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INTRODUCTION: 

On 16 - 2 2 May 1989, a borehole Pulse EM survey was c a r r i e d out 
i n diamond d r i l l h o l e s RG-264, RG-256 and RG-257 at the Samatosum 
Project of Minnova Inc. near B a r r i e r e , B.C. 

The purpose of the survey was to explore f o r p o s s i b l e zones of 
conductive sulphide m i n e r a l i z a t i o n i n the v i c i n i t y of the 
d r i l l h o l e s , not n e c e s s a r i l y i n t e r s e c t e d by the holes. 

PROPERTY LOCATION AND ACCESS: 

The Samatosum Project i s loc a t e d about 20 km east of B a r r i e r e , 
B.C. on the Adams Plateau. Access i s v i a an all-weather road 
from Highway # 5 south of B a r r i e r e east towards Adams Lake and 
then northeast towards Johnson Lake. 

BOREHOLE PULSE EM TECHNIQUE: 

The Crone borehole pulse EM system i s a time domain downhole EM 
instrument capable of d e t e c t i n g conductive m i n e r a l i z a t i o n 
i n t e r s e c t e d by the d r i l l h o l e or l y i n g o f f h o l e . The borehole pulse 
EM system u t i l i z e s a s p e c i a l downhole r e c e i v e r c o i l , 600 m cable 
and winch i n conjunction with a standard PEM t r a n s m i t t e r and 
r e c e i v e r normally employed i n surface surveys. 

The primary f i e l d i s produced by a 150 m by 150 m square sur f a c e 
loop d r i v e n by the 500 watt PEM t r a n s m i t t e r . Large loop surveys 
(e.g. up to 500 m by 1000 m) using the 2000 watt t r a n s m i t t e r , and 
small loop surveys using the 10 m diameter portable equipment, 
can be c a r r i e d out depending on the depth and s i z e of the 
expected conductive t a r g e t . 

The time d e r i v a t i v e of the secondary EM f i e l d i s measured u s i n g 
an a x i a l r e c e i v e r c o i l lowered down the diamond d r i l l h o l e . The 
minimum s i z e of d r i l l h o l e which can be accommodated i s AQ (1 3/4" 



diameter). The r e c e i v e r obtains eight samples of the secondary 
f i e l d during the primary f i e l d o f f - t i m e . Sample times range from 
0.15 to 6.4 ms a f t e r primary f i e l d shut-off on a 10.8 ms 
t r a n s m i t t e r time base. 

M u l t i p l e t r a n s m i t t e r loops may be used to provide v a r i o u s loop to 
conductor c o u p l i n g geometries i n order to o b t a i n conductor 
a t t i t u d e and p o s i t i o n i n f o r m a t i o n . A complete survey of a given 
borehole may e n t a i l logging the hole from f i v e t r a n s m i t t e r loop 
setups. One of these loops would be approximately centred over 
the area of i n t e r e s t w i t h the remaining four loops away from and 
d i s t r i b u t e d around the borehole. 

When an anomalous response i s observed i n a borehole l o g from a 
s i n g l e t r a n s m i t t e r loop, the nature of t h i s anomaly allows the 
determination of the l o c a t i o n of the conductive source r e l a t i v e 
to the d r i l l h o l e . As shown by Woods and Crone (1980, F i g s . 7 & 
8), the response can i n d i c a t e whether the borehole i s 
i n t e r s e c t i n g the centre of the conductor, the margin of a 
conductor, w i t h the bulk of conductive m a t e r i a l away from the 
h o l e , or whether the conductor i s e n t i r e l y o f f - h o l e . 

Model study curves f o r v a r i o u s conductor to borehole geometries 
from Woods (1975) are employed i n the i n t e r p r e t a t i o n . 
Q u a n t i t a t i v e a n a l y s i s of the conductor's a t t i t u d e , p o s i t i o n and 
conductance i s made using nomograms presented by Woods, et a l . 
(1980). Computer p l a t e modelling, using the r o u t i n e s developed 
by Dyck, et a l (1980), can be used to confirm the i n t e r p r e t a t i o n . 

In the case of a d i k e - l i k e or t a b u l a r conductor, the magnitude of 
an anomaly v a r i e s w i t h the angle that the primary f i e l d cuts the 
conductor. Thus, the degree to which coupling i s obtained to the 
conductor, i n coverage of a borehole from s e v e r a l loop setups, 
w i l l provide i n f o r m a t i o n on the a t t i t u d e and p o s i t i o n of the 
conductive m i n e r a l i z a t i o n . 



I f the conductor tends towards a more s p h e r o i d a l shape, the 
anomaly character w i l l change, as w e l l as i t s magnitude, when the 
primary f i e l d angle i s a l t e r e d . This occurs because the eddy 
cur r e n t s are not constrained t o flow w i t h i n a conductive sheet. 
Thus, m u l t i p l e t r a n s m i t t e r loop coverage can al s o provide 
i n f o r m a t i o n on the shape of a conductive body. 

In p r a c t i c e the responses observed i n f i e l d s i t u a t i o n s are much 
more complex than those of simple models, but the r e s u l t s are 
s u f f i c i e n t l y i n t e r p r e t a b l e t h a t the method has general acceptance 
and a number of discovery case h i s t o r i e s e x i s t . 

SURVEY PROCEDURE: 

Holes RG-254, RG-256 and RG-257 were surveyed on 16-22 May 1989, 
using the Crone 2000 watt 8-channel Pulse EM system. Before 
c a r r y i n g out the Pulse EM surveys, each hole was tes t e d w i t h a 
dummy probe. RG-254 was found to be p a r t i a l l y c o l l a p s e d between 
345 m and 365 m, and completely blocked at 650 m. A f t e r a b i t of 
e f f o r t and one l o s t dummy probe, the blockage at 345 m to 365 m 
was c l e a r e d and RG-254 was made safe f o r PEM probing to a depth 
of at l e a s t 640 m. 

Dummy probing a l s o found RG-255 to be blocked at only 213 m, and 
RG-256 and RG-257 to be blocked at 323 m and 204 m r e s p e c t i v e l y . 
I t was decided not to bother w i t h the PEM survey on RG-255 but to 
go ahead w i t h the survey of RG-256 (and RG-257 since the two 
holes are r i g h t beside each o t h e r ) , since RG-256 was open at 
l e a s t to the depth of i n t e r e s t . 

The e n t i r e length of RG-254, above the blockage at 650 m depth, 
was i n i t i a l l y surveyed using a 400 m by 800 m t r a n s m i t t e r loop 
(loop A) as shown i n Figure 1. A d d i t i o n a l PEM surveys of the 
bottom h a l f of RG-254 were then c a r r i e d out w i t h four d i f f e r e n t 
400 m by 400 m t r a n s m i t t e r loops (loops B to E) as shown i n 
Figure 1. Some of the surveys were c a r r i e d out while the open 





p i t mine was shut down f o r a ho l i d a y weekend, t h i s being the only 
way that t r a n s m i t t e r loops D and E could be l a i d out over the 
mine s i t e . The open s e c t i o n s of RG-256 and RG-257 were surveyed 
using one of the 400 m by 400 m t r a n s m i t t e r loops (loop B). 

DISCUSSION OF RESULTS: 

Two separate anomalous responses are observed i n the borehole PEM 
p r o f i l e s from RG-254 as shown i n Figures 2 to 6. A wide p o s i t i v e 
anomaly centred at 360 m i s t y p i c a l of an in - h o l e response: i . e . 
where a borehole i n t e r s e c t s the c e n t r a l region of a lar g e sheet­
l i k e conductor. The sharp p o s i t i v e peak between 350 m and 365 m 
depth i n d i c a t e s that t h i s i s the zone of high c o n d u c t i v i t y . The 
great width of the anomaly, extending from near-surface to over 
500 m i n depth, i n d i c a t e s that the conductor extends f o r 
considerable d i s t a n c e down-dip and along s t r i k e . 

A broad negative anomaly i s observed below the i n - h o l e response 
at a depth of 530 m. This anomaly i s t y p i c a l of a large 
conductor located away from the hole (Woods, 1975). The shape of 
the anomaly, separate from the o v e r l y i n g i n - h o l e response, 
i n d i c a t e s that the conductor i s almost perpendicular to the hole. 
The width of the anomaly can be used to estimate the s i z e of the 
conductor (from 250 m to 400 m wide) and the dis t a n c e i t l i e s 
away from the d r i l l h o l e (50 m to 70 m) using the nomograms from 
Woods, et a l . (1980) . 

F i n a l l y , the amplitude decay of the response i s used t o estimate 
the c o n d u c t i v i t y - t h i c k n e s s product of the conductor (between 15 
and 25 mhos) using a nomogram i n Woods (1975). 

By comparing the r e l a t i v e amplitude of the o f f - h o l e anomaly using 
loops B and C, the conductor i s i n t e r p r e t e d to l i e more to the 
southeast of l i n e 98+00W than to the northwest. A l s o , by 
comparing the response p r o f i l e s from loops C, D and E, i t i s 
p o s s i b l e to determine the p o s i t i o n of the conductor i n s e c t i o n as 



shown on the primary f i e l d diagrams shown i n Figures 9, 10 and 11 
r e s p e c t i v e l y . These diagrams g r a p h i c a l l y depict the only 
p o s i t i o n of the conductor which i s c o n s i s t e n t with a l l the 
a v a i l a b l e data. 

No s i g n i f i c a n t anomalies were obtained i n d r i l l h o l e s RG-256 and 
RG-257 (Figures 7 and 8). There i s a moderate decrease of the 
e a r l y channel amplitudes toward the bottom of RG-256 and an 
amplitude increase i n RG-257 s i m i l a r to the upper sections of RG-
254. These responses are probably r e l a t e d t o the same i n - h o l e 
conductor observed i n RG-254. The f a c t that the v e r t i c a l hole 
RG-256 has a weak negative response suggests that t h i s conductor 
i s perhaps l i m i t e d i n i t s down-dip extent. 

As shown i n Figures 9, 10 and 11, the upper conductor observed i n 
RG-254, RG-256(?) and RG-257 i s probably a g r a p h i t i c a r g i l l i t e 
w i t h i n the sedimentary u n i t known as the Samatosum horizon. The 
near-surface s e c t i o n s of t h i s horizon c o n t a i n ore-grade sulphide 
m i n e r a l i z a t i o n which c o n s t i t u t e s the Samatosum ore body. 
Sulphide ore m i n e r a l i z a t i o n cannot be d i f f e r e n t i a t e d from the 
g r a p h i t i c a r g i l l i t e response on the b a s i s of the borehole PEM 
r e s u l t s alone. 

The f a c t that the upper conductor produces a 15 m wide amplitude 
peak, p a r t i c u l a r l y from loop D (Figure 5) where the primary f i e l d 
i s a l i g n e d p a r a l l e l to the ho r i z o n (Figure 10), i n d i c a t e s t h a t 
the e n t i r e width of the h o r i z o n i s conductive. Also the s l i g h t 
negative response i n RG-257 compared wit h the p o s i t i v e anomalies 
i n RG-254 and RG-256, i n d i c a t e s that the conductive h o r i z o n 
terminates down-dip from the i n t e r s e c t i o n s i n RG-254 and RG-257. 
This l a s t c o n c l u s i o n , however, should be considered s p e c u l a t i v e 
without f u r t h e r supporting evidence. 

The lower conductor observed i n RG-254 appears to be s i t u a t e d 
s t r a t i g r a p h i c a l l y between the Rea Gold "Discovery" horizon and 
the Samatosum ho r i z o n . The d i p of t h i s conductor i s d e c i d e d l y 
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f l a t t e r than e i t h e r the Rea Gold or the Samatosum horizons which 
suggests a s t r u c t u r a l complexity (e.g. f o l d or f a u l t ) i n t h i s 
area. The c o n d u c t i v i t y thickness of the lower conductor i s not 
i n c o n s i s t e n t w i t h s u l p h i d e s , however the conductor could a l s o be 
due to g r a p h i t i c a r g i l l i t e s . Indeed, the d r i l l h o l e l o g from RG-
254 i n d i c a t e s g r a p h i t i c a r g i l l i t e at 550 m depth. 

RECOMMENDATIONS: 

The o f f - h o l e conductor observed at 530 m depth i n RG-254 should 
be t e s t e d by d r i l l i n g . The recommended d r i l l h o l e s are: 

1. L97W/6+50N /-90° 550 m 
2. L97W/8+25N 225°/-70° 600 m. 

These, and other deep d r i l l h o l e s on the Samatosum property, 
should be surveyed w i t h borehole PEM. 

R e s p e c t f u l l y submitted, 

DSftnis V. Woods, Ph.D., P.Eng. 
Con s u l t i n g Geophysicist 

v . W H I T E G E O P H Y S I C A L I N C . J 
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SPECIFICATIONS - C R O N E B O R E H O L E PULSE EM EQUIPMENT 

PROBE: 
— Measures dB/dt of axial-component of borehole 
— Ferrite cored antenna with preamplifier and self contained power supply (Ni.-Cd. rechargeable) 
— 30 hours continuous operation 
-Weight : 3.6 Kg. 
- L e n g t h : 1.63 M. 
— Diameter: 2.9cm (for U E " holes and larger) 
— Pressure tested to 13.8 MPa (2000 PSI) 

WINCH ASSEMBLY: 
— 3 speed gear box, gear ratios 1:1, 2:1, 3:1 
— Optional power winching for deep holes 
— Borehole cable capacity of up to 2000 meters 
— Portable 

UNDERGROUND PUSHROD SYSTEM: 
— For use in horizontal boreholes (< 45 degrees) 
— Powered Pushrod assembly for holes > 500 meters 

BATTERY SUPPLY: 
- 1 2 V D C , two internal, rechargeable, 12V gel type batteries 

MEASURED QUANTITIES: 
Primary shut-off voltage pulse (PP). Time derivative of the transient magnetic field by integrative sampling over eight, 
contiguous time gates (microseconds). 

1. NO. WINDOW WIDTH MID PT. REL GAIN WINDOW WIDTH MIDPT. 
PP -100 to 0 100 -50 1.00 -200 to 0 200 -100 
1 100 to 200 100 150 1.00 200 to 400 200 300 
2 200 to 400 200 300 1.39 400 to 800 400 600 
3 400 to 700 300 550 1.93 800 to 1400 600 1100 
4 700 to 1100 400 900 2.68 1400 to 2200 800 1800 
5 1100 to 1800 700 1450 3.73 2200 to 3600 1400 2900 
6 1800 to 3000 1200 2400 5.18 3600 to 6000 2400 4800 
7 3000 to 5000 2000 4000 7.20 6000 to 10K 4000 8000 
8 5000 to 7800 2800 6400 10.00 10K to 15.6K 5600 12.8K 

10.8ms. Time Base 21.6ms. Time Base 

READOUT: 
Readings are output on an analog meter (6V FSD), over three sensitivity ranges (XI, X10, X100). Data retrieval made 
by channel select switch. 

TIMING: 
A telemetry link ("sync") is maintained by radio signal, or a back-up cable, between the transmitter and the receiver, 
and is meter monitored. 

SENSITIVITY: 
Adjustable through a ten turn, calibrated gain pot. 

SAMPLING MODES: 
"S & FT (Sample & Hold) 

The receiver averages 512 (10.8 ms), or 256 (21.6ms), readings for all channels, and stores the results for display. 
"CONF (Continuous) 

A running average for all channels is stored, enabling the operator to reject thunderstorm spikes and power line 
noise by visual inspection. 

- W H I T E G E O P H Y S I C A L I N C . -
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SPECIFICATIONS - P U L S E E M TRANSMITTER E Q U I P M E N T 

MOTOR G E N E R A T O R : 

4 - 1 / 2 H . P . Wisconsin, 4 cycle engine w i th belt drive to D C . alternator; m a x i m u m output 1 2 0 V , 3 0 

a m p s ; external gas tank; frame unit weight : 3 3 k g , sh ipp ing : 4 7 kg . 

R E G U L A T O R : 

C o n t r o l s a n d filters the alternator output ; cont inuous ly variable between 2 4 V and 1 2 0 V D . C . ; 2 0 a m p 

m a x i m u m current; weight: 10 k g , sh ipp ing : 24 k g . 

P E M W A V E F O R M T R A N S M I T T E R : 

C o n t r o l s b ipo lar , on-off waveform a n d l inear current shut-off ramp t ime. R a d i o a n d cable t ime syn­

chron i za t i on with housing for opt ional crystal c lock sync sys tem; on-off t imes for 6 0 H z areas 8 . 3 3 m s 

1 6 . 6 6 m s , 33 .33ms ; for 5 0 Hz areas 1 0 . 0 m s , 2 0 . 0 m s , 4 0 m s ; for analog P E M opera t ion 1 0 . 9 m s , 2 1 . 8 m s ; 

l inear contro l led current shut-off r amp t imes of 0 .5 , 1.0 and 1.5ms; monitors for shut-off r a m p opera t i on , 

instrument temperature, T x loop cont inui ty , and over load output current; automat ic s h u t - d o w n for o p e n 

Tx l o o p . Weight : 12.5 k g , shipping: 2 2 k g . 

R E M O T E R A D I O , A N T E N N A A N D M A S T : 

U s e d for radio timing synchronizat ion o n large survey gr ids; range u p to 2 k m ; r ad i o has 1 2 V 

rechargeable gell cell battery supply; an tenna is fiberglass moun t ed on a 4 sect ion a l u m i n u m mast each 

2m long . R a d i o weight: 2.7 kg, sh ipp ing : 6 .0 kg ; mast and antenna sh ipped as b u n d l e : 6 .4 k g . 

O P T I O N A L C R Y S T A L C L O C K T I M I N G L I N K : 

Installed in the Digital R x and external box mounted to be p lugged into P E M - T x . G e l rechargeable power 

supp ly . Weight : 10 kg , shipping: 15 k g . 

W I R E , S P O O L S A N D W I N D E R S : 

Transmitter wire is usually No . 10 or N o . 12 A W G copper in 3 1 0 m or 4 1 0 m lengths, 1 l eng th per spoo l ; I 
spools in a shipping box ; winder is moun t ed on a magnes ium packframe. 

M U L T I - T U R N M O V I N G C O I L : 

7 tu rn , 13 .7 meteT diameter Tx l oop with plugs to break into 2 sections. A l u m i n u m or c oppe r wire and 

var ious coverings depending on area be ing used. 

B A T T E R Y P O W E R S U P P L Y : 

24V, 2 0 a m p hour, rechargeable battery supply (or use with PEM-Tx as power source rather than motor-

generator-regulator. In a luminum case, with c l amp connectors. Weight: 2 0 . 5 kg , s h i p p i n g : 2 9 kg . 

• Battery chargeis supplied (or all rechargeable battery units 

• A l l instruments and equipment operat iona l from - 4 0 ° C to + 5 0 ° C . 

• S h i p p i n g boxes are reusable p lywood construct ion with closed cell loam shock protect ion . 

W H I T E G E O P H Y S I C A L I N C . 
J 
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