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Uvod a vymezeni prace

Béhem posledniho ptlstoleti byl nashromézdéno velké mnozstvi novych dat, kterd
pfinesla zakladni udaje o zasahu kontinentalniho ledovce do okrajovych ¢asti naSeho tizemi a
nasledn¢ upfesiiovala znalosti o sedimentologickych, geomorfologickych, stratigrafickych a
paleogeografickych aspektech zalednéni téchto izemi (mj. Macoun et al. 1965, Sibrava 1967,
Kralik 1989, Macoun a Kralik 1995, Nyvlt 1998, 2003, Ruzicka 2004 a mnoho dalSich). Diky
diivejsi izolovanosti od okolnich zemi vSak zlistdvaji n€které otazky stdle nezodpovézeny.
Soucasné znalosti reliktii kontinentdlniho zalednéni na naSem tuzemi nejsou rozlozeny rovno-
mérng, snad nejlépe prozkoumanymi se zdaji byt ostravska ledovcova panev nebo hradecka
panev. Naopak Sluknovsko nebylo z hlediska rozsahu a charakteru ledovcovych sedimenti
detailngji studovano. Zachovanych ledovcovych reliktil je ve Sluknovském vyb&zku oproti
1épe prozkoumanym oblastem vyrazné mensi mnozstvi (Nyvlt 1998).

Predkladand prace se zabyva paleogeografickou rekonstrukei kontinentalniho zaledné-
ni Sluknovské pahorkatiny. Uzemi zpracovavané v této praci je vymezeno maximalnim roz-
s rozsahem Sluknovské pahorkatiny. Z némeckého tizemi byl do této prace zahrnut pouze
prostor bezprostfedné priléhajici k ¢eskému uzemi vcetné klicovych lokalit a nalezd, jejichz

interpretace ma vyznam pro nasledné vyvozované zaveéry na naSem statnim tizemi.

Metody vyzkumu

Prace vychazi z detailniho geologického mapovani Sluknovského vybézku, pii némz
autor predkladané prace zpracovéaval problematiku kvartérni geologie a geomorfologie se
zvlaStnim zietelem na ledovcové sedimenty. Dalsi vyzkum uzemi probihal v rdmci projektu:
Paleogeograficka, paleoklimatologicka a geochronologicka rekonstrukce kontinentalniho za-
lednéni Ceska. Pfi terénni praci byly dokumentovany veskeré sedimentarni a geomorfologic-
ké projevy pfitomnosti ¢i blizkosti kontinentalniho ledovce ve zkoumané oblasti. Ledovcové
sedimenty byly studovany z hlediska fyzické sedimentologie a sedimentarni petrologie. Geo-
morfologicky vyzkum byl zaméfen na studium projevil erozné-akumulacnich procest
v ledovcovém systému pii vzniku a vyvoji ledovcovych tvart reliéfu. Pro zjisténi stati zasahu
kontinentalniho zalednéni do prostoru Sluknovské pahorkatiny a pro stanoveni rychlosti lini-

ové eroze a plosné denudace byl vyuzit kosmogenni radionuklid '°Be.



Souhrn vysledki prace

Novym regionalnim kvartérné geologickym a geomorfologickym vyzkumem bylo re-
konstruovano kontinentalni zalednéni Sluknovské pahorkatiny a pfilehlych &asti LuZickych
hor a Jettichovickych stén. Rekonstrukce plosného rozsahu a linie maximalniho zésahu konti-
nentalniho ledovcového §titu ve Sluknovské pahorkating byla provedena v méfitku 1:50.000
(viz Ptilohu 1). Zhodnoceni ziskanych tidaji ukazalo na jeden cyklus/fazi zasahu kontinental-
niho ledovcového §titu do Sluknovské pahorkatiny. Relikty zalednéni ve Sluknovské pahorka-
tin¢ lze proto povazovat za stratigraficky synchronni.

Kontinentalni ledovec pokryval béhem svého maximalniho rozsahu prakticky celou v.
&ast Sluknovské pahorkatiny. Béhem maximalniho rozsahu zalednéni zde z ledovce vystupo-
valo jen n&kolik nunatakii s vrcholky obvykle nad 450 m n. m. Celni ¢ast kontinentalniho le-
dovce postupovala jednotlivymi splazy proti tokiim preglacialnimi fluvidlnimi tdolimi Luz-
nicky, Mandavy a levostrannych pfitoki Rozanského potoka. V j. ¢asti studovaného tizemi se
kontinentalni ledovec optel o hieben luzickohorského Jedlovského hibetu. Do centralni ¢asti
Sluknovské pahorkatiny ledovec vstoupil udolim Rozanského potoka v prostoru dnesniho
mésta Sluknova, dile postupoval k Z pies sedlo mezi Spi¢dkem a Partyzinskym vrchem a
postoupil do povodi Velkosenovského potoka. V morfologicky ¢lenitéjsi z. asti Sluknovské
pahorkatiny kontinentdlni ledovec ptfekonal svymi okrajovymi splazy nékolik sedlovych sni-
Zenin v $ir§im okoli Severni a LiS¢i.

Na zakladé¢ poznatkli o rozsifeni jednotlivych typiti ledovcovych sedimenti,
s piihlédnutim k dalSim geomorfologickym zjisténim a ze znalosti subglacialni sedimentace
byla rekonstruovana maximalni vyskova hranice dosahu kontinentdlniho zalednéni. Povrch
ledovce ve svych nejvysSich ¢astech odpovidal dnesnim nadmotskym vyskam 470480 m,
byl viak v celém prostoru Sluknovské pahorkatiny zna¢né nerovny. To bylo zpiisobeno pie-
devsim jednotlivymi a v podstaté nezavislymi splazy okraji kontinentalniho ledovcového sti-
tu, které do centralni ¢asti dnesniho Sluknovska postupovaly prakticky téméf ze viech svéto-
vych stran, kromé od jihu. Povrch kontinentalniho ledovce v prostoru Sluknovské pahorkatiny
lezel ve vyskach 410—480 m, nejcasteji vSak ve vyskach 430-450 m.

Hlavni sméry postupu jednotlivych splazli kontinentalniho ledovcového Stitu probihaly
Sirokymi preglacialnimi tidolimi, pro zalednéni Sluknovské pahorkatiny a vibec celé severo-
ceské zalednéné oblasti mél zdsadni vliv Odersky splaz kontinentalniho ledovce (Hesemann
1932, Piotrowski 1998, Marks 2002). Jeho Sitka dosahovala v dolni Luzici (Niederlausitz)
30-50 km, dramaticky se vSak zuzovala po vstupu do pahorkatinného reliéfu Horni LuZzice

(Oberlausitz). Ledovcovy splaz, ktery postupoval Sirokym udolim Sprévy smérem k J oznacu-



jeme jako Sprévsky ledovcovy splaz. Déale pokracoval proti toku Rozanského potoka do pro-
storu dneiniho mésta Sluknova a tidolim horni Sprévy a Lobauer Wasser az do prostoru
Ebersbachu a Jitikova. Sprévsky splaz mél v prostoru Horni LuZice (Oberlausitz) a Sluknov-
ské pahorkatiny mezi Schirgiswalde a Sluknovem b&hem postupové faze $itku 5-6 km. Zjis-
t&né sméry jeho postupu jsou nejéastéji od S k J, piip. od SSV k JIZ. V. a jv. &ast Sluknovské
pahorkatiny (prostor v okoli Varnsdorfu a Dolniho Podluzi) byla zasaZzena Mandavskym le-
dovcovym splazem, ktery postupoval od Sirokého idoli Luzické Nisy proti toklim fek Man-
davy a Luznicky do $ir§iho prostoru dnesniho Varnsdorfu. Tento ledovcovy splaz lze rozd¢lit
na dvé ¢asti. Ob¢ dil¢i ¢asti tohoto splazu se spojovaly v prostoru dnesniho Rumburku a Neu-
gersdorfu. Na ¢eském tizemi se Mandavsky ledovcovy splaz pohyboval ve sméru SV-JZ az
V—Z. Hrani¢nim tzemim Sprévského a Mandavského ledovcového splazu byla zona, ktera
v podstaté¢ odpovida dneSnimu hlavnimu evropskému rozvodi povodi Labe a Odry. V tom-
to izemi se orientace pohybu viceméné S—J (s. ¢ast Sluknovska) a V-Z (v. &ast Sluknovska)
k¥izi.

VyuZiti orientace protaZeni oblikovych elevaci pro rekonstrukci sméru postupu konti-
nentalniho ledovce ve studovaném uzemi je limitovano. Tyto sméry totiz odpovidaji jak
strukturni predispozici reliéfu, tak eroznim G¢inkiim postupujiciho ledovcového splazu. Navic
rozsah odnosu materialu z povrchovych partii elevaci v hodnoté 10 m od deglaciace zjistény
in situ tvofenym kosmogennim radionuklidem '°Be sv&déi o tom, Ze jejich dne$ni povrch ne-
ptisel do pfimého kontaktu s ledovcem.

Glacigenni akumulace s ptivodnimi morfologickymi tvary jsou v prostoru Sluknovské
pahorkatiny zachovany spiSe vyjimecné. Béhem postupové faze zalednéni dochézelo na tillo-
vych ploSinach k ukladani subglacialnich tilli v mocnostech 3—5 m. Vys§i pfednostni orienta-
ce klastl v subglacidlnich tillech ukazuje na vyssi vliv vytavacich subglacialnich procest pfi
proudovém tiidéni materialu vodou, které se vyrazné uplatiovaly na vétsiné uzemi Sluknov-
ska. Proto byly pfevazna Cast rozhrani mezi ledovcem a podlozim a také nejspodnéjsi vrstva
vlastniho ledovce dobie zasobovany vodou a ledovec mél na vétsing izemi Sluknovské pa-
horkatiny ,,teplou® bazi. Dochézelo tak vlivem stfizné¢ho tlaku k prostému smyku a hlavni
pohyb ledovce probihal bazalnim klouzanim po ledovcovo-podloznim rozhrani. Pouze ve vy-
vySenych Castech reliéfu a v mistech bez deformovatelného nezpevnéného a permeabilniho
podlozi dochazelo vlivem stfizné¢ho tlaku k subglacidlni deformaci ptevazné nezpevnéného
ledovcového podlozi. Pti deformacni fazi bylo porusovano podlozi ledovee duktilni az kieh-
kou deformaci. Tento proces mohl probihat pouze u ledovce s lokaln¢€ suchou/chladnou bazi,

kdy ledovcovo-podlozni rozhrani neni saturovano tavnymi vodami. Terminoglacidlni sedi-



mentace byla béhem postupové faze zalednéni malo vyznamna, protoze tavné vody byly sub-
glacialné odvadény ve sméru sklonu podlozniho reliéfu mimo tizemi Sluknovska. Jeji projevy
se dochovaly pouze ve form¢ zbytkl celnich/bo¢nich morén na kontaktu Sprévského a Man-
davského ledovcového splazu pobliz hlavniho evropského rozvodi. Relikty téchto morén jsou
ve své z. Casti prekryté sedimenty kamové terasy uklddané na kontaktu obou splazi béhem
inicialni faze deglaciace.

Pro tstupové faze zalednéni je typicka rozsahléd ploSna terminoglacidlni a proglacialni
sedimentace. V ¢lenitém relié¢fu byla tato sedimentace vyrazné usmériiovana do preglacialné
vzniklych tudoli, kde sedimentovaly glacifluvialni sedimenty. Siroké udoli Sprévy v useku
mezi Ebersbachem a Sohlandem ptedstavovalo preglacialné predisponované terminoglacidlni
koryto, kudy byly odvadény tavné ledovcové vody Sprévského ledovcového splazu béhem
kulminace zalednéni a na pocatku deglaciace. Glacifluvidlni vyplni terminoglacialniho tdoli
Sprévy, dokumentovana na lokalité Fukov, byla ukladana ve stfedni az distalni ¢asti divocici-
ho systému. Dochazelo zde k lateralni migraci nékolika hlavnich koryt se stfedni az vyssi si-
nuositou, které byly dostatecné dotovany piedevsim pis€itym az jemnym Stérkovym materia-
lem b&hem period vyssich pratok, vazanych na denni nebo jiny kratkodoby cyklus pratoki
v morfologicky uzavieném udolnim systému. V nékterych ptipadech byly dokumentovany
cykly postupného vzdalovani ¢ela ledovce, coz nasvédCuje proglacidlni sedimentaci béhem
ustupové faze zalednéni. Modelovanim stafi akumulace a rychlosti eroze této akumulace
kosmogennim radionuklidem '°Be bylo zji§téno snizeni povrchu na lokalité Fukov o 15,7 m
od deglaciace pred ~606 ka. Pivodni mocnost akumulace glacifluvialnich sedimentti musela
byt vétsi nez 30 m. Relikty obdobnych udolnich proglacialnich vyplavovych plosin se zacho-
valy v tdolich Lu¢niho, Li§¢iho a VelkoSenovského potoka.

Plosné proglacialni vyplavové plosiny s typickou sandrovou sedimentaci se nachdzeji
v reliktech predeviim ve v. &asti Sluknovské pahorkatiny a vykazuji sedimentarni textury ty-
pické nejcastéji pro proximalni az stiedni Casti proglacidlniho glacifluvialniho systému s pie-
vazujici poproudovou akreci materidlu uvnitt mélkych a relativné Sirokych koryt. Tato sedi-
mentace probihala v inicidlni fazi deglaciace izemi prakticky na celém tGzemi. Takto vzniklé
plo$né vyplavové plosiny mély zfejm€ mensi mocnost sedimentd a byly naslednymi erozné-
denudacnimi procesy z velké Casti odstranény a zachovaly se pouze v eroznich reliktech, které
nam presto umoziuji rekonstruovat jejich piivodni rozsah.

Z petrologického a provenien¢niho hlediska je podstatné odliseni ,,otevienych lokalit*
od ,,morfologicky ovlivnénych lokalit“ podle podilti jednotlivych petrotypti a provenien¢nich

skupin zastoupenych na danych lokalitach glacifluvialnich sedimentti. Rozdily jsou patrné



piedevsim v podilech distalni slozky neseného materidlu, kam zahrnujeme provenien¢né bliz-
ké a nordické horniny. Obecné je podil distalni materidlové slozky (a to v€etné nordickych
hornin) na otevienych lokalitich Sluknovska vys§i (~30 %), neZ jsou b&zné hodnoty pro celou
severoCeskou oblast kontinentalniho zalednéni (~15 %). Naopak u lokalit morfologicky
ovlivnénych je tento podil niZsi a piedstavuje pouze ~4 %. Tyto rozdily dokladaji vliv mistni
morfologie na sedimentaci glacifluvialnich sedimenttl ve Sluknovské pahorkating. Souvkova
spole¢enstva zjiiténa na jednotlivych lokalitach Sluknovska jsou odli$nd, coz se projevuje i
v rozdilnych hodnotach TGZ. V ramci celého zalednéného tizemi severnich Cech je lokalita
Fukov naprosto unikatni dominanci dalarnskych hornin a ochuzenim élandskych hornin. Od-
lisnosti ve spolecenstvu vudcich nordickych souvka na lokalit¢ Fukov lze vysvétlit selektiv-
nota G/P koeficientu pro tuto lokalitu.

Modelovanim ubytku koncentrace kosmogenniho radionuklidu '°Be s hloubkou na lo-
kalit¢ Fukov bylo mozné stanovit délku expozice dan¢ho povrchu a primérnou rychlost jeho
eroze. Modelovanim obou zéavislych (tedy délky expozice/stati ulozeni a rychlosti eroze povr-
chu) bylo ziskano nejvhodné&jsi feSeni pro stari 605.510 + 52.710 let BP pfi primérné rychlos-
ti eroze 25,9 = 2,3 m/Ma. Toto stafi se vztahuje k pocatku tstupové faze kontinentalniho za-
lednéni, které do Sluknovské pahorkatiny zasahlo. Zasah ¢elni ¢asti kontinentélniho ledovce
do Sluknovské pahorkatiny je mozné korelovat s MOIS 16, ktery kulminoval pred 620635
ka. Za predpokladu zalednéni Sluknovské pahorkatiny béhem MOIS 16 je mozné korelovat
tuto udalost s okolnimi oblastmi a také s globalnim paleoklimatickym zdznamem.

Korelaci regionalnich vysledkil vyzkumu Sluknovské pahorkatiny s okolnimi oblastmi
lze zalednéni studovaného tizemi paralelizovat s glacidlem b v rdmci Cromerského komplexu
v Nizozemsku (Zagwijn 1992, 1996), s glacidlem Elster 1 (Zwickauer Phase) v Némecku
(Wolf 1980, Sibrava et al. 1986, Eissmann 1997, 2002) a s glacidlem San 1 definovaném
v Polsku (Lindner a Marks 1995, Lindner et al. 2004). Na Ostravsku a Opavsku odpovida
opavskému zalednéni (Macoun 1980, 1985, Macoun a Kralik 1995), v severnich Cechach za-
lednéni valdovskému (Kralik 1989, Macoun a Kralik 1995). Korelace s cvikovskou fazi
(Zwickauer Phase) elsterského glacialu ve v. ¢asti Némecka ukazuje na neudrzitelnost kon-
ceptu komplexu elsterského zalednéni podle Eissmanna (1975, 1997, 2002), ktery fadi oba
zasahy kontinentdlniho zalednéni b&hem Elsteru do jednoho stupné (MOIS 12). To je
v rozporu se soucasnymi znalostmi ze severoceské zalednéné oblasti, kde jsou jednoznaéné
dolozena dvé samostatna ,.elsterska“ zalednéni, ktera probéhla béhem MOIS 16 a 12 a jsou od

sebe casove vzdalena ~200 ka. Jako spravna se naopak jevi stratigrafickd paralelizace uzivana



v Polsku (m.j. Lindner et al. 2004), ktera ob¢ jihopolska zalednéni povazuje za samostatna a
koreluje glacidly San 1 a2 s MOIS 16 a 12.

Na zaklad¢ stanoveni délky expozice povrchil a rychlosti jejich eroze pomoci kosmo-
gennich radionuklidi bylo mozné ve Sluknovské pahorkating zjistit primérné rychlosti linio-
vé a ploSné eroze pro obdobi poslednich ~600 ka. Zdejsi rychlost liniové eroze (25,9 + 2,3
m/Ma) je ve srovnani s oblasti vnitinich Cech &tvrtinova az tfetinova a pfiblizné poloviéni
oproti primérnym rychlostem zahlubovani vétSich zdpadoevropskych fek. PloSna denudace
exponovanych povrchii oblikovych elevaci probiha na Sluknovsku primérnou rychlosti 16,9
+ 4 m/Ma, coz lze povazovat za minimalni hodnoty eroze v daném uzemi. Naopak liniova
fi¢ni eroze predstavuje v tomto izemi maximalni hodnotu eroze. Pro celou oblast Sluknovské

pahorkatiny lze proto priimérnou rychlost plosné denudace stanovit na 15-25 m/Ma.



Introduction and research specification

Huge amount of new data bringing basic data about the continental glacier advance
into the peripheral areas of the Czech territory have been gathered during the last half of the
century; they were subsequently precised in the sense of sedimentological, geomorphological,
stratigraphical and palacogeographical aspects of the glaciation of these areas (e.g. Macoun et
al. 1965, Sibrava 1967, Kralik 1989, Macoun a Kralik 1995, Nyvlt 1998, 2003, Ruzicka 2004
and many others). Some questions still remain unresolved owing to former isolation from ad-
jacent countries. Present knowledge of the continental glaciation relics from our territory are
not distributed equally, the best explored seem to be the Ostrava and Hradek basins. The
Sluknov area was on the contrary not studied in detail concerning extent and nature of glacial
sediments. Preserved glacial relics are in the Sluknov Spur markedly less common compared
to better explored areas of Czechia (Nyvlt 1998).

The present work deals with palacogeographical reconstruction of the continental gla-
ciation in the Sluknov hilly land. The studied area is delimited by the maximum extent of gla-
cial sediments (in the widest sense) and does not coincide accurately with the limitation of the
Sluknov hilly land. Only the German territory adjacent directly to the Czech area including
key sites and founds there are enclosed in this study to complete interpretations and conclu-

sions drawn from our state territory.

Research methods

The study goes from detailed geological mapping of the Sluknov Spur, during which
the author of this study worked on the Quaternary geology and geomorphology with particu-
lar respect to glacial sediments. Further research continued within the project: Palaeo-
geographical, palaecoclimatological and geochronological reconstruction of the continental
glaciation of Czechia. All sedimentary and geomorphical exhibitions of the former presence
or proximity of continental glacier were documented during the fieldwork. Glacial sediments
were studied from the viewpoint of physical sedimentology and sedimentary petrology. Geo-
morphological research was focused on the study of erosion-accumulation processes in the
glacial system during the formation of glacial landforms. Cosmogenic radionuclide '’Be was
applied to ascertain the age of the continental glacier advance into the Sluknov hilly land and

for the assessment of the linear erosion and areal denudation rates.



Summary of research results

New regional Quaternary geological and geomorphological research was used to re-
construct continental glaciation of the Sluknov hilly land and adjoining areas of the Lusatian
Mts. and Jetfichovice walls. The reconstruction of areal extent and the maximum advance of
the continental ice sheet in the Sluknov hilly land were designed in the scale 1:50,000 (see
Appendix 1). The evaluation of available data pointed at one cycle/phase of the continental
ice sheet advance into the Sluknov hilly land. Glacial relics in the Sluknov hilly land are
therefore considered stratigraphically synchronous.

Continental glacier covered during its maximum extent nearly entire eastern part of the
Sluknov hilly land with only some nunataks with hilltops over 450 m a.s.l. The frontal part of
the continental glacier advanced by individual tongues upstream the preglacial fluvial valleys
of LuZzni¢ka and Mandava rivers and left-hand tributaries of the Rozany Brook. Continental
glacier leaned against the Jedlova Ridge of the Lusatian Mts. in the southern part of the stud-
ied area. Ice sheet penetrated into the central part of the Sluknov hilly land through the valley
of the Rozany Brook in the area of present Sluknov town and advanced towards the west
crossing over the col between Spi¢ak and Partyzansky hill to the catchment of the
Velkosenovsky Brook. Continental glacier crossed in the morphologically more rough west-
ern part of the Sluknov hilly land by its peripheral tongues over some col depressions in the
wider surroundings of Severni and LiS¢i villages.

The maximum altitude of the continental glaciation extent was reconstructed based on
the findings of the distribution of individual glacial sediments and with respect to other geo-
morphological assignments. Glacier surface in its highest parts lied in the altitude correspond-
ing to the present 470480 m a.s.l., however the surface was in the whole area of the Sluknov
hilly land considerably uneven. This was caused mainly by individual and in principle inde-
pendent glacial marginal lobes of the continental ice sheet, which advanced into the central
part of the Sluknov Spur from all cardinal directions except from the South. The surface of
the continental glacier lied in the Sluknov hilly land in altitudes of 410480 m a.s.1., but most
frequently in altitudes of 430450 m a.s.1.

The main advance directions of individual lobes of the continental ice sheet were
through wide preglacial valleys. The Odra Lobe (Hesemann 1932, Piotrowski 1998, Marks
2002) was dominant for the Sluknov hilly land and for the whole northern Bohemian glaci-
ated area. Its width reached 30-50 km in the Lower Lusatia (Niederlausitz), but it decreased
dramatically entering the rolling upland relief of the Upper Lusatia (Oberlausitz). The glacier
lobe advancing through the wide valley of the Spree River towards the South is called Spree



Lobe. It continued in the advance upstream the Rozansky Brook into the area of the present
Sluknov town and through the upper reaches of Spree and Lobauer Wasser up to surroundings
of Ebersbach and Jifikov. The Spree Lobe was during its advance phase 5-6 km wide in the
territory of Upper Lusatia and in the Sluknov hilly land between the towns of Schirgiswalde
and Sluknov. Its ascertained advance direction are most frequently from the North towards the
South, event. from NNE towards SSW. Eastern and southeastern part of the Sluknov hilly
land (the surroundings of Varnsdorf and Dolni Podluzi) was affected by the Mandau Lobe,
which advanced from the wide valley of the Lusatian Neisse upstream of the Mandau and
Luznicka rivers into the surroundings of present town Varnsdorf. This lobe could be divided
into two parts. Both fragment of this lobe aggregated in the area of present towns Rumburk
and Neugersdorf. The Mandau Lobe flowed in the NE-SW to E-W direction on the Czech
territory. The border area of the Spree and Mandau lobes was the zone, which basically corre-
sponds to the main European watershed between the Elbe and Oder river catchments. The
advance orientations of nearly N-S (northern part of the Sluknov hilly land) and E-W (east-
ern part of the Sluknov hilly land) interfere in this area.

The use of the roche moutonnées elevations’ elongations for the reconstruction of the
continental glacier advance directions is limited in the study area. These directions correspond
both to the structural relief predisposition and to the erosion activity of advancing glacier
lobe. Beside that, the volume of the material removal from the surface parts of the elevations
of 10 m since the deglaciation ascertained by the in situ-produced cosmogenic radionuclide
'"Be bears evidences, that their present surface never experienced direct contact with a gla-
cier.

Glacigennic accumulations with original morphological forms are in the Sluknov hilly
land territory preserved rather exceptionally. Subglacial tills were deposited in thickness of 3—
5 m on the till plains during the advance phase of the glaciation. The higher preferential till
fabrics in subglacial tills shows on the higher effect of the subglacial melt-out processes dur-
ing the water flow sorting of the carried material, which affected most of the Sluknov hilly
land area. Therefore most of the glacier-bedrock interface and also the debris-rich ice of the
glacier were well supplied by water and the glacier was wet-based over the most of the
Sluknov hilly land. Simple shear was the primary agent forcing the glacier advance in the
subglacial zone and the main glacier motion took place as basal sliding over the glacier-
bedrock interface. Subglacial deformation of mostly incoherent substrates occurred due to
simple shear only in the elevated parts of the relief and in places without deformable bed and

permeable substrate. The glacier substrate was affected by ductile and brittle deformation dur-



ing the deformation phase. This process may proceed only by a locally dry/cold-based glacier,
when the glacier-substrate interface is not saturated by meltwaters. Terminoglacial sedimenta-
tion was less important during the advance phase of the glaciation, because the meltwaters
were carried subglacially away in the dip direction of the underlying relief out of the studied
area. Its demonstration was preserved only in forms of relics of frontal/lateral moraines in the
contact zone of the Spree and Mandau lobes near the main European watershed. Relics of
these moraines are in their western parts covered by kame sediments, which were deposited
on the contact of both lobes during initial phase of deglaciation.

Extensive areal terminoglacial and proglacial sedimentation is typical for the deglacia-
tion phases of the glaciation. This glaciofluvial sedimentation was markedly directed into the
preglacial valleys in the rugged relief. The wide valley of the Spree River in the sector be-
tween Ebersbach and Sohland formed preglacially predisposed terminoglacial channel, which
carried away glacier meltwaters of the Spree Lobe during the maximum extent of the glacia-
tion and at the beginning of the deglaciation. The glaciofluvial infill of the terminoglacial
Spree valley documented at the Fukov site was deposited in the middle to distal reaches of a
braided system. Lateral migration of several main channels with average to higher sinuosity
was in progress here. These channels were sufficiently supplied mainly by sandy to fine
gravel material during periods of higher discharges connected with daily or other short-time
discharge cycle in a morphologically closed valley system. Cycles of gradual glacier front
recessions were documented in some cases, which suggests to the proglacial sedimentation
during the deglaciation phase of the glaciation. The lowering of the surface at the Fukov site
of 15,7 m since the deglaciation 606 ka ago was established by the modelling of the accumu-
lation age and the erosion rate of this accumulation using cosmogenic radionuclide '’Be. The
original thickness of the glaciofluvial accumulation must had been greater than 30 m. Relics
of similar valley proglacial outwash plains are preserved in the valleys of Lucni, Li§¢i and
Velkosenovsky brooks.

Planar proglacial outwash plains with typical sandur sedimentation could be found in
relics mainly in the eastern part of the Sluknov hilly land. They display sedimentary structures
characteristic for proximal to middle reaches of the proglacial glaciofluvial system with pre-
vailing downstream accretion of the material within the shallow and relatively wide channels.
This sedimentation occurred in the initial phase of the deglaciation nearly over the whole area.
Thus evolved planar outwash plains had lower thickness of sediments and were largely re-
moved by subsequent erosion-denudational processes. They remained only in erosional relics,

which still enable us to reconstruct their original extent.



Differentiation of “open sites” and “morphologically influenced sites” according to the
shares of individual petrotypes and provenance groups at individual localities of the gla-
ciofluvial sediments is essential from petrological and provenance point of view. Distinctions
are apparent mainly in the shares of the distal component of the carried material, which in-
cludes near and Nordic rocks. Generally the share of the distal component (including Nordic
rocks) at the open sites of the Sluknov hilly land is higher (~30 %) than are the common val-
ues for the whole northern Bohemian glaciated area (~15 %). This share is significantly lower
for morphologically influenced sites and amounts only ~4 %. These differences illustrate the
influence of the local morphology on the sedimentation of glaciofluvial sediments in the
Sluknov hilly land. Indicator assembly ascertained at individual sites of the Sluknov hilly land
are different, which expressed also in diverse TGZ values. The Fukov site is absolutely
unique within the whole glaciated area of northern Bohemia due to the dominance of the
rocks from Dalarna and by the depletion of the Aland islands rocks. Differences in the indica-
tor assembly at the Fukov site could be explained by the selective depletion of the Aland
mainly granitoid rocks, which is supported also by the lowest G/P value for this locality.

The exposure age of the given surface and its average erosion rate was established by
the modelling of the decrease of the cosmogenic radionuclide '°Be concentrations with depth
at the Fukov site. The best-fitted solution of the modelling of both dependents (exposure
/deposition age and erosion rate) was obtained for the exposure age of 605,510 + 52,710 years
BP with the average erosion rate of 25,9 + 2,3 m/Ma. This age refers to the initial deglaciation
phase of the continental glaciation, which advance in to the Sluknov hilly land. The impact of
the frontal part of the continental glacier into the Sluknov hilly land could be correlated with
MOIS 16, which culminated 620-635 ka BP. In assumption of the continental glaciation of
the Sluknov hilly land during the MOIS 16 it is possible to correlate this event with adjacent
areas and also with global palacoclimatic record.

Correlation of regional research results from the Sluknov hilly land with adjacent areas
enable to parallelized the glaciation of the studied area with Glacial b in the Cromex complex
in the Netherlands (Zagwijn 1992, 1996), with glacial Elster 1 (Zwickauer Phase) in Germany
Wolf 1980, Sibrava et al. 1986, Eissmann 1997, 2002) and with glacial San 1 defined
in Poland (Lindner and Marks 1995, Lindner et al. 2004). It corresponds to the Opava glacia-
tion in the Ostrava and Opava regions (Macoun 1980, 1985, Macoun and Kralik 1995) and to
the Valdov glaciation in northern Bohemia (Kralik 1989, Macoun and Kralik 1995).

The correlation with the Zwickauer Phase of the Elsterian glacial in the Eastern Ger-

many shows on the indefensibility of the concept of the Elsterian complex of glaciations



sensu Eissmann (1975, 1997, 2002), who connect both Elsterian glaciations with one stage
(MOIS 12). This is in discrepancy with recent knowledge from the northern Bohemian glaci-
ated area, where two individual Elsterian glaciations are evidenced. They go back to MOIS 16
and 12 and are separated by a time interval of ~200 ka. The stratigraphic correlation used in
Poland (e.g. Lindner et al. 2004), which consider both South Polish glaciation as separated
and correlate the San 1 and 2 glacials with MOIS 16 and 12, could be on the contrary mani-
fested as a correct one.

The average linear erosion rates and areal denudation rates were determined for the
time period of the last ~600 ka in the Sluknov hilly land based on the assessment of the sur-
face exposure age and its average erosion rate using cosmogenic radionuclide '’Be. The local
linear erosion rate (25,9 + 2,3 m/Ma) is quarter to third in comparison with the area of inner
Bohemia and half compared to the average fluvial erosion rates of the main western European
rivers. The denudation of the exposed surfaces of roche moutonnée elevations proceeded with
the average rate of 16,9 + 4 m/Ma in the Sluknov territory. This could be considered as the
minimum erosion rate in the given area. Linear erosion represents on the other hand maxi-
mum erosion value in the studied area. The average rate of the areal denudation could be de-

termined at 1525 m/Ma for the whole Sluknov hilly land area.
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