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Global Warming and CQIncrease?
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(pac, 2007) temperature and CO, increase,
Indicating that the greenhouse
gases are the mainly driving forces
of the climate system. But also

some scientists have been
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As scientists work to figure out
how large the warming will be,
part of the answer has come
and will come from
understanding the changes that
occurred in the past.

CHa (Loulergue et al., 2008)




Millennial Oscillations between Climate
and CQO,

A Opposed millennial
oscillation in Antarctic and
Greenland ice

Suggesting the changes
In CO, at these
timescales were not the
main driving forces of
climate changes, but
would have a significant
feedback to the climate
system.
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Orbital-Scale Changes in Climate and CO

A Atmospheric CO,
concentrations match
the ~100,000-year
rhythm of the ice
sheets, with high
concentrations
during the warm
Interglacial intervals
and values 30%
lower during the
maximum glaciations o Agemm
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(Jouzel et al., 2007; Luthi et al., 2008)



A During the deglaciation:
lagged changes (100-1000
year) in the CO, concentration
at orbital scales to those of
the global temperature

A During some interglacial
intervals: relatively stable CO,
concentrations, but cooling
the global temperature

Suggesting other factors
cause the climate changes,
not the CO, concentration

(Luthi et al.
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Strong asymmetry of hemispheric climates during MIS-13: a
warmer Northern Hemisphere and a cooler Southern Hemisphere
under relatively low concentrations of greenhouse gases

Asian summer monsoon
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(Oppo et al., 1990; Raymo et al., 1997; Jouzel et al., 2007; Loulergue et al., 2008; Guo et al., 2009)

A Lower CO, and CH,
concentration

A Unusually positive
benthic oxygen and
carbon isotopic values in
the world oceans

A Cooler Antarctic
temperature

But

A extremely strong Asian,
Indian, African summer
monsoons

A warmer northern high-
latitude regions



Tectonic-Scale Changes in Climate and CO

CEarthos cl i
over the last 50 Myr

C Marked decline in
atmospheric CO2
concentration during the
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(Zachos et al., 2008; Lear et al., 2000)
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Based on the boron/calcium
ratios Iin foraminifera to
estimate CO2 concentration
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A Decrease in CO,
concentrations were
synchronous with major
episodes of glacial
expansion during the Middle
Miocene (~14-10 Ma) and
Late Pliocene (~3.3-2.4 Ma)
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Supporting the hypothesis
that greenhouse gas forcing
was an important modulator of
climate
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Validation results:

The potential links between the Cenozic
climate changes and GOoncentrations at
tectonic, obital and millennial timescales,
indicating that the CQare among the most
prominent driving forces of the climate
system. However, a significant amount of
decoupled aspects Is also clear.



What we can link climate, CQ
concentration with the deep
carbon?



Cenozoic cooling:

ectonic control of CG,

iInput, BLAG spreading rate hypothesis

(Bernar R. Lasaga A. and Barrels R., 1983)

This hypothesis predicates that CO,
concentrations and global climate are driven
by the global mean rate of seafloor
spreading, which controls the rate of CO,
Input at ocean ridge crests and subduction
zones



Tectonic control of CO, removal Uplift -
weathering, organic carbon burial hypothesis
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Positive weathering feedback

(Raymo and Ruddiman, 1992; Ruddiman, 2008)

Active tectonic
uplift produces
several tectonic
and climatic effects
that cause strong
weathering of
freshly fragmented
rock. This process
removes CO, from
the atmosphere
and cools global
climate



Uplift of the Tibetan Plateau and Carbon Cycle

A Subduction of Tethyan oceanic crust
with a carbonate-rich pelagic
sediments (Deep carbon cycle)

A Extensive high terrain: ~2.5 million
km?in area at an average elevation
above 5 km, enhancing the summer
monsoon and drying inland in Asia

A Unusual physical weathering: high
levels of rock fragmentation

A Unusual chemical weathering: high
potential for chemical weathering of
silicates by enhancing the intensity of
the warm and moist summer monsoon



