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This report was prepared for the British Columbia Hydro and Power Authority (“BC
Hydro”). BC Hydro does not:

(a) represent, guarantee or warrant to any third party, either expressly or by implication: (i)
the accuracy, completeness or usefulness of; (ii) the intellectual or other property rights
of any person or party in; or (iii) the merchantability, safety or fitness for purpose of;
any information, product or process disclosed, described or recommended in this
report,

(b) assume any liability of any kind arising in any way out of the use by a third party of any
information, product or process disclosed, described or recommended in this report, or
any liability arising out of reliance by a third party upon any information, statements or
recommendations contained in this report.

Should third parties use or rely on any information, product or process disclosed,
described or recommended in this report, they do so entirely at their own risk.
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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geophysical methods have been tried in the exploration for

geothermally '"hot!' areas in the uppér regions of the earth's crust. The

only method that has been consistently found to be successful has been the

resistivity technique. In this geophysical method, the specific resistivity

(or its reciprocal,' the specific coﬁductiv'ity) of the earth's subsurface is
measured during traverses over tﬁe surface,

The principle of the technique_is based on the fact that the resistzj.vitﬁr
of solution-saturated rocks will decrease as the salir‘xity of the solutions is
increased and/or the témperature of the systém is increased (see Figure 1).
T};erefore, volumes of the eaf&x's crust that contain abnormally hot and sa‘line
solutions can often be detected as regions of low résisﬁvity.

The resistivity measurements are usually made using grounded current
and potential electrodes, but some useful data cén sometimes be obtained using
electromagnetic techniques. The field data shown on plan maps in Figure 2 aré
from the Broadlands Area in New Zealand; in this area there are sﬁbstantia.l
flows of hot water and steam at the surface.

The results show resistivity lows measured with a Wez_mer Conﬁguré.tion
Resistivity Survey and a loép-loop electromagnetic survey. The anomalous
pattern 1s much the same in both cases and the regions of low resistivity cor-

relate well with the areas of increased rock temperature.
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If the rock volume saturated w.i’ch hot solutions does not extend to
thé surface it will be neces safy to use large electrode i.ntervals to detect
the resistivity 1owé. The fesistivity data shown in "pseudo—sectidn” form
in Figure 3 is from Java. Along tﬁis line there are two deep regions of L‘low
resistivity detected for the-larger electrode intervals used. Z.one A s
associated with sﬁrface manifestations of gepthermai acﬁvity. The source
of the resistivity low‘ at Zone B is unknown. |

If the abnormally hot region occurs in a sedimentary ba.s.in, the A
general»resistivitj level can be quite low, due to the .high porosity in normal
sediments. T}-lis is the case in the Imperial Valley of California.; The resisti-

vities shown in Figure 4 are from an area near El Centro, California. The

 largest electrode separation used was 12, 000 feet.

The results show a two-layer georﬁetry with the uppér layer having
a thicknesé bof approximately one—half electrode interva:I (i.e. 1,000 feet).
The résis’civity in the upper layer is 3,0 ohm-meters; .the resistivity of the
lower layer is 1 5 ohm-meters. Due to the small resistivity contrast,
additional measurements would bé necessary to determine the pés sible
geothermal importance of the lower résistivity layer at depth.

" The results shown in Figure 4 are from a dipole-dipole electrode con-
figuration survey. Our dipole-dipole data is piotted as a "pseudo-section' for -
several values of n; the separation between the current electrodes and potential

electrodes, as well as the location of the electrodes along the survey line,

determine the position of the plotting point. The two-dimensional array of
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data is then contoured (see below). The contour plots are not sections of the

DIPOLE-DIPOLE PLOTTING METHOD

-

|e—x—>| < nx l<~—-———x——>
O— | ®
&/ _ o/

i i

I -2

NOSNOSE S

| M M
ON- |
1,2-3,4 2,3-4,5
/
N-2
N-3 — -
| 4,5-9,10

electrical properties of the earth; they are convenient éraphical representations
of the measurements made. However, with experience the contour patterns can
be interpreted to give some information about the source of the anomaly."

If the contour patterns indicate very simple geometries, more quéntitative
interpretations can often be made. For instance, if the contours are horizontal
for a lateral distance of four to six electrode intervals, a ho»rizc.mtally layered
geometry is indicated. In this situation, theoretical type-curves for dipole-
dipole measurements in a layered geometry can. be used in "curve fitting"

techniques to give the true resistivities and depths for the earth.
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1. INTR2AODUCTION

We have compieted a Reconnaisgsance Resistivity survey in the Meager
Creek Selected Area, on behalf of Mevin Sadlier-f rown, Coodbrand Ltd.

They in turn, are acting as consultants to £ .C. Sydro. The area lies
approximately thirty-five miles northwest of Pemberion, E.C.; the presence
of several hot springs in the vicinity suggests that the area may be of
possible importance as a source of gecthermal energy.

As explained in the notes preceding this report, the known geothermgily
active areas in the world had been found to be regions of low resistivity. The
reconnaissance resistivity survey in the Meager Craek Selected Area was
i:lanned,to determine the generall resistivity configuration in éha immediate

vicinity of the hot springs and also to dstect any large zones of unusually low




resistivity that might be present.

2, PRESENTATICON OF RATSULTS

The results of the reconnaissancs resistivity survey are shown on
the following enclosed data plots., The results are plotted in “peeudo-
section' form, so that laisral variation in resistivity can be separated

rom vartical variations,

Line | | Flectrode Intervals ~ Dwa, Mo,

A 14800 faat R-6253-1 Top

C 1000 feet R=6233-1 Centre
500 feat H-4253-1 Eottom

I ‘ 1000 feet R-6253-2 Top

7 1000 faet R-6253-2 Cantre

F 1000 fzet A-6253-2 Bottom

Two plan mans have been sreparad showing the arsa surveysd, the
relative position of the lines and some topographic features.
Dwgz. No. RP 5036-1 (Scales 1:100, 000) ﬁ:ows all of the linssg
Mo. RP 3036-2 {Scale 1: 10, 000) showa d=2ta3il for Line C,

D,

ILine 5 and Lisme T,

3

3, CEZ0LOGY

The principal rock type underlying the area i3 Hasozeic grancdiorite,
which is overlain unconformably by late Tartlary and Cuaternary velcanic
rockz., The volcanics are intermediate composition and forrs {lows,

fragmental rocks and plugs on the upper slopes of iieager Miountain, Most
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of the resistivity lines were run along valley bottoms or in topographic
saddles, With the exception of Line A, all of the lines are known or
presumed to be run on granodiorite. The western part of Linz A is run

on adacite ignimbrite, which overlies a bed of gsemi-consolidated gravel,
which in turn unconformably overlies grancdiorite. The dacite and graval‘
li2 in the ancestral valley of the Lilloost River.

The eaatarn. part of Line D and adjacent paris of Line C, ars on
thick overburden unbroken by rock suterop. Ia slaces the overburden
naar the nnea# consist of banks 400" high containing clay deposits of volcanic
orizia.

Tha density of fracturss in the granodiorite appears to be no mors
nor lags than sny other typical Coast Range intrusive ?cck. Lecally,
however, there ave faults and fractures, and in rarticular there iz a
regional sat of fractures trending west northweet and dipping steaply.

Near Line A, Line C and Line D, there are three hot spring complexes.
The most important of thess, ne2ar station 1505W on Line C, has bean
thoroughly studied as to ita chemical make-up. It has a temperature of
nearly $0°C, and contains about 2,000 ppm. total dissolved solids., The
analysis on this spring and on a few shallow drill holes nearby is available.
In general the springs adjacent to Lins A and Line D nave similar chemical’
compositions and similar toial dissolved sollids conents, although they

have a lagsar rate of flow,

4, 21SCUSSICM OF RETSULTS

The reconnaizsancs resistivity survey in the Meager Creek Selected




Area was carried out using 1000' slectrods intervals and n = 1,2,3,4, A

considerable resistivity variation was detectad in the area surveyed,

iinae A

This line extends NW-S¥ across the nnrtﬁe?n 2nd of the area of
intarest. At the northwest end of the line the registivity values show a
near-surfacs, hzgh resistivity layer overlying a lower resistivity second
layer. This correlates with the known geology which shows a dacite
overlying a semi-consolidatad gravel, The aoparent resistivity data in the
interval from 260N'W to 300NW was ”camgutzarafie“ o a laysred media.
The values are 11 = 723 faeg, °1/20 = 2784, 22/27 = 448; the fit is
axiremely good. The depth of ’?23 fset ia therefors, the best egtimate of
the thickness of the non-porous voleanie rock unit,

Some sulphide minsralization has been observed in the vicinity of
the deep, distinet resistivity Iéw at about 130NW to 1560NW,

At the southeast end of tha line, ths last faw measursmsents suggest
2 narrow zone of very low apparent resistivitics controed at approximately
TONW. At this point Line A is approaching the valley of hisager Croek,
Tha resistlvity anomaly appsars to be dus o a NATYOW, pOrous structurs
{faulr? )‘rathsr than to a valley filled with uncensaolidated sediment. The

measurements on Line A would have to be esxtendad to the zoutheant to

[N

comelats the anomalous pattzrn and permis a more definite intsrpretazion.
Closely spaced parallei lines would also have to be surveyed in ordar to

detarmine the strike of the anomalous feature,

The central portion of Line A passes ovar the granodisrite, with

neither the dacite, nor Unconsolidated sediments present in significant
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thickness, The apparent resistivities measured are modarately high,
in the interval {rom 140NW to 170NW the apparent resistivities at depth
are appreciakly lower., This suggesis gréaier porosity (fracturing or

alteraiion) wizth the rocks.

Line C

This line was surveyad along the southeast side of Msager Craek,
with the vast volume of the Meager Mouniain volcanic complex lying to tha
aorthwast, Within the vallays, there could ba thick {several hundred
feat) sections of ash and other sediments darived from volcanics., The
Aot sorings along Meager Cresk and Lilloost River issus from tiie Mesozoic
intrusive at ;:he bass of this volcanie complex.

A major crusial facture has been identifisd along the valley of
Lillooet Qiver and another along the valley of hisager Craek. If this
fault structure has created increased porosity, this would be a low
rz2sistivity zon2 aporoximataly narallel to ths line,

he apparent resistivity resulis from about 1808W to 908W show
that a lowar rasisiiﬂt@r zon2 is having an increasingly greater influenca
on the mesasurements aa tha survey nrocaaded to the southwest, To the
northeast of 905W 2o 805W the apparent resistivities are high, probably
reflecting the near-suriace presencs of tha non=-sorouns, unaltered, anfractuéed
intrusive, The position at 203W to 308W {s well within the valley of Meagsr
Craek; however, the valley is much narrower to the northeast of this point

and granodiorite ontcrops just to the northeast of 905W on Line €. Thersfore,

it i3 reasonable to suppose that tha high resisdvily rocks are much ne2arer io
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the measurement point hers, than they would be to ‘c}:x.e southwest.

The apparent resistivity paitern suggests that either the overburden
thickness ineraé.ges to the southwest or that the line is approaching a
narrow, conducting feature (fault) at a shallow angls. The apparent
resistivity results in the interval from 1208W to 905W wers used to
“computer intarpret” a two-layer or three-layer geometry that would
approximate actual sarth situations.

The {terative campﬁsx program used for the inversion attempt is
extremely good, and almost always gives some type of approximats
angwer, even in non-layered situations. In this case the program refused
io give an approximate answer. [f must thersiore b2 assumed that the
actuzl sarth situation cannot b2 even remotely approximated by a layered
medium,. Certainly, iz cannot be simply a gradually increasing wedge
of conductive stream sediments. liswever, ia a relatively narrow valley
tha conductive averhm'déﬁ couid not be considered to be a Vlayerad sarth”,
in any case,

Iz the interval from about 2705W to 2305W the resistivity pattern
changes again., To the southwest of this point the apparent resistivity level
iz once again moderately high, although not as high as at the northeast
end of the line. In this area, the line begina to climb up the sides of tha ‘
vallay., At about this »oint the contour patierns indicats three nATTOW,
conductive features,

There is a shallow, moderatd y low narrow feaiure centred at

2955W, There is a relatively narrow zone of low resistivities centred at
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2705V to 2405V, at considerable depth., Thers is a very definite, narrow
zone of low registivities at 2355W, Thiz {2ature seems to ssparate the

two different rasistivity eavironments that exist to the nsrtﬁeast and

Lm southwest, This narrow, shallow feature was checked using X = 500 feet,
The results show a narrow zone of low resistivities centred :#t 232+508W,
This anomaly has all the chavactsristics that cne would expect from a zone
of increasad porosity with a narrvow width and considerable vertical extent,

The most obvious geologic feature would be 2 fault,

s

line O

This east-west line axiends along Mzager Creek to the west of
an almost 90° bend in the craak itself, At iis eastern ond it crosses boih
Line C and Lins T, Wsaat of about 115W and east of about 13%, the apparent
rasistivities ars mcdaxéi:@iy nigh, probatly reflecting the relatively
noneporous intrusive, Ia ibhe intarval from 115W to 157 the apparent
rasistivities rangs {rom low o vary low.

Throughout this intarval, the lowest apparent resistivily values were

A

measured for n = 1. The waluss maasured increass for increasing values
of {n). Following the "computer interpretation” procedure usad in portions

of Line A and Line C, two apparently layered portions of this line were used.

The a rant resistivity values in ths region from 35W to 35%W and from 353V
k-]

&

to 5Z were fed into the compuler program. As on Liane C, the resuli was
that no layered earth could be found that would give rise to the measured

values, Theraforas, it cannot be assurmed that the rasistivity patiern

measured from 103W 5 157 is due simply to 2 thick layer of recant porous




siream sediments. towaver, as on Line C, the topography of the valley
sugzests *Jr.m’; the layering cannot extend very far to the north and south,
At the ends of this zona of low resistivities Lins O still lies well
within the valley of le2ager Treek, Therefore, thare ia no reason to
suppose that the overburden thicknesses would changs abruptly, The
ends of the resistivity low occur at topographic features {(crzeks, ravines,
stc, ) that could reflect fault structure.
It must be considered, tharefore, that it iz possible that the
extramely low resistivities in the interval from 103MW to 13T are due to
close proximmity fo 2 parallsl, porous faul: structure that may or may not
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resorted hers are not complate enough o permit 2 rigid intarpretation.
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This line was surveysd parallel to Line £, 2 distance of 2200 feet

i

to the southeast. This lins ls entirely within tha 2avironment of moderately
aigh apparent rasisiivities, Thors are narrow zon2s of somewhat lowar

values at 26087 to 2308W and az about 2005W, The sources of the alightly

loweayr rasistivitles are indicatad 1o be 2t some danth,

This lne was surveysd alony the ton of 2 valadively flar hill fuss to

the gouth of Meager Cresk, The anparent rasistiviiles measured ars

reiatively uniform and modserately high,
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3. CONCLUSIONS AND RECOMMENDATIONS

Thes first resistivity reeunlts {rom the Mzager Cresk Selected Area
are of definite intersst. There are distinct resistivity lows e# Line C
and Line 2, and particularly at the intersection. The anomalous patterns
of the resistivity lows appear to be due to increasaed thicknesses of porous,
eonductive stream sediments., Ilowever, atismopts io do a 'computer
interoretation’ of the resulis on Line € and Line O using a2 layered earth
geometry have shown that the fiald data can not be approximated as being
duz to a layered earth, Towever, ii must bs recognized that the finite
width of the valleys would limis the Yinflnite” behavior of the sediment layer,

ha possibility must b2 considsraed that the resistivity lows on Line C and

g

ot

Lins 2 are due io the liaes lying close in, and anproximately parallel to,

%

linear conducilve {eatures such as {aults, The faulis could be important
ag conduaits for geothermal solurieon, The prasently available dats is not

comulete sanough to permit 3 Jeofinite §

&

A drill bole hasz basn started at about 212 2 O, The

surpose of Hols No, 7Td=H-1 was to detarmine the nature of the sediments

3

he Meager Cresk Valley and to determine the soszsible presenca of a

&
Ead

Al

zaotharmal source at dapth, aa following 4xill hols log s availatle to

dates .
D = 220 Iset coarze bouniders, saad and gravel
220 - 320 fass clay, cossibly unconsolidated tuifaceous
material
320 < 363 feet boulders, sand and gravel

Several samples from the Arill hols ware zoasolidatad encugh to
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permit resistivily measurements to bs made in the laboratory. These values

range from 8.0 0 25 for /27 in chni-fest. The measured resistivily

values should be correlated with the geologic log for Drill Hole No. 74-li-1;

it would be expacted that the clay layer from 220 fset to 320 feet would
have the lowest apparent resistivity value,

A better interpretation §§r the source of the resistivity lows
measured during this recomnalssance resistivity survey could be made only
{ further data is available. Closely spaced parallel lines and/or perpendicular
lines would hava to be surveyed to dstermine whather the regions of lower
regiativity are due to a complex layering situation within the stream sediment
filled valleys or to relatively narrow, linsar, conductive fsatures {such
as faults) that occur approximately parallsl to the 15.::@3‘ surveyed, ia the
bedrock.

Tha reaulta of the first drill hole, and further resistivity data will

sarmit a more definils intarprstation.

o DFL

AR CECPHYSICS COMPANY
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Zated: January 28, 1973




