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Abstract
Interim results from the EXTECH IV 2000 high-resolution seismic reflection program at the McArthur River mine
site are presented and assessed in light of the original objectives that were set for this program. General
observations from 2D high-resolution profile 12 include:

1) A prominent reflector of unknown origin at ~120 m depth within the sedimentary column with <50 m of relief
over its ~1.5 km lateral extent.

2) A prominent reflector at ~400 to 600 m depth with relief of up to 120 m (both paleotopography and/or syn-post
sedimentation faulting) which is tentatively interpreted as a well-developed regolith at the basement
unconformity.

3) Laterally limited subhorizontal reflections between these prominent reflections that may represent lateral
variations in the physical properties of the sediments.

4) Angular disconformities within the sedimentary column.

5) Reverse faults along the interpreted unconformity including the P2 fault.

6) A reflection response from the location of the orebody.

7) Basement reflections with estimated true dips of ~40º to 45ºSE.

Simulated seismic responses for a model of the orebody indicate that: 1) diffractions are produced by both the
orebody and the hosting (or bounding) fault zone; 2) the orebody diffraction has higher amplitudes down-dip;
3) horizontal component geophones may provided enhanced detection of the steeply dipping ore zones; and 4) the
characteristic diffraction response is observed on the unmigrated section. Preliminary results from the pseudo-3D
survey show reflections at the depth corresponding to the unconformity as interpreted on the 2D profiles.

Keywords: Seismic, reflection, orebody, uranium, McArthur River, Athabasca Basin, geophysics, economic
geology.

1. Introduction

High-resolution multi-channel seismic reflection profiling was conducted in 2000 (Hajnal et al., 2001; White et al.,
2001) under the auspices of the EXTECH IV Athabasca Multidisciplinary Uranium Study Project to test the
effectiveness of this technique for uranium exploration within the deeper recesses of the Athabasca Basin.  A final
assessment of the results is not yet possible, but here we provide some interim results from the high-resolution
program in view of the original objectives of the study which were to: 1) define the regional basement structure
underlying the basin including faults, 2) define the subsurface stratigraphy of the sedimentary rocks within the
basin, 3) provide a detailed image of the basement unconformity which hosts the majority of the uranium ore
deposits, 4) characterize the basement unconformity using seismic attributes and identify attributes that define zones
of mineralization, 5) locate and image faults that have been instrumental in ore deposition, and 6) determine the
seismic signature of a known ore deposit. Gyorfi et al. (this volume) provide a detailed interpretation of high-
resolution profile 14 (see Figure 1 for location) and Hajnal et al. (this volume) provide results for the regional
reflection surveys. Here, we present results from high-resolution profile 12, the pseudo-3D survey, and seismic
simulation results for a model of the orebody.
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2. Observations Along
High-Resolution Line
12

General features of high-
resolution profile 12 that relate to
the main objectives of the study
are identified in Figure 2. The
image in Figure 2 is unmigrated
and has been projected onto a
section at N45W. All depths
referred to in the text are
approximate and are based on a
simple conversion of two-way
travel time to depth using a
constant velocity of 4800 m/s
(appropriate for the sandstone
column, Mwenifumbo et al.,
2000). We note the following:

1) A shallow laterally
continuous reflection (S1,
Figure 2) at a two-way time
of ~0.05 s (~120 m depth)
shows relatively little relief
(<0.02 s or 50 m) over its
~1.5 km lateral extent. There
is no drill-hole control along
this segment of the line, and
thus the source of this
reflection from within the
sedimentary column is
unknown.

2) A deeper laterally continuous
reflection (S2, Figure 2) at a
two-way time of ~0.20 to
30 s (~400 to 600 m depth)
shows more significant relief
(<0.05 s or 120 m). This
reflection occurs at a depth
that is comparable to the
basement unconformity. Due
to the absence of drill-hole
control along this segment of

the line, however, the source of this reflection is uncertain. Sonic logs from several boreholes closer to the
mining camp (Mwenifumbo et al., 2000) suggested that the regolith is a likely source of this reflection. Also,
dipping reflections (B in Figure 2) from below are generally truncated by S2, consistent with the interpretation
of S2 representing an unconformity. Accepting this interpretation for now, there is evidence for both
paleotopography (i.e., pre-sedimentation relief) and syn-to-post sedimentation faulting along this interface.
Reprocessing of critical segments of the profile are required to further address this interpretation.

3) Laterally limited subhorizontal reflections occur within the sedimentary column between S1 and S2. The
significance of these reflections is unknown, but they might represent lateral variations in the physical
properties of the sediments (e.g., silicification, porosity, etc. see Mwenifumbo et al., 2000).

4) There is some evidence (e.g., A in Figure 2) for angular disconformity in the sedimentary column.

5) The P2 fault (P2 in Figure 2), which is associated with the P2-north orebody, vertically offsets in the interpreted
unconformity.

6) Northwest of station 600, the interpreted unconformity reflection is more complex and difficult to follow
laterally.

7) Basement reflections (B) dip at projected (but unmigrated) angles of <27ºSE, which will steepen to <31ºSE
upon migration. These dips are generally shallower than the regional 40º to 45º dips observed in the basement.

Figure 1 - Location map showing. high-resolution lines 12 and 14 and the locations of
depth slices (3D-1 and 3D-2 of Figure 7) from the 3D data volume. Also shown are the
projection line used for projecting the line 12 seismic image, the approximate location
of the P2 orebody, and the location of borehole MAC-218.
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Further northwest, the basement is less reflective indicating either more structural complexity, a change in
structural attitude to steeper dips, or a change in basement lithology.

3. Modelling the Orebody Response

Simulation of the vertical-incidence seismic reflection response of a representative uranium orebody has been
calculated using a 2D finite-difference elastic wave algorithm. The model (Figure 3) is based on the cross-section of
the McArthur River orebody from Jamieson and Spross (2000) as depicted in Figure 4. The seismic response as
recorded on vertical component  (Figure 5A) and horizontal component (Figure 5B) geophones is presented.
Although it is the vertical component response that is comparable to the data from the multi-channel seismic profile
(where vertical component geophones were used), we also present the results for the horizontal component with a
view to assessing the potential utility of horizontal component geophones in detecting ore zones. The following
results are noteworthy:

1) The sandstone/basement interface results in a large amplitude, laterally continuous reflection on the vertical
component, whereas it is generally invisible on the horizontal component.

2) The orebody and the fault offset in the sandstone/basement interface both result in relatively weak diffracted
energy (hyperbolic trajectories labeled P-P and P-S in Figure 5) emanating from the vicinity of the fault and the
orebody.

3) An asymmetry in the amplitudes of the diffractions is observed. This is due to the dip of the orebody resulting
in higher amplitudes observed in the down-dip direction. In contrast, the amplitude response from the fault zone
is generally symmetric.

Figure 2 - Line 12 unmigrated seismic reflection image projected onto the N45W line shown in Figure 1. An approximate
depth scale is provided by converting two-way travel times (TWT) to depth assuming a velocity of 4800 m/s. These
approximate depths may be in error by up to 10% within the stratigraphic column, and by up to 20% within the basement.
The shaded overlay indicates the interpreted depth extent of the basin fill sediments. Note that the interpretation is
particularly uncertain from stations 100 to 300. Labels are referred to in the text. Indicated depths are relative to a datum of
550 m above sea level, and the sections have no vertical exaggeration.
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4) The P-to-S converted wave diffraction from the orebody has higher amplitude than the diffracted P-wave.

5) The downdip P-wave diffraction and the P-to-S converted wave diffraction are more prominent on the
horizontal component.

Based on these initial modelling results, we conclude
the following:

1) The seismic diffraction response that characterizes
orebodies (i.e., diffractions) is generally similar to
the diffraction resulting from the hosting (or
bounding) fault zones that are commonly
associated with uranium deposits in the Athabasca
Basin.

2) The asymmetry, however, in the amplitude
response (higher amplitudes down-dip) of the
orebody might help to distinguish mineralized fault
zones from barren faults.

3) The larger response recorded on the horizontal
component suggests that horizontal component
geophones may provide enhanced detection of the
steeply dipping ore zones.

4) The characteristic diffraction response is observed
on the unmigrated section, suggesting that
evaluation of seismic profiles for potential orebody
responses is best done prior to migration.

4. Observed Orebody Response (?)

A magnified view of the unmigrated seismic image
from line 12 directly over the McArthur River orebody
is shown in Figure 6. A fault offset is indicated near
stations 380 to 390, and there is a relatively strong
reflection of limited lateral extent at a two-way travel-
time of 0.23 to 0.25 s which corresponds to an
approximate depth of 500 to 550 m (assuming an
average velocity of 4800 m/s). This locally bright

Figure 3 - Elastic model used for seismic simulation. The seismic properties of the sandstone layer and basement are
indicated. The model was discretized on a 2 m grid, the time-step used for the finite-difference calculation was 0.002 msec,
and the central frequency is 100 Hz. An explosive plane-wave source was used.

Figure 4 - A simplified model of the McArthur River
orebody (after Jamieson and Spross, 2000), used as the basis
for the model in Figure 3.
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reflection is tentatively
interpreted as an orebody
response, although at this stage it
is uncertain what particular aspect
of the mineralized zone is
responsible for producing this
response (e.g., silicified zone
around the orebody). Notably
absent in this image is any
evidence for diffracted energy
emanating from the fault zone/ore
body. This may be due to: 1) the
restrictive f-k rejection filter
(2300 to 4300 m/s) applied in the
shot domain during processing (to
reduce S-wave and P-wave
refracted energy), or
2) complications associated with
the crooked line in the vicinity of
the orebody. Further work is
required to address this question.

5. Preliminary Results
from the Pseudo-3D
Survey

Data from the pseudo-3D survey
(White et al., 2001) have been
processed to obtain a 3D data
cube using the processing
sequence as indicated in Table 1.
Design considerations of this
auxiliary survey are given in
Hajnal et al. (2000). The results
obtained to date are considered
preliminary as the effects of
uneven offset distribution and
azimuthal coverage within the
common depth point bins have
not been adequately handled.
Specifically, the uneven offset

Table 1 - Preliminary 3D processing sequence.

Assign survey geometry, 15 x 15m bins

Kill noisy traces

Spectral balancing (30 to 140 Hz)

500 ms Automatic gain control (AGC)

First break picks

Top mute; 40 ms after first break

Refraction statics (500 m datum; 4500 m/s replacement velocity)

CDP sort

NMO (0 s:4500 m/s, 0.2 s: 4700 m/s, 0.3 s:5000 m/s,
0.5 s:5500 m/s); no stretch mute

Bandpass filter (30 to 80 Hz)

Offset-dependent top mute

Stack (100 to 1500 m offsets)

Fxy deconvolution

Figure 5 - Simulated vertical-incidence seismic reflection image (unmigrated) in the
vicinity of the orebody (see Figure 3). The approximate location of the orebody and
fault structure are shown. A) Vertical component (i.e., what would be measured on
vertical component geophones), and B) horizontal component response. P-P indicates
P-wave diffractions and P-S indicates S-wave (converted) diffractions. Note the slightly
different amplitude scaling in A) and B).

Figure 6 - Close-up view of the seismic reflection P2(?) that is
tentatively interpreted as an orebody response.
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Figure 7 - A) In-line and B) cross-line sections through the 3D data cube from the pseudo-3D seismic survey. Locations of
the data sections are indicated in Figure 1. The approximate vertical exaggeration in these sections is 0.62:1. CDP=common
depth point.
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distribution compromises the cancellation of non-reflection energy during the normal moveout and stacking
procedure. Data from cross-strike and along-strike slices through the data cube are shown in Figure 7 (see Figure 1
for the location of these depth slices). There is significant energy within the data cube at a travel time (0.2 to 0.3 s)
corresponding the interpreted unconformity from the 2D profiles 12 and 14. However, some of this energy is
associated with relatively large offset traces and may be associated with refractions from the basement rather than
true reflections. Further work is required to deal adequately with this complication.

6. Conclusions

Interim assessment of results to date from the high-resolution seismic reflection profiles acquired across the
McArthur River mining camp demonstrate the potential for achieving most of the objectives set for this project. A
full appreciation of what role this methodology may play in future uranium exploration within the basin, however,
will not be achieved until these data are integrated with other borehole and geological data.
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