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Glacigenni sedimenty




Puvod glacialniho ledu

m  Nejvetsi zdroj ledu: snih
=  Snow to firn to ice
= Influence of snow type and locale

m  (Milankovic: Chladna léta podporuji rust ledu)
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Typy ledovcu

Icesheet (ledovy pfikrov): large continental ice
mass that does not cover the whole area within its
borders

Icecap (ledovy pokryv): almost continental in size,
but nothing projects above ice

Icefields & valley glaciers (ledova pole a idolni
ledovce): icefields found in high mountains, with large
valley glaciers spilling from them

Mountain glaciers: small ice masses, cirque glaciers
(karové ledovce)




Kontinentalni ledovec

Northern
Hemisphere

Ice Coverage

18,000 Years

Before Present Modern

EY

gt

Legend Hote: Moadern wes o
.'|.vrra{';r't|'\r\r'=t'\-l1
: sumter mane
Continental ice [l i
Sea lce -

Land Abave
Sea Level -

o Southern
.. Hemisphere

lce Coverage

18,000 Years
Before Present

y y _:'
i g Legend X
W continental ice [

Lir ..__.‘-__ .
AN 4
.-‘ - 7
C : * Sea lce

Land Above
Sea Level -




Kontinentalni zalednéni: morfologie

ST — subglacial till
EM - end moraine
Dr —drumlin
Ee - esker (crevasse fill)
Es - esker (subglacial)
K —"kettle”
C -—crevasse LS - lacustrine sediments
L -lake D —delta
OP — outwash plain Gf — glaciofluvial sediments
T - subglacial tunnel (s) —sandur (outwash plain deposits)

IB - dead-ice block (t) —terrace

Figure 13. Block-diagram showing the topography of ice-sheet margin, proglacial environment and the resulting sediments (after FAIRBRIDGE
1968).

vplavova planina (sandur) — mirné uklonéna planina tvofena glaciofluvialnimi uloZzeninami v pfedpoli pevninského ledovce; vznika
splynutim plochych naplavovych kuzela ledovcovych tokt

kotle (kettles) — okrouhlé deprese zpravidla vyplnéné vodou; vznikaji roztanim mrtvého ledu pohibeného v gaciofluvialnich
sediementech

eskery = ptimé nebo klikaté valy vznikajici fluvialni sedimentaci v ledovcovych tunelech

drumlin = ovalny pahorek tvaru obracené kavové 1zicky; drumliny vznikaly pfi pohybu ledovce nahrnutim tillu

#i// = nevrstevnata smés ledovcového materialu obsahujici vSechny zrnitostni frakce od balvant az po jil

moréna = akumulace horninového materialu deponovana pfi okrajich ledovece

bocni moréna, koncova (termindlni) moréna, spodni moréna




Tvary kontinentalniho zalednéni
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Kontinentalni zalednéni v CR
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Figure 22. Maximal extent of glacial sediments of conti- % I Zﬂr"\l

nental ice-sheet in northern Moravia and Silesia (compiled skydsk :
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by RUZICKA 1995).




Kontinentalni zalednéni v CR
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Figure 23. Maximal extent of glacial sediments of continental ice-sheet in northern Bohemia (after KRALIK 1989, supplemented and modified by
M. Riticka).




- *, = o RN ~ ot BM — basal moraine

Subtypes of fluvial sediments 21

Horské
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hlavni rysy

[
[
L]
&
o

GLACIER

- A

.
.

QL T

Ve e , A s Lt EM — end moraine
' P e : = LM - lateral moraine
Gf — glaciofluvial sediments

Figure 14. The morphology of a valley glacier and its deposits (sche-
matic representation).




Horské zalednéni

Features of
horn = ostry vrchol ktery Alpine

vznikl na kontaktu tfi nebo Glaciation
vice kara

a. Horn
h. Col
c. Arete
d.
e,

kar = zdrojova oblast
ledovce; amfiteatralni
snizenina vznikla
pretvofenim udolniho Cirgue
uzavéru mrazovym Glacial
zvétravanim a ¢innosti Trough
ledovce f. Crevasse
. Hanging

aréte = tzky rozeklany hibet Valley

ktery vznikl protnutim

svahu dvou kart

21997 M. Muzstoe




Tvary horského zalednéni
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Horn: Matterhorn
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m [aguna Torre, morénové jezero







Alpine Glaciets

m Glacier fluctuations provide information about past
climate change.

B Glacier fluctuations depend on ice movement and ice
mass balance: increased net accumulation leads to
glacier advancement.

m [ce mass balance depends on rates of snow
accumulation and ablation (removal of snow via
melting, evaporation, sublimation, avalanching or wind
deflation).




Alpine Glaciers (cont.)

® The equilibrium-line altitude (]

area where accumul

m ELA responds to c

ation 6(1118,

F1.A) marks the

s ablation.

1aNges 1n winter

precipitation, summer temperature, and wind’s

strength.

m Climate has a strong effect on modern ELA.
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Figure 18.5 The annual net mass balance of Alfotbreen, western Norway (data: Kje@llmoen
1998 with later updates), annual net mass balance of Sarennes Glacier in SE France (data:
World Glacier Monitoring Service) and the North Aﬂanvc Oscillation index (Jones et al., 1996

with later updates).
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Figure 2 The non-linear (exponential) relationship between mean
ablation-season temperature (1 May to 30 September) and winter
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Reconstruction of paleo-ELA
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Photographs or field
evidence are used to
reconstruct lateral
moraines and their
maximum elevations.
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ELA- based paleoclimatic
reconstructions

m ELLAs provide information on temperature and
precipitation.

m However, there 1s a time lag or response time
(short for steep, fast-flowing glaciers).

m Response time 1s the time a glacier takes to
adjust to a change in mass balance.

m Response time for alpine glaciers ranges from
tens to hundreds of years.




Dating of moraines

m Radiocarbon ages. However, it takes some time
for organic matter to accumulate on the
moraines.

m Lichenometry. However, the reliability of this
technique 1s uncertain.

m Cosmogenic 1sotopes. Relatively new technique.




7.5 MOUMTAIN GLACIER FLUCTUATIONS
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FIGURE 7.15 Summary diagram showing the principal episodes of glaciation in the northern and southern
hemispheres over the past ~3 M years based on glacial gealogic studies in the various regions indicated. lce ad-
vances are indicated schemartically by an upward pointing triangle, the relative dimensions of which signify the
magnitude of each ice advance. Note that timescale (shown at top) is nonlinear; marine oxygen isotope stages
are indicated at bottom with even-numbered stages (times of major ice accumulation on the continents) shaded
{however, note that not all such stages are equal in magnitude — see section 6.3.2). Arrows indicate dating un-
certainties; in spite of these, numerous episodes of globally significant ice advances are clearly identifiable. | =
U5, Cordilleran ice sheer; 2 = U5, mountain glaciers; 3 = LS. Laurentide ice sheet; 4 = Canadian Cordilleran ice
sheet; 5 = Canadian Laurentide ice sheet (2 = SW margin, b = NVV margin); 6 = N.E. Russia; 7 = Poland/western
{former) Soviet Union; 8 = MWW, Europe; 9 = Eurapean Alps; |0 = Southern Andes; | | = New Zealand; 12 = Tas-
mania; 13 = Southern Ocean and sub-Antarctica; |14 = Antarctica (Ross Embayment); |5 = New Guinea; 16 = E.
Adrica (simplified from charts accompanying Bowen et al., | 986; Clapperton, |990).




Glacier advance—s
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Figure 18.4 (a) Holocene glacier variations of Hardangerjokulen (Dahl and Nesje, 1994); (b)
Holocene equilibrium-line altitude (ELA) variations at Hardangerjokulen (Dahl and Nesje,
1996); (c) Holocene July temperature variations based on chironomids (non-biting midges)
from lake sediments at Finse north of Hardangerjekulen (Velle, 1998). Due to poor age control
in the upper part, the curve has been tuned towards a pine-tree curve for southern Norway
(Lie et al, unpublished); (d) Holocene variations in winter precipitation (in per cent, 100 per
cent = |96 1—1990 normal) in the Hardangerjekulen area (Dahl et al,, unpublished data).




T HOMN-MARINE GEOLOGICAL EVIDEMCE
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I FIGURE 7.16 Summary of glacier expansion phases in different areas of the world during the Holocene.
This compilation shows the complexity of the records and the difficulty of discerning worldwide synchronous
episodes on this timescale (possible times of widespread advances are indicated by black bars at bottom of fig-
ure). This difficulty may be due to climatic fluctuations that are regional, not hemispheric or global in extent, or
to poor dating, or to problems inherent in a discontinuous and incemplete data set. A general absence of glacier
advances in the early to mid-Holocene is apparent, as is the onset of Neoglaclation after ~5000 yr B.P (Grove,
1988),




Importance of records from
alpine glacier

m Glacier fluctuations contribute information on
how rapid climate change occurs and the the
range of these changes.

m EL.As have changed considerably at many
timescales: glacial/interglacial, millennial
(Holocene), and seasonal.

T T

m ELLAs of most modern alpine glaciers have
shifted upwards during the 20 century.
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Figure 20. Cirques and valley glacier moraines in Upa valley,
Krkonose Mts. (KUNSKY 1948, modified).




Glacialni transport

m Subglacialni
-rounded & flattened

-most materials comminuted to very small terminal
grades 1if transported long distances

m Englacialni
-can be transported long distances

m Superglacialni
-broken down by freeze-thaw in angular blocky
fragments




Glacialni depozice

B /// = nevrstevnata smeés ledovcového materialu
obsahujici vsechny zrnitostni frakce od balvant az po jil

m bazalni: basal or lodgement till
-compact, generally fine-grained material
m englacialni: till or outwash
m superglacialni
-ablacni till
--coarse-grained

-outwash: generally sandy to coarse material




Facie glacigennich sedimentu

ICE BODY MOVING

Figure 15. Deposition of different till types and their relation to the ice-body (M. RuZicka, un-
published). A — bedrock deformed by ice in move, B — deformation till, C — subglacial till
(lodgement and/or melt-out type), D — supraglacial melt-out till, E — flow till, F — subaquatic
melt-out till.
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Facialni model kontinentalnich
glacigennich sedimenu
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53. Morphologically distinet rampart of an end-moraine;
older retreat stage of the last glaciation

Locality: Obrf Dil valley, Krkonoge Mits.

Photo by: M. Razicka 1995

56. A detail of Plate 33, till of an end-moraine
Texture: sandy stone gravel with blocks

Structure: chaotic, no preferred orientation of clasts
Stratigraphy. retreat stage of the last glaciation — Uppe
Pleistocene

Locality: River Labe valley, Krkonose Mits,

Photo by: M. Ruzi¢ka 1999

55. Rampart of an end-moraine

Texture: sandy stone gravel with blocks, mostly angular clasts
Structure: chaotic

Stratigraphy: retreat stage of the last glaciation — Upper
Pleistocene

Locality: River Labe valley, Krkonoge Mts.

Phoio by: M. RazZicka 1999
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Glacimarinni sedimenty
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Kvartérni kontinentalni zalednéni
severni Moravé
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Obr. 264. Rozsah maximalniho zalednéni na severni Moravé a ve Slezsku. 1 — hranice nejvétiiho rozsahu saalského
zalednéni: 2 — souvkové hliny; 3 — glacilakustrinni jily a varvity; 4 - glacilakustrinni pisky; 5 — horniny skalniho pod-
kladu (J. Macoun et al. 19653).
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EOLICKE SEDIMENTY




Eolické sedimenty

m Pisek, prach

m Ukladana pod primym vlivem cinnosti vetru
(proudici vzduch) bez ovlivnéni tekouci nebo
stojatou vodou

m tj. zachovavaji st rysy typické pro eolické
prosttedi




Eolické prostfedi

m Aridni prostfedi (pouste a polopouste): cca 34%
povrchu souse (recent)

m 20 — 45% plochy pousti je pokryto ,,pisecnymi
mofi1* (ergy)

m Od (sub)tropického pasma az po polarni oblasti

m V geologické minulosti se plocha pousi ménila

B (pleitocén — plocha pousti vetsi, subtropické
pamo posunuté k vyssim zemepisnym Sitrkam)




Recentni eolicka prostfedi
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leads to precipitation
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Globalni distribuce recentnich
eolickvch sedimentu
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Vétrna eroze a
transport

®m Odvalovani,
klouzani

m Saltace
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Chapter 2 Continental Sediments
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! DUST IN
SILT SIZE PARTICLE ./ SUSPENSION

DEFLATION
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Fig. 2.20. a Various modes of eolian transport of silt,
sand, and gravel, specific features of desert surfaces in-

cluding deflation and wind abrasion, and bed forms on flat
surface with limited sand accumulation (e.g., in interdune

/

LAND SURFACE

areas, as shown in Fig. 2.21). b Modes and distance of
eolian particle transport by moderate storms (wind veloci-
ties of 10 to 20 cm/s) in relation to grain sizes. (After Pye
1987)




Fyzikalni principy transportu
hranicni vrstvy (boundary layer)

HRANICNI VSTVA V NEWTONOVSKYCH KAPALINACH (VZDUCH, VODA)

Hranicni vrstva: 30na 3pomaleni kapaliny v blizkosti kontaktu s pevnon litkon, se kterou je kapalina v relativnim
pohybu

Rychlostni profil proudici kapaliny na hranicni vrstvé

dU
T= r] ________
dy
T = smykové napéti y

N = kinematicka viskozita

U(y)
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Proudéni vzduchu

Water and air are fluids

But air 1s less dense (so higher velocities
required)

Suspension and saltation
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Figure 25. Schematic diagram showing the principal modes of aeolian transport and sedimentation (PYE and TSOAR 1987, modified).




Piscita frakce

zakladni tvar povrchu: duna
SEPARACE TOKU

V hranicni vrstvé Castice leZici nejbliZe podloZi (dnu) nebo
pfimo na dné maji nejniZsi kinetickou energii

Tyto castice budou silné ovlivnény pi1 zméné rychlosti toku
(zpomaleni, zrychleni) nebo v mist¢ zmény sklonu dna

Zpomaleni / ohyb dna smérem dola -> tyto Castice se

zastavi nebo se dokonce zacnou pohybovat pét, nahromadéna |
kapalina nuti hlavni tok téci vyse ode dna a vyvine se zpétny " __-Sand deposited
proud — separace proudu : | have in b oir

Proudnice se oddéli ode dna




Nebraska sand hills




NO DUNES

TR
Vegetation cover

74. Relationships between dune form and the factors of sand supply, wind
strength and vegetation in the Great Plains, United States. L = longi-

tudinal, T = transyerse, and P = ter Hack, 1941,

Texturni charakteristika:

Plandrni sifkemeé vrstveni

Cerinové urstvent (splhavé ceriny)

Lannnarni urstveni

Chaotické (3rnotoky na avétrné strané duny)
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| 181. Sand dunes in the River LuZnice valley; height of dunes
o4 35m
8 Localiry: Piskovy vrch near Vlkov (Ttebon District)
Photo by: E. RuZickovd 1997

184. A complex of aeolian sands forming a thick sheet

Texture: mostly medium grained sand with subordinate interlayers
of well sorted coarse sand and/or fine gravel (pebbles < 5 mm)
Structure: stratified, parallel, thin bedded, lamination in places,
laminae wavy or rippled

Locality: sand pit in Trav€ice near Terezin

Photo by: J. Kadlec 1997




Spras

Definice

Yellowish-buff unstratified silt, sometimes
calcareous, well sorted, with a modal grain

size in the range 0.02-0.5 mm, and with
pronounced vertical structure




m | .oess: wind-blown
deposit comprised Spra§
predominantly of silt-
size particles (20-60

=% e ;
um> . 27 s £ 4 — cementing substance
Z Yo ¥ ; H o _{".‘-

B Loess deposits cover [ENFREANE; ol LR
~10% of the surface [RE=B -
of the planet. They s W *;.. ricropores
are up to ~300 m 1n ; AT Y
thickness in China. oo E ) mapaions

m [ .oess deposits
typically exhibit
varying stages ot soil
development.

approx 100 um

Figure 27. Microstructure of loess (after TAN 1988).




145. Loess, a detail of the Plate 144

Basal part of the chernozem fossil soil

Thin bedding to lamination parallel to the slope surface; typical
prismatic jointing, the joint surfaces are sheathed with a white film
of calcium carbonate

Locality: Praha-Sedlec

Photo by: A. Zeman 1997

146. Loess

A lee-side accumulation on a smooth south-eastern slope

Texture: calcareous silt

Structure: layering parallel to the slope in general, massive or thin
bedded in individual layers

Stratigraphy: Upper Pleistocene

Locality: Kutnd Hora-Sedlec

Photo by: A. Zeman 1997




166. Loess

Same as Plate 164, a position displaying a well marked parallel
orientation of mica (€= the arrow is perpendicular to the
lamination) and with a snail shell partly filled with the loess
Magnification 26.9x, crossed polars




Globalni distribuce sprasovych
sedimentu




Quaternary Eolian Deposits

(Adapted from
: _-_E'hurp et al 195‘&}

— L=

Levess ared sard deposids from
Thorp et al, 1954.

Fleistocens Eollan Deposits of The Uritad SIales. - LW! g thickness

e | ate Wisconsinan glacial limit l‘. ﬁ | .}E-i ft
— Extent of Pleistocene Glaciation ~
4




Kvartérni produkce sedimenti
prachové frakce

Western Pacific

China windblown dust
. . . Glacial++Interglacial  Ice volume (mg/cm2/1000 years)
m Bvidence of ice-driven L R P )

response found in China
100,000/

m Plateaus of wind-blown silt

= Deposited by strong winds 200,000

and dry conditions 100,000

m [.oess deposition post-date
weathered soil at 2.75 mya

400,000

500,000"

= Onset of dry conditions at
glacial inception

= 100,000 year cycle over last
0.5 my




Vznik sprasi

m Related to four
events:
® Dust formation
® Transport
® Deposition

® Post-depositional
changes




Vznik sprasi

B Formation

® Metamorphic rocks have silt-size minerals that are
expelled during erosion.

m Weathering and soil formation fracture coarse grains,
creating silt particles.

® Transformation of clay particles can produce silt-size
minerals.

® Glacial grinding, eolian abrasion, frost weathering,
salt weathering.




Vznik sprasi

Pre-glacial weathering

—~ — Glacial Erosion

Production of unsorted sediments

P

Transport by streams or debris Transport by glaciers

N Further particie size reduction 4//

Deposition of mixed sediment size

Removal of fine silt and clay by winds

/ Acolian abrasion and particle size reduction

Medium to coarse silt transported Fine silt and clay transported
for short distances in suspension for long distances in suspension
LOESS deposits Widely dispersed dust

After Wright, 2001




rapid transport of dust clouds over thousands of km

' 2>

jet stream
s high level dust cloud
strongd W, ‘:\\\\ \{“\ .\
up to upwar . ' RN \\
10 km | air motion descending Wi
dry fallout from low level air motion ,\} \\
dust cloud forms loess deposit ‘""‘\\\\\‘\ Y \
which thins and becomes finer sk \.\\‘ \“\
- in downward direction \\‘\\'“I'\'Q‘\:"\"'\.:I\'
BT \“-.\ A
.\\n.\ '."\ \-.\ 1.\
'{5;\\'\}-‘\\'\ \}.’\'}'-‘:\.

Figure 26. Diagram showing two transport models of aeolian silt (after PYE 1995).

dry deposition
of dust in areas
distant from source

wet deposition of dust
in precipitation




Vznik spragi

m Transport/Deposition
= Wind (streams?)
m Strength
m Direction

m Vegetation

m Post-depositional changes

® Soil formation
m Temperature
m Rainfall
m Slope

m Vegetation

- L

——— “——I-..J-'l..-— -
viasill, ¢ il




Chronologie
sprasovych usazenin

m Stratigraphy
m Radiocarbon
m Magneto-stratigraphy

m Correlation (marine
isotope record).
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Paleoklimatologie sprasi

= Grain size (wind
direction/strength).

m Soil type (vegetation,
rainfall).

= Magnetic susceptibility
(source and post-depositional
changes).

m Pollen (vegetation).

m [and snails (temperature,
rainfall).




GLACIAL- MEAN RATE MEAM RATE LOESS/PALEOQSOL

INTERGLACIAL CLIMATE OF DUST OF SOIL
CYCLE ACCUMULATION  DEVELOPMENT STRATIGRAPHY
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Marine Oxygen Isotope Stages Loess Unit/
(SPECMAP; Imbrie et al., 1984) Interglacial Soil
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Crowley's Ridge Silt

Loess—paleosol sequence at Thebes, Illinois

Grimley et al., 2003



SD (Maodern soil)

soil
Warm. humad

<:| l.oess

Cold, arnd

[ate Pleistocene -Holocene loess, Burzahom, Kashmir

http://www.geog.ucl.ac.uk
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Magneticka susceptibilita

Spras: relativne nizka MS

Paleosol: relativné vysoka MS

Pficiny

Relative enrichment of magnetic minerals due carbonate
leaching. (BUT it only accounts for a small increase).

Diluting effect by influx of weak magnetic minerals. (BUT
believed to be insignificant).

Pedogenic formation of magnetic minerals.
Variable sources of magnetic minerals.

Ultra-fine magnetic particles produced from decomposition of
vegetation. (BU'T its significance 1s unknown).

Frequent fires in loess. (BUT no evidence of frequent fires).




Magnetic susceptibility of the Chinese loess

warm, humid climate
distant dust source

local dust high susceptbility
SOUrce _
SUpressad

|y
suscapliblity

REINANRIIENTN A :!rnnn‘;‘-"‘*‘ﬁftﬂ“'m
50
loess

high susceptibility soil

cold, arid climate
distant dust source

high susceplibility
local dust
saurce enhancead

low
suscephbliy
sparse

I qb fr oo oae )y § Vedetation
weak soil
loess

low susceptibility loess

From Information in Kukla | 1968)

W om 17,97 1 g0 K
re=0.83
n = &6

Surface MS (103 m kg)

[}

] H000 000 2y 2000 10,000
MAT x MAP

FIG. 8, Surface MS plottad as a function of MUAT = MAP (°C mim).

Studies on modern soils show
a positive relationship
between magnetic
susceptibility (MS)and mean
annual temperature (MAT)
and precipitation (MAP).




laess unit
| |

Upper Peoria

Middle
Faona

Lower Feoria

Roxana Silt
F=adow M.

Foxana Silt
Markharm b

- - - ]
b 20 100 0

Magnetic susceptibility (x10°2 & units) 180 (normalized)

FIG. 7. Magnetic susceptibility from the G-36 come (left) and the oxygen isotope record from deep sea Indian Ocean sediments (right; from Martinson
i wl, 19871, Cormelations are based upon ages estimabed from loess units (Fig, 60 in companson with the high mesclution orbitally tuned chronology

devised by Martinson ef af, 1957,




LAKUSTRINNI
SEDIMENTY




Jezerni

systéemy
Ofevrené systémy
Oligotrofni, dobre prokyslicené
*Rocni varyy

* turbidity

Uzavrené systémy:

Eutrofni, spatné prokysiicené
*Organickd hmota
*Evapority

*karbonaty

Lake Sediments 79

d “OPEN” LAKE SYSTEMS b “CLOSED” LAKE SYSTEMS

INFLOW
QUTFLOW OVERFLOW INFLOW \
T :- ey =

P

FLUCTUATING
LAKE LEVEL

INTERFLOW WIDE SAND AND
MUD FLATS
(SHIFTING FACIES BELT, REPEATED
REWORKING AND DISSOLUTION OF SALTS)

DENSITY

OVERTURN UNDERFLOW (THIN TURBIDITES)

WATER FRESH OR SLIGHTLY BRACKISH
RIVER-DOMINATED CLASTIC SEDIMENTS,
TENDENCY TO:

adi OLIGOTROPH b1 EUTROPH

EPILIMNION
LITTLE NUTRIENTS (WELL OXYGENATED)

i o= R—

G ETSHT:T?;I%AT!ON i el i
BOTTOM LIFE s HYPOLIMNION
NO PERMANENT 2 E = .
STRATIFICATION v RS LR ol S OXYGEN MINIMUM
= WELL OXYGENATED SPARSE OR ABSENT ZONE
ANNUAL VARVES OR POOR LAMINATION, DISTINCT LAMINATION, RICH IN ORG.
LITTLE ORG. MATTER, PARTLY IRON MATTER, = SIDERITE CONCRETIONS
HYDROXIDES, TURBIDITES

b EPHEMERAL LAKES

b 2 PERENNIAL LAKES (PLAYA, INLAND SABKHA)

MUD CRACKS, CRUSTS OF MG-CALCITE, FRESHWATER
DOLOMITE, GYPSUM, OR HALITE CARBONATE

(SPRING)

FLUCTUATING LAKE LEVEL

|
S

[
fVEART':;NBEgJY i EVAPORATIVE PUMPING  CENTRAL THIN SALT
v FROM HIGH WATER TABLE DEPOSITION, ALTERNATING
BUT CHANGING T - . e e

WITH CLASTIC
SALINITY CLASTICS

BEDDED CARBONATES AND/OR
THICK EVAPORITES ALTERNATING

WITH FINE-GRAINED CLASTICS b4 WATER TABLE BELOW LAKE FLOOR
OR BLACK SHALES
DEFLATION AND CLAY DUNES (WIND-BLOWN
LEACHING OF SALTS QA% BELLETS)
N
d?2 LAKE CHAIN

(IN SEMIARID TO ARID REGION)

INCREASING SALINITY

CHLORIDE SULFATE CARBONATE
PRECIPITATION

C SEA-LAGOON-LAKE SYSTEM

CHANGING WATER CHEMISTRY

S e
) / GROUNDWATER
DIFFERENT CARBONATES (INCL. DOLOMITE)




Otevieny jezerni systém

postglacialni vypln jezera

Lake Sediments 83

INPUT OF DETRITAL CLASTICS

FLUVIAL SANDS
FOREST PEAT RESIDUAL LAKE DECREASING HIGH AND GRAVEL

PRODELTA

DYSTROPHIC FRBRLEIS

'ﬁ GLACIAL TILL
EUTROPHIC GYTTJA + ANNUAL VARVES

AN ™ OLDER BEDR

1] MARL OR CALC. MUD (SEEKREIDE) Rk
OLIGOTROPHIC

PROGLACIAL "VARVES” (COMMONLY NON-ANNUAL TURBIDITES)

Fig. 2.29. Generalized scheme of the post-glacial sediment fill of a glacier-shaped lake. (After Dean 1981). It is assumed
that the input of detrital clastics decreases with time and finally ends




Varvy
m The light-colored layer of silt and clay

m formed during the spring and summer
m and the dark layer made up of smaller particles

® and organic matter formed during the winter

® when the lake froze over

m Varved deposits
® may also contain
m oravel-sized particles,
= known as dropstones,

® released from melting
1ce




STOKESUV ZAKON

1 ps_pf
u= - ——————— - gDZ
18 n

u = rychlost usazovani

p. = hustota pevné cCastice
P = hustota kapaliny

g = gravitacni zrychleni

D = prumér ¢astice

N = kinematicka viskozita

Zrnitostni frakee: silt — il

Silt klesa ke dnu rychlejt

.o

Jil klesa ke dnu pomaleji




OTHER NUMERICAL DATING TECHNIQUES




Distance (pixels with 1000 dpi)
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RTG densitometrie
varvitu
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Figure 5. Two X-ray radiographs from 206 to 252 BC and 2592 to 2646 BC of Lake Nautagirvi sediment show tha
the visually striking components, mineral-rich and organic laminae, are far from perfect throughout the sequence
tor studies of automated line-scan image analysis. Therefore, it is also necessary to estimate the error in the varve
chronology.




Chronologie varvitu

m Deglaciation in Scandinavia

® Based primarily on varve chronologies.

12
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Varvy a “varvovité* sedimenty

m Vice ,,varvi® za jednu
S@Zéﬂu : P?? — Free surface

s

Overflow

m Hustotn{ proudy !




Hyperpyknické proudy

hlava — télo — ocas

Free

Rychlost sifeni hyperpyknického
proudu

(P1-p2)g |7
U= k h2

p2

Rychlost nezavisla na
velikosti zrna

m  Turbidity: Jezera, ktera nezamrzaji
m  Varvity: jezera, ktera periodicky zamrzaji, klimaticky indikator
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Mrtvé rameno Cert’ak (U. Hradistd)

povodnové vrstvy v sedimentch jezera
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Korelace jezernich sedimentu se sprasemi

jezero Bajkal, klimatické archivy
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FLUVIALNI
SEDIMENTY




SPADOVA KRIVKA

A stream 1n balance with its surroundings is called a graded stream. Such
a stream balances erosion, sediment transport, and sediment deposition
along its length, and has a smooth concave-upward profile from beginning
to end. Examples of two graded streams are shown below.

10,000’

2000m —go00¢

i Arkansas River

6000 ( Pueblo, Colorado 1000 m — Sacramento River

Elevation

4000’ 2000¢ | 'r Red Bluff
| |

1Gatm = Arkansas City .. ovel | |
2000’ I 400 300 200 100 O Miles

Sea level I I I | | | | | | | | | | | |
1400 13001200 1100 1000 900 800 700 600 500 400 300 200 100 O Miles

| | I I I I I | I I I
2200 2000 1800 1600 1400 1200 1000 800 600 400 200 Kilometers
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FLUVIALNI EROZE

Erosion by streams has shaped the
land surface worldwide over
geologic time. This spectacular
gorge in Colorado 1s entirely a e
product of stream erosion acting .__. %
over several millions of years.  *_

——

The ability of a stream to erode
relates to two things:

1. Velocity -- the speed of the
water, generally measured 1in
feet per second.

2. Discharge (prutok) - the total
amount (volume) of water
carried by the stream. Discharge
1s generally measured in cubic
feet per second, or cfs.










PRUTOK vs.
NASYCENI

SEDIMENTEM

This graph shows the
connection between
discharge and the
amount of sediment a
stream can carry
(sediment derived
from erosion of the
stream’s banks and
channels).

A 10x 1increase in
discharge corresponds
to a nearly 100x
Increase 1n erosion and
sediment load carried.

Suspended load, tons per day
g
=

100

Discharge

1.000 10000
cubic feet per second

& 2001 Brooks/Cole - Thomson Learning
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In arid areas, like in the desert mountains next to Death Valley, CA 1n
this photo, streams flow only intermittently after heavy rain storms.
After heavy rains, water charges down the canyons as flash floods,
carrying large amounts of sediment as debris flows (recall Chapter
7: Mass Wasting). As the debris flows slow down, this sediment 1s
deposited to form alluvial fans -- broad sloping sheets of coarse
sediment at the mouths of mountain canyons.
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This air photo of the
Missouri River beautifully
shows the main
meandering channel and
the adjacent floodplain (the
band of darker land along
the channel).

Farms and fields produce
the patchy appearance of
the floodplain here. The
fertile soil of floodplains is
intensively farmed
throughout the world.
Intensive human use of
floodplains 1s one of the
problems we will consider

later in this lesson.




Sediment particles of many types and sizes are transported by
streams. 4

Deltas arc
deposits of
stream sediment
that form where
streams end at
standing bodies
of water, like
oceans or lakes.

The Mlssissippi
River Delta
shown here 1s an
example.
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Hydrodynamika rozhrani kapalina —
nesoudrzny sediment
Jednosmerné proudeéeni

. Unidirectional flow leads predominantly
to asymmetric bedforms (two- or three-
dimensional) or plane beds
 Current ripples
« Dunes
. Plane beds
. Antidunes




1. Erosion in the trough of a bedform

Flow lines

: ~Attachment pomnt - :
(increased turbulence and erosion)

2. Development of counter-currents in lee of bedform

Flow lines

(separation eddy with
counter-current flow)




—p Flow direction

Straight i Isolated (linguoid
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Antiduny

B Jednosmeérné vodni proudéni
s volnym povrchem — ve fazi
s povrchovym proudénim
kapaliny -

Lu
dU
(0 d: ’ :iJf

m Stacionarni (nemigruji) nebo
migruji proti smeru proudéni

B Sedimentace na naveétrné
strane, eroze na zavetrné
strané

Scour Deposition

Fig. 7-2. Schematic representation of flow and sediment transport over (a) antidunes, and (b)
current ripples and dunes. U=mean flow velocity; J=sediment transport rate.

m [L<=10m
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(standardised to 10°C water temperature)
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+ Antidunes

No movement

x No movement on plane bed
o Ripples

e Dunes

¢ Lower stage plane bed

& Upper stage plane bed

+ Antidunes

1.0
Median sediment size (mm)




Oscilacni proudéni

. Oscillatory flow due to waves causes predominantly
symmetric bedforms (wave ripples)

Rolling grain ripples: Low energy
Sharp crests

Vortex ripples: High energy

Rounded crests
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30 Chapter 2 Continental Sediments
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CURRENT AND INTE NAL BEHAVIOR OF BED FORMS AND SYSTEM
VEL INTERNAL STRUCTURES

NTER
VELOCITY STRATIFICATION SAND AND GRA
f—

m/s DIRECTION OF FLOW - ._—Q@Qj@ 'ul
: g |
\

INCREASlNG

DEPOSIT <00 AT

WATER
SURFACE - ANTI- GRAVEL BARS |
UPPER > e DUNES FORESETS IN PLANAR WANING STAGE
' CROSS-BEDDED GRAVEL CURRENT
glé%ms ' (os)
> - z o—y HIGH
(RARELY
IN DEEP Cl .
W : S . '
RTER] ‘e : W5 massive i
; Iy i+ g GRAVEL (Gm) \
]
\
|
~1.2 B
|
|
|
|
'///////////// |
r0,7-1.2 1
i ]
]
LAG
|
IR  DUNES s |
| WITH = 10-100 m —== '.
A
RIPPLES PLANAR TABULAR CROSS-BEDDING (Sp) | 2
— |
R s
ANy 2 DEPOSIT |
1
TAY O
o <e®
: W
e ‘ St,) e o
la— 0.3 M —" small : o
et 20 |NCREASING GRAIN SIZE

X N\
! & AND/OR GRAIN DENS|TY

NO MO\IE‘*‘E
0.6 mm COARSE SAND GRAVEL BOULDERS

0.06
RIVER SYSTEMS




Textury:

Planarni sikmeé zvrstveni




-
3
"
>
T

é sikmé zvrstveni

lov

Vymo







1 - o 1
e . : .
" o o
% = , F -y
- By - - o
N 1 g T ) i?‘;l._ !'ll -\.I
- LS .l I'-I - .1--':' = -. i -
e L P eyl L
o oy 4 &y

. T, ; Pt o e T Rl L
; ..*a e T e e

~"| Im*ﬂm
& Tl 14

i,

-

L a%" 1
x 'y 1 =
e

e T

.r-\.-.._
x
= _'_-1 |1'|'-'|'.'.:. o
" - = 5 1
]
5 MW ]
1 ey L i
P g T
I . .
- in g S NLY.
L,







Fluvialni prostredi

Channel patterns (fluvial styles) of alluvial rivers are commonly
classified as:

Braided rivers
Meandering rivers
. Straight rivers
- Anastomosing rivers
Fluvial style is primarily controlled by specific stream power «w (W m-

2) and bed-load grain size, but also by bank stability and the amount
of bed load (but not the proportion of suspended load!)

p=fluid density; Q=discharge, _ (gradient); w=channel width




Stavebni prv

fluvidlnich
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Aluvialni

W ®r\s

VEjif

Lateral accretion
(bocni akrece) involves
higher-order bounding
surfaces dipping
perpendicular to
paleoflow direction and
associated lower-order
bounding surfaces; in
the case of
downstream
accretion hi?her-order
bounding surfaces dip

parallel to paleoflow
direction

Kanaly

Gravitacni sedimenty
(Ulomkotoky)

38

SIEVE DEPOSITS

PARTIALLY R
MASSIVE GRAVEL

SUBAERIAL,
DEBRIS FLOW

SUBAQUEGCUS
DEBRIS FLOW

SHEET FLOOD AND STREAM
DEPOSITS

Fig. 2.11. Simplified facies models of a alluvial fan (proximal to mid fan region) and b fan delta.
explanation of symbol

of symbols

Chapter 2 Continental Sediments

STREAMFLOOD, OLDER CHANNEL
AND SHEET FLOOD DEPOSITS

/

YOUNG CHANNELS

DEPRIS FLOW LEVEE

: Sp, Sh, St,
#~ PARTIALLY Fm, FL

_ DEBRIS
7 FLOW
(SUBAQUEOUS)

LAKE DEPOSITS

See Table 2.1 for




Divocici feky

- Braided rivers are characterized
by a dominance of braid bars
exhibiting both lateral and
downstream accretion;

meandering rivers primarily e
contain point bars with lateral BRADED RIVER =
accretion; in straight (and most ALLUVIAL FAN) | BRADEDRIVER | DISTAL BRAIDPLAIN
anastomosing) rivers bars are (SCOTT TYPE) (DONJEK TYPE)  (PLATTE TYPE) (BWOU CREEK TYPE)
commonly almost absent

L BaI'S ﬁvaIY) al‘e Sandy OI‘ e MINOR iSUPEH-
gravelly macroforms in = A == e
channels that are emergent, SAND WEDGE - |
mostly unvegetated features at e N
low flow stage, and undergo oPoST B SStem e | SIT AND

| FLOODPLAIN

submergence and rapid
modification during high
discharge

Fig. 2.15af. Braided river systems. a-c Proximal to nated system with wide channels and flat, linguoid sand
middle reaches, gravel-dominated (b), or sand-dominated bars (d and e), or wifie floodplain rarely inundated by flash
¢) with minor propertion of gravel. d-f Distal, sand-domi- floods (f). (After Miall 1985)










Meandrujici
feky

. Point bars (jesepni
valy) form on inner
banks and typically
accrete laterally,
commonly resulting in
lateral-accretion
surfaces; mid-channel or
braid bars accrete both
laterally and
downstream

Kanaly, opustené kanaly

Prelivové sedimenty

Povodnoveé roviny

Fluvial Sediments

LATERAL

hute channel |
with lag -‘

_~ oxbow lake
£ « ACCRE
Q\ ""\y COMPL
; /
&/ c /

meander

belt chute bars ey,

FLOODPLAIN .~ Swale

il
DEPOSITS ! channel scours

and lag

lag |
Saas increas.
====__>grain
size
IDEAL POINT BAR
POINT BAR WITH CHUTE
SEQUENCE BAR

Fig. 2.16a-h. Meandering river system. a Formation of
sandy meander belt within a flood basin. b Different sub-
environments of meandering channel. c-g Characteristic
vertical sections of the youngest sediments of the flood

er lateral

TION POINT BAR

EX erosion  /
baﬂk / rldge 7

/and swale /

crevasse splay

, back-
7 swamp

N

e £ N A S
L ‘ .
| ]
!

accretion =
complex m :E

crevasse

spla
Sh,Stém
laminated
silt and
mud
OVERBANK ABANDONED
FINES ON CHANNEL
FLOODPLAIN (OXBOW LAKE)

basin. h One fluvial cycle (autocyclic). See Table 2.1 for
explanation of symbols; sm small-scale. (Based on different
sources, e€.g., Walker and Cant 1984; Galloway 1985;
Miall 1985)




As shown by the photo in the
previous slide, many streams
naturally meander (form
curving, S-shaped bends).

Stream channels tend to
meander more and more over
time. The reason is because
streams erode on the
outsides of curves (fastest
water flow), and deposit
sediment on the insides of
curves (slowest water flow).

The eroding outside part of
the curve 1s called the cut
bank. The inside part of the
curve where sediment 1s
deposited is called the point
bar.




Mrtvé rameno
(Oxbow lake)

A long-term result of
erosion of cut banks
(outsides of bends) is
that a stream may
eventually cut through

the neck of a tight
meander, abandoning Deposits of

part of its channel, and silt and clay
forming a feature called N\ /
an oxbow lake.

The figure here shows
the steps in this process.

Abandoned
channel
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This air photo shows an oxbow lake. (The main channel is out of
view to the right.) The curving “scars’” on the land show the
progressive migration of the meandering channel over time.




Litovelské Pomoravi




Note on this figure the locations of the levees.

Floodplain

As a stream rises prior to flooding, its increased velocity and
discharge allow it to carry more and more sediment. When the
stream crests 1ts banks and spills out onto the floodplain, the water
slows down, depositing ridges of sediment along the banks called
levees. The levees are often the highest places on the floodplain.




22. Large scale trough cross bedding (sandy bedlorms
Texture: sand with pebbles passing into sandy pebble gravel
in the upper part of the section

Structure: trough cross bedding

Stratigraphy: Lower Pleistocene terrace of the River Vltava
Locality: Lib&ice (Praha Zdpad District)

Photo by: J. Kadlec 1997




11. River channel fill
Upper part of the section
Channel fill: gravel bar (GB) overlain by lateral accretion
deposits (LA), channel fill covered by gravelly and sandy
bedforms (SB)
Texture: medium grained sandy gravel (GB), medium to coarse
sand (LA), intercalation of sand and sandy gravels (SB)
Structure: the sands filling the channel are cross bedded, gently
dipping sand laminae are formed by lateral accretion in the inner
part of the river meander, GB — planar cross bedding, SB -
horizontal stratification
Lower part of the section
Sandy and gravelly bedforms
Texture: coarse sand with the occasional admixture of pebbles
Structure: faint planar cross-bedding
Stratigraphy: Middle Pleistocene terrace of the River Vltava
Locality: Hostin u Vojkovic (Mélnik District)

s = (]

3. River channel fill

Sandy and gravelly bedforms

Texture: alternation of medium to coarse sand and sandy pebble
gravel

Structure: planar cross-bedding

Stratigraphy: Middle Pleistocene terrace of the River Vltava
Locality: StraSkov (Litoméfice District)

Photo by: J. Kadlec 1997




8. Downstream accretion deposits

Texture: medium to coarse sand with an admixture of gravel
Structure: planar cross-bedding

Stratigraphy: Lower Pleistocene terrace of the River Vltava
Locality: LibCice nad Vltavou (Praha Zdpad District)

Photo by: J. Kadlec 1997

1. River channel fill

Upper part of the section

Sandy and gravelly bedforms

Texture: alternation of coarse sand and medium grained sandy
gravel

Structure: trough cross-bedding

Middle part of the section

Downstream accretion deposits

Texture: coarse sand and gravelly sand

Structure: planar cross-bedding

Stratigraphy: Middle Pleistocene terrace of the River Labe
Locality: Ti%ice (Mélnik District)

Photo by: J. Kadlec 1997




RicCni terasy

monadnock
\\

600+ bloc field

deminant wind direction flood plain )
relics of

::> aeolian sediments . . .
(loess) with fossil soils colluvio-aeolian sediments
| I

Min;
400+ Mal gey; ;' | i relics of fluvial terraces

|
fluvial sediments (terraces)  colluvial sediments

l I l R

]
|
aeolian sands |
|

=THy

200- ' [ |

10,000
2000m —
8000’ — ) 6000¢
& Arkansas River
& 2000m — . 4000¢
E 6000 ; Pueblo, Colorado 1000 m — Sacramento River
T g
I 4000 m 0% e | Red Bluf
B Arkansas City Sea level | | I |
2000 | 400 300 200 100 O Miles
Sea level | | | | | | | | | | | | | |

|
1400 13001200 1100 1000 900 800 700 600 500 400 300 200 100 O Miles

| I I | | | | | | | |
2200 2000 1800 1600 1400 1200 1000 800 600 400 200 Kilometers

River length

© 2001 Brooks/Cole - Thomson Learning




" JE
Holocenni sedimentacni systémy reky Moravy

HISTORICKA FAKTA / INTERPRETACE / TRADICE (.)
= Niva Moravy osidlovana od neolitu

= Pritomnost udolnich svrchnopleistocennich teras v podlozi
aktivnich holocennich niv (degradace - agradace)

= Zmény v nivé v disledku antropogenni ¢innosti — zvySeni
rychlosti sedimentace (zahlinovani) napr. v dobé Velké
Moravy

= Reka Morava — anastomozuijici systém (holocenni zména
meandrujiciho systému na anastomozuijici)

OTAZKY (?)
m Nastala skute¢né holocenni zména rezimu sedimentace
Moravy (na bazi holocénu, béhem holocénu, antropogenni

¢innosti ?)

CiLE A METODY (1)

=  Mapovani fluvialnich facii pomoci mélkych geofyzikalnich
metod

Elektricka odporova tomografie (ERT) — méfeni mérného odporu
hornin, ktery je zavisly na zrnitosti, mineralnim slozeni, obsahu
vody

Dipolové elektromagnetické profilovani (DEMP) — méreni
vodivosti hornin — prevracena hodnota odporu

m  Stratigrafie vrtu

m Datovani
14C (AMS)




Aktivni niva Moravy:

- Hornomoravsky uval
- Mohelnicka brazda

Nizké sklony svahu (< 0,15°)

Zlomové omezena prikopova
propadlina

Lokality v nivé Moravy a pfitoku
(Oslava)

Schematicka geolgg
Chranéné krajinng

A mapa uzemi
gBlasti Litovelské Pomoravi

Holocene
floodplain
deposits

T
o

Relief slope

<(L45"
0.15-0.3°
0.3-04°
0.4-0.5°
0.5-0.8°

0.8-35°
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"rameno, Profile #1"
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Horizontal scale is 19.34 pixels per unit spacing
Uertical exaggeration in model section display = 0.69
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Last electrode is located at 77.5 m.

Litovelské luhy

= aktivni poloslepé rameno

= Jesepni val, sterkopisky:
resistivita 350 — 550 ohm.m

= Opustény meandr: silty, jily:

1 N 71 \ Nics 3
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“rameno, Profile #1"

Model resistivity with topography
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Mapa vodivosti (DEMP) 0
Olomouc — Bazlerova ' piskovna

g . J B2lercvg gy |
.povodriova plosina







<+ ZJZ opusténé koryto

Depth
.

B.750

5.9 ]
10.45

15.7

221
baze udolni terasy

29.9 6—10m

ak. b |
Inverse Model Resistivity Section

L 1 1 1 Iss) oy jeeamm)c ey 3§
18.8 16.9 28.6 48.3 81.6 138 233 398
Resistivity in ohm.m

2.7 Vrt OR1 AL . = i.r
5 re Al '.:
- { : \ - r

Stérkopiskové téleso

neogenni jily
Unit electrode spacing 3.00 m.

0 [m} 000-040m "\
hlina:humozn

0,40 -2,00m

jil: piscity
/ 200-2,80m
pisek: stfednozrnny,
hlinity, (pFitomnost-Stérk)

25m o ‘CILJ
: =
©
3,84 | 2,80~ 6,60 m ;

Stérkopisek
(&astice do 4 cm)

R
S

e
R
i
O "'("- =,
S
i
S o
; A

e
A

Vd

Ineogen

J
6,60 — 7,60 m }

R Sy
»

[ 5§ E—— S
1020 40 60 80 100 m




Doubravice

nnnnn

18.8

Jednotna stratigrafie

1. Predkvartérni podlozi:
ruzné rezistivity -
neogen, kulm

Nové Zamky 1

nnnnn
]

2. Kvarteér: vysoka
rezistivita, Sterkopiskova
lateralné akrecni télesa =
meandrovani, horizontalni
baze téles > baze udolni

I terasy 6 — 10 m

Chomoutov _Stépanov 2

———— e 3. Kvartevr. nl’zka r_eZ|st|V|ta,
- povodnoveé sedimenty,

Olomouc - Repéin )
. - vertikalni akrece

4. Stari ??




"
Facialni modely fluvialnich systému

Piscite meandrujici systéemy

Jemnozrnné meandrujici systemy

LA : lateralne akrecCni télesa

CR : pravalova koryta

CS : pruvalové sedimenty

FF : povodnové sedimenty ., . T

CH(FF) : vypiné opusténych koryt Anastomazujici
systemy

Miall, 1996




14C (AMS) datovani

14C age distribution
Rozsah dat: 0,13 —
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Kras

m Krasové jevy

¢ Water reacts with carbon dioxide to form weak carbonic
acid which then attacks limestone

¢ H,O + CO, => H,CO, + CaCO, => Ca*™ HCO, -

m Caves (jeskyneé)- natural underground cavities and most
common geological product of limestone dissolution

m Speleotémy - spelotherms are deposits on cave sutfaces in
a variety of forms: travertine, Stalactite, Stalagmite, banded
draperies or drip curtains

m Rust speleotému: depends on the solution and porosity of
surface material, climate, topography, and vegetation




Svétoveé rozsifeni krasu
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Topografie krasu

Surface expression of the geology of dissolved
limestone and work of near surface water

m Cave and Karsts landscapes are extremely
sensitive- so need to be protected

m [andform
¢ Sinkholes (zavrty) -circular surface depression

¢ Disappearing Streams (ponoty) - tlow through

sinkholes may emerge as spring several kilometers away

# Natural Bridge (skalni mosty)- series of neighboring
sinkholes expand and join together




Typical landforms associated with karst topography

Natural Monoliths of Sinkholes
rock bridge insoluble rock (surface depressions)

| “Disappearing”
~ | stream sinking
» — underground

—— = Cave
_. — passages

Spring emerging
from caves




State 1 of cave formation

.- Bedded and fractured
. limestone Water-filled passages at or
b just below the water table




State 2 of Cave formation

Previously formed
passages now dry
Water-filled passages at or
just below lowered water table




ave morphology
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Speleotémy

m Commonly known as
stalagmites and stalactites.

m Like trees, speleothems form
growth rings that develop
over hundreds or thousands
of years.

= Growth rate depends on
amount and rate of 155-150 kyr

precipitation and on cave
temperature and humidity. &
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Vzestup a pad mofské hladiny

Speleothem grows No speleothem growth

Low sea
level

(a) Glacial period (b) Warm period




Datovani speleotému

m Dating of
speleothems 1s

based on U-Th

series.

m Theoretical
precision: <1%o
(10 yr in 10 kyr).
Realistically,
precision is better
than 1% (100 yr in
10 kyr).

Cross-sections of two stalagmites. Ultra-viclet light has been used to illuminate
tha growth rings in the photo on the right. The two stalagmites ars
approximately 50 cm long. (Photos: Paul Williams)
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Figure 1. Age vs. depth plot for stalagmite
V1. Filled circles are ages derived from
three-point isochrons. Solid black line is
fifth-order polynomial best-fit age model, vi-
sually weighted to most robust age deter-
minations (isochron-based ages and those
with smallest error bars).

Lachniet et al., 2004. Costa Rican speleothem.




Speleotémy: pouZziti v
paleoklimatologii

m Carbon and oxygen isotopes of calcite reflect vegetation
and climate, respectively.

m Growth rate appears to retlect precipitation.

m Recent techniques: Mg/Ca, radiocarbon.




Speleotémy-izotopy kysliku

Oxygen 1sotopes in speleothem calcite ultimately come
from rainwater.

Some researchers argue that oxygen 1sotope ratios in
rainwater depend on temperature.

Others argue that the isotope ratios depend on rainfall
amount, particularly in tropical regions.

Also, some argue that the isotope ratios depend on
evaporation taking place in soils or in the cave.
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Speleotémy-izotopy kysliku

m Colder climate = lower 080 wvalues.

m Speleothem OO-MAT relationship is ~0.35 per
mil/°C. DB (b st

and DBL-5 (red pls.)

~4°C

Dorale et al., 1998.
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FIGURE 7.32 The 3'®0, record in a calcite vein from Devil's Hole, Nevada compared to the SPECMAP
marine isotope record. Selected marine isotope substages are numbered.Values are expressed as departures
from the overall mean of each series, in standard deviation units (computed over the full record). The value of
zero thus represents the mean for each record. Note that the sign of the SPECMAP time series has been re-
versed so that interglaciations appear as peaks {Winograd et al., 1997).




Speleothem-carbon isotopes

It appears that speleothem carbon isotopes primarily
come from plants above the cave.

Based on photosynthetic pathways, there are two major
groups of land plants: C3 and C4 plants.

C4 plants: warm season grasses adapted to high
temperatures and relatively drier climates.

C3 plants: Trees, shrubs, and cool season grasses.




Speleothem-carbon isotopes

m C4 grasses show high 0'°C values.
m C3 plants show low 0!°C values.

m Speleothem high 0'°C values atre then
interpreted to indicate more C4 grasses.
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and DBL-5 (red pls.) i Interpretation
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Crevice Cave, MO (Dorale et al., 1998)




CCDBL-L (Blue pls.) == oo Volumeo —23=
and DBL-S (red pls.) = increasing decreasing

Crevice Cave, MO (Dorale et al., 1998)
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Speleothem Isotopes from Sites on Opposite Sides of the Ecotone
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G - cirque glacier with moraines

T —talus

GR - relics of older glaciation moraines
BF - block field

S —scree

AF - alluvial fan

TC —talus cone

L —Ilandslide

RA - rock avalanche
SW — sheet wash deposits
GW - gully wash sediments

Figure 35. Types of deposits in mountain and hill landscape (SELBY
1994, modified),
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uvy (debris flows), deluvia




Soliflukce

254. Gravitational creep gelifluction sediment
Coarse sand (totally disintegrated s\ rphyry)

with “floating™ athered parent r

the gelifluction process is marked by stratification with distin
planes of discontinuity
Stratigraphy: Pleistocene
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Obr. 262. Kvartér Ceského masivu. A — denudacni oblasti: B — akumulacni oblasti: Bla — oblast kontinentalniho zaled-
néni severnich Cech, B1b — oblast oderskd. Extraglacidlni oblasti: B2a — Polabi, B2b — podkruinohorské pénve,

9e — Ceské stiedohoii. B2d — Prazska plo§ina, B2e — Plzefiskd kotlina, B2f — moravske dvaly (podle usneseni Cs. stra-
tigrafické komise, J. Tyracek — M. RuZicka 1992).




