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Methods

Sampling and onboard procedures

Seawater samples were collected at 10 stations during R/V Polarstern cruise PS94
(ARKXXIX/3, GEOTRACES transect GN04, August to October 2015) from Tromsg,
Norway, to Bremerhaven, Germany. Seawater was sampled from 24L-Niskin bottles by
following GEOTRACES protocols (GEOTRACES Cookbook!). The water was directly
filtered from the Niskin bottles through AcroPak™3500 Capsules with Supor Membrane (pore
size: 0.8/0.2 pm) into acid-cleaned LDPE containers for Nd isotope analyses and into HDPE
bottles for REE concentration analyses using Teflon-lined Tygon tubing. The filter cartridges
were precleaned with seawater prior to sample collection and rinsed with MQ water between
the stations. The cartridges were used for approximately the same depths at each station.
Samples for Nd isotopes were preconcentrated using one SepPak C18 cartridge (Waters Inc.)
per 5 or 10 L and were preloaded with 300 mg of 2-ethylhexyl phosphate (HDEHP, Merck)
using a method modified after Shabani et al.> and Jeandel et al.>. Samples for [REE] were
acidified to a pH < 2 using 6 N ultrapure distilled HCI1 (Teflon still). MQ water from the

onboard system used to rinse the filters was collected to obtain total procedural blanks.

Neodymium isotope preconcentration and analysis

In the home laboratory, every C18 cartridge was rinsed with 5 mL 0.01 N ultrapure distilled
HCI to remove remaining Ba and the REEs were eluted using 35 mL ultrapure distilled 6 N
HCI following established methods®*. Nd was purified using two-step chromatography*. The
first column filled with Triskem TRU resin (particle size 100— 150 pm) was used to remove
remaining HDEHP from the cartridge. In a second step, the Nd was separated from the other
REEs using Triskem LN resin (particle size 100— 150 pm). HCI and HNOs3 used for these
procedures were all ultraclean distilled.

The Nd isotopes (MNd/"*Nd, expressed as
end = [[("*Nd/**Nd)sample/("P*Nd/"**Nd)crur] -1] x 104, with CHUR: Chondritic Uniform
reservoir’) were analyzed using a Thermo Scientific Neptune Plus multi-collector inductively
coupled plasma mass spectrometer (MC-ICP-MS) at the ICBM in Oldenburg. A Cetac

Aridus II desolvating nebulizer system was used for sample introduction. The samples were



measured for 1 x 36 cycles at concentrations ranging between 5 and 20 ppb Nd in 250 pL
solution with peak centering prior to the measurement session. The Nd standard JNdi-1 was
measured after every 2-3 samples at the same concentration as the samples. The measured
Nd/'"Nd ratios were corrected for the instrumental mass fractionation using an
exponential law and '*Nd/'*Nd = 0.7219%. If possible (positive correlation between
3Nd/**Nd and *’Nd/'"**Nd), we applied a secondary mass bias correction using a linear
correlation’ of '*Nd/'*Nd and '**Nd/'**Nd. All data were normalized to the accepted value
for the JNdi-1 standard® of **Nd/'**Nd = 0.512115. The external reproducibility was
monitored with repeated measurements of JNdi-1 and an in-house Nd standard, with Nd
concentrations matching those of the samples, during the measurement sessions and for
JNdi-1 was typically better than + 0.4 exg units (2SD, n = 4-16 per session). The analysis of
one duplicate sample and repeated measurements of 6 samples showed agreement within the
analytical uncertainty. In Table S1, the internal, external and propagated errors (calculated
from internal and external error, 2SD) are shown. Blanks were processed identically to the
samples and spiked with a '*Nd spike for Nd quantification via MC-ICP-MS. Total
procedural blanks (n = 3) from the shipboard MQ system were < 37 pg Nd, the procedural
laboratory blanks (n = 16) were < 6 pg Nd, which represent < 3 % and < 1 % of the lowest

sample concentration, respectively.

Rare earth element preconcentration and analysis

For the determination of [REE], isotope dilution ICP-MS analysis was applied following the
method described in Behrens et al.”. Briefly, 10-20 mL seawater aliquots were spiked with a
multi-element REE spike, processed with an automated seaFAST-pico system (ESI) in
offline mode for REE preconcentration and matrix removal, and REEs were analyzed using
a Thermo Finnigan Element II ICP-MS in combination with a Cetac Aridus II desolvating
nebulizer system. Nitrogen supply allowed for reduction of oxide formation to < 0.04 % for
Ce-oxide, corrections for oxide formation were therefore not necessary. For accuracy and
external reproducibility, the seawater standard SAFe 3000 m (n = 13) was used. The values
agreed well within 7 % of the published average [REE] of four different labs® and showed a
reproducibility of < 10 % (2SD) and 35 % for Ce. Total procedural blanks from shipboard
MQ water, procedural lab blanks (2 % HNOs, distilled, seaFAST preconcentration), and

analytical blanks (2 % HNO3, distilled) were in general < 1.8 % (< 10 % for Ce) of the lowest
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sample concentration. The blanks were spiked for isotope dilution analysis after
preconcentration and/or prior to the measurement. The ratios of HREE/LREE were
calculated after Martin et al.!” after REE normalization to Post Archean Australian Shale
(PAAS'!). The standard deviation of the standard SAFe 3000 m (n = 12) for HREE/LREE
was 4.6 % (2SD).

Intercalibration

The laboratory at the ICBM in Oldenburg is intercalibrated for [REE] through analysis of
GEOTRACES standard SAFe 3000 m’ and for Nd isotopes through analysis of
GEOTRACES intercalibration samples BATS 15 m and 2000 m and SAFe 3000 m!'2.
Comparison of REE analyses from a crossover station in the central Arctic Ocean (station
PS94-101) of this cruise and R/V Healy cruise HLY 1502 (station 30; analyzed by Brian
Haley, CEOAS, Oregon State University) show agreement within 4.6 % for Nd and 9.3 %
for Er (water depth > 1000m'?). Neodymium isotope analyses of two replicate samples from
the Fram Strait (sample ID: PS100, station 125, 10 m and 150 m) measured at GEOMAR
and at [ICBM (G. Laukert and R. Paffrath, unpubl. data) show agreement within the analytical

uncertainty.

Calculation of water mass fractions based on salinity, 630 and N/P ratios

Salinity and stable oxygen isotopes (5'*0) combined have been applied to determine the
fractions of a marine component, meteoric water and sea-ice melt (SIM)!*. The §'*0
composition of the water is a conservative property that is altered by fractionation due to
phase transitions only. Uncertainties in water mass fractions in the 3-component water mass
analysis based on salinity and §'®0 therefore depend on errors of the chosen endmembers
only and result in median standard deviations of 1% and 0.6% for meteoric water and sea-ice
meltwater, respectively'>. The 3-component water mass analysis was complemented by
nutrient relationships (e.g. N/P and/or PO4*) in the early 2000s to allow for a 4-component
mass-balance enabling further discrimination of the marine component into Atlantic and
Pacific water!®!°. This approach, however, remains challenging due to shelf processes
producing nutrient signatures in Siberian shelf derived waters similar to Pacific waters'®*°

and differences in estimates of Pacific water fractions based on the different methods are of

up to 60 and 40 % in the central Arctic Ocean and Fram Strait, respectively!'>?!. Therefore,
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we refrain here from using Atlantic and Pacific fractions from the 4-component mass-balance
but use the meteoric water fraction and SIM-corrected salinities, which are identical within
error with those determined based on the 3-component analysis. The few values referred to
for fractions of Pacific water based on the N/P method were calculated as described by Bauch

etal.'’.

Calculation of water mass fractions based on salinity, 880, [Nd], exa and mass
conservation (Nd-method)

Calculation of water masses is performed using a two-step method solving linear equations:
In a first step, the fractions of marine water (mar), meteoric water (met) and sea-ice melt

(SIM) are calculated using salinity and §'%O:

1= fmar+ fmet+ fSIM (1)
Smeas: fmar*smar+ fmet>l< Smet+ fSIM*SSIM (2)
Slgomeas: fmar* 8180mar+ fmet* 6180met+ fSIM*SWOSIM (3)

For water depths without §'*0O measurements, the §'*O value was interpolated from over-
and underlying samples (Supplementary Table 2). Calculated meteoric fractions are used for
further qualitative evaluation (presented in Figs. 3+4 of main article) but are not further used
for Nd-based calculations. Sea-ice melt/formation cannot be directly considered in the water
mass calculations using [Nd] and eng as the effect of sea-ice melt/formation on these
parameters is not well understood. It was suggested before that incorporation of Nd into sea
ice is proportional to salinity changes and that eng of the formation region is preserved in the
sea ice?”. However, REEs are only incorporated into the sea ice” to a small extent, therefore
changes in [Nd] or eng related to SIM are not considered directly in our study as the SIM is
considered to be relatively low (< 8 %). Nonetheless, the salinity is corrected for the fraction
of SIM as described in Rosen et al. (2015)%*.

The salinity corrected for SIM together with measured [Nd] and eng is used to
calculate the water mass fractions. Endmembers used are Atlantic, Pacific, Lena and
combined Yenisei/Ob river water, given their very similar [Nd] and eng compositions. The

endmember values are listed in Supplementary Table S2.



1= o+ fpt f + fy0 (4)
SSIM—corrected= fA*SA+ fP>x< SP+ fL*SL+ fY/O>x< SY/O (5)
[Nd] .= Ta*[Nd],+ fp* [Nd],+ fy *[Nd], + fy,0* [Nd]Y/O (6)

fo*eNda*[Nd],+ fp* eNdp* [Nd]p+ fi *eNdp *[Nd]; + fy,0* eNdy,0* [Ndly o %)
fA*[Nd],+ fp* [Nd]p+ fL*[Nd] + fy/0* [Ndly o

meas

ENdmeas™

To obtain a set of linear equations, equations (6) and (7) can be replaced by equations (8) and

(9):

['®Nd]__. = fa*['*Nd]  + fp* [“Nd],+ £ *["*Nd], + fy,0* ['*Nd]y, ®)
[Nd]__ = fa*["**Nd]  + fp* [“Nd],+ £ *["Nd], + fy0* ["“Nd]y, ©)
with

[1%Nd] _ =0.238 * [Nd]

meas meas

meas

3N g
[143Nd] _ [ ENdmeas +1) * * [144Nd]
meas 10,000 "Nd cHUR

where fa, fp, fi and fyv/o refer to the fractions of Atlantic, Pacific, Lena and Yenisei/Ob,
respectively, and S, [Nd] and eng with subscripts are endmember values: SIM-corrected
salinity and measured values of Nd concentration and eng. Differences between measured
and calculated (based on the water mass fractions) values for all parameters are a measure
for the quality of the calculations for the water masses and are comparably low as for the

method based on oxygen isotopes and nutrients.

Discussion

Limitations of the water mass inventory based on the Nd-method

Applying the Nd-method with the four endmembers Atlantic, Pacific, Lena and Yenisei/Ob
in the central Arctic Ocean, more than one combination of the four endmembers is possible
to describe the parameters adequately for some of our samples. This is due to the
insufficiently distinct endmembers of the chosen parameters. In fact, slight variations of the
parameters within analytical error can lead to considerably different solutions for the

calculated water mass fractions. The main problem arises from the similar eng signatures of
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Pacific and Yenisei/Ob and of Atlantic and Lena waters, so that mixtures of e.g. Pacific and
Lena or Atlantic and Yenisei/Ob can both result in identical salinity, eng, and [Nd] values.
That is, for some samples there is more than one possible solution to mix the endmembers
adequately to obtain the measured values for the respective parameters.

Further limitations are the endmember compositions: the river endmembers for
Yenisei and Ob were only measured once and there is no information available about the
seasonal or inter-annual differences in the Nd supply to the open ocean. Additionally, the
calculations account for 75 % Nd removal but the actual removal may be lower in waters
advected to the central Arctic Ocean in less time than it takes to reach maximal removal (e.g.
possibly in years with fast and direct northward advection of the Lena plume). To a smaller
extent, additional endmembers like the Kolyma river could contribute to the central Arctic
Ocean that are not considered in the 4-endmember calculation. Seawater-sediment
interactions may also result in non-conservative changes in exg and [Nd], as for example
suggested for the Chukchi Shelf?*. Such interactions could, however, not be confirmed for

the Laptev and Barents Sea shelves?*?

and instead sea-ice processes were suggested to
influence [Nd] on the shallow Arctic shelves®*. Currently the impact of sea-ice formation and
melting on results of the Nd-method cannot be assessed given the unknown element fluxes
during these processes and given the strong variability in the initial seawater concentrations,
but these processes do not appear to significantly decouple [Nd] and enq distributions on the
basin scale.

Even though Nd isotopes have been shown to be water mass tracers and have been
used for this purpose in various studies?’?, this quantitative Nd-method cannot be
unambiguously applied to give a unique solution in the central Arctic Ocean. However, even
though the method is not applicable in the setting presented here and with the available
parameters, it may be a suitable complement to the methods based on oxygen isotopes and
nutrient relationships in other regions where the endmember parameters used are more
distinct. For the central Arctic Ocean, it may be useful if other parameters become available
for the differentiation of Pacific and Yenisei/Ob water (to complement the Nd-method) or
Atlantic and Pacific water (as a replacement for nutrient relationships). For example, recent
assessment of CDOM (colored dissolved organic matter) in the central Arctic Ocean’’ shows
that different organic components can be distinguished by their fluorescence spectra, which

could be helpful to tell Pacific and river water apart.
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Figure S1. eng vs. 1/[Nd] of samples < 100 m water depth. Endmembers are presented as
black squares. The meteoric fraction is presented in color. Small grey dots represent
samples from the Central Arctic from other studies (Andersson et al., 2008; Porcelli et al,
2009; Zimmermann et al., 2009). The figure was produced using Ocean Data View
(Schlitzer, 2018) and modified manually.
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Figure S2. Relationship between REE concentrations and indicators of river water.
Correlation of Nd concentration (upper panels) and Er concentration (lower panel) with the
fraction of meteoric water (left; calculated via oxygen isotopes and salinity) and DOC
(right; Charette et al.'®) for samples < 200 m water depth in the TPD (st. 69-125). P-values
for all correlations are < 0.05.
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Figure S3. Examples of REE patterns of an Atlantic-only influenced station (32) and a river and

Pacific influenced station (96).
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Figure S4. Neodymium concentrations vs. PAAS-normalized HREE/LREE with the meteoric
fraction [%] (left panel) and the eng signature (right panel) in color for the top 200 m. The figure
was produced using Ocean Data View’! and modified manually. The errors for [Nd] and
HREE/LREE ratios are 1.9 % and 2.3 % (1RSD), respectively.
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Table S1. Hydrographic data®’, DOC'3, oxygen isotopes, REE and Nd isotopes. Note that the hydrographic parameters are bottle data for
REE and Nd isotope samples, DOC and oxygen isotope samples are partly sampled from different bottles/casts. Values in italics are
calculated from samples from other (above and below) water depths.

Temper sea-ice meteoric SIM-corr HREE/ int. ext. prop. sec.

Station Cast Bottle Latitude Longitude Depth ature Salinity 5'®0 melt (SIM) water Salinty DOC La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu LREE &g error error error corr.
[#] ['N] [°E] [m] [*C] [%o] [%] [%] [umol/kg] [pmol/kg]

PS94-32 9 18 81.8597 30.8387 104 -1.30 32.784 0.103 54 0.5 34367 608 212 69 41 164 37 09 54 08 56 14 47 07 43 08 41 -111 02 02 03 x
PS94-32 9 16 81.8597 30.8387 50 -1.12 34.323 0.141 1.5 0.2 34.686 200 104 42 163 38 09 53 08 6.0 15 51 07 46 08 43 -110 03 02 04 x
PS94-32 9 13 81.8597 30.8387 101.1 1.69 34.781 0.182 -0.3 0.9 34720 56.1 247 121 46 199 41 10 55 09 66 15 52 07 48 08 37 -112 03 03 04 x
PS94-32 9 10 81.8597 30.8387 201.3 2.66 34.985 0.262 -0.5 0.5 34861 595 265 93 46 206 4.0 10 55 08 6.2 15 49 07 44 08 35 -116 03 02 04 x
PS94-40 3 23 827065 309177 9.6 -1.52 33.633 0.085 34 0.4 34492 583 251 116 48 199 39 1.1 56 09 65 16 52 08 50 08 39 -106 02 02 03 x
PS94-40 3 19 827065 30.9177 298 -1.70 34.294 0.013 0.7 1.3 34.460 -109 03 03 04 x
PS94-40 3 16 827065 30.9177 50 -1.72 34.395 -0.004 0.1 1.5 34.410 220 110 42 177 35 09 54 08 59 14 49 07 44 08 40 -106 03 03 04 x
PS94-40 3 9 827065 30.9177 100 -0.41 34.562 0.113 0.1 1.0 34593 597 254 141 54 201 46 1.1 6.0 1.0 63 17 52 08 49 08 36 -103 02 02 03 x
PS94-40 3 7 827065 30.9177 199.9 230 34.946 0.285 -0.2 0.4 34884 565 196 73 40 162 34 09 47 08 6.1 1.4 5.1 07 48 08 44 -111 03 02 04 x
PS94-50 8 20 84.3987 30.7152 10.3 -1.52 33.636 -0.114 3.3 1.7 34495 549 217 103 43 189 37 10 56 08 6.2 1.4 50 07 46 08 40 -100 03 03 04 x
PS94-50 8 10 84.3987 30.7152 50.1 -1.78 34.449 -0.104 -0.7 2.0 34.236 288 109 59 242 53 13 79 12 85 22 71 1.1 6.5 1.1 43 -98 03 03 04 x
PS94-50 8 2 84.3987 30.7152 200.4 -1.75 34.896 0.239 -0.2 0.5 34827 537 270 115 51 216 44 1.1 58 09 70 15 55 07 48 08 35 -104 03 02 04 x
PS94-58 5 21 852798 60.0495 9.9 -1.76 33.252 -0.040 34 1.7 34246 559 233 124 40 175 33 09 46 07 6.1 13 47 06 44 07 38 -100 02 02 02 x
PS94-58 5 11 852798 60.0495 30.2 -1.59 34.235 0.0718 1.7 1.1 34.644 218 80 42 181 37 10 55 09 6.1 15 50 07 48 08 42 -100 01 02 02 x
PS94-58 5 6 85.2798 60.0495 49.8 -1.74 34.436 0.031 0.8 1.0 34.466 203 106 4.7 169 4.1 10 55 09 63 16 52 08 51 08 42 -101 03 01 03 «x
PS94-58 3 21 852798 60.0495 100.3 -0.41 34.576 0.108 0.0 1.0 34576 539 213 97 43 180 338 1.0 51 08 6.8 15 56 07 52 08 43 -98 02 03 04 x
PS94-58 3 10 85.2798 60.0495 200.4 1.63 34.871 0.209 -0.4 0.7 34.778 309 140 56 242 47 12 59 09 67 15 52 07 48 08 31 -125 05 04 07
PS94-69 5 19 86.9982 58.7307 10.2 -1.65 33.118 -1.169 -3.0 71 32332 800 378 138 6.8 323 59 1.8 9.0 14 109 20 8.4 1.1 8.3 14 41 -82 02 02 03 x
PS94-69 5 15 86.9982 58.7307 25 -1.67 33.707 -0.841 -4.5 6.8 32.539 342 116 73 283 65 1.7 91 15 110 23 89 1.1 8.5 14 43 80 02 02 03 x
PS94-69 5 8 86.9982 58.7307 50 -1.78 34.011 -0.225 -4.5 6.7 33.006 301 127 7.0 274 6.1 1.8 86 15 100 25 8.1 12 8.0 1.3 45 -80 03 02 04 x
PS94-69 5 2 86.9982 58.7307 100.4 -0.88 34.355 0.160 -1.2 25 34021 619 358 169 67 289 57 15 738 12 86 20 6.5 10 6.2 10 34 -89 03 03 04 x
PS94-69 4 20 86.9982 58.7307 200.2 1.11 34.829 0.193 -0.6 0.9 34675 534 307 158 62 242 52 12 65 10 74 1.7 58 08 53 09 33 -104 08 03 08 x
PS94-81 7 14 889895 61.0633 10.3 -1.46 30.283 -3.382 -6.0 156 28653 1228 649 138 105 474 96 25 147 21 157 39 122 18 123 22 40 -11.7 02 02 03 x
PS94-81 7 10 889895 61.0633 252 -160 32690 -2.227 -6.1 10.8  31.245 425 138 92 359 87 21 116 19 140 34 121 17 115 19 46 -84 04 02 04 x
PS94-81 7 5 88.9895 61.0633 50 -1.78 33.366 -1.694 -6.9 9.7 31.619 419 122 75 347 69 19 108 16 121 3.0 9.8 14 95 1.7 44 -79 02 01 02 x
PS94-81 5 24 889895 61.0633 99.6 -1.54 34.070 -0.592 -25 4.1 33408 697 320 115 69 272 6.1 15 84 14 97 23 80 1.2 7.6 13 42 86 02 02 02 x
PS94-81 5 17 889895 61.0633 174.4 0.08 34.585 -0.015 -0.8 1.5 34.432 320 144 6.0 2658 5.1 13 6.8 1.0 79 1.7 60 08 55 09 33 98 04 03 05
PS94-96 7 23 88.3598 -125.09 10.2 -1.52 28.365 -3.693 -5.3 195 27147 1311 697 129 115 448 101 25 153 23 166 40 135 19 131 23 41 -119 02 01 02 x
PS94-96 7 16 883598 -125.09 30.6 -1.53 29528 -2.855 -7.0 164  27.860 470 109 83 381 76 20 110 17 141 31 107 15 103 17 42 -122 02 02 03 x
PS94-96 7 14 88.3598 -125.09 50.9 -1.60 31.736 -0.587 -6.4 8.8 30.211 464 82 85 330 73 19 121 17 128 33 105 16 102 19 46 -87 01 02 02
PS94-96 7 10 883598 -125.09 101.2 -1.42 33.971 0.061 -1.8 1.8 33461 677 293 74 57 251 53 13 7.0 12 92 21 71 1.0 7.0 1.1 42 -85 04 02 05 «x
PS94-96 7 4 883598 -125.09 202.3 0.20 34.623 0.125 -0.4 0.9 34501 613 429 172 77 308 6.1 15 87 12 82 19 6.1 0.9 5.6 1.0 28 -98 02 02 03 x
PS94-101 9 19 87.4973 179.841 18.2 -1.50 28.132 -3.779 -1.0 145 27915 436 75 71 305 66 18 114 16 114 29 93 14 9.0 1.7 45 94 02 02 02 x
PS94-101 9 15 87.4973 179.841 226 -1.41 28.685 -3.650 -25 146 27969 989 446 80 75 336 7.2 19 16 17 133 31 109 15 100 17 45 -98 02 02 02 «x
PS94-101 9 10 87.4973 179.841 39.2 -1.44 29.010 -2.224 -2.7 14.0 28.235 1008 429 7.7 78 323 74 19 118 18 132 32 109 15 103 18 47 -100 02 02 03 «x
PS94-101 9 4 874973 179.841 554 -1.49 32122 -0.483 -4.7 9.7 30687 101.7 510 86 88 381 8.1 21 131 19 142 35 114 17 110 20 44 -103 02 02 02 x
PS94-101 7 23 87.4973 179.841 99 -1.45 33.936 0.000 -1.3 3.0 33577 680 338 65 59 261 54 15 85 13 96 23 76 1.1 7.3 1.3 44 83 02 02 02 x
PS94-101 7 14 87.4973 179.841 1741 -0.07 34.538 0.145 -0.2 1.3 34415 570 259 7.0 47 208 42 1.1 6.6 1.0 73 1.8 59 09 5.7 10 43 92 02 02 03 «x
PS94-117 6 11 845603 115996 9.9 -1.73 32.129 -1.886 -3.5 10.0 31257 972 517 209 89 391 83 21 113 18 137 31 109 15 100 17 40 -102 02 02 02 x
PS94-117 6 2 845603 115996 50.1 -1.79 33.748 -1.200 -4.9 6.9 32.454 416 128 81 322 72 19 115 16 117 3.0 9.6 15 95 16 43 -91 03 03 04 x
PS94-117 4 21 845603 115.996 100.2 -0.99 34.347 -0.056 -0.1 1.8 34894 604 270 92 54 222 49 12 741 12 84 21 6.7 1.0 65 1.1 44
PS94-117 4 15 84.5603 115.996 200.2 1.17 34.836 0.199 -0.3 0.6 34744 545 231 74 41 191 36 10 53 08 6.5 15 50 07 47 08 40 -105 02 01 03 x
PS94-125 7 7 85.0855 139.979 30.3 -1.40 32.107 -0.404 6.2 0.5 33540 970 531 122 100 397 90 23 143 20 141 36 114 17 112 20 41 -101 02 02 03 x
PS94-125 7 4 850855 139979 50 -1.47 33.381 0.072 4.3 -0.6  34.439 428 141 78 358 72 20 131 16 131 29 95 14 93 16 41 91 02 02 03 x
PS94-125 5 16 85.0822 139.773 1004 -1.31 34.286 -0.213 -0.9 2.1 34044 659 313 98 55 243 49 15 156 12 86 21 6.8 1.0 65 1.1 42 87 02 02 03 x
PS94-125 5 11 85.0855 139.979 200.3 0.31 34.715 0.110 -04 0.9 34592 620 223 72 45 190 4.2 1.1 60 09 74 16 59 08 556 09 44 -94 02 02 03 x
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Table S2. Endmember values used for water mass calculation for the Nd-method. Discharge values are taken from R-Arctic NET*,

- 18 Nd Nd [pmol/kg] 3Nd 44Nd discharge Reference for %0
salinity 570 [to] [pmol/kg] estuary loss 75% [pmol/kg] [pmol/kg] =N  [km?lyear] References for [Nd] and ena salinity

Atlantic 35.09 0.3 16 2 4 -11.7 Laukert et al. (2017a)*' Bauch et al. (2011)°
Pacific 32.7 -1.1 30 4 7 -5.5 Porcelli et al. (2009)3* Bauch et al. (2011)°
Lena 0 -20 744 186 23 44 -15.7 485 Laukert et al. (2017b)% Bauch et al. (2011)°
Yenisei 0 -15.5 154 39 5 9 -5.2 579 Zimmermann et al. (2009)**  Dubinina et al. (2017)%
Ob 0 -15.5 2152 538 66 128 -6.1 394 Zimmermann et al. (2009)*®  Dubinina et al. (2017)%
Kolyma 0 -20 129 32 4 8 -6.0 103 Porcelli et al. (2009)* Bauch et al. (2011)"°
Yenisei/Ob' 0 -15.5 963 241 29 57 -6.0 973 Dubinina et al. (2017)%
average river' 0 -20 840 210 26 50 -8.7 Bauch et al. (2011)"°

" [Nd] and eng are calculated from the discharge-weighted original endmembers



Table S3. Parameters used for the Nd-method and water mass fractions based on the Nd-method
(river gives the sum of Lena and Yenisei/Ob fractions). Endmember values are listed in Table S2.
Values in italics are calculated from samples from other (above and below) water depths.

parameters used for water mass calc

water mass fractions [%] Nd-method

Station

PS94-32
PS94-32
PS94-32
PS94-32
PS94-40
PS94-40
PS94-40
PS94-40
PS94-40
PS94-50
PS94-50
PS94-50
PS94-58
PS94-58
PS94-58
PS94-58
PS94-69
PS94-69
PS94-69
PS94-69
PS94-69
PS94-81
PS94-81
PS94-81
PS94-81
PS94-81
PS94-96
PS94-96
PS94-96
PS94-96
PS94-96
PS94-101
PS94-101
PS94-101
PS94-101
PS94-101
PS94-101
PS94-117
PS94-117
PS94-117
PS94-125
PS94-125
PS94-125
PS94-125

water

Cast depth [m]

©

O OO N~NPOONNO OO ONNNNANOOONNNDOOOO WWOO DA OOWOOWWWWWO oo

10
50
101
201
10
30
50
100
200
10
50
200
30
50
100
200
10
25
50
100
200
10
25
50
100
174
10
30
50
100
200
18
23
39
55
99
174
10
50
200
30
50
100
200

salinity

32.784
34.323
34.781
34.985
33.633
34.294
34.395
34.562
34.946
33.636
34.449
34.858
34.235
34.436
34.576
34.871
33.118
33.707
34.011
34.355
34.829
30.283
32.690
33.366
34.070
34.585
28.365
29.528
31.736
33.971
34.623
28.132
28.685
29.010
32.122
33.936
34.538
32.129
33.748
34.836
32.107
33.381
34.286
34.715

530 [%o]

0.103
0.141
0.182
0.262
0.085
0.013
-0.004
0.113
0.285
-0.114
-0.104
0.239
0.018
0.031
0.108
0.209
-1.169
-0.841
-0.225
0.160
0.193
-3.382
-2.227
-1.694
-0.592
-0.015
-3.693
-2.855
-0.587
0.061
0.125
-3.779
-3.650
-2.224
-0.483
0.000
0.145
-1.886
-1.200
0.199
-0.404
0.072
-0.213
0.110

Nd
[pmol/kg]

16.4
16.3
19.9
20.6
19.9
18.8
17.7
201
16.2
18.9
24.2
21.6
18.1
16.9
18.0
24.2
32.3
28.3
27.4
28.9
24.2
47.4
35.9
34.7
27.2
26.8
44.8
38.1
33.0
251
30.8
30.5
33.6
32.3
38.1
26.1
20.8
39.1
32.2
191
39.7
35.8
24.3
19.0

ENd

-11.1
-1
-11.2
-11.6
-10.6
-10.9
-10.6
-10.3
-11.1
-10
-9.8
-10.4
-10
-10.1
-9.8
-12.5
-8.2

-11.9
-12.2
-8.7
-8.5
-9.8
-9.4
-9.8
-10
-10.3
-8.3
-9.2
-10.2
-9.1
-10.5
-10.1
-9.1
-8.7
-9.4

Atlantic Pacific

92.9
91.9
99.6
100.1
97.6
89.6
89.4
93.7
94.0
82.2
97.7
99.9
82.7
82.4
80.1
99.8
73.0
33.2
44.7
90.3
99.5
30.1
9.0
9.5
78.4
98.6
31.5
49.7
16.9
50.7
99.0
27.4
24.2
30.8
313
70.1
75.4
89.7
93.0
92.5
96.4
95.7
74.9
76.2

4.9
6.4
0.0
0.0
1.3
9.7
9.7
6.0
5.0
16.7
0.6
0.0
16.2
15.2
18.7
0.0
21.2
64.1
53.4
7.9
0.0
55.9
84.0
86.1
18.4
0.0
48.7
33.1
72.0
47.9
0.0
56.3
59.8
53.6
60.2
27.9
24.8
0.0
0.0
7.7
0.0
0.0
24.3
23.2

river

0.0
0.0
1.5
1.9
1.3
0.5
0.0
1.1
0.0
0.1
3.2
2.0
0.0
0.0
0.0
3.8
5.8
1.9
1.9
4.8
3.3
13.8
4.9
3.9
35
4.4
13.4
10.7
4.6
1.2
6.2
4.9
6.2
6.0
7.9
25
0.3
11.0
7.0
0.6
10.7
8.5
1.9
0.0

0.0
0.0
0.5
1.1
0.0
0.5
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
2.7
0.4
1.9
1.1
0.0
0.7
13.8
4.9
3.9
0.0
0.5
13.4
10.7
4.6
1.2
1.3
4.9
6.2
6.0
7.9
0.0
0.0
4.4
0.6
0.0
4.1
1.2
0.0
0.0

Lena Yenisei/Ob

0.0
0.0
0.9
0.8
1.3
0.0
0.0
1.1
0.0
0.0
3.2
2.0
0.0
0.0
0.0
1.1
5.4
0.0
0.7
4.8
2.7
0.0
0.0
0.0
3.5
3.9
0.0
0.0
0.0
0.0
4.9
0.0
0.0
0.0
0.0
25
0.3
6.7
6.4
0.6
6.6
7.3
1.9
0.0
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