300 2005-2011 533 317 216 61 59

* rocni priimér vypocten pouze ze ¢tyr let, v letech 2008, 2009 a 2011 chybi vdaje ze 4 mésicii

hodinovych srazkach, které lze pifimo
korelovat se vznikem ¢i ozivenim nékterych
svahovych pohybt (Burda a Vilimek 2010).

A2.5 HYDROGRAFIE A HYDROGEOLOGIE

Zajmova oblast je levostrannym povodim
feky Biliny, do niz vody horskych potokd
ptivadi Loupnice. Oblasti
bezprostiednim okolim protékaji téi horské
potoky: Albrechticky potok °, bezejmenny
potok a predeviim Sramnicky potok (obr.
A2.16).

Potoky diive tekly ze svaht hor piimo do
Komotanského jezera, ale v soucasnosti jSOu
vody potoki odklonény mimo oblast lomu
CSA. Délka Sramnického potoka od pramene
je priblizné 4 km, Albrechticky potok je asi o
2 km delsi a ve vrcholové oblasti tece témet

zajmu a jejim

vychodnim smérem, pfiblizné€ na tietim km se
jeho tok prudce staci k jihu. Barta et al. (1973)
uvadéji, ze specificky odtok téchto bystfinnych
toki se pohybuje kolem 10 I/s (Barta et al.
1973). Bezejmenny potok, ktery je nejkratsi,
prameni na niz$i Grovni a je nejméne vodnaty.

Hlavni problém, ktery byl v minulych
letech v souvislosti s rozvojem povrchové
tézby uhli fesen (Jagr 1983), se tykal odvedeni
pozemni vody, jez by pfitékala do bo¢nich
svahit lomu CSA a naruSovala celkovou
stabilitu svahu. Jest¢ pied rozsifenim lomu
smérem k horam byly potoky zaustény do

vodni nadrze Diinov (obr. A2.17). V roce 1981

5 nékdy také oznadovany jako Cernicky potok

vsak jiz nadrz musela byt vypusténa a
problematiku ~ povrchovych a  mélkych
podzemnich vod pfitékajicich do lomového
prostoru z krusnohorského svahu bylo nutné
opetovne vyresit.

Odvedeni vod Sramnického a
Albrechtického  potoka  bylo  zajisténo
vybudovanim dvou vodohospodaiskych stol
pti Upati hor, ty v minulosti popsal Marek
(1980b). Tok Sramnického potoka je odvadén
piiblizn¢ 1 km dlouho Stolou do tudoli
Albrechtického potoka. Stola probiha soub&zné
s upatim hor pod dvéma lokalnimi elevacemi
navzajem oddélenymi depresi,
vyska nadlozi je 106 m. Vlastnim udolim
Albrechtického potoka je voda vedena
povrchoveé k dalsi Stole, tato vzdalenost
presahuje 200 metrt. Z udoli Albrechtického
potoka je pak vyhloubena cca 250 m dlouha
Stola, kterd odvadi vodu do prelozky
Sramnického a Albrechtického potoka. Stola
protind navr$i hradku Alberk, kde dosahuje

maximalni

maximalni vySka nadlozi 56 m. Béhem praci
byly na nékterych mistech ve Stolach
zaznamenany poruchy pficné i

orientace s diskola¢nimi plochami vzdalenymi

smeérné

i pfes 1 m a vyplnénymi silné zjilovatelou drti
(Marek 1980b). Autor si dale v8§ima, Ze
puklinami dochéazelo k nevelkym prisakim
podzemni vody do $tol, nejveétsi prasak byl v
delsi stole, a to 5 — 10 I/s. Prusaky vSak ustaly
béhem nékolika tydnu.
prasaky byly sledovany i ve Stole pod zamkem
Jezeti. Bezejmenny potok byl sveden do
vngjsiho odvodnovaciho piikopu E, ktery byl

Mén€ vyznamné

protazen az pod upati Janského vrchu a ma
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zabranit piitoku povrchovych vod zhor do
lomu. Tento ptikop je zaustén do nadrze
Cernice’.

Marek (1983a) dale uvadi, ze k prasakim
dochazelo z partii krystalinika za poruchovymi
zonami, zatimco vlastni velké kaolinizované
poruchové zony byly bez prisakd. Tyto
poruchy vytvareji pfirodni nepropustné stény,
které vzdouvaji vody v krystaliniku nad nimi.

Takovéto odklonéni povrchovych tokid ale
netesilo proudéni mélké podzemni vody do
bo¢niho svahu lomu. Pfi celkové plose povodi
viech i potoki 12 km’ a predpokladaném
vsaku 30% Pletichova (2006) usuzuje, Zze ro¢né
propustnym kvartérnim pokryvem zasakne 1,8
— 2,8 mil. m®. Autorka dile upozoriiuje, Ze
k této hodnoté se musi jeSté piipoCist voda
z krystalinické zvodné, ktera do kvartéru
zasakuje z pramennych vyvéra v nizSich
partiich svahti. Kvartérni koluvia, proluvia i
aluvia pfi upati hor tak predstavuji preferencni
cestu pro proudéni mélké podzemni vody a jeji
nasledné zasakovani do hlubsich kolektort.
Vyjma obecné pfijimané kvartérni zvodné,
krystalinické zvodné a stafin (Hurnik 1992)
zde Pletichova (2006) dale doklada zvodnéni
regelacni zony nadloZznich miocennich jilovct.
Vyrazna prostorova anizotropie této zony
celkové umoziuje proudéni vody do hloubek
nékolika desitek metrd, coz vzhledem k tomu,
ze jsou tyto jily nachylné k rozbtidani, vede
Ktomu, Ze je na tuto zonu vazan vznik
smykovych ploch.

Pro zachyceni mélkych podzemnich vod
proudicich udolim Sramnického potoka, byla
na prelomu 80. a 90. let 20. stol. v jeho udoli
vybudovana tésnici sténa. Ta je vytvofena ze
sypaného a hutnéného nepropustného jilu a
saha zvétralinovym pokryvem az k pevnému
krystaliniku, do n¢hoz je injektazi zavazana do
hloubek cca 18 m. Zachycena podzemni voda
je nasledné potrubnim systémem Cerpana zpét
do ptelozky potoka (Haas 1998). Zatimco
povodi Sramnického potoka bylo timto

® Nékdy se také setkavame s nazvem Cernicky rybnik,
ktery je presngjsi, nebot’ vodni plocha vznikla poklesem

vvvvvv

zptsobem odfiznuto od spadové oblasti lomu
CSA, v udoli bezejmenného a Albrechtického
potoka uz tako problematika feSena nebyla.

A2.6 ANTROPOGENNI
KRAJINY

TRANSFORMACE

Prvni zndmky lidské Cinnosti a z&sahti do
krajiny jsou zde dolozeny jiz od neolitu
(Koutecky 1963), podle nékterych pramend
dokonce od konce paleolitu (Riha et al. 2005),
kdy bylo Podkrusnohofi osidleno. Nicméné
tato kapitola se zaméfuje na zasadni zasahy,
které ovlivnily krajinny rdz vyznamnym
zpusobem, tedy na posledni dvé staleti.

Té&zba hnédého uhli zapocala jiz v 15. stol.
(Barta et al. 1973), jednalo se vSak o
extenzivni tézbu - selskou dobyvku. Prudky
rozvoj zapocal az ve stoleti devatenactém. Do
této doby se také datuje prvni skutecné
vyznamny a koncepéni zasah do krajiny —
vysuseni Komotasnkého jezera (obr. A2.16).
To se rozkladalo na plose 24 km? a jeho
vysu$eni piineslo zanik mokiadii a bazinatych
biotopti a vznik rozlehlé zemédélské louky
(Barta et al. 1973).

Ve stejné dobé se také zintenzivnila tézba
uhli formou prvnich hlubinnych doli,
vysledkem byla fada  antropogennich
montannich tvarti — odvalové haldy, odkaliste i
pinky. Tyto tvary vznikaly vSak lokaln¢ a
nepredstavovaly zasadni zasah do krajiny. Jiz
na konci 70. let 19. stoleti se oblast Mostecké
panve stala nejvyznamnéjsi oblasti t€Zby uhli
ve stiedni Evropé (Smolova 2008). V druhé
poloving 20. stol. vedle rozvoje hlubinného
dobyvani (14 hlubinnych dold: Quido,
Kohinoor, Centrum aj.) zapocal i prudky
rozvoj dobyvky hnédého uhli formou
povrchovych lomi, coz ovlivnilo jednak
georelié¢f, ale 1 klima, hydrografii a
hydrogeologické poméry panve (viz. vyse).

Historie t&zby vlomu CSA sahid a? na
pocatek 20. stoleti, od vzniku roku 1901 az do
roku 1947 byla tato tézebni lokalita znama
jako dul Hedvika. Az do roku 1916 bylo uhli
tézeno rucné. Hnédé uhli bylo dobyvano ve
Stolach 1 na povrchu, hlubinny zpusob tézby
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Obr. A2.16 Poloha Komoranského jezera pred vysuSenim, situace kolem roku 1780. Hurnik (1969) uvadi, Ze jezero s volnou
hladinou v téchto mistech existovalo do Atlantiku a béhem dalsiho vyvoje oblast nabyla spise mokiadni a raSelinistni
charakter s relativné malou vodni plochou uprostied. Zluta Sipka vyznacuje polohu zdmku Jezeri. Land cover na pozadi
mapového podkladu 1. josefského vojenského mapovini (pievzato z: Ekologické centrum Most, [cit. 2012-2-4],

http://www.ecmost.cz/rekultivace.php).

byl v dolovém poli Hedvika uplatiiovan az do
jeho vyrubani v roce 1931. Po valce mnoho
doli v Mostecké panvi zménilo jméno a dul
Hedvika nebyl vyjimkou, 31. srpna roku 1947
pokitén po americkém prezidentovi, dul
President F. D. Roosevelt. Po roce 1948 se
zaCal dal rychle rozrustat, dodaval uhli
nejenom do elektrarny Ervénice, ale i do
elektrarny Komotany, vystavéné v letech 1943
az 1951 (Mala 2010). V zafi roku 1958 byl lom
znovu piejmenovan na v soucasnosti
pouzivany nazev lom Ceskoslovenské armady
(CSA). Za devadesat let existence (1901 az
1991) se v lokalité lomu CSA (Hedvika) a
prilehlych dolech Eliska a Marsal Konév
vytézilo 226 miliont tun hnédého uhli (Novak
et al. 1993).

V souvislosti se ifenim lomu CSA smérem
ke kruSnohorskému upati (obr. A2.17) bylo
zacatkem 80. let feSeno nékolik wvariant
postupu banské Cinnosti. Ty se rlznym
zpisobem  snazily  zohlednit  zakladni
geologicko-geomorfologické aspekty (Rybar

1987), maximaln¢ vyuzit uhelné sloje,
minimalizovat dopad téZby na ekosystém i
zajistit stabilitu a bezpe€nost svahu. Vale$
(1998) uvadi, ze uvazované byly tfi moznosti
Sifeni tézby smérem k upati hor:

Uplné vyuhleni zasob s maximalnim
ekologickym  dopadem, ale  stabilnimi
zavérnymi svahy lomu s horni hranou na linii
cca 500 m n. m. —tzv. velka varianta.

Stiredni varianta piedpokladala v mistech
nejslozitéjsi  geologicko-tektonické  stavby
ochranné pilife s casteCnym obnazenim
krystalinika na max. vysku 50 m pii horni
hran¢ lomu na linii 340 az 380 m n. m. V pilifi
pod zamkem je vazano asi 30 mil. tun uhli.
Uvazovala se jeSt¢ také subvarianta
predpokladajici zvétseni pilite v prostoru pod
zamkem Jezeti s ohledem na zvySeni stability
budovy zamku a ¢asti Arboreta. V pilifi jsou
tak vazany dal$i 3 mil. tun uhli. Pilif pod
Jezerkou potom vaze asi 8,5 mil. tun uhli
(Mann a Janec¢kova 1989).

Pii malé varianté je ekologicky dopad
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Obr. A2.17 VéjiFovity postup lomu Ceskoslovenské armady (CSA) smérem k tipati Krusnych hor ve druhé poloviné 20. stoleti.
Obrazek zachycuje i zménu okolni krajiny a polohu DFinovské nadrze i piivodnich vesnic (prevzato z: Mald 2010).

minimalizovan. Dochazi k  casteCnému zamkem (vazano 34,5 mil. tun uhli). Tézeny

obnazeni krystalinika na vysku 50 m, ale bez
tézby suti. Horni hrana lomu na linii 270 — 280
m n. m. je posunuta smérem do panve. Vznika
velky souvisly pilif v celém tuseku, ktery vaze
cca 70 mil. tun uhelnych zésob.

V praxi byla realizovana kompromisni

N I3

sttedni varianta s rozSifenym pilifem pod

byly tedy i znaéné mocnosti kvartérnich
sedimentll pfimo pii upati hor, kde tak vznikl
misty az 200 m vysoky antropogenni svah
pfimo navazujici na svah kru$nohorsky.
Generelni  sklon svahu je asi 15° a v
nejstrmejsich pasazich, pod Janskym vrchem, i
vice nez 25°. Bo¢ni svah byl dotvarovan
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jednotlivymi skryvkovymi fezy o prumérné
vysce 20 m, a tudiz ma celkovy svah terasovity
charakter.

Typické je, ze svahy zlstavaji bez souvislé
vegetace, a tak na nich druhotné vznika cela
fada eroznich tvard, ale také svahovych
deformaci. V nékterych dil¢ich partiich tak jiz
byl setfen plvodni antropogenni charakter
svahu. To je typické pro skryvkové fezy
nizsich vyskovych urovni (120 m n. m.),
vytvarovanych na pat€ svahu strméji nez
svrchni skryvkové fezy tak, aby na paté svahu
bylo ponechano co nejvice materidlu a
odleh¢eni bylo minimdlni. Obdobné byl
montanni charakter reliéfu setfen v rozsahlych
sesuvnych  oblastech pod Jezerkou a
jihozapadnimi svahy pilite Jezefi.

Dal$im plosné¢ vyznamnym montannim
tvarem jsou vysypky, v nichz bylo od poc¢atku
téZby v Mostecké panvi zalozeno ptes 7 mid.
m?® skryvkovych zemin na plose pfiblizng 140
tis. ha (Bazant 2010). Bezprostfedné v okoli
zajmové oblasti nalezneme celkem tfi vysypky,
doposud provozovanou vnitini vysypku lomu
CSA, dosypanou vnitini vysypku lomu
Obranct miru a vnéjsi vysypku Albrechtickou.
Ta byla dosypana ve druhé poloviné 50. let 20.
stol a je nejstarsi nerekultivovanou vysypkou.
V soucasnosti je z ¢asti odtéZena a ponechana
Cast predstavuje elevaci oddé€lujici osadu
Cernice od lomové jamy CSA. Pata vnitini
vysypky lomu CSA v soucasnosti postoupila
az pod pilit Jezefi. Smér sypani vysypky
zpétn€ kopiruje smér rozSifovani lomu.
Jednotlivé etaze jsou zakladdny jako 20 m
vysoké naspy.

Béhem tézby skryvky bylo v minulosti
odtézeno zna¢né mnozstvi sedimentd panve,
fadové jde o miliardy tun materialu, Zmitko
(1983) uvadi obrat cca 150 mil. tun skryvky za
rok (nutno podotknout, ze jde o té€Zbu v celé
centralni ¢asti panve). Hurnik (1982b) uvazuje,
ze takto vyrazné odlehCeni krystalinika
panevni oblasti by mohlo druhotné zapficinit
lokalni oziveni endogennich pohybl, coz
dokladaji i1 dalsi (Drozd a Rybar 1983,
Prochazkova et al. 1984). Hurnik také tvrdi, ze
ptipadné pohyby podlozi vlivem odlehceni by

mohly zpusobit slaba antropogenni
zemétieseni, ktera by mohla mit za nésledek
destabilizaci svahd.

Kalvoda et al. (1994) dava do souvislosti se
zemétfesenim  pobliz  némeckého  Bag
Sulzungenu (13. 3. 1989) anomalni pohyby
nékterych sledovanych bodu polygonu Z,b 11
v obdobi podzimu 1988 a jara 1989. Kloss
(1994) na zaklad¢ analyzy vysledki MKP
potvrzuje mozné pohyby masivu nejen smérem
vzhtru, ale také pohyby krystalinika smérem
do panve. Intenzitu téchto pohybli dava do
pfimé souvislosti s mnozstvim odstranénych
sediment.

Jelikoz se u lomu CSA predpoklada
hydricka rekultivace, Hurnik (1982b) dale
uvazuje 1 o mozném zvySeni seismicity
v dusledku zatopeni zbytkové jamy lomu, resp.
v dusledku tlaku zptsobeného vysokym
vodnim sloupcem.

Jak ilustruje obr. A2.17, druhotné se tézba
projevila rozsdhlou deforestraci okolni krajiny,
eliminaci vétSich i mensich vodnich ploch, ale
také regulaci horskych bystfinnych tokt i feky
Biliny, ktera je nyni pres Ervénicky koridor’
vedena potrubim. Vsechny tyto zmény mohly
prispét ke zméné mikroklimatu, resp.
k otepleni o vice nez 1°C (obr. A2.14).

" Ervénicky koridor byl vytvafen na spole¢né demarkaci
lomtt CSA a J. Sverma v letech 1957 — 1983 jako
mohutné vysypkové tdleso o kubatuie 940 mil. m®
Koridor vznikal za W¢elem propojeni Mostecka a
Litvinovska s Chomutovskem, jelikoz pivodni dopravni
infrastruktura byla v ramci tézby zruSena. V 80. letech
20. stol. byly v koruné koridoru polozeny koleje a
vybudovana nova rychlostni silnice €. 13, které funguji
dodnes. V roce 1981 byla také zprovoznéna potrubni
tlakova prelozka teky Biliny v délce 3,1 km. Ackoliv je
zaloZené téleso koridoru dlouhé cca 2500 m, Siroké az
4400 m v bazi, resp. 1000 m v koruné a mocné az 130 m,
dosahly hodnoty poklesti pfi konsolidaci vysypkovych
zemin max. 2 m (Dykast 1998).

V ramei Cské republiky se jedna o mimoiddnou zemni
stavbu svého druhu, kterd je naro¢nosti technického
feseni unikatni.
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A2.7 ZAKLADNI PRICINY ROZVOJE
RECENTNICH SVAHOVYCH POHYBU

Odkryvani desitek, misty vice nez stovek
metrit mocnych nadloznich vrstev pfirozené
vyvolava napéto-deformacni zmény uvnitf
masivu, resp. nove¢ vytvarovanych svaht.
Z hlediska stability svahu zcela jednoznaéné v
takovych pripadech sehrava zasadni roli
vyznamna zména relativni vySky a sklonu
svahu. Odlehceni paty svahu a s ni spojena
zména napéti uvnitf svahu vedou podle
Pichlera  (1998) koslabeni  pasivnich

smykovych sil, a tak mize dojit k destabilizaci
svahu.

Obr. A2.18 Spatné zietelnd hranice kvartéru a terciéru, v
némz se navic lokalné uplatiiuji Sikmé zlomové plochy (na
obrazku) a dalsi plochy nespojitosti (foto: J. Burda,
24.2.2012)

V souvislosti s pfitomnosti uhelné sloje je
tteba zvazovat specifika, ktera se u jinych
(rozuméno neuhelnych) svahd neuplatiuji
(Zaruba a Mencl 1987). Jedna se zejména o
malou mérnou tihu (y,) uhli oproti napt.
zeminam, diky tomu tak vztlak podzemni vody
na nadlozni souvrstvi plisobi ve vét§i mife nez
v jinych pfipadech. Déle je to mala smykova
pevnost (tf) uhelnych jila, ktera je nizsi nez u
jinych hornin. Zaruba s Menclem (1987)

dokonce uvadéji, Ze ke smykovému
dotvarovani dochazi pfi tlaku, ktery odpovida

20 - 40% smykové pevnosti jinych hornin.
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Obr. A2.19 Pracovni diagram smykové zkousky ilustrujict
polohu  geotechnického rozhrani (upraveno podle:
Pichler 1989).

Dalsim jevem negativné¢ ovlivitujicim
stabilitu svahii jsou Sikmé zlomové plochy
(obr. A2.18), pterusované plochy vrstevnatosti
a systétmy velkych a malych puklin, které
prostupuji nadlozni prachovité jilovce (Rybat a
Dudek 1976). Celkové ma tak panevni vypli
kvazihomogenni nespojity charakter v némz se
uplatiiuje anizotropie (Pichler 1989).

Dalsim dulezitym faktorem je skutecnost,
ze pevnostni a pfetvarné charakteristiky
nadloznich jilovcd se ve vertikdlnim sméru
méni. Pichler (1989) si v§ima, Ze vlivem
diagenetického  zpevnéni jejich  pevnost
s hloubkou stoupa, pficemz do hloubky 30 —
40 m (regelacni zona) maji jilovce velmi nizké
pevnostni charakteristiky, coz doklada i Myska
(1983). V této hloubce probiha geotechnické
rozhrani (obr. A2.19).

Jelikoz, jak uvadi Pichler (1998), je banska
¢innost vzdy rizikova, jsou svahové pohyby v
povrchovych velkolomech Mostecké panve
roz8ifenym a de facto ptirozenym jevem. Dale
se v této oblasti 1ze setkat jak se sesouvanim,
tak také se stékanim a plouzenim.

V zajmové oblasti dochazi k progresivnimu
porusovani svaht, které je typické pro
plastické prekonsolidované zeminy, coz je
proces, ktery podrobné popsal Bjerrum (1973)
a v praxi dlouhodobé aplikoval E. Pichler,
jehoz soubor praci voboru regionalni
geomechaniky, pfesahujici soubor praci
citovanych, povazuji doposud za neptekonany.

Redistribuci primarniho, sekundarniho a
smykového napéti v jilovitém  prostiedi
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[a+ b+ c = pavodni napéti v bodé A
‘a + b = dnesni napéti v bodé A

|a - dnesni geostatické napéti

‘b - residudlni napéti
|c - odlehéeni

D,

dnesni terén
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a prima’mihoal ] - .
napéti fa + b = pavodni hodnota pérového
tlaku v bodé A k pIné saturaci

s(x=0) « a - ubytek tlaku v dusledku odlehéeni
b - dnesni hodnota pérového tlaku
v bodé A

Obr. A2.20 Model porusovani svahu v soudrznych zemindch. Na jilovitou vrstvu, zobrazenou v fezu vysky H, piisobi bocni
sila E, vyvolavajici posuny As. Posunem téZbou odlehceného bloku (1) vici bloku primdrniho napéti (2) se redistribuujt
smykovd napéti na kontaktni plose obou blokii. Fialové je v obrazku znazornéné schéma primarniho a sekundarniho napéti a
deformace. Zména priibéhu porového tlaku v hloubce je zndzornéna modre. Typické je, Ze po odlehceni dochazi k poklesu
tlaku na zlomek pivodni hodnoty — plné saturaci. V zéné primdrniho napéti jsou tlaky blizké piivodnim hodnotam
nenaruSeného prostredi. V pripadé diletance se smykova zona vyznacuje poklesem tlaki, casto az do zapornych hodnot.
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Obr. A2.21 Graf deformacnich napéti v prekonsolidované
zeminé; 1¢ — vrcholova pevnost, T¢ — rezidualni pevnost
(prevzato: Pichler 2006).

275 m n.m.

o> 0,8MPa
F<1,0
u ~ 200kPa

205-195 m n.m.

Obr. A2.22 Prikiad viacného rozrusovani svahu
S progresi, 6 — normalové napéti, F — stupen bezpecnosti,
U — porovy tlak (prrevzato: Pichler 2009).

ovlivnéném tézbou zachycuje obr. A2.20.
Pichler (1998) si zaroven vs§ima obecného
faktu, ze smykova pevnost zemin po dosazeni
vrcholovych hodnot s dalsim pfetvofenim
prudce klesa az na rezidualni hodnotu (obr.
A2.21). Tento fakt je potom dolozen vztahem:

% =% .H.sina .cosa . [1-(S/s9)] + = . (S/s¢)
(symboly jsou ziejmé z obr. A2.20 a A2.21)

Pfi zméné napétového stavu zeminy se
vyviji 1 tahové napéti, které se s rlstem

soufadnice x zvétSuje na maximum. Tato
tahova sila zplsobuje poruSovani soudrzné
zeminy (vznik trhlin v zemnim bloku) a
nasledny plo$ny posun, k némuz dle Pichlera
(2006) dochazi v anizotropnim prostfedi na
reologicky a litologicky predisponovanych
plochéch, na nichz je pfirozené nizsi smykova
pevnost. Zaroveii se na téchto plochach
koncentruje napéti a vznikaji deformace uvnitt
svahu, coZ je ¢astou pfi¢inou vzniku celkovych
pohybt. Neptiznivym privodnim jevem je
zvySovani vlhkosti na téchto plochach, coz
davaji Handl a Kurka (2010) do souvislosti se
zvySovanim propustnosti pii nakypfovani
v disledku diletantniho chovani zemin na
smykové ploSe. V pozorovacich vrtech se pak
smykova plocha projevuje jako oblast
zapornych porovych tlaki — v dusledku
zvétSovani obejmu, zde vznika hladina sani
(obr. A2.19), nebo naopak pti kontraktanci se
projevuje vysokymi porovymi tlaky (200 kPa).
Toto chovani je typické pravé pro kiehké
poruseni horninového masivu (Pichler 1998).
U hluboce zalozenych sesuvii vznika
s rustem tlakovych napéti uvnitt svahu zdroj
vysokych pretvoreni, spojeny se vznikem
smykovych ploch (Pichler 2006). Na zakladé
smykovych zkousek, provadénych v 90. letech
na vysokotlakych smykacich, usuzuje Pichler
(2009), Ze ktémto pietvorenim dochazi pti
tlakovém napéti 0,4 — 0,8 MPa (obr. A2.22) a
jsou tim progresivné&jsi, ¢im vys$i je hodnota
poméru  Ti /1. (tedy pfedev§im  nad
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geotechnickym rozhranim — viz. obr. A2.18).
Takto vysoké tlaky zapfiinuji naopak
zmensSovani objemu (kontraktaci) a zptisobuji
vlaéné rozru$eni zemniho bloku, vedouciho ke
vzniku skluzné plochy, které nemusi byt
vazany na plochy anizotropie. Rozruseni
struktury jild poc¢ina, kdyz smykové namahani
dostoupi asi 60 % pevnosti ve smyku (Pichler
2006), tedy ,,pfi kontraktantnim charakteru
smykového namahani nemuize byt vyuzito

vrcholové smykové pevnosti® (Pichler 1989, s.
120). V paté svahu se zpravidla toto vlacné
rozruseni projevuje tenkou skluznou plochou,
uvnitt  svahu kluznou zoénou, V odlu¢nych
oblastech je typickd dokonale vyhlazena
smykova plocha (obr. A2.22 a A2.23).

/ \ A : X vy
Obr. A2.23 Priklad dokonale vyhlazené smykové plochy
V odlucné oblasti sesuvu (foto: J. Burda, 21. 4. 2010).
Uvahy o vyvoji hluboce zaloZenych sesuvii
uzavira Pichler (2006, s. 15) tvrzenim, ze ,,tyto
zony (mysleno smykové) vznikaji hluboko ve
svahu vregelaéni zoné, nebot' tak vznikne
nejvetsi kontraktace a tim nejvetsi ztrata
potencialni energie. ZmenSeni objemu pfi
zkosu zpisobuje, ze se zvétsuje tlak vody v

pérech, a proto sesuvy vznikaji v krat§im nebo
delsim casovém odstupu po odlehéeni svahu
tézbou. Charakteristické pro takové svahové
deformace je dale to, ze pfi vlaéném chovani
se vyrazn¢ projevuje creep.
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Obr. A2.24 Predpokladand zavislost stupné bezpecnosti a
vzdalenosti tahové trhliny od paty svahu pri vysce svahu
15 a 20 m. Optimalizovano pro geometrii mistnich
antropogennich svahii (prevzato: Pichler 2006).

I svahy se soucinitelem bezpecnosti vét§im
nez jedna se dlouhodobé pretvaieji, az se
vlivem klimatogennich faktor sesuji. Vlacné
chovani jilovcd vSak nemize trvat vééné. Az
se objem zeminy zmensi, zpravidla odtézenim
aktivni oblasti sesuvu, zaCne se vyvijet
tenkaskluzna plocha, ktera zlstava trvalym
znakem poruseného masivu (masiv zachovava
pamet)“.

Ve specifickém antropogennim reli¢fu je
nutno uvazovat 1 specifika vyplyvajici
z morfologie  terénu. Sesuv  jednoho
skryvkového fezu mize pitimo ovlivnit
stabilitu fezu nad, ¢i pod mistem vzniku
svahové deformace. Dojde-li ke vzniku
svahové deformace v prostoru spodniho fezu,
nesmi tahova trhlina za hranou spodniho fezu
zasahnout oblast koncentrace napéti v patni
Casti vySe leziciho fezu, coz vobr. A2.24
zachytil Pichler (2006). V opa¢ném piipadé
muze dojit k regresivnimu (mysleno z hlediska
sméru $ifeni svahové deformace) Sifeni sesuvu
vysSe do svahu a z lokalni svahové deformace
mize vzniknout plosné rozsahly sesuv
destruujici znac¢nou cast svahu.

*kkk*k
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A3 SOUSLEDNOST DOSAVADNICH VYZKUMU

A3.1 STRUCNY PREHLED OBECNYCH
GEOMORFOLOGICKYCH VYZKUMU

Stiedni ¢ast KruSnych hor a oblast
Katefinohorské klenby patii asi k nejlépe a
nejintenzivnéji  prozkoumavanym lokalitam
v celé naSi republice. Nejstarsi publikované
prace pochazeji Z druhé poloviny
predminulého stoleti (napt. Laube 1876, 1887),
vétSina vSak pochazi z prvni ¢i druhé poloviny
20. stol. (viz. Vilimek 1992).

Ackoliv, jak poznamenava Vilimek (1994),
je veétsi ¢ast publikovanych i nepublikovanych
vyzkumnych zprav zaméfena predevs§im na
geologickou tématiku, setkdvame se |
sucelenymi  geomorfologickymi elaboraty.
Cela tada geomorfologickych poznatkli piimo
vzesla z vysledki vyse
geologickych praci.

Asi nejdelsi tradici geomorfologickych
vyzkumi zde ma Ptirodovédecka fakulta UK,

zminénych

jejiz Cinnost se zaméfovala na koncepcni
geomorfologické mapovani a hodnoceni
geomorfologickych pomért Krusnych hor
(napt. Kral 1966, Postolka 1972, Stovitek
1973, Vilimek 1992, Stolinova 2002 a jini).

V minulosti pfinesli velice podrobnou
reSerSi geomorfologickych praci a shrnuti
vysledkd Kral (1968) a novéji Vilimek (1994).
Oba shodné¢ vymezuji tii zékladni sméry
vyzkumu: 1) problematika zarovnanych
povrchii (Kral 1968, Postolka 1972, Stovicek
1973, Demek 1977 a dalsi); 2) periglacialni
modelace a otazka pleistocenniho zalednéni
(mimo jinych Hurnik 1965, Kral 1968,
Postolka 1972 a Stoviéek 1973, z dalsich napf-
Malkovsky et al. 1985, nebo Vilimek 1998).
Z hlediska zaméteni této prace lze povazovat
za nejpodstatnéjsi smér 3) vyzkum svahi
Krusnych hor (Demek 1977, Hurnik 1986a,

Marek 1984c, Ruzickova et al. 1987, Vilimek
1992, Machatschek in Vilimek 1994, Vilimek
1995 a fada dalSich).

A3.2 VYZKUMY SPOJENE S ROZVOJEM
POVRCHOVE TEZBY

Rozvoj povrchové tézby hnédého uhli
Ssebou prinesl bez nadsazky boom
geologickych, inzenyrsko-geologickych,
hydrogeologickych 1 geomorfologickych
vyzkumi. Od poloviny minulého stoleti tak
vznikla cela fada ucelenych teoretickych praci,
kontrolnich méfeni a prizkumnych dél, které
lze na zaklad¢ jejich zaméfeni tematicky
rozdé€lit na prace orientované: 1) na vyzkum
rozvoje tézby ve slozitych geologicko-
geomorfologickych  podminkach, 2) na
vyzkum vlivu téZzby na stabilitni poméry
krystalinika Kru$nych hor, 3) na vyzkum vlivu
tézby uhli na stabilitu Upati Kru$nych hor
tvoreného vyvleGenymi sedimenty Mostecké
panve a 4) na navrzeni a instrumentace sité
kontrolniho sledovani.

I vtéchto vyzkumech méa Pfirodoveédecka
fakulta UK dlouholetou tradici (mezi jinymi
napt. Tlusty 1984, Kalvoda a Vilimek 1989,
Dittrich 1991, Stolinova 2002, Burda 2008),
avSak vzhledem ke spiSe inzenyrsko-
geologické povaze problematiky se na
vyzkumech podilela fada dalSich instituci.
V nasledujicich tadcich je chronologicky
uvedena historie vyzkumnych praci, jejichz
vysledky jsou v této praci citovany a z nichz
soucasné vyzkumy vychazeji.

Vyhloubeni az 200 m  hlubokého
povrchového lomu piimo pod 450 m vysokym
zlomovym svahem je svétovym unikatem (E.
Pichler — tstni sdéleni), proto byl vé&jifovity
postup lomu CSA smérem K hordm spojen s

Dynamika a rozsifeni recentnich svahovych pohybi na Upati Krusnych hor | Kapitola A



dopliyjicim geologickym prizkumem, jehoz
soucasti bylo vyjma vrtného prizkumu (Elznic
1964) mapovani celého predpoli. Vysledek
téchto praci pfinesl poznani charakteru
kvartérnich sedimentt pii upati hor, 0 chovani
kvartérnich kolektortt v dosahu té€Zby nebo
analyzu vznikajicich svahovych deformaci
(Van& 1960, Pasek et al. 1964, Spurek 1974,
Rybat et al. 1975, Marek 1977, Rybai a
Kudrna 1979, Marek 1979, Marek 1980a,
Zmitko 1983, Zelenka et al. 1983, nové&ji napf.
Buzkova 1994a, Jezersky 1994, Marek 1994b,
Rybat 1997, Pletichova 2006, Burda et al.
2011).

Diskuze o mife vlivu t€Zby na stabilitu
Krusnych hor a 0 vyznamu zlomové tektoniky
reprezentovana napf. nazory Marka 1977, Suly
1977 a Cecha 1977 de facto vedla k zahajeni
geologického prizkumu, ktery byl z hlediska
poznéni strukturniho svahu hor a charakteru
panevniho  okraje  fundamentalnim a
v republice unikatnim. V letech 1980-1981
byly vyrazeny prizkumné Stoly Jezeti a
Jezerka (obr. A2.4 a A2.8) a v letech 1983-
1986 stoly Cernice a Horni Jifetin (Horadek
1994). Vsechny Stoly byly vyrazeny hluboko
do krystalinika: Jezeti 429 m, J ezerka® 467 m,
Cernice 256 m a Jifetin 600 m. Horagek (1994)
dale popisuje, ze ze S§tol byla vrtana fada
prazkumnych vrtd.

Zejména  znalosti  zprvnich  dvou
jmenovanych  §tol  zasadnim  zplusobem
ovlivnily banské postupy a smér dalSich
vyzkumt. InZenyrsko-geologické poméry Stol
popsal velice podrobné ve svych pracich dr.
Marek z n. p. Stavebni geologie (Marek
1983a,b; 1994a). Pravé Marek charakterizoval
tektonického postizeni krystalinika v okoli
zamku a preformuloval hypotézu o mozném
ohrozeni horninového prostfedi v dusledku
tézby pod strukturnim svahem.

Ve $§tolach se zaroven provadéla cela fada
geotechnickych prizkumi, laboratornich i
polnich zkousek (obr. A3.1), jejichz cilem bylo

8 Ke 30. prosinci 2005 bylo dilni dilo zlikvidovano
zalozenim Uvodni ¢asti Stoly kombinovanou metodou
foukané (700 m®) a plavené (70 m®) zékladky popilkem
(Varady a Cmejrek 2009).

stanovit zdkladni indexové vlastnosti hornin,
pevnostni a deformacni charakteristiky a stav
napjatosti  prostiedi, stejné¢ tak  jako
petrofyzikalni  vlastnosti ~ (Herstus 1984,
Prochazkova et al. 1984, Bodlak a Domecka
1986, Bejsovec 1992, Kostak et al. 2006).

Obr. A3.1 Tvarové segmenty pro zatézovaci desku jako
poziistatek polni rozpérné zkousky v prvai rozrdzce stoly
Jezeri (foto: J. Burda, 8. 2. 2012).

Ackoliv se jiz pfed vyraZzenim S$tol
objevovaly prace spekulujici o mozném
dopadu tézby na oblast krystalinika (Marek
1977, Rybat a Kudrna 1979, Hurnik 1982b),
Slo o studie vychazejici Cisté z inzenyrsko-
geologického mapovani, jejichz zavéry dostaly
timto vyzkumem konkrétni charakter. Stabilita
strmych horskych svaht byla nové posuzovana
bud’ emperickymi pfistupy (napf. Drozd a
Rybai 1983, Herstus et al. 1983, Rybaf et al.
1986), nebo pfimymi vypocty (napt. Mejzlik a
Mencl 1983, Kohoutek 1983, Myska 1983,
Mejzlik a Mencl 1989a,b; Kloss 1994,
Buzkova 1994b).

Vysledkem byla revize inZenyrsko-
geologickych studii a nova, ucelena bansko-
geologickd rajonizace zpracovana Banskymi
projekty Teplice (Rybat a Zmitko 1987) a
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soucasny rozvoj unikatniho souborného
syst¢ému kontrolniho sledovani stability —
monitoringu (Herstus a Rozsypal 1983, Mann
a JaneCkova 1989), na jehoz instrumentaci a
provozu se podilela fada instituci, od vysokych
skol a vefejnych védeckych organizaci (UK,
CVUT, USMH AV CR, GFU AV CR, n. p.
Stavebni geologie) po soukromé subjekty
(zejména Vyzkumny ustav pro hnédé uhli a.s.,
Banské projekty Teplice a.s., AZ Monitoring
a.s. a dalsi).

Z hlediska komplexnosti naprosto unikatni
systém kontrolniho sledovani vznikl v oblasti
Jezerka (1983 — 1985) a piedevsim v oblasti
Jansky vrch — Jezeti (1986), byla uplatnéna
cela fada metod, jimiz se zahustila stavajici
soustava vné&jsi geodetické sit€ intervalove
sledujici polohové i vyskové zmény (Vyskocil
1983 a 1989, Kalvoda a Vilimek 1989,
Kalvoda et al. 1990).

Nove realizovana méteni Ize
charakterizovat jako méfeni provadéna ve
vrtech, méfeni ve Stole Jezefi a méfeni na
povrchu terénu (Mann a Janeckova 1989).

Mé¥eni ve vrtech

V 80. a 90. letech 20. stol. se zakladem
monitoringu boc¢nich svahi lomu CSA stala
pfesna inklinometrie (Rybat 1997). Pavodni
méfeni provadél n. p. Stavebni geologie,
pozd¢ji, od 90. let, firma AZ Monitoring a.s.
Soucasti inklinometrickych méteni bylo také
méfeni porovych tlaki ve vrtech (Handl a
Kurka 2010). Od roku 2005 byla tato
pravidelnd méfeni nahrazena geodetickym
sledovanim svahii. V predpoli lomu CSA mé&i
v souCasné dobé hladinu podzemni vody
Vyzkumny tstav pro hnédé uhli as.
(Pletichova 2006).

Meéieni ve §tole Jezeri

Zakladem dlouhodobych méteni ve Stole se
stala pfesna nivelace, ktera se provadi od 80.
let. 20. stol.
stabilizovanych bodt zahdjil n. p. Stavebni
geologie a od zacatku 90. let 20. stol. jej

Vv v

provadi sesterska servisni organizace tézarské
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spoleCnosti. B&hem témér tricetileté fady
méfeni se podafilo zdokumentovat pokles
prvnich péti bodl v Gsti $toly a mirné stoupavé
tendence v prostoru krystalinika (Burda a
Pichler 2012).

Vyjma nivelace se provadi fada dalSich
presnych méfeni, USMH AV CR dodnes
provozuje métidlo TM 71, které je umisténé v
Celbé stoly (Kost'ak et al. 2011). Od roku 1982
provadi GFU AV CR velmi pfesnd
naklonomérnd méfeni zachycujici deformacni
procesy s rozliSovaci schopnosti 0,0001 thlové
vtefiny. V soucasnosti jsou ¢inné dvé stanice:
wJezefi-1 a | Jezefi-2* umisténé v Celbé Stoly,
resp. 140 m od usti Stoly (Chan et al. 2003).
Vyjma téchto méfeni pracuje v souc¢asné dobé
GFU na vytvoreni lokalni seismografické sit&
v predpokladané konfiguraci: Hnévin, Jezefi —
Stola, PySna (tistni sdéleni: J. Mrlina, GFU AV
CR).

Mé¥eni na povrchu terénu

Povrchova méteni vnéjsi geodetické sité se
provadeéji od 70. let minulého stoleti (Vyskocil
1983). V souvislosti s feSenim otazky stability
krystalinika byly v 80. letech na svazich
instrumentovany nivelaéni pofady Z,b 11; Z,b
10; Z,b 3 (Kalvoda et al. 1990, viz kapitola
B1). Kalvoda et al. (1994) si vSimaji
cykli¢nosti ve vertikdlnich zménach pohybu
bodu nivelacnich poradii v korelaci se zménou
ro¢niho obdobi a stupném nasycenim masivu
vodou (podzim 1983 — jaro 1989).

Od roku 2005 se patefi souéasného
monitorovani bocnich svahti lomu a pfilehlé
oblasti stala metoda ATS (automatické totalni
stanice) doplnéna o pribézné meieni sité GPS
bodu (Blaha et al. 2006). Pobliz portalu Stoly
byla také umisténd nova meteostanice.

Zcela obdobny a ve své dobe jeste
propracovanéjsi systém kontrolniho sledovani
byl instrumentovan v 80. letech 20. stol.
v pilifi Jezerka (viz. Mann a Janeckova 1989,
Rybar 1996, Rybar 1997, Vales 1998).

*kkkk
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A4 PREHLED POUZITYCH METOD

Zakladem metodického piistupu ke studiu
zvoleného tématu byl multidisciplinarni
vyzkum  kombinujici  terénni  prazkum,
laboratorni analyzu a syntézu dat s pomoci
geografickych informaénich systému (GIS).
Rozsah wvyuziti jednotlivych metod byl
ptizpisoben lokalnim podminkdm a finan¢nim
moznostem projektu.

o Reserse existujicich publikaci,
digitalizece starych mapovych podkladi
a analyza vrtné dokumentace (kapitoly
B1-D1).

o Geomorfologické mapovani s vyuzitim
GPS probéhlo v letech 2010 — 2012
podle metodiky popsané Baroném
(2004).

o Analyza leteckych snimkii potizenych
v ¢ervnu 2010, fijnu 2010 a Gnoru 2011
zpaluby letountt Zlin-43 a Zlin-42;
analyza ortofot z let 1952, 1975, 1987,
2000, 2003, 2006, 2008, 2010 a 2011.
Zpracovano Vprosttedi Surfer 9.0
(Golden Software, Inc.) (kapitoly B2 —
Cl)

o Analyza geodetickych méreni V z&jmové
lokalité.  Vyhodnocena byla data
z kontinualniho monitoringu ATR (viz.
Brown et al. 2007) provadéného od roku
2005. Dale byla zpracovana data velmi
presné nivelace provadéné v zajmové
lokalité od 90. let. 20. stol. Ob&é méteni
provadi servisni organizace tézarské
firmy (kapitoly B1 — B3).

o Analyza  klimatickych  dat  (srazky,
teplota, sn¢hova pokryvka)
Zz meteostanice  Jezefi  (provozované
VUHU a.s.) a okolnich stanic CHMU
(kapitoly B1 — D1).

o Ke sledovini sezonnich zmen pudni
vlhkosti byly v prosinci 2011
instalovany dva dataloggery MicrolLog
V3A 88 a 89. Oba dataloggery jsou
osazeny dvéma cidly pidni vlhkosti
WaterScout SM 100 (v horizontech 500
a 1000 mm). K interpretaci byla pouZita
kalibracni kiivka uvadéna vyrobcem
(obr. A4.1; kapitola D1)

Calibration characteristisc impemented in
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Obr. A4.1 Vyslednd kalibracni kiivka je vypoctend dle
kalibracnich rovnic (Spectrum Technologies 2011)
uvdadenych vyrobcem (zdroj: J. Kucera, EMS Brno).

o 13. 8. 2010 probehla instrumentace
viastni sité geodetickych bodi ¢. 1001 -
1012, ktera byla po tfech etapach méteni
kompletné zni¢ena sesuvem v lednu
2011. V prib&hu roku 2011 byl tento
monitoring nahrazen laserovym
skenovanim sesuvné oblasti. Meéfeni
probihala ve spolupraci s CVUT — Ing.
Smitka. K vlastnimu méfeni byl vyuzit
laserovy  skenovaci systém  Leica
HDS3000, u né&hoz uhlova piesnost
dosahuje hodnoty 0,06 mrad a polohova
ptresnost zaméfeni bodu je rovna 5 mm
na vzdalenost 50m. Hustota skenovani
byla zvolena 20 x 20mm / 10 000 mm.
Me¢éfteni probéhlo ve tfech etapach —
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duben, Cerven a zafi roku 2011. Po
zahdjeni sanaCnich praci viijnu 2011
(obr. D1.8) byl tento monitoring
ukoncen (kapitola B3).

Geofyzikadlni  prizkum  vyuzivajici
metody multielektrodového odporového
profilovani (ERT) byl realizovan v linii
tii profili. Vlastni méfeni probéhla
v Cervenci 2010 a v dubnu a fijnu 2011
vzdy  selektrodovym  uspofadanim
Wenner-Schlumberger. K méfeni byla

(50 stromu — Fagus sylvatica) a v letech
2010 a 2011 vprostoru zameckého
Arboreta (21 stromt rtznych druht) a
na okolnich porostech (24 stromd —
Betula  pendula). Vzorky  byly
podrobeny letokruhové analyze
(kapitola C1) a na vzorcich biizy
bélokoré byly analyzovany zmény
tvarovych parametri cév v dasledku
vnéjsi disturbance — sesuvu (kapitola
C2).

pouzita aparatura ARES a prizkum
probihal ve spolupraci s UHIGUG PiF
UK — Dr. Dohnal, a ve spolupracis
USMH AV CR - Dr. Hartvich (kapitoly metodika rozepsana v jednotlivych kapitolach
B2 a B3). (B1-C2).

Dendrogeomorfologicky vyzkum probéhl

vroce 2007 na svazich KruSnych hor

V této kapitole byl nastinén pouze stru¢ny
ptehled pouzitych metod, podrobnéji je

*khkkkk
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KAPITOLA B

Publikace zamérené na analyzu rozsireni,
struktury a pricin vzniku svahovych deformaci

Tato kapitola sestava ze tii ¢lankt publikovanych v ,Natural Hazards and Earth System
Sciences* a ,,Geografii “ a predstavuje prvni ¢ast vlastni badatelské ¢asti kandidatské disertaéni prace.
Kapitola pojednava o problematice svahovych pohybu v antropogennim jv. svahu Krusnych hor, v
okoli zdmku Jezeti. Podrobné¢ je hodnocena dynamika recentnich svahovych pohybt a pficiny, které
vedly k jejich vzniku. Metodicky postup kombinuje klasické metody (geomorfologické mapovani,
hodnoceni geodetickych dat, analyza ortografickych snimki) s modernimi terénnimi metodami.

Burda J., Vilimek V. (2010): Vliv klimatickych faktorii a kolisani hladiny podzemni vody na stabilitu
antropogennich svahit Krusnych hor. Geografie, 110, ¢. 4, s. 377-392.

Burda J., Zizka L. and Dohnal J. (2011): A monitoring of recent mass movement activity in
anthropogenic slopes of the Krusné Hory Mountains (Czech Republic). Natural Hazards and Earth
System Science, 9, s. 119-128.

Burda J., Hartvich F., Valenta J., Smitka V. and Rybaf J. (in rev): Climate-induced landslide
reactivation at the edge of the Most Basin (Czech Republic). Natural Hazards and Earth System
Science.
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Bl VLIK KLIMATOGENNICH FAKTORU NA VZNIK

SVAHOVYCH POHYBU

Jan Burda®?a Vit Vilimek*

“Vliv klimatickych faktori a kolisani hladiny podzemni vody na stabilitu
antropogennich svahii Krusnych hor”

'Katedra fyzické geografie a geoekologie PiF UK, Albertov 6, 128 43 Praha 2
?Utvar geotechniky a hydrogeologie, Vyzkumny tstav pro hn&dé uhli a.s., Budovateli 2830, Most
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odeslano do redakce: 24. brezna 2010, prijato k tisku: 4. #ijna 2010

ABSTRACT

At the beginning ofthe 1980s, leveling
circuits Z,b 11 and Z,b 3 (later also Z,b 12)
were monitored as a meansof confirming the
hypothesis concerning the Krusné Hory
Mountains uplift. Contemporary geodetical
monitoring focuses on side slopes formed by
Quaternary sediments and Tertiary clystones.
The stability of these anthropogenic slopes is
implicated by hillside inclination, geological
and geomorphological settings as well as
climatic factors. The main objective of this
study is to geomorphologically interpret the
geodetical monitoring of the CSA open-pit
mine’s hazardous side slopes and, in addition,
to prove the influence of climatic factors on
slope stability.

Keywords: mass movement — geodetical
monitoring — triggering factors — Krusné hory
Mts.

B1.1 Uvobp

V souvislosti s rozvojem povrchové tézby
hnédého uhli v Mostecké panvi byla v 70. a 80.
letech 20. stoleti feSena otazka stability
jihovychodnich svaht Krusnych hor (napf.
Rybaft et al. 1975, Marek 1983Db). Soucasti byl
i dlouhodoby  geodeticky = monitoring
nivela¢niho pofadi Z,b 11 a Z,b 3, pozdé&ji i
potadu Z,b 12. Geomorfologické interpretaci
namétfenych hodnot se v minulosti vénovala
fada autort (napf. Kalvoda et al. 1990,
Kalvoda et al. 1994, Stolinova a Vilimek
2003). Od zacatku 90. let pravidelna mefeni
ustala a az do soucCasnosti jsou provadéna
sporadicky.

Pozornost soucasnych geodetickych méetfeni
se soustfed’uje spiSe na problémové partie
kvartérnich sedimentt, které tvofi Upatni
antropogenni svahy Krusnych hor a jsou
nachylné k sesouvani. Tyto svahy jsou od roku
2005 monitorovany pomoci 45 geodetickych
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bodd, které jsou v pravidelném intervalu
zamefovany totalni stanici umisténou v
prostoru lomu Ceskoslovenské armady (dale
CSA).

Diky datiim z nov¢ vzniklé automatizované
meteorologické stanice Jezefi (280 m n. m.) lze
vysledky novych  geodetickych ~ méfeni
porovnat se srazkami pfimo ze zajmové
lokality, a tak posoudit pifimy vliv
klimatickych faktorGi na rozvoj svahovych
pohybti v dané lokalité. Rybai a Novotny
(2005) poukazuji na skuteénost, ze kratkodobé
intenzivni de$t¢ mohou vést k rozvoji
svahovych pohybti i v obdobi, které je
dlouhodobé¢ srazkove podprimérné.
Kratkodobé extrémni srazkové thrny proto
rozsahlych oblastech. K rozvoji svahovych
pohybti mnohdy naopak dochézi i s vyraznym
zpozdénim oproti kulminaci dlouhodobé
srazkové bilance (Rybar 2006), coz je typické
pfedevSim pro stfedné¢ hluboce az hluboce
zalozené sesuvy. Pro hodnoceni dlouhodobé
srazkové bilance budou proto pouzity udaje z
klimatologickych stanic Ceského
hydrometeorologického  ustavu  (CHMU)
Bolebort (640 m n.m.) a Kopisty (240 m n.m.).

Cilem této prace bylo prokazat vliv
klimatickych  faktord  jako

.....

primarniho
svahovych pohybu ve studované lokalité.

B1.2 PREHLED DOSAVADNICH VYZKUMU
B1.2.1 Charakteristika lokality

Zajmova lokalita se nachazi na styku
Krusnych hor a Mostecké panve. Geologicke a
fyzickogeografické poméry zajmového uzemi
byly jiz mnohokrat podrobné popsany (napf.
Vané 1960, Kral 1968, Skvor 1972, Barta et al.
1973, Malkovsky 1977, Hurnik 1982a, Zmitko
1983, Marek 1983a,b,c; Malkovsky et al. 1985,
Kopecky et al. 1985, Vilimek 1992, Vilimek
1994, Horacek 1994). Specifikem oblasti je
rozsahly antropogenni reliéf. Tézba uhli v
lomu CSA postoupila hluboko do svahu
Krusnych hor a vytvari vysoké antropogenni

svahy, které piimo navazuji na strmé zlomové
svahy katefinohorské klenby.  Predmétem
zajmu jsou pravé antropogenni svahy v okoli
zamku Jezeii (obr. B1.1 a obr. B1.3). V
prostoru byvalého zameckého arboreta byl
ponechan stabilizacni pilif, jenz je vymezen
uzemnim ekologickym limitem téZzby v
Severoceské hnédouhelné panvi z roku 1991 a
ma zamezit rozvolnéni tektonicky poruseného
svahu krystalinika v okoli zamku Jezefi, k
némuz by mohlo dojit odleh¢enim paty svahu
(Pichler 1998, Burda 2008 a dalsi).

B

Obr. Bl.1 Stabilizacni piliiF  pFi upati tektonicky
poruSeného krusnohorského svahu pod zamkem Jezeri.
Charakteristicky  je sesuvny typ reliéfu v oblasti
Jihozapadné orientovanych svahii, v pozadi dolové pole
lomu CSA (foto: J. Burda, 2010).

B

Obr B1.2 Odlucnd oblast proudovych sesuvii v oblasti
Jihozapadné orientovanych svahii (foto: J. Burda, 2010).

Péanevni souvrstvi je zde tvofeno mocnymi
lakustrinnimi  sedimenty miocénniho stafi.
Jilové souvrstvi ma pfibliznou mocnost 200 m
a navazuje na uhelnou sloj mocnou 20-35m.
Uhelna sloj je od panevniho kru$nohorského
krystalinika oddélena svrchné paleogennimi a
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spodné neogennimi klastickymi sedimenty
(Kral 1968, Barta et al. 1973, Malkovsky et al.
1985). Ve sledované oblasti mezi Mosteckou
panvi a Krusnymi horami ostfe prochézi linie
krusnohorského  zlomu,  mocnost  této
poruchové zoény odhadl Marek (1983a)
na 40 m.

g
.4»§

Paleozoikum
ortorula (slozeni muskovit
I it

| metagranit (slozeni muskovit
! biotit)

deluvialni sediment ‘: slatina, ragelina, hnilokal
B oranitovy porfyr icka

[ navazka, visypka 3
(antropogenni)

Obr. B1.3 Obecny topograficky a geologicky prehled
zajmové oblasti (geologicky podklad: CGS).

Vlastni  stabiliza¢ni  pilit, ktery je
predmétem zajmu soucasnych praci, je pokryt
kvartérnimi  proluvialnimi a koluvidlnimi
sedimenty. Rada  geomorfologickych a
inzenyrsko-geologickych  praci  dokazuje
nachylnost téchto kvartérnich sedimenti ke
vzniku svahovych pohybu (Bizkova 199443,
Burda 2008), ve vyjimeénych piipadech
dochazi k rozvoji hlubokych sesuvli napfic
celym panevnim souvrstvim (Pichler 1998,
Vales 1998, Rybar a Novotny 2005).

B1.2.2 Méieni nivelacnich poradi

Prvni velmi pfesna nivelace, jez méla za cil
registrovat stabilitni pomeéry jihovychodniho
svahu Krusnych hor, byla zfizena a
provozovana jiz v 80. letech minulého stoleti.
Zvlastni nivelacni potad Zb 11 (a jeho
odbocky Z,b 10 a Z,b 3) spojoval zarovnané
povrchy vrcholové oblasti Krusnych hor

s arealem zamku Jezefi a s Gpatim zlomového
krusnohorského svahu. Sledovani zapocala na
jafe roku 1983 a probihala v pravidelnych
etapach do jara 1989. Vztaznym bodem byla
hloubkova stabilizace v Nové Vsi v Horach
(Kalvoda et al. 1994). V roce 1990 byla méfeni
redukovana pouze na usek v prostoru zamku
Jezeti a vrchu Jezerka a soucasné byl tento
zbytek potadu Z,b 11 a Z,b 3 doplnén o méteni
na Z;b 12. Vychozim bodem byla stabilizace
Cerveny Hradek. Tato méfeni byla zapodata
roku 1988, ovSem neprobihala v pravidelnych
obdobich roku jako u zvlastniho nivela¢niho
pofadu Z;b 11 (jaro a podzim), coz je
vzhledem Kk prokdzanym sezonnim vykyvim
ve vySkové poloze bodu (Kalvoda et al. 1990)
znac¢nou nevyhodou. Vzhledem k tomu, Ze se
oba méfené porfady v useku zamek Jezefi —
vrch Jezerka prostoroveé prekryvaly a byla zde
vV obdobi podzim 1988, jaro 1989 a 1990 i
casova shoda, pokusili jsme se o srovnani
(Stolinova a Vilimek 2003). Nikoliv z hlediska
absolutni hodnoty pohybi, nebot” oba potady
maji jiné vztazné body, ale o porovnani trend
pohybt, jez signalizuji recentni
geomorfologické procesy v dané Casti potradu.
A to zejména tehdy, kdyz se jedna o celou
skupinu geodetickych bodi a soucasné bylo
provedeno vyhodnoceni geomorfologickych
pomerd  vnejblizSim  okoli  bodd i
geomorfologické mapovani S§ir§i  oblasti
Jihovychodniho kru$nohorského svahu
(Vilimek 1995 a 1998). Soucasn¢ probehlo i
ocenéni  kvality  stabilizace = meéfenych
geodetickych bodi — viz metodika Kalvoda a
kol. (1990).
Vysvétleni vertikalni pohybti z
pravidelnych méfeni na pofadu Z,b 11 z 80. let
je potieba hledat v pri¢inach klimatickych,
tektonickych a antropogennich. Pfi¢emz bylo
soucasn¢ mozné vytipovat oblasti odlisné miry
poruSeni pripovrchové ¢asti zemské kiry
v reakci na soucasné geodynamické procesy
(Kalvoda et al. 1990). Geomorfologicka
interpretace opakovanych nivelacnich méfeni
zlet 1988 az 1998 (z kombinace potadd cast
Zob 11, Z,b 12 a Z,b 3) ptinesla pirekvapivé
vysoké hodnoty zdvihti casti sledovanych
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bodl, a to az pres 2 mm/rok. Tyto vysledky
ovSem mohly byt do urcité miry zkresleny
zpochybnénou kvalitou stabilizace vychoziho
bodu u Cerveného Hradku ¢& moznosti
nahromadéni systematické chyby v dusledku
prekonavani velkych relativnich pfevySeni
V prub¢hu méfeni (Stolinova a Vilimek, 2002).
Dal$im moznym vysvétlenim je i jiz dfive
diskutovany elasticky zdvih, jakozto reakce na
odtézené hmoty v panevni oblasti (Kalvoda a
kol. 1990). V kazdém ptipadé i tato jiz méné
kvalitni etapa nivelaCnich méteni (1988 az
1998) pftinesla potvrzeni sezénniho kolisani
vyskové trovné nivelacnich bodd a spolecné
reakce skupiny bodd v odezvé na recentni
geomorfologické procesy.

B1.3 METODY

B1.3.1 Geodeticky monitoring

Tato prace se zaméifuje na oblast
kvartérnich sedimentd, které tvoii bo¢ni svahy
lomu CSA a opérného pilife pod zamkem
Jezefi. Podklad pro analyzu tvoii data
geodetického "monitoringu bocnich svahi
lomu CSA", ktery je realizovan od 21. Gervna
2005 a v soucasné dobé¢ sleduje nejen prostor
pilife Jezeti, ale i partie svahu albrechtické
vysypky. Na rozdil od predchozich
geodetickych méfeni se nejednd o nivela¢ni
potad, ale o kontinudlni zamétovani vybranych
bodi ve svahu (Brown et al. 2007). Na
ocelovych paznicich o priméru 50 mm a o
celkové délce 3,5 m jsou umistény odrazné
hranoly. Paznice jsou v hloubce 2 m zajistény
betonovou smési nebo CasteCnym zasypem
s kamenivem frakce 8-16 mm a betonovou
manzetou (Stanislav a Blin 2007).

Soufadnice odraznych hranoli X, Y, a Z
jsou zamétovany v hodinovém intervalu totalni
stanici ATS Leica TCR 2003A, ktera je
umisténa v kéji na betonovém fundamentu ve
vyuhleném panevnim dné (Stanislav a Blin
2007). Stanice pri kazdém méfeni zaméiuje i

polohy ¢tyf stabilnich referenénich bodu, které
jsou umistény mimo dolové pole lomu CSA na
stozarech obsluznych budov. Priubéznym
zaméfovanim Ctyt referencnich bodil je mozné
urcit hodnoty posunu jednotlivych
monitorovanych bodu (obr. B1.5). K dispozici
jsou hodnoty relativnich a absolutnich
mesicnich 2D a 3D posunti. Aby byla
podchycena i vertikalni slozka pohybu, pouzili
jsme hodnoty absolutnich 3D posunii, které se
pocitaji jako vektorova hodnota posunu bodu v
prostoru.

Stfedni chyba hodinového méfeni je v
zavislosti na vzdalenosti (1500 - 2000 m) asi
20 - 30 mm (Gstni sd&leni pracovniki VUHU
a.s., Brown et al. 2007, Hampacher et al.
2008). Jelikoz je chyba pfi méfeni pomérné
vyznamna, bylo tfeba pro korelaci s
klimatickymi udaji vybrat body, které svym
posunem ptesahuji chybu métfeni. Proto bylo
ze 45 aktualné sledovanych geodetickych bodl
vybrano celkem 10 bodu (obr. B1.4). Jedna se
0 body ¢ 8010, 8011, 8016, 8020, 8026, 8027,
8029, 8041, 8079, 8119, jejichz celkovy 3D
posun od pocatku méteni ptekrocil zvolenou
hodnotu (byly zvoleny body, jejichz absolutni
3D posun > 300 mm, tato hranice byla zvolena
empiricky tak, aby bylo mozné vybrat vhodny
pocet reprezentativnich bodli s hodnotami
posunt, které vyrazné piesahuji chybu
meéfeni). Byly tedy vytipovany body s
nejvétsim absolutnim posunem od zacatku
méfeni.

Nékteré body byly v pribéhu monitoringu
zniceny svahovymi pohyby, ndsledné¢ musely
byt proto nahrazeny body novymi. Dal§im
kritériem vybéru byla ucelenost meéteni, pfi
némz jsme vybirali body s nepretrzitym
méfenim od jejich zalozeni do 31. prosince
2009. Vyse zminéné geodetické body byly
zaloZzeny 21. ¢ervna 2005, jen bod 8079 byl
zalozen 13. Cervence 2006 a bod 8119 az 25.
zari 2007.
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Obr. B1.4 Prehledovd mapa zndzoriujict lokalizaci deseti sledovanych geodetickych bodii v prostoru stabilizacniho pilife
pod zamkem Jezeri.

bezprostfedni blizkosti monitorované oblasti
(obr. B1.4). K dispozici jsou hodinova méfeni
srazek, teploty vzduchu, sméru a rychlosti
vétru. Technické problémy zpusobily, ze jsou
udaje neuplné v obdobi listopad 2007 - unor
2008 a Cerven 2008 — prosinec 2008. Data z
meteorologické stanice Jezefi jsme vyuzili k
hodnoceni vlivu kratkodobych srdzek a
privalovych destu.

Z klimatologickych stanic CHMU Bolebof
: (asi 7 km od zamku Jezeti) a Kopisty u Mostu
Obr. B1.5 Princip geodetického monitoringu lomovych (asi 8 km od zamku Jezeti) byly pouzity

e i e s ol mesieni srizkove dhmy. Ty byly ity &

hranoly (Brown a kol. 2007). hodnoceni dlouhodobé srazkové bilance.

Ziskana klimatologicka data byla porovnana s

B1.3.2 Klimatologicka data urovni hladiny podzemni vody ve vrtu JZ212,

) ktery je situovan pod silnici spojujici zamek

Udaje o teplotich a srazkach byly ziskany z Jezeii a Cernice, tedy ve vrstvach panevnich

automatické meteorologick,é stanice Jezefi sedimentii (Chan et al. 2009). K dispozici jsou
provozované pracovniky VUHU a.s., ktera je Gidaje za poslednich pét let.

umisténa nad zdmeckym arboretem a je tedy v
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Obr. B1.6 Porovnani posunii vybranych geodetickych bodii na jv. a jz. svazich opérneho pilife se souctovou carou rozdilii
mezi mérenymi a prumérnymi mésicnimi uhrny srazek na meteorologicke stanici Jezeri (chybéjici udaje byly doplnény

zaznamy ze stanice Kopisty).
B1.4 VYSLEDKY

V kombinaci S mistnimi

gickymi a

geomorfolo-

geologickymi  poméry  jsou

klimatické¢ faktory obecné povazovany za
K destabilizaci svaht. V této lokalit¢ tuto
skute¢nost implikovali i Kalvoda et al. (1994),
kdyz si vs§imaji cykli¢nosti ve vertikalnich
zménach pohybu bodt nivela¢niho poradu Z,B
11 v korelaci se zménou ro¢niho obdobi
(podzim 1983 — jaro 1989). Konstatuji, ze
vétsina bodl nivelacniho pofadu vykazuje
rostouci tendence na jafe, coz je disledek
sn¢hu a nasledného
nasyceni vodou.  Velky
klimatickych faktori na stabilitu svaht zde
uvadéji i Rybar et al. (1975) a Rybar a

jarnich srazek, tani

masivu vliv

Novotny  (2005), poukazuji vSak na
provazanost aktivity svahovych pohybld a
dlouhodobych klimatickych trendli. Zejména
hluboce zalozené sesuvy reaguji na viceleté
zvysené srazkové thmy se zpozdénim (v
pfipadé¢ sesuvu bocnich svahii pod Jezerkou
roku 1983 doslo k pohybiim se zpozdénim
jednoho a pil roku - obr. B1.7).

Zvolené geodetické body byly na zaklade
polohy ve svahu opérného pilife dale rozdéleny
do dvou skupin. Body 8016, 8026, 8027, 8029
a 8079 pomery
jihovychodné orientovanych svahti opérného

odrazeji sanovanych
pilife. Nesanované svahy pilife s jihozapadni
orientaci jsou aktualné partii s nejvetsi
dynamikou svahovych pohybii. Body 8010,
8011, 8020, 8041 a 8119 reflektuji poméry této
¢asti svahu.
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B1.4.1 Jihovychodné orientované
svahy
Obr. Bl1.6 piehlednym  zpusobem

prezentuje hodnoty mési¢nich 3D posunt
jednotlivych bodid (8016, 8026, 8027, 8029,
9079). Hodnoty posunil v grafu osciluji okolo
20 - 30 mm, coz jsou hodnoty v rozmezi chyby
meéteni. Pfesto mizeme spolehlivé vymezit
meésice, v nichz doSlo k rozvoji svahovych
pohybil a signifikantnim posuntim
monitorovanych bodii. Jednd se o obdobi
konce roku 2005 a roku 2006 (adaje z prvnich
meésiclh mefeni je tfeba brat s rezervou, nebot’
jsou data neuplna a hodnoty mesic¢nich posunti
mohou byt zatizeny chybami vzniklymi v
inicialni etapé méfeni - Stanislav a Blin 2007).
Pohyby ze =zaii a listopadu roku 2006
indikovaly progresivné se vyvijejici sesuv. Dne
10. Gnora 2007 skutecné doslo k sesuvu v diléi
¢asti bo¢niho svahu, jehoz kubaturu odhadl
Pichler (2008) na 110 tis. m®. Pohyb byl
zachycen nékolika body, ale pouze stabilizace
bodi 8029 a 8079 nebyla béhem sesuvu
zni¢ena. V listopadu roku 2007 pozorujeme u
nekterych bodl opét vzrust hodnot, celkoveé se
ale hodnoty posuni drzi v rozmezi asi 20 - 30
mm. Béhem roku 2007 byly v této casti svahu
pilife dokonceny sanacni prace, které¢ ziejmé
vedly k celkové stabilizaci svahu.

50

Rekognoskace terénu i provedené studie
(Rybat a Novotny 2005, Pichler 2008)
prokézaly v oblasti jihovychodnich svaht
pilife existenci hluboce a stiedné hluboce
zalozenych sesuvl. Proto je vhodné vztahovat
vznik svahovych pohybii v téchto svazich k
anomaliim v  dlouhodobych  srdzkovych
uhrnech. Na obr. B1.7 je zobrazena odchylka
od dlouhodobych mési¢nich priméru srazek
vypoctena z hodnot naméfenych na stanicich
Bolebot a Kopisty u Mostu. Charakteristicky je
cyklicky charakter, kdy kiivka osciluje okolo
pramérnych hodnot. V grafu jsou znazornény i
hluboce zalozené sesuvy z minulych let 1983,
1990, 2005 a 2007.

Oziveni pohybi na jafe roku 2007, kter¢ je
patrné zobr. B1.6, lIze dat do souvislosti s
dlouhodobym trendem srazek. Tento svah byl
jiz v roce 2005 postizen rozsahlym hluboce
zalozenym sesuvem, ktery byl iniciovan dilci
kulminaci srazek béhem kvétna a cCervna
(Rybar a Novotny 2005, Burda 2008). Jako
faktory iniciujici oziveni pohybt v letech 2006
a 2007 se projevily zvySend hodnota mési¢nich
uhrn  srazek, tidni sne¢hové pokryvky a
nasledny vzestup hladiny podzemni vody.
Vlastni sesuv z 10. tinora. 2007 byl potom
iniciovan srazkovou kulminaci béhem ledna a
unora roku 2007 (obr. B1.6).

odchylka od praméru (%)
o

-50
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[=2] (=23 (=23 (=23 (=22 (=22 o o
- - - - - - I I
[ —Kopisty u Mostu Bolebor |

Obr. B1.7 K#ivka 36 mésicnich rozptylenych iihrnii srazek - stanice CHMU Kopisty u Mostu a Bolebo¥. V procentech je
vyjadiena odchylka od dlouhodobého priméru, znacky predstavuji vznik hluboce zaloZeného sesuvu ve sledované

lokalité.
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Obr. B1.8 Denni srazkové ithrny, data pochdzeji z meteostanice nad zameckym arboretem. Pro obdobi listopad 2007 - unor
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Obr. B1.9 Vyvoj teplot, data pochdzeji z meteostanice nad zameckym arboretem.

Bl.4.2 Jihozdpadné orientované svahy

Na rozdil od sanovanych jihovychodnich
svahti pfedstavuji jihozapadni svahy oblast
vyznamné modelovanou svahovymi pohyby.
Morfologicky je zde charakteristicky sesuvny
typ reliéfu (obr. B1.2). Obr. B1.6 prezentuje
posuny bodu (8010, 8011, 8020, 8041, 8119),
kterymi je osazena tato ¢ast svahu. Hodnoty
op¢t osciluji okolo 20 - 30 mm, pfi¢emz mirny

vzestup hodnot k hranici 50 mm sledujeme v
unoru 2007. Tento trend je obdobny jako v
pfedchozim piipadé, jen celkové posuny
nedosahuji tak vyznamnych hodnot. Dalsi
nariist hodnot je patrny béhem listopadu 2007
a od zacatku roku 2008 dochazi u bodt 8119 a
8020 ke skokovému naristu nameétenych
hodnot. V listopadu 2007 a dubnu 2008
skute¢né doslo k progresi proudovych sesuvil
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(jak uvadi napt. Pichler 2008). K dal§imu, ale
jiz méné vyraznému, oziveni pohybt doslo
opét béhem prvniho kvartalu roku 2009.

Pohyby sledované na bodech situovanych
na Jihozadpadnich nesanovanych svazich
odrazeji aktualni pohyby sesuvii majicich
charakter zemnich proudd, tyto sesuvy vznikaji
v hluboce zalozené sesuvné oblasti z 90. let.
Podobné typy svahovych pohybi jsou vazany
na vznik docCasn€¢ zvodnélych horizonti v
dasledku  saturace  povrchovych  vrstev
srazkami. Proto je nutné hledat pfi¢inu vzniku
svahovych pohybli v meésicnim a dennim
chodu srazek (Rybat 2006). Pro tyto tcely lze
vhodné vyuzit data z meteorologické stanice
provozované VUHU a.s. pobliz zameckého
Arboreta (obr. B1.6, B1.8, B1.9).

vyska hladiny (cm)

1200

Obr. B1.10 Vyska hladiny ve vrtu JZ212 E, od 24. birezna
2005 do 9. Fijna 2009 (Chan a kol. 2009).

U vybranych bodu (obr. B1.6) pozorujeme
narist hodnot od pfelomu fijna a listopadu
2007. Toto oziveni pohybu Ize dat do
souvislosti s pfivalovymi srazkami z 10. fijna
2007 (obr. B1.8), kdy mezi 13. a 14. hodinou
spadlo 32,1 mm srazek. Po kratkém zimnim
uklidnéni pohybu dosSlo v roce 2008 ke
skokovému zvySeni hodnot posunt. Jelikoz
klimatologicka data z roku 2008 nejsou
kompletni, nelze chovani sesuvu porovnavat se
srazkovymi thrny. Aktivitu pohybu lze dat do
souvislosti s jarnim tanim sné¢hové pokryvky a
celkové vysokou trovni hladiny podzemni
vody b&hem prvni poloviny roku 2008. Jarni
oziveni pohybu je tedy spojeno s jarnim
oteplenim, které¢ vede k tani a vzestupu hladiny
podzemni a nasledné mobilizaci sesuvného
materialu.

.....

2008 se projevily piivalové srdzky z 10. fijna
2007, obdobné hodnoty srazek byly naméreny
rovnéz béhem jara a léta predchazejiciho roku,
ale k oziveni sesuvu nevedly. Jako mozné
vysvétleni se jevi nizka hladina podzemni vody
(obr. B1.10) béhem zminovaného obdobi.
Naopak koncem roku 2007 a zacatkem roku
2008 byla zmétfend uroven hladiny podzemni
vody ve vrtu JZ 212 velmi vysoka, a tak
kratkodobé¢ intenzivni srazky snadno vedly k
promaceni povrchu a oziveni pohybu.

B1.5 DISKUZE VYSLEDKU

Analyzou obr. B1.6 nalezneme obdobi, kdy
doslo k oziveni pohybii v obou lokalitach.
Jedna se o zafi a listopad 2006 a tnor 2007,
naméfené hodnoty jsou u bodd na
jihozapadnich svazich ale podstatné nizsi.
Naopak oziveni pohybil na jatfe roku 2009 se
zieteln€ji projevilo pravé na jihozapadnich
svazich. Jelikoz je chyba meéfeni dost
vyznamna, lze déavat do souvislosti s
klimatickymi faktory spolehlivé pouze ty
pohyby bodi, jejichz posun ptesahuje chybu
méfeni. Jako hlavni iniciacni faktor se
projevila kombinace srazkovych uhrnt a
zvySené turovné hladiny podzemni vody.
Detailni studium pfimé zavislosti posunu boda
na klimatickych vlivech ale neni mozné,
jelikoz kvali chybé métfeni nejsme schopni
identifikovat malé pohyby v inicialni fazi
sesouvani. Pfi vyhodnocovani téchto méteni je
stale tfeba mit na zfeteli, ze tento geodeticky
monitoring byl navrzen ke sledovani pohybt v
fadech cm, nikoliv mm, tedy nikoliv za uc¢elem
zakladniho vyzkumu, ale jako systém v¢asné
vystrahy, ktery ma zamezit ptipadnym ztratam
na zivotech a $kodam na banské technice v
pribéhu tézby. Monitoring je rovnéZ navrzen
pro sledovani celého boc¢niho svahu lomu,
proto konfigurace bodu, vzhledem k distribuci
svahovych deformaci, rovnéz neni plné
dostacujici.

Pro posuzovani zavislosti vzniku hlubokych
sesuvl z minulych let a dlouhodobych srazek
nebylo mozné vyuzit data z meteorologické
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stanice Jezefi (kratky ¢asovy rozsah méfeni),
jako dostacujici se ukdzaly udaje z
klimatologickych stanic Bolebot a Kopisty u
Mostu. Trend kiivek je prakticky shodny a
pfedpokladany vztah progrese sesuvi a
dlouhodobych srazek, tak jak jej popsali Rybar
a Novotny (2005) a Rybat (2006), se potvrdil.
Pfinos  meteorologické  stanice  Jezefi
spatfujeme piedevsim pifi posuzovani faktord,
které vedou ke vzniku proudovych sesuvl na
jihozapadnich svazich pilite. Dostupnost
klimatologickych dat s hodinovym krokem
prokazala nachylnost téchto svahti ke vzniku
vySe zminovanych sesuvit v dusledku
kratkodobych extrémnich srazek. Vypadky
meéteni béhem listopadu 2007 - tnora 2008 a
Cervna 2008 — prosince 2008 vsak nelze
nahradit daty ze stanic Boleboft ¢i Kopisty. Pro
hodnoceni piivalovych srazek by byly hodnoty
z neckolik kilometrd vzdalenych stanic
nereprezentativni.

Pfres vySe zminéné nedostatky Ize
povazovat zjisténé vysledky za relevantni.
Ocekéavana zavislost hlubokych sesuvii na
dlouhodobé srazkové bilanci a proudovych
sesuvl na kratkodobych srazkovych extrémech
se prokazala. Jako dals$i rozhoduji faktor
podminujici vznik ¢i oZiveni sesuvu se ukazala
vyska hladiny pozemni vody.

B1.6 ZAVER

Ze 45 geodetickych  bodl, jejichz
prostorové soufadnice X, Y, Z jsou pravidelng
meétfeny v hodinovém intervalu, bylo vybrano
celkem 10 bodu, jejichz absolutni posun od
pocatku méteni (21. 6. 2005) ptesadhl 300 mm.

Mgsi¢ni  hodnoty posunu bodid jsou
zobrazeny v obr. B1.6. Z grafu lze vysledovat,
ze k oziveni svahovych pohybd dochazi ¢asto
v prvnim ctvrtleti roku. K obdobnym zavérim
dosli i Kalvoda et al. (1990, 1994), kdyz
vertikalni pohyby bodi nivelac¢nich potradi
davali do souvislosti s jarnim tanim. Ze
vzajemného porovnani vSech grafickych pfiloh
(obr. B1.6 — B1.10) je patrna souvislost mezi
vznikem ¢i ozivenim svahovych pohyblu a
klimatickymi faktory, které ptispivaji k iniciaci

pohybu. Zaroven se prokazalo, Ze neni mozné
pfesné stanovit jeden dominantni spoustéci
impuls, ktery vede k rozvoji sesuvu. Pfi
hodnoceni podminek, pfi nichz zde svahové
pohyby vznikaji, je tfeba uvazovat o
kombinaci vlivu vice faktord.

Odlisn€ je nutno pfistupovat k hodnoceni
jihozapadnich a  jihovychodnich  svaht
opérného pilife v zavislosti na tom, o jaky typ
svahového pohybu jde a jak hluboce je
zalozeny.  Na  stabilnich  sanovanych
jihovychodnich svazich epizodné dochazi k
rozvoji hluboce zalozenych sesuvt. Potvrdilo
se, ze hluboce zalozené svahové pohyby
vznikaji se zpozdénim az dvou let po
vyraznych anomaliich v dlouhodobé srazkové
bilanci (obr. B1.7), pti¢emZ k rozvoji téchto
hlubokych sesuvli dochazi v obdobi se
zvySenou hladinou podzemni vody vlivem
zvySenych mésicnich  srazkovych thrnt.
Prokazalo se, Ze pro hodnoceni dlouhodobé
srazkové bilance jsou dostacujici data z
klimatologickych stanic CHMU Kopisty u
Mostu a Bolebot'.

Nesanované  jihozapadni svahy jsou
modelovany sesuvy, které maji proudovy
charakter. Tyto svahy se jevi jako senzitivni na
privalové srazky. Zejména v obdobi zvySené
hladiny podzemni vody dochazi k rychlé
saturaci povrchu atmosférickymi srdzkami a
naslednému rozvoji sesuvu. Pro hodnoceni
hodinovych a dennich srdzek se jako vhodné
ukazalo vyuziti dat z meteorologické stanice
Jezeri. Jelikoz se jednd o svahy zatim
nesanované, nelze v budoucnu vyloucit dalsi
rozvoj proudovych sesuvii v  duasledku
kratkodobych
budoucnu zde vSak nelze vyloucit ani ozZiveni
hlubokych deformaci, které by mohly

srazkovych  extrémd. V

zasédhnout nejen kvartérni sedimenty, ale i jily
panevniho souvrstvi, tak jak tomu bylo v
ptipadé sanovanych jihovychodnich svah.
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Summary

THE INFLUENCE OF CLIMATE EFFECTS AND
FLUCTUATIONS IN GROUNDWATER LEVEL ON
THE STABILITY OF ANTHROPOGENIC
FOOTHILL SLOPES IN THE KRUSNE HORY
MOUNTAINS, CZECHIA

The aim of this study is to describe the
influence of climatic factors on the stability of
the protective pillar, which is defined by state
mining limits from the year 1992 and which
was intended to prevent any relaxation of the
tectonically broken crystalline slope around the
Jezeti Castle (Marek 1983a). The uniqueness
of this part of the Krusne Hory Mountains is its
extensive anthropogenic relief, especially the
300 m high anthropogenic slopes of the
Ceskoslovenska armada (CSA) open-pit mine,
which are directly linked to the steep slopes of
the Krusne Hory Mountains. The stabilizing
pillar, which is an area of interest, is covered
by Quaternary proluvial and colluvial debris. A
number of studies have demonstrated the
susceptibility of Quaternary sediments to the
development of mass movements (Burda
2008), and, in exceptional cases, deep-seated
mass movements across the basin sediments
(Rybat and Novotny 2005). During the 1970s
and 1980s, the CSA open-pit mine advanced
towards the foreground of the base of the
Krusne Hory Mountains. In the 1980s, as part
of mining expansion and unloading of the
basin, leveling circuits Z,b 11 and Z,b 3 (later
also Z,b 12) were found as verification of the

hypothesis of the Krusne Hory Mountains
uplift. The substrate for this study consists of
geodetic monitoring of the side slopes of the
CSA open-pit mine, which was implemented
beginning on 21 June 2005. 3D shifts of 45
geodetic points anchored in the pillar are
monitored at one-hour intervals. The standard
error of measurement (about 20 mm) makes it
impossible to describe and interpret 3D shifts
in  millimeters. In  order to eliminate
measurement error, 10 points were selected for
elimination where the value of the absolute 3D
displacement from the beginning of the
measurement exceeded 300 mm.

For precipitation analysis, data series from
the Jezefi meteorological station, which is
located at the base of the mountains in a
forested area, were used. A five-year data
series in one-hour intervals was available for
analysis. The Jezefi meteorological station is
situated directly in the area of interest allowing
the records to be effectively used in the
analysis of moderate to torrential rainfall. In
addition to records from the Jezefi
meteorological station, we compared the
displacements of geodetic points to data from
CHMI climatological stations Kopisty u Mostu
(240 m a.s.l.) and Bolebot (640 m a.s.l.), for
which data have been available since 1970. We
also compared 3D shifts to a five-year data
series of groundwater levels in borehole JZ
212, which is situated at the base of the
mountains and so reflects water table
fluctuations in Quaternary sediments.

This study demonstrates that it is not
possible to accurately determine a dominant
trigger, which leads to the genesis of
landslides; it is always necessary to reflect on
the combined effects of several factors. In the
study area, the existence of deep-seated
landslides, shallow landslides and even earth
flows were verified. The non-reclaimed SW-
facing slope is modeled by shallow landslides
and earthflows. This slope is sensitive to
torrential rainfall and increased groundwater
levels, which prevent deeper soaking-in and
leads to the rapid saturation of surface
horizont.  Development of deep-seated
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landslides occurring on the SE-facing slope. In
assessing the climatic factors affecting
landslide genesis, we evaluace two or three-
year term anomalies in long-term precipitation
balance. ~ Anomalies in the long-term
precipitation balance cause the genesis of
deep-seated landslides with a one or two-year
delay.

Fig. B1.1 - Stabilizing pillar under
tectonically broken crystalline slope near
Jezeti Chateau. Visible landslides on a non-
reclaimed SW-facing slope of the stabilizing
pillar, with the CSA open-pit mine underlying.
Photo J. Burda (2010).

Fig. B1.2 — Triggering zone in SW slope,
where a flow-like landslide occurred. Photo J.
Burda (2010).

Fig. B1.3 — General topographic and
geological overview. Paleozoic: orthogneisses
(muscovite, biotite), granites (muscovite,
biotite), granite porphyry. Cenozoic: fluvial
deposits, colluviofluvial depostits, colluvial
sediments, base dumps (anthropogenic),
proluvial deposits, Tertiary sands and sandy-
clays, organic deposits; faults, supposed faults.

Fig. B1.4 — The principle of the geodetic
monitoring of the open-pit mine slopes,
location of stations and configuration of
monitored and reference points, which are
equipped with reflective prisms (Brown et al.
2007).

Fig. B1.5 — Sketch map showing the
coordinates of 10 selected geodetic points in

the stabilizing pillar slopes under the Jezefi
Chateau. In the legend: Chateau arboretum,
Jezefi Chateau, the edge of the CSA mine,
border of the stabilizing pillar for the Jezefi
historic site, monitored geodetic points, hydro-
geologic borehole, Jezeti weather station.

Fig. B1.6 — Deviation from long-term
rainfall average adjusted by the 36month
moving average, brand symbolizes deep-seated
landslide in the study area.

Fig. B1.7 — Comparison of monthly 3D
displacements of selected geodetic points on
the SE and SW slopes of the stabilizing pillar
with rainfall cumulative deviation from the
Jezeti weather station. Missing data were
acquired from data sets from the Bolebor
station. The x axis in the upper graph —
monthly 3D movement (mm), in the lower
graph — deviation from mean (mm).

Fig. B1.8 — Daily precipitation (y axis, in
mm) at the Jezeti weather station. Data set is
incomplete in the periods of November 2007 —
February 2008 and June 2008 — December
2008.

Fig. B1.9 — Hourly temperature change (y
axis, in °C) at the Jezefi weather station. Fig.
B1.10 — Water table fluctuation in borehole JZ
212 E (y axis, in cm), from 24 March 2005 to 9
October 2009.

Fig. B1.10 — Water table fluctuation in
borehole JZ 212 E (y axis, in cm), from 24
March 2005 to 9 October 2009.

*kkk*k
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ABSTRACT

Recent mass movements currently comprise
one of the main morphogenetic processes in
the extensive anthropogenic relief of the
foreground of the Krusné Hory Mountains in
the Czech Republic. These mass movements
result in several types of deep-seated slope
failures, depending on the type of movement
and the water saturation of the landslide
material. This paper presents the results of a
detailed geomorphic survey and
orthophotograph  analysis combined with
geodetic monitoring data in an area affected by
open-pit coal mining. An interdisciplinary
approach has enabled an in-depth review of
both the dynamics and development of recent
slope failures. The article describes deep-
seated landslide complex in this part of the
foothills of the Krusné Hory Mountains. At the
study site, mass movements occur in thick
colluvial mantle and weathered Tertiary

claystones. The main factors influencing their
development include rainfall culminations,
groundwater flowing from the valley of
Sramnicky Brook and former slope failures.
All of the slope failures that have occurred
here have originated at former slope failure
sites.

B2.1 INTRODUCTION

The northwest part of the Czech Republic
includes regions with a long tradition of brown
coal mining. At the beginning of the second
half of the 20th century, lignite mining was
conducted in large open-pit mines. In many
cases, this mining takes place in specific
geological and geomorphic settings. The study
area is located at a site where the side slopes of
the Ceskoslovenska Armada (CSA) open-pit
mine pass from the Mostecka Panev Basin into
the crystalline massif of the Krusné Hory
Mountains (Fig. B2.1). Up until 2009, the CSA
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Fig. B2.1 General topographic and geological overview (A); aerial view of the study site; position of the protective pillar
and surrounding overburden slope — dashed yellow lines (foto: J. Burda, 2010) (B).
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Fig. B2.2 Schematic geological cross-section through the
edge of the Most Basin and Krusné Hory Mountains
(modified after: Marek, 1983b).

open-pit mine was the deepest mine in the
Czech Republic, with a depth of about 200 m.
A high anthropogenic slope passes smoothly
into the steep slopes of the Krusné Hory
Mountains and involves a continuous 700 to
800 m high slope. Therefore, in connection
with the intensive unloading of the basin and
considering specific geological conditions
(Marek 1983b; Horacek 1994), the question of
foothill slope instability arises, particularly
around the Jezeti Castle, which is situated on a
tectonically broken crystalline slope above the
CSA open-pit mine. To prevent relaxation of
the crystalline massif around the Jezeti Castle,
a protective pillar ° was left under a
problematic part of the slope (Fig. B2.1b). A
similar protective pillar was projected under
Jezerka Mountain (about 2 km to the west), but

®a large block of solid material left unworked near the
slope (in this case about 500 million m® of original,
undisturbed material above the coal seam)

due to landslides the pillar was significantly
reduced in the 1980s and 1990s. Consequently,
the stability of the Jezefi protective pillar has
been continuously monitored at 45 stabilized
geodetic points by an automated total station
since July 2005 (Stanislav and Blin 2007). This
kind of geodetic method is often used in
monitoring open-pit mines (Brown et al.
2008); in northwest Bohemia it has been used
since 1997 (Vétrovsky 2002).

Many authors (Kalvoda et al. 1990;
Kalvoda et al. 1994; Rybat and Novotny 2005;
Rybat 2006; Burda 2010; Burda and Vilimek
2010) point out that the stability of this
anthropogenic slope is complicated by slope
steepness, geological and geomorphic settings,
as well as climatic factors. This study presents
the results of field mapping, aerial
orthophotograph interpretation, geophysical
investigation and geodetic monitoring of the
CSA slopes, revealing the dynamics of these
mass movements. The objective of this study is
the geomorphic interpretation of geodetic
monitoring as well as confirmation of the
influences of climatic factors on slope stability.
Comparison with the results of geodetic
monitoring and data sets from the Jezefi
meteo-station offers a unique opportunity to
study the influence of climate factors on mass
movement dynamics.
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B2.2 GENERAL GEOLOGICAL  AND
GEOMORPHIC SETTINGS

The study area (about 1.5 km?) is located at
the foot of a southeast facing slope of the
Krusné Hory Mountains made up of a portion
of the Katefinohorskd Klenba (vault) in the
physiographic province of the Kru$né Hory
Mountains and the Mostecka Panev (basin).

The Katefinohorska Vault has a flat
anticline structure, whose axis approximately
follows a west-east direction. The core of this
vault consists of orthogneiss, which belongs to
a packaging series of crystalline rocks (Fig.
B2.1). According to Marek (1983b), the
foliation surface is fan-like with an inclination
of 50° to 70° Crystalline rocks are
characterized by the considerable density of
fault zones in a NW-SE direction, in the study
area (Skvor 1975). These fault zones occur
even in the highest area of the massif and
disrupt the bedrock, creating a system of
blocks (Fig. B2.2). To prevent the bedrock
from relaxing, during unloading after the
excavation of the basin’s sediments, a
protective pillar was placed under the most
problematic part of the slope.

The sediments of the Mosteckd Basin
consist of the underlying complex™® (mainly
lower Miocene sandy-clays), coal seams and
the overlying complex (upper Miocene
claystones). The underlying complex is made
up of sediments situated under the base of the
coal seams. Stratigraphically, it is a
heterogeneous unit with various Tertiary
complex sediments (clays, sandstones and
sands) as well as Cretaceous sediments
(quartzite, sandstones, calcareous clays,
marlites and limestones). Volcanic rocks
(basalts, phonolites and tuffs) are also found in
the underlying complex. The overlying
complex is comprised of a group of clays and
sandy-clays with variable occurrence of
carbonates (Malkovsky et al. 1985).

% The overlying and underlying complexes are defined
according to their position relative to the coal seam.

The overlying complex’s border with the
Quaternary  sediments is  problematic,
especially in the immediate vicinity of the
mountain slopes. The Quaternary sediments
are made up primarily of coarse-grained
gravel, sandy gravel and clays with crystalline
fragments. The thickness of sediments varies
from 0.1 m to 40 m. Increasing thickness is
characteristic of the areas where the alluvial
fans of former tributaries are found. These
alluvial fans contain mainly coarse grained
gravel, sands, loam and fragments of
crystalline. The fragments of crystalline can
reach up to one to five meters in size. Near the
Krusné Hory Mountains, there are zones with
solitary boulders within gravel debris (Zizka
and Halit 2009).

These sediments represent a large saturated
collector, wherein saturation depends on grain
size composition, thickness and the content of
clay components. The saturation of
groundwater in the Quaternary sediments
varies and depends on the factors listed. The
gravels and sediments of alluvial fans have
good permeability (up to 10* m s™; Zizka and
Halif 2009).

From a hydrological point-of-view, the
study site is located within the Bilina River
catchment. The original territory was drained
naturally by Sramnicky Brook, which had to be
redirected into artificial channels to facilitate
the development of coal mining. Since the
1980s, water from entire Sramnicky Brook
catchment (22 km?) has been captured by a
new channel, which diverts most of the water
in a north-eastern direction towards the village
of Cernice. To divert water from the surface
horizons, several drainage ditches were also
built into the talus cone near the former brook
channel.

The Krusnohorsky Fault, which has
dominant structural-geological significance in
this area, impacts the morphology of the study
area (Kopecky et al. 1985; Vilimek 1994). A
southeast watershed slope rises above the
Mostecka Basin with a very steep gradient — in
some places more than 35°.
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Fig. B2.3 Landslide inventory map of the Jezeii protective pillar area. The range of the landslides is based on geomorphic
mapping and analysis of orthopohographs from 1987, 2000, 2003, 2006 and 2008. Dashed orange lines represent the
approximate headscarps of the 2005 and 2007 slumps. The position of ERT profile is marked across the landslide "C".
Underlying orthophoto map is from 2006, when the mining front was just under the protective pillar.

Originally, a compact single watershed slope
was significantly affected by erosion of the
mountain brooks by periglacial and nival
processes, during the Pleistocene, as well as by
large rockslides (Vané 1960; Vilimek 1995;
Kalvoda et al. 1994).

In the area, where the CSA open-pit mine is
adjacent to the mountains, there is an
anthropogenic slope, created by overburden
benches. The CSA open-pit mine side-slope
was projected in the 1980s and, at present, is
further modelled by stream erosion and mass
movements.

B2.3 MATERIAL AND METHODS

Detailed geomorphic field mapping was
the first step in the research. We located the
current limits and distribution of landslides,
accumulation toes, scarps, erosion scarps and
cracks. These basic slope-failures were
mapped at all sites at a scale of 1:2000 and
using GPS. Landslide activity and spatial
characteristics were studied using sets of aerial
orthophotographs from 1987, 2000, 2003, 2006
and 2008, and from aerial photos taken in June
2010 from on board Zlin-43, a civil aeroplane.
Aerial orthophotographs were analyzed using
Geographical Information System (GIS) which
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made it possible to reconstruct the studied
mass movements, as well as temporal activity
and to roughly estimate horizontal
displacement.

Table B2.1 Values of absolute 3D displacement of
selected geodetic points.

Absolute 3D shift
(2005-2009)

Geodetic point

8010 291 mm
8011 284 mm
8016 445 mm
8020 859 mm
8026 776 mm
8027 884 mm
8029 10 317 mm
8041 443 mm
8079 4528 mm
8119 322 mm

In this study we attempt to interpret the
results of geodetic monitoring. The Leica TCR
2003 automated total station monitors the
positions of 45 stabilized geodetic points
(reflecting prisms) at one-hour intervals. The
reflecting prisms are attached to 3.5 m long
stand pipes fixed with concrete at a depth of 2
m. The automated total station is housed in a
protective cab which is situated in a
geologically stable area on the mined-out
bottom of the CSA open-pit mine (Stanislav
and Blin 2007).

An ATR system (Automatic Target
Recognition) measures the return time of the
laser beam reflected by the reflecting prisms
every hour. The system calculates the location
of the geodetic points and any resulting
absolute (related to four geodetic reference
points, located on the walls of service
buildings and towers outside the open-pit
mine) and relative (related to the previous
location of the geodetic point) displacement is
evaluated in 2D and 3D space. According to
Hampacher et al. (2008) the error in
calculating the zenith angle is statistically
insignificant and  therefore only 3D
displacement is analysed in this study.
Considering the distances of 1400 to 1800 m,
measurement error is about 20 to 30 mm

(Brown et al. 2007; Hampacher et al. 2008).
Because the measurement error is relatively
large, it was necessary to adjust the
methodology to define limits for geodetic
monitoring in this geomorphic research. We
tried to select points, for which the 3D shift
reflects the mass movement’s activity and
exceeds the measurement error. Two criteria
were employed in selecting such points: 1)
continuous measurements throughout the
2005-2009 period; 2) values of absolute 3D
displacement, during this decade, exceed 250
mm. This threshold was determined
empirically so as to enable selection of a
representative number of geodetic points, for
which values of 3D displacements significantly
exceeded the measurement error. Ten points
were chosen from all of the monitored geodetic
points (the values of abs. 3D shift are shown in
Table B2.1). Either the absolute 3D shift of the
other geodetic points did not exceed 250 mm
or their stabilization was destroyed (by
landslide activity or heavy machinery) and the
criteria of continuous measurements were not
met. The only exceptions are points 8079 and
8119, which were established in June 2006 and
in October 2007, respectively, and have been
monitored up to the present day. Therefore
they have been included in this study.

Data for each geodetic point (position and
annual 3D displacement) were transformed
into geo-objects allowing for the spatial
visualization of 3D movements in GIS. Data
were investigated with the Surfer 9 software in
order to examine spatial relationships between
all the geodetic points (Stoffel et al. 2005b).
Interpolations (Natural neighbour, grid size 30
x 30 m) were performed including data from
each of the years (2005, 2006, 2007, 2008 and
2009).

The structure and character of the deep-
seated landslide was investigated using an
electrical  resistivity tomography (ERT)
method. The research profile was performed
across the most active part of the landslide
body. It was 186 m in length with an azimuth
of approximately 175°. The survey was carried

Dynamika a rozsifeni recentnich svahovych pohybi na Upati Krusnych hor | Kapitola B



0 20 40 60 80 100 120 140 160 180 m
Landslide "C"
Elevation
3059 near-scarp depression
300 e ;
295 \ broken drainage ditch
290 N4
285
«
£275
270
265
260 assumed shear plane 7
255" I I I ([ (O (N (] (N (O N
6.00 100 200 400 80.0 150 300 600
Resistivity in ohm.m
Unit Electrode Spacing =2.00 m
Horizontal scale is 11.52 pixels per unit spacing
Vertical exaggeration in model section display = 1.00
First electrode is located at 0.0 m
Last electrode is located at 186.0 m
0 20 40 60 80 100 120 140 160 180 m

Landslide "C"

Elevation
3054

soil horizon

3001 .
20543 0"

290
265

= 2801

«

£ 275
2704
265
260

near-scarp depression

; rotated block

assumed shear plane /

broken drainage ditch
; leaking water
o

255

Fig. B2.4 ERT (electrical resistivity tomography) profile across the landslide "C" (A); Cross-sectional interpretation of ERT

record (compared with rock cores from four nearest geolog

ical boreholes - see Fig. 2). Q - Quaternary colluvial deposits, T -

weathered Tertiary clays (overlying complex), S — estimated position of Miocene sands (B).

out using a Resistar RS-100 instrument with a
Wenner-Schlumberger configuration and an
electrode spacing of 2 m. The maximum depth
of penetration was 20 m. Field data was
processed using a 2-D inverse method in
Res2DInv program (Loke and Barker 1995),
resulting in a resistivity cross section that
included topography. ERT record has been
compared with rock cores from four
surrounding geological boreholes (JZ 19, JZ
42,JZ 93 and JZ 111).

To confirm the existence of climatic
influences, the 3D shifts of selected geodetic
points were compared with monthly and daily
precipitation. We used data sets from a meteo-
station operated by the staff of Brown Coal
Research Institute (BCRI). This station is
referred to as the “Jezefi meteo-station" (294 m
a.s.l.) in the following text. It is located above
the castle arboretum and so it can take into

account the impact of torrential rain as a
triggering factor for mass movement. There are
four hydrogeological monitoring boreholes in
the area of interest. The hydrogeological
boreholes are situated in the Quaternary
sediments (borehole JZ 212) and the crystalline
complex (boreholes JZ 116, JZ 117, JZ 182).
Data from the boreholes were used to compile
a map of Quaternary aquifers and groundwater
flow.

B2.4 MORPHOLOGY AND STRUCTURE OF

LANDSLIDES
Based on the field mapping and
orthophotographic analysis, several slope

deformations were identified. As the figure
B2.3 shows, the surface of these landslides has
changed as a result of landslide evolution but
also due to dump construction.
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Three active landslides "A", "B" and "C",
which combine to form a landslide complex,
were mapped in the western part of the study
area. The landslide complex is situated in a
non-reclaimed, anthropogenic slope and
consists of two earthflows and a deep-seated
rotational failure. The main morphometric
characteristics of both earthflows are shown in
Table B2.2. The westernmost landslide “A“
consists of three connected rotational sub-
landslides, measuring more than 10 m in
thicknes. Only the west sub-landslide (from
2010) is active, the source areas of other two
sub-landslides are completely empty, because
the material has been transported out (during
2006) and thus the slip surface is clearly
visible. Their toes joined 50 m lower on the
slope and transformed into an earthflow which
is continuous over all the overburden benches
at the bottom of the CSA open-pit mine. The
former accumulation toe (from 2006) is now
buried by dump material. The active part is
800 m long and, at most, 200 m wide with a
total surface area of 58 000 m% According to
Malamud et al. (2004) we estimated the total
volume to be between 400 000 and 950 000
m®. The headscarp is 5 to 11 m high. Soil,
colluvial sediments and weathered Tertiary
complex sediments make up the visible
outcrop in the headscarp. Several transverse
cracks are located in the transport part of the
landslide. The sharp — over 1.5 m high — linear
side limits are morphologically dominant. The
landslide body continues to be saturated with
water and several springs have been mapped in
the source area. The water streams flow over
the landslides surface and accumulate in
shallow ponds in depressions.

Landslide "B" is similar to landslide "A",
the material is transported in a large earthflow
from a deep-seated source area. The surface of
this landslide is 130 000 m? its maximum
length is 920 m and its maximum width at the
crown is 125 m. The headscarp has a typical
amphitheatre shape and only Quaternary
sediments can be observed as outcrop. Several
other headscarps (about 5 m high) are located

lower, in the middle part of the slope, where
mainly Tertiary claystones comprise the
outcrop. The landslide body has a hummocky
shape and the middle part of the slope is
covered by young vegetation of initial
succession (birch - Betula pendula). In its
lower part, the landslide body is saturated with
water, which is accumulated in shallow ponds.
Former accumulation toes have been covered
by dump material as a result of dump
advancement during recent years.

Table B2.2 Morphometric characteristics of active
landslides "A" and "B" in the Western part of the
protective pillar.

o Value
Characteristic - -
landslide "A" landslide "B"
Length 800 m 920 m
Width 200 m 125 m
Total surface 58 000 m? 130 000 m?

Total volume* 0.4-0.95mil.m* 1.3-3mil. m?

Maximum depth 13 m 10m
Max. altitude (at crown) 281 m 272 m
Min. altitude (at foot) 154 m 99m
Difference of altitude 127 m 173 m
Average slope gradient 13° 10.5°

* According to formulas in Malamud et al. (2004)

The two earthflows ("A" and "B") are
divided by an indistinct ridge. The transported
and accumulated material consists primarily of
Quaternary debris but also includes weathered
Tertiary clays. These facts along with profiles
over the headscarps indicate that the slip
surface passes through Tertiary claystones and
that this occurs not only at the interference of
Quaternary and Tertiary sediments.

The third active landslide, "C", is directly
above landslides "A" and "B" and is bound by
a significant headscarp with an apparent
vertical displacement exceeding 1.5 m. Active
cracks were mapped 6 to 10 meters below the
headscarp and they limited rotated and sagged
block. The minimal depth of shear plane
estimated from the ERT profile is 14 m (Fig.
B2.4). The resistivities along the profile span
an interval of 5 to 800 ohm m. The 3rd
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iteration’s low RMS error of 3.5 % supports
the validity of the results. A relatively
conductive (50 to 200 ohm m) intermittent
superficial layer in the northern part of the
section reaches a depth of 0.5 to 2.5 m and
represents the soil horizon. Below this layer
there is lying a non-conductive (200-800 ohm
m) material, corresponding to the presence of
sandy and stony proluvial deposits from the
Quaternary Period. The base of these
sediments is situated at a depth ranging from 8
m (in the vicinity of stations 42 and 162) to 13
m (in the vicinity of stations 28 and 140). The
substratum is made up of markedly conductive
material (less than ten ohm m) formed by
weathered Tertiary clays with more sandy
facies between stations 46 and 56. Two active
cracks are manifested by sub-vertical
conductive zones disrupting the high resistivity
layer at stations 64 and 75. Presently, non-
active crack is indicated in the same way at
station 100.

On the west side, the landslide is sharply
limited by a transverse 60 m long crack,
conversely its eastern edge is not clear because
the headscarp fades away. Longitudinal and
transverse cracks and scarps have been mapped
all over the headscarp of this landslide.
According to Rybar (1997), they originated in
the 1990s.

In addition to this landslide complex, two
smaller landslides (both a rotational — "E" and
a flow-like landslide — "D") were identified
from the orthophotographs (Fig. B2.3). The
movement of the flow-like landslide has also
been recorded by geodetic point 8041 (total
amplitude of displacement: 443 mm), situated
at the edge of the headscarp.

During 2007, deep-seated slump developed
in the eastern part of the protective pillar.
Pichler (2008) estimated the minimal volume
of this landslide to be 110 000 m°, with a
minimum depth of 11 m and width of 200 m.
The crown of this deep-seated rotational
landslide was at 221 m a.s.l. and the toe at 210
m as.l. Many springs and streams were
observed near the toe (E. Pichler, BCRI,
personal communication, 2010). Because it is

an operational slope face, slumps are routinely
reclaimed immediately and it is not possible to
map the range of such slumps accurately, not
even with orthophotographs. As a result, it was
impossible to map the exact limits of this
slump (the assumed headscarp is shown in Fig.
B2.3). The localization of the slump is also
marked in Fig. B2.5 (in the western part of the
monitored area where the displacement of two
points reached as much as 9 m in 2007).

B2.5 SPATIO-TEMPORAL ANALYSIS OF
LANDSLIDE ACTIVITY

Every part of the monitored area exhibited
different values of 3D displacements over the
2005-2009 period. Based on the analysis
presented in figure B3.5, we can define two
zones that are characterized by increased
displacements values. Both zones coincide
with the areas where slope deformations have
been mapped. The first, southwest zone
corresponds to the site of the landslide
complex. Based on the geodetic method
described in this article, five geodetic points
(nos. 8010, 8011, 8020, 8041 and 8119) were
selected for an analysis of monthly 3D
displacement over the period from 2005 to
2009 (Fig. B3.6). Overall the measured values
fluctuate between 30 and 50 mm. A slight
increase in threshold values occurred between
July 2006 and February 2007. Additional
increases are evident during November 2007
and during the beginning of 2008, when a
jump in measured values is evident at points
8020 and 8119. A subsequent increase
followed, during the first quarter of 2009.

The spatial-temporal characteristics of this
landslide area can be better estimated on the
basis of orthophotograph set analysis.
Landslide "A" was identified first on the
orthophotograph from 2006, but the "B"
landslide can be observed first on the 2000
orthophotograph and its spatial evolution is
evident during the following years. In the most
recent period, this landslide has only been
active in the lower parts of the slope, in the
transport and accumulation area.
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The second zone of increased 3D
displacement values, during the 2005-2009
period, is situated in the eastern part of the
protective pillar. This part of the protective
pillar was affected by deep-seated slumps, in
2005 and 2007. As in the previous area, we
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Fig. B2.6 Amplitudes of annual 3D displacements. The patterns have been generalized based on interpolations.

chose several geodetic points to make an
analysis of monthly 3D displacement. Points
no. 8016, 8026, 8027, 8029, and 8079 were
selected. Altogether, values fluctuated between
20 and 30 mm during the 2005-2009 period,
and such fluctuations are within the range of
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measurement error. Nonetheless, we can
reliably identify months where landslide
developments and significant shifts affected
the monitored points. These months are at the
end of 2005 and the beginning of 2006.
Movements in September and November 2006
indicate a progressively evolving landslide. On
10 February 2007, primary movement activity
of the landslide was observed in the middle
part of the SE-facing slope. This trend is
similar to the previous case, but the absolute
displacements reached much larger values
(point no. 8029: 9352 mm month™, point no.
8079: 4154 mm month™). The activity was
captured by eight geodetic points, but only
points 8016, 8026, 8027, 8029 and 8079 were
not destroyed during the landslide activity. The
evolution of this slump has been reported since
2006, when measured displacements reached
as much as 1 m (Fig. B2.5).

B2.6 LANDSLIDE TRIGGERS

The immediate triggering factor for the
landslide activity in the study area is the water
saturation of landslide material, due to a
combination of high cumulative rainfall and
snow melt water that results in water table
increase (Fig. B2.7). Increases in measured
values of 3D shift almost always coincide with
sharp increases in the height of the water table.
This is quite evident in the landslide on the
SW-facing slope from 10 February 2007,
where landslide activity was caused by long-
term rainfall culmination (cumulative 118 mm
vs. an average 22 mm), which occurred during
the 2007 snow-thaw period. At the end of
January and into February, a sudden increase
in average daily temperatures, by more than
10° C, occurred, leading to rapid snow melt
and water table increase. Maximum daily
temperature varied between 4.5 and 9° C, from
29 January through 9 February 2007. A similar
trend of revival displacements, depending on
increased water table levels, can be observed at
the beginning of every year as well as during
November 2007 (see Figs. B2.6 and B2.7).

In the same period of above-average
rainfall, during the beginning of 2008, an
acceleration of movements was observed on
the deep-seated landslide complex in the SW-
facing slope. The most significant peak in
movement (more than 150 mm per month) was
observed with a one year delay on the SE-
facing slope, but the landslide activity
continues up to present time.

B2.7 DISCUSSION

Information about groundwater flow, the
configuration of the colluvial mantle as well as
geodetic monitoring data and climatological
data could further improve the prediction of
spatial landslide hazards and the precision of
geotechnical measures, thus minimizing any
potential damage.

The geodetic monitoring system described
above was designed as an early warning
system to prevent possible damage to
equipment during mining activities. The main
disadvantage of this method is its measurement
error, which depending on the distance can
increase to 20 or 30 mm. In particular, data
from the early months of measurement should
be considered with restraint, as the data is
incomplete and the values of monthly shifts
could be error prone as a result of the initial
stages of measurement (see Stanislav and Blin
2007). Therefore, the increased values of 3D
shift from the first months of 2005 cannot by
reliably interpreted. Due to the appropriate
selection of the geodetic points we have been
able to find points that accurately reflect the
landslide activity. The treshold of absolute 3D
displacement of 250 mm is sufficiently
exaggerated to enable us to state that it reliably
reflects mass movement activity.

Another disadvantage of the geodetic
monitoring is the considerable distance
between selected points and, thus, the low
spatial coverage of area monitored with
geodetic points. This fact does not allow the
optimal placement of geodetic points, relative
to the evolving landslide. Consequently,
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Fig. B2.7 Fluctuations of water table and water temperature in the JZ 212 borehole. Red marks indicate increasing
groundwater level in the same period when values of 3D shift increased (taken from: Chan et al., 2009).

we estimated the velocity of the earthflows
”A” and “B” on the basis of our analysis of
geodetic points located mainly at the edges of
the landslide bodies. Even so, these geodetic

points are influenced by the landslide activity
and so they showed continuously increased
values of displacement. The actual velocity
within the earthflow, however, is higher than
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the measured values. The fact that minimal
values of displacement were measured on the
southwest-facing slope from 2005 to 2007,
despite the fact that, according to
orthophotographs and field mapping, the
landslides evolved there, can also be explained
by the low density of geodetic points. Due to
the nature of landslides, which exhibit the
characteristics of a flow, it is not possible to
stabilize geodetic points in the landslide
bodies. Existing geodetic points which were
installed in the landslide body were destroyed,
a short time after the main activity. Therefore,
they could not been used for long-term
analysis of landslide activity.

There are significant insufficiencies
regarding this geodetic method, when trying to
analyse flow-like landslide dynamics. In
general, this study shows that combinations of
the methods used (geodetic monitoring data,
geomorphic mapping, orthophotograph
analysis, utilization of climate and
hydrogeological data and  geophysical
investigation) can provide a powerful tool for
the analysis of mass movement dynamics and
their triggers in a significantly anthropogenic-
influenced area.

The findings demonstrate that the landslides
are triggered by precipitation infiltration and
the resulting water table increase. Rybar and
Novotny (2005) and others (Rybar 2006;
Burda and Vilimek 2010) have also discussed
the influence of climatic factors in landslide
occurrence. In general, they suggest that deep-
seated landslides have occurred in the study
area, due to culmination of long-term
precipitation with up to two years delay. The
rotational landslide under Mt. Jezerka (Rybat
and Novotny 2005) is a typical and often cited
example of such slope failure (its depth was
50-60 m with a total volume of about 3 mil.
m?). The main movement activity occurred in
summer 1983, one and half years after the
rainfall culmination. In contrast, the deep-
seated landslides studied herein are evolving
with no or minimal delay after long-term
precipitation culminations.

This can be explained by a combination of
two factors: 1) The study site is situated in the
foreground of the mouth of the Sramnicky
Brook’s valley; 2) Recent slope failures have
caused the slope to relax, which in turn has led
to easier deep-soaking of rainfall water or
snow-thaw water from the entire catchment
area. Both parts of the protective pillar, where
increased values were measured, have been
affected by recent deep-seated landslides. The
SE-facing slope collapsed completely in June
2005 (before monitoring began) as a result of a
large deep-seated landslide, the volume of
which was about 7 mil. m® (Rybaf and
Novotny 2005; see in Fig. B2.3).

The first cracks were mapped at the site of
the landslide complex back in 1952 (Sptirek
1974, BCRI archive). After this part of the
slope was undermined by the Konév
underground mine (see in Fig. B2.3). The
reactivation of these cracks has been evident
since June 1990 (Rybat 1997), with an average
annual vertical drop of 28 mm in the body of
landslide “C” (Pichler 2008).

Although the area has been drained
artificially, numerous springs in the landslide
complex show that the triggering area is
permanently saturated with groundwater. The
lowest drainage ditch was even interrupted by
landslide "A", during April 2010. Apparently,
water gets to the source area from deeper
horizons. This theory was also confirmed by an
ERT investigation that revealed markedly
conductive material in the Tertiary complex. It
is probable that the extremely conductive part
of these clays, situated at an average depth of
14 to 15 m, is conditioned by weathered and
water-saturated clays and represents an
assumed water-bearing shear plane. The
system of groundwater flow is affected by the
configuration of the Quaternary structures and
the crystalline roof. The source area
corresponds to the mountain slopes and
inflows of groundwater work their way
through the disrupted crystalline roof with
Quaternary sediments. The water table of the
Quaternary aquifer is dependent entirely on
precipitation and on water flowing from the
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adjacent slopes of the Krusné Hory Mountains
and from the catchment of Sramnicky Brook.
The processed model of groundwater flow
directions (see in Fig. B2.3) exactly matches
the actual locations of observed water springs.
The tributaries of these waters flows introduce
complications and they are the main source of
stability problems.

Despite detailed geomorphic mapping and
the ERT investigation, the structure of
landslide "C" is still not fully clear. The ERT
investigation was limited by the maximum
depth of penetration which was 20 m. Ground
water flowing along the interference of
Quaternary and Tertiary sediments was
reliably identified, but the maximum depth of
the shear plane could be much greater
(possibly up to 60 m as is the depth of the coal
seam). In this case, it could be a slow moving,
block-rotated, deep-seated failure similar to
slope failures occurring in Flysh Belt in the
Czech Republic (Barori et al. 2004).

B2.8 CONCLUSIONS

This study shows that large earth-flows and
slumps evolved in specific anthropogenic relief
near the foothills of the Krusné Hory
Mountains. Specific geological,
geomorphological and anthropogenic
conditions caused mass movements here to be
similar to the Flysh Carpathians region, where
the magnitude and dynamics of mass
movements are greatest in the Czech Republic
(Klimes et al. 2009).

Two zones of high 3D displacement values
were found on the basis of geomorphic
mapping, aerial orthophotographs and geodetic
monitoring data analysis. The landslide
complex, consisting of slow moving, deep-
seated rotational failure and two earthflows,
was mapped in the western part of the study
area. Landslide mechanics in this part of the
protective pillar are characterised by sliding,
slowly passing into flowing; however due to
measurement error, it is impossible to detect
initial creep. The eastern part of the protective
pillar was largely reclaimed during 2007 and,

consequently, it was not possible to map slope
failures from 2005 and 2007.

All of the selected geodetic points are
usually in motion in the beginning of the year
(January through March). In assessing the
conditions in which the mass movements are
developing, it is necessary to consider the
combined influence of several factors. The
landslide activity is triggered by the mutual
effects of high cumulative precipitations and
snow melt water. This results in high water
tables and increased pore water pressure
eventually leading to the mobilization of
weathered  claystones and  overlaying
Quaternary colluvial and alluvial sediments.

The fact that these deep-seated landslides
occurred with no or minimal delay following
precipitation culmination (Fig. B2.6) indicates
that water is quickly soaking to deeper
horizons. This is apparently the consequence
of thickness of the colluvial mantle, saturated
by ground water from the Sramnicky Brook
catchment and former slope failures, which
occurred in 1952 and 2005 and led to the
relaxation of the slope.

Generally speaking, detailed field mapping
in this area of significant anthropogenic
influence is difficult and so most of the
landslides could only be mapped from
orthophotographs. Groundwork, reclamations
and dump advancing led to significant changes
in the landslide surface and to the burial of
former accumulation toes. Therefore, the
estimated landslide characteristics presented
above are only indicative and the total volume
and surface area could be higher.

In subsequent years, the results of this
research will be supplemented with three
additional ERT profiles and the dynamic of the
landslide complex will be monitored by a
terrestrial LIDAR system from the beginning
of 2011. The results will be used for planning
reclamation and groundwork following the end
of coal mining in the area.
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Abstract

The catastrophic landslide at Eisenberg in
North Bohemia was reactivated during January
2011. This study integrates a range of
geoscientific evidence in order to constrain the
spatial and temporal development of this
reactivation. It has investigated long-term
geodetic measurements to assess the
morphological development of the site over
last two decades. There is evidence to suggest
that, over this period, the site had been
subjected to progressive deformation caused
by the collapse of an old mine gallery.
However, climatic data show that the
reactivation itself was triggered by a dramatic
rise in the water table induced by rapid
snowmelt during a period of winter warming.
Furthermore, geomorphological mapping has
been used to characterise the morphology of
the reactivated landslide and geophysical
profiling has been used to analyse its internal
structure. The results show that fissures are
continuing to develop above the reactivated

landslide scarp while highly saturated stiff-
fissured claystones provide an incipient slide
plane. The application of laser scanning has
shown minimal evidence for ongoing landslide
activity. It is, however, clear that future
landslide events will occur here due to the
favourable lithological,  structural, and
geotechnical conditions. Finally, we propose
that future landslide activity at the site may be
predicted by the height of water table as this
defines a theoretical pore pressure at the depth
of the shear plane.

B3.1 INTRODUCTION

The catastrophic landslide at Eisenberg in
North Bohemian was reactivated during
January 2011. It is located at the boundary
between the Krusné Hory Mountains and the
Most Basin. This slope deformation originally
formed as a result of mining for brown coal in
the Most Basin. The mining began at the
beginning of the 20™ Century. It first created
depressions in the overlying sedimentary
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layers which finally resulted in a catastrophic
collapse during a landslide event that began in
1952 (Rybat, 1997). This landslide led to the
destruction and subsequent abandonment of
the village of Eisenberg. Thereafter, mining
continued in the form of open-pit exploitation
which further reduced the stability of the
adjacent slopes.

The Eisenberg landslide reactivation is the
most significant event to have occurred in the
Most Basin since 2005 (Burda et al., 2011)
when the side slope of a nearby open-pit mine
collapsed as a result of long-term rainfall
accumulation (Rybat and Novotny, 2005;
Burda and Vilimek, 2010). The investigated
landslide developed outside the open-pit
mining area. It occurred within a large and
complex landsliding area (Burda et al., 2011)
and represents one of the largest runout
landslides in the Czech Republic (c.f. Klimes
et al., 2009; Panek et al., 2011). The toe of the
accumulation flows as far as the bottom of the
coal mine pit. It was, therefore, possible to
include monitoring of the mine-pit slopes in
this study. Despite the fact that landslide
reactivation had been anticipated, which
reduced damage to property, the cost of the
mitigation works is still expected to exceed
600 000 EUR.

This paper integrates a range of
geoscientific evidence in order to constrain the
spatial and temporal development of this
reactivation. The objectives are fivefold. First,
to investigate the geodetic measurements in
order to assess the development of the site over
last two decades. Second, to analyse the
climatic data in order to constrain the trigger
for the reactivation. Third, to undertake
geomorphological mapping in order to
characterise the morphology of the reactivated
landslide. Fourth, to undertake geophysical
profiling in order to analyse the internal
structure of both the old and reactivated
landslides. Fifth, to apply laser scanning in
order to determine whether the slope
deformation is ongoing. It should then be
possible, with these data, to assess the
probability of future landslide activity at the

site and to suggest how this activity may be
recognised.

B3.2 GENERAL GEOLOGICAL AND
GEOMORPHIC SETTINGS

The study area is situated along the
boundary between the Krusné Hory Mountains
and the Most Basin (Skvor, 1975; Malkovsky
et al.,, 1985) at the foot of a southeasterly
facing slope near the northern margin of an
open-pit mine (Fig. B3.1). The Krusné Hory
Mountains comprise orthogenesis and various
crystalline rocks while the Most Basin
comprises  various Cenozoic  sediments
dominated by Miocene claystones, a coal
seam, sands, and clastic rocks. The contact
between these two physiographic provinces is
associated with a complicated geological
structure (Marek, 1983b) characterised by
numerous slope failures from the Miocene,
Pleistocene, and Recent (Zmitko, 1983). The
uplift of Krusné Hory Mountains in the
Miocene-Pleistocene is expressed by the
monoclonal folding of basin sediments near the
edge of the mountains (Malkovsky, 1977).

The overlying sedimentary complex
comprises a group of clays and sandy-clays
with variable carbonate occurrence above the
coal seam (Malkovsky et al., 1985). The
thickness of this overlying complex attains up
to c. 175 m (the maximum thickness of the
entire sedimentary fill was proved at 231 m).
Its upper 40-60 m has disintegrated into shard
fragments as a result of the regelation
processes during the Pleistocene (Pichler,
1989). It is frequently difficult to locate the
boundary between the sedimentary complex
and the Quaternary sediments. This is
especially the case in the vicinity of the
mountain slopes. The Quaternary sediments
predominately ~ comprise  coarse-grained
gravels, sandy gravels, and clays with
crystalline fragments. The thickness of
sediments varies from 0.1 m to 40 m with the
greatest thicknesses found to be associated
with the alluvial fans of former tributaries.
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Fig. B3.1 A general topographic overview of the northern part of the Bohemian Massif (SRTM DEM). 1: Most Basin; 2:
Krusné Hory Mountains; 3: Doupovské Hory Mountains (Cenozoic stratovolcano); 4: western part of the Ceské stiedohori
Mountains (Cenozoic volcanic complex); 5: eastern part of the Ceské stiedohoii Mountains. The dashed lines represent the
main faults according to Malkovsky (1977). Selected climatological stations of the Czech Hydrometeorological Institute
(CHMI) are also shown - KV: Karlovy Vary; NV: Novd Ves v Hordch; M: Milesovka; UL: Usti nad Labem. The study area

is marked (S).

These alluvial fans contain mainly coarse-
grained gravel, sands, loams, and crystalline
fragments. The latter may be between to one to
five metres in diameter. Near the Krusné Hory
Mountains, there are areas in which solitary
boulders are found within gravel debris
(Marek, 1980a). These sediments commonly
form aquifers and their saturation depends on
its thickness, grain size composition, and the
content of clay components. The groundwater
saturation of the Quaternary sediments varies
according to those factors listed. The gravels
and alluvial fan sediments have good
permeability (up to 10” m.s™') (Zizka and
Halif, 2009).

The relief is anthropogenic where the open-
pit mine abuts the mountains. In this area, 15
m high overburden benches pass seamlessly
into the steep structural slope of the mountains.
The inclination of this anthropogenic slope is
c. 10° around the study site but in the
mountains behind the margin of the basin the
slope is 30-40°. The main morphological
processes  that have  modelled  the
anthropogenic slope during last two decades
are those of stream erosion and mass
movements. The geomorphological setting is
influenced by structural-geological conditions,
fault tectonics, periglacial and anthropogenic
processes. In addition, it is also influenced by

the headward erosion of the Sramnicky Brook,
which has incised a valley to a depth of 100 m.
The study area is situated in the month of this
valley (Burda et al., 2011). In the 1980s, a
deep cut-off wall and new channel was built in
order to provide hydrogeological protection for
the open-pit mine. The water was captured and
diverted into the new channel (Marek, 1980b).

B3.3 MATERIAL AND METHODS
B3.3.1 Field mapping

The geomorphological and engineering
geological mapping of recent slope
deformations has been undertaken along the
northwestern edge of the Most Basin since the
1960s (Vang, 1960; Spurek, 1974; Marek,
1983b; Rybaf, 1997). The fundamental
morphological characteristics of the study area
were assessed during geomorphological
mapping of whole landslide complex in 2009
and 2010 (Burda et al., 2011). Immediately
after the main movement activity in January
2011, the main deformation features were
mapped at a scale of 1:5 000 using GPS. The
mapped features included accumulation toes,
scarps, erosion scarps, tension cracks, and the
margins of the landslide. In addition, aerial
stereoscopic  orthophotographs  (November
2010 and March 2011) and aerial photographs
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Fig. B3.2 A geomorphological map of the area around the landslide that occurred during January 2011 - 1: the landslide of
January 2011; 2: older landslides within the landslide complex; 3: headscarps; 4: (a) tension cracks (b) tension cracks with
vertical offset; 5: accumulation toes; 6: earthflows; 7: landslide accumulation surfaces; 8: landslide blocks within the
landslide complex; 9: shallow colluvial depression; 10: (a) brooks and channels (b) road; 11: spring; 12: dump; 13: (a) ERT
profile (b) longitudinal profile across the landslide; 14: (a) inclinometric borehole (b) structural test hole; 15: observed
geodetic points (a) ATR - reflective prism (b) precise niveling - bench-marks.
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(February 2011) were analysed in order to
determine the overall context of the landslide,
survey those accumulation areas that were
inaccessible, and to estimate the total
horizontal displacement. The field mapping
was then compared to older maps, technical
reports, and research publications (Spurek,
1974; Rybatr, 1997; and the archive of the
Brown Coal Research Institute (BCRI)). This
was done in order to assess the relationship
between the reactivated landslide and older
slope failures, to analyse the inclinometric
records, and to assess anthropogenic
influences.

B3.3.2 Geophysical profiling

The inner structure of the landslide and its
vicinity was studied using 2D electrical
resistivity tomography (ERT). This is an
elaborate method of resistivity profiling (cf.
Loke, 1995; Hartvich and Valenta, 2011) that
is particularly suitable for geomorphological
studies as it gives insight into the subsurface
(Schrott and Sass, 2008). The depth range of
ERT depends on number of factors although,
in normal circumstances, reasonably detailed
images are obtained to depths of several tens of
metres. Two-dimensional electrical resistivity
tomography uses a high number of electrodes
placed along a profile and an automatic
measuring unit that alternately switches the
electrodes from current to potential (Loke and
Barker, 1996; Dahlin, 2001). The number of
electrodes, inter-electrode distances, and
measurement configuration determines the
depth and resolution of acquired data (Dahlin
and Zhou, 2004; Loke et al., 2010). The result
is a distribution of resistivity with depth along
a profile which can be interpreted in terms of
the geology.

The main objectives of this geophysical
survey were to observe the depth, course, and
geometry of the sliding plane; the depth of the
quaternary slope deposits; the water-saturated
zones within the sliding body; and to identify
any other significant phenomena. ERT was
chosen as the most suitable geophysical

technique as it was expected to show the
resistivity differences that exist between the
surficial sediments, sliding plane, and
underlying claystones as well as shallow water
saturated zones within the sliding body. The
technique provides sufficient depth, in contrast
to other common geophysical methods such as
shallow seismic refraction or GPR, while
maintaining high spatial resolution and
sensitivity (Schrott and Sass, 2008).

Three profiles were measured using the
Wenner-Schlumberger array in July 2010,
April 2011, and October 2011 (Fig. B3.2). The
ARES system has been used for these profiles,
manufactured by the Czech-based company
GF Instruments. The system has a powerful
transmitter which enables measurements with
large electrode distances (the maximum
current electrode separation was 550 metres)
leading to a high depth reach (more than 100
metres). However, the resolution decreases
exponentially with depth along with the
decreasing number of measured points towards
the bottom of the profile. The first profile (A-
A") was measured before landslide reactivation
in July 2010. The aim of this profile was to
assess the depth and overall character of the
slope deformation (Burda et al., 2011). The
profile was 186 m long with an electrode span
of 2 m. It crossed the most active part of the
slope deformation from N-S (175°). The
second profile (A-A’") was measured in
October 2011. This profile followed the same
course as the first profile but with an increase
the downslope length and depth penetration.
The aim of this profile was to compare the
results with those derived from the first profile
(A-A"), i.e. before and after the landslide. The
profile was 270 m long with an electrode span
of 2 m. The third profile (B-B") was measured
in April 2011. This profile is approximately
parallel (160°) to the first and second profiles.
It crossed a potentially active area next to the
reactivated landslide. Here, two incipient
scarps were observed, as well as a verified
shallow aquifer (Fig. B3.2). The profile was
590 m long with an electrode span of 5 m.
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Fig. B3.3 A: an aerial overview of the landslide complex situated at the edge of the open-pit mine - the position of the
landslide during January 2011 is marked by the red line while the positions of the meteostation, observation well, and main
morphological features are marked by the yellow line and arrows. B: a detailed aerial view of the landslide during January
2011 - the position of inclinometric boreholes is marked as well as significant morphological features. C: the major
headscarp of the landslide during January 2011. D: the rotated block is limited to the east by the steep flank scarp.

The three profiles were taken along the
slope dropline and in the direction of
movement of the slide. It was, thus, possible to
assess the depth and geometry of the sliding
plane and to identify the vertical and horizontal
anomalies in the resistivity. The length of the
profiles was limited by the relief and so,
unfortunately, these were the maximum
possible. Field data (apparent resistivities)
were processed using a 2-D inverse method
implemented in the program Res2DInv (Loke
and Barker, 1996). This resulted in a resistivity
cross section that included topography.

The processed profiles were interpreted
using information from nearby geological
boreholes. In the 1980s and 1990s, three
inclinometric boreholes were drilled in the
vicinity of the profile lines (1B 149, IB 190,
and IB 156 (Fig. B3.2)). Boreholes IB 149 and
IB 190 were sheared by the movement of the
landslide at depths of 12-14 m. The last

measurements on these were taken in 2004.
Borehole IB 156 was measured after the
landslide in March 2011. Boreholes IB 238 and
IB 239 were instrumented in September 2011.
The data from the inclinometric observations
were used in the interpretation of the profiles,
particularly in the identification of the sliding
plane depth.th.

B3.3.3 Geodetic measurements

Precise levelling became the foundation of
long-term monitoring in the area of landslide
complex. The levelling measurements have
been taken as a part of detailed geodetic
measurements of three special levelling
circuits carried out on the slopes of the Krusné
Hory Mountain since the 1980s (Kalvoda et
al., 1990). Four bench-marks were
instrumented in the landslide area and have
been measured periodically since 1990.
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Similarly, five points have been measured in
front part of the Jezefi exploration gallery
(Marek, 1983b). These measurements are
carried out twice every year, in spring and
autumn, in accord with the methods of
previous levelling measurements in the region
(Kalvoda et al, 1990). To verify the
movement trends and to remove measurement
noise, the measurements were undertaken
quarterly during the first five years. Bench-
mark No. 124 (333.0934 m asl) of the special
levelling circuit Z,b 3 was chosen as the
reference point for the surface measurements.
The deeply stabilised point placed in hard rock
of the exploration gallery face is the reference
point for measurements within the gallery.
According to Pichler (2009), the mean
kilometre error (my) is £ 0.0002 m and
deviation between backsight and foresight
stations measuring (A1) does not exceed
0.0013m.

A geodetic network of reflective prisms
was placed in the vicinity of the landslide in
2005. This could, therefore, been used in the
continual monitoring of the nearby open-pit
mine (Blaha et al. 2006). This monitoring is
undertaken with the Leica TCR 2003A total
station and an automatic target recognition
(ATR) system (Brown et al., 2007). The ATR
system automatically monitors the position of
all the reflective prisms at an interval of one-
hour. The reflective prisms are placed on 3.5 m
long standing pipes cemented to a depth of 2
m. The hourly measurements enable the
precise calculation of daily accumulative and
relative displacement (Burda and Vilimek,
2010). This eliminates the measurement error
of particular aiming, which is 0.02-0.03 m
(Hampacher et al., 2008). Three geodetic
points (reflective prisms, Fig. B3.2) situated
within the landslide and its immediate vicinity
were used to describe the temporal
development of movements within the slope
deformation.

B3.3.4 Laser scanning

Laser scanning is currently applied in many
fields as a contactless method for determining
spatial coordinates (Stroner and Pospisil,
2008). This includes monitoring
geomorphological units (Rowlands et al.,
2003). During the laser scanning process, a
large number of points are measured within a
predefined grid covering the area of interest. It
is, therefore, a particularly suitable method for
generating digital terrain models (Wack and
Stelzel, 2005). The laser scanning method has
been used here as substitute for classical
geodetic monitoring measurements as the latter
have been stopped due to the destruction of the
point designed for this monitoring.

The laser scanning measurements of the
reactivated landslide were undertaken in
March 2011, June 2011, and August 2011.
These were used to generate high-resolution
digital terrain models. During each of the three
months, the landslide and its immediate
vicinity was scanned with a scanning density
of 20 mm x 20 mm at a distance of 10 m. Each
point cloud, representing the measurements
taken during the individual months, consists of
around 4.5 million points. The measurements
were all carried out in reference to a coordinate
system defined by five control points located
outside the limits of the reactivated landslide.
The subsequent comparison and analysis of the
digital terrain models assessed the surface
movements that occurred between the three
months in which the laser scanning was
undertaken. The measurements were made
using the Leica HDS3000 laser scanning
system. It has a horizontal accuracy of 5 mm
and an angular accuracy of 0.06 mrad.

B3.3.5 Climatological analyses

The influence of climatic factors on slope
stability is generally accepted (Schuster and
Wieczorek, 2002). This influence has been
confirmed in the study area by specific case
studies (Rybai and Novotny, 2005; Burda and
Vilimek, 2010). The data from a working
meteostation, operated by the BCRI, situated
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near the landslide have been analysed in order
to investigate the possible causes of
reactivation (Fig. B3.2). These data comprise
hourly measurements of air temperature and
precipitation. The snow layer thickness was
calculated from data recorded at four
climatological stations, at between 6 km and
60 km from the reactivated landslide, by the
Czech Hydrometeorological Institute (Fig.
B3.1). The reference Quaternary observation
well OW 212 is located 450 m northeast from
the reactivated landslide.

B3.4 RESULTS

B3.4.1 The morphology and internal
characteristics of the landslide

B3.4.1.1 Description of the landslide
morphology

The studied landslide constitutes the
reactivated component of a large complex
slope deformation initiated in 1952 (Spirek,
1974; Rybar, 1987). The geomorphological
mapping reveals a 1.5 m high headscarp and a
series of tension cracks together with sagging
of the landslide mass in the scarp area of the
developing landslide. This disturbed area
reflects the surface outcrop of a developing
shear plane that has been described previously
by Rybat (1997). It is thought that the origin of
this shear plane dates back to the 1990s. The
reactivated landslide can be described as a
complex landslide (Dikau, 2004) as it was
characterised by a change in motion mechanics
from sliding to flowing (Fig. B3.2 and Fig.
B3.3). The body of the reactivated landslide
consists of a rotated block with a length of c.
150 m and a width of ¢.120 m together with a
long frontal accumulation lobe that has flowed
over the scarps of older runout landslides.

The headscarp is located at an elevation of
€. 295 m asl. It has a typical amphitheatral
shape with a width of 102 m and a height of up
to 13 m. In the outcrop of the headscarp, it is
possible to see the soil, bouldery gneiss
proluvium,  weathered claystones, and
interbedded overlying sands. Fragments,

mainly ruined building foundations, from the
former village of Eisenberg were found in
eastern part of the headscarp (Fig. B3.3b). The
remains of a sewer pipe was also found, from
which water was still being discharged one
week after the landslide at roughly 1-5 I.s™.
The main scarp continues to the northeast in
the form of a significant tension crack that runs
for 200 m. This probably defines the unstable
part of the reactivated landslide. On the
western side, a smooth shear plane is exposed
with an inclination of up to 30°. On the eastern
side, a minor scarp with a height of 5-7 m
defines the limit of the reactivated landslide
body (Fig. B3.3d).

The landslide body has shifted horizontally,
as determined from orthophotographic
analysis. The upper part of rotated block,
below the headscarp, has shifted by 12-14 m
while the middle part, including the road and
artificial water channel, has shifted by 23-25 m
(Fig. B3.4). The area of older headscarps in the
lower part has shifted up to 26.4 m. At
elevations of 250-265 m asl, the frontal part of
the landslide body was thrust over the upper
overburden bench which meant that the
material lost its cohesion and was subsequently
deposited upon the eroded overburden benches
and older runout landslides (Fig. B3.3a). This
accumulation lobe has a length of ¢. 150 m and
the characteristics of an earthflow on both the
western and eastern sides, where the material
was fully saturated and without cohesion.

B3.4.1.2 The internal structure of the
landslide

The ERT data were processed and inverted
in RES2DINV. The data were then exported in
the form of a raster image and interpreted with
reference to the nearby documented boreholes.
The resistivities along profile A-A” span from
5 to 800 ohm.m (Fig. B3.5). The soil horizon is
seen at depths ranging from 0.5 to 2.5 m.
Below this lies the non-conductive coarse-
gravel slope deposits (in the borehole record
these are described as bouldery gneiss
proluvium). The base of these deposits is seen
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Fig. B3.4 The orthophotos from 2010 (A) and 2011 (B) with the contours of the land

N B March 2011

slide body (dashed yellow line). The

orthophoto from 2011 (B) shows the original (blue) and displaced (red) positions of selected objects for which the
displacement vectors (yellow arrows) and horizontal displacement in metres (yellow numbers) were identified. Point 23
represents a key geodetic marker as its position was measured both before and after the main period of landslide activity.

at depths ranging from 8 m to 13 m. The
substratum comprises the markedly conductive
stiff-fissured Miocene clays (an assumed
water-bearing shear plane) but with more
sandy facies between Stations 46 and 56. The
Tertiary sedimentary fill of the Most Basin has
the character of a quasi-homogeneous
discontinuous  environment  where  the
anisotropy is applied (Rybatf, 1978). The
Miocene clays are characterised by a dense
system of fault planes and joints as well as the
original bedding planes. In addition to the
highly variable primary and secondary fissure
permeability, infiltration is also influenced by
the fracturing caused by regelation prior to the
Holocene. The headscarp area characterised by
a sub-vertical conductive zone disrupting the
high resistivity layer between Stations 64 and
75. The minimum depth of the shear plane
estimated from this profile was estimated to be
15 m (Burda et al., 2011).

The main structures found on Profile A-A’
are all visible on Profile A-A"" (cf. Fig. B3.5:
middle and bottom). Profile A-A"" clearly
shows that the landslide body predominately
comprises coarse gravelly slope deposits. The
shear plane, however, passes through the stiff-
fissured claystones at depths of 15-20 m. This
is a zone of sensitive clays, according to
Pletichova (2006). The zone of very low

resistivity between Stations 230 and 280
reflects a water-saturated accumulation lobe
formed by a mixture of Quaternary and
weathered  Miocene  sediments.  These
sediments have been deposited on the eroded
overburden benches of the open-pit mine (Fig.
B3.6). This  accumulation  has the
characteristics of an earthflow and cannot be
distinguished on the profile from the
underlying conductive claystones.

Profile B-B” (Fig. B3.5) starts in clearly
identifiable crystalline bedrock (paragneisses
according to the geological map and borehole
documentation). The bedrock losses some of
its compactness towards Station 100, as
reflected by decreasing resistivity. The zone of
very low resistivity between Stations 100-150
is interpreted as the Krusnohorsky Fault. It is
one of the most prominent and active faults
along which the tectonic basin has descended.
The fault is steeply inclined towards the basin
at 75-80°. Its presence is corroborated by two
of the borehole records which penetrated the
rock massif to depths of 90 mand 117 m (STH
111 and STH 6 (not shown on Fig. B3.5)). A
high resistivity surface layer is seen along the
top of the profile at depths of between 10-15
m, although in places it reaches depths of 20-
25 m (e.g. between Stations 325-375) and it is
virtually absent between Stations 115-150. The
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Fig. B3.5 The ERT profiles taken across the landslide (locations depicted on Fig. B3.2). STH: structural test hole; IB:
inclinometric borehole; OW: observation well; vSA: verified shallow aquifer; aSA: assumed shallow aquifer.
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Fig. B3.6 A generalised longitudinal profile taken across the landslide during January 2011. The profile is based on
geomorphological field mapping, the results of the ERT, and the analysis of IB 149, IB 238, and IB 239. Its location is shown
in Fig. B3.2 (Q: Quaternary sediments; MAS: Miocene argillaceous sands; MSFC: Miocene stiff-fissured claystones; MCS:
Miocene claystones (solid)).
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thickness of 15 m at Station 390 corresponds
well to that found in the nearby Borehole STH
44, This is again the coarse-gravel slope
deposits, which also forms the body of the
nearby landslide. Underlying the high
resistivity surface layer is a zone of very low
resistivity and highly variable thickness (15-50
m). This zone most likely reflects wet clays,
which are also observed below 15 m in
Boreholes 1B 190 and STH 44. It is probable
that any future extension of the landslide
would be activated along this slide plane. The
varying resistivities probably reflect the
varying physical properties of the clay. The
higher resistivities may be associated with
dryer and more compact claystones, possibly
with a greater sand content. In some places,
these dry claystones separate water saturated
clays (e.g. Station 330).

B3.4.2 The development of the
landslide since the 1990s

The development of the landslide since
1990 can be investigated using the results of
the precise levelling of benchmarks N1-N4.
The measured accumulative displacement
values are shown on Fig. B3.7. It is clear that
significant movements have been recorded at
all four measuring sites. The mean rate of
movements at N1 and N2 was linear from
1993-2010 (6.4 mm/yr and 9.4 mmlyr,
respectively). However, at N3 and N4 the
mean rate of movements accelerated
significantly after 2008 (from 19.5 mm/yr to
31.5 mm/yr and from 21 mm/yr to 55.5 mm/yr,
respectively). The long-term development of
the landslide was also reflected by all five
points located within the exploration gallery.
The vertical shift was between 1.2-4.2 mm/yr
during the 1990s and has been between 1.6-2.4
mm/yr for the past 11 years. These movements
were accompanied by crack extension at
between 61.5-85.6 m from the entrance to the
gallery. The extension is characterised by
acceleration in the spring and deceleration in
the winter deceleration, as previously

described by Kalvoda et al. (1990) and Rybar
(1997).

The reactivated landslide activity was well
documented by N1 (-20.5 mm) and N3 (-37.3
mm) (Fig. B3.7). N4, situated in the scarp area,
was destroyed with the vertical drop calculated
from the stereoscopic orthophotographs
thought to be c. 5 m. Furthermore, detailed
information about development of the
landslide in 2010 was recorded by the
automatic target recognition monitoring of
reflective prism No. 178. This was placed in
the landslide in June 2009. This point showed
linear deformation during first year of
monitoring as well as the first period of
acceleration in Spring 2010 and subsequent
deceleration during Summer 2010. The main
movement occurred in January 2011, but the
movement velocity started to increase during
December 2010 (Fig. B3.7). Between the 9th
and 14th of January 2011, the daily rate of
movement increased steadily to 20 mm/day.
On 15th January at 8:01 p.m., reflective prism
No. 178 was measured for the last time, with a
total accumulative displacement of 777 mm.
The ATR system, assuming that it had not
been completely destroyed, would be able to
find the reflective prism if it was within 5.5 m
of its previous position (Blaha et al. 2006). It is
thought, therefore, that the final movements
were sudden and relatively fast (m/hr) with the
point destroyed shortly after reactivation of the
landslide.

B3.4.3 The development of the
reactivated landslide since 2011

The laser scanning data were processed in
stages and the primary output from each was a
three-dimensional terrain model (Fig. B3.8). It
is clear that a problem occurs during the
generation of these models that stems from the
presence of vegetation within the area of
interest. The problem may result from trees
within the landslide and the long grasses that
grew during the summer months and, although
special software was used to filter these points,
the quality of the measured data were
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Fig. B3.7 A: an accumulative three-dimensional displacement versus time diagram showing the development of the landslide
in the two years prior to January 2011. It is clear that there are two cycles of acceleration, the first in March 2010 and the
second in December 2010. B: an accumulative vertical displacement versus time diagram measured on four niveling bench-

marks since the 1990s.
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Fig. B3.8 The differential models that show the relative
displacement within the body of landslide in 2011. (A)
presents the difference between the 1% and 2™ stage while
(B) presents the difference between the 2™ and 3 stage.

significantly affected. The generated digital
terrain models were then used to create
hypsometric models that characterise the
differences in terrain form that have developed
between the individual stages. These may not
be wholly accurate where the measured data
have been compromised by the occurrence of
vegetation, i.e. in the lower part of the
landslide where movements of 100 mm have
been recorded between individual stages. In
contrast, in those places where no vegetation
has regenerated, such as in the headscarp, the
differential models accurately reflect the
changes that have occurred between individual
stages.

The first differential model, between the 1%
and 2™ stages, shows the separation of a large
block from the headscarp (block diameter: c. 5
m). The total movement at this location was
470 mm. The toe of the landslide, as a result of
soil slip, moved by up to 500 mm. However, it
is also clear from the first differential model
that on the rest of the area is associated with
no, or very small, small shifts of less than 100
mm (Fig. B3.8 (green and light blue)). The
second differential model, between the 2" and
3" stages, shows a number of localised
movements of the soil at the edge of the
landslide (Fig. B3.8 (light yellow and light
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blue)). These movements attain maximum
distances of 180 mm. It appears that the base
of the landslide has moved by up to 500 mm.
However, this area was covered with tall grass,
the occurrence of which greatly influenced the
measured data and its quality. It is, therefore,
not possible to say with certainty whether these
movements are real or apparent.

B3.4.4 The trigger of the landslide
reactivation

The winter of 2010-2011 was characterised
by a greater than average snow cover in North
Bohemia. At three of the four selected
meteorological stations, the measured snow
cover was the highest ever recorded while it
was only slightly less than the highest ever
recorded at the fourth station (Table B3.1). In
addition, the progressive development of the
winter snow cover was unusual when set
against previous years. In 2010-2011, the peak
snow cover at all stations was recorded in the
second half of December whereas in recent
years it has normally occurred in the second
half of January or in February (Fig. B3.9a-d).
The rapid cooling in late November and early
December was followed by considerable
warming that began on the 7" January. From
the 7™ to the 16th January, the temperature did
not drop below 0°C. The average daily
temperature reached 7°C on the 14™ and 6°C
on the 15" The maximum temperature
recorded during this period was 10.7°C on the
16th. In central Europe, this type of December-
January warming may occur on isolated days
(Rybat, 2001). The protracted nature of this
warming event makes it unique, at least for the
meteostation Jezefi. It lead to a rapid melting
of the record snow cover with an estimated
snow water equivalent of c. 200 mm (Fig.
B3.10) and an immediate rise in the water table
(Fig. B3.9e). The total precipitation measured
at Jezeii was 7 mm (13"-15" January). The
records of other meteorological stations
demonstrate that this rapid thaw occurred
throughout the Krusné hory Mountains.

However, the final movement acceleration
occurred at the beginning of December 2010
when a separated warming event on the 11th
December led to partial melting show and
subsequent rising of water table. On the 11th
December, the average temperature was 2.8°C
and the daily maximum was 4.9°C while there
was also 7 mm of rainfall (Fig. B3.9). The
subsequent saturation of the material led to the
mobilisation of the older earthflow masses.
This mobilisation destroyed geodetic Points 20
and 151 (Fig. B3.2) on the 13" December (i.e.
with a two-day lag following the temperature
peak).

B3.5 DiSCUSSION

The landslide that took place in January
2011 represents the largest slope deformation
to have occurred at the edge of the Most Basin
since 2005 (Rybar and Novotny, 2005; Burda
et al., 2011). This landslide represents the
reactivation of a large complex slope
deformation that has been recorded previously
(Spirek, 1974; Rybat, 1997). The headscarp
and eastern extension of the reactivated
landslide follow the headscarp of the earlier
slope deformation from 1952. This original
slope deformation occurred as a result of
surface subsidence due to the collapse of parts
of the gallery at Konév Mine (Spiirek, 1974). It
deformed the entire mass of overlying rocks
and, at least in part, contributed to the
development of deep-seated fault planes. These
subsidence-induced fault planes enable water
from the permanent and intermittent aquifers
infiltrate  more easily into the underlying
claystones and to, thereby, become a
significant mechanical discontinuity surface.

The system of fractures and fissures further
accelerates the flow of water through the
colluvial mantle as well as accelerating
groundwater flow in the claystones (10° m.s™).
The results of Pletichova (2006) and the
electrical resistivity tomography support this
hypothesis by showing three very low
resistivity zones (less than 5 ohm.m) - these
represent aquifers in the stiff-fissured
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Fig. B3.9 The main triggering factors of the landslide reactivation were rapid melting of the thick snow cover (a-d) and a
sudden increase in the water table in OW 212 (e). These factors resulted from the increase in average-temperature during
January (f) (Data sources: Czech Hydrometeorological Institute; the meteostation operated by BCRI; Chdn et al., 2011).

Table B3.1 Comparingd of the snow cover thickness at selected climatological stations and comparing of the

2010/11 winter with historical peaks (data source:

Czech Hydrometeorological Institute).

. Distance snow cover thickness (mm)
. Elevation
Meteostation (mas.l) from the
A landlside 2010/11 max. hist. max.
Nova Ves v Horach 725 6 km 810 810
Usti nad Labem 375 40 km 310 310
Milesovka 836 30 km 540 550
Karlovy Vary 606 57 km 450 450

claystones. The high-resistivity body of the
landslide, formed by permeable slope deposits,
overlies this water saturated zone. The bases of
the profiles are also associated with high
resistivity zones that most likely reflect
impermeable (< 10® m.s?) dry compact
claystones. These sensitive stiff-fissured
claystones hold water in the aquifer and,
thereby, create an ideal sliding plane for the
landslide (also by confirmed the inclinometric
boreholes). They are characterised by a liquid
limit of c. 73 % and a plasticity index of c. 23
% (Pichler, 1989) while exhibiting a large
difference between the fully softened and

residual friction angles (mainly in the upper 30
m). It is thought that the mobilised shear
strength is lower than the fully softened shear
strength in these stiff-fissured claystones when
associated with such liquid limits (Stark and
Eid, 1997). This means that, after reaching the
liquid limit, a mass movement may occur when
the safety factor (Fs) has been calculated > 1.
The landslide reactivation was the
culmination of a progressive development has
been caused by the ongoing weakening of
resisting forces. Since 1990, the movement
was characterised linear creep. Then, in 2008,
the function of cut-off wall was terminated
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Fig. B3.10 The distribution of snow water equivalent (SWE) in the Czech Republic during January 2011 (Cekal et al. 2011).

during vandalism and pumping of water
captured by the cut-off wall was stopped. The
intercepted waters reached the top of the cut-
off wall and, subsequently, soaked into
surroundings sediments and penetrated into the
landslide area (Burda et al., 2011). This lead to
the sudden movement acceleration outlined
above. The water flowed through the
permeable mantle and into stiff-fissured
claystones while the solid crystalline basement

rocks prevented deeper water penetration. The
function of cut-off wall was restored by the
mining company at the end of 2011, on the
basis of research and recommendations
(Pichler, 2011; Burda et al., 2011). Therefore,
an improvement in the stability conditions is
expected for the time being but further
geotechnical and hydrogeological monitoring
is necessary because the average slope gradient
still exceeds 9°.
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This study and that of Burda et al. (2011)
both show that finding these zones through the
application of electrical resistivity tomography
is essential to estimation of minimum depth
and geometry of the shear plane. This method,
combined with detailed field mapping,
improves our ability to predict the depth and
extent of future landslide activity. It is seen
that Profiles A-A’, A-A"’, and B-B’ all have
analogous zones of low resistivities (c. 5
ohm.m). Profile B-B" was taken outside the
area affected by the reactivated landslide.
However, the geotechnical conditions along
that profile suggest that future landslide
activity should also be expected here. It is also
known that the claystones forming
anthropogenic slopes are unstable over
protracted periods if the mean slope gradient is
greater than 9°.

Further research must focus on developing
a systematic monitoring system. The majority
of landslide early warning systems are based
on geodetic methods (Blaha et al., 2006).
However, a seven year observation of the
water table at OW 212 (Burda and Vilimek.
2010; Chan et al., 2011) has shown that this
may also provide a suitable basis. The
movement accelerations always occurred when
the water table rose above -10.25 m, which
corresponds to a theoretical pore pressure of 68
kPa at the depth of the shear plane. This can be
understood as a threshold value above which
landsliding may be initiated (as happened in
2005, 2006, 2007, 2008, 2009, 2010, and
2011). It can be assumed that the value of the
plasticity index is exceeded under these
conditions, which leads to subsequent mass
mobilisation. This hypothesis does, however,
need further investigation in order to better
understand the influence of other factors such
as rainfall and snow water equivalent.

B3.6 CONCLUSIONS

This study has integrated a range of
geoscientific evidence in order to constrain the

spatial and temporal development of the
reactivated catastrophic landslide at Eisenberg
in North Bohemia. The key findings presented
in this paper are:

 The geodetic measurements have
shown that over the past two decades the site
had been subjected to progressive deformation
caused by the collapse of an old mine gallery.

»  The climatic data have shown that the
reactivation itself was triggered by a dramatic
rise in the water table induced by rapid
snowmelt during a period of winter warming.

» The geomorphological mapping and
geophysical profiling have shown that fissures
are continuing to develop above the reactivated
landslide scarp while highly saturated stiff-
fissured claystones provide an incipient slide
plane.

»  The laser scanning shows that there is
little evidence for ongoing landslide activity.

The landslide will continue to develop in
the future due to the favourable lithological,
structural, and geotechnical conditions. It is
thought the endangered area may extend as far
as the KruSnohorsky Fault. It is proposed that
future landslide activity at the site may be
predicted by the height of water table as this
defines a theoretical pore pressure at the depth
of the shear plane.
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Publikace zamérené na dendrogeomorfologickou
analyzu svahovych deformaci

Soucasti vyzkumu byla rovnéz dendrogeomorfologicka analyza stromové vegetace rostouci
v zajmové lokalité. Vyzklum byl zaméfen na studium riznych typd svahovych pohybl v rtiznych
Castech feSeného uzemi. Na strmych svazich kru$nych hor bylo doloZeno plouzeni zvétralinového
plasté. Zkoumanim riistovych disturbanci btizy bélokoré byl anylzvan sesuv z ledna 2011, ¢imz byla
demonstrovana moznost vyuziti tohoto druhu stromu pfi datovani svahovych deformaci.

Burda J. (2011): Spatio-temporal activity of mass movements in the Krusné Hory Mountains (Czech
Republic): dendrogeomorphological case study. AUC Geographica, 46, ¢. 2, s. 15-30.

Tumajer J. and Burda J. (in rev): Exploitation of Betula pendula in mass movement studies,
A preliminary study. AUC Geographica.
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ABSTRACT

This article utilizes dendrogeomorphology
to investigate the spatial and temporal variation
of mass movement dynamics on south-east-
facing slopes of the Krusné Hory Mountains,
an area affected by open-pit mining. It is based
on 93 samples collected from 35 disturbed
Fagus sylvatica trees. These samples were
taken in five model locations, representing the
most problematic sections of the entire area.
For reasons of sample depth, the analysis was
limited to the period from 1900 to 2006. The
article focuses on growth disturbances such as
eccentric growth of annual tree-rings and
abrupt growth changes. The strongest
disturbances were most commonly found in
trees located near the base of the mountains,
where growth disturbances has occurred
periodically, since 1900. To analyze past mass
movement dynamics, we introduce a “creep
rate”, defined as the proportion of eccentric
tree-rings per decade. The results clearly
demonstrate that ‘“creep rates” culminated

during the period from the 1940s to the 1970s,
as a result of deep-seated slope failure the
developed during the 1950s near the foottoe of
the mountains.

Key words: dendrogeomorphology — tree-
ring analysis — growth disturbances — creep —
Krusné Hory Mountains

C1.1 INTRODUCTION

The research locality is situated in the
Krusné Hory Mountains, an area that has been
markedly transformed by anthropogenic
activities, primarily connected to brown coal
mining. Such mining is done here in open-pit
mines, which exploit the overburden from the
area of Most Basin. During the 1980s, the
open-pit mine reached the foot of the Krusné
Hory Mountains and scientific literature began
discussing the negative influence of mining on
local slope stability (Rybar 1981a,b, Marek
1983a,b; Kalvoda et al. 1990; Kloss 1994,
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Rybéi 1997). According to Hurnik (1982b), the
removal of 400 hundred million tons of
overburden per year (in 1970s and 1980s)
could have caused the elastic lifting of the
mountain massif and the destabilization of the
upper part of the slope. To verify this
speculation, in the spring of 1983, the entire
area came under the observation of a special
levelling circuit, Z,b 11, which connected
planation surfaces along the top of the Krusné
Hory Mountains with the Jezeti Castle area
and the foothills of the Krusné Hory
Mountains (Kalvoda et al. 1990). Vertical
movements of the earth’s surface have been
observed at geodetic points in two different
locations. Kloss (1994) confirms this and, on
the basis of a finite element method (FEM)
analysis, predicts not only continued uplift, but
also gravitional movements of crystallinic
towards the basin.

The results of this study build upon
previous dendrochronological research
conducted near Salesius Hill, which is about 14
km west of this study’s location (Vilimek et al.
2002). Although dendrogeomorphology is
worldwide method used for reconstruction of
the beginning, duration, scope and frequency
of many geomorphological processes (Alestalo
1971, Braam et al. 1987a,b, Strunk 1997,
Bodoque et al. 2005, McAullife et al. 2006,
Stoffel et al. 2005a,b; Stoffel 2006, Stoffel and
Perret 2006. Within the area of the Czech
Republic, we cite the research of Fantucci et al.
2000, Danhelka 2001, Vilimek et al. 2002,
Burda 2008, Klimes et al. 2009, Silhan 2009,
Silhdn 2010 and Zizala et al. 2010), this
method have never been used in the study area.

The aim of this study is to indentify places
and periods of potentional mass movement
developments and to verify assumptions
concerning low stability ratios, as a result of
open-pit mining, as well as the destabilization
of upper parts of the slope. The study also
refers to a reference curve, which was
compared with precipitation amounts from the
Czech Hydrometeorological Institute’s
(CHMI) Boleboi meteo-station.

C1.2 THE STUDY SITE

The study site is located in the Krusné Hory
Mountains in the Katefinohorska Vault area.
The location is situated on a south-east facing
slope between Mt. Jezerka (707 m a.s.l.), Mt.
Jansky (739 m a.s.l.) and Jezeti Castle (Fig.
C1.1). The geological characteristics of this
part of the Krusné Hory Mountains have been
described many times (Barta et al. 1973; Skvor
1975; Rybai 1981a,b, Marek 1983a; Horacek
1994; Marek 1994b; etc.) as have the
geological conditions of the Most Basin (Rybai
1981b, Malkovsky et al. 1985; Zmitko 1983;
Zizka and Halii 2009; etc.). Kral (1968) gives
a geomorphic overview of the upper parts of
these mountains and Vilimek has published the
results of detailed geomorphic mapping of
Katetinohorska Vault (Vilimek 1992; Vilimek
1994; Kalvoda et al. 1994; Stolinova and
Vilimek 2002).

The core of this vault consists of
orthogneisses, which are adjacent to a series of
crystalline shales the foliation of which
inclines fanwise to the basin with an
inclination of more than 50°, in rare cases even
more than 70° (Marek 1983a). It is interrupted,
in many places, by numerous faults, primarily
in a north-west to south-east direction (Skvor
1975). This system of faults also occurs at the
top areas of the massif (Marek 1994b; Vilimek
1994). These fractures divide the mountain
massif into a system of blocks (Marek 1983b).

The basin’s sediments are composed of the
underlying complex, coal seams and the
overlying complex. Stratigraphically, these are
heterogeneous units with various Tertiary
complex sediments (clays, sandstones, sands)
and  Cretaceous  sediments  (quartzite,
sandstones, calcareous clays, marlites,
limestones; Malkovsky et al. 1985).

Quaternary sediments primarily include
coarse-grained gravel, sandy gravel and clays
with crystalline fragments. The thickness of
these sediments varies from 0.1 m to 40 m.
Increased thickness is characteristic in the area
of alluvial cones of former tributaries
(Vesnicky Brook, Sramnicky Brook and
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Cernicky Brook). The alluvial fans consist
mainly of coarse grained gravel, sands, loam
and fragments of crystalline. The highest
thickness of Quaternary sediments (up to 70
m) is located under the structural slope of Mt.
Jezerka and consists of the material of a Wiirm
rockslide (Rybar in: Kalvoda et al. 1994).
Spiirek (1974) estimates the total volume of
this rockslide at 25 milion m® with a total
surface area of 63.5 ha. The head scarp is
located on a 30° to 40° steep slope between Mt.
Jezerka and Mt. Jansky about 500 to 650 m
a.s.l. (Zmitko 1983). Kalvoda et al. (1994)
suggested that the rockslide was triggered by
an earthquake. Although most of the large
accumulation was extracted during the 1970s
and 1980s, the forefront of this accumulation is
still morphologically distinct.

C1.3 MATERIAL AND METHODS

This investigation of spatial and temporal
mass movement activity in the Krusné Hory
Mountains is based on a dendrochronological
analysis of GD in extracted samples of Fagus
sylvatica trees. “A visual inspection of the tree-
rings will in no case allow determination of the
process that was causing the disturbance.
Therefore, a detailed identification of
geomorphic processes present at the study site
as well as an accurate identification of features
related to previous events imperatively need to
proceed the sampling of increment cores or
cross-sections in the field as well as their
analysis and interpretation in the laboratory”
(Stoffel and Bollschweiler 2008, p. 192).

In this regard, we needed detailed
geomorphic mapping data on the study
location. Vilimek mapped the study site at a
1:25 000 scale in 1992. However, because it is
an area with extensive anthropogenic
influences, this map has been modified
according to its original methodology (see
Vilimek 1992). In updating this map, we
focused primarily on the foothills, where the
biggest changes in relief occurred. In addition,
the historical extent of the open-pit mine was
determined, according to ortho-photographs

from 1952, 1975, 1987 and 2008. We defined
the positions of former slope failures using a
Czech Geological Survey — Geofond on-line
application and relevant technical reports.

C1.3.1 Sampling strategy

Figure C1.1 shows the positions of all of
the 35 sampled trees. In order to include the
oldest possible events, we selected the oldest
trees. European Beech (Fagus sylvatica) was
found in all of the selected areas. Incremental
drills 700 and 500 mm long were used for
taking samples. Samples were extracted at the
height of stem curvature, whenever possible,
otherwise at breast height (~ 130 cm). The 3D
position, macroscopic stem defects (tilted
stem, hollow trunk, stem curvature, etc.), local
morphology and position of each sample were
recorded (Stoffel et al. 2005b).

Two or three samples were taken from each
tree. In general, sample A was taken upslope
sample C was taken in the opposite direction
(downslope). Sample B  was taken
perpendicularly to the previous samples. Two
samples were taken from trees distinctively
tilted in only one direction. Where we could
not clearly determine the dominant direction of
stem declination (i.e. ,,S-form* trunk), all three
samples were taken. This sampling strategy
enabled us to gather accurate information
concerning possible eccentricity or loosening
of tree-rings during various phases of tree
growth (Braam et al. 1987h).

For the research itself, we selected trees
showing visible GD. The following conditions
applied, in this case:

1) Growth anomalies shall be demonstrably
caused by the researched phenomenon (mass
movement in this case).

2) We shall select the dominant and co-
dominant trees in a given location (thereby
eliminating growth signals caused by
competitive effects and acquiring a longer
historical range).

During the research, we excluded more
inclined trees growing on the erosion slopes of
brooks. In this way, we eliminated trees, whose
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stem inclination was caused by the erosion
activity of mountain brooks. We also excluded
trees growing in the immediate vicinity of
roads, which undercut the slope in several
places. Also, we excluded trees, whose stems
were damaged by corrasion in a possible
drilling spot, from the research.

C1.3.2 Sampling sites

In accordance with the geomorphic
mapping, we selected five different locations
in the study site (groups A — E; Figs. C1.1 and
C1.2). Three sites are located at the foothill
near the open-pit mine. The two remaining
sites are higher on the slope at locations where
historical vertical movements of points on a
Z2b 11 levelling circuit have been observed.
We therefore analyze each part separately:

Group "A": The first six trees selected are
located on a gentle slope (15°) at the foot of
the structural slope of Mt. Jezerka. The
location is not in the immediate vicinity of the
open-pit mine but it is along an edge of the
accumulation area of the Wiirm rockslide.
Some rocks are scattered in a pattern of rock
debris higher on the slope. These fragments of
crystalline can reach one to five metres in size.
The current thickness of preserved Quaternary
sediments (after excavation) under the slope of
Mt. Jezerka is estimated to vary between 30
and 40 metres.

Group "B": This location is very close to
the mining activities. Some trees grow mere
metres from the edge of the overburdened
benches of the open-pit mine. A typical
anthropogenic slope fluidly transitions into the
structural slope (27 — 35°) with numerous rock
outcrops, rock debris and erosion scars. In the
Sramnicky Brook valley, the slope decreases
significantly (less than 15°). Morphologically,
a talus cone, composed of gritty colluviofluvial
sediments, dominates. Tilted and curved trees

as well as soil ripples and ridges indicate slow
creep of colluvium over bedrock outcrops. We
analysed 16 trees in this location and, due to
the terrain morphology and the extent of
anthropogenic activity, we expect the biggest
GD to be found here.

Group "C™ In the geomorphologically
distinct structural slope under the Castle
complex, we found only two trees that were
appropriate for this dendrogeomorphologic
research. The slope has an inclination from 30
to 35° and is composed of a solid gneiss rock,
which is sparsely covered by a layer of
colluvial debris. Historically, part of the castle
Arboretum (since the end of the 17th century)
was located here, but it was clear cut in the
1980s, limiting the number of available trees at
this site.

Group "D": This group of trees was also

selected from the structural slope above the
castle complex. We include these trees in the
research, because of the vertical movements of
Z,b 11 geodetic points during the 1980s. The
slope’s gradient is over 35° and the selected
trees grow on a ridge that is a relict of the
original structural slope which, to the south-
west and north-east, has become steep erosion-
denuding slopes. This site has a number of
rock outcroppings and rock faces. We selected
five trees from this location.
Group "E™: The last six trees were found on
the slope of Mt. Jezerka where, as in the
previous case, movements of the points of a
Zy,b 11 levelling circuit were observed. The
location is characterized by a 40° erosion-
denuding slope that gradually transitions into
the more moderate edge of Mt. Jezerka’s peak
(15 - 20°). Morphologically, the site includes
dominant products of periglacial processes,
such as frost cliff rock towers and rock
outcroppings.
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Fig. C1.1 The study area and its geographic setting. Locations of the open-pit mine and of the analyzed and reference trees is

indicated on the map (* according CGS - GEOFOND).

C1.3.3 Tree-ring analysis

To complete the tree-ring analysis of our
samples we used Past4 software (SCIEM) and
a TimeTable measuring device, which gave
exact measurements of the width of tree-rings
to the nearest 0.01 mm (Fig. C1.3). We
assessed the eccentricity of individual tree-
rings in given year and any abrupt growth
changes. When trees exhibit eccentric growth
in a particular year, we can assume that tree

inclination is occurring. To confirm eccentric
growth patterns, we compared samples B and
C or A and B (depending on the direction of
stem inclination or stem curvature; equation 1
and 1.1).

We used tree-ring analysis of the samples
taken from particular trees to determine the
eccentricity of each year (E;). In 1971, Alestalo
(1971) proposed a method for the numerical
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Fig. C1.2 Aerial view on the study area, south-east facing
slope of the Krusné Hory Mts. (foto: J. Burda, 2010).

calculation of eccentricity. Braam et al.
(1987a) modified this formula.

Ei= (RCi-RB;)/ (RCi+RB) (1)
or
Ei = (RA| - RB|) / (RA, + RB,) (11)

E; = annual eccentricity of a tree-ring

RX; = width of a tree-ring in the respective
direction

In this study, we modify Braam’s formula
to be applicable for deciduous trees, which
form reaction wood on the opposite side, in
comparison with coniferous trees. Braam et al.
(1987b) speculate that, during its growth, a tree
can be influenced by mass movements with
differing dynamics and direction. When an
analysed tree showed macroscopic signs of
different inclination, we determined Ei from all
three samples (Braam et al. 1987b). By simply
plotting the Ei values in a graph, we obtain
linear data, from which the running inclination
of a tree over the years can be read.

According to their E; values, we divided
tree-rings into three categories: slightly
eccentric (E; 0.1 — 0.3), medium eccentric (E;
0.31 — 0.5) and highly eccentric (E; > 0.5)
(Burda 2008; Zizala et al. 2010). We then
weighted the observed eccentricities, on the
basis of their E; value; i.e. E; values between

0.31 and 0.5 received a weight of 0.5 and tree-
rings with E; values greater than 0.5 were
weighted with a factor of one (Danhelka 2001;
Klimes et al. 2009).

The percentage of trees showing inclination
in a given year can aid in analyzing temporal
variability of mass movement in the area
(Braam et al. 1987a). This variability can be
expressed with an index number (1;), calculated
for each year (equation 2):

li= X R(k)) / (XA(K);) * 100% (2)
I; = is index of activity in year i,
R(K); = trees inclined in a particular year i,

A(K); = examined trees in a particular year i.

Fantucci (1999), Danhelka (2001) or Zizala
et al. (2010) also use this formula. It indicates
the percentage of tree-rings which show
eccentric growth in a given year. By recording
the values in the graph, one can easily describe
the temporal variability of mass movements in
a particular year.

We analysed the spatial and temporal
distribution of eccentric tree-rings by decade
using a Geographical Information System
(GIS). Data on sample trees (their position and
li index value per decade) were transformed
into geo-objects to enable the spatial
visualization of GD. We used Surfer 9 (Golden
Software) to investigate the data and, in
particular, to examine spatial relationships
between all the trees. Linear interpolations
(grid size 30 x 30 m) including data from five
decades (1900 -1919, 1920 — 1939, 1940 —
1959, 1960 — 1989 and 1990 - 2006) were
performed (Stoffel et al. 2005b).

The study also evaluates abrupt growth
changes  between individual tree-rings.
According to Fantucci (1999), these growth
changes were divided into six categories.
Categories S1 through S3 (S1 = 40-55%, S2 =
56-70%, S3 > 70%) describe growth
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Fig. C1.3 Growth curves from different trees. The first depicts repeat, abrupt growth changes as a result of stem and crown
breakage (top). The second is an undisturbed tree (middle). The third shows GD resulting from creep that causes the tilting

of a tree (down).

suppression, while R1 through R3 (R1 = 50—
100%, R2 = 101-200%, R3 > 200%) describe
release of growth. These GD indicate tree
reactions to a specific change in the
surrounding conditions. For example, a tree
might react to trunk damage due to rockfall or
root system damage connected to a shallow
landslide by suppressing growth.

Abrupt growth release generally results
from a decrease in competitive stress due to the
removal of surrounding vegetation. Abrupt
growth changes can also be caused by a change
in the conditions of a particular location (for
example atmospheric precipitation, nutrients).
To correctly interpret these changes it is
necessary to compare the assessed samples
with a reference curve and rule out any impact
of unusually dry or extremely rainy years.
Very similar to the analysis of eccentric tree-
rings, we calculated the I; index for SX and RX
categories, which characterise proportion of
GD in a given year.

C1.3.4 Reference chronology

A  fundamental element of any
dendrogeomorphological ~ research is a
reference curve, which is essential for
identifying GD that occur independently of the
slope  movement activity (Stoffel and
Bollschweiler 2008). This is why the selection
of suitable trees is so important. In selecting

ructural slopes (< 30')
ructural slopes (> 30°)
[ erosion-denudation slopes (< 30)
m erosion-denudation slopes (> 30)

E main summits and ridges

flat Quaternary sediments
(undifferentiated)

[27] rock debris

,", anthropogenic relief

g talus cones
.
N

o ~ ?‘ Ai.l ~ 500 m

Fig. C1.4 Generalized geomorphological sketch map of
the study site.

" M rock outcrops

trees for this study, we followed these
guidelines (Principles of correct procedures for
the selection of suitable trees can be found in
the comprehensive works of Cook (1985),
Cook and Kairiukstis (1992), Stoffel (2005) or
Janda (2008):

1) select trees growing in the vicinity of the
researched location

2) do not observe growth disturbances at a
researched tree

3) choose dominant trees, solitary if
possible.
We retrieved 15 samples from trees

growing in near the study site. The selected
trees should not be afflicted by mass
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movements and, consequently, records from
these trees can be used to eliminate local
influences or errors encountered during
evaluation that could distort the results. We
used ArsStan software (Cook 1985) to create a
local non-detrended reference curve. Using this
reference curve, we can determine whether GD
could have been caused by climatic influences
(mainly by dry years). We used data from the
CHMI (Czech Hydrometeorological Institute)
climatologic station in Boleboi to evaluate
precipitation amounts. The station is situated in
the mountains about seven kilometres
northwest of Jezefi Castle at an altitude of
approximately 640 m a.s.l. The location of this
station is not ideal, in regards to the study area,
but other local climatologic stations either have
much shorter historical records or lie outside
the Krusné Hory Mountains. Data records from
the Bolebor station date back to 1955. We
created graphs of annual precipitation;
precipitation during growing season and
precipitation in April to June were created
from climatic data.

Cl1l.4 RESULTS

Figure C1.4 shows an updated geomorphic
map. No recent landslides or rockslides were
found during the remapping of the mountain
region (recent landslides occur in the basin -
Burda et al. 2011). Former slope failures (from
1952 and from the Wiirm period — see in Fig.
C1.2), found with the CGS — Geofond on-line
application, are now indistinct due to the
advancement of the open-pit mine along with
ground works. Based on the morphology as
well as visible GD (tilted and “pistol-butted”
stems dominate; Tab. B1.1), we estimated that
the creep of a colluvial mantle is now the
dominant geomorphic process at the sampling
sites.

C1.4.1 Growth disturbances

Figure C1.5 presents the main results of this
dendrogeomorphological study. We divided
eccentric  tree-rings into three groups,
according to Ei value: slightly eccentric,
medium eccentric and highly eccentric. We
also calculated an li value for each year. Figure
Cl.5a clearly shows periods of increased I;
values. These include the years 1903, 1904,
1906, 1909 through 1911, 1914, 1923, 1927
and 1928. There is also an observable increase
in values, beginning in 1955 and culminating
in the years 1957 through 1964, 1967 through
1969, 1972 through 1974, 1981, 1985, 1992
and 2004 through 2006. On the other hand,
1901, 1915, 1925, 1936, 1937 and 1942 are
years that exhibit minimal production of
eccentric tree-rings.

Table C1.1 Different types of macroscopic stem defects
observed during the research.

Visible defects

tilted stem 19 (54%)

stem curvature

® "pistol-butted” form 12 (34,5%)
e "S-form" 4 (11,5%)
total 35 (100%)

The increase in I; values is particularly
notable after 1955 only dipping below 40% in
six of these years. This is due to the trees from
group "B", within which the strongest GD
were observed, after 1940. To be able to more
accurately identify years in which the
dynamics of mass movements could have been
more intensive, we conducted various
assessments of tree-rings (from group “B”)
with high and medium eccentricity, weighting
them appropriately (Fig. C1.5c). It is clear that
the largest disturbances happened between
1959 and 1961 and between 1972 and 1974.
An overall increase in observed GD is also
evident after the mid 1940s.
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Fig. C1.5 An overview of primary results. A) li index, describing the proportion of eccentric tree-rings, LD (Ei = 0.1-0.3),
MD (Ei = 0.31-0.5), SD (Ei > 0.5). B) Proportions of categories S1 — S3 characterizing abrupt growth supression.
C) Weighted sums of eccentric tree-rings per year. Medium disturbances - WSMD (Ei 0.1 — 0.3) are weighted with a factor of
0.5 and strong disturbances - WSSD (Ei > 0.5) by a factor of 1. A separate graph was created for trees in the “B” group.
D) Local reference curve (non-det.) that was created from 15 undisturbed reference trees.

Our research focused on abrupt growth
changes (primarily on growth suppression) that
demonstrate changes in the conditions of a
given location. We divided GD, such as
suppression and release, into six categories: S1
through S3 and R1 through R3. In the event
that a tree produced an eccentric tree-ring in a
given year, sample B should show sudden

growth suppression caused by impact of this
eccentric growth. In the graphs, such years
should be the same as those years, in which
eccentric tree-rings emerged. Figure C1.5b
shows I; index values for tree-rings that exhibit
abrupt growth suppression. In particular, the
years 1914, 1928, 1934, 1940, 1958, 1960 and
1961 correlate well with strong years of
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eccentric growth (Fig. C1.5a). Eccentric tree-
rings likely emerged, during these years,
causing growth suppression in sample B.

Because atmospheric precipitation
(especially during the growing season) is one
of the key factors influencing the growth and
width of tree-rings, we tried to explore the
ways, in which precipitation variations in the
observed location influenced the creation of
tree-rings. Figure C1.6 illustrates the amount
of annual precipitation, precipitation during the
growing season (April to June) as well as
precipitation during first months of the
growing season (April and May). Different
interannual precipitation amounts are another
factor influencing the growth of annual tree-
rings. In periods when we observe the greatest
differences in precipitation amounts between
two years, we can also expect to find the
greatest abrupt growth changes.

To shed light on vegetation’s reaction to
precipitation extremes as well as to interannual
precipitation differences, we compared critical
years with the reference curve visually. This
demonstrates that the vegetation reacts
sensitively to low precipitation amounts or to
distinctly lower interannual precipitation. This
is quite clear in 1982 and 1985 when low
increments correlate well with subnormal
annual precipitation, as well as in 1968 and
1988 when low increments coincidence with
subnormal precipitation during the growing
season or April — May, respectively (Fig.
C1.6). Therefore, we can claim that the
majority of suppression GD in the reference
curve are caused by climatic effects. On the
other hand, we detected no distinct growth
changes during years exhibiting significant
interannual precipitation amounts or above-
average precipitation.

If we compare the reference curve with a
graph of growth suppression visually (Fig.
C1.5b and C1.5d), we find that the two are
similar only in 1926 and 1928. Therefore, in
the study area, the majority of suppression GD
that we discovered are connected with non-

climatic factors (trunk tilting resulting in
eccentric tree-ring growth).

C1.4.2 Spatio-temporal distributions of
growth disturbances

We also tried to find locations and decades

exhibiting accelerated creep movement as well
as places of repeat activity. Therefore “creep
rate” was defined to determine the dynamics of
past mass movements. The “creep rate” was
defined as the proportion of eccentric tree-
rings per decade (1900 — 1919, 1920 — 1939,
1940 — 1959, 1960 — 1979, 1980 - 2006). This
is based on the notion that more GD (eccentric
tree-rings) indicate a creep acceleration or
longer lasting activity in an observed decade.
We analyzed medium and highly eccentric
tree-rings separately. Figure C1.7 describes the
spatio-temporal distribution of “creep rates”.
The figure shows that eccentric tree-rings
occurred during the period from 1900 to 2006
in trees in all of the five analyzed groups. As in
Fig. Cl5a and Cl.5c, we can observe an
increasing proportion of highly eccentric tree-
rings since the 1940s and 1950s.
The spatial pattern reveals that the site of
group “A” was less frequently disturbed by
mass movement than the other locations. In
contrast, the highest “creep rates” occurred in
group “B”. More than 80% of the tree-rings in
two trees from this group were eccentric (E; >
0.31) during the 1940-1959 period. During the
period from 1960 to 1979, there were even two
trees showing more than 90% eccentric tree-
rings (Ei> 0.31). A similar trend is evident in
lower picture which shows the proportion of
highly eccentric tree-rings (E; > 0.5). During
the first decade, the proportion of eccentricities
did not reach 15%, but over following decades
(particularly after 1940) the proportion
increases dramatically. This indicates a higher
"creep rate" after 1940. A concentration of
disturbed trees in the area of the Srammicky
Brook’s valley mouth is quite clear, during
periods of greatest eccentricity (1940 — 1959,
1960 — 1979).

Dynamika a rozsiteni recentnich svahovych pohyb( na Upati Krusnych hor | Kapitola C



1100

]
]

900 - :
" M
]

700{-----fFp----q---------

500 1

precipitation (mm)

w
o
o

!

]

]

1

)
ring width
(1/10 mm)

1920
1925 1
1930 - - -+ 3
1935
1940 1 - - -
1945

1950 - - = - r =
1955 1
1960 1 - - - &

=@=annual precipitation =G=growing season

1965 A

1980 - - -
1985

1990 T+ - - -
1995

2000 1+~ - -
2005

T
n
~
)
-l
=a=April-May ——reference curve

------- long-term average

Fig. C1.6 Comparison of annual precipitation, precipitation during growing season, precipitation in April-May and

reference curve.

Open-pit mining directly affected the site of
group “B” at the end of 1980s and the
beginning of the 1990s. By evaluating
individual E;values for each tree, however, we
realise that significant GD occurred in only
four trees during this period. These are trees
nos. 9, 13, 15 and 25, growing near the edge of
the open-pit mine (Fig. C1.8). The highest
eccentricities were identified during 1991 and
1992, or to a lesser degree in 1987. The highest
E; values vary between 0.45 and 0.84.

C1.5 DiscussiON

Because the study area is not a landslide
location, we consider the resulting GD values
to be relatively high (compared, for instance,
with landslide areas described in Danhelka
2001; Klime$ et al. 2009 and Zizala et al.
2010). Because the li value of eccentricities
reaches maximum values in the 70% range, it
is clear that movements of all observed parts of
the slope do not come at the same time. The
spatio-temporal analysis also confirmed that
movements of smaller areas within the
observed location are more likely to occur.
Repeat movements probably occurred in the

area of group “B”, where values of “creep
rates” are higher than 45% (E; > 0.31) in each
of the decades studied.

The largest GD occurred between 1959 and
1961 and also between 1972 and 1974. We
recognise deformations of relief caused by the
impacts of previous underground mining as a
possible reason for these GD (Vilimek et al.
(2002)) arrived at similar conclusions during a
dendrogeomorphological investigation of slope
deformation on Salesius Hill]. Deformations
culminated from 1952 to 1954, when they
evolved into large deep-seated slope failure in
the area of the former village of Jezeti, which
was, incidentally, destroyed by this slope
failure (Sptirek 1974; Marek 2006).

After 1940, the highest “creep rates” were
recorded in the Sramnicky Brook valley, near
the 1952 slope failure. This slope failure
probably caused a release of tension over the
larger part of the slope and, therefore, could be
the primary cause of the observed
eccentricities. GD from the end of the 1950s
are very likely signs of the sudden acceleration
of subsequent Quaternary colluvial and
proluvial ~ sediment creep  movements.

Dynamika a rozsiteni recentnich svahovych pohyb( na Upati Krusnych hor | Kapitola C



0-5 N

5-10

10 -20
20-30
30 - 40
>4 o w0 ) |

Ay
WA Ol F ) 3 e
§y ¢

>

4

AN

|

N

’ ‘_
% of eccentric tree-rings
[ ]+ o-3
[ ]+ 3-15

15-30

30-45
45 - 60

® ¢ @ O

> 60 0

Fig. C1.7 “Creep rates” by decade, based on the proportion of highly eccentric tree-rings (E; > 0.5; top) and on the
proportion of medium eccentric trr-rings (E; > 0.31; down). The patterns have been generalized based on linear
interpolation.

N \ / 245 2006 - - 2006
A : . ca VAR
& S 2 50 kol 7 7 / 2004 -
B A /j( / 2002 -
e\ U . . \J; ~ 1 2000 4
\“{ 1998 1998
‘ D | 1996 -
T e ey - 3 1994 4 1994
11 s (et
v Y . : g 1992 (Ei 0,50, i 0
‘ 1992 . 1991(Ei 0.89) (Ei ) 1992 (Ei 0,55)
‘ sl 1989
: sl 1987 (Ei 0,45,
o 1986 - e 1986
1984 - 1984 | P 1984
1982 -
1980 - - - -
P ™ 0 0

- - o~
T ) o i o 1500 500 Numbers allocated to individual trees '
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During 1958, an above-average
precipitation  year, disrupted sediments
probably became aquifers which resulted in
subsequent creeping.

Similar GD from 1972 to 1974 are likely
not a reaction to running exploitation because
the open-pit mine did not yet extend towards
the foot of the Krusné Hory Mountains. In
spite of low precipitation in 1972 and 1973, the
cause of the GD mentioned can be found in
above-average precipitation in 1970 which,
again, resulted in the destabilisation of
Quaternary sediments. A similar situation
occurred in 1974 when abnormally high
precipitation was followed by disturbances in
1975 and 1976. The following years of average
precipitation caused settling and a decrease in
the occurrence of GD. On the whole, these
results correspond with previous conclusions
that precipitation is a triggering factor,
destabilizing exposed parts of the slope (Burda
and Vilimek, 2010).

In general, we expected GD to be
connected with the advancement of the open-
pit mine. However, this theory was confirmed
in only four trees from group “B” that were
located near the edge of the open-pit mine. The
identified GD (culminating during the 1987 —
1992 period) probably reflect local slope
destabilization and creep acceleration resulting
from mining. According to Figures C1.5c and
B1.7, GD occurred in the study site before the
open-pit mine reached the mountains.

Only four samples from two trees were
taken from the group "C" sampling point.
These trees grow on the structural slope, which
is the base of the crystalline block, upon which
the castle complex lies. Potential GD could
indicate movements of the gneiss block, on
which the Castle complex is situated. If we
assess eccentricity, 1958 stands out, because
the E; index reaches high values in both cases
(E; 0.70; 0.32). Other common peaks occur in
1990 — 91 (E; 0.70; 0.60) and 2000 (E; 0.56;
0.37). The evaluation of only four samples
(that were, moreover, low in quality and in
sample depth) from this location presents a
deficiency and it is not possible to establish

precisely what factor caused significant GD or
how to interpret them.

In other groups the temporal variability of
“creep rates” does not change much over the
decades and GD have occurred regularly, since
1900. Therefore, we can reject any connection
between GD and the vertical movements of
geodetic points in the Z,b 11 levelling circuit.
Beyond this, the wvertical movements of
geodetic points could be caused by the same
factor leading to GD origin, i.e. Quaternary
colluvial sediment creep which has been
ongoing, at least, since 1900. Any exact
determination of this lies beyond the current
capabilities of dendrogeomorphology.
However, we can state with certainty that GD
occurred in the upper parts of the mountains
before the open-pit mine was opened and that
GD did not increase after the development of
mining activities.

C1.6 CONCLUSION

This study uses the outlined,
dendrogeomorphological approach, for the first
time, to analyze spatial and temporal variations
in mass movements on south-east-facing
slopes of the Krusné Hory Mountains. With
added insights from geomorphic mapping, the
results prove that creep is a dominant type of
mass movement process in the study area. We
successfully determined spatial variation in the
"creep rate", as well as intervals of movement
acceleration.

The highest "creep rates" were found at the
foot of the mountains, where Quaternary
sediment layers are thickest. The largest GD,
recorded from 1959 to 1962 and from 1972 to
1974, did not result from mining, but as a
consequence of deep-seated slope failure from
the 1950s. On the contrary, we confirmed an
influence of mining, in the open-pit mine, on
the occurrence of GD only during the last
decade and only in four trees. In addition to
local morphology and slope gradient, abnormal
precipitation seems to be a significant factor
leading to creep  acceleration and,
consequently, movement dynamics are
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influenced by the saturation of Quaternary
sediments.

Acknowledgement

This research was supported by these
projects:

» Grant Project of Charles University in
Prague (GAUK) No. 155610: "Analysis of
recent mass movement distribution and their
dynamic in the Jezefi area, Kru$né Hory
Mountains."

+ Grant SVV-2011- 263 202: "Research
on the physical-geographical changes in the
natural environment of the Earth"

Resumé
CASOPROSTOROVA AKTIVITA SVAHOVYCH

POHYBU V KRUSNYCH HORACH (CESKA
REPUBLIKA)

primarné opira o vysledky letokruhové analyzy
(hodnoceni  excentrickych  letokruhit a
rustovych zmén) 93 vzorkli odebranych z 35
bukii  lesnich  (Fagus sylvatica). Pii
geomorfologickém  mapovani nebyly v
zajmové lokalité mezi Jezerkou (707 m n. m.)
a zédmkem Jezefi identifikovdny recentni
projevy skalnich ficeni a sesouvani, nicméné
bylo konstatovdno, ze v oblasti dochdzi k
plouZzeni kvartérnich sedimentt.

K akceleraci téchto pohybd dochazi
epizodicky, zfejmé¢ v dasledku zvodnéni
kvartérnich sedimenti vodou. Kontinualni
pohyby v celém tuzemi se neprokazaly.
Nejvétsi dynamiku pohybu sledujeme v udoli
Sramnického potoka od 50. let 20. stol.
Primarni pfic¢inou akcelerace pohybil je vznik
hluboce zalozené svahové deformace, ktera
vznikla poddolovanim uzemi béhem hlubinné
tézby. Naopak dopad povrchové té€zby na
akceleraci creepovych pohybt byl prokazan
jen na prelomu 80. a 90. let, a to pouze u Ctyt

Hodnoceni  Casoprostorové  variability stromdl.
svahovych pohybi na svazich Krusnych hor se
*hkkk
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ABSTRACT

Investigation of relationship between vessel
structures and  exogenous  geomorphic
processes like landslides, rockfalls, debris
flows as well as snow avalanches are common
in present dendrogeomorphology. However,
very little is known yet about change of the
shape characteristics of vessels of Betula
pendula as a result of different mass
movements.

Analysis of vessel length (LL) and width
(WL) change on 49 microsections prepared
from 15 landslide-disturbed-birches was the
goal of this study. A relationship between LW
and LL was reported for the year before and
after landslide separately using equation of
linear regression. Slope of the regression line
very well characterizes the relationship
between LW and LL and evaluation of inter-
annual change between LW and LL was
carried out based on annual change index

(ACI). ACI was defined as a value of
percentage change in the slope of the
regression lines before and after the landslide
disturbance. There is statistically significant
change in vessel size parameters between the
years 2010 and 2011. Overall, the highest
values of ACI were calculated in microsections
sampled in the direction of slope distribution -
side of reaction wood production, where ACI
average value was higher than 43% which is
twice more than values from other samples.
Increasing of isodiametricity is also typical,
while it was found at 65% of analysed
disturbed samples.

Key words: mass movements —
dendrogeomorphology — Betula pendula —
wood anatomy — vessels
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C2.1 INTRODUCTION

Numerous  geomorphic  events  and
processes have significant impacts on trees and
leave permanent signs within the wood
anatomy (Schweingruber 1996). These signals,
manifested as variations in tree-ring widths, as
well as structural modifications of the wood
mass, allow us backward reconstruction of the
beginning, duration, scope and frequency of
many geomorphic processes (Strunk 1997,
Sass and Eckstein 1995). Since 1960s, tree-
ring analysis have been used as a leading
method of climate reconstruction,
environmental ~ changes  analysis, and
geomorphic processes such as debris flows,
landslides, rockfalls and snow avalanches
dating (Alestalo 1971, Braam et al. 1987,
Schweingruber 1996, Lang et al. 1997, etc.).
The recent studies focus on wood anatomical
reactions (variations in tension or compression
wood, varying vessel sizes and numbers) and
application of wood anatomical techniques to
study additional information of severity and
intensity of past impacts on tree growth
(Stoffel et al. 2005b, Perret et al. 2006,
Casteller et al. 2007, Heinrich et al. 2007,
Heinrich and Gértner 2008, Schneuwly and
Stoffel 2008, Gértner and Heinrich 2009, Sorg
et al. 2010, Bollschweiler et al. 2010, Corona
et al. 2010, Bollschweiler et al. 2011, Casteller
et al. 2011, etc.)

Although dendrogeomorphology is
worldwide method used for analysis of many
geomorphic processes the vast majority of
published studies focus on species of spruce -
Picea (Casteller et al. 2007, Perret et al. 2006,
Bollschweiller et al. 2007 and others), larch -
Larix (Corona et al. 2010, Stoffel et al. 20053,
b; Schneuwly and Stoffel 2008 and others),
pine - Pinus (Santilli and Pelfini 2002, Muntan
et al. 2009, Bollschweiler et al. 2010 and
others), firs - Abies (Yoshida et al. 1997,
Bollschweiler et al. 2010, Kdse et al. 2010)
and deciduous trees, house beech - Fagus
(Silhan and Panek 2008, Van Den Eeckhaut et

al. 2009, Burda 2010, Zizala et al. 2010 and
others), oak - Quercus (Fantucci and Sorriso-
Valvo 1999, Stefanini 2004, Moya et al. 2010
and others), or maple - Acer (Darfihelka 2001,
Silhan 2010 and others). Selection of analysed
trees or examined species is given by
geographical conditions of the habitat, which
directly determine the growth of individual
species. It is noteworthy that the surveys based
on analysis of birch species (Betula) are
sporadic in published studies, mainly because
it has very difficult anatomy of wood, which
results in poor visibility of its tree-rings. From
number of dendrogeomorphological mass
movements’ studies this species was used by
Casteller et al. (2007), Decaulne and
Saemundsson (2008), Arbellay et al. (2010) and
Szymczak et al. (2010).

There are sites where self-seeded trees,
which are commonly party interest, represent
spatial extensive monocultures. An ideal
example of such region is anthropogenic relief
of Most Basin (Czech Republic) intensively
formed from the second half of the 20th
century (Fig. C3.1). Extensive areas of dump
bodies, heaps and abandoned open-pit mines
are the places of evolution of a number of new
geomorphologic  landforms. These areas
remain aside of interests the professional and
lay public very often, which also means aside
research or monitoring.  Numerous slope
deformations, many of which have not been
mapped or not further investigated, evolved in
the past in these areas (e.g. landslides on
dumps).

Except for reclaimed areas there were many
sites left to natural succession, therefore many
of these sites are dominated by self-seeded tree
species, especially Silver Birch - Betula
pendula (Lipsky 2006).

Dendrogeomorphological investigation of
Betula pendula is one of few possibilities of
retrospective research of the dynamics and
scope of geomorphic processes and exact
dating of newly evolved landforms.
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Fig. C2.1 The experimental research area (right) is located in the edge of Most basin in the Most town district (bottom left)
in the northwest of the Czech Republic (top left). The position of sampled trees is shown in the geomorphology sketch map
(right): 1 - investigated January 2011 landslide; 2 - headscarps; 3 - (a) tension cracks, (b) tension cracks with vertical offset;
4 - accumulation toes; 5 - accumulation surfaces of landslides; 6 - landslide blocks within the landslide complex; 7 -

earthflows; 8 — selected trees.

C2.2 MATERIAL AND METHODS

Twenty Silver Birches were selected for
purposes of this dendrogeomorphological
experiment in the area of Jezefi landslide (Fig.
C2.1). Overall morphology, morphometry as
well as triggering factors and landslide
evolution were described by Burda et al.
(2011) and Burda et al. (in rev). The self-
seeded forest stand (8-18 yr old) was damaged
during the main movement activity in 15
January 2011 (Fig. 2.2), which means before
the beginning of growing season.

In the study site, we selected trees with
different degree and type of macroscopic
deformations, four different disturbed groups
(T1 toT3) and one undisturbed reference group
(R) were set up (Fig. C2.3). Figure C2.2 shows
the positions of all of the 20 sampled trees.
From the sampled trees, 11 stem discs were
sawn and polished (nos. 1 - 11) and 9

increment cores were extracted from rest 9
trees (nos. 12 - 20). Increment cores were
drilled trough the stem in B — D direction that
corresponds to the direction of slope
disturbance (Fig. C2.4). Other 10 cores were
extracted from 10 undisturbed trees near the
landslide area (Fig. C3.1). We used these
samples as a reference group for comparison to
disturbed groups (T1, Tler, T2 and T3) and
were extracted in A — C direction.

Both stem disc and increment cores were
extracted at the height of stem curvature and,
whenever possible, otherwise at breast height
(~ 130 cm). The position, macroscopic stem
defects (angle of inclination, stem curvature,
etc.), local morphology and position of each
sample were recorded.

According to Schweingruber et al. (2008),
the stem sections and increment cores were cut
into 20 pm thick transverse microsections
using GSL 1 core-microtome.
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Fig. C2.3 Basic groups of macroscopic stem defects found in the study site: T1 — stem tilted from vertical
direction; Tler — stem tilted from vertical directions and with exposed roots; T2 — significant stem curvature;

T3 — buried stem; R — undisturbed tree.

Four microsections (A — D) were prepared
from each stem disc and two (in respective
directions) from each increment core;
subsequently stained using safaranin and astra
blue in order to increase the contrast between
lumens and walls of vessels. The preparation

of microsections from birch proved to be very
complicated process due to the high hardness
of xylem. Particularly in the case of increment
cores it was often impossible to saw a
microsection of sufficient quality for
subsequent image analysis. Therefore we were
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able to prepare 49 microsections from 15
disturbed trees and 18 microsections from 9
reference trees.

C2.2.1 Variations in vessels parameters

In this experimental research, we focused
on measurement of parameters of shape of
vessel and its changes after the slope
disturbance. The measurement was performed
using the WinCell Pro 2011 software (Regent
Instrument Inc.) and vessel parameters were
analysed in two years; in the year preceding
the slope disturbance (2010) and the year after
landslide (2011).

Unlike  other studies, which also
investigated the relationship between vessel
structures and exogenous factors (e.g.;
Arbellay et al., 2010; Ballesteros et al., 2010;
Kames et al.,, 2011) and which are most
focused on Vessel Lumen Area (VLA)
changes, in our case much more attention was
paid to the shape characteristics of vessels (i.e.,
mainly the length and width of vessels and
their mutual relationship).As some studies (e.g.
Gonzalez and Eckstein 2003) pointed out the
strong influence of spring precipitation on
VLA in a specific tree-ring, difficulties with
filtering this climatic effect can occur in
applications of VLA as pointer of the
geomorphological  disturbance.  Although
strong positive correlation between VLA and
diameter of the vessel has been documented
(Arbellay et al. 2010), climate probably can
have only a very limited influence on the ratio
between perpendicular diameters of lumens,
which are further analysed and discussed.

The WinCell software can understand the
concept of width and length in different ways,
depending on the user settings - in our case, the
length of the vessel lumen (LL) was defined as
the longest possible connecting line of lumen
borders and width (LW) as the longest possible
connecting line perpendicular to the LL (Fig.
C2.4). So always pay LW < LL, only in the
case of regular geometric shapes (circles,
squares) is LW = LL (Fig. C2.4).

A relationship between LW and LL is
reported for each year (2010 and 2011) and
each sample separately using developed
equation of linear regression based on all
vessels that were measured in the annual ring
(after manual exclusion of outliers). Slope of
the regression line very well characterizes the
relationship between LW and LL in the annual
ring. It is in addition to our hypothesis, that
inter-annual rate of percentage change in slope
of the regression lines is a good indicator of
the possible effect of external disturbance (Fig.
C2.5). Evaluation of inter-annual change
between LW and LL was carried out based on
annual change index (ACI). ACI was defined
as a value of percentage change in the slope of
the regression lines before and after the
landslide disturbance.

ACI = 100.

slope(2011)
slope(2010)

Various differences in ACI between
reference and disturbed trees and also between
different orientations of sample around the
stem have been described by means of
statistical procedures described e.g. by Hendl
(2009). To test the significance of annual
changes in slopes, non-parametric tests of
mean (Wilcoxon test, Sign test) were used.
Differences in ACI values among 4 directions
of sampling were tested with ANOVA (and
subsequent post-hoc tests).

C2.3 RESULTS

In total, 67 microsections from 24 trees of
Betula pendula specie were analysed in order
to describe parameters of shape of vessels.
From these, 8236 vessels were measured,
which corresponds to an average of about 340
vessels per tree and 134 vessels per sample. In
general, more vessel elements were measured
on disturbed samples (134 per sample) and
substantially fewer on reference samples (102
per sample). This is mainly due to larger
surface of microsection prepared from the stem
section than from the increment core.
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Fig. C2.4 A method of sampling strategy in respective directions (A — D). Micro-photo of anatomical structure of xylem of
Betula pendula (4a - approximate magnifications 100x). Solid lines represent orientations of measurement of LL, dashed
lines orientations of measurement of LW (4b - Approximate magnifications 250x).

C2.3.1 Variations in vessel parameters

Calculated values of ACI fluctuated
between 1 to 85.3% in disturbed trees and in
the range from 1 to 70.3% in undisturbed
trees.The distribution of ACI values is very
similar in A, C and D directions; the most of
calculated ACI values is lower than 20 % (Fig.
C2.6), that is also reflected in ACI average
values (Fig. C2.7). The ACI exceeds 60% only
in one case which relationship to the
distribution of other observations showed the
character of remote observation (outlier), and
was therefore excluded from further analysis.
ACI averages for samples A, C and D are
21.1%, 21.7% and 26.2%. Similar values, but
with more uniform distribution (Fig. C2.8),
were found in both directions (A and C) of
reference group. In these cases the ACI value
did not reach 45%, higher value (70.3%) was
found only in one sample and was excluded as
an outlier.

The analysis of change of vessels shape
parameters in the microsections prepared from
samples B looks quite different, which
corresponds to the direction of slope
deformation (Fig. C2.4) and the side of tension
wood production. Most of the values of ACI is
in the range of 30 and 50 % with an average

value of 43.7% (Figs. C2.6 and C2.8). In
general, the values fluctuated between 1.1 %
and 85.3 % - which is the highest identified
value in the data set.

The relationship between the values of
slope of the regression lines in 2010 and 2011
were tested using non-parametric tests of mean
(Wilcoxon test, Sign test). While in the case of
disturbed trees, differences between the slope
of regression line in years before and after the
event were clearly demonstrable (p-value <
0.001 in both tests), no significant change
occurred in reference trees (p-values 0.814
respectively 0.711). ANOVA analysis also
pointed (p-value 0.0459); the ACI is different
when it is calculated at disturbed trees in
different directions in relation to the effect of
slope movement. As it was already mentioned
above, the highest is in the direction B, i.e. in
the direction similar to the slope disturbance.
The second highest values (26.2%) of ACI
were found in the opposite direction (D), while
the lowest and almost identical values were
found in the directions perpendicular to the
slope disturbance (A and C). The post-hoc test
(LSD test) documented significant difference
of ACI values calculated in the direction B
comparing to other directions, among which
there is no demonstrable difference. On the
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Fig. C2.5 Charts of LW-LL relations for vessels from disturbed tree no. 11.

contrary, in the case of reference trees, the
differences between the ACI values measured
in different directions are not statistically
significant (p-value 0.344).

The direction of change in the slope of the
regression line (i.e. whether there was increase
or decrease in vessels” isodiametricity after the
landslide) was significantly represented by
both possibilities in analysed microsections. In
microsections from disturbed trees, 32 samples
of vessels” isodiametricity increase was
observed after the slope disturbance, which is
almost twice as much in comparison to
isodiametricity decrease — formation of
asymmetric vessels (18 samples). The situation

is quite balanced in reference group where 10
samples show isodiametricity increase and 8
samples decrease. From these results, there is
no clear pattern of these changes with respect
to the direction of the slope disturbance.

C2.4 DISCUSSION

Slope of the regression line defining the
relationship between LW and LL has a positive
value in all analysed samples before as well as
after the landslide (minimum value recorded
before the landslide was 0.16 and 0.18 after the
landslide). This is in consistent with the
findings of Arbellay et al. (2010), who pointed
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out the positive correlation of these
characteristics of vessels parameters (LL and
WL) to each other as well as to the VLA. This
means that with increasing vessel” cross-
section also both dimensions grow. The
relatively low ACI values observed in the
reference trees within our study show, that in
the case of trees whose growth was not
affected by external disturbances or
environmental changes annual change of ratio
between LL and LW is less significant. This is
consistent with the fact that proportions of
reference trees with increasing/decreasing
isodiametricity between years 2010 and 2011
are very similar.
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Fig. C2.6 ACI values for individual samples with respect
to their category (reference or disturbed) and position
around the stem circumference.

Conversely, ACI values were significantly
higher in the category of disturbed trees.
Vessels”  isodiametricity  increase  was
documented twice more than isodiametricity
decrease. Decrease of both vessel” shape
characteristics (LL and LW) was most
common in the year after the landslide (2011)
and LL decrease was slightly higher comparing
to LW decrease. Due to the fact that LL > LW,
such a change leads just to mentioned
isodiametricity increase. Similar character and
trend of changes were documented on smaller
statistical sample of seven birches scarred by
debris-flow (Arbellay et al., 2010) — average
observed LL decrease was 26% while LW
decrease 22%. These findings suggest that the
vessels longer diameter (LL) of Betula pendula

species  (which usually corresponds to
approximate radial orientation; see Fig. C2.4)
is more susceptible to disturbance-induced
changes than the tangential diameter (LW).
The same relationship between exogenous
disturbance-induced changes in LL and LW
were found in other deciduous species - such
as Alnus glutinosa, Fraxinus angustifolia and
Quercus pyrenaica (Ballesteros et al., 2010).

60 -

50 -

30 - R
20

10 +-

value of annual change index (%)

core A coreB core C core D Aref Cref

M disturbed trees [ disturbed trees (withoutT2) W referencetrees

Fig. C2.7 Average values of annual change index (ACI)
for respective directions of disturbed and undisturbed
trees as well as with excluded trees from T2.

Some differences in ACI values were found
also between individual disturbed groups (Fig.
C2.8). In general, tilted trees with exposed and
damaged root system (Tler) show high
fluctuation of ACI wvalues in respective
directions and in direction of slope
disturbance, the values of ACI were overall
some of the highest detected (58 — 84%).
Similar situation is in the group of trees tilted
from the wvertical direction (T1) with the
difference, that maximal values of found ACI
did not reach 60%. The highest found ACI
value as well as the highest ACI fluctuation
was found in tree no. 2 (T3 - buried stem). ACI
maximum (in direction B) was 85.3%, but we
were able to prepare microsections only from
one single tree from T3 group and therefore
this value has character of unproven
observation. Remarkable fact is that among
disturbed trees there were found tree examples
(nos. 1, 9 a 16 all from T2) with very low ACI
values; rather similar to the reference group
(Fig. C2.8). These trees were slightly tilted
from vertical direction (to 10°) with significant
stem curvature (no. 1 — S-shape, no. 2 —
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Fig. C2.8 Fluctuation of ACI values in individual trees;
single tree separately.

maximal, minimal and average ACI values have been plot for every

“pistol” butted and no. 16 — “candelabra”
form) and so it is obvious trees were only
transported within the compact landslide block
during the main movement activity.
Macroscopic stem deformation, which was the
main reason for inclusion of these trees into
research, occurred before the landslide
initiation more probably as a result of strong
heliophilicity of birch or due to other
disturbances. If we exclude these three trees
from ACI analysis, calculated average values
of ACI increase by 1 to 2.5% in A, C and D
directions, but to 51% in direction B (Fig.
C2.7). This fully supports above mentioned
results, that the landslide was significantly
reflected by ACI in the direction similar to the
slope disturbance.

(2010) and in the year of landslide event
(2011). This relationship is expressed by the
equation of regression line. Overall 8236
vessels were analysed and an annual change
index (ACI) was calculated in order to describe
percentage change in the slope of the
regression line. ACI was calculated for each
sample from each tree.

The results show that there is statistically
significant change in vessel size parameters
between the years 2010 and 2011. The highest
values of ACI were calculated in samples B
(direction similar to the slope distribution and
side of reaction wood production), where the
average value was higher than 43% which is
twice more than values from other samples
(directions A, C and D). Increase of
isodiametricity (reduce of the asymmetry) was
found at 65% of analysed disturbed samples
(of total 49). No such trend was found at
reference samples.

Highest values of ACI were found at the
tress inclined from vertical and with exposed
roots, which means in trees with strongest
exogenous disturbance. For a more accurate
assessment of the potential (in)dependence of
exogenous disturbance (macroscopic defects)
and ACI value it would be appropriate to
analyse more samples from trees from different

C2.5 CONCLUSION AND FUTURE
RESEARCH NEEDS

We tried to analyse suitability of birch in
mass movements studies in this preliminary
study. In total 67 microsections were prepared
from 24 trees of Betula pendula specie selected
in the area of a landslide from January 2011.
We focused on vessel parameters variations
(LL — lumen length and LW — lumen width)
between two years, the year before landslide
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landslides. There is also an assumption that
after disturbance of different severity changed
vessel shape parameters will return to the
normal in different intervals (Arbellay et al.,
2010). From this point of view, repeated ACI
analysis with an interval of several years after
exposure slope disturbance will be necessary.
Overall this study showed, analysing
changes in vessel size parameters of Silver
birch give us a powerful tool in mass
movement studies and birch become important
source of information in
dendrogeomorphological researches.
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Resumé

VyuZiti biizy bélokoré ve vyzkumu
svahovych deformaci, Pfedbézna studie

Za ucelem ovéreni vhodnosti bizy bélokoré
pro dendrogeomorfologickou analyzu
svahovych pohybi bylo z prostoru lesniho
porostu pobliz Jezeti, poni¢ené¢ho sesuvem z
ledna 2011, pfipraveno 67 trvalych preparati z
24 vytipovanych stromd. Z vyse¢i i vyvrtd
byly pfipraveny trvalé preparaty
prostfednictvim postupll popsanych napf. v
Schweingruber et al. 2008. Pfiblizn¢ 20 pum
tenké tezy byly pofizeny na mikrotomu GSL 1
a nasledné obarveny safraninem a astra modii,
aby doslo ke zvyseni kontrastu mezi lumeny a
bunécnymi sténami cév.

Zvlaste v ptipad¢ vyvrti casto nebylo
mozné pripravit vzorek dostatecné kvalitni pro
naslednou analyzu obrazu, a tak nakonec bylo
do analyzy zahrnuto pouze 24 jedincu (15
disturbovanych a 9 referen¢nich).

Vlastni méfeni tvarovych parametri cév
bylo provedeno pomoci softwaru WinCell Pro
2011a pro jeden rok ptredchazejici svahové
disturbanci (2010) a rok pfimo po ni
nasledujici (2011). Na rozdil od jinych studii,
které se zabyvaly vztahem struktury cév a
exogennimi vlivy (napt. Arbellay et al. 2010;
Ballesteros et al. 2010; Kames et al. 2011) a
které se nejvice zaméfovaly na zmény Vessel
Lumen Area (VLA), byla v naSem pfipadé
mnohem vétsi pozornost vénovana tvarovym
charakteristikdm lumeni cév (tj. hlavné délce a
Sitce bunck a jejich vzajemnému vztahu). V
naSem piipad¢ byla délka lumenu cévy (LL)
chapana jako nejdel$i mozna spojnice dvou
hranic lumenu a §itka lumenu cévy (LW) jako
nejdelsi moznd kolmice k délce, kterd celd lezi
uvnitt lumenu.

Zavislost mezi LW a LL byla popsana pro
kazdy rok a kazdy vzorek zvlast pomoci
rovnice regresni primky vytvofené na zakladé
vsech cév, které byly v daném letokruhu
naméfeny (po manualnim vylouceni - outliers).
Smérnice regresni piimky velmi dobie
charakterizuje vztah mezi LW a LL v daném
letokruhu, nasi hypotézou navic je, ze
procentudlni mira zmény smeérnice mezi dvéma
po sobé jdoucimi roky je dobrym ukazatelem
na pfipadné piasobeni externi disturbance.
Vlastni hodnoceni meziro¢nich zmeén tvaru cév
tak bylo provedeno pravé na zakladé absolutni
hodnoty procentudlni zmény smérnice regresni
pfimky mezi lety pfed a po ovlivnéni
svahovym pohybem.

Celkov¢ byly na zkoumanych preparatech
naméfeny tvarové parametry 8236 cév, coz v
pruméru odpovida ptiblizné 340 cévam/strom
a 123 cévam/vzorek. Vypoctené hodnoty
mezironi  procentudlni zmény smérnice
dosahovaly v ptipad¢ disturbovanych stromi
hodnot od méné nez 1% az po 85,3%, u
referencnich jedincii bylo potom rozpéti od 1%
az 70,3%. Rozlozeni hodnot je pro sméry A, C
a D velmi podobné — nejvétsi pocet vzorki
zaznamenal procentualni zménu smérnice mezi
Sitkou a délkou cévy nizsi nez 20%. Praméry
pro sméry A, C a D za vSechna pozorovani
jsou 21,1%, 21,7% a 26,2%. Relativné
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podobna rozloZeni, ovSem s rovnomérngjsi
distribuci, maji i referenéni dfeviny pro oba
sméry meéfeni. Zcela jinak ovSem vypada
distribuce miry zmén tvarovych parametrt cév
ve sméru B, tedy ve sméru pisobeni
disturbance. Nejvice pozorovani se nachazi
ptiblizné v rozmezi 30 a 50% (pramér 43,7%).

Vztah mezi hodnotami smérnice regresni
piimky v letech 2010 a 2011 byl otestovan
neparametrickymi testy stfedni hodnoty —
Wilcoxonovym testem a Sign testem. Zatimco
v ptipad€ souboru disturbovanych stromt byly
jasn¢ prokazany rozdily mezi obéma lety (u
obou testt p-hodnota < 0,001), u referen¢nich
k Zzadné signifikantni zméné nedoslo (p-
hodnoty 0,814 resp. 0,711). Analyza ANOVA
navic poukédzala na 5% hladin¢ testu (p-
hodnota 0,0459), Ze mira procentualni zmény
smérnice je rtiznd, pokud ji u disturbovanych
dfevin méfime v riiznych smérech ve vztahu k
pusobeni svahového pohybu. Jak jiz bylo vyse
zminéno nejvetsi je ve smeéru B, tj. ve sméru,
ze kterého disturbance pisobila, druha nejvyssi
je ve sméru opacném (D), zatimco hodnoty
zjisténé¢ ve smeérech kolmych na plsobeni
svahového pohybu (A a C) jsou nejnizsi a
podle ocekavani téméf totozné. V ramci post-
hoc testovani (LSD test) byl dolozen
signifikantni rozdil hodnot naméfenych ve
sméru B vici vSem ostatnim smérum, mezi
kterymi jiz prokazatelny rozdil neni. Naopak
jedna-li se o jedince referen¢ni, rozdily mezi
hodnotami naméfenymi v riznych smérech
nejsou statisticky vyznamné (p-hodnota 0,344).

Smér zmény smérnice (tj. zda doslo po
disturbanci  k  zvySeni nebo  sniZeni
isodiametri¢nosti bunék) byl mezi vzorky
vyznamné zastoupen ob&éma moznostmi. Ve
skupiné disturbovanych jedincti bylo na 32
vzorcich pozorovan narGst smernice a na
zbylych 17 pokles, zhruba dvakrat Castéji tak
doslo po disturbanci k vytvofeni vice
isodiametrickych a méné asymetrickych
bunek.

Zhruba dvakrat Castéji byla dokumentovéana
zména k veEtsi izodiametrii pti¢ného prifezu
cévou nez zména k veétsi nepravidelnosti.
Nejcasteji dochazelo v roce po svahovém

procesu k poklesu obou charakteristik
tvarovych parametrti cév, pficemz v pruméru
mirné rychleji dochéazi k poklesu LL oproti
LW. Vzhledem k tomu, ze LL > LW, vede
takovato zména pravé ke zminovanému
nariistu izodiametri¢nosti. Stejny charakter a
trendy zmén byly dokumentovéany i na fadové
mensim vzorku (7) bfiz zjizvenych sutovym
proudem (Arbellay et al. 2010) — zatimco
zjistény pokles LL ¢inil v praméru 26%,
hodnota u LW byla 22%. Tyto zavéry tedy
nasvédcuji, ze delsi prumér cévy u druhu
Betula pendula (ktery ma nejcastéji piiblizné
radialni orientaci; Arbellay et al. 2010) je vice
nachylny ke zménam v dusledku disturbance
nez primér tangencialni. Stejny vztah mezi
exogenni disturbanci indukovanou zménou LL
a LW byl zjistén i u jinych listnatych druhi —
napt. Alnus glutinosa, Fraxinus angustinifolia
a Quercus pyrenaica (Ballesteros et al. 2010).

Co se tyka velikosti ACI, vyskytovaly se ve
skupiné disturbovanych stromt i jedinci s
pomémé nizkymi hodnotami. V pribchu
vyzkumu byly odebrany vzorky ze vSech
jedinct, ktefi se nachazeli v trajektorii svahové
deformace (T1 — T3). Takto se do skupiny
disturbovanych stromti mohly dostat i dieviny,
které nebyly svahovym pohybem naklonény,
ale pouze ,,pfesunuty”. Vn¢&jsi morfologicka
deformace tvaru kmene, kterd byla jednim z
hlavnich kritérii pro zafazeni dfeviny mezi
disturbované, teoreticky mohla vzniknout jiz
pfed svahovym pohybem v dusledku silné
svétlomilnosti biizy. Tato situace nejspise
nastala v pfipadé jedinct ¢. 1, 9 a 16 (vSechny
T2), rostoucich v hustsim zapoji v
severovychodni Casti svahové deformace, coz
je pravdépodobné piic¢inou nizsich hodnot ACI
zjisténych praveé u téchto stromi. V budoucich
analyzach by tak bylo vhodné zjistovat ACI
nejenom v letech pred a po svahovém pohybu,
ale i mezi nékolika dvojicemi ptedchazejicich
let, aby bylo mozné odfiltrovat situace, kdy k
inklinaci kmene doslo jindy nez v dobé pohybu
svahu.

V ramci naSi analyzy nebyly zjistény
vyznamné rozdily v mife zmény ACI mezi
jednotlivymi skupinami stromd podle typu
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deformace. Pro piesnéj$i zhodnoceni piipadné
(ne)zavislosti by bylo vhodné zpracovat
vzorky z vice stromi a z rUznych lokalit.
Existuje také predpoklad, ze po rizné
intenzivnich deformacich se budou tvarové

parametry cév vracet do normalu nestejnou
rychlosti (Arbellay et al. 2010). Za timto
ucelem bude piinosné zopakovat analyzy s
nékolikaletym ¢asovym odstupem od ptsobeni
svahové¢ disturbance.

*khkkkk
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KAPITOLA D
Zavér

V zavéru prace jsou stru¢né shrnuty vysledky piedchozich kapitol, které jsou doplnény dil¢imi,
doposud nepublikovanymi poznatky. Dale jsou v kapitole vyli¢eny hlavni zavéry a nastinén smér
budouciho vyzkumu.
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D1 ZAVERECNE SHRNUTI HLAVNICH VYSLEDKU

D1.1 ROZSIRENi SVAHOVYCH
DEFORMACI

V pribéhu terénnich praci, které probéhly
vletech 2010 — 2012, bylo ve zkoumané
oblasti  zmapovano  nékolik  recentnich
svahovych deformaci Srliznym stupném
aktivity (kap. B2). Zhlediska Klasifikace
svahovych pohybt (Némcok et al. 1974)) byly
vV ramci tohoto vyzkumu zjistény vSechny Ctyfi
zakladni typy svahovych pohybii — ricent,
tecent, sesouvani a plouzeni (obr. D1.1).

Vlastni geomorfologické mapovani a
inzenyrsko-geologické se  ukazalo jako
problematické, nebot’ je zajmova oblast stale
aktivni banskou lokalitou a vzniklé svahové
deformace jsou vitadé ptipadi zahlazovany
tézbou, sanacnimi pracemi nebo postupem
vnitini vysypky lomu.

V mistech, kde kvartérni sedimenty
nasedaji pfimo na krystalinicky fundament,
k sesouvani nedochazi, ale plosné se uplatiuji
plouzivé pohyby, které jsou akcelerovany
predev§im klimatogennimi vlivy. Recentni
svahové pohyby typu sesouvani a stékani jsou
vazany na sedimenty Mostecké panve.

Na zékladé¢ geologie, geomorfologickych
pomerl, typologie svahovych deformaci a
pfi¢in vzniku bylo zajmové uzemi rozdéleno
na dvé dil¢i oblasti — na jihovychodni a
jihozéapadni svahy (obr. D1.1).

Nejcetn€jsim typem svahovych deformaci
jsou sesuvy, pro jejichz vznik je kvazi-
homogenni jilovcové prostiedi idealni. Nejvice
takovych sesuvl bylo zjisténo
Vv jihovychodnim svahu pilife Jezefi (viz. obr.
D1.1 — Southeast sector). Vyse ve svahu byly
zmapovany pouze tfi sesuvy (dva mélké —

pobliz Albrechtické Cerpaci stanice; a jeden
sesuv hluboce zalozeny — vychodné od
stabilizacnich Zeber), jejichz odlu¢na oblast
probiha skryvkovymi fezy 250 resp. 243 m
n.m. Vyjdeme-li z praci Rybare (1997) a
Pichlera (2008) je ziejmé, ze oba tyto sesuvy
jsou vazany na oblasti, které¢ byly svahovymi
deformacemi porusené Vv poloviné 90. let 20.
stol (pobliz kamennych zeber) resp. v roce
2007 (u Albrechtické Cerpaci stanice) a k jejich
oziveni doslo v pribéhu lednové oblevy v roce
2012. Dalsi progresi pohybt zabranily jiz diive
vybudované stabiliza¢ni lavice na paté svahu.
Za pozoruhodny fakt povazuji to, Ze v této
¢asti zkoumaného tzemi jsou odluéné stény
sesuvil vadzany prakticky vyhradné na
jednotlivé skryvkové fezy mezi 195 a 150 m
n.m., kde vytvaieji souvisly sesuvny pas
lemujici stabilizaéni pilif. Vétsina mapovanych
sesuvit zde tedy wvznikd pod hlavnim
geotechnickym  rozhrannim (obr. A2.19),
v pevnych jilovcich pod regelacni zonou. To
lze vysvétlit niz§i hodnotou lokalniho
soucinitele bezpeCnosti U paty svahu oproti
vyse polozenym skryvkovym feziim, které jsou
celkové niz8i, méné strmé a zaroven
zachovavaji §ir§i plosinu mezi jednotlivymi
tezy tak, aby byl zachovan generalni tvar
svahu ponechavajici vice hmot na jeho paté.
Jak je uvedeno v kap. B2, jihovychodni svah
byl v roce 2005 postizen rozsahlym sesuvem.
Pichler (2006) wuvadi, ze statickym
penetratnim sondovanim bylo ovéfeno, Ze
pohyb zemin byl vazan na bazalni regelacni
zonu ve smérmé Urovni 195 m nm.
Naslednymi sana¢nimi pracemi v letech 2005 a
2006 byl svah odtézenim aktivnich zemin nad
arovni 195 m n. m. znovu vytvarovan a svrchni
skryvkovy fez posunut blize smérem
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Obr. D1.1 Geomorfologickd mapa rozsifeni svahovych deformaci v zdjmové oblasti vytvorend na zdkladé terénniho
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k Arboretu. Zmifiované sesuvy  vznikaji
pfedev§im v neupravenych svazich praveé pod
kétou 195 m n.m., nové vytvarované vyssi
skryvkové fezy se v souCasné dobé jevi jako
stabiln¢j$i, sniz§i  Cetnosti  svahovych
deformaci. Jelikoz, jak bylo uvedeno v kapitole
A2.7, je stabilita skryvkovych svahii zavisla na
jejich vysce, délce a zejména dobé porusovani
svahu, lze empiricky usuzovat, Ze sesuvy
vzniklé v roce 2012 na kotach 250 resp. 243 m
n.m. jsou prvnim projevem lokalniho poklesu
soucinitele  bezpeCnosti v téchto  nové
upravenych svrchnich skryvkovych fezech.

Naprosta ~ vétSina  zde  mapovanych
deformaci jsou hluboce zalozené, rotacni ¢i
rota¢né planarni sesuvy (nejcasté&ji 10 — 20 m),
postihujici jeden nebo dva skryvkové ftezy.
Deformace maji nejcastéji charakter blokovych
sesuvil, pii nichz dochazi k pohybu rigidnich
jilovecovych bloki po predisponované smykové
plose. Pfizna¢nad je nasledna dezintegrace
sesuvného bloku na dil¢i bloky podél ploch
anizotropie (kap. A2.7). Na rozdil od odlu¢né
oblasti, pro niz je charakteristicka vyhlazena
smykova plocha, je akumula¢ni oblast casto
hure zretelna. Ve vétsiné piipadd zcela chybi
pro sesuvy charakteristické nakyptené &elo.
Naopak je ¢asté nevyrazné vysouvani celych
bloki podél tenké smykové plochy (priloha.
E2.7).

Jihozépadni ¢ast stabiliza¢niho pilite (obr.
D1.1 — Southwest sector) se odlisuje jak
komplikovanéjsi geologickou stavbou, tak také
morfologickymi a morfometrickymi parametry
vyslednych svahovych deformaci. Zatimco pro
geologicky monotonni  (jily a jilovce)
jihovychodni svahy jsou typické lokalni sesuvy
jednoho ¢i dvou skryvkovych fezd, tak
v geologicky i strukturné-geologicky pestrych
jihozapadnich svazich vznikaji pomémeé slozité
a plosné¢ rozsahlé komplexni svahové
deformace (kapitoly B2 a B3).

Odlu¢né oblasti svahovych deformaci
probihaji napfi¢ skryvkovymi fezy mezi 195 a
150 m n.m., ale také prvnim, resp. za prvnim
skryvkovym fezem, tedy nad kotou 290 m n.m.
Morfologicky dominantni je jednoznacné

komplexni svahova deformace v misté byvalé
obce Jezefi (obr. B3.2), sestavajici ze dvou
zemnich proudd A a B a hluboce zalozen¢ho
sesuvu C (obr. B2.3; tab. B2.2).

Deformace ma charakteristicky proudovy
tvar a morfometrickymi charakteristikami (tab.
B2.2) je nejvyznamnéjsi svahovou deformaci
skryvkové svahu, kterd byla zjisténa Vv celé
studované oblasti (viz. obr. D1.1), ale rovnéz
patii k nejvétsim deformacim svého typu v CR
(porovnej kapitoly B2, B3 a E1).

Pfizna¢na je zména mechanizmu pohybu,
ze sesouvani ve stékani, pricemz smykova
plocha probihd regelacni zdénou nadloZznich
jiloveu (viz. kap. B2 a B3). Pro odlu¢nou
oblast je vzdy typicky amfiteatr tvoreny
vyhlazenou smykovou plochou. Vlastni téleso
sesuvu je tvofeno proluvidlnimi sedimenty
kvartérniho stafi, které se v ptipravné fazi
pohybuji po plasticky se chovajicich
miocennich jilovcich, v nichz se v pribéhu
finalni akcelerace pohybu vytvaii dokonale
vyhlazena smykova plocha (obr. A2.22).

Na rozdil od klasickych rota¢nich sesuvi
Vv jilovcovych fezech jihovychodnich svaht
zde predchazi hlavni pohybové aktivité znacné
horizontalni ptetvoteni (v fadech dm; obr.
B3.7) a béhem vlastni pohybové aktivity
dochazi k pohybtim v fadech az desitek metri
(obr. B3.4). Celo sesuvu je vzdy vytlageno pies
hranu nize poloZeného fezu, diky cemuz sesuté
hmoty ztraceji pfirozenou oporu a dochazi
k totalni ztraté jejich soudrznosti. Jelikoz je
sesouvani vzdy doprovazeno vytlacovanim
vody Vv akumula¢ni oblasti, jsou v mistech
zjisténych  pramenti  destruované zeminy
okamzité¢ saturovany a material je formou
proudu transportovan dale na dno tézebni jamy
(obr. B2.3 a B3.2). Morfologicky dominantni
jsou az 2 m vysoké vyvleCené bocCni valy
(priloha E2.7). Celkové v8ak na ,pavodni®
antropogenni reliéf puisobi tyto zemni proudy
destruktivn€é, nebot’ transportovany material
ma znacnou erozivni schopnost, ¢imz zde
dochazi ksetfeni ,puvodné”“ terasovitého
charakteru svahd. Jiz béhem jednoho roku po
sesuvu tak prakticky nelze v terénu rozeznat
mista pivodnich plosin a fezl. Jak ilustruje
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obr. B3.6 v mistech, kde byly ptvodné hrany
jednotlivych fezi, je soucasny terén az o 6 m
pod jejich ptivodni urovni.

Transformace akumula¢niho ¢ela sesuvu do
zemnich proudd zpusobuje trvalé odlehcovani
sesuvu V jeho paté, a tedy oslabovani pasivnich
sil. Ptirozené tedy nedochazi k docasnému
obnoveni rovnovazného stavu a pohyby
pokracuji, dokud zcela nedojde Kk vyklizeni
odlucné oblasti (priloha E2.7).

Rybat (1997) i Vales (1998) zde datuji
rozvoj popisovanych svahovych pohybd do
roku 1990 (kap. A2.3.1). V roce 1996 jiz byly
pln€ vyvinuty hlavni kontury celé svahové
deformace (priloha E2.8) a v nasledujicich
letech dochazelo k regresivnimu rozSifovani
odlu¢né oblasti smérem K tpati hor (obr. B2.3).
Vyvoj vyvrcholil vlednu 2011, kdy doslo
k sesuvu bloku o rozmérech 100 x 200 m (kap.
B3).

Hlavni kontury svahové deformace ptesné
reflektuji zdokumentovany prabéh tahovych
trhlin zlet 1952-53 (Spurek 1974, piiloha
E2.8), je tedy ziejmé, Ze se jedna o reaktivaci
staré svahové deformace vzniklé jako dusledek
poklesit nadlozi vyvolanych hlubinnou tézbou
v dole Konév.

Dalsi komplexni svahové deformace byly
zmapovany zapadné, v oblasti pod Janskym
vrchem (obr. D1.1), kde odleh¢ujici skryvkové
fezy zasahuji az do krystalinika, jehoz
pfirozeny sklon piesahuje 40°. Odlu¢na oblast
stfedné hlubokych sesuvii (2 — 10 m) je vazana
na vychozovou linii panevnich sedimentu, ¢elo
svahovych deformaci ma opét charakter
zemnich proudd. Nad vychozovou partii
panve, na niz je vazan vznik smykové plochy,
dochazi vtlakové porusenych horninach
krystalinika ke vzniku svahovych deformaci
typu ficeni — nejcastéji ficeni odvalova.
Jednotlivé bloky jsou sesuvem transportovany
nize do svahu, kde jsou dale zemnimi proudy
roznaseny az na vzdalenost 300 m od odlu¢né
oblasti (obr. B2.3).

V pribéhu mapovani a analyzy ortofografii
byly vjihozipadnich svazich vymezeny
plochy, které se jevi dlouhodobé stabilni, nebo
podminéné stabilni. Prvni plochu predstavuje

cca 250 m Siroky pas oddélujici komplexni
svahové deformace. Tato c¢ast skryvkového
svahu je dominantné tvofena piibiezni
piskovcovou facii. Piskovce jsou prokiemenélé
a v reliéfu predstavuji solidni, vi¢i svahovym
deformacim odolny blok, ktery je vSak
modelovan strzovou erozi. Jednotlivé erozni
ryhy jsou az 6 m §iroké, pies 3 m hluboké a az
400 m dlouhé. Nad kétou 250 m n.m. vytvateji
tyto erozni tvary velmi hustou a slozitou sit
(obr. D1.1), z niz jsou ptivalové a tavné vody
soustfedéné odvadény nékolika eroznimi
ryhami vyssiho fadu az na svrchni vysypkové
etaze, kde zptisobuji vznik doCasnych jezirek.

Druhou plochou, kterou povazuji za
podmine¢né stabilni, je oblast hlubokych
kamennych  Zeber  budovanych v druhé
poloving 90. let 20. stol. Zebra vznikala jako
sanace starsi svahové deformace (priloha E2.8)
a tento zptsob hloubkové drenaze svahu se
mimoiadné osvédcil, jelikoz po kompletnim
vybudovani Zeber nebyla tato plocha
svahovymi pohyby zasazena. Nicméné, jak
ukazuje obr. D1.1, svahové deformace vznikly
v blizkém okoli této plochy a zejména sesuvy
na jeji paté mohou negativné ovlivnit celkovou
stabilitu této ¢asti svahu.

Vyse ve svahu, za hranou lomu, nebyly
v prubehu mapovani svahové deformace typu
sesouvani, ficeni ¢i stékani zjistény. Celkovy
reliéf i charakter stromli naznacuji, ze zde
dochazi k plouzeni pokryvnych utvart, coz
bylo  ovéfeno  dendrogeomorfologickym
vyzkumem (kapitola C1).
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Obr. D1.2 Zavislost Sirky letokruhii  liliovniku
tulipanokvétého (Liliodendron tulipifera) na srazkovych
uthrnech v ¢ervnu a cervenci (zpracoval: J. Tumajer).
Zatimco v oblasti hor byly tyto pohyby
zjiStény v pribéhu celého zkoumaného obdobi
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(tedy od r. 1990), v prostoru Arboreta nebyly
pti dendrogeomorfologické analyze zjistény
zadné disturbance, resp. zadné disturbance
vysvétlitelné svahovymi pohyby. Jak na
ptikladu zkoumaného liliovniku ilustruje obr.
D1.2, rastové kiivky vegetace Arboreta jsou
jednoznacéné poplatné klimatickym vlivim.

D1.2 PRICINY VZNIKU SVAHOVYCH
DEFORMACI

Jelikoz ma vyzkum stabilitnich pomérti
antropogennich svahii ve zkoumané lokalité
dlouholetou tradici (kap. A3), byly podminky,
které zptsobuji nachylnost tzemi k sesouvani,
v minulosti podrobné objasnény (viz. kap.
A2.7). V této kapitole se blize zaméfuji na
Cinitele, které bezprosttedn¢ vedly k naruSeni
rovnovazného stavu a vyvolaly vlastni pohyb.

U zkoumanych antropogennich svahl
zavisi jejich stabilita na dobé&, po niz jsou
obnazeny, nez dojde k jejich zpétnému

PozITIVNI ]

Aktivni a pasiyni prvky

Postup ynitFm’ vysypky lomy
(postupny stabilizujici viiv na paté
svahu, snizovan; celkové vyg

zasypani vnitini vysypkou, a po niz jsou piimo
vystaveny pusobeni klimatogennich vliva (obr.
D1.3). Jak vyplyva zkapitol B a C jsou
primarnim iniciatorem svahovych pohybt
pravé vlivy klimatogenni ve vazbé na dobu
existence svahu.

Rybat a Novotny (2005) a Pichler (2006)
predpokladaji, ze pro vznik sesuvl stfedné
hlubokych (do 10 m) a hlubokych (> 10 m) je
rozhodujici dlouhodoba srazkova bilance,
pricemz pro akceleraci pohybti musi byt
dosazena uréitda kritickd twrovenn zvodnéni.
V jilovitych horninach sedimentarni panevni
vyplné nastavd takovato situace vétSinou po
dvouletém az tiiletém obdobi abnormalnich
srazek. Tento predpoklad se potvrdil (kap. B1),
vznik vSech vyznamnych svahovych deformaci
— sesuv pilite Jezerka (1983), sesuv bo¢niho
skryvkového svahu v ¢ervnu 2005 aj. — byl
surCitou retardaci vdzdn na  obdobi
abnormalnich srazek (obr. B1.7).

[ NEGATIVNI

Obr. D1.3 Zjednodusené schéma obecnych podminek, které pozitivné, nebo negativné
oviiviiuji celkovou stabilitu antropogennich svahi. Faktory pozitivné ovliviwgjici stabilitu
svahu se z dlouhodobého hlediska jevi jako nedostacujici. Jako rozhodujici cinitel, ktery
bezprostiedné vede k akceleraci pohybii, se nejcastéji uplatiuji riizné klimatogenni Vlivy.

Dynamika a rozsifeni recentnich svahovych pohyb( na Upati Krusnych hor | Kapitola D



Predpoklad, Ze ke vzniku svahovych
deformaci dochazi s dvou az tfiletou retardaci,
je spravny v oblasti jihovychodnich svahd, kde
byla tato skute¢nost opravdu prokazana (kap.
Bl a B2). Svahy jsou tvofeny vyhradné
nadloznimi jilovei, jejichz propustnost je
vysoce variabilni — Vv zavislosti na hustoté
ploch nespojitosti (Rybat a Dudek 1976).
Obecné se toto prostiedi vSak vyznacuje
nizkym koeficientem filtrace (n.10°* ®° m/s;
kapitola B3), diky c¢emuz dochazi ke
kritickému zvodnéni skute¢né az
s n¢kolikaletym zpozdénim a jako duasledek
dlouhodobych srazkovych abnormalit.

V prostoru jihozéapadnich svahi je vSak
situace komplikovangjsi a pivodni predpoklad
o dlouhodobé retardaci vzniku svahovych
deformaci se zde nepotvrdil, resp. potvrdil
pouze Castecne.

Jak bylo uvedeno wvySe, prvni projevy
svahovych pohybt zde byly zaznamenany
vroce 1990, kdy doslo k opétovnému oziveni
tahové trhliny z 50. let 20. stoleti. Jelikoz byla
vtéto dobé povrchova tézba od prostoru
jihozapadnich svaht vzdalena (obr. CL1.1),
shoduji se Rybatr (1997) i Vales (1998), ze
reaktivace této svahové deformace nema
souvislost s povrchovou tézbou, s¢imz Ize
pln¢ souhlasit. Na zaklad¢ zkusenosti z jinych
sesuvil lze za pfiCinu povaZovat dvouleté
obdobi abnormalnich srazek v letech 1988/89.

Nicméné bliz§i analyza pohybt
geodetickych bodd v prostoru jihozapadnich
svaht, atmosférickych srazek a hladiny
podzemni vody ukazala, ze ke vzniku hluboce
zalozenych sesuvi (fadové 10 — 20 m)
dochazelo v prubéhu poslednich sedmi let
snulovou, ¢i minimalni retardaci vadi
kratkodobym a stfednédobym klimatickym
vykyviim (kapitoly B1- B3). Casto neni mozné
presn¢ stanovit jeden dominantni spoustéci
impuls, ktery vede k rozvoji sesuvu. Pii
hodnoceni podminek, pfi nichz zde svahoveé
pohyby vznikaji, je tfeba uvazovat o
kombinaci vlivu vice faktori, které vedou ke
kritickému zvodnéni, pii némzZ je vyznamné
ptekrocena mez plasticity nadloznich jilovet —

23% (Pichler 1989). Takova situace muze
nastat  pifi  soubcéhu  klimatickych a
hydrogeologickych faktorti — obecné srazky ¢i
obleva vdobé zvySené hladiny podzemni
vody. Zpétnou analyzou kontinualniho
zaznamu  pozorovaciho vrtu JZ 2012
(provozovan Geofyzikdlnim tistavem AV CR)
bylo zjisténo, Ze kazdy vzestup hladiny nad
uroveni -10,23 m, byl reflektovan akceleraci
pohybli prokdzanou geodetickym métenim
nebo zdokumentovanym vznikem nové
svahové deformace. Tuto vySku hladiny
podzemni vody lze povazovat do jisté miry za
prahovou hodnotu, pfi niz dochazi ke kritické
urovni zvodnéni.

Jelikoz vsak bylo dolozeno, ze smykové
plochy hluboce zaloZenych sesuvi jsou zde
vzdy vazany na regelaéni zonu terciérnich
jilovet, bylo nutné definovat konkrétni priciny,
pro¢ zde kpohybum dochazi s minimalnim
zpozdénim vuci impulzu, ktery je vyvolal.

Za prvé je tieba pocitat se zcela odlisnou
geologii jihozapadnich svahi. Antropogenni
svah zde nebyl tvarovan pouze v nadloznich
jilovcich, ale v mnohem pestiejSich
podminkach panevniho vychozu. Cely okraj
Mostecké panve pii tpati KruSnych hor ma
charakter pfibfezni facie vyznalujici se
stiidanim jili a miocénu ve spiSe pisCitém
vyvoji (obr. B3.5). Smérem k upati hor navic
zna¢né naristd mocnost kvartérnich sedimentd,
které zde byly, na rozdil od svahd
jihovychodnich, ponechany in situ (obr. D1.4).

S tim pochopiteln¢ souvisi také specifické
hydrogeologické podminky, predevsim
souslednost rtuzné propustnych vrstev. Cely
propustny kvartér (n.10™ m/s), v zavislosti na
své mocnosti, predstavuje preferencni cestu
pro proudéni melké podzemni vody. Nad
odluc¢nou oblasti vytvari kvartérni sedimenty
tfi vice nez 20 m mocné misovité akumulace,
které zaroven funguji jako kvartérni zvodné
(obr. D1.4). V pribéhu sucha jsou navic tyto
kolektory trvale dotovany krystalinickou
zvodni (Pletichova 2006). Jak doklada napf. vrt
JZ 111 (obr. B3.5), mnohde kvartérni proudéni
pfimo komunikuje s polohami miocennich
piski, které vytvareji dalsi preferencni cestu
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Obr. D1.4 Mapa baze kvartérnich sedimentii a hydrogeologickd situace zdjmové oblasti zndazoriujici polohu zvodni
V misovitych kvartérnich akumulacich a predpokladané sméry proudeni podzemni vody (sestavil: L. Zizka).

pro proudéni mélké podzemni vody. Oproti
svahtim jihovychodnim, které jsou od tpati hor
vzdaleny az 600 m, je pii upati hor vyraznéji
vyvinuta regelacni zona (Marek 1983a). Vyjma
primarnich ploch nespojitosti (Rybai 1978)
se regelacni zona vyznacuje hustym systémem
puklin, které ptedstavuji komunikacni cestu
pro prinik vody do jilovitych hornin. Rovnéz
je nutné uvazovat vliv deformace z 50. let 20.
stol., ktera se projevila tahovym rozvolnénim
horniny a vznikem hlubokych zalomovych
ploch.

Z hydrogeologického hlediska tak lze
popisovanou oblast rozdélit do tii vrstev, které
funguji jako kolektor, nebo izolator. Prvni
vrstvu tvoii kvartérni sedimenty a piscCity
miocén, toto prostiedi je propustné a vytvari
zminéné preferenéni cesty pro proudéni vody,
diky malému podilu jilovité¢ a hlinit¢ slozky
(Marek 1980a), vaze jen minimum vody (v
pruméru do 10% — viz. obr. D1.5) a projevuje
se vysokymi mérnymi odpory. Druhou vrstvu

predstavuje svrchni ¢ast regelacni zony, do niz
jsou systémem puklin gravitatné¢ odvadény
vody zkvartéru, popf. je pfimo dotovana
miocennimi pisky — vrstva funguje jako
kolektor. Vznika tak permanentni zvodén, jez
byla
(kapitola B), pti némz se zvodei projevila jako
z6na mimofadné nizkych mérnych odporu. Jily
jsou zde trvale na mezi, nebo za mezi
plasticity, coz se projevuje dlouhodobymi
deformacemi svahu (obr. B3.7). Tieti vrstvu
tvoii méné porusené jilovce, které se chovaji
jako izolator.

ovéfena geofyzikadlnim prizkumem

Voda do zajmové oblasti pfitéka s povodi,
jehoz orograficky vymezena plocha ¢ini cca 12
km?. Hydrogeologickou rozvodnici Ize stanovit
jen stézi. Srazkové a tavné vody z celé plochy
povodi proudi pfimo do sesuvné oblasti, rychle
zasakuji do zna¢nych hloubek (> 10 m) a syti
porusené terciérni jilovce, které jsou nachylné
k rozbfidani. Cely efekt byl umocnén v roce
2008, kdy byla poruSena funkcnost tésnici
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Obr. D1.5 Zmeény piidni vihkosti v obdobi prosinec 2011 — ¢erven 2012 na obou monitorovacich mistech (v horizontu 500 mm
pod povrchem). Datalloger 88 je umistén ve vyrazné kvartérni akumulaci (viz. obr. D1.4). Datalloger 89 byl instalovin na
plosiné prvniho skryvkového fezu v exhumovanych jilovcich. Trend kiivek odrazi odlisnou propustnost prostiedi — kvartér
osciluje kolem 10%, zatimco jilovce okolo 50%. Kvartér se vyznacuje rychly ndstup ale diky prostnosti i rychlym gravitacnim
odvodnim, jily obecné vdzi podstatné vice vody a na srdzky reaguji zhurba s odstupem 2 — 8h oproti kvartéru.

stény, coz se okamzité projevilo zvySenym
pritokem vod do sesuvné oblasti a naslednou
akceleraci pohybu (obr. B3.7).

V prubéhu svého studia svahovych pohybi
jsem se s podobnou hydrogeologickou
specifiCnosti, kterd je pospana vyse, setkal v
karpatském flysi, kde pfi stfidani propustnych
a mén¢ propustnych plastickych vrstev rovnéz
dochazi K rychlému gravitatnimu odvodnéni
prosycenych vrstev (Rybar et al. 2011). I pres
znacnou geologickou i litologickou odliSnost
obou lokalit jsou tak obecné hydrogeologické
geologické schéma, pfi¢iny vzniku, pohybu,
ale i morfologie a morfometrie svahovych
deformaci podobné (viz. kapitola E1).

D1.3 PROGNOZA DALSIHO VYVOJE

V prostoru komplexni svahové deformace
Vv jihozapadnich svazich lze predpokladat dalsi
rozvoj pohybl a rozSifovani odlu¢né oblasti
smérem k horam. Tento pfedpoklad opiram o
nekolik indicii. Pfedné¢ jde o konfiguraci

tahovych trhlin, které vybihaji smérem ke Stole
Jezeti. Trhlina na povrchu sice vyzniva jesté
pted $tolou, ale ve Stole je dobie patrna (obr.
D1.6 a D1.7), coz svéd¢i o jeji znaéné hloubce
a pokracovani vychodnim smérem. Trhlina je
patrna ve stanic¢eni 70 m, tedy v mistech, kde
byla méfena extenze (kapitola B3). Prubch
trhlin opét koresponduje s ptivodnimi trhlinami
z 50. let 20. stol.

Pohyb v oblasti je dlouhodobé dolozen
nivelatnim méfenim (obr. B3.7), navic byla
geofyzikalnim prizkumem ovéfena saturovana
zona plastickych jild v oblasti pod kvartérnimi
sedimenty — obdobné geotechnické podminky
jako v misté sesuvu z ledna 2011 (obr. B3.5).

Severnim reps. severovychodnim smérem
narustd mocnost kvartérnich  sedimentd,
predstavujicich preferenéni cestu pro proudéni
vody do sesuvné oblasti (obr. D1.4) a zaroven
zatézujich zminéné plastické jilovce. Vlivem
dlouholeté evoluce svahovych deformaci navic
periodicky dochazi k oslabovani pasivnich sil
na paté svahu.
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Obr. D1.6 Zjisténd extenze Stoly Jezeri ve staniceni 61,5
— 85,6 m se projevila vznikem vyrazné tahové trhlin ve
staniceni 70 m (foto: J. Burda, 8.2. 2012).

Z celkového pohledu se navic generel
svahu jevi strmy, ptesahujici sklon 9°, coZ je
empiricky oveéfena mezni hodnota sklonu
neodvodnéného svahu (kapitola B3). Koncem
roku 2011 byla obnovena funkce tésnici stény
a byly realizovany zemni prace s cilem
odleh¢it aktivni oblast svahové deformace
(obr. D1.8). Lze proto piedpokladat celkové
sttednédobé zlepSeni stabilitnich pomért, které
by potom mélo byt reflektovano stagnaci
pohybi sledovanych bodi.

U jihovychodnich svahl lze ptedpokladat
dlouhodoby progresivni vyvoj smykovych
ploch, ktery je de facto také odvisly od casu,
b&hem néhoz jsou svahy obnaZeny. Proto nelze
v budoucnu  vylou¢it  vznik  svahovych
deformaci i vySe ve svahu, VvV mistech
vytvarovanych po sesuvu z ¢ervna 2005 (obr.
D1.1). Obé svahové deformace z pocatku roku
2012 povazuji za prvni projev zhorSujicich se
stabilitich podminek. Geodeticky monitoring
zatim ale Zadné pohyby neindikuje (vyjma
obou lokalnich sesuva z r. 2012).

Obr. D1.7 Wyraznd tahovd trhlina ve Stole Jezeri
porusujici vyztuz Stoly po celém jejim obvodu (foto: J.
Burda, 8.2. 2012).

Z hlediska dlouhodobé stability celého
uzemi bude rozhodujici podsypani svahu
vnitini vysypkou. 'V prostoru jihozapadnich
svahu se jevi nutné podsypat svahy alespoii na
uroven 250 — 260 m n.m. tak, aby byl pfikryt
vychoz smykovych ploch. Ve svazich
jihovychodnich by postadila nizs§i uroven,
ziejme kolem 230 m n.m. JelikoZ je cela oblast
medialné¢ exponovand, stivd se dlouhodoba
stabilita pfedmétem vetejnych diskuzi. V této
souvislosti se ¢asto objevuji rizné nazory, jako
napft.: ,,... Jedinym feSenim je zastavit t€Zbu u
paty kopce.“ (V. Buit; www.idnes.cz; 28.1.
2011 — ksituaci sesuvu z ledna 2011), z ¢isté
stabilitniho hlediska povazuji tento ptistup za
chybny. Tézba pod svahem uZz neprobiha
nekolik let, a jelikoz je zde banska Cinnost
provadéna formou technologickych celku, jeji
zastaveni by znamenalo konec zakladani
vysypkovych zemin na paté svahu. Jelikoz je
vSak tézba v celkovém Utlumu (Mala 2011),
hrozi naopak nedostatek hmot pro ucinné
podsypani svahii na dostate¢nou vysku. Napf.
V prostoru jihozapadnich svahii je vysypka
Vv soucasné dob¢ prakticky na kone¢né hodnoté
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Obr. D1.8 Celkovy pohled na zdjmovou oblast. V oblasti komplexni svahové deformace pod zamkem Jezeri probihaji od
konce roku 2011 sanacni prace spocivajici v odlehceni odlucné oblasti sesuvu. Pod pilifem Ize zdaroveri rozpoznat vnitini
vysypku lomu, ktera je v oblasti jihozdpadnich svahii v podstaté na konecné urovni (foto: J. Hodac, 2012 - pouzito se
souhlasem autora).

(obr. D1.8), tedy pod vySe uvedenym
horizontem 250 — 260 m n.m.

Posledni tivahou se pokusim nahlédnout do
ponekud vzdalenéjsi budoucnosti. Po ukoncent
t&7by v prostoru lomu CSA se piedpoklada
vodohospodaiska rekultivace zbytkové jamy
s hloubkou jezera ~150 m. Vyjma zasadni
zmény hydrogeologické situace a celkového
vzestupu hladiny podzemni vody
Vv jednotlivych kolektorech mtize byt vznik
jezera spojen s indukovanou seismicitou.

Tento problém zde nastinil jiz Hurnik
(1982b) tvrdici, ze k moznym otfesim muze
dojit po dosazeni vysky vodniho sloupce 100
m. Vzhledem k zna¢né Cetnosti poruchovych
zOn a zlomu se tento scénaf jevi jako realny,
coz doklada seizmicky otfes (M ~2) z 2.1.2011
v prostoru napousténého jezera Most (J.
Mrlina, GFU AV CR, ustni sdéleni), kde
v dob¢ otfesu vyska vodniho sloupce cinila
~70 m (50 mil. m* vody; PKU sup.,
www.pku.cz; 5/2012). Jelikoz jsou zemétieseni
(nejCastéji M > 4) Castym impulsem, ktery

iniciuje pohyb hmot (Schuster and Wieczorek
2002), mohou tak i zde v budoucnu vznikat
seismicky indukované sesuvy.

D1.4 HLAVNI PRINOSY PRACE,
NOVE VYZVY A  SMER
BUDOUCIHO VYZKUMU

V ramci vyzkumu byla provedena kriticka
reSerSe literatury, probéhlo vymapovani a
kategorizace svahovych deformaci a dale byly
analyzovany pficiny jejich vzniku.

e Vibec poprvé byla v lokalite
analyzovana komplexni svahova deformace:
byla popsana morfologie, zakladni
morfometrické charakteristiky, mechanizmus
pohybu a pticiny vzniku této deformace.

e Zaroven se  Castetné
definovat ,,prahovou“ hodnotu 11, pri niz

podafilo

1 Nejmensi hodnota (vstupni veli¢iny), ktera dokaze
vyvolat pozorovatelnou reakci, hodnota uréité veli¢iny,
ktera je rozhodujici pro vznik daného jevu nebo zmény
vlastnosti (mechanické, fyzikalni).
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dochazi kakceleraci svahovych pohyba a
vzniku novych svahovych deformaci. V
uplynulych 6 letech doslo k akceleraci pohybu
vzdy, kdyz hladina vody v pozorovacim vrtu
JZ 212 stoupla nad hodnotu -10,25 m, coz
odpovida teoretické hodnoté pérového tlaku
68 KkPa. Ackoliv prozatim muizeme o této
hodnoté¢ uvazovat jako o mezi kritického
varovného stavu (Rozsypal 2011) spise nez o
Klasické prahové hodnoté, vidim vtomto
sméru vyzkumu hlavni linii budouciho badani.

e Za timto ucelem byl Vv lokalité koncem
roku 2011 zaloZen monitoring zmén pudni
vlhkosti — instalace dvou Datalogerrt
MicrologV3A (obr. D1.5). V kombinaci se
znalosti rychlosti pohybt, srazkovych uhrnti a
hladiny podzemni vody bychom méli byt
v budoucnu schopni ur¢it skute¢né prahové
hodnoty, které v této lokalité vedou k iniciaci
svahovych pohybil. Uz ted’ je jasné, Ze vyjma
srazek bude nutné brat v potaz vliv jarniho
tani, zohlednit konzistenéni meze 1 trvalé
ptitoky zkrystalinické zvodné. Vzhledem
K plose zkoumaného uzemi a rozsahu a
komplexnosti monitoringu se tento cil jevi jako
realny.

e Znafny  potencial  spatiuji = ve
vysledcich geofyzikalniho prazkumu.

Moderni metody geofyzikalniho prizkumu
zde byly vtakovém rozsahu uspésné
aplikovany  vibec  poprvé, piedchozi
geoelektrickda meéteni (Halitf 1996) méla
minimalni hloubkovy dosah a georadarova
meéteni (Tengler 2010) se ukazala jako zcela
nevhodna a nereflektujici vnitini strukturu
Sesuvu.

Metoda ERT se osvédcila pii vyhledavani
potencialnich smykovych ploch a mélkych
kolektorii, coz doklada uispéSna prostorova
(rozsah a hloubka) predikce sesuvu z ledna
r.2011.

e 'V kombinaci s geomorfologickym
mapovanim by v pfipadé realizace 2.
ekonomické etapy mohla ERT piedstavovat

rychlou a finanéné nenaroCnou metodu
terénniho inzenyrsko-geologického a
hydrogeologického prizkumu zaméteného na
vyhledavani oblasti nachylnych k sesouvani
v prostoru budoucich boénich svahii lomu CSA
na kontaktu s Gpatim Krusnych hor.

e V kombinaci se stanovenymi
prahovymi hodnotami bychom potom méli byt
schopni i presnych ¢asoprostorovych
predikci. S vyuzitim znalosti o vyskytu a
vzniku svahovych deformaci bychom méli byt
schopni ur¢it stupent sesuvného ohrozeni a
definovat piimd rizika pro  baiskou
technologii.

e Jelikoz je analyza ohrozeni mimo jiné
stanovena pravdépodobnosti vyskytu a ndstupu
zkoumaného jevu (Klime§ a Blahut 2011),
skytaji vsobé znacny potencidl i vysledky
vyzkumu dokazujici vhodnost biizy bélokoré
K retrospektivnimu  datovani svahovych
pohybi. Dalsi vyzkum bude nutné sméfovat
k ovéfeni zjisténych zavéri na vétsim
statistickém vzorku z riiznych lokalit a rovnéz
napfi¢ celym rastovym zaznamem — nikoliv
jen mezi dvéma poslednimi lety.

e VySe popsana metoda analyzy tvard
cév brizy bélokoré jako indikatoru svahové
disturbance je aplikovatelna i v dalSich
lokalitaich (napf. Albrechticka  vysypka,
Radovesicka vysypka, Kopistska vysypka,
zbytkova jama Obrancti miru, ale i jiné oblasti
VCR a ve svété), které stoji stranou
monitoringu a kde tak dendrogeomorfologie
muze absenci dlouhodobych méteni Casteéné
nahradit.

Jelikoz v ramci diskuze o energetické
nezavislosti  Ceské  republiky  vyvstala
Vv posledni dob¢ opét otazka mozné realizace 2.
ekonomické etapy lomu CSA (postup lomu
smérem k Litvinovu a chemickym zavodim v
Zaluzi), budou poznatky vyzkumu uplatnitelné
veeléem 5 km dlouhém svahu pfi uapati
Kru$nych hor (Jezeii — Janov).

*kkkk
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KAPITOLA E
P¥ilohy

Prvni ¢ast kapitoly tvoii ¢lanek popisujici komplexni svahovou deformaci v Hluboéich (Vnéjsi
Zapadni Karpaty). Na ptipravé ¢lanku jsem se podilel jako spoluautor - dendrogeomorfologickou
analyzu. | kdyz tato publikace netvoii jadro mé disertace, jeji téma a ziskané vysledky povazuji za
vhodné k zafazeni do této prace, nebot’ jsem tento Clanek v predchozich kapitolach né€kolikrat citoval.
Zaroven jsem pii terénim vyzkumu ziskal neocenitelné zkuSenosti, které¢ jsem pozdeji zuzitkoval pii
své praci.

Druhou c¢ast kapitoly pfedstavuje fotografické ptiloha vhodné ilustujici textovou ¢ast prace.

Dynamika a rozsifeni recentnich svahovych pohyb(i na Upati Krusnych hor | Kapitola E



PRILOHA 1:

wZkusSenosti Z karpatského flyse“

J. Klimes', I Baroii®, T. Panek®, T. Kosacik®, J. Burda® F. Kresta®, and J. Hradeck)}?’

“Investigation of recent catastrophic landslides in the flysch belt of Outer
Western Carpathians (Czech Republic): progress towards better hazard
assessment”

YInstitute of Rock Structure and Mechanics, Praha, Czech Republic
2Czech Geological Survey, Brno, Czech Republic
3University of Ostrava, Ostrava, Czech Republic

*Charles University, Prague, Czech Republic
°SG-Geotechnika Inc., Ostrava, Czech Republic

publikovano: Natural Hazards and Earth System Science 2009, 9, s. 119-128
odeslano do redakce: 4. dubna 2008, prijato k tisku: 14. ledna 2009

Abstract

Rapid snow melting and intense
precipitation triggered and reactivated tens of
mostly shallow landslides in the eastern part of
the Czech Republic at the turn of March and
April 2006. This area is build up by highly
fractured flysch rock units with variable
content of sandstones and claystones. The
landslide complex at Hluboce  Brumov-
Bylnice town) is composed of shallow
translational (up to 10m thick) as well as deep-
seated (up to 20m thick) rotational landslides,
which generated a catastrophic earthflow at
their toe. This earthflow destroyed three
buildings, the access road and caused total loss
of about 350 000 EUR. Detailed field
investigation, review of the archive sources
and interviewing of local inhabitants allowed
brief description of slope movement history
prior the catastrophic event as well as detailed
reconstruction of slope failure mechanisms
during the main movement activity (3—4 April
2006). This information, along with the

detailed description of the passive as well as
aktive causative factors (structural and
morphologic settings) can contribute towards
better identification of potentially dangerous
slope failures in the study region.

E1.1 Introduction

The entire region of the Outer Western
Carpathians has intensively experienced both,
past and recent mass-wasting activity. Such
processes in the area of the flysch Carpathians
are usually caused by heavy rainfalls. The
region is characterized by average precipitation
of 900-1000 mm per year and the best-
documented historical landslide acceleration
took place after the July 1997 floods, when an
average of 257 mm of precipitation fell down
during 5 days (Kirchner, 2001) in the eastern
part of the Czech Republic. During this
landslide event more than 1500 landslides of
different types (e.g. soil slips, flows and
translational landslides) originated causing
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Hluboce slope failure

Hlubocée slope failure

Kaumberske formation

&S
syodnice formation
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Fig. E1.1 (A) — location of the study site, (B) — oblique aerial view of the Hluboce landslide complex (to the NE, foto L

Baron, 2006), (C) — topographic and geological overview.

extensive  damage to  buildings and
infrastructure. Notable is the fact that about
40% of the active landslides occurred in
relation to older, mainly deep-seated slope
failures (Krej¢i et al., 2002).

At the beginning of April 2006, more than
80 of mostly shallow landslides evolved during
large landslide event in the mountainous
eastern part of the Czech Republic (Bil and
Miiller, 2008). During this period the landslide
and earthflow complex Hluboge was also
triggered. It developed in the Bil¢é Karpaty
Highlands in the vicinity of the Brumov-
Bylnice town in the site called Hluboce, 3.5
km W from the state border with Slovakia
(Fig. EL.1). It is the longest aktive landslide
complex (Table E1.1) that has been observed
in the territory of the Czech Republic since the
July 1997 event. Fortunately the Hluboce
landslide complex did not develop in densely

inhabited area. However, it completely
destroyed three buildings, damaged unpaved
road, electric power line as well as part of the
forest. The local authorities estimated total loss
to about 350 000 Euro.

The paper presents results of field mapping,
eyewitness  reports, aerial  photography
interpretation  and  electrical  resistivity
tomography (ERT) investigations revealing
causes and mechanisms of the origin and
development of the landslide complex.

E1.2 General geological and morphological
setting

The Hluboce landslide complex is situated
on the southfacing slope of the Tratihust Mt.
(707 m a.s.l.) which as gradient between 10 —
20 with the maximum inclination of 30 in the
central part of the slope and with local elief up
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Fig. E1.2 Oblique aerial view of the studied landslide (foto J. Klimes, 2006) showing topographic as well as ERT profiles, 1—
5m high scarp, 2 — artesian spring occurred during the landslide movement, 3 — location of the third house destroyed by the
earthflow, H1-H4 locations of sediment samples for mineral analyses, P1-P4 are sites of dynamic penetration tests, V1-V2
are boreholes locations and H4 — is location of the sample taken for the radiocarbon AMS dating.

to 300 m. Upper part of the slope has broad
concave horizontal curvature with shallow
dell-like depression in its Loir part reaching
the valley floor.

In general, the Flysch Belt of the Outer
Western Carpathians comprises mainly of
folded alternating claystone, shale, and
sandstone beds of Mesozoic and Tertiary age.
The Czech part of the Flysch Belt is an
allochthonous nappe system that was thrust
over the West European Plate and part of its
foredeep from the southeast during Paleogene
and Early Neogene orogeny (Picha et al.,
2004). Host bedrock of the studied landslide
complex consists of the Svodnice Formation of
Magura Unit, with very abundant claystone

and shale rocks which produced rather thick
weathering mantle. Structural and tectonic
conditions of the study site remain largely
unknown due to critical lack of bedrock
outcrops both within the landslide complex and
its surrounding. The only structural
information can be approximated from the
geological map at scale 1:50 000 which
suggests that the bedding may be almost
conform to the ground surface reaching the
inclination between 20-50° to the S and SE
(Krejéi, 1992).

Despite of the lack of outcropping bedrock
with measurable tectonic features, thrust,
normal and left-lateral faults should be
expected here due to nappe structure and close
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position of the collision zone of the Klippen
Belt (oblique collision between the Central
Carpathians and the European Platform, Picha
et al., 2004). Based on analysis of the SRTM
(Shuttle Radar Topography Mission) digital
terrain models (NASA) and geological map
(Krej¢i, 1992), the expected left-lateral fault
systems have mostly NE-SW and N-S strike
(Fig. E1.1). The two faults (Krej¢i, 1992) of N-
S direction are cutting the mountain ridge in
the vicinity of the landslide complex (Fig.
El.lc).

Table E1.1 Morphometric characteristics of the Hluboce
komplex landslide.

Characteristics Value

Maximum length 770m

Maximum width 110m

Length to width ration 7

Surface 60 000 m?
Maximum depth 10-20m

Volume* 40 000-140000 m?

Movement velocity™** 0.6-08m/h
Maximum altitude at crown  605m

Minmmun altitude at foot 419m
Difference of altifude 186 m
Average slope gradient 14°

*calculated volume using formulas in Malamud et al.
(2004)

** measured on site during the landslide activity

E1.3 Methods

The first observations and video recording
of the Hluboce landslide complex provided
local inhabitants and forest workers, who tried
to protect buildings from moving trees.
Interviewing of these people allowed detailed
reconstruction of failure mechanism and its
antecedent conditions.

Geomorphic field mapping, mineralogical
analyses of the sediments and ultra-light
airplane observations (Baron et al., 2007) were
used to complete necessary information about
the landslide complex. Radiocarbon AMS
dating of one sample taken from the older
landslide body underlying contemporary
Hluboe landslide complex was performed in
the Radiocarbon Laboratory of the Institute of

Physics, Silesian University of Technology
(Gliwice, Poland, Fig. E1.2).

The kinematics and spatial characteristic of
the landslide complex were studied on a set of
aerial ortho-photographs from 2003 and
summer 2006 in ArcGIS 9.2 software (ESRI).
The analysis enabled us to roughly summarize
values and vectors of the horizontal
displacements of the objects recognized on the
both ortho-photographs. Analysing stereo-pairs
of historical aerial photographs as well as
dendrochronologic analysis allowed detailed
reconstruction of activity of the studied
landslide complex. Aerial photographs from
the years 1950, 1977, 1990, 2003 and 2006
were used for the stereoscopic analysis.

Dendrochronologic research on eccentricity
of annual tree-rings as a result of tree tilting
was done to proof mass-movement activity
between 1937 and 2006. Dendrochronologic
drilling cores as well as digital photographs of
tree stumps were taken from all parts of the
landslide “B” (e.g. toe, flanks, block, crown).
The cores were measured by standard
dendrochronologic method (optical
microscope, “dendrochronological timetable™)
while the digital images of tree rings of 7
stumps were analysed by OSM 3 software
(SCIEM). These images were taken 2 years
after the landslide event. The identified
eccentricities were weighted based on the Ei
(eccentricity) value where E; between 0.1 and
0.5 received weight 1 and tree-rings with Ei
greater than 0.5 weight 2.

Internal structure of the landslide complex
was investigated by electrical resistivity
tomography (ERT) survey, core drillings and
dynamic penetration testing. Three ERT
profiles lead along the longer axis of the both
“A” and “B” landslides and perpendicularly to
the “A” landslide (Fig. E1.2). The
Schlumberger electrode array was chosen for
the esistivity measurements and the resulting
apparent  resistivity  pseudosection  was
transformed into a model representing
continuous distribution of calculated electrical
resistivity in the subsurface by RES2Dinv
software.
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Sv. Stepan Village
complex.

Two 6m deep boreholes (V1 and V2),
surveyed by the NordMayer Machine were
situated above the “B” landslide and at a place
of one of the destroyed buildings. After
rock/soil and water sampling they were filled
with soil. Moreover, four dynamic penetration
tests DP-1, DP-2, DP-3 and DP-4 were situated
along the landslide complex (Fig. E1.2). The
BORROS machine (DIN 4094 standard) with
cone diameter of 43.7 mm, apex Ccross
sectional area of 500 mm? and top angle of 90°
were used. The rammer weight was 50.0 kg
and fall height 0.50 m. Number of strokes per
100 mm  penetration was  recorded.
Geotechnical strength tests of rock and soil
samples were analysed in the laboratof of S.G.
— GEOTECHNIKA Ostrava, whereas water
samples were analysed in the laboratory of the
UNIGO Ostrava. Sediment mineralogy of clay
size particles was acquired for 4 colluvium
samples (Fig. E1.2).

¢ N\ TratinuseHill

707 . cisil

Fig. E1.3 Landslide inventory map of the Hluboce drainage basin, (A) and (B) refers to the parts of described landslide

E1.4 Morphology and structure of the
Hluboée landslide complex

The active landslide complex is located
within a large and much older deep-seated
slope failure, which occupies almou entire
southern slope of the Tratihust’ Mt. (Fig. E1.3).
The activated part is 770 m long (ground
surface length), maximally 110m wide with
relative relief of 186 m. The total landslide
area is about 60 000 m? and volume calculated
according to Malamud et al. (2004) is
estimated between 40 000 m® and 140 000 m”.
The maximum depth of shear plane estimated
from the ERT profiles is 20 m. The complex
landslide is composed of different slope failure
types. In the upper part, two active landslides
“A” and “B” developed. The western “A”
landslide is rather shallow translational one (up
to 10m thick), whilst the eastern “B” is
rotational and more than 10m thick. Their toes
joined in the middle of the slope. The
rotational landslide transformed into an
earthflow here (Fig. E1.2). The western
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Fig. E1.4 Electrical resistivity tomography (ERT)
profiles which location is depicted on Fig. E1.2.
translational “A” landslide is situated on the
pasture and it starts with 1.2m high headscarp
(at an elevation of 592 m a.s.l.) where only soil
and highly weathered colluvium outcrop.
Surface of the landslide body has irregular
hummocky shape with very sharp, linear side
limits. Several other headscarps, renches and
counter-slope scarps are located in the middle
part of the slope, where culminate by 5m high
scarp at the elevation of 567 m a.s.l. (1 on Fig.
E1.2) where also spring occurs. Bellow this
scarp, the transport and ccumulation part of
the landslide “A” joints the accumulation of
the landslide “B” (Fig. E1.2). A 27 m high
scarp developed here subsequently.

The eastern landslide “B” (Fig. E1.2)
reaches horizontal length of 255 m, width of
50 m. It has 9m high recent scarp situated at
elevation of 605 m a.s.l. where also only soil
and highly weathered colluvium outcrop.
However, an ancienit head-scarp and several
minor scarps were observed above the current
landslide limit and morphologically well
pronounced ancient accumulation  was
recognised near the forest limit (letter H4 on
Fig. E1.2). These are evidences for previous
aktivity of this part of the landslide complex.

Electrical resistivity tomography (ERT) profile
through western “A” landslide depicts 6-13 m
thick low-resistivity (20-60 Qm) water-
saturated landslide mass (Fig. E1.4). The
resistivity survey verified about 10m thick
slightly back-tilted landslide block in the upper
part of the eastern landslide “B” (Fig. E1.4).

Near the place, where slip-surfaces of the
both landslides outcrop (below their junction),
the slope failure starts to have a character of
the earthflow accompanied by 3m high lateral
levee. Thickness of the earthflow varies from
2.5 mto 3.5 mand its maximum width is 68 m.
Toe moved through a shallow, dell-like slope
concavity before it reached the valley bottom,
where small brook was blocked. Dam was not
formed due to the high water content and small
thickness of the earthflow material.

Probable tectonic jointing was also
observed in the ERT record (Fig. E1.4). Such
tectonic jointing has weakened the bedrock
strength properties, defined the principal
unstable blocks and enabled different bedrock
water-saturation  and relatively  deep
weathering as visible in the ERT record. The
ground-plan shape of the both recent landslides
“A” and “B”, diagonal to the principal slope
and orthogonal to each other, as well as a
shape of other old landslides in the
surroundings also evoke strong tectonic control
of the landslide komplex evolution.

E1.5 Hydrogeology and physical properties
of the landslide complex material

The selected mechanical and strength
properties of colluvial sediments and deeply
weathered flysch  bedrock forming the
landslide complex body are in the Table E1.2.
Majority of the values are similar, though the
value of oedometric deformation module is 10
times higher for the bedrock than for the
landslide material near the sliding surface. The
bedrock is also less permeable which is largely
due to Clar formed during weathering of
calystones which are predominant component
of the Svodnice Formation. Sandstones are the
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Table E1.2 Mechanical properties of landslide complex material and rocks (p — unit weight, ¢ — effective angle of internal
friction, C — effective cohesion, Ege,- oedometric deformation module, u — Poisson number, k; — infiltration coefficient)

Geotechnical type 0 (K_N.m_3) ‘i’ef (") Cef (kPa) Eger (MPa) p k}r (1:(1.5.'_1 )
colluvial material within 19.5 25 10 10 035 1076

the landslide body

material near sliding surface  19.5 20* 5* 4 035 10°°
weathered flysh bedrock — 20.0 25 15 40 030 1077

claystones with sand stones

* residual values

strongest, least weathered element of the
bedrock (measured strength in the simple
compression is 137MPa), but at the same time
they are highly fractured enabling water
percolation and accumulation. The landslide
material near one of shear surfaces (dynamic
penetration test site DP-3, Fig. E1.2) was
characterized by residual values of angle of
internal fiction and cohesion and also lowest
value of the oedometric deformation module
showing the effects of shearing on the
weathered colluvium.

Colluvial material covering the landslide
complex is 2 to 5m thick and is formed by
poorly graded gravely clay or clayey gravel
colluvium with stiff matrix. The gravel fiction
is made by angular, weathered sandstone rocks
in average 0.1m in diameter. Its basic
mechanical properties are in Table E1.2. The
colluvium is characterized by low to medium
plasticity (Ip=23%, wL=48%) and very low
activity of clay minerals (A=0.45). This
corresponds with results of the mineralogical
analysis which showed that the content of
smectite (major swelling and shrinking clay
mineral) in four studied samples was negligible
and reached maximally 8% (Table E1.3).

Table E1.3 Mineral content (% of volume) of the clay
fraction of the weathered bedrock (H1) and colluvium
material from headscarps (H2, H3) and landslide
accumulation (H4). Ch — chlorite, | — illite, K — kaolinite,
I-V — mixed structure illite-vermiculite, Sm — smectite, Q
— quartz, Plg — plagioclase, Ca — calcite

Minerals (%)

Sample Ch I K IV Sm Q Plg Ca
H1 2 21 1 4 8 45 4
H2 7 27 2 3 7 32 5
H3 13 22 10 6 6 35 3 5
H4 11 22 8 6 4 34 4

Dynamic penetration tests (DP-1, 2 and 3)
showed important interface characterized by
abrupt change of the values of the specific
dynamic resistance in depth between 3.0 to 3.7
m. Above this depth the specific dynamic
resistance reaches values mostly around 5MPa
or lower, whereas bellow the values always
exceed 15MPa. The DP-4 located close to the
destroyed houses and more aside from the
main landslide movement shows highly
variable values of specific dynamic resistance
with no clear interface.

Both colluvial sediments and weathered
flysch bedrock have very low permeability —
relatively more permeable colluvial sediments
are overlying less permeable flysch rocks
(mostly formed by claystones) with highly
variable fissure permeability. This is typical
hydrogeological petting within the flysch
region, where the colluvial mantle is being
partly saturating during high precipitation
events (Michlicek, 1986). Important, long term
concentration of underground water flow
documents the spring located in the middle of
the landslide complex (between sample
locations H2 and H3, Fig. E1.2) with verified
yield of 11 per minute (August 2006). The
spring water is slightly basic (pH=7.7) with
high mineral content (hard water).

E1.6 Eyewitness account

According to the local residents and
regional forestry workers, the main phase of
the sliding took place between the 3 and 4
April 2006. The people woke up shortly after
the midnight 2/3 April 2006 due to noise
caused by the “B” landslide, which was
destroying the forest. Subsequently, toe of the
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earthflow buried two houses in the lower part
of the slope at 01:00-02:00 p.m. The flow
accumulation reached the valley floor on the 4
April 2006, approximately between 04:00—
05:00 p.m. The landslide surface velocity
measured by forestry workers was 0.6-0.8m
per hour on the 4 April 2006. The major
landslide activity stopped on the 4 April 2006,
but minor displacement continued up to the 19
April 2006.

Some indications of the possible future
activity of the landslide complex occurred
several months before the catastrophic event.
Local farmers observed that water completely
disappeared from a spring, situated below the
5m high scarp of the western “A” landslide
(Fig. E1.2) during the autumn 2005. It could
result from first movements on the future shear
plane several months prior the main activity
phase. On the other hand, several springs
occurred in a shallow dell-like depression
below the mapped landslides just before the
landslide activity. Moreover, more than 2 m
high artesian spring emerged at the central part
of the earthflow directly above the destroyed
house during the 3 and 4 April 2006 (Fig.
E1.2). Also the antecedent activity of the
landslide “A” was directly observed by local
farmers, who noticed occasional evolution of
tension cracks within the scarp area during past
decades as well as during the autumn 2005. All
these observations indicated slow changes in
ground-surface morphology and
hydrogeological regime which suggested the
future landslide activity several months before
the main landsliding phase (Burkhardt et al.,
1972; Crosta et al., 2004).

EL1.7 Landslide-complex kinematics

Understanding its kinematics is one of the
principal keys to better understand mechanism
of the landslide- omplex. As shown on the set
of aerial photographs (Fig. E1.5), every part of
the source area of the earthflow performed
different values and vectors of the horizontal
displacements.

The translational landslide “A1” had the
lowest horizontal displacement between 0.5 to
3.5 m. Mean displacement vector of this area
was towards S. Rather rotational part “A2”
moved in the same direction, but the
displacement value reached up to 36 m. The
highest displacement occurred in lower
(accumulation) part of the rotational landslide
“B2”, where the spruce-forest margin moved
about 60m towards SW. Such high values of
the displacement resulted probably from
subsequent liquefaction and flowing rather
than from rotational sliding. The flow
originated in this part of the landslide complex
moved 350m until it reached the valley bottom.

E1.8 Landslide-complex triggers

The immediate triggering factor of the April
2006 Hluboe landslide complex was water
saturation of its material due to mutual effect
of snow melt water and high cumulative
precipitations at the last days of March and
beginning of April 2006 (Fig. E1.6; Bil and
Miiller, 2008). Abnormally cold winter
2005/2006 was characterised by very thick,
long-lasting snow cover, which abruptly
melted after sudden warming at the turn of
March and April 2006 (Fig. E1.6). Maximal
daily temperature varied between 14.4-18.6°C
through 28 March and 2 April 2006.
Additionally, total precipitation amount (75
mm) of March 2006 was 67% higher than the
long-term average (45 mm). These climatic
conditions produced exceptionally high values
of total cumulative precipitation (143 mm at
the nearest meteorological station) during the
2006 snow thaw period (Bil and Miiller, 2008)
which was responsible for widespread
occurrence of landslides. According to local
residents, the sliding activity itself started 5 to
6h after the main precipitation event.
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Fig. E1.5 Orthophoto from 2004 (1) shows contours of individual landslide bodies (dashed line) named Al, A2, B1 and B2;
orthophoto from 2006 (2) shows original (blue) and displaced (red) positions of selected objects for which the displacement
vectors (yellow arrows) and horizontal displacement in meters (yellow numbers) were identified.

E1.9 Previous landslide activity

Age of the entire deep-seated slope failure
was not radiometrically established so far.
However, several ancient earthflow lobes
(situated downstream from the studied
landslide complex, Fig. E1.3) document
activity of similar slope failures, which were
also fed by material from deep-seated slope
failures in the past. Previous major landslide
activity in the site of Hluboce landslide
complex is evidenced by soil buried by older
landslide accumulation, nowadays exposed in
one of the headscarps of landslide “B” (letter
H4 on Fig. E1.2). Buried soil reveals AMS age
1435£3014C  BP  (calibrated age with
probability 95.4% is 571 AD-656 AD) and
gives maximum age of mass movement
preceding recent landslide activity.

More detailed description of the landslide
activity and land-use changes since 1950s is
possible by analysing stereopairs of historical
aerial photographs. Stereo-pairs from August
1950 clearly show the existence of a dormant
slope silure in the place of the present landslide
“A”. An approximately 4m deep and 30m wide
dell-like depression existed in the zone of the
initial part of the earthflow. Photographs from

September 1977 indicate activity within the
landslide area “A”. Moreover, an
approximately 1m high headscarp, a
hummocky relief and bare surfaces are evident
on the future landslide tension zone in the
middle part of the slope. Sliding activity was
not apparent in the landslide “B” due to dense
forest. Based on the stereo-pairs from
July1990, both landslides (“A” and “B”) seem
to be inactive, but western landslide “A”,
Situated on the meadow, can be
morphologically recognized. Also the aerial
photography from 2003 clearly depicts outline
of the contemporary uppermost 1.2m high
headscarp of the western landslide ,,A“ and
small swampspring in the place of recent 5m
high scarp (Fig. E1.2). The landslide “B” had
already existed before the 2006 activation as
evidenced by the headscarp and identified
older accumulation near the forest limit.
Moreover, the dendrochronologic analysis
proved movement activity of the landslide “B”
between years 1937 and 2006. Tilting upward
the slope was typical for the trees growing on
the main landslide block (B2 on Fig. E1.5).
Trees growing in the compression part of the
landslide “B” above the toe were tilted in
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Fig. E1.6 Rapid thawing of the thick snow cover and increasing cumulative rainfall (A) along with above long-term average
(1961-1990) monthly precipitations (B) were main triggering factors of the landslide complex (data provided by Czech
Hydrometeorological Institute and modified from Bil and Miiller, 2008).

all modes. This behaviour is typical for
compression and rather plastic  mass
deformation (Baron et al., 2004). The highest
tree growth disturbances caused by landslide
activity were detected at the end of 1950s
(1957— 1958), beginning and end of 1960s
(1961, 1962, 1967) and at the end of 1990s
(1997).

Land use changes detected on the aerial
pictures represent mostly reforestation without
direct connectio to the landslide complex. The
reforestation started in the most cases between
1950 and 1970. Only the narrow forest stripe
uphill of the study site was probably clear-cut
and eforested during the period 1977-1990.
This is the only land-use chase which may
possibly affect the landslide complex
hydrological conditions.

E1.10 Discussion

The results of the Hluboce landslide
complex investigations are useful for
susceptibility analyses as well as landslide
hazard prediction. Efficiency of their
application largely depends on availability of
the detailed and relevant landslide and
geological information on regional scale. From
this point of view, the presence of
morphologically well  pronounced older
landslide bodies has the highest applicability
for identification of potentially dangerous
landslide locations. It is because the
experiences from the flysch region have
demonstrated that more than 40% of newly

occurred landslides evolve within the older
landslide bodies (Krejéi et al., 2002; Rybat,
1999) which also confirmed the Hluboce
landslide complex. This finding was accented
during landslide inventory mapping at the scale
1:10 000, where also old, inactive landslides
are shown. This mapping covers the majority
of the Outer Western Carpathians on the
territory of the Czech Republic (Krej¢i et al.,
2002). Its results show that in average 3% of
the mapped flysch region in the Czech
Republic is covered by landslides (Klimes,
2007). Nevertheless, some areas can be
covered with landslides from more than 10%
and in the case of the Hluboce watershed, the
coverage reaches up to 38%!

Information abut structural and tectonic
conditions as well as about thickness of
colluvial mantle could further improve the
prediction of spatial landslide hazard, since
these conditions proved to be important
causative factors for landslide occurrence
within the studied flysch rock environment.
Unlikely the information about old landslide
bodies, the detailed and reliable structural
information is available only for some case
study sites. More over landslide susceptibility
models using information about structural
conditions for regional assessment has not
been successful due to paucity of bedrock
outcrops and high local variability caused by
detailed faulting (Klimes, 2005) of the flysch
region. Nevertheless, the structural information
contained in the 1:50 000 geological maps can
be, with some caution, used as a proxy of local
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structural settings and if favorable conditions
for landsliding (e.g. presence of faults,
conform bedding plane dip with slope),
coincide with presence of old landslide bodies,
more attention should be paid to such areas.

The research also proved that long
recognized indicators of future landslide
activity (e.g. creep movement, mening cracks
on the surface and abrupt hydrological
changes) as well as evidences of major past
activations (e.g. buried soil horizons within the
landslide body) should be considered seriously
for prediction of future landslide hazard in the
flysch regions. Nevertheless, these indicators
should be always judged carefully in a broader
context of the selected study site considering
that additional triggering factor (e.g.
precipitations) of certain magnitude is needed
to trigger the landslide.

The chronic nature of the Hluboce landslide
complex aktivity with repeating phases of
major activations during long time range was
proved by buried soil horizon. The soil was
buried by old deep-seated landslide preceding
the recent landslide activity. Minimum age of
the soil horizon indicating the major landslide
activity acquired by AMS C dating is
between 571 AD-656 AD. It corresponds to
the extremely humid phase of the Subatlantic
chronozone with numerus dated landslides
identified both in the Czech and Polish parts of
the Western Carpathians (Margielewski, 2006;
Panek et al., 2009). The time range 500-800
AD, during which the landslide activity
occurred, is also characterized by several
palaeofloods documented in floodplains facies
of rivers in the Polish part of flysch
Carpathians (Starkel et al., 1996).

Detailed investigations of the physical
properties of the landslide complex material
revealed important and sufficiently detailed
information about the studied site. The use of
this information for assessment of landslide
susceptibility on similar setting or on regional
scale is questionable for variety of reasons.
The conducted research, as well as the most
other similar studies, does not describe the
same soil and rock properties outside the

landslide area, thus the acquired physical
properties can not be used to distinguish
possibly unstable slopes from those with more
stable conditions. Moreover our experience
suggests that even if such data would be
available, they may fail contribute to better
identification of more susceptible sites due to
highly overlapping physical properties or rocks
outside and inside the landslide areas. The
conducted dynamic penetration (DP) tests are
probably detecting active shearing surface in
the depth between 3.0 and 3.7m with reworked
landslide material above it. We think it is one
of the more shallow shearing surfaces, which
have not been detected by the ERT
measurements due to coarser spatial resolution
of the measurements than in case of
penetration tests (vertical resolution of 0.1 m).
The DP-4 site describes the less disturbed
material close to west landslide complex limit
whereas the other DP test sites detect highly
reworked landslide material in the centre of the
landslide. These differences can be also
contributed to different horizontal
displacement rates (Fig. E1.5) and the fact, that
the previous landslide aktivity probably did not
extensively affect the DP-4 site where less
disturbed colluvium and bedrock are
preserved.

The low permeability of colluvium and
flysch bedrock suggests the importance of
preferential water flow paths for water
infiltration (Sanda, 1998). These flow paths
evolve due to heterogenity in colluvial material
as well as highly variable, locally intense
fracturing of the bedrock enabling water
infiltration and its accumulation above less
permeable layers of clay material. Occurrence
of large number of landslides due to superficial
water infiltration is well described also in areas
with similar low values of infiltration
coefficient (e.g. Cardinali et al., 1999; Klimes,
2008). Initially we also thought that
swelling/shrinking activity of particular clay
minerals may enhance water infiltration effects
on the landslide stability, but the analysed soil
samples from the near surface zones contained
only negligible portion of these minerals.
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The liquefaction effect and development of
rather shallow secondary landslides at the
frontal parts of deep-seated rotational slope
failures in the Flysch Belt of Outer West
Carpathians similar to the Hluboce earthflow
were noted by Baron et al. (2004). These
shallow landslides are usually much more
rapid and destructive than their deep-seated
precursors as shows also the Hluboce landslide
complex where the horizontal displacement
vectors can be used as proxy of the movement
velocities (Fig. E1.5). The factors causing
development of such shallow secondary
landslides and earthflows still remain a subject
of discussion. Nevertheless, it seems that they
mostly originate due to local bulkage, uplifting
or tension of the material due to activity of the
deepseated slope failures.

The dendrochronologic analyses of the
studied site well correlate with reported
landslide activations as well as records from
comparable slope deformations. The ascertain
activity of the landslide “B” in 1967 (Fig.
E1.7) well correlate with landslide activation
in adjacent area recorded by Spurek (1972).
Similarly, 1957-1958, 1962 and 1997
activations very well correlate with results of
dendrochronologic analysis of the Pustevny
landslide (J. Burda, personal communication,
2008), which is situated about 50 km km NNE
from the Hluboce landslide complex.

Moreover, the year 1997 showing important
eccentric tree-ring grow, was characterized by
exceptional precipitations (July) causing large
floods and triggering hundreds of landslides
within the Outer Western Carpathians region
(Krejci et al., 2002).

Land use changes do not give reasonable
explanation for landslide reactivation at the
studied site. The historical aerial photo
interpretation showed that reforestation was
the main land use change detected throughout
the last 50 years. On the other hand, some
other field data from the broader area (Baron et
al., 2007) shows that majority of the mostly
shallow landslides from the spring 2006
landslide event occurred on grassland or
cropland suggesting that the land-use played

important role in their spatial distribution. It
may be due to faster melting outside the forest
due to direct insolation, different snow cover
thickness distribution within the forest and
reinforcement effects of the tree roots. This
observed spatial distribution of 2006 landslides
contrasts with the distribution of landslides
caused by heavy precipitation in July 1997
which occurred with equal probability within
as well as outside forested areas (Klimes,
2007).

Finally we tried asses the Hluboce landslide
complex hazard, considering probability of
occurrence of its triggering event, which was
described by total cumulative precipitation
(TCP) value of the sudden snow melt and
precipitations. We used the probability of
getting the equal or higher TCP value from the
spring 2006 (143 mm at the nearest
meteorological station) calculated by Bil and
Miiller (2008) to 10~ (0.12%). It is worth to
note that 10% of the landslides from the spring
2006 occurred under or at 200mm of TCP (Bil
and Miiller, 2008), thus the given probability
should be considered as more conservative
one. lts reliability is affected by short period of
meteorological records available for its
calculation (20 years) and the fact that no
effort has been done to include the influence of
possible climatic changes on the future TCP
values. We determined the landslide hazard as
the product of its magnitude and TCP yearly
occurrence  probability.  The  landslide
magnitude is a measure of the expected
damage caused to people or infrastructure in
front as well as on top of the landslide. Several
landslide characteristics (e.g. velocity, area,
volume, kinetic energy and potential energy)
can be used to assess the landslide magnitude.
Relating these values to the property damage,
the magnitude for the Hluboce landslide
complex is always 1, since the total property
damage occurred under observed landslide
characteristics. It gives us the resulting hazard
and specific risk to property loss equal to the
TCP yearly occurrence probability which is
10°*. This value can be considered as low risk.
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Fig. E1.7 Weighting sums of eccentric tree-rings per year. Low disturbances are defined by value of E;=0.1-0.5, strong

disturbances by E; > 0.5.

Nevertheless it may not be acceptable from the
point of view of local inhabitants since this low
risk event was responsible for the total damage
of their properties. On the other hand, the local
authorities may perceive it as an acceptable
risk level when comparing expenses of on site
landslide mitigation measures and relocation of
the residents to community houses.

E1.11 Conclusions

The Hluboce landslide case study shows
that even in the midmountain conditions of the
Flysch Belt of the Outer Western Carpathians,
large flow-like landslides can originate under
specific geological and morphological settings
with considerable destructive capability even
though under slower movement rate. The April
2006 Hluboce landslide complex was triggered
by the rapid snowmelt and intensive rainfall
mobilizing gravitationally and tectonically
disrupted and deeply weathered flysch bedrock
and colluvium. The catastrophic activity
occurred after several decades of slope
movement rates ranging from creep to sliding
and/or flowing. Evidences of the landslide
activity were found on aerial pictures (only for
areas outside the forest) and confirmed by
interviewing of local inhabitants and
interpreting dendrochronological analyses. The
research suggests at least ~1.5 ka of landslide
activity. The recent acceleration was not

considerably affected by human intervention
and resulted from internal dynamic of the
studied landslide complex and extreme
meteorological conditions.

Despite of evacuation of significant portion
of the landslide mass in the form of the
earthflow, considerable amount of unstable
landslide material still remains thus increasing
potential hazard for future development of the
area.

This research shows how important are
information about presence of antecedent
landslide bodies and recognition of their
ongoing movement activity for proper
landslide hazard assessment. It also illustrates
limitations of aerial photo interpretation which
is not always capable to correctly detect these
forms and indicators of their activity
suggesting that field work is under presented
natural conditions inevitable for accurate and
reliable landslide information collection. The
application of lessons learned during the
conducted investigation to improve spatial as
well as temporal landslide hazard prediction
limits small availability of sufficiently detailed
and relevant data on regional scale. Therefore
it can mainly help to improve landslide hazard
assessment for single case studies where such
data are more likely to be accessible.

Finally we tried asses the Hluboce landslide
complex hazard considering probability of
occurrence of its triggering event represented
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by the total cumulative precipitation (TCP)
value of sudden snow melt and precipitations.
We suggest that the probability of getting the
equal or higher TCP value from the spring
2006 (143 mm at the nearest meteorological
station) should be used. This probability was
calculated by Bil and Miiller (2008) to 10°*
(0.12%). We determined the landslide hazard
as the product of its magnitude and yearly
occurrence probability of its triggering
mechanism. The magnitude of the Hluboce
landslide complex is always 1, since it caused
total property damage. It gives us the resulting
hazard to property loss of 10™ which can be
considered as low. The landslide hazard
calculated for the Hluboce landslide complex
can be applied to other sites only if they hold
similar properties including presence of
previous landslide  bodies  still  well
morphologically pronounced and evidences of
continuous creep movements.
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PRILOHA 2:

»/Nahled do svéta sesuvit*
fotograficka dokumentace
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Priloha 2.1. Geologie

Nahore

Kaolinizované a mylonitizovné krystlinikum exhumované tézbou a svahovymi
pohyby pii tpati Janského vrchu (foto: J. Burda; 6. 3. 2012).

Uprostred
Charakteristicky kostkovy rozpad jilovcu regelacni zony, hnédo-oranZoveé
zabarveni je zpusobené¢ oxida¢nimi UCinky vody. Odlu¢nd oblast lokalniho
sesuvu Vv prostoru pilife Jezefi pod kamennymi zebry - viz. obr. D1.1 (foto: J.
Burda; 19. 1. 2011).

Dole
Sedimenty Mostecke panve strmé vyvlecené pies Upati Krusnych hor zachycené
prvni rozrazkou Stoly Jezeti. Sedimenty jsou lokalné ulozeny i pod thlem vétsim
nez 45°, coz zde doklada rozstépena uhlena sloj v pis¢itém vyvoji miocénu (foto:
J. Burda; 8. 2. 2012).
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Priloha 2.2. Geologicky profil

Profil

Stary geologicky profil centralni Casti Mostecké péanve zachycujici polohy
meziloznich piski a polohy artézkych , kuravkovych® horizontti (Schwimmsand)
— polohy piskl s vysokym obsahem vody (az 45%). Ty se pti zavelech porubti
odvodiuji a zpusobuji poklesy celého nadlozi a vznik pinek (Pinge), jako tomu
bylo napft. pii pravalu v Mosté v roce 1895, kdy blo zni¢eno vice nez 20 domt
(Barta et al. 1973). Ve vlastnim profilu je zachycena deformace v prostoru
tarého nadrazi k niz doslo pravé pii zminované udalosti (zdroj: vlastni archiv).

Dynamika a rozsiteni recentnich svahovych pohyb( na tpati Krusnych hor | Kapitola E



Dynamika a rozsiteni recentnich svahovych pohyb( na tpati Krusnych hor | Kapitola E



Priloha 2.3: Geomorfologie

Nahore
Kamenné mote pobliz vrcholu Jezerky (foto: J. Burda, 21.4. 2006).

Uprostred
Alochtonni kamenné mote, pozistatek periglacidlniho klimatu. ,,Plovouci®

bloky cervené ruly rozvlecené soliflukci na mirném upati Jezerky (foto: J.
Burda, 21.4. 2006).

Dole
Ptiklad mensi skalni véze, kterych zde v periglacialnim klimatu vznikla cela
rada (foto: J. Burda, 21.4. 2006).

Dynamika a rozsiteni recentnich svahovych pohyb( na tpati Krusnych hor | Kapitola E



ti Krusnych hor | Kapitola E B3

0 na Upa

h svahovych pohybl

IC

s

tn

s

eni recen

Dynamika a rozsit



Piiloha 2.4: Riceni

Nahore
Svahova deformace typu ficeni s morfologicky vyraznym akumula¢nim kuzelem
v misté zmirnéni sklonu svahu. Udoli feky Urubamby, Peru (foto: J. Burda, 17.
9.2011).

Dole
Osypové kuZely wvzniklé ficenim strmych cediCovych svahlt  podél
predisponovanych ploch. Udoli feky Jokulsa — n. p. Jokulsargljafur, Island (foto:
J. Burda, 21. 6. 2010).
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Priloha 2.5: Fosilni subakvaticke skluzy

Nahore

Gravitacni skluzové deformace pis€ito-jilovitého nadlozi uhelné sloje; lom Alois
Jirasek, Ledvice (zdroj: vlastni archiv; ptivodni foto a text: M. Proks).

Uprostred
Subakvaticka skluzovd deformace pis€ito-jiloviteho nadloZi uheln¢ sloje; lom
Alois Jirasek, Ledvice (zdroj: vlastni archiv; piivodni foto a text: M. Proks).

Dole
Chaotickd deformace piscCito-jilovittho souvrstvi a uhelné sloje vznikla
v hydroplastickém stavu pfi subakvatickém skluzu; lom Alois Jirasek, Ledvice
(zdroj: vlastni archiv; piivodni foto a text: M. Proks).
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Priloha 2.6: Sesuvné jevy ve studované lokalite a jejim okoli

Nahore

Zatrzeny poklesly blok v rozsahlé odlu¢né oblasti hluboce zaloZeného sesuvu

Z ledna roku 2012, ktery vznikl v prvnim a druhém skryvkovém fezu pilife
Jezeti (foto: J. Burda, 2. 2. 2012).

Uprostred
Maly, sttedné hluboce zaloZeny sesuv, ktery vznikl na pfelomu let 2011 a 2012
v pilifi Jezefi pod kamennymi Zebry. Panoramatickd fotografie zachycuje jak
odlu¢nou oblast, tak akumulaci sesuvu, kterd poSkodila potrubni svod napojeny
na drenaZzni kamenna Zebra (foto: J. Burda, 2. 2. 2012).

Dole
Uprostted snimku je zietelny hluboce zalozeny sesuv proudového tvaru vznikly
v zafi roku 2010 ve vychodnim svahu lomu. Dale je rovnéz patrnd 10 — 20 m
vysokd odlu¢nd sténa hluboce zalozené¢ho sesuvu, jehoz smykova plocha
prochazi tficeti metrovym nasypem Albrechtické vysypky (na snimku zalesnéna
elevace) a vybiha v regelacni zon¢ panevniho souvrstvi. Celkova hloubka tohoto
aktivniho sesuvu ¢ini minimalné¢ 40 m a pohyb vykazuje cyklicky charakter
(Burda et al. 2012a). Zajmova oblast — pilit Jezefi se nachazi v levé ¢asti snimku

a fotografie nazorn¢ ilustruje sklon antropogenniho svahu (foto: J. Burda, 10.
10. 2010).
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Priloha 2.7 Sesuvné jevy ve studované lokalite a jejim okoli

Nahore
Vyvle€ené boc¢ni valy - vyrazny tvar transportni oblasti zemnich prouda (foto: J.
Burda, 21.4. 2010).

Uprostred

Vychoz tenké smykové plochy pfi paté skryvkoveého fezu v nadloznich jilovcich
(foto: J. Burda, 22.6. 2012).

Dole

Zcela vyklizena odlu¢nd olbast zemniho proudu ,,A“. Pivodné dokonale
vyhlazené smykové plochy, které se vyvinuly v nadloznich jilovcich, byly
vlivem klimatogennich ¢initell setieny do stavajici podoby (foto: J. Burda, 21.4.
2010).
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Priloha 2.8: Situace sesuvnych jevu pri upati Krusnych hor v roce
1996

Mapa
Pohleda na odlu¢nou sténu lednového sesuvu vysokou misty az 13 m.
Z fotografii je dobfe patrna poloha sesuvu na okraji mostecké panve, mezi
zamkem Jezeti a Janskym vrchem (pievzato: Rybai 1996).
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