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i i.i 

ABSTRACT 

A reconnaissance M.T. surv e y has been donc in the Lillooet 

Vall ey (Br itis h Columb i a ) b c tween Pembcrton Mcadows and Meager Hountain. 

A total nurnber of 40 M.T. prof iling s t a tions were distribut ed along 

four profiles . Five M.T. sounding sta tions were r ecorded at t hree 

different sites along the valley. 

Two layer s were loca ted in the overburden by the M.T . 

results . A fir s t l ayer with a resistivity of 1000-3000 Qm and a 

thickness of 45-65 m corresponds to gravel. The second layer with 

a very low r es istivity of 2-5 Sim a nd a thickness of 4- 5 m corresponds 

to volcanic âsh . 

The hasement has the speeial charae t eris tic of being 

suceess ively ani so tropie and i so tropie from one site to the n ext ; 

the anisotropy principal dir ections are roughly N.S. and E.W. In 

the E.W . dir ection th e basement r es istivity is quite uni form, in 

the ord er of 20,000 Qm , wh ile on the N.S . direction this resistivity 

could go l owe r tha n 100 nm . This res istivity l ow mi ght be due to 

wide zones of subvertiea l f ractures caused by the rec ent opening of 

a N. S. rif t system . This system could be r es ponsible for the Garibaldi 

linear vo lcanic be lt. La stly, the r e sults s how that the earth's 

crust i n this area is r e l atively shallow; its thickness is on the 

or der of 20 km and it r ests on an abnormally conductive layer with 

a resi stivi ty of 10 nm which con firms the ex ist ence of an int ensive 

hea t source at the crust b3se . 



MAGNETO--TELLURIC (M. T .) RECO'.~ NAISSANCE SUR.VEY IN 

THE LILLOOET VALLEY ' l3RITIS l-I COLUrnnA 

1 - INTROD UCT ION 

As stipulated i n a rcc ent agree ment b e tween the Depa rtment 

of Ene rgy, Mines and Resources, Cana da and the Minera l Exploration 

Research Institute, a reconnaissa nce magneto-telluric survey was 

..1.. 

carri ed out in the Li llooe t valley (B.C.)between Pemberton Mcadows and 

Mcager Mountain. The survey was done during July 1976 with the purpose 

of obtaining i nfor~acion on the rock resistivity distribution both 

at surfa ce and at à2pth relative to any hot water sources and geothennal 

flux . Me a ger Mcuntain is indced one of the 32 quaternary volcano e s 

of the Garibaldi ~olca nic belt a lign ed approx i ma tely in a N.S. dir ection. 

The original program ~onsisted of four primary magn e to

telluric soundin g s t at i ons and 40 secondary profiling stations 

distr ibuted along two 2 km profiles r unning across the Lillooet 

valley. 

Let us recall tha t magne to-telluric sounding (M.T.S.) 

measures variatio~s of the appa r ent r es istivity p as a function of 
a 

the period T (or ✓T) in order to ge t quantitative data on the depth 

and resistivity of the diff erent underground formations. Magneto

t e lluric profiling (M.T.P.) d etec ts the lateral variations of the 

appar ent resistivity p measured at selected di screte periods (or 
a 

fr e quenc ies ); these varia tions are presented as profile or semi-

quantita tive cro s s-section (pseudo-section). 



2 - GEOGRAP illCA L LOCATION 

In the field we were guid ed by Dr. L.Law of the Depar tment 

of Energy, Mines a nd Resources, Canada who helped with the sel ection 

of the sta tion sit es ; however the original prograrn has bcen slightly 

modified due to ac cessibility probl ems encountercd during profiles 

execution. As a result, instead of t wo profiles with a nominal length 

of 2 km we have clone four shorter profiles at the three differ e nt 

sites along the Lillooe t vall ey. In addition to these , five soundings 

(instead of four) were clone at these three sites. Figure 1 shows 

the geographical location of the s ites on a 1: 250,000 scale ma p 

and Figu re 2 shows the same sites on a larger scale aerial photograph. 

Deta il sket~hes showlng the locaLion of the four profil es a re presented 

in Figur ~s 3, 4 and 5. T2.ble 1 list s the distribution of the magneto

telluric profiling (.f . T.P.) stations and the rnagne to-t elluric sounding 

(M.T.S.) stations . 

TABLE I 
-

Profil es M.T.P. Stations M.T.S. Stations 

P.I 1 to 5 S.l 

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 tota l of 40 M.T.P. stations a nd 5 M.T.S.~tations. 



3 - INSTRUMENTATION AND DATA ACQUISITION 

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

The in s t rumen t uscd fo r M. T. profiling, the "TELl-!AG 2" 

(TELlm:ic -MAGneto-tel lur ic ) has been designed and built a t the 

Appli ed Geophysic Labora t ory of Eco l e Polytechnique d e Montreal. 

This unit could be used for magneto-telluric profiling as wel l as 

telluric-te lluric profiling (Pham Va n Ngoc 1975, 1976). It is 

made up essentially of two identical "filter-amplifie rs". Each of 

these is hous ed in a 37x36xl5 cm fiberglass case and weighs about 

8 kg ( see figures 6 and 7). Figure 8 is a black diagram of th e 

filter-amplifier . The 60 and 180 hz notch filt er is used to elimin&te 

industrial ncis2 coming frcm po~e~ lines . There a re four v ery selective 

pass-band fi lters working in parallel s o tha t the signals at four 

diff eren t frequ encies are measured simul t aneously in four distinct 

channels. Moreover each channel can be tuned to three different 

frequenci e s so tha t a total of 12 frequ encies can be a nalys ed; thes e 

fr equencies are : 1, 3, 5, 8, 21, 34, 100, 250, 400, 700, 1200 and 

2000 hz. Becaus e of this feature the "TELMAG 2", if d es ired, could 

al s o b e used to really produce a "M.T. mini-sounding" in this 

fr equency span . The pscudo-sinusoidal signals are r e ctified at the 

output of the selective filters and integra ted; the average voltage is 

display ed on a liquid crystal di sp l ay digita l voltmeter so tha t the 

rea d ings are easily made even in bright sunlight. The signal l evels 

are con t r olled by analog meters , a ny saturation is detected a nd displayed 

by a pi] ot 1 ight 2nd the integn~ t ion time is au t oma tically controlled 

by fou r clock signals one for each channel. 



During m.::ign e to -- telJ.uri c profiling one of the " fi lt er-

amplifier" of the 11TELHAG 2" is connected to the t elluric sensor 

while the other one is connected to th~ ma3netic scnsor. The telJ.uric 

sensor is made of t ~o st.::iinless steel eJ.ectrodes driven dir ec tly into 

the ground . The magnetic scnsor (CM-15 ) is an inductive t ype with a 

ferrite core and flux feedback giving a f l □ t rcsponse in a wide span 

of fr equencies : about 50 mV/Y between 5 and 50 0 hz. The profiling 

data do es not necd any ~articular processing . For each station at 

every given frequency the procedure is simply to t ake a n average of 

3 to 4 r eadi~gs of the values of the telluric and magnetic field and 

then to apply Cagniard ' s fcrmula to ge t the appar ent resistivity a t 

tha t fr equency (or period ) 

T 

E 
X 

-· 

= 

= 

apparent 

per::.od in 

compon en t 

= 0.2 T 

r esistivHy in Qm 

seconds 

of the t el luric field 

the Ox direction in mV /km 

H 
y 

= component 

direction 

of the magnetic field 

(p erpci1dicular to Ox) 

in 

i n the Oy 

in gamma . 

By convention the value of apparen t resis tivi t y obtained according to 

this procedure is assigned t o the direc t ion of the t elluric line. 

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

The magne to-telluric sounding sys t em has been essen tially 

d esigned to be en tir e l y r:iübile either by a small truck or , in r emote 



access areas, by helicopt er; it us e s a Tandberg TIR 115 - 4 channel 

analog tape recorder with a signal to noise ratio of 48 dB. Figure 9 

shows the black diagram of the mcasuring system . Each channel is made 

of a wide band fi lt er ITHAC0 l,210 with a vcry high i nput i mpedancc, a 

very low noise preamplifier PAR 113 and a 60+180 hz notch filter 

tog e ther with an amplifier connec t ed to the Tandbcrg record er. In 

the case of M.T. sounding , because of the very wide fr equ ency range 

of the signa ls to be ana lysed , there are several typ e s of tellurics 

and magne ti~s s ensors 

Fr equency rang e Telluric s ensors Magne tics sensors 
Flat r es pon se 

Frequ ency > l hz St ee l electrodes CM.15 
(5-500hz)::: SOmV /y 

Frequency < lhz Non-polarisable CM.9R 
el ectrodes (0.l-50hz):::somV/Y 

(Cu S04) CM.9L 
(0.005-lhz )=lümV/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, ~ 

simultan eou s record ing is made of two horizontal telluric components 

E and E and t wo horizonta l magnetic componen ts H and H along two 
X y X y 

perpendicular directions 0x e t Oy; this is clone so tha t later the 

princ ipal directions and appar ent r esis tiviti es will be obtained 

through t ensor processing . A simultaneous recording of the vertical 

magnetic compon ent is also made with e ither E and E or H and H 
X y X y 

to complete the above information in the case of lateral r es istivity 

dis con tinuiti es . 

,..,. - - ~ -~- .... 



The analog m::ignetic r eco rdiues are briefly analyscd in the 

fi e ld as a recording quality check. They are l a t er digit iz ed in t he 

l aboratory with anti-al iasing fil t ers and sampl ing rat e s appropriate 

for the frequ ency r ange s processed. 

4 - HTS DATA FROCESSING 

Let us recall tha t the t ensor processing of MTS datais 

(.) 

done in order to get tensor impedances Z .. along t he principal direc tions 
l.J 

in the case of a n electrically anisotropie ground. Of course in the 

tabular case, the tensor j_mpedances degen erate into scalar Cagniard 

impedances which are independent of the measuring axis direc tions. 

In th e gener a l case , the four horizontal magne to-t elluric componeQt s 

are r elat ed by the following equations : 

Ey = Z2 1Hx + Z22Hy 

The four t erms of the Z .. t en s or ar e eva lu a t ed by the l eas t squa re 
l.J 

method which has the advant age of minimising t he noise particularly 

on the t e Lluric record s. 

If the ground has a two dimensional el ectric anisotropy, 

the ang l e Bo between the ani s otropy 

is given by : 

t 4 80 = g 

ax es and the measuring axes 

However in order to get a b e tt er view of the t~o-dim ensional character 

of the electrical an i so tropy of the ground, a n examina tion i s made of 



the variation of the 4 tcrms of the Z. , tcn s or for cach pcriod as 
1] 

0 0 0 
the measuring axes are rotated by 5 increments between -90 and +90 . 

Figure 10 shows a n exarnple of such an analysis . The two directions 

0 0 0 
B and B +90 , fo r which the diagona l term z1 1 (or Zzz) is zero or 

minimum, correspond to the two principal directions of the electrica l 

anisotropy. The corresponding values of the Z1 2 and Z21 tcrms permit 

the calculation of the two principal apparent resistivities p and 
a12 

p • Figure 11 shows the flow chart of the MT S tensor data processing 
a21 

program. 

5 - MAGNETO-TELLURIC PROFILING RESULTS 

Forty (40) M.T.P. stations were clone on the three measuring 

sites ( see fig. 2) and distributed along 4 profiles as shown in Table I. 

The specific l ocation of each station has b een 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 det ermine the telluric line 

direction. We have thus observed that the telluric field is highly 

polari 2 ed 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 Lillooet valley . Based on these observations we 

have adopted the follo~ing 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. mngnetic . 

This dir ec tion change is due to the l ocal ~hange in the valley's 

dir ec tion. The tests have shown that a 50 m length of telluric line 

givcs a good signa l lcvel. 

As already stnted in the introduction , the purpose of M.T.P. 

is to dctec t the lat e ral variations of resistivity; th ese can be 

observed by pres enting the res ults 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 constitut e a genuine 

"M.T. mini-sounding" since the TELMAG 2 instrument can measure apparent 

resistivities over 12 distinct frequencies regularly distributed on 

a l ogaritrunic scale between 1 and 2000 hz. As exampl es , 8 curves of 

th es e "rnini-soundings ", corresponding to 8 M.T.P. stations, h ave been 

shown on figures 12 to 19; t wo s tations for each of the 4 profiles 

hnve b een selected for these curves. On thes e figures the VLF apparent 

res istivjty , a s measured by the EM16R a t 18.6 Khz , has also been 

plott e d in addition to the 12 " TELHAG 2" fr e quencies. 

The following observations are based on the examina tion 

of these curves : 

- In general there is a good continuity in the apparen t 

resistivity values; the high fr e quencies (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 a n ex tremely hig h resistivity contras t. 



All the curves from the 40 M.T.P. stations have 

vc.ry sirnilar sha pcs espccially .::imong stations of 

the same profile. 

'fhe 4 N.T. P. profiles are sho,m completely as pseudo-sections in 

Figures 20 t o 23. The very unifonn character of the superficial 

caver on tl1e survey area is confirmed by these figures because the 

pax i so-rcsistivity lines are practically horizontal in the high 

freo,uenci es . The apparent resistivity rises v ery rapidly toward the 

low frequencies , from 30-50 Qm a round 2000 hz to a max imum of 

5000-10000 Qm between 3 and 8 hz. Thus the profiling results seem 

to indica te that the basement has well been reached and even the base 

of the earth's crust. Toward the low frequencies a few irregularities 

in the apparent r esist ivitj ps a re spotted by the pseudo-sections . 

However these irregularities are en tirely local with ~n ext ent of 

ap~rox ima t ely 50 to 100 m and could only corne from the irregularities 

on the superficial caver especially when the latter include s a very 

conductive layer as is presently the case. Therefore we could 

conclude that within a r adius of a few kilometers the M. T.P. profiles 

across the Lillooet vall ey have not shown any large resistivity 

variatio;:is at the basernen t l evel. 

6 - YiAGNET0-TELLURIC S0UNDING RESULTS 

9 

The M.T. soundings as clone in this survey, are of the "cro ssed 

soünding" type : these consist of a simultaneous recording, along 

two per pendicula r direc tions, of two telluric components and two 



tclluric compo nc n t s a nd t wo hor i zo n ta l m□gne tic c ompo 11 en ts. The two 

directions u sed wer e the foll owing : 

- So unding S.l a nd S.2 30° N.W. magnc t i c a nd 

60° N~E. magne tic 

- Sounding S.3, S.4 a nd S.5 : 

N.S. a nd E.W. magn e tic 

The tellu r ic line s, a lon g the t wo direct i on s , have a 200 m 

leng th. The fr equ e nc y b a nd of the sign a ls processed for the soundings 

is limit ed from 0.1 hz to 500 hz (i.e. p eriods of .002 to 10 s e c). 

The high fr equer..cy l i mita tion is b a sed on the f a ct that ov er 500 hz 

the sign a l to noi se r a t i o i s very weak so tha t a wide b a ndwidth 

recording do e s not giv e good r e sults. On the low f requ e ncy side, 

the M.T. p rofi ling r esults s how that a 10 second p e riod is quite 

en ough fo r the study of the b a s2~2nt el e ct r i ca l proper ties. 

Genera lly a v e ry goo d magneto-t e lluric corr e lation could 

lV 

be ob served on t he sign a l s within th e r ecor d e d f r equ ency band especially 

towa rd t h e hig h frequ e n c i e s. An example of the se sign a ls in the 

1-500 h z band i s s h own on Fig ures 24 é.n d 25. An exâITt ination of 

coherenc es (see f i gur e s 26 a nd 27) shows that the correl a tion is 

m~ch b e tt e r b e tween E.W. a nd H tha n b e t ween N. S. a nd D. The same 

chara ct eri s tics are observed f or a ll the fiv e ~ounding s and could be 

expla i ned by t h e f a ct tha t the t e lluric field is highly polariz e d 

along the E.W. d i r e c t i on a nd t hus the sign a l to noise ratio is higher 

in tha t d i r ection. It is a l s o appar ent, relatively to all the sounding s, 

tha t th e c oh e r e 11c es a re wea k e r for periods longer tha n 1 s e cond. 



The tensor proccssing , as already described, has been 

applied to all the five soundings and the rcsults are displaycd in 

Ftgures 28 to 32 . These results will be cornmentcd on, in detail, 

ùelow. 

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

(p , p ) along the t wo principal dir ec tions. Figure 22 shows one 
a 12 a2 1 

of the two principal directions (812) for each sounding ; the other 

11 

principal direction (821) is given by 812 + 90°. In fact two values 

for e12 are di splayed : 8012 is the value given by the formula yiclding 

tg 4 Bo and 8 . is the value given by the :nethod shown in Figure 10 . min12 

The 8 . values are more homogeneous so that the p and p apparent 
min a12 a2 1 

resistivities plotted on Figure 28 are obtained by using this processing 

method . 

The p and p curves show a very high electric aniso-
a12 a21 

t ropy for the basement under the station S.l : p is 20 to 30 times 
a21 

higher than p • The principal directions of anisotropy are approxi-
a12 

rna tely N S (p ) and E W (p ) The anisotropy weakens toward 
· · a12 · · a21 · 

the short periods (T < . 005 sec) and probably also t oward the long 

periods (T > 10 sec ). The p curve has the same shape as the "mini-
a21 

sounàing" curves obtained by the profiling results (see Figures 12 

and 13). This is why we have performed a tentative extrapolation 

(to~ard the short periods) of the p mean curve plotted as a dashed 
8 21 

curve based on the results of the M.T.P. P.I. The p curve is more 
a12 

compl ex and it is difficult to provide a satisfactory explanation 

consid ering the information thus far presen ted. 



M.T.S. S.2 : The rcsults of tl1is S?unding , displ3yed in Figure 29, 

are similar in every respect to those of sounding S.l. In f a ct these 

two soundings are located on the same site within 500 mcters of each 

other. 

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

site and their results are very simil ar (see Figures 30 and 31). The 

most striking feature relatively to the previous results is t ha t the 

IL 

basement shows an isotropie response. Therefore there are no principal 

directions. The shape of the apparent resistivity curve is once again 

similar to th e "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.l and S.2, the basement 

r esponse is again a nisotropie. The comm ents applicable to S.l and 

S.2 are also applica ble to S.5 with the following exc e ptions : the 

S.5 anisotropy is weaker (p is only 10 times higher than p ) 
8 21 3 12 

and the 8 12 principal direction shows a greater dispersion particularly 

t oward the periods longer than 1 sec. 

7 - EXAMrnATION OF THE rfAGNETIC VERTICAL COHPONENT rn.A.NSFER FUNCTION (H ) z-

A.ND INTERPRETATION OF THE PRINCIPAL DIRECTIONS 

The anisotropie character of the t ensor apparent resistivities 

for soundings S.l, S.2 and S.5 could be explained 



1) Either by the exist ence of a major tcctonic 
... . 

feature in the bascment (a fault or a fracture 

zone) elongated along one of the two principal 

directions, 

2) Or by a two-dimcnsional electric auis otropy 

(macro anisotropy) in the bas ement. 

In the first case we should observe a vertical ma gne tic field H 
z 

directly related to the longitudinal componeut of the telluric field 

(i.e. parallel to the structure) or to the transverse component of the 

magnetic field. Horeover, it is well known, by our theoretical and 

experimental results (Pham Van Ngoc and Boyer , D., 1974) that the 

transverse app2rent resistivity is highly distorted by the superficial 

structure heterog eneity even for very long periods. Figure 34 is an 

example of a theoretical response showing how ~he two soundings 

diverge dep ending on the type of polarization E or H. According 

to these results, if the observed anisotropy at soundings S.l, S.2 and 

S.5 was caused by a two-dimensional h e terogeneity , the longitudinal 

direction of the latter would be parallel to the principal direction 

821 i.e. approx:i.mately E.W. 

The det ermination of a two-dimensional het erogeneity 's 

longitudinal direction could èe clone by an examina tion of the vertical 

magnetic compon ent H according to the following complex relation : 
z 

H = AX + BY 
z 

X and Y are respectively either the two telluric components E and E , 
X y 

or the two magnetic compon ents H and H, whilc A and B are compl ex 
X y 

coefficients termed the "tra nsfer functions ". 

l .1 



While turniq~ the Ox and Oy a:kis , A a nd B follow an e ll ipse 

in the compl ex plane as a function of the rotation angle B. Knowing 

that A(B) = B(B+90°), the a ngle So±90° corresponding to the ellipse 's 

two axes is given by the formula: 

tg 2 Bo= AB*+ BA* 
AA* - BB* 

Moreover, by the determina tion of the ellipticity r 

B (Bo) 
r = A(Bo) 

The ellipse's orientation is compl etely defined. For the case where 

X= E and Y= E the angle Bo, corresponding to the maj or axis of the 
X y 

ellipse, r epresents the l ongi tudina l dir ec tion . In the case wh ere 

X = H a nd Y = H it is the ang le Bo corresponding to the rninor axi s 
X y 

that r epresents the longitud ina l dir ec tion. 

This type of processing bas b een appl i ed to two sound ings 

S.l and S.5, using the fo l lowing rela tion 

H = AH + BH 
Z X y 

The A and B coefficients a re evaluated by a least squares method 

similar to the one used for the evaluation of the t en sor impedances 

Z ... Figure 35 shows the longitudinal direction Bo as a function of 
l] 

the period T fo r the s oundings S.l and S.S. One can see that there 

is no apparen t direction for S.S. Also an examina tion of the coherences 

between H and H a nd a l so between H and H shows that these coherences 
Z X Z y 

are always very low, l ess than O.S. With respect to station S.l, there 

seems to be a given direction only for the periods shorter than 0.04 

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

principa l dir ections e12 and e21 alread y found. 



The second hypothcsis is now c ons üi c r ed; accor d i ng to tliis 

hypothesis , the anisotropy i n the appa r e nt r esis tivity is caus e d by a n 
1 

15 

electric macro anisotropy within the b3 scment and probably in the who le 

thickness of the earth's crus t. Le t us take, a s a n example, the case 

of a succession of v er tical layers of constant thickn es s equa l to 

100 m but with resistivities a lt ernativ e ly e qua l to 2000 0 nm a nd 50 nm 

(see the nex t includ e d figure). 

IOOm IO □ m 100 m l □ Om 

Such a succession is a typical case of macro anisotropy. 

Its mean tr a n sverse resistivity (perpendicul a r to the l ayers ) is eas ily 

calculated as pt= 10000 nm while its mean l ongitudina l resistivity 

(parallel to the layers) is pt~ 100 nm. This, on a very coarse 

scale , corr esponds to the an isotropy in the apparent r e sistivities 

observed a t the S . l sounding . We still h a ve to find a geological 

justification for this mac ro anisotropy . 

First l e t us note that the principal direction of the 

longit ud i na l a ni so tropy 8 12 a s found at the three stations S.l , S.2 

a nd S.5 is roughly 15° N.W. Mag . which is quite near the g e ographic 

N.S. dir ection . Howev er, a t firs t gl a nce , it is diificu lt to jus tify 



such a di rc~tion since the ma in t ec t onic dir ections in tl1e Canadia n 

Cordill era a re oricn t ed N.W. This is the case , f o r example, of the 

geanticline coastaJ. r ange in which the survey area is located. 

The existence of a N.S. s tructura l direction has b een proven 

by J.G. Southe r (1970 ) who has not ed, in particular , tha t the numerous 

r ecen t quaternary volcanoes that belong to the Garibaldi volcanic 

belt are aligned along a N.S. direction ( see Figure 36) . While we 

16 

will not present here all the arguments worked out by Souther we wil l 

quote his statement following the synthesis of the various pertaining 

geologi ca l and geophysica l re sults : 11In this contex t, it is reas onable 

to specula te that the lin ear belts of quaternary volcanoes and associated 

grabens may be the first expres s ion of an opening rif t system through 

Centra l British Columbia" (S outher, 1970, p. 567). According to this 

hypothesis , the Lillooet valley a r ea would be under the influence 

of pr essures caused by an E .W. expansion of the opening rift sys t em 

as shown with arrows on FiE,ure 36. The existence of an electric 

anisotropy as evidenced by soundings S.l, S.2 a nd S.5, seerns to corro

borate this hypo thesi s. In addition to the coincidence between the 

N.S. ani so tropy direc tion and the Garibaldi volcanic belt direction, 

the numer ous no rma l f auL:s typical of a rift system could be the 

cause of t he succession ~f numerous subvertical conductive zones 

within an otherwise very resistive basement. 
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8 - QUANTITATIVE I NTERPRETATION OF ~.T. SOU NDINGS 

The M.T.S. curve s for anisotropie structures can be inter-

preted as tabula r and isotropie structures ; it should be clea r however 

that the basement resistivities will be differcnt along the two 

principal dir ections. We made the choice of int erpreting the transv erse 

apparent r es i s tivity curves p for the soundin gs S.l, S.2 and S.5; 
a21 

there was no choice to be made for soundings S.3 and S.4 as they are 

isotropie. It should be noted, with respect to the latter, tha t 

considering their similarity, the same mean curve was adopted for 

both of them. 

Figures 37 to 40 show the results obtained by the inter-

prc t ;~ tion giving the resistivi!:y R0 in Sim and the thickness H in km 

for the resp ec tive l ayers. We could thus observe that all the soundings 

correspond to the following four laye r geoelectric section 

45-65 Ill l 1000 - 3000 Qm gravel 

4-5 m l 2.5 - 5.5 Sim clay or 
volcanic ash 

18-21 km I 20000 rlm granitic basemen t 
earth's crust 

10 Qm upper mantle 

The lack of data toward t he very high frequencics (from 2000 

to 10000 hz) does not permi t a better interpreta tion of the cover. 

l 
î 
Ja 

!-
1 
,i 
i 
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Howcver its conductanc e could be evaluat ed with a good pr eci s ion by 

using the asymptotic values of the rising part of the sounding 

curves. By this method we get 

Stations S.l S.2 S.3 a nd S.4 S.5 

Conduct ance 
1. 9 2.4 1.1 2.0 

in mhos 

A better knowledge of the superficial caver resistivities will lead 

18 

to a better evaluation of its thickness from the values of conduct ance. 

The bas ement on the other hand ha s a very high resistivity 

of the ord er of 20000 Qm. Its thickness, which probably corresponds 

to the thicknes s of th e earth's crus t, is cval ua t cd with good precision. 

The dir ect evaluat i on of the depth of the baserr.ent 1 s bottom by the 

asymptotic values of the f a lling part of th e sound ing curve s gives 

Stations S.l S.2 S.3 and S.4 S.5 

Depth 
20.5 21. 5 17.6 19 .. l in km 

In every c a se, these r esults confirm thos e obtained by Caner et al. 

(1969) and Caner (1970), but in a much more precise f ashion : the 

earth's crus t in the coastal area of British Columbia is relative ly 

thin, its thicknes s is of the order of 20 km in the Lillooet va lley, 

and the underlying l ayer ha s a very low r es istivity, on the ord er of 



• 

• 

• 

19 

10 nm . Caner e t a l. (1969), in the ir interpretation , have used t wo 

of the thr ee M.T. sound ing s done in the western area , Penticton and 

Grand Forks ; the y fo und a sligl1tly lower thicknes s for the earth's 

crust on the order of 10-J.5 km (Caner, 1970). Hm;ever, as the s h ortest 

period us ed wa s 30 sec a better precision in the interpreta tion of 

the earth's crus t wa s not possible . The 1000 nm r esis t ivi ty and the 

10-15 km thickness fo r the earth 's crust are slightly underestimated 

relative ly to our results. However the ord e r of magnitud e given by 

Caner et al . is r emarkable considering their data dispersion . 

Concerning the very conductive l ayer at the base of the earth's crust , 

even i f our data do es not have informatiorr at periods l ong enough 

to give a b e tt e r ev a lua tion of i ts resistivity, we can nevertheless 

presume that its res i s tivity is on the order of 10 nm . This as sumption 

is ba s ed on t he high value of the falling s lope of the p curve and 
a21 

also on the l ow valu e s of p for periods larger tha n 1 sec. This 
a12 

10 nm order of magnitude confirms Caner's hypoth esi s (1 970) that this 

layer would show a h igh t ernperatur e c ombined with an hydratation and 

probably a partial me lting of the base of the earth 's crust . 

9 - GEOTHERMAL INCIDENCE OF THE RESULT S OF THE M.T. SUR.VE.Y IN 

THE LILLOOET VALLEY 

Considering the results obt ained with this reconnaissance 

M.T . survey in the Lillooet valley, it ap p ears that the initial project 

of making prof il e s ac r os s the valley is not a good strategy fo r a 

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



• 
within a 2 km radlus, there is little varia tion jn resis tivity a t 

the basernent level. On the other hand looking at the M.T.S. re sults, 

the basernent presents along the valley some areas where the electrical 

proper ties are remarkably different; these a r ea s might have an 

interesting incidence on the evaluation of the underground thermal 

pot ential. 

Thus the strong electrical anisotropy as seen on the S.l 

and S.2 soundings at site 1 is a very interesting problem to follow 

up. First the bas ement's transverse res istivity (in the E.W. direction) 

seems quite uniform along the valley, at about 20000 Qm . Second the 

lows in the longi tudinal r esistivity (in the N.S. direction) 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 thè possible .hot water sources 

sought. A bet t er interpretation of the longitudina l r es istivity 

curves would even tually l ead to the localization of conductive zone s 

within the b asement; thc s e zone s being of i mportant geothermal int erest. 

But more da ta and results a re n ecessary for such an int erpretation. 

We think that a systematic survey with magneto-telluric soundings 

along the Lillooe t valley , with a M.T. sounding pr i ma ry station every 

2 km and severa l 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 crus t with its geo

therma l inferences . 



We will conclude by stat.ing that this reconnai ssance M. T. 

survey has proveè the reliability of the magneto-telluric metho<l Ln 

the geotherma l ex ploration problems; this is the case even in 

structurally very comp l ex areas , as the Lillooet valley, provided 

that the data acquisition strategy is correctly employed along with 

the proper equipment and sophisticated data proccssing and inter

pretation rnethods. 

Montreal, Nov6~ber 25th, 1976 

PHA.i.\f VAN NGOC 

Ll 
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Figure 6: Apparei l de profilage "TELHAG 2" mis e n station _pour une mes ure 
magn~to-tellur ique . 

Equiprnent for profiling "TELHAG 2" located at a station for M. T. 
measuremen t • 

Figure 7: Pannea u de contrôle àe la val:f.sc "ai!1plificateur-fj_ltre''. . 

Panel control of " ar plificr - fi.ltcr " box . 
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