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SUMMARY 

A GEM-8 multi-frequency electromagnetic survey was conducted on Quartz 

Mineral Exploration Permit 6879030003 during February 1982. The survey was 

undertaken to determine sub-surface conductivity in an area where previous 

work had encountered gravity, resistivity and airborne electromagnetic 

anomali es. 

Interpretation of the GEM-8 survey suggests the presence of three different 

conductive features. The first of these is believed to be conductive lake bottom 

sediments and is spacially associated with airborne electromagnetic and weak 

gravity anomalies. The second, apparently more conductive anomaly, is 

associated with a stronger gravity anomaly and pronounced structural lineament. 

The third feature is thought to be a moderately conductive fault zone which is 

associated with a structural lineament. 
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CONCLUSIONS AND RECOMMENDATIONS 

The cause or causes of the related geophysical anomalies of the Pointe Basse 

property and their prospectiveness- for vein-type uranium mineralization are not 

fully determined by the surveys performed to date. Further work including 

ground surveys and interpretive modelling of gravity, electromagnetic and other 

geophysical methods is required to determine the nature of these anomalies in a 

more definitive manner. 
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INTRODUCTION 

I 	
Quartz Mineral Exploration Permit 6879030003 consisting of the NW! of Section 

3, the N of SW*  of Section 4, Section 5, the W of Section 8, the S and NE of 

Section 10, the NW of Section 11 and Section 14 of Township 113, Range 6, 

I west of the 4th Meridian, covers approximately 1 165 ha (2 880 acres) on the 

north shore of Lake Athabasca, NE Alberta (Figure 1). 

Hudson's Bay Oil and Gas Company Limited (HBOG), of 700 Second Street S.W., 

Calgary, Alberta, was granted the Permit by Alberta Energy and Natural 

Resources under the Quartz Mining Regulations on March 15, 1979. 

Exploration work in February, 1982 consisted of a multi-frequency ground 

electromagnetic survey employing a GEM-8 instrument package. 

I. 
I 

LOCATION AND ACCESS 

Permit 6879030003 is located about 12 km (7.5 miles) north and east of Fort 

Chipewyan on the north shore of Lake Athabasca in northeast Alberta (latitude 

58°47'30"N, longitude 110
0

55 1 30"W) (Figure 1). 

The 1982 programme was mobilized on February 16, 1982 via commercial air 

transport from Calgary to Fort Chipewyan, Alberta and demobilized February 

26, 1982 by the same means. The survey crew stayed in the town of Fort 

Chipewyan and commuted by truck over the Dorey Lake Road and an ice road 

along the north shore of Lake Athabasca to the Permit area. 
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PHYSIOGRAPHY 

The western half of the Permit area consists of a rocky upland with sparse 

overburden cover, rising 15 - 25 metres above lake level. The eastern half 

I consists of much flatter outwash sands and gravels with numerous remnant 

beaches and only scattered outcrops of granitic gneiss (Brown, 1980). 

I 
MINERAL EXPLORATION HISTORY 

There is no record of exploration having been undertaken on the property prior to 

the acquisition of the Permit area by HBOG. Government geological mapping of 

the area, indicates that the erosional margin of the Helikian Athabasca 

Formation may lie in overburden covered areas, in the eastern area of the 

property (Godfrey, 1978). This, coupled with the presence of uranium showings 

in basement lithologies west of the Permit area, led to the acquisition of Quartz 

Mineral Exploration Permit 6879030003. 
,yL 

Between March and June 1979, HBOG carried out intermittent field work on the 

permit. Airborne electromagnetic (EM) and gamma spectrometer surveys and 

ground electromagnetic and induced polarization surveys along with geologic 

mapping and prospecting were completed (Brown, 1980). The airborne EM 

located conductors in gneissic basement units in the western portion of the 

Permit area and in the east on the shore of Lake Athabasca under what may be 

the Helikian Athabasca Formation. 

In February to April 1980, induced polarization-resistivity, magnetic (King, 1980) 

and gravity surveys (Olson, 1980) were undertaken to determine the nature of a 

strong airborne electromagnetic anomaly located in 1979 on the shoreline. The 

induced polarization-resistivity survey indicated a thin, low resistivity horizon at 

an estimated depth near 250 metres and a low resistivity surface layer. The 

magnetic survey results showed little deviation from the generally low magnetic 

reli ef of the area. Gravity results indicated geolog ic  fault related 

features in thevicinity of the airborne electromagnetic anomaly. 
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GEM-8 MULTI-FREQUENCY ELECTROMAGNETIC SURVEY (1982) 

In February 1982, a deep penetrating EM survey was undertaken on the eastern 

portion of the Permit. The survey was conducted on a chained and compassed 

grid which was reconstructed on the ice from pre-existing hand-cutlines 

established during the 1980 season. The grid of 200 metre spaced lines was 

marked at 50 metre intervals with pin flags which were retrieved at the end of 

the survey. The survey was targeted over the 1979 airborne electromagnetic and 

1980 gravity anomalies betwen lines 7+00E and 17+00E of the reconstructed grid 

(Figure 1). 

The instrument used in this survey is a GEM-8 multi-frequency electromagnetic 

prospecting tool manufactured by McPhar Geophysics. The GEM-8 measures the 

phase difference and the amplitude ratio of a combined electromagnetic field 

composed of transmitted primary and induced secondary fields. These values are 

recorded at any of eight frequencies (41, 82, 164, 328, 656, 1 312, 2 624 and 

5 248 Hertz), from two orthogonal receiver coils. The phase and ratio values are 

used to calculate the tilt angle (in degrees) and the ellipticity (in percent), of the 

ellipse of polarization of the combined primary and secondary electromagnetic 

field. Technical information for the GEM-8 is contained in Appendix III. 
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The Gem-8 can be used in a variety of receiver-transmitter configurations. The 

I "Turam point mode" was employed for this survey (Eby, 1981). In this 

configuration, a stationary transmitter antenna of single strand 18 gauge magnet 

I wire was deployed in a rectangle 500 x 800 metres. The long (northern) edge of 

the loop was 400 metres south of and parallel to grid baseline. The receiver was 

traversed over the target on 200 metre spaced lines perpendicular to the 

northern edge of the loop recording data on all eight frequencies at 50 metre 

intervals. The time required to collect a set of readings for all eight frequencies 

at a given location varied from one-half to three-quarters of an hour. 

I 
I. 
I 

The calculated tilt angle and ellipticity were plotted in profile at a plan scale of 

1:5 000, first by individual frequency (Figures 2 to 9 inclusive) and then by 

combining all the frequencies (Figures 10 and 11). The tilt angle data is plotted 

with a base value of ninety degrees which is the orientation of the primary field 

in the absence of a conductor. - 
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I 
DISCUSSION OF RESULTS 

The results of the GEM-8 "Turam" electromagnetic survey were examined for 

divergent responses of the tilt angle and ellipticity values with respect to 

frequency and station. The data was reviewed with tilt angle and ellipticity 

amplitude plotted against station location for each frequency. Two anomalous 

zones were noted and plotted on Figures 2 to 9 inclusive. The range of these 

zones is also plotted on Figures 10 and 11 with the multi-frequency ellipticity 

and tilt angle profiles. 

Zone 1 is theprnijaLanpinJy.  It exhibits a greater conductivity thickness 

than Zone 2 by virtue of its response to a wide range of frequencies (Keller). 

Zone 2, however, is considerably shallower than Zone 1 as noted from its much 

I shorter anomaly wave length. 	This interpretation is supported by an 

interpretation of the airborne electromagnetic data (after Palacky, 1973) that 

I produces a greater than three fold difference in relative conductivity thickness 

with the stronger response of Zone 1 at greater than twice the depth of the 

shallow, weaker conductor. 

Both zones also exhibit a dramatic hift to grid north with increase in frequency. 

This is attributed to the shift of the induced current axis to the edge of the 

conductive formation with increase in frequency. Such a large shift to the north 

indicates the edge ofavery shallow dipping body which extends to grid so 

I The data was reviewed again with the tilt angle and ellipticity amplitudes 

plotted against frequency for 100 m stations on line 13+OOE (Figure 12). This 

I 	data presentation displays response features particular to specific frequencies or 

range of frequencies. Starting with station 2+505, L13E, two distinct ellipticity 

features are noted. Feature A exhibits a response to low frequencies while 

Feature B responds well to high frequencies. The relationship persists northward 

on line 13E until Features A and B subside at 1+50N and 2+50N respectively. The 

fading of A and B coincides roughly with the limits of Zones 1 and 2 respectively. 

This observation corroborates the interpretation of horizontal conductors as 

I. 	causes for the anomalous Zones 1 and 2. 
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A third response, Feature C persists from 2+50N to the end of the line. This 

feature exhibits a relative conductivity thickness less than Feature A but 

substantially greater than Feature B. Feature C is presumed to be a conductive 

fault zone which sub-parallels line 13E, evident from a prominent structural 

lineament. 

Zones 1 (Feature A) and 2 (Feature B) are interpreted as overlapping very 

shallow  dipping—horizons. Zone 2 is weakly conductive and shallow and extends 

lakeward from approximately 100 m offshore. It is roughly coincident with a 

weak gravity step and airborne electromagnetic anomaly. It is most likely 

conductive lake bottormsediments. Zone 1 is more highly conductive and deeply 

seated. It coincides with a strong gravity step and prominent structural 

lineament which sub-parallels the lakeshore. It is also interpreted as a deep 

moderately conductive anomaly from airborne electromagnetic data. This 

feature may represent a fault bounded conductive regolith or saline aquifer 

within the Athabasca Formation. 
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Respectfully submitted 

A. A. Brown, P. Geol. 
Manager, Uranium Exploration 

R. C. Everett 
Staff Technologist 
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HUDSON'S BAY OIL AND GAS COMPANY LIMITED 
QUARTZ MINERAL EXPLORATION PERMIT 6879030003 

HUDSON'S BAY OIL AND GAS COMPANY LIMITED has incurred costs for 
mineral exploration work relating to the above Quartz Mineral Exploration 
Permit pursuant to the Quartz Mining Regulations, during the period March 15, 
1981 to April 15, 1982, as follows: 

Salaries 	 $ 6636.00 
Materials & Supplies 	 681.55 
Truck Rental 	 489.00 
Ice Road Ploughing 	 720.00 
Airfares 	 1 308.60 
Geophysical Equipment 	 3 136.00 
Accommodation 	 1 270.60 
Trucking & Freight 	 1 034.59 
Miscellaneous Expenses 	 104.80 

TOTAL 	 $15 381.14 
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QUARTZ MINERAL EXPLORATION PERMIT 6879030003 

LIST OF PERSONNEL 

Name& Address 	 Position 	 Days 

A. A. Brown, P. Geol. 	 Manager, Uranium 	 3 
Exploration 

I 	CALGARY, Alberta 
T2K 2C3 

' 	 A. R. Bays 	 Geophysicist 	 4 

COCHRANE, Alberta 
TUL UWU 

I R. C. Everett 

I 	CALGARY, Alberta 
T3B 1W8 

I . 
R. H. Dearden 

CALGARY, Alberta 

I
T2B 2C9 

R. J. O'Shea 

I 	CALGARY, Alberta 
T2E 3E4 

$ 

I 
I 
I 
I. 
I 
I 

Staff Technologist 
	

20 

Minerals Technician I 
	

14 

Minerals Technician III 
	

14 
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GEM-8 

GROUND ELECTROMAGNETIC SYSTEM 

TECHNICAL INFORMATION 
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® 8 GEM 
8 Frequency Ground Electro Magnetic System 

• Frequencies from 41 Ha to 5248 H. 
• 50 m to 2000 m.coil separations, 
depending on system configuration. 

• Measures Ratio and Phase differ- 
en ce deriving Ellipse parameters. 

• No physical. or radio link between 
transmitter and receiver. 
Simple operation means, accuracy is 
independent of operator experience. 

• Depth penetration in excess of 
1000 meters. 

• Wide range of system configura- 
tions means flexible applications. 

- Horizontal or Vertical Loop Tx. 
-Fixed Tx, Inline or Broadside Sur-' 

veying, 
- Parametric, Geometric or combined 

depth Sounding, 
- V/H terrain compensation similar 

result to SHOOTBACK without Tx-Rx 
exchange, 

- Multi-receiver operation, 
- Point and Gradiant mode TURAM sur-

veying. 

GEM8 is a flexible ground EM system 

I with a range of capabiliti&s normally re-
quiring many individual instruments. 

The Ellipse parameters are inherently 

I normallized and do not require precise 
ation setting. This means easy operation 

- 	inexpensive survey cost. 

I The receiver (Rx) console and coil is 
common to all configurations. The 5Kg con-
sole and air-core coil avoid field distor- 5; 

ti on problems associated with iron and 
ferrite cores and can be operated by inex-
perienced personnel. 

GEM8 can help solve most EM explora-
tion problems by appropriate selection of 
transmitter console, coil and power source, 
and the survey configuration. 

One of our experts can help you con-
figure the ideal system or survey for your 
needs. 



GEM8 RECEIVER 

We receiving system,consisting of console, 
ossed-coils and power. supply,is common to 

all configurations. 

CONSOLE: The compact fibre-glass case with 
side mounted controls is easy to carry 
and convenient to use. Four windows in 
'the front panel digitally display field 
measurements and instrument monitoring 
parameters. 

CROSSED COIL: 	The coils are air-core to 
avoid field distortion, characteristic 
change by temperature, and electrostatic 
problems associated with iron and ferrite 
cores. 

I 
POWER SUPPLY 	A leather waist belt con- 

taining the rechargeable battery pack can 
be worn comfortably for hours. 

' FIELD OPERATION: 	To avoid extraneous con- 
ductor effects, arbitrarily orient the 
coil on the ground, remote ( 2 m) from 
both operator and console. 	After noting 

I 	the coil inclinometer reading, simply select the desired frequency and read the 
amplitude ratio and phase. 

I. 

t 
I, 

I 
I: 
I 
I 

1 
a GEM8 

RECEIVER BATTERY PACK 

I 
	

L 

RESULTSe 	A simple calculation, using a 
pocket calculator, converts the ratio and 
phase to Tilt Angle and EllipticityThese. 
parameters are virtually independent of 
Rx-coil orientation and fluctuation of 
Tx-field and insensitive to inaccuracy in 
the:.Tx-Rx coil separation. 

GEM8 TRANSMITTER 

The transmitting system consists of a con-
sole, transmitter loop and power supply. 
Due to inverse cubic power law in distance, 
the primary field strength decreases from 
64000 to 1 as Tx-Rx distance increases from 
50m to 2000m. Therefore it is necessary to 
configure your Tx system with the proper 
choice of console, loop and power supply ,  
according to the survey scale. 

CONSOLE; 	Compact fibre glass cases are 
easy to carry and. operate. 	Power and 
voltage control permits choice of optimum 
signal strength and power consumption. 

LOOP: Depending on the application, one or 
more 30ni cables in series,portable framed 
coil on a tripod, or a large single con-
ductor loop for TURAM operation is avail-
able. 

POWER SUPPLY: Based on the power required, 
a JLO back-packed generator or recharge-
able battery pack belt is available. 

FIELD OPERATION: 	The Tx coil is quickly 
erected in position. Rotate the frequency 
selector to the desired position and the 
survey has begun. Depending on the power-
console-coil configuration best suited to 
your needs and the local geological con-
ditions, the response from the eight ac-
cessible frequencies permits depth sound-
ing for strata definitions to better than 
half the Tx-Rx Separation. In addition 
the range of conductivities covered in-
cludes virtually all ore body types. 

14 
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Ellipse of Polarization of 
Electromagnetic Field 

Ix 

I. 

An electromagnetic field may be completely described by two parameters of the 
ellipse of polarization, the ellipticity and tilt angle. Work by N.R. Paterson and 
S.H.Ward have indicated the usefullness of these parameters as a means of obtaining ,• geophysical information without resorting to a connecting reference cable between 
the transmitter and receiver. In 1970, S.H. Ward suggested that two orthogonal 
receiver coils could be used to determine the ellipse parameters without resorting 
to the "NULL" method. 

The ellipse parameters are insensitive to transmitter moment fluctuations and 

I'  
less sensitive to distance variations between transmitter and receiver than inphase 
and quadrature quantities as measured by loop-loop EM. Knowledge of the transmitter 
moment magnitude is unnecessary for interpretation since the ellipse parameters, 
inherentlyare normalized quantities. 

Because the importance of EM measuring at multi-frequenceies and at lower fre-
quency has been emphasized by S.H. Ward, N.R. Paterson and many other geophysicists, 

GEM8 measurements are made at eight frequencies as a standard provision; the lowest 
frequency is as low as 41 H. 

Because the secondary electromagnetic field induced by a conductor in transmit-
ting the primary electromagnetic field may be out of phase with the primary field, 
the resulting field at the receiving position is elliptically polarized. The para-

meters, 

ELLIPTICITY and TILTANGLE, define the ellipse of polarization of an electro 
magnetic field, thus indicating the nature of the source of the secondary field. 

Rr = Hp.IXP(14) ; primary Field 

	

B H3P(J+s) 	S.cOndary Field 
Resultant FI.ld - 

HP 	 Phase 

	

$ 	Tilt Angle 

	

OC 	ElfipticitY Angle 

•. tan(Q : Eflipticity 

MaJo.-a xis -?" 	Minor axis 

, Electrical centre of 
Secondary source 

I 
• In theGEMsystem,the transmitter 

field at the specified frequency. The 
on the ground at some distance from Tx, 
nal is digitally processed to give the 

(0) between the two signals 

(Tx) generates an alternating electromagnetic 
receiver orthogonal coils (Rx-coils), placed 

receive the electromagnetic field. The sig-
amplitude ratio (r) and the phase difference 

GE1t1I Electromagnetic Receiver System 

I. 
I 
I 

1-11 r 

tan2d tan2(cosØ 
sin 2v( w sin 2f sin 0 

ktan' (ton 2rcosØ) 
. 	-sin (sin 2TsinØ) 

a 	Tilt Andis 
e -tano( : Ellipticity 

r 	Ratio 
0 Phase 

Ttanr : Ratio Arigi. 
13-P : Coil Angle 



As indicated in the figure, two ellipse parameters are derived from the ampli-
tude ratio and the phase difference between the Rx-coils. The Ellipticity is inde

-

pendent of the inclination of the Rx-coils. The Tilt Angle referred to the primary 

I field direction can be obtained by subtracting or adding the inclinometer reading to 
the measured Tilt Angle. Therefore, leveling of the Rx-.coil is not required. 

Geophysicalprospecting methods which measure ellipse parameters are not •new.  In 
conventional "NULL" methods, orthogonal coils are rotated-until the output of the 
reference coil is rninimized.As shown in the •figure,the ratio of the signal amplitudes 
from the two coils -  and the angle between the horizontal and one coil axis at the 
"NULL" position are measured to determine ellipticity and tilt angle. 

Conventional NULL' method 

'A 

vs 

Other conventional EM systems (eg: the slingram method) measure a projection of 
the total field along the Tx-Rx axis. This projection is frequently defined in terms 
of inphase and quadrature components. These methods require a reference cable and 
precise Tx-Rx distance measurements as well as accurate leveling of the Tx and Rx 
coils. 

I. 
I, 
1 

Conventional lnphase/Quadrafure Measuring 
Electromagnetic System 

---------H 
I .Precise distance 	 \ 

Ix I 	Rsfsr•nc cable 
	

R x ~:Qvadrature 

TheGEMsystem has the following advantages: 
1. No "Nulling", no "Leveling", no "Tuning", no "Tx-Rx link", (neither cable nor. 

radio), no "Rx-coils leveling". 
2. Inherently normalized parameters at Rx results in negligible effects from magni-

tude fluctuations of Tx field and variation of Tx-Rx distance. 
3. Signal enhancement and phase/frequency filtering are achieved- by sampling the 

signal at 16 points/cycle and stacking the samples. 
4. Complete definition of the electromagnetic polarization ellipse compared to the 

measurement of a projection of one dimensional component of the field. 

I 	5. The ellipticity is derived with a sign (positive or negative) 	depending 	upon 
which way the ellipse rotates while conventional "NULL" methods giveonly 	abso- 
lute value (always positive). 

6. Simple and effective terrain correction for tilt angle. The ellipticity parameter 
is independent of coil. misorientation due to elevation difference between Tx and 
Rx. 

I 

I 

I 

I 

Tilt Angle 	13 

MIN? 	 Va Ellipticity • VP 

LI 
L: 
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GEM8 
RECEIVER 
	

BATTERY PACK 

GEM8 RECEIVER SPECIFICATIONS 

4SOLE.: Rugged, splash-proof fibre glass 
case 5 Kg, l6cmX25cmX3Ocm 

" POWER SUPPLY: Rechargeable leather battery 
pack belt weighs only 4 Kg. Fully charged .  
pack lasts 15 hours at 20°C. 

I
I

RECEIVER COIL: Rugged, self-standing air-
core crossed-coils with inclinometer. 
5 Kg, 5OcmX5OcmX50cm 

DISPLAYS: 	Four 4-digit all-weather LCD 
(LED option) digital display windows on 
the front panel. 

I PARAMETERS MEASURES: 
RATIO - 4 digits.,. 3 decimal places, 0.1% 

accuracy 

I 	PHASE - 360 degrees, 4 digits, 1 decimal 
place, 0.1 degree accuracy  

FREQUENCIES': 41H, 82 H, 164 H, 328 H, 
656 H, 1312 H, 2624 H, and 5248 

SENSITIVITY: 1 nano A/m (1 X 10
9

-  AM 

GAIN: 8 positions in factors of 2 

MONITORS: Battery level, Noise strength, 
Signal strength, Frequency and Gain mdi-
cater, and optional inclinometer reading.. 

REPEATABILITY: Tilt Angle .1 degree, Ellip-
ticity .1%, under ideal conditions in the 
mid-frequency range. Field repeatability 
depends on coil separation, frequencies 
and field conditions. 

SIGNAL ENHANCEMENT: 	The input signal is 
filtered by •stacking 16 equi-spaced sam-
ples per cycle thus insuring compl,e,te_ 
signal definition. 

I 
Figure 1 shows a block diagram of the GEM-8 receiver. After the signal from each coil is 

I preamplified, two stages of sophisticated filtering reduces random noise to a negligible 

tel. Exchange of the coils and processing channels permits elimination of all instru-
t bias and a virtually noise free read-out. 
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EZ-11,  
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GENERATOR 

 

I 

r--  — - -- - 
I Portable 

CrysS& 	GEMTraritta 
Block Diagram 

1 Yog. lta 	 req. 

1 
Crot 	 I 	Control 

1 14_30V  I DC - AC 
Bridge 
Convertor 

L....._J 	L-------_J L____J 
Power Scores 	 Console 	 Tan.mIft., COJI 

I) 

• 	 GEM8 TRANSMITTER SPECIFICATIONS 

	

 

WCONSOLE: Rugged, splash-proof fibre glass 	Portable framed coil — lm X im mounted on 

case, 11 kg, 17 cm X 33 cm X 38 cm 	for 	a tripod for horizontal, vertical or V/ 

I

) High Power System and kg, 16 cm X 24 cm H topo-cancel operation. Maximum moment 
X 30 cm for Portable System. at 41 Hz is approximately 500 Am 2  and 

maximum Tx-Rx distance Is 300m for good 
POWER SUPPLY: Depends on the survey scale noise condition. 
and lx loop. 	 TURAM loop — Single conductor 	loop of 

	

q JLO back-packed  generator — 1.5kw maximum 	normal TURAM size (several km long). 

	

output, 34kg weight with gasoline, for 	Survey distance from loop is several km 
large loop Tx. 	 depending on the loop size 

	

I Rechargeable leather batter pack belt — 	Other types of Tx loop are optional. 
17 ampere-hour, 6 kg for portable coil. 

I' ONSMITTER

ther types of power source are available. 	FREQUENCIES: 41 Hz, 82 Hz, 164 Hz, 328 Hz 
656 Hz, 12 Hz, 2624 Hz, and 5248 Hz. 31 

 LOOP: - Depends on the survey 
scale and method. 	 OUTPUT MOMENT: Variable depending on loop 

	

* 30 m cable — one or more in series. 19 	size, frequency, applied voltage and type 

	

conductors, neoprene, horizontal on the 	of console. 

-' 	ground or vertical with a mast. Maxi-.. 	OUTPUT CONTROL: Input voltage control and 	
L 

mum moment at 41. Hz, with four 30 m 

I. 	
, , 	numoer, control 	circuit 	breakers ap- 

	

cables is approximately 7.2 X 10 Am and 	plied for high power transmitterconsole. 	h 
maximum Tx-Rx is 2000 m for good ground 
and noise conditions. 	 DIAGNOSTICS: Input voltage, output ampere 

and frequency indicator.  

Pcw.r Source 	- 

, ET 1 
R.ctl I4 
n  

.guIaor - 	I 
--- ---_j 

High Power 

•EM Transmitter 
elock Diagram 

Co.i,oI. 
-- 1 

F EEH  
can q 
	 I 

trol] DC-AC 	 LOW 
Bridge 	 •1 

I Circuit 	 Converter 	 r — - 

McMIJ 	 I 	-( 

• I 

• 	 21 
_ U! 

• 

_-
31 

4
1 

- scR 
Modut, _T_EIJJ 

I 	 (for hlgMv.quunel.,) 	I 	ptIflOI 

L___-----------J Tuning Box 

I 	 . 
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S 	 . 

(Note: EA  and  EB are possible 
amDlifier error sources) 

frequency reference 
Generator(A or B or A+B) 

.[Active Stackir 
I Filter Filter 

Active Stacking A A 

Filter Filter I 

R Crossed 
XCo jl 

—o 
cP 

0 

8 

I 	Filter Filter 

Multiplier 

L 
 A 

	 S 4 ctive Stacking 	Acti ve tacking 

FIGURE 1: 	GEM-8 Receiver Block Diagram 
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• ' ILL-Tx MULTI-Rx/DEPTH SURVEY: Results give 

I 
pseudo-section resistivity information like 

ole_dipoleIP or resistivity 	surveys. 
multi-frequency measurements give more 

etailed 	information 	than 	resistivity 
survey. 

POINT/GRADIANT MODE TURAM: Deep penetration 

I 
surveys for large area coverage. Point mode 
survey can be performed by one-man Rx oper- 
ator and with random station distribution. 

The point mode operation measures total 
field in terms of the ellipse of polari-
zation parameters. There is no weak-field 
problem due to a large field tilt. A con-
ventional TURAM method measures vertical 
component only and has a measurement prob-
lem when the field is tilted away from ver-
tical. 

FIXED V.L-Tx SURVEY: Locating deep conduc-
tors accurately. 

I, ELECTROMAGNETIC DEPTH SOUNDING. 

Ward et al (1974) evaluated a multi-spectral electromagnetic system that has some 
of the characteristics of GEM This work was oriented towards the examination of the 
known massive sulphide deposits of the Cavendish Test Site in Ontario. While satisfied 
with the potential of the system, these investigators state: 

"Existing interpretation techniques are limited both in scope and in application. 
The scope can be extended by expanding the range of simple single unit models upon which 
interpretation is based." 

' 	In their extensive discussion of electromagnetic induction methods, Grant and West 
(1965) point out that: "Depth sounding can be performed by the electromagnetic induc- 
tion method in a manner analogous to the way it is done by D-C conduction." Further, it 
is also theoretically possible to achieve virtually similar results by varying the cur- 

I rent frequency and keeping transmitting and receiving coils a fixed distance apart. 
Indeed, Slichter (1933) demonstrated that if an alternating magnetic dipole lies at the 
surface of. a medium whose electrical conductivity is a function. of depth only, the con- 

J'Aw
uctivitY of the medium everywhere at depth may be completely determined by measurements 
f the field intensity at the surface. While this theorem has not, as yet, led to a 

1.11 practical method for direct interpretation, it is valuable in establishing the unique-
ness of solutions to depth-sounding problems. 

In spite of the firm theoretical foundation for electromagnetic depth sounding, it 
has not been popular. The D-C conduction method has tended to be used in place of elec-
tromagnetic method. Grant and West suggest that one of the reasons for the disuse of 
electromagnetic sounding is that theoretical curves for more than one surface layer, over-
laying a half space are not generally available. . 

Dey and Ward(1970) outline a complete solution of the boundary value problem' of a 
horizontal magnetic dipole over a homogeneous and n-layered half-space; These authors 
suggest that the ellipticity, (a parameter derived from GEM measurements), is the best 
field parameter for use both with parametric and geometric sounding. 

Other studies of multi-spectral depth sounding using tilt angle and ellipticity 
have been carried out byRyu, Morrison, and Ward (1972); by Glenn and Ward (1976); and 
by Pridomore, Ward, and Motter (1,979). 

A number of studies suggest that practical automatic techniques for the direct in-
terpretation of multi-frequency electromagnetic data can be developed. Daniels, Keller, 
and Jacobson (1976) outline a computer assisted method of depth sounding. They make use 
of an algorithm presented by Ghosh (1971) to evaluate and Hankel transform integral. 
Recently, Anderson (1979) has developed an algorithm that is more accurate than that 
suggested by Ghosh, without loss of efficiency. 

Further, Lajoie, Alfonso- Roche, and West 

klectromagnetic response of a layered earth in ay then be obtained as a doubl.e inverse Fourier 
algorithm may be used to evaluate the fields. 

With the assistance of the National Research Council of Canada, McPHARis develop-
ing an automated computer interpretation method for the GEM8. 

I 

a 
(1975) have suggested expressing the 
rectangular co-ordinates. A solution 
transform. The fast Fourier transform 
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GEM Survey Confguralion 

--.-x- 
HL-Tx Inline 
	

V-L-Tx Inline 
	 Vt-Tx Broadside 

-x 
H•L-Tx Geometric Depth-sourdirg H•L-Tx Parametric Depth-sounding HL-Tx Multi-Ri/Depth Survey 

Point Mode TURAM 

• 

#F fxed  VL-Tx 

t 	> 

V/H Topo-concel Operation 
Tx 	Grodiort Mode TURAM 

Tx Moment ::: Station 	Tx 	X Rx 
Direction 	Move 

The GEM system fully defines the field and 
requires no Tx-Rx reference link. 	These 

I characteristics permit maximum flexability 
in survey design. 

McPHAR can help you configure the ideal 
system and survey for your application. 

H.L-Tx INLINE: Applied for horizontal pro-
filing  for  conductor location. Suitable for 
massive sulfides and flat lying conductors. 
When all eight frequencies are applied at 
each station, the depth sounding capability 
gives continuous stratagraphic information. 

V.L-Tx INLINE: 	Horizontal prbffling for 
conductor 	search. 	When 	combined with  

measurements by 'H.L-Tx Inline, the results 
clearly indicated whether the conductor is 
vertical dyke type or flat lying. 

V.L-Tx BROADSIDE: 	For accurate locating 
of conductors, due to. the cross-over type 
response. - 

H.L-Tx GEOMETRIC DEPTH SOUNDING:For strati-
graphic surveying, depth to basement or de-
fining geothermal reservoirs. 

HL-Tx PARAMETRIC DEPTH SOUNDING: 	An al- 
ternative to GEOMETRIC DEPTH SOUNDING for 
use in rough terrain area. Suitable to 
quickly map stratigraphy because of innec-
essity of changing Tx-Rx separation. 

111-"r*"~ 
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GEM® 
I 	 GROUND ELECTRO —MAGNETIC SYSTEM 

I. 
	 CALCULATION OF ELLIPSE PARAMETERS 

GEMSystem Parameters 	 - 

I 
RATIO (r) 	 -' 

between the two coils of Rx crossed-coil 
PHASE (0) in degree) 

Coil Angle (i3) in degree 

EQUATIONS TO DERIVE TILT ANGLE (,3) AND ELLIPTICITY (e) 

= tan 1 r : 	(RATIO ANGLE) 

13' = ½ tan 
-1 
 (tan 2 ( cos ) 

½Sin 	(Sin 2rSin) 	= (Ellipticity Angle) 

/3 	f,3'+-  /3 	in degree 

e = 	tan c4 

This calculation canbe performed by a simple hand held calculator. The chart 
figure overleaf is used to obtain, graphically, the tilt angle and ellipticity from 
the ratio and the phase. 
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VERTICAL CONDUCTOR RESPONSE 

The right figure shows typical re-
sponses of tilt angle and elliptic-
ity over vertical conductors. These 
are Horizontal Loop Tx Inline, Ver-
tical Loop Tx Inline and Vertical 
Loop Tx Broadside from the top to 
the bottom in the figure: 

I
The data was obtained using a scale 
model experiment of a thin conduc-
tor sheet in free space. The exper- 
iment was carried out for various 6* 

I (conductivity - thickness), depth 
and dip of the conductor. 

The figures on the back of this page 
are summarized from responses for 
various dips and depths of conduc-
ors. 

though work by Ward and others has 
indicated the limitations of free-
space modelling, these data indicate 

I the response characteristics of the 
system and can simulate the response 
over conductors in high resistive 

I
host rock, such as Canadian shield, 
environments. 

McPHPR is presently conducting stud- 
ies using the tank model facility 
of the University of Toronto. These 
studies will give additional infor-
mation on the effect of conductive 
terrains and conductive over-burdens. 

I 
I 	I 
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HRZNTL TX INLINE 

VERTCL TX INLINE 
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HRZNTI TX INLINE 
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OIL IS 1/4 	SIGMwT0.146w1Ow ,i5 
DIPPING IS VR1iIRBLE 
90 DEGREE TO STRIKE 

OMWOEPTH LKWTX-RX COIL SPACE  

I OF THIS MODEL fS 24 CM 

T. A. • 	EL.LPTCT! .. 	RX--.--TX 

RNGL 15 90 DEGREE 	SIGMRwT0.146wI0ww5 
DEPTH IS VARIABLE 
90 DEGREE TO STRIKE 

OwwDEPTH lwwTX-RX COIL SPACE 
L OF THIS MODEL 15 24 CM 
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PLOTTED RI THE MIDDLE OF TX-AX 
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LR. - • ELLPTCTY -. 	RX--. —TX 

PLOTTED RI THE MIDDLE OF TX-AX 
(MODEL) 
SIGMAT. SM 

TL 

tNTL TX INLINE 

D/L IS 1/6 SHEET DIPS 90 DEGREE 
90 DEGREE TO STRIKE 

DoDEPTH LoTX-RX COIL SPACE 
L OF THIS MODEL IS 24 CM 

1198 	 4730 	 9459 	 14566 	 22542 	 36236 	 115542 MHOS 

IL 

AA 

I. 
VERTCL TX INLINE 

VtLR'&TX BROSID 

4=9 

I GEM responses of vertical sheet conduc-
tors of various at (conductivity-thick-
ness) are summarized in the figure above. 
We note a very small ellipticity response 
at low values of al As cr± increases, 
the amplitude of the ellipticity increases 
to a maximum value near a a -i of 14000 trIm. 
3eyond this value of crk. , the ellipticity 
decreases with increasing ø-J. The tilt 
angle response, however, increases with 
increasing a-L over the entire- range shown 
toward saturation. This behavior is simi-
lar to the Quadrature and Inphase response 
of conventional EM System, and is diagnos-
tic of anomaly sources. 

All three of the above Tx-Rx configura-
tions show similar anomaly behaviour. 

The GEMS CONDUCTIVITY SPECTRUM (over-
leaf) shows the peak-to-peak response 
over steeply dipping dykes. This spec-
trum was constructed from experimental 
profiles. The lower portion of the fig-
ure indicates a variety of ore-body con-
ductivity thicknesses. The range illus-
trated spans all economical mineral oc-
curances. Although this spectrum is 
based on free space models it remains 
valid for the determination of apparent 
crt for real anomalies. 
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115542 MHOS 

i GEM 0 
GROUND ELECTRO —MAGNETIC SYSTEM 

r 
T.p.... 
PLOTTED 

(MODEL) 
SIGMRwT. 

I  
¶1NTL TX INLINE 

I I 

VEATCL TX INLINE 

I!VLa,TBItJ5ID  

aLPICTY . 	RX--.--TX 	OIL IS 1/8 SHEET DIPS 90 DECREE 	OMOEPTH LoTX-AX COIL SPACE 
AT THE MIDDLE OF TX-AX 	 90 DECREE TO STRIKE 	 L OF THIS MODEL 15 211 CM 

I 
GEM responses of vertical sheet conduc-
tors of various at (conductivity-thick-
ness) are summarized in the figure above. 
We note a very small ellipticity response 
at low values of at . As ok. increases, 
the amplitude of the ellipticity increases 
to a maximum value near a ø-.tof 14000tT/m. 
Beyond this value of rk. , the ellipticity 
decreases with increasing ø-  . The tilt 
angle response, however, increases with 
increasing c3-*. over the entire.. range shown 
toward saturation. This behavior is simi-
lar to the Quadrature and Inphase response 
of conventional EM System, and is diagnos-
tic of anomaly sources. 

All three of the above TxRxconfigura-. 
tions show similar anomaly behaviour. 

The GEMS CONDUCTIVITY SPECTRUM (over-
leaf) shows the peak-to-peak response 
over steeply dipping dykes. This spec-
trum was constructed from experimental 
profiles. The lower portion of the fig-
ure indicates a variety of ore-body con-
ductivity thicknesses. The range illus-
trated spans all economical mineral oc-
curances. Although this spectrum is 
based on free space models it remains 
valid for the determination of apparent 
cr.t for real anomalies. 

[I 
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!LUP$E OF POLARIZATION CV !LCeTROMAINET1OmELJ 

OV!R I$OMOENEOUt EARTH 

HO IZONTAL LOOP TX • TX-RXIOVe 

I 1J - 

o 	 Zt, :t~ 

 

(1g.. ..) 
IC J., 14. 

(•, .. 

a a g d 7I 	 a ,.. j- A  7 	 a JfS 	TI 	 ,as V f A r ? 	 /3,. 

c41.c/'* c.$t.J214 CP.Af#ij, C4121M 	øitt# 	 I3/2l6 c-4?.aa4fAc 	 JfS 

The figure above illustrates the ellipse • 	tion parameter of the earthisrelated to 
of polarization response over homogeneous 	the product of rf. •and f (frequency). 
earth of various conductivities (cr). 	 : 

The case shown is for a horizontal loop 	GEMS CONDUCTIVITY SPECTRUM. is shown 
Tx and vertical primary field at Rx. Sim- 	in the figure overleaf. The conductivity 
ilar to the thin sheet conductor case,the 	of various geology is indicated. Gener- 
tilt angle increases as ø increases to- 	ally, the response from the host rock 
ward saturation. Ellipticity increases 	has a negative influence on conductor 
as cr increases to a maximum value, then 	location surveys. Knowledge of the re- 
decreases with further increases of 6 	 sponse from the geology of a survey area 
Similar characteristics are indicated for 	is important in survey planning and in- 
increasing frequency because the induc- 	terpretation. 
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GROUND El ECTRO-1V1.AGNETIC SYSTEM 

1 •  
GEM parameters (tilt angle and ellip-

ticity)are virtually independent of small 
fluctuations in Tx-Rx distance. In ad-
dition the ellipticity is not signifi-
cantly dependant on coil mis-orientation 
due to Tx-Rx elevation differences. How-
ever, elevation differences' do affect the 
tilt-angle. The tilt angle error ' is 
dependant on the angle formed between the 
horizontal and a line joining the Tx and 
Rx as shown in the figure overleaf. This 
error may be corrected using anyone of 
the following three methods. 

METHOD 1: If the angle ( 9 ) betweer a 
proper direction and actual Tx-Rx line is 
known, the actual direction of primary 
field at Rx can be derived from the sim-
ple formulas or graph shown. This method 
is suitable when the relative elevation 
of each station is known and the angle of 
the Tx plane is known. However it is 

•ifficult to measure an accurate plane 
angle; particulary for a large horizontal 
cable loop lying on the ground. 

METHOD 2: If we assume that the tilt-
angle response at a sufficiently low fre-
quency is small, the measured tilt-angle 
represents the primary field direction. 

Thus this value may be used to correct 
measurements at other frequencies.. GEM's 
tilt-angle response at 41 hz may be used 
in this way except in the presence of a 
very strong conductor. Thus this correc-
tion is suitable for most multi-frequency 
survey measurements. 

METHOD 3: 	The third method, simpler and 
more reliable than the first two, is sim-
ilar to the well known .SH0OTBACK techni-
que. However, no Tx-Rx exchange is re-
quired. Simply level, the Tx coil for a 
reading, then rotate at 90 and repeat 
the reading. The two readings are added 
(see overleaf formulas) to eliminate tilt 
angle problems. The remaining tilt angle 
error is less than + 0.1 degree when the 
elevation angle (0 T  is within + 7 de-
grees; less than + 0.5 degrees when G'is 
within + 18 degrees; and less than +1 de-
gree when 6 is within +21 degrees. For 
extremely rough terrain, the first coil 
allignment may have to be within about 
+ 15 degrees for + 0.5 degree accuracy. 
This method is suitable for horizontal 
profill'ing for conductor detection sur-
veys using a framed Tx coil. It is es-
pecially suitable for a survey using a 
small portable Tx in rough terrain'. 

I 
I 
I,  
I 
I 
I 
I 
I 
I. 
I; 

REMOVAL OF TERRAIN EFFECTS 

Tilt Angle Response at 41Hz 
(Horizontal Loop Tx, Tx-Rx Separation = 200 m) 

Over Homogeneous Earth Over Steeply Dipping Conductor 
(Depth = Tx-Rx Separation/8) 

R 
Resistivity 

(ohms/rn) 
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