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Datovaci metody - uvod

1. Odhad stari sedimetu — dva typy, zjisténi stari fosilii, sedimentd, tvrdych
hornin, udaje v letech BP (before present):

radioakt. rozpad nestabilnich chem. prvku ale i
Radiometrické metody napr. poruseni krystalové mrizky plsobenim
radiace

Prirustkoveé

meéreni pravidelnych akumulaci sedimentu nebo

inkrementacni : .= » S o
( ) biologickeho materialu v prubéhu Casu

metody

2. Rovnost stafri stratigr. vyzn. horizontu - usazeny i ve zcela odliSnych stratigr.
sekvencich. Nekdy - i globalne synchronni horizonty — Ize korelovat stejny
horizont, i znacné vzdaleny (tj. neprima korelace).

3. Relativni stari nebo relativni vrstevni sled - zakon superpozice za uziti studia

fosilii, nékdy vyuziti stupné degradace nebo premeény latek (v Case).




Datovaci metody - uvod
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Figure 5.1 Ranges of the various dating methads discussed in the text. Broken lines show possible extensions with further
improvements in technigues, wavy lines indicate that dating is mited to specific ime intervals within the Quaternary.




Jadro a radioaktivita

N - pocet atomu

t - Casova konstanta
A - konstanta rozpadu
nuklidu
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Figure 5.3 Decay curve for radiocarbon. For explanation see
sections 5.3.2.1and 5.3.2.2.




Radiokarbonové datovani

Pri datovani — predpoklad uzavienosti systému (idealni pfipad):
a) Vv inicialnim stadiu nejsou pritomny Zadné dcerine nuklidy
b) nedochazi k Zadnym vedlejSim akumulacim Ci ztratam mateCnych a dcerinych

nuklidd
Radiometrické hodiny — ,akumulaéni hodiny“ — vzrustajici mnozstvi nuklidu v ¢ase

Radiokarbonové datovani

Sun Cosmic rays

(7 neutronu + 7 protonu) “N + neutron —
(8 neutronu + 6 protonu) 4C + proton

Neutron + 14Nitrogen — 14Carbon + Hydrogen ! Syatosphere

b 13¢c 12¢ Mo 3¢ °e Mixing with
stable carbon

in atmospheare
as carbon dioxide

(8 neutronu + 6 protonu) “C — 7 neutronu
) 14 3-

Akumulace #C v rliznych globalnich

rezervoarech




Radiokarbonové datovani

Puvodni predpoklady absorpce CO, pro stavbu tkani
» produkce “C je v prubéhu ¢asu
konstantni rovnovaha s atmosférickym CO,, '4C

. 14 12 a r v zr v : . a e ya
C/12C v biosfere a hydrosfere je v izotopické rovnovaze se soudobou
v rovnovaze s atmosférickym pomérem [P

» rychlost rozpadu 4C je stala
* od smrti organismu se system
povazuje za uzavieny

rozpad '4C v organickych tkanich,
bez prisunu dalSiho z atmosfery

Aktivita #C v atmosfére — cca 15 dpm.g*,

tato aktivita polovi¢ni kazdych cca 5700 : ISR
let, dnes se predpoklada asi 5570 + 30 let  EACECIEZEEE U UL




Méreni aktivity 14C

« kyselina stavelova (drzeno
v American Bereau of Standards).
« sacharoza (ANU - Australian
National University)

A - konstanta rozpadu 4C

- vzorek papirové celulézy (IAEA - A, — aktivita '*C (refer. standard)
International Atomic Energy A — aktivita '*C ve vzorku
Agency). neznameho stari
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.

Faktory ovliviiujici uréeni aktivity vzork
mnozstvi vzorku

B5.3% between £1 s.d.
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Méreni aktivity 14C

14C/12C méfeného vzorku — velmi malé vzorky — staci asi 1 mg
srovnan se standardem (tj. organického C nebo i méné oproti 1-10
materialem znameé aktivity, napr. g (vyjimecné 10-100 mg) organického C

kyselina Stavelova). Pomér vzorku u konvencnich metod. Konvencni
/ moderniho standardu — mozno metody - prilis dlouhé pocitani (az
urcit stari v letech BP mésice oproti dnum u AMS)

Nevyhoda AMS ¢asoveé hledisko — AMS datovani muze
u vzorku trvat i hodiny, u konvené&nich
metod jsou to dny. AMS laboratore jsou
schopny datovat vice nez 1000 analyz
za rok.

« vysoka cena analyz




K-Ar a Ar-Ar datovani

" Rozklad 49K

K-Ar-datovani - méreni stari

vulkanickych hornin

40Ca je v pfirodé tak v8udypfitomny, Ze
neni mozno odlisit atomy 4°Ca
vyprodukované rozkladem 4°K od téch,
ktere byly pritomny v horniné jiz v dobé
jejich vzniku

(" emission)

méfeni mnozstvi 40Ar ve vulkanickych B
horninach — doba, ktera uplynula od
vzniku horniny

(Electron capture)

« 40Ar plvodné zcela chybél
« systém byl pro 4%Ar i 4°K po W
krystallzaCI ZC6|a uzavfeny Figure 5.5 Branc mecay of 40K, A. Conversion of atoms of ° "Ca through the

emission of a B particle from the nucleus. B. Conversion of 40K to 40Ar through
electron capture by the nucleus from one of the electron shells.




K-Ar a Ar-Ar datovani

1. 40K/OAr - vyuziti pro vulkanicke a , e o : ;
metamorfované horniny Vyhoda - méreni stari na velmi malych

sedimentarni horniny nejsou vzorcich, Casto méné nez 10 g (napf.
schopny zadrzet Ar tefry). NejvhodnéjSi pro datovani
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Fig.1 - Chronological inventory of sites in Latium with fossil human remains before the emergence of Homo
sapiens; filled circles indicate discoveries due to the activity of the Italian Institute of Human Paleontology;

"ka" is for thousands years before present A drawing in right lateral view of the archaic cranivm from _ ) )
Ceprano is also reported. Figure 9.1 (a) An Oldowan tool kit, (b) bi-face hand axes, (c) stone tool kit from 30 rhousand years ago.




Datovani uranovych rad

U-238 Series U-235 Series Th-232 Series
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years a 234 _ years million  Pa-231 years N
> years 34,300 &
i(x years /
Th-234 Th-230 Ra-228
24d A _ 76,200 Th-231 B @ T 5.7 years _
6h /
B3 years 5. Ac-297 N
@ 22 years B i v
Ra-226 Ra Rn-220
1622 1/
years e l — /Po—212
q D) 1h
Rn-222 Rn-219 Po-216 l
n..
Po-214 P0-210 1% Bi2n J, Pb-208
/ / 140d Po-215 2.16m ob 207 T1-208 {stable)
Po218 P D P @D I /['3— i“ {stable) 4, 3Im
m Bi-214 Bi-210 &
0.7 19.7 Pb-211 A
v m 36.1Tm 4 B
Pb-214 / /_ { Pb-206
27m Pg22;l) B (stable)
years
summary: summary: summary:
8 alphas 7 alphas 6 alphas
238 6 b, (*Radium lead’) 50 207 by, (Actinium lead") 232 2P, 208y (Thorium
6 betas 4 betas 4 betas lead')
|

Figure 5.6 Chain decay pathways and half-lives of intermediate nuclides during the decay of 238U, 235U and 232Th to stable lead.

The elements are arranged vertically according to atomic number. Loss of an « particle leads to a decrease in atomic number,
whereas emission of a B particle leads to an increase. Some of the very short-lived nuclides within the decay chain have been

omitted (

= days; h = hours; m = minutes).




Aplikace datovani U-rad

230Th/234U-datovani - zna¢ny paleoklimaticky
vyznam. 234U - srazi se z krasovych vod
béhem tvorby speleotém - 234U — 230Th,
Datovani speleotem — chronologie klimatickych
zmeén, jeskynni archeologie, jeskynni
paleontologie, jeskynni geomorfologie, zmény
hladiny mofe... Aplikace 234U/230U - datovani
speleotémovych karbonatu presahujicich 350 R e ‘
ka BP e T

Korali

profil Il $
& OCH Il
ﬁ ZKAMENELA

aq EKA

kostry koralu - uzavieny systém az do doby,
dokud neni koral rozpustén nebo nedojde

k preméene kalcitu. Dostatecné mnozstvi U (2-3
ppm) pro aplikaci metod 239Th/234U a
231Pa/?3%U; moznost kontroly nezavislych
rozpadovych fad; U-datovani koralovych utesu
- zaklad chronologie fluktuaci hladiny more




Aplikace datovani U-rad

travertiny, usazeniny kridy, jezerni vapenate
jily, stromatolity, fosfaty, evapority. U
vysrazeny v dobé usazovani. Vyuziti -
chronologie zmen jezer. hladin, datovani
subglac. kalcitu, datovani travertinu vzniklych
béhem posledniho studeného obdobi v |zraeli

M&EKkySi

malé mnozstvi U (napr. 1/50 obsahu U v
koralech), neuzavreny system (diageneze
schranek — ztraty U). VyuZziti - datovani téch
sediment(l, ve kterych chybi utesovi korali,
napf. hojné schranky mékkysu z nékterych
hlubokomorskych vrtll, stafi je vSak orientaéni.




Mineraly s

Datovani metodou Fission Track (stop stépeni)

vysokorychlostni

> > poskozeni
obsahem 238U kolize

krystal. mrizky

pocet stop (fission tracks - FT) -

funkce jak obsahu U, tak i Casu.

Postup

vylesténi vzorku + naleptani ZIrkon proplémy

povrchu sklo 1-FT-cCasto<10 um

ozareni v atomovém reaktoru 2 — smazany FT vlivem zahrati
neutrony — Stépeni atomd méné (stafi povazovano za minimaini)

hojného 23°U — vznik
NELSLEUINRIILEL \yuziti - tefrochronologie, zviaste pak cca 50 ka BP (svrchni
UNCFENVTREEVEE |imit radiokarbonového datovani) az do 500 ka BP; datovani
JCNIEWIERTRRRE mikrotektitl terestrického i hlubokomoriského plivodu (ziskano z

ASCUERLFAENE yrt): datovani archeologickych nalezG (hominidi ve vych.
Sl VERWFATILED Africe), datovani obsidianovych artefaktil v Jizni Americe.




Ostatni radiometrické metody

Berylium-10 a hlinik-26. 26Al a 1°Be Radioizotopy s mnohem kratsi
— reakce na kosmickeé zareni zivotnosti - datovani svrchni ¢asti

kvartéru: 219Pb (22,26 let), 137Cs (30
let) a 32Si (asi 300 let).

Vyuziti %Al a °Be - ve vzorcich

kremene - zjiSténi eroznich rychlosti a

historie vystaveni povrchovych Olovo-210. Radioaktivni rozpad
materiala; 1°Be-profily z ledovcovych radonu ##2Rn — fada nuklidu véetné
vrtl - podplirna data pro variabilitu 14C 219Pb. #19Pb — nestabilni, akumulace
v atmosfére (moiné Spojeni se \Y jezernich da mOFSKYCh usazeninach,
sluneénimi a geomagnetick)'/mi \' plo.ldéCh, raselinach a ledovcovém

zménami); 1°Be peaky (napf. 35 ka BP ledu — rozklad na stabilni 2°Pb (cca
a 60 ka BP) v antarktickych 150 let). #'°Pb / 2%Pb v profilu
ledovcovych vrtech - zaklad pro usazenin — stari, které uplynulo od

korelaci severnich a jiznich doby, kdy bylo Pb ulozeno (mozno
ledovcovych vrtd. zjistit i rychlost sedimentace).




Dendrochronologie

Letokruhy - jasna linie mezi
naslednymi ro&nimi prirtstky dfeva,

jehli¢naté stromy — mekké dfeviny, ize Zjistit staii stromu

noveé bunky — vnegjsi okraje rostliny
kazdou rustovou sezénu. Jarni buriky -
vétsi a tenkosténné - dusledek vyssich
pozadavkl na zasobovani vodou.

V pribéhu roku - buriky se zmensuji +
silngjsi stény bunék

/4

opadaveé stromy - bunécna struktura s
vetsi variabilitou:

prstencoveé-porézni typy - jarni cévy
jasné veétsi nez letni (napr. dub, jasan,
jilm)

difizne-porézni - pory s uniformni
velikosti (napr. buk, briza, olse, lipa).

Klima - stres = retardovany rust —
| uzsi letokruhy; dobré podminky =
' rychlejsi rst — letokruhy silné&jsi.
' Dendroklimatologie = studium

_ ) o - variability klimatu v prubéhu kratkého
Dub + borovice = nejvhodnegjsi R




Dendrochronologie

Méreni - studium prstencll v nékolika
radialnich smérech. Zijici stromy -
cylindricke vzorky (kovove vrtacky).
Laborator - suseni, lesténi, fixace, pfip.
nafezani vihkych vzorku. Pogitani a
meéreni - vizualné (binokularni
mikroskop)

RTG denzitometrie — rentgenovani
Fezu + prosvétleni negativil — hustota
dreva — indikace klimaticke variace
(dokonalejSi nez Sirka letokruhu).

Krizové datovani - pro mensi
geografickou oblast - klimatické
oscilace charakter Sirky letokruhu.
Vyrazne letokruhy nebo skupiny
letokruhu = zaklad pro kfizeni se
starsimi stromy

A
1930 1950 1970

g

LT T T T A
1 920

1900
}

Core sample
from living tree

Beam from house:
log felled in 1954

1880

Beam from old house:
4 log felled in 1927

&
M3 M2
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B

Figure 5.11 Core matching of tree-rings (crossdating). M = marker groups of tree-rings. For

explanation see text.




Dendrochronologie

Severni Amerika — v horach jz.
Ameriky — nejstarsi zname stromy,
napr. borovice Pinus longaeva - stari
> 4000 let (vyskyt: sucha kamenita
mista, Sroubovité, zakrsle). Adaptace
na suché prostredi - Sierra Nevada a
vych. Kalifornie (White Mountains) az
do 4000 m n. m. Pinus longaeva — rUst

pouze 1 az 2 mésice v roce, velmi uzke
latokriihv KFiZavé datovani - a7 8RR,
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Zapadni Evropa — absence tak
dlouhovékych stromu, jako je Pinus
longaeva, krizové datovani - pouze na
zakladé recentnich a subfosilnich |
stromU (jejich stari 100-200 let).
Nejuzivangjsi druhy — duby (Quercus
robur, Quercus petraea) a borovice
(Pinus sylvestris). Dendrologicke
zaznamy — mocaly, vyzvednuté
raselinné kupy, ricni stérky. NejdelSi
chronologie — na zakladé dubu (Irsko)
— 7172 let BP, v Némecku — 6255 BC /
8205 BP; 8021 BC / 9971 BP |




Varvova chronologie

Problémy

nepriznivy vyvoj pocasi -
redukovany vstup sedimentd,
redukce biomasy v lété (absence
vrstvicek); erozni Cinnost. Vice
vrstvi€ek v pribéhu 1 roku —
epizodicka sedimentace lokalnich
vétrnych proudu; kazdodenni
variace - hrubsi material ve dne,
jemnegjsi v noci; tubriditni proudy -
pisCite vrstvicky uvnitrf zimnich
siltovych a jilovitych vrstviCek
glaciolakustrinnich varv; zaplavy.
Varvy - aplikovatelneé pouze na
omezenou geografickou oblast

leto —
= planktonicke
diatomity

podzim, zima,
jaro — bez
diatomit(




Paleomagnetismus

Paleomagnetismus

magneticke pole Zeme - generovano
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vyvielé horniny - TRM - termorenanentni
magnetizace - tekutd ldva ziskdvd magnetizaci
paralelni se Zemskym magnetickym polem
béhem svého tuhnuti

usazené horniny - DRM - depozicni
remanentni magnetizace - magnetické cdstice
jsou uspordaddny ve sméru okolniho
magnetického pole béhem svého kleséni ve
vodnim sloupci - pozor na bioturbaci,
podmorské proudy, skluzy apod.

dle néktererych védcu - nabyti magnetizace
sedimentu po usazeni vlivem mobility
maghetickych €dsti uvnitr dutin vyplnénych
vodou. Po klesnuti obsahu vody pod kritickou
hodnotu - magnetizace ,uzaméena" v
sedimentu

DRM - pomaly jev ve srovnani s TRM

Stridani hornin s normalni a reverzni polaritou ve
vulkanickych horninach.

L.
Hormal magnetic
polarity

C
Reverzed magnetic
polarity

Stridani hornin s normalni a reverzni polaritou na
stfedooceanském hrbeté.




—— Age (k-Ar), Astronomically-tuned
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epochy - hlavni periody normdlni nebo reverzni polarity trvajici rédové 106
let a vice let, nyni polarizaéni epocha Brunhes

eventy - intervaly jedné magnetické polarity trvajici Fadové 104-10° let

kratkodobé odchylky (kryptochrony) - radové nékolik tisic let




Izotopy kysliku

zaloZzeno na zméndch obsahu 580 v morské vodé

detailni stratigrafie odrazejici teploty morské
vody, zvldsté podrobné pro obdobi kvartéru

kalibrace s izotopovym datovanim
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Fig. 2. Marine and continertal records of the last interglacial in cone
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Rutter 1992).
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Gephyrocapsa spp. a vymirdni planktonnich
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Figure 2 The International Startigraphical Chart summarizes the set of choronostratigraphic units (geologic stages, periods) and their computed ages, which are the main framework for
Geologic Time Scale 2004. Uncertainties on ages expressed at 2-sigma (95% confidence).




Global chronostratigraphical correlation table for the last 2.7 million years
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Navrh posunuti baze kvartéru
bdze stupné gelas (angl. ..Gelasian") - 2,588 Ma, bdze
chronozdény magnetické polarity C2r (Matuyama). Nad
ni vymirdni vdpnitych nanofosilii Discoaster
pentaradiatus a D. surculus (bdze Zény CN12c)

OIS 103

Neogene System

Holocene Series

The"Quaternary" is traditionally considered
to be the interval of oscillating climatic
extremes (glacial and interglacial episodes)
that was initiated at about 2.6 Ma, therefore
encompasses the Holocene and Pleistocene
epochs and Gelasian stage of late Pliocene.
This composite epoch is not a formal unit in
the chronostratigraphic hierarchy.

Carbon-14 datin exactly 10,000 Carbon-14 years (= 11.5 ka Informal
base Holocene 11.5ka | 0.00 calibrafion 9 calendar years BP) at the end of the working
Younger Dryas cold spell definition
Pleistocene Series
base of the Eemian interglacial stage (= Fotsnialy; Witiin Informal
base Upper Pleistocene 126 0.00 |Astronomical cyclesin |- froncare 9 9 e sediment core under the ki
bseries 0.12 ’ sediments S36-0f manns iatape stqge 96) betors Netherlands (Eemian type warking
R final glacial episode of Pleistocene s definition
. . : ; Informal
Middle Plei n ; :
baze 3 gelis Biior g 0.781 0.00 ::(tjri?:eor:?slcal SyeiEsn Brunhes-Matuyama magnetic reversal working
subseries definition
Just above top of magnetic polarity
chronozone C2n (Olduvai) and the
extinction level of calcareous nannofossil T —
: . Astronomical cycles in | Discoaster brouweri (base Zone CN13). ; : - : Episodes 8 (2),
base Pleistocene Series 1.806 e sediments Above are lowest occurrence of calcareous ?gca sechion; Clabis; Ratfied 1958 p.116-120, 1985
nannofossil medium Gephyrocapsa spp. y
and extinction level of planktonic foraminifer
Globigerinoides extremus.
Pliocene Series
e sl Wiyt of sapropec
; Astronomical cycles in A ' Nicola Bed ("A5"), Monte i Episodes 21 (2),
base Gelasian Stage 2.588 0.00 sediments Above arelext!nctlon levels of ca!careous San Nicals;, Gela, Sicily, Ratified 1996 0.82-87, 1998
nannofossil Discoaster pentaradiatus and Ital
D. surculus (base Zone CN12c). y
Base of magnetic polarity chronozone C2An L —
§ ; Astronomical cycles in |(Gauss); extinction levels of planktonic ge 'ay . Episodes 21 (2),
base Piacenzian Stage 3.600 0.00 carbonate cycle 77, Punta |Ratified 1997

sediments

foraminifers Globorotalia margaritae (base
Zone PL3) and Pulleniatina primalis.

Piccola, Sicily, Italy

p.88-93, 1998
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Teplé a vétsinou ani chladné cykly
nebyly klimaticky jednotné

Tegelensti zastupci (Holandsko):
velmi teplo, napr. Mammuthus
meridionalis, Anancus arvernensis,
Tapirus arvernensis,
Stephanorhinus etruscus, Leptobos
sp., Eucladoceros ctenoides, Sus
strozzii, Ursus etruscus,
Pachycrocuta perrieri, Panthera
gombaszoegensis

Hrabosi: Mimomys pliocaenicus,
makakové Macaca sylvana
florentina.
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Age | British West European British West European
stages stages localities localities
) Wolstonian Saalian Schéningen
§ Complex Bilzingsleben
2 H Neede
7 . - oxne
E Hoxnian Holsteinian Clagton
o o,
L o blsiaca .
-c +
g c : iesenheim |
s Crom?nan o
onprex osbach
Cromerian (s.s.) West Runton igtstedt
Ussenborn
Bavelian Cromer Forest Bed
Complex Formation
8 Menapian
@
3
K7 Waalian Trimingham (?) Jockgrim (?)
o
o
= Eburonian
[\
w P
eestonian Tiglian Crags Tegelen
Pastonian
Pre-Pastonian/
Baventian
Bramertonian/
Antian
Thurnian
Ludhamian
Pre-Ludhamian Praetiglian

Chronostratigrafické Clenéni pleistocénu v oblasti
Britskych ostrov(i a zapadni Evropy.

West Runton, Norfolk. |

West Runton  ga44 Runton

L Cromer Qverstrand
Sidestrand
Trimingham

Pakefield

AjKessingland

Lokalizace typové lokality cromeru - West Runton v Norfolku
(vychodni Anglie).

Cromer Forest Bed - édst spodni pleistocén, ¢dst
rany stredni pleistocén - podél pobrezi Severniho
more (Norfolk, Suffolk)

sladkovodni vrstvy West Runtonu - tmavé zbarveni,
mocnost az 1,8 m - na dpati 17-20 m vysokého ltesu
ve West Runtonu - typova lokalita cromeru

bohatd fauna (mékkysi, ryby, obojzivelnici, ptdci,
savci) i fléra, ndlez 47 savéich taxond, mezi himi i
rand forma druhu Mammuthus trogontherii
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CESKA REPUBLIKA

Stranska skala

Schematicky profil sufového kuzele \‘ SENE I (s

1 (G
100 20N

Sutovy kuzel na Stranské skale (upraveno die Musila 1965).

nékolik klimatickych oscilaci rizné délky trvdni

nejspodnéjsi vrstvy - zrejmé glacidlni (menap),
aviak neprilis chladné (chladné az mirné klima) -
fluvidlni sedimenty sut’ového kuZzele I a IT

nadlozni jasné interglacidlni sedimenty - teplé
klima, humidni se strida s aridnéjsim. Dva
sut'ové kuzele oddéleni tenkou polohou typické
sprase, ulozené vsak v obecné stejnych
podminkdch jako podloZi a nadloZi

v hadloZi - stratigraficky hidt, poté sedimenty
posledniho glacidlu (velmi chladné klima)

holocén - dobre dochovany, vétsi poéet pld
Vrstvy 6-13 jasné interglacidlni (cromer s.s.),

nepochybné mladobiharské - cromer I (sut’ovy
kuZzel IIT) a cromer IT (sut’ovy kuzel IV).

1. £. sissenbornensis dosud pouze mezi
menapem a elsterem. V elsteru - pouze
kabaloidni koné (pokrocilé), nikdy vsak £.

sussenbornensis (hojny na Stranské skdle)

2. paleomagnetismus - svrchni ¢dst profilu (do
vrstvy 7) - brunhes (normdlni polarita). Od
vrstvy 5 - negativni polarita (matuyama)

3. Strdankd terasa leZi pod interglacidlnimi
sedimenty, mindelské stdri




Severozdpadni Evropa

Weichselian

REGIONALE STRAT

IGRAPHIE

BIOSTRATIGR

Eemian _ % .
Warthe EISSMANNEMULLER 1979 CEPEK 1975,CEPEK & ERD 1982 :‘L"I":i GROSS-SAUGETIERE KLEIN-SAUG
I EISSMANN 1986 CEPEKu.a1975, ERD 1978 1987 FUNDSTATTEN REICHWEITEN FUNDSTATTE

T | ikl e R P

= e - = -

= Holozdn Holozdn l W Pisedel

G| Wacken hd in/R.

' Démnitz ) s -

- Weichsel I Weichsel s RoterBerg / S.
Folcltéliliili:;uv J IMHH ______ vlksnigsaue ___. < Burgtonng2 |
Elsterian Eem o : Eem v|Rabutz, Burgt 1 [_ l_ Schénfeld,Taubach| ¥

Interglacial IV ;

’ 5 Lausitz "
% Glacial ¢ Saale x | (Saale3) E Altenburg
£ | Interglacial 111 -:'_ - > 3 =
S| Gl Holstein Rigen E Ehringsdorf 2 UT |V
Glacial b E
gl s =¥ =
E Interglacial 11 x Fléming Ehringsdorf1? - E 2
% Glacial a Elster | ; (Saale2) 9 1= < 2
& |Interglacial 1 H = = » <
‘ Voigtste dt o Uecker T " |
AT | “ I ER
Dorst Helme [14e] ‘! Saale s. ste ke ke E
=| Leerdam {Menap?) Pt {Saale1) e = ™~
il iy o
o * —— e Bt ~
,m';, Lings waal ; pomnitz a |2 f o'l (e
Bavel [ l‘r E : % g 2 e -
LR AT ot g
Eburon il - = 4 g
i < E L% [ =
T X |Holsteins. str. b = 25]
Meuspicn . 5| ester s.sir. S|43
Inlendvergletscherungen g = =|S
5 g {Elster 2 ) £ =
Kaltzeit 5 2 A
2 oigtstedt i ok
w/ . (5 P N
= | acky =
Waalian Interglazial // Elsterd @ ek S m
e T
SDQp = Sehmelzband = Differenzierungs= E a N i y
o - i Quetient der Arvicola-Poepulationen = B i ]
Eburonian . ) i 2e Hi
A MHQP-u.tulrud-ﬂypsutonhl-Ouillom O X i e
der Castor-Populatienen
C5-6 LFAD ~ Lokoles Erstauftretan ,
i "
il -1 B PR o :
C4c LLAD ~ Lokales Letztouftreten Matuyama ¢ | ‘i; I §| = T
{Lecal lost appearance el -z 2
date) Artern =} = 2. @
o 2 c
=~ Umlagerung |l ¢ = £
E C13 K = Katt o o] 8= 5 ; E
= W' -warm SuNenborn: = £ == NHE
= 1) = nach STEINMULLER 1972 1= Grundmordne 2 < E‘:’ el 2l 5
2 - Jingere Ablolge t E -
B el ~sende HELHRICH (1N2 1- \f:umuunngnnﬁxonl E ; ug E g a
3] ~Fund umstritien L - Alters Abfolge F o = ¥ -~ u©
&L} = Taubach
v -Pnl'u‘alihn'l:hnl Funde
& UT —Unterer Travertin

Praetiglian

0 4 Holocene — -
] I
i i
0.1 5
. S 0.12 Blake - -
0.2 0.2
0.3
] M v
0.4 i 2 .
1 d p= 0.42 Emperor
0.5 ? 2
] M
6| Q[P [ & 0.6
ilu |l
0.7 . a e
e dl| il 1 [ :
0.8+ H
] e S
09| r t
iln|o
1.0 1.0 0.99
] a C I Jaramillo
14 E e 1.07
1| vy n
33 _ 1.2 4 2
= € o = 1.22 Cobb
E - 1.24 Mountain
1 a
] 2
1.4 l 1.4 H
; y
5] E
i o
1.6 4 il
] =
35 Rt
174 g p— | 68 Gilsa
18] | . 1.8 L A—
Olduvai
1.9
] 195
2.0 2.0
1IN |P| | G
e l e 2. 14 Réunion
2%} | . % l 221219
22 H 22 2
(6] 1 | a
231814 © g s
ilels el3 i —23
249 |n|ze|z @ 24 1—239
e nl: n — 244X
2.5 ]
‘-% € Z|
H 3| GssP g
1.6 L= =1 L = 258
2 2
S a ©

1 Reuverian C

Reuverian B

NEMECKO

OIS 9

L 400000




Weichselian

Eemian

Warthe
Drenthe

Saalian

Wacken
Domnitz
Fuhne

Holsteinian

Elsterian

Glacial ¢
Interglacial 111
Glacial b
Interglacial 11
Glacial a

‘Cromerian complex”

Interglacial IV

Interglacial I[”

Dorst
Leerdam

Bavelian

Linge
Bavel

Menapian

Waalian

Eburonian

C5-6

Cie

Cl-3

Tiglian

Praetiglian

1 Reuverian C

Reuverian B

HOLANDSKO

CLIMATE 0°  1°  W°C
LITHOSTRATIGRAPHICAL  UNITS | CHRONOSTRATIGAR. cold ~— War T T TR
P
\EN [E- late \ .
| f
C N P \ ouo_\/_oooo
|
H A~
S § midde ~ 'y
E A BANTEGA
:‘ C INTERSTADIAL
b e | z <
1 '[/ﬁ\‘i\ early ot é Pinus, Betula -
"11[5., a /NY\‘/\ 3 | HoogEVEEN dominantni,
R Mg T, e L EARL INTERSTADIAL fauna plne
WEICHSELIAN / interglacialni
//////////// Cle TV
bA A \ o ’:\\T{f’_
; 1 4 %
GLACIAL }_ T
o
BELVEDERE °'3V »
<
INTER — -:m calcareous tufa z
GLACIAL 5
E:]hiatus el
7 il .
GLACIAL m soil (luvisol)
pf l main archeological finds
w /
. . . ~ e re . e g v e - = / -V— FROST WEDGE
Litostratigrafie stredniho a svrchniho pleistocénu na lokalité Belvédére, H J
paleoklimaticka rekonstrukce a pozice archeologickych naleza. G / B L
= // v INVOLUTION

Glacidl saale - klimatickd nejednotnost, nejasnosti s
vyclenénim spodni hranice, interglacidl dosmnitz jesté
holsteinsky komplex

ICE 'SHEET
L

Odhadnuté zmény primérnych
letnich teplot v rozmezi glaciall

elster az saale.




Weichselian

Eemian

Warthe
Drenthe

Saalian

Wacken

Fuhne

Holsteinian

Domnitz

Elsterian

Glacial ¢

Glacial b

Glacial a

‘Cromerian complex”

Interglacial IV

Interglacial 111

Interglacial 11

Interglacial I[”

Dorst
Leerdam

Bavelian

Linge
Bavel

Menapian

Waalian

Eburonian

C5-6

C4c

Cl-3

Tiglian

[T

@ = -0 =X ©

5| ¢ | 8085

o 8 85 o=

ol & 26 §§ Severni Evropa

-’g D T ol

= 2 g T X

E|l & |sw=8

o ] s 3K

> - S ¥g

18000+ 2 . i
z] c Visla-glacia
7000 £
110000 2 .
He e Eem-interglacial
12701
. Warthe stadium
| ( Treene -interglacidl
o |

» - @ Drenthe stadium

v [0

-C e

[ == e

S 220000 =

[

@ o >
30000 Holstein-interglacial
400000 ,

Elster glacial
570000
Cromer-interglacial
6900001 _
[ =1

= Z Menap-glacial

€ 500000 a Waal-interglacial

> @ Eburon-glacidl

= Tegelen-interglacial

o

= drivéjéi glacialy a interglac.

Praetiglian

1 Reuverian C

Reuverian B

Rozdéleni pleistocénu v severni Evropé.

BelEN T NI
g | = |
BE =p
|3 = by B 200000
lylx [ 1l T
= oy 'EE .l
= % e
TEN| =1

55 N | D
5{ o = ] [ R Y N q
uy|= ] =
Efﬁg ’TH; g -
Xl 2 e
2= i (Nle 400000
E i | F R r:g o \
E X PRIp o5 K| i
o | |2 5

L]

i 15 % e | %

Saalsky komplex na lokalité Bilzingsleben, Némecko.

WEST
EUROPE

[ HOLOCENE —

WEICHSELIAN
——— EEMIAN i
WARTHE ~— 111
© SCHONINGEN i
= @pRrenTHE 1T |
< CREINSDORF |
FUHNE ]
—HOLSTEINIAN :
ELSTERIAN




Pire, Birch; Spruce, Alder,
Dok, Hornbeam elc decrease

£é Pine, f-§0fﬂ[€, fir, Alder;

ek, lHazel ete.

Temperate
f%ee:f

Hornbeam decreases :
Fine, Spruce, Dok, Alder, Fir efc

Hornbeam ;
Alder, Jak, Hazel, Spruce,
Fir and others

0ok ,Hozel, £lm, Ash, Linden
Hornbeam and .S'prz/re aHgim somewhat
higher values

£ 4

Hozel-Oak; Alder and others

Warm temperate forest

temian

Jak, £im, Ash
Hazel increasing

£ 3

Jak, Eim, Ash
Pine gecreases
Alder increases

Pine - forest
Dok and Alder incresse ; Elm , Ash

Pine -forest
Llm increases , Ash

Temperafe
Forest

(Birch-Pine forest)

i (Perkiandscape)

Saalran

Déleni eemského interglacialu dle Zagwijna (1961).

zaldtek eemu - vegetaci definovdn jako pokles
mnoZzstvi stepnich elementi a vzrist
eurosibirskych a mediterdnnich stromu

konec eemu - vzrust mnoZstvi stepnich a
vymizeni mediterdnnich elementd

A. B. C.
Stacked marine oxygen Vostok ice core temperature La Grande Pile arboreal -
isotope record curve based on stable isotopes non-arboreal pollen
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.1 A. The stacked marine oxygen isotope record for the past 130 ka (after Martinson et al.,

. B. The Vostok ice-core temperature curve for the same period (after Jouzel et al., 1987). C.

The arboreal/non-arboreal pollen record from La Grande Pile, Vosges, France (after Beaulieu &

/ Reille, 1992a).
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Fig. 4. Chronostratigraphical divisions of the last interglacial/glacial cycle based on different proxy data. The oxygen isotope
stages and palaeobotanical studies made in France (Grande Pile), Germany (NW Europe) and the Netherlands (the vegetation
curve) all indicate similar climatic trends, which are also in accordance with the orbital variations, cf. discussion in text, (accord-
ing to Mangerud 1991a,b).

Po konci MIS 5e vegetacni pokryv docasné
pretrvdva (Portugalsko) do MIS 5d i v dobé
akumulace ledu v oblasti Sev. Ameriky.




Stacked marine isotope record
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Figure 7.5 A. Oxygen isotope profile through the Ol stage 5e section of the GRIP Summit ice core. This can be
read as a temperature record with warmer conditions to the right and colder to the left. Ol stage 5e is divided
into three principal warm substages (5e1, 5e3 and 5e5) separated by cooler episodes of up to 5 ka duration
(5e2 and 5e4). The warmest temperatures appear to have been recorded during the early part of the
interglacial, and the record suggests a high degree of climatic instability during this period (after GRIP
Members, 1993). B. Eemian pollen and sediment record in two cores (| and H) from Lac du Bouchet, France.
Heavy solid line: non-arboreal pollen (NAP). Dashed line: Quercus + Corylus + Carpinus. Dashed line: Pinus.
Fine dotted line: Picea. Note the maximum values for deciduous trees during Ol stage 5e5, while peaks in the
Pinus curves follow the warmer substages 5e3 and 5e1. Minimum NAP values are recorded towards the end
of the cooler substage 5e4. The episode of deciduous tree expansion and the first Pinus maximum also
coincide with lithological units (clay-gyttjas) of higher organic content (after Thouveny et al., 1994).
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Stratigrafie holocénu

PRAMENNE
VAPENCE

1| SUBATLANTIK

CHRONOLOGIE

VYZNAMNE DEJE

SUBRECENT

S .

SUBBOREAL

JESKYNNI :
CAS TR NE TEPLOTA SRAZKY
B-7-6-5-4-3-2-1 P+14243] §0%40%20% P 120% 0% 160% 180% +100%
i1 i I__, T T T | 1T 1
CHLADND § TEPLO | SUCHO S VLHKO
+1000 ) {
0
) (,—
1000 4Z5E5 ) <+ | MINIMUM VLHKOST!
SRS “
fesed 'y ..
-2000 AR eV o
%"_-"g“-‘z-ﬁﬁ%* ) :
gL 55
%@9;{" %l KLIMATICKE \ ¥ P
-4000 —452 e =l
OPTIMUM \ {\
-5000 —{3<%
MAXIMUM
A s VLHKOSTI
6000 —{** /i 5
-7000 —
-8000 —
-9000 —
10000 —

£of| EPIATLANTIK

. ' IMLADY DRYAS

PREBOREAL

ALLEROD

BOLLING

VZRUST EROZE

V DUSLEDKU :
ODLESNOVANI, ORBY
A PASTVY

EROZE A SUBROZE .
LOZ2ISEK PRAMENNYCH
VAPENCU

VYZNIVAN( TVORBY .
PRAMENNYCH VAPENCU
SKALNI RICENI. HRUBE
SUTE, DESTABILIZACE
PODNEBI

SEDIMENTACE
CACO3

OPAKOVANE LESNI
PRERUSOVANA
VYSCHNUTIM, OPTIMUM
TVORBOU

PUD A SUTI

POCATEK KULTIVACE
KRAJINY

NAHLY KONEC )
SEDIMENTACE SINTRU
MAXIMUM DIVERSITY
MAXIMUM SEDIMENTACE
CACQ3 .
INTENZ{VNi TVORBA PUD
KRATKA INTENZIVNI
HLOUBKOVA EROZE
SIARENI XEROTERMU

VZNIK CERNOZEMNICH
STEPI

PARKOVITA KRAJINA

LOUKY,
VAPNITE MOKRADY

ZAVER TVORBY SPRASE




Rozdéleni holocénu na zakladé nalezi
kulturnich vrstev
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