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S U M M A R Y 

The T u r a i r s e m i - a i r b o r n e e lec t romagnet i c sys tem is designed 

to p e r m i t e lec tromagnet i c reconnaissance prospec t ing for l a rge subsurface 

conducting bodies wh i ch are beneath the operat iona l depth penetrat ion of 

present day a i r b o r n e e lec t romagnet i c sys tems or which o c cur i n a r e a s of 

rugged topography. E f f e c t ive depths of detection for such conducting 

bodies of up to 500' subsurface a r e r e a d i l y to be expected, under 

a p p r o p r i a t e l y l o w geologic no i se . The s y s t e m employs a he l i copter f or 

l a y i n g of the p r i m a r y f i e l d loop and for t r a n s p o r t i n g the m e a s u r i n g apparatu 

Some examples a r e shown f r o m a product ion survey w i t h this s y t e m , where 

conductors be l i eved to be a r i s i n g f r o m th is o r d e r of depth have been 

detected. 

The s ta t i s t i c s of th is product ion s u r v e y indicate l ine m i l e costs 

at l east f ive t i m e s s m a l l e r than comparab le ground survey costs and a rate 

of survey coverage at l eas t f i fty t i m e s that of a ground par ty of comparable 

s i z e . 
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S C I N T R E X T U R A I R 
S E M I - A I R B O R N E E L E C T R O M A G N E T I C 

S Y S T E M 

P A R T I 

E Q U I P M E N T 

The S c i n t r e x T u r a i r i s a f i xed source , s e m i - a i r b o r n e 

e l e c t romagnet i c s y s t e m designed for he l i copter operat ion . 

The s y s t e m embodies a f i xed t r a n s m i t t e r on the ground and 

a r e c e i v e r c a r r i e d i n the h e l i c o p t e r . The t r a n s m i t t i n g loop i s approx imate ly 

square and 2 m i l e s on each side but other shapes and s i z e s can be u&ed 

depending on s u r v e y condi t ions . It i s l a i d out by h e l i c o p t e r . The present 

s y s t e m u t i l i z e s a 400 H z p r i m a r y f i e l d , exc i ted by means of a 7. 5 kW motor 

d r i v e n generator which suppl ies a c u r r e n t of 4 amperes into the t r a n s m i t t i n g 

loop . The s y s t e m can operate at any other d e s i r e d frequency (see f i g . 4) 

v e r t i c a l c o a x i a l a i r - c o r e d c o i l s , r i g i d l y mounted 15 feet apart i n a " b i r d " . 

T h i s b i r d i s towed appr ox ima te ly 100 feet be low the he l i c op ter by means of 

a cable which a l so c a r r i e s the e l e c t r i c a l s ignals f r o m the b i r d . The 

h o r i z o n t a l coplanar* c o i l s y s t e m i s the one p r e f e r a b l y u s e d . In areas where 

conducting overburden , etc . might t i l t the p r i m a r y e lec t romagnet i c f i e l d 

f r o m a m a i n l y v e r t i c a l to a m o r e h o r i z o n t a l l y d i r e c t e d one, the v e r t i c a l 

c o a x i a l c o i l s y s t e m m a y have to be u s e d . The present T u r a i r r e c e i v i n g 

s y s t e m i s designed to detect s ignals s t ronger t h a n ^ J / ^ V i n the c o i l s (phase 

l o c k p r i n c i p l e ) . The s y s t e m has a noise l e v e l of l e s s than 3 / U V . T h u s , f r o m 

The r e c e i v e r s y s t e m inc ludes 2 h o r i z o n t a l coplanar or 2 
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a 2 m i l e s x 2 m i l e s loop, energ ized by 4 a m p e r e s , an area of about 24 square 

m i l e s can be covered i n a reg ion u n d e r l a i n by e . g . s e v e r a l hundreds of feet 

of overburden or deep weather ing of moderate conduct iv i ty . 

The quantit ies m e a s u r e d with this dual c o i l (gradient) 

m e a s u r i n g e lec t romagnet i c s y s t e m inc lude the r a t i o of the f i e l d strength 

and the phase di f ferences of the alt-g^nating magnet ic Jfield. at the two c o i l s . 

Tne changes i n ampl i tude ra t i o and phase di f ference are expressed i n percent 

and degrees r e s p e c t i v e l y . The s e n s i t i v i t i e s ot the s y s t e m a r e 0. 1 percent 

and 0. 1 degrees r e s p e c t i v e l y . 

Both p a r a m e t e r s a r e r e c o r d e d i n analogue l o r m on a dual 

channel r e c o r d e r . D i g i t a l output can be employed as w e l l . 

The f o l l owing r e c o r d e r sca le s e n s i t i v i t i e s a r e c ommonly 

employed : 

ampl i tude ra t i o 4" = 5% 

phase di f ference 4" = 6° (see f i g . l ) 

F l y i n g towards or away f r o m the loop the strength of the 

H e l d detected at the c o i l s changes gradual ly but c o n s i d e r a b l y . F o r this 

r e a s o n , a swi t ch connected to the s i gna l detector a m p l i f i e r i s manua l l y 

act ivated to keep the a m p l i f i e d output of the p r e a m p l i f i e r s w i th in the s igna l 

s trength l i m i t a t i o n s n e c e s s a r y l o r the equipment operat i on . These 

swi tch ing m a r k e r s a r e shown on the r e c o r d e r char ts as short durat ion " s p i k e s 

wi th appropr ia te notation and a r e easy to i n t e r p r e t as such (see f i g . i j . 

A t one or m o r e points d u r i n g each f l ight , the scale 

s e n s i t i v i t i e s and zero l e v e l s a r e checked by means of c a l i b r a t i o n and 



zero ing s ignals r e s p e c t i v e l y . The re ference or zero l e v e l for each T u r a i r 

e l ec t romagnet i c t race i s an a r b i t r a r y one, and i s obtained e m p i r i c a l l y f r o m ^ 

the reg iona l l e v e l of each sect ion of a t race between the switch ing m a r k e r s . 

These l e v e l s m a y dr i f t s l owly dur ing a f l ight because of t emperature changes, 

The dr i f t s a r e v e r y gradual and are r e a d i l y d i s t inguishable f r o m l o c a l 

changes due to conductors of a geologic o r i g i n . 

Since the gradients of the s ignals r e c o r d e d c lose ( i . e. 

w i t h i n about 600') to the loop sides a r e too s t rong , i t i s not poss ib l e to 

d i s t i n g u i s h f i e l d changes due to conductors of geologic o r i g i n l y i n g i n those 

" b l i n d zone" r eg i ons . F r o m a s t a t i s t i c a l point of v i e w the chances of 

m i s s i n g a s ign i f i cant conductor i n those " b l i n d zone" regions a r e v e r y 

s m a l l , s ince those regions constitute only about 8% of the a r e a surveyed 

f r o m each loop . 

The ampl i tude ra t i o and phase di f ference a r e r e c o r d e d i n such 

a way that f l y i n g " t o w a r d s " the loop us ing the h o r i z o n t a l coplanar c o i l 

s y s t e m , a n o r m a l anomaly shows a pos i t i ve s ign ( i . e. u p w a r d deflection) 

f or the f o r m e r and a negative s ign ( i . e. downward deflection) for the l a t t e r 

p a r a m e t e r (anomaly A f i g . 1 and 2). W h i l e f l y i n g " a w a y " f r o m a loop these 

signs a r e r e v e r s e d (anomaly B f i g . 1). R e v e r s e d anomal ies can a l so be 

the r e s u l t of p a r t i c u l a r geometr ic s i tuat ions , e. g. when the source i s 

l o ca ted on the hanging w a l l side of a f l a t l y d ipping conductor (Bosschar t , 

1964, p . 22 and f i g . 9) * (see anomaly C , f i g . 1 and 2). M a n - m a d e 

d i s turbances inc lud ing power l i n e s , pipe l i n e s , m e t a l fences , r a i l w a y s , 

etc . m a y cause spur ious a n o m a l i e s . The f o r m e r a r e recognizab le as such 

when they appear as c y c l i c no ise of i r r e g u l a r shape and phase r e l a t i o n s h i p . 
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N o n - e n e r g i z e d , grounded power l ines (e. g. 3 phase systems) somet imes 

give r i s e to anomal ies that a r e m o r e di f f icult to ident i fy . Such indicat ions 

as w e l l as those f r o m pipe l ines and m e t a l fences , etc . a r e however , of 

short durat i on and can be d is t inguished f r o m m o s t geologic sources except 

for v e r y n a r r o w , n e a r - s u r f a c e conductors . In some ins tances , ground 

inves t iga t i on may be n e c e s s a r y i n o rder to r e s o l v e the ambiguity of 

p o s s i b l e s o u r c e s . Al though the a i r b o r n e geophys ica l c r e w attempts to note 

v i s i b l e m a n - m a d e conductors of the above type, the ground moves by so 

r a p i d l y at the l ow f l ight e levat ion employed that 100% recogni t ion of such 

sources cannot a lways be expected f r o m the a i r . 

The n o r m a l t e r r a i n c l earance of the b i r d i s 100-200 f t . depending 

on the sur face topography, t ree cover , e t c . , wi th the he l i copter 100 f t . 

above. The es tab l i shed use fu l depth of detection of the s y s t e m for 

m o d e r a t e - t o - l a r g e conducting bodies , i . e . 1000' or m o r e i n p lan length, 

i s at l east 600 f t . s u b - b i r d under condit ions of l ow extraneous geologic 

n o i s e , i . e. where the genera l l e v e l of conduct iv i ty of the overburden and r o c k 

types of the a r e a i s l o w . The use fu l depth of detect ion of the s y s t e m i s 

there fore at l e a s t 400-500 f t . beneath the ground sur face under these 

cond i t i ons . 

P R E S E N T A T I O N O F R E S U L T S 

The e lec t romagnet i c r e co rds (see sample t races f i g . 1 and 2) a r e 

i n t e r p r e t e d to de termine the presence of conducting bodies and to obtain 

some i n f o r m a t i o n r e l a t i n g to the i r c h a r a c t e r . The i n t e r v a l o m e t e r t i m e 

m a r k s a r e s y n c h r o n i z e d wi th the pos i t i on ing c a m e r a f i l m s t r i p and thereby 



p e r m i t the r e l a t i n g of the conductors wi th appropr ia te ground l o ca t i ons . 

The t e r r a i n c l earance i s obtained f r o m the a l t i m e t e r data, presented i n the 

f o r m of sidepen m a r k e r s whose separat ion i s n e a r l y p r o p o r t i o n a l to the 

h e l i c o p t e r - t e r r a i n c l e a r a n c e . 

A p lan i s p r e p a r e d , e i ther u s i n g a subdued photo -mosa i c 

( "grayf lex" ) or an over lay f r o m a m o s a i c or topographic p lan as base (f ig. 3) 

The f l ight path of each survey l ine i s obtained by means of " t i e p o i n t s " , 

wh i ch a r e features on the m o s a i c or topographic p lan which a r e ident i f i ed 

on the pos i t i on ing c a m e r a f i l m . The f l ight path i s in terpo la ted between these 

t ie po in t s . 

F o r each conductor the f o l l owing quantit ies a r e m e a s u r e d and 

r e c o r d e d ; 

a) P e a k L o c a t i o n 

The peak l ocat ion of the ampl i tude rat io (using the h o r i z o n t a l 

coplanar c o i l s y s t e m or the c r o s s over i n case the v e r t i c a l c o a x i a l c o i l 

s y s t e m i s used) i s shown on the p lan by a c i r c l e i n the appropr iate l o ca t i on . 

In the case of b r o a d conductors or c l o s e l y spaces m u l t i p l e conductor zones 

there m a y be m o r e than one peak, i n which event a l l m a j o r peaks a r e 

shown. A conductor w h i c h i s l i k e l y m a n - m a d e w i l l be ind i cated by an X 

r a t h e r than by a c i r c l e . 

b) Conductor H a l f Width 

The " h a l f w i d t h " , i . e. the distance between the points of hal f 

the m a x i m u m response ampl i tude i s for s i m p l e l i n e c u r r e n t sources , u s i n g the 

h o r i z o n t a l cop lanar c o i l s a p p r o x i m a t e l y equal to the depth of the source under 

the detector . In case the v e r t i c a l c o a x i a l s y s t e m i s used the peak to peak 



separat ion i s for dike l i k e bodies equal to 1. 15 t i m e s the depth of the 

source under the detector . F l a t - l y i n g conductors (e .g . overburden) 

c h a r a c t e r i s t i c a l l y give r i s e to v e r y l a r g e hal f widths , combined with rather 

i r r e g u l a r curve shapes and, often, " d i p o l a r 1 1 curve f o r m s on the h o r i z o n t a l 

cop lanar c o i l s . 

The conductor hal f width , or peak to peak separat ion , i s 

ind i ca ted on the p lan by an open bar s y m b o l along the f l ight l i n e . If a 

conductor i s of short hal f width there m a y be no r o o m for a ha l f width bar 

and only the peak c i r c l e w i l l be shown, 

c) A m p l i t u d e Rat io and P h a s e Di f ference 

A m p l i t u d e ra t i o and phase di f ference are s c a l e d f r o m the 

"electromagnetic t r a c e s and noted i n percent and degrees r e s p e c t i v e l y . On 

the f l ight p l a n , opposite each peak l o ca t i on ( c i rc le ) w i l l be given the peak 

ampl i tude ra t i o and the peak phase di f ference as w e l l as the ca l cu la ted depth 

of the conductor under the sur face (see below) . 

I N T E R P R E T A T I O N 

Where f i e l d d i s t o r t i o n o c curs the curves indicate the l o ca t i on 

and the depth of the m a i n c u r r e n t f l ow . The " c u r r e n t a x i s " i s w e l l defined . 

when the c u r r e n t i s concentrated as , for ins tance , i n t h i n , steeply d ipping 

conductors . In wide , banded conductors , or i n h o r i z o n t a l conductors 

such as overburden , the c u r r e n t i s u s u a l l y m o r e d i s p e r s e d and the anomal ie 

w i l l y i e l d l e s s pos i t i ve i n f o r m a t i o n . 

A s a r u l e the c u r r e n t ax i s i s l ocated r ight below the m a x i m u m 

f i e l d s trength r a t i o def lect ion or the m a x i m u m negative phase shi f t , f o r 



the h o r i z o n t a l coplanar r e c e i v i n g c o i l s y s t e m . F o r the v e r t i c a l c o a x i a l 

c o i l s y s t e m the c u r r e n t a x i s i s located r ight below the c r o s s over . Its 

depth under the t r a v e r s e i s indicated by the shape of the anomaly . 

The ampl i tude ra t i os and phase di f ferences prov ide a m e a s u r e 

of the conduct iv i ty of the conducting bodies , i . e. good conductors are 

c h a r a c t e r i z e d by f i e l d strength d i s t o r t i o n combined w i t h r e l a t i v e l y l i t t l e 

phase sh i f t ing , whereas poor conductors affect the phase, ra ther than the 

s trength of the resu l tant f i e l d . 

F o r an accurate grading the conduc t iv i ty - th i ckness factor 

( dt value) i n mos t of the i n d i v i d u a l conductors can be d e r i v e d f r o m the 

ca l cu la ted i n - p h a s e and out -o f -phase components, taking fur ther into 

c ons idera t i on the exc i t ing frequency and the s t r i k e length of the conductor . 

T o obtain the pro j e c t i on of the c u r r e n t p a t t e r n , the anomal ies 

a r e connected between l i n e s , whereby depth and (jt v a l u e s , as w e l l 

as other c h a r a c t e r i s t i c s of the curves a r e used as c r i t e r i a . The s t r i k e of the 

f o r m a t i o n s , i f known, i s a l so taken into c ons idera t i on . 

B a s e d upon the 6t v a l u e s , conductor i n t e r s e c t i o n s a r e graded i n 

ca tegor ies 1, 2 and 3 as f o l l ows : 

Category 1 (j t ~7100 mhos 

2 101JNG t tyrlOO mhos 

3 (j t -^-10 mhos 

The respec t ive peak c i r c l e s a r e shaded to re f l ec t these 

ca tegor ies w i th category 1 f u l l y shaded, category 2 ha l f shaded and category 

3 unshaded. L a r g e , h i g h l y conducting bodies such as m a s s i v e sulphides or 

graphite and seawater , etc . , genera l l y have h igh 6t v a l u e s . Moderate 



conductors w i l l have ^t va lues between 10 and 100 m h o s . P o o r l y conducting 

bodies (e. g. most overburden and some sulphide and graphi t i c zones) w i l l 

have </t va lues of l e s s than 10 mhos . In areas where there i s a c l e a r 

d i f ferent iat ion i n conduct iv i ty between the targets of potent ia l economic 

i n t e r e s t and other poss ib l e conductors , the it va lues m a y f o r m the m a i n 

b a s i s f or d i s c r i m i n a t i o n . When the conduct iv i ty ranges of economic and n o n -

economic conductors o v e r l a p , the it value can of c ourse not be too r i g i d l y 

r e l i e d upon. 

; M A G N E T I C C O R R E L A T I O N t 

Where magnet ic data a r e a v a i l a b l e , p r e f e r a b l y f r o m a co inc ident 

magnetometer r e c o r d i n g , any c o r r e l a t i n g magnet ic a c t i v i t y w i l l be noted 

for the pert inent conductor peak. A conductor peak wi th apparent ly d i r e c t 

magnet i c c o r r e l a t i o n w i l l be indicated 'by a double concentr i c c i r c l e . A l though 

a conducting body whi ch i s a p p r e c i a b l y magnet ic i s . i n some geologic 

env ironments m o r e l i k e l y to be a sulphide body than one wh i ch i s non-magnet i c 

many impor tant base m e t a l ore bodies a r e known which are non -magnet i c . 

E v e n when no d i r e c t c o r r e l a t i o n i s evident, the magnet i c data may y i e l d 

s ign i f i cant i n d i r e c t i n f o r m a t i o n concern ing r o c k zones , s t r u c t u r e and, not 

l eas t of a l l , the depth of c e r t a i n r o c k f o r m a t i o n s . 

* (Boss char t , 1964, p. 22 and f i g . 9) A n a l y t i c a l In terpr 
E l e c t r o m a g n e t i c P r o s p e c t i n g Data 

etation of F i x e d Source 
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P A R T II 

T u r a i r records appear rather different f r o m most other a i r - . , 

borne electromagnetic r e c o r d s . To f a m i l i a r i z e the reader copies of typical 

T u r a i r records are shown in F igures 1, 2 and 5 to 11. The field records 

are reduced to one half their original scale . The magnetometer traces , 

obtained with a Scintrex N . P . M . 1 nuclear resonance total f ield 

magnetometer, original ly recorded separately, are photographically 

superimposed on the T u r a i r charts . 

A s has been mentioned in P a r t I the T u r a i r receiver, system 

employs ampli f iers which work on the " p h a s e - l o c k " pr inc ipal and which 

require at least 1 >i\, V of p r i m a r y signal for proper operation in the present 
s 

equipment. This means that at relatively great distances f r o m the t r a n s ­

mitting loop the internal reference osci l lator wi l l not be locked to the 

transmitter s ignal . The l imit ing distance depends on the nature of the 

overburden in the vicinity of the transmitting loop, the size of the loop 

and the c irculat ing current in the loop. F o r the present system, using a 2 

mi le square loop with 4 amperes at 400 Hz the l imit ing distance is of the 

order of 2 to 4 mi les f r o m the centre of the loop. 

Of the profi les shown F i g . 2, 5, 7 and 8 are of T u r a i r 

flight lines which were flown p a r a l l e l to the loop side and about 1 mi le 

outside the loop (see F i g . 4). The remainder of the profiles cross two 
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sides of the loop. E a c h loop is approximately 2 mi les in diameter 

(except for that of F i g . 10 which is about 3 miles) and energized by 4 

amperes current . 

F l y i n g towards the loop the transmitter f ield wil l increase in 

strength which means a gradual increase in signal to noise rat io . This is 

c lear ly shown on a l l the records where directly after locking on to the 

transmitter signal a strong noise level s t i l l exists, which noise gradually 

decreases as the signal increases . 

The system has an electronic noise level of about 3/WV. 

T h i s means in practise that it takes approximately 1500-2000 ft. after 

locking of the phase before the signal to noise ratio is increased to a level 

giving interpretable results . 

During the winter of 1969 an area with up to 500 ft. of overburden 

and Paleozoic sediments overlaying P r e c a m b r i a n .rocks was surveyed. 

Approximately twenty, 2 x 2 mi le loops, energized by 4 amperes were used. 

F r o m each loop an average area of 24 square mi les could be surveyed with 

lines up to 6 mi les long. 

Within about 600' of the loop sides the recorded signals and 

geometric gradients are too strong and no geological conductors can be 

distinguished in these " b l i n d zone" regions. Within the loops a virtual ly 

noiseless area exists making interpretation of the records easy. E a c h of 

the flight records is labelled as described in P a r t I (switching spikes, 

blind zones, conductor peak locations, etc.) and is described in turn below. 

F i g . 1 + 11 A A r e v e r s e d anomaly marked C, showing 

0. 6% amplitude ratio and 0. 5 ° phase shift and an even stronger conductor 

> 



m a r k e d B arc shewn b e s i d e s two s m a l l e r conductors m a r k e d A . In 

the c e n t r e of the loop a zone s h o w i n g s t r o n g phase s h i f t i s encountered. 

T h i s z o n e , w h i c h is shown on bo th lines (which are less than h a l f a 

m i l e apart) reflects the same conductor (lake bottom). Zone B and 

zone C on these two figures correspond a lso . A l l these conductors come 

w i t h i n 150 ft. of the ground surface. 

F i g . 2, 7 and 8 These lines are flown para l le l to the 

loop. Twin conductors A C and B C l ikely each reflect a broad 

conductor at depth. The magnetic peak lies between the " n o r m a l " c u r r e n t ' 

axis A or B and the " r e v e r s e d " current axis C generally somewhat c loser 

to the f o r m e r . The l ikely geologic source for both types of indication 

would be moderately conducting serpentinized ul tra basic bodies 

at least 1000' wide. 

F i g . 5 T h i s figure shows approximately 7 mi les of v irtual ly 

undisturbed r e c o r d . 

F i g . 6 A conductor marked A showing more than 1% amplitude 

r a t i o and negligible phase shift, together with magnetic correlat ion is 

encountered flying towards the loop. Inside the loop two smal ler 

conductors m a r k e d A and a zone showing only phase shift (poor d t value) ar 

s h o w n . F l y i n g away f r o m the loop two conducting zones m a r k e d B are 

v i s i b l e . 

F i g . 9 This figure shows c lear ly the low noise level which exists for 

approximately 5 m i l e s . T h r e e anomalies A and B a l l reflect conductors at 

less than 150-200 ft. depth. 
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.5/ .5/200/400 Category two, magnetic correlation 

1/ .6 / - /100 Category three, no magnetic correlation 

1/.2/200/200 Category three, reversed current flow, 
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J F i g . 10 The character of the records reflecting conducting zone D 
i 

j is typical of near surface conductors with broad horizontal extent (lake 
i 
j bottom, swamps, etc.) 

Jan K l e i n , M . S c , P . E n g . 
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