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Abstract. X-ray computed tomography (XCT) scans are one of the first measurements performed after the
recovery of cores during expeditions using the drilling vessel (D/V) Chikyu. Despite their completeness and
availability, XCT scan data have not been effectively utilized for routine visual core description and shipboard
sampling. We designed a Python-based visualization workflow that is compatible with the systems on D/V

Chikyu and implemented it in the onboard core workflow.

1 Introduction

X-ray computed tomography (XCT) is a non-destructive
imaging technique that can visualize internal structures of
drill cores (Carlson, 2006; Emmanouilidis et al., 2020; Gupta
et al., 2019; Reilly et al., 2017; Titschack et al., 2015, 2016;
Tonai et al., 2019, Vandorpe et al., 2019; Williams et al.,
2016; Yan et al., 2021; Zonta et al., 2021). In International
Ocean Discovery Program (IODP) and International Ocean
Drilling Programme (IODP?) expeditions on the drilling ves-
sel (D/V) Chikyu, a recovered drill core is cut into sections
at the Lab Roof Deck (or core cutting area), and the sections
are delivered to the Core Processing Deck (or core labora-
tory) after headspace gas and liner fluid sampling if required.
Subsequently, each section is scanned by an onboard med-
ical XCT scanner. The reconstructed 3D volume of a sec-
tion is examined by watchdog scientists who determine in-
tervals for time-sensitive whole-round (WR) sampling, e.g.
core samples for squeezing interstitial water or WR samples
for microbiology. After the time-sensitive WR sampling, the
core sections remain at room temperature for 2-3 h to equi-
librate their temperatures for non-destructive measurements
using COMET (Core Measurement Track, NS Design). De-

pending on personal sample requests, additional WR sam-
ples may be cut after COMET measurements before core
sections are split into archive and working halves (AHs and
WHs). AHs are reserved for visual core description (VCD)
by sedimentologists and petrologists, and WHs are reserved
for VCD by structural geologists and for shipboard and per-
sonal sampling and measurements by the other shipboard sci-
entists (e.g. Kirkpatrick et al., 2025).

As the XCT scan is one of the first shipboard measure-
ments and because it is carried out prior to most of the sam-
pling, XCT scan data have the most complete and continuous
information about the core. Since an XCT image conveys in-
formation about density and elemental compositions through
the X-ray attenuation, it is a powerful tool to determine sedi-
mentary and deformation structures such as bioturbation, tur-
bidites, and faults (Strasser et al., 2024). Nevertheless, it has
only been utilized by watchdogs for WR samplings because
most shipboard scientists are not familiar with the software
required to view DICOM (Digital Imaging and Communi-
cations in Medicine) files, which are large (typically greater
than 1 GB per section) and less accessible (only a few dedi-
cated computers can access the data on board). To maximize
the value of XCT scan images for shipboard VCD and sam-
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pling processes, we constructed a Python-based visualization
workflow that makes XCT scan images available for all of
the shipboard scientists on board D/V Chikyu by the time of
non-time sensitive WR sampling, splitting, and VCD.

2 Onboard XCT data and their visualization strategy

In principle, the XCT reconstructs the distribution of the lin-
ear attenuation coefficient (LAC) based on X-ray intensity
passing through the target material (Carlson, 2006). The LAC
is typically expressed by the CT number in Hounsfield units
(HU) that represents the LAC relative to water, where wa-
ter and air have 0 and —1000 HU, respectively (Hounsfield,
1973). As high-density materials or materials with higher
atomic numbers have higher LACs, i.e. higher CT num-
bers, an XCT 3D volume provides internal structures or dis-
continuities defined by density or material contrasts. The
shipboard XCT scanner (Revolution Frontier VT1700, GE
HealthCare) generates a series of 2D slices of CT numbers
composed of 512 x 512 pixels in the given field of view
of 90 mm, leading to the resolution of 0.176 mm in each
2D slice. “HD detail” mode is generally employed for re-
construction. Each slice interval was set to be 0.625 mm;
therefore, a full-length core section (typically 1.4 m) is com-
posed of approximately 2200-2300 slices. Each slice is saved
as a DICOM file. Successive slices yield a 3D volume of
CT numbers within a core section. On D/V Chikyu, the
XCT scanner is calibrated every 24 h using core mock-ups
for air (—1000 HU), water (O HU), and aluminium (2477-
2487 HU).

All the core sections are scanned at the coordinates shown
in Fig. 1. A core section is split into the anterior and posterior
sides by the y—z plane. Positive and negative x directions cor-
respond to the anterior side, which is the working half (WH)
side, and the posterior side, which is the archive half (AH)
side. A positive z points to the section’s bottom direction.
For the visualization workflow, we generated four types of
images from the 3D volume (Fig. 2): (1) a slice along the y—
z plane on AH, (2) the same slice but on WH, (3) a slice along
the x—z plane vertical to the split surface (namely Slice//X),
and (4) an unwrapped image. Items (1) and (2) correspond
to the split surfaces on AH and WH, respectively. Item (4)
is the slice along a circular path with a diameter of 128 pix-
els (approximately 22.5 mm) whose centre is the core axis.
The unwrapping scheme is adopted from Doan et al. (2026),
which is similar to the technique employed in previous works
(e.g. Williams et al., 2016). In addition to the four types of
images, we computed depth profiles of CT number (namely
CT number profile) by taking an averaged value of pixels on
each slice with the CT numbers greater than 1200 HU in a
40 mm diameter circular area. These parameters can be man-
ually changed to suit different core lithologies. The CT num-
ber profiles are saved as an image and a CSV file.
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Once the above four images and one profile are generated
from every section in one core, they are summarized in three
different ways, namely section summary, core summary, and
hole summary (Fig. 3). In a section summary (Fig. 2g), the
four types of images and the CT number profile for a given
core section are aligned horizontally to summarize the core
section. This section summary is useful for identifying struc-
tures on and beneath the split surface, which is especially
essential to determine locations for shipboard samples that
should be collected from undisturbed, representative loca-
tions in the core section. For example, the Slice//X image
makes it easier for the physical property team to determine
where to collect a discrete cube sample for P-wave veloc-
ity measurements that avoids cracks. All of the images dis-
played in the section summary are saved on the local com-
puter. In a core summary, each type of image for every sec-
tion in each core is aligned horizontally to capture the fea-
tures over several sections. The core summaries for AH and
WH images directly correspond to the split cores on the VCD
tables such that lithology and structural geology teams can
refer to the summaries to describe the core (Fig. 4). In ad-
dition, the images of core sections are stacked vertically to
display a continuous downhole image along the depth direc-
tion (namely a core downhole summary). In a hole summary,
images of all of the core sections in the hole are vertically
stacked to display a downhole continuous image (namely
a full downhole summary). The two downhole summaries
replicate the full and complete stratigraphy of a core and a
hole before shipboard and personal sampling. In IODP? op-
erations, two core depth scales below seafloor are used: core
depth below sea floor-A (CSF-A) is the depth scale allow-
ing core expansion, whereas CSF-B does not allow expan-
sion but compresses the total core length to the cored in-
terval (IODP? Depth Scale Terminology, 2025). Both core-
and full-downhole summaries are generated for both depth
scales. We refer to the summary of curatorial lengths pro-
vided by curators to determine the top and bottom depths of
each section. Since the core is vertically long, we compress
the vertical length of all images to one-third of the original
length for visualization purposes when generating the core-
and full-downhole summaries, whereas no vertical compres-
sion is employed for the section and core summaries as they
are directly used for VCD.

3 Implementation in D/V Chikyu

On D/V Chikyu, DICOM data are made accessible for ship-
board scientists in three different ways: (1) via the Advanced
Workstation version 4.7 on Linux, (2) via the Horos DI-
COM viewer on a Macintosh computer, and (3) via zipped
files containing all DICOM data belonging to one section.
After an XCT scan, data are firstly transferred to the Ad-
vanced Workstation for the watchdog duties regarding WR
sampling. There is no option to export data from the Ad-
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Figure 1. The shipboard medical-grade XCT scanner (Revolution Frontier VT1700, GE HealthCare) on D/V Chikyu and its scanning
coordinates. Photo is provided by JAMSTEC and IODP3.
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Figure 2. (a) Schematic illustration for the core coordinates. (b—f) Four types of images and CT number profiles generated in the visualization
workflow. (g) Example of the section summary (C0019J 29K-2), which is composed of the five datasets for the section.
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Figure 3. Visualization workflow of the XCT scan data. Core sections are processed one by one. Once all the sections in a core are processed,
the section summaries for all the sections and the core summary are produced. In the core downhole summary, images are vertically stacked
based on the curatorial lengths provided by lab technicians. Lastly, all the cores are vertically stacked to produce the full-downhole summary.
A, W, X, U, and P in the section summary represent AH (archive half), WH (working half), Slice//X (slice perpendicular to the split surface),
unwrapped, and CT number profile, respectively. All the data are saved on the onboard computer and are shared with shipboard scientists.
See Figs. 2g and 4 for examples of the section summary and core summary, respectively.
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Figure 4. Examples (C0019J 29K) of the core summary of (a) the archive half (AH) and (b) the working half (WH).

vanced Workstation for the postprocessing. Almost simulta-
neously, the DICOM data are stored in a designated server
(namely the XCT server) that can be accessed via the Horos
viewer. Since the Horos viewer has fairly prompt access to
the DICOM data on the XCT server and can export data
to local or network folders, we selected a shipboard Mac-
intosh computer running the Horos viewer to operate visual-
ization processes (Mac mini, 3.2 GHz 6-Core Intel Core i7,
OSX Sequoia 15.7.2). The zipped files are typically delivered
to shipboard scientists after the cruise; therefore, they can-
not be used for prompt visualization as part of the shipboard
core workflow. In addition, the DICOM data in these zipped
files are compressed and occasionally cannot be opened by
a widely used software such as Imagel. Therefore, we de-
compress the DICOM data and save them in the standard
uncompressed Explicit VR Little Endian format, which fa-
cilitates further investigation of these data during post-cruise
research.

All of the above procedures were developed using Python,
with several additional modules. The biggest obstacle for
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implementation is setting up the environment because it re-
quires some knowledge and consideration regarding compat-
ibility with pre-existing environments. For a smooth and safe
implementation, we prepared a Docker™ image that is inde-
pendent from pre-existing environments and that composites
all of the modules required to run the codes. This container-
ized digital ecosystem can be run from every computer using
the open-source Docker software.

Each core section has an 18-digit unique identification
number on board (J-CORES ID). As the exported DICOM
files are stored in a folder with the name of J-CORES ID,
a look-up table between the J-CORES ID and correspond-
ing core section information is required. This can be done by
reading the first DICOM file in a folder. Once the look-up ta-
ble is created automatically in the program, the codes start to
run and generate all plots required for the section, core, and
hole summaries. The CT number range to display the CT im-
ages can be set manually for every core, although the best
practice is to choose a consistent range for all of the cores in
a hole (e.g. 10002500 HU for sediment cores in the Japan

Sci. Dril., 35, 119-125, 2026
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Trench) as the core and full downhole summaries refer to the
images generated during the process for each core. Diam-
eters for unwrapping and calculating averaged CT number
can also be manually modified in the Python code. It typi-
cally takes a few minutes to process everything on the Mac-
intosh computer as the code is parallelized to process over
2000 DICOM files in one core section using multiple pro-
cesses on all of the cores on the computer. There are two
other similar codes that are for the core- and full-downhole
summaries, both of which typically take 1 min to complete,
although it depends on the number of sections displayed in
the summaries.

4 Conclusion and future perspectives

The overall workflow summarized in Fig. 3 was implemented
and tested during IODP? Expeditions 502 (Yamaguchi et al.,
2026) and 503 (Ikehara et al., 2025). Unfortunately, the vi-
sualization cannot be provided before the time-sensitive WR
samplings as not all of the core sections are scanned by then.
Still, shipboard scientists are able to access the XCT scan
summaries even before non-time-sensitive WR sampling for
personal post-expedition sampling requests and splitting of
core sections. This has become possible owing to the imple-
mentation on a shipboard computer because all of the ship-
board scientists are able to generate the summaries regardless
of the science team and of the working shift. The original un-
wrapping methodology was developed during IODP Expe-
dition 405, but, as it largely relied on manual maintenance,
it was not used to its full potential during the cruise (Doan
et al., 2026). The usage of Docker image allows the visual-
ization workflow to be operated in any type of environment
by only installing Docker. Such a system-independent im-
plementation enables user-friendly utilization of new meth-
ods for the shipboard core workflow. Although the Docker
image in this study is highly adjusted to the workflow on
D/V Chikyu, a similar visualization strategy can be applied
to other research using core samples, enabling rapid and con-
sistent visualization of large datasets.

A remaining issue is that some structural information is
lost when a 3D volume is sliced along a given cross-section.
For example, an irregular-shaped, subvertical structure at the
outer side of a core (e.g. injection structure) which is not cut
by any slice planes cannot be monitored by the proposed vi-
sualization strategy. For this reason, we recommend that, in
addition to our proposed visualization strategy, cores should
also be examined using a 3D DICOM viewer. In future expe-
ditions, the method of integration with logging data should be
further considered. In particular, the unwrapped image can be
directly compared with borehole images (Doan et al., 2026).
Development and integration of machine-learning techniques
to detect key features from the XCT scan images (Boiger et
al., 2024), as well as joint analysis using other continuous
information such as core scan images or COMET data, will

Sci. Dril., 35, 119-125, 2026

further enable shipboard scientists to maximize the real-time
understanding of cores on board.

Code availability. The Docker image is available at
https://hub.docker.com/r/hanayaokuda/xct_quick_check (last
access: 4 June 2026). The Python script is also available at
https://doi.org/10.17632/dyb6t5b9gm.1 (Okuda, 2026) on Mende-
ley data.
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