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Abstract
High-resolution sediment records from the climatically sensitive Svalbard margin are crucial for
reconstructing ice sheet dynamics and ocean–ice sheet interactions during past warm periods. In
the boreal summer of 2024, International Ocean Discovery Program (IODP) Expedition 403 col-
lected new sedimentary records from the eastern Fram Strait. Here, we present X-ray fluorescence
(XRF) scanning data for the uppermost ~85 m at Site U1618, which was drilled on the eastern
Vestnesa Ridge near the continental margin of Svalbard. XRF data, complemented by shipboard
magnetic susceptibility and natural gamma radiation records, are used here to improve our under-
standing of sediment geochemical variability and evaluate stratigraphic variations in elements
widely used in proxies of marine productivity, terrigenous sediment input, and authigenic alter-
ation.

1. Introduction
The Fram Strait, located between Greenland and Svalbard, is a gateway between the Arctic and
North Atlantic Oceans. As the only deep water (~2600 m) passageway connecting the Arctic with
global circulation, it plays a key role in regulating the Earth’s climate. The north-flowing West
Spitsbergen Current (WSC) transports warm, saline North Atlantic Water (NAW) along the west-
ern margin of Svalbard, delivering heat to the Arctic, modulating sea ice melt, and shaping circum-
Arctic climate. Freshwater input to the North Atlantic during warmer climate intervals reduces
surface water density and can weaken the Atlantic Meridional Overturning Circulation (AMOC)
(Rahmstorf et al., 2015; Turney et al., 2020). Such AMOC perturbations can accelerate ice sheet
retreat in the Southern Hemisphere and drive shifts in global climate patterns (Barker et al., 2009).
However, the behavior of the ocean–cryosphere system during past periods of high insolation
and/or elevated atmospheric CO2 remains poorly constrained. Addressing this knowledge gap
requires studying high-resolution sedimentary records obtained through offshore drilling along
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the pathway of NAW inflow. Such sedimentary records were collected during International Ocean 
Discovery Program (IODP) Expedition 403, Eastern Fram Strait Paleo-Archive, conducted from 4 
June to 2 August 2024. Here, we present the X-ray fluorescence (XRF) data completed as part of 
the IODP programmatic scanning from Expedition 403 Site U1618 on the east terminus of Vest-
nesa Ridge (Figure F1).

The Vestnesa Ridge is an east–west trending sediment drift on Svalbard’s western margin that is 
shaped by the WSC (Eiken and Hinz, 1993) and reflects the region’s tectonic, sedimentary, and 
climatic history. The Svalbard continental margin sedimentary record preserves diverse glacio-
genic and bottom current facies, including ice rafting, glacial debris flows, and meltwater plumes 
(Caricchi et al., 2019; Lucchi et al., 2013, 2015), whereas gas hydrates and associated fluid migra-
tion further influence the sedimentary record at Vestnesa Ridge (Himmler et al., 2019; Rasmussen 
and Nielsen, 2024; Pape et al., 2020; Plaza-Faverola et al., 2023). Site U1618 is located at 78.948°N, 
7.475°E on the east terminus of Vestnesa Ridge in close proximity to the continental margin (Fig-
ure F1), and it is well suited for studies of past ocean–ice sheet interactions, paleo–ice sheet 
dynamics, WSC variability, ice coverage, effects of climate on past marine biodiversity, and geo-
chemical fluxes (Lucchi et al., 2024; St. John et al., 2026). Three holes were drilled at Site U1618 at
a water depth between 1195 and 1196 m. To express core depth, two IODP depth scales are used: 
core depth below seafloor, Method A (CSF-A), and core composite depth below seafloor, Method 
A (CCSF-A). The CSF-A depth scale is used for individual holes and is reported as meters below 
seafloor (mbsf ) following Expedition 403 convention (St. John et al., 2026), and the CCSF-A 
depth scale is used when aligning multiple holes onto a common depth framework. Hole U1618A 
was drilled to 276.9 mbsf, Hole U1618B was drilled to 414.3 mbsf, and Hole U1618C was drilled to 
413.1 mbsf. During programmatic XRF scanning, only Holes U1618A and U1618C were analyzed 
to ~85 mbsf, corresponding to ~0.711 Ma. This age is interpolated between 0 Ma and paleomag-
netic datum of 0.733 Ma at 90.915 mbsf, based on the preliminary shipboard age-depth model (St. 
John et al., 2026). Although three lithostratigraphic units were defined for Site U1618, the pro-
grammatic XRF scanning focused on Subunit IA and the uppermost ~25 m of Subunit IB. Unit I is 
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Figure F1. Map of study area showing Svalbard (Spitsbergen) Archipelago and surrounding ocean bathymetry, Site U1618. 
Sites U1618 and U1619 are on Vestnesa Ridge, northernmost Expedition 403 sector. Site U1618 is on eastern terminus of 
Vestnesa Ridge, ~22 km from shelf edge of Kongsfjorden glacial trough in northwestern Spitsbergen. Red = Site U1618, 
yellow = other Expedition 403 sites (St. John et al., 2026), pink = Ocean Drilling Program Leg 151 sites (Myhre, Thiede, Firth, 
et al., 1995).
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characterized by soft to firm silty clay with intervals of coarser clayey silt/sandy mud and occa-
sional clasts and gravel that occurs primarily in the upper part of the unit. This unit generally 
shows little evidence of diagenetic overprinting, which is a concern in the lower (older) lithostrati-
graphic units at this site. Unit I is separated into Subunits IA and IB. Subunit IA is the youngest in 
the sequence and has soft “soupy” (Jutzeler et al., 2025) sediments, especially in the uppermost 
cores, having less bioturbation and a greater abundance of sand and clasts compared to Subunit IB. 
Subunit IB is generally more bioturbated, and the sediment is more consolidated compared to 
Subunit IA (St. John et al., 2026). The XRF data set presented here includes low-resolution (5 cm 
step) scans extending from the seafloor into the uppermost part of Subunit IB and selected sec-
tions measured at high resolution (2 mm step), which are limited to the upper portion of Subunit 
IA. Complementary XRF data sets have been generated for other Expedition 403 sites, including 
Site U1619 (in prep.), Site U1620 (in prep.), Site U1623 (Gonzalez-Lanchas et al., 2026), and Site 
U1624 (in prep.).

2. Methods and materials
Site U1618 XRF scans were completed postcruise in the boreal fall of 2024 using the fourth gener-
ation Avaatech XRF core scanner (XRF2) at the IODP Gulf Coast Repository in College Station, 
Texas (USA). The instrument is equipped with a water-cooled 100 W rhodium side-window X-ray 
tube, a Brightspec SiriusSD silicon drift detector, and a Topaz-X high-resolution digital multichan-
nel analyzer. Records for downcore elemental abundance were obtained for select elements from 
Mg (Z = 12) through Mo (Z = 42) at sampling intervals of approximately 5 cm for low-resolution 
scans and 2 mm for high-resolution scans, using excitation energies of 10 and 30 kV. A 10 kV set-
ting (6 s exposure time for low-resolution scans; 20–34 s for high-resolution scans) with no filter 
was used to detect major and minor elements including aluminum (Al), silicon (Si), potassium (K), 
calcium (Ca), titanium (Ti), manganese (Mn), iron (Fe), chromium (Cr), phosphorus (P), sulfur (S), 
and magnesium (Mg). The 30 kV setting (6 s exposure for low-resolution scans; 20–34 s for high-
resolution scans) with a thick Pd filter was used to detect heavier elements, including iron (Fe), 
nickel (Ni), strontium (Sr), rubidium (Rb), bromine (Br), zirconium (Zr), and zinc (Zn).

2.1. Core preparation
Archive-half sections were first allowed to reach room temperature. Then, the surface of each 
archive-half-section was gently scraped with a glass slide to level the material and expose a fresh 
face for scanning. The scraping was performed parallel to the bedding plane to avoid stratigraphi-
cally disturbing the sediment. The glass slide was cleaned between scrapes to avoid cross-
contamination. For soupy intervals, Kimwipes were used to absorb excess water, and surfaces were 
subsequently flattened with a glass slide. After leveling the core surface, a 4 μm Ultralene film was 
placed over the core and secured to the liner with tape. Ultralene film was used to protect the 
detector and prevent contamination during downcore measurements.

2.2. Sample selection
Low-resolution scanning was conducted at nominal 5 cm intervals, with spacing manually 
adjusted as needed to exclude disturbances. Measurement points were placed only in visually 
undisturbed intervals of the core, avoiding air-filled cracks, large dropstones or ice rafted debris, 
and any disturbed sediment features. Scanned intervals were between 4.974 and 85.946 m CCSF-
A (splice depth), equivalent to 4.95–83.66 mbsf, for Hole U1618A and between 0.344 and 60.347 m 
CCSF-A, equivalent to 0.07–58.88 mbsf, for Hole U1618C (Figure F2). High-resolution scanning 
was conducted on sections selected to correspond with complementary analyses underway (e.g., 
sections sampled for sedimentary ancient DNA analyses). High-resolution XRF measurements 
were acquired at 2 mm steps for Hole U1618A intervals 4.926–10.858 m CCSF-A (4.902–10.834 
mbsf ), 16.907–18.333 m CCSF-A (16.300–17.726 mbsf ), and 24.710–29.170 m CCSF-A (23.940–
28.400 mbsf ) and Hole U1618C intervals 0.281–1.725 m CCSF-A (0.002–1.446 mbsf ), 9.311–
16.265 m CCSF-A (8.776–15.730 mbsf ), 17.454–24.822 m CCSF-A (16.802–24.170 mbsf ), and 
28.154–32.602 m CCSF-A (27.782–32.230 mbsf ) (Figure F2).
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2.3. Quality control
To maintain consistent data quality during XRF core scanning, laboratory standards were ana-
lyzed at the start and end of each scanning day using the same excitation settings as the core sam-
ples. These measurements were used to track instrument stability and detect any potential 
calibration drift over time. A continuous helium flow was maintained throughout scanning to 
minimize atmospheric interference, improve signal stability, and reduce background noise from 
ambient air.

Raw spectral data were processed into elemental peak areas and exported as count data using the 
Brightspec XRF spectral processing software bAxil. Data quality control was applied separately for 
low- and high-resolution data sets. For low-resolution scans, samples with throughput values 
below 150,000 counts/s were excluded because such values may indicate that the detector window 
did not fully contact the sample surface or landed on a void. Samples with positive argon (Ar) 
counts were also removed because they indicate detection of ambient air due to incomplete con-
tact with the sample surface. For high-resolution data, only Ar-based filtering was applied because 
the counts per second cutoff is not calibrated to the smaller scanning window. Quality control 
based on throughput and Ar values was implemented in R, modified from the code created by 
Robustelli Test and Koorapati (https://github.com/Ravikiran2316/IODP-Exp.-390-393-XRF) 
for the IODP Expedition 390/393 XRF data (Lam et al., 2024).

A quality-controlled version of the Site U1618 programmatic XRF data set is available on PAN-
GAEA (Libman-Roshal et al., 2026a, 2026b). The raw XRF data archived in the Laboratory Infor-
mation Management System (LIMS) database have not been quality checked and may contain 
values unsuitable for interpretation. Users should therefore exercise caution when using the LIMS 
data set directly.

2.4. Magnetic susceptibility and natural gamma radiation
XRF data are integrated with two Site U1618 physical properties measured on the R/V JOIDES 
Resolution during Expedition 403: magnetic susceptibility (MS) and natural gamma radiation 
(NGR) (St. John et al., 2026). MS is a dimensionless parameter that indicates how much a material 
is magnetized by an external magnetic field. MS was measured at 2.5 cm intervals on whole-round 
core sections, using a Bartington MS2C loop sensor mounted on the Whole Round Multisensor 
Logger (WRMSL). NGR was measured at 10 cm intervals on whole-round core sections using the 
Natural Gamma Radiation Logger (NGRL). The instrument detects gamma rays emitted naturally 
from the decay of uranium-238 (238U), thorium-232 (232Th), and potassium-40 (40K), with elevated 
counts typically indicating fine-grained, K-rich layers containing U and Th (St. John et al., 2026).

3. Results

3.1. Correlation between elements
Correlations among elements from low-resolution XRF count data are shown in Figure F3. Strong 
positive correlations are observed between terrigenous, rock-forming elements such as Al, Ti, and 
K, which as a group are negatively correlated with biogenic indicator elements such as Ca and Sr. 
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Figure F2. Programmatic XRF scanning coverage, Site U1618. Black = low-resolution scanning, yellow = high-resolution 
scanning.
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Br, which is commonly used as a proxy for organic matter, shows no positive correlation with Ca or 
Sr but instead correlates positively with Rb and Ni, likely reflecting diagenetic effects on Ca and Sr 
consistent with the sparse biogenic carbonate (foraminifer and nannofossil) record (St. John et al., 
2026). Zr behaves independently from the typical detrital components and shows no statistically 
significant correlations with any of the rock forming elements such as Al, Si, and Ti. Depositional 
sorting may decouple coarser grains of zircon (where Zr is hosted) from the finer rock-forming 
minerals. Also notable is the strong negative correlation of Zr with both Fe and Rb. Fe shows a 
positive correlation with Al and Ti, suggesting Fe coupling with terrigenous components, consis-
tent with limited mobilization of Fe into authigenic phases in the uppermost ~85 m of the Site 
U1618 record. The strongest positive correlations of the record are between Al and Si (ρ = 0.87, 
p-value = 0.00E+0), Fe and Co (ρ = 0.92, p-value = 0.00E+0), and Rb and K (ρ = 0.83, p-value = 
0.00E+0). The strongest negative correlation is between Rb and Zr (ρ = −0.58, p-value = 
1.61E−153). Spearman ρ and corresponding p-values for elemental correlations are reported in 
PANGAEA (Libman-Roshal et al., 2026c).

3.2. Stratigraphic trends
Low-resolution stratigraphic profiles of selected elements (Al, Si, Rb, Ca, S, Fe, Zr, and Br) were 
generated across the uppermost ~85 meters composite depth (mcd) of the sedimentary record 
(Figure F4) to examine compositional trends and environmental shifts. These elements were cho-
sen because they underpin elemental ratios widely used to distinguish terrigenous versus biogenic 
inputs and to infer redox conditions and mean grain size. The Ca/Ti ratio is commonly used to 
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reconstruct changes in surface biogenic production (Ingram et al., 2010; Rothwell and Croudace, 
2015), whereas Al/Ti is an indicator of sediment provenance and terrigenous input (Salabarnada et 
al., 2018). The Si/Ti ratio is used to estimate terrigenous input (e.g., Hanebuth and Henrich, 2009) 
or biogenic silica (e.g., Agnihotri et al., 2008). Br serves as a proxy for organic matter and marine 
bioproductivity (Ren et al., 2009; Ziegler et al., 2008) with Rb serving as a lithogenic normalizer in 
the Br/Rb ratio, and Zr/Rb is used as a proxy for grain size (Ronge and Dbritto, 2024). Together, 
these ratios support applications such as refining lithostratigraphy (Penkrot et al., 2018), interpret-
ing changes in terrigenous supply, biogenic sedimentation (Hanslik et al., 2013), and grain size 
variations (Dypvik and Harris, 2001). Shipboard MS and NGR data sets are presented alongside 
the profiles of individual elements (Figure F4) and elemental ratios (Figure F5) for Holes U1618A 
and U1618C. Elemental ratios are presented as natural log ratios, as log-ratios derived from XRF 
intensities are linearly related to log-ratios of absolute concentrations downcore (Weltje and 
Tjallingii, 2008) and can therefore serve as a baseline for further interpretation. Negative counts 
are treated as zeros and values with zeros in the denominator are omitted. Readers are encouraged 
to explore more advanced, context-specific XRF data standardizations.

Across intervals where Holes U1618A and U1618C were scanned at equivalent splice depths, the 
resulting elemental profiles exhibit similar trends, although offsets exist between Holes U1618A 
and U1618C. For example, at ~5–10 m CCSF-A in Hole U1618A, Al and Si profiles are lower and 
the S profile is higher than their counterparts in Hole U1618C. Consequently, Al/Ti, Si/Ti, and 
Fe/S ratios in Hole U1618A are lower than these elemental ratios in Hole U1618C over the same 
interval (Figure F5), likely resulting from lithologic variability between holes. Overall, the upper 
~0–10 m of the record are marked by high Br/Rb and low Al/Ti at the top followed by a gradual 
decrease in Br/Rb and increase in Al/Ti, matching the gradual increase in NGR downcore to ~10 
m CCSF-A as sediments become more consolidated. Lithostratigraphic Subunit IA cannot be fully 
compared to Subunit IB because XRF scanning was completed across the entire Subunit IA, 
whereas only the uppermost ~25 m was scanned in Subunit IB. Nevertheless, Fe/S ratios show 
prominent peaks in Subunit IA reflecting an excess of Fe relative to S. These peaks are entirely 
absent in Subunit IB, reflecting Fe mobilization into authigenic phases. Deeper than ~40 m CCSF-
A, peaks in Fe/Rb ratios correspond with peaks in MS, suggesting a shared control by terrigenous 
sediment supply. This correspondence supports a terrigenous rather than diagenetic origin of the 
MS signal in the examined sections.

Both the low- and high-resolution XRF data (Figures F5, F6, respectively) show that throughout 
the scanned interval, the Ca/Ti ratio exhibits trends similar to those of Si/Ti ratio. Similarly, Ca/Ti 
peaks co-occur with peaks in Zr/Rb, a proxy for grain size or sediment provenance, because Zr is 
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Figure F4. MS, NGR, and low-resolution XRF counts for Al, Si, Rb, Ca, S, Fe, Zr, and Br, Site U1618. instr.units = dimensionless 
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common in terrigenous sources and concentrated in coarse, weathering-resistant zircon (e.g., 
Ronge and Dbritto, 2024; Wu et al., 2020). In contrast, Ca/Ti shows no correspondence with 
Br/Rb, a proxy for terrestrial vs marine organic input in marine sediments, because Br is enriched 
in marine organic matter (e.g., Ren et al., 2009; Ziegler et al., 2008) and relatively depleted in ter-
restrial sources (e.g., Mayer et al., 2007). Together, these observations suggest that the organic 
component in the uppermost ~85 mcd of the Site U1618 record is largely derived from terrigenous 
sources rather than from marine productivity.

4. Data availability
All raw data are available for download through the IODP LIMS database web portal 
(https://iodp.tamu.edu/database). Processed and quality-controlled data included in this report 
will be available from the PANGAEA database (Libman-Roshal et al., 2026a, 2026b, 2026c).
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