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Abstract

Digital core images offer the highest resolution realization of core
properties available to scientific investigators. The digital core
scanner used aboard the JOIDES Resolution during Integrated
Ocean Drilling Program Expedition 303 captured ~10 pixels per
millimeter of core. The ocean drilling community, however, has
been slow to utilize these digital data as other than highly de-
tailed pictures. In this study we illustrate a fast and simple
method to extract core images as depth-scaled digital data. These
data can then be manipulated through image enhancement to
highlight detail not easily recognized in the original image or
cores. Other data such as multisensor track core scans can be eas-
ily overlain on the images. We use digital core images to examine
core distortion by developing sets of tables for five Expedition 303
sites that precisely map features in the site composite to those
same features in individual cores from each hole at that site. In
general, results show that in 80% of instances features within the
composite section line up to within 35 cm of the same features in
sections not used for the composite.

Introduction

Routine high-resolution digital imaging of individual core sec-
tions began during Leg 198 of the Ocean Drilling Program in
2001. The images collected are of extremely high resolution at
~10 pixels per millimeter of core. They represent an excellent vi-
sual record of a core section soon after it is split and are a wel-
come addition to the ocean drilling database. These images, how-
ever, have not been fully exploited as a valuable source of
quantitative data. In this study, we extract from the digital images
only the sediment portion of the pictures. The extracted section
images are then scaled to a common depth resolution and com-
bined to form compound core images. The intervals of the com-
pound core images used in the composite section are then ex-
tracted to form a composite site image.

Images are stored in the Integrated Ocean Drilling Program
(IODP) database as three-dimensional matrixes with red, green,
and blue (RGB) layers. The images can also be transformed into
other color schemes, such as hue, saturation, and lightness (HSL).
Full maps or profiles of these properties can be extracted and
compared to discrete core analysis data. The images can be color-
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enhanced to highlight features that are not easily
seen in the raw data or in the actual cores them-
selves.

As a demonstration of the use of depth-calibrated
digital core images we examined how well the me-
ters composite depth (mcd) scale of features in the
composite site section match with the mcd scale of
those same features in core that was not used in the
composite. We examined 18 holes from five sites
(U1304-U1308) cored during Expedition 303. The
results suggest that most cores are in reasonable
agreement within and outside of the composite.

Methods

Cutting and scaling the image

The initial step in the procedure to build a com-
pound image of an entire core is to extract from the
digital picture of a core section only that part of the
image that is sediment. (We use the term “com-
pound” to avoid “composite,” which is associated
with the composite depth scale.) Digital core scan
images of a 1.5 m long section are ~16,000 pixels x
860 pixels, whereas the core image itself is on the or-
der of 15,000 pixels x 700 pixels within the image. At
15,000 pixels per 1.5 m long section, the resolution
of the digital image is about 0.1 mm. One end of a
typical section image is displayed in Figure F1. Note
the meter rule across the top of image supplying
scale. We use the white cross-hair cursor shown in
the figure to mark the top of the cored material. In
general, as long as the top of the cored material is
within 1 cm of the top of the core tube we used 0 cm
as the top level of material. A similar procedure is
carried out for the lower end of the section, with a
provision to mark the extent of missing material be-
cause of water content samples taken from the bot-
tom of sections prior to splitting. The section length
identified through the cursor and meter rule is
checked against the coring table downloaded from
the IODP database. Typically, as with the top of the
section, the section length in the database is within
1 cm of the length seen in the image.

Once the horizontal positions of the top and bottom
of the sediment in the image have been delineated, a
400 pixel wide swath is cut from the image centered
around pixel 500 (see the vertical axis in Fig. F1). The
data within this image are then scaled in meters be-
low seafloor (mbsf), the depth to the top of the sec-
tion extracted from the coring summary. During the
scaling process, the subimage is interpolated to a
common scaling factor of 0.35 mm per pixel along
the depth axis. This scaling factor is ~% that of the
original data and is a trade-off between maximum

resolution and the desire to keep the composite core
images to a manageable size. Once each section of
core has been processed, individual sections are con-
catenated into a compound core image (Fig. F2). In
the figure we have also brightened the image by ex-
panding the color ranges. Image enhancement
brings out more subtle layering than is visible in the
original images and even the cores themselves.

The process of assembling a compound core image is
fast and simple. It takes <5 min to process a seven
section core and produce the scaled compound im-
age. It is then a simple exercise to plot other sets of
data over the image, such as magnetic susceptibility
from the multisensor track (MST) (Fig. F3). The scan-
ner used during Expedition 303 was a little too slow
to allow these types of plots to be done before sam-
pling and core description was complete, but newer,
faster scanning equipment will certainly allow plots
such as those in Figure F3 to be available as individ-
ual sections are described.

Hole and site composites

Compound core images were initially calibrated to
mbsf values but were easily shifted to mcd using the
affine table generated by Splicer, the core correlation
program used to develop the composite depth scale.
After each core was scaled to mcd, the Splicer splice
table was used to copy from compound core images
those intervals of the images that were part of the
composite site. The subimages were then assembled
to produce a composite site image using the mcd
scale. Splicer-generated data files from the MST can
be overlain on the composite image as well as dis-
crete data such as carbonate content (Fig. F4).

Color images are stored in the computer as three-di-
mensional matrixes. Raw data from the Expedition
303 core scanner were stored as RGB layers. Our soft-
ware allowed us to transform the RGB images to HSL
images as an alternative color image storage proto-
col. Profiles of R, G, B, H, S, and L were extracted
from the composite site images to facilitate compari-
son of image data with other discrete data. Each pro-
file represents the average value of the 20 center pix-
els at each depth point. The carbonate content data
displayed over the composite core image in Figure F4
suggest a relationship between higher carbonate val-
ues and lighter core colors. We plotted the same car-
bonate content values along with a profile of L from
the Site U1304 composite core image in Figure FS.
Agreement between the two sets of data is apparent
and is further illustrated in a cross-plot of carbonate
content and corresponding value of L in Figure Fé6.
The majority of the anomalous points in Figure F6
are associated with thick diatomite intervals seen
deeper at the site.
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Core to composite correlation

We displayed each compound core image from Site
U1304 versus its assigned mcd depth in Figure F7. A
close-up of only the top 25 mcd is shown in Figure
F8. By plotting the tops and bottoms of the intervals
used to make up the mcd site, it is possible to see
how well intervals of core outside the composite
agree with those used to form it. For Site U1304 it
can be seen in Figure F7 that the composite comes
almost exclusively from Holes U1304A and U1304B.
The mismatch of Core 303-U1304C-2H is obvious in
Figure F8.

Several studies have examined distortion or natural
variability core-to-core in deep-sea drilling sediments
in the past (e.g., Hagelberg et al., 1995; Pdlike et al.,
2005). They found that differences in mcd depths of
features based on profile data such as MST or color
scanners generally amounted to <20 cm or so. We
performed the same analysis on five sites from Expe-
dition 303 using both profile data and our com-
pound and composite images. Our technique is illus-
trated in Figure F9. Initially, a compound core image
is plotted next to the composite site image. Cursors
are used to identify and record tie points between
the compound and composite images. Any of the
profile data, such as magnetic susceptibility in Figure
F9, can be overlain on the image data to aid in
choosing tie points. Once an initial set of tie points
has been chosen, an interpolated image of the com-
pound core is generated that has been either shrunk
or stretched to match the spacing of the tie points.
The new image is then plotted next to the composite
image. We found that the use of an interpolated im-
age was a great help in refining the placing of tie
points and that it was often the case that centimeter-
scale layering could be perfectly matched between
compound and composite core images. The tie
points used in Figure F9 are shown in Table T1.

Core distortion and misfit

The distribution of offsets over the cores from an en-
tire hole is illustrated in Figure F10. In calculating
the distribution of offsets, we interpolated the differ-
ence between tie points at 5 cm intervals over the
entire depth of the hole, essentially assuming that
stretching and compressing of one set of data to the
other was evenly distributed between tie points.
While this assumption might not be exactly physi-
cally correct, the fact that tie points were closely
spaced where mismatches occurred minimizes any
overall bias it might impose on the data. Hole
U1304A contributed much of its section to the site

composite (Fig. F7) and is typical of holes that domi-
nate a composite. Hole U1304C represents the oppo-
site extreme of poor agreement between the site
composite and the compound core images. The re-
sults of the analyses of all of the holes (18) for five
sites cored during Expedition 303 are displayed in
Figure F11. For eight of the holes, 80%-90% of the
features in the compound core images fall with 10
cm or so of the composite site image depths. For an-
other eight holes, 65%-80% of the compound and
composite image features are within 20 cm of each
other. The two outliers in Figure F11 are Holes
U1304C and U1308A. Both of these holes were cored
during heavy seas, and their cores were not much
used in making up the composite for the site. Less
than 50% of their features are within 20 cm of the
composite depths.

We did not attempt in this study to quantify or cate-
gorize the nature of the sources of core misfit seen in
the data. Although it would be simple to assign
depth differences solely to core disturbance, there
were numerous instances where this was observably
not the case. In particular, it was not unusual to see
reasonably uniform layer thicknesses throughout
most of a core offset by a single instance of a recog-
nizable layer having a substantially different thick-
ness from one core to the next. Thus, local variabil-
ity plays an important role in the small differences
we see in mcd in different holes. It remains for a fol-
low-on study to determine if there is some regularity
in the nature of this variability that might offer in-
sights into the sedimentation process at Expedition
303 sites.

Summary

Digital image scans of core sections are more than
just pretty pictures. They are a relatively new and
useful source of high-resolution core data. Images of
the sediment can be extracted, depth-scaled, and
compared to any other depth-ordered set of data. In
this report we have shown that the process can be
automated and performed relatively simply. We have
used the data to examine differences between cores
from different holes at five sites from IODP Expedi-
tion 303 and found that most offsets are within 35
cm of the composite section.
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Figure F1. Raw section image showing meter rule along the top and core liner. White cross-hair cursor indicates top of section within liner.
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Figure F2. A. Compound image of Core 303-U1304A-4H. B. Image of Section 303-U1304A-4H-4 used in construction of total core image. Images
have been brightened to accentuate layering of sediments. Black interval just above 30 mbsf is due to a water content sample being taken from
the core.
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Figure F3. Compound image of Core 303-U1304A-4H with magnetic susceptibility record plotted to the common depth scale.
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Figure F4. Composite image of Site U1304. Pieces of various compound core images were used to construct composite. Overlain on image are
spliced magnetic susceptibility profile and carbonate content values from Hole U1304A corrected to meters composite depth (mcd).
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Figure F5. Lightness profile from the Site U1304 composite image with carbonate content from Hole U1304A. Agreement between lightness and

~
carbonate is quite good with a few exceptions. Areas of low carbonate and light color are thick sections of diatoms. mcd = meters composite depth. =
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Figure F6. Cross-plot of lightness and carbonate data displayed vs. depth in Figure FS5.
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Figure F7. Site U1304 compound core images plotted vs. meters composite depth (mcd). Red bars = top of an interval used in composite depth
scale, yellow = bottom of composite depth section.
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Figure F9. (C) Image of Core 303-U1304C-2H compared to (B) composite site image. Green numbers = tie points. (A) Another view of Core 303-
U1304C-2H interpolated to match composite image using tie points. Red line = magnetic susceptibility.
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Figure F10. Examples of offset of features in compound core images from composite site images. Hole U1304A
is typical of a hole that contributed much of its section to the composite; Hole U1304C is one of the two worst
holes in terms of agreement with the composite.
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Figure F11. Results of offset analysis from all holes at Sites U1304-U1308.
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Table T1. Tie points between compound core image and composite site image shown in Figure F9. (See table
note.)

Core 303- Site U1304
U1304-2H composite

(mcd) (mcd)
4.40 3.60
4.75 3.94
5.392 5.04
7.73 7.75
9.59 9.51
11.81 10.59
12.64 11.55
13.26 11.93
13.85 12.87

Note: mcd = meters composite depth.
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