Supplementary Material

Reaction-transport model for the study sites

To investigate and quantify the processes controlling distributions of dissolved and particulate species
as well as the turnover of C, S, N, and P in the upper 650 cm of Namibian mud belt sediments, the data
from St. 12, St. 14 and St. 41 were simulated with a diagenetic reaction-transport model. The model
was set up based on the previous models developed for studying biogeochemical cycles in the Peruvian
upwelling system (Bohlen et al., 2011; Dale et al., 2016a, 2019) and in the Namibian shelf sediments
(Dale et al., 2009) and for studying phosphorus cycling in bioturbated marine sediments (Dale et al.,
2016b).

Vertical depth profiles of the dissolved and solid species were simulated using 1-D mass
conservation equations (Berner, 1980; Boudreau, 1997):
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where y =1 for NOsac and y = 0 for all other solutes.
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where x (cm) is sediment depth, t (yr) is time, @is porosity, D (cm? yr?) is the solute-specific diffusion
coefficient in the sediment, Dy (cm? yr?) is the bioturbation coefficient, Ci (umol cm™ of porewater)
is the concentration of solute i, G;j is the content of solid species j (dry weight percent, wt.%), v (cm
yr1) is the net velocity of solutes by burial and compaction in addition to upward fluid flow imposed
at the lower boundary of the model, w (cm yr?) is the burial velocity of solids, « (yr?) is the
(bio)irrigation coefficient, anos, .. (yrl) is the coefficient for non-local NOs transport by large sulfur

bacteria, C;(0,t) and CNOEbac(O' t) are the concentrations of solutes and NOsz" in large sulfur bacteria
at the sediment-water interface, respectively, and XR. and IR, are the sum of biogeochemical

reactions for dissolved and solid species.

Solid and dissolved species and upper boundary conditions are listed in Supplementary Table 1. The
model simulates the distributions of 15 dissolved species including Oz, NO2", NOs, SO4%, H2S, CHa,
NHs", DIC, POs*, TA (total alkalinity), Ca®*, Mg?*, Fe?*, H2 and NOs" stored within the large sulfur



oxidizing bacteria, termed biological (NOsbac). A total of 16 solid species simulated in the model
including four fractions of POC of varying reactivity, organic sulfur (Sorg), particulate organic nitrogen
(Norg), two iron (oxyhydr)oxide fractions (i.e., highly reactive (Fe(OH)snr) and moderately reactive
(Fe(OH)amr), unreactive iron (Feu)), pyrite (FeS»), two pools of phosphorous associated with iron
(oxyhydr)oxide (PreHr, Premr), P in authigenic hydroxyapatite formed after polyphosphate breakdown
(PHap), intracellular polyphosphate (Ppory), P in fish debris (Prish) and particulate organic phosphorous
(Porg).

Constitutive equations describing the depth dependency of transport parameters are provided in
Supplementary Table 2. Porosity (¢) was described using an exponential function assuming steady—
state compaction including the porosity at the sediment—water interface (¢(0)), the porosity below the
depth of compaction (¢(L)) and the porosity depth attenuation coefficient (px). Solute—specific
diffusion coefficients in sediments (D) were calculated from the temperature—dependent molecular
diffusion coefficients in seawater (Dw) (Boudreau, 1997) corrected for salinity and pressure using the
modified Weissberg equation (Boudreau, 1997). Under the assumption of steady-state compaction, the
velocity of solids (w) and the velocity of interstitial fluids (v) were calculated as the function of the
burial velocity of compacted sediments (wacc) and porosity. Model physical and biogeochemical
parameters are listed in Supplementary Tables 3, 4. Biogeochemical reactions are in Supplementary
Table 5 and rate expressions are in Supplementary Table 6. Model-derived depth-integrated turnover
rates are given in Supplementary Table 7. Modelled benthic fluxes and fluxes at 650 cm are listed in
Supplementary Table 8.

NOzbac represents a contained pool of NO3™ within microbial cells and is affected by mixing and
burial as if it were a particle with no molecular diffusive transport. NO3zwac Was additionally transported
into the sediment assuming a non-local source term aNOEbacin units of yr* (Supplementary Table 2):
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where aNOEbac(O) is the coefficient at the sediment surface. The parameter xIrr (cm) defines the
depth over which NO3, _ is transported.
The rate of PO4* accumulation and storage as Ppoly in LSB was defined as (Dale et al., 2016b):

R26 =k26-PO4%/(POs*+ Ceq)- NOgzpac-H2S (Eq. S4)
where kg is a constant that depend on rates of DNRA and DNRN..

The rate of PO, release to porewater through enzymatic hydrolysis of intracellular Ppory by large
sulfur bacteria is:
R27 =k27-Ppoly-0 where 6 =1 for O2 <1 uM and ¢ =0 for O2 > 1 uM (Eq. S5)
These rates were partly constrained by the measured porewater PO4% concentrations, as shown later.

Rate expressions are summarized in the Supplementary Information (Supplementary Table 6).
Steady state fluxes of solutes, Fc, and solid species, Fg, at the boundaries were calculated as follows:
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Fo,(0) = (1 - 9(®) - ps - w(x) - G (x, £) (Eq. S7)

For upper boundary conditions at the sediment-water interface (x = 0 cm), fixed seawater
concentrations are defined for solutes, constant fluxes to the seafloor for solids and a fixed NOs
concentration for nitrate stored in bacteria which was calculated from the measured biovolume and
internal NOs™ of giant sulfur bacteria at each site (Zabel et al., 2019). The model was solved with a
zero-gradient condition for dissolved and solid species at the lower boundary (x = 650 cm) except for
H>S and NH4* at St. 12 (Supplementary Table 1). The spatial derivatives of the coupled partial
differential equations were approximated using finite differences and solved using the method-of-lines
(Boudreau, 1997) using the ordinary differential equation solver (NDSolve) in MATHEMATICA v.
11.3. All simulations were run to steady state using a grid spacing which increased from 0.0025 cm at
the sediment surface to 2.5 cm at depth. Mass conservation was typically better than 99.5%.



Supplementary Tables

Supplementary Table 1. Chemical species included in the model with upper boundary conditions at the
sediment-water interface. Atthe lower boundary, a zero-gradient Neumann boundary was imposed for all species,
except for HoS and NH,4" at St. 12 that given at the bottom of the table.

Variable St. 12, 23°S St. 14, 23°S St. 41, 25°S
Solutes (mM)

Oxygen (02) 500 x 10-2 2.63 x 1072 5.26 X 1072
Nitrate (NO3) 2.44 x 1072 2.38 x 1072 2.34 x 1072
Nitrite (NOy) 1.20 x 10™* 420 x 107* 2.02x 1074
Sulfate (SO4%) 29 29.2 28

Ferrous iron (Fe?") 0 0 0
Ammonium (NH4*) 0 1.03 x 1073 0

Phosphate (PO4*) 1.50 X 1073 130 x 1073 9.31x107*
Dissolved inorganic carbon (DIC) 2.72 2.72 2.72
Hydrogen sulfide (H2S) 0 0 0

Methane (CH.) 0 0 0

Total alkalinity (TA) 2.33 2.33 2.33
Calcium (Ca) 10.67 10.36 10.2
Magnesium (Mg) 52 51.49 54.0

Nitrate stored in bacteria (NOz7pac) ? - 0.18 0.61
Hydrogen (H.) 0 0 0

Solids (g cm? yr?)

Particulate organic carbon (POC;) 5.46 x 107* 6.54 x 107* 1.44 x 1073
Particulate organic carbon (POC5) 1.09 x 1073 1.96 x 1073 2.53x 1073
Particulate organic carbon (POC3) 219 x 1073 1.31 x 1073 1.8 x 10™*
Particulate organic carbon (POCy) 3.82x 1073 0 1.44 x 1073
Highly reactive Fe oxide (Fe(OH)sur) 7.28 X 107 5.51 x 1075 3.03 x 1075
Moderately reactive Fe oxide (Fe(OH)swr) 2.19 x 1075 1.83 x 1077 3.61x10°°
Unreactive iron (Fey) 3.17 x 1074 1.04 x 107 1.71 x 107
Pyrite (FeSy) 0 0 0

Fe(OH)shr associated P (Pretr) 1.62 x 1077 1.22 x 107 6.73 x 1077
Fe(OH)swmr associated P(Peemr) 0 0 0
Authigenic carbonate-containing apatite (Pxap) | O 0 0
Intracellular polyphosphate (Ppoly) 0 0 0

Particulate organic sulfur (Sorg) 6.01 x 1074 2.94 x 1074 3.97 x 1074
Phosphorus in fish debris (Pish) 4.03 x 10~* 484 x 10™* 3.77 x 107*
Particulate organic phosphorus (Porg) 4.03 x107° 1.53 x 107 2.18 x 1074
Particulate organic nitrogen (Norg) 1.13x 1073 5.68 X 10~* 7.83 x 107*
Lower boundary (umol cm= cm™?)

Ammonium (NH4") aNHf{/dX =—-1.00x1073 | - -

Hydrogen sulfide (H2S) aHZS/dX =-540x10"3 |- -

& Mean of all sampling stations at 23 °S and 25 °S where Thiomargarita were observed.




Supplementary Table 2. Depth—dependent constitutive equations.

Parameter

Equation

Porosity

Diffusion coefficients

Burial velocity of solids

Burial velocity of solutes

Bioturbation for all solids

(Bio)irrigation for solutes

Bioirrigation for NO3ac
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Supplementary Table 3. Physical parameters used in the model.

Parameter Description St. 12, 23°S St. 14,23°S | St. 41,25°S | Unit Source?
L Length of simulated sediment column 650 650 650 cm C
T Bottom water temperature 11.72 11.67 12 °C M
S Bottom water salinity 35.05 35.05 3550 - M
P Pressure at seafloor 16.04 14.94 14.84 bar M
Wace Sediment accumulation rate 0.095 0.22 0.11 cmyr?! M
ps Dry sediment density 2.5 25 2.5 gcm Lt
»(0) Porosity at 0 cm 0.94 0.98 0.97 - M
o(L) Porosity at L cm 0.77 0.94 0.87 - M
px Parameter for exponential decrease in porosity with depth 1/90 1/15 1/60 l/cm Cc
Ds(0) Bioturbation coefficient at sediment surface 83 23.7 35.4 cm? yrt C
xBio Depth of bioturbated zone 2.6 5.9 7.1 cm C
a(0) Bio-irrigation coefficient at sediment surface for solutes 50 except Fe?* (=0) | - - yrt Cc
xBIB Depth of bio-irrigated zone for solutes 18 - - cm C
anoz, (0) | Bio-irrigation coefficient at sediment surface for NO3, - - 300 100 yrt C
xIrr Depth of bio-irrigated zone for NO3, - 6 5 cm Cc
Dgpz- Diffusion coefficient for SO 240 239 242 cm? yrt L?
Dew, Diffusion coefficient for CHs 361 361 364 cm?yrt L2
Dypy Diffusion coefficient for NH4* 453 452 456 cm? yrt L?
Dpic Diffusion coefficient for DIC 261 261 264 cm? yrt L
Dy,s Diffusion coefficient for H2S 403 402 406 cm? yrt L2
Dpo3- Diffusion coefficient for PO4* 168 168 170 cm? yrt L?
D2+ Diffusion coefficient for Fe?* 151 150 152 cm?yrt | L?
Do, Diffusion coefficient for O2 433 432 436 cm? yrt L2
Dyo- Diffusion coefficient for NO3 443 443 447 cm? yrt L2
Dyos Diffusion coefficient for NOz 420 420 423 cm? yrt L2
Dry Diffusion coefficient for TA 261 261 264 cm? yrt L?
Dcq Diffusion coefficient for Ca?* 180 180 181 cm? yrt L
Dyg Diffusion coefficient for Mg?* 162 161 163 cm? yrt L2
Dnogz, Diffusion coefficient for NO3, - 1 1 cm? yrt C
Dy, Diffusion coefficient for Hz 605 605 605 cm?yrt L2

aparameter values were based on the following sources: C. Constrained with the model. M. Measured. L. Assumed value from literature: 'Dale et al. (2006b); 2Boudreau et al. (1997).




Supplementary Table 4. Biogeochemical parameters used in the model.

Parameter | Description St. 12, 23°S St. 14,23°S | St.41,25°S | Unit (Sscllljrlcze;ast. 14: St 41)
kpoc1 First order kinetic constant for POC1 degradation 32.9 30 11.9 yrt G, CC
kpoc2 First order kinetic constant for POC2 degradation 1.65x1072 5.07x10° 8.87x10°° yrt C,CC
kpocs First order kinetic constant for POC3 degradation 5.27x10-3 7.39%10°5 1.10x107? yrt CCcC
kpoca First order kinetic constant for POC4 degradation 0 0 0 yrt G, CC
k7 Rate constant for aerobic oxidation of NOz 1x107 1x10* 1x10* mM- yrt L;C;C
ks Rate constant for aerobic oxidation of Fe2* 1x10° 1x10° 1x10° mM-t yrt C,CC
ko Rate constant for aerobic oxidation of FeS, 1x10? 1x103 1x103 mM- yrt C,L;L
k1o Rate constant for aerobic oxidation of HzS 1x10° 1x108 1x108 mM- yr? L;C;C
ku Rate constant for aerobic oxidation of CH4 1x1010 1x1010 1x101° mM- yr? G CC
k12 Rate constant for aerobic oxidation of NH4* 1x107 1x104 1x104 mM-t yr?! L;C,C
kis Rate constant for anaerobic oxidation of Fe?* 1x107 1x10° 1x10° mM-t yrt L;C;C
K14 Rate constant for anaerobic oxidation of Fe2* 1x107 1x108 1x108 mM- yrt C,CC
kis Rate constant for anaerobic oxidation of H.S (DNRA) by giant sulfur bacteria 0 1.8x10° 4x103 mM-1yr? G, G C
kis Rate constant for anaerobic oxidation of H2S (DNRN?2) by giant sulfur bacteria | 0 6.864x10° 1.3x10* mM-t yrt C,CC
K17 Rate constant for anaerobic oxidation of H2S 0 0 0 mM- yrt C, CC
kis Rate constant for anammox 1x10° 1x10° 1x10° mM- yr? G C,C
k1o Rate constant for anaerobic oxidation of CHa 200 200 200 mM- yr?t C,CC
kao Rate constant for FeS2 precipitation 2000 1000 500 mM- yrt G, C C
k21 Rate constant for Fe(OH)snr / Fe(OH)amr reduction by H2S 1/05 100/1 10/0.01 mM~ yrt C,C,C
ka2 Rate constant for Fe(OH)snr ageing to Fe(OH)amr 0.8 15 40 yrt C;CC
ka3 Rate constant for precipitation of Pyap 0.005 1.25 3.41 yrt C;C;C
kaa Rate constant for calcium carbonate precipitation 0.5 0.5 0.5 yrt G, CC
kos Rate constant for magnesium carbonate precipitation 0.5 0.5 0.5 yrt C,CC
kas Rate constant for polyphosphate synthesis® 0 0.9 0.06 mM- yrt G, C C
ko7 Rate constant for polyphosphate breakdown 0 15 0.02 yrt G, G C
kas Rate constant for sulfidization of organic matter 0.0002 0.0002 0.0002 mM-L yrt G¢CcC
k2o Rate constant for decomposition of phosphorous in fish debris 0.05 6 0.9 yrt G CcC
kao Rate constant for sulfate reduction by Ha 1x106 1x106 1x106 mM-1 yrt G GcC
Koz Half—saturation constant for O for OM degradation 0.01 0.01 0.01 mM C,CC
Knos Half-saturation constant for NO3s~ for OM degradation 0.005 0.005 0.005 mM CCcC
Knoz Half-saturation constant for NO2~ for OM degradation 0.0005 0.005 0.005 mM C;CC
Kre Half—saturation constant for Fe(OH)snr for OM degradation 0.0001 0.0001 0.0001 gFe /g G GC
Ksos Half-saturation constant for SO4% for OM degradation 0.1 0.1 0.1 mM G, G C
Krog Half-saturation constant for PO4% uptake into Fe(OH)srr 0.01 0.01 0.01 mM L L L
gaut Fe:P ratio in authigenic Fe(OH)anr 10 10 10 mol Fe (mol P)* | L;L;L
age Fe:P ratio in Fe(OH)awmr recrystallized from Fe(OH)snr 40 40 40 mol Fe (mol P)* | L;L; L
&allHR Fe:P ratio in deposited Fe(OH)zHr 25 25 25 mol Fe (mol P)* | L;L; L
£allMR Fe:P ratio in deposited Fe(OH)amr 0 0 0 mol Fe (mol P)* | L;L;L




Ceq Equilibrium PO4* concentration for Pyap Precipitation 0.0001 0.04 0.03 mM C,CC
Tpc1 Atomic P-C ratio in deposited organic matter 0.03/106 1.6/106 1.6/106 mol P (mol C)~* C;C;C
Tpca Atomic P-C ratio in deposited organic matter 0.5/106 1.6/106 1.6/106 mol P (mol C)* C;CC
Tpc3 Atomic P-C ratio in deposited organic matter 0.5/106 1.6/106 1.6/106 mol P (mol C)~* C;C;C
Tpca Atomic P-C ratio in deposited organic matter 0 0 1.6/106 mol P (mol C)* C;CC
Tperi Atomic P-C remineralization ratio 0.25/106 8.9/106 5.55/106 mol P (mol C)~* C,CC
Tpcra Atomic P-C remineralization ratio 0.4/106 0.03/106 0.3/106 mol P (mol C)~* C;C;C
Tpcrs Atomic P-C remineralization ratio 0.4/106 0.03/106 0.2/106 mol P (mol C)~* C,CC
Tpcra Atomic P-C remineralization ratio - - - mol P (mol C)~* C;C;C
Tne Atomic N-C ratio in deposited organic matter 0.127 0.124 0.12 mol N (mol C)! C;C;C
TNner Atomic N-C remineralization ratio 0.18 0.13 0.12 mol N (mol C)~* C,CC

aParameter values were based on the following sources: C. Constrained with the model. L. Assumed value from literature (Dale et al., 2016b).
b ko depends on rates of DNRA and DNRN: (i.e., kos= fas-(K1s + Kas). f26 is the factor for polyphosphate synthesis depending on rates of DNRA and DNRNL. f26 = 0.9 at St. 14 and f2s = 0.06 at St. 41.



Supplementary Table 5. Reactions considered in the biogeochemical model that includes the microbial P

pump.
Reaction  Description Stoichiometry Footnote
Organic matter mineralization reactions (Primary redox reactions)
R1 Aerobic POM degradation CNrycrPrper + 02 — TCO2 + rnerNH4* + rpePO4*
R2 reamt?gr?radation coupled to nitrate CNrycPrpce+ 2NO3™ — 2NO2+ TCO2 + rnveeNHg* + rpeiPO4>
Rs rpeamt?gr?radaﬂon coupled tonitrite oy b 4 1.33N0z —> 0.66N2 + TCOz + ineiNHz* + reciPOs>
Ru POM c_iegradation coupled to iron CNrycrPrpe,+ 4Fe(OH)sHR + 40HRPreHr — 4Fe?* + TCO2 + rnerNHa™ + (461R + a
reduction recr)PO4%
Rs feamt‘?gr?rada“o” coupledtosulfate o pr 405502 —> 0.5HS + TCO2 + inerNH4* + roeiPOs>
R ;2:\}1'&2?)33"6&;;50” coupled to CNrycrPrpcy — 0.5CHa + 0.5TCO: + ineiNHa* + 15O
Secondary redox reactions
Rz Aerobic NO2 oxidation NOz + 0.502 — NOs~
Rs Aerobic Fe?* oxidation Fe?* + 0.2502 + 1/gaut-PO4% + 2.5H20 — Fe(OH)str + 1/gaut-PFenr + 2H* b
Ro Aerobic FeS2 oxidation FeSz + 3.502 + H20 — Fe?* + 25042 + 2H*
Rio Aerobic HzS oxidation HzS + 202 — SO42+ 2H*
R Aerobic CH4 oxidation CHs + 202 — TCO2 + 2H20
R12 Aerobic NH4* oxidation NHs* + 1.502 — NO2™ + 2H* + H20
Ris Anaerobic Fe?* oxidation with NOz- Ef:;t; 1/3NO2" + 1/gaut-PO4%> + 7/3H20 — 1/6N2 + Fe(OH)aHr + 1/gaut-Prerr +
Rus Anaerobic Fe2* oxidation with NOs g;};:-; 0.2NO3™ + 1/gaut-PO4% + 12/5H20 — 0.1N2 + Fe(OH)anr + 1/€aut-Prerr +
Rie (Cglfl”F“{oN'Sho”Ophic denitrification  g/g11,5 + NOF, —> 05N + 0.5Hz0 + 5/8S042" + 0.25H* d
Ruz Anaerobic HS oxidation with NO2~  3/8H2S + NOz~ + 0.25H* — 3/8504% + 0.5H20 + 0.5N>
Ris gﬂiﬁ:ﬁf’gi;\'”f oxidation NHa* + NOz" — Nz + 2Hz0
Ris 'ggjf.r?ﬁig,a;* 4 Oxidation with CHa + 5042 + 2H* — HyS+ TCO + 2H:0
Razo FeS: precipitation T Fe?* + 2H2S > FeSz + Ha + 2H*
Rot ugg (oxyhydrjoxide reduction by 5 o 3yt 0Py +H2S + H* > 0.5FeS; + 0O+ 0.5Fe?* + 3H:0 ac
R22 Fe(OH)anr aging to Fe(OH)amr Fe(OH)3HRr + OHRPFeHR + 1/gage:PO4% — Fe(OH)amRr + OHRPO4%+ 1/gage:Premr a
Ras Qr‘étcr;L%te;‘tiig:ydmxyapa“te 5Ca?* + 3P0 + HoO — Cas(PO)s(OH) + H*
R24 Calcium carbonate precipitation Ca?* + COs*” — CaCOs
Ras Magnesium carbonate precipitation ~ Mg?* + CO3*~ — MgCOs
R2s Polyphosphate accumulation PO+ — Ppoly d
Ra7 Polyphosphate breakdown Ppoly — PO4* d
Ras Sulfidization of POC (POC1+POC2)+H2S—"POC-H,.S”
Rag Fish debris dissolution Prish— PO4*
Rao Sulfate reduction with Hz 0.25504% + Hz + 0.5H*> 0.25H2S + H20

# Moles of iron-associated P released from iron oxide dissolution (Rs and Rzs) and ageing (Rzs) is calculated (per mole of iron reacted) as 0; =
PFej'fFe
Fe(OH)zj fp

® For j = HR and MR.
¢ Dissolution by sulfide applies to j = HR and MR, whereas Fe-associated P applies to j = HR and MR.

4 At St. 12, Ris, Ris, R2s and Ro7 were not included since no LSB were observed.

, Where the unit conversion factor fr. and fp are defined in footnote b in Supplementary Table 6.



Supplementary Table 6. Rate expressions and units for the model including the microbial P pump. Separate

expressions are given in gray for iron-associated P uptake and release.

Rate Rate expression 2 Unit b¢

Reoc kpoc1 " POCy + kpocz * POCy + kpocs - POCz + kpocs - POC, pmol C cm3 yrt
Ryn,poc Tner - RPOC pumol N cm3 yrt
Rpo,poc Tpcr1 * Kpoc1 - POCy + Tpey * kpocz * POCy + Tpes * Kpocz - POC3 + 7pea * kpoca - POCy umol P cm3 yrt
R1 Rpoc * fr-o, pumol C cm3 yrt
Ripo,poc Rpoapoc * fx-0, umol Pcm3 yrt
Rz Rpoc * fk-no, Hj:OZ,NOZ(l - fK—j) umol N cm3 yr?
Rypo,poc Rpospoc * fx-no, * [lizo,n0,(1 — fx—j) pmol P cm® yrt
Rs Rpoc * fk-no, * [1j=o0,(1 — fi—}) pmol N cm yr
R3po,poc Rpospoc * fix—no, * [li=o0,(1 — fk—}) pHmol P cm yr
R4 Rpoc * fk-Fe(0H)sur ° Hj:OZ,NOZ,NO3(1 - fK—j) umol Fe cm3 yrt
R4po,poc Rp04poC * fik—Fe(0H)sug * 11j=0,.N0,N0,(1 — fi—j) pHmol P cm yr
Rapy, (40uR " Rpoc) * fk—Fe(0H)sur * H/’:()Z,N()Z,N()3(1 — fi-1) pmol P cm® yrt
Rs Rpoc * fi-s0, * [1j=0,N0, N0, Fe(OH)ur(1 — fik—j) pmol S cm® yrt
Rspo,poc Rpoapoc * fk-s0, * Hj:()z,N()Z,N()S,Fe(()H)mR(l — fi-j) pmol P cm® yrt
Re Rpoc * [1j=0,N0,N05,Fe(0H)sur.50, (1 = fic=7) Hmol CHa cm® yrt
Repo,poc Rpoapoc * I1j=0,N0,N0s Fe(OH)sur.50, (1 = fik—j) Hmol P cm® yrt
R7 k7-O2-NO2~ pumol N cm3 yrt
Rs k- O2-Fe?* pumol Fe cm3 yrt
Rgp,, caut-kg-O2-Fe?* fi-pos umol P cm3 yrt
Re ko-O2-FeS2 pumol Fe cm3 yrt
Rio kio-O2-H2S pumol S cm3 yrt
Ru ki1-O2-CHa pumol C cm3 yrt
R12 ki2-O2-NH4* pumol N cm3 yrt
Rus kiz-Fe?*-NOz~ pumol Fe cm3 yrt
Rizp,. cautt-k13:NO2 -Fe?*- fx-pos pumol P cm3 yrt
Rua ki4-NO3™-Fe?* pumol Fe cm3 yrt
Rispg, caut’t-k14-NO3™-Fe?*- fk-pos pumol P cm3 yr?
Ris kis-NO3, _ -H2S pumol N cm3 yrt
Ris kie- NO3,  -H2S pumol N cm3 yrt
Ra7 ki7-NOz~-H.S pumol N cm3 yrt
Rus kis-NOz~-NH4* pmol Nz cm3 yr
Rio ki9-CH4-SO4* pmol C cm3 yrt
Ra2o kao-Fe?*-H2S pumol Fe cm3 yrt
Ra1 k21-Fe(OH)3j-H2S (for j = HR, MR, PR) pumol Fe cm3 yrt
Ra1pp.r/MRy  Oi-ko1-Fe(OH)s-TH2S (for j = HR, MR) pumol P cm3 yr?
Rzz k22- Fe(OH)aHr pumol Fe cm3 yrt
Razp... OHR- k22-Fe(OH)3HR — 1/gage-k22-Fe(OH)aHr pumol P cm3 yrt
Ras k23:(PO4% - Ceq) -(0.5+0.5-erf((PO43 - Ceq)-0)/1075) pmol P cm3 yrt
Ras k24-(Ca — Cacoss)) pumol Ca cm3 yrt
Ras k2s- (Mg — Mg(oBs)) pumol Mg cm3 yrt
R26 kes-PO4>/( POs*+ Ceq) -NO3,  -H2S umol P cm3 yr?
Ra7 k27-Ppoly-d where 6 =1 for O2< 1 pM and ¢ =0 for O2 > 1 uM pmol P cm yrt
Ros kas: (POC; + POC,) -H2S pmol S cm3 yrt
R29 k29 Pgisn umol P cm3 yr!
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R3o k3o-H2-S04% umol Hz cm? yr?

2RPOC = Y., kpoc; - POC;; Kinetic limiting terms: fi,_; = U][i]K',
J

where K; is the half-saturation constant for species j.

ps'(1—@(x))-10°
- - - - . MW -.(p(X)
the standard atomic weight of the species j in question.

¢ At St. 12, Ris, R1s, R26 and Ro7 were not included since no LSB were observed.

b Refers to volume of pore fluid. The factor is used to convert between g and umol cm™2 of fluid, where My (g mol™) is
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Supplementary Table 7. Modeled depth—integrated turnover rates under steady state conditions.

Rate St. 12, 23°S St. 14, 23°S St. 41, 25°S Unit

R1 0.57 0.51 0.94 mmol m2d1ofC

Re 1.09 0.50 0.50 mmol m=2d- of N

Rs 0.20 0.19 0.22 mmol m=2 d- of N

Ra 0.72 0.34 0.094 mmol m2 d-! of Fe
Rypg, 0.042 0.027 0.0066 mmol m2 d-1 of P

Rs 3.62 2.52 3.85 mmol m2d-of S

Re 0.013 0.015 0.018 mmol m2 d- of CHa4
Ry 0.40 0.0042 0.0080 mmol m-2 d-! of NO>
Rs 0.044 0.028 0.014 mmol m-2 d- of Fe?*
Rgpy, 0.0026 0.0023 0.0010 mmol m-2d- of P

Ro 0.015 0.015 0.0058 mmol m-2 d- of Fe?*
Rio 0.57 4.44x10° 0.00024 mmol m2 d- of HzS
Ru 0 0 0 mmol m=2 d-L of CHa
Rz 0.37 0.087 0.23 mmol m2 d-! of NH4*
Ris 0.015 0.082 0.025 mmol m2 d-! of Fez*
Rizpg, 0.00091 0.0070 0.0019 mmol m=2 d- of P

R4 0.67 0.23 0.056 mmol m2 d-! of Fez*
Rispg, 0.039 0.019 0.0040 mmol m~2 d- of P

Ris - 0.57 1.13 mmol m2 d- of NOs
Ris - 2.17 3.68 mmol m2 d- of NOs"
Ruz 0.000 0 0 mmol m2 d-! of NOs-
Ris 0.89 0.23 0.35 mmol m=2 d-! of NH4*
R1o 0.013 0.015 0.018 mmol m=2 d-! of CH4
R20 0.018 0.016 0.010 mmol m2 d-! of Fe2*
Ra1 4.41x10*/1.87x102 4.29x10/2.50x102 2.95x10°6/ 1.71x102 mmol m=2 d-! of H.S
R1py (HR/MR) | 2.46x10°5/1.98x104 3.46x107/ 6.22x10 2.1x107/ 3.84x10* mmol m~2 d- of P

Rz 0.0080 0.025 0.015 mmol m2 d-! of Fe?*
Ro2pg. 0.00025 0.0013 0.00059 mmol m~2 d- of P

Rz 0.00104 0.066 0.24 mmol m2 d-! of PO#*
Ra4 0.42 0.051 0.19 mmol m2 d-! of Ca?
Ras 0.050 0.025 0.060 mmol m=2 d- of Mg?*
Ras - 1.83 0.21 mmol m=2 d-! of P

Ra7 - 1.84 0.22 mmol m2 d- of P

Ras 0.0049 0.48 0.36 mmol m2d-tof S

R29 0.36 0.43 0.33 mmol m=2 d-! of P

Rao 0.018 0.016 0.010 mmol m=2 d-! of Hy
Ryn,poc 1.57 0.79 1.09 mmol m2 d-! of NH4*
Rpo,poc 0.031 0.13 0.188 mmol m2 d- of PO4*
Rroc 8.72 6.07 9.11 mmol m2d-!of C
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Supplementary Table 8. Modelled fluxes (F) at the top (x=0) and bottom (x=L) under steady state conditions.
Positive fluxes are directed downwards into the sediment and vice versa.

Flux St. 12, 23°S St. 14, 23°S St. 41, 25°S Unit

x=0 x=L x=0 x=L x=0 x=L
Fsoz- 3.08 0.046 0.60 0.018 0.45 0.033 mmol m~2 d- of SO4%
Fe, -0.000064 | 0 -0.000030 | 0 -0.000050 | 0 mmol m d~! of CHs
Fnug -0.30 0.0077 -1.02 0.026 | -1.64 0.0079 mmol m=2 d- of NH4*
Fpic -8.23 0.020 -5.70 0.28 -8.75 0.088 mmol m2 d-! of DIC
Fy,s -2.97 0.032 -0.0013 0.072 | -0.013 0.021 mmol m2 d- of H>S
Fpoz- -0.39 0.0000060 | -0.49 0.00022 | -0.28 0.000079 | mmol m2d* of POs*
Frez+ -0.00099 | 0 -0.014 0 -0.0035 0 mmol m-2 d-* of Fe?*
Fo, 2.53 0 0.71 0 1.32 0 mmol m2 d- of O
Fnoz 0.82 0 0.54 0 0.50 0 mmol m-2 d-! of NO3
Fnoz 0.040 0 -0.14 0 -0.14 0 mmol m-2 d-! of NO>
Fra -5.94 0.016 -4.48 0.29 -6.80 0.086 mmol m2 d~! of TA
Feaz+ 0.44 0.018 0.081 0.030 0.21 0.019 mmol m~2 d* of Ca®*
Frgz+ 0.15 0.096 0.30 0.28 0.20 0.14 mmol m-2 d* of Mg?*
Frog,. - - 2.75 0 4.82 0 mmol m2 d-X of NOx
Fy, 0 0 0 0 0 0 mmol m=2d- of Hz
Fpoc, 1.25 0 1.49 0 3.29 0 mmol m2d-of C
Fpoc, 2.49 0 4.48 0 5.76 0 mmol m2d-of C
Fpoc, 4.99 0 2.98 2.40 0.41 0.0011 mmol m2 d~ of C
Fpoc, 8.73 8.73 0 0.48 3.29 3.65 mmol m2d-of C
Fre(oH),HR 0.0036 0 0.027 0 0.015 0 mmol m~2 d-* of Fe
Fre(on);MR 0.011 0 0.000090 | 0 0.0018 0 mmol m~2 d-! of Fe
Frey 0.16 0.16 0.051 0.051 | 0.084 0.084 mmol m2 d-* of Fe
Fpon 0.00014 |0 0.0011 0 0.00059 |0 mmol m2 d-1 of P
Fpoon 0 0 0 0 0 0 mmol m2 d-! of P
Fpypp 0 0.0010 0 0066 |0 0.24 mmol m2d~ of P
Fes, 0 0.013 0 0.013 0 0.013 mmol m- d~! of Fe
Fpooy 0 0 0 0 0 0 mmol m=2 d-! of P
Fsorg 0.51 0.52 0.25 0.73 0.34 0.70 mmol m2d* of S
Fppicn 0.36 0 0.43 0 0.33 0 mmol m=2 d- of P
Frypg 0.036 0.0045 0.14 0.0086 | 0.19 0.0041 | mmol m2dof P
FNorg 2.21 0.64 1.11 0.32 1.53 0.44 mmol m- d* of P
Flux ratios
DIC/POs* 21 12 31 mol C (mol P):
DIN /PO+* 1.4 1.3 4.6 mol N (mol P)!
INOz/ PO 21 1.1 17 mol N (mol P)!
Total ENO3/PO4*2 | 2.2 6.4 -18.5 mol N (mol P)!

2 Also including NOspac
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Supplementary Figure 1. Measured depth profiles of Phygap, Pre, PAuthigenic, Ppetrital, Porg, Preactive
fractions from sequential extraction (Preactive = PHydap + Pre + PAuthigenic + Porg), Corg/Porg (atomic
ratio of POC and Porg), Corg/Preactive (atomic ratio of POC and Preactive), fraction of total P as
PHydap, fraction of total P as Preactive C/N (atomic ratio of POC and TN) at (A) St. 12, (B) St. 14
and (C) St. 41.
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Supplementary Figure 2. Modelled (curves) and measured (symbols) depth profiles of SO4%,
H.S and NH4" concentrations and POC contents in the upper 650 cm at (A) St. 12, (B) St. 14
and (C) St. 41/ GeoB12806. The open and closed circles indicate samples collected from cruise
M157 cruise and the open and closed triangles represent samples collected from M76.
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Supplementary Figure 3. Simulated turnover rates of (A) POC, (B) HS, (C) NH4*, (D) NOs
and (E) PO4* at the study sites. Reaction numbers are described in Supplementary Table 5.
Rroapoc is PO4* released from POC degradation, and Net Rere is the net rate of iron-bound P
reactions (RapretRgpretR13pretR14pretR21pretR22pFe). POSItive numbers in (B) to (E) represent
sources and negative numbers represent sinks.
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Supplementary Figure 4. Simulated profiles of (A-C) POC degradation rates, (D-F) rates of
electron acceptors utilized for POC degradation and (G-1) hydrogen sulfide oxidation rates and
NOsbac CcONCentrations in the top 20 cm.
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Supplementary Figure 5. Model sensitivity analysis of DNRA (R15) and DNRN> (R16) at (A)
St. 14 and (B) St. 41. Baseline values are shown in black curves and measured data as symbols.
The results show that H>S and NH4* concentrations are sensitive to DNRA and DNRNo.
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