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ABSTRACT

A reconnaissance M.T. survey has been done in the Lillooet
Valley (British Columbia) between Pemberton Meadows and Meager Mountain.
A total number of 40 M.T. profiling stations were distributed along
four profiles. Five M.T. sounding stations were recorded at three
different sites along the valley.

Two layers were located in the overburden by the M.T.
results. A first layer with a resistivity of 1000-3000 Qm and a
thickness of 45-65 m corresponds to gravel. The second layer with
a very low resistivity of 2-5 Qm and a thickness of 4-5 m corresponds
to voleanic ash.

The basement has the special characteristic of being
successively anisotropic and isotropic from one site to the next;
the anisotropy principal directions are roughly N.S. and E.W. 1In
the E.W. direction the basement resistivity is quite uniform, in
the order 6f 20,000 Om, while on the N.S. direction this resistivity
could go lower than 100 Qm. This resistivity low might be dqe to
wide zones of subvertical fractures caused by the recent opening of
a N.S. rift system. This system could be responsible for the Garibaldi
linear volcanic-felt. Lastly, fhe results show that the earth's
crust in this area is relatively sha%low; its thickness is on.the
order of 20 km and it rests on an abnormally conductive layer with

a resistivity of 10 Qm which confirms the existence of an intensive

heat source at the crust base.



MAGNETO--TELLURIC (M.T.) RECONNAISSANCE SURVEY IN

THE LILLOOET VALLEY, BRITISH COLUMBIA

1 — INTRODUCTION

As stipulated in a recent agreement between the Department
of Energy, Mines and Resources, Canada and the Mineral Exploration
Research Institute, a reconnaissance magneto-telluric survey was
carried out in the Lillcoet valley (B.C.)between Pemberton Meadows and
Meager Mountain. The survey was done during July 1976 with the purpose
of obtaining information on the rock resistivity distribution both
at surface and at depth relative to any hot water sources and geothermal
flux. Meager Mountain is indeed one of the 32 quaternary volcénoes
of the Garibaldi Volcanic belt aligned approximately in a N.S. direction.
The original program consisted of four primary magneto-
telluric sounding stations and 40 secondary profiling stations
distributed aléng two 2 km profiles running across thé Lillooet
valley.
Lét us recall that magneto-telluric sounding (M.T.S.)
measures variations of the apparent resistivity p,as a function of
the period T (or Y T) in order to get quantitative data on the deptﬁ
and resistivity of the different underground formations.‘ Magneto-
"telluric profiling (M.T.P.) detects the lateral variations of the
'apparent resistivity pa measured at selected discrete periods (or
frequencies); these variations are presented as profile or semi-

)

quantitative cross-section (pseudo-section).



2 - GEOGRAPHICAL LOCATION

In the field we were guided by Dr. L.Law of the Department
of Energy, Mines and Resources, Canada who helped with the selection
of the station sites; however the original program has been slightly
modified due to accessibility problems encountered during profiles
execution. As a result, instead of two profiles with a nominal length
of 2 km we have done four shorter profiles at the three different
sites along the Lillooet valley. In addition to these, five soundings
(instead of four) were done at these three sites. TFigure 1 shows
the geographical location of the sites on a 1 : 250,000 scale map
and Figure 2 shows the same sites on a larger scale ae;ial photograph.
Detail sketches showing the location of the four profiles are presented
in Figures 3, 4 and 5. Table 1 lists the distribution 6f the magneto-
telluric profiling (M.T.P.) stations and the magneto-telluric sounding

(M.T.S.) stations.

TABLE 1
Profiles M.T.P. Stations M.T.S. Stations
P.I 1to5 S.1
P.II 1 to 9 S.2
P.III 1 to 16 S.3 and S.4
P.IV 1 to 10 S.5

This adds up to a total of 40 M.T.P, stations and 5 M.T.S.stations.



3 - INSTRUMENTATTON AND DATA ACQUISITION

3-1 Magneto-telluric profiling (M.T.P.)

The instrument used for M.T. profiling, the "TELMAG 2"
(TELluric-MAGneto~-telluric) has been designed and built at the
Applied Geophysic Laboratory of Ecole Polytechnique de Montreal,
This unit could be used for magneto-telluric profiling as well as
telluric-telluric profiling (Pham Van Ngoc 1975, 1976). It is
made up essentially of two identical "filter-—amplifiers'. Each of
these is housed in a 37x36x15 cm fiberglass case and weighs about
8 kg (see figures 6 and 7). Figure 8 is a block diagram of the
filter—amplifier. The 60 and 180 hz notch filter is used to eliminate
industrial necise coming from power lines. There are four very selective
pass—band filters working in parallel so that the signals at four
different frequencies are measured simultanebusly in four distinct
channels. Moreover each channel can be tuned to three different
frequencies so that a total of 12 frequencies can be analysed; these
frequencies are : 1, 3, 5, 8, 21, 34, 100, 250, 400, 700, 1200 and
2000 hz. Because of this feature the "TELMAG 2", if degired; could
also be used to really produce a "M.T. mini-sounding" in this
frequency span. The pseudo-sinusoidal signals are rectified at the
output of the selective filters and integrated; the average Qoltage is
displayed on a liquid crystal .display digital voltmeter so that the
readings are easily made even in bright sunlight., The signal levels
are controlled by analog meters, any saturation is detected and displayed

by a pilot light and the inﬁegration time is automatically controlled

by four clock signals one for each channel.



During magneto-telluric profiling one of the "filter-
amplifief" of the "TELMAG 2" is connected to the telluric sensor
thle the other one 1s connected to the magnetic sensor. The telluric
sensor is made of two stainless steel electrodes driven directly into
the ground. The magnetic scnsor (CM-15) is an inductive type with a
ferrite core and flux feedback giving a flat response in a wide span
of frequencies : about 50 mV/Y between 5 and 500 hz. The profiling
data does not need any particular processing. For each station at
every given frequency the procedure is simply to take an average of
3 to 4 readings of Fhe values of the telluric and magnetic field and
then to apply Cagniard;s formula to get the apparent resistivity at

that frequency (or period) : : 2

3
= 2 =
pax 0.2 T i H
. y
Pax = apparent resistivity in Om
T = period in seconds
Ex = component of the telluric field in

the Ox direction in mV/km
H: = component of the magnetic field in the Oy
direction (perpendicular to Ox) in gamma.
By convention the value of apparent resistivity obtained according to

this procedure is assigned to the direction of the telluric line.

3-2 Magneto-telluric sounding (M.T.S.)

The magneto-telluric sounding system has been essentially

designed to be entirely mobile either by a small truck or, in remote



access areas, by helicopter; it uses a Tandberg TIR 115 - 4 channel
analog tape recorder with a signal to noise ratio of 48 dB. Figure 9
shows the block diagram of the measuring system. Each channel is made
of a wide band filter ITHACO 4210 with a very high input jmpedance, a
very low noise preamplifier PAR 113 and a 604180 hz notch filter
together with an amplifier connected to the Tandberg recorder. In

the case of M.T. sounding, because of the very wide frequency range

of the signals to be analysed, there are several types of tellurics

and magnetics sensors :

Frequency range Telluric sensors| Magnetics sensors
Flat response

Frequency > lhz Steel electrodes CM.15
(5-500hz )= 50mV/y

Frequency < lhz Non-polarisable CM.9R
electrodes (0.1-50hz)=50mV/Y

(Cusoy) CM.9L

(0.005-1hz)=10mV/Y

As the CM.15, the CM.9R and CM.9L are of the inductive type
with flux feedback but with a mu-metal core. At each station, a
simultaneous recording is made of two horizontal telluric components
Ex an Ey and two horizontal magnetic components Hx and Hy along two.
perpendiéular directions Ox et Oy; this is done so that later the
principal directions and apparent resistivities will be obtained
through tensor processing. A simultaneous recording of the vertical
magnetic component is also made with either Ex and Ey or Hx and Hy

to complete the above information in the case of lateral resistivity

discontinuities.




The analog magnetic recordings are briefly analysed in the
field as a recording quality check. They are later digitized in the
laboratory with anti-aliasing filters and sampling rates appropriate

for the frequency ranges processed.

4 - MTS DATA PROCESSING

Let us recall that the tensor processing of MIS data is
done in order to get tensor impedances Zij along the principal directions
in the case of an electrically anisotropic ground. Of course in the
tabular case, the tensor impedances degenerate into scalar Cagniard
impedances which are independent of the measuring axis directions.
In the general case, the four horizontal magneto—telluric components
are related by the following equations :

= +

it

E
y

The four terms of the Zij tensor are evaluated by the least square

Zo1H, + ZooH

method which has the ad&antage of minimising the noise particularly
on the telluric records.

If the ground has a two dimensional electric anisotropy,
the angle 6y between the anisotropy axes and the measuring axes

is given by :

(Z11-222) (2124291 )%+ (21 1-222)*(212%Z31)

t490=
& 1211-222|2-1212%221 2

However in order to get a better view of the two-dimensional character

of the electrical anisotropy of the ground, an examination is made of




the variation of the 4 terms of the Zij tensor for each period as

the measuring axes are rotated by 5% increments between -90° and +90°.
Figure 10 shows an example of such an analysis. The two directions

8° and 6°+90°, for which the diagonal term Zyy (or Z,) is zero or
minimum, correspond to the two principal directions of the electrical
anisotropy. The corresponding values of the Z;; and Z;; terms permit
the calculation of the two principal apparent resistivities pa12 and

p . Figure 11 shows the flow chart of the MIS tensor data processing

az)
program.

5 — MAGNETO-TELLURIC PROFILING RESULTS

Forty (40) M.T.P. stations were done on the three measuring
sites (see fig. 2) and distributed along 4 profiles as shown in Table I.
The specific location of each station has been noted and is shown on
Figures 3, 4 and 5.

As we did not have any information on the survey area's
tectonics, we first made a few tests to determine the telluric line
direction. We have thus observed that the telluric field is highly
polariZed in the E.W. direction and that in this particular direction
the telluric component has a better correlation with the orthogonal
magnetic component. Moreover it is also the approximate general
direction of the Lilloocet valley. Based on these observations we
have adopted the following directions for the telluric line :

- profile P.I and P.II : 60° N.E. relative to

magnetic north



— profile P.III and P.IV : E.W. magnetic.

This direction change is due to the local change in the valley's
direction. The tests have shown that a 50 m length of telluric line
gives a good signal level.

As already stated ig the introduction, the purpose of M.T.P.
is to detect the lateral variations of resistivity; these can be
observed by presenting the results as profiles for each frequency or
as pseudo-sections giving a more complete view of the results laterally
as well as in depth. However, the results constitute a genuine
"M.T. mini-sounding" since the TELMAG 2 instrument can measure apparent
resistivities over lé distinct frequencies regularly distributed on
a logarithmic scale between 1 and 2000 hz. As examples, 8 curves of
these "mini-soundings", corresponding to 8 M.T.P., stations, have been
shown on figures 12 to 19; two statjions for each of the 4 profiles
have been selected for these curves. On these figures the VLF apparent
resistivity, as measured by the EM16R at 18.6 Khz, has also been
plotted in addition to the 12 "TELMAG 2" frequencies.

The following observations are based on the examination
of these curQes :

~ In general there is a good continuity in the apparent

resistivity values; the high frequencies (2000 hz and
1200 hz) which have a very low signal to noise ratio
are an exception to this statement.

~ When the VLF apparent resistivity is included all

the sounding curves have the shape of a 4 layer curve

with an extremely high resistivity contrast.



~ All the curves from the 40 M.T.P. stations have
very similar shapes especially among stations of
the same profile,.
The 4 M.T.P. profiles are shown completely as pseudo-sections in
Figures 20 to 23. The very uniform character of the superficial

cover on the survey area is confirmed by these figures because the

P

a% iso-resistivity lines are practically horizontal in the high

frequencies. The apparent resistivity rises very rapidly toward the
low frequencies, from 30-50 @m around 2000 hz to ahmaximum of
5000-10000 Qm between 3 and 8 hz. Thus the profiling results seem

to indicate that the basement has well been reached and even the base
of the earth's crust. Toward the low frequencies a éew irregularities
in the apparent resistivities are spotted by the pseudo-sections.
However these irregularities are entirely local with an extent of
approximately 50 to 100 m and could only come from the irregularities
on the superficial cover especially when the latter includes a very
conductive layer as is presently the case. Therefore we could
conclude that within a radius of a few kilometers the M.T.P. profiles
écross the Lillooet valley have not shown any large resistivity

variations at the basement level.

6 — MAGNETO-TELLURIC SOUNDING RESULTS

The M.T. soundings as done in this survey, are of the "crossed
sounding" type : these consist of a simultaneous recording, along

two perpendicular directions, of two telluric components and two
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telluric components and two horizontal magnetic components. The two
directions used were the following :

- Sounding S.1 and S.2 : 30° N.W. magnetic and
60° N.E. magnetic

- Sounding S.3, S.4 and S.5 :
N.S. and E.W. magnetic

The telluric lines, along the two directions, have a 200 m
length. The frequency band of the signals processed for the soundings
is limited from 0.1 hz to 500 hz (i.e. periods of .002 to 10 sec).

The high frequency limitation is based on the fact that over 500 hz
the signal to noise ratio is very weak so that a wide bandwidth
recording does not give good results. On the low frequency side,
the M.T. profiling results show that a 10 second period is quite
enough for the study of the basemaent electrical properties.

Generally a very good magneto-telluric correlation could
be observed on the signals within the recorded frequency band especially
toward the high frequencies. An example of these signals in the
1-500 hz band is shown on Figures 24 and 25. An examination of
coherences (see figures 26 and 27) shows that the correlation is
much better between E.W. and H than between N.S. and D. The same
characteristics are observed for all the five soundings and could be
explained by the fact that the telluric field is highly polarized
along the E.W. direction and thus the signal to noise ratio is highé;
in that direction. It is also apparent, relatively to all the soundings,

that the coherences are weaker for periods longer than 1 second.
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The tensor processing, as already described, has been
applied to all the five soundings and the results are displayed in
Figures 28 to 32. These results will be commented on, in detail,

below.

M.T.S. S.1 : Figure 28 shows the two apparent resistivity curves

(o

of the two principal directions (€;2) for each sounding; the other

ayp’ p321) along the two principal directions. Figure 22 shows one
principal direction (6,;) is given by 6;, + 90°. 1In fact two values

for 615 are displaygd : 6p32 is the value given by the formula yielding
tg 4 8y and eminlz is the value given by the method shown in Figure 10.
The emin values are more homogeneous so that the palé and pa21 apparent
resistivities plotted on Figure 28 are obtained by using this processing
method. :

The pa1 and p321 curves show a very high electric aniso-
tropy for the basement under the station S.1 : p321 is 20 to 30 times
higher than palz. The principal directions of anisotropy are approxi-
mately N.S.'(palz) and E.W. (pa21). The anisotropy weakens toward

the short periods (T < .005 sec) and probably also toward the long
periods (T > 10 sec). The pa21 curve has the same shape as the "mini-
sounding" curves obtained by the profiling results (see Figures 12

and 13). Tbis is why we have performed a tentative extrapolation
(toward the.short periods) of the pa21 mean curve plotted as a dashed
curve based on the results of the M.T.P. P.I. The pa12 curve is more

complex and it is difficult to provide a satisfactory explanation

considering the information thus far presented.



M.T.S. S.2 : The results of this sounding, displayed in Figure 29,
are similar in every respect to those of sounding S.1. In fact these
two soundings are located on the same site within 500 meters of each

other.

M.T.S. S.3 and S.4 : These two soundings are also located on the same

site and their results are very similar (see Figures 30 and 31). The
most striking feature relatively to the previous results is that the
basement shows an isotropic response. Therefore there are no principal
directions. The shape of the apparent resistivity curve is once again
similar to the "mini-sounding" curves of the M.T.P. P.III (see Figures

16 and 17).

M.T.S. S.5 : As was the case with soundings S.1 and S.2, the basement
response is again anisotropic. The comments applicable to S.1 and

$.2 are also applicable to S.5 with the following exceptions : the

S.5 anisotropy is weaker (pa21 is only 10 times higher than palz)

and the 012 principal direction shows a greater dispersiom particularly

toward the periods longer than 1 sec.

7 - EXAMINATION OF THE MAGNETIC VERTICAL COMPONENT TRANSFER FUNCTION (Hzl

AND INTERPRETATION OF THE PRINCIPAL DIRECTIONS

The anisotropic character of the tensor apparent resistivities

for soundings S.1, S.2 and 5.5 could be explained :



1) Either by the existence of a major tectonic
feature in the bascment (atéault or a fracture
zone) elongated along one of the two principal
directions,

2) Or by a two—dimc£siona1 electric anisotropy

{macro anisotropy) in the basement.
In the first case we should observe a vertical magnetic field Hz
directly related to the longitudinal component of the telluric field
(i.e. parallel to the structure) or to the transverse component of the
magnetic field. Moreover, it is well known, by our theoretical and
experimental results.(Pham Van Ngoc and Boyer, D., 1974) that the
transversé apparent resistivity is highly diséorted by the superficial
structure heterogeneity even for very long periods. Figure 34 is an
example of a theoretical response showing how the two soundings
diverge depending on the type of polarization : E or H. According
to these results, if the observed anisotropy at soundings S.1, 5.2 and
S.5 was caused by a two-dimensional heterogeneity, the longitudinal
direction of the latter would be parallel to the principal direction
621 i.e. approximately E.W.

The determination of a two-dimensional heterogeneity's
longitudinal direction could be done by an examination of the vertical
magdetic component HZ according to the following complex relation :

H, = AX + BY
X and Y are respectively either the two telluric components Ex and Ey’
or the two magnetic components Hx and Hy’ while A and B are complex

coefficients termed the "transfer functions'.

L
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While turning the Ox and Oy akis, A and B follow an ellipse
in the complex plane as a function of the rotation angle B. Knowing
that A(R) = B(B+90°), the angle Boi90° corresponding to the ellipse's

two axes is given by the formula :

AB* + BA%*
te 2 Bo = paw "B

Moreover, by the determination of the ellipticity r :

B(Bp)
YY)

The ellipse's orien;ation is completely defined. For the case where
X = Ex and Y = Ey the angle By, corresponding to the major axis of the
ellipse, represents the longitudinal ‘direction. In the case where
X = HX and Y = H_ it is the angle By corresponding to the minor axis
that represents the longitudinal direction.

This type of processing has been applied to two soundings
S.1 and S.5, using the following relation :

Hz = AHx + BHy

The A and B coefficients are evaluated by a least squares method
similar to the one used for the evaluation of the tensor impedances

Z Figure 35 shows the longitudinal direction By as a function of

ij°
the period T for the ébundings S.1 and S.5. One can see that there

is no apparent direction for S.5. Also an examination of the coherences
between Hz and Hx and also between Hz and ﬁy shows that these coherences
are always very low, less than 0.5. With respect to station S.1, there
seems to be a given direction.only for the periods shorter than 0.04

sec but the Bg angle = 35° N.W. Mag. does not correspond to any of the

principal directions 6y, and 6,3 already found.



The second hypothesis is now considered; according to this
hypothesis, the anisotropy in th% apparent resistivity is caused by an
electric macro anisotropy within the basement and probably in the whole
thickness of the earth's crust. Let us take, as an example, the case
of a succession of vertical layers of constant thickness equal to
100 m but with resistivities alternatively equal to 20000 Qm and S0 Qm

(see the next included figure).

&
Q§> c§9 <§c> (Ss
S/ /)
e LY v L = 100 Om
100m { 100m {!100m | I00m

I
/Ot::: 10098 Om

Such a succession is a typical case of macro anisotropy.
Its mean transverse resistivity (perpendicular to the layers) is easily
calculated as Pe % 10000 Qm while its mean longitudinal resistivity
(parallel to.the layers) is Py * 100 Qm. This, on a very coarse
scale, correspoﬁds to the anisotropy in the apparent resistivities
observed at the S.1 sounding. We still have to find a geological
justification for this macro anisotropy.

First let us note that the principal direction of the
longitudinal anisotropy 6;, as found at the three stations S.1, S.2
and S.5 is roughly 15° N.W. Mag. which is quite near the geographic

N.S. direction. However, at first glance, it is difficult to justify
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such a direction since the main tectonic directions in the Canadian
Cordillera are oriented N.W. This is the case, for example, of the
geanticline coastal range in which the survey area is located..

The existence of a N.S. structural direction has been proven
by J;G. Souther (1970) who hés noted, in particular, that the numerous
recent quaternary volcanoes that belong to the Garibaldi volcanic
belt are aligned along a N.S. direction (see Figure 36). While we
will not present here all the arguments worked out by Souther we will
quote his statement following the synthesis of the various pertaining
geological and geophysicai results : "In this context, it is reasonable
to speculate that ghe linear belts of quaternary volcanoes and associated
grabens may be the first expression.of an opening rift system through '
Central British Columbia" (Souther, 1970, p. 567).2 According to this
hypothesis, the Lillooet valley area would be under the influence
of pressures caused by an E.W. expansion of the opening rift system
as shown with arrows on Figure 36. The existence of an electric
anisotropy as evidenced by soundings S.1, S.2 and S.5, seems to corro-
borate this hypothesis. 1In addition to the coincidence between the
N.S. anisotropy direction and the Garibaldi volcanic belt direction,
the numerous normal faults typical of a rift system could be the

cause of the succession of numerous subvertical conductive zones

within an otherwise very resistive basement.
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8 ~ QUANTITATIVE INTERPRETATION OF M.T. SOUNDINGS

The M.T.S. curves for anisotropic structures can b%‘inter—
preted as tabular and isotropic structures; it should be clear however
that the basement resistivities will be different along the two
principal directions. We made the choice of interpreting the transverse
apparent resistivity curves pa21 for the soundings S.1, S.2 and S.5;
there was no choice to be made for soundings S.3 and S$.4 as they are
isotropic. It should be noted, with respect to the latter, that
considering their similarity, the same mean curve was adopted for
both of them.

Figures 37 to 40 show the results obtained by the inter-
pretation giving the resistivity R# in Qm and the thickness H in km

for the respective layers. We could thus observe that all the soundings

correspond to the following four layer gecelectric section :

45-65 m 1000 - 3000 Om gravel

2,
4-5 m 2,5 - 5.5 0m clay or
- volcanic ash

18-21 knm 20000 Qm granitic basement
earth's crust

10 @m upper mantle

The lack of data toward the very high frequencies (from 2000

to 10000 hz) does not permit a better interpretatiocn of the cover.
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However its conductance could be evaluated with a good precision by
using the asymptotic values of the rising part of the sounding

curves. By this method we get :

Stations S.1 S.2 §.3 and S.4 S.5
Conductance 1.9 2.4 1.1 2.0
in mhos

A better knowledge of the superficial cover resistivities will lead

to a better evaluation of its thickness from the values of conductance.
The basement on the other hand has a very high resistivity

of the order of 20000 Qm. Its thickﬁess, which probably corresponds

to the thickness of the earth's crust, is evaluated with good preciéion.

The direct evaluation of the depth of the basement's bottom by the

asymptotic values of the falling part of the sounding curves gives :

Stations S.1 S.2 S.3 and S.4 S.5
Depth
in km 20.5 21.5 17.6 19.1

In every case, these results confirm those obtained by Caner et al.
(1969)xand Caner (1970), but in a much more precise fashion : the
earth's crust'in the coastal area of British Columbia is relatively
thin, its thickness is of the order of 20 km in the Lillooet valley,

and the underlying layer has a very low resistivity, on the order of
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10 Qm. Caner et al. (1969), in thgir interpretation, have used two

of the three M.T. soundings done in the western area, Penticton and
Grand Forks; they found a slightly lower thickness for the earth's
crust on the order of 10-15 km (Caner, 1970). However, as the shortegt
period used was 30 sec a better precision in the interpretation of

the earth's crust was not possible. The 1000 Qm resistivity and the
10-15 km thickness for the earth's crust are slightly underestimated
relatively to our results. However the order of magnitude given by
Caner et al. is remarkable considering their data dispersion.
Concerning the very conductive layer at the base of the earth's crust,
even if our data does not have information at periods long enough

to give a better evaluation of its resistivity, we can nevertheless
presume that its resistivity is on the order of 10 @m. This assumption
is based on the high value of the falling slope of the pa21 curve and
also on the low values of pa12 for periods larger than 1 sec. This

10 2m order of magnitude confirms Caner's hypothesis (1970) that this
layer would show a high temperature combined with an hydratation and

probably a partial melting of the base of the earth's crust.

9.— GEOTHERMAL INCIDENCE OF THE RESULTS OF THE M.T. SURVEY IN

THE LILLOOET VALLEY -

Considering the results obtained with this reconnaissance
M.T. survey in the Lilloocet valley, it appears that the initial project
of making profiles across the valley is not a good strategy for a

geothermal survey. Indeed, the M.T.P. results show that locally,



within a 2 km radius, there is little variation in resistivity at
the basement level. On the other hand loéking at the M.T.S. results,
the basement presents along the valley some areas where the electrical
properties are remarkably different; these areas might have an
interesting incidence on the e&aluation of the underground thermal
potential.

Thus the strong electrical anisotropy as seen on the S.1
and 5.2 soundings at site 1 is a very interesting problem to follow
up. First the basement's transverse resistivity (in the E.W. direction)
seems quite uniform along the valley, at about 20000 @m. Second the
lows in the longitudinal resistivity (in the N.S. dirgction) which
vary from site to site, could be related to recent deep fractures
of the earth's crust; these fractures could be responsible for the
Garibaldi linear volcanic belt and for thé possible hot water sources
sought. A better interpretation of the longitudinal resistivity
curves would eventually lead to the localization of conductive zones
within the basement; these zones being of important geothermal interest.
But more data and results are necessary for such an interpretation.

-We think that a systematic survey with magneto-telluric soundings

~along the Lillooet valley, with a M.T. sounding primary station every

2 kﬁ and several M.T. profile secondary stations, will provide a

" better localization of the fracture zones and thus a better under-
standing of the deep structure of the earth's crust with its geo-

thermal inferences.
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We will conclude by stating that this reconnaissance M.T.
survey has proved the reliability of the magneto-telluric method in
the geothermal exploration problems; this is the case even in
structurally very complex areas, as the Lillooet valley, provided
that the data acquisition strategy is correctly employed along with
the proper equipment and sophisticated data processing and inter-

pretation methods.

Montreal, November 25th, 1976

PHAM VAN NGOC
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Pa () FIGURE 29— RECONNAISSANCE MT. LILLOOET
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A FIGURE 31— RECONNAISSANCE M.T. LILLOOET
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A FIGURE 03 = DIRECHION PRINCIPALE
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. Figure 34: Courbesde sondage th@orique au~dessus d'une structure 3 deux
dimensions.

Theoretical M.T. sounding curves above a bidimensional structure.
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<" BELTS OF QUAT. YOLCANOES

1 = POST EOCENE FAULTS

EASTERN LIMIT OF LATE
TERTIARY AND RECENT
TRANSCURRENT FAULTING

" MAGNETIC LINEATIONS AND
emeie ERACTURER ZONES

Fic. 8. Linear belts of Quaternary volcanoes in British Columbia and magnetic lineations
and fracture zones in the Pacific (from Pitman and Hayes 1968). Arrows indicate present
directions of inferred relative motion between adjacent segments of the Cordillera (E-W exten-
sion) and between the Cordillera and adjacent Pacific (right-Jateral shear).

Figure 36: Hypoth&se de SOUTHER
- SOUTHER Hypothesis
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