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Abstract. The-Davis-Straitis-In Davis Strait, one of two key-Aretie-gateways—where-waters-derived-from-the-Atlanticflow
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the-formation-of-deep-water-masses-primary Arctic gateways between the Arctic and Atlantic Oceans, the exchange between
northward-flowing Atlantic waters and southward-flowing Arctic waters possibly influences deep-water formation in the subpo-

lar North Atlantic. Yet, these circulation pathways and mixing processes, that may be changing, remain uncertain, underscorin
the need for new tracers to resolve their structure and variability. This study employs observations from 2022 and 2024 of the

two artificial radionuclides, 12°T and 236U-measured—_as new tracers of water masses in Baffin Bay, Davis Strait and the
Labrador Sea. Samples were collected during three expeditions: the AZOMP occupation of the AR7W Line in May 2022, the
Davis Strait Observation Programme-Program in October 2022, and the Amundsen Expedition as part of the Refuge Arctic
and Transforming Climate Action programme in September-October 2024. By defining the characteristic '?°1 and 236U con-
centrations of the main inflowing water-masses(endmembersywaters, we examined the distribution, origin and formation of
key Baffin-Bay-water masses—This-approach-alse-aHowed us-to-quantify-the contribution-of Transition Water-to-the formation

- ¢ as i —water masses in Baffin Bay. Our results re-
veal a substantial contribution (75%) of West Greenland Shelf Water to Arctic Water on the surface of central Baffin Bay;
accounting for approximately 30%. High . 230U identified a previously unknown pathway of -rich Arctic-Atlantic-derived
waters-water entering Baffin Bay via Lancaster Sound s-eentributing-40-50contributes 40 — 60% to the formation of Fransition
Waterthe Transition Water observed in Baffin Bay. In contrast, cold Arctic Water appears to originate mainly from Nares Strait,

with-eontributions-ef-and is derived primarily (up to 70%) from Arctic-Atlantic Water-outflowingNares-Strait reaching-tup-to
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35%Water. Notably, the contribution of fresh-the Baffin Bay Transition Water to the formation of LSW was significant, exceed-
ing 3020%. However, the binary mixing model showed limitations in quantifying the origin of NEADW-North East Atlantic
Deep Water due to low tracer concentrations and the likely influence of multiple water mass sources. This study offers novel
insights into the origin and transformation of waters-water in Baffin Bay and the Labrador Sea and enhances our understanding

of the complex interactions between the Arctic Ocean and the subpolar North Atlantic.

1 Introduction
1.1 TheDavis Strait, connecting the Arctic with the subpolar North Atlantic

Davis Strait, teeated-between—westsituated between western Greenland and Baffin Island (Fig. +1A), plays-a-—eruetatrolein
is a key gateway for the exchange of water masses between the Arctic Ocean and the North Atlantic eceans—(Haine et al.,
2015; Curry et al., 2014; Huang et al., 2024; Rudels et al., 2004; Komuro and Hasumi, 2005). The +860-m-deep-sill of Davis
Straitmarks-, with a depth of approximately 1060 m, defines the southern boundary of Baffin Bay (max—depth-ef-maximum
depth 2300m m) and the northern boundary of the Labrador Sea (maximum depth 3500 m):-which receives approximately-2
Sv—{+-Sv-=10%-m3s=jef, Through this passage, cold and fresh southward-flowing Aretie-waters-through-multiple-channels:
from-the central-Aretic through-Nares Strait-and-from-waters formed in Baffin Bay meet the northward-flowing warm Atlantic
waters entering from the Labrador Sea. Both the fluxes and the water mass properties in Davis Strait exhibit pronounced

seasonal variabilit et al., 2014). The largest changes in temperature and salinity originate from

modifications within Baffin Bay, which receives Arctic-derived waters via the main channels of the GaﬂadaBasmﬂﬁeugkrfhe
Canadian Arctic Archipelago (CAA)@Qv

recetves-about3-Sv-ofnerthward-flowing-Atlantie-water-, These include Nares Strait, connecting to the Eurasian Basin, as well

. While Atlantic inflow originates from the Labrador Sea. The Labrador Sea is-an-integral-compenentitself forms an integral
part of the subpolar gyre and a-key-deep-convection-areaforrepresents a key site of deep convection that contributes to the At-
lantic Meridional Overturning Circulation (Fang-et-al;2004; e Bras; 2023 Lezier; 2623)-(AMOC), the ventilation of deep
waters, and the oceanic uptake of anthropogenic CO, (Tang et al., 2004; Le Bras, 2023; Lozier, 2023; Rhein et al., 2017).

These-evolvingpathways-Baffin Bay ocean exchanges and their associated variability and impacts underscore the importance
of understanding the complex circulation system of the region. The general circulation -indicated-in-in Baffin Bay (Fig. +A5-1A)

is largely influenced by boundary currents. East-of-From eastern Davis Strait, the northward-flowingnorthward-flowing West
Greenland Current system (WGC, dark red arrows, Fig. +1A) transports @WM%M
West Greenland Shelf Water (WGSW-a
WMMWWWM&
Water (WGIW, light green arrow Fi
. The WGSW originates from the East Greenland Current (EGC, dark red arrewsarrow east of Greenland, Fig. +1A), which

outflows Fram Strait seuthward-and flows south along the Greenland eeastshelfbreak, carrying fresh and relatively warm Polar

as Lancaster Sound and Jones Sound, which link to the Canada Basin (Miinchow et al., 2015; Rudels, 2011; Tang et al., 2004; Pelle et al., 2

. 1A), which is confined within a shelf-break jet (Lin et al., 2018; Curry et al., 2014; Huang et al., 2024
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Surface Water (PSW) from the Arctic Ocean (Sutherland et al., 2009). After rounding the southern tip of Greenland at Cape
Farewell, the EGC becomes-the-WGC-as-it-enters-the- Labrader-Sea(Gou-et-al52022)is joined by WGIW at depth. The warm
(Cuny etal., 2002). Towards the northern Labrador Sea, the current system of west Greenland becomes baroclinically and
barotropically unstable due to the steep continental slope, leading to large anticyclonic eddies. The eddies are known as

Irminger Rings and carry both the WGSW and WGIW offshore into the Labrador Sea (Chanut et al., 2008; Zou et al., 2024; Gelderloos et a

. In the northern Labrador Seait-, the WGC bifurcates into two branches, with one continuing north into Baffin Bay, and anrether

larger)-a larger branch following the bathymetry of the Labrador Sea, turning westwards-westward towards the Labrador Shelf

%ub&epte%—{@uﬂye%al—’z@% Myers et al., 2009; Huang et al., 2024; Gou et al., 2022).

Western Davis Strait is dominated by the southward-flowing surface Baffin Island Current (BIC, orange arrow Fig. +1A),
which transports fresh water of Arctic origin, such as Arctic Water (AW) and cold Arctic Water (cold AW), along the
Baffin Island margin-shelf and slope to the Labrador Sea (Cuny et al., 2005). The-While Arctic Water is considered-of

Aretic-origin-with-astrong-influence-of glactal ranoff—air-seafhuxes;—strongly influenced by glacial run-off and sea ice melt
{Curry-etal;2044)—while-the-(Curry et al., 2014; Azetsu-Scott et al., 2012), cold Arctic Water (similar to the hydrographic
properties of cold Polar Water(Huanget-al5-20624); Huang et al. (2024)) represents a subset of cold and more saline water
within the-Arctic Water, which may-reeeiveless-freshwater-and-experience-experienced winter convection by stronger cooling
and salinification %&W%g@g%ﬂg@wﬁ%@%wg%qﬁafﬁn Bay through the shal-
low sills of Nares Strait
)220 m, Jackson et al, 2014; Rabe et ., 2010), Lancaster Sound (125 m, Peterson el 2012) and Jones Sound (125 1,
Meling-et-al(2008))—these-(125 m, Melling et al., 2008; Pelle et al., 2024). These water masses with low salinities (<33.5)

and low temperatures (<1°C) are present primarily at the surface of Baffin Bay and along the BIC.

In central Davis Strait, at intermediate depths between 300 m and 600 m, relatively warm Transition Water (dark blue Fig. +1A)
flows throughout the year and at low velocities eff-out of Baffin Bay (Huang et al., 2024; Curry et al., 2014). Rudels (2011) de-
scribed Transition Water as an intermediate layer formed by mixing Atlantic water from the south and colder waters-water from

the north. More recently, Huang et al. (2024) identified two different types of Transition Water, each resulting from the mixing

of several water masses. Further, Lehmann et al. (2022) identified a temperature maximum in western Baffin Bay aligning with
the warmest and deepest fraction of Transition Water. Below Transition Water, down to 1600 m depth, the water column is dom-
inated by Baffin Bay Mode Water (BBMW), also known as Baffin Bay Deep Water, whose formation processes remain unclear

Lehmann et al., 2019; Bourke et al., 1989). In central Baffin Bay, depths greater than
1600 m are filled by the-old Baffin Bay Bottom Water (BBBW) (Bourke et al., 1989), which dees-not-outflowDavis-Straitis

not observed in the Davis Strait outflow (Curry et al., 2014).
nflowing-inte-the abrader-SeaSouth of Davis Strait, the cold, fresh surface waters-water from the BIC join-joins the Labrador

Current, where they mix with waters-water from the WGC that turned westward, bathymetrically steared at the Labrador Sea



(Garcia-Ibafiez et al., 2015; Cuny et al., 2002; Myers, 2005).

In the Labrador Sea, waters-transported-by-the-WGC-may-entrain-eddies-that-the Irminger Rings detach from the boundary
current and drift into the central basin. Fhese-waters-also-contribute-This water contributes to the formation of Labrador Sea
90 Water (LSW, orange-arrow-light blue arrows in Fig. +1A), together with fresh waters-water from the Labrador Current, which
aeeount-accounts for approximately 6-8% of LSW (Myers, 2005; Lilly et al., 2003; Hatdn et al., 2007). The annual deep winter
convection that forms the LSW represents a key component of the Atlantic- Meridional-Ocean-Cireulation-rAMOC (Yashayaev,
2007; Bower et al., 2009; Lavender et al., 2005). Other water masses in the Labrador Sea include the North East Atlantic Deep
Water (NEADW, yellow arrow in Fig. 1A), which follows the cyclonic Deep Western Boundary Current and is found below
95 LSW at approximately 2000 m depth. The NEADW forms by mixing of multiple source waters-inflowing-water inflows from
east of Greenland, including LSW, Denmark Strait Overflow Water (DSOW, dark green in Fig. +1A), and Iceland Scotland
Overflow Water (ISOW, light green in Fig. +1A) (Yashayaev, 2007; Tanhua, 2005; Dickson and Brown, 1994; Garcia-Ibifiez
et al., 2015). The bottom depths are occupied by DSOW and carried primarily by the Deep Western Boundary Current from its

formation region in the Nordic Seas towards the Grand Banks (Dale et al., 2024; Leist et al., 2024; Rudels, 2011).

100

Decades of oceanographic studies have significantly improved our understanding of water mass composition and volu-
metric transport in Davis Strait, Baffin Bay, and the Labrador Sea (Bourke et al., 1989; Yashayaev, 2007; Curry et al.,
2011). However, climate-driven changes are altering the circulation and freshwater dynamics of the region (Shan et al.,
2024). FThe-Aretie-Ocean-Under climate change, the Arctic is warming at nearly four times the global averageunder-climate
105 change, yet current ocean models appear to under-represent this rapid evolution (Rantanen et al., 2022). Observational ev-
idence shows that weakened stratification in the Arctic Ocean is driving structural changes in the water column—a pro-
cess known as atlantification” Atlantification”. This shift enables warm Atlantic waters-water to penetrate further north, ac-
celerating sea ice melt and reducing winter sea ice formation (Polyakov et al., 2025, 2017; Wang et al., 2024). Histor-

ically, approximately half of the exported Arctic freshwater has been exported through the Canadian-Aretic-Archipelago
110 (EAA-CAA and into Baffin Bay (Haine et al., 2015). In recent years, increased glacial melt from Greenland and the CAA

has led to more frequent ice-free channels during summer (Canadian Ice Service; http://ice-glaces.ec.gc.ca/), likely modifying
freshwater exchange between the Arctic and Baffin Bay (Malles et al., 2025). Furthermore, Baffin Bay now receives increasing
volumes of Greenland-glacier-meltwater-glacier meltwater from Greenland, a trend accelerated by the warming influence of
115  Atlantic waters-water (Holland et al., 2008; Bamber et al., 2018).
Established-The established pathways of water mass exchange between high latitudes and the subpolar North Atlantic may
also be changing (Weijeret-al-2022;-Carmack-et-al52046)(?Carmack et al., 2016). Freshwater discharge (water with practical
salinity below 34.6PSU-, Zhang et al. (2021a)) from the-Davis Strait into the subpolar North Atlantic is projected to increase, po-
tentially affecting deep convection in the Labrador Sea (Zhang et al., 2021b; Wang et al., 2023; Yashayaev, 2024; Zhang et al.,
120 2021a). Despite Davis Strait’s eritieal-role as a changing-freshwater source to the subpolar North Atlantic (Shan-etal;2024)

Shan et al., 2024; Azetsu-Scott et al., 2012; Huang et al., 2024), the freshwater dynamics of both Davis Strait and Baffin Bay



remain poorly constrained. This is largely due to strong seasonal variability in freshwater release and the limited access during

winter imposed by sea ice cover (Curry et al., 2014; Haine et al., 2015).

ayAdditionally, the contribution frem-theabrader

125 ton-of water outflowing Davis Strait on the water

mass formation in the Labrador Sea remains uncertain. This is likely due to intense winter convection in the Labrador Sea,
which strongly modifies temperature and salinity, complicating efforts to trace the origins of water using only these properties
(Rudels, 2011; Yashayaev, 2007; Clarke and Gascard, 1983).
Fhe-Furthermore, the role of Baffin Bay intermediate and deep waters-water (e.g. Transition Water) in the formation of LSW re-

130 mains poorly understood compared to the better-known origin and pathways of surface waters{Curry-et-al; 2044 Cuny-etal;2005)
—Reeent-water (Curry et al,, 2014; Cuny et al., 2005). Also, recent studies have emphasised the importance of Arctic freshwa-
ter export to the subpolar North Atlantic (Malles et al., 2025; Duyck et al., 2025; Myers, 2005) and the role of cross-density
lateral mixing in the Labrador Sea, contributing approximately 60% to the annual formation of LSW (Zou et al., 2023; Pickart
and Spall, 2007). However, most observational studies continue to focus on boundary current systems, leaving off-boundary

135 water exchanges understudied (Huang et al., 2024; Curry et al., 2011; Azetsu-Scott et al., 2012);~which-ceuld-be-erucial-to

oyd-et-al52049). Therefore, a better under-

standing of the off-shelf and intermediate circulation between Baffin Bay and the Labrador Sea is still needed (Rudels et al.,
2004), particularly regarding the origin and formation of Transition Water and-in Baffin Bay and the potential contributions of
Arctic origin freshwater to the formation of LSW.

140 1.2 Using radionuclides to trace water mass origin

To advance on these complex water-mass interactions, we propose a novel approach in the region that combines the two
long-lived artificial radionuclides '2I (Ft; 5=15.7 Ma) and 2*U (Ft; =23.4 Ma), with conservative-hydrographic-properties
¢hydrographic properties such as salinity and temperature). We expect '?°T and 23U to suitably trace circulation patterns
and mixing in the Davis Strait region because inflowing waters—present-water presents contrasting tracer concentrations
145 measured upstream-in—for the Pacific, Atlantic and Arctic oceans i i
Wefing et al., 2021; Payne et al., 2024 Leist et al., 2024; Castrillejo et al.

2018;

Dale et al., 2024).

2

1297 and 236U originate primarily from nuclear sources and are assumed to be conservative in seawater (Christl et al., 2015;
Casacuberta and Smith, 2023). Their input into the ocean was dominated by a peak in 226U from the globatfalloutfromnuclear
weapons-testing-nuclear weapons test global fallout in the 1960s, and liquid releases from nuclear fuel reprocessing plants in
150  Sellafield (UK) and La Hague (France) (Fig. 1A, black factory symbols), peaking in the 1980s for 23U and ramping up after
1990s for '2°1. Fig. A+-A1 represents their input function defined at 70°N (blue star in Fig. 1A), a combination of global fallout
and liquid releases from the nuclear reprocessing plants (Wefing et al., 2021; Payne et al., 2024). In both cases, the released ra-
dionuclides flow north from the North Sea and join the Norwegian Coastal Current (NCC), entering the Arctic Ocean. From
the entrance of the Arctic Ocean, the radionuclides can recirculate within the Aretie-Eurasian Basin in a short loop (eentral

155 Atretie)-or a longer path (Canada Basin) before exiting the Arctic Ocean via Fram Strait or the CAA (Li et al., 2020; Rudels
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et al., 1994; Payne et al., 2024; Casacuberta and Smith, 2023). From Fram Strait, the radionuclides are transported south and
ultimately reach the Labrador Sea and Baffin Bay as part of the WGC (Wefing et al., 2019; Dale et al., 2024; Leist et al., 2024).
Up to date, there are no measurements of these two tracers in either Nares Strait or the CAA, so their transport through these
routes is still unknown.

In the Arctic Ocean, the transport times and mixing of Atlantic Water can be calculated using the-input-funetionshown-in
different models that are all based on tracer input functions (Fig. A+Al) (Wefing et al., 2021; Payne et al., 2024). However,
in sub-Arctic regions, the simultaneous mixing of multiple water masses with distinct input functions complicates the accurate
estimation of water age and mixing when relying solely on these tracers. Nevertheless, the combination of 12°T and 235U has
already preved-proven to be a suitable tracer-of-tool to study the formation and origin of the-water-mass-water masses in the
subpolar North Atlantic, where it can be assumed that both tracers are in a steady state for each water mass (Castrillejo et al.,
2018; Leist et al., 2024; Dale et al., 2024).

In the study area, we expected to find a wide representation of the historical temporal variation of the tracers, allowing us to
disentangle the origin of Atlantic waters:--water. While the "old" Arctic-Atlantic water-Water (AAW) from the Canada Basin
would be characterised by high 236U and low 2°I (Payne et al., 2024), the "young" Aretie-Attantic-water Polar Surface Water
(PSW) recirculated in the eentral-Aretie-Eurasian Basin would carry a higher signal of 12T (Wefing et al., 2025). Low tracer

concentrations should be characteristic of the WGIW, which enters the study region from the subtropics without direct contact
with repreeessing-the radionuclides (Castrillejo et al., 2018; Dale et al., 2024; Leist et al., 2024). Also, Pacific Water (salinity
of 32.5PSY) entering Baffin Bay through CAA would carry low concentrations of both radionuclides, as their only source was
the atmospheric weapon tests (Payne et al., 2024). Finally, it is important to note that the freshest waters-water (i.e. glacier melt,
sea ice melt, and river raneffrun-off; Shadwick et al. (2011); Grenier et al. (2022); Bamber et al. (2018); Malles et al. (2025))

2 2

should contain almost no tracer, hereinafter denoted as tracer-free waterswater (Casacuberta et al., 2016).

In this study, we address critical knowledge gaps in the-understanding-of-understanding water mass transformations and
exchanges between Baffin Bay, Davis Strait and the Labrador Sea by applying a novel approach based on the two long-lived
artificial radionuclides, 1291 and 236U. The tracers, which exhibit distinct distributions across Arctic and Atlantic origin water,
offer a complementary tool to traditional hydrographic parameters such as temperature and salinity, enabling the identification
of water mass sources in regions characterised by complex mixing and strong seasonal variability. Using observations collected
between 2022 and 2024 across key Arctic gateways —including Davis Strait, Nares Strait, Lancaster Sound— and the Labrador
Sea, we apply a binary mixing model to characterise tracer signatures of inflowing water masses and quantify their contributions

to key intermediate and deep water masses. This approach allows us to explore the origin of the Transition Water, Baffin-Bay
Meode-Water-and-BBMW, BBBW and (cold) Arctic Water and to follow the evolution of West-Greenland-Shel-Water-and-West

Greenland-rminger-Water—1tfurther-allowsfor-the-evaluation-of- the WGSW and WGIW along their cyclonic journey through
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the Baffin Bay. It also enables us to assess the potential influence of Transition Water on water mass formation preeesses-in the
Labrador Sea.

2 Methods
2.1 Sample collection and processing

Seawater samples were collected from multiple sites (Fig. 1B). In May 2022, along the AR7W Line across the Labrador Sea,
seawater was collected from the surface and six depth profiles aleng-(depth range: surface - 3560 m), including four surface
samples from southwest of the AR7W Lineaeress—the-Labrador-Sea—, aboard R/V Atlantis as a part of the Atlantic Zone
Off-Shelf Monitoring Program (AZOMP) by Bedford Institute of Oceanography (red triangles). In October 2022, additional
sampling was conducted in the Davis Strait region aboard R/V Neil Armstrong as part of the-Davis Strait Observing System
{BSOS)-Program. This survey included a depth profile in central Baffin Bay (Fig.} 1B, red square, depth range: surface - 2377
m), and full transects along the Northern Line (9 stations, Fig. 1-red-eireles|B red circles, depth range: surface - 1665 m),
Davis Strait Meeringtine-(10 stations, red diamonds Fig. +81B, depth range: surface - 1013 m) and Northern Labrador Sea
Line (9 stations, Fig. +-red-stars1B red stars, depth range: surface - 2614 m). Further sampling was conducted in September-
October 2024 during the Fransforming-Climate-Aetion-Refuge Arctic Cruise Legs 4 and Transforming Climate Action Leg 5,
both onboard CCGS Amundsen, targeting Nares Strait and Lancaster Sound. In northern Nares Strait(Fig—HB)-unfilled-erange
sqtrare);, two stations were sampled: one depth profile (50-345 m, StNS89)-was-sampled-atong-with-asingle-depth-station
eirele)Jocated-south-of-the-sith-four-1B as one unfilled orange square. In the southern Nares Strait, three stations were sampled;
NSH02Z-to-NSH4-with-one: RA44, RA48, RAS0, of which only RA4S is a depth profile (70-600 m)at-NS+07-—. These stations
are represented in Fig. 1B as unfilled orange circles. In Lancaster Sound, two sites were sampled in the western part within-of

the Archipelago (Keb/TCA-S3, depth range: 2-140 m, unfilled red triangles in Fig. 1Bjunfilled-red-triangle; KEBABB-S31B),
2-140-m);-and the eastern part neighbouring-close to Baffin Bay (Fig—B)unfilledred-diamond;-TCA S3, depth range: 2-890
m, unfilled red diamond in Fig. 1B). All cruises inehided-used a CTD-Rosette equipped with 24-12 L Niskin bottles ;-which

were-used-to-coHeetseawaterto collect samples for the purpose of this study.
TFhe-seawater-Seawater samples for 12°T analysis were collected in 250 ml epague-brown plastic bottles, and pre-rinsed three
times with the-sample beforefillingwater from the Niskin bottle, before being filled. For 236U, 2-3 L of seawater were collected

in Nalgene Cubitainerscubitainers, also pre-rinsed three times before filling them. All samples were stored unprocessed-and
onboard without any further processing, sent to ETH Zurich for the analysis of iodine and uranium isotopes.

The radiochemistry of *2°T and 236U was performed following Wefing et al. (2019) and Leist et al. (2024) for a total of 307
samples. The samples were analysed using the TANDY AMS faeility-system at the Laboratory of Ion Beam Physics (LIP), ETH

Zurich (Vockenhuber et al., 2015). Repredueibitity- The 12°I concentrations were calculated using the measured 1271/12°T atom

ratio and the known amount of spiked 271, The reproducibility of 21 data was estimated based on repeated measurements of
an internal seawater standard (n=14, average 12°I= 10.4+4-0.5x107 at/kg). Blanks for '*°I (n=16, +:27.6+1.5% 0 athke x 105
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at) were obtained using deionised water treated following the same procedure as for seawater samples.
The samples for 236U were spiked with 1 pg of 233U following the radiochemistry described by Wefing et al. (2021) and Leist
etal. (2024). The MILEA AMS faeitity-atEHP-system at LIP facility (Christl et al., 2013, 2023) was used to measure 33U/238U
and 226U/238U in the samples and the in-house standard "ZUTRI". Correction procedures were applied as described by Christl
et al. (2023). The concentrations of 236U and 233U were calculated based on the known amount of 233U that was spiked in the
sample. Each batch included one blank (n=11, +6:63%35U: 0.01+6-62>16%at/ke0.01 x 10° at), consisting of deionised water
that was treated like the samples.

The results of **°1 and **°U are reported and plotted in atoms per kg of seawater (at/kg). The combined uncertainty of
chemical processing and measurements for both 12T and 23U was below 6%. Petailed-All results and detailed analytical

uncertainties are reported in the Zenodo database (https://doi.org/10.5281/zenodo.16914587).

2.2 Water mass classification

The water masses fare summarised in Table Al)-, and were assigned according to previous elassifications-of-the-water-mass
water mass classifications in the literature fa-Tbd
2014; Huang et al., 2024; Garcia-Ibafez et al., 2015 1989; Lehmann et al., 2022) and identified us-

ing conservative temperature (CT) and absolute salinity (S 4, see the-T-S diagram in Fig. A2A2). The conversion from practical

) D (X}

Curry et al.,

; Bourke et al.,

to absolute salinity and from potential to conservative temperature was performed according to TEOS-10 (IOC and IAPSO,
2010). Temperature and salinity are also represented along sections in Fig. A3 to facilitate the comprehensive distribution of
water masses. West Greenland Irminger Water (WGIW; CT > 3.5°C, S4 > 34.7) is the warmest and most saline water mass,
confined to intermediate depths along the Greenland shelftFig—A3E—H)-—. West Greenland Shelf Water (WGSW; CT < 5°C,
S4 < 34.2) is fresher than WGIW and located at the surface along the Greenland shelf(Fig—A3A—D)—. Arctic Water (AW;
+1+>CET>CT: -0.8 — 1.1°C, S4 > 32.9) is the freshest water mass, confined to the Baffin Island and Canadian shelfregions.
The CT and S 4 ranges used here differ significantly from those in Curry et al. (2014); we applied a narrower range for Arc-
tic Water and distinguished it from cold Arctic Water (cold AW; CT >< -0.8°C, 32.5 < S4 < 33.8), which is colder and

more saline. Below the cold Arctic Water, Transition Water (CT ++4—< 1.8°C, S4=34-

temperature increases with depth to a temperature maximum (CT: 1.4 — 1.8°C, 1 = 346-34.5)-are-characteristie-of Baffin
Bay-and-Davis-Strait34.64 £ 0.03, Lehmann et al. (2022)). In Baffin Bay, at depths of 600 — 1000 m, Baffin Bay Mode Water
(BBMW; CT: 0.7 - 1.2°C, S 4 = 34.6; (Huangetal;2024)Huang et al. (2024)) was observed overlying Baffin Bay Bottom Wa-
ter (BBBW; CT < 0.4°C, S 4 = 34.6; Beurke-et-al51989)Bourke et al. (1989), Fig. A3). In the Labrador SeatFig—A3ED-G;
H;-, Labrador Sea Water (LSW; CT: 3.1 — 3.8°C, S 4 => 35.0; (Gareta-tbdfiezetal;2048)Garcia-Ibéfiez et al. (2018)) resides
at intermediate depth. Beneath LSW, North East Atlantic Deep Water (NEADW; CTbetween—; 2.0 and—- 3.3°C, Sy = 35.07
=+ 0.2; (Yashayaev;2007) Yashayaev (2007)) overlies Denmark Strait Overflow Water (DSOW; CT < 1.3°C, S4 =35.0 £ 0.1;
{Garefa-Ibdfiezetal;2018)Garcia-Ibdfez et al. (2018)). In Nares Strait and Lancaster Sound, water masses were classified as
Arctic Water CAA (AW 44; CT < 0°C, S4 < 33) and Arctic Atlantic Water CAA (AAW 4 4; CT > -1°C, S 4 > 33). Samples
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that do not fall within the defined water mass categories are considered mixtures of the above water types. While all samples

are presented in the results section, the discussion focuses on those assigned to specific water masses.

2.3 Binary Mixing Model

260 In the study area, several potential water masses are adjacent to

those observed in Baffin Bay. These include tracer-free water, Pacific Water (Azetsu-Scott et al., 2012), WGIW (Curry et al,, 2014)
- WGSW (Curry et al., 2014), Polar Surface Water from the Eurasian Basin (Minchow et al., 2006; Wefing et al., 2025), and
Arctic-Atlantic Water originating from the Canada Basin (Lehmann et al., 2022; Payne et al., 2024). Further assessment of
their formation processes will be based on the conservative tracer signatures of '*°L and ***U. However, the number of water
265 masses considered exceeds the number of available conservative tracers. Therefore, the complexity of the model is reduced
by modelling the mixing fractions of samples between the two most dominant water mass sources (hereinafter referred as

instead of employing an Optimum Multiparameter Analysis. Before quantifying the origin and estimating the

endmembers

mixing fractions, the water masses are classified according to their temperature and salinity. Then, a binary mixing model that
combines-combining both 29U and '?L;-as- is used, as previously described by Leist et al. (2024) and Dale et al. (2024). The

270 water masses in the study area are considered to-be-theresult-of-the-conservative-mixing-of-different souree-waters;referre

speeific-endmembers—used-in-this—study-are—further-diseussed-in-Seetion4-tboundaries of the mixing model. In this stud
275 each endmember has a distinct and characteristic value for temperature, salinity, and 2T and 23U concentrations (see details

on each endmember in Section 4.1).

dominantendmembers-most cases, the 12°T and 236U concentrations of the endmember consist of an average concentration of

280 several samples collected in this and previous studies, with an associated uncertainty that corresponds to the standard deviation
of the average values (see Table A2). Considering the two endmembers as the primary water-mass sources, the resulting water

mass is treated as a mixture of the two. The mixing fraction f is estiamted-as:

then estimated as:

f=Tot = (1)

285 Here;-a-denotes-where b is the vector connecting the two endmembers (mixing line), and @ is the vector connecting a
given sample to one endmember-while-b-of the endmembers. The resulting value of f represents the vector-between-the-two

A P a1 ’Q
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and-used-in-the fraction-estimate—One-percentage contribution of each endmember to a given watermass. This study focuses on
different contributions of Atlantic-derived water, and not on the differentiation between different freshwater sources, which are
more precisely addressed using nutrients and 630 (Azetsu-Scott et al., 2012). A key limitation of this model is thatit-assumes

mixing-oceurs-onty-the assumption that mixing occurs exclusively between two endmembers. If a sample hes-outside-this
falls outside the defined mixing line, i i

errer-rangeits composition is estimated by projecting orthogonally onto the mixing line and neglecting potential contributions

from a third endmember. The model also assumes a steady state for transient tracers, which was previously discussed and
justified by Leist et al. (2024) and Dale et al. (2024). In the study region, changes in water mass formation and mixing ratios

between endmembers are believed to have a greater influence on tracer concentrations than recent changes in the tracer input

function (Fig. A1), supporting the steady-state assumption. The resulting mixing fractions will only be discussed in Section 4
not in results) and summarised in Table ??.

3 Results

This section presents individual depth profiles from Nares Strait and Lancaster Sound (Fig. 2), followed by a detailed-tracer
description of the distribution along the three transects at-from southern Baffin Bay (Northern Line), Davis StraittMeeoring
Line); Northern-, to northern and southern Labrador Sea (Northern Labrador Sea and AR7W lines). Fheresults-of—and-2304
arereported-and-plottedin-atomsperkgof seawater{atfkg)-To better reflect the general distribution patterns, each water mass is

described across the lines/panels (Fig. 3) as a whole, rather than within individual sections. Details about tracer concentrations,

uncertainties, and hydrographic properties are provided in the Zenodo database and-supperting-materials—The-acronymsfor
the-(https://doi.org/10.5281/zenodo.16914587) and the abbreviations for water masses can be found in the Appendix Table A1.

3.1 29T and 236U in Nares Strait and Lancaster Sound

Depth profiles collected in Nares Strait are represented in Fig. 22A and B as orange symbols. Both tracers show low concen-
trations at the surface Arctic Water (AW, 12°T: 60-85x 107 at/kg, 236U: 11-14x10° at/kg) and a local maximum in the Arctic
Atlantic Water at about 250 m (AAW, '29T: 180-210x 107 at/kg, 236U:23x 106 at/kg). Below that depth, 12°T seems to slightly
decrease towards the bottom, while 236U remains more constant. Furthermore, the concentrations of both isotopes appear to
be higher in the northern part of Nares Strait (squares) compared to the south (circles).

The two profiles in Lancaster Sound are represented in Fig. 22A and B as red symbols. Similar to Nares Strait, the highest
concentrations of 12°T were associated with AAWe5—cp (Canada Basin) located at 200 m in eastern Lancaster Sound (*?I:
130x 107 at/’kg, S 4: 33.85, CT: -0.10) and at depths below 140 m in the western station (1291: 120x 107 at/kg, S4: 33.6, CT:
-0.44). In western Lancaster Sound, the highest concentration of 236U was observed at 10 m depth in the-Arctic Water (236U

19x 10 at/kg, S 4: 30.58, CT: -0.04), and the lowest at the surface (236U: 15x10° at/kg). A similar distribution was observed
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in the eastern Lancaster Sound, with the lowest concentration at the surface (*35U: 13x10° at/kg), and a maximum at 200 m

(?36U: 22x 106 at/kg), which then slightly-deereased-decreased slightly with increasing depth to +-15x10° at/kg at 886 m.
3.2 1297 and 239U in central and southern Baffin Bay, Davis Strait and the Labrador Sea

Along all Hinestransects (Fig. 3), the highest 1297 concentrations were observed in West Greenland Shelf Water (WGSW), at
the surface of the Greenland shelf (Fig. 33A-D). The concentrations of '?°1 eencentrations-decreased along the pathway of
the West Greenland Current (WGC), with WGSW dropping from 320 x 107at/kg at AR7W in the Labrador Sea (Fig. 33D) to
170x 107 at/kg at the Northern Line in Baffin Bay (Fig. 33A). In contrast, the warmest and most saline West Greenland Irminger
Water (WGIW) generally showed increasing '2°I concentrations from 50x107 at/kg at AR7W (Fig-—3D)to a maximum of
90x 107 at/kg at the Northern Line(Fig—3A)—tn-AW. In Arctic Water, the freshest water along the Baffin Island Current
(BIC) and Labrador Current (LC), '2°I concentrations increased slightly from central Baffin Bay (140 x 107 at/kg, blue squares
Fig. 22C) to the Northern Labrador Sea Line (150x 107 at/kg, Fig. 3€);but:3C). But, Arctic Water showed lower concentrations
(100x107 at/kg) at the ARTW Line in the southern Labrador Sea. Cold Arctic Water exhibited elevated 129 concentrations in
the +06-176100 — 170x 107 at/kg range and showed no clear north-south trend. While AW-Arctic Water, WGIW and WGSW
were present in all sections, Transition Water was only present along the Moeoring-Line; NortherntineNorthern Line, Davis
Strait (Fig. 3B:-A3A, B) and central Baffin Bay (Fig. 22C, blue squares), with concentrations in the range of 50-+2650 —

120x107 at/kg, respectively. BBMW was observed along the Northern Line, Davis Strait and central Baffin Bay only, with
1297 concentrations at-of 29 — 37x107 at/kg. 12T concentrations at the levels of the blanks (<+:2++5%+6-1.2 £1.5x107
at/kg) were measured in BBBW present below 1600 m in central Baffin Bay and the Northern Line. Labrador Sea Water
(LSW) and North East Atlantic Deep Water (NEADW) (only sampled at AR7W, Fig. 33D) covered an 1297 range of 30-
70x107 at/kg at intermediate depth in the Labrador Sea, while the near-bottom Denmark Strait Overflow Water (DSOW)
presented concentrations up to 120x 107 at/kg.

The distribution of 236U concentrations (Fig. 38-H3E — H) differs from that of '2°1. The highest 36U was observed in waters
outilowing-through-DavisStratt-the Transition Water (Fig. 3H3E, F), partieudarty-with up to 19x 106 at/kg in central Baffin Bay
(Fig. 22D, blue squares), followed by cold AWArctic Water, with 2%6U in the 14-17x10° at/kg range between the- Meoring
Line-Davis Strait (Fig. 33F) and central Baffin Bay. While the 235U concentration in Arctic Water was generally in the range
of +3-+513 - 15x10° at/kg, the AR7W Line recorded the maximum value (16x10° at/kg, Fig. 33H). In water inflowing Davis
Strait, such as WGSW, 236U concentrations decreased slightly towards the north, from 15x 106 at/kg at the AR7W Line to
13x10° at/kg at the Northern Line (Fig. 33E). Similarly to 12°T, low 23U concentrations were measured in WGIW, with an
increasing trend from 9x 10¢ at/kg at AR7W to 11x10 at/kg on the Northern Line.

In the Labrador Sea, LSW presented 2*®U concentrations on the 9-11x10° at/kg range on the AR7W and Northern Labrador
Sea lines (Fig. 3H;-G3G, H). NEADW, only sampled along AR7W, showed again-236U concentrations slightly above LSW
(10-12x10° at/kg). The sampling density of DSOW was smaller in the Northern Labrador Sea Line than for AR7W and
confined at slightly lower concentrations (AR7W: 12-14x10° at/kg, Northern Labrador Sea Line: 12x10° at/kg). Moving

towards the Baffin Bay, the BBMW had similar 22U concentrations of 10-12x 105 at/kg. Finally, in BBBW occupying depths
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below 1600 m in central Baffin Bay (blue squares Fig. 22D) and the Northern Line, 235U concentrations reached the deteetion
Hmitanalytical limit of detection (1.2 4 1.5 x 10° at/kg).

Both tracers have concentrations well above the-global-faltoutlevelsglobal fallout, which would be ef-about 2.2x107 at/kg
for 29T and 5.4x 10° at/kg for 236U~ according to recent estimates at the Bering Strait (Payne-et-al—in-prep)—(Payne, 2026).

Only the bottom water at Baffin Bay (BBBW) presents tracer concentrations lower than expected from the global fallout.

3.3 Water masses in F-S-T — S and *2°I -— 236U tracer space

Figure 4 provides an overview of the distribution-of-the-water-masses-in-T-S-space-water masses observed in Baffin Bay, Davis
Strait and the Labrador Sea and their distribution in T — S diagram (Fig. 4A) and 1%°I — 2361 tracer space (Fig. 4B) —In-addition

ta-while the sampling location
NSJBg},QM the Me—fa&&wﬁm&e%empem&m%&ahm&yﬁﬂgeﬁﬁAfeﬁﬂ%{eﬁs mbols and can be referred

WGSW (dark red-symbolsyis prominent - both graphs darkred symbols) stands outin both panels due to its elatvely high
temperature and low salinity (Fig. 44A), M%WW%%WWW 1291 concentrations (from
180 to >300 x107 at/kg) (Fig. 4B).
variability in temperature (Fig. 4A) and-is-observed-by~e-g-is consistent with observations by Curry et al. (2014) and Zweng
and Miinchow (2006) s-the-tracer space-shows-and clearly expressed in the broad temperature range with CT< 0 °C along the
space forms a well-defined tine;suggesting-linear relationship, despite the seasonality. This indicates that the tracers are largely
insensitive to seasonal changes. Transition-Water-(dark-blue-symbols)located-betweencold-Aretic-Water-The saline and warm
WGIW (Fi, 4. sh.arcen symbols) o Jocated a e e If i (et spass, (Fig, iksymbolowi gokdn edges)and
stB, light green symbols) due to its low 2L and 2*U
concentrations. Radionuclide tracers are especially low for samples collected in the Labrador Sea, then they increase slightly

together with a freshening and cooling experienced on the northward flow of WGIW.
Arctic Water (Fig. 48 i i

eIts seasonal

, light brown symbols) is fresh and cold and shows

tracer concentration slightly below cold Arctic Water (Fig. 4, teal symbols), which is characterised by its distinct temperature
minimum and confined to the upper 100 ms—is-. Both water masses are positioned in the tracer space at the mixing interface

between the relatively warm Transition Water mix-and-WGSW-with-a-eclear-influencefromlow-tracer Pacifie Water-er-water
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of subtropical North-Atlantie-origin-such-as- WGTWand WGSW.
Fhe-saline-and-warm-WGIW-is-

Within the Transition Water (light blue symbols), the samples located at the towerleftin—tracerspace—due—to—itstow
temperature_ maximum (TrWryyy, dark-blue symbols) exhibit the highest **°U concentrations. This TrWrysy lies between
cold Arctic Water (teal symbols) and WGIW (light green symbols) in TS space, consistent with its intermediate hydrographic
character (Fig. 4A). In tracer space, however, the TrWry,y shows the highest **°U levels within the region (Fig. 4B). second
only to the concentrations observed in Nares Strait (orange symbols) and Lancaster Sound (red symbols).

At depth below Transition Water and low temperatures is the BBMW (light purple squares and circles) confined at low I

and intermediate **U

In the Labrador Sea, surface waters—twater (light red symbols) fil-the-tracer-eoncentrations—fills the gap tracer between

WGSW and WGIW —as-wel-as-the-salinity-ranges-between-the-two-water masses—TFwo-surface-samples-at-AR7W-are-we

are located close to WGIW but shifted towards slightly higher **°U ¢meore-elearlyseen-inFig—6C) is-elevated relativeto-the

Finally, DSOW (Fig. 4, green symbols), in-turn;-is characterised by low temperatures, high salinity, and intermediate tracer

concentrations. Freshwatersouree aeh—as—sea—tece—and—elactal-meltwaterriver run-off—and-preeipitation—are—considere

4 Discussion

To investigate the origin and mixing of the water masses ef-this-stady;-in southern Baffin Bay, Davis Strait and Labrador Sea
we apply the mixing model described in Section 2.3. Hereln this section, we first examine the endmembers used in the mixing

model (Section 4.1), followed by a discussion of the evolution of West Greenland Shelf Water and West Greenland Irminger
Water (WGSW and WGIW) as they enter Baffin Bay (Section 4.2)—Fhe-, the origin of Transition Water, Baffin Bay Mode
Water (BBMWand Baffin Bay Bottom Water (BBMW, BBBW), cold Arctic Water, and Arctic Water is-then-examined-in
(Sections 4.3 and 4.4—The-diseussion-conclades-with-how-all-these-waters-contribute-to-the formation-of l-abrador-Sea-Wate

ESWh-and Nerth East Atlantie Deep-Water (NEADW,-) and their evolution to the Labrador Sea (Section 4.5). An overview of

13



4.1 Endmembers in the mixing model

420

Figure 5A -the-geographicalHoeation-shows the geographical locations of the defined endmembersare-shown-as-diamonds;-and
unfiled-symbels—which-are-thenrepresented-inFig—5B-with-their, each represented with distinct symbols and colours. Their

corresponding 1?°T and 230U tracer signatures
(Fable-A2)-are displayed in Fig. 5B. The endmembers are defined using a combination of pubhshed data and new tracer mea-

425 surements. The-water-Water mass assignments are based on h

derived-temperature—salinity characteristics, and for endmembers taken from the literature, the original elassification-of-the

water-massis-matntained—classifications are retained. Table A2 summarises all endmembers used in this study, including their
eographic locations, depth ranges, tracer concentrations, temperature and salinity values, the number of samples included

and the relevant references.

430 Based on previous studies, the initial mixing scenarios (Fig. 5B) are constructed using the following endmember pairs:

AAW ¢ — Pacific Water (Peterson et al., 2012; Lehmann et al., 2022), Nares Strait outflow — Pacific Water (Melling et al., 2008)

4.1.1 Endmembers in the subpolar North Atlantic and the Arctic Canada Basin

435 The NAC endmember (North Atlantic Current; turquoise diamond, Fig. 5) represents-the Nerth-Atlantie- Current,-which-feeds
into-the-WGIW—It-earries—water-ofcontributes to WGIW and transports mainly subtropical Atlantic erigin-water labelled

with a low tracer content from global fallout and a small contribution from the European nuclear reprocessing plants (Leist
et al., 2024; Castrillejo et al., 2018). Representative of this endmember is—a-sample-are samples taken east of Reykjanes
Ridge (538 SATW,Castrilejoet-al2048)(St. 38, IcSPMW, Castrillejo et al., 2018). The diluted reprocessing plant signal
440 may originate from tracer-labelled water entering the subpolar gyre from the Labrador and Irminger seas and reaching east of
the Reykjanes Ridge. The Iceland Scotland Overflow Water (ISOW), formed by deep convection north of Iceland, is represented
by data collected before entering the Icelandic Basin on the eastern side of the Reykjanes Ridge (Dale et al., 2024).
The endmember of the Polar Surface Water —at the East Greenland Current endmember(PSW-EGE(PSWggc, dark red dia-
mond, Fig. 5) represents the eutflow-surface-watersin-surface water outflowing the Arctic Ocean at Fram Strait (Wefing et al., 2019)
445 , which are then transported south by the East Greenland Current (Fig. 1A). This endmember corresponds to a-sample-samples
collected near the Denmark Strait in 2021 (St. MG17, Dale et al., 2024) and represents surface waters—water entering the
Labrador Sea via the West Greenland Current (WGC). As described in Dale et al. (2024) and Leist et al. (2024), thissample
is-the-the samples most characteristic of PSW-EGE-n-PSWgqc are located at the shelfbreak of southern Greenland, still con-

taining a significant fraction of PSW (Dale et al., 2024)that-eutflows-the-Aretie- Ocean-(Wefing-et-al52025)-The PSW-EGC-,
450 The PSWggc endmember falls within a dilution line between NAC and the PSW sampled at 100 m depth in the Eurasian Basin

(EB) in the-Central-Aretie-in-2021 by Wefing et al. (2025) (grey circles, Fig. 5, Station Nr, 16, 28, 46 in Wefing et al. (2025
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). The PSW-EGC-and-PSWirom-the-central-Aretie PSWgge and PSW g g from the Eurasian Basin both represent "younger"
water imprinted with post-1980s reprocessing releases (Wefing et al., 2025) with high 12°T and comparably low 236U- due to
the shape of the input function of both tracers (Fig. AL)

455 In contrast, the "old" Arctic Atlantic Water (AAW) in the Arctic Canada Basin at-isopyenal-o5=2793-AAWp5—grey
erosses(AAW cp, grey diamond, Fig. 5), contains high 236U and comparably low 1291 ¢St MK2, MK3-and-€B29-in Payne-et-al-2024)-
from:(Fram Strait Branch Water at St. MK2, MK3 and CB28b, CB29 in Payne et al., 2024). These tracer values correspond to

global fallout and reprocessing discharges prior to the 1990s (Fig. Al). Above AAWr5cg, the Pacific Summer Water holds
especially low 12°T and 235U from global fallout alone (dark green diamond in Fig. 5, all stations of JOIS 2020 Payne et al.
460 (2024)). : i i ipitati

Freshwater, such as precipitation, river runoff, sea ice melt and glacial meltwater, is referred to as Fracer-free-tracer-free

and indicated as a diamond with a black outline in Fig. 5B. The Pacific Water, low in salinity, has only elevated 2*¢U from the
global fallout, while the WGIWNAC, even though its hydrographic properties are very different, has low tracer concentrations

465 as well. Therefore, it is not possible to disentangle the different contributions of these water masses —tn-future-work;this-might
be-addressed-by-adding-using 1?°T and 2*°U and one should add other tracers such as 6'®0. Incorporating such an analysis,
however, lies beyond the scope of this study, which focuses specifically on water masses identifiable through radionuclide
signatures.

4.1.2 Geographical Endmembers in Nares Strait and Lancaster Sound

470

northern-exchange-via-these-channels—Theyare represented-in-Based on their geographic location, the 2024 measurements
from western Nares Strait (unfilled orange symbols Fig. 5) and southern Lancaster Sound (unfilled red symbols) serve as
geographical endmembers for characterising the inflows from the Arctic into Baffin Bay. The surface water at Nares Strait
is_characterised by low salinity (Fig. i ' i
475  coneentration-observed-below-200-m-in-2?B)and low tracer concentrations (Fig. 2A and B), both indicative of the inflow of
tracer-free water (Miinchow et al., 2006; Rabe et al., 2010). In northern Nares Strait mightreflect the-mixture-(unfilled orange

squares in Fig. 5) at depth below 200 m, high tracer signals were observed, probably as a result of the mixing between the
Arctic-Atlantic tayer-waters from the Canada Basin (grey diamond )-and-the-eentral-Aretie-in Fig. 5) and PSW originating from

the Eurasian Basin, i.e. Amundsen and Makarov basins (grey circle }-On-the-contrary, low—and—at-shallower-depths-maybe

480 due-to-inflowingPacifie- Water—in Fig, 2007; Jackson et al., 2014; Wefing et al., 2025).
In southern Nares Strait W—(unfilled orange circles in

Fig. 5), downstream of the shallow 220 m sill, tracer concentrations observed below 150 m are consistent with a mixture of
waters advected from northern Nares Straitwith-about-25%-of Pacific-Water-or-Tracer-free-water—Samples{rom-, mixed with

5) (Miinchow, Andreas et al., .
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Shroyer et al., 2015; Miinchow, Andreas et al., 2007; Miinchow, Andreas, and Humfrey Melling, 2008). This geographical endmember
is illustrated as an orange cross in Fig. 5B), representing the inflowing waters to Baffin Bay.

Similar to Nares Strait, the surface water in southern Lancaster Sound (red euttined-symbols in Fig. 5) have-generallytower
tracer-eontent than-in-Nares Straitis composed by Pacific and tracer-free water (Lehmann et al., 2022; McGeehan and Maslowski, 2012)
MWW However, most-Lancaster Sound samples appear-to-reflect-a-mixture

Water. However, in Lancaster Sound, there is also a sli

which circulate into Lancaster Sound. This is observed in two samples from 140 m and 200 m depth with tracer signals

close to the NS g, endmember. Samples below 200 m from eastern Lancaster Sound (red unfilled diamonds in Fig. 5B

are strongly influenced by exchanges with Baffin Bay, indicated in temperature above 0°C (Fig. A2A), probably obtained by
double-diffusion with WGIW (Lobb et al., 2003). For the geographical endmember (red cross in Fi
Lancaster Sound (red filled triangle) is selected, because it is considered to be more representative of the connectivity to the
Arctic Canada Basin through the CAA. This endmember is calculated from the mean values in the upper 100 m, representative
of the CAA outflow and thus excluding potential recirculation entering the Sound from Baffin Bay. However, it is important
to note that samples taken in Lancaster Sound were collected two years after the samples in Davis Strait. Since outflow from
Lancaster Sound is variable on interannual timescales (Prinsenberg and Hamilton, 2003), this endmember might not be fully.
representative of waters found in Baffin Bay. For example, in previous years. Lancanster Sound endmember might have had a
stronger influence of AAWcp, thus carrying a higher **°U signal.
The presence of AAWcp in central CAA has been previously observed using more detailed nutrients and temperature-salinity
sampling (Jones et al., 2003; Rudels et al., 2004; Lehmann et al., 2022; Wang et al., 2012; Prinsenberg and Hamilton, 2005; Peterson et al
- Despite the shallow passages through the CAA, the AAWcg can make its way to Lancaster Sound as a result of the
eastward transport by strong winds (Melling et al., 1984), tidal currents and vertical mixing enhanced by shallow bathymetry.
(Lehmann et al., 2022; Rudels, 1986; Hughes et al., 2017). The AAW g might further be upwelled to the Archipelago by easterly
,2012)

transported towards the CAA as part of the Beaufort Sea shelfbreak jet (Pickart et al., 2013; Lin et al., 2019; Yang, 2006; Pickart et al., 200
» their northward passage into the Beaufort Sea can cause anomalies of cyclonic wind stress over the Canada Basin, which in
turn increases volume transports through Lancaster Sound (Zhang et al.. 2016; Peterson et al., 2012).

ht contribution of waters coming from Nares Strait (Lehmann et al., 2022; Shadwick

. 5B), the station in western

wind events (Peterson et al. associated with the Beaufort High or synoptic low-pressure systems originating in the North

2
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4.2 Evolution of West Greenland Shelf Water and West Greenland Irminger Water

West Greenland Shelf Water (WGSW) and West Greenland Irminger Water (WGIW) undergo strong seasonal hydrographic
variability-with-cooling-and-salintfieation-. They cool and become more saline in winter and fresheningin-summer(Cuorry-et-als2014)
520 freshen in summer, which complicates quantifying their role in water mass formation in the-Baffin Bay (Curry et al., 2014).
In contrast, radionuclide tracers remain unaffected by these processes, making them a powerful tool for tracking WGSW and
WGIW in their journey to northern latitudes. In our dataset, the largest hydrographic variations are observed in WGSW: in
spring-samples from the AR7W Line show low temperatures {in spring (overlapping dark red triangles in Fig. 4A), while au-
tumn samples adjacent to Davis Strait display higher temperatures and a broad salinity range (all dark red symbols in Fig. 4A,
525 with CT above 2°C). Despite these seasonal changes, tracer concentrations (Fig. 4B) remain remarkably stable, aHowingts

to-robustly-quantify-enabling a robust quantification of the contribution of the-WGSW-to-Aretie-Waterformation—Using-the
binary mixing modelwe-find that the WGSW in-to water mass formation. In the model, mixing between PSWece - NAC is
Along the AR7W Line (dark red triangles in Fig. 6Aas-dark-red-triangles)retains-) the WGSW retained up to 70% of the

[ me ad Denm anP AL AR FHio (A an o on O OR A

530

As the WGSW flows northwards-northward along the Greenland shelf, it becomes progressively entrained by tracer-free waters
water and WGIW (light blue-green symbols in Fig. 6A). By the time WGSW reaches the-Mooring-and-Davis Strait and the
Northern Line (diamonds and circles in Fig. 6 Adiamends-and-eiretes), the PSW-EGCfraction-has-decreased-to-about PSWrge

fraction has declined to approximately 40%;-consistent-with-estimates-of-the-thickness-of the WGSW-ayer-in-the-total-water

535

—. This dilution could be compared to the decrease in
the thickness of warm Polar Water (equivalent to WGSW) as they flow from eastern Davis Strait to eastern Northern Line

observed by Huang et al. (2024).
At central Baffin Bay, water classified as Arctic Water (teal-square~-light brown square in Fig. 6A), preserved a significant

540 PSW-EGCHraction-offraction (about 30%:This-was-es < = s

nrotectad tothe PSW_E NLA - ng Jima 1 an avtanmoion o

g er) of PSW compared to
the endmember at Denmark Strait. This finding contrasts with Huang et al. (2024) and Lehmann et al. (2022), who did not

consider WGSW as a major contributor to the formation of water masses in the region. The substantial presence of WGSW

may underscore the role of eddies, the off-branching character of the WGC, and the significant transformation of surface waters

545 water in Baffin Bay. WGIW-(Fig—6A-tight-green-symbeols)-tes-
On the contrary, WGIW is positioned closer to the NAC endmember than WGSW, because-these-waters-have-reflecting a

stronger influence from waters-coming-directly-from-the south-and-thus-haveless-tracercontentsouthern-sourced water and thus

exhibits lower tracer concentrations. An increase in its tracer content from the Labrador Sea to Baffin Bay confirms its mixing

with WGSW, preserving approximately 15% PSW-EGE(fraction PSW-EGE=1-D/B)PSWggc, consistent with the decrease
550 in the thisckness observed by Huang et al. (2024), while contrasting Rysgaard et al. (2020), who did not observe WGIW on the
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Greenland shelf in Baffin Bay. Furthermore, Huang et al. (2024) observed a200-m-thiek-WGEFW-layer;-outof 500-m-of the-total
water-column; WGIW in central Baffin Bay, which could not be identified here, probably due to the limitation of the mixing of

two endmembers in the tracer analysis.

4.3 Origin of Transition Waterand-, Baffin Bay Mode and Bottom Water

The formation and origin of Transition Water is-a-topie-(TrW) remain subjects of ongoing debate. While-Huang-et-al+(2024)-
deseribed-Huang et al. (2024) characterised Transition Water (their TrW1) as a mixture of several water masses¢, including
WGIW, cold Arctic Water -and-W-GSW),Rudels 26+ referredto-and WGSW. In contrast, Rudels (2011) described it as
a blend of “Atlantic” water from the south and denser, colder northern water. {ﬁ—T-&spae&Gth—%—fht&feﬂﬁaﬂem&we}}

analyses by Lehmann et al. (2022) and Azetsu-Scott et al. (2010) identified WGIW, Pacific Water, and Arctic-Atlantic Waters

s the primary contributors of Transition Water %%ﬂ%ywvafef&wmwehﬁ%ﬂgh—eemme—fetmdﬁ%es—s&aﬁﬂné

The broad range of '*°I- and **°U space(dark-biue-symbets-in-Fig-concentrations within Transition Water are consistent
with the contribution from multiple endmembers (Huang et al., 2024; Lehmann et al., 2022). The temperature maximum within
Transition Water (TrWxpax, dark blue symbol in Figs. 4 and 6A) —A-elearsimilarity-emerges-betweenTransition-Water-and
waters-from-Laneaster Sound-(red-symbolsclusters near the Lancaster Sound endmember (red cross in Fig. 6A), particutarly

BtO ah Of—vyvd ofmation a OH A B a ottt g 1o

: = mixing-whereas the remaining Transition
MMM@M&@&%@MWMW&WM
additional mixing processes. However, as mentioned above, the Lancaster Sound outflow is known to be highly variable
Lehmann et al., 2022; Peterson et al., 2012; Prinsenberg and Hamilton, 2005) and might shift along the Pacific — AAW g mixin
line. Therefore, the contribution of Lancaster Sound outflow to waters in Baffin Bay (TrWrygy and BBMW) is not calculated
using this geographical endmember but from the mixing line between Pacific - AAWcp endmembers. Although the Lancaster
Sound outflow might not be considered as a fixed endmember, its influence remains apparent in the composition of Transition
Water and TrWpgy. TrWomgy reflects contributions of cold, **°Usrich AAWcg mixed with Pacific Water )-and-its-presence
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infrom Lancaster Sound, i

asseeiated-with-while its elevated temperatures are likely caused by mixing with warm 1291 and 236U oor WGIW within
Baffin Bay. This results in a contribution of the AAW+x5t

Pacific water as the lower tracer endmember (i.e. this also mix with WGIW). This
finding aligns with observations by Lehmann et al. (2022), but emphasises the outflow of Lancaster Sound as more important
component to Nares Strait outflow only. The Lancaster Sound outflow might be transported from shallow to intermediate

depths by deep convection asseetated-with-targe-air-sea-and cascading driven by intense air—sea fluxes and polynya deve}epmeﬂ{

. being subsequently redistributed through lateral exchange between the-slope and basin waters, as modelled by egMuaehwe%al—@OJé}
mmﬁbmﬁmmmmwmww@ﬁg%WWMwww

- kg m 3 isopycnal (Lobb et al., 2003; Shan et al.
, this dense water may encounter warm WGIW, where diffusive instability and cabbeling ean-cause-these-waters-to-further-mix

is a lower bound contribution, as TrW-

along the 27.5kgfm’

and-descend-in-the-water-column—promote further mixing and downward propagation (Lobb et al., 2003; Shan et al., 2024,
Huang et al., 2024)n i

these-processes-provide-a-plausible-mechanism-for-the-high-, forming TrWrpay.
Ultimately, Transition Water forms through the evolution of TrW- toward colder, fresher waters, which results in less 236U

hav&m&mpae%e&fh&g@@}yg@gg}zﬁ and-due to mixing with WGSW (Figure 6A, dashed line connecting TrW with
WGSW). WGSW may entrain Transition Water through cascading along the Greenland Shelf (Marson et al., 2017). Additionally,

Transition Water might also have contributions from the Nares Strait outflow (Jones et al., 2003), as observed by the increased

concentrations **°U
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Stmitar-to-that bring some of the Transition Water to the Nares Strait endmember in Fig. 6A.

Despite the limitations of a two-endmember model to constrain the origin and mixing of water masses, the radionuclide
tracers strongly suggest the presence of AAWcg outflowing Lancaster Sound and subsequently entraining Transition Water, a
process that could not be quantified when using nutrient-based tracers alone (Lehmann et al., 2022; Azetsu-Scott et al., 2012).
Furthermore, radionuclide tracers show negligible contributions of WGSW t0 TrWorax.

Moving to greater depths, the origin and formation of BBMW still remain unclear (Bourke et al., 1989; Rudels et al., 2004
. BBMW (purple symbols in Fig. 6A) remains-unclear (Huang-etal;2024-BBMW-has been suggested to be older than other
water masses in the region, with tracer ages estimated to be up to 90 years (Lique et al., 2010)-, which aligns well with a tracer

signal of "old" water according to Fig. Al. The relatlvely high 236U and very low 2°I displayed by BBMW mayﬂgzmrmdl—
cate the presence of AAWrand-with-the-imprint-of “old—waters;aceording-toFig-Al—These-ages-would-agree-with-elde

and align with observations by Rudels et al. (2004)
and Bailey (1956). However, based on the available tracer data, it is not possible to differentiate if the AAW g originated from
Nares Strait, as indicated by Rudels et al. (2004) and Bailey (1956) or from Lancaster Sound.

Finally, the deepest waters in Baffin Bay, also known as Baffin Bay Bottom Water (BBBW), remain tracer-free (Fig.4B

dark purple squares). Low tracer concentrations are consistent with observations by Bourke et al. (1989), which show that
convection or cascading do not contribute to BBBW formation, and is further consistent with its long ventilation time of up to
455 years based on tritium and *He measurements (Top et al., 1980). Other studies have posited that Atlantic Water from the
Canada Basin may contribute to BBBW formation (Rudels, 1986; Rudels et al., 2004), but this interpretation is incompatible
with high tracer concentrations in the Canada Basin (Payne et al., 2024), which would manifest as elevated '*T and atmestne

~*%°U concentrations in BBBW.
4.4 Origin and formation of Arctic Water ;-and cold Arctic Waterand-Transition-Water-mix

Arctic Water and cold Arctic Water are significant sources of freshwater to the subpolar North Atlantic, as-and they are strongly

lacial meltwater and

Pacific water (Huang et al., 2024; Sherwood et al., 2021; Curry et al., 2014; Shan et al., 2024). However, the composition of
these freshwaters as they mix with other water masses in the region stib-remains—under-debate—Theradionuclide-tracers

WQ?’GU and 29T demonstrate that cold Arctic Water is a mixture of Aretie-Atlantie-Arctic-Atlantic Water

influenced by sea icean

outflowing mostly through Nares Strait, Pacific ¥

seutherntatitudesWater, and WGSW, with minor contributions from Lancaster Sound. Arctic Water has a similar origin, but

A AN A A A A N A A AN A N A NN N N AN AN NN AR AN NN AN AN AN R ANANAANANANAN

with a stronger influence of tracer-free freshwater. In-addition;-the-tracersreveal-a-distinet-water-mass;-here-termed-Transition

20



655

660

665

670

675

680

685

symbeols)-Both Arctic Water and cold Arctic Water
blue);are-shown-are presented in Fig. 6B i
and-WGSWs-as light brown and teal symbols, respectively. The new endmember for WGSW is calculated as the mean of the

values shown in Fig. 6A-F

the corresponding standard deviation. This endmember includes all samples with concentrations of '*T eoneentration-below
240x 107at atoms/kgte-bestrepresent, selected to best characterise the core of WGSW reachingnorth-of-advecting north
beyond Davis Strait. We consider mixing between Lancaster Sound (to_best represent the surface and subsurface inflow)
and WGSW _(Lehmann et al., 2022); Nares Strait outflow (NSsou) and Pacific Waters (Jackson et al., 2014). Additionally,
potential mixing between Lancaster Sound and NAC and WGSW_with NAC (Marson et al., 2017) is indicated as grey solid

lines.

Cold Arctic Water has-generally has higher tracer concentrations than Arctic Water and is confined to a cold (CT abett-~
-1.5 °C) and rather narrow temperature range, while it covers a salinity range between 32.5 and 33.6 (FigFigs. 4 and A2??).
Although Huang et al. (2024) observed mixing between cold Petar-Water(simitarto-this-study-eold-Aretie-Arctic Water (their

cold Polar Water), Meteoric-Water-as-well-as-WGIW,-the-mixing-model-here-meteoric water, and WGIW, our mixing model
(Fig. 6B) points to additional waters-eontributing-te-water masses involved in its formation. In the following, we examine each

of-them-contributor in detail, starting with WGSW.

In the binary mixing ptetmodel, cold Arctic Water (Fig—6B;—teal-symbols—with-golden—edges)-stretches from the mixing
line of Nares Strait South (NSSeuthg,,;) and Pacific Water towards the endmember of WGSW, suggesting the influence-of
WGSW-en-presence of WGSW in cold Arctic Water as well. The largest contribution of WGSW, approximately 6580%, is
observed in a sample at-a-depth-eflocated at 54 m depth in the middle of the Northern Line as-indicated-(circle in Fig. 6B)by-an
“a"and-the-fraction- WGSW-=-G/H. WGSW generally follows the main cyclonic circulation (Curry et al., 2011; Azetsu-Scott
et al., 2012; Huang et al., 2024)and-, which may cool through air-sea heat exchange s-in winter (especially in the North Water

pelyayain-winter-Polynya) and cascade along the Greenland shelf (Marson et al., 2017), thus reaching the temperature of the
cold Arctic Water (Yao and Tang, 2003). : i

In central Baffin

Bay (teal square in Fig. 6B), the Nares Strait outflow contributes up to 3570% to cold Arctic Water(lbLm—Fig—éB—)oThe—fe}eef

acompletely-differentset-oftracers—, in agreement with previous observations by Huang et al. (2024); Lehmann et al. (2022)
and Melling et al. (2001).
Finally, Pacific Water and WGHW,-beth-eharacterised-by-NAC (Fig. 6B) with low 2T and 23¢U may contribute to cold

Arctic Water as well. While Huang et al. (2024) focused primarily on contributions of WGIW, the radionuclide tracer data is
less conclusive, as mixing with either source produces a similar low-tracer signal{"einFig—6B)—. At this stage, the binary
mixing model reaches its limit, unable to distinguish between these two low-tracer endmembers. Finally, mixing with Arctic

Water, as previously noted by Huang et al. (2024), is likely but cannot be precisely quantified here due to similar 2T and
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2361 signatures of cold Arctic Water and Arctic Water. Overall, the cold Arctic Water cluster reflects a varying blend of water

690 masses described above, showing no elear-trend-in-hydrographie-properties—such clear trend when looking at hydrographic
properties only.

Following the assessment of the cold Arctic Water cluster, we turn to Arctic Water to explore its distinct properties and its
close association with cold Arctic Waterin-tracer-spaee. Although Arctic Water is fresher than cold Arctic Water, both water
masses plot closely together in tracer space (teal-light brown and teal symbols in Fig. 6B). Arctic Water appears to be the result

695 of the-dilution-of-similar sources as cold Arctic Water with-but with higher contributions of low-tracer waterswater, probably of

Traeer-free-tracer-free and Pacific origin (Huang-et-al5-2024; Planatet-al;-2025)-Unlike-eold-(Huang et al., 2024; Planat et al., 2025; Shen
. In Arctic Water, Aretic-Water-shows-the-strongest-WGSW-influenee-contributions of WGSW are observed in central Baffin
Bay %WM highlighting the strong stratification in this region. The-input-of-low-tracer-water,similar
ide-On the western flank of the Northern Linetd—,
700 &Wﬂw&@mm Fig. 6B), probably due to mixing with 50% of Pacific Water (if
mixing between Pacific and NSy, is considered). These mixed waters remain confined within the BIC and are transported

southward. Stronger mixing with cold Arctic Water likely occurs near the-Moering-EineDavis Strait (diamond symbols), il-
lustrating the dynamic conditions in this area (Huang et al., 2024; Tang et al., 2004). Further south in the Northern Labrador

Sea Line (starsstar symbols), Arctic Water was likely sampled within the bifurcation of the WGC, showing up-to-30%-WGSW

(if mixing with Lancaster Sound outflow is considered). Gou et al. (2022) attributed a southward transport of water confined to
at the AR7W Line (triangles), Arctic Water carried by the Labrador Current pﬂfﬂaﬂ%y—tfaﬂspeﬁs—theﬁ%%er—stgﬂa}w&h—up
to-30%eontribution when-mixing of NSSeuth-transports a lower '*I signal, probably originating from the Nares Strait outflow.
710  (up to 70%, again if mixing NS s, With Pacific Water is considered¢#in-). As the Labrador Current continues southward
Line suggest further mixing between WGSW, Nares Strait and/Jor Lancaster Sound outflow and a low tracer component,

ata-two surface samples are warmer (CT: 1.5°C) and

715 more saline (S 4: 33.8) than Arctic Water, but colder and fresher than the remaining samples classified as Labrador Sea surface
(Fig.4). Possible influences on the main water masses observed in the Labrador Current might be-caused-by-the-include:

seasonal variability in the-southward-velocities-observed-southward velocities at Davis Strait, which are generally highest in
summer and lowest in winter (Curry et al., 2014; Myers, 2005; Shan et al., 2024)o+; variability in the outflow of AAWr5—cp
via Hudson Strait -south of the Northern Labrador Sea Line (Straneo and Saucier, 2008)%{efe}asstﬁedﬂs—”'r“faﬂsmeﬂ~\¥afef

720
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needs-to-be-constdered—; the presence of eddies and Irminger Rings (Gou et al., 2022).

725 4.5 Implications on the formation of Labrador Sea Water and North East Atlantic Deep Water

The formation of Labrador Sea Water (LSW) is governed-by-complex-driven by deep winter convection and associated physical
processes (Clarke and Gascard, 1983)and-influenced-by-various-, and is modulated by multiple freshwater sources (salinity
<<34.6PSU;Zhang-etal«(202}1a)-thatcanimpaet; Zhang et al. 2021a) that alter its properties (Yashayaev, 2007; Yamamoto-
Kawai et al., 2008). Fo-date;—the-The relative contributions of these freshwaterseurcesremain—unresolvedsources remain

730 uncertain, with most studies focusing on boundary-inputsfreshwater inputs from boundary currents (Schmidt and Send, 2007;
Zhang et al., 2021a). In contrast, artificial radionuclides

of off-boundary current sources in the formation of both LSW and North East Atlantic Deep Water (NEADW). Insights from
29T and **°U tracers suggest that the properties of LSW and NEADW may be shaped by mixing between BBMW, Transition
735 Water (TrW), and the North Atlantic Current (NAC).

In the previous study by Leist et al. (2024) using '?°I and 236U in the Labrador Sea region, the mixing model reached its lim-

itations when trying to understand the origin of LSW, due to low tracer concentrations and the absence of critical endmembers.
However,the-study-identified- Nonetheless, that study showed that 129 T-rich- WGSW-eddies-as-one-of the-sourcescontributing
-rich WGSW eddies contribute to LSW as they branch off the WGC and move into the interior of the Labrador Sea (Leist et al.,
740 2024; Hatun et al., 2007; Holliday et al., 2009; Lilly et al., 2003; Chanut et al., 2008; Pacini and Pickart, 2022). Labrador Sea
Water (red-blue symbols in Fig. 6C) appear-appears to have a significant contribution of WGSW, estimated here-to be up to
20%(WGSW-raetion=N/30% (if mixing with the NAC endmember is considered). The influence en-surface-waters-in-the
%M%mwg@ﬂ%m@ax)m%r up to 40%(WGSW-fraction=-0/l;¢rossing

745

750

fwe%R%’—WL%uffaeeﬂamp}e%—m7O% on surface water of the eastern Labrador Sea (light red triangles in Flg 6C€htghhghfed—by

755  Another source of 12°T and 236U in the LSW could be the Labrador Current, carrying Arctic Water and cold Arctic Water, but
this-weuld-contributions to the LSW formation might be relatively small (< 10%), as already-diseussedinMyers(2005); Pickartand-Spal(
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reviously discussed in Myers (2005), Pickart and Spall (2007), Wang et al. (2018) and Duyck et al. (2025). However, the main
LSW cluster observed in Fig. 6C (red-txi

M%WMM”QW%U concentrations. This suggests that another water
mass, richer in 226U relative to 121, is required to account for the observed composition of LSW. This feature, first noted in
201H4-by Castrillejo et al. (2018) and later confirmed by Leist et al. (2024), can now be explained by the influence of Fransition
Water;-which-flows-eut-of-the Transition Water outflowing Davis Strait and entrains-entraining into LSW. Among-the-water

Among the southward-flowing water entering the Labrador Sea, the Transition Water is the only one-watermass with suf-
ficiently high 236U concentrations to explain the tracer signature of LSW. To our knowledge, this entrainment of Fransition
Water-the Transition Water outflowing Baffin Bay into LSW has not been previously considered in the literature. To estimate the

contributions of Transition Water a new endmember is derived from the maximum temperature observed in Transition Water
(TrWrpax, dark blue cross in Fig. 6C) with error bars reflecting the variability between samples. As shown by “h*the blue
triangles in Fig. 6C, this-contribution-the contribution of TrWr,, could be as high as 36%fractionTrW-=P/Q)20%. In Davis
Strait, long-term moored measurements of temperature and sahmty —(Fig. A2A, B), and across-strait velocity frem—(2004-

2024) at 60°W and 500 mete

WWWMMWQS&%M from Davis Strait yeaﬁeﬁﬂé
into the Labrador Sea (Fig-A2)from 2004 to 2024, complementing gridded transports for the 2004-2010 period (Curry et al.,
2014). These measurements are—toeatednear—coincide with the 22U maximum in the-MeeringEine-Davis Strait (**6U~

17.5 x10° at/kg, Fig. 3) ~ demonstrating that the

transport towards the Labrador Sea of water fresher than LSW (5S4 < 34.9 g/kg) into-the-Labrader-Sea;-providing-provides
both a 236U and freshwater source for LSW. Once the Transition Water enters the Labrador Sea, it may beeome-be entrained

with LSW th

Irminger-Seathrough mixing along-density surfaces Zou et al. (2020). Furthermore, similar concentrations of 12°T and 236U
between BBMW and LSW (Fig. 4) suggest that substantial mixing also occurs between these water masses. With-an-average

salinity-As a result, with an average Sy < of 34.49 g/kg, BBMW can also act as a further freshwater source to-for LSW.
These previously unreported freshwater contributions to-£=SW-from Transition Water and BBMW to LSW can help shed light

on potentially unresolved physical processes in ocean models that contribute to deep convection variability in the Labrador Sea.

Finally, NEADW is a water mass that originates from multiple sources, including ISOW - BSOW:;-and LSW (Yashayaeyv,
2007; Garcia-Ibafiez et al., 2015). In the mixing model (yellow triangles in Fig. 6C), NEADW occupies a low-tracer area
Fig. 6C, from Dale et al. (2024)) while the contribution of DSOW (dark green triangles) is minor (Garcia-Ibafiez et al., 2018
. However, the elevated 220U—relativeto221-236U relative to 21 is not explained by the endmembers established so far.
Our results suggest that Transition Water and/or BBMW contribute up to 3625% to NEADW —with-the remaining-fromINAC

waterswhen mixing with NAC is considered. During autumn and winter, BBMW may-can enter the deep Labrador Sea as a
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weak overflow through Davis Strait (Huang et al., 2024; Curry et al., 2014)andjoin-this-deeperlayerin-the Labrader-Sea;

thus—mixing—. Once there, it joins the deeper layers and mixes with NEADW. Although the simple two-endmember model
used here cannot fully resolve every water-mass—eontributioncontribution, particularly under low tracer concentrations and

multiple sources, it still provides a valuable first-order approximation. Future work could build on this foundation with a more

comprehensive multiparameter analysis.

5 Conclusions

By-apphying-This study uses '?°T and 236U as-tracers in Baffin Bay, Davis Strait, and the Labrador Sea ;-thisstudy-provides
new-econstraints-onto better resolve the pathways and transformations of Arctic and Atlantic waterswater. Elevated 236U in

Transition Water reveals that Arctic—Atlantic Water from the Canada Basin contributes significantly to—its—(up to 60%) to
Transition Water formation, demonstrating that the outflow of Atlantic-derived waterswater, most probably through Lancaster

Sound, has been underestimated so far. At the same time, our results show that the West Greenland Shelf Waters—feed-into
Aretic-Waters-Water feeds into Arctic Water (75%) in central Baffin Bay;—while-cold-Aretic-Waterstargely-originatefrom

Nares-Strait-and-mixes-with—. Cold Arctic Water is influenced by Nares Strait outflow (up to 70%) at the centre of the ba
while on the eastern side, it contains up to 80% West Greenland Shelf waterWater. These processes highlight the role of Arctic

outflows in the delivery of freshwater to Baffin Bay and furtherseuththe Labrador Sea. South of Davis Strait, our results show
that Transition Water provides a substantial-contribution-to-notable contribution (up to 20%) to the formation of Labrador Sea
Water and-with potential contributions to North East Atlantic Deep Water. This previously unrecognised-overlooked pathway
not only supplies freshwater but also leaves a distinct tracer signature, with direct implications for convection processes in the
Labrador Sea and the composition of North East Atlantic Deep Water.

Together, these findings emphasise that Arctic outflows through the Canadian Arctic Archipelago are more important than
previously assumed. They shape the transformation of Baffin Bay water masses and exert a significant influence on the venti-
lation and freshwater budget of the subpolar North Atlantic. €apturing-This work motivates repeated sampling to understand
inter-annual variability, while capturing these processes more accurately in ocean models will be essential for predicting future

changes in deep water formation and the stability of the Atlantic Meridional Overturning Circulation.

Data availability. The original datasets for this study can be found at the Zenodo database (https://doi.org/10.5281/zenodo.16914587). The
CTD data of Lancaster Sound and Nares Strait are provided by Amundsen Science Data Collection Amundsen Science Data Collection

(2024).
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Figure 1. A) Map of the study area showing the main surface water mass circulation as solid lines, intermediate-depth circulation as
dashed lines, and deep circulation as dotted lines, adapted from Curry et al. (2014), Garcia-Ibafez et al. (2015) and Pale-et-at+2024)
Dale et al. (2024). Fhe-ocean-Ocean current names are stated-shown in black textfont, while specific water mass names are in-represented
in eotorsother colours. Black icons mark-indicate the locations of the-nuclear fuel reprocessing plants at Sellafield (UK) and La Hague
(France), and the blue star marks the location where the tracers input function is defined (Fig. Al). B) Close-up view highlighting regional
geographic detailsfeatures and the oceanographic transects sampled in this study-indieated-by-distinet- Filled red symbols indicate sampling
Northern Labrador Sea Line (stars), and AR7W (triangles). Unfilled red symbols represent samples from Lancaster Sound (west: triangle,

east: diamond), while unfilled orange symbols represent samples from Nares Strait (north: square, south: circles). All acronyms-abbreviations
are defined in Appendix Table Al.
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Table Al. Appendix A:

~Abbreviations of water masses referenced-and currents cited in this

study-the manuscript. Water mass definitions are based on classifications from Curry et al. (2014), Huang et al. (2024), Garcia-Ibéiez et al.

(2015), Yashayaev (2007) and Bourke et al. (1989). In this work, hydrographic properties are reported as follows: Absolute Satinity-salinity

(Sa, g/kg) and Eenservative-Femperature-conservative temperature (CT, °C) are given for all data newly analysed in this study, following

TEOS-10 recommendations. For water masses described in the literature whose properties were not re-evaluated here, values are reported

as practical salinity {PSH)-and potential temperature (Tpot, °C), following the original sources. This approach ensures consistency with both

current standards (TEOS-10) and historical literature for all water mass and current definitionspresented.

Acronym Water mass / current Salinity Temperature Refe
AAW©EB—cp_ Arctic Atlantic Water Canada Basin >34.7 Tpot>0 Payne et
AAWcAa Arctic Atlantic Water Sa>33 CT><-1 this
AW Arctic Water Sa>329 4—1—>GT—>Q/’1:N -0.8 ;VIVL this ¢
AWeaa Arctic Water CAA Sa<33 CT<0 this
BBBW Baffin Bay Bottom Water Sa:34.6 CT< 04 this ¢
BBMW Baffin Bay Mode Water Sa:34.6 CT.07—12 this ¢
cold AW cold Arctic Water 32.5<S Ae% 33.8 CT<-0.8 this ¢
DSOW Denmark Strait Overflow Water Sa<35+0.1 CT< 1.3 this
ISOW Iceland—Scotland Overflow Water 34.9-35 PSU Tpot: 2.0-35=3.5 Dale et a
LSW Labrador Sea Water Sa>35 3:6-CT: 3.1 -3.8 this
NEADW North East Atlantic Deep Water 35:6635.07+0.2 24-CT:2.0-3.3 this
Pacific Water Pacific Water <32.5 PSU Tpot-0.4£0.1 Payne et
PSWeentral-Aretie g Polar Surface Water Eurasian Basin density: og <27.70 Wefing et
PSW-EGEPSWgqc Polar Surface Water at Denmark Strait <34.3 PSU Tpot< 0 Dale et ¢
SAIW Subarctic Intermedaite Water 349 PSU Tpot: 4F4 =17 Castrillejo
TTW Transition Water Sa:34.0-34.6 £6:2- +4—CT:0-1.8 this
TrWmtxTmax Fransttion-Water-mix-Temperature maximum in TrW_ Sa:34-34-5-34.644-0.03 CT<:14-18 this
WGIW West Greenland Irminger Water Sa >34.7 CT>3.5 this
WGSW West Greenland Shelf Water Sa<34.2 CT< 5 this ¢
BIC Baffin Island Current
CAA Canadian Arctic Archipelago
EGC East Greenland Current
LC Labrador Current
NAC North Atlantic Current
NCC Norwegian €eastel-Coastal Current
WGC West Greenland Current 43
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Table A2. Endmember Data—data with Geegraphiegeographic location and depth, W%M”I and Hydrographie—Properties?>U _and

hydrographic properties.

Endmember Latitude °N Longitude °E Depth (m) "I (x107avkg)  **°U(x1
AAWE5EBp 70.6 — 77.7 -140.0 —-146.8 300 - 600 118 £ 20 27.2-
Paeifie ISOW 70.6-77.7553 -+46-0—146:8-264  8:5-1500 T8 +242 4:6-12.0 4
PSW-EGCLanc. S, 675741 258911 4295100, NIESSYE 3172
NAC 58.5 -31.2 +6:93-5 - 60 16.9 + 0.4 9.1+
ISOW-NSsoutn_ 55320478 4202 = 043514 £ 0.01-2.7 +0.1-3h NSSouth 78.3 733 ---74.7 > 150 158 + 15 21.8 -
Pacific 06717 1400 -146.8 100, 83£24 464
PSWrac 673, 238 <100 A2L3. 17,34
WGSW 63.7—69.2 -53.0 —-58.4 400 - 650 189 = 20 123+
TrW 66.7 —72.7 -57.3 —-65.9 5-300_ 70 + 10 17 +
. 024D 024

y as e-ett: Uz 5,0 1da i UzZ4

Dale et al. (2024), c: Castrillejo et al. (2018), d: this study.

ticdya: Payne et al. (2024), b:



Water mass and location

Fraction f

NSsaun.
Lancaster Sound
WGSW arnw.
AWeensral Boffin Boy.
AWgra

AW Labrador Current
old AW central Baf tin Boy.
cold AW Northern Line.

erWI;m
LSW.

LSW.
LS Surface
NEADW.

55:65% AAWy
40% PSWrcc.

15% PSW
75% WGSW_

55% WGSW._

70% NS souts.
70% NS souss.
80% WGSW_
60-65% AAWCy

NS norsp = Pacific
AAW g - Pacific
PSWece = NAC
PSWege = NAC.

PSW, — NAC
WGSW - NAC

Lanc. S. - WGSW
NS sauen = Pacific.

WGSW - NAC

AAW g — Pacific
WGSW - NAC

Tr x — WGIW
WGSW - NAC

TrW - WGIW
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A2 Appendix B, Additional Figures

1291 (10°%at/kg)
w
N
236 (10’at/kg)

1950 1960 1970 1980 1990 2000 2010 2020
Year

Figure Al. Input function of '2°I (red) and 236U (blue) defined at 70°N in northern Norway showing the combined imput-input from

nuclear fuel reprocessing plants in Sellafield (UK) and La Hague (F), and the global fallout from atmospheric nuclear weapon tests

Wefing et al., 2021; Payne et al., 2024).
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Conservative Temperature (°C)

31.2 32.0 32.8 33.6 34.4 35.2
Absolute Salinity (g/kg)
"1 Nares Strait north <] Lancaster Sound west m central Baffin Bay ¢ Mooring Line
(O Nares Strait south v AR7W * Labrador Sea Line ® Northern Line

O Lancaster Sound east

Figure A2. T —— S diagram --of all samples reported in this study. Grey symbols represent the samples covering the four lines and central
Baffin Bay sampled in 2022. The red symbols represent samples from Lancaster Sound, while the orange symbols represent the samples

from Nares Strait, both sampled in 2024.
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Mooring Line, 60°W, 500m
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Figure A3. Section plots of Abseluate-Salinity-absolute salinity (A-PA — D) and Censervative-Femperature-conservative temperature (E-HE
— H), along the Northern Line (A, E), Meering-Line-Davis Strait (B-EB, F), Northern Labrador Sea Line (C, G), and AR7W Line (D, H).
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