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INTRODUCTION 

T h i s r e p o r t d e t a i l s the o p e r a t i o n and i n t e r p r e t a t i o n of a 

h e l i c o p t e r a i r b o r n e INPUT e l e c t r o m a g n e t i c and magnetic survey 

flown f o r C o r p o r a t i o n Falconbridge Copper (CFC). The system used 

was the Q u e s t o r / B a r r i n g e r MK VI, 2 ms, INPUT system. The 

standard s p e c i f i c a t i o n s f o r the INPUT t r a n s m i t t e r and r e c e i v e r 

are o u t l i n e d i n Appendix A. 

The i n t e r p r e t a t i o n was commissioned by Mr. Ian D. P i r i e 

of CFC on September 10, 1986. Marcel Konings, G e o p h y s i c i s t f o r 

Questor, s u p e r v i s e d the data c o m p i l a t i o n and i n t e r p r e t a t i o n 

through t o the completion of the p r o j e c t i n October, 1986. 

The survey o b j e c t i v e i s the d e t e c t i o n and l o c a t i o n of base 

metal s u l p h i d e conductors as w e l l as any s t r u c t u r e s and 

c o n d u c t i v i t y p a t t e r n s which could have a p o s i t i v e i n f l u e n c e on 

go l d and base metal e x p l o r a t i o n programme. 

The primary survey area c o n s i s t s of 111 l i n e k i l o m e t r e s of 

t r a v e r s e and c o n t r o l l i n e s . These were flown i n June, 1984 using 

Sorrento as the survey operations base. 



2. PROJECT LOCATION 

The survey area l i e s w i t h i n the Province of B r i t i s h 

Columbia, approximately 85 k i l o m e t r e s west of the Town of 

Revelstoke. The area i s l o c a t e d between l a t i t u d e s 51°00' and 

51°05' and l o n g i t u d e s 119 043' and 119 o50' ( f i g u r e 1). Map sheet 

Adams P l a t e a u (N.T.S. 82M4,) i n c l u d e s the survey s i t e which i s 

approximately 15 k i l o m e t r e s north of S o r r e n t o , B. C. 
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3. SURVEY OPERATIONS 

3a. Survey Personnel 

The survey crew was made up of experienced Ouestor 

employees: 

Crew Manager/Data T e c h n i c i a n - Dan Martyn 

P i l o t / C a p t a i n of A i r c r a f t - Bob Masson (Trans Canada) 

Navigator - B i l l Smith 

INPUT Equipment T e c h n i c i a n - Dan Makos 

A i r c r a f t Engineer - John Caza (Trans Canada) 

The f l i g h t path recovery was completed at the survey 

base, while the f i n a l data c o m p i l a t i o n and d r a f t i n g was c a r r i e d 

out by Ouestor at i t s M i s s i s s a u g a , O n t a r i o o f f i c e . The magnetic 

and e l e c t r o m a g n e t i c p r o c e s s i n g was c a r r i e d out using Ouestor 

software and computer d r a f t e d . The INPUT i n t e r p r e t a t i o n and 

r e p o r t was completed by M. H. Konings. 

3b. Instruments 

A, B e l l 205A H e l i c o p t e r ( R e g i s t r a t i o n C-GLMC, owned and 

operated by Trans Canada), equipped w i t h the f o l l o w i n g 

instruments was used f o r the survey: 

1. Mark VI INPUT Electromagnetic System; 

2. Geometries G-803 Proton Magnetometer (1 gamma s e n s i t i v i t y ) ; 

3. Sonotek SDS 1200 Data A c q u i s i t i o n System; 

4. RMS GR33 Analogue Recorder; 

5. 35mm Camera, Intervalometer and F i d u c i a l System; 

6. Sperry Radar A l t i m e t e r . 
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A Geometries G-826 Base Magnetometer was used to monitor 

the d i u r n a l magnetic changes. 

The equipment, such as the INPUT system, magnetometer and 

radar a l t i m e t e r were r e g u l a r l y c a l i b r a t e d at the beginning and 

end of each survey f l i g h t as w e l l as i n m i d - f l i g h t , whenever 

necessary. D e t a i l s of the c a l i b r a t i o n procedures are given i n 

Appendix C. 

The continuous c h a r t speed of the RMS r e c o r d e r was s e t at 

10 cm./minute. 

Pro d u c t i o n 

The f l i g h t l i n e s p a c i n g over the block was 200 metres. 

Table 1 summarizes the k i l o m e t r e s flown during the survey 

o p e r a t i o n . 

Table 1 

Traverse l i n e s 106.0 km. 

C o n t r o l l i n e s 5.7 km. 

T o t a l l i n e s 111.7 km. 

The survey was completed i n three p r o d u c t i o n f l i g h t s 

between June 25th and 30th. No days were l o s t d u r i n g the survey 

due to bad weather or magnetic storms. 



3d. Products 

The products d e l i v e r e d by Ouestor to C o r p o r a t i o n 

F a l c o n b r i d g e Copper with f o u r c o p i e s of the r e p o r t : 

1. one unscreened master orthophoto mosaic, s c a l e 1:10,000; 

2. one master orthophoto mosaic with e l e c t r o m a g n e t i c and 

magnetometer i n f o r m a t i o n and i n t e r p r e t a t i o n shown thereon, 

s c a l e 1:10,000; 

3. one master orthophoto mosaic with e l e c t r o m a g n e t i c r e s u l t s and 

magnetometer contours; 

4. one magnetics o v e r l a y , s c a l e 1:10,000; 

5. four white p r i n t s of (2); 

6. one computer p l o t s of the e l e c t r o m a g n e t i c and magnetometer 

f l i g h t analogues, s c a l e 1:10,000; 

7. one s e t of c o l o u r contoured magnetics, s c a l e 1:50,000; 

8. i n t e r p r e t a t i o n r e p o r t 

9. anomaly data sheets. 

3e. Survey Procedure 

During the survey, the a i r c r a f t maintained a t e r r a i n 

c learance as c l o s e to 122 metres as p o s s i b l e , with the r e c e i v e r 

c o i l ( bird) at approximately 45 metres above the ground s u r f a c e . 

In areas of s u b s t a n t i a l topographic r e l i e f and l a r g e p o p u l a t i o n , 

the a i r c r a f t h e i g h t may exceed 122 metres f o r s a f e t y reasons. The 

height of the b i r d above the ground i s a l s o i n f l u e n c e d by the 

a i r c r a f t ' s a i r speed (see f i g u r e CI i n Appendix C), which was 

maintained at 20 to 70 knots, while on survey. 
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Whenever p o s s i b l e , the t r a v e r s e l i n e s were flown i n 

a l t e r n a t e f l i g h t d i r e c t i o n s (e.g., north then south) to f a c i l i t a t e 

the i n t e r p r e t a t i o n of d i p p i n g c o n d u c t o r s . When the t r a v e r s e l i n e 

spacing exceeded twice the normal spa c i n g i n t e r v a l over a 2.2 

k i l o m e t r e d i s t a n c e , the gap i s normally f i l l e d with an 

a p p r o p r i a t e l y spaced f i l l - i n l i n e at a l a t e r date. 

The d e t a i l s of each p r o d u c t i o n f l i g h t are documented on the 

f l i g h t logs by the equipment t e c h n i c i a n . The l o g s i n c l u d e the 

survey times, l i n e numbers and f i d u c i a l i n t e r v a l s , as w e l l as a 

re c o r d of equipment i r r e g u l a r i t i e s and atmospheric c o n d i t i o n s . One 

may r e f e r to these logs i n order to r e l a t e the f l i g h t path f i l m to 

the g e o p h y s i c a l data. 

During the course of the survey the f o l l o w i n g data were 

recorded: 

1. INPUT E l e c t r o m a g n e t i c r e s u l t s represented by s i x channels of 

s u c c e s s i v e l y i n c r e a s i n g time d e l a y s a f t e r c e s s a t i o n of the 

e x c i t i n g p u l s e (Appendix A); 

2. a record of the t e r r a i n c l e a r a n c e as provided by radar 

a l t i m e t e r ; 

3. a photographic r e c o r d of the t e r r a i n p a s s i n g below the a i r c r a f t 

as obtained from a 35 mm. camera; 

4. time markers impressed synchronously on the photographic and 

g e o p h y s i c a l r e c o r d s to f a c i l i t a t e a c c u r a t e p o s i t i o n i n g on 

photomosaics; 

5. airborne magnetometer data; 

6. ground base s t a t i o n magnetometer data. 
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3f. Magnetic D i u r n a l 

D i u r n a l v a r i a t i o n s i n the e a r t h ' s magnetic f i e l d had been 

recorded to an a c c u r a c y of + 1 nT using a base s t a t i o n equipped 

with a Geometries G-826 Proton P r e c e s s i o n Magnetometer. I t was 

monitored c o n t i n u o u s l y during the day f o r severe d i u r n a l changes 

(magnetic storms). A v a r i a t i o n of 20 nT over a 5 minute time 

p e r i o d was c o n s i d e r e d to be a magnetic storm. 

During such an event, the survey would normally have been 

d i s c o n t i n u e d or postponed and the survey data would have been 

scrubbed. 

The base s t a t i o n magnetometer was s e t up at Shuswap Inn, 

Salmon Arm, B r i t i s h Columbia. 
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4. DATA COMPILATION 

4a. Data Recovery 

The f l i g h t path of the a i r c r a f t i s recorded by a frame 

camera on black and white, 125ASA, 35mm. f i l m which i s exposed 

durin g f l i g h t at a r a t e of 1 frame/minor f i d u c i a l . The apperture 

s e t t i n g on the camera can be manually a d j u s t e d by the operator 

during f l i g h t , a s s u r i n g the proper exposure of the f i l m . The 

camera i s f i t t e d with a wide angle 18 mm. l e n s . F i d u c i a l numbers 

are imprinted on the f i l m , marked onto the analogue records and 

recorded d i g i t a l l y at the same i n s t a n t . 

The f l i g h t l i n e headings are opp o s i t e on adjacent l i n e s , 

which are normally flown s e q u e n t i a l l y i n an "S" p a t t e r n . The 

n a v i g a t i o n r e f e r e n c e s are f l i g h t s t r i p s at a s c a l e of 1:20,000 

which are made from the base maps. The equipment operator enters 

the f l i g h t d e t a i l s i n f o r m a t i o n i n t o the d i g i t a l data system which 

are recorded and v e r i f i e d ( r e a d - a f t e r - w r i t e ) . The info r m a t i o n 

i n c l u d e s l i n e number, time, f i d u c i a l range and other p e r t i n e n t 

f l i g h t i n f o r m a t i o n . T h i s i n f o r m a t i o n i s compared to the f i l m , 

analogue r e c o r d s and the magnetic base s t a t i o n r e c o r d i n g at the 

completion of the survey f l i g h t . 

The f i l m and a l l records are developed, e d i t e d and checked 

at the completion of each f l i g h t . Recovery of the f l i g h t t rack i s 

c a r r i e d out by comparing the negative of the 35mm. f i l m to the 

topographic f e a t u r e s of the base map. C o i n c i d e n t f e a t u r e s are 

picked and p l o t t e d on exact c o p i e s of the s t a b l e mosaic base map on 

which the f i n a l r e s u l t s are d r a f t e d . P o i n t s are pi c k e d at an 

average i n t e r v a l of 0.5 k i l o m e t r e . T h i s corresponds to one whole 
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f i d u c i a l u n i t or 20 seconds. The p i c k e d p o i n t s w i l l not 

n e c e s s a r i l y f a l l on whole f i d u c i a l numbers, but on the f i n a l 

p r e s e n t a t i o n , o n l y the f i r s t and l a s t whole f i d u c i a l numbers on a 

l i n e are marked on each f l i g h t l i n e . By i n t e r p o l a t i o n , the whole 

numbers are marked as t i c k s along the f l i g h t path while picked 

p o i n t s are i n d i c a t e d as s o l i d d o t s . 

These procedures are performed on the survey s i t e d a i l y by 

the data t e c h n i c i a n so that the data q u a l i t y and progress may be 

measured o b j e c t i v e l y . R e f l i g h t s f o r c o v e r i n g n a v i g a t i o n a l gaps and 

other d e f i c i e n c i e s are u s u a l l y flown on the f o l l o w i n g day. 

The analogue records are i n s p e c t e d f o r coherence with 

s p e c i f i c a t i o n s , and anomalies are s e l e c t e d f o r c l a s s i f i c a t i o n and 

p l o t t i n g . S e l e c t e d anomalous conductors are p o s i t i o n e d by p l o t t i n g 

t h e i r f i d u c i a l p o s i t i o n s , l e s s the l a g f a c t o r (Appendix C). These 

r e s u l t a n t p o s i t i o n s are l o c a t e d by i n t e r p o l a t i n g between f i d u c i a l 

p o i n t s e s t a b l i s h e d by the f l i g h t path recovery p r o c e s s . 

The survey r e s u l t s are presented as an INPUT anomaly map 

with i n t e r p r e t a t i o n and a magnetic contour o v e r l a y . The f o l l o w i n g 

chapters d e s c r i b e the i n t e r p r e t a t i o n of INPUT r e s u l t s and present 

recommendations f o r ground follow-up surveys. A c o l o u r 

p r e s e n t a t i o n of the magnetic contours was i n c l u d e d . 
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4b. Computer P r o c e s s i n g 

The completed f l i g h t path i s a c c u r a t e l y d i g i t i z e d on a 

f l a t - b e d d i g i t i z e r at Questor u s i n g the p i c k e d p o i n t c o - o r d i n a t e s . 

The recovery i s then r o u t i n e l y v e r i f i e d by a computer programme 

'speed check' , which f l a g s any a b n o r m a l i t i e s i n the d i s t a n c e per 

f i d u c i a l u n i t between picked p o i n t s on a t r a v e r s e l i n e . As a f i n a l 

check, the rough magnetic contour maps are examined f o r contour 

i r r e g u l a r i t i e s t h a t could be a t t r i b u t e d to recovery e r r o r s . 
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5. INPUT DATA PRESENTATION 

The orthophoto base maps f o r the survey area are 

photomosaics c o n s t r u c t e d from 1:55,000 a i r photographs s u p p l i e d 

by B r i t i s h Columbia M i n i s t r y of Enrivonment and taken i n 1982. 

The photomosaic was used to c o n s t r u c t the n a v i g a t i o n f l i g h t 

s t r i p s and a l s o the base onto which the f l i g h t path was 

recovered. The mosaics are f u l l y c o n t r o l l e d at a s c a l e of 

1:10,000. 

The INPUT anomaly map p r e s e n t s the i n f o r m a t i o n e x t r a c t e d 

from the analogue r e c o r d s . T h i s c o n s i s t s c h i e f l y of the peak 

anomaly p o s i t i o n s and response c h a r a c t e r i s t i c s , s u r f i c i a l 

responses, up-dip responses, and magnetic anomaly l o c a t i o n s . In 

e f f e c t , these r e p r e s e n t the primary data a n a l y s i s . The symbols 

are e x p l a i n e d i n the map legend, but the f o l l o w i n g o b s e r v a t i o n s 

are presented: 

- p o s i t i o n of peak anomaly; 

- conductance or c o n d u c t i v i t y - t h i c k n e s s ; 

- amplitude of channel 2 response; 

- p o s i t i o n and peak amplitude of a s s o c i a t e d magnetic 
anomalies; 

- where p r e s e n t , s u r f i c i a l , up-dip and p o o r l y d e f i n e d 
responses have been i d e n t i f i e d with a unique symbol. 
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The i n t e r p r e t a t i o n maps o u t l i n e the g e o p h y s i c a l - g e o l o g i c a l 

i n t e r p r e t a t i o n of the INPUT e l e c t r o m a g n e t i c , magnetic, g e o l o g i c a l 

and p h y s i o g r a p h i c d a t a . Bedrock conductors have a x i s l o c a t i o n s 

and d i p d i r e c t i o n s , when they are i n t e r p r e t a b l e . The anomalous 

zones which are recommended f o r follow-up have a r e f e r e n c e l a b e l 

assigned, to which a d d i t i o n a l comments and recommendations are 

d i r e c t e d i n the I n t e r p r e t a t i o n S e c t i o n of t h i s r e p o r t . S u r f i c i a l 

response sources are mapped out by boundaries showing t h e i r 

i n t e r p r e t e d l a t e r a l e x t e n t . The f o l l o w i n g l i s t summarizes the 

i n t e r p r e t a t i o n p r e s e n t a t i o n : 

- bedrock conductor a x i s , probable and p o s s i b l e ; 

- conductor d i p ; 

- s u r f i c i a l conductor o u t l i n e s ; 

- anomalous conductors s e l e c t e d f o r ground e v a l u a t i o n with 

reference number. 
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6. INTERPRETATION - GENERAL 

6a. General Geology 

The survey area i s l o c a t e d i n the Adams P l a t e a u area of 

B r i t i s h Columbia. I t l i e s on the western s i d e of the Adams Lake, 

south of Skwaam Bay. 

Numerous base metal d e p o s i t s occur i n the Adams Plateau 

a r e a . Many of which are c l e a r l y stratabound massive s u l p h i d e 

d e p o s i t s and appear to be of syngenetic o r i g i n w ith t h e i r host 

r o c k s . The host rocks are commonly f e l s i c t u f f s and f i n e - g r a i n e d 

c h e r t y t u f f s . The d e p o s i t s are u s u a l l y l o c a l i z e d at v o l c a n i c -

sedimentary c o n t a c t s and c o n t a i n l e a d - z i n c and s i l v e r 

m i n e r a l i z a t i o n s . A few of the occurrences show e x c e l l e n t grades. 

Most are d i s c o n t i n u o u s , l e n s y and small i n s i z e . A w e l l known 

example i n the area would be the Lucky Coon, which i s s i t u a t e d at 

the head of S p i l l m a n Creek. I t c o n s i s t s of banded p y r i t e -

a r s e n o p y r i t e - g a l e n a - s p h a l e r i t e - t e t r a h e d r i t e - a r g i n t i t e m i n e r a l i z ­

a t i o n that o c c u r r e d p a r a l l e l to the main f o l i a t i o n i n a f e l s i c 

s c h i s t . The m i n e r a l i z e d zone was exposed in two areas about 500 

metres apart and r e p o r t e d l y had been t r a c e d i n t e r m i t t e n t l y f o r 

more than 1 k i l o m e t r e . 

A recent d i s c o v e r y by Rea Gold Corp. west of Adams Lake 

has introduced the p o s s i b i l i t y f o r s i g n i f i c a n t g o l d - b e a r i n g 

massive s u l p h i d e d e p o s i t s i n the l o c a l v o l c a n i c r o c k s , which has 

not been p r e v i o u s l y c o n s i d e r e d to be of economic importance i n 

the r e g i o n . 
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6b. G e o l o g i c a l P e r s p e c t i v e 

The bedrock geology i n the p r o j e c t area c o n s i s t s of 

Devonian m e t a v o l c a n i c s and metasediments. The u n i t s are 

conformable, s t r i k e p a r a l l e l to the r e g i o n a l WNW trends and dip 

to the east at 25°-65°. Although overturned sequences have been 

noted to the west, along s t r i k e , the major u n i t s i n the survey 

area l i e c h r o n o l o g i c a l l y sequenced, with o l d e s t rocks to the 

southwest. 

The geology, as summarized on P r e l i m i n a r y Map #56; 

"Geology of the Adams Plateau-Clearwater Area" o u t l i n e s the major 

l i t h o l o g i c u n i t s . The e l e c t r i c a l and magnetic c h a r a c t e r of these 

rocks does not support the m i n e r a l o g i c a l c l a s s i f i c a t i o n with any 

c o n s i s t e n c y f o r the two major rock types that dominate the 

p r o j e c t b l ock. 

The "EBAu" u n i t has a suggested d e r i v a t i o n from 

intermediate v o l c a n i c and v o l c a n i c l a s t i c rocks. I t i s i n p a r t , 

r e s i s t i v e and non-magnetic, but the northern h a l f has a 

r e s i s t i v i t y decrease i n t e r p r e t e d from above background 

amplitudes. The r e s i s t i v i t y c o n t r a s t a l s o matches an i n c r e a s e i n 

the background magnetic l e v e l s . 

A s e r i c i t i c q u a r t z f e l d s p a r s c h i s t (EBAi) i s i n t e r p r e t e d 

as a r e l i c t f e l s i c i n t r u s i v e . One band l i e s along the northern 

area boundary and a second conductor along the southern end. The 

northern u n i t has a conductor and an apparent r e s i s t i v i t y s i m i l a r 

to the adjacent m e t a v o l c a n i c . The southern band i s r e s i s t i v e and 

m a g n e t i c a l l y f l a t , a t y p i c a l i n t r u s i v e s i g n a t u r e . 
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Segments of o l d e r rock u n i t s occur south of the survey 

boundary. These are mafic s c h i s t s and c a l c a r e o u s p h y l i t i t e s . 

The former u n i t i s c h a r a c t e r i z e d by a magnetic c o i n c i d e n c e and 

conductors with i n c o n s i s t e n t c o n d u c t i v e p r o p e r t i e s . 

6c. C o n d u c t i v i t y A n a l y s i s 

The c o n d u c t i v i t y - t h i c k n e s s products of p l a n a r h o r i z o n t a l 

and t h i n s t e e p l y d i p p i n g conductors are p r o p o r t i o n a l to the time 

constant of the secondary f i e l d e l e c t r o m a g n e t i c t r a n s i e n t decay. 

T h i s t r a n s i e n t may be c l o s e l y approximated by an exp o n e n t i a l 

f u n c t i o n f o r which the c o n d u c t i v i t y - t h i c k n e s s product (TCP) i s 

i n v e r s e l y p r o p o r t i o n a l to the l o g of the d i f f e r e n c e of two 

channel amplitudes at t h e i r r e s p e c t i v e sample times. 

These response f u n c t i o n s are presented i n the form of 

graphs i n which the amplitudes of the 6 channels of INPUT 

response are p l o t t e d on a l o g a r i t h m i c s c a l e a g a i n s t c o n d u c t i v i t y . 

The r e l a t i v e amplitudes of the secondary response, at any given 

c o n d u c t i v i t y , may be a c c u r a t e l y r e l a t e d t o the depth of a 

conductor below the s u r f a c e . These are t y p i c a l l y r e f e r r e d to as 

Palacky nomograms. These are a v a i l a b l e f o r a number of conductor 

geometries. I t has been found that the shape of the decay 

t r a n s i e n t and i t s amplitude i s u s u a l l y unique to a p a r t i c u l a r 

geometry. T h e r e f o r e , i f the o r i g i n of a conductive response i s 

i n q u e s t i o n , a good " f i t " of the peak response amplitude to one 

nomogram w i l l d e f i n e i t s o r i g i n . 
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The 45 nomogram was u t i l i z e d e x c l u s i v e l y t o determine the 

apparent conductances of the responses obtained from the survey. 

T h i s procedure i s v a l i d f o r conductors, w i t h i n a d i p range of 

0-180°, r e l a t i v e to the a i r c r a f t f l i g h t d i r e c t i o n . 

Although the conductor depth can be i n t e r p r e t e d from 

nomograms, the s h o r t s t r i k e l e n g t h s and the v a r i a b i l i t y of 

conductor geometry may r e s u l t i n the o v e r - e s t i m a t i o n of depths. 

The INPUT system depth c a p a b i l i t y i s w e l l c h a r a c t e r i z e d f o r a 

v e r t i c a l , 200 metres deep and 600 metres s t r i k e and 300 metres 

depth extent t a r g e t . The e f f e c t i v e p e n e t r a t i o n depth i n c r e a s e s 

f o r a d i p p i n g t a r g e t and decreases f o r a sm a l l e r s i z e conductor. 

Depths were only determined f o r responses which appear to 

f i t the i n t e r p r e t a t i o n model - a t h i n near v e r t i c a l p l a t e w ith a 

s t r i k e length of g r e a t e r than 500 metres. Q u a l i f i c a t i o n s f o r 

these determinations are summarized i n the i n t e r p r e t a t i o n 

s e c t i o n . 

The depths f o r 5 and 6 channel anomalies were c o r r e c t e d 

f o r the i n t e r p r e t e d conductor s t r i k e i n t e r s e c t i o n r e l a t i v e to the 

l i n e d i r e c t i o n and the e f f e c t s of a i r c r a f t a l t i t u d e d e v i a t i o n s 

from a f l i g h t a l t i t u d e of 120 metres. 

-16-



An anomaly l i s t i n g at the back of t h i s r e p o r t summarizes 

each anomalous response i n a numerical sequence. In a d d i t i o n to 

the standard anomaly parameters, an "anomaly type" c l a s s i f i c a t i o n 

has been added. The l e t t e r s c o r r e l a t e with the p l o t t e d symbols 

according to the f o l l o w i n g t a b l e . 

ANOMALY TYPE RESPONSE SOURCE SYMBOL 

BLANK 

S 

U 

w 
P 

bedrock conductors 

s u r f i c i a l (overburden 
or lakebottom) 
c o n d u c t i v i t y 

up-dip accessory 
peak to main response 

down-dip peak 

po o r l y d e f i n e d 
response 

c u l t u r a l source 

c i r c u l a r 

diamond 

h a l f c i r c u l a r , h a l f 
diamond, 
s y m b o l i c a l l y 
" p o i n t i n g " i n d i p 
d i r e c t i o n 

same as up-dip peak 

•i * H ^ i n a s t e r i s k 
lower l e f t quadrant 

square 

The "P" p o o r l y d e f i n e d response may not y i e l d s i g n a t u r e s 

d i a g n o s t i c of a d i s c r e t e bedrock anomaly to standard e l e c t r o ­

magnetic p r o s p e c t i n g equipment. I n t e r p r e t e d a x i s l o c a t i o n s may 

be approximate f o r these i n t e r c e p t s . 
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7. INPUT INTERPRETATION METHODOLOGY 

During the data a n a l y s i s , a number of assumptions were 

made which a f f e c t the p r e c i s i o n of the q u a n t i t a t i v e i n t e r p r e t ­

a t i o n s . As i n t e r p r e t a t i o n graphs, nomograms and type curves are 

a v a i l a b l e f o r a l i m i t e d number of conductor geometries. Our 

approach i s to normalize response amplitudes to a w e l l documented 

geometry, then c a r r y out the i n t e r p r e t a t i o n . T h i s i s a time 

consuming process but the i n t e r p r e t a t i o n s should be more acc u r a t e 

than c a r r y i n g out an automatic process which doesn't i n c l u d e the 

i n t e r p r e t e r ' s o b s e r v a t i o n s and experience. The f o l l o w i n g 

o b s e r v a t i o n s are the most c r i t i c a l to the i n t e r p r e t a t i o n . 

1) Conductor Axis L o c a t i o n 

The h e l i c o p t e r geometry i s a p a i r of d i p o l e c o i l s t h a t 

produce a two peak amplitude response p a i r f o r every 

conductor geometry, except f o r a f l a t - l y i n g zone where a 

s i n g l e symmetric response i s obtained. The weaker of the two 

may sometimes be obscured when strong m u l t i p l e conductors are 

i n t e r s e c t e d . The weaker accessory response may be l o s t i n 

the s u p e r p o s i t i o n of higher amplitudes. The conductor a x i s , 

as p l o t t e d on the map, i s the p r o j e c t i o n to s u r f a c e of the 

conductor, at the p o i n t where i t i s exposed, or where i t 

subcrops beneath overburden, weathered s o i l s , a l l u v i u m , 

t a l u s , e t c . On the analogue p r o f i l e s , the l o c a t i o n of the 

a x i s i s d e f i n e d as the r e l a t i v e minimum between the two 
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peaks, on the l a t e s t anomalous decay channel. When response 

amplitudes decrease to 30-40% of the maximum the conductor i s 

e f f e c t i v e l y terminated. 

2) Dip 

The d i p of a conductor i s d e f i n e d by three c h a r a c t e r ­

i s t i c s which i n an uncomplicated anomaly support each other. 

For conductors w i t h i n a d i p range of 45°-135°, the amplitude 

r a t i o of the two peaks on the graph at the end of the 

appendix, y i e l d s a formation d i p value which i s accurate to 

5° and independent of topography, conductance, depth or 

conductor geometry. A s h i f t of the l a t t e r time channel peaks 

i n the d i r e c t i o n of the d i p i s a q u a l i t a t i v e d i p i n d i c a t o r 

f o r the hig h e r amplitude conductor of the p a i r . T h i s i s the 

so c a l l e d "up-dip" or "down-dip" response, whose symbol 

" p o i n t s " out the d i p d i r e c t i o n . The slope of the response 

p r o f i l e i s always l e s s on the d i p p i n g s i d e of the high 

amplitude response, steeper by the conductor a x i s . T h i s i s 

s i m i l a r to magnetic, g r a v i t y and other p o t e n t i a l f i e l d data. 

This s i g n a t u r e i s a l s o v i s i b l e on an amplitude contour map. 

3) Conductor S t r i k e 

The angle by which a conductor a x i s i n t e r s e c t s the 

f i l g h t l i n e a f f e c t s the response amplitudes. At 90° 

(pe r p e n d i c u l a r to s t r i k e ) maximum e l e c t r o m a g n e t i c c o u p l i n g i s 

obtained. F l y i n g along a v e r t i c a l conductor a x i s (0°), no 

coupling with the conductor i s p o s s i b l e . However, f o r 
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intermediate responses i t i s p o s s i b l e to c o r r e c t response 

amplitude to simulate a normal 90° i n t e r s e c t i o n by 

m u l t i p l y i n g amplitudes by a 1/SIN(ANGLE) f a c t o r . 

4) Conductor Geometry 

For a given depth, conductance and d i p , the p h y s i c a l 

conductor dimensions have a dramatic e f f e c t on response 

amplitudes and conductance. Our i n t e r p r e t a t i o n models are 

based on a 600 x 300 metre p l a t e . Amplitudes decrease 

d r a m a t i c a l l y f o r conductors with l e s s than 300 metre s t r i k e 

l e n g t h . These s i t u a t i o n s have been modelled and amplitudes 

are c o r r e c t e d to emulate an i n f i n i t e geometry f o r depth 

c a l c u l a t i o n s . 

5) Conductance 

The apparent conductance of any response w i l l vary 

with the a c t u a l geometry. I f the geometry ( i . e . h o r i z o n t a l , 

d i p p i n g , v e r t i c a l p l a t e ) can be r e c o g n i z e d , a s u i t a b l e 

nomogram can be u t i l i z e d to determine conductance. The 

i n d i c a t e d conductance can vary by + 50% i f the model i s not 

a p p r o p r i a t e . A s h o r t s t r i k e l e n g t h causes underestimates, 

while a g r e a t e r depth causes o v e r e s t i m a t e s . The l a t t e r can 

be c o r r e c t e d f o r using any a p p r o p r i a t e nomogram. 
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6) Depth 

The depth i n t e r p r e t a t i o n i n c l u d e s the c o n s i d e r a t i o n 

f o r a l l of the v a r i a b l e s and the f l i g h t a l t i t u d e . The main 

c o r r e c t i o n s are s t r i k e angle, dip and geometry. We recommend 

using the 45° conductor d i p nomogram and the h o r i z o n t a l l a y e r 

model when a p p r o p r i a t e . 
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8. INPUT INTERPRETATION 

The m a j o r i t y of the p r o j e c t area i s devoid of d i s c r e t e 

INPUT responses. S e v e r a l t a r g e t s which match the c l a s s i c a l 

c r i t e r i o n f o r base metal d i s c o v e r i e s have been s e l e c t e d as 

s t a r t i n g p o i n t s f o r ground e v a l u a t i o n s . South of the survey area 

are conductors which we h e s i t a t e to c a l l f o r m a t i o n a l . The 

v a r i a t i o n of apparent conductance, amplitudes and s t r i k e 

d i r e c t i o n s l e a v e s many i n t e r e s t i n g p o s s i b i l i t i e s f o r 

m i n e r a l i z a t i o n , beyond the scope of t h i s i n t e r p r e t a t i o n . 

A l l conductors i n the survey block occur w i t h i n 

geology d e s c r i b e d as banded a c t i n o l i t e quartz s c h i s t and 

ca l c a r e o u s b l a c k p h y l l i t e . A l l d i p northward, a c o n c l u s i o n 

d e r i v e d from p r o f i l e shape a n a l y s e s . I t should be noted t h a t the 

broad responses such as i n t e r c e p t 20600D are the r e s u l t of the 

di p p i n g conductor being d e t e c t e d s e v e r a l hundred metres downslope 

from i t s a x i s outcrop or subcrop. The conductors should s t i l l be 

r e l a t i v e l y narrow. ' 

The conductor axes provide a degree of conductor 

d i s c r i m i n a t i o n which should be noted f o r p o t e n t i a l ground 

e v a l u a t i o n s . A s o l i d a x i s r e p r e s e n t s a dominant conductor, with 

both high amplitude and conductance parameters. U s u a l l y , the 

zones with l o n g e r s t r i k e lengths have g r a p h i t i c sources. The 

axes which are dashed are weaker conductors t h a t we i n t e r p r e t as 

l e s s homogeneous conductors whose c o n t i n u i t y i s o f t e n 

q u e s t i o n a b l e . 
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Where l o c a l improvements i n amplitude/conductance occur, these 

may be favourable t a r g e t s f o r s u l p h i d e c o n c e n t r a t i o n s . Dotted 

axes are very weak 'conductors', t h a t may only be detected as 

induced p o l a r i z a t i o n anomalies, or 'quadrature' EM responses. 
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CONDUCTOR 72A PRIORITY 2 

Line 20720N 

T e r r a i n Clearance 140m. 

Dip N? 

S t r i k e I n t e r s e c t i o n 90°? 

S t r i k e Length <200m. 

Conductance 

Depth 

Magnetic Coincidence 

Related Responses 

A low amplitude, but p e r s i s t a n t response was detected 

w i t h i n the r e s i s t i v i t y low which dominates the nor t h e r n h a l f of 

the survey block. The low amplitudes are c o n s i s t a n t with a very 

s h o r t length conductor. Reconnaissance g e o p h y s i c a l p r o f i l e s 

should be performed i n a very l i m i t e d area, a n t i c i p a t i n g a small 

t a r g e t , with a very h i g h apparent conductance. 
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CONDUCTOR 78B PRIORITY 1 

Line 20780N 

T e r r a i n Clearance 120m. 

Dip N 

S t r i k e I n t e r s e c t i o n 90° 

S t r i k e Length 300m. 

Conductance 75S 

Depth 200m. 

Magnetic Coincidence 

Related Responses 20771B, 20780A, 20800E 

In p r o f i l e form, the s e l e c t e d response has a 

p e r s i s t a n c e which shows i n the l a t t e r channels, o n l y m a r g i n a l l y 

on the e a r l y channels. The apparent depth may be r e a l i s t i c f o r 

t h i s case, but a s t r u c t u r a l u p f o l d i n g of the h o r i z o n immediately 

to the south could generate a s i m i l a r 'anomaly'. Deep 

p e n e t r a t i o n ground EM systems may be r e q u i r e d to r e s o l v e these 

two conductive responses. 
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CONDUCTOR 83E PRIORITY 1 

Line 20830E 

T e r r a i n Clearance 125m. 

Dip 45°N 

S t r i k e I n t e r s e c t i o n 90° 

S t r i k e Length 700m. 

Conductance 14S 

Depth 175m. 

Magnetic C o i n c i d e n c e 20nT 

Related Responses 20840C & D 

The a d d i t i o n of a magnetic c o i n c i d e n c e g r e a t l y 

enhances the importance of t h i s s h o r t s t r i k e l ength conductor. 

The amplitudes are subdued however, and the conductor l i e s 

b u r i e d , a s i g n i f i c a n t d i s t a n c e below the s u r f a c e . The apparent 

conductance i s on l y moderate, but i n the Adam's Lake environment, 

t h i s i s not important. 
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CONDUCTOR 75A PRIORITY 3 

L i n e 20751S 

T e r r a i n C l e arance 144m. 

Dip 65N 

S t r i k e I n t e r s e c t i o n 90° 

S t r i k e Length 100m. 

Conductance 5S 

Depth 120m. 

Magnetic C o i n c i d e n c e 

The 75A response r e p r e s e n t s an amplitude improvement 

i n a f o r m a t i o n a l h o r i z o n which i s l o c a t e d near the shore of 

Skwaam Bay. With the low conductance, t h i s i s a s i g n of 

conductor c o n t i n u i t y , with a g r a p h i t i c or disseminated s u l p h i d e 

source being the most l i k e l y e x p l a n a t i o n . A broad r e g i o n a l 

magnetic c o i n c i d e n c e i s r e l a t e d to u n d e r l y i n g geology and has no 

l o c a l s t r u c t u r a l c o m p l e x i t i e s . 
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CONCLUSIONS AND RECOMMENDATIONS 

The r e p e t i t i o n of g e o l o g i c a l u n i t s as d e p i c t e d on the 

a v a i l a b l e r e g i o n a l mapping can not be confirmed by the g e o p h y s i c a l 

s i g n a t u r e s of the magnetic and e l e c t r o m a g n e t i c data. We suggest 

t h a t there may be s i g n i f i c a n t m i n e r a l o g i c a l d i f f e r e n c e s between 

the northern and southern h a l f of the block. 

survey area, and even weak zones have been i d e n t i f i e d as p o s s i b l e 

follow-up t a r g e t s . However, most of the bedrock conductors are 

concentrated along the southern perimeter of the survey b l o c k . 

Geology and geochemistry r e s u l t s should d i c t a t e the p r i o r i t y of 

these h o r i z o n s . The i n t e r p r e t a t i o n i s i n d i c a t i v e of s t r u c t u r a l 

c o m p l e x i t i e s and non-homogeneous conductor composition. Sulphide 

m i n e r a l i z a t i o n along these h o r i z o n s should be con s i d e r e d a 

d i s t i n c t p o s s i b i l i t y . 

Bedrock conductors are r a r e i n the main p a r t of the 

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

OUESTOR SURVEYS LIMITED, 

Marcel Konings, 
Chi e f G e o p h y s i c i s t . 
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APPENDIX A 

BARRINGER/OUESTOR MARK V I I N P U T ( R ) H e l i c o p t e r System 

The INduced P U l s e T r a n s i e n t (INPUT) method i s a system 

whereby measurements a r e made, i n t h e t i m e domain, of a s e c o n d a r y 

e l e c t r o m a g n e t i c f i e l d w h i l e t h e p r i m a r y f i e l d i s between p u l s e s . 

C u r r e n t s a r e i n d u c e d i n t o t h e ground by means of a p u l s e d p r i m a r y 

e l e c t r o m a g n e t i c f i e l d w h i c h i s g e n e r a t e d from a t r a n s m i t t i n g l o o p 

around t h e h e l i c o p t e r . By u s i n g h a l f - s i n e wave c u r r e n t p u l s e s 

( F i g u r e A - l ) and a t r a n s m i t t e r l o o p o f l a r g e t u r n s - a r e a , a h i g h 

s i g n a l - t o - n o i s e r a t i o and t h e h i g h o u t p u t power needed f o r deep 

p e n e t r a t i o n , a r e a c h i e v e d . 

Induced c u r r e n t i n a c o n d u c t o r p roduces a s e c o n d a r y 

e l e c t r o m a g n e t i c f i e l d w h i c h i s d e t e c t e d and measured a t t e r t h e 

t e r m i n a t i o n of each p r i m a r y p u l s e . D e t e c t i o n o f t h e s e c o n d a r y 

f i e l d i s a c c o m p l i s h e d by means of a r e c e i v i n g c o i l , wound on an 

a i r core f o r m , mounted i n a PCV p l a s t i c s h e l l c a l l e d a " b i r d " and 

towed be h i n d and below t h e h e l i c o p t e r on 76 metres (250 f e e t ) of 

c o a x i a l c a b l e . The r e c e i v e d s i g n a l i s p r o c e s s e d and r e c o r d e d by 

equipment w i t h i n t h e h e l i c o p t e r . 

The a x i s of t h e r e c e i v i n g c o i l may be v e r t i c a l or 

h o r i z o n t a l r e l a t i v e t o t h e f l i g h t d i r e c t i o n . I n r o l l i n g or h i l l y 

t e r r a i n t h e s t a n d a r d or h o r i z o n t a l c o i l a x i s i s p r e f e r r e d , 

a l t h o u g h i n s t e e p t e r r a i n , t h e v e r t i c a l a x i s c o i l o p t i m i z e s 

c o u p l i n g w i t h h o r i z o n t a l or d i p p i n g s t r a t i g r a p h y . The secondary 

f i e l d i s i n the form of a d e c a y i n g v o l t a g e t r a n s i e n t , measured i n 

t i m e , at t h e t e r m i n a t i o n o f t h e p r i m a r y t r a n s m i t t e d p u l s e . The 

amplitude o f the t r a n s i e n t i s p r o p o r t i o n a l t o t h e amount of 
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measured i n t i m e , a t t h e t e r m i n a t i o n of t h e p r i m a r y t r a n s m i t t e d 

p u l s e . The a m p l i t u d e o f t h e t r a n s i e n t i s p r o p o r t i o n a l t o t h e 

amount of c u r r e n t i n d u c e d i n t o t h e c o n d u c t o r , t h e c o n d u c t o r 

d i m e n s i o n s , c o n d u c t i v i t y and t h e d e p t h b e n e a t h t h e a i r c r a f t . 

The r a t e of decay of t h e t r a n s i e n t i s i n v e r s e l y p r o p o r t i o n a l 

t o conductance. By s a m p l i n g t h e decay c u r v e a t s i x d i f f e r e n t t i m e 

i n t e r v a l s and r e c o r d i n g t h e a m p l i t u d e of each sample, an e s t i m a t e 

of t he r e l a t i v e c onductance can be o b t a i n e d . T r a n s i e n t s due t o 

s t r o n g c o n d u c t o r s such as s u l p h i d e s and g r a p h i t e , u s u a l l y e x h i b i t 

l o n g decay c u r v e s and a r e t h e r e f o r e commonly r e c o r d e d on a l l s i x 

c h a n n e l s . S h e e t - l i k e s u r f a c e c o n d u c t i v e m a t e r i a l s , on t h e o t h e r 

hand, have s h o r t decay c u r v e s and w i l l n o r m a l l y o n l y show a 

response i n t h e f i r s t two or t h r e e c h a n n e l s . 

For homogeneous c o n d i t i o n s , t h e t r a n s i e n t decay w i l l be 

e x p o n e n t i a l and t h e t i m e c o n s t a n t o f decay i s e q u a l t o t h e t i m e 

d i f f e r e n c e a t two s u c c e s s i v e s a m p l i n g p o i n t s d i v i d e d by t h e l o g 

r a t i o of t h e a m p l i t u d e s a t t h i s p o i n t . 



TRANSMITTER SPECIFICATIONS 

£ulse R e p e t i t i o n Rate 

Pulse 
Pulse Width 
Off Time 

Output Voltage 
Output Current Peak 
Output Current Average 

C o i l Area 
C o i l Turns 
Electromagnetic F i e l d S t r e n g t h 

180 per sec 

H a l f s i n e 
2.0 m i l l i s e c 
3.56 m i l l i s e c 

67 v o l t s 
200 amperes 
46 amperes 

177 m.2 (1,904 f t . 2 ) 
7 

(peak) 247,800 amp-turn-meter 

Fi g u r e A l 



RECEIVER SPECIFICATIONS 

Sample Gate Windows (centre p o s i t i o n s ) Widths 

CH 1 340 sec 200 
CH 2 540 200 
CH 3 840 400 
CH 4 1240 400 
CH 5 1740 600 
CH 6 2340 600 

Sample I n t e r v a l 

I n t e g r a t i o n Time Constant 

B i r d P o s i t i o n behind A i r c r a f t ( a t 40 k t ) 

B i r d P o s i t i o n below A i r c r a f t ( at 40 k t ) 

sec 

0.5 sec 

1.3 sec 

19 metres 

73 metres 

Receiver f e a t u r e s : Power Monitor 50 or 60 Hz 

50 or 60 Hz and Harmonic F i l t e r 
VLF R e j e c t i o n 
S p h e r i c R e j e c t i o n (tweak) F i l t e r 

S A M P L I N G O F I N P U T S I G N A L 

o o o » * ** 
rt » 

C h a n n e l - l o t h 

C h a i r , * ! C M U l 

F i g u r e A2 
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DATA ACQUISITION SYSTEM 

Sonotek SDS 1200 

I n c l u d e s t i m e base I n t e r v a l o m e t e r , F i d u c i a l System 

CAMERA 

Geocam 75 SF 

35 nra c o n t i n u o u s s t r i p o r frame 

TAPE DRIVE 

DIGIDATA MODEL 1139 

9 TRACK 800 BBI ASCII 

OSCILLOSCOPE 

T e k t r o n i x Model 305 

ANALOGUE RECORDER 

RMS GR-33 

Heat S e n s i t i v e Paper (33cm) 

R e c o r d i n g 10 C h a n n e l s : 50-60 Hz M o n i t o r , 6 INPUT C h a n n e l s , 

f i n e and c o a r s e M a g n e t i c s and A l t i m e t e r . A l s o , t i m e , f i d u c i a l 

numbers, l a t i t u d e and l o n g i t u d e ( o p t i o n a l ) , t i m i n g l i n e s , 

c e n t i m e t r e spaced v e r t i c a l s c a l e marks and l i n e numbers a r e 

i m p r i n t e d on the p a p e r . 

ALTIMETER 

Sp e r r y Radar A l t i m e t e r 
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GEOMETRICS MODEL G - jB03 PROTON MAGNETOMETER 

The a i r b o r n e magnetometer i s a p r o t o n p r e c e s s i o n d e s i g n 

w h i c h o p e r a t e s on t h e p r i n c i p l e o f n u c l e a r m a g n e t i c resonance t o 

produce a Measurement o f t h e t o t a l m a g n e t i c i n t e n s i t y . I t has a 

s e n s i t i v i t y o f 1 n a n o T e s l a and an o p e r a t i n g range o f 2 0 , 0 0 0 t o 

1 0 0 , 0 0 0 n a n o T e s l a s . The s e n s o r i s a s o l e n o i d t y p e , o r i e n t e d t o 

o p t i m i z e r e s u l t s i n a l o w ambient m a g n e t i c f i e l d . The s e n s o r i s 

mounted i n a boom o f f s e t from a i r c r a f t c o n t r o l s u r f a c e s and 

e l e c t r i c a l equipment a t t h e r e a r o f t h e a i r c r a f t . A 3 - a x i s 

compensating c o i l arrangement and p e r m a l l o y s t r i p s a r e a d j u s t e d t o 

c o u n t e r a c t t h e e f f e c t s o f permanent and i n d u c e d m a g n e t i c f i e l d s i n 

t h e a i r c r a f t . 

Because o f t h e h i g h i n t e n s i t y e l e c t r o m a g n e t i c f i e l d produced 

by t he INPUT t r a n s m i t t e r , the magnetometer and INPUT systems a r e 

o p e r a t e d on a time s h a r e b a s i s . The magnetometer head i s p o l a r i z e d 

w h i l e the INPUT t r a n s m i t t e r i s o n , b u t p r e c e s s i o n o c c u r s d u r i n g a 

s h o r t p e r i o d when t h e t r a n s m i t t e r i s o f f . U s i n g t h i s t e c h n i q u e , 

t h e sensor head i s p o l a r i z e d f o r 0 . 8 0 seconds and t h e p r e c e s s i o n 

f r e q u e n c y i s s u b s e q u e n t l y r e c o r d e d and c o n v e r t e d t o nano T e s l a s 

d u r i n g the f o l l o w i n g 0 . 2 0 seconds when no c u r r e n t i s c i r c u l a t i n g i n 

t h e INPUT t r a n s m i t t e r c o i l . 



QUESTOR/BARRINGER MARK VI 'INPUT"*SYSTEM EQUIPMENT 
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The Survey H e l i c o p t e r 

Figure B l 

Manufacturer 
Type 

Canadian R e g i s t r a t i o n 
Date of INPUT I n s t a l l a t i o n 

B e l l H e l i c o p t e r Company 
205A-1 

C-GLMC - present i n s t a l l a t i o n 
May 1982 

Mo d i f i c a t i o n s : 

1) Cradle and wing booms f o r t r a n s m i t t e r c o i l mounting 

2) Camera and a l t i m e t e r mounting 

3) Modified g a s o l i n e d r i v e n generator system 
Any BELL 205-212 airframe can support the QUESTOR H e l i c o p t e r 

INPUT system. The 205 i s powered by one low maintenance - t u r b i n e 
engine. The c o n f i g u r a t i o n of the h e l i c o p t e r provides f o r easy 
i n s t a l l a t i o n of equipment, which can be dissasembled and crat e d t o 
the survey base. Reassembly takes l e s s than two days. These 
factors have proven the h e l i c o p t e r t o be a r e l i a b l e and e r t i c i e n t 
geophysical survey system i n areas not s u i t a b l e f o r fixed-wing 
operation. 
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APPENDIX C 
INPUT System C h a r a c t e r i s t i c s 

&} Geometry 
i 

The INPUT system, a time domain a i r b o r n e e l e c t r o m a g n e t i c 
system, has the t r a n s m i t t e r loop l o c a t e d around the h e l i c o p t e r 
airframe w h i l e the r e c e i v e r , r e f e r r e d t o as the ' b i r d 1 , 
t y p i c a l l y i s towed 19 metres behind and 73 metres below the 
h e l i c o p t e r a t a survey a i r s p e e d of 40 knots. The a c t u a l s p a t i a l 

i 

p o s i t i o n of the b i r d i s dependent on the a i r s p e e d of the survey 
a 

h e l i c o p t e r , as can be seen i n Fi g u r e C I . 

(HELICOPTER) 
E F F E C T OF AIR S P E E D ON BIRD POSITION 

5 0 m e t r e s 

6 0 m - 1 A n S p e e d ( k n o t s ) 

Figure CI 
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b) The Lag Factor 

The b i r d ' s s p a t i a l p o s i t i o n along with the time constant of 

the system i n t r o d u c e s a l a g f a c t o r (Figure C2) or s h i f t of the 

response past the a c t u a l conductor a x i s i n the d i r e c t i o n of the 

f l i g h t l i n e * T h i s i s due to f i d u c i a l markers being generated 

and i m p r i n t e d on the f i l m i n r e a l time and then merged w i t h 

E.M. data which has been delayed due to the two aforementioned 

parameters. T h i s l a g f a c t o r n e c e s s i t a t e s t h a t the r e c e i v e r 

response be normalized back t o the h e l i c o p t e r ' s p o s i t i o n f o r 

the map c o m p i l a t i o n process. The l a g f a c t o r can be c a l c u l a t e d 

by c o n s i d e r i n g i t i n terms of time, plus the elapsed d i s t a n c e 

of the proposed s h i f t and i s given by:us the elapsed d i s t a n c e 

of the proposed s h i f t and i s given by: 

Lag (seconds) = time constant + b i r d l a g (metres) 
ground speed (metres/sec) 

P o w e r L ine Moni tor 

Figure C2 
i i 

Mag. Anomaly F iduc ia l 
L o c a t i o n L o c a t i o n T iming 

M a r k 

E . M . Ampl i tude 

3 0 0 p-p.m. 

R a d i o 

A l t i m e t e r 

M a g n e t o m e t e r 

Fine S c a l e 
2 0 G a m m a s 

Magnetomete r 
C o a r a e S c a l e 
1 0 0 0 G a m m a s 
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The time constant i n t r o d u c e s a 1.3 second l a g w h i l e , at an 

a i r c r a f t v e l o c i t y of 40 k t . , the ' b i r d 1 l a g i s 1 second. The 

t o t a l lag f a c t o r which i s to be a p p l i e d t o the INPUT E.M. data a t 

40 k t s . i s 2.3 seconds. I t must be noted t h a t these two 

parameters vary w i t h i n a small range dependent on the h e l i c o p t e r 

v e l o c i t y , though they are a p p l i e d as constants f o r consistency. As 

such, the removal of t h i s l a g f a c t o r w i l l not n e c e s s a r i l y p o s i t i o n 

the anomalies i n a s t r a i g h t l i n e over the r e a l conductor a x i s . 

The o f f s e t of a conductor response peak i s a f u n c t i o n or the 

system and conductor geometry as w e l l as c o n d u c t i v i t y . 

The magnetic data has a 1.0 second l a g f a c t o r introduced 

r e l a t i v e t o the r e a l time f i d u c i a l p o s i t i o n s . This f a c t o r i s 

software c o n t r o l l e d w i t h the magnetic value recorded r e l a t i v e t o 

the leading edge ( l e f t end) of each step ' b a r 1 , f o r both the f i n e 

and coarse s c a l e s . For example, a magnetic value p o s i t i o n e d a t 

f i d u c i a l 10.00 on the records would be s h i f t e d t o f i d u c i a l 9.95 

along the f l i g h t path. 

A l a g f a c t o r of 2 seconds (0.1 f i d u c i a l ) i s introduced t o 

c o r r e c t 50-60 Hz monitor f o r the e f f e c t s of b i r d p o s i t i o n and 

s i g n a l p rocessing. In cases where a 50-60 Hz s i g n a l i s induced i n 

along formational conductor, a 50-60 Hz secondary electromagnetic 

t r a n s i e n t may be detected as much as 5 km. from the d i r e c t source 

over the conductive h o r i z o n . 

The a l t i m e t e r data has no l a g introduced as i t i s recorded 

i n r e a l time r e l a t i v e t o the f i d u c i a l markings. 
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c) C a l i b r a t i o n 

The major advance made duri n g the t r a n s i t i o n from the INPUT 

MK V t o the INPUT MK VI has been the a b i l i t y t o c a l i b r a t e the 

equipment a c c u r a t e l y and c o n s i s t e n t l y . F i e l d t e s t s a t 

e s t a b l i s h e d t e s t s i t e s are c a r r i e d out on an average of once 

every 6 months to check the c o n s i s t e n c y of the INPUT 

i n s t a l l a t i o n s a v a i l a b l e from QUESTOR. 

To c a l i b r a t e the equipment f o r a survey o p e r a t i o n the 

f o l l o w i n g t e s t s are used: 

1) "ZERO" the d i g i t a l and record background E.M. l e v e l s ; 

2) Magnetometer s c a l e c a l i b r a t i o n s ; 

3) a l t i m e t e r c a l i b r a t i o n ; 

4) c a l i b r a t i o n of INPUT r e c e i v e r g a i n ; 

5) a i r c r a f t compensation; 

6) r e c o r d background E.M. l e v e l s a t 600 m.; 

7) survey f l i g h t ; 

8) r e c o r d background E.M. l e v e l s a t 600 m. 

9) rec o r d f u l l s c a l e INPUT r e c e i v e r g a i n ; 

10) r e c o r d compensation d r i f t ; 

11) terminate or repeat from step 4. 

T h i s sequence of t e s t s may be repeated i n m i d f l i g h t given 

that the d u r a t i o n of the f l i g h t i s s u f f i c i e n t l y l ong. 

T y p i c a l l y , t h i s process i s conducted every 2 hours of a c t u a l 

f l y i n g time and at the t e r m i n a t i o n of every f l i g h t . 

The background l e v e l s are recorded and then used t o 

determine the d r i f t t h a t may occur i n the E.M. channels during 

the progression of a survey f l i g h t . I f d r i f t has occurred, the 
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E.N. channels are brought back t o a l e v e l l e d p o s i t i o n by use of 

the l i n e a r i n t e r p o l a t i o n technique during the data p r o c e s s i n g . 

The primary electromagnetic f i e l d generated by the INPUT 

system induces eddy c u r r e n t s i n the frame of the h e l i c o p t e r . 

This spurious secondary f i e l d i s a s i g n i f i c a n t source of noise 

which needs t o be taken account of before every survey f l i g h t 

i s i n i t i a t e d . 

Compensation i s the technique by which the e f f e c t s of t h i s 

spurious secondary f i e l d are e l i m i n a t e d . A reference s i g n a l , 

which i s equal i n amplitude and waveform but opposite i n 

p o l a r i t y , i s obtained from the primary f i e l d v o l t a g e i n the 

r e c e i v e r c o i l and a p p l i e d t o each channel of the r e c e i v e r . The 

compensation s i g n a l i s not a constant value due t o coupling 

d i f f e r e n c e s induced by ' b i r d * motion r e l a t i v e t o the a i r c r a f t . 

The s i g n a l a p p l i e d i s p r o p o r t i o n a l t o the i n v e r s e cube of the 

distance between the ' b i r d ' and a i r c r a f t . F i g u r e C3 d i s p l a y s 

the e f f e c t of compensation. 

T y p i c a l l y , channel 5 i s s e l e c t e d f o r compensation because 

i t i s not a f f e c t e d by g e o l o g i c a l noise due t o i t s sampling 

l o c a t i o n i n the t r a n s i e n t and then coupling changes are induced 

by p r e c i p i t a t i n g ' b i r d 1 motion. Phase c o n s i d e r a t i o n s of 

channel 5, r e l a t i v e to the remaining channels, d i c t a t e s whether 

s u f f i c i e n t compensation has been a p p l i e d . I f the remaining 

channels are in-phase t o channel 5 during t h i s procedure, an 

over-compensated s i t u a t i o n i s i n d i c a t e d , whereas, out-of-phase 

would be i n d i c a t i v e of an under-compensation case. Normally 

t h i s adjustment i s c a r r i e d out a t an a l t i t u d e of 600 metres i n 
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order t o e l i m i n a t e the i n f l u e n c e of ex t e r n a l g e o l o g i c a l and 
c u l t u r a l conductors. 

Uncompensated 

Fig u r e C3 
Compensated 

The magnetometer, a l t i m e t e r and INPUT r e c e i v e r gain are 
also c a l i b r a t e d a t the i n i t i a t i o n of every survey f l i g h t . With 
the magnetometer, there are two s c a l e s , a coarse and a f i n e 
scale. The f i n e s c a l e i n d i c a t e s a 10 gamma change f o r a 1 cm. 
change i n amplitude (Figure C2). The coarse s c a l e moves 2 mm. 
(or 1 d i v i s i o n ) f o r a 100 gamma change with f u l l scale,2 cm., 
i n d i c a t i n g a 1000 gamma s h i f t . 

The a l t i m e t e r (Figure C4) , i s c a l i b r a t e d t o i n d i c a t e 400 
feet a l t i t u d e a t the seventh major d i v i s i o n (7 cm.), read from 
the bottom of the analog re c o r d . T h i s i s the nominal f l y i n g 
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height of INPUT s u r v e y s , wherever r e l i e f and a i r c r a f t 

performance are not l i m i t i n g f a c t o r s . The e i g h t h major 

d i v i s i o n c o r r e l a t e s w i t h 300 f e e t w h i l e the s i x t h corresponds 

with 500 f e e t i n a l t i t u d e . 
Power Line 

F i g u r e C4 

The INPUT r e c e i v e r g a i n i s expressed i n p a r t s per m i l l i o n 

of the prim a r y f i e l d amplitude a t the r e c e i v e r c o i l . At the 

' b i r d 1 , the prim a r y f i e l d s t r e n g t h i s 8.5 and 8. v o l t s peak-

to-peak, f o r the v e r t i c a l and h o r i z o n t a l a x i s c o i l s r e s p e c t ­

i v e l y or 4.2 and 4.0 v o l t s peak amplitude. The c a l i b r a t i o n 

s i g n a l i n t r o d u c e d a t the i n p u t stage of the r e c e i v e r i s 4.0 mV. 

Expressed i n p a r t s - p e r - m i l l i o n , t h i s induces a change o f : 

4 x 10-3 x 1 0 6 = 1,000 ppm ( v e r t i c a l c o i l ) 
4.2 

These c a l i b r a t i o n s i g n a l s ( F i g u r e C5) cause an 8 cm. 

d e f l e c t i o n of a l l 6 t r a c e s which t r a n s l a t e s t o a s e n s i t i v i t y of 

125 ppm/cm. f o r the v e r t i c a l a x i s r e c e i v e r c o i l system. 
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F i g u r e C5 

With the c h a r t speed i n c r e a s e d from the normal 0.25 cm. 

to 2.5 cm. per second, the time c o n s t a n t of the system ( F i g u r e 

C6) , can be o b t a i n e d by a n a l y s i s of the e x p o n e n t i a l r i s e of the 

c a l i b r a t i o n s i g n a l f o r a l l 6 t r a c e s . The time c o n s t a n t , i s 

defined as the time f o r the c a l i b r a t e d v o l t a g e t o b u i l d up or 

decay to 63.2% of i t s f i n a l of i n i t i a l v a l u e . A longer time 

constant reduces background n o i s e but a l s o has the e f f e c t of 

reducing the amplitude of the s i g n a l , e s p e c i a l l y f o r near 

surface responses. 
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Chart speed increased for calculation 
of Time Constant (2;15cm=1sec) 
+ Denotes position at 63.2% Peak 

Calibration Amplitude 

F i g u r e C6 

T h i s t r a d e - o f f i n d i c a t e s the importance of s e l e c t i n g an 

optimum value f o r the time c o n s t a n t . Experience and y e a r s of 

t e s t i n g have i n d i c a t e d t h a t a time constant of 1.3 second does 

not impede i n t e r p r e t a t i o n of bedrock source c o n d u c t o r s . 
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d) Depth P e n e t r a t i o n C a p a b i l i t i e s 

There are many f a c t o r s which e f f e c t the depth of 

p e n e t r a t i o n . These f a c t o r s c o n s i s t o f : 

1) a l t i t u d e of the h e l i c o p t e r above the ground; 

2) c o n d u c t i v i t y c o n t r a s t between conductor and host rock; 

3) s i z e and a t t i t u d e of conductor; 

4) type and c o n d u c t i v i t y of overburden present. 

Of these f a c t o r s , only the f i r s t parameter can be 
c o n t r o l l e d . T y p i c a l l y , a survey a l t i t u d e of 120 metres (400 
feet ) or l e s s above the t e r r a i n i s maintained. At t h i s h e i g h t , 

the h e l i c o p t e r INPUT MARK VI system has responded t o conductors 

l o c a t e d at a depth of 200 metres (650 f e e t ) below the s u r f a c e . 
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APPENDIX D 
INPUT Data P r o c e s s i n g 

The QUESTOR designed and implemented computer software 

r o u t i n e s f o r automatic i n t e r a c t i v e c o m p i l a t i o n and p r e s e n t a t i o n , 

may be a p p l i e d t o a l l QUESTOR INPUT Systems, The software i s 

compatible with the fixed-wing MARK VI INPUT, and the h e l i c o p t e r 

MARK VI INPUT. The procedures are a l l common, however, separate 

subroutines are accessed which c o n t a i n the unique parameters t o 

each system. Although many of the r o u t i n e s are standard^ data 

manipulations such as e r r o r d e t e c t i o n , e d i t i n g and l e v e l l i n g , 

s e v e r a l i n n o v a t i v e r o u t i n e s are a l s o o p t i o n a l l y a v a i l a b l e f o r the 

re d u c t i o n of INPUT data. The flow c h a r t on the f o l l o w i n g page 

(Figure Dl) i l l u s t r a t e s some of the p o s s i b i l i t i e s . Software and 

procedures are c o n s t a n t l y under review t o take advantage of new 

developments and to s o l v e i n t e r p r e t a t i o n a l problems. 

a) INPUT Data Entry and V e r i f i c a t i o n 

During the data entry stage, the d i g i t a l data range i s 

compared t o the analog records and f i l m . The raw data may be 

viewed on a h i g h - r e s o l u t i o n video g r a p h i c s s c r e e n a t any 

d e s i r a b l e s c a l e . T h i s technique i s e s p e c i a l l y h e l p f u l i n the 

i d e n t i f i c a t i o n of background l e v e l d r i f t and instrument 

problems. 

b) L e v e l l i n g E l e c t r o m a g n e t i c Data 

Instrument d r i f t , r e c o g n i z e d by viewing compressed data 

from s e v e r a l hours of survey f l y i n g , i s c o r r e c t e d by an 
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i n t e r a c t i v e l e v e l l i n g program. Although o n l y two or three 

c a l i b r a t i o n sequences are normally recorded, the QUESTOR 

technique permits the use of m u l t i p l e non-anomalous background 

r e c o r d i n g s t o d i v i d e a p o s s i b l e p r o b l e m a t i c s i t u a t i o n i n t o 

segments. A l l 6 INPUT channels are l e v e l l e d s i m u l t a n e o u s l y , 

yet independently. The s e n s i t i v i t y of the l e v e l l i n g process i s 

normally b e t t e r than 10 ppm on data with a peak-to-peak n o i s e 

l e v e l of 3 0 ppm. 

c) Data Enhancement 

Normal INPUT p r o c e s s i n g does not i n c l u d e the f i l t e r i n g of 

e l e c t r o m a g n e t i c data. The r e s i d u a l high frequency v a r i a t i o n s 

o f t e n apparent on analog INPUT data, i s due almost wholly to 

" s p h e r i c s " , atmospheric s t a t i c d i s c h a r g e s . In conductive 

environments, s p h e r i c s are a p p a r e n t l y grounded and e t f e c t i v e l y 

f i l t e r e d . In r e s i s t i v e environments, frequency spectrum 

a n a l y s i s and subsequent FFT (Fast F o u r i e r Transform) f i l t e r s 

have been a p p l i e d to data to reduce the nois e envelope. 

d) S e l e c t i o n of EM Anomalies 

The l e v e l l e d data may be viewed s e q u e n t i a l l y on a g r a p h i c s 

screen f o r the s e l e c t i o n of INPUT anomalies. Anomalies are 

s e l e c t e d by a l i g n i n g a c u r s o r to the p o s i t i o n of the peaks. 

Some of the parameters of the response are manually entered 

during the p i c k i n g of the response. These i n c l u d e the number 

of channels above background l e v e l s and the type of anomaly, 

e.g. c u l t u r a l , bedrock, s u r f i c i a l , up-dip, e t c . 
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APPENDIX E 

INPUT INTERPRETATION PROCEDURES 

The INPUT system i s dependent upon a d e f i n i t e r e s i s t i v i t y 

c o n t r a s t and i s most s u i t a b l e f o r h i g h l y c o n d u c t i v e massive 

s u l p h i d e s . D i f f e r e n t i a t i o n i s p o s s i b l e between f l a t - l y i n g 

s u r f i c i a l conductors and bedrock conductors. 

The s e l e c t i o n of anomalies i s based on t h e i r 

c h a r a c t e r i s t i c s and i n t e r p r e t a t i o n i s sometimes enhanced by 

anal y z i n g the magnetics. S p h e r i c s , due t o atmospheric s t a t i c 

d ischarges and l i g h t n i n g storms, are d i s t i n g u i s h a b l e from 

conductive anomalies. In the a n a l y s i s of each conductor anomaly, 

the f o l l o w i n g parameters may be c o n s i d e r e d : anomaly shape with 

the conductor p a t t e r n , topography, c o r r e s p o n d i n g magnetic 

f e a t u r e s , anomaly decay r a t e , the number of channels a f f e c t e d , 

g e o l o g i c a l environment and s t r i k e d i r e c t i o n and the i n t e r p r e t e d 

d i p r e l a t i v e t o s t r u c t u r a l f e a t u r e s . 

• For each anomaly s e l e c t e d , the f o l l o w i n g a re recorded: 

l o c a t i o n by f i d u c i a l , channel amplitudes i n p a r t s per m i l l i o n , 

number of channels, c o n d u c t i v i t y - t h i c k n e s s i n Siemens, 

corresponding magnetic a s s o c i a t i o n i n gammas, magnetic f i d u c i a l 

l o c a t i o n a l t i t u d e of a i r c r a f t above ground i n metres and a l s o , the 

o r i g i n of the response ( i e . s u r f i c i a l , bedrock, c u l t u r a l ) . 

Conductive responses are c a t e g o r i z e d i n t o three main 

groups. These are bedrock, s u r f i c i a l and c u l t u r a l . 

Bedrock conductors can be s o r t e d i n t o c o n ductive sources 

which are commonly encountered on INPUT su r v e y s : massive 
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s u l p h i d e s , g r a p h i t e s , s e r p e n t i n i z e d p e r i d o t i t e s and f a u l t or shear 

zones. Magnetite and manganese c o n c e n t r a t i o n s may a l s o y i e l d 

INPUT responses i n some cir c u m s t a n c e s . INPUT responses over 

a l k a l i c i n t r u s i v e s and weathered b a s i c v o l c a n i c s have been w e l l 

documented by Macnae (1979) and Palacky (1979). 

Massive S u l p h i d e s 

Massive s u l p h i d e s occur as both s y n g e n e t i c and s t r a t i f i e d 

d e p o s i t s and as v e i n i n f i l l i n g d e p o s i t s . N i c k e l d e p o s i t s o f t e n 

occur as magmatic i n j e c t i o n s of massive s u l p h i d e s . Kuroko-type 

syngenetic c o p p e r - z i n c massive s u l p h i d e s u s u a l l y occur a t an 

i n t e r f a c e of f e l s i c i n t e r m e d i a t e r o c k s . In t h i s environment, 

there are seldom any s i g n i f i c a n t formations of carbonaceous 

sediments on the same h o r i z o n . O f t e n , these d e p o s i t s are o v e r l a i n 

by a s i l i c i o u s zone which may c o n t a i n s t i n g e r s of continuous 

s u l p h i d e s , which change to disseminated s u l p h i d e s away from the 

main d e p o s i t . These o f t e n g i v e a d e p o s i t the appearance of a long 

s t r i k e - l e n g t h zone which may not f i t the e x p l o r a t i o n i s t ' s t a r g e t 

model. A c a r e f u l a n a l y s i s of c o n d u c t i v i t i e s and apparent widths 

(half-peak-width), w i l l o f t e n r e v e a l the geometry and source. 

Syngenetic d e p o s i t s of base metal s u l p h i d e s of up t o 2 km s t r i k e 

length are not unknown, although most s i z e a b l e d e p o s i t s have 

s t r i k e l e n g t h s between 500 and 1000 m. 

The c o n d u c t i v i t y of most massive s u l p h i d e d e p o s i t s may be 

a t t r i b u t e d to the p y r r h o t i t e and c h a l c o p y r jLte content, as both 

minerals form elongated i n t e r c o n n e c t e d masses which are most 
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amenable to the i n d u c t i o n of e l e c t r o m a g n e t i c secondary f i e l d s . 

P y r i t e n ormally forms c u b i c c r y s t a l s which must be i n t e r c o n n e c t e d 

e l e c t r i c a l l y i n order to produce a response. Massive p y r i t e o f t e n 

produces o n l y a moderate response which may be d i r f i c u l t t o 

d i s t i n g u i s h from g r a p h i t e . The i n - s i t u c o n d u c t i v i t y of massive 

s u l p h i d e s , a l t h o u g h very high f o r i n d i v i d u a l c r y s t a l s , o f t e n f a l l s 

i n the range of 5 to 20 S/m. 

S u l p h i d e c o n d u c t i v e zones are r a r e i n nature; economic 

s u l p h i d e s are even more s c a r c e . Long f o r m a t i o n a l s u l p h i d e zones 

are known, but a r e not common. More o f t e n , s u l p h i d e 

c o n c e n t r a t i o n s may occur w i t h i n f o r m a t i o n a l g r a p h i t i c zones. 

The geometry of many syn g e n e t i c and i n j e c t e d s u l p h i d e 

d e p o s i t s may f a l l w i t h i n broad c l a s s i f i c a t i o n s of s i z e , 

c o n d u c t i v i t y and m a g n e t i z a t i o n but most of these bodies are 

anomalous w i t h i n t h e i r l o c a l g e o l o g i c a l environment. There are 

o f t e n changes i n d i p , c o n d u c t i v i t y , t h i c k n e s s and magnetization 

with r e s p e c t to the r e g i o n a l environment. There are no r u l e s 

which apply u n i v e r s a l l y to massive s u l p h i d e d e p o s i t s . One 

o b s e r v a t i o n which has c o n s i s t e n t l y a p p l i e d to s u l p h i d e d e p o s i t s i s 

t h a t INPUT responses (amplitude and c o n d u c t i v i t y ) are roughly 

p r o p o r t i o n a l to m i n e r a l content. 

The INPUT system i s capable of d e t e c t i n g disseminated 

s u l p h i d e s w i t h i n zones of r e s i s t i v i t y changes. These may have low 

c o n d u c t i v i t i e s and responses w i l l n ormally be r e s t r i c t e d t o 

channels 1 through 4. The response amplitudes w i l l vary with the 

h o r i z o n t a l and v e r t i c a l extent of the zone. Gold d e p o s i t s o f t e n 

f a l l w i t h i n t h i s response c l a s s i f i c a t i o n . 
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The magnetic response of a s u l p h i d e d e p o s i t i s the most 

d e c e i v i n g i n f o r m a t i o n a v a i l a b l e t o the e x p l o r a t i o n i s t . Although 

many l a r g e economic d e p o s i t s have a s t r o n g d i r e c t magnetic 

a s s o c i a t i o n , some of the l a r g e s t base metal d e p o s i t s have no 

magnetic a s s o c i a t i o n . An i s o l a t e d magnetic anomaly caused by 

o x i d a t i o n c o n d i t i o n s a t a v o l c a n i c vent f l a n k i n g a conductor, may 

have more s i g n i f i c a n c e than a body which has a uniform magnetic 

anomaly along i t s s t r i k e l e n g t h . D i f f e r i n g geochemical 

environments o f t e n r e s u l t s i n the zoning of minerals so t h a t 

non-homogeneous c o n d u c t i v i t i e s and magnetic responses may be 

f a v o u r a b l e parameters. 

G r a p h i t i c Carbonaceous Conductors 

Carbonaceous sediments are u s u a l l y found w i t h i n the 

sedimentary f a c i e s of Precambrian and P r o t e r o z o i c greenstone 

b e l t s . These r e p r e s e n t a low energy, sedimentary environment with 

good bedding planes and l i t t l e or no s t r u c t u r a l deformation. 

Graphites are o f t e n l o c a t e d i n b a s i n s of the sub-aqueous 

environment, producing the same body shape as s u l p h i d e 

c o n c e n t r a t i o n s . Most o f t e n however, they form long, homogeneous 

planar sequences. These may have t h i c k n e s s e s from a metre t o 

hundreds of metres. The r e c o g n i t i o n of g r a p h i t e s i n t h i s s e t t i n g 

i s normally s t r a i g h t f o r w a r d . 

C o n d u c t i v i t i e s and apparent widths may be very c o n s i s t e n t 

along s t r i k e . S t r i k e l e n g t h s of tens of k i l o m e t r e s are common f o r 

i n d i v i d u a l h o r i z o n s . 
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The c o n d u c t i v i t y of a g r a p h i t e u n i t i s a f u n c t i o n ot two 

v a r i a b l e s : 

a) the q u a l i t y and q u a n t i t y of the g r a p h i t e and 

b) the presence of p y r r h o t i t e as an accessory conductive m i n e r a l 

P y r i t e i s the most common s u l p h i d e mineral which occurs 

w i t h i n carbonaceous beds. I t does not c o n t r i b u t e s i g n i f i c a n t l y to 

the o v e r a l l c o n d u c t i v i t y as i t w i l l normally be found as 

disseminated c r y s t a l s . G r e e n s c h i s t f a c i e s metamorphosis w i l l 

o f t e n be s u f f i c i e n t to c o n v e r t carbonaceous sediments t o g r a p h i t i c 

beds. L i k e w i s e , p y r i t e w i l l o f t e n be transformed t o p y r r h o t i t e . 

Without p y r r h o t i t e , most g r a p h i t i c conductors have l e s s 

than 20 S c o n d u c t i v i t y - t h i c k n e s s value as detected by the INPUT 

system or 1 to 10 S/m c o n d u c t i v i t y from ground g e o p h y s i c a l 

measurements. With p y r r h o t i t e content, there may be l i t t l e 

d i f f e r e n c e from s u l p h i d e conductors. 

I t i s not unusual t o f i n d l o c a l c o n c e n t r a t i o n s of s u l p h i d e s 

w i t h i n g r a p h i t i c sediments. These may be recognized by l o c a l 

i n c r e a s e s i n apparent width, c o n d u c t i v i t y or as a conductor o r f s e t 

from the main l i n e a r t r e n d s . 

G r a p h i t e has a l s o been noted i n f a u l t and shear zones wnich 

may c r o s s g e o l o g i c a l f o r m a t i o n s a t o b l i q u e a n g l e s . 

S e r p e n t i n i z e d P e r i d o t i t e s 

S e r p e n t i n i z e d p e r i d o t i t e s are very d i s t i n g u i s h a b l e from 

other anomalies. T h e i r c o n d u c t i v i t y i s low and i s caused 

p a r t i a l l y by magnetite. They have a f a s t decay r a t e s , l a r g e 

amplitudes and s t r o n g magnetic c o r r e l a t i o n . 
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Magnetite 
INPUT a n o m a l i e s over m a s s i v e m a g n e t i t e s c o r r e l a t e t o t h e 

t o t a l Fe c o n t e n t . Below 25-30% Fe, l i t t l e or no r e s p o n s e i s 

o b t a i n e d . However, as t h e Fe p e r c e n t a g e i n c r e s e s , s t r o n g 

a n o m a l i e s r e s u l t w i t h a d i s t i n g u i s h e d r a t e o f decay t h a t u s u a l l y 

i s more pronounced t h a n t h o s e f o r ma s s i v e s u l p h i d e s . 

C o n t a c t zones a r e o f t e n p r e d i c t e d when anomaly t r e n d s 

c o i n c i d e w i t h l i n e s o f maximum g r a d i e n t a l o n g a f l a n k i n g m a g n e t i c 

anomaly. 

S u r f i c i a l C o n d u c t o r s 

S u r f i c i a l c o n d u c t o r s a r e c h a r a c t e r i z e d by f a s t decay r a t e s 

and u s u a l l y have a c o n d u c t i v i t y - t h i c k n e s s o f 1-5 Siemens. These 

v a l u e s w i l l be much l i i g h e r i n s a l i n e c o n d i t i o n s . Overburden 

responses a r e b r o a d , more so t h a n bedrock c o n d u c t o r s . A n o m a l i e s 

due t o s u r f i c i a l c o n d u c t i v i t y a r e not dependent on f l i g h t 

d i r e c t i o n . I n p r o f i l e f orm, s u r f i c i a l r e s p o n s e s a r e s y m m e t r i c a l 

from l i n e - t o - l i n e w i t h t h e H e l i c o p t e r INPUT syst e m , and a r e 

c h a r a c t e r i z e d by a s i n g l e response r a t h e r t h a n a d o u b l e peak f o r 

d i p p i n g and v e r t i c a l c o n d u c t o r s . C o n d u c t i v e d e p o s i t s such as c l a y 

beds, may l i e i n v a l l e y s which can be checked on t h e a l t i m e t e r 

t r a c e and w i t h t h e base maps top o g r a p h y . 

C u l t u r a l Conductors 
C u l t u r a l c o n d u c t o r s a r e i d e n t i f i a b l e by ex a m i n i n g t h e power 

l i n e m onitor and t h e f i l m t o l o c a t e r a i l w a y t r a c k s , power l i n e s , 

b u i d i n g s , f e n c e s or p i p e l i n e s . Power l i n e s produce INPUT 
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anomalies of high c o n d u c t i v i t y t h a t are s i m i l a r t o bedrock 
responses. The s t r e n g t h of c u l t u r a l anomalies i s dependent on the 
grounding of the source. INPUT anomalies u s u a l l y l a g the power 
l i n e monitor by 1 second, which should be c o n s i s t e n t from 
l i n e - t o - l i n e . I f t h i s d istance between the INPUT response and the 
power l i n e monitor d i f f e r s between l i n e s , then there i s the 
p o s s i b i l i t y of an a d d i t i o n a l conductor present. The amplitude and 
c o n d u c t i v i t y - t h i c k n e s s of anomalies should be r e l a t i v e l y 
c o n s i s t e n t from l i n e - t o - l i n e . 



JOB N Q . 2 8 H 3 4 
INPU1 EM ANOMALY PEAK RESPONSE AMPLITUDES (PPM) TCP ALT MAGNETIC 

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CHS CH6 (8) (M) FIDUCIAL W LU 

206006 291.187 W 5 768 435 210 76 27 10 106 
20600E 291.625 386 221 119 62 24 - 15 142 -
2060OC 291.987 W 6 1453 864 497 260 140 70 21 135 -
20600D 292.567 u 6 2141 1154 535 206 82 32 11 112 292.30 30 
20600E 293.901 p 4 225 143 81 47 - - 18 113 -
20600F 294.603 p 3 76 62 - - 13 107 -20600G 300.602 8 1 37 — — NC 128 

20611M 277.899 •5 162 56 _ — NC 145 _ 

2061 IN *£ / O . J 7 >J i 30 - - - - NC 122 -
2061 IP 287.688 P 207 135 75 - - - 14 121 -
2061iR 2SS.892 u 6 1486 901 463 206 86 14 102 288.85 24 
206IIS 289.678 u 6 2368 1395 798 433 245 133 119 290.10 4 

20620A 218.135 6 586 367 205 108 56 26 19 1 4 9 

20620B 218.534 W 6 1405 814 440 222 no 4 9 17 122 -
20620C 219.018 W 6 1399 777 394 190 96 42 15 124 219.07 13 
20620D 219.485 w 6 2588 1396 678 300 132 56 13 120 -20620E 220.234 6 969 515 262 130 70 3 4 16 131 -20620F 220.71S w 6 1043 5 3 9 265 121 64 32 14 119 220.77 1 9 
20620S 221.202 6 512 305 157 73 35 19 15 125 -
20620H 221.999 -—• ii 80 48 - - - - NC 9 9 -
20620J 227.401 c i 36 - - - - NC 123 -
20620K 227.796 1 38 — — NC 142. 

2063IE 197.341 P 95 34 _ _ _ NC 151 _ 

2063IF 197.694 S 1 50 — — NC 146 

20632A 200.699 s I 30 _ _ _ _ NC 141 _ 

20632E 206.337 D 440 259 146 66 35 - 16 128 206.38 16 
20632C 206.346 u L 943 484 242 115 57 26 14 117 206.82 IS 
20632D 207.313 6 967 506 263 132 "75 37 17 117 -
20632E 208.175 u A 1626 823 369 144 64 25 11 125 — 

20640A 137.867 w 6 3186 1753 881 396 183 78 14 123 138.15 7 
20640B 138.604 w •6 ISll 952 472 219 114 49 14 130 -
20640C 139.130 6 517 293 151 SO 47 26 IS 117 139.07 4 
20640D 146.999 P 46 28 ~ — 

_ " 
— NC 128 

20652A 135=997 F 2 30 _ _ _ NC 136 _ 

20652B 136.983 6 1523 857 444 221 114 65 16 118 136.63 T 

20652C 137.476 6 2422 5 335 701 3 3 9 175 86 16 116 137.40 

20660A 75.865 ,5 1282 794 442 236 124 68 20 120 -



3Oh N 0 . 2 8 H 3 4 
INPUT EM ANOMALY PEAK RESPONSE AMPLITUDES (PPM) TCP ALT MAGNETIC 

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CH5 CH6 £Si (M) FIDUCIAL VALUE 

20660B 76.257 W 6 2059 1106 544 257 123 57 14 110 76.15 19 
20660C 77.492 P 2 70 40 - - - NC 146 
20660D 84.203 P 1 30 - - - NC 124 
20660E 85.003 P 1 30 NC 146 

20671A 58.888 8 1 4b - - - - NC 147 

20672A 60.846 1 30 NC 150 
20672B 68.532 U 6 2932 1586 809 379 182 86 15 116 68.10 28 

206S0A 10.780 5 1443 754 360 163 75 - 12 135 
20680B 10.900 W 6 1777 1006 518 249 120 63 15 133 
20680C 11.000 W 6 1607 981 545 288 156 83 20 115 11.30 43 

20681A 13.996 1 30 _ - - - - NC 131 -
2068IB 20.049 G i 32 - - - - NC 125 -
20681C 22.035 q i 70 _ — — — NU­ 138 — 

20690A 44.345 u 184 67 _ NC 143 
20690B 44.901 v 30 15 - - - - NC 144 -
20690C 45.200 —• 1 30 — — — — NC 125 -

20692A 51.302 c 1 30 _ NC 132 
20692B 53.933 *"! 30 15 - _ - - NC 132 _ 

20692C 3 D . 1 . D u 6 1455 799 421 214 113 55 17 121 54. 80 6 
20692D 55.405 u -_! 1488 S02 396 183 86 — 13 136 — 

20700A 56.016 4 453 250 129 82 _ 15 146 
20700B 56.420 ] j 6 1177 636 333 163 88 44 17 120 -20700C 56.744 u 6 1355 714 355 170 o n 34 14 loo -
20700D 57.089 U 6 981 528 285 145 75 41 18 110 57. 13 4 
20700E 57.798 •~j 30 24 - - - - NC 136 -20700F 58.299 " P1 1 30 - - - - - NC 124 -
207003 59,098 p 1 30 - - - - _ NC 130 -
20700H 63.952 p 1 30 - - - - - NC 137 _ 

20700J 64.807 p 1 30 - - - - - NC 133 -
20700K 65.997 Z 45 34 _ — - — NC 131 -

20711A 67.524 j 1 193 58 19 _ — 6 150 
2071 IB 67.949 1 48 - _ - - - NC 146 - _ 

20711C 6S.795 8 1 30 - - _ - - NC 126 -

20714A 119.055 30 116 1 v. 93 



JOB N0:'28H34 
INPUT EM ANOMALY PEAK RESPONSE AMPLITUDES (PPM) TCP ALT MAGNETIC 

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CHS CH6 (3) (M) FIDUG IAL VALUE 

20720A 127.601 2 53 20 - - - - NC 142 
20720B 126.792 2 84 39 - - - NC 126 

20730A 130.096 2 124 55 - - - - NC 127 

20740A 132.247 30 15 - - - - NC 131 131.48 
207408 138.495 S 1 65 - - - - - NC 135 -20740C 138.903 S i 70 - - - - - NC 131 -2074OD 139.BOO g 1 78 •— NC 140 

20751A 141.803 U 7. 468 203 63 _ 5 144 
2075IB 142.296 144 65 - - - - NC 147 
2075 IC 142.893 B 1 98 - - - - - NC 121 -2075 ID 143.507 S i 82 - - - - - NC 133 -2075 IE 144.299 8 1 76 — — — — NC 127 

20752A 154.300 U 4 235 123 62 34 - - 13 106 154.45 

20760A 155.401 P - r 132 75 42 15 141 155.20 
20760B 155.645 P -i' 88 53 28 - - 13 125 -20760C 162.897 3 1 56 - - - - - NC 135 -20760D 163.297 S 1 70 - - - - - NC 116 -20760E 164.100 S 1 94 — • NC 133 

20770A 165.300 3 1 106 _ _ _ NC 142 
20770B 165.801 s 1 89 - - - - - NC 118 -2077OC 167.206 3 1 - - - - - NC 119 -
20770D 167.892 S 1 41 - - - - - NC 133 -

20771A 176.752 1 30 - - - - NC US 
2077 IB 177.396 2 53 25 - - - NC 110 

20780A 178.200 W 3 99 48 28 - - 17 127 
20780B 178.406 P 5 75 49 37 25 21 - 75 120 
20780C 184.797 P 2 48 15 - - - - NC 118 
207S0D 185.155 P 2 64 20 - NC 122 

20790A 186.596 1 111 - - - - - NC 125 
20790B 187.387 1 80 - - - - - NC 114 
20790C 188.6.11 1 56 - - - - - NC 120 
20790D 190.592 1 30 - - - NC 116 
20790E 192.991 S i 30 - - - NC 133 



JOB NO:2BH34 
INPUT EM ANOMALY PEAK RESPONSE AMPLITUDES (PPM) TCP ALT MAGNETIC 

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CHS CH6 (S) (M) FIDUCIAL VALU 

20800A 199.904 W 6 777 445 244 120 65 18 139 
20800B 200.254 N 6 776 433 221 106 56 21 15 142 -
20800C 200.809 W 4 315 160 89 39 - - 14 101 200.80 218 
20800D 201.259 4 186 105 60 33 _ - 18 123 -
20800E 201.794 3 66 43 29 - - - 36 129 -
20800F 207.851 S 1 41 — — — — NC 123 

2081OA 209.551 -? 96 35 _ NC 111 _ 

20810E 209.955 2 71 33 - - - - NC 131 -
208IOC 210.350 1 60 - - - - - NC 122 -
20810D 213.298 1 30 - - - - - NC 127 -
208iOE 219.997 U 2 100 63 -- - - NC 118 219.98 12 
2081OF 221.100 11 i - i 

U +L 113 73 ~~ — NC 124 

20820A 222.095 W 4 174 113 65 30 _ 15 108 222.02 209 
20820B 222.688 2 92 40 - - - - NC 148 -
20E20C 223.496 W 3 120 64 31 - - - 10 143 -
20820D 224.093 2 17 - - - - NC 144 -
20820E 226.700 P 1 30 - -- - - - NC 121 -
20820F 227.004 P 1 30 - - - - - NC 121 227.35 10 
20S20G 227.703 1 30 - - - - NC 124 -
20820H 228.203 1 62 — — NC 144 — 

20830A 229.501 U i 65 _ _ _ NC 123 
20830B 230.199 4 1 61 - - - - - NC 109 -
20830C 230.647 P 1 52 - - - -- NC 121 -
20830D 232.401 P 1 30 - - - - NC 121 
20830E 239.108 U 6 533 357 195 90 36 i 1 14 125 -
20830F 2^0.578 •~ 248 129 - - - - NC 142 -
20830G 241.352 U 3 317 170 91 - 13 133 — 

20S40A 242.701 L'J 5 283 157 85 45 22 _ 16 146 
20840B 242.996 W 5 233 142 77 39 IS - 15 142 -2084OC 243.665 5 259 127 70 40 24 - 20 146 -
2084OD 244.022 W 5 254 173 87 43 14 13 149 _ 

2084OE 244.414 4 31 29 17 7 - - 15 147 -
2084OF 244.906 P 1 30 - - - - - NC 140 -
20840G 245.419 1 30 _ - - - - NC 146 -
20840H 246.097 1 30 - - - - - NC 145 -20S40J 246.975 P 2 54 - — NC 142 — 

20850A 247.575 U 2 104 44 _ _ NC i 30 
20S50B 248.012 2 79 32 - - - - ' NC 146 -
20850C 249.965 1 30 - - - - NC 128 -
20850D 255.710 4 276 144 71 26 — 10 147 — 



JOB N0.28H34 
INPUT EM ANOMALY PEAK RESPONSE AMPLITUDES (PPM) TCP ALT MAGNETIC 

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CH5 CH6 (S) (M) FIDUCIAL VALUE 

20850E 256.489 U 4 390 173 89 37 - - 12 143 
20S50F 257.014 U 4 381 186 91 46 - - 12 127 

20861A 136.999 P 3 52 25 12 - - - 10 155 
20S61B 137.773 3 242 125 68 14 146 

20370A 122.835 W 5 212 141 85 55 34 - 30 146 
20S70E 124.106 4 189 116 69 30 - - 16 116 
20870C 125.473 W 5 379 206 109 53 34 - 1 6 151 



UTM CO-ORDINATES 
CORNER EASTING NORTHING 

1 88766.98 
2 95059.03 
3 94577.75 
4 88195.86 

127891.89 
127326.93 
121098.55 
121S2S.44 



UTM CO-ORDINATES 
LINE NO. FIDUCIAL HAP EASTING NORTHING 

29010 
29010 
29010 

11.5 
17.2 
18.6 

90600, 
9102S, 
91319, 

122761, 
125655, 
126864, 

20592 49.8 94419 i: 

20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 

290.7 
291.8 
292.3 
293.8 
294.7 
295.4 
296.2 
300.8 
301.5 

89948, 
9048S, 
90779, 
91451, 
91849, 
92236, 
92609, 
94451, 
95015, 

127720, 
127584, 
127566, 
127511, 
127471, 
127464, 
127494, 
127256, 
127223, 

20611 
20611 
20611 
20611 
20611 
20611 
20611 
20611 
20611 

278.5 
283.3 
2B4.9 
285.8 
286.7 
287.6 
288.6 
289.5 
290.0 

94419, 
93431, 
93010, 
92613, 
92123, 
91502, 
90985, 
90665, 
90289, 

126935, 
127030, 
127155, 
127203, 
127239, 
127336, 
127411, 
127424, 
127523, 

20620 
20620 
20620 
20620 
20620 
20620 
20620 
20620 
20620 

218. 1 
219.7 
220.4 
221.4 
222.4 
223.6 
224.8 
225.4 
227.8 

89265. 
90184, 
90656, 
91313, 
91881, 
92491, 
93016, 
93454, 
94429, 

127086, 
127068, 
127064, 
127042, 
127118, 
127099. 
127009, 
126984, 
126866, 

20631 
20631 

197.9 
199.8 

94445 
93697 

126722. 
126843 

20632 
20632 
20632 
20632 
20632 
20632 
20632 
20632 
20632 
20632 

200.3 
201.2 
202.3 
204.4 
205.2 
205.9 
206.3 
207.0 
207.7 
208.5 

93749, 
93330, 
93032, 
92460, 
91909, 
91364, 
91087, 
90700, 
90235, 
89764, 

126769, 
126303, 
126302, 
126359, 
126933, 
126972, 
127008, 
127094, 
127169, 
127211, 

20640 
20640 
20640 
20640 
20640 

137.7 
138. 1 
139. 1 
139.9 
140.5 

89951, 
'90185, 
90740, 
91315, 
91704, 

127011, 
126939, 
126825, 
126717. 
126673, 



LINE NO. FIDUCIAL 

2 0 6 4 0 
2 0 6 4 0 
2 0 6 4 0 
2 0 6 4 0 

1 4 1 . 4 
1 4 4 . 2 
1 4 5 . 1 
1 4 6 . 9 

9 2 2 5 7 
9 3 2 3 0 , 
9 3 5 9 4 
9 4 2 2 6 . 

1 2 6 6 5 0 , 
1 2 6 5 2 2 , 
1 2 6 4 0 5 , 
1 2 6 3 1 4 , 

2 0 6 4 3 
2 0 6 4 3 
2 0 6 4 3 

2 6 1 . 5 
2 6 2 . 6 
2 6 4 . 9 

9 3 0 6 0 , 
9 3 4 S 3 , 
9 4 3 8 0 , 

126695¬
1 2 6 6 2 8 , 
1 2 6 5 4 1 

2 0 6 5 0 1 2 8 . 9 4 3 8 8 , 1 2 6 2 6 9 , 

2 0 6 5 1 
2 0 6 5 1 
2 0 6 5 1 

1 2 9 . 7 
1 3 0 . 7 
1 3 1 . 9 

9 4 3 0 4 , 
9 3 5 9 1 , 
9 3 2 3 2 , 

126284¬
1 2 6 3 0 0 , 
1 2 6 3 9 8 . 

2 0 6 5 2 
2 0 6 5 2 
2 0 6 5 2 
2 0 6 5 2 
2 0 6 5 2 

1 3 2 . 5 
1 3 5 . 0 
1 3 5 . 5 
1 3 6 . 9 
1 3 7 . 6 

9 3 4 3 1 , 
9 1 8 3 0 , 
9 1 4 3 8 , 
9 0 4 9 7 , 
9 0 0 S S , 

1 2 6 3 4 1 , 
i 2 6 4 6 7 , 
1 2 6 5 3 8 , 
1 2 6 6 9 5 , 
1 2 6 7 8 4 , 

2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 
2 0 6 6 0 

7 5 . 5 
7 6 . 2 
7 6 . 9 
7 8 . 9 
8 2 . 3 
6 3 . 0 
8 4 . 0 
8 5 . 0 

6 9 6 8 7 , 
9 0 1 5 0 , 
9 0 6 3 7 , 
9 1 6 4 3 , 
9 2 9 6 8 , 
9 3 2 6 8 , 
9 3 6 4 8 , 
9 4 3 7 3 , 

1 2 6 6 0 9 , 
1 2 6 5 0 1 , 
1 2 6 4 5 5 , 
1 2 6 3 1 4 . 
1 2 6 1 3 8 , 
1 2 6 0 7 1 , 
1 2 6 0 4 0 , 
1 2 5 9 8 4 , 

2 0 6 7 0 
2 0 6 7 0 

5 7 . 9 
5 8 . 6 

9 4 4 2 9 , 
9 4 2 3 0 

1 2 5 8 3 7 , 
1 2 5 S 6 2 , 

2 0 6 7 1 
2 0 6 7 1 

5 8 . 7 
5 9 . 2 

9 4 4 4 4 , 
9 4 0 4 4 , 

1 2 5 3 0 9 , 
1 2 5 9 1 1 . 

2 0 6 7 2 
2 0 6 7 2 
2 0 6 7 2 
2 0 6 7 2 
2 0 6 7 2 
2 0 6 7 2 
2 0 6 7 2 

6 0 . 3 
6 0 . 9 
6 2 . 1 
6 7 . 4 
6 8 . 1 
6 6 . 8 
6 9 . 2 

9 4 1 9 5 , 
9 3 6 9 7 , 
9 2 9 9 8 , 
9 0 8 9 5 , 
9 0 3 8 0 , 
8 9 8 7 6 , 
8 9 5 7 4 , 

1 2 5 8 2 4 , 
1 2 5 8 7 0 , 
1 2 5 9 4 3 , 
1 2 6 1 9 8 , 
1 2 6 2 4 1 , 
1 2 6 2 3 6 , 
1 2 6 2 7 9 , 

2 0 6 8 0 
2 0 6 8 0 
2 0 6 8 0 
2 0 6 8 0 

1 0 . 0 
1 0 . 6 
1 1 . 3 
1 2 . 1 

8 9 2 7 1 , 
8 9 8 1 9 , 
9 0 3 7 6 , 
9 0 3 7 7 , 

1 2 6 2 0 0 , 
1 2 6 1 0 7 , 
1 2 6 0 9 5 
1 2 6 1 4 3 

2 0 6 8 1 
2 0 6 3 1 
2 0 6 8 1 
2 0 6 8 1 
2 0 6 8 1 
2 0 6 3 1 

1 3 . 9 
1 5 . 7 
1 7 . 6 
1 8 . 9 
2 0 . 6 

9 0 3 8 1 , 
9 1 9 2 4 , 
9 2 5 9 2 , 
9 3 0 5 2 , 
9 3 6 9 1 , 
9 4 4 7 6 

1 2 5 9 7 2 , 
1 2 5 8 8 0 , 
1 2 5 7 6 1 , 
1 2 5 7 2 4 , 
1 2 5 6 5 0 , 
1 2 5 6 5 5 , 

2 0 6 9 0 
2 0 6 9 0 
2 0 6 9 0 

4 4 . 3 
4 5 . 2 
4 6 . 3 

9 4 8 3 8 , 
9 4 4 7 5 , 
9 4 0 1 4 , 

1 2 5 4 4 5 , 
1 2 5 4 8 7 , 
1 2 5 5 9 9 , 



LINE NO. FIDUCIAL MAP 
UTM CO-ORDINATES 
EASTING NORTHING 

2 0 6 9 1 
2 0 6 9 i 
2 0 6 9 1 

4 6 . 5 
4 7 . 4 
4 8 . 1 

9 4 2 2 7 . 
9 3 6 0 4 , 
9 3 1 5 9 . 

1 2 5 5 3 0 , 
1 2 5 5 8 7 , 
1 2 5 6 2 6 , 

2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 
2 0 6 9 2 

4 8 . 8 
4 9 . 1 
4 9 . 6 
5 3 . 0 
5 4 . 3 
5 5 . 1 
5 5 . 5 
5 5 . 9 

9 3 2 4 0 , 
9 3 0 7 7 , 
9 2 7 8 3 , 
9 1 5 3 0 . 
9 0 6 7 1 , 
9 0 0 8 5 . 
8 9 8 2 8 , 
8 9 5 1 4 . 

1 2 5 5 5 7 , 
1 2 5 5 9 2 , 
1 2 5 6 4 0 , 
1 2 5 7 6 8 . 
1 2 5 8 6 3 , 
1 2 5 9 2 4 
1 2 5 9 5 7 , 
1 2 5 9 8 2 

2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 
2 0 7 0 0 

5 6 . 0 
5 6 . 9 
5 7 . 6 
5 8 . 3 
5 8 . 7 
6 1 . 7 
6 4 . 4 
6 5 . 8 
6 6 . 2 
6 6 . 3 

8 9 4 1 1 , 
8 9 9 8 0 , 
9 0 4 6 2 , 
9 0 8 9 3 , 
9 1 1 2 3 , 
9 2 5 9 6 , 
9 3 5 8 2 , 
9 4 3 9 9 , 
9 4 6 9 9 , 
9 4 7 4 2 , 

1 2 5 8 5 4 , 
1 2 5 8 1 1 , 
1 2 5 6 9 8 , 
1 2 5 6 2 5 , 
1 2 5 5 9 4 , 
1 2 5 3 7 6 , 
1 2 5 2 7 3 , 
1 2 5 2 1 1 , 
1 2 5 2 1 2 , 
1 2 5 2 1 1 , 

2 0 7 1 1 
2 0 7 1 1 
2 0 7 1 1 
2 0 7 1 1 

6 7 . 5 
6 7 . 8 
6 8 . 2 
7 0 . 0 

9 4 7 6 4 , 
9 4 6 1 2 , 
9 4 3 6 4 , 
9 3 6 5 2 , 

124972¬
1 2 4 9 5 8 
125016¬
1 2 5 1 6 5 

2 0 7 1 2 
2 0 7 1 2 

7 0 . 3 
7 2 . 2 

9 3 6 1 3 , 
9 2 7 6 0 , 

1 2 5 0 9 9 , 
1 2 5 2 5 0 , 

2 0 7 1 3 
2 0 7 1 3 
2 0 7 1 3 

7 2 . 7 
7 5 . 8 
7 6 . 4 

9 2 6 7 9 , 
9 1 1 8 7 , 
9 0 7 3 9 , 

1 2 5 4 4 4 
1 2 5 4 7 1 

2 0 7 1 4 
2 0 7 1 4 
2 0 7 1 4 
2 0 7 1 4 

1 1 8 . 3 
1 1 8 . 7 
1 1 9 . 4 
1 1 9 . 9 

9 1 3 6 8 , 
9 1 0 4 7 , 
9 0 5 4 8 , 
9 0 1 1 0 , 

1 2 5 3 3 8 , 
1 2 5 3 9 0 , 
1 2 5 4 5 8 , 
1 2 5 5 4 9 , 

2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 
2 0 7 2 0 

1 2 1 . 1 
1 2 2 . 2 
1 2 2 . 9 
1 2 5 . 2 
1 2 7 . 9 
1 2 8 . 7 
1 2 9 . 3 
1 2 9 . 5 

9 0 1 3 8 . 
9 0 7 7 2 , 
9 1 2 0 0 
9 2 3 0 6 , 
9 3 6 2 5 , 
9 4 4 0 6 , 
9 4 7 0 6 . 
9 4 8 1 0 , 

1 2 5 3 3 4 , 
1 2 5 1 8 9 , 
1 2 5 1 5 0 . 
i 2 5 0 2 7 , 
1 2 4 9 2 6 , 
1 2 4 8 4 4 , 
124807¬
1 2 4 8 0 3 , 

2 0 7 3 0 
2 0 7 3 0 
2 0 7 3 0 
2 0 7 3 0 
2 0 7 3 0 
2 0 7 3 0 

1 2 9 . 6 
1 2 9 . 8 
1 3 0 . 4 
1 3 1 . 0 
1 3 2 . 2 
1 3 2 . 9 

9 4 6 0 3 , 
9 4 7 2 9 , 
9 4 3 9 6 . 
9 4 2 0 1 , 
9 3 5 7 1 , 
9 3 2 0 3 , 

1 2 4 6 6 1 , 
1 2 4 6 7 5 , 
1 2 4 7 2 B . 
124769¬
1 2 4 7 8 7 , 
1 2 4 7 9 7 , 



LINE NO. FIDUCIAL MAF 

20731 133.3 2 
20731 134.0 2 
20731 136.6 2 

20735 128.7 2 
20735 130.2 2 

20740 131.7 2 
20740 132.8 2 
20740 134.2 2 
20740 139.0 2 
20740 139.5 2 
20740 140.8 2 

20751 141.8 2 
20751 142.3 2 
20751 142.9 2 
20751 143.4 2 
20751 145.1 2 

20752 146.8 2 
20752 150.6 2 
20752 153.3 2 
20752 154.7 2 

20760 154.8 2 
20760 155.4 2 
20760 156.3 2 
20760 158.0 2 
20760 160.6 2 
20760 161.1 2 
20760 162.8 2 
20760 164.0 2 
20760 164.5 2 
20760 164.7 2 

20770 164.8 2 
20770 165.2 2 
20770 166.0 2 
20770 167.8 2 
20770 170.6 2 
20770 174.2 2 

20771 174.3 2 
20771 175.1 2 
20771 176.9 2 
20771 177.6 2 
20771 178.0 2 

20780 178.1 2 
20780 179.2 2 
20780 180.6" 2 
20780 183.1 2 
20780 184.5 2 
20780 185.2 2 
20780 185.7 2 

UTM CO-ORDINATES 
EASTIf'JG NORTHING 

93516. 124791. 
92953. 124806. 
90751. 124962. 

91084. 125044. 
90240. 125101. 

90177. 124925. 
90858. 124S28. 
91543. 124771. 
93485. 124479. 
94062. 124387. 
94665. 124380. 

94754. 124217. 
94546. 124255. 
94275. 124274. 
94113. 124278. 
93473. 124324. 

93366. 124209. 
91740. 124352. 
90626. 124612. 
89867. 124740. 

89644. 124552. 
90049. 124488. 
90528. 124391. 
91222. 124311. 
92260. 124107. 
92560. 124081. 
93409. 124034. 
94190. 124021. 
94474. 124020. 
94638. 124026. 

94507. 123889. 
94411. 123688. 
94057. 123901. 
93357. 123911. 
92026. i23968. 
90414. 124107. 

91694. 123962. 
91253. 124064. 
90411. 124263. 
90100. 124335. 
89905. 124378. 

90022. 124068. 
90552. 124030. 
91215. 124007. 
92549. 123869. 
93307. 123730. 
93661. 123666. 
94249. 123638. 



L I N E NO. FIDUCIAL MAP 

20790 186.1 2 
20790 186.9 2 
20790 188.1 2 
20790 189.1 2 
20790 191.7 2 
20790 192.4 2 
20790 194.9 2 
20790 195.7 2 

20791 197.0 2 
20791 197.7 2 
20791 199.2 2 

20800 199.8 2 
20800 200.1 2 
20800 200.7 2 
20800 202.5 2 
20800 204.3 2 
20800 206.0 2 
20800 207.5 2 
20800 208.3 2 
20800 208.7 2 
20800 209.3 2 

20810 209.4 2 
20810 209.9 2 
20810 210.7 2 
20810 212.0 2 ' 
20810 212.7 2 
20810 214.8 2 
20610 215.9 2 
20810 221.6 2 

20820 221.7 2 
20820 222.4 2 
20820 226.5 2 
20820 227.6 2 
20820 228.5 2 
20820 228.8 2 

20830 228.9 2 
20830 229.4 2 
20830 231.9 2 
20830 241.6 2 
20830 242.4 2 

20840 242.5 2 
20840 243.6 2 
20S40 246.3 2 
20840 247. 1 2 
20840 247.4 2 

20850 247.5 2 
20S50 248.0 2 
20850 249.0 2 

UTM CO-ORDINATES 
EASTING NORTHING 

94434. 123420. 
94127. 123477, 
93704. 123562. 
93292. 123591. 
92273. 123627. 
91989. 123652. 
91321. 123641. 
90886. 123639. 

91369. 123863. 
91116. 123801. 
90104. 123918. 

89181. 123828. 
89321. 123810. 
89650. 123771. 
90388. 123637. 
90959. 123496. 
91923. 123379. 
92625. 123353. 
93200. 123266. 
93498. 123241. 
94067. 123205. 

93969. 123110. 
93826. 123125. 
93510. 123157.• 
92973. 123160. 
92653. 123188. 
91836. 123290. 
91294. 123295. 
89625. 123630. 

89535. 123376. 
89815. 123319. 
91250. 122983. 
92265. 122845. 
93258. 122864. 
93608. 122SB9. 

93170. 122652. 
93010. 122636. 
91923. 122663. 
89920. 123059. 
89509. 123335. 

89665. 122685. 
90186. 122639. 
91958. 122723. 
92794. 122497. 
93086. 122443. 

92745. 122422. 
92511. 122462. 
92124. 122515. 



LINE NO. 

20850 
20850 
20350 

FIDUCIAL 

250. 0 
255. 1 
257.9 

MAP 
UTM CO-ORDINATES 
EASTING NORTHING 

91324. 
90287. 
89582. 

122560, 
122586, 
122704, 

20860 
20860 
20360 
20360 

128.5 
129.2 
135. 1 
135.9 

92252. 
92019, 
90805. 
90489. 

122136, 

122187, 
122134, 

10861 
•0861 

136.2 
138.3 

90767. 122276, 
89616. 122305, 

!0870 
:0B70 
:os7o 
0̂870 

121.7 
126. 1 
127.4 
128.2 

83381. 
90529. 
91291. 
91999. 

122451, 
122159 
i22('B5, 
122039 

r 




