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atmospheric CO, concentration (ppm)

“CO, has an atmospheric

ifetfime of 50-200 years”

(but noting that “no single lifetime for CO,

390, C€ON be defined because of the different
rates of uptake by different sink
380 + processes” and elsewhere; “variable”).
[IPCC 2nd Assessment Report]
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Terrestrial weathering can be (approximately equally) divided into carbonate
(CaCO,) and calcium-silicate ('CaSiO,') weathering:

(1) 2CO,., +H,0 + CaSiO, —» Cao* + 2HCO, + SiO,
(2) CO,uy *+H,0 +CaCO, — Ca® +2HCO,

Ultimately, the (alkalinity: Ca®) weathering products must be removed through
carbonate precipitation and burial in marine sediments:

(3) Co® +2HCO, — CO,., +H,0 + CaCo,

It can be seen that in (2) + (3), that the CO, removed (from the atmosphere) during

weathering, is returned upon carbonate precipitation (and burial). In (1) + (3)
(silicate weathering) CO, is permanently removed to the geological reservoir. This

CO, must be balanced by mantle (/volcanic) out-gassing on the very long term.

Furthermore, the rate of silicate weathering should scale with climate. Hence a ca.
100 kyr time-scale silicate weathering feedback is formed:

(A regulating feedback system linking CO, and climate with ocean productivity
and oxygenation, and organic carbon burial, can also be formulated but not
discussed further here.)
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(I) Animpulse response function for the ‘long tail’ of CO
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(I) An impulse response function for the ‘long tail’ of CO,,ces
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(I) An impulse response function for the ‘long tail’ of CO,,ces GEO250.2015

Response of fraction of CO, removed vs. the
characteristic time-scale, as a function of
total emissions, ranging from 1,000 PgC (dark
blue) to 20,000 PgC (yellow).
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(I) An impulse response function for the ‘long tail’ of CO,,ces GEO250.2015

Depletion of mixed layer carbonate buffer; I: T ~ 10-100 years
ocean strafification and reduced surface
mixing. Warming and reduced CO, solubility.
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CO, fraction removed
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(I) An impulse response function for the ‘long tail’ of CO,,ces GEO250.2015

Geologic CO, removal via carbonate rocks and IR EL &) years
marine sediments — occurring on an increasing
profracted time-scale.
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(I) An impulse response function for the ‘long tail’ of CO,,ces GEO250.2015

Silicate weathering (no time-scale responsel).

CO, fraction removed
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CO, fraction removed

1.0
0.9
0.8
O.7:-
0.6
0.5
0.4
0.3
0.2
0.1

P
by L g/ :

0.0 i

10° 10° 10° 10° 10° 10°

timescale (years)

10°

Summary:

With increasing total CO,
emissions, the response tfime of
all sinks (bar silicate
weathering) lengthen, and the
shorter time-scale two weaken
at the expense of the ~10,000
year CaCQO, burial process.
Elevated atmospheric pCQO,
(and hence warming) will
hence become more persistent
as the main short-term CQO,
feedbacks weaken.

Only a (almost invariant) small
fraction(~7%) of CQO, is
extremely persistent.

BUT, the majority of carbon
removal beyond ~10,000 PgC is
removed only on time-scales
exceeding 10,000 years.
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() Enhanced weathering (CO, removal geoengineering)  GEO250.2015

Enhanced weathering — how does it work?

Increased land-ocean transfer of
base cations (Ca?*, Mg? etc.)
and bicarbonate (alkalinity)

CO, removal through
depostion of CaCO,

Harnessing the photosynthate energy of
plants to accelerate rock weathering in
soils

Terrestrial weathering can be (approximately equally) divided into carbonate (CaCO,) and calcium-silicate ('CaSiO,’') weathering:

(1)  2CO,4y *+H,O + CaSiO, —» Ca* +2HCO, + SiO,

(2) CO,q *+ H,O + CaCO, — Ca™ +2HCO,

Ultimately, the (alkalinity: Ca*) weathering products must be removed through carbonate precipitation and burial in marine sediments:
(3) Ca” + 2HCO, — CO,, + H,O + CaCO,

It can be seen that in (2) + (3), that the CO, removed (from the atmosphere) during weathering, is returned upon carbonate
precipitation (and burial). In (1) + (3) (silicate weathering) CO, is permanently removed to the geological reservoir. This CO, must be
balanced by mantle (/volcanic) out-gassing on the very long term.

Furthermore, the rate of silicate weathering should scale with climate:

Equally:
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Enhanced weathering — how does it work?

Increased land-ocean transfer of
base cations (Ca%*, Mg?* etc.)
and bicarbonate (alkalinity)
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Enhanced weathering — how does it work?

Increased land-ocean transfer of
base cations (Ca%*, Mg?* etc.)
and bicarbonate (alkalinity)

™ >00% olivine: (Mg™, Fe)2Si0,

Dunite
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Enhanced weathering — how does it work?
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Enhanced weathering — how does it work?

~ olivine + pyroxene

Increased land-ocean transfer of
base cations (Ca%*, Mg?* etc.)
and bicarbonate (alkalinity)

>90% olivine: (Mg™, Fe™)2SiO,

Dunite / \ Harzburgite
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Enhanced weathering — how does it work?

~ olivine + pyroxene

Increased land-ocean transfer of
base cations (Ca%*, Mg?* etc.)
and bicarbonate (alkalinity)
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Enhanced weathering — how does it work?

~ olivine + pyroxene

Increased land-ocean transfer of
base cations (Ca%*, Mg?* etc.)
and bicarbonate (alkalinity)

Harzburgite

~ plagioclase + pyroxene (+olivine)
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Current global o1l
consumption =

90,136x10° barrels per
day

1.0 barrel = 159 1
= 159%10° cm’

— 011 consumption
= 5.23x10"7 cm’ year
= 5.23 km year’
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How many blue whales worth? ’

(or Olympic sized swimmling pools?)
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() CO, removal geoengineering — a perspective GEO250.2015

Current global o1l

consumption =
90,136x10° barrels per
day

1.0 barrel = 159 1

_ 150%10° e How many Yosemite Valleys?
(equivalent volume)

— 011 consumption
= 5.23x10"7 cm’ year
5.23 km' year

Yosemite Valley
(Wikipedia) :

1,200m deep x 1,600m
across, 12.0 km long
—

volume = 1.2x1.6x12.0
23.0 km’
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NOT
GENIE

US answer to global warming: smoke and giant space mirrors
Washington urges scientists to develop ways to reflect sunlight as 'insurance’

";‘f Guardian, Saturday January 27, 2007

N7
CO,
7\

Jackson et al. [2015]

“we will fix it, we will stitch it,
we will make it new, new, new”
Mice et al. [1974]
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