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ABSTRACT

Multi-electrode, high resolution DC resistivity/IP systems have been used within the
environmental and engineering geophysical community for several decades. The objective of
these systems is to map the resistivity and IP structure of the Earth's subsurface to approximately
100 m depth. Typical applications include locating aggregate, groundwater mapping, salt water
intrusion into fresh water aquifers, contaminant and leachate mapping, shallow landslide hazard
mapping of slip planes, porosity, and potential debris volumes. Additionally the technique can be
used to locate buried tunnels and sink holes. These high resolution resistivity/IP systems are
therefore ideal for follow-up in non-glaciated environments since they are effective for mapping
the shallow resistivity and IP structures potentially associated with mineralization and/or
alteration products.

High resolution resistivity/[P (HRRIP) surveys were carried out over nine mineral deposits
within Yukon. The objectives of this study were 1) to investigate whether HRRIP surveys could
map mineralization and structure associated with known deposits, and 2) to determine which
arrays, if any, were the most diagnostic for a given deposit type. The study included a copper
porphyry deposit, a lead-zinc-silver vein deposit, and several different styles of gold
mineralization/deposits. The location of the HRRIP line(s) were chosen based on the known
mineralization and geology of the deposit. On average 3 different arrays were carried out along
each line. Variations of dipole-dipole, inverse Schlumberger and pole-dipole arrays, as well as an
array developed by Advanced Geosciences Inc. of Austin, Texas were used. Two-dimensional
inversions of each array for each line were carried out to produce 2D resistivity and IP cross
sections. These sections provided the fundamental information for the study.

The inversion results show that HRRIP surveys are able to produce resistivity and IP sections
that generally correlate with the known mineralization and structure of the deposits. However,
there are often differences between the inversion results (both resistivity and IP) of the different
arrays along a given profile, and the location of resistivity and IP features is sometimes offset or
missing relative to known structure and/or mineralization. The depth of penetration of the
HRRIP method employed is estimated to be approximately 60 to 70 m for all arrays used except
the pole-dipole array which has a depth of penetration estimated to be closer to 90 m. The study
shows the HRRIP method can be effective for mapping a range of mineral deposits. However,
care must be exercised when interpreting the inversion results because 1) there can be subtleties
within the data and 2) not all resistivity and chargeability values from the inversions can be
assumed to be associated with mineralization and/or structure. These comments apply to any
resistivity/IP survey, not just HRRIP surveys. The arrays that were most effective for the HRRIP
surveys were the dipole-dipole and inverse Schlumberger arrays with their variations.
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INTRODUCTION

Multi-electrode, high resolution DC resistivity/IP systems have been used within the
environmental and engineering geophysical community for several decades. The objective of
these systems is to map the resistivity and IP structure of the Earth's subsurface to approximately
100 m depth. Typical applications include locating aggregate, groundwater mapping, salt water
intrusion into fresh water aquifers, contaminant and leachate mapping, shallow landslide hazard
mapping of slip planes, porosity, and potential debris volumes. Additionally the technique can be
used to locate buried tunnels and sink holes. These high resolution resistivity/IP (HRRIP)
systems are therefore ideal for follow-up in non-glaciated environments since they are effective
for mapping the shallow resistivity and IP structures potentially associated with mineralization
and/or alteration products.

To our knowledge the application of these HHRIP surveys to mineral exploration has not been
documented in literature. Several review articles on state of the art mining geophysics have been
published during the last two decades (Lowe et al., 1999; Nabighian and Asten, 2002; Vallee et
al., 2011) that provide examples of case histories using resistivity/IP systems but none provide
examples of using the HHRIP method. There have been a large number of case studies
specifically related to resistivity/IP surveying, for example Gasprikova et al., 2005 and Pare and
Legault, 2010, but again none using the HHRIP method.

There are mineral deposits within Yukon that are located in non-glaciated terrain. Such deposits
provide an opportunity to test the HRRIP method since they are relatively shallow, their geology
is known, and a number of holes have been drilled to outline them. The mineral deposits in this
study were selected to provide different deposit types, different structural styles, and different
metal content (Au, Ag, Cu, Pb, Zn). The IP response depends on the type of mineralization
associated with the deposit. For example a porphyry copper deposit provides an opportunity to
map stockwork structures containing disseminated sulphide mineralization. There are several
different types of gold mineralization such as 1) oxides with no sulphide mineralization and
hence no IP response, and 2) vein and breccia gold structures with sulphide mineralization and
hence an IP response.

The primary goal was to investigate if high resolution multi-electrode resistivity/IP surveys could
potentially be used to map known mineralization and structure. In particular, for which deposit
types and/or geological situations does the method work and are there deposits where the
inversions are inconclusive or incomplete. By understanding the geophysical response over
deposits with known geology and mineralization we expect to learn how the HRRIP method can
be more effectively utilized in prospective areas where the geology and mineralization are not so
well known. A second goal was to investigate which array type(s), if any, were most effective for
mapping the different deposit types. The nine deposits selected to test the HRRIP method
provided a cross section of the target types outlined above.

The report starts with a description of the HRRIP method and then provides information on the
location and regional setting of the case study targets. Sections on resistivity/IP arrays and
procedures and data processing and inversion are provided. The results of case studies CS1
through CS9 are then presented. Each case study contains the geological description of the
deposit, the geophysical parameters and arrays used, and the geophysical results. This is



followed with a section on the rock property measurements carried out on several of the cases
studies. The report ends with two sections; one on results and discussion and one with a few
concluding remarks.

MULTI-ELECTRODE HIGH RESOLUTION DC RESISTIVITY/IP SURVEYS
General description

Multi-electrode, high resolution, shallow resistivity/IP systems are a more portable version of the
standard resistivity/IP systems used for mineral exploration. Their main advantage is they are
portable, light-weight, and do not require large generators for generating the current. For
example, an 84-electrode 2D array with an electrode spacing of 5 m covers a distance of 415 m
and, depending on the array used, images the upper 50 to 150 m of the subsurface. In addition,
the smaller electrode spacing provides good lateral resolution. Longer lines are obtained using
roll-along techniques similar to those utilized within the seismic industry. These systems can
collect data using common arrays (Fig. 1) such as dipole-dipole, pole-dipole, pole-pole, and
Wenner-Schlumberger (inverse Wenner-Schlumberger), as well as specialized arrays such as the
strong gradient array developed by AGI (see Appendix A for further details of these arrays).
Each array has its strengths and weaknesses when imaging the subsurface. Small, light-weight
generators or batteries can be used to supply the current for these systems (Fig. 2), although
batteries are the preferred choice since they provide a more stable current to the current
electrodes as discussed in case study one.

Dipole-Dipole Wenner-Schlumberger
| I na la | [ na |a | na |
cC1 cC2 V1 V2 c1 vi V2 c2

C Current electrodes

Pole-Dipole a Electrode spacing
[~ o BEE V Voltage electrodes
C1 Cc2 Vi V2 n=1,..,8
..... C1 at “infinity”

Figure 1. Common electrode arrays.



Figure 2. AGI Supersting R8 system console (right), switchbox (upper left), and battery power
source (lower left).

Field operation

Each electrode must be planted in the ground to make good electrical contact. The contact
resistance for an electrode is the resistance between the electrode and the ground and is
independent of the bulk resistivity of the earth. Figure 3 is an example showing the contact
resistance for each electrode of an 84 electrode system. Contact resistances of 2000 ohm-m or
less provide the best coupling between the ground and the electrode; however 5000 ohm-m or
less is acceptable. In this example electrode numbers 50 to 60 have contact resistances greater
than 6000 ohm-m, even reaching 15 000 ohm-m in some cases. These high contact resistances
limit the amount of current that can be injected into the ground. A couple of methods used to
reduce the contact resistance are: 1) soaking the grounded electrodes with water with or without
a conductive electrolyte, and 2) planting multiple electrodes at the same place and connecting
them together to increase the area of contact between the electrodes and the ground. If time
permits leaving the electrodes in the ground overnight or longer also reduces the contact
resistance.



Figure 3. Example of contact resistance for an 84 electrode system.

Each electrode is connected to a takeout on the multi-electrode cable (Fig. 4). The connection
must be sufficiently tight to ensure good electrical contact between the electrode and the cable.
The cables are connected to a switching box (Fig. 2) which controls which two electrodes
provide the current and which two electrodes measure the voltage. The console (Fig. 2) controls

Figure 4. Multi-electrode laid along profile (left) and electrode connected to cable (right). 4



the order of switching the electrodes so that all combinations of electrodes are used for a given
array.

Figure 5 is a schematic showing the different combinations of current and voltage electrodes for
a dipole-dipole array with n values from 1 to 8. The "a" spacing between the current and voltage
electrodes takes on all possible values of a, 2a, 3a, etc., where “a” is the electrode spacing until
the maximum separation is reached for the number of electrodes in the array. For example for 84
electrodes with an electrode spacing of 5 m, a =5, 10, 15, 20, 25, 30, 35, 40, etc., although not
all of the n =1, etc., 8 values can be obtained for the larger values of “a” since the total length of
the array is 415 m. Figure 6 is an example of a dipole-dipole apparent resistivity pseudosection.
Note that for large “a” values (i.e., effective depth since larger values of a spacing penetrate
deeper into the sub-surface - see Kearey and Brooks, 1984) there are fewer measurement points
as expected.

Dipole-dipole (n =1 ... 8)
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Figure5. Example of current and voltage electrode locations for dipole array.

Figure 6. Example of a resistivity pseudosection for a dipole-dipole array.



LOCATION AND REGIONAL SETTING
The locations of the 9 case studies are shown in Figures 7 and 8 (overlain on terrane and geology

maps respectively). Table 1 lists the case study targets and identifies the deposit type, NTS sheet,
and main metals.

Figure 7. Locations of the 9 case studies overlain on the Yukon terrane map. 6



Figure 8. Locations of the 9 case studies overlain on the Yukon regional geology map.



Table 1. Case study deposits.

CASE MAIN
STUDY NAME DEPOSIT TYPE METALS NTS SHEET
OXIDE GOLD /PORPHYRY,
CS-1 BREWERY CREEK SHEETED VEIN Au 116B/01
CS-2 DUBLIN GULCH PORPHYRY GOLD Au 106D/04
CS-3 FLAME/MOTH SEDIMENTARY Pb, Zn, Ag Pb, Zn, Ag 105M/14
NARROW GOLD
CS-4 KLAZA STRUCTURE / VEIN Au, Ag 1151/03
BRECCIA
NARROW GOLD
CS-5 CHARLOTTE STRUCTURE / VOCANIC Au 1151/03
ASSOCIATED
OXIDE GOLD / VEIN
CS-6 COFFEE BRECCIA Au 115J/14
CS-7 VG ZONE WHITE STYLE Au 1150/05
CS-8 GOLDEN SADDLE WHITE STYLE Au 1150/03
CS-9 WILLIAMS CREEK PORPHYRY Cu, Au 1151/07

Brewery Creek (CS-1), Dublin Gulch (CS-2), and Flame/Moth (CS-3) are east of the Tintina
fault and lie within the Selwyn basin. The other case study targets are located west of the Tintina
fault and lie within the Yukon Tanana terrane, a pericratonic sequence that extends from
northern British Columbia, through Yukon, and into southern Alaska (Colpron et al., 2006;
Wainwright et al., 2011). The Yukon Tanana terrane consists of Paleozoic schist and gneiss that
were deformed and metamorphosed in the late Paleozoic, and intruded by several suites of
Mesozoic intrusions that range in age from Jurassic to Eocene (Mortensen, 1992; Colpron et al.,
2006). From Late Permian to Early Jurassic, the rocks were tectonically stacked along foliation-
parallel thrust faults (Mortensen, 1992; Berman et al., 2007).

OVERVIEW OF RESISTIVITY/IP ARRAYS AND PROCEDURES

An Advanced Geosciences Inc. (AGI) Supersting multi-electrode resistivity/IP system with 84
electrodes was used to collect the resistivity and induced polarization (IP) data (Appendix A).
The electrode spacing was fixed at 5 m for this case study, providing a spread length of 83 x 5 =
415 m. Most lines were short enough so that only a single spread length was necessary. Those
lines longer than a spread length were obtained using the roll-along option of the Supersting
System (Appendix A).

The current (I) and voltage (V) are measured for each electrode pair and are converted to an
apparent resistivity (pa) using the following formulas (Sumner, 1976).



Dipole-dipole
pa =1 (V/I) n(n+1)(n+2)a

Pole-dipole
pa =7 (V/I)n(n+1)a

Schlumberger (inverse Schlumberger)
pa=n (V/I) n(n+1)a

Wenner
pa=2m (V/l)a

where V is the measured voltage (volts), I is the injected current (amperes), and a is the spacing
between the electrodes and is a multiple of the 5 m electrode spacing (5, 10, 15 m, etc.). The
apparent resistivity computed from the above equations equals the actual resistivity of the
subsurface only for the case of a homogenous earth.

The Schlumberger array used with multi-electrode systems like the AGI system is the Wenner-
Schlumberger array shown in Figure 1. The inverse Schlumberger array has the same
configuration but the voltage and current electrodes are interchanged (Fig. 1 and Appendix B).
The strong gradient array is a special array designed by AGI and combines the standard gradient
array with the Wenner-Schlumberger array. The gradient array uses a short, fixed electrode
spacing to measure the voltage within the central portion between the two current electrodes
which are placed a significant distance apart (i.e., "infinity" similar to the traditional pole-dipole
array). The strong gradient array places the current electrodes much closer to the voltage
electrodes, hence the name strong gradient. The dipole-dipole enhanced array, enhanced pole-
dipole array, and the modified inverse Schlumberger array are discussed in Appendix B.

The resistivity data are presented as an apparent resistivity pseudosection (Fig. 6). If the
subsurface is not a simple homogenous layer then the apparent resistivity must be determined
from inversion of a forward model. The forward model can be a 1D, 2D or 3D forward model. If
the subsurface geology consists of slowly varying layering then a one dimensional model may be
appropriate. However subsurface geology is usually more complex so two or three-dimensional
inversion programs are normally used. Generally two-dimensional inversion programs are used
because 1) 3D data collection is time-consuming and expensive, and 2) most surveys collect a
number of 2D profiles with lines placed as close to perpendicular to the known strike as possible
in order to keep the interpretation as close to 2D as possible.

The Supersting system can measure the induced polarization and apparent resistivity at the same
time. The unit of induced polarization measured by the Supersting is chargeability (M) with units
of mV/V or ms. Chargeability is a measure of the integrated decay voltage as shown in Figure 9
(Sumner, 1976) and is computed from integrating the voltage decay curve after the current is
turned off.

M=1/V, [ V(t) dt (integrated from t; to t,)



The voltage V,, is the voltage used in the equations given earlier for the apparent resistivity and is
the voltage just before the current is turned off.

Figure 9. Schematic of IP decay parameters (from Sumner, 1976).

The Supersting collects the IP data in 6 time windows starting from time zero and spaced
logarithmically. The six voltages (or subset of them) are averaged and divided by the initial (time
zero) voltage V to provide the chargeability. The voltages in the 6 time windows are stored so
the user can determine which ones to use during further processing. At least 4 of the voltages
must be used in order to produce statistically meaningful chargeability values. The IP data are
plotted as an IP pseudosection, similar to resistivity pseudosections. Inversion using a forward
model (Sumner, 1976) must be carried out in order to obtain the sub-surface chargeability
distribution, similar to the process carried out for resistivity inversion.

Table 2 lists which electrode arrays were used for each of the case study targets. At the first
target, Brewery Creek, signal-to-noise levels were checked using a dipole-dipole array on line
EW for a generator source and a battery source. The conclusion was that a battery source
produced less noise than a generator source. Consequently a battery source was subsequently
used for the entire study. Standard arrays (dipole-dipole, pole-dipole, and inverse Schlumberger,
Wenner), along with the enhanced dipole-dipole array, the strong gradient array developed by
AGI, the enhanced pole-pole array, and the enhanced pole-dipole and inverse Schlumberger
arrays (appendix B) were used depending on the particular case study.

Minimal line cutting was needed for the AGI Supersting system since the multi-element cable is
lightweight and requires little effort to move it in the field (Figure 4). The cable is segregated
into 6 sections, each with 14 electrodes to make up the 84 electrode system. Three sections are
placed behind the console and 3 are placed in front of the console, making the console the center
point of the spread. When a line requires roll-along either one or three of the back sections are
moved to the front and the console is moved to the new center position. In most instances it only
takes a few hours to get a single spread ready for data acquisition. Soaking the electrodes to
reduce the contact resistance and ensuring they are properly connected to the cable takeouts
requires the most time. Once all of the electrodes are connected and soaked it takes several hours
per array type to collect all combinations of current and voltage electrodes for a single spread. A
significant amount of the time is for averaging the voltage signal to improve signal-to-noise. The
same spread however can be used for multiple array types without making any physical changes
to the cable layout.
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Table 2. Array type used over each case study target.

TARGET PROJECT LINE DD DDx ISCH ISCHx PD SG WENNER
BREWERY
CS-1 CREEK 0-Gen X
0-Bat X X
100 X X X
DUBLIN
CS-2 GULCH 35 X X X
50 X X X
CS-3 FLAME/MOTH 102 X X
CS-4 KLAZA 10-50 X X X
10-600 X X X
CS-5 CHARLOTTE 50 X X X X X
200 X X
CS-6 COFFEE Latte X x(2)
Supremo X X(2)
CS-7 VG ZONE 03 X X X X
GOLDEN
CS-8 SADDLE 01 X X x(3)
WILLIAMS
CS-9 CREEK 01 X X X X

0-Gen = line 0 with generator source, 0-Bat = line 0 with battery source, All other lines used
battery source. The x after the array type means the enhanced version (DD dipole-dipole, ISCH
inverse Schlumberger, PD pole-dipole, SG strong gradient, WEN = Wenner).

DATA PROCESSION AND INVERSION

Once the data are collected they can be transferred to the AGI EarthImager software (or any
other standard 2D resistivity/IP inversion program such as res2dInv, Loke and Barker 1996a,b).
These programs provide editing options to remove noisy or unwanted data points before
inverting the 2D apparent resistivity data. The Earthimager two-dimensional (2D) inversion
software computes the best fit 2D electrical model of the subsurface to the apparent resistivity
data using an iterative process for a given trial. Each trial allows the user to remove a certain
amount of noisy data from the resistivity and/or chargeability data. The root mean square (RMS )
error is computed after each iteration and the iterations continues until the maximum number of
iterations selected is reached or the RMS error is less than the value set by the user. Once the
best fit resistivity model has been computed a one iteration inversion of the apparent IP data is
carried out to produce a best fit two-dimensional IP model of the subsurface. If no IP data were
collected the Earthimager software only carries out resistivity inversion.
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There are more details in the Earthimager operating manual on how the software works for those
who are interested. In addition the following references provide additional information on the
algorithms used to carry out 2D resistivity/IP forward and inverse modelling: Constable et al.,
1987; Dey and Morrison, 1979; Loke and Barker, 1996a,b; Oldenburg and Li, 1994; Stummer et
al., 2004; Wannamaker, 1992; and Ward, 1990a,b,c.

The final resistivity and chargeability inversions were output as xyz files so they could be
manipulated using Geosoft, thus allowing more control over the use of colour bars and other
parameters. The final Geosoft plots were output as jpeg bit map files so that drillhole and
geological information could easily be placed as an overlay using Coral Draw.

Once the final best fit resistivity and IP models are obtained the 2D resistivity and IP cross
sections can be interpreted in terms of geological models of the earth. This requires knowledge
of the relationship between resistivity, chargeability, and geology (rocks and minerals). Although
the model assumes the geology is two-dimensional there may be 3D effects as well. This process
of interpreting the data in terms of realistic geological models is when the input from a
knowledgeable interpreter is required.

The final plots produced for each case study are 1) plots of resistivity and chargeability (paired
plots) labelled with case study name, array type, and any other additional information required
but without any interpretation and 2) plots of resistivity (chargeability) with borehole
information (geology and mineralization) plus a section beneath the image for comments on
interpretation.

PRESENTATION OF CASE STUDY SURVEYS

The final data for each case study is presented in the following sections. Each case study section
explains the geological setting, geophysical data acquisition, and the geophysical results. In
addition a plan map showing the surface geology and the location of the geophysical line(s) is
included. Paired plots of inverted resistivity and IP are provided for every array used (line by line
- see Table 2) for each case study as well as a selection of individual plots of inverted resistivity
(or IP) with drillhole and geology information. Only a subset of these sections are included
because the paired plots contain all the inverted geophysical sections. The reader can therefore
use the paired plots, along with these sections, to extrapolate to other paired plot arrays not
presented with drillhole information.
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CS-1 BREWERY CREEK
Final Inversions and Interpretation
Geological setting

The Brewery Creek project is located off the Dempster Highway approximately 60 km east of
Dawson City. It is situated on the western edge of the epicratonic Selwyn basin, just north of the
Tintina fault. Selwyn basin stratigraphy, described by Gordey and Makepeace (2003) and
Gustavson Associates (2013), consists of late Proterozoic to Paleozoic marginal basinal and
platformal clastic and pelitic sediments derived from the North American Craton. On the
Brewery Creek property, calcareous phyllite of the Rabbitkettle Formation (Cambrian-
Ordovician) are overlain by Road River Group volcanic rocks (Ordovician-Silurian), which in
turn are overlain by siliciclastic rocks of the Earn Group (Lower Devonian). These rocks are
imbricated by a series of NNE-directed thrust faults, and intruded by Cretaceous monzonite to
quartz monzonite thrust-parallel sills and younger discordant stocks of the Tombstone plutonic
suite.

The majority of the gold mineralization at the Brewery Creek project is hosted within sills of the
Tombstone plutonic suite, with lower-grade mineralization in the younger stocks. The high
resolution resistivity and IP survey was carried out over the Bohemian-Schooner zone at the
eastern end of the property where a monzonite sill complex intrudes a section of siltstone and
carbonaceous argillite (Figure CS1-1). Gold mineralization at Bohemian/Schooner occurs
primarily in clay-altered quartz monzonite sills and subordinately in adjacent siltstone in the
footwall of the sill. It occurs most commonly in association with strong argillic altered and
locally silicified quartz monzonite plutons (Gustavson Associates, 2013).

Geophysical survey

Line CS1-LS-0 has lengths of 485 m for the dipole-dipole array and 415 m for the inverse
Schlumberger array. Line CS1-100N is 415 m in length for all arrays. Data were collected twice
for the dipole-dipole array along line CS1-LS-0 since this was the first line of the entire case
study: once using the AGI generator and once using battery power. The battery proved to be
more stable and provided data with a higher signal-to-noise ratio than the generator.
Consequently data for all case studies were collected using battery power for the transmitter. The
surface geology of the Brewery Creek survey, locations of the two lines, and a photo of the area
are shown in the figures below. The next set of figures are plots of the final inverted resistivity
and IP for both lines, dipole-dipole and inverse Schlumberger arrays for line CS1-LS-0 and
dipole-dipole, inverse Schlumberger and strong gradient for line CS1-100N. In general the data
for Brewery Creek has a reasonable signal-to-noise ratio. The average RMS error of fit is
approximately 6% which is quite good.

Geophysical interpretation

The figures below provide borehole geology and mineralization overlain on selected inverted
resistivity and IP sections for the two lines. Not all arrays are provided; however the reader can
use the paired plots if they wish to investigate other arrays.
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Dipole-dipole inversion of resistivity and chargeability with borehole geology and mineralization
overlain are shown below for line CS1-100N. The black curve is an example showing one
location of the contact between the monzonite sill and sediments using the inverted resistivity.
Note the contact does not appear to be as well defined in the IP section. The mineralization is
located at the monzonite-sediment contact. The low resistivity zones are associated with the
sediments and the higher values (not at the surface where there is permafrost) are associated with
the monzonite sills. Similar results, although more diffuse, can be seen on the inverse
Schlumberger and strong gradient inverted resistivity and IP sections.

Inversion results for dipole-dipole resistivity and inverse Schlumberger resistivity and IP with
borehole geology and mineralization overlain for line CS1-100N are given below. The top of the
monzonite sill shows up clearly on both the dipole-dipole and inverse Schlumberger resistivity
sections, although there is an area at hole BC12-423 where the inverse Schlumberger matches
the borehole geology and mineralization better. The dipole-dipole resistivity section has a large
low resistivity zone where one might expect monzonite based on the drilling results (near the
west end). The inverse Schlumberger and dipole-dipole IP sections are significantly different
from each other and neither one match borehole chargeability data. There is more detail in the
dipole-dipole section near the west end but that may be artifacts.
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Figure CS1-1. Location of geophysical survey lines and surface geology for Brewery Creek.
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Figure CS1-2. Survey Location at CS-1, Brewery Creek Property.

Figure CS1-3. Crew examining Graphitic Argillite at Brewery Creek Property.
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PAIRED PLOTS
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INTERPRETATION
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CS-2 DUBLIN GULCH
Final Inversions and Interpretation
Geological setting

The Dublin Gulch Eagle property is located in the northwestern Selwyn basin, approximately 50
km north of the village of Mayo. The region is underlain by deformed Upper Proterozoic to
Lower Cambrian clastic rocks of the Hyland Group and intruded by a linear belt of middle
Cretaceous intrusions comprising the Tombstone plutonic suite (Maloof et al., 2001). The Dublin
Gulch intrusion is part of this suite and consists of medium-grained granodiorite cut by minor
late dikes. The Eagle zone is located in the southwestern part of the Dublin Gulch intrusion (see
Fig. CS2-1). Gold occurs in a series of east-striking, steeply south-dipping sheeted veins that
occur primarily within the intrusion but locally extend into the adjacent metasedimentary country
rock. The veins consist of early quartz-scheelite-pyrrhotite-pyrite-arsenopyrite, and are
associated with K-feldspar-albite alteration envelopes. These grade out to and are overprinted by
sericite-carbonate-chlorite alteration. The same assemblage also occurs in veinlets that refracture
sheeted quartz veins and contain the majority of the gold.

Geophysical survey

Two lines of HRRIP data were collected for the Dublin Gulch case study along Lines S35 and
S50 (location map and photo below) with a length of 415 m, i.e., a single spread length. The
RMS error for the strong gradient arrays was 25.4% and 32.4% for lines S35 and S50
respectively. Line 50 was noisy on all three arrays (dipole-dipole extended, inverse
Schlumberger and strong gradient) with the lowest RMS error of fit equal to 9.2 % for the
dipole-dipole extended array. The inverse Schlumberger and dipole-dipole extended arrays for
Line S35 however had RMS errors of fit less than 3.5%. The ground was very rough and
contained rubble piles making it difficult to plant electrodes; consequently the contact resistance
was high. The paired plots of resistivity and chargeability for most of the arrays on lines S35 and
S50 are presented after the location map.

Geophysical interpretation

The figures below provide borehole geology and mineralization overlain on selected inverted
resistivity and IP sections for the two lines. Not all arrays are provided; however the reader can
use the paired plots if they wish to investigate other arrays.

The inverse Schlumberger interpreted resistivity and IP sections on line S35 are shown below.
There is a resistivity low and a chargeability associated with the upper zone of mineralization
near the centre of the section. The black lines outline the zones of mineralization within the
section, although the majority of the mineralization occurs in the central part of the section. The
drilling indicates that most of the mineralization is located deeper than the exploration depth of
the HRRIP system. However the upper middle mineralized zone does correlate with the HHRIP
inversions thus providing a drill target that would have intersect this zone. Individual fractures
cannot be observed on the inversions but the low resistivity/high chargeability zone is likely the
bulk effect of many fractures containing pyrite arsenopyrite and pyrrhotite. The dipole-dipole
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extended array has high chargeability at both places outlined in black; however the resistivity
section has lows in the same areas but not as well defined.

The interpreted inverse Schlumberger inverse resistivity array and the interpreted strong gradient
chargeability array for line S50 are given below. The mineralization only occurs in the centre of
the section on this lime and again only the upper zone has been mapped with the HRRIP system.
The upper mineralized zone is at the contact between low and high resistivity values for the
inverse Schlumberger and strong gradient arrays but the dipole-dipole extended array has a
resistivity low at the same place. The strong gradient and inverse Schlumberger arrays have a
chargeability high associated with the upper mineralized zone but the dipole-dipole extended
array has a chargeability low.
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Figure CS2-1. Location of geophysical survey lines and surface geology for Eagle Deposit.
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Figure CS2-2. Survey Landscape at CS-2