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FIGURE 11.1  The global carbon cycle. All pools are expressed in units of 10'® g C and all annual fluxes in units of

10%° g C/yr, estimated for 2010. Values are taken from the text.
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Atmospheric CO, at Mauna Loa Observatory
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The modern carbon cycle, emphasizing human influence
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Carbon Dioxide
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Understanding sources & sinks using isotope ratios (Keeling plots)
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LONG-TERM ATMOSPHERIC CO, LEVELS
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Figure 115 Concentrations of atmospheric CO, estimated from bubbles of gas trapped in «Concentration of CO ) at

ice cores from Antarctica. From Barnola et al. (1995).
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Sep 2002

NASA Global atmospheric model: http://svs.gsfc.nasa.gov/goto?11719

Other greenhouse gases are important!
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Other greenhouse gases are important!
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FIGURE 11.6 Concentrations of CHy in air
extracted from Antarctic ice cores. Source: From
Etheridge et al. (1998). Used with permission of the
American Geophysical Union.
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TABLE 11.2  Estimated Sources and Sinks of Methane in the Atmosphere in 2010
Natural sources Flux (10" g CHy/yr) References
Wetlands 143 Neef et al. 2010

Tropics 6 Bloom et al. 2010

Northern latitude
Upland vegetation

Termites
Oceans
Geological seepage”
Anthropogenic sources
Fossil fuel related

Coal mines

Coal combustion

Oil and gas

Waste and waste management
Landfills
Animal waste
Sewage treatment

Ruminants
Reservoirs
Biomass burning
Rice cultivation
Total sources

Sinks
Reaction with OH radicals
Removal in the stratosphere
Removal by soils

Total sinks

Atmospheric increase (2007)

20

10 (estimate)

581
23

Christensen et al. 1996

Megonigal and Guenther 2008;
Kirschbaum et al. 2006

Sanderson 1996
Reeburgh 2007
Etiope et al. 2008

Prather et al. 1995
Prather et al. 1995
Neef et al. 2010

Bogner and Matthews 2003
Prather et al. 1995
Prather et al. 1995

Neef et al. 2010
St. Louis et al. 2000
Kaiser et al. 2012

Sass and Fisher 1997,
Bloom et al. 2010

Neef et al. 2010

Neef et al. 2010

Curry 2007

Dutaur and Verchot 2007

Dlugokencky et 3 9
-8 icrosoft Excel

Note: All data in 10 g CHa/yr from various sources as cited here and in the text

1800
1700
1500
1300
1100

900

700

500 A

Atmospheric CH4
concentration (ppb)

300
800000

Methane concentrations over the past 800 000 years from ice cores (EPICA Dome C and Law
Dome; blue) and Cape Grim Station, Tasmania (red). Time scale is years before present (2009).
From Loulergue, et al. (2008) and MacFarling Meure et al. (2006).
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Cartoon of the biogeochemical cycles of sulfur
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FIGURE 13.1  The global S cycle with annual flux shown in units of 10'* g S/yr. The derivation of most values is
described in the text, with the marine values taken from Figure 9.22. The net flux from land to sea is extrapolated from
Whelpdale and Galloway (1994).

Cartoon of the biogeochemical cycles of sulfur

(uncertain provenance; http://www2.nau.edu/~doetqp-p/courses/env440/env440_2/lectures/lec37/lec37.htm)
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Phanerozoic cycles of sedimentary carbon and sulfur
(isotopes/sediment cycles/natural oxygen reservoirs)

ROBERT M. GARRELS® AND ABRAHAM LERMANT

Department of Geological Sceences. Northwestern University Evanston. [linors 60201

Contributed by Robert M. Garrels, January 2. 1951

[AMERICAN JouNAL OF Scipxce, Voi. 284, Novessex, 1984, P. 989-1007)

American Journal of Science
NOVEMBER 1984

COUPLING OF THE SEDIMENTARY SULFUR AND
CARBON CYCLES — AN IMPROVED MODEL

ROBERT M. GARRELS* and ABRAHAM LERMAN®*

NO CHANG
OCEAN

164" +8507

of e’log

FepO3 7/si0, 15|CHo0

Fig. 1. Coupled changes in sedimentary veservoirs necessary to increase the gypsum
(CaSO,) reservoir by 8 molecular units, without changing the composition of the
atmospherc-occan system  (adapted from Garrels and Perry, 1974 and Garrels and

Lerman, 1981).

a2
—f  Oceanic SOF | g 1021gS, 5% S=421%) [
CH,0
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247 x1021g 4.97x1021g
534S =+19 % 5%S =14 %

FIGURE 13.4 A model for the global sulfur cycle, showing the linkage and partitioning of S between oxidized and
reduced pools near the surface of the Earth. Transfers of S from seawater to pyrite involve a major fractionation be-
tween *S and *S isotopes, whereas exchange between seawater SO, and sedimentary SO; (largely gypsum) involves
only minor fractionation. The sum of all pools, nearly 102 g S, represents the total outgassing of S from the mantle

(compare to Table 2.3). About 15% now resides in the ocean.

Estimates of the pool of S in sedimentary sulfides show a

wide range of values; the value here, from Holser et al. (1989), is close to that estimated from the pool of sedimentary
organic carbon (1.56 x 10 g; Des Marais et al. 1992) divided by the mean C/Sratio in marine sediments (2.8; Raiswell
and Berner 1986). Isotope ratios in seawater and gypsum are taken from Holser et al. (1989). The isotope rate of S in
sedimentary sulfides is derived by mass balance to yield 5**S of +4.2 in the global inventory.
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FIG. 6. Variations in the organic carbon and sulfate fluxes from
the ocean to sedimentary reservoirs (F,s and F3,) as functions of age.
Carbon fluxes were computed from Period mean values of 5'°C; sulfate
fluxes were computed from the model.
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Oxidation of carbon and sulfur reservoirs appear to be roughly anticorrelated...

4FeS, + CaCO, + 7CaMg(CO;), + 7Si0, + 15H,0 + 16HCO,” €= 15CH,0 + 8CaSO, + 2Fe,0, + 7MgSiO,

o this study

previous studies
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Fig. from Domagal-
Goldman, 2007.
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Fig. 1. A compilation of new (see Table 1) and published (Farquhar et al., 2000,
002, 2007; Hu et al., 2003; Mojzsis et al., 2003; Savarino et al., 2003; Ono et al.,
2003, 2006a, 2006b, 2007; Bekker et al., 2004; Whitehouse et al., 2005; Papineau
et al., 2005, 2007; Johnston et al., 2005, 2006, in press-a; inpress-b; Jamieson et
hl., 2006; Ohmoto et al., 2006; Cates and Mojzsis, 2006; Kaufman et al., 2007,
Philippot et al., 2007) sulfur isotope data plotted against age. New data are
represented by black-filled circles, and previously published data are plotted in

-filled circles. The plot shows wide variations in A**S for Late Archean

Y
Ea.mples (~2.7 t0 2.45 Ga), and a reduced range of A**S between ~3.2 and 2.7 Ga

ber and Whitehouse, 2007).
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