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Greenhouse gases and climate

http://en.wikipedia.org/wiki/Greenhouse_gas



Faint Young Sun Paradox



CO2 Emission

Global CO2 emission

~40 x 109 tons CO2/y = 3.6 x 1016 g CO2/y = 9.8 x 1015 g C/y

epa.gov



http://earthobservatory.nasa.gov/Library/CarbonCycle

Short-term Carbon Cycle



Volcanic Emission of CO2 and Carbon 
Recycling 



Depleted mantle

~50-200 ppm CO2

Enriched mantle

up to 1000 ppm CO2

Long-term Carbon Cycle

Volcanic CO2 flux is ~2 orders of magnitude less than CO2 emission by 
surficial carbon cycle 



Estimating Volcanic Flux and Mantle Budget of CO2

• Direct measurement of CO2 in mantle derived melts/ glasses 
(MORB, OIB, Arc Lavas and melt inclusions)

(e.g., Dixon et al., 1997; Bureau et al., 1998)

• Direct measurement of CO2 in mantle-derived fluids (trapped gas 
bubbles in basalts, hydrothermal vent fluids, plumes) and gases

(e.g., Aubaud et al., 2005)
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CO2 Solubility in Silicate Melt

Figure from Ni and Keppler (2013)

Challenge for CO2



● Measurement of CO2/Incompatible element ratio in glasses, fluids, gases and    
independent estimate of mantle He or Nb or U etc.

CO2/3He, CO2/4He  (e.g., Trull et al., 1993; Marty and Tolstikhin, 
1998; Shaw et al., 2003; Resing et al., 2004)

CO2/Ar (e.g., Tingle, 1998; Cartigny et al., 2001)
CO2/Nb (e.g., Saal et al., 2002; Cartigny et al., 2008)
CO2/U or CO2/Th (e.g., Rosenthal et al., 2015)
CO2/Cl (e.g., Saal et al., 2002)

Estimating Volcanic Flux and Mantle Budget of CO2



Kasting and Catlin (2003)



Initiation of subduction + 
formation and evolution of 
volcanic arc

The magmatic 

contribution to volatile 

flux may change through 

the evolution of arcs



Development and growth of arc (mountain building)

sediment
crust

mantle



Sea‐floor 
alteration of 
basalts

Burial of 
carbonate

Burial of 
Org C

Hayes and Waldbauer (2006)
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Weathering‐
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Input to Ocean-Atmosphere Removal from Ocean-Atmosphere



Approaches

● Constraints on slab input and arc output

● Thermodynamic modeling
(Gibbs free energy minimization) of 
metamorphic devolatilization of various 
subducting lithologies

Perple_X, Thermo-Calc

● Laboratory experiments constraining 
devolatilization and melting of subducting 
lithologies

Inverse 
Approach

Forward 
Approach



JOIDES Resolution
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Estimating



Plank and Langmuir (1998)



(Alt & Teagle, 1999; Kelley et al., 2005)

Carbonation of ocean floor basalts



(Sciutto and Ottonello, 1995; Kerrick & Connolly, 2001; Sleep and Zahnle, 2001; Jarrard, 2003; Alt, 2004)

sediment basalt peridotite



Jarrard (2003)
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Sano and Marty (1995)

Carbon isotope chemistry of arcs

Constraints on slab input and arc output



Wallace (2005)



Wallace (2005)



• Thermodynamic modeling 
(Gibbs free energy minimization) of 
metamorphic devolatilization of 
various subducting lithologies

Perple_X

Kerrick and Connolly (2001)

Composition of altered oceanic crust (top few hundred meters)



Kerrick and Connolly (2001)



Kerrick and Connolly (2001)



Kerrick and Connolly (2001)



Figure modified from Syracuse et al. (2010)

Newer models of subduction zone thermal structure

Cold nose

Seismogenic
zone

Viscous 
coupling of 
slab surface 
and wedge



Syracuse et al. (2010)

Slab surface P-T paths with 
temperature and stress-dependent 
rheology of mantle wedge



Figure from Rüpke et al. (2004)
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Extraneous H2O‐rich fluid



● Fluid infiltration induced decarbonation of basalts and sediments

(Molina and Poli, 2000; Connolly, 2005; Gormann et al., 2006; Poli et al., 2009)

Figure from Gormann et al. (2006)


