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ABSTRACT

Over the past six decades, the scientific 
ocean drilling (SOD) programs have col-
lected vast and invaluable data for Earth his-
tory research. However, the scattered state of 
these data across multiple repositories, along 
with inconsistent standards, methodologies, 
and terminologies, have increased the com-
plexity of data processing and posed barriers 
to its effective utilization. While several data-
bases have been developed to consolidate and 
improve access to SOD data, each has limita-
tions in scope. To address these challenges, we 
introduce the Sediment Spatial and Tempo-
ral Database (SedST, http://sedst​.org), a new 
platform designed to aggregate chronologi-
cal data from the extensive archives of SOD, 
including postcruise literature, and provide 
tools for data accessibility. SedST standard-
izes biostratigraphic, magnetostratigraphic, 
and radiometric dating records, aligning 
them with the latest Geologic Time Scale 
2020, to ensure consistency and coherence. 
Employing the Bchron methodology, SedST 
establishes age-depth models for >1000 SOD
boreholes. Presently, SedST encompasses 

37,329 entries from 181 expeditions and 1300 
holes, covering the world’s ocean basins and 
including records as old as the Late Juras-
sic. The platform provides powerful tools for 
sample ID to depth conversions and individ-
ual hole to composite site depth transforma-
tion. Accessible via user-friendly graphical 
interfaces, SedST simplifies data queries and 
allows the export of search results in CSV 
format. As a constantly developing platform 
under the umbrella of the Deep-time Digital 
Earth program, SedST is committed to en-
hancing the accessibility and discoverability 
of marine sediment data, fostering new in-
sights into Earth’s geological history.

1. INTRODUCTION

The scientific ocean drilling (SOD) programs
are international marine research collaborations 
that explore Earth’s history and dynamics. These 
projects use oceangoing research platforms to 
collect samples and data from seafloor sediments 
and rocks. Several consecutive projects have 
operated under the SOD initiative, including the 
Deep-Sea Drilling Project (DSDP, 1968–1983), 
the Ocean Drilling Program (ODP, 1983–2003), 
the Integrated Ocean Drilling Program (IODP 1, 
2003–2013), and the International Ocean Dis-
covery Program (IODP 2, 2013–2024; Fig. 1). 
Collectively, these projects have recovered 
>467 km of core, significantly enriching the
comprehensive Earth science data pool.

The SOD projects provide a rich source of 
data on Earth’s past, offering valuable insights 
into biological, geochemical, and geophysi-
cal processes within Earth’s surface, crust, 
and mantle, as well as past climate conditions 
(Becker et  al., 2019). The main accomplish-
ments of these projects include the verifica-
tion of seafloor spreading and plate tectonics 
(Becker et al., 2019; Hall and Robinson, 1979; 
Royer and Coffin, 1992), the exploration of 
Earth’s deep structure beneath the seafloor (Hall 
and Robinson, 1979; Dick et al., 2000; Wilson 
et  al., 2006; Ildefonse et  al., 2007; Rubanik, 
2008; Teagle and Ildefonse, 2011; Blackman 
et al., 2011; Ohira et al., 2018; Voosen, 2023), 
the unveiling of the global climate history span-
ning the past ∼150 m.y. (Colleoni et al., 2018; 
Dowsett et  al., 2012; Holbourn et  al., 2015, 
2014, 2005, 2018; Lauretano et al., 2018, 2015; 
Liebrand et al., 2017, 2016; Pälike et al., 2006; 
Sexton et al., 2011; Stap et al., 2010; Wester-
hold et  al., 2020, 2018; Zachos et  al., 2001, 
2010, 2008), the discovery of the diverse and 
vast amount of life in the deep-sea biosphere 
(D’Hondt et al., 2004; Lomstein et al., 2012; 
Heuer et  al., 2019), and the development of 
a robust geological time scale for the past 
150 m.y. (Beddow et al., 2018; Billups et al., 
2004; Boulila et al., 2018; Drury et al., 2017; 
Lauretano et al., 2016; Liebrand et al., 2016; 
Littler et  al., 2019; Shackleton et  al., 1999; 
Westerhold et  al., 2017, 2014, 2020; Zeeden 
et  al., 2013). These achievements highlight 
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the substantial scientific value of the SOD 
projects. The extensive marine data generated 
by the SOD projects underscores their lasting 
impact. With immense potential for data com-
pilation, they serve as a valuable resource for 
researchers.

Firmly established chronologies are funda-
mental to exploring Earth science issues using 
SOD data (Kinsley et al., 2022; Li et al., 2023; 
Jin et al., 2023; Hou et al., 2023). These chro-
nologies enable researchers to synchronize 
geological data from different regions into a 
unified timeline, a critical step for testing causal 
relationships and understanding Earth’s history 
(Westerhold et al., 2024). Currently, three prin-
cipal databases host age and age-depth model-
ing data specific to the SOD project: Neptune 
Sandbox Berlin (NSB, Lazarus, 1994; Renaudie 
et al., 2020), Triton (Fenton et al., 2021), and 
Extending Ocean Drilling Pursuits (eODP, e.g., 
Sessa et al., 2023). Each database has made sig-
nificant contributions to the field.

The NSB, conceptualized in 1989, is a com-
prehensive repository for SOD microfossil 
occurrences, with chronological data being one 
of its components (Lazarus, 1994; Renaudie 
et al., 2020). As of August 2023, NSB housed 
chronological records from 129 expeditions and 
834 holes, which have been extensively utilized 
by researchers worldwide. Currently, NSB’s age 

model library encompasses >470 drill sites. The 
development of age models began in the early 
1990s with the introduction of the Age-Depth 
Plot (ADP) program. The ADP program is 
designed for flexibility, allowing manual adjust-
ments through the addition, relocation, and 
removal of control points, as well as the incor-
poration of hiatuses (Lazarus, 1992; Bohling, 
2005). The age-depth relationship is constructed 
as a set of connected straight-line segments to 
subjectively best fit the chronostratigraphic data 
in each depth interval. In the 2010s, a system-
atic review and enhancement effort addressed 
inaccuracies in existing NSB age models, lead-
ing to significant updates. Between 2015 and 
2019, 55% of the age models were updated or 
added, and an additional 24% were formulated 
between 2020 and 2021. This rigorous evalua-
tion substantially elevated the quality of NSB’s 
age models. However, Renaudie et  al. (2020) 
noted that ∼19% of NSB models still fall short 
of rigorous quality standards, highlighting the 
need for ongoing refinements. NSB’s main 
strengths include its use of relatively high-qual-
ity shore-based data and manual integration of 
supplementary information—such as sedimen-
tology and seismic stratigraphy to identify hia-
tuses—to enhance the accuracy of age models. 
However, its coverage is relatively limited, as 
NSB was designed to be selective, focusing on 

higher-quality sites. Additionally, the project has 
not been updated to include more recent drilling 
expeditions for several years.

The Triton database, established by Fenton 
et  al. (2021), is a species-level repository for 
Cenozoic planktonic foraminiferal occurrence 
records. It compiles data from 174 expeditions 
covering ∼873 ocean drilling holes. When com-
bined with the NSB database, the total coverage 
extends to ∼1213 drill holes. Triton’s age models 
are based on linear interpolation or Generalized 
Additive Model smoothing, with manual quality 
checks. However, these models are documented 
as static images rather than interactive datasets 
(fig. 4 in Fenton et al., 2021). Although the data-
base is available online as an archive, its lack of a 
user-friendly web interface makes it challenging 
for nonprogrammers to use.

The eODP initiative, led by Sessa et  al. 
(2023), aims to enhance the accessibility and 
interpretation of microfossil and stratigraphic 
datasets associated with SOD. As of June 2024, 
eODP includes nearly 86,000 lithologic units 
from ∼1343 drill holes, and 5378 taxonomic 
entries (Sessa et al., 2023; S. Peters, 2024, per-
sonal commun.). Taxonomic information is inte-
grated into the Paleobiology Database (Peters 
and McClennen, 2016), while lithologic data and 
age-depth models are housed in the Macrostrat 
database system (Peters et al., 2018). Despite its 

Figure 1. Global distribution of the scientific ocean drilling (SOD) sites, which are color-coded to indicate data availability. Green dots rep-
resent sites deficient in sediment or lacking adequate age data, while pink dots denote sites with adequate age data.
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extensive data coverage, eODP’s age models are 
relatively coarse, primarily based on shipboard 
studies. Additionally, eODP currently lacks a 
public interface, which limits its accessibility 
and utility for researchers.

In addition to these major databases, several 
smaller-scale efforts have contributed valuable 
chronological information. For example, Lyle 
(2003) developed age models for 144 tropical 
Pacific sites using polynomial fits, primarily 
derived from DSDP and ODP Initial Reports, 
to study carbonate burial in the Pacific Ocean 
during the Neogene. Similarly, Li et al. (2023) 
constructed age models for 80 global sites to 
investigate the Neogene burial of organic carbon 
in the global ocean, also employing polynomial 
fits. Westerhold et al. (2020) utilized nine astro-
nomically tuned sites to create a high-resolution 
benthic foraminifer stable isotope record span-
ning the entire Cenozoic. While these efforts 
are significant, they remain limited in scope and 
accessibility.

Despite the significant contributions of these 
databases and studies, several challenges persist 
in the accessibility, usability, and integration of 
SOD age data. First, while NSB, Triton, and 
eODP provide valuable archives of download-
able files, extracting and utilizing these data 
often requires specialized skills. Addition-
ally, the data visualization in these databases 
is not user-friendly, limiting their accessibility 
to researchers. Second, high-quality NSB data 
have limited coverage, whereas eODP provides 
broader coverage but with lower data qual-
ity. Third, the age models in these repositories 
predominantly rely on linear interpolation or 
segmentation methods. While these approaches 
are effective, recent studies on late Quaternary 
nonmarine sediments have shown that Bayesian 
age-depth models can yield more reliable results 
when control point quality is consistent (Blaauw 
et al., 2018).

In response to these challenges, we introduce 
SedST (http://sedst​.org), a unified repository and 
open platform designed to enhance the accessi-
bility and usability of SOD chronological data. 

Developed under the auspices of the Deep-time 
Digital Earth (DDE) program (Wang et  al., 
2021), SedST systematically collects and stan-
dardizes data from various SOD repositories, 
including postcruise literature. To construct age-
depth models, SedST employs Bayesian tech-
niques using the Bchron package (Haslett and 
Parnell, 2008). SedST represents a step forward 
in addressing the limitations of existing data-
bases. Its systematic data collection and stan-
dardization efforts provide a supportive foun-
dation for broader initiatives, such as the Time 
Integrated Matrix for Earth Sciences (TIMES) 
program (Westerhold et al., 2024).

The structure of this paper is as follows: Sec-
tion 2 details the source of chronological data 
and describes the methods used for data col-
lection and recalibration with Geologic Time 
Scale 2020 standards. This section also covers 
the implementation of the Bayesian approach 
in constructing age-depth models. Section 3 
provides a concise summary of the age data col-
lected and the age-depth models constructed, 
along with a comparative analysis with other 
databases. Section 4 delves into the scientific 
uses of age data. Section 5 shows the web user 
interfaces and explains how to search for and 
download data. Section 6 discusses current limi-
tations and planned future enhancements. Sec-
tion 7 concludes the paper.

2. MATERIALS AND METHODS

2.1. Data Sources

Throughout the history of SOD, the termi-
nology for research cruises has evolved. They 
were referred to as legs during DSDP and ODP 
and as expeditions during IODP. Each leg or 
expedition visited several sites where drilling 
was conducted. Each site contains one or more 
holes. Data from SOD programs are archived in 
separate repositories (Table 1). DSDP accom-
plished a total of 96 legs and drilled 1053 holes 
at 624 sites. A wealth of data can be obtained 
online through the National Oceanographic and 

Atmospheric Administration’s National Cen-
ters for Environmental Information platform. 
The ODP’s Janus database (Mithal and Becker, 
2006) includes expeditions from Legs 100–210, 
totaling 111 completed expeditions that drilled 
1797 holes at 669 sites. This includes paleon-
tological, lithostratigraphic, chemical, physical, 
sedimentological, and geophysical data from 
ocean sediments and hard rocks. By September 
2024, IODP Phases 1 and 2 had successfully 
conducted 111 expeditions. The correspond-
ing data for these expeditions are archived and 
accessible through various platforms, includ-
ing the Laboratory Information Management 
System (LIMS), the Japan Agency for Marine-
Earth Science and Technology (JAMSTEC), and 
PANGAEA (Felden et al., 2023).

Detailed core material descriptions and scien-
tific data obtained from offshore and postcruise 
onshore laboratories are documented in SOD 
publications. Among these five official databases 
(Table 1), only the Janus repository provides an 
aggregated collection of chronological data in 
different fields (Depth-Age Model or Age Pro-
file), readily available for download as online 
spreadsheet data.

However, the chronological data housed 
within the Janus database represent but a modest 
subset of the extensive holdings of the SOD pro-
gram. The vast majority of the remaining datas-
ets and newly modified data are dispersed across 
various scientific publications. For example, 
chronological data from DSDP and ODP cores 
are recorded in the Initial Reports as text, PDF 
embedded tables, or figures. Typically, these are 
located in chapters that offer comprehensive 
descriptions of each drill site, often within the 
sections on paleontology. Sometimes, separate 
chapters dedicated to paleontological studies 
also contain chronological information. Data 
from IODP are stored in the Proceedings volume 
for each drilling expedition. Chronological data 
from the initial IODP expeditions are primarily 
recorded as embedded PDF tables. Beginning 
with Expedition 349, the practice of storing such 
data transitioned to individual CSV files.

TABLE 1. SCIENTIFIC OCEAN DRILLING DATA REPOSITORIES

DSDP* ODP† IODP1§ IODP2§

Expeditions completed 96 111 54 57
Sites visited 624 669 250 269
Holes drilled 1,053 1,797 649 733
Core recovery (m) 97,056 222,704 66,306 98,187
Repository NOAA#, Janus** Janus** LIMS††, JAMSTEC§§, PANGAEA## LIMS††, JAMSTEC§§, PANGAEA##

Age data recorded in Initial Reports, literature Initial Reports, literature Proceedings, literature Proceedings, literature

*Deep-Sea Drilling Project (DSDP) Initial Reports (http://www​.deepseadrilling​.org​/i_reports​.htm)
†Ocean Drilling Program (ODP) Initial Reports (http://www-odp​.tamu​.edu​/publications/)
§Integrated Ocean Drilling Program (IODP1) and International Ocean Discovery Program (IODP2) Proceedings (http://iodp​.tamu​.edu​/publications/)
#National Centers for Environmental Information (National Oceanographic and Atmospheric Administration [NOAA], https://www​.ncei​.noaa​.gov​/products​/international-

ocean-drilling-archive)
**Janus database (https://web​.iodp​.tamu​.edu​/janusweb​/links​/links_all​.shtml)
††Laboratory Information Management System (LIMS, https://web​.iodp​.tamu​.edu​/LORE/)
§§Japan Agency for Marine-Earth Science and Technology (JAMSTEC, https://www​.jamstec​.go​.jp​/sio7/)
##PANGAEA is the archive for scientific data resulting from Mission Specific Platform (MSP, https://iodp​.pangaea​.de/)
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Recognizing that numerous researchers 
have generated new age data or reinterpreted 
existing age data in their studies using SOD 
information, significant efforts were under-
taken to compile these dispersed, often dif-
ficult-to-access but higher-quality age data 
from postcruise published works. Generally, 
such chronological information is significantly 
more detailed and thus gives more precise esti-
mates of biostratigraphic, paleomagnetic, and 
other chronostratigraphic events than the ship-
board data.

2.2. Database Structure

The SedST database consists of nine tables 
(Fig. 2), with chronological data stored in the 
table named Stratigraphic_Event. Continuous 
age models, derived from the primary chrono-
logical data using various mathematical tech-
niques and selective data integration strategies, 
are represented by the Age_Model_SedST 

developed in this study, along with models 
sourced from PANGAEA, Triton, and NSB.

To support the functionalities described in sec-
tion 5.2, three additional tables have been com-
piled: Sample_to_Depth for converting sample 
IDs to depth value, IODP_Affine for transforming 
depths from individual drill holes to a site scale 
through correlation adjustments, and IODP_
Splice for merging data from multiple drill holes 
into a cohesive dataset. The database also contains 
a metadata table that stores hole location infor-
mation, links to the official ocean drilling website 
(Table 1), and the collected age data range.

The database was developed using MySQL 
(version 5.7.40), an open-source relational 
database management system known for high 
performance, cross-platform compatibility, and 
scalability.

In this database, chronostratigraphic data 
and age model data are core components. For 
the chronostratigraphic data, the greatest impor-
tance is placed on the depth and the associated 

events for each hole (Table 2). Depth data are 
important, as they facilitate the straightforward 
integration of chemical, physical, and biological 
data within a single borehole. This integrative 
approach is vital for effectively addressing and 
unraveling complex real-world geological ques-
tions. In light of the varied depth representations 
outlined in the IODP Depth Scales Terminology 
(IODP-MI, 2011), meters below seafloor (mbsf) 
has been prioritized as the primary unit of mea-
surement. This decision is rooted in the wide-
spread adoption of mbsf in research (Śliwińska 
et al., 2022; Davidson et al., 2023; Hess et al., 
2023; Jiang et al., 2024; Jørgensen et al., 2024; 
Moretti et al., 2024) and the fact that mbsf is the 
only direct measurement, while other methods 
rely on models that are subject to change. Mbsf 
is equivalent to the core depth below seafloor-A 
(CSF-A) scale of IODP. However, the core depth 
below seafloor-B (CSF-B) and core composite 
depth below seafloor (CCSF) scales do not cor-
respond to the classical definition of mbsf, as 

Figure 2. Database structure. Different background colors represent different modules, corresponding to the website functions described 
in section 5.
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they account for rescaling or correlation adjust-
ments. Further details can be found in the IODP 
Depth Scales Terminology.

Chronostratigraphic data are typically 
acquired through the analysis of core samples. 
This includes the identification of specific mark-
ers, such as the first or last occurrence of cer-
tain organisms (Prothero and Schwab, 2013) or 
a geomagnetic reversal boundary, all of which 
can serve as indicators of absolute ages. In 
our database, the methodologies employed to 
secure numerical age are under Chrono_Type, 
Event_Type, and Event_Name. The Chrono_
Type category includes biostratigraphic event 
data (Bio), isotope event (I), magnetic reversal 
data (M), and radioisotopic dating data (RD). 
Biostratigraphic event data comprise planktonic 
foraminifer, calcareous nannofossil, radiolar-
ian, diatom, and dinoflagellate event data, with 
the respective Chrono_Type as Bio_F, Bio_N, 
Bio_R, Bio_D, and Bio_DN. Event_Type 
involves First Appearance Datum/Last Appear-
ance Datum (FAD/LAD). Event_Name is care-
fully recorded, including constraints such as 
common and organism sizes.

Particular attention has been paid to the uncer-
tainties associated with both age and depth when 
collecting chronological data, as they are impor-
tant for the construction of robust age-depth 
models. Reported age uncertainties, if given, are 
faithfully recorded. However, primary reposi-
tories often lack information on uncertainty. In 
such instances, if the bottom and top sample 
depth is provided, the depth uncertainty is cal-
culated as the difference between these two. 
Since some ages have been stored as zonation 
when both old and young ages are reported, the 
median value is taken as the sample’s age, with 

half of the difference serving as the age uncer-
tainty. Reference and Note are documented for 
the purpose of assessing data quality. Sample 
information is stored in the Core_Section, with 
Top_Sample and Bot_Sample fields to ensure 
depth intercalibration.

In the compilation of age-depth model data, 
our interest is specifically directed toward age-
depth relationships, the methodologies utilized 
for model construction, and the corresponding 
references (Fig. 2).

2.3. Data Collection Strategy

In dealing with two types of age data, two par-
allel methodologies have been developed. The 
first approach focuses on aggregating the exist-
ing age-depth model data, and the second focuses 
on rebuilding the age-depth model by collecting 
the chronostratigraphic data from databases and 
the literature. These chronostratigraphic data are 
then analyzed and interpreted using the Bchron 
method to construct age-depth models.

Age-depth model data are stored in published 
literature and databases. While data in databases 
are relatively easy to access, extracting informa-
tion from publications can be more challenging. 
However, many studies have deposited their data 
in PANGAEA—an efficient information system 
dedicated to the management and long-term 
storage of research data in the earth sciences 
domain (Diepenbroek et al., 2002; Felden et al., 
2023). It hosts a vast array of data from various 
publications, which are readily retrievable via 
keyword searches. This efficient search capa-
bility makes data extraction from PANGAEA 
more effective than sifting through individual 
publications. Alongside PANGAEA, age-depth 

models were collected from the NSB and Tri-
ton, with additional data supplementation from 
academic papers.

To extract age-depth model data from the 
PANGAEA database, a targeted search strategy 
employing four keyword terms—age-depth, 
chronology, age model, and age—was imple-
mented, with a focus on the SOD programs 
as filters. This approach yielded 188 datasets 
under age-depth and 377 datasets for chronol-
ogy. Notably, within the chronology category, 86 
datasets are attributed to the Lazarus et al. (1995) 
revised chronology of Neogene DSDP holes, a 
majority of which have been incorporated into 
the NSB. Additionally, 4095 datasets for age 
model and 12,542 datasets for age were obtained 
(PANGAEA: Data Publisher for Earth & Envi-
ronmental Science, https://www​.pangaea​.de/).

Following the acquisition of unduplicated 
datasets, our subsequent step involved the 
extraction of the desired information. Due to 
the relatively uniform format of PANGAEA’s 
datasets, which integrate metadata with the data, 
we used a systematic sampling strategy. Spe-
cifically, 20% of the data from each of the four 
datasets retrieved from PANGAEA using the 
aforementioned four keywords were randomly 
selected for thorough examination to pinpoint 
the locations and formats of the necessary infor-
mation (Fig. S1 in the Supplemental Material1). 

1Supplemental Material. This document provides 
a detailed description of the age model construction 
process, examples of data calibration to standard 
references, and potential research applications of 
the SedST database. Please visit https://doi​.org​/10​
.1130​/GSAB​.S.29367512 to access the supplemental 
material; contact editing@geosociety​.org with any 
questions.

TABLE 2. STRUCTURE OF CHRONOLOGICAL DATA

Field Explanation

Leg_Exp Identifier or name of the expedition or leg that collected the data
Site Site name
Hole Hole name
Chrono_Type Methodology used to determine age (Bio_R—radiolarian; Bio_F—foraminifera; Bio_N—nannofossil; Bio_D—diatom; Bio_DN—dinoflagellate; 

I—isotope event; M—magnetic reversal; RD—radiometric dating)
Event_Type First Appearance Datum/Last Appearance Datum (FAD/LAD)
Event_Name Specific event or dating system used for age determination
Core_Section Section being analyzed
Top_Sample Top sample name
Bot_Sample Bottom sample name
Depth_Type Type of depth measurement used (e.g., meters below seafloor [mbsf] and meters composite depth [mcd])
Depth Depth at which the sample was taken
Top_Depth The depth of the top boundary of the sample, or the depth of the top sample
Bot_Depth The depth of the bottom boundary of the sample, or the depth of the bottom sample
Depth_Uncertainty Represents the depth difference between the top sample and bottom sample
Original_Age The most likely or average age of the sample indicated in the original resources
Young_Age Young age for biozone
Old_Age Old age for biozone
Age_Uncertainty Uncertainty associated with age determination
Standard_Age Age value standardized according to criteria
Standard Reference standard used (e.g., Geologic Time Scale 2020 and Neptune Sandbox Berlin)
Author Author(s) of the study or publication from which the data was sourced
Year Year of the publication or study
Note Information or notes about the data/sample, process, or other relevant context
Reference Reference to the source material
Processor Specifies the individual responsible for the collection and processing

 Note: See data examples in Table S1 (see text footnote 1).
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Guided by rules established by geoscientists, the 
computer scientists autoextracted data from sep-
arate tables and aligned them in a unified table. 
Through this process, age-depth model data for 
765 holes were successfully extracted from the 
PANGAEA database. However, slight variations 
in the table formats within the PANGAEA data-
base occasionally hindered the precision of auto-
mated extraction, necessitating manual verifica-
tion to ensure accuracy. This required substantial 
time and effort.

In addition to the acquisition of age-depth 
model data, the SedST database further expands 
its repository by generating age-depth models 
from raw chronostratigraphic age data. The pri-
mary sources for these chronostratigraphic data 
are SOD reports and the literature. The chal-
lenge posed by unstructured data in publications 
is addressed through dedicated time and effort. 
First, relevant publications are downloaded from 
SOD’s official websites, as listed in Table  1, 
along with additional sources from the Web of 
Science (Table S1: Reference column). These 
reports are then reviewed to identify usable tables 
and figures. Upon locating candidate tables, they 
are converted from PDF to CSV format using the 
GeoDeepShovel web tool (Zhang et al., 2023).

2.4. Quality Control

To ensure accuracy, completeness, and con-
sistency, a collaborative team of experts and 
students (Table S2), along with automated sys-
tems, were employed to collect chronostrati-
graphic age and age-depth model records from 
published papers and open-access resources. 
Automated data validation was conducted using 
Python scripts to ensure that data entries con-
formed to the correct types and formats, and 
to verify that depth and age values were within 
plausible ranges. The validation criteria include 
requirements that depths should not exceed 
3059 m, the maximum drilling depth achieved 
in Expedition 348, Hole C0002P, and that ages 
should be younger than 270 m.y. (Müller et al., 
2008), consistent with plate tectonic theories. 
Data identified as exceeding these limits were 
manually verified before being entered into the 
database. If the outliers were determined to be 
accurate rather than errors, they were included 
in the database. To further enhance data quality, 
all records underwent a secondary verification 
process. This involved cross-referencing the leg, 
expedition site, and hole data against official 
SOD Hole Summary documentation (down-
loaded from LIMS Summaries, Hole Summary). 
For example, a hole in the database listed under 
Expedition 354 at Site 1542 was not found in 
the Hole Summary document, as Site 1542 actu-
ally belongs to Expedition 383. Review of the 

official report for Expedition 354 revealed that 
the information had been incorrectly recorded in 
the Biostratigraphic Age Datums table for Site 
1452 (Fig. S2). Therefore, the record was manu-
ally corrected from 1542 to 1452. The architec-
ture of the database was specifically designed 
to facilitate efficient cross-checking, utilizing 
fields such as Depth_Top, Sample_Top, Depth_
Bot, and Sample_Bot. Additionally, all chro-
nostratigraphic data were converted into age-
depth models, thereby providing another layer 
of verification. Furthermore, each modification 
to the database is recorded in the system with 
the responsible individual and time information 
to prevent human errors and to track changes 
over time.

A dedicated working group, consisting of 30 
members (Table S2) with expertise in micropale-
ontology, paleomagnetism, chronostratigraphy, 
stratigraphy, radiometric dating, and computer 
science, including 12 professors, 6 Ph.D. stu-
dents, and 11 master’s students, is tasked with 
the ongoing maintenance and management of 
the SedST database. This team ensures that any 
modifications to existing records and the integra-
tion of new data are documented in subsequent 
updates. Such an approach guarantees that the 
database remains current and reliable.

2.5. Data Recalibration

Since the initiation of DSDP in 1968, there 
have been significant enhancements in the preci-
sion of absolute dating, primarily due to ongo-
ing advancements in research methodologies 
and technological innovations. This period also 
witnessed a deepening intercorrelation of geo-
magnetic reversals, biological events, and the 
astronomical time scale, which has led to numer-
ous revisions in the absolute ages indicated by 
these events. To ensure comparability across 
data generated at different times, the ages were 
recalibrated to align with data in the Geologic 
Time Scale 2020 (GTS2020; Gradstein et  al., 
2020) Standard and Supplement by the stan-
dard proposed by the NSB database (Renaudie 
et al., 2020).

The recalibration process begins with stan-
dardizing event names across SedST, GTS2020, 
and NSB to ensure comparability. This involves 
case normalization and the removal of spaces. 
Once standardized, each event in SedST is 
matched to the most similar event name in the 
standard datasets, namely NSB or GTS2020. If 
multiple matches exist, the one with the smallest 
absolute age difference from the original SedST 
age is selected.

To determine similarity, two matching criteria 
are used iteratively. The first is absolute match-
ing, where the event name in SedST is identical 

to a name in the standard dataset. The second is 
fuzzy matching, where a continuous substring of 
the SedST event name appears within a standard 
name. The similarity score is calculated as

	

S
L

L
sub

sedst

= .

	

(1)

Lsub is the length of the longest continuous sub-
string from the SedST event name that appears 
in the standard event name. Lsedst is the length 
of the SedST event name. S ranges from 0.3 to 
1, ensuring that only meaningful partial matches 
are considered.

Once the best match is identified, the reca-
librated event is recorded in the SedST dataset. 
This includes the matched event name, event 
type, chrono type (e.g., magnetic reversal and 
diatom event), age, absolute age difference, and 
percentage difference. However, some records 
may contain inconsistencies that require manual 
verification. These cases fall into three catego-
ries: (1) low similarity between the SedST event 
name and the best-matched standard name; (2) 
discrepant event types, where the event type in 
SedST does not match the standard; and (3) sig-
nificant age discrepancies, where the absolute 
age difference is >2 m.y., or the percentage dif-
ference is >10%.

For cases requiring manual verification, pos-
sible causes are first identified, including event 
annotations, spelling errors, and formatting dif-
ferences (Table S3). The next step is to find a 
suitable match, prioritizing GTS2020. If no 
acceptable match is found, NSB is consulted. 
If neither dataset provides a suitable match, 
the original SedST age is retained. Finally, the 
verified age and its corresponding data source 
(GTS2020, NSB, or original) are recorded in the 
SedST dataset.

Of the 37,329 rows of age data in the SedST 
database, a substantial portion were calibrated 
using GTS2020 and NSB standards. Specifically, 
28,242 rows (75.66%) were recalibrated in accor-
dance with the GTS2020 standard, and 8184 
rows (21.92%) used the NSB standard. A smaller 
portion of the dataset (2.41%) does not conform 
to the standards being used. These rows were 
converted to the 2020 standard using the Geo-
magnetic Polarity Time Scale based on published 
years. Within this subset, 96 rows are radioactive 
dating data, which were left unprocessed. The 
Standard_Age column in the database represents 
the recalibrated ages, and the Standard column 
identifies the standards applied (Table 2).

2.6. Age-Depth Modeling

Utilizing the collected and recalibrated age 
data, age-depth models can be constructed for 
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each drill hole. Commonly used models—
including CLAM, OxCal, Bchron, Bacon, and 
Undatable—have been compared and analyzed 
(Haslett and Parnell, 2008; Blaauw, 2010; 
Blaauw and Christen, 2011; Lougheed and 
Obrochta, 2019).

CLAM (Blaauw, 2010) is a non-Bayesian 
approach that provides several common types 
of age models, including linear interpolation, 
polynomial regression, and cubic, smoothed, 
or locally weighted splines, with the option to 
include hiatuses. Researchers must decide on 
the most appropriate model type. Confidence 
intervals for predicted ages are calculated 
using the Monte Carlo approach, where ages 
are repeatedly sampled with a given probabil-
ity density function for each depth dated. The 
single best age-depth model from all iterated 
models can be obtained by calculating the 
mean, the medians, the midpoint of the high-
est posterior density, or other commonly used 
estimation approaches.

OxCal (Ramsey, 2008) offers five options for 
depositional models, providing more flexibility: 
the D-sequence model has fixed time intervals 
(e.g., tree rings), the V-sequence model has 
approximately fixed intervals, the U-sequence 
model assumes a uniform depositional process, 
the P-sequence model allows for variable sedi-
ment accumulation, and the S-sequence model 
relies solely on age sequences without depth 
information. In addition to selecting a deposi-
tional model, in P_Sequence OxCal requires the 
choice of an appropriate parameter k. A higher k 
value results in a more uniform sediment deposi-
tion process, while a smaller k value allows for 
a more variable sediment deposition process. 
Choosing a reasonable value for k can be chal-
lenging (Ramsey et al., 2010).

Bchron (Haslett and Parnell, 2008) deter-
mines the number of samples between control 
points using Poisson distribution, employing 
two gamma distributions to sample increments 
of time and depth, which ensures monotonicity. 
Because the depth increments and age incre-
ments are independent, Bchron allows for abrupt 
changes in accumulation rates. These sample 
points are then connected through piecewise lin-
ear interpolation. A large number of samples are 
generated through Markov Chain Monte Carlo 
(MCMC) sampling, enabling the calculation of 
confidence intervals.

Bacon (Blaauw and Christen, 2011) models 
accumulation rates using a gamma autoregres-
sive process to establish a coherent evolution 
of deposition, potentially including hiatuses. 
The corresponding MCMC-sampled integra-
tion of this process represents the age-depth 
model. For Bacon, two prior distributions 
must be defined: one for the accumulation 

rate and the other for the autocorrelation of 
accumulation rates between piecewise linear 
segments. The length of the linear segments 
must also be specified. Each of these can influ-
ence the model’s performance (Trachsel and 
Telford, 2017).

Undatable (Lougheed and Obrochta, 2019) 
is designed for sedimentary environments char-
acterized by more fluctuations, such as biotur-
bation. The bootpc parameter represents the 
probability of randomly removing an age-depth 
constraint, making it particularly useful in situ-
ations with conflicts among age control points. 
The xfactor governs the uncertainty in sediment 
accumulation rates between control points. Both 
the xfactor and bootpc parameters are subjective 
and depend heavily on the dataset, requiring 
users to evaluate whether the chosen values are 
appropriate.

According to Trachsel and Telford (2017), 
in the analysis of varved sediment sequences 
using CLAM, OxCal, Bacon, and Bchron, it 
was observed that all methods produce similar 
mean age-depth models, including Undatable in 
our comparison. The main difference lies in the 
error estimation. Age uncertainties are usually 
underestimated by CLAM, while those produced 
by Bchron are often too large. In OxCal and 
Bacon, the choice of model-specific parameters 
influences the estimated uncertainties (Trachsel 
and Telford, 2017). Undatable is specifically 
designed to accommodate complex sedimentary 
processes, allowing larger error estimates based 
on parameter variations.

Marine sediments are more complex than 
varved sediments, making CLAM unsuitable 
because it tends to underestimate sediment 
uncertainties. Furthermore, simulations show 
that Bayesian methods are generally more reli-
able than non-Bayesian methods (Blaauw et al., 
2018). Consequently, CLAM was not utilized 
in our modeling process. Bacon, OxCal, and 
Undatable all require parameter adjustments 
based on specific holes, making them less suit-
able for age-depth modeling across a large 
number of holes. OxCal is further limited by 
its inability to provide continuous age models, 
offering estimates only at control points and 
selected depths. Undatable exhibits high vari-
ability and depends on MATLAB, which is less 
user-friendly than R for our team’s data analy-
sis background. Bacon was found to require a 
longer runtime under similar conditions (Pfalz 
et al., 2021). Consequently, Bacon, OxCal, and 
Undatable were not used. In contrast, Bchron 
performed moderately in the tests conducted 
by Trachsel and Telford (2017) and does not 
require parameter adjustments, making it more 
scalable across multiple cores. While Bchron 
may overestimate errors in varved sediments, it 

may be more suitable for analyzing the com-
plexities of marine sediments. Therefore, we 
selected Bchron as our primary tool for age 
modeling.

The Bchron model requires input values 
for depth, age, one-sigma uncertainty of age 
(ageSd), and depth uncertainty. Setting the depth 
uncertainty to zero typically implies identical 
positions, which can create challenges in the 
model and also result in inconsistencies with the 
actual data precision, as stratigraphic event posi-
tions in SOD are often determined as the mid-
point between the depths of the top and bottom 
samples. To resolve this issue, data were grouped 
based on Event_Type, and the average depth 
uncertainty for each category was calculated in 
meters: Bio_DN = 5.35 m, Bio_D = 3.98 m, 
Bio_F = 1.8 m, Bio_N = 3.97 m, Bio_R = 3 m, 
I = 2.5 m, M = 0.5 m, and RD = 0. These aver-
ages were then applied to data lacking depth 
uncertainty values. In the Bchron model, assign-
ing an ageSd value of zero leads to model fail-
ure. Consequently, when primary sources do not 
report age uncertainty, a conservative error mar-
gin of 1% for Cenozoic ages and 2% for Meso-
zoic ages is adopted as one standard deviation. 
This is because most Cenozoic chronological 
data are aligned with the Astrochronological 
Time Scale, which may have lower uncertainties 
because it can achieve an unprecedented level 
of 0.05% (Hinnov, 2018). In contrast, most Cre-
taceous chronological data may exhibit higher 
uncertainties because of measurement limita-
tions and interlaboratory variations (Gradstein 
et al., 2020).

3. CURRENT STATUS OF THE 
DATABASE

3.1. Chronological Data

The SedST database contains data from 
1300 scientific ocean drill holes and 732 sites, 
which includes a total of 37,329 event data 
entries that encompass a wide variety of chron-
ological data: 14,052 nannofossil records, 
7914 foraminifera records, 4115 radiolarian 
records, 3718 diatom records, 300 dinofla-
gellate records, 184 isotope events, and 6942 
magnetic reversal records. In addition, the 
database incorporates valuable data from 96 
radiometric dates, which are not documented 
in other similar databases.

A comparative analysis with the SedST, 
eODP, NSB, Triton, and Janus databases reveals 
that SedST contains relatively abundant data 
across all phases of ocean drilling. It provides 
the most extensive coverage at the hole level for 
age data older than the Miocene (23.03 Ma), and 
the highest coverage at the site level (Fig. 3).
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3.2. Age-Depth Model Data

Comparison of age-depth models from differ-
ent sources for the same drill hole (Fig. 4) shows 
that the newly established age-depth models 
from SedST are generally consistent with other 
models. NSB’s age-depth models exhibit abrupt 
changes in sedimentation rate because they are 
constructed from linear segments, while Bchron 
models are more realistic continuously varying 
curves. However, NSB age models consider not 
only data scatter but other sources of information 
on data quality in choosing where to place age 
model control points, such as event type (FAD or 
LAD) and overall data quality for specific fossil 
groups in specific sites. NSB’s age models also 
explicitly consider evidence of hiatuses in sec-
tions, including the alignment of multiple events 
at depth and reports of hiatuses from the primary 
drilling reports, as well as other criteria, such as 
abrupt changes in lithology. Thus, they are gener-

ally considered reliable (D. Lazarus, 2025, per-
sonal commun.). Triton age models are continu-
ous curves automatically fit to the data points, but 
some manual adjustments are made as well (Fen-
ton et al., 2021). Bchron only considers local data 
scatter in evaluating uncertainty, sampling from 
age and depth probability distributions in each 
iteration. Consequently, this approach involves 
an averaging process for determining the best age 
model. As a result, the Bchron model interprets 
hiatuses as intervals characterized by extremely 
slow accumulation (Fig. S3), which is the oppo-
site of the dynamic conditions represented by 
a hiatus. To aid users in identifying potential 
hiatuses, we recommend carefully evaluating 
instances where the model indicates unusually 
low sedimentation rates. Additionally, we have 
updated the results to denote the presence of 
hiatuses, providing users with a basis for assess-
ing the accuracy and reliability of the age mod-
els. PANGAEA represents individual research 

efforts, which utilize different types of methods 
to construct age-depth models—including linear 
interpolation, regression, Bayesian models, and 
cyclostratigraphy—each with different assump-
tions and associated uncertainties.

4. SCIENTIFIC APPLICATIONS

SedST provides a useful data resource for 
studying marine sediments and the evolutionary 
history of Earth that they reflect. When com-
bined with other datasets, SedST can help inves-
tigate variations in sedimentation rates, analyze 
the spatiotemporal evolution of sediments, and 
explore trends in paleoclimate change.

4.1. Deep-Sea Sediment Accumulation Rate 
Patterns

Global syntheses of deep-sea sedimentation 
rates based on SOD data have long been used 

Figure 3. Comparative analysis of site- and hole-level coverage across the Sediment Spatial and Temporal Database (SedST), Extending 
Ocean Drilling Pursuits (eODP; Sessa et al., 2023), Triton (Fenton et al., 2021), Neptune Sandbox Berlin (NSB; Lazarus, 1994; Renaudie 
et al., 2020), and Janus (Mithal and Becker, 2006). DSDP—Deep-Sea Drilling Project; ODP—Ocean Drilling Program; IODP1—Integrated 
Ocean Drilling Program; IODP2—International Ocean Discovery Program.
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to study various aspects of Earth’s evolving cli-
mate and geochemical systems (Davies et al., 
1977; Hay et al., 1988; Westacott et al., 2021; 
Dutkiewicz and Müller, 2022; Renaudie and 
Lazarus, 2025), using a variety of data com-
pilations. SedST can similarly be used for this 
type of research. Huang et al. (2024) analyzed 
Quaternary marine sedimentation rates (SRs) 
using age-depth data from the SedST database, 
revealing notable variations in SR across differ-
ent ocean basins and over time. By selecting 343 
high-quality, globally distributed drill sites with 
closely clustered age data, they identified key 
trends in SR influenced by distance to continen-
tal margins, lithology, and water depth.

Their analysis suggests that SRs have increased 
across all five oceans since the Quaternary, likely 
driven by climate-related processes such as the 
expansion of Arctic ice between 4 Ma and 2 Ma. 
This glaciation event triggered significant global 
climate changes, leading to fluctuations in tem-
perature, precipitation, sea levels, and vegetation 
patterns, which likely intensified weathering and 
sedimentation. Since the Quaternary, SR evolu-
tion has remained consistent in the Atlantic, 
Pacific, and Indian oceans. However, the Arctic 
and Southern oceans exhibit distinct variations, 
likely due to their unique geographical locations 
and climate conditions. Additionally, lithological 
and bathymetric data from 99 sites indicate that 

fine-grained sediments in deeper waters gener-
ally exhibit more stable long-term accumulation 
rates, whereas coarser material near margins 
shows greater variability.

By integrating these factors, Huang developed 
a semiquantitative model to estimate SR based 
on lithology, distance to continental margins, 
ocean basin distribution, latitude, and water 
depth. While further refinement may be needed, 
this study offers new insights into deep-sea sedi-
ment dynamics and provides a useful framework 
for investigating past oceanographic and climate 
conditions on a global scale.

5. WEBSITE AND INTERFACE

5.1. Main Page Overview

The SedST platform is developed following 
Agile methodologies (Abrahamsson et al., 2017), 
integrating a robust MySQL database and a Java 
backend with a dynamic frontend built using 
HTML, CSS, Vue.js, ECharts, and JavaScript. 
The platform is accessible at http://sedst​.org. 
It features a user-friendly interface with intui-
tive data visualization. The home page displays 
a global map indicating the spatial locations of 
SOD holes (Fig. 1), categorized by data avail-
ability in the SedST database. A top navigation 
bar provides access to five main functional sec-

tions, covering both collected and generated data 
as well as analytical tools. Below the map, users 
can find a summary of the database contents.

5.2. Search Tool Capabilities

Adjacent to the homepage, the Search Strati-
graphic Events feature provides users with three 
optional search parameters, allowing refined 
queries based on boreholes, standards, and 
resources, as outlined in Tables  1 and 2. The 
search results for a selected drill hole are pre-
sented as a scatter plot, where different point 
shapes represent various age data types (Table 2: 
Chrono_Type). Accompanying the visualiza-
tion is a detailed table, representing a subset of 
Table 2. Users may need to use the horizontal 
scroll bar to view all columns. This table can be 
downloaded in CSV format.

The Search Age Model feature provides Bchron 
age models constructed using chronostratigraphic 
age data from the SedST database, alongside age 
models obtained from external sources (Fig. 4). 
Age-depth models and chronostratigraphic age 
data are displayed together in a single graph to 
facilitate direct comparison.

The Find Age Range Hole function is 
designed to assist researchers in identifying drill 
holes containing data that span user-defined time 
intervals, thereby streamlining the early stages of 

Figure 4. Comparative analysis of age model data of drill holes among Neptune Sandbox Berlin (NSB; Lazarus, 1994; Renaudie et al., 2020), 
Triton (Fenton et al., 2021), PANGAEA (Felden et al., 2023), and the Sediment Spatial and Temporal Database (SedST). Bio_D, Bio_DN, 
Bio_F, Bio_N, and Bio_R refer to biostratigraphic events associated with diatoms, dinoflagellates, planktonic foraminifers, calcareous nan-
nofossils, and radiolarians, respectively. I—isotope events; M—magnetic reversal data; RD—radioisotopic dating data; CI—confidence 
interval.
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research. This tool provides valuable guidance in 
locating relevant datasets, ultimately enhancing 
research efficiency.

The Tool tab currently provides two primary 
features for processing SOD data. First, it allows 
users to convert sample IDs to depths using the 
ocean drilling sample numbering protocol (leg/
expedition-site-hole-core-section, interval in 
centimeters; ODP Science Services, 1990). This 
function is particularly useful when only sam-
ple IDs are available and corresponding depth 
information is lacking. Second, the tool enables 
conversion from core depth to site composite 
depth, and facilitates the merging of data from 
multiple holes within the same site. At pres-
ent, this functionality supports data from IODP 
Phase 2, while earlier phases are being organized 
for future integration.

The Help tab provides detailed information 
about the SedST database, including its data 
structure, the types of data it contains, search 
instructions, known limitations, and contact 
details for further assistance.

6. LIMITATIONS AND FUTURE 
ENHANCEMENTS

The SedST database, while well-developed 
in certain aspects, presents opportunities for fur-
ther refinement and expansion. A crucial focus is 
data coverage. While SedST currently provides 
the highest site-level coverage among individ-
ual databases—732 sites, exceeding Triton by 
114—it could still benefit from broader inte-
gration. The combined coverage of Triton and 
NSB reaches 815 sites, Triton + NSB + eODP 
reaches 1010, and eODP includes 43 more holes 
than SedST. While eODP and Triton operate at a 
lower precision, these differences highlight areas 
where SedST can continue to improve its data 
coverage.

The current age models in SedST are gen-
erated using Bchron, which performs well for 
continuous sedimentation with reliable control 
points. However, for more complex sedimentary 
sequences, particularly those involving hiatuses, 
manual refinement is often required. While the 
SedST currently annotates significant hiatus 
locations based on data from NSB and cruise 
reports, further improvements are needed to bet-
ter incorporate sedimentary constraints, such as 
the precise positions and durations of hiatuses.

Another promising area for future develop-
ment is the integration of astrochronological 
data. Astrochronology provides continuous, 
high-resolution age information, which is valu-
able for refining age models.

Looking to the future, the SedST group plans 
to enhance the database by opening access to 
global scientists, addressing issues they encoun-

ter, and fulfilling their requests for age data. The 
immediate focus will be on improving data cov-
erage and quality to ensure that the database is as 
comprehensive and accurate as possible. Addi-
tionally, age models will be manually revised to 
incorporate not only age data but also additional 
sedimentary constraints. A longer-term goal is to 
integrate astrochronological data into the data-
base, which will further enhance the quality and 
resolution of the age framework. This integra-
tion will provide researchers with more robust 
tools for high-resolution age modeling and strati-
graphic analysis.

7. CONCLUSIONS

The SedST database is a continuously updated 
and quality-controlled resource designed to sup-
port research on ocean drilling data. By sys-
tematically collecting, curating, and organizing 
stratigraphic chronological data from SOD pro-
grams, SedST provides a unified open platform 
that facilitates research across different time 
and space. This resource helps refine the study 
of past geological and climate events by offer-
ing a well-structured chronological framework, 
allowing researchers to explore potential causal 
relationships.

Beyond its role in data integration, SedST 
is designed to lower the barrier to using SOD 
chronological data by adopting transparent data 
processing strategies, intuitive data visualiza-
tion, and user-friendly batch download options. 
These features make data access and utilization 
more convenient, enabling both experienced 
researchers and newcomers to efficiently locate 
and analyze data. By streamlining the process of 
working with ocean drilling chronological data, 
SedST helps make scientific exploration in this 
field more accessible and efficient.
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