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Introduction 
The supporting information includes the full description of the stable silicon isotope methodology (Text S1), as well as supporting figures (Figures S1 and S3), one table (Table S1) and two datasets (Datasets S1 and S2).
The data are divided into two datasets and provided as Additional Supporting Information: Dataset S1 contains the dissolved stable silicon isotope compositions (δ30SiDSi) and Si concentrations ([DSi]) determined in the isotope samples (see main text for description of both sample sets). It also contains nutrient concentrations ([DIN], [DIP]) interpolated from the nutrient samples. Dataset S2: includes measured nutrient concentrations ([DIN], [DIP] and [DSi]) determined in nutrient samples. Samples were recovered in the Laptev Sea during the summers of 2013 and 2014 (expeditions Transdrift 21 and 22, respectively) and the winter of 2012 (expedition Transdrift 20). The dataset based on nutrient samples is further subdivided into the years of sample recovery.

Text S1. Full description of the silicon isotope methodology
The validity of the entire pre-concentration, purification and measurement procedures for dissolved Si isotope analysis applied in our study was confirmed through participation in the international GEOTRACES Si isotope intercalibration study (Grasse et al., 2017). All samples were first treated with ultraviolet light (254 nm and 365 nm, UV hand lamp from Herolab GmbH, reference 2950740) and diluted (0.1 %) hydrogen peroxide (H2O2) to destroy dissolved organic matter (Hughes et al., 2011). The UV lamp was placed as close as possible (< 2 cm) to the surface of the samples, which were submitted to UV-C and UV-A radiations in open Savillex® PFA vials for at least 24 hours with periodic additions of H2O2 approximately every 8 hours. The MAGIC method was applied for pre-concentration of Si, which involves semi-quantitative co-precipitation of dissolved Si with magnesium hydroxide (Karl and Tien, 1992; Georg et al., 2006). This reaction was achieved through a two-step addition of 1 M NaOH (10 µL/mL) at a pH of ~10 after the seawater was neutralized (see also Ehlert et al., 2012; Grasse et al., 2013; Reynolds et al., 2006). Following the first NaOH addition, the samples were shaken for at least three hours and subsequently left for equilibration for at least 24 hours before they were centrifuged for 10 minutes at 4000 rpm. This procedure was repeated after the second NaOH addition. The supernatant was discarded before the final precipitate was rinsed with deionized (18.2 MΩ*cm, Milli-Q system) water and recovered by centrifugation. Depending on the [DSi] of the samples, different amounts of seawater were processed to ensure that ~70 µM of Si were available for ion-exchange chromatography. For samples with [DSi] > 10 µM, sample volumes of 30 mL or less were used and only one pre-concentration round was required. For samples with [DSi] < 10 µM, the sample volume ranged between 60 and 90 mL, and the entire pre-concentration procedure had to be repeated two (60 mL) or three (90 mL) times, given that only 30 mL of the samples could be pre-concentrated at once. For this purpose, the recovered precipitate from the first pre-concentration round was dissolved in 100 µL ultra-pure concentrated HCl before the next 30 mL of seawater were added, and the pre-concentration was repeated. After the final pre-concentration round, the precipitates were dissolved in ultra-pure concentrated HCl and diluted with deionized (18.2 MΩ*cm, Milli-Q system) water. Recovery of Si was monitored for every sample and after every precipitation step, and only samples with > 97 % Si yield were considered for further treatment. Silicon purification was achieved through column chromatography using a pre-cleaned cation exchange resin (BIORAD® AG50W-X8 resin, 200–400 µm mesh-size, 1.0 mL resin bed) and following the recipe described by Georg et al. (2006) and modified by de Souza et al. (2012). This included dilution of the purified Si with deionized (18.2 MΩ*cm, Milli-Q system) water. 
The isotope ratios were measured at Si concentrations ranging between 20 and 30 µM depending on the instrument’s performance. Samples with lower Si concentrations were slowly dried down to obtain the concentration required. The solutions were introduced into a dry plasma via a Cetac Aridus II desolvator equipped with a PFA nebulizer with an uptake rate of 60 to 80 µL/min. For 28Si, this resulted in a measurement intensity of 3 to 4.5 V and stable background intensities lower than 30 mV corresponding to less than 1 % of the sample signal. Silicon isotope compositions are reported in δ-notation, which represents the parts per thousand deviation of the sample ratio relative to that of the NIST standard NBS28, as follows: δxSi = [(xSi/28Si)sample/(xSi/28Si)NBS28)-1]*1000, where x is 29 or 30. Each individual measurement consisted of sixty cycles in one block, and every sample was measured three to five times within a 1-day session following a standard-sample bracketing approach. The samples were measured on at least two different sessions resulting in at least six analytical replicates of each sample. In addition, the entire chemical preparation was repeated for many samples to detect potential fractionation during Si pre-concentration and purification. For each sample, the number of analytical replicates (n), individual sessions (S) and chemical preparations (N) is provided in the Dataset S1. The external reproducibility is given as 2σ standard deviation of all analytical replicates of the mean δxSi value, ranging between 0.12 and 0.33 ‰ for all samples. The external long-term reproducibility of repeated measurements of the NBS28 standard was within the long-term precision of ± 0.20 ‰ (2 SD), which represents the error bars provided for the majority of the δ30Si data of our study, except for the few samples with individual 2 SD larger than ± 0.20 ‰ for which the individual 2 SD was used as error bars of the δ30Si data.
Repeated measurements of widely applied reference materials were performed to ensure stability of the instrument and reproducibility of the Si isotope analyses. The solid reference standards Big Batch, Diatomite and IRMM resulted in mean δ30Si of −10.56 ± 0.17‰ (n = 17), +1.26 ± 0.11 ‰ (n =33) and -1.42 ± 0.12 ‰ (n = 42), respectively, which are in very good agreement with consensus values from Reynolds et al. (2007). For the seawater standards ALOHA1000 and ALOHA300 established during the GEOTRACES seawater Si isotope intercalibration exercise, δ30Si signatures of +1.25 ± 0.10 ‰ (n = 30) and +1.86 ± 0.12 ‰ (n = 6), respectively, were determined. 
These values are identical within error to literature values from Grasse et al. (2017). Our samples and standards fall along a mass-dependent fractionation array in the δ29Si versus δ30Si field with a slope of 0.5138 (Figure S1), which is between the equilibrium (0.5178) and kinetic (0.5092) mass-dependent fractionation (Young et al., 2002) and very close to a slope of 0.5131 reported by Grasse et al. (2017) for the two ALOHA standards.
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Figure S1. Three Si isotope plot of Si isotope standards and Laptev Sea samples.
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Figure S2. Surface distribution of DSi star ([DSi]DIN* = [DSi] – [DIN]) and DIP star ([DIP]DIN* = [DIP] - ([DIN] / 16)) in µM for the summers of 2013 and 2014.
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Figure S3. Dissolved Si isotope compositions of summer surface samples versus the remaining fraction f (remaining [DSi] from the available pool) indicating the fractionation factors for Rayleigh-type (30ε = -1.34 ‰) and steady-state-type (30ε = -2.04 ‰) conditions. Si isotope data indicated as diamond symbols. Theoretical model fits assuming a -1.1 ‰ are color shaded with the potential compositional range accounting for the different end-members (i.e. Lena, AAW).
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Figure S4. Upper section: Distribution of dissolved Nd isotope compositions (reported as εNd) in the upper water column along the GEOTRACES transect GN04 (Paffrath et al., 2021) from the northern Barents Sea (A) to the central Arctic Ocean (B) showing the two different water component domains (Lena and Yenisei/Ob) within the Transpolar Drift (TPD). Middle section: [DSi]DIN* calculated based on nutrient data from the same expedition (van Ooijen et al., 2016). Lower section: Dissolved stable silicon isotope compositions (δ30SiDSi) from the same expedition (Liguori et al., 2021). Note that the δ30SiDSi value (+1.51 ‰) of the sample recovered at 30 m depth at station 69 has been excluded due to inconsistency in the [DSi]-δ30SiDSi relationship between this and all other samples.


Table S1. Comparison of nutrient concentration data with literature in deeper waters (between 150 and 300 m). For our comparison, we used data from samples collected in 2015 along a 125 °E Laptev shelf slope transect (data from the Nansen and Amundsen Basin Observation System II, NABOS-II; https://arcticdata.io) and from the central Arctic Ocean (data from RV POLARSTERN expedition PS94, ARK-XXIX/3, stations 58-134; van Ooijen et al., 2016). In addition, [DIN] and [DIP] data published by Thibodeau et al. (2017) are included, which have been measured on samples recovered during the same 2014 cruise to the Laptev Sea but treated independently. The errors are given as 1SD.

	Published data
	[DIN] (µM)
	[DIP] (µM)
	[DSi] (µM)

	2015 (frozen; NABOS-II)
	12.24 ± 1.65 (n = 38)
	0.73 ± 0.18 (n = 42)
	4.92 ± 0.91 (n = 42)

	2015 (onboard; GEOTRACES, PS94)
	11.57 ± 0.95 (n = 101)
	0.80 ± 0.04 (n = 101)
	5.53 ± 0.49 (n = 101)

	2014 (frozen; Thibodeau et al.)
	9.73 ± 0.88 (n = 9)
	0.82 ± 0.12 (n = 9)
	-

	This study
	 
	 
	 

	2013 (frozen)
	7.28 ± 0.92 (n = 7)
	0.70 ± 0.03 (n = 9)
	5.44 ± 0.38 (n = 9)

	2014 (on board)
	9.59 ± 1.41 (n = 18)
	0.76 ± 0.08 (n = 20)
	6.04 ± 0.63 (n = 20)

	2013+2014 (not frozen; filtered)
	-
	-
	4.87 ± 0.77 (n = 5)
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