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Wetlands are by far the largest source of methane to the Atms-includes coastal
Wetlands at ocean/continental margins
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Nature Geosciences, July 2008; v1 473-478
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Organic matter cycling in anoxic (no oxygen)
Marine sediments

How is organic matter oxidized without
oxygen?

What biological communities can exist
in anoxic sediments and how do they
function?

How does biogeochemical cycling in
anoxic marine sediments affect global
C:N:S cycles?

What is the origin of petroleum source
rocks?




Bacterial communities are much more metabolically specialized
than higher heterotrophs. The communities are strictly segregated according
to the environmental conditions. This leads to biogeochemical zoning of
microbes and chemical species (nutrients, carbon dioxide, methane, etc.).

T D. Brock

These communities are widespread in the Great Sippewissett
Marsh in West Falmouth.






Organic matter cycling in anaerobic sediments

After oxygen is depleted, organic matter is degraded only by microbes, which
degrade complex organic substrates through consortial interactions

Fermentation:
CcH,06 2CH;COCOOH + 2 H,
CH;COCOOH + H,0 CH;COOH + CO, + 2H,

Sulfate reduction:

CH,COOH +S0,* 2C0O,+S +2H,0
Methanogenesis:
CH,COOH CO, + CH,

CO, +4H, CH,+ 2H,0



Organic Matter

proteins 50% C, 80% N (soluble/structural)
polysaccharides 20-30% C, 109 N (soluble/structural)
nucleaic acids 109 C, 5% N.50% P
lipids 10% C,few % N

oxic degradation soluble constituents
nitrate reduction CO>, NO3" ,HPO3™

proteins (structural), peptides
polysaccharides (structural), oligosaccharides,
sugars, nucleic acids, lipids

extracellular hydrolysis CO>2, NH3, HPO3 ,H>
fermentation

volatile fatty acids

sulfate reduction
metanogenesis

CO>,CHg4, NH3, HPO3 ,H>S




Sulfate reducing and methanogenic bacteria use only a small, specific set of substrates

as terminal electron acceptors- and there is competition for these substrates that
yields biogeochemical stratification or zonation in sediments
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Acetate = CH;COOH
Volatile Fatty Acid (VFA) = CH,RCOOH
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Competition for acetate between
Desulfobacter postgatei and Methanosarcina bakerii
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Uptake of hydrogen gas by SRB and Methanogens
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Competition for hydrogen between
sulfate reducing and methanogenic bacteria

Mixed culture

Production rate ( H,5/CH )

Pure cultures

80 30 20 10 0

% H in gas stream



Concentration

Changes in pore water concentrations
during a 114 day incubation
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Anaerobic degradation of pectin (plant cell wall methylated sugar)
in a sediment slurry
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Sulfate Present
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Chemical thermodynamics and pure culture studies of anaerobic
micro-organisms show that the oxidizing capacity of sediments
is >>> than [O,].

We predict that sulfate and ultimately carbon dioxide will be used as
electron acceptors during organic matter oxidation.

We also predict that sulfate reduction will occur before
methanogensis.

Can we observe the consequences of these factors
And model their impact on organic matter oxidation?



Biogeochemical cycling in
Cape Lookout Bight Sediments
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The site has been studied by Chris
Martens and his group at UNC Chapel
Hill for > 30 years.
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BGC cycling in Cape Lookout
Bight Sediments

Can we achieve mass balance if the

system is at steady state?
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Summertime (August) porewater sulfate
concentrations in CLB sediments

Sulfate concentration (mM)

10 20 30
Flux = k (8C/dz)
If we have the stiochiometry
Sulfate (mM) correct S loss = 2x CO, production
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Seasonal distribution of sulfate and acetate
In Cape Lookout Bight sediments

Month
4 5 6 7 8 9 10
L 2024
L20] 16 —
16 — 10—
/// 8 —
110
//‘ 1
4/8 ) N
3
1
Sulfate (mM)

1979

4 5 6 7 8 9 10 1M 12 1

Note that sulfate is exhausted closer to the sediment/water interface
in summer due to enhanced rate of sulfate reduction. Acetate accumulates only

when sulfate reaches low concentrations



Moles of sulfate reduced
Measurement of sulfate (m=2yrl)
oxidation using 3°S

tube 335
Jan 8.0 12.2
Feb 7.7 13.3
- Mar 11.4 12.7
Apr 15.2 7.4
May 11.8 16.4
Jun 16.8 20.9
- July 22.0 25.4
Two techniques used Aug 27.2 30.0
Sept 26.2 23.3
to measure sulfate - Oct 175 16.2
reduction: Nov 3 7 10'0
- Dec 6.4 11.1
Loss of sulfate (ppt
with BaSO4, weigh) - 15.1 16.6
Radiolabel (production
of volatile 3°S and ZnS) 2CH>0 + SO4= —> 2C0O02 + H2S +H20

Therefore 32 moles C by sulfate oxidation



COMPOSITE SULFATE REDUCTION RATES (-mM soj?d )

LO O 1.0 20

CH,COOH+S0O,?% ->
2C0O, + 2H,0+ S~
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FIG. 5. Composite rates of sulfate reduction vs. depth for
winter, non-bubbling (Nov-Apr) sediments and for mid-
summer, bubbling sediments (June-Aug). The horizontal lines
are the ranges of the rates measured at that depth.
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Sulfate (mM) How can we calculate C
remineralization from

10 20 30 sulfate reduction?

Flux = k (0C/0z)

Sulfate Reduction Rate

DS D'S measured

Kinetic model 13.1 15.5
Computer gradient 12.1 16.2
Linear gradiaent 12.1

sediment incubation
35S reduction

15.6
16.6
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Sulfate and Methane in CLB
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Methane fluxes from CLB sediments

Calculation of Methane flux

0
1 from CLB sediments
2
s Methane (mM)
& 0 1 2
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< |
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Methane diffusive fluxes 0 1 7 3
|
Date Js Jtheor  Jexcess |
pw
16 October 76 84 3 53 I
6 November 76 30 26 4 E
25 March 77 51 27 24 & |
16 May 77 48 50 0 « |
27 June 77 82 69 13 o |
13 July 77 130 78 52 % |
5 August 77 274 115 159 E |
22 August 77 393 129 264 2
20 September 77 186 160 25 ° |
17 November 77 66 46 20 3/6/78 ° |
[
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Methane concentrations build up to saturation values
and form bubbles that remove CO, and methane from sediments

x-ray photograph of CLB sediments in summer
(lateral view)

bubbles
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2CO7 fluxes CHg fluxes
umm =2 hr umm=2 hr!

Month diff bubble Total diff bubble Total

Average 3400 6.5 3407 97 544 651

mean monthly flux (mole m2 yr 1)

29.8 0.057 29.9 0.85 4.85 5.70



Total C remineraliztion in CLB sediments out of top out of bottom

POM  CO, CH, 2C0O,;=29.9 2C0O,=57
| A A SCHy=57  XCH4=0.1
35.6 5.8
vYyy Total C remineralization
remineralization = C flux 414 moles m yr"

If the total methane flux is 5.8 moles m=2 yr1, then twice this (11.6 moles,
or 28% total) of C remineralization must be due to methanogenesis.

The remainder (41.4 - 11.6 = 29.8 moles C m2 yr!) must be due to sulfate reduction.
Measurements suggest that sulfate reduction is 30-36 moles C m=2 yr1, Which is in
excellent agreement |



10

20

30

40

Methanogenesis occurs via two general pathways:

CO, +4H, CH, + 2H,0

Reduction of CO, by hydrogen
CH,COOH CH, + CO,

—
Fermentation of acetate

0O 01 02 030 01 02 030 01 02 03

30 Aug 83
27.5°C

21 July 83
26.5°C

Total methane

From CO,
B—

From acetate

e—0
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Rates of C remineralization in CLB sediments
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Summary:

Terminal electron acceptors are used in the order of
free E yields (O,, Fe/Mn, SO,, CO,)

Anoxic sediments are biogeochemically zoned according
to e” acceptors

Organic matter is oxidized by microbial consortia - no
single organism degrades complex organic matter to
CO,. Instead, fermentation produces VFAs and
hydrogen which are oxidized by acetophiles to yield
CO, and methane.

Methane is produced by two reactions: CO, redn with
Hydrogen, and disproportionation of acetic acid.
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Sulphate reduction (mmol m

What is the global significance of sulfate reduction?
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Jorgensen, Nature (1982) 296; 643-645.

The ratio of O, uptake to S
reduction is globally taken to be
about 4:1. Since the C:0O,

and C:SO, ratios are 1:1 and

2:1 respectively, this means

that half of C oxidation in marine
sediments occurs via S reduction.

Pyrite formation only consumes
10-20% of sulfide production. The
remaining sulfide diffuses through
sediments and is oxidized back

to sulfate by molecular oxygen.






