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Isotopic composition of organic matter in shelf sediments sampled during cruise M156 

 

Table S1. The δ13C and δ15N of particulate material close to St. 5 (Station 140MUC10, 18o10.268´N, 

16o31.028´W, 182 m water depth). 

 

Depth (cm) δ13C δ15N 

0.5 -20.67 3.02 

2.5 -20.556 3.11 

4.5 -20.61 3.53 

6.5 -20.99 3.63 

8.5 -20.73 4.05 

10.5 -20.75 3.92 

14.5 -21.11 3.90 

18.5 -20.88 4.30 

24.5 -21.13 4.22 

28.5 -20.88 3.76 

 

 

 

Model of the benthic chamber incubation on the Mauritanian shelf 

 

Model set-up 

 

The isotope model is based on a previous version for simulating N turnover in sediments and benthic 

chambers on the Peruvian margin (Dale et al., 2019). Dissolved species considered in the model 

include O2, SO4
2-, H2S, total alkalinity (TA), 14NO3

-, 15NO3
-, 14NO2

-, 15NO2
-, 14NH4

+, 15NH4
+, 14N2, 15N2, 

N16O3
-, N18O3

-, N16O2
-, and N18O2

-. No solid species were included. Parameters are listed in Table S3, 

and source / sink terms in Table S4.  

Organic matter degradation was parameterized as described in the main text and coupled to the 

reduction of O2, NO3
-, NO2

- and SO4
2- (Table S2). Ammonification was determined using the organic 

matter atomic C:N ratio (rCN) in organic matter assuming a formula of (CH2O)(NH3)1/rCN, where CH2O 

represents POC. Rate laws of AMO, NXR and AMF were parameterized as second-order reactions 

following previous studies (e.g. Bohlen et al., 2011). The model also includes H2S sinks via aerobic 

respiration (RO2H2S, Table S2) and precipitation as particulate sulfide (RH2Sp).  

Vertical (1-D) steady-state concentrations of solutes (C) were simulated using the following 

reaction-transport equation assuming constant porosity (Berner, 1980; Boudreau, 1997): 

 

∂C

∂t
=

∂ ((DS+DB)
∂C

∂x
)

∂x
–ω

∂C

∂x
+ α(C(0) – C) + ∑R                                                                                           (S1) 

 

Solutes were modelled in units of µmol cm–3 of porewater. In this equation, t (yr) is time, x (cm) is 

depth below the sediment–water interface, ω (cm yr-1) is the sediment burial velocity, DS (cm2 yr–1) is 

the tortuosity-corrected molecular diffusion coefficient, DB (cm² yr–1) is the bioturbation coefficient, α 
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is the bioirrigation coefficient (yr–1), C(0) is the solute concentration in the bottom water, and ΣR 

(µmol cm–3 yr–1) is the sum of concentration changes due to biogeochemical reactions.  

Solute–specific diffusion coefficients in sediments were calculated from the temperature–

dependent molecular diffusion coefficients in seawater (DSW) and corrected for tortuosity (θ2) using 

the modified Weissberg equation (Boudreau, 1997; Schulz, 2000): 

  

DS = 
DSW

θ2
=

DSW

1–2 ln(φ)
                                                                                                                                        (S2) 

 

Differences in the diffusivity of N isotopologues are minor and were not considered (Clark and 

Fritz, 1997).  

The decrease in bioturbation intensity with depth was described as: 

 

 DB = DB(0) exp (– 
x²

2 xs
2
)                                                                                                                                  (S3) 

 

where DB(0) is the bioturbation coefficient at the sediment–water interface and xs approximates the 

bioturbation halving depth.  

 Reasonable values were assigned to ω, xs, and DB(0). The modeled solutes are insensitive to typical 

ranges of ω found on the margins since sediment accumulation is slow relative to diffusion (Aller, 

2014). Similarly, biodiffusion coefficients are generally ~10 % or less of molecular diffusion and only 

relevant for the upper mixed layer. These processes are included in the model by default but could be 

removed without affecting the conclusions of this study. 

Bioirrigation intensity, however, is important for solutes and was simulated as an exponential 

decrease with depth: 

 

 α = α(0)exp (– 
x

xirr
)                                                                                                                                            (S4)

  

where α(0) is the irrigation coefficient at the sediment–water interface and xirr approximates the 

bioirrigation halving depth. The rate of bioirrigation was mainly constrained from the porewater solute 

concentrations.  

 

Isotope calculations 

 

The modeled processes of the N cycle involving kinetic isotope fractionations are shown in Fig. S4. 

The isotopic fractionation of a reactant, C, in an enzymatically mediated reaction Ri was expressed 

using the fractionation factor, αi (Rees, 1973): 

 

αi =
Ri
L CL⁄

Ri
H CH⁄

                                                                                                                                                        (S5) 

 

where LRi and HRi are the rates of consumption of the light and heavy isotopes and the total rate Ri = 
LRi + HRi. LC and HC are the concentrations of the isotopes, where the total concentration C = LC + HC. 

The kinetic isotopic effect (Hε, ‰) is related to α by the expression: 
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εH i = (αi − 1) ∙ 1000                                                                                                                                         (S6)  

 

The reaction rate of LC and HC in compound j was based on mole fractions, Φ:  

 

Ri
L = ΦL i

j
∙ Ri =

αi CL

C + CL (αi − 1)
∙ Ri                                                                                                           (S7) 

 

Ri
H = ΦH i

j
∙ Ri =

CH

αiC − CH (αi − 1)
∙ Ri                                                                                                       (S8) 

 

Mole fractions were imposed directly if the isotope signature of the substrate (reactant) pool was 

assumed constant. For instance, the 15N and 14N mole fractions of NH4
+ produced by ammonification 

were calculated using the (assumed constant) δ15N of PON (δ15NPON):  

 

ΦAMF =
15 1000 + δ15NPON

δ15NPON + 1000 +
1000

( N15 N14⁄ )
AIR

                                                                                                  (S9) 

 

ΦAMF =
14 1 − ΦAMF

15                                                                                                                                     (S10) 

 

Likewise, the 18O and 16O mole fractions of nitrite produced by AMO were determined as: 

 

ΦAMONO2 =
18 1000 + δ18OAMONO2

δ18OAMONO2 + 1000 +
1000

( O18 O16⁄ )
VSMOW

                                                                          (S11) 

 

ΦAMONO2 =
16 1 − ΦAMONO2

18                                                                                                                      (S12) 

 

where δ18OAMONO2 is the δ18O of NO2
- produced during NH4

+ oxidation to NO2
-: 

 

δ18OAMONO2 =
1

2
∙ (δ18O2 − ϵO2) +

1

2
∙ (δ18OH2O − ϵH2O_1)                                                                (S13) 

 

δ18O2 is the δ18O of ambient dissolved O2 (assumed to be 23.5 ‰, Casciotti et al., 2010), εO2 is the 

KIE of O2 incorporation during NH4
+ oxidation to NO2

- (14 ‰, Granger and Wankel, 2016), δ18OH2O 

is the δ18O of H2O, and εH2O_1 is the KIE of H2O incorporation during NH4
+ oxidation to NO2

- (14 ‰, 

Casciotti et al., 2010; Granger and Wankel, 2016). 

During the oxidation of NO2
- to NO3

-, the additional O atom is extracted from water. The 18O mole 

fraction of NO2
- consumed by nitrite oxidation ( ΦNXR

NO218 ) was corrected for this addition using the 18O 

mole fraction of water consumed during NXR ( ΦNXR
H2O18 ): 

 

ΦNXRNO3
18 =

2

3
∙ ΦNXR

NO218 +
1

3
∙ ΦNXR

H2O18                                                                                                       (S14) 
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where ΦNXRNO3
18  is the final mole fraction of NO3

- produced by NXR. The corresponding equation 

for 16O is: 

 

ΦNXRNO3
16 =

2

3
∙ ΦNXR

NO216 +
1

3
∙ (1 − ΦNXR

H2O18 )                                                                                           (S15) 

 

and the 18O mole fraction of water is: 

 

ΦNXR
H2O18 =

δ18OH2O − ϵH2O_2 + 1000

δ18OH2O − ϵH2O_2 + 1000 +
1000

( O18 O16⁄ )
VSMOW

                                                                        (S16) 

 

εH2O_2 is the 18O KIE of H2O incorporation during NO2
- oxidation to NO3

- (14 ‰, Buchwald and 

Casciotti, 2010). The O mole fractions for the oxidation of NO2
- to NO3

- during anammox 

( ΦAMXNO3
16 , ΦAMXNO3

18 ) were treated in an identical manner, using the mole fractions ΦAMX
NO216  and 

ΦAMX
NO218 , and where ΦAMX

H2O18 = ΦNXR
H2O18 . 

Finally, during nitrate reduction, the extraction of O is associated with a normal kinetic isotope 

effect, ϵNARBR. The δ18O of NO3
- consumed during NAR is: 

 

δ18ONAR =

1000 ∙ ( ΦNAR
NO318 −

1000

( O18 O16⁄ )
VSMOW

+
1000

( O18 O16⁄ )
VSMOW

∙ ΦNAR
NO318 )

1000

( O18 O16⁄ )
VSMOW

∙ ( ΦNAR
NO318 − 1)

                                     (S17) 

 

and the δ18O of NO2
- after O extraction from NO3

- is: 

 

δ18ONARNO2 = δ
18ONAR + εNARBR                                                                                                             (S18) 

 

Since ϵNARBR is positive (25 ‰, Granger and Wankel, 2016), O extraction leads to an increase in the 

δ18O of NO2
-. The final mole fractions of 18O and 16O of NO2

- produced during NAR are then: 

 

ΦNARNO2
18 =

( O18 O16⁄ )
VSMOW

∙ (1000 + δ18ONARNO2)

1000 ∙ (1 + ( O18 O16⁄ )
VSMOW

) + δ18ONARNO2 ∙ ( O18 O16⁄ )
VSMOW

                       (S19) 

 

ΦNARNO2
16 = 1 − ΦNARNO2

16                                                                                                                        (S20) 

 

Reaction stoichiometries are listed in Table S3. 

 

Mole fractions of heavy isotopes in the bottom water were calculated from δ values: 

 

ΦNO3_BW
−15 =

δ15NNO3_BW

δ15NNO3_BW + 1000 +
1000

( N15 N14⁄ )
Air

                                                                                 (S21) 
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ΦNO2BW
−15 =

δ15NNO2_BW

δ15NNO2_BW + 1000 +
1000

( N15 N14⁄ )
Air

                                                                                   (S22) 

 

ΦNH4BW
+15 =

δ15NNH4_BW

δ15NNH4_BW + 1000 +
1000

( N15 N14⁄ )
Air

                                                                                   (S23) 

 

ΦN2BW
15 =

δ15NN2_BW

δ15NN2_BW + 1000 +
1000

( N15 N14⁄ )
Air

                                                                                         (S24) 

 

ΦNO3_BW
−18 =

δ18ONO3_BW

δ18ONO3_BW + 1000 +
1000

( O18 O16⁄ )
VSMOW

                                                                           (S25) 

 

ΦNO2_BW
−18 =

δ18ONO2_BW

δ18ONO2_BW + 1000 +
1000

( O18 O16⁄ )
VSMOW

                                                                           (S26) 

 

 

Fluxes, F (µmol cm-2 yr-1), of each solute, C, at the sediment surface were calculated with the model 

as:  

 

FC = φ ∙ (ω ∙ C − DS ∙
∂C

∂x
)                                                                                                                               (S27)   

 

The δ15N or δ18O of the flux of species C, δFC , were calculated from the fluxes of the light and heavy 

isotopes: 

 

δFC = (
(F

CH
F

CL
⁄ )

(H L⁄ )Standard
− 1) ∙ 1000                                                                                                                 (S28)  

        

The model was solved using the ‘MethodOfLines’ option by the numerical solver NDSolve in 

Mathematica 11 over a variable spatial grid with >700 nodes with a layer thickness increasing from 10 

µm at the surface to 1 cm at the bottom. The model was run to steady-state, i.e. invariable 

concentrations and reaction rates with time. Mass conservation was > 99%. Fixed concentrations equal 

to measured bottom water values were imposed for solutes at the sediment–water interface (Table S2). 

At the lower boundary (12 cm), all species were prescribed a zero–gradient (Neumann) condition.  

 

 

Benthic chamber calculations 
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The fluxes of each solute (Eq. (S27)) served as source/sink terms for the ordinary differential 

equations that describe concentration changes (dC/dt) in the benthic chambers. The units of F were 

converted to µmol dm-3 h-1 by multiplying by the factor 10/365/24/hw, where hw is the height of the 

water in the chamber in m. The δ15N and δ18O of the N species in the chamber were calculated using 

Eq. (1) in the main text. 

 In these simulations, the H2S in the chamber accumulated to several 10s of µM despite the presence 

of O2. H2S was not measured in the chambers and we cannot verify this observation, although from 

previous experience we suspect that no H2S accumulated when O2 is available. Therefore, we included 

an aerobic sink for H2S in the chamber model to remove it: 

H2S sink = k∙H2S∙O2                         (S29) 

where the rate constant for this reaction (k =103 µmol-1 dm3 h-1) was simply set to a high enough level 

to remove the excess H2S. O2 loss inside the chamber was assumed to be 2∙k∙H2S∙O2. 
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Table S2. Reaction network used in the model. 

Stoichiometry Rate expression a,b 

POM degradation by oxygen reduction, RO2POC: 
(CH2O)(NH3)1/rCN + O2 → (1 – rCN

−1) CO2 + 

rCN
−1 HCO3

– + rCN
−1NH4

+ + (1 – rNC
−1)H2O 

RO2POC = fO2 ∙RPOC, where {

fO2 = 1 for [O2]  ≥ KO2POC            

fO2 =
[O2]

KO2POC
 for [O2] ≤ KO2POC     

  

POM degradation by nitrite reduction, RNIR: 

(CH2O)(NH3)1/rCN + 4/3 NO2
– +(1/3 +rNC

−1)CO2 → 

2/3 N2 + (4/3 + rCN
−1)HCO3

– + rCN
−1NH4

+ + (1/3 – rCN
−1)H2O 

RNIR = fNO2 ∙RPOC, where 

{
 
 

 
 
fNO2 = 0 for fO2 = 1                                                                                           

fNO2 = (1 − fO2) for fO2 < 1 and [NO2
−] > KNIR                                        

fNO2 = (1 − fO2)
[NO2

−]

KNIR
 for fO2 < 1 and [NO2

−] ≤ KNIR                           

 

POM degradation by nitrate reduction, RNAR: 
(CH2O)(NH3)1/rCN + 2 NO3

– → 2 NO2
– + (1 – rCN

−1) CO2 + 

rCN
−1 HCO3

– + rCN
−1NH4

+ + (1 – rNC
−1)H2O 

RNAR = fNO3 ∙RPOC, where 

{
 
 

 
 fNO3 = 0 for fNAR ≡ fO2 + fNO2 = 1                                                                     

fNO3 = (1 − fNAR) for fNAR < 1 and [NO3
−] > KNAR                                       

fNO3 = (1 − fNAR)
[NO3

−]

KNAR
 for fNAR < 1 and [NO3

−] ≤ KNAR                          

 

POM degradation by sulfate reduction, RSR: 
(CH2O)(NH3)1/rCN + 0.5 SO4

2– + rCN
−1CO2 + 

rCN
−1H2O → 0.5 H2S + (1 + rCN

−1)HCO3
– + rCN

−1NH4
+ 

RSR = (1 − fO2 − fNO2 − fNO3)∙RPOC 

Ammonium oxidation, RAMO: 

NH4
+ + 1.5O2 → NO2

– + H2O + 2H+ 
RAMO = kAMO·[O2]·[NH4

+] 

Nitrite oxidation, RNXR: 

NO2
- + 0.5O2

– → NO3
–  

RNXR = kNXR·[O2]·[NO2
-] 

Anammox, RAMX a: 

NH4
+ + 1.3 NO2

– → N2 + 0.3 NO3
– + 2 H2O 

RAMX = kAMX·[NO2
–]·[NH4

+] 

Sulfide oxidation, RO2H2S: 
H2S + 2 O2 → SO42- + 2H+ 

RO2H2S = kO2H2S·[O2]·[H2S] 

Particulate sulphide precipitation, RH2Sp: 
H2S → S(s) 

RH2Sp = kH2Sp·[H2S] ·exp(-5·x) 

Ammonification, RAMF:  

Organic N → NH4
+         

RAMF = RPOC/rCN 

a Anammox reaction stoichiometry is unbalance with regards to the transfer of electrons. As described by Brunner et al. (2013), excess NO3
- production is balanced by the 

reduction of inorganic carbon during production of biomass. 
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Table S3. Model parameters used for the benthic chamber incubation experiment at St. 2 on the 

shelf (BIGO 2-5). Results from this model are shown in Fig. 4 in the main text. 
Term Description Value a 

L Length of simulated sediment column (cm)  12 

T Bottom water temperature, (oC)  15 

S Bottom water salinity, (-)  35 

φ Sediment porosity, (–) 0.8 

ωL Sediment burial velocity, (cm yr–1) 0.07 

DB(0) Bioturbation coefficient at sediment surface, (cm2 yr–1) 5 

xs Bioturbation depth parameter, (cm)  2 

α(0) Bio-irrigation coefficient at x=0, (yr-1) 1500 

xirr Bio-irrigation attenuation parameter (cm) 1.5 

DSW_O2 Diffusion coefficient in seawater of O2 (cm2 yr-1) 477 

DSW_NO3 Diffusion coefficient in seawater of NO3
- (cm2 yr-1) 495 

DSW_NO2 Diffusion coefficient in seawater of NO2
- (cm2 yr-1) 452 

DSW_SO4 Diffusion coefficient in seawater of SO4
2- (cm2 yr-1) 264 

DSW_NH4 Diffusion coefficient in seawater of NH4
+ (cm2 yr-1) 495 

DSW_N2 Diffusion coefficient in seawater of N2 (cm2 yr-1) 418 

DSW_H2S Diffusion coefficient in seawater of H2S (cm2 yr-1) 436 

DSW_TA Diffusion coefficient in seawater of TA (cm2 yr-1) b 290 

kO2H2S Rate constant for H2S oxidation, (μmol-1 cm3 yr–1)  1.0×106 

kAMO Rate constant for NH4
+ oxidation, (μmol-1 cm3 yr–1) Table 3 in main text 

kNXR Rate constant for NO2
- oxidation, (μmol-1 cm3 yr–1) Table 3 in main text 

kH2Sp Rate constant for H2S precipitation as particulate S, (yr–1) 1.0×106 

KO2POC Threshold constant for O2 for POC degradation, (μmol cm-3) c 0.002 

KNAR Threshold constant for NO3
– for POC degradation, (μmol cm-3) Table 3 in main text 

KNIR Threshold constant for NO2
– for POC degradation, (μmol cm-3) Table 3 in main text 

rCN Atomic C:N ratio of organic matter, (mol C / mol N)  0.050 

O2_BW Bottom water O2 concentration, (μmol cm-3)  0.035 

NO3
-
_BW Bottom water NO3

- concentration, (μmol cm-3)  0.025 

NO2
-
_BW Bottom water NO2

- concentration, (μmol cm-3)  0.0001 

SO4
2-

_BW Bottom water SO4
2- concentration, (μmol cm-3)  28 

NH4
+

_BW Bottom water NH4
+ concentration, (μmol cm-3)  1.0×10-7 

N2_BW Bottom water N2 concentration, (μmol cm-3) d 0.520 

H2S_BW Bottom water H2S concentration, (μmol cm-3)  0 

TA_BW Bottom water TA concentration, (μmol cm-3)  2.332 

δ18OH2O δ18O of ambient seawater, (‰) 0 

δ18OO2 δ18O of ambient dissolved oxygen, (‰) 23.5  

ϵO2 KIE of O2 incorporation during NH4
+ oxidation to NO2

-, (‰) 14  

ϵH2O_1 KIE of H2O incorporation during NH4
+ oxidation to NO2

-, (‰) 14  

ϵH2O_2 KIE of H2O incorporation during NO2
- oxidation to NO3

-, (‰) 14  

δ15NPON δ15N of PON, (‰) 5 

δ18OAMONO2 δ18O of NO2
- produced from the oxidation of NH4

+, (‰) -2.3 (Eq. S13) 

ϵNARBR KIE of O extraction from NO3
- during NAR, (‰) 25  

15ϵNAR N KIE for NO3
- by NAR, (‰) Table 3 in main text 

18ϵNAR O KIE for NO3
- by NAR, (‰) Table 3 in main text 

15ϵNIR N and O KIE for NO2
- by NIR, (‰) Table 3 in main text 

18ϵNIR O KIE for NO2
- by NIR, (‰) Table 3 in main text 

ϵAMO N KIE for NH4
+ by AMO, (‰) Table 3 in main text 

15ϵNXR N KIE for NO2
- by NXR, (‰) Table 3 in main text 

18ϵNXR O KIE for NO2
- by NXR, (‰) Table 3 in main text 

δ15NNH4_BW δ15N of NH4
+ in the bottom water, (‰) d 5 

δ15NNO3_BW δ15N of NO3
- in the bottom water, (‰) 5.2 

δ15NNO2_BW δ15N of NO2
- in the bottom water, (‰) d 0 

δ15NN2_BW δ15N of N2 in the bottom water, (‰) d 0 

δ18ONO3_BW δ18O of NO3
- in the bottom water, (‰) 4.1 

δ18ONO2_BW δ18O of NO2
- in the bottom water, (‰) d 0 

15NO3
-
_BW Bottom water 15NO3

- concentration, (μmol cm-3)  15ΦNO3
-
_BW · NO3

-
_BW 



10 
 

14NO3
-
_BW Bottom water 14NO3

- concentration, (μmol cm-3)  NO3
-
_BW – 15NO3

-
_BW 

15NO2
-
_BW Bottom water 15NO2

- concentration, (μmol cm-3)  15ΦNO2
-
_BW · NO2

-
_BW 

14NO2
-
_BW Bottom water 14NO2

- concentration, (μmol cm-3)  NO2
-
_BW – 15NO2

-
_BW 

15NH4
-
_BW Bottom water 15NH4

- concentration, (μmol cm-3)  15ΦNH4
-
_BW · NH4

-
_BW 

14NH4
-
_BW Bottom water 14NH4

- concentration, (μmol cm-3)  NH4
-
_BW – 15NH4

-
_BW 

15N2
-
_BW Bottom water 15N2

- concentration, (μmol cm-3)  15ΦN2
-
_BW · N2

-
_BW 

14N2
-
_BW Bottom water 14N2

- concentration, (μmol cm-3)  N2
-
_BW – 15N2

-
_BW 

18NO3
-
_BW Bottom water 18NO3

- concentration, (μmol cm-3)  18ΦNO3
-
_BW · NO3

-
_BW 

16NO3
-
_BW Bottom water 16NO3

- concentration, (μmol cm-3)  NO3
-
_BW – 18NO3

-
_BW 

18NO2
-
_BW Bottom water 18NO2

- concentration, (μmol cm-3)  18ΦNO2
-
_BW · NO2

-
_BW 

16NO2
-
_BW Bottom water 16NO2

- concentration, (μmol cm-3)  NO2
-
_BW – 18NO2

-
_BW 

 

a Parameter values measured directly or inferred from other data unless otherwise indicated.  
b Diffusion coefficient for TA was set equal to that for bicarbonate ion (HCO3

–), which typically comprises 

>95% of DIC in porewater. 

c Jourabchi et al. (2005) 
d Assumed (bottom water N2 concentration) 
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Table S4. Rate expressions applied in the differential equations (ΣR in Eq. (S1)).  

Variable ΣR 
14NO3–   −2 ∙ Φ14

NAR
NO3 ∙ RNAR + Φ14

NXR
NO2 ∙ RNXR + 0.3 ∙ Φ14

AMX
NO2 ∙ RAMX 

15NO3–   −2 ∙ Φ15
NAR
NO3 ∙ RNAR + Φ15

NXR
NO2 ∙ RNXR + 0.3 ∙ Φ15

AMX
NO2 ∙ RAMX 

14NO2– + Φ14
AMO
NH4 ∙ RAMO + 2 ∙ Φ14

NAR
NO3 ∙ RNAR −

4

3
∙ Φ14

NIR
NO2 ∙ RNIR − Φ14

NXR
NO2 ∙ RNXR − 1.3 ∙ Φ14

AMX
NO2 ∙ RAMX 

15NO2– + Φ15
AMO
NH4 ∙ RAMO + 2 ∙ Φ15

NAR
NO3 ∙ RNAR −

4

3
∙ Φ15

NIR
NO2 ∙ RNIR − Φ15

NXR
NO2 ∙ RNXR − 1.3 ∙ Φ15

AMX
NO2 ∙ RAMX 

14NH4+ + ΦAMF ∙
14 RAMF − Φ14

AMO
NH4 ∙ RAMO − Φ14

AMX
NH4 ∙ RAMX 

15NH4+ + ΦAMF ∙
15 RAMF − Φ15

AMO
NH4 ∙ RAMO − Φ15

AMX
NH4 ∙ RAMX 

14N2 +0.5 ∙ (
4

3
∙ Φ14

NIR
NO2 ∙ RNIR + Φ14

AMX
NO2 ∙ RAMX + Φ14

AMX
NH4 ∙ RAMX) 

15N2 +0.5 ∙ (
4

3
∙ Φ15

NIR
NO2 ∙ RNIR + Φ15

AMX
NO2 ∙ RAMX + Φ15

AMX
NH4 ∙ RAMX) 

16NO3– −2 ∙ Φ16
NAR
NO3 ∙ RNAR + ΦNXRNO3

16 ∙ RNXR + 0.3 ∙ ΦAMXNO3
16 ∙ RAMX 

18NO3– −2 ∙ Φ18
NAR
NO3 ∙ RNAR + ΦNXRNO3

18 ∙ RNXR + 0.3 ∙ ΦAMXNO3
18 ∙ RAMX 

16NO2– +δ16OAMONO2 ∙ RAMO + 2 ∙ ΦNARNO2
16 ∙ RNAR −

4

3
∙ Φ16

NIR
NO2 ∙ RNIR − Φ16

NXR
NO2 ∙ RNXR − Φ16

AMX
NO2 ∙ RAMX − 0.3 ∙ Φ16

AMXNO3 ∙ RAMX 

18NO2– +δ18OAMONO2 ∙ RAMO + 2 ∙ ΦNARNO2
18 ∙ RNAR −

4

3
∙ Φ18

NIR
NO2 ∙ RNIR − Φ18

NXR
NO2 ∙ RNXR − Φ18

AMX
NO2 ∙ RAMX − 0.3 ∙ Φ18

AMXNO3 ∙ RAMX 

O2 – RO2POC – 2·RO2H2S – 1.5·RAMO – 0.5·RNXR 
SO42– – 0.5·RSO4POC + RO2H2S 
H2S + 0.5·RSO4POC – RO2H2S – RH2Sp 
TA rCN·RPOC + 4/3·RNIR + RSO4POC – 2·RAMO + 2·RO2H2S  
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Table S5. Isotope results from the benthic incubations (see text for details). For each station, the data from 

both BIGO chambers were combined. Uncertainties (±) on 15εapp and O 18εapp represent the standard error of 

the regression slopes, whilst those for δ15N-NH4 are the standard error of the  intercept (r2 values of the 

slopes are given in brackets). Uncertainties (±) on 18εapp : 15εapp were calculated using standard error 

propagation rules. Only significant results (p < 0.05) are shown. Mean ± standard deviation is also given.  

 

Station Water depth 
(m) 

15εapp 

(‰) 

18εapp 

(‰) 

18εapp:15εapp 

(-) 
δJNH4 

(‰) 

1 46 1.0 ± 0.2 (0.77) 2.0 ± 0.6 (0.55) 2.0 ± 0.3 8.0 ± 2.6 (0.81) 

2 65 0.7 ± 0.1 (0.71) 1.6 ± 0.2 (0.82) 2.3 ± 0.2 9.6 ± 0.5 (0.15) 

3 90 1.6 ± 0.2 (0.88)   9.3 ± 3.4 (0.50) 

4 130 1.4 ± 0.4 (0.45) 2.9 ± 0.2 (0.92) 2.0 ± 0.3  

5 174 1.8 ± 0.5 (0.53) 1.7 ± 0.7 (0.35) 0.9± 0.5  

6 241 2.0 ± 0.3 (0.78) 1.7 ± 0.5 (0.44) 0.9 ± 0.3  

7 412 1.7 ± 0.6 (0.36)    

      

Mean  1.5 2.0 1.8 9.0 

SD  0.4 0.5 0.5 0.6 

 

 

 

 
Fig. S1. Benthic chamber incubation results for H4SiO4 and NH4

+ on the shelf and upper slope. Plots show 

linear regression curves from which the fluxes are calculated Open and filled symbols correspond to 

chamber 1 and 2 during each BIGO lander deployment, respectively. Accompanying PO4
3- and DIC data have 

been reported by Schroller-Lomnitz et al. (2019). 
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Fig. S2. Benthic chamber δ15N-NH4 data for St. 1 to 3. Open and filled symbols correspond to chamber 1 and 

2 during each BIGO lander deployment, respectively. 

 

 

 

 

Fig. S3. Modeled (curves) and measured (open red circle: St. 1; red full: St. 2) porewater profiles for the 

shallow shelf. The modelled profiles are one of 54 examples from the Monte-Carlo fit to the chamber data. 

See main text for more information. 
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Fig. S4. Conceptual model of the N transformation pathways considered in the model that affect (a) δ15N 

and (b) δ18O, after Granger and Wankel (2016). See text for more information. 
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