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Abstrakt

Cilem této prace bylo poskytnout relevantni informace o casové a
prostorové dynamice erozné-sedimentacnich a zvétravacich
procesti posledniho Kklimatického cyklu a ziskané poznatky
interpretovat v kontextu s paleoenvironmentdlnim  vyvo-
jem Evropy. Pomoci Siroké S$kaly nastroji instrumentalni a
paleontologické analyzy byly detailné zpracovany reprezentativni
sekvence sprasi, paleoptid a jezernich sedimenti z oblasti Ceského
masivu, karpatské predhlubné a severnich okraji Panonské
panve. Jednotny instrumentalné analyticky pristup aplikovany na
tyto facie poskytl fadu novych informaci o paleoklimatickém a
paleoenvironmentalnim vyvoji vychodni €asti stfedni Evropy -
oblasti situované do tranzitni zény mezi oceanickym a kontinenta-
Inim klimatickym reZimem. Jednotlivé vyzkumy stratigraficky
pokryvaji cely dsek svrchniho pleistocénu (MIS 5-2; ~130-12,7
tis. let BP) a jsou prezentovany jako samostatné Kkapitoly
v superpozi¢nim poiadi.

V kapitolach I1I/1-3 jsou predstaveny vysledky vyzkumu Sesti
spra$ovych sérii situovanych v centralni ¢asti Ceského masivu,
vtransektu moravskymi uvaly a na severozapadnim, resp.
severnim okraji Panonské panve. Detailni paleoenvironmentalni
analyza, opirajici se predevsim o vysledky metod environmenta-
Iniho magnetismu, geochemie a ptidni mikromorfologie prokazala
zietelné rozdily vintenzité pedogenetickych a zvétravacich
procesti v dlsledku rozdilné geografické pozice jednotlivych
lokalit: zdpadnéji a severnéji situované lokality byly pod vliv
oceanickych podminek atlantické oblasti, resp. vlh¢iho a chlad-
néjsiho klimatu proluvialni zony Skandinavského ledovce, zatimco
na padni vyvoj lokalit lezici na jihovychodé zkoumaného tzemi
mély zasadni vliv aridni podminky Panonské panve. V samotné
Panonské panvi pak lze sledovat odliSny klimaticky vyvoj
v severo-jiznim smeéru (vlh¢i perikarpatské oblasti vs. aridni klima
centralni ¢asti). Vysledky ziskané vyzkumem sprasovych sérii tak
ukazuji nezanedbatelny efekt faciality paloenvironmentélnich
procesti v ramci glacidlnich fazi nejmladsiho kvartéru stiedni



Evropy a naznacuji, Ze geograficka promeénlivost téchto procest je
tématem, které zasluhuje zvySené pozornosti.

Kapitoly III/4-5 se zabyvaji tusekem pozdniho glacidlu a
prechodového obdobi pleistocén-holocén (~16-8 ky BP). Multi-
disciplinarni vyzkum tii paleojezer a dvou fosilnich plid ob-
jevenych v Trebonské panvi poskytl vramci vnitrokontinentalni
Casti stiedni Evropy doposud nepodrobnéjsi informace o paleoen-
vironmentalnim vyvoji pozdniho glacialu. Z vysledku je mj. patrné,
Ze zkoumana oblast byla vtomto obdobi pod vyraznym vlivem
pozdné glacidlnich hydroklimatickych zmén odehravajicich se
v severnim Atlantiku.

V praci je rovnéz prezentovana rada novych poznatki o ap-
likovatelnosti a  interpretacnich  moZnostech  magneto-
mineralogickych a geochemickych metod v instrumentalni analyze
sedimentarniho a pidniho zaznamu.

Abstract

The principal goal of this thesis was to provide relevant infor-
mation on the spatiotemporal dynamics of erosion-sedimentation
and weathering processes in the last climatic cycle and to inter-
pret the obtained data in the context of European paleoenviron-
mental development. Representative sequences of loess, paleosols
and lacustrine sediments from the area of the Bohemian Massif,
the Carpathian Foredeep, the the Vienna Basin and the northern
edge of the Pannonian Basin were investigated using a wide range
of instrumental tools and paleontological methods. A uniform
analytical approach applied to these sedimentary facies has
provided ample new information about the paleoclimatological
and paleoenvironmental development of East-Central Europe - an
important region in the transition zone from oceanic to continen-
tal macro-climatic settings. The individual studies included in this
PhD thesis cover the complete period of the Upper Pleistocene
(MIS 5-2; ~130-12.7 ky BP) and are presented as separate
chapters in the order of the superposition of strata.



Chapters I1I/1-3 deal with the results of research into six
loess/paleosol sequences (LPSs) situated in the Central Bohemian
Massif, throughout the Moravian Valleys, and at the northwest and
north edge of the Pannonian Basin. A detailed paleoenvironmental
analysis, based mainly on results of studying environmental
magnetism, geochemistry and soil micromorphology, has revealed
significant differences in the intensity of pedogenetic and chemi-
cal weathering processes. These differences are caused mostly by
the different geographic locations of the investigated sites:
Westerly and northerly situated localities were influenced by the
oceanic macro-climate of the Atlantic region and by the wetter
and cooler climate of the pluvial zone of the Scandinavian ice-
sheet, respectively. By contrast, the pedogenetic development of
sites in the southeast part of the investigated region was mostly
influenced by arid climatic conditions of the Pannonian Basin.
Differences in climatic development can also be observed within
the Pannonian Basin itself (the wetter peri-Carpathian region vs
the arid climatic condition of the central part). The results of
research into LPSs show a considerable effect of divergence in
paleoenvironmental processes during the glacial period of the
Late Pleistocene and suggest that the geographical variability of
these processes is a topic of urgent importance.

Chapters 111/4-5 deal with the Late Glacial period and the Last
Glacial-Interglacial transition (~16-8 ky BP). Multidisciplinary
research of three paleolakes and two fossil soils discovered in the
Trebon Basin offered so far the most detailed information about
the Late Glacial paleoenvironmental development in the eastern
part of Central Europe. Among other facts, the results clearly show
that during this period the research area was significantly influ-
enced by hydro-climatic changes of the Northern Atlantic.

This thesis has also brought many new findings about the
applicability and interpretation possibilities of magneto-
mineralogical and geochemical methods in instrumental analyses
of sedimentary and soil records.



1. Uvod

Environmentalni vyvoj posledniho klimatického cyklu
(~130-12,7 tis. let BP) se na evropském kontinentu vyznacuje
znatnou geografickou heterogenitu. Ta je podminéna
predev$im pozici jednotlivych regionli na klimatickém
transektu od zapadnich a severnich oceanickych oblasti
smérem na vychod a jihovychod, kde se vyraznéji uplatiiuje
vliv kontinentdlniho klimatického rezimu (Davis et al,
2003). Oblast stredni Evropy, nachazejici se v tranzitni z6né
mezi témito klimatickymi reZimy, je pro pochopeni specifik
makroklimatického vyvoje posledniho kvartérniho cyklu
naprosto zasadni.

Jednim z moZnych zplsobli, jak prispét k poznani
dlouhodobé dynamiky prirodniho prostredi je studium
plidné-vegetacniho vyvoje a erozné-sedimentacnich procest.
Mezi témito jevovymi soustavami a klimatem existuji sro-
zumitelné relace, od nichZ se odviji mnohé z tradi¢nich
technik paleoklimatické a paleoenvironmentalni interpre-
tace: klimaticky priznivéjsi obdobi jsou vétSinou dopro-
vazena rozvojem dievinné vegetace a zvySenou intenzitou
pedogeneze, zatimco chladna obdobi charakterizuje spiSe
ridky porost, omezena tvorba plid a akcelerace erozné-
sedimentacnich procesti (Engstrom a Wright, 1984).
Rozpousténi, erozi a transportu na jednom misté pak od-
povida obohaceni, sedimentace a s ni souvisejici zmény na
jiném misté. Idealnimi faciemi pro podrobné zhodnoceni
Casové a prostorové variability této klimatem rizené dynam-
ické nerovnovahy jsou sprase, (paleo)pidy a jezerni sedi-
menty.



2. Cile prace

Strategickym cilem prace bylo zhodnotit systematicka analyticka
data ziskana ze sedimentarnich a paleoptidnich sekvenci stiedni
Evropy a vysledky vyuZit k paleoenvironmentalni a paleogeo-
grafické rekonstrukci posledniho klimatického cyklu. Srovnavaci
analyza nashromazdéného datového aparatu byla soustiedéna na
testovani hypotéz odpovidajicich na dil¢i otazky ze tii tematickych
okruhti:

A) Obecné schéma environmentdlniho vyvoje svrchniho pleis-
tocénu:

Jak se v priibéhu posledniho klimatického cyklu (cca 130-12,7 tis.
let BP) ménila na zkoumaném uzemi intenzita pedogenetickych a
eroznich procesi? Jak moc byly tyto procesy ovlivnény
klimatickymi zménami globalniho charakteru? Do jaké miry je
dynamika erozné-sedimentacnich procesti ovlivnéna hustotou
vegetacniho pokryvu?

(B) Geografickd proménlivost environmentalniho vyvoje v Evropé:
Lisi se na zkoumanych lokalitich vyrazné environmentalni
zaznam piisluSnych obdobi od situace v oceanické a kontinentalni
casti Evropy? Jak se ptipadné odliSnosti projevi na geochemickém,
magneto-mineralogickém a sedimentologickém zdznamu ze
sprasovych sérii v z-v a sz-jv transektu? Jak moc se na biotickych a
abiotickych proxy jezernich sedimenti Ceského masivu projevi
kratkodobé pozdné glacidlni klimatické vykyvy identifikované
primarné v severnim Atlantiku?

(C) Vypovédni hodnota pouzitych metod:

Poskytuji zvolené metodické postupy dostatecné robustni nastro-
je paleoenvironmentalni analyzy sedimentarniho zaznamu? Jaké
jsou vyhody, nevyhody a limity jednotlivych metod ve zkou-
manych faciich?




3. Material a metodika

Pro laboratorni analyzy bylo detailné vzorkovano celkem Sest
spraSovych sekvenci, Ctyfi vrtnd jadra odebrana ze tii
zazemneénych jezer a dva horizonty fosilnich plid pohfbenych pod
vatymi pisky.

Instrumentalni analyza sedimentarniho a ptdniho zaznamu
zahrnovala tyto metody:

- Magneto-mineralogickd analyza (Magnetickd susceptibilita a
frekvencné zdvisld MS, Izotermdlni remanence, S-ratio, An-
hysterézni remanentni magnetizace)

- Geochemicka analyza (elementdrni analyza, kationtovd vyménnd
kapacita, LOI, analyza stabilnich izotopii dusiku)

- Laserova granulometrie

- Pidni mikromorfologie a mikroskopicka analyza petrografickych
charakteristik

- Absolutni datovani (AMS radiokarbonové datovdni, opticky
stimulovand luminiscence)

Paleoenvironmentalni rekonstrukce se opiraly o korelaci vysledk
instrumentalné-analytickych a paleontologickych metod. Paleon-
tologicka analyza zahrnovala tyto metody:

- Palynologicka analyza

- Analyza rostlinnych makrozbytkd

- Analyza spoleCenstev pakomart (Chironomidae)

- Malakologicka analyza

Technické podrobnosti a interpretacni sylogismus jednotlivych
metod jsou popsany v samotné disertacni praci.

4, Vysledky/shrnuti publikaci
Diserta¢ni prace je zaloZena na vysledcich samostatnych

védeckych studii, které se zabyvaji kliCovymi dseky posledniho
klimatického cyklu:



1) Eem a ¢asny glacil

Hosek, ]J., Hambach, U, Lisa, L., Matys Grygar, T. Horacek, I,
Meszner, S., Knésl, 1. (2015): An integrated rock-magnetic and
geochemical approach to loess/paleosol sequences from Bohemia
and Moravia (Czech Republic): implications for the Upper Pleisto-
cene paleoenvironment in central Europe. Paleogeography,
Paleoclimatology, Paleoecology 418, 344-358.

Vtomto c¢lanku je pomoci magneto-mineralogickych, geochem-
ickych a pedologickych metod porovnavan environmentalni
zaznam dvou svrchné pleistocennich sprasSovych sérii situovanych
do tranzitni zény mezi vliv oceanického a kontinentalniho klima-
tu. Hlavni poznatky této studie Ize shrnout nasledovné:

- Pedostratigrafie studovanych sprasovych sekvenci odpovida
standardnimu schématu paleopidniho vyvoje suché spraSové
oblasti stfedni Evropy.

- Magnetické mineraly vznikaly in-situ a jejich ¢etnost v sedimentu
je ovlivnéna intenzitou zvétravacich a pedogenetickych procesti
(tzv. Cinsky model).

- Magneticky signal stfedoevropskych sprasovych sérii mlze byt
ovlivnén mnohem vice eroznimi a post-diagenetickymi procesy
nez signal geochemicky a proto neni zcela vhodnym indikatorem
paleoklimatickych zmén posledniho klimatického cyklu. Oproti
tomu variace proxy-indikatort chemického zvétravani (Rb/Sr,
CEC, CIA) velmi dobte odpovidaji klimatickym zménam globalniho
charakteru a zdaji se byt slibnym klimatostratigrafickym a ko-
relacnim ndastrojem spraSovych sérii na supra-regionalni az
hemisferické skale.

-Porovnani multi-proxy zaznamu studovanych spraSovych sérii
prokazaly vyrazné regiondlni rozdily v intenzité vyluhovacich
procesi vobdobi casného glacidlu (~110-70 ky BP), které
nasvédc¢uji humidnéj$im podminkam v oblasti Ceského masivu ve
srovnani sjizni Moravou. Tyto rozdily s nejvétsi pravdépodob-
nosti souvisi s geografickou pozici moravské lokality situované na
sz. okraj Panonské panve, kde se kontinentalizace klimatu up-



latiiovala vyraznéji neZ v zapadnéji situovanych regionech.
Vysledky tohoto vyzkumu tak mj. naznacily, Ze hranice mezi
dvéma klimatickymi reZimy mohla byt béhem posledniho glacialu
prekvapiveé ostra.

2) Casny a stfedni pleniglaciél

HoSek, ], Lis3, L., Hambach, U., Petr, L., Vejrostova, L., Bajer, A,
Grygar, T.M., Moska, P., Gottvald, Z., Horsak, M.: Middle Pleniglacial
pedogenesis on the north-western edge of the Carpathian Basin: a
multidisciplinary investigation of the pedo-sedimentary section
Bina, SW Slovakia. submitted in Paleogeography, Paleoclimatology,
Paleoecology.

Tato studie se zaméfuje na rekonstrukci dynamiky erozné-
sedimentatnich a  pedogenetickych procesti  posledniho
pleniglacialu (MIS 4-2, ~70-20 ky BP) na severozdpadnim okraji
karpatské/Panonské panve. Studovania pedo-sedimentarni
sekvence poskytuje vramci kontinentadlni casti stfedni Evropy
vlibec nejkompletnéjsi paleoptidni zaznam z obdobi stredniho
pleniglacialu (MIS 3) - tuseku, ktery je v disledku prevazujicich
eroznich procesi ve vétSiné evropskych sedimentarnich archivech
zachovan jen v omezené mire.

Jednotlivé iluvidlni horizonty kambizemi byly korelovany se
severoevropskymi interstadidly Oerel (~58-54 ky BP), Glinde
(~51-48 ky BP) a Denekamp (~35.5-32.5 ky BP). Pedogeneze,
diferenciace a zachovani pidnich horizontl sice Uzce souvisi se
specifickymi hydro- a geomorfologickymi podminkami této
lokality, paleoptidni vyvoj vSak miize do znacné miry odrazet
rovnéz regionalni Kklimatické odliSnosti Karpatské panve:
v severnéjSich - perikarpatskych oblastech prevladal béhem
posledniho pleniglacidlu vlhéi podminky ve srovnani se su$$imi
kontinentalnéjSimi oblastmi na jihu, kde se ilimeriza¢nni procesy
béhem MIS 3 neuplatnovaly zdaleka v takové mite. Takova zjisténi
ukazuji na pomérné ostrou klimatickou hranici oddélujici semi-
aridni stepni oblast od z6ny trvalého vlivu atlantické oblasti.



3) Svrchni pleniglacial

Lisa, L., HoSek, ]., Matys Grygar, T., Bajer, A, Vandenberghe, D.
(2014): Geoarchaeology of Upper Paleolithic loess sites located
within a transect through Moravian valleys, Czech Republic.
Quaternary International 351, 25-37

V této praci je pozornost zaméfena na usek svrchni Casti stredni
pleniglacialu (MIS 3) a pozdniho pleniglacidlu (MIS 2; ~40 - 18 ky
BP). Zkouman byl sedimentarni a paleoplidni zaznam tii za-
sadnich  paleolitickych lokalit situovanych do zapadni
Vnékarpatské snizeniny - Hostalkovice (Slezko), Predmosti
(stfedni Morava) a Dolni Véstonice II (jizni Morava). Vysledky
magneto-mineralogické, geochemické a mikromorfologické
analyzy dolozily klimaticky podminénou heterogenitu ptidniho a
sedimentarniho zaznamu zkoumané oblasti. Zvlasté patrné jsou
rozdily ve vlhkostni podminkach jednotlivych regionii ve svrchné
pleniglacidlni c¢asti zdznamu (vlhky sever, suchy jih). Tyto
odlisnosti pravdépodobné souvisi s postupem kontinentalniho
vice pod vliv vlh¢i a chladnéjsi proluvidlni zény, zatimco v jizni
¢asti zkoumané oblasti pretrvaval vliv aridnéjSich podminek
Panonské panve. Tyto paleoklimatické okolnosti mohly mit vliv na
migraci paleolitické populace, kterd se v obdobi svrchniho
pleniglacidlu presouvala z aridnich sub-panonskych oblasti do
severnéjsich regiont, kde Ize v dlisledku vlh¢iho klimatu ocekavat
priznivéjsi vegetacni i lovecké podminky.

4) Svrchni pleniglacidl /pozdni glacial

Hosek, J., Pokorny, P., Prach, |., Lis3, L., Matys Grygar, T., Knés], I,,
Trubad, J. (2017): Late Glacial erosion and pedogenesis dynamics:

Evidence from high-resolution lacustrine archives and paleosols
in south Bohemia (Czech Republic). Catena 150, 261-278.



Sedimentarni vypln tfi zazemnénych jezer a dvou fosilnich ptd
objevenych v severni casti Tiebonské panve poskytly detailni
zaznam o environmentalnim vyvoji této oblasti v obdobi 16-11.7
ky BP. Na zakladé kombinace instrumentalné-analytickych metod
s palynologickou a mikromorfologickou analyzou byl demonstro-
van vztah mezi klimatem, vyvojem vegetace a dynamikou erozné-
sedimentacnich a pedogenetickych procest.

Klicové poznatky vyzkumu jsou tyto:

- Nejzretelnéjsi environmentdlni zmény identifikované
v lakustrinnim zaznamu koresponduji s interstadialy bglling a
allergd a stadidlem mladsi dryas. Dvé kratkodobé oscilace byly
korelovany se stadidlem star$i dryas a chladnou oscilaci Intra-
Allergd Cold Period (IACP), které byly doposud popsany
predevsim ze sub-atlantickych oblasti.

- B horizonty dvou podzold, objevenych pod dunami vatych piski
v povodi zkoumanych jezer, byly datovany do interstadialu allergd
a paralelizovany s ptidami Usselo - pedostratigrafickymi markery
severni casti stfedni Evropy. Svrchni ¢ast téchto pad byla
postizena erozi. Dle radiokarbonového datovani doslo k této erozi
13,155 + 150 cal. yr BP, coz stratigraficky odpovida chladné
oscilaci IACP, kterd se vjezernim zaznamu zaznamu projevila
vyraznym zvySenim piinosu alochtonni slozky.

- Vyrazné navySeni koncentraci Zeleza a fosforu v jezernich
sedimentech béhem allergdu bylo interpretovano jako disledku
podzolizacnich procesti v oblasti, ke kterym doslo béhem humid-
néjsich interstadidlnich podminek.

5) Pozdni glacidl/¢asny holocén

Hosek, ]., Pokorny, P., Kubov¢ik, V., Horacek, I, 7Z4tkova, P., Kadlec,
], Rojik, F., Lis4, L., BuCkuliakova, S. (2014): Late glacial climatic
and environmental changes in eastern-central Europe: Correlation
of multiple biotic and abiotic proxies from the Lake Svarcenberk,
Czech Republic. Paleogeography, Paleoclimatology, Paleoecology
396 155-172.




Studovan byl sedimentarni zdznam litordlni a profunddalni Casti
paleojezera Svarcenberk pokryvajici kontinualné obdobi intersta-
dialu allergd, stadialu mladsi dryas a ¢asny holocén (~13.8 - 8 ky
BP). Korelace paleontologického zadznamu (pyly, rostlinné mak-
rozbytky, Chironomidae) s vysledky geofyzikalnich, sedimentolog-
ickych a geochemickych metod prokazala, Ze bioticka a abioticka
komponenta ekosystému reagovala kvazi-synchronné na
klimaticky tizené environmentalni zmény prechodového obdobi
pleistocén/holocén. Klimaticky ptiznivda obdobi (spodni usek
allergdu, holocén) jsou charakteristicka zvySenou biologickou
aktivitou v jezeru, rozvojem zapojené vegetace a relativné intenzi-
vnimi procesy chemického zvétravani a pedogeneze, zatimco
béhem chladnych a suchych oscilaci (mladsi dryas, Gerzensee a
preborealni oscilace) jsou pedogenetické a zvétravaci procesy
podstatné limitované a v souvislosti s istupem dievinné vegetace
dochazi kakceleraci eroze a koluvidlné-eolické sedimentace.
V holocenni c¢asti useku souvisi zvySena erozné-sedimentacni
dynamika v povodi jezera pravdépodobné s aktivitou mezolitické
populace.

Transregionaln{ porovnani ziskanych vysledki
s paleolimnologickym zaznamem kontinentalni a sub-atlantické
casti Evropy jasné ukazala, Ze zkoumana lokalita, situovana do
centralni ¢asti ¢eského masivu byla koncem pleistocénu a pocat-
kem holocénu pod zfetelnym vlivem hydroklimatickych zmén
severniho Atlantiku.

5. Zavéry

Zkoumané tizemi je diky své pozici na rozhrani vlivu oceanického
a kontinentalniho Kklimatického rezimu klicovou oblasti pro
pochopeni environmetdlniho vyvoje evropského Kkontinentu.
Vysledky multidisciplinarnich vyzkumt prokazaly, Ze dynamika
erozné-sedimentacnich a zvétravacich procesi zde byla béhem
posledniho glacialu ovlivnéna klimatickymi zménami globalniho
charakteru.  Transregiondlni  porovnani  spraSového a



paleopidniho zaznamu nicméné jasné naznacily nezanedbatelny
efekt faciality paleonvironmentalnich procest v ramci stiedni
Evropy: na zapadnim a severnim okraji suché sprasSové oblasti
byla intenzita zvétravacich a pedogenetickych procesti ovlivnéna
humidnéj$im klimatem sub-atlantické zény, zatimco ve vychodnéji
a jihovychodnéji situovanych lokalitdch je mnohem patrnéjsi vliv
aridnéjsich podminek Panonské panve, ktery se mj. projevuje
niz$im stupném ilimerizace jednotlivych paleopidnich horizontt.
Geografickd proménlivost téchto procesi je tématem, které
zasluhuje v budoucnosti zvySené pozornosti.

Na zakladé korelace instrumentalné-analytickych a paleontolog-
ickych metod aplikovanych na sedimentarni zdznamu paleojezer
byl demonstrovan uzky vztah mezi klimatem, vegetatnim vyvo-
jem, erozi a pedogenezi. Z vysledki je zfejmé, Ze centralni Cast
¢eského masivu byla béhem pozdniho glacidlu a ¢asného holocénu
pod vlivem hydroklimatickych oscilaci severniho Atlantiku
mnohem podstatnéji, nez se doposud predpokladalo.

Poznatky metodologické povahy Ize shrnout ndasledovné: i)
Magneto-mineralogickd proxy nejsou zcela vhodnym indikatorem
paleoklimatickych zmén posledniho klimatického cyklu v suché
spraSové oblasti stifedni Evropy. Z tohoto pohledu se zd4d mnohem
vhodnéjsim ukazatelem geochemické metody (CIA, CEC, Rb/Sr,
Sr/Ca). ii) Pfima korelace variaci Rb a Ti s pylovym zaznamem
prokazala, Ze koncentrace téchto prvki v jezernich sedimentech je
ovlivnéna hustou vegetatniho pokryvu v povodi jezer a odpovida
dynamice erozné-sedimentacnim procest. iii) Obdobnou
vypovédni hodnotu poskytuji i magnetické vlastnosti jezernich
sedimenti v litoralni c¢asti; v profundalni casti jezer je vsSak
magneticky zaznam sedimentu ovlivnén hlavné intenzitou pedo-
genetickych procest v povodi iv) Méreni variace 815N v jezernich
sedimentech miiZe byt vyuzito jako pomérné robustni proxy pro
rekonstrukci humidity v oblasti.



1. Introduction

The environmental development of the Upper Pleistocene (~130-
12.7 ky BP) in Europe is characterized by significant geographical
heterogeneity. This is caused mainly by the position of particular
regions along the climatic transect running from western and
northern Atlantic areas towards the east and southeast, where the
influence of the continental climate is more pronounced (Davis et
al,, 2003). The territory of Central Europe, situated in the transi-
tion zone between those climatic regimes, is a crucial area for
understanding the macro-climatic development of the Last
Climatic Cycle.

One way how to contribute to the understanding of long-term
environmental dynamics is to study soil/vegetation development
and erosion-sedimentation processes. There are clear-cut rela-
tionships between these processes, and many traditional tech-
niques of paleoclimatic and paleoecological interpretation are
based on them: Climatically more favourable periods are mostly
accompanied by an expansion of boreal vegetation and increased
intensity of pedogenesis whereas cool periods are characterized
rather by sparse vegetation, limited pedogenesis and acceleration
of erosion-sedimentation processes. Leaching, erosion and
transportation observed at one place is connected with enrich-
ment, sedimentation and related changes somewhere else. Loess,
(paleo)sols and lake sediments represent the most suitable facies
for detailed evaluations of such climatically driven dynamic
imbalances.

2. Study aims

The principal goal of the study was to evaluate systematic analyti-
cal data obtained from Central European sedimentary sequences
and paleosols, and to use the results for a paleoenvironmental and



paleogeographical reconstruction of the last climatic cycle. The
dataset was subjected to comparative analysis to test hypotheses
addressing questions under the following three topics:

(A) General scheme of the Upper Pleistocene environmental
development:

How did the intensity of pedogenis and erosion processes change
during the last climatic cycle (~130-12.7 ky BP) in the focus area?
How much have these processes been influenced by global climat-
ic changes? To what extent are the dynamics of erosion-
sedimentation processes influenced by the density of the vegeta-
tion cover?

(B)_Geographic variability of environmental development in
Europe:

Are there significant differences in the environmental records of
particular periods at the sites in oceanic and continental parts of
Europe? How are the possible differences reflected in the geo-
chemical, rock-magnetic and sedimentological records of loess
series within the W-E and NW-SE transect? To what extent are
short-term climatic oscillations (identified primarily in the North
Atlantic) reflected in biotic and abiotic proxies of lacustrine
sediments from the interior of the Bohemian Massif?

(C) Predictive value of the methods used:

Do the selected methodological approaches constitute sufficiently
reliable tools for paleoenvironmental analyses of the sedimentary
record? What are advantages, drawbacks and limits of the meth-
ods for particular facies?

3. Material and methods

Overall, six loess-paleosol sequences, four cores drilled in three
paleolakes and two fossil soils buried under an aeolian sand dune
were sampled for laboratory analyses.

Instrumental analyses of the sedimentary and soil record included
the following methods:



- Magneto-mineralogical analyses (magnetic susceptibility and
frequency-dependent MS, isothermal remanent magnetization,
anhysteretic remanent magnetization)

- Geochemical analyses (elemental analysis, cation exchange
capacity, LOI, stable isotopic composition of nitrogen)

- Soil micromorphology and microscopical analysis of petrograph-
ic characteristics

- Absolute dating (AMS radiocarbon dating, optically stimulated
luminescence)

Paleoenvironmental interpretations were based on comparisons
between results of instrumental-analytical and paleontological
methods. Paleontological analyses included the following meth-
ods:

- Palynological analysis

- Analysis of plant macroremains

- Analysis of Chrinomids (Chironomidae)

- Malacological analysis

The technical details and interpretation syllogisms of individual
methods are described below.

4. Results and discussion

This PhD thesis is based on the results of partial research studies
dealing with significant periods of the Last Climatic Cycle.

1) Eemian and Early Glacial

HosSek, ]J., Hambach, U, Lisa, L., Matys Grygar, T. Horacek, I,
Meszner, S., Knésl, 1. (2015): An integrated rock-magnetic and
geochemical approach to loess/paleosol sequences from Bohemia
and Moravia (Czech Republic): implications for the Upper Pleisto-
cene paleoenvironment in central Europe. Palaeogeography,
Palaeoclimatology, Palaeoecology 418, 344-358.



In this paper, two Upper Pleistocene loess/paleosol sequences,
situated in the important climatic transition zone between the
oceanic (Atlantic) and continental climate regimes, were investi-
gated using rock magnetic, geochemical and pedological methods.
The main conclusions on the study can be summarized as follows:

- The stratigraphy of the sections under study conforms to the
general pattern of Upper Pleistocene loess/paleosol successions in
the dry loess of Central Europe.

- Magnetic minerals were formed in situ, and their abundance in
the sediment is influenced by the intensity of weathering and
pedogenetic processes (the so-called ‘China scenario’).

- Compared to chemical proxies, magnetic signals of Central
European loess- paleosols are more likely to be influenced by later
erosion and diagenetic events, and are therefore not a reliable
indicator for deciphering paleoclimate changes during the Upper
Pleistocene. By contrast, proxies of chemical weathering (Rb/Sr
ratio, CIA or CEC) reflect the main pattern of climate development
throughout the Upper Pleistocene surprisingly well, and they
promise to provide a suitable correlation tool on the super-
regional, or even hemispheric, scale.

- The multi-proxy study reported in this paper revealed well
pronounced interregional differences in the leaching intensity of
loess/paleosol sequences during the Early Glacial period (~110-
70 ky BP). This suggests more humid conditions in central Bohe-
mia than in south Moravia during the Upper Pleistocene, most
probably due to the position of the Moravian site close to the
Pannonian Basin, where drier conditions during the Pleistocene
predominated compared to more westerly areas. Such findings
suggest that the boundary between the two climatic regimes of
the last climatic cycle could be surprisingly narrow.

2) Early and Middle Pleniglacial

Hosek, |, Lisa, L., Hambach, U., Petr, L., Vejrostova, L., Bajer, A,
Grygar, T.M., Moska, P., Gottvald, Z., Horsak, M.: Middle Pleniglacial




pedogenesis on the north-western edge of the Carpathian Basin: a
multidisciplinary investigation of the pedo-sedimentary section
Binia, SW Slovakia. Submitted in Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology.

This study is focused on the reconstruction of the last Pleniglacial
(MIS 4-2, ~70-20 ky BP) erosion-sedimentation and pedogenetic
dynamics at the north-western edge of the Panonnian/Carpathian
Basin. Within the continental part of Central Europe, the pedo-
sedimentary sequence under study represents the most complete
record of the Middle Pleniglacial (MIS 3) - the stage which is
preserved to only a limited degree in most European sedimentary
archives because of the prevailing erosion processes during this
period. Particular paleosols (Bw horizons of Cambisols) were
correlated with the MIS 3 interstadials Glinde (~51-48 ky BP),
Oerel (~58-54 ky BP) and Denekamp (~35.5-32.5 ky BP), respec-
tively.

Although pedogenesis, as well as differentiation and preservation
of the well-stratified record under study, is closely related to the
specific hydro- and geomorphological settings of the site, the
recorded paleosols could also be related to interregional climate
differences within the Carpathian Basin: Within more northerly
(i.e. peri-Carpathian) zones, a moister climate predominated
during the last Pleniglacial, in contrast to the drier continental
areas to the south, where illimerization processes during MIS 3
were rather limited. Such findings suggest that a sharp climatic
boundary existed, separating a semi-arid steppe region from a
climatic zone under persistent influence of Atlantic air masses.

3) Late Pleniglacial

Lisa, L., HosSek, ]J.,, Matys Grygar, T. Bajer, A, Vandenberghe, D.
(2014): Geoarchaeology of Upper Paleolithic loess sites located
within a transect through Moravian valleys, Czech Republic.
Quaternary International 351, 25-37




In this study the attention is focused on the upper part of the
Middle Pleniglacial (MIS 3) and Late Pleniglacial (MIS 2), i.e. the
time interval of approx. 40-18 ky BP. The sedimentary and
paleosol records of three important Paleolithic sites situated
within western Subcarpathia - HoStalkovice (Silesia), Pfedmosti
(central Moravia) and Dolni Véstonice Il (south Moravia) - were
investigated. The results on magneto-mineralogical, geochemical
and micromorphological analyses prove the presence of climati-
cally controlled heterogeneity of the soil as well as the sedimen-
tary record throughout the research area. Differences in moisture
conditions between certain regions (e.g. the humid north vs the
dry south) are particularly noticeable. These differences are
probably related to the expansion of the Scandinavian ice-sheet
into more southerly areas. Consequently, the northern regions
were influenced by a wetter and colder proluvial zone, whereas in
the southern part of the study area, more arid condition of the
Pannonian Basin prevailed. These paleoclimatic circumstances
possibly also influenced the migration of Paleolithic humans
during the Late Pleniglacial, when they moved from arid sub-
Pannonian areas into more northerly regions with, presumably,
more favourable climatic and consequently vegetation and
hunting conditions.

4) Late Pleniglacial /Late Glacial

Hosek, ]., Pokorny, P., Prach, ., Lis3, L., Matys Grygar, T., Knés], I,
Trubac, J. (2017): Late Glacial erosion and pedogenesis dynamics:
Evidence from high-resolution lacustrine archives and paleosols
in south Bohemia (Czech Republic). Catena 150, 261-278.

Sediments from three paleolakes and two paleosol horizons
discovered in the northern part of the Trebon Basin provide
detailed evidence of the environmental development of this area
during the time interval of 16-11.5 ky BP. A combination of
instrumental-analytical methods, along with palynology and soil



micromorphology, revealed a relationship between the cover of
vegetation, soil development and erosional processes.

The key findings of the research are:

The most significant environmental changes identified in the
lacustrine record correspond to the Bglling and Allergd intersta-
dials and the stadial of the Younger Dryas, respectively. Short-
term cold oscillations are correlated with the Older Dryas and the
Intra-Allergd Cold Period (IACP) - climatic events known so far
from sub-Atlantic areas.

The B horizons of the two podzols discovered under aeolian sand
dunes in the lake catchments were dated to the Allergd interstadi-
al and were parallelized with Usselo soils - pedostratigraphical
marker horizons of northern Central Europe. Based on radiocar-
bon dating, erosion occurred at 13,155 * 150 cal. yr BP and can be
associated with the IACP event, which is marked by significant
input of allogenic material into lake basins.

The significant increase in the content iron and, consequently,
phosphorus in the lake sediments during the Allergd can be
attributed to podzolization, which occurred under humid inter-
stadial conditions.

5) Late Glacial/Early Holocene

Hosek, ]., Pokorny, P., Kubov¢ik, V., Horacek, 1., Zackova, P., Kadlec,
J., Rojik, F., Lis3, L., Buckuliakova, S. (2014): Late glacial climatic
and environmental changes in eastern-central Europe: Correlation
of multiple biotic and abiotic proxies from the Lake Svarcenberk,
Czech Republic. Palaeogeography, Palaeoclimatology, Palaeoecolo-
gy 396 155-172.

The sedimentary record of the littoral and profundal parts of the
Svarcenberk paleolake was studied. The record continuously
covers the periods of Allergd, Younger Dryas and Early Holocene
(~ 13.8-8 ky BP). The correspondence between the paleontologi-
cal record (pollen, plant macroremains, chironomids) with the
results of geophysical, sedimentological and geochemical methods




indicates that biotic and abiotic components of the land/lake
ecosystem reacted quasi-synchronously to climatically driven
environmental changes along the Pleistocene-Holocene transition.
Climatically more favourable stages (i.e. the lower part of Allergd
and the Holocene) are characterized by increased biological
activity within the lake, whereas during cold periods (i.e. Younger
Dryas, Preboreal and Gerzensee oscillations), pedogenesis as well
as chemical weathering were significantly limited. Consequently,
erosion and colluvial/aeolian sedimentation were accelerated due
to a sparser vegetation cover. In the Holocene part of the record,
variations in the intensity of erosion-sedimentation processes in
the lake catchment could have been influenced by the activities of
Mesolithic human populations.

Interregional comparisons of the results with paleolimnologi-
cal records of continental and sub-Atlantic parts of Europe clearly
show that the study site, situated in the centre of the Bohemian
Massif, has been significantly influenced by the hydroclimatic
changes of the North Atlantic during the Late Pleistocene and
Early Holocene.

5. Conclusions

The research area is, due to its geographical position within the
transition zone from oceanic to continental macro-climatic
settings, a key region for understanding the environmental
development of the European continent. Results of multidiscipli-
nary studies show that the dynamics of erosion-sedimentation
and weathering processes in the region were influenced by global-
scale climatic changes. Nevertheless, interregional comparisons of
the loess and paleosol records clearly indicate that the faciality of
paleoenvironmental processes played a considerable role within
the area of Central Europe: At the western and northern edges of
the dry loess area, the intensity of weathering and pedogenesis
processes was influenced by the more humid climate of the sub-



Atlantic zone. By contrast, in more easterly and south-easterly
situated places, the influence of arid conditions of the Pannonian
area is much more apparent (as is evident i.a. from the lower
degree of illimerization of particular paleosol horizons). The
geographic variability of these processes therefore deserves
increased attention.

Comparisons of results obtained by instrumental-analytical
and paleontological methods applied to lacustrine records indi-
cate a close relationship between the climate, vegetation devel-
opment, erosion and pedogenesis. They show that hydroclimatic
changes of the North Atlantic during the Late Glacial and Early
Holocene influenced the central part of the Bohemian Massif much
more significantly than had been assumed.

The methodological findings of the presented research can be
summarized as follows:
() Mineral-magnetic proxies are not reliable indicators for
deciphering paleoclimatic changes during the last climatic cycle
within the dry loess area of Central Europe. From this point of
view, geochemical methods (CIA, CEC, Rb/Sr, Sr/Ca) seem to be
much more suitable proxies. (ii) Direct comparison of Rb and Ti
variations with the pollen record has proven that the concentra-
tions of these elements in lake sediments are influenced by the
density of the vegetation cover in lake catchments and that,
consequently, these variations correspond to erosion-
sedimentation dynamics. (iii) Magnetic properties of sediments
from the littoral zone of lakes offer a similar predictive power;
nevertheless, in the profundal zone, the magnetic signal is influ-
enced rather by the intensity of pedogenesis in the lake catch-
ment. iv) Variations of §15N in lacustrine sediments can be used as
a powerful proxy for reconstructing the humidity conditions in the
research area.
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