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AMEROK GEOSCIENCES LTD.

SUMMARY

The Summit Creek Property consists of 11 placer claims staked on the lower end of
Summit Creek in the Livingstone Creek area, Whitehorse Mining District, Yukon.
Summit Creek is.a historical placer gold creek whose upper reaches have been
mined since 1900. The lower end covered by the claims has not been extensively
explored. A program of line cutting, seismic refraction surveys, road repair, road
building and excavator trenching was conducted on the Summit Creek Property to
evaluate the potential of the property to host significant placer gold deposits.

The line cutting consisted of installing a central base line and turning a series of
seismic lines from the base line. The seismic lines were cut 1.5 m wide, transverse
to the mean drainage direction. Only three of these lines were surveyed because of
instrument problems.

The refraction seismic survey was conducted with a 24 channel seismograph using
phones spaced at 5 m and shots spaced at 60 m. Five shots were fired per spread.
These consisted of explosive charges, placed on surface and electrically initiated,
fired 60 m off the ends of the line (2 shots), 5 m off the ends of the lines (2 shots)
and 1 shot at mid-spread. The data was of poor quality due to rain noise and a low
water table. The seismic data was interpreted using a delay time method and
yielded depths to bedrock varying from 15 to 30 m along the three lines. Overburden
along the creek had been drained and displayed a low seismic velocity.

Following the seismic survey, the washed out access road was repaired and
extended north and downstream to the end of the claim block. Thereafter, 17
excavator pits dug to depths of 6 to 7 m were sited at points near the seismic lines.
These uncovered glaciofiuvial gravels and glaciolacustrine sands which are known
to cap auriferous gravels further up Summit Creek. The results of the excavator
trenching and seismic survey program when considered in the light of the available
placer geology suggest that auriferous placers are present in the section of the creek
covered by the Summit Creek Property.
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1.0 INTRODUCTION

Amerok Geosciences Ltd. was retained by Michel Bertrand to conduct seismic
refraction surveys on a series of placer claims on Summit Creek (Summit Creek
Property). A total of 360 m were surveyed on three lines between August 19 to 21,
2000. The surveys were conducted to map bedrock topography in order to locate
potential placer gold deposits. Following the seismic survey, a trenching and road
building program was conducted on the property. This report describes the seismic
surveys, road building and trenching work performed, the data derived from this
work and the results.

2.0 LOCATION AND ACCESS

The Summit Creek Property is centred at 61°21'N, 134° 21'W, approximately 2 km
east of the Livingstone Airstrip on the South Big Salmon River. The property is
located approximately 80 km northeast of Whitehorse (Figure 1). It is accessible by
fixed wing aircraft from Whitehorse using the 1600 m unmanned Livingstone Creek
airstrip. The property is also accessible by winter road from Whitehorse along a
route stretching from Long Lake up the east side of Lake Laberge, thence east
across the Teslin River and Semenof Hills to the old Livingstone Creek townsite.

3.0 PROPERTY

The Summit Creek Property consists of 10 un-surveyed placer claims staked under
the Yukon Placer Mining Act in the Whitehorse Mining District. Claim locations are
shown in Figure 2 and claim information® is summarized below:

AMBER P46688 July 19, 2001
SPIRIT 1-7 P46970 - P46977 July 19, 2001
STEVEN P46636 April 6, 2001

SUE P46687 April 16, 2001

4.0 PHYSIOLOGY AND PLACER GEOLOGY

The physiology and placer geology of the Livingstone Creek area has been

*Claim information provided by the Whitehorse Mining Recorder on December 18, 2000.

Summit Creek seismic survey report - page 1
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described by McConnell (1901), Bostock (1931), Levson (1992) and Gordey and
Makepiece (2000). The property is on the western boundary of the Big Salmon
Range of the Pelly Mountains at elevations ranging from 900 to 1200 m. The Big
Salmon Ranges, east of the property rise from a dissected plateau with base level of
1400 m to craggy cirques at elevations of up to 2000 m approximately 15 km east of
the property. Drainages generally flow west although they are locally diverted to the
north, possibly by bedrock structures.

The property area is subject to continental climatic conditions with short,
occasionally damp summers from June through September and cold, dry winters
from October through April. Temperatures range from 15° C during the summer
period of mid-June through mid-August to -40° C during the coldest months of
winter.

The Summit Creek Property is located in the Yukon Tanana Terrane of the northern
Cordillera. The area drained by Summit Creek is underlain by a Proterozoic through
Paleozoic assemblage of metamorphosed mafic to ultramafic rocks. M. Colpron
(2000, pers comm.) states that the assemblage on the lower end of Livingstone
Creek contains metamorphosed clastic sediments (phyllite and quartzite) as well as
marbles and calcareous rocks. Rock strike predominantly north-northwest in the
area of the property. The assemblage is bounded by the Big Salmon Fault in the
lowlands of the Big Salmon River. This fault is mapped 1200 m west of the Summit
Creek Property and strikes north-northwest, running along the front of the plateau
containing the Big Salmon Range.

The major gold bearing creeks in the district including Livingstone, Summit and
Lake creeks drain east from headwaters in the plateau through broad U-shaped
valleys down to narrow (20 to 50 m) rock walled canyons and turn sharply to the
north upon reaching a linear depression running along the eastern side of the valley
containing the Big Salmon River. This depression is bounded on the west by hills up
to 50 m high, on the east by the rising hills of the plateau and the trough extends for
6 km from Livingstone Creek in the south to Lake Creek in the North. The linear
depression is parallel to the Big Salmon Fault, and to the general strike of
stratigraphy in the area; it appears to be a bedrock-controlled feature.

There are several theories concerning the origin and preservation of placer deposits
in the Livingstone Creek area. Gold appears to be derived from mesothermal quartz
veins within nearby schists and phyllites. Auriferous placer deposits occur in coarse
interglacial gravels preserved beneath fine grained glaciolacustrine deposits. The
pay gravels contain boulders of local rock and granite, are poorly sorted, subangular
to subrounded, and are reportedly iron stained in many localities (Bostock, 1931).
Levson (1992) points out that thick sediments derived from ice marginal lakes
blanket the placer deposits and likely assisted in preserving them. McConnell
(1901) asserts that the orientation of the gold-bearing drainages transverse to the
mean direction of local ice flow may also have played a part in the preservation of

Summit Creek seismic survey report - page 2
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placer deposits in the area.

In summary, auriferous placer deposits in the Livingstone Creek area are found in
coarse, commonly iron stained gravels on bedrock within the active stream beds and
on benches marginal to the present drainages. The placer deposits are preserved
beneath a sequence of sands, silts, gravel and lesser clay, locally up to 60 m thick.
Individual pay streaks are in the order of 3 to 5 m thick and 10 to 20 m wide.

5.0 SURVEY GRID

The location of the seismic survey grid is shown in Figure 3. Lines were turned at
right angles from a central base line coincident with the claim location line. The
base line was picketed at 25 m intervals and the survey lines were marked at 10 m
intervals. The lines were cut 1.5 m wide and the stations were straight chained and
not slope corrected. ‘

6.0 PERSONNEL AND EQUIPMENT

The seismic survey was conducted by a two man crew consisting of the following
personnel;

Mike Power Geophysicist
Michel Bertrand Helper

They were equipped with the following instruments and equipment:

Instruments: 1 -Strataview 24 Channel digital engineering
seismograph.

Data processing: 486DX66 or better laptop computer, colour printer.
Other: Radios, blasting cables, explosives, spare parts, tools

The geophysical crew spent a total of 2.5 man-days on the property. The
geophysical survey log is attached as Appendix B. Access to the survey area was
on foot as the main road to Summit Creek had been washed out by diversion of the
creek down a dry re-entrant. This was the result of heavy rains prior to and
throughout the period of the survey. This problem together with a persistent
instrument start-up malfunction severely limited production.

Summit Creek seismic survey report - page 3



535,000E

6,602,000N

29.8°

NOOOZ09'9

Grid Baseline
Claim Boundary
Seismic Line
Test Pit

0
s ™= e ™

535,000

250

metres
Scale: 1:10,000

MICHEL BERTRAND

SUMMIT CREEK PROPERTY

NTS: 105 Ei |Datum: NAD27

GRID AND EXCAVATION
LOCATION MAP

FIGURE 3.

Mining District: Whitehorse

Job: 00-06|Date: 18 Dec 00

AMEROK
GEOSCIENCES LTD.




AMEROK GEOSCIENCES LTD.

7.0 SURVEY SPECIFICATIONS

The seismic surveys were conducted according to the following specifications:

Phone spacing: 5m

No. of channels: 24 (total spread length 115 m)

Shot locations: 2 shots at least 60 m off either end of each spread |
2 shots at either end of the spread
1 shot at mid-spread ~

Shots: 2 to 8 sticks of Forcite or Geogel initiated with seismic
grade electrical caps (seismocaps).

Acquisition: 256 ms record length / sampled at 0.125 ms / hi-cut filter:
500 Hz ’
Topography: Topography along the line was surveyed in with a

clinometer. Line elevations (datums) were interpolated
from topographic maps.

8.0 SEISMIC THEORY

The theory behind the seismic refraction method is summarized in Sheriff and
Geldart (1995) and Telford et. al. (1990). This section summarizes the basic theory
underlying the seismic refraction method as applied in placer exploration and
describes the methods used to interpret the data.

8.1 Basic theory

Seismic waves are mechanical perturbations, transmitted by compressing or
shearing a medium as the wave passes through it. The elastic strain response of a
solid body to stress is governed by Lame’s Constants A and p. A is the strain
response perpendicular to applied compressional force and is termed the fluid
incompressibility. In effect it is the amount of elastic “lateral bulge” per unit volume
when a mass is compressed. p is the shear modulus or resistance to shearing that
the medium possess. Any solid or semi-solid has a measurable shear modulus; a
liquid does not as it cannot store elastic energy when sheared. The shear modulus
of a rigid rock would be high whereas that of compacted clay would be small.

Seismic wéve propagate through a medium in one of two ways, shown in Figure RS-

1 (a). Straightforward compression of the medium, similar to the generation of a
sound wave, is termed a P-wave because it is the primary or first arrival in an

Summit Creek seismic survey report - page 4
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earthquake or seismic record. A second wave is generated in response to stress
transverse to the propagation direction of the seismic wave; this is similar to the
wave on a string and is termed the S-wave as it is the secondary arrival in the
seismic wave train recorded in an earthquake record. The velocity of the P-wave is
governed by:

A+2u
o

V =

p

(1)

where p is the density of the rock and the other variables are defined as above. The
S-wave velocity is:

Ve=4~= (2)

In water or air, the P-wave velocity reduces to:

A
Al 3)

Seismic refraction methods rely upon measuring and analyzing the first P-wave
arrivals. It is apparent from the above relations that the velocity of a seismic wave
decreases with increasing rock density but in practice, the increase in A or p is much
greater as density increases and consequently, seismic velocity tends to increase
with density. The range of P-wave velocities commonly encountered in placer
seismic refraction work is summarized in Table Il. P-waves are the fastest and
strongest waves measured by conventional seismic instruments and the remainder
of this discussion will focus exclusively on their properties.

Seismic waves radiate away from a point source in all directions creating spherical
wave fronts traveling through the medium. Huygen’s Principle states that any point
on a wave front is a point source for succeeding waves. The interference of these
waves at any later time defines the new position of the moving wave front. Itis
useful to simplify a consideration of seismic wave motion by examining a ray path
rather than the whole wave. Both the ray and wave obey the same physical laws but
they are easier to visualize if the raypath is considered first. The wave front is
nothing more than the sum of the possible ray paths.

Seismic waves are both reflected and refracted at the boundary between media with
different seismic velocities. As shown in Figure RS-1(b), a portion of the seismic
energy will reflect back towards the source and the residual will be transmitted
through the boundary and be refracted upon entry into the second medium. For
reflection, the angle of incidence - the angle between the incident ray and a normal

Summit Creek seismic survey report - page 5
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to the reflecting surface - equals the angle of reflection. Refraction is governed by
Snell’'s Law:

sinﬁi sin tgf
= 4)
\2 Vv,

1

If the velocity in the lower medium is faster than that of the upper medium 6,> 9, and
the ray will bend towards the velocity boundary. If the velocity in the lower medium

is slower than that of the upper medium 6;< 6, and the ray will bend away from the
velocity boundary.

Table Il. P-wave velocities of common rocks and sediments
(after Sheriff and Geldart (1995))

Air 330
Water 1550
Gravel or sand 1600 - 1900
(water saturated)

Gravel or sand 500 - 1500
(dry)

Ice or permafrost 3500
Granite 4000 - 5500
Gabbro 5000 - 7000
Shale or schist 2000 - 5000

8.2 Seismic refraction surveys

Seismic survey methods involve placing vertical component microphones
(geophones) with centre frequencies in the order of 10 Hz to 100 Hz in the ground
and recording the arrivals of seismic waves after applying a shock to the ground
using an energy source. For placer work, energy sources consist of small explosive
charges at surface, 12 gauge shotgun slugs, rifle bullets, dropped weights or sledge
hammer blows. The geophones are uniformly spaced at from 2 to 5 m depending
upon the resolution required and are strung in line down the seismic survey line. In
placer exploration surveys, the seismic lines are cut so as to cross the long axis of
the stream bed and the geophone array is thus run across the stream channel to
yield a profile of the stream channel once the data is interpreted. A triggeris
connected from the energy source or its initiator back to the seismograph to start the

Summit Creek seismic survey report - page 6
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seismograph when the energy is released. The trigger can be a switch which is
momentarily opened and closed (hammer switch), a pulse from a blasting box or the
simple breaking of a circuit if a wire is wrapped around explosives.

The seismic energy travels through the earth via a number of paths. In Figure RS-
2(a) we consider the simple case of flat bedrock beneath overburden. A direct wave
travels from the energy source directly through the low velocity near surface
material. Near the energy source, this is the first wave to arrive. At greater
distances, refracted waves are the first arrivals.

At a distance from the source termed the critical distance, the angle of refraction
becomes 90° and the refracted energy travels along the bedrock interface,
generating upward traveling return waves as it skims along bedrock. The refracted
wave will travel along bedrock at the faster velocity of bedrock and at a distance
termed the cross-over distance, the first wave to reach the geophone will be the
refracted rather than the direct wave. The refracted waves which travel into the
lower medium in turn may be critically refracted along higher velocity boundaries in
bedrock and also return to the surface although they will be refracted at the bedrock
boundary on their return journey.

Seismic refraction data is collected by putting energy into the ground at a number of
“shot points” while keeping the geophone array fixed. It is fairly common practice in
seismic refraction work to take 5 shots: 2 at a considerable distance from either end
of the geophone array, 2 at either end of the geophone array and 1 in the middle of
the array. The shot pattern is sketched in Figure RS-2(b). Following or prior to the
survey it is important to survey in the relative elevations of the geophones and the
shot points in order to correct the data for surface elevation changes. If not
corrected, these will appear as bedrock topography in the final interpreted section.

Seismic refraction data is processed and plotted in a very simple manner. The shot
record or seismogram from each shot is examined to determine when the first
energy was received at each geophone. This first deflection (first break) is timed
and plotted in a graph of arrival time (vertically) versus distance (horizontally) (Figure
RS-2(c)). The break in slope along the T-X curve indicates the cross over distance
where the refracted energy overtook the direct wave energy to become the first
arrival. Knowing the geometry of the geophone array and shot point, it is possible to
analyze the graph and determine the velocity of the gravel and bedrock and from
that, determine the depth to bedrock. In the simple case of a flat bedrock surface
and overburden with a single velocity (V,) slower than bedrock (V,) , the velocities of
the bedrock and overburden are the reciprocals of the slopes of the lines along the
refracted and direct wave arrivals respectively. The equation of the line connecting
the refracted arrivals is:

X
I =—+I, (5)
V2
where t. is the intercept time and x is the distance from the energy source. The
velocities of the overburden and bedrock can be used to determine the critical angle:

Summit Creek seismic survey report - page 7
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.Y
. = arcsin— (6)
V2
and this angle can be used to calculate the depth to bedrock from the known
velocities and the intercept time:

21
Z=———
2cosd,

(7)

This method works only on the very simplest case of flat bedrock beneath
homogeneous overburden. Seismic refraction interpretation methods must account
for several velocity layers (eg. dry overburden, wet overburden, bedrock) and be
able to map irregular boundaries. A following section describes delay time methods
commonly used to deal with these circumstances. '

8.3 Sources of error

Seismic refraction surveys are prone to several sources of error. The first class of
problems are directly related to acquisition problems and the second concern
violation of the underlying assumptions behind the interpretation of refraction data.

Sources of error in acquisition include poor elevation surveys, timing errors (either
shot or geophone), static errors and phase shifts. The requirement for elevation
surveys was discussed above. Small near surface elevation errors can translate into
large bedrock topography errors because the near surface velocity is very slow -
commonly 1/4 to 1/3 that of the underlying overburden. Thus a one metre error in
near surface elevation can translate into a 3 or 4 metre error in bedrock elevation.

Timing errors occur if there is a delay in initiating an energy source (eg. slow cap) or
if a phone is not properly planted or the first arrival properly identified. A shot timing
error affects all the arrivals from the shot and is sometimes difficult to identify or
discriminate from a geological feature. A timing error for an individual geophone is
generally more easily spotted and corrected.

Sometimes a geophone is planted in particularly slow ground (eg. squirrel’s nest or
duff) and all the arrival times recorded at that geophone from every shot appear to
be slow. These errors are termed static errors and are often visible in the T-X curve
when the arrival at a phone is “pulled up” on every T-X curve.

The final source of error is phase shift or change in shape of the first arriving energy.
The strength and shape of the first arrival will change with offset distance from the
source as different waves at different angles of incidence are recorded as first
arrivals at each geophone. A common error, particularly with a weak energy source,
is to lose a first arrival train and start picking second or third arrivals which are much
clearer and coherent, lower down in the seismic record. These errors, if not
detected, can results in calculated bedrock depths which are too great and

Summit Creek seismic survey report - page 8



ANDENN SSIN EDENN BN HDE BN NI B Bl BN ENEE SRR NN BDE BN BRI EDEN ENEN B

(a) Variation in top layer velocity

Actual section

.....................................................
...............
______

ooooooo P e e r T T L P L e e P e T T EOEOE T e e v ¢ v
oooooooooo . LR A I I N R I TR R B R S A

*
* gan * e ¢ * * e+ o o o * & o o O ¢+ ° © © ¢+ O o+ o o o
.’ . Bedrock (V=5000m/s) ," .. v e 0 000 W " A A A AT PR Rt

Interpreted section

-
LR A I L I R A 2 T T S IR Y B I I I R L

(b) Velocity inversion

(c) Blind

Figure SR-3.

A\ V11800 s /r_

\ e /

\ V3=1800 m/s /

V4=4500 m/s

layer problem

\\p'i.'
\ V1=1200 m/s /
N\ V2=1600 m/s /
\ V3=2000 m/s /
V4=5000 m/s

Problems with the seismic refraction method.




D € O O D OO DD OO D OO0 O 0D O ) oo oo

(a) Refraction response from dipping bedrock

Overburden (V1=1800 m/s)

Bedrock-updip (slope Vu)

Bedrocy,
-dOWndiP (SIOpe 1 Vd)

~ Overburden (slope 1/v1)
Overburden (slope 1/v1) <~

(b) Effect of refractor relief

(c) Definition of delay time

Figure SR-4. Refraction interpretation.
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topography which is in error.

The second class of errors directly affects the interpretation method. The seismic
refraction method, properly employed and interpreted, will yield depth determinations
accurate to within + 10% provided the following underlying assumptions are valid:

a. The earth consists of several layers with relatively uniform velocity.
b. The velocity of each layer is lower than the velocity of the layer beneath it.
c. The layer boundaries are relatively smooth and continuous.

d. The layers are thick enough to be resolved by the geophone array being
used.

The validity of these assumptions determines the accuracy of the bedrock profile
derived from the refraction data. If the velocity of the overburden varies dramatically
along a seismic line over a distance equal to or less than a spread length, the
interpretation will yield a bedrock surface with relief introduced solely by the varying
overburden velocity (Figure SR-3(a)).

If the overburden contains a low velocity layer, then the refracted wave will bend
downwards and there will be no indication of this refraction in the travel time curve
(Figure SR-3(b)). Instead, the seismic velocity of the overburden will be over-
estimated and the depths to bedrock will be too deep. This situation - termed a
velocity inversion - is common in areas with discontinuous permafrost where thawed
ground may occur below faster frozen ground and bedrock. This is the principle
reason seismic refraction surveys are not recommended in areas affected by
discontinuous permafrost.

A third problem occurs if there is a thin, high velocity layer which is too thin to
produce a discernable response in the travel time curve. The seismic velocity of the
overburden will be underestimated and the calculated depth to bedrock will be too
shallow. This situation could be caused by a thin bed of frozen ground in otherwise
thawed overburden. It is normally the least significant of the three problems.

8.4 Refraction interpretation methods

The simple depth determination method outlined in Section 8.2 is suitable only for a
very preliminary field approximation of depth. Increasingly complex calculations are
required to deal with multiple planar refractors and with refractors of varying dip. It
is worthwhile to consider qualitatively several aspects of refractor responses visible
in the T-X curves.

Figure SR-4(a) shows the response from a single dipping refractor measured with a
single spread and two shots at either end. The portions of the travel time curves
from the uppermost layers have the same slope (1/V,) while the slopes of the T-X
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curves from the refractors differ. The shot placed on the down-dip side of the
refractor (ie. shooting up dip) has a faster apparent velocity (1/V,) than the down-dip
apparent velocity (1/V,). The average of the two velocities is a close approximation
to the true refractor velocity. ‘

So far, this summary has been confined to the refraction response of planar
refractors. Figure SR-4(b) illustrates the effect of an irregular refractor on the T-X
curves. If the refractor contains either a depression or rise, indications of these will
appear in mirror images on the T-X curve. A depression will increase the travel time
in the vicinity of the low and a high will decrease the travel time in the area of a high.
It is useful to qualitatively identify possible refractor relief in order to assess the
results of more formal automated interpretation.

The data described in this report was interpreted using a computerized delay time
method. The theory behind this method is summarized in Telford et. al. (1990),
Sheriff and Geldart (1995) and Scott (1973). The delay time is defined with
reference to Figure SR-4(c), considering the simplest possible case. For a shot at
point A and a geophone at D, the total travel time includes the time to cover sections
AB, BC and CD. Now suppose that the shot point and geophone were moved
vertically down to the first refractor and shot from there. The travel time along EF
would be much faster, traveling with velocity V2 along the refractor. The delay time
is the difference between the travel time along ABCD less the travel time along EF.
Since the transit time along BC is common, the delay time can be calculated from:

(AB EB) (CD CF
0= - + -

=0 +0 8
A AN sz s % ©

where &, and &, are the shot and geophone delay times respectively. For a
horizontal to shallow dipping refractor, the horizontal distance between the shot and
geophone (AD) is the same as EF. The velocities V1 and V2 can be determined
from the reciprocals of the slopes of the T-X curves. Thus it is easy to calculate the
delay time as this will be the observed travel time less the calculated travel time
along the refractor:

0=typ—" (9)

The shot delay time can be calculated for any shot if two or more geophones
recorded the shot. Similarly, the geophone delay time at any phone can be
calcuiated if two or shots are recorded at the geophone. Thus it is easy to solve for
the shot and phone delay times for any reversed spread (ie. a spread where shots
are fired from either side of the geophone.

Scott (1973) describes a computerized application of delay time analysis to seismic
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refraction data. This method has been repackaged for commercial use as the
Rimrock Geophysics SIP (seismic interpretation program) software package and
was used to invert the data collected during this project. The basic steps in the
algorithm are:

1. Operator assigns layers to various segments of the refractor T-X curve (ie.
identify the number of velocity layers and which portions of the travel time
curve are from each segment.)

2. Analyze each segment using least-squares analysis to determine a best-fit
velocity.

3. Correct geophone arrival times and shot times for local static errors and for
elevation above a datum within the top layer. This correction is applied using
the calculated upper layer velocity (V1).

4