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Enigmatic Origin of the Shuram Excursion

(2013)

Fike et al. (2006)

• Profound negative δ13C excursion 
in carbonates

• Coupled δ13C-δ18O values
• Decoupled carbonate-organic δ13C 

compositions
• Negative δ34S excursions in pyrite 

and CAS
• Increasing 87Sr/86Sr compositions 

in limestones

Observations

Hypotheses
• DOC oxidation (Rothman et al., 2003)
• Diagenetic stabilization (Knauth and 

Kennedy, 2009; Derry, 2010)
• Redox stratified ocean (Li et al., 2010)
• Fossil carbon oxidation (Kaufman et al., 

2007; Johnston et al., 2012)
• Authigenesis (Higgins and Schrag, 2009; 

Schrag et al., 2013)



McFadden et al. (2008)

Fike et al. (2006)

Comparative Ediacaran Earth history

The Shuram anomaly is recognized in Ediacaran successions worldwide, 
including well preserved oolitic facies, and appears to be associated with 

enhanced continental weathering.
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Paragenesis of authigenic calcite nodules and cements



100 µm

Pyrite framboids indicative of microbial sulfate reduction
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Pore water chemical evolution during sulfate reduction

Schiffbauer et al. (2014)
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Cementation by methane-derived authigenic calcite
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Methane-derived authigenic calcite
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Mixing of dolomicrite and authigenic calcite

Cui et al. (in review)
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Cui et al. (in review)
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Anaerobic oxidation of methane

CH4 + SO4
2– → HCO3

– + HS– + H2O

•Buildup of methane in anoxic sediments through fermentation

•Enhanced sulfate (and nutrient) supply to shallow marine 
environments through continental weathering

•Microbial recycling via bacterial sulfate reduction to produce 
both alkalinity and hydrogen sulfide.

•The proportional mixture of AOM derived calcite and primary 
seawater precipitates provides a means to explain the Shuram 

excursion.



A conceptual mixing model for the Shuram Excursion

Mara nodules

Proportional mixing of primary components and authigenic calcite 
may help to explain the Shuram Excursion.

• Negative δ13C anomaly

• Covariation of δ13C and 
δ18O values

• Decoupling of inorganic 
and organic C isotope 
compositions

Cui et al. (in review)



Ediacaran growth of the oceanic sulfate reservoir

The position of the sulfate-methane transition zone (SMTZ) is dependent on 
fluxes of reductants (methane) and oxidant (sulfate).

• To preserve the Shuram Excursion might require that the SMTZ was at 
the sediment-water interface and in open connection to bottom waters.

• Assuming fluxes of methane were constant, sulfate concentrations likely 
rose during the biogeochemical anomaly. 

Cui et al. (in review)
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Ediacaran growth of the oceanic sulfate reservoir

The position of the sulfate-methane transition zone (SMTZ) is dependent on 
fluxes of reductants (methane) and oxidant (sulfate).

• To preserve the stratigraphically-coherent Shuram Excursion would 
require that the SMTZ was at the sediment-water interface and in open 

connection to bottom waters.

• Assuming fluxes of sulfate were constant, methane fluxes likely 
declined over the course of the biogeochemical anomaly. 

Cui et al. (in review)



Conclusions

1. First physical evidence for methane-derived authigenic calcite 
associated with the Shuram Excursion in the Ediacaran 
Doushantuo Formation, South China and the equivalent Mara 
Member, Namibia.

2. AOM by SRB is the likely consequence of enhanced sulfate 
delivery to seawater associated with continental weathering.

3. Proportional mixture of authigenic calcite with seawater carbonate 
may explain the enigmatic Shuram excursion recognized 
worldwide.

4. Phosphogeneis is the predicted result of enhanced weathering 
coupled to sequestration and release of phosphorous by a 
consortium of methanogens, sulfate reducers, and sulfide 
oxidizing bacteria.
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