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1. Supplementary Methods 
 
1.1 Reaction transport model 
Following the approaches described in (Bradley et al., 2020; Dale et al., 2015; LaRowe et al., 2020), 
we use a multi-G approximation of the RCM for the bioturbated sediment. Within the bioturbated 
zone, POC is represented by 500 distinct fractions that are degraded according to a first-order organic 
matter degradation rate law with a degradation rate constant, ki: 
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Where 

𝑃𝑂𝐶$(0) = 𝐹$ ∙ 𝑃𝑂𝐶 
          (S2) 
 
The initial proportion of total organic matter in fraction i, Fi, as well as its respective reactivity, ki, can 
be determined through the initial probability density function that determines the concentration of 
organic matter having a degradability between k and k+dk at time 0 (Eq. 4). The initial fraction of 
total POC characterized by a distinct reactivity k is given by: 
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The initial fraction of POC within the reactivity range between 0 and k, i.e. having a reactivity ≤k, is 
then given by integrating Eq. (S3), assuming a, ν, k>0: 
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Where Γ(ν,a·k) denotes the inverse gamma function.  
 
In the bioturbated sediment, the RCM is approximated by dividing the reactivity range k=[10-15, 10(-

log(a)+2)] into 500 equal reactivity bins, kj, thus ensuring a comprehensive approximation of the gamma 
function defined by the respective a and ν values. The initial fraction, Fi, of total POC within the 
reactivity bin kj-1 and kj (and thus with reactivity ki =kj-1+(kj-kj-1)/2) in the 500G model can then be 
calculated as: 
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The most reactive fraction, F500, with reactivity k500=10-log(a)+2 year-1 was calculated on the basis of the 
upper incomplete gamma function: 
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The derived rate constants were then used in Eq. (2) by expressing RPOC according to Eq. (S1) to 
determine POC concentrations and degradation rates in the Holocene bioturbated layer (<10 cm). 
Assuming steady-state conditions, the general solution of Eq. (2) for each organic matter fraction i is 
given by: 
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The integration constants Ai and Bi are defined by the chosen boundary conditions. Here, we apply a 
known POC concentration at the sediment-water interface (POC(0) = POC0) and assume continuity 
(equal flux and concentration) across the bottom of the bioturbated layer, i.e.: 
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Below the Holocene bioturbated zone, the values of age(z) that are required to evaluate Eq. (6) are 
calculated using burial rates, ω(z), porosity depth profiles, Φ(z), and the apparent age of organic 
matter at the lower limit of the Holocene bioturbated zone, agezbio. By inserting POCbio and agezbio into 
Eq. (6) for POC(z) and age(z), respectively, agezbio can be solved: 
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Assuming an exponentially decreasing porosity, Eq. (2), and steady-state compaction, the burial 
velocity, ω at depth z is then (e.g. (Berner, 1980)): 
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Where ω0 corresponds to the burial velocity at the SWI. The age of a given sediment layer at depth z 
below the Holocene bioturbated zone, age(z), is given by (e.g., (Berner, 1980)): 
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Substituting Eq. (S13) into Eq. (S14) results in: 
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Which, upon integration, leads to: 
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The age of POC below the Holocene bioturbated zone is thus given by: 
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The depth distribution of organic matter in marine sediments deposited since the beginning of the 
Quaternary Period can thus be calculated with knowledge of the sedimentation rate, level of 
bioturbation, porosity structure, bulk organic matter concentration at the SWI and the distribution of 
organic compounds across the reactivity range at the sediment-water interface. 
 
1.2 Total POC budget 
The fraction of total POC preserved in a layer of sediment that accumulated over a given time 
interval, , is given as the ratio of the total amount of POC stored in the ith sediment layer 
(i=Holocene bioturbated (0 to zbio), Holocene non-bioturbated (zbio to zholo), Pleistocene (zholo to zpleis)), 

 (g C cm-2) and the total steady-state input of POC to that respective layer, , (g C cm-2): 
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And 
𝐼$ = 𝑃𝑂𝐶(𝑧$ − 1) ∙ ∆𝑧$ 
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The amount of POC degraded in the ith layer, 𝑅$, is given by: 
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Two different global datasets (0.25°×0.25°) of values for ω, the sedimentation rate, are used: one for 
Holocene bioturbated and Holocene sediments and the other for Pleistocene sediments.  
 
  



 
S1.1 POC reaction transport modelling 
POC at the 
sediment water 
interface 

Established in (Bradley et al., 2020; LaRowe et al., 2020) using data from (Romankevich et 
al., 2009; Seiter et al., 2004; Wallmann et al., 2012) 

Sedimentation 
rate 

Established in (Bradley et al., 2020; LaRowe et al., 2020) using data from (Burwicz et al., 
2011). 

Bioturbation 
coefficient 

Established in (Bradley et al., 2020; LaRowe et al., 2020) using data from (Middelburg et 
al., 1997) 

Parameter Definition Shelf Margin Abyss Units 

Φ0 Sediment porosity at the 
sediment-water interface a 

0.45 a 0.74 a 0.70 a  

c0 Sediment compaction 
length scale b 

0.50×10-3 b 1.70×10-4 b,c 0.85×10-3 b m-1 

a Reactive continuum age 
parameter 

10(3.35-14.81∙ω) d 10(3.35-14.81∙ω) d 10(3.35-14.81∙ω) d years 

ν Reactive continuum 
distribution parameter 

0.125 0.125 0.125  

S1.2 Global reaction network, electron acceptors and catabolic zones 

Oxygen 
penetration depth 

Established in (Bradley et al., 2020) using data from (Black et al., 2001; Canfield et al., 
1993; D’Hondt et al., 2015; Giordani et al., 2002; Glud et al., 1994, 1998, 1999, 2003, 2009; 
Jahnke et al., 1989; Lansard et al., 2008, 2009; Sachs et al., 2009; Wenzhöfer et al., 2001b, 
2001a; Wenzhöfer and Glud, 2002; Witte et al., 2003b, 2003a) and elsewhere as described 
in (Bradley et al., 2020). 

Sulfate-methane 
transition zone 

Established in (Bradley et al., 2020) using data from (Egger et al., 2018). 

Redox conditions Established in (Bradley et al., 2020) using data from (D’Hondt et al., 2004, 2015; Jørgensen 
and Parkes, 2010). 

S1.3 Cell abundance 

Cell abundance Established in (Bradley et al., 2020) using modelling from (Kallmeyer et al., 2012) 
 

 
Supplementary Table S1. Summary of major datasets used to inform the modelling 
simulations and parameter values. a (LaRowe et al., 2017); b These values are 
representative of a sandstone-siltstone mixture (shelf), a sandstone-siltstone- shale 
combination (margin) and typical shales and biogenic-dominated sediments (abyss) 
(Hantschel and Kauerauf, 2009); c (Wallmann et al., 2012); d based on global compilation by 
(Arndt et al., 2013), ω represents sedimentation rate (cm yr-1).   



Reaction no. Metabolism Reaction 

1 Aerobic heterotrophy C2H3O2- + 2O2 ⇌	H+ + 2HCO3- 

2 Sulfate reduction C2H3O2- + SO42- ⇌ HS- + 2HCO3- 

3 Methanogenesis C2H3O2- + H2O ⇌ CH4 + HCO3- 

 
Supplementary Table S2. Catabolic pathways for POC oxidation considered in this 
study. 
  



 
Metabolism ΔGr C2H3O2- O2 HCO3- SO42- HS- CH4 pH 

Aerobic 
heterotrophy 

-34.7200 0.00063a,b 0.00008c 0.0023c    7.78c 

Sulfate 
reduction 

-2.6833 0.00063a,b  0.0250d 0.0154e 1×10-6 d   

Methanogenesis -0.9872 0.00063a,b  0.0280d   0.00060d  

 
Supplementary Table S3. Gibbs energies and concentrations of reactants and products 
used to calculate the Gibbs energies for each catabolic reaction. Gibbs energies are 
provided in kJ g-1 C. Concentrations are provided in moles (M). Concentrations for the 
various scenarios are taken from the literature and are intended to represent the variation that 
is present in typical sedimentary settings and not extreme values that are not globally 
representative. a (Burdige and Gardner, 1998); b (Fox et al., 2018);  c (D’Hondt et al., 2015); d 

(Jørgensen and Parkes, 2010); e (D’Hondt et al., 2004). 
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