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Résumé

Une évaluation préliminaire, par tomographie informatisée, de
carottes de forage provenant de masses de granite et de grès a
permis d'obtenir d'importantes données géologiques. Les variations
de densité aussi faibles que 4% et les fractures pouvant n'avoir
que 0,1 mm de largeur ont été facilement détectées.
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ABSTRACT
A preliminary computed tomography evaluation of drill cores of
granite and sandstone has generated geologically significant
data. Density variations as small as 4% and fractures as
narrow as 0.1 mm were easily detected.
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1.

INTRODUCTION

Drill cores play a crucial role in modern geology. Even though they are acquired
at substantial expense and are often irreplaceable, they are destroyed by most of
the accepted examination techniques. Needless to say, the geological community
is interested in nondestructive methods of evaluation, and, in particular, in
techniques for the quantification of fractures and variations in density.
Computed tomography appears to be ideally suited to the task.. This report presents a preliminary evaluation of the use of computed tomography to examine drill
cores of both igneous and sedimentary rock.

2.

PROCEDURE

Images were generated with a first generation CT system (1) comprised of a
radioisotopic source, a Nal (TA) scintillation detector and a computer controlled
stage that rotated and translated a drill core through the gamma-ray beam. Both
the source and the detector were equipped with tungsten alloy collimators 1.6 mm
wide by 3.2 mm high by 165 mm long, generating a photon beam with a
full-width-at-half-maximum of approximately 0.9 mm. One hundred and eighty
projections were measured at 1.0° intervals spanning an arc of 180°. The
projections were sampled at 128 discrete points separated by 0.5 mm. The total
duration of a complete scan was 55 h. (The throughput can be increased significantly as discussed in section 4.). The images were reconstructed by filtered
back projection (2) of linearly interpolated projections with a Ramachandran Lakshminarayanan filter (3). A pixel size of 0.5 mm was used.
Each of the resultant images was enhanced by histogram equalization (4).
(Histogram equalization generates a grey scale such that there are an equal
number of pixels at every grey level, thus making optimum use of the dynamic
range of the visual system).
A total of three images were obtained, as follows:
a)

a radial slice of a pink medium grained granite cere with
numerous epidote filled fractures (see Fig. 1)

b)

a radial slice of a grey fine grained sandstone core with a
conspicuous fracture (see Fig. 2 ) , and

c)

an axial slice of a piece of the sandstone core (see Fig. 3 ) .

The granite and the sandstone cores were both 45 mm in diameter.
3.

RESULTS AND DISCUSSION

All of the images had an in-plane spatial resolution of approximately 1.0 mm and
a contrast resolution of about 2%.
The image of the granite drill core is shown in Fig. 4. The linear attenuation
coefficient is, for the most part, 0.20 ± 0.01 an""*; however, there are small
regions with a somewhat greater linear attenuation coefficient of 0.22 ± 0.01
cm"1. Assuming a mass attenuation coefficient of 0.077 cm 2 »g~ 1 (5), the
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Figure 1:

Granite drill core.
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The black line locates the imaged slice.
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Figure 2:

Sandstone drill core.

The black line locates the imaged slice.

Figure 3:

Part of the sandstone drill core.
axial slice.

The black line locates the imaged
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Figure 4:

Computed tomography image o f the granite drill core. Black
represents low attenuation, white' is high attenuation.
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corresponding densities are 2.6 ± 0.1 g»cm 3 and 2.9 ± 0.1 g*cm 3 . Granite is
comprised principally of quartz and orthoclase with a density of 2.60 g # cm~ 3 and
plagioclase with density of 2.60 to 2.76 g'cm"3 (6). However, ferromagnesium
minerals with a density of 2.80 to 3.40 g«cm~3 are usually present in lesser
amounts. These probably account for the regions of higher attenuation. The
epidote filled fractures were neither wide enough nor of sufficiently different
density to be detected.
The radial image of the sandstone drill core is shown in Fig. 5. Although visual
inspection of the core suggested a single fracture, the computed tomography image
revealed what appears to be a pair of fractures running from the lower left to
the upper right. Figure 6 shows attenuation profiles that pass through the
hypothetical fractures. Assuming that the slight variations in the attenuation
correspond to air filled fractures, a fracture width of approximately 0.1 mm is
inferred (7). The core was subsequently sectioned (see Fig. 7) confirming the
above interpretation.
Apart from the fractures, the radial sandstone
0.19 ± 0.01 cm"1 corresponding to a density, of
sandstone varies with the deposition mechanism
composition (b). The density observed here is
range.

image had a uniform attenuation of
2.5 ± 0.1 g»cm~3. The density of
and, to a lesser extent, the
at the upper end of the normal

The axial image of the sandstone core (see Fig. 8) again revealed the fractures
at the top centre, but, in addition, layers running horizontly across the image
became apparent. Figure 9 shows a horizontal attenuation profile passing through
the fractures and a vertical profile passing through the layers. Some of the
layers have a linear attenuation coefficient of 0.20 ± 0.01 cm"*, rather than
0.19 ± 0.01 cm"*, corresponding to a density of 2.6 ± 0.1 g«cm~3, rather than 2.5
± 0.1 g'r.m""3. Although this may be due to differences in deposition conditions,
the colour differences apparent in Figs 2,3 and 7 suggest variations in
composition.
A detailed analysis of the axial image revealed a high-density inclusion near the
bottom of the crack. The inclusion has a linear attenuation coefficient of
0.21 ± 0.01 cm"* corresponding to a density of 2.8 g»cm~3 and may be a flake of
granite.

4.

CONCLUSIONS

It has been demonstrated that computed tomography can generate geologically
significant data. The resource sector could benefit from this nondestructive
imaging technique in both research and exploration.
The throughput would obviously have to be increased significantly, especially for
field work. Fortunately, the imaging time can easily be reduced by at least five
orders of magnitude. Since the optimum energy in this case is about 110 keV (8),
an x-ray tube can be substituted for the relatively low-intensity radioisotopic
source that was used in this study. A further increase in throughput could be
achieved by replacing the single detector used here with an array of hundreds of
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Figure 5: Radial computed tomography image of the sandstone drill core. Black
represents low attenuation, white is high attentuation.
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Figure 6:

Horizontal (upper right) and vertical (lower left) attenuation profiles for the radial
computed tomography image of the sandstone drill core.
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Figure 7:

Sandstone drill core sectioned at the imaged slice
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li^ure 8:

Axial computed tomography image of part of the sandstone drill core.
Black represents low attenuation; white is high attenuation.

Figure 9:

Horizontal (upper right) and vertical (lower left) attenuation profiles for the axial
coaputed tomography image of part of the sandstone drill core.
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detectors.
It is also worth noting that axial images, which probably will prove more useful
than radial images, can be generated without sectioning the core. A sequence of
radial images can be rebinned to generate any number of axial slices (9).
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