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Introduction
In October 2004, Aurora Geosciences Ltd. (AGL) of Whitehorse mobilized a geophysical crew to
the Anvil Range Mining Complex (ARMC) to undertake geophysical surveys in conjunction with a
variety of studies being performed to assist in the development of the site closure plan. One of these
studies addressed three potential borrow areas which had been identified following two stages of
borrow studies undertaken at the ARMC in 2002 and 2003. AGL subsequently prepared a report,
included on the attached CD, with the detailed results of the geophysical investigations at these and
other sites.
This report has been prepared as part of the ongoing technical evaluation for the closure planning of
the Faro Mine and provides context for the geophysical studies that were undertaken in 2004 at the
three potential borrow areas. In addition, it summarizes the program objectives, provides a brief
overview of the field investigation and its results, provides recommendations related to further
studies that may be appropriate, depending on the details of the final closure plan. Aspects of this
report may have been superceded by subsequent technical studies.
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Site Selection and Objectives of the
Geophysical Studies
The three potential borrow areas, all of which are located in the Vangorda - Grum area (Figure 1),
are situated near the following site features:
•

Upper Vangorda Creek (potential glaciofluvial deposit),

•

East of Grum Pit (potential till blanket), and

•

East of Vangorda Pit (potential till blanket).

The three sites were selected on the basis of the following criteria:
•

The selected sites were readily accessible and required only minor amounts of line cutting in
order for the geophysical surveys to proceed;

•

The sites appeared to be promising as potential borrow sources based on the existing surficial
geology maps;

•

There were exposures in local steep slopes at one site that, in the absence of local drilling data,
should provide some stratigraphic information for potential correlation with the geophysical
data;

•

The sites were judged to be well suited for evaluating whether geophysical methods are useful
for characterizing potential borrow materials in this geologic setting.

The primary objective of the geophysical studies was to provide preliminary stratigraphic
information at three potential borrow areas in the Vangorda - Grum area. The secondary objective
was to demonstrate the effectiveness and/or limitations of the geophysical methods used in order to
assist in the potential development of a more detailed geophysical program next year.

3

Geophysical Field Investigation

3.1

General
From October 7 to 18, 2004, the geophysical crew conducted ground penetrating radar (GPR) and
seismic refraction surveys at the three potential borrow areas. A total of 1751.6 m of GPR, run at
two frequencies (25 and 50 MHz), and 690.1 m of seismic refraction were completed. A differential
GPS receiver was used for survey control.
The GPR and seismic refraction survey results are summarized below. Further details are provided
in AGL’s report (see attached CD).
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Results

3.2.1 Upper Vangorda Creek (Potential Glaciofluvial Deposit)
One GPR line (GPR-1), about 250 m long, was completed with an east-west orientation along the
western terrace above Vangorda Creek. Previous mapping suggests that this terrace may consist of
glacial outwash, i.e. sand and/or gravel.
Interpreted bedrock reflections were selected based on the relationship to events above and below;
limited amplitude standout; as well as the shape of the reflection. However, both the 25 MHz and 50
MHz survey lines produced very poor reflections, which made it difficult to distinguish between
bedrock and overburden. No continuous bedrock reflection was evident in either radargram.

3.2.2 East of Grum Pit (Potential Till Blanket)
Two GPR lines (GPR-2 and GPR-3) and one seismic line (SL-1) were completed across a north-east
trending ridge that is partly accessible by road. The intention was to provide information about a till
blanket extending to the north and east of Grum Pit. GPR-2 runs along the ridge for approximately
500 m from southwest to northeast, with access from the road. GPR-3 extends about 750 m along a
road that runs west to east below the ridge. SL-1 was completed along the ridge for 200 m in the
same cut-line as GPR-2.
Line GPR-2 produced very poor reflections for both 25 MHz and 50 MHz surveys. Again it was
difficult to distinguish between bedrock and overburden as continuous bedrock reflection was
evident in both radargrams. SL-1 distinguished three layers along the same path (Figure 2):
•

Layer 1: Unconsolidated, dry overburden (probably till). The interpreted thickness is 0 to 6 m.

•

Layer 2: Compact overburden (probably till) below the water table which may include
weathered bedrock. The interpreted thickness is about 5 to 18 m.

•

Layer 3: The lower layer was interpreted as fresh bedrock with a velocity of about 5,200 m/s,
which is consistent with values recorded on other lines on the property. Interpreted depth to
bedrock ranges from about 9 to 18 m.

The 50 MHz profile of Line GPR-3 contains the best reflection profile. This profile runs parallel to
GPR-2 and SL-1, but is located to the south these two lines by about 50 m. A series of reflections
between 8 to 12 m depth indicate the presence of bedrock. Although there is no seismic or drill hole
data to confirm these results, the proximity to the other two survey lines indicates that the inferred
depth to bedrock is reasonable.

3.2.3 East of Vangorda Pit (Potential Till Blanket)
Two GPR lines (GPR-4 and GPR-5) and one seismic line (SL-2) were completed across a till blanket
extending to the east of Vangorda Pit. GPR-4 ran along a cut-line that runs from southwest to
northeast for approximately 750 m. GPR-5 ran along a cut-line that runs from northwest to southeast
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for approximately 750 m and is orthogonal to GPR-4. SL-2 runs for 200 m along the same cut-line
as GPR-5.
For GPR-4, both the 25 and 50 MHz results show west-plunging reflections at depths of between 6
to 20 m. These have been interpreted as bedrock. The intersection of this survey line with GPR-5
and SL-2 indicates a depth to bedrock of 20m. SL-2 shows a similar profile to SL-1 (Figure 3).
Similar to SL-1, three layers were identified at SL-2:

3.3

•

Layer 1: Unconsolidated, unsaturated overburden (probably till). The interpreted thickness is 1
to 9 m.

•

Layer 2: Compact overburden (probably till) below the water table. The interpreted thickness is
0 to about 24 m.

•

Layer 3: The lower layer was interpreted as fresh bedrock with a velocity of about 4,880 m/s,
which is consistent with values recorded on other lines on the property. Interpreted depth to
bedrock ranges from 6 to 25m.

Comments on the Results

3.3.1 System Accuracy and Errors
Station position accuracy was determined to be +/- 1 m on the horizontal. There was no mention of
vertical accuracy.
Based on the inversion scattergrams of the seismic data from SL-1 and SL-2, the depth to bedrock
determination is accurate to +/- 3 m. Error determination in the GPR data was not mentioned in the
AGL report.

3.3.2 GPR Results
As noted in the AGL report, “the GPR survey failed to conclusively map bedrock at most sites
because of signal attenuation and scattering and the absence of a strong bedrock reflection.” Bound
water within clays can persist below 0°C, so strong reflections which can mask the bedrock surface
can occur in overburden at ground temperatures approaching -30°C. AGL noted that the GPR results
cannot be properly evaluated without drill testing.

3.3.3 Seismic Refraction Results
Seismic refraction interpretation was difficult due to the high velocity returns of the second
stratigraphic unit which was interpreted as compacted till and weathered bedrock. It was not
mentioned in AGL’s report if the GPR and seismic refraction survey results were correlated with
exposures in local steep slopes at one site that would provide some stratigraphic information in the
absence of drilling. Water table elevations and/or discontinuous permafrost, which are known to be
present in the Vangorda - Grum area, were not mentioned in the AGL report.
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4.1.1 Upper Vangorda Creek (Potential Glaciofluvial Deposit)
Very little useful information was provided regarding the glaciofluvial terrace adjacent to Vangorda
Creek, so no conclusions can be made regarding the thickness of granular material that might be
present at this location.

4.1.2 East of Grum Pit (Potential Till Blanket)
The area east of the Grum Pit appears to have a thickness of unsaturated till which typically ranges
from 3 to 5 m. It is unclear if the till below the water table will be too wet to use for borrow.
Furthermore, it is unclear where the base of this till is located.

4.1.3 East of Vangorda Pit (Potential Till Blanket)
The dry till blanket east of Vangorda pit is similar in thickness to the till at Grum Pit. However, the
uncertainties regarding the till below the water table at Vangorda Pit are similar to the uncertainties
at Grum Pit.

4.2

GPR
The GPR survey failed to conclusively map bedrock at most sites because of signal attenuation and
scattering. It has been concluded that the rocks at this site may be electrically anisotropic and GPR
surveys may have to be conducted in a preferential direction to develop strong reflections. This was
apparent from surveys conducted across the strike of the foliation (GPR-5 and SL-2). These
generate stronger reflections than those conducted parallel to the foliation.

4.3

Seismic Refraction
The seismic refraction interpretation produced more definitive results, but the interpretation was
complicated by the high velocity of Layer 2. The AGL interpretation of this layer indicated that it
may contain dense till and weathered bedrock.
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Recommendations
In terms of future work, AGL recommended that, where possible, GPR surveys should be run across
the strike of the dominant foliation or, in areas with no subsurface control, surveys should be run in
two orthogonal directions.
AGL recommended that GPR and seismic refraction surveys should be used in conjunction with a
drill program to:
1)

Permit visual stratigraphic collaboration with GPR and seismic reflection surveys;

2)

Confirm the presence / absence of extensive permafrost; and

3)

Allow cross-hole tomography.

Although it is not mentioned in the AGL report, the assessment of the materials in the terrace at
Vangorda Creek would likely benefit from detailed field reconnaissance.

This report “Additional Borrow Studies, Anvil Range Mining Complex, Yukon – 2004/05
Task 11a”, has been prepared by SRK Consulting (Canada) Inc.

Lowell Wade, E.I.T.

Reviewed by

Cam Scott, P.Eng.
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Figures

Figure 2: Section from Line SL-1, East of the Grum Pit

Figure 3: Section from Line SL-2, East of the Vangorda Pit

