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Supplementary methods

Boknis Eck model set-up

The model is largely based on previous simulations of Boknis Eck biogeochemistry!, with the
inclusion of calcite dissolution and pH. It is designed to simulate the broad trends in geochemistry
measured at this site (Supplementary Figure 5). The following solid and dissolved species are
considered:

Solid components: highly reactive (i.e. poorly crystalline) iron (oxyhydr)oxide (Fe(OH)z3), crystalline
iron (oxyhydr)oxide (Femr), iron mono-sulphide (FeS), pyrite (FeS:), and calcite (CaCOs3). The iron
phases included in the model are intended to broadly represent the operationally defined fractions
from sequential extractions on sediments from Boknis Eckz.

Dissolved components: oxygen (0:), nitrate (NOz-), biologically-stored nitrate in large sulphur
bacteria (bNO3), sulphate (S04%), ferrous iron (Fe2+), total hydrogen sulphide (TH-S), dissolved
inorganic carbon (DIC), protons (H*), total boron (TB), total ammonia (TNH3), total phosphate
(TPO4), hydroxyl anion (OH-), calcium (Ca2+*) and methane (CHa4).

The turnover of solids (S,) and dissolved species (S4) in Boknis Eck sediment was simulated with the
model applying the following mass balance equations:
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with Sq: content of solid species in dry sediment, So: concentration of solutes in pore water, t: time,
x: sediment depth, p: density of dry solids, ¢: porosity, Dg: bioturbation coefficient; a: non-local
transport coefficient; bw[S,]: bottom water value of S,, us: burial velocity of solids; upw: burial
velocity of porewater; Rsq: turnover rates of solid species (mmol kg yr-1), Rs,: turnover rates of
dissolved species, Ds: molecular diffusion coefficient of dissolved species in sediment pore water.
Solids and solutes are simulated in units of (g g'! dry sed.) and mmol g1, respectively. The model was
solved using the solver for partial differential equations of MATHEMATICA version 12 applying the
Method-of-Lines approach. Reactions included in the model, model parameters, constitutive
equations and boundary conditions are listed in Supplementary Table 1 - 4.

Equilibrium processes in the model are applied to DIC (CO; + HCO3- + CO32-), TH>S (HzS + HS),
water dissociation (H* + OH-), TB (B(OH)3 + B(OH)4), TNH3 (NH3 + NH4*), and TPO4 (H3PO4 + H2PO4
+ HPO4% + PO43-). We applied the approach of Hoffmann et al.3 to simulate pH in sediment
porewaters, based on total alkalinity (TA, Eq. (5) in main manuscript) as the equilibrium invariant
and implicit differential variable to solve for the concentration of protons. The rate of change of TA
due to biogeochemical reactions was calculated based on the TA changes listed in Supplementary
Table 1. Transport of TA and the other equilibrium invariants (DIC, TH.S, TB, TNH3, TPO4) was
determined from the transport fluxes of the individual acid-base species.

Equilibrium concentrations of individual acid-base species were calculated as follows:
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Stoichiometric equilibrium constants listed in Supplementary Table 2 were calculated on the total
scale using the functions provided by Millero* and Zeebe and Wolf-Gladrows, and converted to free
scale where appropriate using the method outlined by Zeebe and Wolf-Gladrows5. For the sake of
computational efficiency, the equilibrium constants in the model are defined at the mean
temperature and salinity at Boknis Eck.

Rates of biogeochemical process considered are largely driven by the degradation of POC
(Supplementary Table 1). The kinetic constants of the biogeochemical reactions were mostly
adjusted to simulate trends in porewater concentrations of solutes, carbonate and solid iron phases
in Boknis Eck sediments (Supplementary Figure 2). The rate of organic matter degradation typically
decreases with depth in the sediment as it becomes more recalcitrant over time¢. Following
Stolpovsky et al.7, we used an empirical power law function to parameterize POC mineralization as
function of sediment depth, x, termed Rpoc:

Rpoc = 0.5 (B; + x)B2 (17)

where B and B; define the decrease in POC with sediment depth. Assuming that the rain rate of POC
to the seafloor (RRpoc in mmol cm2 yr-1) provides an upper limit of the total amount of POC available
for degradation, By can be defined as?:

1
By = (-2 (B; + 1) - RRpgc)1*B2 (18)

The value of B, was determined constrained from the porewater data measured at Boknis Eck. We
obtained improved fits to the porewater data by adjusting the function slightly so that the POC
degradation rate below 8 cm was constant with depth. Pathways of POC remineralization include
aerobic respiration, denitrification, sulphate reduction and methanogenesis. The transition from one
metabolic pathway to another during POC respiration depends on the relative concentrations of the
terminal electron acceptors and kinetic half-saturation concentrations. We obtained realistic
simulations of particulate iron contents by assuming that Fe(OH)3 is not involved in POC degradation
and is only reduced by sulphidic dissolution. POC remineralization is linked to the solubilization of
TNH3 and TPO4 through the respective stoichiometric ratios (rnc and rpc).

The rate constant for calcite dissolution (kcapiss) is multiplied by a temperature-dependency term
(fr, Supplementary Table 3). This scales Kcapiss by a factor of two for a temperature change of 10 °C.
This approach was taken to magnify the sensitivity of calcite dissolution to changes in bottom water
temperature. Nevertheless, the sensitivity analysis showed that calcite dissolution was relatively
insensitive to the seasonal temperature amplitude of Boknis Eck bottom waters compared to the
other tested factors (See main manuscript).

Boundary conditions



Constant fluxes (rain rates RRsq) were applied for solids (Sq) at the upper boundary of the model (x
=0):

as
p (1= (~Dp- T +us Sq)| _ =RR, (19)

whereas constant concentrations corresponding to ambient bottom water (bw) values were used
for the solutes (S,) (Supplementary Table 4):

Solx=0 = bw[S,] (20)
A zero gradient condition was applied at the lower boundary (x = L) for both solids and solutes:

0So(x,t) -0 0Sq(x,t)
ax x=L 0x x=L

=0 (21)
The flux of POC to the seafloor was set equal to the mean annual rate of POC degradation at Boknis
Eck (~12 mmol m-2 d-1)1. The flux of calcite prior to artificial calcite addition (0.011 g cm2 yr-1) was
adjusted to provide a background steady state content of 3 - 4 wt. %8. Note that this is lower than
0.026 gcm2yr! calculated from the mass accumulation rate at Boknis Eck and the carbonate content
of local till along the German coast (~17 wt.%,) that has been assumed to be deposited theres. This
discrepancy may be explained by the dissolution of carbonate during transport from the coast to the
Boknis Eck deep. Natural calcite dissolution may be higher than predicted by the model especially if
the sediment is periodically colonized by cable bacteria that are known to enhance calcite
dissolution®10. Further experimental investigations are needed to address this inconsistency.

Fluxes of Fe(OH)3; were calculated based on the mass accumulation rate and total iron content
measured after total sediment digestion of sediment samples (Cre = 3 wt.%, F. Scholz unpublished
data). Assuming that 68 % of total deposited Fe is highly reactive?, a good fit to the solid phase Fe
data was obtained (Supplementary Figure 5). This is higher than the mean value of reactive Fe in
marine margin sediments (~30 %)!! and points toward enhanced deposition of reactive iron in the
deeper parts of the basin, possibly by a basin Fe shuttle12-14, The flux of crystalline iron oxides
accounted for 13 % of the total iron flux. Since the measured content of Femr shows little change with
depth in the sediment?s, this fraction was assumed to be inert. It was included in the model to
simulate the extent to which solid phase Fe(IlI) has been converted to solid phase Fe(ll), that is, (FeS
+ FeS;)/(FeS + FeS; + Fe(OH)3 + Femr). The model result (~80 %, Supplementary Figure 5) is in very
good agreement with mean observations?!® of 78 % (Supplementary Figure 5). Fluxes of other solid
species were set to zero.

Upper boundary conditions of TH>S, TNH3, TPO4, CH4, and NO3-, were fixed at typical bottom water
concentrations measured in Boknis Eck. The concentration of bNO3- was 150 uM based on previous
model results and measured concentrations®16, Concentrations of SO42-, Ca2* and TB were scaled to
salinity, using mean seawater concentrationss.

Following Melzner et al.17, the seasonal changes in bottom water temperature (°C), salinity (-), Oz
(mmol g1) and pH (-) were approximated as follows (Supplementary Figure 1):

bw[T] = Trnean — Tamp * Cos(2 -1 (t + 0.7)) (22)
bw[S] = Spean — Samp * Cos(2 - 1 (t + 0.7)) (23)
bw[0;] = 03 mean — 02 amp - Cos(Z2 -1+ (t+ 0.3)) (24)
bw([pH] = pHpyean — PHamp * Cos(2 - m- (t + 0.3)) (25)
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The pH was measured on the NBS scale!’. This was converted to the free scale using Eq. (2) in Ulfsbo
etal.18 and dissociation constants for HSO4 and HF5. Temperature and salinity changes in the bottom
water are assumed to affect the whole sediment column instantaneously. Bottom water TA was
calculated from salinity?9:

bw[TA] = (bw[S] - 25.3 + 1470) - 10~° (26)

The bottom water concentrations (in mol kg-1, pCO; in patm) of other acid-base species were then
calculated as:
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bw[B(OH);3] = bw[TB] — bw[B(OH)] (42)

Bottom water DIC concentration and the saturation state of calcite are then equal to:

bw[DIC] = bw[CO,] + bw[HCO3] + bw[CO;] (43)

bW[QCalcite] =

bw[Ca?*]-bw[C037]
Ksp

(44)
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Supplementary figures
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Supplementary Figure 1. Seasonal cycle of bottom water forcing functions used as seafloor boundary
conditions in the model. (A) Temperature, (B) dissolved oxygen, (C) pH (free scale), (D) total alkalinity, (E)
salinity, and (F) calcite saturation. Horizontal dashed lines show the mean annual values. The seasonal
trends are based on measured data®’.
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Supplementary Figure 2. Mean annual (solid blue curves) and standard deviation (black horizontal bars)
of modelled geochemistry before mineral addition. Red curves and symbols show the data used to
constrain the model. Black horizontal bars on the model curves show the extent of seasonal variability.
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Supplementary Figure 3. Model results of benthic biogeochemistry for Boknis Eck, SW Baltic Sea prior to
calcite addition. The x-axis shows time in years relative to artificial calcite addition beginning year zero.
Calendar years begin on 1 January. (a) Oz concentration, (b) total rate of oxygen consumption, (c) calcite
saturation state, (d) pH, (e) calcite content, (f) calcite dissolution rate, (g) respiratory index (carbonate
dissolution + POC degradation), (h) sensitivity factor of pH to changes in TA. The white line in (c) denotes
Qcarite = 1. Note the different depth scales for CaCOs and calcite dissolution.
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Supplementary Figure 4. Model results of benthic biogeochemistry for Boknis Eck, SW Baltic Sea, during
the final two years of the simulation. The x-axis shows time in years relative to artificial calcite addition
beginning year zero. Calendar years begin on 1 January. (A) Oz concentration, (B) total rate of oxygen
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Supplementary Figure 5. (a) Normal probability plots for calcite dissolution derived from the factorial
analysis. Symbols represent 32 possible combinations of the five parameters. The main effects of the
tested parameters are indicated next to the respective symbols. For the range of parameters tested,
calcite dissolution is most sensitive to the parameters lying away from the normal line, in this case bottom
water oxygen concentration and salinity. An increase in the parameter values on the right-hand side of
the line (O, RRroc) lead to an increase in calcite dissolution. An increase in S and pH has the opposite
effect. (b) Fraction of calcite dissolved at Boknis Eck (in %) versus a derived function of calcite saturation
and bottom water dissolved oxygen. The results are taken from the sensitivity analysis. The linear fit to
the data and corresponding equation is shown. The grey triangles on the right illustrate that fuss is
increased by low Qcaicite and high O, concentrations.
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Supplementary Figure 6. Model results of calcite content for (A) Bothnian Bay and (B)-(D) Gotland Basin.
The x-axis shows time in years relative to artificial calcite addition beginning year zero. Calendar years
begin on 1 January.
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Supplementary Figure 7. Model results for (A) Bothnian Bay, (B) Gotland Basin oxic, (C) Gotland Basin
hypoxic, and (D) Gotland Basin anoxic, including total calcite dissolution rate, benthic fluxes from
sediment to the bottom water of DIC, TA and CO;, TA:DIC flux ratio, and the Rl (carbonate dissolution +
POC degradation x 100%). The x-axis shows time in years relative to the start of artificial calcite addition
beginning year zero.
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Supplementary tables

Supplementary Table 1. Reaction network used in the sediment model.

Stoichiometry Rate expression 2 ATA ADIC
Particulate organic carbon (POC) degradation ¢
. 0.5-(x+B;)B2forx <6
Rate of POC degradation, R R = { +1
& Poc POC = 10.5- (8 + B,)® for x > 6
POC degradation by oxygen reduction, Rozroc: R —R . [0,] 'Ne - T +1
CH20(NH3);nc(PO4) pc + 02— CO2 + rycNH; + rpcHs PO, + H20 02POC = BPOCL "0, 1+Kozp0c ne e
POC degradation by denitrification, Rnospoc: R - R .__Kozpoc [NO3] 0.8 +rnc - +1
CH20(NH3)nc(PO,) pc + 0.8NO3 = CO2 + rycNH; + rpcH3 PO, + 0.4N, + 1.4H20 NO3POC ™ POC 10, ]+Kozp0c  [NO3]+KkNosPOC rep
R =R . __Kozpoc KkNo3POC
POC degradation by sulphate reduction, Rsospoc: S04POC ™ BPOC "0, ]1+Kozpoc  [NO3]+KknospoC 14—t +1
CH20(NH3),nc(POL)spc + 0.55042- = CO2 + 0.5H2S + rycNH; + rpcH3 PO, + H20 [s03] nem e
[S0%~]+Ksospoc
R =R .__Kozpoc . KgnospPoc
POC degradation by methanogenesis, Rcnaroc: CH4POC POC " [0,]1+Kozpoc  [NO3]+KkNo3POC NG -Tep +05
CHZO(NH3)I'NC(PO4)I'PC d OSCOZ + 05CH4 + rNcNH3 + rch3PO4 M )
[s03~]+Ksospoc
Secondary redox reactions
Aerobi Iphid idation, R :
Hj;o+ IZCOSZU—?SIOz;eZ-(:-XIZIiIOH e Ruzsoz = knzsoz2+[TH2S]-[0z] -2 0
Aerobic iron oxidation, Rrez02: _ ~
Fe?* + 0.25 Oz + 2.5H20 — Fe(OH)s + 2H* Rrez02 = Krez02 [Fe?*]-[0z] 2 0
A - : dation. R :
N s 50 NOs 110 L p Revsoz = knwsoz-[TNH3]-[02] 2 0
A i i idation, R :
57;;2_?:’?;3?10Eiu_r)n:/x:;dNit:_O;i_{2(T)NH3NO3 Rrnusnos = krnnsnos- [TNH3]-[NOs] - 0
A bi Iphid idation, R :
e P olin Koo . o o
Anaerobic oxidation of methane, Rcuasos:
S04 + CHa + 2H* - H2S + CO2 + 2H20 Renasos = kertesos-[CHa]-[SO4*] +2 +1
Pyrite formation, Rrazsre(ots: Rrhzsre(on)s = kuzsre(oms-[TH2S]-[Fe(OH)s] +2 0

2Fe(OH)s + 2H2S + 2H* - FeSz + Fe?* + 6H20
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Aerobic pyrite oxidation, Rresz202:

FeSy + 3.50 + Ha0 — Fe2+ + 25042 + 2H¢ Rres202= Kres202-[FeS2]-[0z] -4 0
e s orlFest 03 2 o
Mineral precipitation and dissolution

Ezifiielfég?p_i,tzgggs +H Reaprec = Keaprec * (Qcalcite = 1) -2 -1
Eiggffgf(ﬁuéiaoz?+ HCO3- Reapiss = fr * Kcapiss * €aC03 * (1 = Qcayciee) ™ 2 +1
ol mono-sulphide precipitation Rresprec = Kresprec * [THS] - [Fe*] - (Qpes — D™ | -2 0
Iron mono-sulphide dissolution Rpespics = Krespiss * [FeS] - (1 — Qpes) 2 0

FeS + H* - Fe2+ + HS-

Equilibrium reactions

Carbon dioxide dissociation: K. = [HCO3]-[HY]
COz + H20 > HCO3 + H* L7 (o]
Bicarbonate dissociation: K, = [cO3"[H*]
HCO3 > €03 + H* 2 HCO3
Borate dissociation: K., — [BOHLIHY]
B(OH)3 + H20 — B(OH)4+ + H* B B(OH),
Ammonium dissociation: Ke = [NH3][H*]
NH4* - NHs + H* N NH}
Phosphoric acid dissociation: Ko, = [H2POZ |-[H]
H3PO4 - H2PO4- + H* P17 [H3PO,]
Dihydrogen phosphate dissociation: K., — [HPOGTITHY]
H2PO4 > HPO42 + H* P2 7 HyPOg]
Hydrogen phosphate dissociation: Kon = [POF "] (H*]
HPO42- - PO43- + H* 73T meog
Sulphide dissociation: Ke = [HS™ J-[H*]
HzS - HS" + H* T
Water dissociation: _ 1. ra+
H20 - OH- + H* Kw = [OH™] - [H"]
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Supplementary Table 2. Model parameters for the baseline Boknis Eck sediment simulation.
Term Description Value Reference
L Length of simulated sediment column (cm) 20 1
tmax Simulation time (yr) 1000 1
tca Years of artificial calcite addition (yr) 10 1
Tmean Seasonal temperature amplitude (°C) 7 2
Tamp Mean bottom water temperature (°C) 5 2
Smean Mean bottom water salinity (-) 21 2
Samp Seasonal salinity amplitude (-) 1.5 2
O2mean Mean bottom water oxygen (mmol g1) 0.18 2
O2amp Seasonal bottom water oxygen amplitude (mmol g'1) 0.16 2
PHmean Mean bottom water pH (-) 7.59 2
pHamp Seasonal pH amplitude (-) 0.3 2
P Pressure at seafloor (bar) 4 1
p Dry sediment density (g cm-3) 2.5 3
PO Porosity at sediment surface (-) 0.9 3
Pf Porosity in compacted sediment (-) 0.8 3
Px Porosity attenuation length (cm) 0.2 3
Wacc Burial velocity of compacted sediment (cm yr-1) 0.4 3,4
Dsio0 Bioturbation coefficient at sediment surface (cm? yr-1) 30 3
XBio Bioturbation depth coefficient (cm) 1 3
o1 Bioirrigation coefficient at x=0 (yr1) 1502 3
o2 Bioirrigation depth coefficient (cm) 1 3
QN1 Transport coefficient of biological nitrate at x=0 (yr-1) 100 3
Q1o Rate dependency on temperature (-) 2 3
MAR Mass accumulation rate (g cm? yr-1) p+(1-Pf)-us 1
Cre Total iron content of sediments (g g'1) 0.03 5
AWpoc Atomic weight of POC (g mol1) 12 1
AWFe Atomic weight of Fe (g mol-1) 55.8 1
AWpes2 Atomic weight of FeS2 (g mol 1) 119.8 1
AWpkes Atomic weight of FeS (g mol1) 87.8 1
AWocacos Atomic weight of CaCO3 (g mol 1) 100 1
RRroc Mean annual POC rain rate to seafloor (mmol cm=2 yr-1) 0.438 3
Khzs02 Rate constant for TH2S oxidation by Oz (mmol-! g yr1) 1-108 3
Kre202 Rate constant for Fe2+ oxidation by 0z (mmol! g yr-1) 1-108 3
krnH302 Rate constant for TNH3 oxidation by Oz (mmol-! g yr-1) 1-108 3
KkrNH3NO3 Rate constant for TNH3 oxidation by NO3s- (mmol! g yr1) 1-106 1
KrH2sbN03 Rate constant for TH2S oxidation by bNOs- (mmol-! g yr-1) 1-106 1
Kchaso4 Rate constant for CHs oxidation by SO4?- (mmol-! g yr1) 1-10° 1
KrH2sre(on)3 | Rate constant for TH2S oxidation by Fe(OH)s (g Fel gyr?) 1-10° 1
Kresz202 Rate constant for FeS; oxidation by 02 (g FeSz1 g yr1) 100 1
KFreso2 Rate constant for FeS oxidation by Oz (g FeS1 g yr1) 1-109¢ 1
Kcaprec Rate constant for calcite precipitation (mmol-! g yr1) 0 1
Kcabiss Rate constant for calcite dissolution (yr-1) See main manuscript
Kresprec Rate constant for FeS precipitation (mmol-! g yr-1) 10 1
Kresiss Rate constant for FeS dissolution (yr) 0.3 1
Kozpoc Half-saturation constant for Oz (mmol g1) 1-10-5 1
Knospoc Half-saturation constant for NO3" (mmol g1) 1-10-5 1
Ksospoc Half-saturation constant for SO4% (mmol g'1) 5-104 1
Kozgio Half-saturation constant for Oz for faunal activity (mmol g'1) 2-105 1
B1 POC degradation rate constant (cm) 1.56 1
B2 POC degradation rate constant (-) -1.8 1
I'NC Atomic N-to-C ratio in organic matter (mol N (mol C)-1) 16/106 1
I'pc Atomic P-to-C ratio in organic matter (mol P (mol C)-1) 1/106 1
np Reaction order for calcite dissolution See main manuscript
nFe Reaction order for FeS precipitation 2 1
frenr Fraction of reactive Fe that is highly reactive 0.68 1
freMR Fraction of reactive Fe that is moderately reactive 0.13 1
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pKi1 Equilibrium constant for COz dissociation (mol kg1 6.141 6
pKe Equilibrium constant for HCOs- dissociation (mol kg1) 9.453 6
pKs Equilibrium constant for H:S dissociation (mol kg1) 6.894 6
pKs Equilibrium constant for B(OH)3 dissociation (mol kg1) 8.954 6
pKn Equilibrium constant for NH4* dissociation (mol kg1) 9.909 6
pKe1 Equilibrium constant for H3PO4 dissociation (mol kg1) 1.701 6
pKrz Equilibrium constant for H2PO4" dissociation (mol kg1) 6.267 6
pKrs3 Equilibrium constant for HPO4% dissociation (mol kg1) 9.339 6
pKw Equilibrium constant for H20 dissociation (mol kg1)2 14.130 6
pKo Solubility constant for CO2 (mol kgt atm1) 1.278 6
pKsp Solubility product of CaCO3 (mol kg1)?2 6.614 6
Kres Solubility product of FeS (mol kg1) 0.00316 7

alrrigation coefficients for THzS and Fe2* were set to zero to simulate particulate iron sulphide contents.
1 This study; 2 Melzner et al.17; 3 Dale et al.1; 4 Dale et al.20; 5 Perner et al.15; 6 Zeebe and Wolf-Gladrows5, on free scale
where appropriate; 7 Meysman et al.21;

Supplementary Table 3. Depth-dependent constitutive equations.

Parameter Equation
Porosity @ = Pf+ (PO — Pf) - exp(—px - x)
Molecular diffusion = Dg = —2W__
olecular diffusion S = Toin(e?)
. . . _ (1-PhH-wacc
Burial velocity of solids Us =0
. . Pfwgcc
Burial velocity of porewater Upw = —_—
. . _ . _ x2 ) bw[02]
Bioturbation Dg = Dgio0 exp( Z'XBioz) (K023i0+bw[02])
C o _ apx ) bw[02]
Bioirrigation o= 0y exp( 1+exp(a2_x)) (KozBio+bW[02])
Non-local biological NOs- transport o = ayq - exp(—0.5 - x?)
T-Tref
Temperature rate dependency fr = Q10 10
Conversion factor between solid and fo = p-(1-Pf)-103
dissolved species b ST @ pswAW
C 2+]. COZ—
Saturation state of calcite Qcalcite = %
sp
2+1.[HS™
Saturation state of iron mono-sulphide Qpes = [Fe J{HST]
[H+]'KFeS

a Molecular diffusion coefficients in water (Dw) were mostly taken from Boudreau?? and depend on bottom water
temperature and salinity. The diffusion coefficient for bNO3- was set to a low value (10-6) since nitrate stored inside large
sulphur bacteria is assumed to be transported by non-local pathways?.

b Seawater density (psw) was calculated as function of temperature and salinitys.
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Supplementary Table 4. Boundary conditions at the sediment surfacez.

Variable Value

Fe(OH)s (g Fe cm2 yr1) MAR:Cre-frenr

Femr (g Fe cm2yr1) MAR:Cre*fremMr

FeSz (g FeSz cm2 yr1) 0

FeS (g FeS cm2yr1) 0

CaC0s (g CaCOs cm2 yr-1) b 2- mﬁ - RRpoc - (1 ST (t_inza:;tm) + A‘;X PZ’;)
02 (mmol g'1) Eq. (24)

S042 (mmol g1) 0.028 - bw[S]/35
TH2S (mmol g1) 0

TNHs (mmol g) 1-10-5

TPO4 (mmol g'1) 1-10°

FeZ* (mmol g1) 0

Ca?* (mmol g1) 0.0103 - bw][S]/35
DIC (mmol g1) Eqg. (43)

TB (mmol g1) 416 -107% - bw[S]/35
H* (mmol g'1) Eq. (27)

CH4 (mmol g'1) 0

NO3- (mmol g'1) 1-105

bNO3- (mmol g'1) 15-104

aAll lower boundaries are defined with a Neumann condition equal to zero.
bRRpoc is in g cm2 yr-1

Supplementary Table 5. Parameter values for the model simulations of Bothnian Bay and the
eastern Gotland Basin sediments. These simulations employed constant boundary conditions. Also
shown are the derived values of bottom water calcite saturation state for the given conditions.
Mean annual values for Boknis Eck from this study are shown for comparison.

Bothnian GB GB GB Boknis

Bay (St. (oxic) (hypoxic) (anoxic) Eck

F9/A13)
Sed. Rate (cm yr1) 0.252 0.25ab 0.25ab 0.25ab 0.4
RRroc (g Cm2 yr1) 15¢ 38d 184 154 53
RRcacos (g CaCO3 m2yr)t | 250 633 300 250 875
fretr (=) 0.3 0.3 0.3 0.3 0.68
bw[0z] (pmol kg1) 300¢ 3004 204 0d 180
bw[NOs](umol kg1) 8e 24 74 0d 10
bw[bNOs] (umol kg1) 0f 0f 150f 0f 150
bw[NH4*] (umol kg 1) 1e 1d 24 204 10
bw[TPO4] (umol kg1 1s 1d 3d 5i 1
bw[TH;sS] (umol kg1) Os 0d 0d 90! 0
bw[S] () 3.8h 71 10 131 21
bw][T] (°C) 2.2h 101 6 6 7
bw[pH] (-) 7.53hi 8.10% 7.191i 7.141 7.7
bw[TA] (umol kg 1) 993h 16501 17501 19501 2000
Qca () 0.13 1.22 0.30 0.23 0.92

t Rain rate of artificial calcite

a Mattila et al.23; b Christiansen and Kunzendorf?4; ¢ Leipe et al.25; d Noffke et al.2; e Stockenberg and Johnstone?7; f This
study; ¢ Assumed equal to GB oxic; h Downloaded from the Swedish

Ocean Archive (SHARK) database provided by the Swedish Meteorological and Hydrological Institute (SMHI; http://
sharkweb.smhi.se/, last access: September 2023). i Ulfsbo et al.18; ] NBS scale. These were converted to the free scale
using Eq. (2) in Ulfsbo et al.18 and dissociation constants for HSO4- and HF reported by Zeebe and Wolf-Gladrow>.
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Supplementary Table 6. Fluxes of acid-base species and TA at the sediment surface prior to
addition of calcite. The net TA flux to the bottom water is balanced by the net rate of TA production
presented in Table 1 (main manuscript). Positive fluxes are from the sediment to the bottom water

and vice versa.

Species Contribution to Flmf _ (Jrr?ol?:r?rz

TA (pmol cm2 yr-1) 9

yr)
CO2 0 79.6 0.0

HCOs 1 410.4 410.4

COs* 2 -20.7 -41.4
B(OH)+ 1 -10.3 -10.3
B(OH)s 0 10.2 0.0
HzS 0 1.6 0.0
HS 1 5.7 5.7
OH- 1 -1.5 -1.5
NH3 1 0.2 0.2
NHa 0 36.7 0.0
H3PO4 -1 0.0 0.0
H2PO4 0 0.2 0.0
HPO4% 1 3.8 3.8
PO+ 2 0.1 0.1
H* -1 0.1 -0.1

Sum 366.9 pmol cm2 yr-1
10.1 mmol m2d-1

20



Supplementary Table 7. Reaction rates at Boknis Eck and their contribution to TA after 10 years of
calcite addition. Also shown are the irreversible TA sources by sulphide burial, denitrification and

calcite dissolution.

Rate ATA Rate TA
(pmol cm2 yr1) (see Supp. Table 1) | (pmol cm?yr?)
POC degradation by O 81.9 0.14 11.6
POC degradation by NOs- 30.7 0.94 28.9
POC degradation by S04? 313.9 1.14 358.3
POC degradation by CHa 113 0.14 1.6
Aerobic NH4* oxidation 33.1 -2 -66.1
Anaerobic NHs* oxidation 0.5 -0.67 -0.3
Aerobic HzS oxidation 10.3 -2 -20.7
Aerobic Fe?* oxidation 16.4 -2 -32.7
Anaerobic Hz2S oxidation 5.1 0.0
Pyrite formation 53.3 2 106.5
Aerobic pyrite oxidation 0.1 -2 -0.2
FeS precipitation 32.3 -2 -64.5
FeS dissolution 0.1 2 0.3
Aerobic FeS oxidation 17.1 -2 -34.2
Anaerobic CH4 oxidation 5.5 2 10.9
CaCOs dissolution 97.3 194.6
CaCOs precipitation 0.0 -2 0.0
TA flux at bottom 4.8 -1 -4.8
Sum 489.2 pmol cm-2 yr-1
Sum 13.4 mmol m2d-!
FeS burial 15.0 2 29.9
FeS2 burial 53.6 4 214.5
POC degradation by NOs- 30.7 0.94 28.9
CaCOs dissolution 97.3 2 194.6
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Supplementary Table 8. Fluxes of acid-base species and TA at the sediment surface after 10 years
of artificial calcite addition. Positive fluxes are from the sediment to the bottom water and vice

versa.
Species Contribution to Flux TA Flux
TA (umol cm 2 yr1) (pmol cm2 yr-1)

CO; 0 35.2 0.0

HCOx 1 503.9 503.9

COs32 2 -8.8 -17.6

B(OH)+ 1 -6.2 -6.2

B(OH)3 0 6.1 0.0

H.S 0 1.6 0.0

Hs- 1 5.7 5.7

OH- 1 -1.0 -1.0

NHs 1 0.2 0.2

NH4* 0 36.7 0.0

H3PO4 -1 0.0 0.0

H2PO4 0 0.2 0.0

HPO42- 1 3.8 3.8

PO43- 2 0.1 0.2

H+ 1 0.0 0.0

Sum 488.8 umol cm2 yr-!
13.4 mmol m?2d-1
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