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Datovanl dlsturbancnlch udalostl




Metody zavisi na:

» Stari udalosti (1 —>100 000 let)

= Rozsah udalosti (1 strom — krajina) DATING
= Pozadovana prostorova a ¢asova presnost METHODS
= Charakter udalosti a charakter hledanych

stop (ohen, vitr) MIKE WALKER

» Lokalita (znalost minulého vyvoje, historicke
materialy aj.)

- Primé hledani stop disturbancniudalosti
(napf. fire scars)

- Nepfimeé datovani (napr. rozpad
vyvraceného kmene)



Datovani

— relativni, napf. princip superpozice — co je mladSi je nahore,
rychlost zvetravani, pedogeneze

/ \ / a) Ruzova hornina
, b) Bila hornina
\ [ \/ c) Zarez

)
?

— kazdoroéni prirustky — napf. letokruhy, sedimenty jezer a mofi
— ,,radioaktivni hodiny*

— metody ekvivalentni k €asu, izotopy O, paleomagnetismus
(proxy data jsou nepfrimé udaje, s jejichz pomoci lze usuzovat na
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LLPuda pamét, puda moment”

Pozn: superpozice u pud, reliktni
pudy na vapenci, rizné viastnosti
riznych horizontd




Metody kvartérniho datovani

RADIOMET TIN
Radiocarbon

Potassium argon/Argon argon
Uranium series
Cosmogenic nuclides

Lead 210

Caesium 137
Luminescence

Electron spin resonance
Fission track

ANN REMENTS
Dendrochronology

Varve chronology

Lichenometry

nnual layersin ice

Speleothems
Corals/Molluscs

RELATIVE DATING
Rock weathering
Obsidian hydration

Pedogenesis

Chemical @atimg or bone

Amino-acid diagenesis

AGE EQUIVALENCE
Oxygen isotope stratigraphy
Tephrochronology
Palaeomagnetism

Palaeosols

Walker (2005)
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Metody datovani udalosti v lesnich ekosystémech

Dendrometricka data — 1970, (1950), ((1850-Boubin)})

Letecké snimky —— 1930, (podle regionu)

210Pp 1850, (ca 150-200 let)

Dendrochronologie 1700 (dle typu lesa)
. ((100)350 — ca 50 000 let).

Paleobotanicka data
(pyl, makrozbytky,
fytolity, aj.)

OSL) e

(mikromorfologie pud, archeologie, paleomagnetismus, ...}



Dendrometricka data

recruit decomposed  recruits
24 alive/died

e A dead recruit
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% no record — stem (still/already) doesn”t exist or doesn’t reach threshold d.b.h.



Celoplosna data / pravidelna sit

- pocitac

- laserovy dalkomer

- electronicky kompas

- prislusenstvi
Field-Map ™
InvenToRy Analyst
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Zofin — mapa kment (1975-1997-2008)
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Zofinsky prales 1975-1997
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Omezeni dendrometrickych dat

= Registracni hranice DBH =10 cm (+
pfirozené zmlazeni), SIGEO od 1cm

= Poloha jedince urcena s presnosti ca 1 m
(stara data = horsi presnost)

= Stadium rozpadu ve 3 kategoriich

= Ruzna presnost ureni smrti jedince (1 rok
— 10 let — >20let)

= Objemy kmenu nikoli objemy stromu

= \/ySky jen u 10% stromu
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Technologicky postup pri sbéru dat

RAZULA 1995
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@ SILVER FIR (Abies alba Mill.

© EUROPEAN BEECH (Fagus sylvatica L.y
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Letecke snimky, laserové skenovani
a historické mapy

Zofin 1847 Zofin 2008
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Vyvoj gapti v Zofinském pralese

Kenderes et al. (2009)  Velkova plocha gapl 9-11%, prdmérna velikost 88-99 m2
béhem 33_ let, dynamika 0,1% zapoje rocné.

Ecology, 70(3), 1989, pp. 550-552
i 1989 by the Ecological Society of America

FORESTS ARE NOT JUST SWISS CHEESE:
CANOPY STEREOGEOMETRY OF NON-GAPS IN TROPICAL FORESTS

MiLTON LIEBERMAN AND DiaNA LIEBERMAN
Department of Biology, University af North Dakota,
Grand Forks, North Dakota 58202 USA

AND

RODOLFO PERALTA
Tropical Science Center, Apartado 8-3870, San José, Costa Rica

050 100 200 300 400 500 m

FIGURE 1. Distribution of canopy gaps in the study area from 1971 to 2004. Gray lines: border of the Zofin Reserve; black lines: border of study arca. SpleChtna et al (2005) - prOpOjenI' Jemné ékély
(dendrochronologie) a hrubé skaly (letecké snimky)



Stari leteckych
snimku
max. 50-70 let

¥ H t

1940 1960 1980 2000

Polomova Kumulativni
plocha z 1993 udalosti

PoruSeny zapoj po vichficich v periodé 1953-1993 (Harcombe 2004
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Pozemni laserové skenov

Kral et al., LIDAR
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Mracno bodu z pozemniho laserového skenovani




Zofin — hodnoceni zapoje z pozemniho laserového skenovani
Opakované hodnoceni gapu na zakladé mracen bodu?




210ph-datovani (+'37Cs)




Princip a pouziti

Vhodné pro mladSi sedimenty a SirSi spektrum materialt oproti '“C
(do ca 150 let)

210Pb vznika v atmosfére jako produkt rozpadu radonu unikajiciho z podlozi
(222Rn)

137Cs zejména po havarii v Cernobylu a po testech jadernych zbrani.
Mobilita Cs v profilu (dle substratu, spiSe mechanicky pohyb nez rozpusténé
formy Cs)

Poloc¢asy rozpadu:
210Pp = 22,2 let

137Cs = 30,17 let
226Ra = 1602-1622 let



v , , : _s‘:; . .
Zofinsky prales & “L, F - horizonty
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Datovani vyvratll pomoci 2'°Pb
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AMS 14C dating,
partly decomposed
wood of clear
structure,
deciduous tree, 260
+ 30 BP

Zofin (granite) Upper Peninsula (outwash)
Activity concentration (Bq g™) Activity concentration (Bq g™)
0.00 0.50 1.00 1.50 0.00 0.50
0+ =05 — O 77—
n 09144 S b/ A1698845
10 - 10 - 199146
_ — i \1987+6
£ 20- E 20 4+ 1982:6
= = 4 119736
£ 30 | *% 30 -+ {19598
a | —— 210p}, a i 1943410
40 137 40 41923413
; — "Cs 41880424
50 -=- #°Rg 50 ! 181798

Pozn: support, Cernobyl vs. USA, 137Cs v Zofiné a na Sumavé



14C-datovani

o € Original Artist
‘\\ Feproduction rights obtainable from
- winewy Cartoonstock.com
%@P}_m
3_] i
B il f-,:b

"Don't worry if you can't remember vour age
grandad, we'll get you carbon dated!"




Jak vznika izotop '#C a jak je zabudovan do organismu

12C se Sesti protony a Sesti neutrony v jadie — tvoii 98,9%.
L 13C se Sesti protony a sedmi neutrony v jadre, 1,1% ptipadu.
Kosmicke zareni 14C s osmi neutrony v jadfe - jeden atom z 1072 atomd C

\\\ Svrchni atmosfera

Neutrony z
kosmického zareni N o°
Neutron vyrazi jeden
\10(\\ proton z jadra '*N a
\7/‘(\0 " zaujme jeho misto.
e ¥ o0
o \° 14C ©

V jadfe atomu se nachazi 6 protonu a
8 neutronu a protoze pravé pocet

protond urcCuje vlastnosti prvku, stava 14C0O
14N] 14 2
se z 4N 14C.

Téla organismu

Upraveno dle: karant.pilsnerpubs.net/files/Absolutni_datovani.ppt



Willard F. Libby

1940 — objeven radioaktivni izotop se 14 nukleony v jadie —
14C. M. Kamen, S. Ruben

Willard Libby ucCinil a experimentalné overil tvrzeni: rostliny
fotosyntézou zabudovavaji do svych tel atomy C pritomné v
molekulach atmosférického CO,. Soucasti nékterych
molekul je radioaktivni #C. Jakmile rostlina odumie, proces
fotosyntézy ustane a to spusti ,radioaktivni hodiny”.
Radioaktivnim rozpadem postupné ubyvaji jadra 14C
zabudovana v tkani.

14C ma polocas rozpadu 5730 let
(dle puvodni prace Libbyho 5568 let).

1960 — Nobelova cena



Rozkladova krivka radiokarbonu je exponencialni, ne linearni. To znamena, ze
procento poklesu poctu atomu v dané jednotce Casu je konstantni. Proto po
kazdém polo¢asu rozpadu zustane 2 atomda.
Pokud je na zaCatku procesu rozkladu A0 atomu radiokarbonu, po jednom
poloCase rozpadu zustane A0/2 atomu radiokarbonu, po 2 polo¢asech rozkladu
zustane A0/4, po 3 polocasech AQ0/8 apod.

Ay

(Bowman 1990 in Walker 2005)

PoloCas rozpadu je tedy Cas potrebny
k rozpadu 2 z puvodniho mnozstvi atomu
izotopu 14C.

N2

a4

1
Tyz =j 5730

* | 1 | b |
0 10 000 20000 30000 40000 50000
Time (years)

Number of atoms remaining
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Vystup 14C datovani

. Laborator zjisti aktivitu #C ve vzorku.

Konkrétni uroven aktivity je prepocCtena na dobu mezi soucCasnosti a smrti

organismul.
,ooucasnost byla konvencné stanovena na rok 1950. Hodnoty BP=before

present=pred rokem 1950
Kalibrace dat BP—BC, AD (Anno Domini — |éta Pané)

2583 + 45 BP (P 1056)

l

Cislo analyzy

Laboratof (P=Philadephia)

- konvenéni metoda
- AMS metoda (Accelerator Mass Spectrometry)



Kalibrace radiokarbonového data

INTCAL98
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Recentni porovnani 4C dat a dat z koralovych utesu (u Barbadosu) pomohlo k tvorbé
kalibracni krivky v rozmezi 9000-40 000 BP.

Pozn: vice kalibra¢nich kfivek Plicht (2002)



Radiokarbonové versus kalibrované stari

9279+37 BP 50+73 BP
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Zdroje chyb a limity radiokarbonového datovani

Pred poklady metody:
Pomeér “C/?C v rezervoarech C je v ¢ase konstantni
(jiz Libbyho chybny prfedpoklad)

= Kompletni arychlé miSeni “C v rezervoarech

= Pomér mezi ostatnimi izotopy '*C/'?C je ve vzorcich neménny a od smrti
organismu se méni pouze “C.

= PoloCas rozpadu '“C je pfesné znam

Mé&reni aktivity “C ve vzorku je postizeno statistickou chybou (zavedena
standardni odchylka, napr. 1500+30 let BP)

Minimalni velikosti vzorku u konvencni metody (5)-200g C (podle materialu,
nejvice u kosti), u AMS (Accelerator Mass Spectrometry) v radu mg C

Kontaminace vzorku - prfed vzorkovanim
- po vzorkovani (pri skladovani, analyzovani aj.)

Napf. pfidani 1% recentnino C k 17000 let starému vzorku snizi jeho vék o 600 let, u 34000 let
starého vzorku 0 4000 let.

Musim ve s
M vedest Jaky ¢ datyiir



Priklady radiokarbonove datovani

Turinské platno

(1988). Laboratore v Oxfordu, Curychu a
arizonském Tucsonu se shodly, ze platno
ve skuteCnosti nenese otisk Kristovy tvare,
ale ze je padélkem z doby mezi lety 1260 a
1390. Pak nazory, ze vzorky nebyly z
puvodniho Inu, ale ze stfedovéké zaplaty.

Pravéké malby na sténach

Chauvetova jeskyné (Francie)
Stari maleb 30-32 tis. let

http://www.paranormal-activity.estranky.cz/clanky/nejvetsi-zahady-sveta/turinske-platno.htm
http://cs.wikipedia.org/wiki/Chauvetova_jeskyn%C4%9B



Radiokarbonové datovani vyvratu, Michigan

= \lyvraceny strom Ho B-
= Subfosilni horizonty
= Depresni ,trychtyr”

Uprooting on Steep
2 E (& Slope

Root Plate

Ground Fire Burns Trunk 2;

Root Plate Falls onto Soil Surface Inverted Soil Profile in Mound

Soil Soil
Prefire soil Fire disturbance  development

500 0
Years before present

[) Organic horizon @ Charcoal from fire at 2500 years BP

. ; . Fig. 4. 'Diagramrr‘latic representation of uprooting on a steep slope, leading to profile inversion. Fire, subsequent to the
Mineral horizon wm Charcoal from fire at 1000 years BP uprooting event, is necessary for this process to occur.

i}

Gavin (2003) Schaetzl et Folmer (1990)






Samonil et al. (2013)



Table 2
Radiocarbon ages of samples from treethrow pit-mounds in Michigan. Treethrow features are ordered according to age; upper-real or maximum-limiting ages nearby to real ages
of disturbance event are accentuated. Dates in bold are the closest to the real age of tree-uprooting event.

Treethrow pit- Type of buried  Type of material Depth Age 'C BP Calibrated date (95% probability, year) Median (weighted)
mound pair material dated {em)  (year) of calibration age
(year AD/BC)
12 Tree trunk Wood, deciduous 61 85+ 30 BP 1688-1730 AD (25.6%), 1809-1927 AD (69.8%) 1844 AD
tree, without bark
” ” r 2 Tree trunk Wood without bark, 47 90 + 30 BP 1684-1733 AD (26.5%), 1807-1929 AD (68.9%) 1842 AD
Vystup datovani conierous tree
10 Tree trunk Wood without bark 24 0 £73 B 1680-1766 AD (28.0%), 1799-1939 AD (65.0%) 1840 AD
Tree trunk Burnt wood without 30 140 + 30 BP 1669-1781 AD (43.0%), 1798-1891 AD (36.8%), 1908-1945 AD 1809 AD
bark, Abies sp. (15.6%)
. y ré 1 Tree trunk Wood without bark 35 50+73 B 1679-1767 AD (30.,0%), 1798-1942 AD (61.0%) 1832 AD
M aXI mal n I VS . [ Tree trunk Wood without bark, 28 260 + 30 BP 1520-1593 AD (27.8%), 1619-1670 AD (52.8%), 1780-1800 AD 1647 AD
, , Vs deciduous tree (12.6%), 19431954 AD (2.2%)
real ne Stan g Tree trunk or  Charcoal without 23 930+ 30 BP  1025-1169 AD (95.4%) 1099 AD
A-horizon bark, coniferous tree
. Tree trunk or Charcoal of bark 35 5310440 BP 4258-4039 BC (93.4% ), 4016-4000 BC (2.0%) 4139 BC
Kontaminace Aehorizon
9 A-horizon Charcoal, amorphous, 40 10495 £ 35 BP 887-1017 AD (95.4%) 948 AD
without bark
Kmen VS fA_ A-horizon Charcoal without 28 3875+35BP 2468-2278 BC (89.3%), 2251-2229 BC (43%), 2221-2210 BC 2365 BC
" bark, coniferous tree (1.7%)
. A-horizon Charcoal without 40 4170+ 40 BF 2886-2831 BC (20.6), 2822-2630 BC (74.8%) 2761 BC
horlzont bark, Taxus sp.
5 Tree trunk or Charcoal, amorphous, 35 1755+£30 BP 176-190 AD (1.2%), 212-387 AD (94.2%) 291 AD
A-horizon without bark
Tree trunk or Charcoal, amorphous, 55 6360+ 50 BP 5470-5289 BC (B5.1% ) 5271-5225 BC (10.3%) 5349 BC
A-horizon without bark
Tree trunk or Charcoal of bark 20 G460 + 40 BP 5485-5339 BC (95.4%) 5421 BC
A-horizon
11 Tree trunk Charcoal without 62 3600+ 30 BP 2032-1887 BC (95.4%) 1957 BC
bark, Populus sp.
Tree trunk Charcoal, amor phous, 45 3820430 BP 2454-2446 BC (0.6%) 2435-2420 BC (1.5%), 2405-2378 BC 2260 BC
without bark (3.8%), 2350-2194 BC (840%), 2177-2144 BC (55%)
4 Tree trunk Charcoal of Pinus sp., 60 3750+ 30 BF 2282-2249 BC (8.2%), 2231-2116 BC (66.0%), 2100-2038 BC 2163 BC
without bark (21.2%)
14 Probably tree Charcoal without 55 4480+ 35 BP 3342-3086 BC (89.7%), 3062-3029 BC (6.7%) 317 BC
trunk bark, coniferous tree
Probably tree Charcoal of bark 45 4660 £ 35 BP 3621-3610 BC (2.0%), 3521-3363 BC (93.4%) 3453 BC
trunk
A-horizon Charcoal of bark, 45 7210+ 40 BF 6210-6136 BC (20,0%), 6121-6006 BC (754%) G067 BC
amorphous
13 Tree trunk Charcoal of bark, 50 4550 £ 50 BP 3496-3461 BC (43%), 3376-3092 BC (91.1%) 3125 BC
coniferous tree
7 Tree trunk Charcoal without 37 4985+ 35 BP 3936-3873 BC (14.6% ), 3809-3691 BC (77.4%), 3686-3661 BC 3759 BC
bark (3.4%)
3 Probably tree Charcoal, amorphous, 30 5260 £ 30 BP 4229-4198 BC (13.5% ), 4172-4089 BC (31.63), 4084-3984 BC 4077 BC
trunk without bark (50.4%)
Probably tree Charcoal of Pnus sp., 20 5265+ 30 BP 4230-4197 BC (15.0% ), 4174-3987 BC (BD4%) 4101 BC
trunk without bark
Probably ree  Charcoal, amorphous, 25 5340+ 40 BP 4322-429 BC (G.8%), 4266-4047 BC (88.6%) 4171 BC
trunk without bark

Samonil et al. (2013) = corvenionsl daing



Zuhelnatela pokozka
kofenu
Uhliky dreva apod.




Zofinsky prales
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Zofinsky prales

Nelze vyuzit logiku z Michiganu — jiné procesy
Chybi semena rostlin aj.
Kontaminace z okoli

Uhliky — maximalni stari udalosti
Sklerdcia — minimalni stari udalosti
Kontaminace, pedoturbace

Treethrow pit- Minimal age by Type of material Depth Age '“C BP (year) Calibrated date (95% probability, year) Median (weighted) of
mound pair dendrochronology (year) (cm) calibration age
(year AD/BC)
3 370 Fungal sclerotia 5 395 + 30 BP 1439-1523 AD (73.2%), 1573-1628 (22.2%) 1483 AD
Fungal sclerotia 15 665 + 30 BP 1276-1321 AD (49.9), 1350-1392 AD (45.5) 1318 AD
Fungal sclerotia 30 960 + 30 BP 1021-1155 AD (95.4%) 1095 AD
Fungal sclerotia 50 1010+ 40 BP 900-918 AD (2.7%), 966-1155 AD (92.7%) 1021 AD
Charcoal without 80 5620 +70 BP 4616-4337 BC (95.0%) 4455 BC
bark

http://www.botany.hawaii.edu/faculty/wong/Bot201/Deuteromycota/Deuteromycota.htm Samonil et al. (2013)



Dendrochronologické metody

(podrobné viz nasledujici prednaska)
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Typy vrtanych stromu

_ Vyvraceny jedinec =

hledana disturbancni
udalost

Jedinec nove rostouci na
vyvratu = minimalni vek

Jedinec v gapu =
minimalni vek

Jedinec, ktery bocné
reagoval na pad stromu =
datum udalosti

+ moznost porovnani letokruhové kfivky
vyvraceneho stromu s ostatnimi



Annual ring width (mm)

Annual ring width {mm)

Annual ring width {mm)

Druhové a lokalné specificka reakce strom

44 Zofin
Fagus sylvatica
31 n =
n=41 ' A vﬂ\ﬂ\
2 7 -
1 AN
0

20 15 10 5 0 5 10 15 20

4
Abies alba
31 n=3 '
2 .
1 ] /\/\[\\\r’-‘h"‘_ﬁ_ﬁ_
NN
] . :
=20 15 -10 5 [} 5 10 15 20
4 -
Picea abies
34 n=11 '
5 J.'\f_"\-‘//-‘\-\-_\_\_/\-\._/\_
_._,__‘_,)“‘-.___
11 \MJ/

20 15 -10 5 ©0 5 10 15 20
Year (before/after disturbance event)

4+ Razula

Fagus sylvatica
21 n=55 ‘
2

0 :
20 15 10 5 0 5 10 15 20
q_-

Abies alba
3 - n==8 ’
2 -
1 4
0
.20 15 -10 -5 0 5 10 15 20
1 Michigan

Acer saccharum

3 n=4 '
2
1
0 T T T T T T T 1
20 15 10 5 0 5 10 15 20

Year (before/after disturbance event)



Krizové datovani

Minim.-limit. age dendrochronology

Upper-real age, “C  Minim.-limit. age, ?1°Ph 1920
1647 1817 192% "
Michigan, No. 6 - \I! ’N’ T
E REAL AGE |
1650 AD 1950 AD

Upper-real age, '*C

4?1 4?1 41??
Michigan, No. 3
| | |

4200 BC REAL 'AGE 4000 BC

Real age, 1889, M|n|m limit. age, 2'%Pb
dendrochronology

5
Zofin, No. 111 | w 1909"’ WQ“ ¢1932

1850 AD REAL AGE s wmm.;
Minim.-limit. age, dendrochronology

1985 Real age, dendrochronology

& o 1982 —
Maxim.-limit. age, tree-census 1972 1980 1995 Minim.-limit. age, tree-census
Razula, No. 1722 !lf *H' 'lf \lf
| [ |
1950 AD REAL AGE 2000 AD

Locality, pit-mound No. Time scale (years AD/BC)

Samonil et al. (2013)



Neprimé datovani vyvratu

Vyvoj vlastnosti vyvratl — vyvoj
pudnich horizontu,
dekompozice vyvracenych
kmenu, vyvoj tvaru vyvratu

Obnazeni
chudovych korentu




Start 22 let

tu

j tvaru vyvra

r

yvo]
Stari > 1400 let

\'




Paleoekologicka data £

Pyl IS

MakrOZbYtky soof : ' ;

Fytolity

Sneci |

950-? f

Pudy b B REECL] 1111

+ 14C *°5°‘;;::1i§?3'- , e s T

1100+ :

1150 _! : T 3 ﬁ}, : Res § é ——
Disturban¢ni rezim 3

jediobukowych porostii— | | £ F 1= i; e

A|py 1250' : | Aﬂam‘c
Knaap et. al. (2004) — s o s o

Boreal
Preboreal

1300+

1350+ Late-

y Yoy . | -clacial
Pozn: presnost vs. Sifka sedimentu ‘



Pedologie a paleopedologie

Pddni komplexy, mikromorfologie pud

Dolni Véstonice

BAZ AN : Mikromorfologie
o jo - cernozem / Schwarzerde

o
T el / black earth, chernosem pUd
< —"

maximum ledové doby
(spras$) / Maximum der
Eiszeit (L6B) / maximum
of the Ice Age (loess)

kultura love mamutd

(pied. 28-29 tis. lety) / Kulturzeit

der Mammutjager |

(vor 28-29 taus. Jahren) / culture

g of mammoth hunters

o e - (28,000-29,000 years ago)
Rl

teplejsi vykyv / warmere
Schwankung / warmer deviation

maximum ledové doby (sprag)
/ Maximum der Eiszeit (LoR)
/ maximum of the Ice Age (loess)

e
tepla obdobi na po&atku ledové
doby (pfed 70-80 tis. lety)

/ wérmere Perioden am Anfang
der Eiszeit (vor 70-80 taus. Jahren)
/ warm period at the beginning
of the Ice Age

(70,000-80,000 years ago)

T . T
=S posledni meziledova doba
- (asi pfed 100 tis. lety)

. / die letzte Zwischeneiszeit
(vor etwa 100 taus. Jahren)
/ the last Interglacial Age
(around 100 000 veare ann




Opticky stimulovana

luminiscence

| stareé vzorky (>40000 let)
Odbér po tmé
Datovani zrn kfiemene (bézny vzorek)

Radioaktivni zareni v datovaném materialu
r'." uvolfiuje elektrony z jeho struktury, ty se
hromadi v mistech poruch krystalické mfizky.
= Ozarenim viditelnym svetlem se elektrony
vraceji zpét do elektronovych oball. Pfitom se
uvolnuje energie ve viditelné oblasti spektra -
material tedy svétélkuje. Cim déle je zkoumany
¥ i:, material vystaven radioaktivnimu zareni, tim
vice elektronl se staci uvolnit a tim mohutnéjsi
= | je pak efekt luminiscence. JednodusSe fecCeno,

. Cim je material starSi (Cim delSi ¢as uplynul od
,J’
-~ poslednﬂwo zahratl CI ozarenD tim vice se

Pozn: termoluminiscence — datovani keramiky, rozpaleni
peci, méfeni vyzafovani a datace Casumez 1. a 2.
vypalenim.
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Datovani jednotlivych vyvratd v NPR Razula

Randomizovany vybér vyvratl pro datovani na zakladé jejich vnéjSich vlastnosti

i

new tree
soil horizons: L, F, H, A =

w
(species, breast height - A)
diameter, age)
o
uprooted tree
(species, breast height
diameter, degree of decay)
Thickness of H on mound
Thickness of A on mound
o
o
Thickness of H in pit
Bryophyta 0/} __ _ o | Root (0/1)
Ordirml clagsification ™ ) - Bark (/1
Penet‘rometer Branch (0/1)
Thickncss‘ow pit o Branchlet (0/1)
0 Decrease of trun
S
1.0 1.0

Datuji
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