Impact of open ocean dissolution of olivine

on atmospheric CO;, surface ocean pH

and the biological carbon pump

Judith Hauck,
P Kohler, JF Abrams, C Volker, DA Wolf-Gladrow

*
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

20 August 2014, Climate Engineering Conference 2014, Berlin



SILICATE WEATHERING MODEL RUNS
LJ [e]e]

IMPACTS
000000

GRAIN SIZE

00

00

LIMITATIONS AND RISKS

SILICATE WEATHERING

Silicate rock
(CaSiO,)

CaSiO; + H,CO,

Silicate  Carbonic acid

Ca*2 si*4
CO5”
lons dissolved

bedrock in soils P
in river water
Weathering Transport
on land in rivers

SiO, + CaCO,

Shells of
ocean plankton

Deposition
in ocean

Ruddiman 2001

2.1/ 14



SILICATE WEATHERING MODEL RUNS
LJ [e]e]

IMPACTS
000000

GRAIN SIZE

00

00

LIMITATIONS AND RISKS

SILICATE WEATHERING

Silicate rock
(CaSiO;)

CaSiO; + H,CO,

Silicate  Carbonic acid

lons dissolved

bedrock in soils o, ¥
in river water
Weathering Transport
on land in rivers

Si0, + CaCO,
Shells of

ocean plankton

Deposition
in ocean

Ruddiman 2001

22/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS

LJ [e]e] 000000 00 00
|

SILICATE WEATHERING

Biological draw-down of CO,
CoO,

Silicate rock
(CaSiO;)

CaSiO; + H,CO, Ca*2 Si*4 SiO, + CaCO,

Silicate  Carbonic acid Shells of

lons dissolved

bedrock in soils o, ¥ ocean plankton
in river water
Weathering Transport Deposition
on land in rivers in ocean

Ruddiman 2001
2.3/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS

LJ [e]e] 000000 00 00
|

SILICATE WEATHERING

CO, uptake?

Silicate rock
(CaSiO;)

CaSiO; + H,CO, Ca*2 Si*4 SiO, + CaCO,

Silicate  Carbonic acid Shells of

lons dissolved

bedrock in soils o, ¥ ocean plankton
in river water
Weathering Transport Deposition
on land in rivers in ocean

Ruddiman 2001
24/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE

[©] 0 000000 00

LIMITATIONS AND RISKS

00

MITGCM-RECOM?2

Co, dust/Fe
- T
Chemistry - Small Phytoplankton Zooplankton
C/ALK/N/Si/Fe C/N/CaCOs/Chl > C/N
Diatoms
C/N/Si/Chl
Dissolved Organic Material Detritus
C/N C/N/Si/CaCOs

Hauck et al., 2013

3.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE

[©] 0 000000 00

LIMITATIONS AND RISKS

00

MITGCM-RECOM?2

olivine CO, dust/Fe
B
Chemistry Small Phytoplankton Zooplankton
C/ALK/N/Si/Fe| > | C/N/CacOs/cChl | = C/N
Diatoms
C/N/Si/Chl
Dissolved Organic Material Detritus
C/N C/N/Si/CaCOs

Hauck et al., 2013

3.2/ 14



SILICATE WEATHERING oL S IMPACTS GRAIN 5128 LIMITATIONS AND RISKS
MODEL EXPERIMENTS
OLIVINE ADDITION
1 Pg per year 3 Pg per year 10 Pg per year
Small Standard Large
Only silicic acid
Only alkalinity
Ships

41/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
o)

[e]e] ®00000 00 00
\

CONTRIBUTION OF ALKALINITY VS NUTRIENTS

Lo 3 Pg olivine dissolution per year

0.9 effect of alkalinity + nutrient

0.8
0.7
0.6
0.5
0.4
0.3
0.2

alkalinity effect

nutrient effect

Oceanic CO, uptake (Pg C yr'l)

0.1 WW
0.0
2000 2002 2004 2006 2008 2010
Time (yr)

5.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
o)

[e]e] ®00000 00 00
\

CONTRIBUTION OF ALKALINITY VS NUTRIENTS

3 Pg olivine dissolution per year

0.008
effect of alkalinity and nutrient

0.007

0.006
20005 alkalinity effect
50.004
<10.003

0.002 nutrient effect

0.0
2000 2002 2004 2006 2008 2010
Time (yr)

5.2/ 14



SILICATE WEATHERING

[©]

MODEL RUNS IMPACTS

[e]e]

O®0000

GRAIN SIZE
00

LIMITATIONS AND RISKS

00

CHANGES IN PRIMARY AND EXPORT PRODUCTION

C fluxes (Pg C yr'l)

3 Pg olivine dissolution per year

-1

-2

AN

-3
2000

2002

2004 2006
Time (yr)

diatom NPP +14%

nano NPP -4%

2008 2010

6.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
o) 00 0®0000 00 00

CHANGES IN PRIMARY AND EXPORT PRODUCTION

3 Pg olivine dissolution per year

diatom NPP +14%

1 NPP +2%

nano NPP -4%

C fluxes (Pg C yr’l)
o

-3
2000 2002 2004 2006 2008 2010
Time (yr)

6.2/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE

[©]

[e]e] O®@0000 00

LIMITATIONS AND RISKS

00

CHANGES IN PRIMARY AND EXPORT PRODUCTION

C fluxes (Pg C yr’l)

3 Pg olivine dissolution per year

diatom NPP +14%

NPP +2%

Export +1%

CaCoO, export -5%

nano NPP -4%

-3
2000 2002 2004 2006 2008 2010

Time (yr)

6.3/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
[©] [e]e] 00@000 00 00

STANDARD RUN: DIATOM PRIMARY PRODUCTION

30

15

|
o
gC m?yrt

-15

-30

T
100°W 0° 100°E

7.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
[©] [e]e] 000e00 00 00

STANDARD RUN: NANO PRIMARY PRODUCTION

30

15

|
o
gC m?yr

P -
M/Mﬁnuo\ mean in 2009 ¢ -30
1 1 1 1 1 1 1
100°W 0° 100°E

8.1/ 14



SILICATE WEATHERING
[©]

MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
00 000000 00 00

SCALING FACTORS

C fluxes (PgC yr'l)

3.0

2.5

2.0

15

1.0

0.5

—— ocean carbon uptake X
— NPP

— Export production
— CaCO; export

S

0.0¢

1 2 3 4 5 6 7 8 9 10
Olivine dissolution (Pg yr'l)

9.1/ 14



SILICATE WEATHERING MODEL RUNS
o) 00

IMPACTS
000008

GRAIN SIZE
00

LIMITATIONS AND RISKS

00

DISTRIBUTION VIA SHIPS

NORMALIZED SHIP TRACK DENSITY

0.75

0.5

0.25

10.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS

[©] [e]e] 000000 0 00
\

SIZE OF PARTICLES TO DISSOLVE IN MIXED LAYER?

@ sinking speed: Stokes’ law
e dissolution rate based on Hangx & Spiers, 2009
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@ Limitations

e Distributing 3 Pg olivine per year: full-time commitment of
more than 300 large ships — compensation of approx. 9%
of anthropogenic CO, emissions

e Ships of opportunity (using ballast water): maximum
potential distribution: 0.9 Pg olivine per year

o Need grain sizes of 1 um (sinking speed) — grinding
reduces carbon sequestration efficiency from approx. 90 to
60%
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@ Risks

Dissolution of heavy metals possible - toxicity?

e Impact on marine species distribution

o Potential for extension of anoxic or suboxic regions

e Environmental and social problems with mining of olivine

14.1/ 14



SILICATE WEATHERING MODEL RUNS IMPACTS GRAIN SIZE LIMITATIONS AND RISKS
o)

[e]e] 000000 00 oe
\

LIMITATIONS AND RISKS

@ Risks
e Dissolution of heavy metals possible - toxicity?
e Impact on marine species distribution
o Potential for extension of anoxic or suboxic regions
e Environmental and social problems with mining of olivine

e Simplifications
e Effects of iron-addition, reduction of water transparency

not considered
e Impact on oxygen not quantified
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@ Risks

Dissolution of heavy metals possible - toxicity?

Impact on marine species distribution

Potential for extension of anoxic or suboxic regions
Environmental and social problems with mining of olivine
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