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Abstract Nickel stable isotopes (δ60Ni) provide insight to Ni biogeochemistry in the modern and past
oceans. Here, we present the first Pacific Ocean high‐resolution dissolved Ni concentration and δ60Ni data, from
the US GEOTRACES GP15 cruise. As in other ocean basins, increases in δ60Ni toward the surface ocean are
observed across the entire transect, reflecting preferential biological uptake of light Ni isotopes, however the
observed magnitude of fractionation is larger in the tropical Pacific than the North Pacific Subtropical Gyre.
Such surface ocean fractionation by phytoplankton should accumulate isotopically lighter Ni in the deep Pacific,
yet we find that North Pacific deep ocean δ60Ni is similar to previously reported values from the deep Atlantic.
Finally, we find that seawater dissolved δ60Ni in regions with hydrothermal input can be either higher or lower
than background deep ocean δ60Ni, depending on vent geochemistry and proximity.

Plain Language Summary A habitable Earth relies on the growth of microscopic plants, called
phytoplankton, in the ocean. Phytoplankton help regulate Earth's climate and their growth requires various
nutrients in seawater, including a suite of metal elements such as iron, zinc, and nickel (Ni). These metals are
called trace metals in the ocean because their concentrations are extremely low in seawater, yet they are essential
micronutrients. Therefore, it is important to understand how much and how these elements are supplied to and
removed out of the ocean, and how they are used by phytoplankton. To study this question, we analyzed Ni
isotope ratios of hundreds of seawater samples collected from the Pacific Ocean—which is the ratio of naturally
occurring Ni atoms with different numbers of neutrons and therefore slightly different masses. We find that
surface seawater is more enriched in heavier Ni isotopes than the deep seawater, in particular around the tropical
Pacific. The deep ocean has similar Ni isotope ratios across different ocean basins, from the Atlantic to the
Pacific. Seawater Ni isotope ratios are impacted by rivers near Alaska, submarine volcanos near Hawaiʻi, and a
submarine volcanic chain called the East Pacific Rise.

1. Introduction
Nickel (Ni) is an important micronutrient for marine phytoplankton, serving as the cofactor for many essential
enzymes that influence the global carbon and nitrogen cycles including superoxide dismutase, hydrogenase, and
urease (Alfano & Cavazza, 2020; Ragsdale, 2009). Therefore, it is essential to study and understand Ni
biogeochemistry in the modern ocean. Nickel stable isotopes (δ60Ni) provide a powerful tool in Ni biogeo-
chemical studies. Measurements of δ60Ni for seawater and major Ni sources and sinks in the ocean have improved
our understanding of the global ocean Ni isotope mass balance (Archer et al., 2020; Cameron & Vance, 2014;
Ciscato et al., 2018; Fleischmann et al., 2023; Gall et al., 2013; Little et al., 2020; Revels et al., 2021; Vance
et al., 2016). Analysis of seawater δ60Ni may also provide insight into the internal cycling of Ni in the ocean,
including such processes as biological uptake, regeneration, and scavenging. For example, δ60Ni profiles in the
oligotrophic ocean are characterized by heavier δ60Ni (δ60Ni ≈ +1.7‰) in the surface seawater than in the deep
ocean (δ60Ni ≈ +1.3‰), indicating preferential assimilation of lighter Ni isotopes by phytoplankton during
biological uptake (Archer et al., 2020; Lemaitre et al., 2022; Takano et al., 2017; Yang et al., 2020).

Previous studies have reported seawater δ60Ni from the Atlantic Ocean (Archer et al., 2020; Lemaitre et al., 2022),
Southern Ocean (Wang et al., 2019), South Pacific (Takano et al., 2017), western North Pacific (Takano
et al., 2022), and North Pacific upper ocean (Yang et al., 2020, 2021). However, data are particularly limited in the
North Pacific, and have barely been reported for the deep North Pacific Ocean. Here, we present a high‐resolution
section of dissolved Ni concentrations and Ni isotopes from the US GEOTRACES Pacific Meridional Transect
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(GP15) cruise which sailed from the Alaskan margin (56°N) to Tahiti (20°S) along 152°W through the central
Pacific, covering multiple oceanic regions with distinct biogeochemical features (Figure 1). Near the Alaskan
continental margin, potential external Ni sources, such as rivers, may impact seawater Ni concentration and δ60Ni.
The oligotrophic North and South Pacific gyres provide the opportunity to study biologically driven Ni isotope
fractionation in the surface ocean. The deep North Pacific, where the oldest seawater resides, is an important
endmember for investigating the change in seawater δ60Ni with deep ocean circulation. The GP15 transect also
includes several regions where seawater is influenced by hydrothermal activity (Jenkins et al., 2020, 2023),
providing an opportunity to explore the hydrothermal impact on seawater δ60Ni. The high‐resolution GP15
seawater Ni concentration and δ60Ni data set presented here includes over 600 seawater dissolved Ni concen-
tration and δ60Ni observations, adding significantly to the global data set and providing insight to Ni biogeo-
chemistry in the global ocean.

2. Materials and Methods
2.1. Seawater Sampling

Depth‐profile and surface tow‐fish seawater samples were collected aboard the R/V Roger Revelle (RR1814‐
RR1815) from the US GEOTRACES GP15 cruise. Hydrographic data including temperature, salinity, oxygen
concentration, nutrient concentrations including phosphate, nitrate, and silicate, and seawater helium isotope
ratios (δ3He) were taken from the publicly available data sets to provide context for Ni biogeochemistry (Casciotti
et al., 2021a, 2021b; Jenkins & German, 2021a, 2021b).

Depth‐profile seawater samples for Ni and δ60Ni were collected using the GEOTRACES Trace‐element Carousel
sampling system (GTC) (Cutter et al., 2017, 2018). After collection, seawater was filtered from the GO‐FLO
bottles through Acropak capsules (0.2 μm) into acid‐washed 1 L LDPE bottles in the GEOTRACES trace‐
metal clean van. Surface samples were collected using a tow‐fish sampling system (Cutter et al., 2018). Sur-
face seawater was pumped up by a Teflon bellows pump and filtered by a 0.2 μm filter cartridge into clean 1L
LDPE bottles.

2.2. Nickel Concentration and Isotope Analysis

Seawater samples were acidified to pH ∼1.8 by adding concentrated, distilled HCl (1 mL 12N HCl/1 L seawater)
in a class 100 clean lab at the University of Southern California (USC). Meanwhile, 1 mL of 30% H2O2 was also
added to each 1 L seawater to destroy strong copper‐binding ligands (Baconnais et al., 2019). Acidified samples
were then stored for at least 6 months before Ni concentration and isotope analysis.

Dissolved Ni (dNi) concentrations were analyzed using a seaFAST‐Pico™ offline system with an isotope dilution
technique at USC and Texas A&M University (TAMU) (Hawco et al., 2020; Jensen et al., 2020). The USC dNi
results are consistent with the TAMU dNi results (mean relative‐difference is −0.5 ± 4.4%, 1SD, n = 762, Figure
S1 in Supporting Information S1) and have been reported in John et al. (2022) for Ni biogeochemical modeling.
For figures and discussions in this paper, we use the USC dNi results.

Seawater Ni isotope compositions were analyzed using a double‐spike technique coupled with a prepFAST‐
MC™ offline system to purify Ni isotopes from seawater (Bian, Yang, Raad, Hawco, et al., 2024; Conway
et al., 2013; Yang et al., 2020). The detailed procedure for sample purification and Ni isotope analysis is presented
in Bian, Yang, Raad, Hawco, et al. (2024). Nickel isotopes were analyzed using a Thermo Neptune Plus multi‐
collector ICP‐MS (MC‐ICP‐MS) at USC, the University of South Florida (USF), and Academia Sinica (AS) and
δ60Ni results analyzed at USC, USF, and AS are consistent with each other (Figure S1 in Supporting Informa-
tion S1). The double spike data reduction scheme followed the iterative method described by Siebert et al. (2001).
The Ni isotope ratios were expressed using the delta notation relative to the NIST 986 Ni isotope standard:

δ60Ni = [(60Ni /
58Ni)sample/(60Ni /

58Ni)NIST 986 − 1] × 1000 (1)

The accuracy of the method for seawater Ni isotope analysis has been previously demonstrated (Bian, Yang,
Raad, Hawco, et al., 2024). The total procedural blank of Ni during sample processing is 0.33 ± 0.24 ng (2σ),
which is negligible for seawater δ60Ni analysis. The analytical uncertainty of seawater δ60Ni is 0.07‰, consistent
with repeated analysis of Ni isotope standards (Bian, Yang, Raad, Hawco, et al., 2024).
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2.3. Nickel Isotope Modeling

A biogeochemical model of Ni isotope cycling in the global oceans provides
context for our observations. This model was built in the AWESOME OCIM
framework (John et al., 2020) and includes realistic three‐dimensional ocean
circulation, sources (river input) and sinks (burial of biogenic Ni into marine
sediments) of Ni in the ocean, biological uptake of Ni by phytoplankton in the
surface ocean with a Ni isotope fractionation factor, and regeneration of Ni in
the deep ocean (without Ni isotope fractionation). Several model parameters
were optimized to fit observations including the magnitude of Ni isotope
fractionation during biological uptake, the remineralization length scale of
sinking particulate Ni, and the isotope composition of riverine Ni input. A
detailed description of the model is presented in Supporting Information S1.

3. Dissolved Ni Concentrations and δ60Ni Across the GP15
Transect
Dissolved Ni has a nutrient‐type distribution in the oceans; dissolved Ni
concentrations are lower in the surface ocean compared to the deep, and in-
crease from ∼3 to 4 nmol/kg in the deep North Atlantic to ∼10 nmol/kg in the
deep North Pacific (Figures 2 and 4), related to water‐mass mixing of pre-
formed Ni and regeneration of additional Ni as water ages (John et al., 2022;
Middag et al., 2020). In the surface of the oligotrophic gyres along GP15,
where macronutrients are nearly completely depleted, dissolved Ni is drawn
down to about 2 nmol/kg, but no lower (Figure 2 and Figure S2 in Supporting
Information S1). In the subsurface nutricline, upwelling of Ni is observed in
the tropical region (5°S and 10°N) as well as near the Alaskan margin. In the
deep ocean, a Ni maximum is located at about 2,000 m, deeper than the
phosphate and nitrate maxima, shallower than the silicate maximum (Figure 2
and Figure S2 in Supporting Information S1) (John et al., 2022).

The GP15 δ60Ni section is characterized by higher δ60Ni in the surface ocean (Figure 2). Above 500 m, seawater
δ60Ni values are mostly between +1.5 and +1.8‰, compared to deep ocean values of +1.3 to +1.4‰. Surface
ocean δ60Ni in the tropical Pacific (10°S to 10°N) is notably higher than the δ60Ni in the North Pacific Subtropical
Gyre (NPSG) at equivalent Ni concentrations. For example, surface seawater at Station 35 (above 50m, 10.5°S)
has a mean dissolved Ni concentration of 2.51 ± 0.08 nmol/kg (2SD, n = 3) and δ60Ni of +1.77 ± 0.03‰ (2SD,
n = 3). In contrast, surface seawater (above 50 m) from the oligotrophic NPSG portion of GP15 (17.5–40°N) has
an average dissolved Ni concentration of 2.40 ± 0.40 nmol/kg (2SD, n = 26) and δ60Ni of +1.63 ± 0.12‰ (2SD,
n = 17). Surface seawater at Station 35 thus has a similar Ni concentration but a δ60Ni 0.14‰ higher than the
NPSG, indicating greater Ni isotope fractionation in the tropical Pacific.

Below 1,000 m, seawater δ60Ni is nearly homogeneous (mean of +1.34 ± 0.11‰, 2SD, n = 303). However, there
are a few obvious regions with anomalous δ60Ni compared to background, including low δ60Ni (mean of
+1.26 ± 0.04‰, 2SD, n = 4) near the Kama'ehuakanaloa (previously known as Lōʻihi) seamount, low δ60Ni
(mean of +1.24 ± 0.01‰, 2SD, n = 3) near the Puna Ridge seamount, and perhaps slightly elevated δ60Ni
associated with elevated δ3He originating from the East Pacific Rise (Figure 2). Low surface δ60Ni values are also
observed near the Alaskan margin, with a mean of +1.29 ± 0.07‰ (2SD, n = 7).

Deep ocean δ60Ni from the GP15 section is similar to deep ocean δ60Ni from other ocean basins. Mean GP15
δ60Ni for waters below 1,000 m is +1.34 ± 0.11‰ (2SD, n = 303) (Figure 2). Removing samples which may be
impacted by hydrothermal inputs (Regions 1 to 4 in Figure 2, Section 4.4) yields a similar mean δ60Ni of
+1.33 ± 0.10‰ (2SD, n = 254). This is similar to other ocean basins, including the North Atlantic
(+1.36 ± 0.12‰, 2SD, water depth >1,000 m; Lemaitre et al., 2022), the South Atlantic (+1.33 ± 0.13‰, 2SD;
Archer et al., 2020), the Indian sector of the Sothern Ocean (+1.33 ± 0.07‰, 2SD, water depth >1,000 m; Wang
et al., 2019), the South Pacific (+1.32 ± 0.03‰, 2SD, water depth >2,000 m; Takano et al., 2017), and the
Western North Pacific (+1.32 ± 0.03‰, 2SD, water depth >1,000 m; Takano et al., 2022).

Figure 1. Track of the GP15 cruise in the Pacific Ocean. White dots denote
the two stations (18.3 and 18.6) impacted by hydrothermal activity near
Hawaiʻi. Green and light purple dots denote the stations where seawater
δ60Ni is potentially impacted by hydrothermal activity from the East Pacific
Rise. The rest GP15 stations are represented as red dots, with corresponding
station IDs labeled.
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4. Discussion
4.1. Fractionation of Ni Isotopes by Phytoplankton

Higher δ60Ni and lower dissolved Ni concentrations in surface seawater have been well documented across
diverse oceanic regions, particularly when Ni concentrations are below 4 nmol/kg (Figure 3; Archer et al., 2020;
Lemaitre et al., 2022; Takano et al., 2017, 2022; Wang et al., 2019; Yang et al., 2020, 2021). This suggests
preferential acquisition of lighter Ni isotopes during biological uptake. The abundant GP15 δ60Ni data provide an
excellent opportunity to investigate Ni isotope fractionation in the Pacific. Fitting the GP15 seawater δ60Ni‐[Ni]
data set (above 200 m) to a closed‐system Rayleigh distillation equation, we obtain a Ni isotope fractionation
factor of −0.30 ± 0.05‰ (2SE, R2 = 0.535), with lighter Ni isotopes preferentially assimilated (Figure S4 in
Supporting Information S1). This is similar to the seawater δ60Ni‐[Ni] relationship observed in other oceanic
regions (Figure S4 in Supporting Information S1), where a Ni isotope fractionation factor of −0.27 ± 0.03‰
(2SE, R2 = 0.643) best fits the data. These results suggest a similar magnitude of biological Ni isotope frac-
tionation across diverse marine habitats.

However, a close examination reveals unique Ni isotope fractionation in the tropical Pacific (10°S to 10°N)
compared to global trends (Figures 2 and 3; Figure S4 in Supporting Information S1). Notably, δ60Ni values at

Figure 2. Sections of dissolved Ni and δ60Ni along the GP15 transect. Station IDs are labeled above the section plots. The
δ60Ni section is overlaid with dashed contours of δ3He (%) with contour levels of 16, 20, 24, and 28 labeled. In both the Ni
concentration and δ60Ni sections, four regions where seawater δ60Ni is potentially impacted by hydrothermal activity are
highlighted by rectangles and labeled as 1, 2, 3, and 4 (1 and 2 represent the Kama'ehuakanaloa seamount and Puna Ridge,
respectively; 3 and 4 represent the distal ends of the North and South East Pacific Rise, respectively).
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several GP15 stations in the equatorial Pacific are the highest yet reported (Section 3), indicating a larger isotope
effect for Ni isotope fractionation in the tropical Pacific (Figure 3). The surface North Equatorial Current flows
westward in the latitudinal range of about 8–18°N in the Pacific Ocean and serves as the southern boundary of the
NPSG (Kessler, 2006; Liu & Zhou, 2020), such that 10°N is near the boundary that separates the NPSG from the
tropical Pacific. The tropical Pacific and NPSG may have different microbial communities, or different envi-
ronmental variables that lead to differences in Ni isotope fractionation even among similar species. It is notable
that Ni is required for Ni superoxide dismutase (Ni‐SOD) which protects phytoplankton from superoxide (O2

•−)
produced by UV radiation (C. Chen et al., 2022; L. Chen et al., 2022; Dupont et al., 2008; Ho, 2013; Ho
et al., 2013; Rodriguez & Ho, 2014), and the tropical Pacific receives a higher solar radiation intensity than the
NPSG. Laboratory culture studies of Ni isotope fractionation by phytoplankton are scarce (Cameron et al., 2009);
but future work could help distinguish these hypotheses.

4.2. Homogeneous δ60Ni in the Deep Ocean

The deep North Pacific has dissolved Ni concentrations about 2.5 times higher than the North Atlantic (3–4 vs. 8–
10 nmol/kg) but similar δ60Ni. This is inconsistent with expectations that lighter Ni isotopes should accumulate in
older deep North Pacific waters. Assimilation of lighter Ni isotopes by phytoplankton in the surface ocean and
remineralization of this biogenic Ni at depth should increase Ni concentrations and decrease δ60Ni along the deep
ocean “conveyor belt” from the North Atlantic to the North Pacific. This expectation is supported by the simple Ni
isotope model we presented here (Section 2.3 and Figure 4), which nicely fits the Ni concentration data and
predicts that seawater δ60Ni in the deep North Pacific should be 0.05–0.1‰ lighter than the deep North Atlantic,
at least when considering only preferential uptake of lighter Ni isotopes by phytoplankton in the surface ocean and
regeneration of Ni at depth.

Figure 3. The relationship between dissolved Ni concentrations and δ60Ni in the global ocean (a) and shown for GP15
samples north and south of 10°N (b). Three closed‐system Rayleigh distillation curves are presented in panel (b), with a
starting Ni concentration of 6 nmol/kg and three different Ni isotope fractionation factors representing fractionation during
biological Ni uptake.
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Processes not considered in the model, which may help to explain observations of homogeneous deep ocean
δ60Ni, include scavenging of Ni in the water column or a supply of heavy δ60Ni from marine sediments. Scav-
enging of lighter Ni isotopes onto Mn oxides in the water column has been proposed to remove lighter Ni isotopes
from seawater (Fleischmann et al., 2023), and models including reversible scavenging of Ni have been shown to
produce a good fit to observations of Ni concentrations (John et al., 2022). A supply of isotopically heavy Ni from
sediments has been previously hypothesized as a mechanism to achieve global ocean Ni isotope mass balance
(Little et al., 2020), based on retention of lighter Ni isotopes in sediments during early diagenesis (Bian
et al., 2023; Bruggmann et al., 2024; L. Chen et al., 2022; Little et al., 2020).

4.3. Riverine Ni Inputs Near the Alaskan Shelf

Riverine supply of Ni is observed in the GP15 transect near the Alaskan margin, especially at Station 1—the most
nearshore station (Figures 2 and 3; Figure S5 in Supporting Information S1). Compared with Stations 2 and 3,
surface seawater (above 40 m) at Station 1 has lower salinity (by 0.64 ± 0.28 psu, 1SD), higher dNi (by
0.36 ± 0.10 nmol/kg, 1SD), and lower δ60Ni (by 0.12 ± 0.03‰, 1SD) (Figure S5 in Supporting Information S1).
Low‐salinity seawater from Station 1 does not follow the Ni‐δ60Ni relationship observed elsewhere throughout
the global oceans (Figure 3), clearly indicating riverine input of isotopically lighter Ni to the ocean. This
observation is consistent with other studies showing that river waters are generally isotopically lighter than
seawater (Cameron & Vance, 2014; Revels et al., 2021; Ruan et al., 2024; Takano et al., 2022).

4.4. Impact of Hydrothermal Activity on Seawater δ60Ni

The GP15 cruise also provided an excellent opportunity to investigate the impact of hydrothermal activity on Ni
isotopes, both near venting sites (<100 km) and far field (>4,000 km). Three regions of the GP15 transect showed
elevated 3He concentrations in seawater indicative of hydrothermal activity, one region near the Kama'ehuaka-
naloa seamount (Region 1 in Figure 2) and two regions between 2000 and 3,000 m near the equator representing
the distal ends of North East Pacific Rise (NEPR, Region 3 in Figure 2) and South East Pacific Rise (SEPR,

Figure 4. Comparison of model output with observations for dissolved Ni concentrations (a) and δ60Ni (b) in the North
Atlantic and North Pacific. Nickel concentration data include data from the GEOTRACES Intermediate Data Product 2021
(GEOTRACES Intermediate Data Product Group, 2021) and the GP15 cruise; global δ60Ni data are the same as presented in
Figure 3. Error bars of the observations are 2 standard deviations and shaded red and blue areas denote the 95% confidence
intervals for the model predictions.
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Region 4 in Figure 2) (Jenkins et al., 2020, 2023; Lupton, 1998). A fourth region Puna Ridge near Hawaiʻi
sampled waters impacted by a known submarine volcano, though 3He anomalies were not observed (Region 2 in
Figure 2).

Previous studies have differed on whether hydrothermal fluids serve as a Ni source or a Ni sink in the ocean, and
what impact this might have on ocean δ60Ni. Hydrothermal fluids have a wide range of Ni concentrations
depending on the nature of the hydrothermal venting (Diehl & Bach, 2020; Supporting Information S1). But much
of the primary hydrothermal Ni can be scavenged onto Fe and Mn oxides in dilute plumes (Fitzsimmons
et al., 2017; Fleischmann et al., 2023; Gueguen et al., 2021). It is also unclear whether hydrothermal vents are
sources of isotopically light or isotopically heavy Ni to the oceans, since δ60Ni of the mafic rocks from which
hydrothermal fluids get Ni is much lighter than seawater (Elliott & Steele, 2017; Gall et al., 2017), but in dilute
hydrothermal plumes lighter Ni isotopes may be preferentially removed from seawater, leaving heavier Ni iso-
topes behind (Fleischmann et al., 2023; Gueguen et al., 2021).

In the GP15 transect, a pronounced δ3He peak is observed at Station 18.6 between 1,100 and 1,300 m near the
Kama'ehuakanaloa seamount (Region 1), indicating hydrothermal input. Within the δ3He peak (1,100–1,300 m;
δ3He up to 400%, Figure S6 in Supporting Information S1), the average seawater dissolved Ni concentration at
Station 18.6 is 0.86 nmol/kg higher than at the closest neighboring Station 18.3, and higher than at Stations 18 and
19. In addition, the average seawater δ60Ni at Station 18.6 is 0.10‰ lighter than at Station 18.3, and lighter than at
Stations 18 and 19 (Figure 2 and Figure S6 in Supporting Information S1). Previous studies have shown that
dissolved Ni concentrations in Kama'ehuakanaloa hydrothermal fluids are up to 80 nmol/kg (Sedwick
et al., 1992). Using seawater dissolved Ni concentration and δ60Ni results from Stations 18.3 and 18.6, and
assuming conservative mixing between hydrothermal fluids and seawater, we estimate the δ60Ni of the hydro-
thermal end‐member at Kama'ehuakanaloa would be +0.63 ± 0.74‰ (2SE) (Figure S6 in Supporting Infor-
mation S1). Even with this considerable uncertainty, it appears that the δ60Ni of the Kama'ehuakanaloa end‐
member is significantly lower (p < 0.05) than the average deep seawater δ60Ni of the GP15 transect
(+1.33 ± 0.10‰). Lower seawater δ60Ni values (+1.24 ± 0.01‰, 2SD, n = 3) are also observed near Puna Ridge
(Region 2), although Ni concentration anomalies are not observed, which could be due either to a small input of Ni
with a very low δ60Ni, or an input of low‐δ60Ni hydrothermal fluids which is balanced by loss of pre‐existing
ocean dissolved Ni. These findings suggest that hydrothermal activity near Hawaiʻi supplies isotopically ligh-
ter Ni to the ocean. Whether these results can be generalized to other low‐temperature hydrothermal systems, or
other near‐field hydrothermal environments, will require data from such regions elsewhere in the global ocean.

Seawater between 2000 and 3,000 m from Station 21 to Station 27 (11°N to 2.5°N, Region 3) represents the distal
end of the NEPR as indicated by elevated δ3He. These waters have a mean δ60Ni of +1.42 ± 0.06‰ (2SD,
n = 24), which is 0.09‰ higher than the average deep seawater δ60Ni across the entire transect GP15 transect
(waters below 1,000 m, excluding hydrothermally influenced Regions 1–4; δ60Ni = +1.33 ± 0.10‰, n = 254). A
t‐test shows that the difference is statistically significant (p < 0.001). Thus, seawater δ60Ni in Region 3 may
record the removal of isotopically light Ni within the NEPR hydrothermal plume. A hydrothermal impact on
seawater δ60Ni is less obvious in seawater influenced by the distal end of the SEPR (Station 31 to Station 37,
2,000–3,000 m from 2.5°S to 15°S, Region 4). Seawater in Region 4 has an average δ60Ni of +1.36 ± 0.11‰
(2SD, n = 21), only 0.03‰ higher than the mean δ60Ni of deep seawater unimpacted by hydrothermal activity
(+1.33 ± 0.10‰), and the difference has low statistical significance (p = 0.09). The GP15 section is more than
5,000 km and 4,500 km away from the NEPR and the SEPR, respectively, and any hydrothermal impact we may
observe is highly attenuated. While removal of isotopically light Ni in hydrothermal plumes has been previously
inferred based on global Ni isotope mass balance and analysis of δ60Ni in hydrothermally‐impacted marine
sediments (Fleischmann et al., 2023; Gueguen et al., 2021), our results provide the first direct seawater dissolved
δ60Ni evidence for this process.

5. Conclusions
This study presents the first high‐resolution section of dissolved Ni concentration and δ60Ni in the Pacific Ocean.
The most striking feature observed in the surface ocean is elevated δ60Ni, reflecting preferential uptake of lighter
Ni isotopes by phytoplankton. Additionally, we observe a higher magnitude of Ni isotope fractionation in the
equatorial Pacific compared to the NPSG. The preferential assimilation of lighter Ni isotopes into phytoplankton
in surface oceans should lead to accumulation of lighter Ni isotopes in the older deep Pacific seawater, as
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illustrated by a simple model of global ocean Ni biogeochemical cycling. However, we note a similar δ60Ni in the
deep oceans from the North Atlantic to the North Pacific. More complex models, for example, those that consider
reversible scavenging of Ni and benthic sources of isotopically heavy Ni from marine sediments may be required
to clarify the mechanisms leading to homogeneous deep ocean δ60Ni.

We observed clear impacts from riverine input and hydrothermal activity on dissolved Ni concentration and
δ60Ni. Riverine input near the Alaskan margin supplies isotopically lighter Ni to the ocean. Hydrothermal activity
impacts seawater δ60Ni differently in different regions. Low‐temperature hydrothermal fluids near the Kama'e-
huakanaloa and Puna Ridge seamounts near Hawaiʻi supply isotopically light Ni to the ocean. In contrast, at
locations distal to, but influenced by, high‐temperature hydrothermal release from the NEPR, seawater δ60Ni is
higher than the background value, which may be attributed to the scavenging of lighter Ni isotopes by Fe‐Mn
oxides in the hydrothermal plume. This study provides early evidence from seawater δ60Ni observations that
hydrothermal activity can both decrease and increase seawater δ60Ni, depending on the unique geochemistry of
the hydrothermal vent and plume, and perhaps on proximity to the site of hydrothermal venting.

Data Availability Statement
Hydrographic data, nutrient concentrations, helium isotope ratios (δ3He), and dissolved Ni concentrations of
GP15 seawater samples are publicly available from the Biological and Chemical Oceanography Data Manage-
ment Office (BCO‐DMO) (Bian et al., 2022a, 2022b; Casciotti et al., 2021a, 2021b; Jenkins & German, 2021a,
2021b). The GP15 dissolved Ni isotope data are publicly available on ResearchGate (Bian, Yang, Raad,
Odendahl, et al., 2024).
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