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Abstract.

Radiocarbon (**C) in the ocean, reported as fractionation-corrected AC, is a key tracer of circulation, ventilation, and
carbon-cycle exchange on decadal to centennial timescales. We present a harmonized global compilation of marine A'*C
observations spanning 1700-2024, comprising 68,543 measurements from two complementary streams: 58,216 ship-based
dissolved inorganic carbon (DIC) bottle samples (1955-2024) and 10,327 biogenic carbonate measurements from corals, bi-
valves, gastropods, and sclerosponges (1700-2020). The ship-based component builds on the Global Ocean Data Analysis
Project (GLODAP) by adding data from additional hydrographic cruises and 68 peer-reviewed studies. The carbonate records
provide time-resolved observations at individual sites, including historical periods prior to direct measurements, and they ex-
tend coverage to coastal, tropical, and deeper-habitat settings where direct seawater sampling remains sparse. All records were
screened for metadata completeness, transcribed into a common reporting framework following Stuiver and Polach (1977), and
assigned synthesis quality flags (DELC14QC) through primary quality control. Deep-ocean crossover diagnostics are archived
separately for user advisory review and do not modify bottle DELC14QC. The merged ship-based and biogenic carbonate mea-
surements together span pre-bomb baselines through the modern bomb-'4C decline across global ocean basins. Version 1.2026
of the compilation is archived on Zenodo as flat CSV files with a per-contribution source table; release in Linked Paleo Data
(LiPD) format is planned. The product captures pre-industrial baselines, the bomb-'#C transient and its penetration into the
interior ocean, and the post-peak decline through recent decades, and is intended to support ocean ventilation assessments,

Earth system model evaluation, and multi-century carbon-cycle synthesis.

1 Introduction

Radiocarbon (*C) is produced in the upper atmosphere through the interaction of cosmic rays with nitrogen atoms. Once
formed, '*C mixes with atmospheric CO, and enters the ocean through air—sea gas exchange at the surface (Broecker et al.,

1960). The distribution of '*C in ocean waters, together with its known radioactive decay rate, provides an important tracer
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for studying ocean circulation, ventilation timescales, and mixing between different water masses (Adkins et al., 1998; Burke
and Robinson, 2012; Lower-Spies et al., 2020; Graven et al., 2012b; Rafter et al., 2022; Skinner and Bard, 2022). In addition
to its natural production, large amounts of '“C were produced in the atmosphere during nuclear weapons tests in the 1950s
and 1960s that significantly altered the distribution of natural radiocarbon and introduced a strong transient signal (Levin and
Hesshaimer, 2000; Hua et al., 2013).

The atmospheric “bomb” C signal began to rise around 1955, peaked in the mid-1960s, particularly in the Northern
Hemisphere (Hua et al., 2013), and then declined as the bomb testing stopped and bomb-derived '*C mixed into the ocean and
terrestrial biosphere (Levin and Hesshaimer, 2000). In recent years, the continued decline of the 14C/C ratio in CO, has been
driven mainly by dilution with 14C-free fossil fuel CO,, the Suess effect (Levin et al., 2010; Graven et al., 2012c). Invasion
of bomb '*C into the ocean has provided strong constraints on air—sea gas exchange and the rate at which surface waters
are ventilated into the interior of the ocean (Broecker et al., 1978; Graven et al., 2012b). Observations of natural and bomb-
produced '#C can provide key insights into past and present changes in ocean circulation and their influence on global climate
variability (Pookkandy et al., 2023; Druffel, 1989; Rafter et al., 2017).

Despite its usefulness, studies applying '“C to study ocean processes are limited by a lack of data. Direct measurements
of *C in seawater are logistically demanding since '“C cannot be measured at sea and, therefore, remain scarce (Key et al.,
2004). The distribution of '*C in natural reservoirs for the “pre-bomb” period before atmospheric nuclear weapons tests was
not well quantified, as the bomb-produced '“C perturbation occurred soon after the discovery of natural radiocarbon and before
extensive measurement surveys of the ocean had begun (Graven et al., 2012a). Indirect measurement approaches that exploit
14C composition recorded in corals, mollusk shells, and sclerosponges have enabled the reconstruction of pre-bomb '“C levels
and have extended the radiocarbon record back several centuries. However, these data are also scarce.

The aim of this study is to compile direct measurements and carbonate records of ocean *C into a comprehensive dataset
that can be used in modeling and data analysis, thereby making the data more readily available and maximizing the utility of
the scarce data. So far, data compilations for direct and carbonate measurements have been separate and have not included all
available data.

The Global Ocean Data Analysis Project (GLODAP; Olsen et al., 2016; Lauvset et al., 2024; Lange et al., 2026) provides
the most comprehensive and consistently calibrated set of ship-based '“C observations collected since the Geochemical Ocean
Sections (GEOSECS) program (Ostlund and Stuiver, 1980), but it does not include some measurements from the literature
or from recent cruises. Notably, a large dataset of surface-water '*C data measured by Nydal et al. (1998) is not included in
GLODAP. Nor are historical ship-based measurements, including some data of '“C before GEOSECS that were compiled by
Graven et al. (2012a) from a range of published studies. For biogenic carbonate records, the time series of marine environmental
archive radiocarbon measurements largely focuses on reef-building hermatypic coral records (e.g., Grottoli and Eakin, 2007;
DeLong et al., 2025), while there are several compilations from other marine archives including long-lived bivalve mollusks
(Scourse et al., 2012) and octocorals (Sherwood et al., 2008).

This study addresses the need for a comprehensive compilation that integrates all available sources of marine and proxy-

based '“C observations over the past several centuries. We created a global harmonized compilation of ocean A'*C observations
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spanning the period 1700-2024. The dataset integrates measurements of ship-based dissolved inorganic carbon (DIC) with
radiocarbon records derived from marine taxa with growth that spans decades to several centuries collected from published
literature and public repositories. This unified dataset is designed to facilitate improved evaluation of models, ocean processes,

and long-term carbon-cycle variability.

2 Data Synthesis
2.1 A'MC Notation

We use the AC notation for radiocarbon activities, which is the conventional metric used in oceanography. A'*C refers to the
14C/C ratio, relative to the Modern standard and corrected for mass-dependent isotopic fractionation using 6'3C measurements.
AM™C also includes an age correction that accounts for decay between the sampling and analysis dates. A detailed description
of radiocarbon reporting conventions is provided in Stuiver and Polach (1977), including the definition of A'*C, which they

refer to as A.
2.2 Ship-based A¥C measurements in dissolved inorganic carbon

Building on the Global Ocean Data Analysis Project (GLODAP), we compile an expanded global dataset of ship-based obser-
vations of A'¥C in dissolved inorganic carbon by merging GLODAPv2.2023 (Lauvset et al., 2024) and GLODAPv3 (Lange
et al., 2026) and by incorporating additional hydrographic cruises and published literature. Although GLODAPv3 is the more
recent GLODAP release, it does not retain the full set of AC bottles present in GLODAPv2.2023. A substantial number of
otherwise usable GLODAPv2.2023 measurements are omitted from the GLODAPv3 radiocarbon product because of product-
construction and metadata requirements (for example, missing A'*C in the OCADS source files used by GLODAP, missing
accompanying temperature or related fields that cause automated exclusion, or cruise-leg restructuring), rather than because the
A™C values themselves failed a quality-control assessment. Relying on GLODAPvV3 alone would therefore drop many good
observations, so we merge the two releases for this synthesis.

We take GLODAPV3 as the baseline and restore GLODAPv2.2023 bottles that have no partner in GLODAPv3. A GLO-
DAPv2.2023 bottle is treated as already present in GLODAPvV3 if it matches on cruise and bottle identifiers (EXPOCODE,
STATION, CAST, and BOTTLE) or, failing that, on cruise identity together with closely matching location and depth (lati-
tude and longitude rounded to 0.01° and depth within a 5m bin). Bottles without a GLODAPv3 partner—including whole
cruises absent from the GLODAPv3 radiocarbon export and unmatched bottles on shared cruise identifiers—are retained from
GLODAPv2.2023 and concatenated with the GLODAPv3 baseline to form a merged GLODAP A'#C table.

Beyond this merged GLODAP foundation, we add A'*C data from hydrographic cruises archived at the CLIVAR and Car-
bon Hydrographic Data Office (CCHDO; https://cchdo.ucsd.edu/, last access 30 June 2026) that are not already represented in
GLODAP. This includes occupations that remain absent from GLODAPv3 (full cruises, selected stations, and former CCHDO

extras), as well as individual bottles omitted from nine cruises that were newly incorporated into GLODAPvV3 relative to GLO-
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DAPv2.2023 but incompletely ingested there; those missing bottles were restored from the corresponding CCHDO archives
(Supplementary Table 1). We further include two cruises reported in Castrillejo et al. (2026). In addition, we compile 68 peer-
reviewed studies (Supplementary Table 3) not previously included in GLODAP, harmonize their formats and metadata, and
integrate them into a consistent dataset. Together, the merged GLODAP product and these additions substantially improve the

global coverage and data density of ocean A'*C observations from 1955 to 2024.
2.3 A¥C measurements from marine biogenic archives

We compiled measurements of A'*C from 104 shallow-water hermatypic (zooxanthellate) scleractinian corals, 3 additional
azooxanthellate scleractinian corals, and 5 octocoral records whose calcitic skeletons record ambient seawater DIC from pre-
viously published articles and data reports (Supplementary Table 4). These corals record the A'*C of ambient seawater DIC
in their calcium carbonate skeletons (Druffel and Linick, 1978; Nozaki et al., 1978). Typically, hermatypic corals have an-
nual density bands that are used to develop a chronology. Seasonal variability in Sr/Ca values sometimes provides a secondary
means to determine time in the skeleton. The azooxanthellate scleractinian records extend coverage to deeper waters and higher
latitudes poorly represented by shallow hermatypic corals (e.g., Lee et al., 2017; Montero-Serrano et al., 2013). Octocoral (pro-
teinaceous) records are not included in this compilation.

We also compiled growth-band or growth-rate '*C time series records from marine taxa including bivalves, gastropods,
and sclerosponges from previously published articles and data reports (Supplementary Tables 5 and 6), which record the
radiocarbon content of the ambient seawater and extend the spatial coverage of A'*C time series to deeper waters, higher
latitudes, and regions not represented by coral records alone (e.g., Lower-Spies et al., 2020; Benavides and Druffel, 1986;
Dutta et al., 2001).

Ambient DIC is the primary source of carbon to the shells in marine mollusks with typically less than 10% contributed by
metabolic CO, derived from food sources (Lu et al., 2018; McConnaughey and Gillikin, 2008). Bivalve records are typically
cross-dated, providing tight chronological control (Scourse et al., 2006). They are either sessile or have limited mobility, staying
within a small area over their lifespan. Compared to bivalves, some gastropods may cover a larger area within their lifespan
and have less identifiable annual bands. Thus, gastropod '*C time series were included in this compilation when identified
by the original authors as documenting ambient and localized seawater '“C. Sclerosponges derive their carbon from ambient
DIC with negligible impact of metabolic CO, (Druffel, 1997). Sclerosponges can be found several hundred meters deep in the
water column, and while some corals can be found throughout the depths of the worlds oceans, available time series records are
typically from specimens within the top 1500 m of the water column. Sclerosponges do not form regularly layered skeletons.
Growth chronologies are instead established using 2!'°Pb or U/Th age models or identification of independent tie points in the
skeleton and extrapolating growth rates (Rosenheim and Swart, 2007; Fallon and Guilderson, 2005; Grottoli, 2006; Benavides
and Druffel, 1986). This introduces uncertainty into the sclerosponge time series chronologies of up to several decades on
multi-century long records (Swart et al., 2002). Similarly, while the octocorals have clear annual growth rings in some taxa

(e.g., red tree corals, Sherwood et al., 2005), more often the periodicity of growth rings is unknown and techniques similar to
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those for sclerosponges are used (Williams and Grottoli, 2010). In the biogenic archives with greater chronological uncertainty,
the '“C time series would be most useful in constraining pre-bomb '#C values and not the timing of the bomb curve.

Other sources of '“C from biological archives including measurements from crustose coralline algae, calcified fish tissues,
marine mammals, and plankton were not used in this compilation. Several '*C time series from annually banded crustose
coralline algae exist but have not yet been peer-reviewed and are not yet publicly available. In fish and marine mammals,
the preserved radiocarbon signal often reflects integrated feeding histories rather than ambient seawater conditions, and many
species exhibit substantial vertical migration and depth-variable feeding behavior. These ecological factors sometimes intro-
duce large and poorly constrained uncertainties when interpreting fish-based A'*C measurements as tracers of water-mass
properties. Further, while some plankton including foraminifera provide powerful archives of water mass '4C, studies tend
to publish time series records from ocean sediments that extend much further back in time than the scope of this current

compilation.
2.4 Quality control
2.4.1 Metadata screening and data standardization

All records entering the compilation were first screened for metadata completeness and harmonized to a common reporting
framework. For ship-based DIC A'*C, GLODAPv2.2023 sampling metadata, harmonized fields, and database quality flags
were retained as distributed. Recently archived cruises from CCHDO were converted to World Ocean Circulation Experi-
ment (WOCE) Exchange format (Key et al., 2004), merged with the GLODAPv2.2023 foundation, with GLODAP column
headers (fields) adopted as the compilation standard to preserve a consistent structure. Literature-derived DIC measurements
(Supplementary Table 3) were extracted from tables, appendices, and supplementary materials, and were formatted to WOCE
Exchange where possible.

Missing metadata were encoded with the standard WOCE placeholder (—999). Entries were retained only when each mea-
surement could be traced unambiguously to its source and included sufficient contextual information (location, depth, timing,
reported A'*C and uncertainty, and reference).

Biogenic records were compiled from peer-reviewed publications, supplementary materials, and public repositories (Supple-
mentary Table 4-6). Measurements were transcribed into a standardized data spreadsheet containing A'*C, A'*C uncertainty,
calendar date (year of skeleton formation or sample age assignment), chronological uncertainty where available, and laboratory
identifier (LabID). A companion metadata sheet assigned each record a unique standardized label and documented species,
location, latitude (°N), longitude (°E), depth as stated in the source, depth in meters, record duration, first author and year,
DOI, data link, and notes. Individual records were then converted to plain-text profile files with a metadata header followed
by the time series of A'*C, uncertainty, and quality-control flags. Records with incomplete metadata or ambiguous sample
provenance were excluded.

Following Stuiver and Polach (1977), all radiocarbon measurements were harmonized to a common notation and reporting

framework, with fractionation-corrected A'*C and the associated §'3C (when available) transcribed as reported in each source.
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2.4.2 Visual inspection and quality flags

For ship-based DIC A'*C, we added a synthesis quality column, DELC14QC, while retaining the archive flag field DELC14FLAG
(the GLODAP-equivalent quality flag) unchanged. Measurements already assigned a non-good archive flag at the source were
not re-screened; their DELC14FLAG values were carried directly into DELC14QC. Only bottles that were unflagged in the
source archive (DELC14FLAG € {0,2}) were candidates for new synthesis flags.

For GLODAPvV2.2023 and recent cruises from CCHDO, we first plotted A'*C versus depth by station and cast to review full
vertical profiles. An automated profile check highlighted candidate outliers, which were then inspected visually on these plots;
apparent spikes or transcription errors were assigned DELC14QC = 100 (synthesis exclusion). Accepted bottles that remained
unflagged at the source were assigned DELC14QC = 2 (good data).

Literature-derived DIC measurements were screened in the same framework. Studies with vertical structure were reviewed
as depth profiles; surface and near-surface-only records were plotted against latitude and longitude and inspected for extreme
spikes or obvious transcription errors. As for GLODAP and CCHDO, existing source flags were carried into DELC140QC with-
out modification. Literature entries with no source flag were assigned DELC14FLAG = 0 at ingest, and accepted measurements
were exported with DELC14QC = 2.

Biogenic carbonate records were evaluated manually rather than with a uniform automated rule. Each measurement was
assessed against regional oceanography, sampling depth, collection period, and large-scale A'“C structure (pre-bomb baseline,
weapons-test peak, and post-bomb decline). Because marine radiocarbon is spatially heterogeneous and not well described by
a normal distribution, we did not apply a fixed sigma-based rejection threshold. For banded biogenic carbonate archives, each
time series was plotted against a model A'*C field (Tournebise et al., in prep.) and inspected visually; measurements retained
for synthesis use were assigned DELC14QC = 2, values requiring caution were assigned DELC14QC = 10, and clear outliers
or transcription errors were assigned DELC140QC = 100. Outliers were defined as measurements judged unusable for global
synthesis after visual review—for example physically impossible A'*C values or clear transcription errors—rather than by a
fixed statistical threshold; automated spike detection was used only to highlight candidates for inspection.

Table 1 summarizes the DELC14QC values present in the released compilation files.

Table 1. Synthesis quality flags (DELC14QC): definitions and counts in the released compilation (version 1.2026).

DELC14QC Recommended use Ship DIC Biogenic Definition

2 Accepted 57,760 10,266 Good measurement retained for synthesis use.

3 Use with caution 247 — Questionable value; carried from archive DELC14FLAG (ship-based DIC only).

6 Exclude 189 — Bad or unusable value; carried from archive DELC14FLAG (ship-based DIC only).

9 Context-dependent 1 — No data / not measured; carried from source in isolated cases.

10 Use with caution — 60 Review flag applied after visual inspection of biogenic-carbonate time series.

100 Exclude 19 1 Synthesis exclusion applied after visual inspection (ship-based DIC and biogenic carbonate).
All rows in each CSV 58,216 10,327
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2.4.3 Crossover analysis

Crossover analysis compares ship-based profiles (DELC14QC = 2) deeper than 1500 m at nearest-neighbor station pairs within
40 km, following GLODAP-style practice (Johnson et al., 2001). This depth cutoff is intended for waters whose A'*C is nearly
stationary between occupations. That assumption does not hold in the North Atlantic, where bomb-produced '“C has continued
to invade North Atlantic Deep Water and the Deep Western Boundary Current below 1500 m since the 1990s (Lester et al.,
2024). North Atlantic pairs are therefore omitted from the Py baseline and from Figure 5; they remain in the archived crossover
table as ventilation-sensitive. Southern Ocean pairs south of 40°S are treated in the same way, while subtropical Pacific and
Indian Ocean occupations (depths > 1500 m) are retained. For each pair, profiles are linearly interpolated onto their overlapping
depth interval (> 200 m span; > 3 matched levels) and depth-level offsets are defined as the more recent cruise minus the earlier
occupation. Station-pair offsets are classified into ok, notable, and extreme tiers. The notable threshold is max(10%o, Pys) of
|A| among GLODAP-versus-GLODAP pairs in this Pacific plus subtropical/tropical Indian Ocean domain (Pys = 12.4 %0). A
fixed advisory extreme cutoff of 20 %o is retained; depth levels exceeding twice the combined reported uncertainty are flagged
separately. Crossover outcomes are diagnostic only and do not modify bottle DELC14QC flags; full results are archived with

the dataset (Table 2). Reproducible processing code is provided separately (Code availability).
2.4.4 Internal consistency of biogenic carbonate data

The internal consistency of the compiled biogenic carbonate dataset was further evaluated through comparisons among over-
lapping records from different archives and measurement programs, including cross-proxy consistency between seawater and
biogenic carbonate A'*C records, repeated sampling at the same or nearby locations, and the temporal coherence of the bomb-
14C signal and large-scale spatial gradients. After primary visual inspection (above), each contributing archive was reviewed
in regional context using secondary QC time series generated separately for corals, bivalves, gastropods, and sclerosponges:
the focal archive record was plotted together with ship-based DIC A'*C within 250 km and with other biogenic carbonate
records within 100 km, in both cases requiring co-location within £50 m absolute depth and £5 yr of each archive sample.
These contextual overlays supported manual assessment of local coherence but did not automatically modify DELC14QC. De-
tailed internal-consistency assessments, including regional case studies at Galdpagos, Daya Bay (South China Sea), and Puerto
Rico, are presented in Section 4 (Figure 6), where observational records are also compared against independent datasets and

model-based expectations where available.
2.5 Compiled Dataset
2.5.1 File organization

The screened and harmonized marine A'*C compilation has been archived on Zenodo as CSV files (Mamnun et al., 2026).
The deposit is identified by a persistent digital object identifier (DOI) and includes ship_dic_deltal4c_combined.

csvand delcl4_biogenic_carbonate_combined.csv, which contain the ship-based DIC and biogenic carbonate
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measurements, respectively. The tables include the standardized variables, units, uncertainty fields, and harmonized metadata.
A comprehensive source table documenting original data sources, sample types, bibliographic references, temporal coverage,
and notes for each contributing record has been included in the Zenodo deposit as a spreadsheet and is also provided with this
manuscript as Supplementary Material. Table 2 summarizes the files and their contents.

The final compiled dataset will be released in the LiPD (Linked Paleo Data) framework, which provides a standardized,
machine-readable structure for paleoclimate and geochemical records. LiPD integrates measurements, uncertainties, metadata,
and bibliographic information in a single hierarchical format, supporting transparency and reproducibility and improving in-
teroperability for synthesis, modeling, and data-assimilation workflows. This structure will preserve an explicit link between
individual radiocarbon observations, sample metadata, analytical context, and source references in a form that is straight-
forward to audit and reuse. LiPD will serve as the primary exchange format (rather than, for example, NetCDF) because it
is tailored to heterogeneous, multi-archive proxy compilations: it accommodates irregular time series, mixed sample types,
and source-specific metadata that are awkward to represent in gridded or strictly regular array models. Following community
practice for LiPD-based products, exposure through LiPDverse (or equivalent LinkedEarth-facing discovery services) will oc-
cur in line with the journal’s data-availability policy and any embargo or versioning requirements tied to the peer-reviewed
publication. The LinkedEarth ecosystem emphasizes open, well-documented data products.

Each measurement is intended to be independently auditable through retained source metadata and explicit quality flags on
every row. Ship-based entries retain cruise and station identifiers, program tags, original quality flags, and bibliographic links
(SOURCE, DOT) so that individual measurements can be traced to the underlying GLODAP, CCHDO, or literature contribu-
tion; biogenic carbonate entries carry equivalent publication identifiers and archive metadata. Compilation-specific screening
outcomes are recorded explicitly in DELC14QC rather than applied as silent exclusions, so users can reproduce the screened
product used in this study or define alternative subsets. Deep-ocean crossover classifications documented in Section 4 are
archived separately in Zenodo and are not written back to the main data file. Together with the dataset DOI, these fields pin the

exact records underlying the figures and validation analyses reported here.
2.5.2 Versioning and updates

The dataset described in this manuscript is released as version 1.2026. All files distributed through Zenodo and LiPD are
versioned and archived with a persistent DOI, ensuring reproducibility of results and traceability of future changes. Any cor-
rections, additions, or modifications to existing records will be published as new and citable versions, while previous versions
will remain accessible.

Updated releases may incorporate newly published radiocarbon measurements, extending temporal coverage with additional
historical and proxy-based records, and refining metadata and uncertainty estimates as community standards evolve. Each
update will be documented through a versioned release with an accompanying change log describing the scope and nature of

modifications.
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Table 2. Available and planned data deliverables and representative variables and metadata.

File / deliverable Format Content Main fields (representative)

README . md Markdown Zenodo deposit File descriptions; column definitions; DELC14QC flag definitions; crossover
documentation method summary; citation and contact

compilation_ Excel (XLSX) Per-contribution source ~ Worksheets for repeat-survey, literature, coral, mollusk shell, and sclerosponge

source_index.xlsx index (Zenodo; contributions; source labels; bibliographic references; temporal coverage;
Supplementary Material) notes

ship_dic_deltaldc_ CSV Ship-based DIC A l4c Cruise and cast identifiers where available; station metadata; date; coordinates;

combined.csv (Zenodo) depth; program flags; A'*C; uncertainty; §'3C; SOURCE and DOT linking

GLODAP, CCHDO, and literature

delcld4_biogenic_ CSV Biogenic carbonate Archive type; unique record label; species; location; calendar date; latitude;

carbonate_ archives (Zenodo) longitude; depth as stated in the original document and depth in meters; A4C

combined.csv and uncertainty; synthesis quality flag; bibliographic source and DOI

LiPD compilation LiPD (JSON + Planned merged product, Time; latitude; longitude; depth or pressure; archive type; A'*C and

(LiPDverse) tables) hierarchical metadata uncertainty; §'3C where reported; units; source tags; provenance and

persistent links
delcld_crossover_ CSV Deep-ocean crossover Matched depth-level A 14C offsets; station-pair tiers; domain flags
results.csv diagnostics (Zenodo) (QC_DOMAIN, VENTILATION_SENSITIVE); separation; depth-level and

literature-review flags; see README . md and Section 2.4.3

CSV, Excel, and documentation files are available from the Zenodo bundle (Mamnun et al., 2026). The LiPD compilation will provide the same semantics in LiPD layout; CSV

column labels may differ slightly from future LiPD field names.

3 Dataset overview

This compilation integrates 68,543 measurements of oceanic A'*C from ship-based dissolved inorganic carbon (DIC) samples
and from marine biogenic carbonate archives. The two streams are released as separate CSV files that share a common reporting
framework, metadata conventions, and synthesis quality flags (DELC140QC); a single hierarchical LiPD product is planned. The
ship-based component includes 58,216 DIC measurements collected between 1955 and 2024, combining GLODAP, CCHDO
and other non-GLODAP cruise data, and 68 peer-reviewed studies, and the biogenic carbonate archive component includes
10,327 measurements drawn from 262 contributing records (ages before 1700 excluded from the compiled export). Table 3
summarizes the measurement totals, contributing records, and calendar span by data component, with basin-scale patterns

shown in the figures below.
3.1 Ship-based DIC measurements

Ship-based A'*C observations in DIC are primarily an open-ocean dataset (Figure 1a). Measurements are concentrated along
hydrographic sections and repeat occupations, with denser coverage in the North Atlantic and North Pacific and more lim-
ited sampling in several regions of the Southern Ocean and parts of the Indian and South Pacific basins. The compilation

includes both depth-resolved vertical profiles (circles) and non-profile measurements (triangles), which are dominated by sur-
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Table 3. Summary of A'*C data compilation by data component.
Data component Measurements ~ Contributing records  Calendar span and coverage
Ship-based measurements of AC in dissolved inorganic carbon (DIC)
GLODAP 48,205 127 1972-2021; global open ocean, depth-resolved bottle sam-
ples and profiles
CCHDO and other cruise data 3,154 20 1999-2024; CCHDO cruises not in GLODAP plus Cas-
trillejo et al. (2026)
Other published studies 6,857 68 1955-2022; global, mostly surface water
Total DIC measurements 58,216 215 1955-2024 overall span
Biogenic carbonate records from marine calcifiers
Corals 9,790 112 1700-2020; primarily shallow tropical and subtropical reef
environments
Bivalves 386 101 1700-2005; shelf and coastal margins across latitudes
Gastropods 52 46 1860-1960; coastal and shelf sites, mainly Indo-Pacific
with some Southern Ocean and Atlantic localities
Sclerosponges 99 3 1855-2002; mesophotic to upper bathyal depths where
archived
Total calcifier measurements 10,327 262 1700-2020 overall span
All components® 68,543 477 1700-2024 overall span

#Contributing records denote discrete archive time series or fixed-location compilations; for ship-based DIC, contributing records are summarized where they correspond to clearly
delineated cruise/study groupings (68 literature studies in the “Other published studies” row). Biogenic ages before 1700 are excluded from the compiled CSV export. " Total

observations sum each A '*C measurement once across components.

face and near-surface samples. Symbol colours distinguish the data sources, highlighting how recent Global Ocean Ship-based
Hydrographic Investigations Program (GO-SHIP; Talley et al., 2016) cruises and other recent contributions augment the GLO-
DAPv2.2023 footprint and increase data density along key transects. Although the focus is the open ocean, a small number
of coastal surveys and time series are also represented where they are included in GLODAPv2.2023 or available from peer-
reviewed studies.

Surface-water A'*C measurements (depth < 50 m) document the uptake of atmospheric bomb-'*C by the ocean and its
subsequent dilution and redistribution (Figure 1b). The data show ocean A'“C rising during the 1960s, with the highest values
observed after the peak in atmospheric A'C in the 1960s. There is substantial scatter that reflects regional differences in
air-sea exchange and mixing, with the strongest accumulation of bomb '#C in the subtropical gyres that have weak vertical
mixing. In recent years, low- and mid-latitude surface A'*C exceeds atmospheric A*CO,, reflecting the long ocean memory

of the bomb perturbation and the dilution of atmospheric Al4C by fossil fuel emissions (Lester et al., 2024; Graven, 2015). At
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high southern and northern latitudes, surface values remain below atmospheric A'*CO, because mixing and upwelling supply
older, '“C-depleted waters.

Sampling density is uneven, with comparatively sparse coverage in the 1960s and late 1990s to early 2000s, and com-
paratively dense coverage in the 1970s and 1990s during the GEOSECS and WOCE intensive hydrographic surveys. Newly
compiled data (triangles) increase sampling density and extend coverage relative to GLODAPv2.2023 (circles), improving

representation of the 1960s, 1980s, and post-2000 periods.
3.2 Biogenic carbonate archives

Biogenic carbonate archives provide A'*C records that extend ocean radiocarbon constraints into the pre-bomb period and
complement the ship-based DIC compilation (Figure 2). Sampling locations are globally distributed but concentrated in tropical
and subtropical reef settings, with additional coverage from continental margins and mesophotic to upper-bathyal environments
where long-lived calcifiers have been recovered (Figure 2a). The time series captures a comparatively stable pre-bomb baseline
followed by the rapid rise associated with atmospheric nuclear testing and the subsequent multi-decadal decline (Figure 2b),
with measurement density increasing markedly after the 1950s and especially during the decades of intensive post-bomb
sampling (1950s—1990s: 1,646, 1,422, 1,539, 1,194, and 734 measurements per decade, respectively, with a further decline to
210 and 83 measurements in the 2000s and 2010s). Regional scatter reflects differences in air—sea exchange, circulation, and
upwelling, and some of the lowest post-bomb values are associated with deeper- or mesophotic-habitat archives (e.g., deep
corals) that incorporate older, '*C-depleted source waters.

Together, these biogenic carbonate records bridge the transition between sparse pre-bomb observations and the era of
widespread ship-based sampling, providing independent constraints on the timing and magnitude of A'*C changes in regions

and periods where direct seawater measurements are limited.
3.3 Basin-scale coverage

To summarize basin-scale coverage, we partition the full archived product (Table 3) by ocean basin and by the two primary
data components of this compilation. Table 4 reports the number of individual measurements in the Atlantic, Pacific, Indian,
Southern, and Arctic domains for (i) ship-based DIC A'*C observations and (ii) biogenic carbonate archives.

Basin assignment applies polar domains first so that Southern Ocean and Arctic samples are excluded from the Atlantic,
Pacific, and Indian columns: measurements south of 40°S are assigned to Southern; measurements at or north of 66.5°N
(Arctic Circle) are assigned to Arctic. Remaining samples are partitioned by fixed longitude bands (Atlantic, 80°W-20°E;
Indian, 20°E-147°E; Pacific, remaining longitudes). Only rows with valid latitude, longitude, and AM"C are included.

Mean ship-based DIC A'*C profiles summarize how the bomb-era perturbation and its subsequent redistribution are ex-
pressed vertically in each major basin (Figure 3). For each basin, observations are averaged in 18 fixed depth bins from the
surface to 6000 m (bin edges and plotting rules as in Figure 3) and grouped by calendar decade (1970s, 1990s, 2000s, and
2010s; one colored curve per decade). Atlantic, Pacific, and Indian domains are assigned from longitude bands after excluding

waters south of 40°S, which are assigned to the Southern Ocean panel. Across basins, upper-ocean A'*C in the more recent
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Figure 1. a. Global distribution of ship-based dissolved inorganic carbon (DIC) A'*C measurements. Circles and triangles distinguish

depth-resolved profiles (stations with AC at >3 distinct depths) and non-profile samples, respectively. Red, blue, and navy symbols mark

GLODAP, recent GO-SHIP cruises, and peer-reviewed literature sources compiled here. b. Surface-ocean (<20 m) A*C from 1955 to 2024,

with each symbol colored by sample latitude (colour bar). Circles and triangles denote GLODAPv2.2023 and newly compiled measurements,

respectively. The black dashed curve shows zonal-mean atmospheric A'*CO, (Graven (2025), updated from Graven et al. (2017)).
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Figure 2. a. Global distribution of biogenic carbonate A'*C sampling locations (corals, bivalves, gastropods, and sclerosponges). Each
point represents a unique geographic location (latitude and longitude), colored according to the earliest calendar year for which radiocarbon
measurements are available at that location. b. Temporal evolution of biogenic carbonate A'*C measurements from 1700 to 2020. Each point

represents an individual radiocarbon measurement, colored by the latitude of the sampling location. The vertical dashed line at 1955 marks

the onset of widespread atmospheric nuclear testing.
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Table 4. Basin-scale counts of A'*C measurements. Atlantic, Pacific, and Indian columns exclude Southern Ocean (south of 40°S) and

Arctic (north of 66.5°N) samples.

Data component Atlantic  Pacific Indian  Southern Arctic = Total

Ship-based DIC measurements 11,523 23,498 10,801 11,250 1,144 58,216

Biogenic carbonate measure- 980 5,022 4,261 22 42 10,327
ments
All components 12,474 28,478 15,062 11,272 1,186 68,543

decades exceeds that of the 1970s, consistent with continued bomb-1*C uptake and ventilation of surface and mode waters.
Deep-water values remain most negative in the Pacific and Indian basins and less depleted in the Atlantic, reflecting basin-
scale differences in ventilation and the age of interior water masses. Temporal contrasts are most pronounced in the upper
~1000 m, where the expanded depth scale emphasizes thermocline and mode-water structure; deeper profiles converge toward
basin-specific interior values. In the Southern Ocean, decadal curves diverge in the upper ocean but converge below ~1500 m,
where A'C remains uniformly low.

These decade-mean profiles are exploratory and sampling-sensitive: they are simple depth-bin averages of available bottles,
without equal-area weighting, repeat-section pairing, or isopycnal binning, so shifts in cruise tracks between decades can
move the basin mean. In the Atlantic, the apparently more depleted deep profile in the 2000s is attributable in large part to a
geographic sampling bias toward higher southern latitudes relative to other decades, rather than an Atlantic-wide deep A'*C
decline.

In the Southern Ocean, the near-uniform low A'*C below ~1500m is consistent with slow abyssal invasion of bomb l4c,
but should not be taken as proof of no downward bomb transport. Stronger quantitative claims about decadal interior change

would require repeat sections, isopycnal analyses, or fixed latitude bands.
3.4 Decadal surface distribution

Pre-bomb (1850-1949) and decadal (1950s—2020s) maps of the compiled A™C data show how the spatial distribution of
A™C has changed over time (Figure 4). The data are shown with simulated A'*C from the CESM2 Large Ensemble (ensemble
member 1001; Rodgers et al., 2021) as a backdrop to help visualize the patterns.

In the pre-bomb and 1950s panels, the observations show comparatively weak zonal gradients within each basin, with lower
values toward high southern latitudes (e.g., Graven et al., 2012b; Broecker and Olson, 1959). In the 1960s, AM™C has risen
significantly outside of the Southern Ocean with the intrusion of bomb '*C. There is a large scatter in the 1960s as some data
are from the early part of the decade when A'C had just started to rise and some data are from the late 1960s when some
areas had reached peak values of over 150 %o (Figures 1 and 2). During the 1970s, the bomb signal becomes more spatially

structured: elevated A'*C appears across subtropical gyres, particularly in the subtropical North Pacific. Strong gradients
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Figure 3. Mean vertical profiles of ship-based DIC A'*C by ocean basin and decade. Each panel shows basin-wide mean A'*C versus depth.

Atlantic, Pacific, and Indian domains are assigned from longitude bands after excluding waters south of 40°S, which are assigned to the

Southern Ocean panel. Within each basin, one colored curve is shown for each calendar decade (1970s, 1990s, 2000s, and 2010s); the 1980s

are omitted owing to sparse basin coverage. The depth axis uses a piecewise scale that compresses 1000 m—5500 m (shaded). Profiles are
depth-bin means for 18 fixed intervals from the surface to 6000 m (bounds at 0, 10, 20, 50, 75, 100, 150, 200, 300, 400, 500, 750, 1000,
1250, 1500, 2000, 3000, 4000, 5000, and 6000 m), plotted at bin midpoints where at least five measurements contribute. Depth increases

downward. These decade-mean profiles are exploratory basin averages and are sampling-sensitive; see main text.
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between the high-A'*C gyres and lower-A'#C ventilation regions in the tropics and higher latitudes create a striped pattern
with latitude. From the 1980s through the 2000s these spatial gradients weaken until the 2010s—2020s when the gradients are
very weak, similar to pre-bomb gradients, but with higher average A'*C of about +50 %o rather than —50 %o. The lowest A'*C
values persist in the Southern Ocean through all decades.

Our merged ship-based and biogenic carbonate compilation provides a more complete view of surface A*C evolution
than previously possible. Patterns in pre-bomb and 1950s A'#C are better defined by our extensive compilation of carbonate
records. The 1980s represent another period where the compiled carbonate data are key to defining A'*C patterns because
ship-based DIC data are sparse, particularly in the Pacific. Areas that are enhanced by DIC data from the literature include
the Arctic, North Pacific and Southwest Pacific (Figures 1 and 4). The pattern in the North Pacific in the 2000s and 2010s is
very well described by compiled observations from GLODAPv2.2023 (Lauvset et al., 2024), repeat GO-SHIP occupations, and
northwestern Pacific hydrographic surveys (Kumamoto et al., 2002; Aramaki et al., 2019). Spatial coverage in the Southern
Ocean was limited until the 1990s, with the densest coverage in the 2010s.

The changing A'*C distribution in the observations reflects the uptake and redistribution of bomb '*C in the ocean as well
as changes in atmospheric A'*CO, and air-sea gradients. While the CESM2 model shown with the data in Figure 4 generally
captures the large-scale patterns, our extended dataset can help to better identify and quantify biases in the model. Frischknecht
et al. (2022) found that CESM2 A'4C underestimated peak surface values relative to coral and bivalve records at roughly
twenty sites, but our compiled and merged dataset can better quantify the magnitude and extent of these biases. Lester et al.
(2024) and Danabasoglu et al. (2020) identified errors in deep-water formation in CESM2 that cause biases in A'™C in the
deep ocean and at the surface in the Southern Ocean, which could be better quantified with the new dataset. These and other

model—data comparisons or model—data integrations will be aided by our comprehensive data compilation.

4 Data Validation
4.1 Radiocarbon crossover analysis

To assess the internal consistency of the compiled ship-based A'*C dataset, we performed a crossover analysis (Section 2.4.3)
for measurements in the deep ocean where A'“C is not expected to change substantially within a few decades. For the main
GLODAP+CCHDO assessment on synthesis-accepted bottles (DELC14QC = 2), this analysis yielded 299 station crossovers
comprising 4,796 paired deep-water samples across 111 cruise combinations. North Atlantic pairs and Southern Ocean pairs
south of 40°S were retained in the archived table but excluded from the GLODAP-GLODAP baseline and from Figure 5,
leaving 178 station pairs (3,131 depth levels; 56 cruise combinations) in the Pacific plus subtropical/tropical Indian Ocean.
We emphasize that the global 1500 m depth cutoff follows standard GLODAP-style crossover practice (Johnson et al., 2001)
but is not uniformly valid. Oceanic A'*C has continued to evolve at depths below 1500 m since the 1990s as bomb-produced
14C ventilates the interior (Lester et al., 2024), and this limitation is especially apparent in the Atlantic, where basin-mean
vertical profiles show clear decadal changes through the upper thermocline and mode-water depth range (Figure 3). In regions

of active ventilation or along North Atlantic Deep Water (NADW) and Deep Western Boundary Current (DWBC) pathways,
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AM™C can therefore change on decadal timescales even below 1500 m. The offsets reported here should therefore be interpreted
as a broad internal-consistency screen rather than as a definitive test of measurement quality in every basin or as evidence of
measurement error alone. Regional syntheses may benefit from restricting comparisons to abyssal stable layers (e.g. eastern
Atlantic intervals where water-mass A'#C is demonstrably stationary between occupations; Castrillejo et al. (2024)).

GLODAP-versus-GLODAP crossovers in this Pacific plus subtropical Indian subset (n = 154 station pairs) provide the
empirical baseline for expected deep-water scatter: the median offset is —0.1 %o, the median absolute deviation is 3.6 %o,
and the 95th percentile of |A| is 12.4 %o, where A is the mean offset at a crossover station pair. The corresponding global
GLODAP-GLODAP distribution (n = 255) has Py; = 16.9 %o, inflated by North Atlantic pairs. We therefore did not ap-
ply a single fixed per mil cutoff to reject data automatically. Instead, crossover pairs were assigned to three tiers (Sec-
tion 2.4.3): ok (|A| < 12.4%0), notable (12.4 < |A| < 20%o), and extreme (|A| > 20%o). The notable threshold is defined
as max(10%o, Pys gropap/Gropap) = 12.4%o on the QC-domain baseline. The extreme threshold is a fixed advisory cutoff
of 20 %o, above the QC-domain GLODAP-GLODAP tail (no such pair reaches 20 %o). At the depth level, individual samples
were additionally flagged when |A| > 20 combined> Where 0combined 1 the quadrature sum of reported A'C uncertainties; these
DEPTH_FLAG values are diagnostic only and were not propagated to bottle DELC14QC. Applying these thresholds to the Pa-
cific plus subtropical Indian GLODAP+CCHDO crossovers yielded 169 ok, 9 notable, and 0 extreme station pairs. The archived
global table still contains North Atlantic and Southern Ocean pairs, including the previous extreme offsets; no measurements
were removed from the synthesis solely on the basis of crossover magnitude.

Figure 5 summarizes the distribution of crossover offsets for the 20 QC-domain cruise pairs with the largest number of
matched deep samples. For most Pacific and subtropical Indian repeat occupations, median offsets cluster near zero, indicating
broad consistency between cruises separated by one to three decades (e.g. P17N, P02, PO1, and 103). Spread within individual
pairs reflects remaining measurement or inter-cruise calibration differences as well as residual water-mass variability; PO6 and
108S show wider interquartile ranges than tightly repeated sections such as P17N. QC-domain notables include P17N versus
P17C, P06 (2009-10 versus 1992), and P10 (2005 versus 1993); none reach the 20 %o extreme tier. North Atlantic repeats such
as A20 (2021 versus 1997) and A16N (2013 versus 1993) remain in the archived table as ventilation-sensitive pairs, consistent
with bomb *C on NADW (Lester et al., 2024), and are not shown in Figure 5. Overall, the QC-domain crossover results
support the use of the merged GLODAP+CCHDO dataset for deep-water synthesis in the Pacific and subtropical Indian Ocean
while highlighting line—year combinations that warrant additional scrutiny.

The same crossover framework was extended to the full ship-based compilation (all sources with DELC140QC = 2), using
identical profile-comparison rules at the same 40 km search radius. Literature crossovers were not restricted to the Pacific
QC domain. Twenty literature or non-GLODAP studies yielded at least one crossover against GLODAP or CCHDO (n = 54
station pairs, 541 depth-level comparisons). Castrillejo et al. (2026) contributed the largest number of literature crossovers
(n = 14 pairs) and showed a mean offset of +11.9 %o (median +9.1 %o) relative to nearby GLODAP profiles. Most Castrillejo
crossovers fell below the extreme threshold, consistent with a systematic positive bias rather than random scatter. Two Cas-
trillejo station pairs on A05 (2020 vs. ARO1 1998) exhibited extreme offsets (426 and +30 %o0) that were also inconsistent with

the other Castrillejo crossovers; these were flagged questionable for manual review but retained in the bottle compilation. One
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additional literature pair (Dutta, Sagar Sampada 152 vs. I0OON 1995) was flagged questionable for the same reason. Other liter-

ature sources with limited crossover coverage showed near-zero to moderately positive mean offsets at the available stations.
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Figure 5. Distribution of deep-ocean A'*C crossover offsets by cruise pair in the Pacific plus subtropical/tropical Indian QC domain. Box-
plots show all matched depth-level offsets for the 20 cruise pairs with the largest number of crossover samples in that domain (n = 2,407
samples from 131 station crossovers across 20 cruise pairs). Horizontal red lines mark medians; boxes span the interquartile range; whiskers
extend to 1.5 x IQR; grey points are outliers. The dashed horizontal line indicates zero offset. Comparisons use synthesis-accepted bottles
(DELC140QC = 2), are restricted to depths > 1500 m, require > 200 m overlapping depth span, and > 3 matched levels per station pair within
40 km (Section 2.4.3). North Atlantic pairs and Southern Ocean pairs south of 40°S are excluded from this figure and from the Py5 baseline
(Section 4.1). Depth-level offsets are obtained by linear interpolation onto the union of bottle depths within each station pair’s overlapping
interval (Section 2.4.3). Dotted horizontal lines at +12.4 %0 and +20 %o indicate the notable and extreme tier thresholds derived from the
QC-domain GLODAP-versus-GLODAP baseline (Section 2.4.3).
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4.2 Internal consistency of biogenic carbonate archives

The internal consistency of the compiled carbonate dataset was evaluated through comparisons among overlapping records
from different archives and measurement programs, including cross-proxy consistency between seawater and biogenic car-
bonate archive A'*C records, as well as repeated sampling at the same or nearby locations. The temporal coherence of the
bomb-'*C signal and large-scale spatial gradients were used as additional consistency indicators.

In the global biogenic carbonate time series (Figure 2b), the post-bomb segment of the Galdpagos record of Druffel et al.
(2015) (Urvina Bay, Isabela Island) appears lower than many coeval tropical coral measurements. That pattern is visually pro-
nounced because Figure 2b aggregates all archive types and latitudes on one axis, so site-specific offsets—here, radiocarbon-
depleted water associated with persistent equatorial upwelling on the western Galdpagos margin—can resemble a compilation
artefact rather than a regional signal. To test whether the Galdpagos entries are internally consistent, we extracted all bio-
genic carbonate A'*C records within 250 km of a central Galdpagos anchor (1°S, 90°W), computed calendar-year means for
each contributing archive series, and overlaid shallow ship-based DIC A'*C from the same search window (depth <50 m)
(Figure 6a).

Five independent coral time series are available in this region: Druffel (1981) (Duncan Island), Brown et al. (1993) (San
Cristobal), Druffel and Griffin (1993), Guilderson and Schrag (1998), and Druffel et al. (2015) (Urvina Bay). Despite differ-
ences in exact sampling location and pre-bomb coverage, the annual-mean archive curves rise in phase through the weapons-
test era and reach comparable peak values in the 1970s—1980s (Figure 6a). The Urvina Bay record of Druffel et al. (2015)
remains offset to lower A'*C during the 1940s—1950s, consistent with its upwelling-influenced setting, but it joins the regional
bomb-rise trajectory rather than diverging from the other Galdpagos corals. Four surface DIC samples from Nydal et al. (1998),
collected between 1989 and 1993 (AC = 50-68 %o with reported uncertainties of 4-5 %o), fall within the envelope of the con-
temporaneous coral data. We therefore interpret the apparently low Galdpagos values in Figure 2b as a site-specific upwelling
signature. Together, the regional overlay supports retention of all five Galdpagos coral records in the harmonized product.

A second case study addresses overlapping coral records at Daya Bay in the South China Sea (Figure 6b). The Shen et al.
(2004) and Wang et al. (2017) profiles sample the same regional shelf system within 250 km of 22.55°N, 114.55°E but span
different calendar intervals and show distinct absolute offsets. Secondary QC therefore compared the two profiles against each
other: measurements with clear visual inconsistencies were assigned DELC14QC = 10, additional coastal highs inconsistent
with the overlapping record were assigned DELC14QC = 10 through inter-profile regional comparison.

At Puerto Rico (Figure 6¢), the Vieques coral series of Kilbourne et al. (2007) was originally validated against other coral
archives, although not all of those comparison records were from immediately adjacent sites. We therefore overlaid shallow
ship-based DIC A'*C within the same 250 km search window (depth <50 m; n = 15) as an independent cross-proxy check.
The ship-based and biogenic records rise and decline in parallel through the bomb era, demonstrating consistency between the

two data types in this region.
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Figure 6. Regional internal-consistency checks for biogenic carbonate A'*C records. a. Galdpagos: calendar-year means of coral archives
within 250 km of 1°S, 90°W: Druffel (1981) (blue), Brown et al. (1993) (red), Druffel and Griffin (1993) (green), Guilderson and Schrag
(1998) (purple), and Druffel et al. (2015) (orange; Urvina Bay). The Druffel et al. (2015) pre-industrial segment (1780-1840) is shown in
the left panel; the x-axis is broken before the bomb-era panel (1930-1998). Grey symbols with vertical error bars denote shallow (<50 m)
ship-based DIC A'C from Nydal et al. (1998) (n = 4, 1989-1993). b. Daya Bay, South China Sea: coral A'*C from Shen et al. (2004)
(orange) and Wang et al. (2017) (blue) within 250 km of 22.55°N, 114.55°E. Crimson stars mark values flagged DELC140QC = 10 by
visual inspection; purple stars mark values flagged DELC140QC = 10 by inter-profile regional comparison. c. Puerto Rico: coral A'*C from
Kilbourne et al. (2007) (blue) within 250 km of 18°N, 67°W, with shallow (<50 m) ship-based DIC overlaid (grey symbols with vertical
error bars; n = 15). The 1750-1950 segment uses a compressed x-axis scale (shaded). Panel (a) complements the global biogenic carbonate

summary (Figure 2b), where the Urvina Bay record can appear anomalously low when all latitudes and archive sites are plotted together.
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4.3 Geographic contrasts in decadal surface maps

Several features in the decadal surface maps (Figure 4) stand out as sharp local contrasts against the regional model backdrop or
against co-located measurements from a different platform. The examples below were examined in the context of the synthesis-
accepted record (DELC14QC = 2) to aid interpretation of spatial heterogeneity; they do not reflect additional quality-control

430 actions on the harmonized product.

The 2010s North Pacific panel shows elevated ship-based A'*C along repeat hydrographic lines and in the northwestern
Pacific survey of Aramaki et al. (2019) (up to ~114 %o), while other bottles at similar latitudes are lower—including strongly
depleted surface values from repeat occupations off northern Japan (Kaizer et al., 2020) (to ~—41 %o)—illustrating the sharp
meridional gradients resolved by dense repeat hydrography along the western boundary. In the South Atlantic, GLODAP

435 occupations in the 2010s include values near —136 %o off the Brazil margin, consistent with strong upwelling of '*C-depleted
source waters and contrasting with more positive values in the tropical Atlantic during the same decade. In the 2010s Arctic
panel, shallow ship-based A'“C spans a wide range (from ~—35 %o in the Chukchi/Beaufort sector to ~50 %o in the Eurasian
Arctic; Druffel et al. (2017)), reflecting strong regional ventilation contrasts in a domain where observations remain sparse.

Near Bermuda, shallow reef carbonate records from Goodkin et al. (2012) can appear lower than co-located ship-based

440 DIC from Druffel et al. (1992) on the decadal maps, reflecting regional mode-water and ventilation structure rather than
an inconsistency introduced by the merge. In the Galdpagos, low biogenic carbonate A'*C values on the decadal maps are
consistent with the regional overlay in Figure 6a and with the strong equatorial upwelling signal documented for Urvina Bay
corals (Druffel, 1981; Druffel et al., 2014); Druffel et al. (2014) showed that seasonal A4C variability at this site tracks
upwelling and tropical climate indices.

445 A number of historical literature compilations contribute values outside the —150 %o to 200 %o range used for map colour
scaling, including high bomb-era measurements from Fairhall and Young (1985) and Nydal et al. (1998) in the Pacific, from
Linick (1978), and very negative Southern Ocean values from Vogel and Marais (1971). North Sea bivalve records from
Weidman (1995) also reach higher A'*C than surrounding ship-based fields in the 1960s—1970s. These end-member values
were retained in the synthesis after primary QC and are visible on the decadal maps only at the colour-scale limits; full

450 magnitudes are reported in the archived CSV files.

5 Code and data availability

The global ocean A'*C data compilation (version 1.2026) is available from Zenodo at https://doi.org/10.5281/zenodo.18674659

(Mamnun et al., 2026). The repository comprises CSV files (ship_dic_deltal4c_combined. csv for ship-based DIC

measurements, delcl4_biogenic_carbonate_combined. csv for biogenic carbonate archives, and delcl4_crossover_
455 results.csv for deep-ocean crossover diagnostics); compilation_source_index.x1lsx, a per-contribution source

table documenting bibliographic references, sample types, temporal coverage, and compilation notes, and README . md. Field

definitions, quality flags, and provenance links for individual measurements are described in README . md.
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The same compilation will subsequently be released in Linked Paleo Data (LiPD) format through the LinkedEarth ecosystem,
with discovery and landing pages on the LiPDverse data portal. That LiPD product will encode the merged ship-based and
460 archive streams in a hierarchical, machine-readable layout suited to multi-archive synthesis and model-data workflows, and
will be assigned its own citable DOI once published. Until the LiPD release is available, users should cite the Zenodo deposit
above, or this paper.
The Python scripts and Jupyter notebooks used to compile the Zenodo CSV products, assign synthesis quality flags (DELC14QC),
run deep-ocean crossover analysis, and generate manuscript figures are available in Zenodo at https://zenodo.org/records/
465 22100029 Mamnun (2026). A version-pinned Zenodo software deposit with its own DOI, separate from the data product

(Mamnun et al., 2026), will be added in a future release.

6 Conclusions

We presented a harmonized global compilation of marine A'#C observations covering 1700-2024, integrating 68,543 measure-
ments from two complementary streams: 58,216 ship-based DIC observations (1955-2024) and 10,327 biogenic carbonate

470 measurements from corals, bivalves, gastropods, and sclerosponges (1700-2020). All records were transcribed into a com-
mon framework with aligned metadata (location, depth, time, archive type, uncertainty, and provenance), enabling consistent
synthesis, mapping, and model-data evaluation across heterogeneous sources.

This merged archive broadens observational constraints across the full marine A'C trajectory, from pre-industrial baselines
through the bomb '*C uptake period and into the modern decline. The combined surface record also improves the uneven

475 decadal measurement density in hydrographic survey data in GLODAP and provides a more complete picture of the pre-bomb
AM™C distribution, including the decadal surface patterns.

The merged compilation provides a substantially expanded observational basis for model-data evaluation of marine ra-
diocarbon across Earth system models by integrating ship-based DIC and biogenic carbonate records in a single harmonized
framework with shared metadata and primary synthesis quality flags (DELC14QC), supporting consistent comparison with sim-

480 ulated surface and near-surface A'#C from pre-bomb baselines through the bomb-era transient and into the modern decline.
Deep-ocean crossover diagnostics are archived for user advisory review only and do not modify DELC14QC.

As an illustration, overlaying synthesis-accepted observations on CESM2 LENS2 member 1001 (Figure 4) shows how the
compilation extends prior assessments based on GLODAP and a limited set of archive records (Frischknecht et al., 2022; Lester
et al., 2024), while remaining broadly consistent with previously reported model offsets in upwelling domains and subtropical

485 gyres.

By creating the most comprehensive A'*C measurement compilation, we provide a tool that can be used for multiple pur-

poses, including evaluating ocean circulation, tracer transport, and carbon-cycle exchange. We expect the dataset to expand as

new cruises and marine archive records become available and we invite community input to add to and improve the dataset.
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