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Forcante solar

- Variacoes do fluxo de radiacdo solar que atinge a Terra

- Dificil extrapolar para o passado, fora do periodo instrumental
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Forcante solar reconstruida
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Movimento tectonico + efeito estufa (escala de milhdes a bilhdes de anos)

As the continents shift there is increased subduction and
volcanic activity which increases CO, into the atmosphere

—
Oceanic Plate

-~

That atmospheric CO, is then consumed in weathering

reactions on continents, and eventually returned to the ocean.
This is the long-term “"weathering” control of climate.



Forcante orbital

- Mudancas do fluxo de radiacao solar — eras glaciais/interglaciais
- Previsivel a partir de calculos astronémicos (passado e futuro)

- Mudancas de: ecentricidade da orbita

inclinacao do eixo de rotacdo da Terra
precessao do eixo de rotacao da Terra
precessao da Orbita
inclinacéo da orbita

& - Ecentricidade

X ' . e Periodo principal: 413 ka
| . Outros periodos: 95 ka, 125 ka



Forcante orbital

- Mudancas do fluxo de radiacéo solar — eras glaciais/interglaciais
- Previsivel a partir de calculos astronémicos (passado e futuro)
- Mudancas de: ecentricidade da orbita
inclinacéo do eixo de rotacao da Terra
precessao do eixo de rotacao da Terra

precessao da Orbita
inclinacao da orbita

22.1°
/ Inclinacdo do eixo

Periodo: 41 ka




Forcante orbital

- Mudancas do fluxo de radiacéo solar — eras glaciais/interglaciais
- Previsivel a partir de calculos astronémicos (passado e futuro)

- Mudancas de: ecentricidade da orbita
inclinacao do eixo de rotacdo da Terra
precesséo do eixo de rotacao da Terra
precessao da Orbita -
inclinacao da orbita

Precessao do eixo

-----
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] Periodo: 25,8 ka



Forcante orbital

- Mudancas do fluxo de radiacao solar — eras glaciais/interglaciais
- Previsivel a partir de calculos astronémicos (passado e futuro)

- Mudancas de: ecentricidade da orbita
inclinacao do eixo de rotacdo da Terra
precessao do eixo de rotacao da Terra
precessao da Orbita
inclinacao da orbita

Precessao da oOrbita

Periodo: 112 ka



Forcante orbital

- Mudancas do fluxo de radiacao solar — eras glaciais/interglaciais
- Previsivel a partir de calculos astronémicos (passado e futuro)

- Mudancas de: ecentricidade da orbita
inclinacao do eixo de rotacdo da Terra
precessao do eixo de rotacao da Terra
precessao da Orbita
inclinacao da orbita

Inclinac&o da orbita

Periodo: 100 ka

Reference
direction




O reqistro paleoclimatico em testemunhos de gelo
- Bolhas de ar aprisionadas em geleiras
- Quimica atmosférica da neve
- Sujeito a difuséo gasosa entre poros

- Taxas de acumulacao definem a resolucéao
temporal: Antartica x Andes

(open porous)

- Escala de 800 ka em Dome C, Antartica
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Eccentricity

Variacoes orbitais (Milankovitch)

Obliquity (°)

Precession
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Antarctic AT (°C)

Benthic 880 (%o)




Obliquity (°)

o
'_
7))
%)
<
©
O
[
o)
e
’_

Benthic 880 (%o)

o
o
o

Eccentricity

Precession

Variacoes orbitais (Milankovitch)

—CO2 no testemunho de Dome C

<— Temperatura definida a partir
de isOtopos da agua

“Eras glaciais” / interglaciais




Eccentricity

Variacoes orbitais (Milankovitch)

Obliquity (°)

o
o
o

o
o
o

)
Precession

—CO2 no testemunho de Dome C

CO, (ppm) 7

(g) Brazil: Botuvéra cave

1 1 1

<
-
9}
)
b
©
L
Q.
e}
—_
=

Antarctic AT (°C)

Benthic §'®0 (%o)
Standardized hydrological change




Registros dos ultimos 2000 anos
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Registros dos ultimos 2000 anos
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Registros dos ultimos 2000 anos
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Registros dos ultimos 2000 anos
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Registros dos ulf
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Varias escalas de tempo no registro paleoclimatico

Temperature of Planet Earth
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Escala orbital

Escala tectbnica

Extingdo P-Tr: 95% esp. marinhas,
70% verteb terrestres
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O registro paleoclimatico em geleiras e mantos de gelo
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Escoamento de geleiras

Rate of ice motion Rate of ice motion
with basal sliding > with no basal sliding
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Escoamento de geleiras

https://youtu.be/IXFORXWph2Q
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Extracao e analise de testemunhos de gelo




Drilling site: location, location, location...

IDEALIZED ICE-SHEET DYNAMICS

Note: 500-1000 times
vertical exaggeration

accumulation zone
equilibrium ice coring site

surface ice flow

ablation

glacial Jebris

continental crust basal sliding vectors
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V5 (3,369 unique gene sequences, 1,543 classified taxonomically)

psychrophiles, mesophiles,
thermophiles

autotrophs, heterotrophs

aerobes, anaerobes

central metabolism, N-fixation,
nitrification, denitrification,
C-fixation

Archaea (<1%) (deep sediment
and methanotroph species)

Eukarya (4%; the majority are Fungi)

Amoebozoa

Archaeplastida (mainly green algae, pollen?)

Animalia (e.g., rotifers, mollusk, arthropods,
Daphnia, brachiopod, tardigrade,
sea anemone, bilaterian)

Fungi (Ascomycota, Basidiomycota,
Zygomycota)

Bacteria (96%)
Firmicutes
Cyanobacteria
Actinobacteria Chromalveolata (e.g., diatoms,
Gammaproteobacteria dinoflagellates, yellow-green algae,
Alphaproteobacteria ciliates)

Betaproteobacteria Excavata
other bacteria Rhizaria (Paulinella sp.)

V6 (138 unique sequences,
80 classified taxonomically)

psychrophiles, mesophiles, thermophiles

autotrophs, heterotrophs

aerobes, anaerobes

central metabolism, N-fixation, nitrification,
denitrification, C-fixation

Bacteria (77%)
Gammaproteobacteria
Betaproteobacteria
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Actinobacteria
other bacteria

Eukarya (23%; the majority are Fungi)
Fungi (e.g, thermal vent fungus, Antarctic)
Archaeplastida (pollen?)
Animalia (arthropodes, fish, annelid)
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Fracionamento isotopico

* Oxygen isotopes are fractionated during evaporation and
precipitation of H,O

- H1O evaporates more readily than H,10
- H10 precipitates more readily than H,¢O

180 is heavier than 0.

H,180 is heavier

than H,100,

H,180 H,160

* Oxygen isotopes are also fractionated by marine organisms
that secrete CaCO; shells. The organisms preferentially take
up more 16O as temperature increases.




Fracionamento isotopico

Fractionation effects T Ty ——

Precipitation favors than water vapor

H.B0 (2) cloud water
becomes more depleted

in H,180 as it moves
{:} inland or poleward...

Evaporation favors l
H,*O

/C)/”-]




Fracionamento isotopico
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Fracionamento isotopico

We can also show
that the 8180 of
precipitation is
well correlated
with temperature!

So, if we know the
5180 of water or ice, we
know what the air
temperature was at
that time.

(Note that hydrogen
Isotopes work the same way)
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Observed 8180 in average annual precipitation as a function
of mean annual air tamperature (Dansgaard, 1964). Mote that
all the points on this graph are for high latitudes (>45°).




Concentracao de CO,

LAW DOME, ANTARCTICA ICE CORES
Source: Etheridge et al. (CSIRO)
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Fracionamento de C
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O testemunho de gelo de lllimani, Bolivia

Ice core
extraction site




O testemunho de gelo de lllimani, Bolivia




O testemunho de gelo de lllimani, Bolivia
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O testemunho de gelo de lllimani, Bolivia

North
Atlantic
Ccean

~10.000 k



O testemunho de gelo de lllimani, Bolivia




O testemunho de gelo de lllimani, Bolivia




O testemunho de gelo de lllimani, Bolivia
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O testemunho de gelo de lllimani, Bolivia
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O testemunho de gelo de lllimani, Bolivia

-

e = [y ar o,

= ' i .. // S .
Physical | ISOtOpes| |
Properties Physical Properties

Chemistry

-~ g Archive Archive | @
y Gases |

Densidade crescente




O testemunho de gelo de lllimani, Bolivia
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O testemunho de gelo de lllimani, Bolivia

Datacao do testemunho de gelo de lllimani

—=— contagem de camadas anuais (este trabalho)
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Fragdo solGvel (Na C1/ Na ICP-MS)
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Fatores de Enriquecimento Médios

|[E1]/[ Al]

— amostra m Estagdo Seca mEstagdo Umida

/| Al]

o

oS

referencia

Fatores de Enriquecimento Médi

o
T

gy
o
o
o
o

-
o

b)
7]
2
]
o
=
o
-
=
o
=
(8]
@
3
g
-
=
w
@
o
7]
@
—
S
©
L

o
-

Ta Nb Mg Cs Mn Sr S¢ V Hf Ce U Fe Th Pr Sm La Rb Nd Ti Lu Ga Yb Y Zr




o
S’

Fatores de Enriquecimento La

3
Q
o
-t
c
@
E
(54
@
3
3
=
c
w
@
o
(T4
@
—
S
&
(T

0,1
100000

10000

1000

100

10

Fatores de Enriquecimento

o Estagdo Secala < Estagdo Umidala

L

I

o Estagao Seca Cu

Estagao Umida Cu

Concentragao Al (ng g")




———
-
O)
O
c
'
©
o
[
)
=
—
@
i g
O
o]
o
o
©Y
On
©
P -
S
c
[
Q
o
o]
Q

-
]

0

I

0
1915

'J&hﬂf'a’i!!lhlféi!;khdﬂ!"'J'ﬁQl_dhﬂir-*Ihll;

1925 1935 1945 1955

1965




Concentragdo nio-terrigena(ng g ')
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| As terrigeno B As n&o-terrigeno
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Acumulacao anual - lllimani
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Acumulacao anual - lllimani

Possiveis explicacoes:
- aumento da precipitacao
- diminuic&o da sublimacgao
- mudanca padrao/direcao dos ventos
- aumento do vapor d'agua na atmosfera
- aumento da TSM no Atlantico
- aerossois-precipitacao ou
aerossois-sublimacgao so apos 1970 ...
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Cane et al. 1997
Durante o século XX: Atlantico Equatorial +0.3C

allt Mais umidade disponivel
Atlantico Sul +1.0C

EOF TSM do Atlantico (Sutton et al. 2000) Tendéncias de longo prazo para alguns

EOF TSM do Pacifico (Cardoso, 2001) modos de oscilagao

Oscilacdo Decadal do Pacifico ???



Pacific Decadal Oscillation (PDO)
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Figure 1. Correlation of global Noly—February SSTs with
net accumulation-weighted 6'°O at Sajama, Bolivia (white
dot), 1961—-1997. Regions delimited by white line are
correlated at the 95% significance level. The area used in

+76m in freezing level height
over the Inter-Tropical Andes

+1°C in SSTs across
the central and eastern
Equatorial Pacific

Decreased net

mass balance

+1.58 %o in Sajama snow

~60cm less snow p.a. on Sajama

Figure 4. Schematic diagram summarizing links between
central and eastern Equatorial Pacific SSTs, isotopic records
at Sajama, and mass balance changes.




Fig. 1. Annual mean SST
anomaly (in degrees Celsius)
generated by the Lamont in-
termediate coupled ocean-
atmosphere model (72)
when forced by an imposed
uniform heating. [Adapted
from (7)]
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