Sedimenty kvartéru















e

in the'Bhot

| Privi

ot




Plan

Obecna charakteristika kvartéru: chronologie, klima, kolisani
moftské hladiny
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Kvartér: 38 vtefin

m Recall our analogy of all geologic time
= represented by a 24-hour clock

m In this context, the Quaternary 1s only 38
seconds long,
= but they are certainly important seconds,

® because during this time our species evolved

m Homo sapiens

m The Pleistocene deserves special attention
m [t is one of the few times in Earth history

= when vast glaciers were present
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m the

Quaternary

= is only 38
seconds long
at this scale



kvartér, co JE kvartér (12!)

Gradstein, F.M., Ogg, J.G., Smith, A.G., Bleeker, W.,
Lourens, L. (2004): Episodes, 27, 2, p. 86.

,, Lhe “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 encompassed the Holocene and Pleistocene
epochs and Gelasian stage of late Pliiocene. This
composite epoch
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Geologicka casova skala 2004
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Chronologie

PLEISTOCEN (1,8 Ma - 10 ka)
Chronologie mofského pleistocénu:

terasové stupné - kalabr, emil, sicil, milazzo, tyrrhen,
monastir, tapes (flandry)

Chronologie glaciali, alpské vysokohorské zalednéni

glacialni stupné: donau, giinz, mindel, riss, wiirm
(nazvy podle fek)

integracialni stupné: donau-giinz, giinz-mindel, atd.

Chronologie glaciali, severoevropské kontinentalni
zalednéni

glacialy: pretegelen, eburon, menap, elster, saal, visla

interglacialy: tegelen, waal, bavel, cromer, holstein,
eem (mofské transgrese)

Chronologie glaciali, severoamerické kontinentalni
zalednéni

glacialy: nebraskan, kansan, illinoian a wisconsin
interglacialy: pre-nebrasky, aftonsky, yarmouthsky,
sangamonsky

Spatna korelace mezi severoamerickou a
severoevropskou kontinentalni stupnici !

hranice pleistocén / holocén: 10 az 12 000 let - rychly
vzestup mofské hladiny
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Obr. 91.  Zakladni &lenénf pleistocénu (podle Musil, 1996).




Chronologie

HOLOCE‘N KVARTER
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Marine
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Marine oxygen isotope record. The peak of oxygen isotope

stage 2 (about 20,000 years BP, or about 18,000 14C years BP) is
generally considered the Last Glacial Maximum. The Pinedale, or
Wisconsin glaciation spans stages 2-4 (and possibly to 5d), and the
Bull Lake, or lllinoian glaciation is thought to be correlative with stage 6.
This plot is a composite of oxygen isotope records of benthic
foraminifera from several deep sea cores reflecting global ice volume,
and was constructed using data from Shackleton and Pisias (1985)
and Martinson et al. (1987). (After Porter, 1989)



Doby ,ledové* a ,;meziledové
Glacialni a interglacialni stupné

m GLACIALY - sniZen4 teplota, pramérna
teplota na planet¢ vyrazné nizsi nez dnes,
prameérna rocni teplota v nasich z.S.: 0 e
stupnti C; prameérna teplota vod v
oceanech zhruba o 4 az 7 stupnu celsia
nizsi nez dnes

m interstadialy - drobné teplejsi vykyvy v
ramci glacialu, prameérna teplota v nasich
sitkach zhruba o 4 stupné celsia nizsi

@.’@ ._

s INTERGLACIALY - teplota zhruba
odpovidajici dnesni, rocni primeér teplot
zhruba o 2 az 3 stupné vyssi nez dnes



Stadial ,,starsi Dryas®

m Velmi kratké chladné obdobi (stadial) v pozdnim
pleistocénu mezi interstadialy Bolling a Allerod;
nejsilnéjl se projevuje v Eurasii

m Stari 11700 — 12000 let BP

m Nazev podle alpinské / tundrové trpaslici
ktoviny Dryas



Louis Agassiz
a

doby ledové

m *13837,

m Svycarsky pfirodoveédec Louis Agassiz

= argued convincingly that the large displaced boulders
as well as polished and striated bedrock and U-
shaped valleys found throughout Europe and
elsewhere resulted from huge masses of ice moving
over the land


http://upload.wikimedia.org/wikipedia/commons/4/45/Louis_Agassiz.jpg

Charakteristické rysy glaciace

m Features seen in areas once covered by glac1ers
m olacial polish ' | T
®m the sheen

B striations

m scratches

® These features
are convincing
evidence that

® a glacier moved over these rocks

= in Devil’s Postpile National Monument, California



Glacigenni sedimenty

m Glaciers typically deposit poorly sorted
nonstratified sediment like this “TTLL*

m Other processes yield similar deposits

® but their

association
with glacial
polish,
striations,
and other
features is
definitive




Globalni zalednéni v glacialech

GLOBALNI UCINKY ZALEDNENI

m  Severni Amerika je pokryta laurentinskym ledovcovym stitem. Pfi snizené
hladiné oceant se vynotuje v pleistocénu nad hladinu 1 Beringova tiZina a
umoznuje migract savcu 1 pozdéji clovéka na severoamericky kontinent.

m  Béhem pleistocénu dosahuje maximalniho rozsifeni kontinentalni ledovec
v Antarktidé.

ZALEDNENI V EVROPE

m V Evropé¢ se sunuly masy kontinentalntho ledu v nékolika vlnach ze
Skandinavie k jthu az do stfedni Evropy. Zalednéna byla 1 veétsi cast
britskych ostrova a zapadni Sibif. Ve vrcholném obdobi chladného klimatu
(glacial elster) byly pokryty aZ 2/3 Evropy ledovcem mocnym pfes 2.000
m. Posuny ledovych pokryvt zpuasobily i mimo oblast ledovct v nizsich
zemeépisnych sitkach zvyraznéni klimatickych hranic a casté stfidan{ suchych a
vlhkych obdobi.
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Posledni glacialni maximum, 18ka
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Atlanticky ocean béhem LGM, 18ka
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Evidence pro kolisani klimatu
v kvartéru

-khcka kontinentalni sedimentace - glacigenni a periglacialni sedimenty, vyskyt
morén kontinentalnich ledovci v zemépisnych §irkach, kde se dnes nevyskytu]l (Cesky
masiv), minimalné 4 klimatické cykly v Severni Americe, min. 6 klimatickych cyklt v
Evropé

poméry izotopu O18/016 v moiskych sedimentech, min. 20 klimatickych cykl za
poslednich 20 mil. Let

Vrtna jadra z ledu
pylové analyzy - dokumentuji pokles klimatu na zaklad¢ zmény vegetacntho pokryvu
-nuti schranek Globorotalii, biogeografie planktonnich foraminifer

ofské terasy, které dokumentuji kolisani hladiny svétového oceanu fadove o
desitky metr az okolo 100 m (stfedozemni oblast)

zeni flory a fauny - pfitomnost savct v Evropé, ktefi jsou dnes vyskytem vazani na
teplejsi oblasti (opice, 1v1)



Kontinentalni a horské
zaledné€ni: morény

m As a glacier advances, its
leading edge acts like the

blade of a bulldozer,
pushing rock and debris in

advance.

B These remnants of
glaciation, called end
moraines (Celni morény),
mark the location of

maximum ice extent.



Kontinentalni zalednéni:
terminalni morény

m Celni moréna, ktera oznacuje maximalni vzdalenost dosahu
ledovce od svého

centra se nazyva

terminalni moréna

Northern
Hemisphere

o \%_ Ice Coverage
b

18,000 Years
Before Present

Legend
ontinenta | lce
ccccc -
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Sea Level
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ustupova morena

m If the glacier’s terminus
should recede and
then stabilize once
again another end

moraine forms

Recessional
known as a moraine
. Ground
recessional moraine 48
Terminal \ Bl

moraine moraine 208 o
(istupova

moréna)
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Zalednéni Severni Ameriky

m Centers of ice
accumulation

and maximum

extent

of Pleistocene | y Rt =Y (

. g L 1H 1"-.'-, a,_ g ‘-:.., 7 o¢ 1? &
glaclers andsmall & _—~ —_  Kéewatih .,
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s R
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Ctyfi glacialni stupné

m Hach glacial advance Wé?:gil;fii:zn
= was followed by retreating g
m and warmer climates o ENA Sangamon

m The four glacial stages,

Interglacial

m the Wisconsinan, lllinoian

- Glaciation
m [/inosan, — 1 — .

m Kansan, . s I Yarmouth
m and Nebraskan, : ]_ B Interglacial

= are named for the states rep MECEIEE— Kansan
the southernmost advance Glaciation

m where deposits are well exposed Aftonian
m The three interglacial stages, Interglacial
w the Sangamon, Y armouth, and Aftonian, Nebraskan
= are named for localities Glaciation

of well exposed interglacial soil and Pre-Nebraskan
other deposits
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Glacialy v Evropé

: : : Stupeh olarita stafi
B Six or seven major glacial S |

advances and retreats

oddéleni

m are recognized in Europe, and at .
least 20 major warm—cold cycles vila® 2
can be detected in deep-sea cores 2
m Why isn't there better .
correlation o
o a?lqng the differeltqlt arqzctis if ; E holstein | mindelriss
g jecrllztlglon was such a widesprea § m
m Part of the problem is that v
= glacial deposits are typically bavel

chaotic mixtures of coarse
materials that are difficult to
correlate

tegelen

* chladné nebo stepni obdobi




Moftské terasy

Marine terraces

covered with Pleistocene sediments attest to periodic uplift in southern California
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Izotopy kysliku

B A small fraction of water molecules contain the
heavy isotope '°0O instead of '°O.

m 850 /10 = 1/500

m This ratio is not constant, but varies over a range
of several percent.

m Vapor pressure of H,'80 is lower than that of
H,!°0O, thus H,!°O is more easily evaporated.



Frakcionace 80 /0 v kolobéhu vody

H,O is evaporated from sea
water. The oxygen in the
H,O is enriched in the
lighter O .

This H,O condenses
in clouds,falling on land as
precipitation.

Thus, H,0 that is part of the
terrestrial water cycle is
enriched in the light O,
Isotope and

Sea water is enriched in the
heavier O,4 isotope




Klimaticky vyznam frakcionace *O /1O

e pﬂIEWﬂrd

~+—— Foleward

Glacial ice is therefore
made up primarily of water
with the light O, isotope.
This leave the oceans
enriched in the heavier
O,g, Or “more positive.”

During glacial periods,
more O,4is trapped in
glacial ice and the oceans
become even more
enriched in O,g.

During interglacial periods,
O, melts out of ice and the
oceans become less O,q
rich, or “more negative” in
S




130 /10O a globalni objem ledu

m As ice sheets grow, the water removed from the
ocean has lower lO than the water that
remains.

m Thus the 'O value of sea water in the global

ocean 1s linearly correlated with ice volume

(larger 'O — larger ice sheets).

m A time series of global ocean lO 1s equivalent
to a time series of ice volume.



Zaznam izotopu kysliku v mofskych
sedimentech za poslednich 700 tisic let

Ice Volume

Planktonic Foram O-18 as Proxy

del O-18 %o

300 400 300
1,000s of Years Ago

Vrtné projekty
DSDP a ODP

Pelagické
sedimenty, cca
konstantni rychlost
sedimentace,
datovani

80 v schrankach
plaktonnich
foraminifer (CaCO;)

Casové fady




Paleoklimatologie z vrtnych jader ledu

®  As snow falls on very cold glaciers ?Eg‘/ig)* SRS VRS v
or ice sheets and gradually is iig{;i i iii;& ;}i
converted to ice, air is trapped in 200 W@@m 0.l
bubbles. ©00000000¢

m  This “fossil ait” can be chemically '
analyzed to determine past %@@@@@@@@@@@@@@ @
atmospheric composition. @@%@@@@ /

m  Other paleoclimatic proxies
(isotopes, dust, acidity) can also be @
determined from the ice, providing 0 7 ,

sulfate aerosols, precipitation. 7 / ,7 / % 5

information about temperature,
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CO, v atmosféfe a objem ledovcu

m Records of CO, and ice volume well correlated

= Both must be related ultimately to orbital changes

= Strong correlation

Coz (PPm)
250 More <«— lce volume —-—Less

50,000 QE
100,000
150,000

Years ago




Climatic Proxies From Both Hemispheres
Over Four Glacial Cycles

300 200 100

Insolation at 65°N

Glacial-interglacial cycles North Atlantic SST
are evident in a variety of
paleoclimatic and
paleoceanographic

- ; yam mied oot est & yoodedstoppel Wk
prOXICS‘ » | cool mixed forest m cold steppe ] “-ﬂj"ﬂ ?'{ﬂﬂ

The shapes of the cycles
vary somewhat among the
different proxies.

Glacial-interglacial
variations in atmospheric
CO, concentration are '
substantial. (But what
causes them?)

There are uncertainties in
time scales.

300 200 100

Paleoclimate, Global Change and the Future

Alverson, Bradley and Pederson eds., 2002 @
Chapter 3: L. Labeyrie et al., fig. 3.2, p. 38
PAST GIOBAL CHANGES
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Zaznam klimatickych zmén v morfologii
listi krytosemennych rostlin
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Percentage of :=..m{:-c:th—rnargim;-d species

Serrations (zoubkovani)
on leaf margins indicate
temperature: jagged
edges (zoubkované
okraje)indicate cooler
climate

Leaf waxiness is an
indicator of moisture
retention
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Fig 73 European vegetation regions (data from Fullard and

Vegetation zones in Europe parallel latitude now and 9,000
yr before present




Pyly

m Scanning electron microscope view of present-day
pollen grains, including

(6) agave, (7) jasan



Pylové analyzy —
smeéry proudéni vzduchu

Ice volume
; % tree pollen

B Min 9 50 100

m Pollen changes in France
= N. Europe’s climate changed

m Warm and moist (trees)
m Cold and dry (herbs)
= Changes correlate with ice
volume
m Cold winds from Scandinavian
ice sheets
m N. Atlantic ocean colder than 150,000
today

m Relative warm N. Atlantic
moderates Europe’s winter
weather

(saead) sazep D,

Years ago



Pylové analyzy v JiZni Americe

Colombia, South America
% tree pollen
50 100

Ice volume

Max<+—» Min 0

0

m [.ong cores from eastern
Columbian lakes

200,000

m Pollen records that alternate .

&
)

between grass and trees

g
>

| 100,000 year CYCICS 600,000

m Trees grew during rapid
warming B

m Grassland dominated during
slow cooling intervals




Smér vinuti schranek
planktonnich foraminifer

m Some planktonic foraminifera

Sp@ClCS
change the direction they coil (vinout se) A 8 c
during gI'OWth _Cola _Cold _Cold
Warm Warm Warm
1N response to temperature fluctuations Left Right Left Right Left Right

] 1)

m The Pleistocene species

Globorotalia truncatulinoides coils
predominantly

100

to the right in water temperatures above
10°C
but coils mostly to the left in water below
8°-10°C
= On the basis of changing coiling

ratios,

geologists have constructed detailed
climatic curves

for the Pleistocene and earlier epochs

Graphs illustrating the percentages of right-coiling and left-coiling foraminifera, Globorotalia truncatulinoides. The
vertical scale is depth in deep sea sediment cores, in centimeters




Paleoclimatic records from sediments of
Santa Barbara Basin compared to
marine-terrace faunas from this study.

Middle panel: Oxygen isotope record of
benthic foraminifera and isotope
substages (data from Kennett, 1995).

Upper panel: Abundances of warm-
water planktonic foraminifer
Neogloboquadrina pachyderma, dextral-
coiling (data from Kennett and Venz,

1995).

Lower panel: Surface-water
paleotemperature estimates derived
from alkenone-unsaturation index from
phytoplankton (data from Herbert et al.,
1995). Marine-terrace—fauna
temperature aspect derived from
paleozoogeographlc inferences and U-
series ages herein (see text for
references).
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Neogloboquadrina pachyderma

Neogloboquadrina pachyderma is an excellent recorder of climatic temperatures through geologic time. When
the earth experiences periods of relatively cold temperatures, ocean waters are cooler and Neogloboquadrina
pachyderma forms its test (shell) such that it coils to the left. Alternatively, during periods of relatively warm
temperatures when ocean waters are warmer, Neogloboquadrina pachyderma constructs its test with a coiling
direction to the right.

Figure 1. Clirnatic signal dedved from coiling ratios of NMeogoboguading pachydetna.
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Biogeografie planktonnich

foraminifer
®m Many are sensitive to variations in temperature

= and migrate to different latitudes when the surface water
temperature changes

m For example, the tropical species

» Globorotalia menardii is present or absent within Pleistocene
sediment samples, depending on what the surface water
temperature was at the time

m During periods of cooler climate,

= it 1s found only near the equator, while during times of
warming its range extends into the higher latitudes



Klima a kolisani mofské hladiny

GREAT BAHAMAS BANK

o - . ; Mid-Cretaceous —
Velka bahamska lavice =

| STRAITS OF |
ANDROS

BIMINI BANK ANDROS BANK

= Plochy povrch <50

m Mala hloubka

m Zaznam oscilaci morské
hladiny

(GLACIEUSTATICKE
CYKLY)

Braharma - Agail 18, 2000 - MODHS MODLAND Desclaitres



Klima a kolisani mofské hladiny

r” o *Modré diry (blue holes), Bahamy, Belize: jeskynni
E_: z e i v systémy
B " *Glacial: nizka hladina oceanu, vynofeni VBL nad hladinu
| 2 N + krasovéni (blue holes)

*Interglacial: vysoka hladina oceanu, zaliti VBL vodou +
;(*t LA : obnovena mofska sedimentace
B E ﬁ *St¥idani mofské sedimentace (depozini sekvence) a
}}? subaerické eroze (sekvencni hranice):

GLACIEUSTATICKA CYKLICITA

Swimming Guardian

Hole Blue Hole K-3

Entrance

%Distance 2207 FI'.—){

The Guardian Blue Hole System
Exploration by Brian Kakuk and Brad Pecel
Survey by Brian Kakuk




Kolisani mofské hladiny

.Histori limati I !
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http://upload.wikimedia.org/wikipedia/commons/3/39/Sea_level_temp_140ky_Quaternary-fr.svg




MEAN CHLOMRAL AR AN IO AL
TEMPERATURE FRECaFaTATE

Pocatek cyklického - -
stfidani glacialu — S

m  The onset of glacial conditions

® actually began about 40 million years
ago

= when surface ocean waters at high
southern latitudes rapidly cooled, and
the water 1n the deep-ocean became
much colder than it had been
previously

wd .,.
E

.
5 g

m  The gradual closure of the Tethys Sea
® during the Oligocene

® limited the flow of warm water to

higher latitudes




Pocatek cyklického stfidani glaciala

U it e e AGE | o . EVEN

EPLMC L OCEAN RECORD Ma B.F.| ICESHEET EXTENT | MAJOH EVENTS
PLEIST i R o -/ B E
PLIOCENE i | Large M. hemisphers ice sheats
|

- | Mosuntam glacieas i M. hesmggabaere
Sealevel glaciationin W. Antarctica

FHIOCEME

]

Extensive icosheotin £ Antaretica

DLIGOCEME

Coastal glaciation, E Antarctica
—_— ]

| Mountain glaciation in Antarctica?
Sharp cooling of Southarn Jcean

EQCEME i

Antarclic-Ausiralian Passageopens

FALAEOCENE Increase Increase
EE—

Helative Extent

Concentratian in Qcaans oflce Sheets
Warldwide




Pied pleistocénem

m Stfedni miocén,
® an Antarctic ice sheet had formed,

® accelerating the formation of very cold oceanic
waters

m Otepleni v Pliocénu

m Ochlazeni koncem pliocénu
= continental glaciers
® began forming in the Northern Hemisphere

® about 1.6 million years ago



Klima v pleistocénu

m The climatic conditions

® Jeading to Pleistocene glaciation were, as you would
expect, worldwide

m But contrary to popular belief

= and depictions in cartoons and movies, Earth was
not as frigid as it 1s commonly portrayed

m In fact, evidence of various kinds

m indicates that the world's climate gradually cooled
from Focene through Pleistocene time
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Kolik téch dob ledovych vlastné bylo ?

m Oxygen isotope ratios (O to O1°)
® from deep-sea cores reveal that

= Harth has had 20 major warm-cold cycles during the
last 2 million years

m during which the temperature fluctuated by as much
as 10°C

m Studies of glacial deposits

®m attest to at least four major episodes of glaciation in
North America

® and six or seven similar events in Europe



Povrchova teplota oceanu

® Fluctuations in O'®-to- ' i

Ol¢isotope rations

Formation of Antarctic ice sheet
Mountain glaciers in Alaska

® from a sediment core in o
the western Pacific
Ocean

= reveal changes in ocean
surface temperatures
during the last 58

million years

= A change from warm to
colder conditions took
place 35 million years
ago




Chladna 1éta, vlhké zimy

B b¢chem rastu ledoveu

= those areas covered by, or near glaciers experienced
short, cool summers and long, wet winters

® but areas distant from glaciers had varied climates
m Bchem postupu ledovced,
® Jower ocean temperatures

® reduced evaporation rates

® so most of the world was drier than it is now

B But some now arid areas were much wetter

during the Ice Age
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Europe 10,000 B.P.

B Glacial ice

B Tundm

I Borecal Forest

B Temperate Forest
B Grasstand / Steppe
B Mediterranean
B Mixed Forest

B NoDaua

A5
-15



Holocén

m Klimatické fluktuace
® have certainly occurred since the Pleistocene,

= the most recent significant one being the Little Ice

Age (mala doba ledova)

m from about A.D. 1500 until some time in the 1800s

m Mala doba ledova byla obdobim

m of glacial expansion in mountain valleys,

m as well as of cooler, wetter summers with shorter
growing seasons



Holocenni tepla obdobi

QUATERNARY| HOLOCENE

edieval Warm Period
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Mala doba ledova

m During the Little Ice Age,

m many glaciers in Europe extended
much
farther
down
their
valleys
than they

do now
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Klimaticka zména

® Globalni zména klimatu

= Casové fady méfeni a odhad vyvoje

m Sedimentarni archivy: “cteni” dlouhodobého vyvoje
pomoci zastupnych (,,proxy*) udajt




Vyvoj priumérné globalni teploty (oceany + kontinenty)
od r. 1880 (NASA)

Global Land—Ocean Temperature Index

—=— Annual Mean
—— S—year Running Mean

1880 1900 1920 1940 1960 1980 2000


http://upload.wikimedia.org/wikipedia/commons/9/95/Global_Temperature_Anomaly_1880-2010_%28Fig.A%29.gif

Vyvoj globalni teploty z povrchovych a satelitnich
meéfeni za poslednich 35 let

Surface and Satellite Temperatures

Direct Surface Measurements
Satellite Measurements
UAH / RSS
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Sklenikové plyny

Vodn{ pary (zptsobuji cca 36 - 70 procent sklenikového efektu)
Oxid uhlicity (zptisobuje cca 9 - 26 procent sklenikového efektu)
Metan (zptsobuje cca 4 - 9 procent sklenikového efektu)

Ozén (zplsobuje cca 3 - 7 procent sklenfkového efektu)

m  Béhem primyslové revoluce se zvysily emise sklenikovych plyna do atmosféry. Od roku 1750 se
koncentrace CO, zvysily o 36% a metanu o 148%




Vyvoje globalni teploty:
poslednich 2000 let

Pramérna povrchova teplota podle riznych rekonstrukei (kfivky vyhlazené na
dekady), Cerna cara: instrumentalni méfeni teploty

Reconstructed Temperature
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Rekonstruovany vyvoj teploty v
holocénu (poslednich 12 000 let)

Holocene Temperature Variations

End of Last
- Glacial

Climatic Optimum?

Recent Proxies
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Co bude dal ?

m s the Ice Age 1s truly over?

m Or are we in an interglacial period

= that will be followed by renewed glaciation?



Jedna z odpoveédi:
jsme stale v pleistocénu !

Thousands Of Years
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Interglaciation  Present  Glaciation
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PfiCiny kolisani klimatu

m Terestricke faktory

= Zména sméra a intenzity motfského proudéni, vyzdvih pohofi
v disledku koliznich udalosti, zvétravani vyzdvizenych
orogénu a zmeny v parcialnim tlaku CO2 v atmostére,
znecisténi atmostéry produkty vulkanismu

m relativhé dlouhodobé

m Extraterestrické faktory:

= vychylky uhlu sklonu zemské osy, rotace zemské osy
(precese) a orbitaln{ excentricita Zemé okolo Slunce -
milankovicovy cykly

m relativné kratkodobé



Extraterestrické faktory

m Excentricita eliptické drahy Zemeé kolem slunce
m Naiklon zemské osy

m Precese (kmitani zemské osy)



Excentricita

Excentricita =
(vzdalenost mezi ohniskem a
stfedem elipsy) / (délka vedlejSi

osy)

Excentricita drahy Zemé kolem
slunce kolisa od 0 do 0.05, s
periodou 100 tis. Let, 400 tis. let

a 2 mil let.

The orbit of the Earth changes from nearly circular (eccentricity
equal to 0.00) to more elliptical (eccentricity equal to 0.06). These
changes occur in two broad frequency bands: one at periods of
around 100,000 years and one at periods near 400,000 years.

»

While variations in orbital eccentricy have a small impact on
the total amount of radiation received at the top of Earth's
o atmosphere (ca. 0.1 percent), the primary importance of the
eccentricty cyeles is to modulate the amplitude of the precession
cycle. When eccentricity is high (more elliptical), the effect
of precession on the seasonal cycle is strong. When eccentricty
is low (more circular), the position along the orbit at which
the equinoxes occur is irrelevant since all points on the orbit

become, in effect, perihelia.

ccentricit



Excentricita

Casova rada
 EXxcentricita
e Oslunéni (W/m2)

Frekvencni spektrum

Eccentricity e

2

=
[

Global mean insolation

4040 aii K00
Time (kyr BP)

412 kyr

Frequency (evelefkyr)

Insolation (W/m2)




Naklon zemské osy

Earth's axial tilt varies from 24.5 degrees to 22.1 degrees at periods of close to 41,000 years.

Axial tilt affects the distribution of solar radiation on Earth's surface. When the tilt is decreased,
nolar regions receive less sunlight; when it is increased, polar regions receive more sunlight.

Sikmost (i.e., ndklon) zemské osy kolisa od 22 do
24,5 , s periodou 41 tis. let.
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Like a spinning top, Earth's axis
of rotation "wobbles," so that the
North Pole describes a circle in space

rFrecess

| o

Precese

The 'wobble’ of the Earth's axis causes the precession of the equinoxes.

As shown in this figure, the positions of the equinoxes and solstices shift slowly
around the Earth's eliptical orbit, completing one full cycle every 22,000 years.
Precession changes the time at which the Earth reaches its perihelion (the point on

the orbital path closest to the Sun), serving to amplify or soften climatic seasonality.

Top view Side view
Today: Perihelion during northern winter.
' {North Pole tilted away from wm__‘wrﬂi

Moderate seasonality in the northern hemisphere.
11,000 years ago: Perihelion during northern summer.

;mmmmmer
R
Seasonality increased in the northern hemisphere.

® Earth on December 21 ® Sun  Perihelion 2

Kolisani zemske osy s periodou 19
tis. let a 23 tis. let.

Modulace zaznamu
precese
excentricitou:

Zima na S. polokouli
v perihéliu, léto v
aféliu: zmirnéné
sezonni vykyvy
(DNESEK)

Zima na S. polokouli
v aféliu, léto v
perhéliu: zesilené
sezonni vykyvy
(KONEC
POSLEDNIHO
GLACIALU)



Precessional parameter &=

Precese
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Astronomicka teorie ledovych dob

m In 1842, J. Adhémar suggested that slow
variations in Farth’s orbit could be responsible
for climatic changes by altering the lengths of
the seasons.

m In 1875, J. Croll hypothesized that orbital
variations might lead to substantial changes in
climate. (Colder winters — larger snow cover —
glaciation)



M. MilankoviC

. ] A WERE e
e Renewed interest In ; | e

orbital forcing of glacial
cycles occurred when
M. Milankovitch (1941)
computed long-term
variations in insolation.

 Milankovitch believed
that cold summers led to
glaciation by allowing
snow to survive into the
next year.



Oslunéni na 65 N

ECCENTRICITY
~|00, 000 YR

m  High latitude summer insolation
(June, 65 N) has been regarded as an
index of orbital forcing of glaciation.
(This is the original Milankovitch

0 PRECESSION
hypothesis: Cool summers are ~21,000YR
beneficial to ice growth.) &

3

3

. @

m  Note that the effects of precession z
are modulated by eccentricity. 0BLIQUITY
~41,000YR

m For low summer insolation:
Aphelion 1n summer (esp. with high 100 200 300 400 500 600 700 800
. . . . THOUSANDS OF YRS AGO
eccentricity), low obliquity.

Figure 16. June insolation changes at 65°N caused by changes in the eccentricity of the
Earth's orbit (100,000 and 450,000 year cycles), by changes in the phasing between the
Earth's distance and tilt seasonality (19,000 and 23,000 year cycles) and by changes in
the tilt of the Earth's axis (41,000 year cycle).




Zaznam izotopu kysliku v mofskych
sedimentech za poslednich 700 tisic let

Ice Volume

Planktonic Foram O-18 as Proxy

del O-18 %o

300 400 300
1,000s of Years Ago

Vrtné projekty
DSDP a ODP

Pelagické
sedimenty, cca
konstantni rychlost
sedimentace,
datovani

80 v schrankach
plaktonnich
foraminifer (CaCO;)

Casové fady




Peaks in 'O

Spectrum
Correspond to
Orbital Frequencies

Ice Volume

Planktonic Foram O-18 as Proxy
More Ice
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Variance spectra for marine oxygen isotopes
for the last 700 kyr (lower curve) compared
with spectra for Earth’s orbital parameters
(Imbrie,1985). (From Broecker, 2002)
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Metody datovani kvartéru

m ‘Absolutni’ (Ciselné) datovani
Attempt to establish the age of an event in years before the present.

E.g. radiometrické metody (*’K/*Ar or 1“C) and pfirtistkové
metody (dendrochronologie).

m Relativni datovani

Establishes the relative age (e.g. this event is oldest, this event next
oldest, this event is youngest, etc.).

E.g. superpozice of sediments is one example (oldest at base of
sequence) or stupen zvétravani of a rock surface.

m Metody Casové ekvivalence

Distinctive ‘marker’ events can indicate the age-equivalence of
particular points within sediment sequences (e.g. tephra layers).

Often possible to then find absolute age of the ‘marker’ event at one
location and therefore infer date of same event at other locations.

QER 1



Radiometrické datovani: metoda

Ciselné mé&feni &asu:
pravidelné se opakujici proces, doba trvani jednoho cyklu
jednotky: rok a nasobky ka (ky), Ma (My), Ga (Gy),
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Metoda stépnych stop (fission track)

Stopy po Casticich emitovanych z
jader na mikroskopickém
nalesténém povrchu

Pocet stop / jednotka plochy =
dcefinné izotopy

Umeélé dokonceni stépné reakce v
reaktoru

Pocet stop / jednotka plochy =
matefské + dcefinné izotopy

Pomér dcefinnych / matefskych
izotopu (polocCas rozpadu) = stafi

FIGURE 2.10 Each fission track (about 16 um in length) in this ap-
atite crystal is the result of the radioactive decay of a uranium atom.
The crystal, which has been etched with hydrofluoric acid to make
the fission tracks visible, comes from one of the dikes at Shiprock,
New Mexico, and has a calculated age of 27 million years.




Dendrochronologie

Proces: rust letokruhu dfeva
Doba cyklu: 1 rok (sezonni prirtistek)
Pouziti: do — 5 000 let

Dead tree
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Chronologie varvitu

Lakes can produce annual layers.

Usually occur in glacial lakes or those that freeze
over in winter.

Coarser sediments are deposited in summer.

Winter-summer layers are called

Couplets in lakes are known as .

Count the back from the sediment surface
to determine numerical age.



Chronologie varvitu

Stokesuv zakon

u = rychlost usazovani D = primér ¢astice

.= hustota pevne Castice .= kinematicka viskozita
.= hustota kapaliny

g = gravitacni zrychleni




Lichenometrie

Lichen (liSejniky) are a
symbiotic relationship
between algae and fungi

Assumes constant growth
rate of lichen so that the

largest diameter lichen
will be the oldest

Most used to date glacial
deposits in tundra
environments

Also used to date lake-
level, sea-level, glacial
outwash, trim-lines,
rockfalls, talus
stabilization, former
extent of permanent
SNOW cover




Rhizocarpon geographicum, Notrsko




Maximum lichen diameter (mm)
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Rustové kfivky lisejniku

Brooks Range, Alaska (30;-14)

St. Elias and Wrangel|
Mountains, Alaska
(36,-5.5)

Cordillera Blanca,

Peru
(67,6.4)

\

\ Front Range, Colorado (85:-1)

2000 4000 6000 8000

Approximate Age of Substrate (yr B.P)

Rhizocarpon geographicum

Diameter (mm)

Great growth Long-term growth
Period Period
................... "---............_,__'_.____—-—-"q"‘—'—————

Baffin Isiand

1000 1500

Radiocarbon Years since Substrate Stabilization



Vysledky lichenometrického

r r
datovani
Druh Pramér Stafi Lokalita
Alectoria minuscula 160mm 500-600 yrs Baffin Island
Rhizocarpon geographicum 280mm 9,500 +/-1500 yrs Baffin Island
Rhizocarpon alpicola 480mm 9,000 yrs Swedish Lapland




Problémy lichenometrie

% (Growth rate differs by genera
% Variable growth rate (fastest when the lichen 1s young)

% Growth dependent on substrate type (surface texture
and chemical composition)

# Slower growth rates occur with low temperatures, short
growing seasons, and low precipitation

% Must be calibrated regionally
# Must locate the largest lichen on the surface

% Irregular growth of older lichen



Paleomagnetismus:
Magnetické pole Zemé

silné magnetlcke pole jaké
nezname z zadné jin¢ planety
ve slunecni soustave

magneticky dipél, jehoz pdly se Mantle
nachazeji pobliz geografickych
pola (pola rotace) S
Magnetické silocary, podle
kterych se orientuje stfelka ; ko
kompasu.

Inner

Inklinace : odchylka od
horizontaly

Deklinace: odchylka od polu

rotace | / “Magpnetic lines of ff,m

S




Zmény orientace magnetlckeho vole

Cela fada hornin je samovolné
magnetizovatelna - feromagnetické
mineraly se orientuji souhlasné se
silocarami zemského magnetického pole
a vytvareji tak vlastni magneticka pole.

Meéfenim zbytkovych magnetickych poli
zmeny magnetlckeho pole Zemé.

Zmény — intenzita, deklinace,
pfepolovani, problha synchronne na
celé Zemi

obdobi normalni magnetické polarity
(severni magneticky p6l u severniho
polu rotace)

Obdobi reverzni magnetické polarity
(severni magneticky pél pobliz jizniho
polu rotace).

Posledni prepélovani : 790 000 let, kdy
se zménila polarita z reverzni na
normalni (dnesni).

Geographic north

Mantle

Outer
core

Inner
care

\ -
“Magnetic lines of force
~

N

Normal J
magnetic /
field

0.8 m.y. ago



Subchrons Chrons
Magneto- [EEIUAENCEEN (Epochs)  Age (M.Y)
® r
stratigrafickeé :
BRUNHES
C OCh 0.78
P y 0.99-1.07 Jaramillo
1.201-1.211 Cobb Mt
MATAYUMA
1.77=-1.9D Olduvai
2.14-2.15 Réunion
2.581
3.04-3.11 Kaena GAUSS
3.22-3.33 Mammoth
— 3.58
4.18-4.29 Cochiti
4.48-4.62 Nunivak
4.80-489  Sidufiall GILBERT
4.98-5.23 Thrvera
— 5.894

EPOCH 5




m A simple age model can
be obtained by assuming
a constant accumulation
rate.

m Reversals in Earth’s
magnetic field can be
used for benchmarks.

m Magnetic reversals have
been radiometrically

dated.
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Magnetizace hornin

% Termoremanentni magnetizace (I RM)
# Currie Point — Below which the igneous rock’s magnetic record is

fixed
# Effective on lava flows and baked clays at archaeological sites
% Remanentni magnetizace detritickych zrn (DRM)

% Magnetic particles become aligned with the ambient magnetic
field as they settle through the water column

% Postdepozicni magnetizace

# Based on the water content for some sediments, they may take
on their magnetic characteristic after deposition

# Chemicka remanentni magnetizace (CRM)

# Post-Depositional magnetization due to chemical changes in
magnetic minerals



Problémy paleomagnetismu

% DRM 1s not instantaneous

% Sediments are subject to bioturbation (especially

effecting post-depositional DRM)
% Overturned sediment may give false excursions

% Post-Depositional magnetic changes due to
chemical recrystallization



Metody datovani na zakladé
chemickych zmén

% Analyza aminokyselin organické hmoty
% Stupen zvctravani minerald a hornin

# Chemicka alterace vulkanickych skel



Datovani na zakladé€ aminokyselin

# All living organisms contain amino acids

% Living organisms have levo (left rotating)
formation

% Amino acid formation is dextro (right rotating)
after an organism dies

% D /L ratios can give the age of a sample

# Can date samples from a few thousand years old
to a few million years old



L- a D-aminokyseliny

(a) Enantiomers
kyselina D-asparagova

kyselina L.-asparagova

CHz COOH CHp COOH

D- aspartic acid L - aspartic acid

(b) Diastereomers
HaN

I.-izoleucin

D-izoleucin

CHz CH3

v L -isoleucine D-alloisoleucine

(c) Relative racemization rates

e.g. ISOLEUCINE

NHg - terminal > COOH-terminal >> internally = free amino
bound acid

lasl——————————r e IO
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Podminky datovani na zakladé
aminokyselin

% First studies in 1968 (Hare and Mitterer 1968)

% Can be conducted on small samples <2mg in
mollusks or foraminifera

# Can also be conducted of wood, speleothems,
and corals



Problémy datovani na zakladé

° °
aminokyselin
Fast Helicopsis striata
MuSt be Cahbrated to p rOVIde S : & Intermediate
abSOhlte dates £ive > Trichia

Very sensitive to temperature
history

# An uncertainty of +/-2 Cis
equivalent to an age uncertainty

of +/-50%

1.0 cm

Can also be affected by
contamination and leaching

Vallonia

Rates vary from one genus to
another

.‘ & V
0.5cm e 65 cm




Hydratace obsidianu

% Fresh surfaces of obsidian will react with water
from the atmosphere or soil to create a
hydration rind

# The thickness of the hydration rind can be
measured and used to tell the age of the sample

% Mainly used in archaeology can also date glacial
or volcanic events



Hydratace obsidianu

interior of artifact

diffusion front

/

d hydration

/

! 4 -
outer surface of artifact

/




Obsidian hydration profiles from Crooks Canyon in Northern California. The large number of
readings between 0.8 and 1.5 microns indicate occupation at the very end of the Terminal Prehistoric
Period, as well as during the Historic Period.

of the obsidian artifact.

"'F'-":' = EIT
:; 3 The piece iz mounted on a glass slide
_1:,? and ground down to be extremely thin

ﬂ I‘E and transparent,
L

9%';. A small piece is cut from the aedge
5

g

The thin section is viewed through a microscope
aquipped with a device to measure in microns.

=y

Under the microscope the ! | Housa
i hydration band can be easily | ' Structura 4
| }’ geen and measured. [ ]
LS
: . House
| Structure 3

House
Structure 2

House
Structure 1

lerons 5
Middia Lala Terminal Historic
Archaie Pediod Archais Peried Prahlsioric Poriod Pafied
1500 B.C. - 4.0, 700 A0, 700 - A.D. 1350 B0, 1380« A D 1860 A D, 1800 - Present

http://www.farwestern.com/crookscanyon/pagei.htmMcGuire and Waechter 2004




Problémy hydratace obsidianu

# Must be regionally calibrated to provide absolute
dates

% Dependent upon temperature
# Varles with sample composition

% Not very precise



SED: Surface Exposure Dating
(datovani expozice povrchu)

isotopes produced on the surface of newly
exposed rocks by bombardment of

are high velocity neutrons.

Penetrate rocks to a depth of 2-3 m. Go right thru you.
Cosmic rays produce new “cosmogenic” radioactive

isotopes.

Si, Mg, Al, Fe 2 converted to ''Be,
K, Ca, Cl 2 converted to ¢Cl,

, =300 000 let
,=1,5.10° let

Once formed they begin to decay.



SED

= Surface exposure dating is a collection of geochronological techniques for
estimating the length of time that a rock has been exposed to the Earth's
atmosphere. Surface exposure dating 1s used to date glacial advances and
retreats, erosion history, lava flows, meteorite impacts, rock slides, fault
scarps, and other geological events. It 1s most useful for rocks which have
been exposed for between 10 and 30,000,000 years.

m  The Harth is constantly bombatrded with cosmic rays, high energy charged
particles comprising mostly protons and alpha Dart1cles They couple strongly
with matter, and are absorbed within the first meter of exposed material.
When one of these particles strikes an atom in the atmosphere or a rock on
the surface of the Earth, it can dislodge one or more protons or neutrons
from that atom, producing a different element or a different isotope of the
original element. These new elements and isotopes are called cosmogenic
nuclides, and the process is termed cosmic ray spallation. By measuring the
concentration of these cosmogenic nuclides in a rock sample, and accounting
for the flux of the cosmic rays and the half-life of the nuclide, it is possible to
estimate how long the sample has been exposed to the cosmic rays.



http://en.wikipedia.org/wiki/Geochronology
http://en.wikipedia.org/wiki/Ice_sheet_dynamics
http://en.wikipedia.org/wiki/Ice_sheet_dynamics
http://en.wikipedia.org/wiki/Fault_scarp
http://en.wikipedia.org/wiki/Fault_scarp
http://en.wikipedia.org/wiki/Cosmic_ray
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Alpha_particle
http://en.wikipedia.org/wiki/Isotope
http://en.wikipedia.org/wiki/Cosmogenic_nuclide
http://en.wikipedia.org/wiki/Cosmogenic_nuclide
http://en.wikipedia.org/wiki/Cosmic_ray_spallation

SED

®m The two most frequently measured cosmogenic
nuclides are 10Be and 26Al. These nuclides are
particularly useful to geologists because they are
produced when cosmic rays strike 160 and 2881,
respectively. The parent isotopes are the most abundant
of these elements, and are common in crustal material,
whereas the radioactive daughter nuclei are not
commonly produced by other processes. As 160 i1s also
common in the atmosphere, the contribution to the
10Be concentration from material deposited rather than
created 77 situ must be taken into account.



http://en.wikipedia.org/wiki/Beryllium-10
http://en.wikipedia.org/wiki/Aluminium-26
http://en.wikipedia.org/wiki/Oxygen-16
http://en.wikipedia.org/wiki/Silicon-28
http://en.wikipedia.org/wiki/Natural_abundance

SED: Surface Exposure Dating
(datovani expozice povrchu)
Pouziti:
Kontinentalni sedimenty
dlouhodobé odkryté na povrchu

-
=g

s Alluvial fan

Moraine



OSL Optically stimulated
luminescence

Conditions and accuracy

Ages can be determined typically from 300 to 100,000 years BP, and can be reliable when suitable
methods are used and proper checks are done. Ages can be obtained outside this range, but they
should be regarded with caution. The accuracy obtainable under optimum circumstances is about

5%.

The optical dating method relies on the assumption that the mineral grains were sufficiently
exposed to sunlight before they were buried. This is usually, but not always, the case with Eolian
deposits, such as sand dunes and loess, and some water-laid deposits.

All sediments and soils contain trace amounts of radioactive isotopes including uranium, thorium,
rubidium and potassium. These slowly decay over time and the ionizing radiation they produce is
absorbed by other constituents of the soil sediments such as quartz and feldspar. The resulting
radiation damage within these minerals remains as structurally unstable electron traps within the
mineral grains. Stimulating samples using either blue, green or infrared light causes a luminescence
signal to be emitted as the stored unstable electron energy is released, the intensity of which varies
depending on the amount of radiation absorbed during burial. The radiation damage accumulates
at a rate over time determined by the amount of radioactive elements in the sample. Exposure to
sunlight resets the luminescence signal and so the time period since the soil was buried can be
calculated.



http://en.wikipedia.org/wiki/Aeolian_processes
http://en.wikipedia.org/wiki/Loess
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Radioactive
http://en.wikipedia.org/wiki/Isotope
http://en.wikipedia.org/wiki/Uranium
http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/Rubidium
http://en.wikipedia.org/wiki/Potassium
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Ionizing_radiation
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Feldspar
http://en.wikipedia.org/wiki/Infrared

OSL

m  Physics

m  Optical dating is one of several techniques in which an age is calculated as
follows: (age) = (total absorbed radiation dose) / (radiation dose rate). The
radiation dose rate is calculated from measurements of the radioactive
clements (K, U, Th and Rb) within the sample and its surroundings and the
radiation dose rate from cosmic rays. The dose rate is usually in the range 0.5
- 5 grays /1000 years. The total absorbed radiation dose is determined by
exciting specific minerals (usually quartz or feldspar) extracted from the
sample with light and measuring the light emitted as a result. The photons of
the emitted light must have higher energies than the excitation photons in
order to avoid measurement of ordinary photoluminescence. A sample in
which the mineral grains have all been exposed to at least a few seconds of
daylight can be said to be of zero age; when excited it will not emit any such
photons. The older the sample is, the more light it emits.



http://en.wikipedia.org/wiki/Radioactive
http://en.wikipedia.org/wiki/Cosmic_ray
http://en.wikipedia.org/wiki/Gray_(unit)
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Feldspar
http://en.wikipedia.org/wiki/Photon
http://en.wikipedia.org/wiki/Photoluminescence
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ﬁ Sample aliquots are heated and optically stimulated
to determine the natural OSL signal. The aliguot is
then iradiated, heated and stimulated several more
times with increasing dose. Dose is plotted versus
O5L to determine the equivalent dose necessary to
produce the natural OSL signal. The eguivalent dose O5L sample
(De) is then divided by the environmental dose rate to exitracted, processed
determine age and analyzed under

4 - darkroom conditions
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TL ages [ka] IRSL ages [ka]
REGEN ADD REGEN ADD

Sail
Dolni Vestonice  Stratigraphy | Interpretation
[m] 0 Sample

PK O .
Holocene soil |
- DV 1T 237+24 |260+28 [175+17 | 221181

-1 DV 15 Sandy loess 23.2+£3.0 [235+41 | 148218

- DV 12
Weak frost gley 20.3+20 |249+48 |152+£15 |18.0£7.7

Loess 20.0£23 |244£45 | 14815 | 156432

(X TR RS Frost gley

] Dolnl’ Loess 246422 | 256427 | 158415 | 164485

Weak frost gley |30.1+4.7 274+40 (196223 (204142

N IETETEE: Frost gley

\"2
Ve S tO nice —— Reworked loess |27.0+44 |282+28 | 226124 |214+28

¥ X X X \Weak brown soil |27-8£3.0 |296£26 | 231423 258+28
Profile B

. OSL dating Weak brown soil | 508+68] 555549 440£39|47.129.9

Sandy loess 48562 | 49.0£43| 455243 (406247

585+74| 602+53| 431+39 435117

Reworked loess

Upper chernozem|

Pellet sands
Marker loess PKIl| 60.8+57 [ 81.3+7.1 |[543+51 | 57.5¢2686

Lower chernozem
B horizon 81.8+7.7|1055+91| 70.9+69 |84.24107
Pellet sands
Marker loess PKIIl! 753+ 116| 619+54 | 666£6.5 [59.0£8.0
Chernozem
Bt horizon

Loess 116.6411.3 |132.8211.5 |85.5 £ 10.4 | 87.5:18.4
112.0414.3 |127.7411.2 |96.2 £ 10.4|102.314.5

Frost gley

Sandy loess

39064554 |348.5£33.6|128.0+11.0 [138.2£24.4

16 _
Profile A

Fig. 5. Loess stratigraphy and luminescence dating results for the section at Dolni Veéstonice. REGEN: regeneration method; ADD: additive dose
method.




Age equivalence methods:
Tefrochronologie

% Alrborne pyroclastic material ejected during a
volcanic eruption

% Form isochronous stratigraphic markers

# Must be dated by **K/*°Ar or fission-track
dating

% Can be used in for bounding dates



Depozi¢ni udalosti v
kontinentalnim

prostredi: G,

Tefrostratigrafie e

A Continental and lacustrine environments

Medial Distal

Plateau _\f’olcamc ash
Flood plain Coastal sands

Braided streams

Volecanic ash Lake sed. Delta

Dominant B Marine environments

400 Chapter 2 Event Stratification winds Dispersicn of volcanic

Proximal Distal ash by currents
Debris flows § { Volcanicash |

500 Km

Fallout ash
EE Granitoids

Lava flows

pyroclastic
325 to 295 Ma| flows, surge : : s S
deposits Pillow lava, breccia, Reworking of ash by

Volcaniolastic apron (Y 2iociasifies Ash turbidites bottom currents

C Marine tephra deposits
Pelagic sediment D Fallout deposits
containing fine-grained

volcanic ash B Er
Ash turbidites -~
(with lapilli) W

On land Lake

— ‘Double’
0 T Ash+ graded
gradi o] ! o s 3

Soil horizon

~I'g 2% Normal grading

T Pumiceor ____|
10m scoria+graded
L Continental Leth < v
. : ontinenta ;
Fig. 6. Areal distribution of Lower Carboniferous failout ash layers (bentonite or “tonstein” layers) in e la i;:’;;la:g;i one it sediments
front of the main areas of granite intrusions in Europe. Open triangles (felsic) and closed triangles (matic) a"0% (e.g. fluvial) —

indicate occurrences of voleanic rocks. SPZ South Portugese zone; OMZ Ossa Morena zone; RHZ
Rhenohercynian zone; STZ Saxothuringian zone; MZ Moldanubian zone. (Alter Francis 1988) Figure 6.11 Various tephra events in (A) continental and (B) marine environments. C. Com-
pound section of marine tephra deposits reflecting the transition from maximum to waning
stages of submarine eruption. D. Repeated fallout deposits on land surface and in lake. [Modi-
fied from: Einsele (1992)]




Tefrostratigrafie

Schmineke and van den Bogaard: Tephra Layers and Tephra Events

Komagatake &
Asama }
Bezymianny [z
Hakone
Valles Mountains
Crater Lake [}
Aso [
Nomlaki Tuff
Toba §

Yatsuga-Dake

Mt. Rainier {Paradise)
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Ellensburg Formation
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Mt. St. Helens

Cotopaxi
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Laacher See

AT ash

Antarctica
ash layers
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Fig. 8. Typical transport distances of ignimbrites and lahars, and traceable extent of Plinian fallout ash
layers. Various sources compiled in Schmincke (1988) and Fisher and Schmincke (1984, 1990). Cotopaxi
and St. Helens lahar data may include lahar run-cut hyper-concentrated stream deposits as well. (Fallout
data from Machida 1981, Kyle and Seward 1984, and van den Bogaard and Schmincke 1985)
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Tefrochronologie

# Petrographic and chemical studies can identify unique tephra signatures
which can then be used in a tephrochronology

_ reworked
tephra

reworked
tephra

; | Tephra fallout

http://www.gfz-potsdam.de/pb3/pb33/projects/monticchio_tephrochronology/content_en.html



Tefrochronologie

Lake sediments Peat cores Profiles of a Peat Sall
lagoMartilo  Lago Chandler  ombrogenic minerogenic ~ S€diment bar core profile
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Radiocarbon (B.P.)
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R

Tephra rework and
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http://www.grancampo.de/english/tephra/tephra3.htm



Zvétravani a pedogeneze

m Relative dating

QER 1

One control upon the degree of weathering of a rock surface or the
degree of soil development in the time over which those processes
may have operated.

All other things being equal (1), a more highly weathered surface or a
more well developed soil will be older than a surface less weathered
ot a less mature soil.

Degree of rock surface weathering commonly be measured in the
field by use of a Schmidt hammer.

Thickness of the weathering rind on a rock surface or boulder can
also be used.

Degree of rock varnish development provides another alternative in
some environmental situations. Chemical composition of the
varnish ‘matures’ with time.
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