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Supplementary Material and Methods
Supplementary Material and Methods S1: Sample collection and sample analyses
Cores for microbiological analyses were retrieved from two distinct deployments each in 2018 and 2019 (D1 and D2). Adjacent sediment cores were collected for geochemical analyses (pore water chemistry and solid phase analyses), with the exception of the 2019 campaign, where only one adjacent core (from D1) could be recovered (see Supplementary table S1). The cores varied in length from 22 to 26 cm and were subsampled at a resolution of 1 cm in the first 6 cm, followed by 2 cm-wise sampling below the 6 cm horizon. DNA was extracted from four cores (MIC1 and MIC3 in 2018 and 2019) and bacterial and archaeal 16S tags compiled. RNA was also extracted and bacterial 16S tags were generated from these four cores as well but archaeal 16S tags only from one core of each year and season (MIC1 in 2018 and 2019). Cell numbers were determined for the same MIC1 cores in 2018 and 2019. QPCR, i.e. quantitative analyses of Bacteria relative to Archaea, were performed for the 2-3 cm and for the 20-22 cm depth horizons for MIC1 of October 2018 and for MIC1 in March 2019, representative of the surface/intermediate and the AOM (anaerobic oxidation of methane) zone. 

Supplementary Material and Methods S2: Geochemistry of the water column, sediments, and pore waters
Water samples were taken from six water depths (1, 5, 10, 15, 20 and 25 m) with a CTD/Rosette equipped with 5L Niskin bottles. Nutrient and oxygen concentrations were measured according to the standard methods described in (Grasshoff et al., 1999). Methane concentrations were measured with a static equilibration method and a gas chromatograph equipped with a flame ionization detector. The details of the method can be found in Ma et al. (2020).
Sediment cores were retrieved with a minicorer (MIC). The bottom water overlying the sediment in the MIC liners was siphoned with a plastic tube and filtered for subsequent analyses. To prevent oxidation of reduced substances, sediment cores were subsampled in a glove bag under argon atmosphere at a resolution increasing from 1 cm at the surface to 4 cm at greater depth. A defined volume of sediment was sampled into pre-weighed plastic cups for the determination of water content and porosity. Pore water was separated from the solid phase by centrifuging sediment samples for 15 minutes at 4000 rpm. The supernatant pore water samples were filtered (0.2 µm cellulose-acetate filters) under argon atmosphere in a second glove bag. Subsamples for metal analyses were acidified with concentrated nitric acid (sub-boiled distilled).
Sediment samples in centrifuge tubes were kept for shore-based analyses of the solid phase.  Hydrogen sulfide concentrations were determined photometrically using the methylene blue method (Grasshoff et al., 1999). Total alkalinity was analyzed by titration of 0.25 - 1 ml pore water with 0.02 M HCl according to Ivanenkov and Lyakhin (1978). During titration, the sample was degassed by continuously bubbling nitrogen to remove any generated CO2 and H2S. The results were calibrated relative to IAPSO seawater solution. Concentrations of manganese (Mn) and iron (Fe) were determined by inductively coupled plasma optical emission spectroscopy (ICP-OES) or mass spectrometry (ICP-MS; Mn < 5 µM, Fe < 1 µM). Sulfate concentrations were measured by ion chromatography. 
The distribution of Fe oxide and sulfide minerals in the sediment (together referred to as reactive Fe) were determined by sequential extraction of operationally defined sedimentary Fe pools. In the first step, wet sediments in centrifuge tubes were treated with 0.5 M HCl in an overhead shaker for one hour followed by centrifugation. Ferrous Fe (Fe(II)) in the extraction solution was analyzed photometrically using Ferrozine (Stookey, 1970) and total Fe was analyzed by inductively coupled optical emission spectrometry (ICP-OES). These fractions comprise Fe bound to Fe(II) monosulfide (Fe(II)HCl) and poorly crystalline Fe(III) (oxyhydr)oxide (Fe(III)HCl = FeHCl – Fe(II)HCl; e.g., ferrihydrite) (Kostka and Luther, 1994). Crystalline Fe(III) (oxyhydr)oxide (e.g., goethite) was extracted using sodium dithionite buffered to pH 4.8 using acetic acid and sodium citrate (Fedith) (Kostka and Luther, 1994). Concentrations of Fe bound to pyrite (FeS2; Fepy) were determined by the chromium reduction method (Canfield et al., 1986). The water content of wet sediments was determined separately for the calculation of concentrations per dry weight. The extent to which Fe oxides have been converted to Fe sulfide minerals is defined as (Fe(II)HCl + Fepy)/(FeHCl+Fedith+Fepy).

Supplementary Material and Methods S3: Modeled rates
The 1-D model considers the inert tracer chloride and the reactive species sulfate, sulfide and methane. Since molecular diffusion constants and reaction rates depend on temperature, we also simulate the time-dependent temperature distribution in sediments. The model considers molecular diffusion, sediment burial and compaction as transport processes for dissolved tracers.  
Most of the biogeochemical processes considered in the model are driven by the microbial degradation of particulate organic carbon (POC). The rate of POC degradation (RPOC) steeply declines with sediment depth as usually observed in marine surface sediments (Middelburg, 1989). The RPOC depth profile is prescribed using an empirical rate law (Stolpovsky et al., 2015) and the annual mean rain rate of POC observed at Boknis Eck (Dale et al., 2013). RPOC also increases with temperature since organic matter degradation and other microbial processes proceed more rapidly under elevated temperatures in our study area (Treude et al., 2005;Dale et al., 2013). At the sediment surface, POC is degraded using oxygen, nitrate, nitrite, MnO2 and FeOOH as terminal electron acceptors. These degradation pathways are lumped into one rate (RO) since our data set does not allow for the resolution of these overlapping processes. The prescribed thickness of the oxic to suboxic surface layer varies between 1.5–2.0 cm during the warm summer period and 4 cm in April 2018 when cold water masses entered our study area (supplementary figure S13). Below the surface layer, POC is first degraded via dissimilatory sulfate reduction (RSR) and subsequently via methanogenesis after sulfate is depleted (RM). 
In addition to primary processes that are directly driven by POC degradation (RO, RSR, RM), the model also considered secondary redox reactions where reduced species formed via anaerobic POC degradation (RSR, RM) are re-oxidized within the sediment column. Sulfide formed via RSR and RM diffuses toward the surface where it is oxidized within the oxic - suboxic surface layer. All possible sulfide oxidation reactions are again lumped into one reaction term (RSO). Methane formed via RM in sulfate-depleted sediment sections and methane ascending across the lower boundary of the model are consumed by AOM at sediment depths where upwards diffusing methane meets downward diffusing sulfate. In the model, sulfate is used as the sole electron acceptor for AOM (RAOM). 
The model is run only over a short period of time from Jan. 2018 to March 2019. Hence, the model results depend critically on the initial conditions chosen for Jan 2018. We employed tracer concentrations that have been previously measured in Boknis Eck sediments during the winter season to defined the initial depth profiles for all dissolved species consider in the model (Abegg and Anderson, 1997;Treude et al., 2005;Dale et al., 2013). 
Time-dependent bottom water temperatures and concentrations are prescribed at the upper boundary of the model located at x = 0. The monitoring data obtained at Boknis Eck from Jan. 2018 till March 2019 show strong a temporal variability in temperature and salinity at 25 m water depth (supplementary figure S13). Salinity data are used to calculate time-dependent chloride and sulfate concentrations as boundary condition using the ratios between salinity and major anion concentrations in seawater (Millero, 1996). Methane and sulfide concentrations are set to zero for x = 0.
The lower boundary of the model domain is located at 100 cm sediment depth. Zero gradient conditions are used for the dissolved tracers while a constant gradient, corresponding to the local geothermal gradient, is applied for temperature. In the following, we only show model results for the upper 40 cm of the model column. 
Model set-up. A non-steady state model was set up to evaluate porewater data from Boknis Eck. The model considers the inert tracer chloride and the reactive species sulfate, sulfide and methane. Since molecular diffusion constants and reaction rates depend on temperature, we also simulate the temperature distribution in sediments. 
The following heat equation was set up and solved for temperature simulations:
						(1)
where HB is heat capacity of bulk sediment, T is temperature, λB is thermal conductivity of bulk sediment, vW is burial velocity of porewater, vS is burial velocity of solids, HW is heat capacity of porewater, HS is heat capacity of solids, t is time and x is sediment depth.
For dissolved tracers, the partial differential equation is formulated as: 
				(2)
where C is the concentration of the considered tracer in porewater, P is porosity, DS is the diffusion coefficient in sediments, a is the bio-irrigation coefficient, CBW is the tracer concentration in ambient bottom water and R is the reaction rate. The diffusion coefficients depend on temperature and porosity. They are calculated for each species using equations given in (Boudreau, 1997). To consider charge coupling, the harmonic mean of the diffusion coefficients of Na+ and Cl- is applied in the model to simulate the diffusive transport of Cl-  (Cussler, 1984). 
Reactions, kinetic rate laws and other functions considered in the model are listed in supplementary table S3. The kinetic rate law for the degradation of particulate organic carbon (RPOC) is taken from (Stolpovsky et al., 2015). This empirical power law prescribes the steep down-core decrease in RPOC usually observed in marine surface sediments. The rate equation also includes a temperature term since organic matter degradation and other microbial processes proceed more rapidly under elevated temperatures in our study area (Treude et al., 2005;Dale et al., 2013). In a thin surface layer, POC is degraded using oxygen, nitrate, nitrite, MnO2 and FeOOH as terminal electron acceptors. These degradation pathways are lumped into one rate (RO) since our data set does not allow for the resolution of these overlapping processes. A simple Boltzmann function (fO) is applied to define the thickness of this oxic to suboxic surface layer where it is assumed that the thickness decreases with increasing bottom water temperature (TBW). Below the surface layer, POC is first degraded via dissimilatory sulfate reduction (RSR) and subsequently via methanogenesis (RM). Sulfide formed at depth diffuses toward the surface where it is oxidized using a range of electron acceptors.  All possible sulfide oxidation reactions are again lumped into one term (RSO). Methane ascending from depth is consumed by anaerobic oxidation of methane close to the base of the investigated sediment cores (RAOM). 
All parameter values applied in the model are listed in supplementary table S4. Rate terms that are applied in Eq. 2 (R) for each of the considered species are shown in supplementary table S5. They reflect the stoichiometry of the considered microbial processes.

Initial and boundary conditions. Initial conditions are applied to define tracer distributions at t = 0. A linear profile was applied for temperature:
										(3)
where TBW(0) is the bottom water temperature at t = 0 and TGR is the local geothermal gradient (30 °C km-1). 
For dissolved chloride, we employ a simple exponential function:
								(4)
where Ci is the concentration at t = 0, CBW(0) is the bottom water concentration at t = 0, and CF is the concentration at large sediment depth at t = 0 (353 mM).
For sulfate, we applied a function that mimics the steep exponential decline that is representative for our site:
										(5)
A Boltzmann function was employed for methane and sulfide:
										(6)
The asymptotic concentration at large depth (CF) at t = 0 was set to 4 mM for sulfide and 7.2 mM for methane while xM = 10 cm was applied for sulfide and xM = 30 cm for methane. The CF value for methane corresponds to the solubility of methane gas for the initial temperature profile and is consistent with methane concentrations measured in sediments retrieved with a pressurized core barrel at a nearby site (Abegg and Anderson, 1997). 
Time-dependent bottom water temperatures and concentrations are prescribed at the upper boundary of the model located at x = 0. The monitoring data obtained at Boknis Eck from Jan. 2018 till March 2019 show strong a temporal variability in temperature and salinity at 25 m water depth (supplementary figure S13). Salinity data are used to calculate time-dependent chloride and sulfate concentrations as boundary condition using the ratios between salinity and major anion concentrations in seawater (Millero, 1996). Methane and sulfide concentrations are set to zero for x = 0.
The lower boundary of the model domain is located at 100 cm sediment depth. Zero gradient conditions are used for the dissolved tracers while a constant gradient, corresponding to the geothermal gradient is applied for temperature. In the following, we only show model results for the upper 40 cm of the model column.
The model was solved using the PDE solver of Mathematica, version 13. The solver uses the method-of-lines approach on an uneven grid with a high resolution at the surface (0.001 cm), a coarser resolution at depth (0.2 cm) and a total of 1000 depth layers. The model period extends from Jan 1st, 2018 till March 31st, 2019. 



Supplementary Material and Methods S4: Microbiology
DNA and RNA extraction, cDNA synthesis, amplicon library preparations and Illumina sequencing. DNA was extracted from around 300 mg sediment using the NucleoSpin DNA Soil Mini kit (53 and 139 ng µl-1 with a 260/280 nm ratio ranging from 1.7 to 1.8) (Macherey-Nagel, Düren, Germany) according to the specifications of the manufacturer. For RNA isolation approximately 0.25 mg sediment and the NucleoBond RNA Soil Mini kit (Macherey-Nagel) following the manufacturer’s instructions were used. Subsequently DNaseI digestion was done by using the RapidOut DNA Removal kit (Thermo Fisher Scientific GmbH, Waltham, Massachusetts, USA), according to the provided protocol (7.1 and 186 ng µl-1 with a 260/280 nm ratio ranging from 1.6 to 2.0). Isolated RNA was transcribed into cDNA with Invitrogen’s SuperScript® VILOTM cDNA Synthesis Kit (Life TechnologiesTM, Darmstadt, Germany), according to the manufacturer's protocol. Purified cDNA (Zymo Clean & Concentrator-5, Irvine, CA, USA) was used as a template to create a 16S metagenomic sequencing library compatible with the Illumina MiSeq system as specified in the manufacturer's guideline (Illumina®, San Diego, CA, USA). The procedures have been described before : 16S ribosomal RNA and DNA gene amplicons were generated for the (i) bacterial hypervariable V3 and V4 regions using the primer pair S-D-Bac-0341-b-S-17 and S-D-Bac-0785-a-A-21 (Klindworth et al., 2013) and for the (ii) archaeal hypervariable V4 and V5 regions using the two primer pairs (i) Arch_519F and Arch 915R, (Ding et al., 2017) and (ii) Arch 524F and Arch 958R (Cerqueira et al., 2017). Two parallel PCR reactions were performed for each of the three primer sets (in total 3x2 PCRs per sample) using the Kapa Hifi HotStart Ready Mix (Kapa Biosystems, Boston, MA, USA) as specified in the manufacturer’s protocol. PCR conditions were set as follows: 3 min initial denaturation followed by 25 cycles of denaturation at 95°C for 30 s, annealing at 55°C and 63°C for amplification of the bacterial and the archaeal 16S rRNA gene, respectively, and extension at 72°C for 30 s. After pooling the 1x2 parallel samples of the bacterial 16s rRNA gene amplification and the 2x2 parallel samples of the archaeal 16S rRNA amplification purification was done using the Agencourt AMPure XP beads (Beckman Coulter, Brea, CA, USA) according to manufacturer’s protocol. In a subsequent amplification step multiplexing indices and Illumina® sequencing adapters were added by using the Nextera® XT Index Kit (Illumina) and the Kapa Hifi HotStart Ready Mix (Kapa Biosystems) under the same PCR conditions mentioned above but with 8 cycles. After the indexed samples were purified (Agencourt AMPure XP beads, Beckman Coulter) they were pooled with all subsamples containing an equimolar amount of 16S rRNA gene amplicon. The quality of this library pool was then verified on the 2100 Bioanalyzer (Agilent Technologies, using the DNA High Sensitivity Chip). The amplicon libraries were sequenced by paired-end sequencing in a 2x300 bp run on the Illumina MiSeq platform (Illumina, St. Diego, USA).

QIME, R, visualization. Sequences were processed using the Qiime2 environment (Bolyen et al., 2019). The filtering and merging of demultiplexed raw reads were performed using the dada2-plugin with default settings and removal of the primer sequences (Callahan et al., 2016). For taxonomic assignments the SILVA database release 138 (Quast et al., 2013) was pretrained with the respective primer pairs for Bacteria and Archaea (Pedregosa et al., 2011;Bokulich et al., 2018). The assignments were computed using the feature-classifier plugin (classify sklearn) with default settings and the pre-trained SILVA classifier (Bokulich et al., 2018). The phylogeny was calculated using the “align-to-tree-maffft-fasttree” pipeline and alpha diversity indices were calculated with the qiime diversity plugin using a sampling depth of 2053 for Bacteria and 2625 for Archaea (Price et al., 2010). Principle Coordinate Analysis (PCoA) based on unweighted UniFrac distances, MANOVA to calculate the significance of the differences in the unweighted UniFrac distances between RNA and DNA and the different sampling time points, and differential abundance analysis were performed in R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/ using the microeco package (Liu et al., 2021). Rarefacation for PCoA analyses was performed with different subsample sizes: (i) with the default sample size of 1000, (ii) with individual sample sizes of 2053 for Bacteria and 2625 for Archaea.

Quantitative analyses: Cell numbers, CARD-FISH, qPCR and MPNs. For total cell counts via diamidino-2-phenylindole (DAPI) and CARD-FISH analyses sediment samples were fixed on board in 4% formaldehyde/PBS and incubated over night at 4°C. After washing the samples twice with PBS buffer they were stored at -20°C in PBS/EtOH [1:1] until further processing. Cells were then separated from the sediment by ultrasonication (2 times: 20%, 20 cycles, 20 seconds) and diluted with sterilized PBS [1:4000] before they were fixed on 0.2 µm polycarbonate filters by vacuum filtration (-200 mbar). The filters were then embedded in low gelling point agarose (0.2%) and dried for 30 min at 37°C. While DAPI staining was made for all depth horizons of MIC 1 of October 2018 and MIC 1 of March 2019, CARD-FISH analyses were performed only representatively for the surface/intermediate zone (samples 0-3 cm depth horizons) and the AOM zone (sample 20-22 cm depth horizon) from both of these MICs. CARD-FISH preparation was conducted following the standard protocol (Pernthaler et al., 2002) with minor modifications. Filter sections for permeabilization of bacterial and archaeal cells were incubated in lysozyme solution (10 mg ml-1, PanReac AppliChem, Darmstadt, Germany) at 37°C for 60 min and in proteinase k solution (15 µg ml-1, Sigma-Aldrich, Darmstadt, Germany) at 37°C for 15 min. Endogenous peroxidases were inactivated by incubating filters in 0.15% H2O2 in MeOH for 30min at room temperature. Hybridization took place at 46°C for 3 hours with a 300:1 hybridization mix (35% formamide for both, EUB338I-HRP and Arch915-HRP). For the amplification, filters were incubated at 46°C for 45min (7µl Alexa FluorTM 488, InvitrogenTM by Thermo Fisher Scientific). Filters were counterstained with DAPI (10 min at room temperature) and embedded in Citifluor. 
[bookmark: _GoBack]Relative abundances of Bacteria and Archaea via qPCR were estimated for the samples in 2-3 and 20-22 cm depth of the cores analyzed with DAPI. A total of 20 ng of cDNA synthesized as described in the section before was used as a template for amplifying the hypervariable V3/V4 regions of bacteria and the hypervariable V4/V5 regions of archaea of the 16S rRNA gene. Therefore, the same primer pairs that have been used for Illumina® sequencing were used, but for qPCR the Illumina® adaptor overhang nucleotide sequence was removed. The SYBR® Select Master Mix, CFX (Applied Biosystems® by Life TechnologiesTM) was used to set up the qPCR reaction. The amplification was performed with the CFX96TM Real-Time System C1000 Touch Thermal Cycler (BioRad, Hercules, CA, USA) under the following conditions: 95°C for 2 minutes followed by 40 cycles of 98°C for 15 seconds, 59°C for 20 seconds, and 72°C for 30 seconds. Five technical replicates were measured and used to calculate relative quantitative abundances. Next to the samples a non-template control, a non-reverse transcriptase control, and a positive control was set up.
As we originally expected significant changes in the iron cycles across seasons, we used the Most Probable Number (MPN) method to estimate the number of microaerophilic and Fe(III)-reducing microbes (performing Fe(III) reduction coupled to organic carbon or dihydrogen oxidation). For the MPNs, artificial sea water media (ASW) was used containing the following salts per liter: 17.3 g NaCl, 8.6 g MgCl2·6H2O, 0.025 g MgSO4·7H2O, 0.99 g CaCl2·2H2O, 0.39 g KCl, 0.059 g KBr, 0.25 gNH4Cl, and 0.05 g KH2PO4. The medium was prepared anoxically with a headspace of N2/CO2 (80:20) in a Widdel flask and buffered with 22 mM bicarbonate buffer. For microaerophilic bacteria the bicarbonate buffer was lowered to 10 mM. pH was adjusted to pH 7 and 1 mL vitamin solution (Widdel and Pfennig, 1981), 1 mL selenite-tungsten solution (Widdel, 1980) and 1 mL trace element solution (Tschech and Pfennig, 1984) was added per liter. To inhibit sulfate reduction, 5 mM Na2MoO4 was added to the media. 
For enrichment of Fe(III)-reducers, we added 5 mM ferrihydrite, 5 mM sodium acetate and 5 mM sodium lactate. Ferrihydrite synthesis was performed according to Raven et al. (1998) and Schwertmann and Cornell (2008). 
Sediment for the MPNs was taken from the same core as the samples for 16S RNA sequencing. 1 g of homogenized sediment was mixed with 9 mL of ASW media and the solution was sequentially diluted tenfold (10-12 dilution steps). Samples from this dilution series were further aliquoted into each of the MPNs for specific metabolisms so that the results were directly comparable within each sample. 
Quantification of Fe(III)-reducers with organics were set up under an N2 atmosphere in an anoxic chamber and conducted in 96 well deep-well plates. 100 µL of each dilution was mixed with 900 µL of the appropriate media in 7 replicate wells. The last row of the 96 well plate was left uninoculated and used as a sterile control. Therefore 7 replicates were performed with a sterile control. For anoxic incubation the deep well plates were placed in the Anaerocult system (Merck, Germany) and anoxic conditions were verified with an O2 indicator stick (Merck, Germany). MPNs for Fe(III)-reducers with hydrogen were conducted in triplicates in Hungate tubes with 9 mL of media and 1 mL of the dilution series.  The headspace was flushed with a H2/CO2 mixture (10:90) twice per week.
Microaerophilic Fe(II)-oxidizer MPNs were cultivated in zero-valent iron (ZVI) plates (Oct 2018) and gradient tubes (March 2019), both times in triplicates. ZVI plates were conducted as described (Laufer et al., 2016). For the ZVI plates, ca. 60 mg ZVI powder (200 mesh; metal basis; Alfa Aesar, Ward Hill, MA) was placed into a petri dish with 7.2 mL ASW and 0.8 mL of sample from the dilution series. For each dilution step triplicates and a sterile control were set up. The petri dishes were placed in an acrylic gas-tight jar (Merck, Germany) with a gas pack to create a micro-oxic atmosphere (6 – 10 % atmospheric O2 concentration, BD GasPack EZ Campy;Becton, Dickinson and Co.,NJ). 
MPN in gradient tubes were performed after Emerson and Moyer (1997). In these gel-stabilized tubes opposing gradients of Fe(II) and O2 are formed. The bottom layer contained 1 % (wt/vol) agarose solved in a mixture of FeS and ASW media (1:1) and was added to the tube first (0.75 mL). On top, 3.75 mL of ASW media with 0.15 % (wt/vol) agarose is added. The headspace is flushed with N2/CO2 (80:20) and the tubes are closed with a butyl stopper. The tubes are stored for 12 to 24 h before inoculation. During inoculation the butyl stopper is removed, 100 µL of the dilution series is added and the tube is closed again. Per dilution step samples were incubated in triplicates with a sterile control.
All MPNs were incubated for 6-8 weeks and Fe(II) oxidation and Fe(III) reduction was inferred from a colour change from colourless to brown (oxidation) or from brown to black (iron reduction). Growth of cells in ZVI plates was additionally verified with a fluorescence microscope following staining with DEAD/LIVE stain. Positive growth in gradient tubes was identified by the formation of a distinctive orange oxidation band. All positive wells/tubes were counted and the most probable number was calculated using the software Klee (Klee, 1993)


Supplementary Results and Discussion
Water Column Biogeochemistry
The increasing methane concentration gradients towards the seafloor (supplementary figure S1) indicate that the sediments are a source of dissolved methane to the overlying water column at certain times of the year. In relation to the sediment sampling campaign, bottom water methane concentrations were nearly five-fold higher in March (168 µM) than in October (35 µM) and are likely explained by the early spring bloom (Bange et al., 2010). Generally, bottom water methane concentrations appear to be up to 20% lower than those monitored for March and October roughly 10 years ago (Steinle et al., 2017). This coincides with a decline of primary production over time (Lennartz et al., 2014) and thus a lower C-flux to the sediments.  
Northwestern Europe experienced a pronounced heatwave in summer 2018 (see, e.g. Kueh and Lin, 2020). This resulted in a temperature anomaly of about 3.5 °C in 1 m water depth at Boknis Eck in August 2018, which, however, was not visible in near bottom waters at 25 m depth during summer/autumn 2018 (Gindorf et al., 2022).
[bookmark: _Hlk114735686]Nano- and pico-plankton cell counts varied considerably between the seasons (March and October) and between the tested years of 2015 to 2019 (supplementary figure 2A, B) with larger biomass of nano- and picoplankton in summer and autumn. For October 2017, 2018, and 2019 picoplankton, i.e. small cyanobacteria like Synechococcus, increased 8-fold (2017) and 35-fold (2018), relative to March of the same years, reaching the so far highest cell counts in October 2018 (supplementary figure S2B) just after the heatwave experienced in summer 2018. A shift from larger cells to smaller cells with decreasing nutrient concentrations and increasing temperatures has been suggested to impact trophic levels with zooplankton preferring larger cells (Lewandowska et al., 2014). However, this shift in cell sizes has not been shown to affect the carbon export to deeper layers (Lapoussière et al., 2013;Lomas et al., 2022). 
Total dissolved amino acids (TDAA) can be used as an indicator of the degradation stage of OM. Mean concentrations of TDAAs between 2015 and 2019 were rising with the spring bloom with a second larger increase observed in summer and autumn (supplementary figure S2C) implying a higher OM turnover in the summer. Both the years 2018 and 2019 were at the higher end of measured concentrations with overall largest TDAA concentrations observed in late summer and fall in 2018. The fraction of TDAA of DOC in the water column, which can be used to trace the contribution of labile compounds to the DOM pool (Gaye et al., 2022 and references therein), is generally low at Boknis Eck due to a large anthropogenic background of mainly refractory terrestrial DOC. Still, the mean value of 1.86 % of TDAA in DOC in the water column in October of 2018 represents the largest relative contribution of TDAA to DOC in 2018 indicating a comparatively large OM turnover in summer and autumn of 2018 in the water column, following the heatwave. This is also true with respect to other years (1.04 – 1.54 % in October of 2016, 2017 and 2019) indicating a comparatively large OM turnover in summer and autumn of 2018 in the water column. The concentration of TDAA decreased in winter and increased in March 2019 but were generally lower than in fall. 

Sediment geochemistry and modeled rates
Alkalinity is a measure for metabolic carbon release in anoxic sediments. While the maximum alkalinity observed during our two campaigns was similar (~25 meq l-1) (figure 1D, F). In October 2018 sediments at Boknis Eck were sulfidic throughout the cored depth interval. Hydrogen sulfide concentrations increased from 0.1 mM in the uppermost cm to ~4 mM at the lower end of the core. Sulfate concentrations decreased from 20 mM at the surface to <3 mM in the deepest pore water sample. The two cores retrieved in October differed in that sulfate concentrations plateaued at 6 to 12 cm sediment depth in MIC1 whereas sulfate concentrations decreased steadily in MIC2 (figure 1A, B, C and supplementary figure S9A, B). Dissolved Fe concentrations were low in all cores (figure 1A, B, C), which was related to precipitation of Fe sulfide minerals under sulfidic conditions (supplementary figure S3). Pore water Mn profiles were characterized by maxima at 3.5 cm (MIC1) and 6 cm (MIC2) and decreased below (figure 1A, B, C). Decreasing Mn concentrations with depth were likely related to precipitation of Mn carbonates. 
Pore water chloride profiles in Boknis Eck differed during our sampling campaigns in October 2018 and March 2019 (figure 1D-F, supplementary figure S9). Since chloride is a conservative parameter, i.e. is not affected by biogeochemical processes, this down core chloride variability must be related to salinity variations in the bottom water. These would be transmitted to the pore water by diffusive or non-local transport processes such as bio-irrigation (for more discussion see below under modeled rates). 
Sedimentary reactive Fe was dominantly present in the Fepy and Fe(II)HCl fractions whereas Fedith and especially Fe(III)HCl were of subordinate importance (supplementary figure S3). During the October campaign, surface sediments (0-2 cm) were characterized by higher Fe concentrations in all reactive Fe pools. Otherwise, there was comparably little downcore variability in reactive Fe speciation. During the October campaign, subsurface sediments were characterized by detectable concentrations of Fe(III)HCl between 10 cm and the lower end of the core whereas during the March campaign Fe(III)HCl was not detectable in subsurface sediments. The average extent to which Fe oxide minerals have been converted to Fe sulfide minerals was identical during the two sampling campaigns (October: 0.73  0.04, n = 13, March: 0.75  0.02, n = 14). 

Temperature and dissolved chloride. The model is first run assuming that bio-irrigation does not contribute to the transport of solutes (a = 0) such that the transport of heat and dissolved tracers is largely dominated by heat conduction and molecular diffusion, respectively. Since thermal conduction is much faster than molecular diffusion, changes in bottom water temperature affect the entire model column while only the upper section is affected by changes in bottom water salinity (Supplementary figure S13).
Dissolved chloride concentrations calculated for October 23rd 2018 and March 15th 2019 are compared to pore water data taken on these dates to validate whether the transport of solutes was dominated by molecular diffusion or significantly affected by other processes. The model generally achieved a good fit for both dates (supplementary figure S9, S10). One of the two sediment cores taken in October 2018 (MIC2) showed a strong chloride depletion at 14–20 cm sediment depth that was not reproduced by the model (figure 1D-F, supplementary figure S8). This depletion was not observed in the other core (MIC1) taken at the same date and location. The difference between the two cores suggests a strong small-scale spatial variability. MIC2 was probably affected by a process that transported chloride-depleted bottom water towards the base of the core during April to May 2018 when bottom waters were depleted in chloride and enriched in oxygen (supplementary figure S1). It is likely that MIC2 was affected by additional processes that transported chloride-depleted bottom water towards the base of the core. It is likely that this transport occurred during April – May 2018 when bottom waters were depleted in chloride (supplementary figure S15). The distribution of reactive tracers was generally well reproduced by the model (supplementary figure S10). A significant deviation between model and data was also observed for dissolved sulfate and sulfide in MIC1 whereas sulfate in MIC2 was consistent with the model (no sulfide data available for MIC2). This is an interesting observation since the model deviates from dissolved chloride measured in MIC2 but is consistent with the data recorded in MIC1. It seems that rapid microbial processes restored the diffusion-controlled sulfate profile in MIC2. 

Model limitations. In our model, rates change over time due to changes in sediment temperature. It should, however, be noted that we did not consider seasonal changes in the rain rate of POC and in the oxygenation of bottom waters that affect microbial rates especially in the surface layer (Dale et al., 2013). Hence, we are not able to fully resolve the temporal variability of turnover rates in Boknis Eck sediments.
Moreover, we made no attempt to resolve the many overlapping processes occurring in the oxic – suboxic surface layer. These include oxygen consumption, denitrification, DNRA (dissimilatory nitrate reduction to ammonium), ANAMMOX (anaerobic ammonium oxidation), manganese and iron reduction driven by organic matter degradation and sulfide oxidation. We lumped all these processes into the two reactions: RO representing POC degradation pathways other than sulfate reduction and methanogenesis and RSO representing sulfide oxidation using oxygen, nitrite, nitrate, manganese, iron as electron acceptors. We used this strategy because we do not have the data that are needed to resolve the various processes occurring in the surface layer. 

[bookmark: _Hlk103082020]Microbiology
Abundance and phylogenetic diversity of the microbial communities. Boknis Eck sediment cell numbers (figure 2A) are in the upper range of what is commonly found in organic-rich marine sediments at these sediment depths (cf. Schippers et al., 2012). The proportion of active Bacteria, as indicated by CARD-FISH analyses relative to DAPI stained cells, in the surface sediment is in the lower range of previous observations but deeper down corresponds with what has been found in marine sediments before (figure 2B) (Ishii et al., 2004).
The drop of cell numbers with depth is not reflected in the Shannon diversity index (SI) (supplementary figure S16). The SI considers both the number of species (richness) and their relative abundance (evenness). The SIs for the bacterial and archaeal communities are overall high (Jochum et al., 2017;Otte et al., 2018;von Hoyningen-Huene et al., 2022). The higher SI for DNA- than for RNA-based analyses is also found in other marine sediments (Otte et al., 2018;von Hoyningen-Huene et al., 2022). DNA analysis includes dead cells and extracellular DNA (eDNA). Except for the SI for active Archaea declining with depth in MIC1 from fall 2018, SIs of Bacteria and Archaea from all other sediment cores demonstrate no considerable up- or downwards trend with depth (supplementary figure S16).
The generally high phylogenetic diversity at Boknis Eck is also reflected in the large number of low abundance (<3%) Bacteria in all depth horizons, ranging from at least 18% to 81% (median 46%) (supplementary figures S6) and may mark a vital component for community dynamics. The sediments exhibit a very large proportion of low abundance Bacteria and Archaea (supplementary figures S6, S7). These findings are in line with other studies on 16S tags in marine sediments (Adam et al., 2019 and references therein). Since most of the microbes found in marine sediments are uncultured taxa and their physiology remains enigmatic (Lloyd et al., 2018), a tremendous catalytic potential remains hidden among the microbial dark matter in seafloor habitats (Zamkovaya et al., 2021).

Vertical zonation of active prokaryotes in sediments and their potential metabolisms. Based on 16S tags from transcripts in zone 1 Beggiatoaceae and Nitrosopumilus are typically the prevailing Bacteria and Archaea, respectively (supplementary figures S6A-D, S7A, B). The former are found in sulfidic environments, such as sediments (Winogradsky, 1887;Jørgensen, 1977). The latter are prominent representatives in the oceanic water column and in sediments (Kerou et al., 2021). In zone 1 and 2 a mix of organotrophic Bacteroidota and Pirellulales, sulfate-reducing Bacteria (SRB) (primarily SRB-SEEP1 of the Desulfobacteria) and a phylogenetically diverse mix of potential sulfide-oxidizing (autotrophic) Bacteria are found (supplementary figure S6A-D). The latter are mostly affiliated with uncultured Thiotrichaceae and Sulfurimonaceae. In the deepest studied zone (zone 3) the organotrophic Bacteroidota and some Pirellulales lineages remain but are accompanied by Aminicenantes of the candidate phylum OP8, likely with a fermentative saccharolytic lifestyle (Kadnikov et al., 2019 ), JS1 lineage included in the candidate phylum Atribacteria (OP9), which are expected to be anaerobes and involved in primary fermentation of carbohydrates or secondary fermentation of organic acids producing H2, CO2, acetate, and formate (Nobu et al., 2016;Lee et al., 2018). Surprisingly Poribacteria are found in the deeper zone - although they are typically associated with sponges – and are described as having an aerobic mixotrophic lifestyle, i.e. oxidative phosphorylation, glycolysis and autotrophic CO2 fixation (Kamke et al., 2013).
Among the Archaea (supplementary figure S7A, B), the versatile metabolisms of the anaerobic Bathyarchaeia include thiosulfate oxidation, acetogenesis, methane metabolism, as well as dissimilatory nitrite and sulfate reduction (Zhou et al., 2018). They can utilize detrital proteins, polymeric carbohydrates, fatty acids, aromatic compounds, methane (or short chain alkane) and methylated compounds. Their flexible substrate spectrum likely makes them abundant throughout Boknis Eck sediment cores but also throughout other sediments. Several potential interactions with ANME, acetoclastic methanogens and heterotrophic bacteria are suggested (Zhou et al. 2018). Methanofastidiosa likely operate hydrogen–dependent methylotrophic methanogenesis (Zhang et al., 2020) and appear displaced by Nitrosopumilus and ANME. Metagenomic assessments from coastal sediments have indicated a significant non-random association of these and other methanogens with Woesearchaeota, acetate degrading sulfate-reducers and sulfur-cycling Campylobacterales (to which Sulfurimonas belong) (Zhang et al., 2020). All of which are detected in Boknis Eck sediments above zone 3 (supplementary figure S7A, B). The Woesearchaeota are in all Boknis Eck sediment cores in much lower numbers, with highest numbers in the surface regions declining with increasing depth. As for most of the here mentioned prokaryotes, physiological traits are derived from MAGs (metagenome assembled genomes) and suggest an anerobic fermentative lifestyle (cf. Huang et al., 2021). Lokiarchaeota make up >20% of archaeal 16S tags in most depth horizons and are known to catalyze acetogenesis, fermentation and hydrogen-dependent carbon fixation (Spang et al., 2015;Orsi et al., 2020). Co-occurrence analyses indicate a significant non-random association of Lokiarchaeota with members of the Marine Benthic Group D (MBG-D) (Zhou et al., 2019). Genomic sequencing has suggested that MBG-D can transport and assimilate peptides and generate acetate and ethanol through fermentation. Additionally, these organisms appear to encode for two autotrophic CO2 fixation pathways (Zhou et al. 2018). 

Allocating estimated metabolic processes to phylotypes. Bioturbation is a process whereby fresh organic matter can be introduced into deeper sediments. For Boknis Eck sediments bioturbation has been documented down to 15 cm (Dale et al. 2013). This biological activity is known to support an elevated phylogenetic diversity among SRB (Jochum et al., 2017). This is also the case in the Boknis Eck sediments, where elevated diversity among SRB in top sediments coincides with modeled peaks in SRR (figure 3A, B). 
Sulfide-oxidizing, nitrate reducing Beggiatoaceae appear common in Boknis Eck sediments at certain times of the year and were detected in samples collected in March and June 2002, January 2003 and during summer/hypoxia 2010 (Preisler et al., 2007;Dale et al., 2013). However, no genetic analyses were conducted with these samples to confirm that mats were indeed dominated by Beggiatoaceae. These sediments with apparently large proportions of Beggiatoaceae biomass, measured SOR that were in the same order of magnitude as SOR estimated for 2018 with hardly any detectable Beggiatoaceae (4%). Detailed investigations on vertical Beggiatoaceae distributions in 2002/2003 sediment cores showed that they were dominantly in the upper 2 cm and sulfide only started accumulating below this depth horizon (in most cores less than 0.5 mM sulfide at 3 cm depth), the onset accompanied by a peak in sulfide oxidation rates (Preisler et al., 2007). Deeper profiles indicate that sulfide accumulation (>1 mM) started at 10 cm depth (Preisler et al., 2007). Coinciding with this trend is the lack of sulfide accumulation in the upper 10 cm during hypoxia 2010 with potential Beggiatoaceae dominating the upper sediments (Dale et al., 2013). In line with these previous observations, we observed sulfide enrichment in our samples only below sediment horizons where Beggiatoaceae were enriched (1.3 mM at 5.5 cm) (MIC1 spring 2019) (figure 1C). In contrast, in the autumn 2018 MIC1 core, where Beggiatoaceae were hardly detectable, sulfide already reached levels of 1.9 mM at 2.5 cm depth (figure 3A). Preisler and colleagues (2007) argued that the discrepancy between the total SOR and the oxidation catalyzed by Beggiatoaceae is due to abiotic sulfide oxidation coupled to FeOOH reduction (Preisler et al., 2007). Intriguingly, in March 2019 where Beggiatoaceae were dominant, dissolved Fe spiked in the top sediments, suggesting that sulfide oxidation with FeOOH was possible. In contrast, we did not see this spike of dissolved Fe in the investigated October 2018 core where Beggiatoaceae were hardly noticeable. In March 2019, Beggiatoaceae sulfide oxidation activity contributes to controlling sulfide availability, thereby possibly indirectly affecting iron-sulfide precipitation in the sediments and the capability of iron-minerals (e.g., FeOOH) to react with sulfide and thus other molecules (e.g. phosphate). A clear shift from Beggiatoaceae to phylogenetically diverse sulfide oxidizing Bacteria is visible for the different seasons. The large proportion of uncultured Thiotrichacea is pronounced in the intermediate zone. Related cultured representatives are demonstrated to oxidize sulfide and fix carbon autotrophically. 
A shift among the SRB affiliated predominantly with SEEP-SRB1 in zone 2, to Desulfatiglans (both SEEP-SRB1 and Desulfatiglans belong to the family Desulfobacteraceae) prevailing in zone 3 is noted (supplemental figure S6A-D). Desulfatiglans are typically described as aromatic compound degrading dissimilatory sulfate reducers (Suzuki et al., 2014). Desulfatiglans has been documented to co-occur with ANME-1b (Kevorkian et al., 2021). At Boknis Eck they appear with both ANME-1b and ANME-2b in significant numbers (up to 45%) (supplementary figure S7A, B), with ANME most likely being responsible for peaks of modeled AOM (anaerobic methane oxidation) rates in zone 3 (figure 3C, D). Yet, modeled SRR in the AOM peaking zone is negligible with 0.58 and 0.15 µmol S cm-3 yr-1. Since sulfate levels drop from ~20 mM in the surface to <4 mM in zone 3 (figure 1), (some of) these SRB may revert to alternative metabolic processes and Desulfatiglans strain heterogeneity may enable multiple phenotypes to persist. More recent work has illustrated that some members of this group appear to lack genes known to encode SR and instead have genes for acetogenesis and fermentation (Jochum et al., 2018) giving them an advantage over SRB.
Modeled methanogenesis rates for October 2018 and March 2019 are shallower (supplementary figure S4C, D) than what has been measured in other years in the same seasons (Maltby et al., 2018) and peaked at 0-2 cm (October 2018) and at 2.5 cm (March 2019). These peaks co-occur with those modeled for SR. Although experiments have suggested that methylotrophic compounds as alternative non-competitive substrates enable methanogenesis to occur in the SR zone (Oremland and Polcin, 1982;Maltby et al., 2018), the coexistence of SR and methanogenesis with shared substrates without sulfate depletion has also been demonstrated before (Sela-Adler et al., 2017). In the last years the phylogeny of methanogens exclusively related to Euryarchaota (Garcia et al., 2000), has been expanded to include other phyla such as Candidatus Bathyarchaeota (Evans et al., 2015) and Thermoplasmata (Poulsen et al., 2013). Representatives of both these groups are found in Boknis Eck sediments.
Aerobic methanotrophs only make up less than 4% of the bacterial 16S tags of transcripts (data not shown). In contrast, ANME - known to catalyze AOM - make up a large proportion of the Archaea in October 2018 sediments in zone 3 (up to ca. 45% of the archaeal 16S tags of transcripts) (supplementary figure S7A, B). The deepest sediment horizon collected in March 2019 sediment samples was at 22-24 cm, where ANME-1b made up ca. 20% of Archaea. The estimated AOM rate peaks correspond with peaks in ANME-1b 16S tags, which appear to be at greater depth horizons in the March 2019 sediments (figure 3C, D). 
To estimate the per cell rates, we deduced the likely number of active cells putatively performing sulfide oxidation, SR and anaerobic methane oxidation from the proportion of bacterial or archaeal 16S tags from transcripts that are affiliated with potential sulfide oxidizing Bacteria (SOB), sulfate-reducing Bacteria (SRB) and ANME and the relative abundance of active Bacteria or Archaea, respectively, as indicated by CARD-FISH. For SOB we used data from 0-1 cm and 1-2 cm, and for SRB and ANME from 2-3 cm and 20-22 cm for October 2018 and the March 2019 samples.
The estimated per cell SRR for the surface sediments in October 2018 were 0.2 fmol cell-1 d-1 and were 5.5-fold higher than those from surficial sediments in March 2019. The calculated per cell SRR in the 20-22 cm layer are up to two magnitudes lower and those from 2018 are 2.2-fold higher than those from March 2019 (supplementary figure S14). The per cell AOM rates were more stable over time, where estimated rates for surface near sediments are around 0.4 fmol cell-1 d-1 and drop by 15% and 30% for October 2018 and March 2019, respectively. Our estimated per cell rates are in the range of what has been calculated before for the environment: per cell SRR in the environment are typically on the order of 10-2 to 10 fmol sulfate reduced cell-1 d-1 and per cell rates of AOM are commonly in the range of 10-4 to 10 fmol methane oxidized cell-1 d-1  (Orcutt and Meile, 2008 and references therein). 
In line with higher modeled rates for October 2018, modeled SOR are three-fold higher for October 2018 sediments (supplementary figure S5A, B), corresponding with higher general cell numbers and more active cells in the upper sediments (figure 2). Cell numbers and active cells in October are 20% higher than those from March 2019 and the per cell SOR are 20-fold higher for the October 2018 top 0-1 cm sediments (supplementary figure S14); although in the upper region where SOR peak in October 2018 15% and 20% of the 16S rRNA gene tags of transcripts are assigned to potential sulfide oxidizers, while in the March 2019 surface sediments 55% and 72% are associated with putative sulfide oxidizing Bacteria - 19% and 46% are of Beggiatoaceae -. 

Past and present microbial communities and changes to environmental conditions. According to Multivariate analysis of variance (MANOVA), DNA and RNA-based sequencing of bacterial and archaeal 16S tags demonstrate significant (p-value 0.001) differences between the total (dead and alive) (DNA) and active/dormant (RNA) parts of the communities of all tested sediment cores from October 2018 and March 2019. This is also visualized in the principal coordinate analyses (PCoA) (supplementary figure S17). This discrepancy between DNA and RNA profiling has been recognized for other habitats as well (Otte et al., 2018;Li et al., 2020;von Hoyningen-Huene et al., 2022) and can be explained by the difference in stability of DNA and RNA and what their detection reflects. DNA-based profiling targets living and dead cells as well as extracellular DNA (eDNA), mirroring the present (DNA+RNA) and past (DNA) communities (Torti et al., 2015). Under favorable environmental conditions, DNA from dead cells can persist up to weeks, months, and many years (even millennia) in marine sediments (Torti et al., 2015). In contrast, RNA in the environment is short lived (degradation starts within minutes) and 16S tag analyses of transcripts identifies only currently living (metabolically active and dormant) cells but excludes dead cells and eDNA (Blazewicz et al., 2013;De Vrieze et al., 2018). 
Spatial variability. On a spatial level, no significant differences are observed between the two cores collected in October 2018 and the two cores collected in March 2019 according to 16S tags from Bacteria and Archaea based on DNA-profiling and of Bacteria based on RNA-profiling. This suggests that the genetic fingerprint is relatively conform over space at the same times of the years. For RNA-based profiling, no spatial heterogeneity for Archaea can be resolved because only one core for each season is analyzed. Nevertheless, porewater chemistry suggests small-scale spatial heterogeneity (supplementary figures S9, S10). Possibly, the high number of low abundance taxa may mask significant shifts due to limitations of resolution levels of the analyses.  
Temporal variability. In contrast to the lack of detecting microbial spatial dynamics, significant temporal variability is noted for bacterial and archaeal 16S tags based on DNA profiling for October 2018 and March 2019 (p-value 0.001). These temporal dynamics are only reflected in the archaeal RNA (p-value 0.001) but not in the bacterial RNA. Possible explanations could be the time that the communities of the domains need to respond to environmental changes. The archaeal RNA patterns from October 2018 may still reflect the warmer, hypoxia conditions observed in September 2018, thus being different to the March 2019 community with colder, fully oxic bottom waters. On the contrary, the bacterial RNA patterns may already show some responses of the community to increasing oxygen levels in the bottom waters detected in October 2018 and thus the differences to the community from March 2019 with colder, oxic bottom waters is not pronounced. It needs to be kept in mind though, that the analysis is done for the entire core and therefore fine scale vertical variations for the different depth horizons are not included but only overall changes in the entire core community. 
The significant levels of temporal variance (p-value 0.001) detected for bacterial and archaeal communities according to 16S tag analyses of DNA, i.e. present and past, is also apparent in the PCoA plots but only when assessing the maximum number of sequences, we can compare without losing subsamples during analyses (supplementary figure S17). They form two major groups in line with the two sampled years. Intriguingly, while samples from 2019 form a distinct group, those sediment horizons from 2018 are considerably more spread out than those from 2019. We posit that the 2018 DNA may be reflecting different stages of the present and past communities under colder, oxic versus warmer, hypoxic or anoxic bottom water conditions. When defining a smaller subset to be analyzed, DNA-based communities cluster (supplementary figure S17A). This could be related to the randomization process, where by chance more abundant sequences are likely favored over less abundant sequences when chosen for analyses. Hence, when by chance more low abundance sequences (cut-off value here 5%) are incorporated into the analyses a distinction between the seasons and years can be noted based on DNA (supplementary figure S17). The disproportionally large relevance of low abundant microbial lineages has been stressed before and concepts have suggested their major role despite relative minor abundance for shaping the community structure and affecting its functionality (de Cena et al., 2021).
Origin of DNA. It currently remains uncertain whether DNA enrichments of specific 16S tags result from (i) entrainment through water column as a transport vehicle from sediments of other regions, (ii) are relicts of the last weeks or months or (iii) relicts from years ago. The first appears unlikely, since it would take many dead cells transported with a current to be deposited at different locations over time at Boknis Eck. More likely is that the DNA enrichment indicates past communities for which other environmental conditions were favorable. If these were directly from October 2018 and March 2019, we would expect to see that in the seasonal variation of the RNA profiling patterns but this is not the case. Hence, the changes must have happened further back in time, and we posit that at least some of the documented changes from October 2018 over time as reflected in DNA profiling could be dated back to possibly even years. The noted significant shifts in DNA for Bacteria and Archaea between October 2018 and March 2019 may reflect long-term changes manifested in DNA that can be stable over longer time periods (Torti et al., 2015). Nevertheless, only monthly sampling with combined porewater geochemistry and respective 16S tag analyses will shed light on these uncertainties.

Most Probable Numbers of iron-metabolizing bacteria Micro-organisms were successfully enriched in MPN set ups for Fe(III)-reducers, both with acetate/lactate or dihydrogen as an electron donor. Enrichment was also successful in ZVI plates and gradient tubes which promote microaerophilic Fe(II)-oxidizing metabolisms.
Most probable number estimates of Fe(III)-reducers (supplementary figure S8) showed higher maximum abundances with both electron donors during the autumn 2018 cruise, however these differences were within the error range for most depths. There was also no clear trend in cell abundance with depth for either electron donor or sampling campaign, except for a generally decreasing trend in the C-utilizing Fe(III)-reducers from the spring  2019 cruise.   
Cell numbers in the enrichments promoting microaerophilic, Fe(II)-oxidizing conditions showed the highest cell numbers of any of the set ups. In 2018, these range from 10² to 108 cells/g sediment. We considered these numbers to be particularly high and were concerned about the specificity of the assay for microbes of this metabolism as the oxidation of ZVI can produce hydrogen as a by-product and would, therefore, also enable growth of hydrogen oxidizing bacteria. Therefore in 2019 we adopted the classical gradient tube cultivation for Fe(II)-oxidizers in which the Fe(II)-oxidizing microbes form a distinctive orange band during Fe(II)-oxidation. In this set up we found the numbers to be even higher at most depth intervals than determined in 2018 with the ZVI method (ranging from 104 to 109 cells/g sediment). Visual observation of the gradient tubes indicated that other metabolic types could also grow in the gradient tubes as the low dilution samples exhibited the formation of black mineral deposits (likely FeS minerals) during incubation (supplementary figure S12). 

Data Availability Statement
Sequence data was deposited at the SRA (Sequence Read Archive) of NCBI (National Center for Biotechnology Information) under the BioProject ID PRJNA901661.
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Supplementary tables

Supplementary table S1: Overview of analyses performed with the seven sediment cores of the 2018 and 2019 sampling campaigns. Bacteria and Archaea refers to the analysis of 16S gene tags. Geochemical analyses were performed with sediment cores taken adjacent to the microbiology cores.
	
	
	October 2018
	March 2019

	
	
	MIC1-M (D1)
	MIC1-G (D1)
	MIC3-M (D2)
	MIC2-G (D2)

	MIC1-M (D1)

	MIC1-G (D1)
	MIC3-M (D2)

	
	Coordinates
	54°31.56’N,
10°02,52’E
	54°31.60’N,
10°02,44’E
	54°31.54’N,
10°02,57’E
	54°31.73’N,
10°02,21’E

	Bacteria
	DNA seq
	+
	-
	+
	-
	+
	-
	+

	
	RNA seq
	+
	-
	+
	-
	+
	-
	+

	
	qPCR
	2-3 cm
20-22 cm
	-
	-
	-
	2-3 cm
20-22 cm
	-
	-

	
	CARD-FISH
	0-3 cm
20-22 cm
	-
	-
	-
	0-3 cm
20-22 cm
	-
	-

	
	DAPI
	all horizons
	-
	-
	-
	all horizons
	-
	-

	Archaea
	DNA seq
	+
	-
	+
	-
	+
	-
	+

	
	RNA seq
	+
	-
	-
	-
	+
	-
	-

	
	qPCR
	2-3 cm
20-22 cm
	-
	-
	-
	2-3 cm
20-22 cm
	-
	-

	
	CARD-FISH
	2-3 cm
20-22 cm
	-
	-
	-
	2-3 cm
20-22 cm
	-
	-

	Pore water chemistry
	-
	+
	-
	+
	-
	+
	-

	Fe speciation
	-
	+
	-
	-
	-
	+
	-

	Modeled rates
	-
	+
	-
	+
	-
	+
	-


MIC=minicorer, where D abbreviates Deployment, M stands for Microbiology analyses and G denotes Geochemistry; +: analysis was performed, -: analysis was not performed for the respective sample
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Supplementary table S2. Depth-integrated rates (0 - 100 cm) for Oct. 23th, 2018 and March 15th, 2019 (in µmol cm-2 yr-1)
	
	Oct. 2018
	March 2019

	RPOC (µmol C cm-2 yr-1)
	1460
	494

	RO (µmol C cm-2 yr-1)
	700
	386

	RSR (µmol S cm-2 yr-1)
	418
	58.4

	RM (µmol CH4 cm-2 yr-1)
	4.77
	1.38

	RSO (µmol S cm-2 yr-1)
	181
	82.9

	RAOM (µmol CH4 cm-2 yr-1)
	74.4
	50.1




Supplementary table S3. Reactions and functions considered in the model. All rates are calculated in µmol cm-3 yr-1 where cm3 refers to the porewater volume.
	Reaction
	Kinetic rate law

	POC degradation
	

	POC degradation in oxic/suboxic surface layer
	

	Dissimilatory sulfate reduction
	

	Methanogenesis
	

	Sulfide oxidation
	

	Anaerobic methane oxidation
	

	Boltzmann function
	

	Porosity
	

	Burial velocity of porewater
	

	Burial velocity of sediment
	

	Heat capacity of bulk sediment
	

	Thermal conductivity of bulk sediment
	

	Tortuosity
	

	Diffusion coefficient in sediments
	

	Molecular diffusion coefficients1
	


1: Molecular diffusion coefficients are calculated as function of temperature (T) and salinity (S) for each tracer using equations given in Boudreau (Boudreau, 1997).



Supplementary table S4. Parameter values applied in the model
	Parameter
	Symbol
	Value
	Units

	POC rain rate
	RRPOC
	0.8
	mmol cm-2 yr-1

	Rate constant for RPOC
	B0
	0.5
	mmol cm-3 yr-1

	Rate constant for RPOC
	B1
	0.58 (calculated from RRPOC)
	cm

	Rate constant for RPOC
	B2
	-2.21 (calculated from RRPOC)
	-

	Mean temperature
	Tmean
	7.31
	°C

	Monod constant for RSR
	
	0.01
	mM

	Kinetic constant for RSO
	kSO
	500
	yr-1

	Kinetic constant for RAOM
	kAOM
	5
	mM-1 yr-1

	Porosity at x = 0
	P0
	0.95
	-

	Porosity after compaction
	PF
	0.85
	-

	Attenuation coefficient for P
	p
	3
	cm

	Burial velocity after compaction
	vf
	0.39
	cm yr-1

	Heat capacity of porewater
	HW
	4.14
	J cm-3 K-1

	Heat capacity of solids
	HS
	2.15
	J cm-3 K-1

	Thermal conductivity of porewater
	λW
	0.58
	W m-1 K-1

	Thermal conductivity of solids
	λS
	2.5
	W m-1 K-1





Supplementary table S5. Rate term applied in partial differential equation Eq. 2 for each species
	Species
	Rate term (R)

	Chloride
	0

	Sodium
	0

	Sulfate
	- 59/106 RSR – RAOM + RSO

	Methane
	59/106 RM – RAOM

	Sulfide
	59/106 RSR  + RAOM - RSO





Supplementary figures

Supplementary figure S1. 
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Seasonal variability of the water column parameters. (A) temperature (°C), (B) oxygen (µM), (C) salinity (psu), (D) ammonia (µM), (E) nitrate (µM), (F) nitrite (µM), (G) phosphate (µM), (H) silicate (µM), and (I) methane (nM) at Boknis Eck from January 2018 to April 2019. Our sediment sampling campaign took place in October 2018 and March 2019.



Supplementary figure S2. 
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Phytoplankton (A, B) and total dissolved amino acids (C) for the water column. Phytoplankton in March (A) and October (B) between 2015 and 2019 and mean and standard deviations of total dissolved amino acids for the water column for the years 2015 to 2019 and specifically for the months March and October in C. Phytoplankton cell counts were determined according to their fluorescence either based on the pigments chlorophyll a (Chl a, red fluorescence, including e.g. small diatoms) or phycoerythrin (phy, orange fluorescence, including cyanobacteria). Furthermore, they were divided into pico- (< 2 µm) and nanoplankton (2 – 20 µm).


Supplementary figure S3. 
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Profiles of biogeochemically reactive Fe species in the sediment solid phase in October 2018 (blue) and March 2019 (red). (A) poorly crystalline (Fe(III)HCl) and crystalline (FeDith) Fe oxides; (B) Fe(II) monosulfides and pyrite; (C) extent to which solid phase Fe(III) has been converted to solid phase Fe(II) (1 equals 100 % Fe(II)).

Supplementary figure S4. 
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Rates of particulate organic matter (POC) degradation calculated in the model for October 2018 and March 2019. A and B: POC degradation rate in oxic–suboxic surface layer, C and D: Rate of dissimilatory sulfate reduction, E and F: Rate of methanogenesis.





Supplementary figure S5.
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Rates of secondary redox reactions calculated in the model for October 2018 and March 2019. A and B: Rate of sulfide oxidation in oxic–suboxic surface layer, C and D: Rate of anaerobic oxidation of methane.





Supplementary figure S6. 
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Taxonomy plots of bacterial 16S tags (>3%) for RNA (A-D) and DNA (E-H) for October 2018 and March 2019. Z=Zone


Supplementary figure S7. 
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Taxonomy plots of archaeal 16S tags for RNA (A and B) and DNA (C-F) for October 2018 and March 2019. Z=Zone


Supplementary Figure S8
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Most probable number estimate of Fe(III)-reducing bacteria using acetate/lactate (left) or dihydrogen (right) as electron donor.




Supplementary figure S9. 
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Model results and data for dissolved chloride in sediment porewater from October 23rd 2018 (A) and March 15th 2019 (B).


Supplementary figure S10. 
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Model results and data for dissolved sulfate, sulfide and methane at October 23th 2018 and March 15th 2019. A and B: dissolved sulfate, C and D: dissolved sulfide, E and F: dissolved methane (no methane data available).


Figure S11
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Most probable number estimates of cells which grow under conditions conducive to microaerophilic Fe(II)-oxidizing conditions. 2018 estimates come from incubations in ZVI plates whilst 2019 estimates come from growth in gradient tubes.  



Figure S12
[image: ]An example dilution series in gradient tubes. Growth of microaerophilic Fe(II)-oxidizers shown by orange bands.  Black precipitates at low dilutions likely indicative of subsequent reduction of oxides formed in the tubes.



Supplementary figure S13.
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Bottom water temperature (A) and salinity (B) applied as time-dependent upper boundary condition. Symbols indicate data measured at 25 m water depth, lines are interpolation functions fitted through the data that are employed as upper boundary condition. The modeling period extends from Jan. 1st, 2018 to March 31st 2019. Sediment cores were taken in Oct. 2018 and March 2019. Sampling dates are marked by “S”.
 








Supplementary figure S14.
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Estimated per cell AOM, SR and SO rates for sediments from October 2018 and March 2019.








Supplementary figure S15. 
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Model results for temperature (A) and dissolved chloride (B) in the sediments.


Supplementary figure S16. 
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Shannon diversity indices for DNA- and RNA-based analyses of Bacteria and Archaea in the different sediment cores.


Supplementary figure S17. 
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Unweighted Principal coordinate analyses (PCoA) for RNA from Bacteria (A, B) and Archaea (C, D). The threshold of sampling depth is set for 1000 sequences (A, C) and 2053 for bacterial (B) and 2625 for archaeal (D) sequences. The first two principal coordinates (PCo1 and PCo2) are plotted. Similarities and dissimilarities of the microbial communities are visualized for sediments collected in October 2018 (MIC1 and MIC3) and March 2019 (MIC1 and MIC3).
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