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Introduction
The purpose of this report is to describe the results of enhanced processing of both
airborne and ground geophysical data from the Goldsmith Property in the Kootenay Arc
of southeastern British Columbia. The data consist of airborne magnetics and
electromagnetics (EM), and ground-based magnetics and VLF-EM data. For this project,
the magnetics data, both airborne and ground-based are processed with advanced
techniques that can help to delineate structure as well as locations of highly magnetic
sources. The VLF-EM data were processed and inverted in a previous effort (Dandy and
Cook, 2018) and will not be analysed further here.
Interpretations of magnetic data (airborne or ground-based) generally proceed along two
fronts: 1) identifying and focusing on locations of highly magnetic sources with
concentrations of magnetic minerals (usually magnetite, pyrrhotite, or ilmenite), and, 2)
delineating geological structures that require more subtle and careful analyses.
Application of advanced processing methods holds the promise of adding value to a
prospective area by mapping the geometry of magnetic anomaly patterns, correlating the
results to the known geology and thereby extending and enhancing features that may be
important for vein development.
In the Goldsmith property, gold and other metallic minerals are typically found in veins
that can vary in orientation from northwest-southeast (e.g., 130o – 150o), to north-south
with dips varying from southwest to northeast (e.g., Wojdak, 1982). In some areas,
cross-veins that strike ~ 90o – 110o are visible. Although lack of exposure precludes
good stratigraphic control (Wojdak, 1982), one potentially significant interpretation is
that there may be cross-structures that offset the regionally east-dipping strata. Figure 3
of Wojdak (1982) illustrates an interpretation with apparent strike offset along eastnortheast oriented structure(s). This may be significant because intersections of
structures can often be associated with concentrations of veins.

Data
There are two data sets that are used in this study (Figure 1): 1) an airborne
magnetics-EM survey that was acquired by Aeroquest in 2006 (Walcott, 2006), and 2) a
ground-based magnetic survey that was acquired in 2017 during a VLF-EM survey
(Dandy and Cook, 2017). Airborne EM and ground-based VLF-EM data were also
acquired when these surveys were done but will not be analysed further here.
Airborne Data
The airborne survey was acquired in 2006 and has been reported in Walcott
(2006). When results of these data were published, they maps included the total magnetic
intensity (TMI) and the Tilt derivative of the TMI. No enhanced processing was done at
that time. However, as the database (*.gdb file) is available, the data can be re-analysed
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for enhanced detail. The data base includes the coordinate locations for each reading, the
magnetic values after removal of the diurnal effect, and the regional Earth’s field
(International Geomagnetic Reference Field, or IGRF) for the acquisition date (July 19,
2006). Accordingly, it was possible to extract the magnetics readings as well as the
IGRF; in this area, the IGRF exhibits a generally monotonically decreasing field to the
southwest (Figure 3). Removal of the IGRF will thus have the effect of removing a
regional gradient in the data.
________________________________________________________________________

Figure 1. Map of the airborne magnetic anomalies (Total Magnetic Intensity, or TMI;
Walcott, 2006) with the ground-based magnetics/VLF-EM grid recorded in 2017 (Dandy
and Cook, 2017)
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Figure 2. Map of the International Geomagnetic reference Field for July 19, 2006 with
the stations for the airborne survey superimposed.
________________________________________________________________________
Following removal of the IGRF, the data were gridded with 25m grid spacing and then
reduced to the North Pole in order that the data recorded in the normally inclined field
(inclination angle ~72.6o) for the airborne survey could be transformed to reduce the
asymmetry of anomalies. The resulting map (Figure 3) has both the IGRF removed to
leave a residual field (or residual magnetic anomalies) and reduction to the pole (RTP).
Following removal of the IGRF and reduction to the pole, the data could then be analysed
further with additional procedures for mapping structures, anomaly shapes and magnetic
units.
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Figure 3. Map of the Residual magnetic anomalies after removal of diurnal effects, the
IGRF, and reduction to the pole. Hence the title at the top (IGRF-RTP) shows the
processing sequence. Subsequent maps also list the procedures in the titles.
________________________________________________________________________
Ground-based Grid
In 2017, an irregular grid of east-west VLF-EM and magnetics was acquired over
a part of the area encompassed by the airborne survey (Figure 3; Dandy and Cook, 2017).
The survey was acquired along east-west lines spaced 50m apart with 12.5m station
spacing along each line. The data were processed by removing the diurnal effect,
removal of the IGRF for the dates of the survey, gridding with 12.5m grid spacing, and
reduction to the North Pole (Figure 4). The result appears to show small, but consistent
‘bumpy’ anomalies. These are almost certainly due to minor station-to-station variations
in topography, magnetism and/or differences in distance (depth or lateral) to the source(s).
In any case, they represent an effect that can be filtered as shown later.
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Figure 4. Residual magnetic anomalies of the ground-based grid. This map was
constructed by taking the recorded ground values, removing the diurnal effects, removing
the regional Earth’s field for the dates of the survey, and then reducing the data to the
North Pole.
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Data Processing – Airborne Survey
The primary focus of the reprocessing efforts is to try to map features that may
help delineate the structure as well as the anomaly geometry. In order to delineate subtle
features, a series of processes have been applied. All of these are gradient-base, meaning
they are all based on horizontal and vertical gradients.
Tilt Angle
One of the most widely known and used gradient procedures is the tilt angle, or tilt
gradient (Miller and Singh, 1994). The tilt angle had been previously applied to the
airborne TMI data (Walcott, 2006) and it is applied here to the residual anomaly airborne
data (Figure 5). The tilt angle has two important effects on the data:
1. Application of the Tilt angle tends to equalize amplitudes. Thus, weak magnetic
anomalies can have similar results to strong magnetic anomalies because the
signal amplitude is not a factor in determining the gradients (slopes). In addition,
the procedure often enhances undesirable effects, such as noise or edge effects.
2. Application of the Tilt angle tends to sharpen the anomalies and provide improved
location for the anomaly sources.
In the case presented here (Figure 5), the tilt angle has been applied after the data were
filtered to minimize noise effects. In this case, the filter applied was a small upward
continuation of 25m (one grid unit). The resulting tilt angle has sharpened the anomalies
and it has enhanced the small anomalies relative to the large ones (Figure 5). For
example, there is a gap in the long northwest-southeast anomaly (labelled ‘Gap’ on
Figure 5) that is better defined on the Tilt angle map than on the IGRF-RTP map.
A modification of the tilt angle algorithm, named the hyperbolic tilt angle, or HTA,
provides enhanced images of the locations of maximum gradients, and thus enhances the
approximate locations of the edges of anomalous sources (Cooper and Cowan, 2006). An
example of the HTA applies to the airborne data is shown in Figure 6. However, the
benefits of the HTA can be seen more easily on an enlarged portion of the data (Figure 7).
In Figure 7a, the data in a small rectangular area of the airborne survey (outlined in
Figure 6) have been enlarged because this is the area of many of the Goldsmith showings.
Figure 7b shows the same data after application of the HTA.
An apparent correlation between the soil geochemistry and magnetic patterns is
illustrated in Figure 8. In this image, the HTA map from Figure 7b is shown in black and
white (with the white shades representing the HTA highs) overlain by the Au in soils
values (reds = high values) superimposed with transparency. Two observations are clear:
1. The northwest-southeast trend of elevated gold values is generally located on
the southwest flank of the large, regional, linear magnetic high, and,
2. There is a cluster of magnetic highs that spatially coincide with the highest Au
values (arrow in Figure 8).
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Figure 5. Map of the airborne survey (Walcott, 2006) after application of smoothing
(25m upward continuation) and calculation of the tilt angle. Note the enhanced ‘gap’
compared to Figure 3.
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Figure 6. Same as Figure 5 after application of the hyperbolic tilt angle (HTA) to
enhance edges. The outlined area is enlarged in Figure 7.
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Figure 7a. Enlarged area near the centre of the airborne survey after removal of the
diurnal and IGRF effects.

Figure 7b. Same are as in Figure 7a after application of the HTA. Note the definition of
the various anomalies in the southwest part of the image and compare with Figure 7a.
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Figure 8. Superposition of the Au values in a soils grid (Deane and Dandy, 2007) on the
hyperbolic tilt angle (HTA) map. Note the excellent spatial correlation between the
highest Au values and prominent HTA anomaly at the head of the arrow. Several other
anomalies to the southwest do not have soil geochemical samples recorded but may be
prospective.
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Generalized Derivative Operator (GDO)
The generalized derivative operator, or GDO, has been proposed as a tool to
expand the tilt angle to include a directional component, similar to shaded imaging
(Cooper and Cowan, 2011). To present the results from this approach, the GDO for
different azimuths is shown in Figure 9. For each of these the illumination inclination is
15o in order to enhance directional variations as compared to steeper inclinations. Indeed,
as pointed out by Cooper and Cowan (2011), the GDO with 90o illumination inclination
at 0o declination angle is virtually identical to the standard Tilt angle.
The application of the GDO to the airborne data is shown in Figure 8. In this image, the
upper left is the image with illumination angle of 15o and a declination of 0o, or North. In
the upper left of each image, there is a small illuminated sphere showing the declination.
The numerals have the format such as 15/0, meaning 15o inclination at a declination of 0o.
Examination of the different GDO images indicates the apparent break (‘Gap’ on Figure
5) is even more prominent on the 0o, 90o and 315o declination angles.
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Figure 9. Generalized derivative operator (GDO) applied to the airborne data. All of the
maps have the illumination inclination of 15o and declinations that start in the upper left
at 0o and then proceed in 45o increments clockwise.
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Data Processing – Ground Survey
As noted previously, the ground-based survey has been processed previously to remove
the diurnal variations and the regional Earth’s field (IGRF; Dandy and Cook, 2017). The
result is shown in Figure 4 (reproduced here as Figure 10 with an arrow showing a
possible break). As noted previously, the result shows a ‘bumpy’ appearance that is not
likely due to on-the-ground features, but is more likely due to station-to-station variations
in elevation, readings, magnetic features, etc. The effect can be attenuated by applying a
low-pass filter or another filter such as an adaptive filter.
Tilt Angle
Application of the tilt angle will further enhance these small bumps and could potentially
mask desirable features. Thus a filter based on upward continuation (50m in this case)
has been applied before calculating the tilt angle (Figure 11). This minimizes the stationto-station effects without significantly degrading the anomaly patterns. Although the tilt
angle indeed sharpens the anomalies, there still appears to be ambiguity as to whether
there may be a structural break (Figure 10).
________________________________________________________________________

Figure 10. Residual magnetic anomalies of the ground-based survey (Figure 4) with an
arrow showing a possible location of a break (transverse structure?).
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Figure 11. Same data as in Figure 10 after 50m upward continuation (for smoothing)
and application of the tilt angle.
________________________________________________________________________

Generalized Derivative Operator
In an effort to enhance structural complications, truncations and possible cutoffs,
the GDO has been applied (Figure 12) in a similar manner to what was done on the
airborne data set (Figure 9). Indeed, this procedure appears to have enhanced a possible
northeast-southwest feature that is located in the vicinity of the interpreted break
described by Wojdak (1982) as shown by the arrows on Figure 12. Such features would
need to be tested by field work, but the geometry of the magnetic results appears to be
consistent with northeast-southwest transverse structures that may be associated with
enhanced vein development.
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Figure 12. Generalized derivative operator applied to the ground-based magnetic data.
As in Figure 9, all maps have the illumination inclination of 15o, and declinations varying
from 0o (upper left) in 45o increments clockwise.
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Summary and Conclusions
General
The data sets discussed here are dominated by strong northwest-southeast linear
magnetic anomalies. Although these large, linear anomalies are almost certainly
associated with stratigraphic horizons (Lardeau Group, Jowett Formation), the exact
cause(s) of the anomalies are not known at this time due to lack of exposure, although the
Jowett Formation often has mafic layers within it. In addition, although some of the
veins have oxidized iron associated with them, they may not produce strong magnetic
responses. Nevertheless, data processing has the potential, when combined with detailed
geological knowledge, of producing either new, or enhanced, or both, targets for
prospecting.
Specific Features
Specific features observed in the newly reprocessed data include improved
definition of anomalies and anomaly edges (e.g., HTA), observation of the spatial
correlation between a strong Au soil anomaly with a newly defined magnetic anomaly, as
well as improved locations and geometry of possible transverse structures. Some of the
transverse structures may be spatially associated with enhanced veining and gold
concentration.
Recommendations
The enhanced processing has produced intriguing geometries that may be related
to structural complications associated with vein development. This proposal can only be
confirmed (or not) with field testing. In addition, there appears to be a strong spatial
correlation between a group of small magnetic highs on the Goldsmith showing and high
Au values in a soil geochemical survey. Field testing, perhaps including soil
geochemical surveys to the southwest of the existing survey, may also help to establish
whether this spatial correlation may help to focus some prospecting efforts.
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