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Definitioner
Nogle undersggelsesmetoder
Hvad bestemmer vores klima

Gennemgang af de enkelte
istidsperioder



Istid

En istid er en laengerevarende
periode i Jordens historie med et
klima, der er sa koldt, at det
resulterer i udbredte
iskappedannelser pa kontinenterne
og udbredt havisdannelse.
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Figure 17.  The Earth’s major ice ages, as identified from glacial drift, tillite, varves,
and glacially scoured bedrock. Heights of the shaded bars give a rough indication of
the intensity of these glacial periods, although the estimates are speculative for the
glaciations between 2.2 and 2.4 billion years ago. In addition to the four major ice age
periods before the Pleistocene discussed in the text, a further cold period that occurred
450 million years ago has been identified and is shown here. It is not possible to repre-

sent the durations of ice ages accurately on this small graph.




Glacialer/interglacialer

Under istider skifter klimaet mellem
kolde glacialperioder og varmere
interglacialperioder.

Vi befinder os i en interglacial-periode
i den istid, som startede for ca. 2,5
millioner ar siden.



Modern
vegetation

B tropical moist forests

B Tropical scrub and woodland
Grasslands and savanna
Semi-desert and dry steppe

= Temperate broadleaf forest

B Boreal and other closed conifer forest

LGM
vegetation

| Open conifer woodland
| Polar desert (northern steppe-tundra)
M Tundra and boreal peatlands
Ice sheets
M Desert

Southern steppe-tundra




Stadialer/
Interstadialer

Under glacialer skifter klimaet
mellem kolde stadialer (eks:
Yngre Dryas) og varmere
interstadialer (eks: Allergd).

| interglacialer er klimaet
generelt mere stabilt.

Zeitraum

Glaziale/ Stadiale/
Interglaziale Interstadiale!"! i o
Chr.)
5 . 110.730-
Jiingere Dryaszeit
9.700
1 11.400-
Allerod-interstadial
10.730
s - 11.590-
Altere Urysszeil
Weichsel- 11.400
Spétglszisl 11.720-
" 11.590
T 11.850-
i szes 11.720
Meiendort- 12.500-
Interstadial 11.850
Sy 17.000
Pommern-Phase 17.600
Frankfurt-Pha 22300
=24.000
:.vsf?e»'fam,c-'- 32000
Weichsel- Interstadial
Hochglazial Hengelo-
39.000
48.700

Glinde-interstadizl |51.500
Ebersdorf-Stadisl  |53.500
57.700
jisi |60.000

74.000
Weichsei- ?
Frihglazial ?
?

erning-Stadial 115.000
Eem-Warmzeit 126.000
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Danske polarforskere far ret: Istiden sluttede
for 11.711 ar siden

Med en advokat i ryggen sikrede Danmark sig
den internationale standardreference for,
hvornar istiden slutter, og nutiden begynder pa
Grgnland - nemlig for preecis 11.711 ar siden.
(2008)



Tegn pa istidsperioder

* Geologiske
— Vandreblokke
— Moraener (tillit, diamictit)
— Skurestriber
— Landskabsformer
— Dropsten
— Varv

* |sotop-geokemiske
— Dybhavssedimenter
— lIskerneboringer

* Palaeontologiske
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Louis Agassiz 1874-1927 - Glaciologiens far



Erratic boulders —
vandreblokke
Moraeneaflejringer
Skurestriber
Glaciologiske studier
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Isotopundersggelser

Fig. 4.3: Denne sofi
begyndelsen til 40 ars

Warm climate
Light oxygen

i

Seawater with light and heavy oxygen

Low ice volume

Cold climate
Light oxygen ngh ice volume

(-

 Seawat: h increased
proportion of heavy oxygen

Willy Dansgaard (1922-2011)

Der er mere af den lette iltisotop i vand,
der fordamper fra havet og som bindes i
iskappen.



FIGURE 22.8 (a) Snow compacts and melts to form firn, which recrystallizes
to make ice. (b) The size of ice crystals increases with depth in a glacier, where
some crystals grow at the expense of others.
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180 /160 i foraminiferer
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Surface
temperature
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Indholdet af det lette iltisotop i kalkskaller pa foraminiferer,
coccolither mm. er lavere jo lavere temperatur kalkdannelsen
foregar ved.



Dybhavssedimenter

180/160 i foraminiferer

 Vandtemperatur
 Meaengden af vand bundet i iskapper



Tp-a&ndringer i overflade-havvand

0
Present

Bla: Nordatlantisk. Sort og lilla: Tropisk
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Det komplicerede klima

Changes in
Solar Inputs

Atmosphere-
Ice Precipitation
Interaction Evaporation

Heat Wind
Exchange Stress

| Sealce —g
Hydrosphere:
Ocean

Ice-Ocean Coupling

Changes in the Atmosphere:
Composition, Circulation

Atmosphere

N, O, Ar,
H,0,CO, CH, N,0, O, etc.
Aerosols

Volcanic Activity

Terrestrial

Radiation ,;Hhmm 9
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Changes in the
Hydrological Cycle

/ Clouds
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Atmosphere-Biosphere
Interaction

=

Land Surface

Changes in the Cryosphere:

Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in the Ocean:

Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry

Orography, Land Use, Vegetation, Ecosystems




Arsager til klimaaendringer

Zndringer i Solens straling
Zndringer i kontinenternes placering (pladetektonik)
Zndringer i Jordens bevaegelse om Solen

Zndringer i koncentrationen af drivhusgasser i
Jordens atmosfaere

Vulkanudbrud

Astronomiske begivenheder



The Faint Young Sun Paradox
Temperature

259C

Solar Luminosity

Freezing point of H,0

osC a4

100%
Al
| Present Value

— 90%

Temperature expected on Earth
with present atmospher

¥—_ Change in solar luminosit
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-25°C
: Temperature expected on
Earth with no atmosphere
-500C T T T [ T T T 708
45 4 35 3 2 14 1 0
Life Begins First Present Day

Billions of Years Ago Eukaryotic
Cell

Even though the Sun was about 30% dimmer than it is now,
the temperature on Earth has been more or less stable.

”Den svage, unge sol -
paradoxet”

Solens
straling

Weaker solar radiation

A Early Earth

Stronger solar radiation

. _: e

'

B Modern Earth
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Pladetektonikkens betydning

50 -40 30 20 10 0 10 20 30
Annual Mean Temperature

Thermohaline Circulation

[ ] salinity (PSS)
38

32 34 36

Kontinenter i polare regioner giver
mulighed for dannelse af iskapper.
Nogle konfigurationer af
kontinenternes placering
forhindrer varmeudligning fra
akvatoriale omrader til polare
omrader bade via havstremme og
via vindsystemer.

Kollision mellem kontinenter fgrer
til haevning af store plateauer
(Tibet) med snedaekke.



Jordens bane omkring Solen

James Croll (1821-1890) Milutin Milankovic (1879-1958)






Now 200 400 600 800 1000 kyr ago

95, 125, 400 kyr

Precession

19, 22, 24 kyr

Obliquity

41 kyr
W Eccentricity

Solar Forcing
J | o e i | 65°N Summer

Hot

——

Stages of
Glaciation

Cold




Drivhusgasser

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.

 Vanddamp og skyer
* lkke kondenserende drivhusgasser: CO,, CH,, N,O mm
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Pongola-istid 2,9 Ga

Figure 19. A glacially scratched and faceted boulder from the Earth’s oldest known

mple come

>s from a tillite in South Africa that is estimated to be
between 2.9 and 3.0 billion years old. Photograph courtesy Professor John Crowell,

University of California, Santa Barbara.

Vaalbara-superkontinent 3,1-2,5 Ga

Arsag og omfang usikker

Major Archean cratons

Il Rocks 235 Ga /‘4
e Tillit med faceterede klaster med
skurestriber
* Dropsten

~48°




Huron-istid 2,4-2,1 Ga

Formentlig flere adskilte istider
afsluttende med "Snowball Earth”

Geologiske tegn i Canada og Sydafrika:
Tillit, dropsten, varv

lltkatastrofen — GOE (Great Oxygen Event)

Atmosfaerens methan omdannes til
kuldioxid

Stages
1 2 = | 4 5

0.5

04— i

0.3 [— —

Atrmosphere
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| . sulfate evaporites
_ Ce-anomaly

| Ml—deposm

l ‘vidence for Nogeodlemical cycling of methane

|I)elril-l pyrite, siderite, and uraninite
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Fig. 6. Schematic presentation of Paleoproterozoic secular carbon isatope varigtions from Bekker et al. (23] with additionzl information from Bekker
et al. [82] shown in light grey with a dashed border. Black triangles represent three Paleoproterozoic glaciations with their age constraints shown.
Indicators of atmospheric and ocean redox state {green — reducing; red — oxidized) relevant to this paper ere from Bekker et gl. [23]. Atmospheric
methane, cerbon dioxide, and oxygen levels shown schematically fluctuated dunng the Paleoproterozoic glacial epoch and induced climate changes
(see text for discussion). Dashed line represents atmospheric carbon dioxide level required to meintain greenhouse conditions alone. Positive carbon
isotope excursion in the aftermath of the third Huronian glaciation (shown in pink) marks irreversible transition to the oxygenated atmosphere with
carbon dioxide acting as & major greenhouse gas thereafter. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)




Cryogenium-istider 850-630 Ma

Faunal diversity
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Saltzman et al. (2000)
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Maloof & Bowring (2005)
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"Snowball Earth”

Joseph Kirschvink Paul Hoffman
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Ice rafted dropstone in proglacial marine strata,
Ghaub Fm lower member, Otavi Group, Namibia
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Rodinia e E T Rodinia breakup

Rodinia =
Classic / - : ; North
Ind - China
£

Seychelfe \/
East
Madagasca Antarctica

Laurentia \B  Eauater
Baltica j Proto-Arcs:

s Timanian
4/ Avalonian
Cadomian

d

30°S

Kalaharl % RIO “ : ‘ /,'j \t D
800 Ma \ ) Q/j \;J
i ___ Africa \ 60 i West Qf

__Africa T2

Torsvik (2004) <m, 1300- to 1000-million-year-old mobile belts

B Continents with paleomagnetic data (~750 million years ago)

Arsager til disse istider stadig omdiskuteret.

» Kraftig forggelse af forvitringen af silikatbjergarter i forbindelse med gget nedbgr da
Rodinia brgd op.

 Meget leengere kyststraekninger giver mulighed for st@rre primaerproduktion, dvs. flere
cyanobakterier, som danner organisk stof ved fotosyntese. Dette passer med at
iltkoncentrationen i atmosfaerer stiger.

Begge disse processer suger drivhusgassen CO, ud af atmosfaeren.
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Temperature of Planet Earth
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Sen-ordovicisk istid (Andes-Sahara-istid) 450-420 Ma (?)

Det centrale Gondwana (Afrika og Sydamerika) glider hen over sydpolen og
daekkes af en iskappe. Varmt i Nordamerika, Europa og Sibirien.
Havoverfladen falder ca. 80 m.

Masseuddgen — isaer primarproduktionen.

Gammaglimt fra supernova i Malkevejen?
10 sek. Straling. Ozonlag destrueres. llt+kveaelstof danner salpetersyre.

Den overlevende fauna der genbefolkede verden synes at veere kommet fra
dybt vand og hgje breddegrader.



Carbon-Perme-istiden 360-260 Ma

Late Carboniferous 306 Ma
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Biotic
Events
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‘Great American Interchange’
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A MIDDLE EOCENE

B EARLY OLIGOCENE
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KONKLUSIONER

Pladetektonikken danner konfigurationer af kontinenterne,
som muligger at der opstar istider.

Andre forhold som f. eks. biosfaerens pavirkning af
atmosfaeren, vulkanudbrud og astronomiske begivenheder
kan udlgse en istid.

Langsigtede negative feedback-mekanismer sgrger for, at
Jordens klima holder sig inden for ret snaevre rammer med
flydende vand.

Mere kortsigtede positive feedback-mekanismer sgrger for at
der inden for dette temperaturomrade opstar ret betydelige
og hurtige svingninger.



KEV THE CARBON CYCLE
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