
CT Scanning

Dual Energy Analysis

Future Work

Introduction

Expedition 364 Scientists
Elise Chenot, Gail Christeson, Philippe Claeys, Charles Cockell, Marco J. L. Coolen, Ludovic Ferrière, 
Catalina Gebhardt, Kazuhisa Goto, Sean Gulick, Heather Jones, David A. Kring, Johanna Lofi, Long Xiao, 
Christopher Lowery, Claire Mellett, Joanna Morgan, Rubén Ocampo-Torres, Ligia Perez-Cruz, Annemarie 
Pickersgill, Michael Poelchau, Auriol Rae, Cornelia Rasmussen, Mario Rebolledo-Vieyra, Ulrich Riller, 
Honami Sato, Jan Smit, Sonia Tikoo, Naotaka Tomioka, Jaime Urrutia-Fucugauchi, Michael Whalen, Axel 
Wittmann, Kosei Yamaguchi, William Zylberman.
References
[1] Duliu O. G. (1999) Earth Science Reviews, 44, 265–281. 
[2] Morgan J. V. et al. (2016) Science, 354, 878–882. 
[3] Hall, B. and Govert, A. (2016) URTeC San Antonio TX, USA, URTeC:2434059.
[4] Siddiqui, S. and Khamees, A. (2004) SPE ATC Houston TX USA, SPE 90520.

Dual Energy CT Scanning and Processing of Core
from the Peak Ring of the Chixulub Impact Structure
B. Hall1, S. Gulick2,3, N. McCall2,3, A. Rae4, J. Morgan4, C. Gebhardt5, G. Christeson2, B. Newton6 and Expedition 364 Scientists
1Enthought, Inc. Austin, Texas USA, 2Institute of Geophysics, Jackson School of Geosciences, University of Texas at Austin, 3Departmentof Geological Sciences, Jackson School of Geosciences, University of Texas at Austin
4Department of Earth Science and Engineering, Imperial College London, 5Alfred Wegener Institute Helmholtz Centre of Polar and Marine Research, Bremerhaven, Germany, 6Weatherford Labs, Houston, Texas USA

Image and Feature Extraction
Computer assisted tomography (CT) has emerged as one of the most 
effective non-destructive methods for understanding the composition and 
internal structure of core samples. Whole core CT scans provide a high 
resolution 3D model of  the bulk density and chemical composition of the 
entire core. The CT volume provides a rich dataset of compositional and 
textural information that can be incorporated into scientific drill core 
analysis workflows [1].

A number of feature detection algorithms are run to extract data that can 
be used for advanced core description. These include 2 & 3D images,
measures of texture (eg. local binary pattern) and prevalence of high 
density features.

The CT (high and low), ρb and Zeff 
volumes provide a rich feature set 
for classification algorithms.  The 
diagram to the right shows the 
suevite section with a small 
number of clasts labeled to form a 
training set.  A machine learning 
algorithm was trained on this data, 
and used to label every other pixel 
in the image.  This preliminary 
work suggests a method of 
automatically classifying entire 
intervals.  Image processing 
techniques can be used to extract 
shape and size distribution of 
objects in the classified image.

The attenuation coefficients measured by the CT scan depend 
on the material properties of the sample. Quantitative 
approaches have been developed to calculate bulk density (ρb) 
and effective atomic number (Zeff) using the data from both 
high and low energy scans [4]:

IODP/ICDP Expedition 364 recovered 829 meters of core from the peak ring 
of the Chicxulub impact structure (Hole M0077A) [2]. CT scanning was 
performed on the entire core while intact, prior to being split for study and 
archiving. Processing of the data was performed to correct scanning 
artifacts and produce 2D images and 3D data volumes. The resulting data 
provide a full 3D model of the entire core that allows visualization of the 
interior structure (not just exterior surfaces and cut planes) and 
quantitative data that can be used for analysis.

All of the recovered cores from Exp. 364 core were 
shipped to Weatherford Labs in Houston TX for CT 
scanning. The scanning was performed using a 
Toshiba Aquilion Prime Dual Energy Helical CT 
scanner. The device performed two scans of each 
core section. One scan was performed at a high X-
ray energy level (135 kV) and one was performed 
at a low energy level (80 kV). 

CT Processing

This produces a series of axial cross section 
‘slices’ or images of X-ray attenuation coefficients 
(or CT number, measured in Hounsfield units 
(HU). The images have a spatial (X, Y) resolution 
of 250 μm/pixel. Each slice represents a thickness 
of 0.3 mm.  

This results  in approximately 3300 slices 
per meter, approximately 5 million for the 
entire core. The slices are stored as 
DICOM files organized by section. The first 
step during processing is to combine 
these files into a contiguous 3D volume. 

The CT data were processed 
using the procedure outlined in 
[3]. The raw CT data were 
combined into a 3D volume 
and stored using a high 
performance scientific data 
format (HDF5). The data were 
cleaned by identifying and 
removing non-rock elements, 
such as the liner and fixture. 
Scanning artifacts such as 
beam hardening were 
corrected.

XZ slice. This is a vertical 
slice through the center of 
the core volume. 
CT histogram. 
A histogram of CT numbers 
is created every 10 slices of 
core. This gives a visual 
representation of the 
distribution & heterogeneity 
of core material.
Cylinder unwrap. This 
image is formed by 
extracting the CT numbers 
around a given 
circumference within the 
core. This image can be 
used for rotational 
alignment of the core by 
comparison with borehole 
images.
High-ρ projection. This 
image is created by 
projecting the volume of 
CT numbers on to a plane, 
giving a 2D view of the 3D 
volume.

Thus ρb is a linear combination of 
each point in the low energy (CTNlow) 
and high energy (CTNhigh) data. Bulk 
density measurements from core 
samples were used to determine 
coefficients (a-c) in (1) by calibrating 
with CT values at sample locations. 
This allows the calculation of ρb 
through the entire core volume.

(1)

(2)

The figure to the right shows the 
result of (1) applied to an XZ slice 
from 697.09-698.09 [mCCSF-A]. This 
section is suevite from the upper 
portion of the peak ring, and the 
density variation between individual 
clasts and melt can be seen. The 
dual energy CT scan provides a ρb 
dataset at higher resolution than 
other measurements, and can be 
used to quantify the distribution of 
material.
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Textural features. 
Local binary patterns and 
Haralick features can be 
extracted and provide a 
quantitative measure of 
texture for machine 
learning algorithms.

Depth Shift
All data can be 
imported with 
separate depth 
scales.  A depth 
shift tool enables 
the creation of shift 
tables that specify 
the relationships 
between the depth 
scales.

Data Integration
After processing, the CT 
data can be integrated with 
data from other core 
measurements.  Line scan 
photos, MSCL data, plug 
measurements, well bore 
images and XRF were 
imported and visualized 
with the Virtual Core 
software.

Identification and characterization 
of discontinuous features such as 
fractures will be investigated using 
textural features and deep learning 
techniques.


