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London

became world’s
largest city in 1821

~ 1.4M people

no central sewage
disposal

gradually over the
threshold

three large cholera
outbreaks in first
half of 19t century




overshoot ...
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olivine-rich rock (peridotite) near the surface
Mg,SiO, + CO, = 2MgCO; + SiO,

continental continental
crust oceanic crust crust
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natural mineral
- carbonation
In peridotite

iIn Oman, 104 to 10° t/yr
1000 t/kms3/yr, 1 gm/m3/yr
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carbonation rate relative to
rate at 25°C in atmos CO2 saturated water at 1 bar
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Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008

X 103 t/km3/yr

~ 1 Gt/km3/yr
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reactions that condense fluid or gas to form solid
usually evolve heat, and increase solid volume

rapid reaction at
high temperature

SELF-HEATING REGIME

fast heating
with rapid reaction

Martin & Fyfe, 1970 Lamont-Doherty Earth Observatory
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zero-dimensional thermal model

dT/dt =

(Ti-T) r:C,' f Wi(r,C,° d)

- (T-T,) k/ o

+ (T,Pcoz) ADH/[C (1-F )+C, ()]

Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008

advective fluid flow
thermal diffusion

heating from reaction
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temperature
change
cooling from
cold fluid
+
cooling to
surroundings
+
heating from
reaction

here:
rapid flow
= cooling

Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008
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rate of temperature change, °C/second
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zero-dimensional thermal model

)
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dT/dt =
(Ti-T) r¢C,' f wi(r,C,°d)
- (T-T,) k/d?

+ G(T Peod{ APHI[C,(1-F }+C,'(F)]

THE

CARLET
LETTER
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reactions that condense fluid or gas to form solid
usually evolve heat and increase solid volume

fluid supply +
abundant surface area

REACTIVE CRACKING
REGIME

fractures caused by
rapid expansion
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Royne et al. EPSL 2008 (Fletcher & Brantley, EPSL 2006; O’ Hanley Geology Lamont-Doherty Earth Observatory
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, listvenite:
i fully carbonated
peridotite
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Streit et al., in prep.
KeIemep et al. Ann. Rev. Earth Planet. Sci. 2011
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Kelemen et al. Ann. Rev. Earth Planet. Sci. 2011; Scientific Drilling 2013

B0y 1 billion tons of CO,
bretll in this mountain
carbonated
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in situ mineral carbonation with high P,

_driI_

ract

already hot

natural pH
swing

Heat
&add
NaHCO3

!

Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008

self -heating | | Individual
self-cracking | | Wells ~
1 Mt/yr
cost ~
pump Injection
CO? Into pore
| space
requires
supply of
CO,
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seawater as a CO2 transport fluid?
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geologic CO2 capture
& storage

no vertical exaggeration =

Lost City hydrothermal vents, Mid-Atlantic Ridge Lamont-Doherty Earth Observatory
Kelley et al., Nature 2001, Science 2005; Friih-Green et al., Science 2003 COLUMBIA UNIVERSITY | EARTH INSTITUTE




in situ mineral carbonation

using convecting seawater

free CO2 capture

_driI_

ract

already hot

natural pH
swing

no transport
self-cracking
relatively slow
helps to have

heat source

"eat

PHP
NaHEO3S
oA CO2
¢ A

Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008

Lamont-Doherty Earth Observatory

COLUMBIA UN[\’LR%[T\" EARTH INSTITUTE




cross-section A-A’

A

| 'f!'--- )
L) % ‘!..Bm.

sea surface
seafloor

perfora_ted casing,
with packers for
multi-frac

heat
cross-section B-B’ | Conerator
wind generator and/or
pumps
warm cool
- ——
cased hole 1
hydraulic E# #“ e RN AL P e
fractures oy L g e h::astu‘f;ef

cased hole

. £ I 102000
shoreline close-up S

Lamont-Doherty Earth Observatory
Total Fantasy, 2010 COLUMBIA UNIVERSITY | EARTH INSTITUTE




seawater as a CO2 transport fluid?

13 inch pipe, 3.5 m/s
1000 tons CO,/yr

$1.2M, 30 years
$40/ton

1Gt/yr ~ 0.1%
global GDP

1M wells ...
2x US
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5 to 15% of slow spreading
oceanic crust is peridotite

10% x 40,000km x 20km x 2km x 3Gt/km3 = 480,000 Gt

uptake capacity, ~ 60% CO,
~ 300,000 Gt CO,

generate power,
draw down atmospheric CO,

SEEQRD

return hot carbon depleted
water to sea surface
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does

anyone know
James Cameron’s
phone number?
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does

anyone know
James Cameron’s
phone number?
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