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Pozdni glacial v horach a velehorach stredni
Evropy (Sumava, Tatry) — pohled geomorfologa

doc. RNDr. Pavel Mentlik, PhD.
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eo orfologicky nformacni ystém

= integrujici prostredi vhodné k mapovani georeliéfu a
uzpusobené pro nasledné geomorfologické analyzy a
modelovani.

Geomorfologické mapovani = roz¢lenéni reliéfu na zakladé



ProC elementarni formy reliéfu? (MINAR AND EVANS, 2006)

i) Elementarni formy jsou segmenty vymezena
uniformnim zpusobem (na zakladé morfometrie) a
holisticky pokryvaji zkoumané uzemi;

ii) Na rozdil od tradicnich ¢astecné selektivnich a
diskrétnich geomorfologickych map spojita vrstva EF
umoznuje komplexni systematizaci reliéfu.

iii) Rozsah a velikost slozenych forem (napr. morénovy val)
je jasné vymezen spojovanim EF.



Protoformy

Srovnani protoforem a idealnich EF
(Mindar and Evans, 2006)

Terénni mapovani
Ovéreni hranic EF a domapovani malych forem

Vznik a vyvoj (chronologie)
Multidisciplinarni vyzkum

1. Glacial cirque schematically depicted by contour lines;
Elementary forms in accordance with protoforms are

i) The approach of Minar and Evans (2008)
was used for delimitation of elementary
forms:

1. “protoforms” (segments of relief defined by
the most distinctive discontinuities) were
delimited;

2. affinity of the protoforms to the set of
interpretable ,ideal elementary forms” was
assessed and elementary forms were
delimited.

field
mapping

T R - e
ii) boundaries of each elementary form were proved by

GPS field mapping (in scale 1:5000). Small landforms,
which had been differentiated neither on the contour map
nor on the DEM, due to their limited resolution, were
mapped: e.g. ravines, debris slip/flow tracks (10 % of all
forms). Boundaries of ~40 % of all finally mapped forms
hadtobe changed by the field verification.

The elementary forms mapped by detailed fieldwork were
verified against an orhophotomap.

3. Elementary forms distinguished by colours (with
defined origin)

distinguished by colours

iii) multidisciplinary research
helped to explain the origin and
chronology of the elementary
forms (see the section 3.1 for
details).

The data obtained were
spatially connected with
particular elementary forms.

iv) according to information obtained by field mapping and data from the multidisciplinary research the
probable origin, development and chronology were stated for each elementary form. These changes
were marked in the geodatabase (no changes of delimitation were made in this step).




Slucovani EF podle prevladajiciho
genetického procesu. Geneticky homogenni
(mikro chory) geomorfologické formy

Vymezeni vidcich forem (dominantni formy,
na nichz vznikaji mladsi a mensi formy
zavislé

Definice vzniku a pozice forem (vidci a
zavislé)

Reliabilita urceni vzniku (vidciho procesu)
rizna

Mapa vypovidajici hodnoty geneze forem

1. Elementary forms grouped by their origin
i) grouping of elementary forms (according to

predominant process leading to their origin) into
genetically homogenous areas (landforms) —
often accords with traditional landforms: moraine
walls, gullies etc.

Landforms

. recessional moraine

|:| cirque floor

debris slip/flow
|:| headwall toe P

ravine

debris slip/flow
track

. Leading forms delimited by inductive

method Fault delimiting
granite and
gneiss parts of
the cirque

ii) delimitation of leading forms: an inductive
method (spatial connection and exclusion of
small landforms) was used for delimitation of
larger genetically homogenous segments of
relief (leading forms).

—— fa_ult and joints-guided
cirque
Leading form

5

headwall

cirque floor

e.g.ravine debris slip/flow toe
Depending forms

iii) definition of origin and system position of
landforms (whetherleading ordepending).

he landforms were classified into the Legend as
ollows: i) according to predominant genetic
process; and i) type of the process (whether
erosional or depositional).

Glacial landforms P fault joints-guided

Erosional cirque

of fault
headwall |:| guided cirque

. of fault
cirque floor D guided cirque

on headwall

Depositional

on recessional L
debris slip/flow

moraine

recessional
moraine

cirque floor

on cirque floor



Very uncertain: genesis stated according to general
geomorphological context. Verification by other methods is not
possible.

Rather uncertain: the origin stated according to spatial relation
with better defined landforms (mutual border with forms of level
3).

Uncertain: spatial relation with forms of level 4 (mutual border).
Verification of origin and development by other methods is

limited. The form is suggested as a part of a previous geomorphic
system.

Certain: origin and development is confirmed by exact methods.
Alternative hypotheses of origin remain. The form is confirmed as
a part of a previous geomorphic system.

Quite certain: more evidence confirms the origin of the form. An
alternative hypothesis of the origin is unlikely. The form is
confirmed as a part of a previous or present-day geomorphic
system.

Pleistocene and older forms, very large (~135,000 m?)
significantly polygenetic forms (e.g. pediment).

Pleistocene forms, large (~40,000 m?), polygenetic (e.g.
erosional slopes, dellens).

Forms not older than last glacial maximum, middle size
and small (~25,000 m?), one predominating process
(e.g. side of trough).

Not older than last glacial maximum, smaller forms
(>25,000 m?), one predominating process (e.g.
remnants of moraine).

Not older than last glacial maximum, usually smaller
forms (>25,000 m?) one predominating process (e.g.
recessional moraine or ravine).




Scientific reliability of elementary forms origin

™

[\ a
.ﬁ-.\k. -
fﬁ“ﬁj‘)}ﬁ .
/)) )%
o




Geomorfologie odpovida na otazku: jak a kdy
vznikly tvary reliefu Zemé (geneze a cas)

Na topické a chorické urovni opakujici se formy — mozné urcit genezi a dobu vzniku.
Chapeme, jak funguje krajina...

Kar a moréna (Big Dog, British Columbia) Kar a moréna (Pragilské jezero)
Takto mohla vypadat krajina v okoli

Prasilského jezera (vpravo) pred cca 14

tis. lety



V jaké casové dimenzi se pohybujeme?

Zmény prirodniho prostredi (vétSinou provazené zménami klimatu) v riznych

prostorovych (globalnich az lokdalnich) a casovych (od davné geologické minulosti po
soucasné zmeény) dimenzich.

Ruzné ¢asové dimenze

Zmeény v ,davné“ geologické minulosti — paleontologie 5V (globalni)

Zmeény v ,,nedavné” geologické minulosti
Zmeény v historické dobé (zdznamy, méreni): desitky az stovky let; lokalni az regionalni

Zmeény soucasnych eko- a geosystému: roky, lokalni az regionalni



Environmentalni zmény v ,nedavné“ (cca 2,6 milionu let) geologické
minulosti
= zmeény v kvartéru (¢tvrtohory)

Projevuji se globalnimi zménami
klimatu a pfirodnich podminek, které
maji cyklicky charakte

Jsou spojovany s ochlazovanim (rust
ledovci) a oteplovanim (Ustup
ledovc) klimatu

Dochazi ke zmé&nam ekosystémi -
(kromé rovnikové oblasti). Zmény Zmeny v
T - ’ r s s F4 F4\Y
jsou spojeny s omezenym vymiranim ~nedavneé

druh( a vyraznymi migracemi. geologicke
minulosti

Zmeény jsou spojené se soucasnym
postavenim kontinent{. Jsou vyrazné
ovlivilovany mnozstvim energie
prichazejici od slunce.

Z lidského pohledu tato obdobi trvaji
dlouhou dobu. Cely vyvoj H. sapien
sapiens probéhl v poslednim
chladném vykyvu.




Pozdni glacial

Konec posledni velké klimatické zmény...

Navazuje na

nosledni glacialni maximum

19,5 ky zpét — vyrazny vzestup hladiny svetového

oceanu

Konci poslednim vyraznym chladnym obdobim
(Mladsim dryasem) resp. zacatkem Holocénu



Konec posledniho vyrazného chladného

vykyvu — pozdni glacial

British Continental North-West Mean Annual Temperatures in

o Isles Europe England °C (Atkinson et al. , 1987)
ka B.P —_— . ol ¢ R R SR i
!
8 Flandrian Holocene
9
10 1 c. 11,5 ky :
Loch Lomond Stadha = = S
TR - =g | C. 12,8 kx
Lateglacial r =
19— (Windermeara) : 5 C. 14 100 (150_2 |Et)
Intarstadia »
13—
14 Dimlington Stadial >

Figure 1.6 The Lateglacial period (c. 14-10 k 1°C years BP) in northwest Europe.



Sumava

Jihozédpad CM

Pomeérné staré horniny — moldanubikum
nad horninami Alpské
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PN < A X e Severozapadni Sumava
The highest peak of the Bohemian Forest  Ridge of Kralovsky Hvozd from Velky . Vv ve | v
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Centralni Sumava
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1453 m

w Streams and lake

Kvildské Plané (Plains)

= Mires
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Struktura velmi uzce spjata s reliéfem

oint diagram
(granite)

Joint diagram

(metamorphites)

. of lower
s\\s‘o cirque
.
S ‘: S
“ “ ~'
~
A 3 -
Metamorphites - contourlines (interval 15 m)
Py . 0
jOInt SyStem Paleozoic - Proterozoic (Moldanubicum) Quaternary
(" quartzite CDil
[4 D deluvium
e gneiss -

Paleozoic (plutonic) rocks sand, gravel (fluvial)

@ granite (weinsberg type) peat




Okoli Prasilského jezera

a jezera Laka

Deflacni ploSiny na hrbetech
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Jak zkoumat vnitrni strukturu geomorfologickych forem?
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Predstaveni okoli Prasilského jezera

AR Nejstarsi zalednéni
L M Severné od jezera —
| velké zulové bloky
(stupen — ne vyrazna

i
1
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b . Model resistivity with topography
P F1evation |4 o ration 5 RMS error = 3.8
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Resistivity in ohm.m
Unit Electrode Spacing = 5.88 n.
¢ Horizontal scale is 19.83 pixels per unit spacing
Uertical exaggeration in model section display = 8.63
First electrode is located at 8.8 m.
Last electrode is located at 315.8 m.



Morény u jezera
Vnéjsi (vyrazna)
Vyskaaz 9 m
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Hodel resistivity with topography
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Horizontal scale is 13.78 pixels per unit spacing
Vertical exaggeration in model section display = 1.89
First electrode is located at 8.8 n.
Last electrode is located at 435.8 m.




Snizenina jizné od jezera
Pfimo pod skalnatym
svahem Poledniku

Drive opravdu ,,jimka“

i o

sum-st.jimka3aschl, Profile i1 cj
Elevation Model resistivity with topography D \/

28. 8- Iteration 5 RHS error = 6.3 _

-0.00001
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Resistivity in ohm.m

Unit Electrode Spacing = 5.88 m.

Horizontal scale is 9.44% pixels per unit spacing
Vertical exaggeration in model section display = B.87
First electrode is located at 9.8 nm.

Last electrode is located at 635.8 m.




Postup prace

1) Geomorfologické mapovani (elementarni
formy reliéfu)

2) Vznik (geneze) forem
3) Urcit kdy vznikly - datovani



Schmidt hammer test — priklad relativniho datovani
forem

Starsi etapa




Jak to mohlo byt?
Hypotéza (korelace na klimatické
udalosti v alpské oblasti)...

Okoli
Faze deglaciace Prasilského Alpska oblast (Ivy-OcHs et al., 2008; PREUSSER, 2004) Severoatlantsky region (BJORK et
& jezera (cal. Typ glacialni aktivity (cal. 4C BP) al., 1998)
14C BP)
e GBI B : Maly ddolni ledovec LGM Pfed 18-19 ka 21.000-18 500
ledovce
Ledovcovy-skalni . Ledovcovy skalni Faze ca?sne 18-17 kyr 18 500-16 500
ledovec ledovec deglaciace

Schodovity karovy
ledovec. Ledovec ve
Staré jimce

Gschnitz 16-17 kyr

Karova faze Pred 14 kyr 16 500-15 000

Karovy ledovec (ledovec
soupe vz [ Clavadel nebo Daun Pred14,7 kyr

Nejstarsi Dryas

zbytky ledovce ve Staré
jimce

Svahové pohyby —
zahrazeni Staré jimky a
vznik jezera

Paraglacialni faze sensu
stricto

12,9-14,7 kyr 15 000-13 000

Bglling
/Allergd

Bez zalednéni — vyssi
aktivita svahovych
geom. procesu (skalni
ficeni a geliflukce)

Periglacialni procesy ~14-10 kyr 13 000-11 500

Mladsi Dryas




Numerické datovani: 14C datovani

Neutron
14N ‘,0 bombardment

Proton @< O

@—-»o«—@

There is a constant rate of C
production in the atmosphere.

A constant ratio of '>C to'*Cis
taken up by plants and animals

during life. (This ratio is about
1:10'%)

L

After the organism dies, '*C
decays to "*Nand is lost to the
environment. The new ratio of
%c:"2Ccan be used to calculate
the age of the organic remains.

FIGURE 11.8 Diagram showing formation and cycle of "*C isotopes in the atmosphere

and organic matter. (After West 1968.)

Numerické datovani: Kosmogenni
1Izotopy




Datovani jezernich sedimentu ve Staré

o/

0.40

- 7 890
BP

4.00

440




Principy expozicniho datovani
Aceelerator Mass Spectrometry (AMS)

A method for counting cosmogenic radionuclides at a resolution of 1 atom in 1,000,000,000,000,000 (1 x 1075)

Off-Axis Faraday Cup

+va terminal

\ Analyzer
Tandem Gas
Accelerator lonization —
/ /f Detector
na -‘. (RN * '. A;Lminmm line
Berylium lina

=

Cosmogenic radionuclides used in Earth Sclence applications
measured by AMS with half-lives in years:

14C (5730) 41Ca (100,000) 38C| (301,000) 26Al (705,000) 10Be (1,510,000)



Odebrani vzorku pro expozicn
datovani
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7 Ve

Zalednéni okoli Prasilského jezera-
syntéza

Polednik 1315 m

» N ? vyse polozeny kar
~3 -
Stara jimka kar Prasilského
jezera
§ N
¢ pfed 16 % Prasilské jezero
tishlety S :
pfed 14
tis. lety
X pred 19,5

tis. lety



16 a 14 ka (Starsi Dryas?)

Snow-blow
(from West or

//\\ North-West)
» >

’/Skalka (ridge) 1238 m a.s.l.




Proc vetsi ledovce v OD nez
vYD?
Bourlivé zapadni vétry posunuté vice k S?

Bourlivé zapadni vétry
Posun se zamrzem
Atlantiku

Longitude

Brauer et al. (2008) and also Bakke et al. (2009)



Jezero Laka

Dvé faze
16 ky
14 ky

200

Phases of glaciation

- Laka1 A sampling sites
Laka2 ,»“""" lobe-shaped moraine assemblage




Dve faze — pred 16 a 14 ky

Debrnik 1336 m

Dl




Malé Javorskeé jezero (Reuther, 2007)

Bavarian Forest

Grosser A Rer (1456 m)

Kleiner
Arber
(1384 m)

Fig. 3.10 DEM of Kleiner Arbersee catchment with the approximate position of the moraines, the sample
locations and the respective exposure ages, reported with their total errors (see Fig. 3.7 for a plain
DEM; DEM interpolated from 1:5000 map as well as on 1 m resolution map in RAAB 1999),




Prepoctena data

Recalculated °Be exposure ages for moraines in the Kleiner Arbersee valley.
Moraine labels and original exposure ages after Reuther (2007) (Mentlik et al., 2013).

Moraine Original age (ka) Recalculated age (ka)

Wia 19.1+2.0 24125

WIib 18.7+1.9 23.6+24

WII 173 +1.6 21.8+2.0

WIIl and WIV 155+1.7 195+2.1




Datovani jednotlivych fazi zalednéni na Sumavé

b2k GICCOS NW

Wil Pras1 Lakal Pras2 Laka2 Pras3




Syntéza + Vocadlova, et al. 2015

Peatbog iri_I KA cirque

".
— cirque
@

Lake in SJ

(°%0,,Q) sonel
adojosi usbAxQ
[]

Lake between morains of Cerné Lake

Gs-f G- i GS-2a

1 T | 1 T [ ¥ |
12,000 16,000 24,000 "9° 0290 9g 50

"Be data Radiocarbon cal. data OSLdata  Red-ice free environment  SJ - Stara Jimka (depression in

Legend: o — @ -—I Prasilské Valley)




Dva druhy ,,reakce” na klimatické zmény:

Velké kary — ledovce v LGM (nékolik fazi) a v
kratsich obdobich pozdniho glacialu bez ledu.

Malé kary — ledovce v kratsich obdobich
pozdniho glacialu.



Assumed + Gelifluction (lowering
processes In | ridges); significant
cold stages of . gelifluction on slopes
the Pleistocene |

. gelifluction and rock glaciers on' glaciers in cirques with cold
' slopes (development of open- .

Nezalednény ,,zbytek”

Lowering ridges by . Occurence of snow and/or
cryoplanation (gelifluction, +ice cap - self protected efect; :
nivation, congelifraction...); .  cryoplanation limited;

Ridges lowered by
cryoplanation (gelifluction,
nivation, congelifraction.);

gelifluction limited on slopes;
glaciers in cirques with colder
: aspect

Ridges lowered by gelifluction;
gelifluction limited on slopes

aspect

block accumulations and dell- |

shaped depresions)

Main aspect
of slopes

N E

ridges

Gently inclinated :

Flat ridges with numerous

Gently inclinated
rock formations

ridges

Flat ridges with numerous
rock formations

Summit plateau without
rock formations

Captured by headward
erosion (decreased
ridges)

Connection
with fluvial
system

:  systems (preserved remnants

No connection with fluvial No connection with fluvial

No connection with fluvial
systems (preserved remnants

of planation surfaces)

Captured by headward
erosion (decreased

of planation surfaces) ridges)

o5t

DT TS Ly S LSS
R

FS - steep fault slopes

(] colluvial deposits

large dell-shape form

=

rock formation (tors)
glacial cirque in head of valley (N aspect) snow or ice cover
= * = , probable position of regional ELA)

glacial cirque on slopes (E aspect) ~ .. u. local (topographic) ELA

rock glaciers and gelifluction accumulations .~ significant gelifluction
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zalednéni
Skandin. kont. A Alpy

Engel et al., 2015



Deglaciace Malé a Velké Studené
doliny Vysoké Tatry

Vyzkumy od 2004
Prof. Minar, Dr. Engel a doc. Panek
CEREGE



Karova cast Malé Studené doliny
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Trogy Malé a Velké Studené doliny
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Oblast morén pred Malou a Velkou
Studenou dolinou

{Datowy proud |i|;|| K100 % B ™, 0 \Vyikalpohledul 5113



Vysledky geomorfologickych vyzkumu umoznuiji urcit jak dnes jiz
zanikly ledovec vypadal — jeho rozsah, mocnost...

Kromé akumulacnich forem (morény) - erozni formy v hornich ¢astech
glaciadlniho systému — vymezeni mocnosti.




Jak to vypada ve skutecnosti?

Strelecka veza

Posledni ledovcové maximum Nunatak
ve Velké Studené doliné

Periglacialni
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Model resistivity with topography
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Vertical exaggeration in model section display = 1.32
First electrode is located at 0.0 m.
Last electrode is located at 515.0 m.




Diva veza

VSD-115.3+ 0.5 ka
VSD-2 16.0+ 0.5 ka
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Vychodna Vysoka Svistovy stit
2428 m

Svistovy chrbat hlghllghtl ng

Suggested ice surfaces

Dated rock surfaces




Small moraine wall probably attributed to cooling during Younger Dryas (in front of Pusté Pleso lake,
closure of Velkd Studenad Valley)




Ladovy §tit 2627

Svistovy §tit 2383

Svistovy §tit 2383

All views from SE, None vertical exaggeratio



22 ky, LGM,
970 m, 1,21 km3, ELA 1640 m

Ladovy §tit 2627

SvisStovy Stit 2383

Svistovy &tit 2383 Ladovy §tit 2627
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~20,5 ky
1120 m, 0,92 km3, 76 % LGM, ELA 1720 m







~12 ky
2110 m (MSD) a 2180 m (VSD), 0,01 km3, 0,8 % LGM, ELA 2290 m

All views from SE, None vertical exaggeratio
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Zalednéni 15,5 ky a datovana skalnich ficeni




Skalni laviny — fenomén paraglacialni
faze

Zamkovského
Velka Studena

weighted Mala

mean L]

, age ] - ‘ | E|

v ‘ b
weighted 'weighted

weighted mean mean
age age
age

weiéhted weighted
mean mean

age age

Sample name

(Panek et al., 2015)



Fennoscandian Ice Sheet
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Srovnani

LGM ELA 1460-1700 m
LGM ELA 1000-1160 m LOM. maximum® 26.20

LGM ,,maximum?® 27-22 Faze LG

Faze LG ~15,5 a YD
~16 a ~14 — ne YG Paiaglaciélni oql ~20 do
15 (navazuje na
Paraglacialni mezi 19 a deglaciaci)
16 (degradace Degradace horského

permafrostu i pozdéji
(konec YD — zvlasté
vrcholové partie)

permafrostu?)



