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Between November, 1987 and May, 1988 Aerodat Limited carried out an airborne 

magnetics and electromagnetics survey over Chandi Resource Corp,'s claims 

area. A strong magnetic high feature trending in a northeast-southwest 

direction strikes for approximately 4.0 kilometres and attains a width greater 

than 1.0 km on the Au 1 & 2 and Biz claims. The Dirk showing (magnetite- 

chalcopyrite-bornite skarn) is situated near the southeast corner of this 

anomaly. A second major-magnetic anomaly occurs on the Nez claim and is as 

yet unexplained. 

2.0 LIST OF CLAIMS 

Records of the British Columbia Ministry of Energy, Mines and Petroleum 

~esohrces indicate that the following claims (Figure 2) are owned by I. 

Hagemoen. Separate documents indicate the claims are under option to Chandi 

Resources Corp. I 
Claim Record No. of Record Expiry 
Name Number Units Date Date 

Au 1 3999 20 March 26, 1987 March 26, 1989 

Au 2 4000 20 March 26, 1987 March 26, 1989 

Biz 400 2 20 March 26, 1987 March 26, 1989 

Nez 400 1 18 March 26, 1987 March 26, 1989 

3.0 LOCATION, ACCESS AND GEOGlW?HY 

Au 1, Au 2, Biz and Nez claims are located approximately 80 kilometres east of 

Wrangell, Alaska, and 110 kilometres northwest of Stewart, British Columbia, 

on the eastern edge of the Coast Range Mountains (Figure 1). Newmont Lake is 

situated approximately nine kilometres to the southeast and the Iskut River 20 

kilometres to the south of the Au 1, Au 2, Biz Nez claims. 

Pamicon Developments Ltd. 
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Coordinates of the Au 1, Au 2, Biz and Nez claim area are 56'50' north 

latitude and 131'00' west longitude, and the property falls under the 

jurisdiction of the Liard Mining Division. 

Access to the property is via helicopter from the Bronson Creek gravel 

airstrip, Bob Quinn Lake or the Forrest Kerr airstrip located 10 kilometres to 

the northeast at the headwaters of the Forrest Kerr River. Daily scheduled 

flights to the strip from Smithers, Terrace and Wrangell, Alaska have been 

available during the field season using a variety of fixed wing aircraft. 

C.K. Ikona of Pamicon Developments Ltd., on behalf of Skyline Explorations 

Ltd., has proposed the construction of a 65 kilometre long road. The road 

would be situated on the south side of the Iskut Valley to connect the 

Stewart-Cassiar Highway with the ComincolDelaware-Skyline gold mines at 
Bronson Creek. 

r - - -  -- 

Geographically, the area is typical of mountainous and glaciated terrain with 

the elevations ranging from a few hundred metres above sea level in the river 

valley bottoms to in excess of 1500 metres at the ridge tops. Major drainages 

are U-shaped, whereas smaller side creeks tend to be steeply cut due to the 

intense erosional environment. Active glaciation is prevalent above the 1200 

metre contour, with the tree line existing at 1000 metres. The upper reaches 

of the area are covered with alpine vegetation. The lower slopes are predom- 

inantly timbered with a variety of conifers with an undergrowth of devil's 

club. More open areas and steeper slopes contain dense slide alder growth. 

Both summer and winter temperatures would be considered generally moderate and 

in excess of 200 centimetres of precipitation may be expected during any given 

year. 

Locally on the Au 1 and 2, Biz and Nez claim elevations range from 1900 

metres to 1200 metres. Permanent snowfields and hanging glaciers cover 

approximately 85% of these mineral claims. Ridge forming outcrops (nunataks) 

with talus slopes (15%) are snowfree for about three months per year. 

Pamicon Developments Ltd. 
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6.2 RIDGE SHOWING 

The Ridge showing located within the Au 2 claim lies two kilometres southwest 

from the Dirk showing. Exposed rocks include limestones, skarns and porphy- 

ries. A syenite breccia zone is developed in the contact zone. 

The limestone is completely replaced with a mineral assemblage of calcite, 

diopside, forsterite and grossularite. A stratigraphic interpretation by 

Costin and Mitchell, 1972 (appended to this report) suggests the syenitic 

porphyries have intruded as lopoliths along the upper contact of the Missis- 

sippian limestone. 

7 .O 'AIRBORBJE GEOPHYSICS 

Between November, 1987 and May, 1988 Aerodat Limited carried out an airborne 

geophysical magnetics and electromagnetics survey over much of the Iskut area 

at the request of Pamicon Developments Ltd. Chandi Resource Corp.'s claims 

were included in this survey (de Carle, 1988). 

A strong magnetic high feature trending in a northeast-southwest direction 

strikes for approximately 4.0 kilometres and attains a width greater than 1.0 

km on the Au 1 b 2 and Biz claims (Figure 5). The Dirk showing (magnetite- 

chalcopyrite-bornite skarn) is situated near the southeast corner of this 

A second major magnetic anomaly occurs on the Nez claim and is as yet 

unexplained, 

Similar magnetic features were identified on properties in this general area 

of the Iskut and to date have been very helpful and correlative in locating 

skarn style mineralization carrying gold-copper values as well as major 

structures associated with various mineral depositional environments. 

Pamicon Developments Ltd. 
- - -  - -- - - 
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VANGEOCHEM LAB LIMITED 
MAIN OFFICE BRANCH OFFICE 

1521 PEMBERTON AVE. 1630 PANDORA ST. 
NORTH VANCOUVER. B C. V7P 253 VANCOUVER. B.C. V5L 1L6 
(604) 986-521 1 TELEX. 04-352578 (604) 251 -5656 

( d )  The  g o l d  bead i s  r e t a i n e d  f o r  s u b s e q u e n t  m e a s u r e m e n t .  

3. M e t h o d  of D e t e c t  i o n  

' ( a )  T h e  g o l d  bead i s  d i s s o l v e d  b y  b o i  l i n g  w i t h  aqua  r e g i a  
s o l u t i o n ,  t h e n  d i l u t e d  w i t h  d e i o n i z e d  w a t e r  t o  1 0  m l s  
v o  l ume. 

(b )  T h e  d e t e c t  i o n  o f  g o  I d  was p e r f o r m e d  w i t h  a  T e c h t r o n  
m o d e l  AA5 A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t e r  w i t h  a  
g o  I d  ho I low c a t h o d e  lamp. The r e s u  I t s  w e r e  r e a d  o u t  o n  
a  s t r i p  c h a r t  r e c o r d e r .  The g o  I d  v a  l u e s ,  i n  p a r t s  p e r  
b i l l ~ o n ,  were  c a l c u l a t e d  b y  c o m p a r i n g  t h e m  w i t h  a  s e t  
o f  known g o l d  s t a n d a r d s .  

4 .  Ana l ys ts  

T h e  a n a l y s e s  were  s u p e r v i s e d  o r  d e t e r m i n e d  b y  M r .  Conway 
Chun o r  M r .  D a v i d  C h i u  a n d  h i s  

D a v i d  C h i u  
VANGEOCHEM LAB L I M I T E D  

1- - - -- - -- -- 
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VANGEOCHEM LAB LIMITED 
MAIN OFFICE BRANCH OFFICE 

152 1 PEMBERTON AVE '030 PANDORA ST 
NORTH VANCOUVER. B C V7P 253 VAhrCOUVER. B.C. V5L 116 
(604) 986-52 1 1 TELEX. 04-352578 (604) 251 -5656 

December 23, 1 9 8 7  

TO: S t e v e  T o d o r u k  
PAM l CON DEVELOPMENTS 
711 - 6'75 W. H a s t i n g s  S t .  
Vancouve r ,  B.C. V6B I N 4  

FROM: Vangeochem L a b  L  i m i  t e d  
1 5 2 1   embert ton‘ Avenue 
N o r t h  Vancouver ,  B r  i t i sh Co I umb i a  
V7P 2S3 

SUBJECT: Ana l y t  i c a  l p r o c e d u r e  u s e d  t o  d e t e r m i n e  h o t  a c i d  s o  l u b  l e  
f o r  2 8  e l e m e n t  s c a n  b y  I n d u c t i v e  I y  C o u p l e d  P  lasma 
S p e c t r o p h o t o m e t r y  i n  g e o c h e m i c a  I s i It a n d  s o  i l samp l e s .  

1. M e t h o d  of Sample P r e p a r a t i o n  

(a )  Geochemica l s o i  I, s i  It o r  r o c k  samp l e s  w e r e  r e c e i v e d  a t  
t h e  l a b o r a t o r y  i n  h i g h  w e t - s t r e n g t h ,  4 "  x 6 " ,  K r a f t  
p a p e r  bags .  Rock  s a m p l e s  w o u l d  b e  r e c e i v e d  i n  p o l y  o r e  
b a g s .  

( b )  D r i e d  s o i l  a n d  s i l t  s a m p l e s  w e r e  s i f t e d  b y  h a n d  u s i n g  
a n  8 "  d i a m e t e r ,  80-mesh, s t a i n l e s s  s t e e l  s i e v e .  T h e  
p l u s  80-mesh f r a c t i o n  was r e j e c t e d .  T h e  m i n u s  80-mesh 
f r a c t i o n  was t r a n s f e r r e d  i n t o  a  new b a g  f o r  s u b s e q u e n t  
a n a  l y s e s .  

( c )  D r i e d  r o c k  samp l e s  w e r e  c r u s h e d  u s i n g  a j a w  c r u s h e r  a n d  
p u l v e r i z e d  t o  100-mesh o r  f i n e r  b y  u s i n g  a  d i s c  m i l l .  
T h e  p u l v e r i z e d  s a m p l e s  w e r e  t h e n  p u t  in  a  new bag f o r  
s u b s e q u e n t  a n a l y s e s .  

2 .  M e t h o d  of D i g e s t  i o n  

( a )  0 . 5 0  g r a m  p o r t  i o n s  o f  t h e  m i n u s  80-mesh s a m p l e s  w e r e  
used .  Samp les  w e r e  w e i g h e d  o u t  u s i n g  a n  e l e c t r o n i c  
ba  l a n c e .  

( b )  Samp les  w e r e  d i g e s t e d  w i t h  a  5  m l  s o l u t i o n  o f  HCL:HN03:H20 
in  t h e  r a t i o  o f  3 : 1 : 2  i n  a  9 5  d e g r e e  C e l s i u s  w a t e r  b a t h  
f o r  90 m i n u t e s .  

( c )  T h e  d i g e s t e d  s a m p l e s  a r e  t h e n  r e m o v e d  f r o m  t h e  b a t h  a n d  
b u l k e d  u p  t o  10 m l  t o t a l  v o l u m e  w i t h  d i m i n e r a l i z e d  
w a t e r  a n d  t h o r o u g h l y  m i x e d .  

I 
I -- - -  - - -- 
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STAT- OF QUBLIFICATIONS 

I, WILLIAM D. KIESMAN, of Suite 43, 866 Premier Street, North Vancouver, in 

the Province of British Columbia, DO HEREBY CERTIFY: 

1. THAT I am a Geologist in the employment of Pamicon Developments 

Limited, with offices at Suite 711, 675 West Hastings Street, 

Vancouver, British Columbia. 

2. THAT I am a graduate of the University of Manitoba with a Bachelor of 

Science Degree in Geology. 

3 .  THAT my primary employment since 1980 has been in the field of mineral 

exploration. 

4. THAT my experience has encompassed a wide range of geologic environ- 

ments and has allowed considerable familiarization with prospecting, 

geophysical, geochemical and exploration drilling techniques. 

5. THAT this report is based on property examination by Steve Todoruk, 

Geologist, of this office and all available material on the property. 

6. THAT I have no interest in the property described herein, nor in 

securities of any company associated with the property, nor do I 

expect to receive any such interest. 

7. THAT I hereby grant permission to Chandi Resources Corp. for the use 

of this report in any prospectus or other documentation required by 

any regulatory authority. 

DATED at Vancouver, B.C., this 2 5  day of , 1989. 

Y 

William D. Kiesman, Geologist 
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LIST OF MAPS 

(Scale 1:20,000) 

(As  l i s t ed  under Appendix "B" of the Agreement) 

PHOTOMOSAIC BASE MAP; 
prepared from a photomosaic base using an uncontrolled 
photomosaic laydown provided by Aerodat . 
FLIGHT LINE MAP; 
showing a l l  f l ight  l ines and f iducials  with the 
photomosaic base map. 
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showing contoured resistivity values, f l igh t  l ines  and 
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1. INTRODUCTION 

This report describes an airborne geophysical survey carried out 

I 
on behalf of Pamicon Developments Limited by Aerodat Limited. 

Equipment operated included a three frequency electromagnetic 

u1 system, a high sensitivity cesium Tapour magnetometer, a two 

frequency VLF-EM system, a f iL i  tracking camera, a radar 

positioning systen, anC an altizeter.  Electromagnetic, magnetic 

and altimeter data were recoriied both in  digi ta l  and analog form. 

Positioning data were stored i n  digital  form and recorded on VHS 

video cassette film, a s  well a s  being marked on the  f l ight  path 

mosaic by the  operator while i n  flight.  

The survey, comprised of twenty -three separate blocks of ground i n  

1 the Iskut River area of northern British Columbia, are located 

approximately 1 2  0 kilometres northwest of Stewart. Twenty-nine 

( 29 ) f l ights ,  which were flown between November 16, 1987 and 

June 6, 1988, were required to complete the survey with f l igh t  

l ines  oriented a t  an Azimuth of 0 0 0  - 18 0 degrees and flown a t  a 

nominal l ine  spacing of 250 metres. Coverage and data quality were 



The survey objective is the detection and location of mineralized 

zones which can be directly or indirectly related to precious metal 

exploration targets. Of importance, therefore, for precious metals, 

are  poorly mineralized conductors displaying weak conductivity, 

which may represent structural features which can sometimes play 

an essential  role i n  the  eventual location of primary minerals. 

~ l s o  of considerable interest  is  the  recent precious metal act ivi ty 
-, 

i n  t he  immediate Iskut River area which Cominco Limited and 

Delaware Resources Corp. have located the exciting SNIP 

discovery. The zone is apparently related to two se t s  of 

mineralized structures containing approximately 1.2 million 

ui tons grading 0.75 oz./ton gold. To the south, skyline - .  
Explorations Ltd. carried out an extensive exploration 

program on its Johnny Mountain prospect. There are  a 

number of vein systems currently being worked on. The newly 

discovered Zephrin zone consists of feldspathic and 

siliceous alteration i n  the brecciated zone containing 1 0  

- to  1 5  percent sulphides and carrvins hish aold values 

A to ta l  of 2000 kilometres of recorded data were compiled i n  map 

form and are  presented a s  part of th i s  report according to 

specifications outlined by pamicon Developments Limited. 



2. SURVEY AREA LOCATION 

The survey areas are depicted on the index maps shown. They are 
1 

1 centred approximately a t  Latitude 56 degrees 42 minutes north, 

1 ~ongitude 13 1 degrees 5 minutes west, approximately 12 0 kilometres 
! 
i northwest of Stewart, British Columbia in the Liard Mining 

District (NTS Reference Map No. 1 0 4 B ) .  The survey blocks straddle 

the Iskut River with Area 1 being located approximately 1 0  

kilometres northeast of the State of Alaska boundary. The only 

means of access to any of the survey blocks is by fixed-wing 

aircraf t  or helicopter from such bases as  Stewart or from 

Telegraph Creek which i s  located approximately 135 kilometres north 
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3. AIRCRAFT AND EQUIPMENT 

3.1 Aircraft 

An Aerospatiale A-Star 3 50D helicopter, (C-GBBX ) , owned and 

operated by Ranger Helicopters Limited, was used for the 
I 

survey. Installation of the geophysical and ancillary 

equipment was carried out by Aerodat. The survey a i rc ra f t  was 

flown a t  a mean terrain clearance of 60 metres. 

3.2 Equipment 

3.2.1 Electromagnetic System 

The electromagnetic system was an Aerodat 3-frequency 

I system. Two vertical coaxial coil pairs were operated 

a t  935 Hz and 4600 Hz and a horizontal coplanar coil  

pair a t  4 17 5 Hz. The transmitter -receiver separation 

was 7 metres. Inphase and quadrature signals were 

measured simultaneously for the 3 frequencies with a 

time constant of 0.1 seconds. The electromagnetic bird 

was towed 30 metres below the  transmitter. 

3.2.2 VLF-EM System 

I The VLF-EM System was a Herz Totem 2A. This 

instrument measures the  to ta l  f i e ld  and quadrature 

components of two selected transmitters, preferably 

oriented a t  right angles to one another. The sensor was 



towed in  a bird 12 metres below the helicopter. The 

transmitters monitored were NSS, Annapolis, 

Maryland, NLK, J i m  Creek, Washington, NAA, Cutler, 

Maine and NPM, Laulualei, Hawaii broadcasting a t  21.4 

kHz., 24.8 kHz., 24.0 kHz. and 23.4 kHz respectively. 

Magnetometer 

The magnetometer employed a Scintrex Model VIW - 2 3 2 1 
H8 cesium, optically pumped magnetometer sensor. The 

sensitivity of th i s  instrument was 0.1 nanoTeslas a t  a 

0.2 second sampling rate. The sensor was towed in  a 

'bird 12 metres below the  helicopter. 

3.2.4 Magnetic Base Station 

An IFG-2 proton precession magnetometer was operated 

a t  the  base of operations to record diurnal variations 

of the  earth's magnetic f ield.  The clock of the  base 

station was synchronized with tha t  of the  airborne 

system to faci l i ta te  l a te r  correlation. 



3.2.5 Radar Altimeter 

A King Air HRA-100 radar altimeter was used to  record 

terrain clearance. The output from the instrument is a 

linear function of al t i tude for maximum accuracy. 

3.2.6 Tracking Camera 

A Panasonic video tracking camera was used to  record 

f l ight  path on V H S  video tape. The camera was operated 

i n  continuous mode and the f iducia l  numbers and time 

marks for cross reference to the  analog and d ig i ta l  

data were encoded on the video tape. 

3.2.7 Analog Recorder 

An RMS dot-matrix recorder was used t o  display the  

data during the survey. In addition to manual and time 

C X I  1 93 5 H z  Coaxial Inphase 2 ppm/mm 

C X Q l  935 H z  Coaxial Quadrature 2 ppm/mm 

CX12 4600 H z  Coaxial Inphase 2 ppm/mm 

CXQ2 4 600 H z  Coaxial Quadrature 2 ppm/mm 

CPI 1 4175 H z  Coplanar Inphase 8 ppm/mm 
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i Channel Input Scale 
1 

CPQl 4 17 5 Hz Coplanar Quadrature 8 ppm/mm 

PWRL Power Line 60 Hz 

V LT VLF-EM Total Field, Line 2.5 %/mm 

VLQ VLF -EM Quadrature, Line 2.5 %/mm 

VOT VLF-EM Total Field, Ortho 2.5 %/mm 

VOQ VLF -EM Quadrature, Ortho 2.5%/mm 

0-1 --I ALT Altimeter 10 ft./mm 

MAGF Magnetometer, Fine 2.5 nT/mm 

MAGC ~agnetometer , Coarse 25 nT/mm 

3.2.8 Digital Recorder 

A DGR 33 data system recorded the survey on magnetic 

,tape. Information recorded was a s  follows: 

Equipment Recording Interval 

EM system 0 . 1  seconds 

VLF-EM 0.5 seconds 

Magnetometer - 0.2 seconds 

Altimeter 1.0 seconds 



4. DATA PRESENTATION 

4.1 Base Map 

A photomosaic base a t  a scale of 1:20,000 was prepared from a 

I photo lay  down map, supplied by Aerodat, on a screened mylar 

.I base. 

4.2 Fliqht Path Map 

m The f l igh t  path was manually recovered onto the  photomosaic 

base using the VHS video tapes. The recovered points were then 

digit ized,  transformed to the- standard UTM metric grid and 

merged with the data base. The f l ight  path map showing a l l  

f l i gh t  lines, is presented on a Cronaflex copy of the  base 

map, with navigatorf s manual f iducials for cross reference to  

both t he  analog and digi ta l  data. 

4 . 3  Airborne Electromagnetic Survey Interpretation Map 

The electromagnetic data were recorded digitally a t  a sample 

r a t e  of 1 0  per second with a time constant of 0.1 seconds. A 

two stage dicjital f i l ter ing process was- carried out to  re jec t  

major s fe r ic  events and to reduce system noise. 



m Local sf  eric activity can produce sharp, large amplitude 

events tha t  cannot be removed by conventional f i l ter ing 

procedures. Smoothing or stacking w i l l  reduce the i r  amplitude 

but leave a broader residual response tha t  can be confused 

with geological phenomena. To avoid t h i s  possibility, a 

computer algorithm searches out and re jects  the major s fe r ic  

events. 

I 
The signal to noise ratio was further enhanced by the  ap- 

1 plication of a l o w  pass d igi ta l  f i l t e r .  It has zero phase 

s h i f t  which prevents any lag or peak displacement from occur- 

ring, and it suppresses only variations with a wavelength less  

m than about 0.25 seconds. This low effect ive time constant 

permits maximum profile shape resolution. 
1 

i , 
i 

Following the f i l ter ing process, a base level correction was 

made. The correction applied is a linear function of time tha t  

ensures the corrected amplitude of the  various inphase and 

quadrature components is zero when no conductive or permeable 

source is present. The f i l t e red  and levelled data were used i n  

the interpretation of the electromagnetics. 

An interpretation map was prepared showing peak locations of 

anomalies and conductivity thickness ranges along with the  



Inphase amplitudes (computed from the  460 0 Hz coaxial re  - 

I sponse) and conductor axes. The anomalous responses of the  - 

three coil configurations along with the interpreted conductor 

axes were plotted on a Cronaflex copy of the photomosaic base map. 

I 
4.4 Total Field Magnetic Contours 

The aeromagnetic data were corrected for diurnal variations by - 

adjustment with the digitally recorded base station magnetic 

n I values. No correction for regional variation was applied. The 

corrected profile data were interpolated onto a regular grid 

a t  a 50 metre true scale interval using a cubic spline 

technique. The grid provided the basis  for threading the  

f$ presented contours a t  a 5 nanoTesla interval. 
- 

The contoured aeromagnetic data have been presented on a 

I Cronaflex copy of the photomosaic base map. 

i 

4.5 Vertical Magnetic Gradient Contours 

The verti,cal gradient was computed from the  to ta l  f i e ld  

magnetic data to obtain values in  nanoteslas/metre. 



metre and presented with f l ight  path on a Cronaflex copy of 
1 

the  photomosaic base map. 

4.6 Apparent Resistivity Contours 

The electromagnetic information was processed t o  yield a map 

i of the  apparent resistivity of the ground. The approach taken 

in  computing apparent resistivity was to  assume a model of a 

200 metre thick conductive layer ( i-e. ,  effect ively a half 

space) over a resistive bedrock. The computer then generated, 

from nomograms for th i s  model, the resist ivi ty t ha t  would be 

consistent with the bird elevation and recorded amplitude for 

the  4 600 hz coaxial frequency pair used. The apparent res is-  

t i v i t y  profile data were interpolated onto a regular grid a t  

a 50 metres true scale interval using an Akima spline technique. 

The contoured apparent resistivity data were presented on a 

Cronaflex copy of the photomosaic base map with the f l i gh t  path. 

4.7 VLF-EM Total Field Contours - 
The VLF-EM signals from NSS, Annapolis, Maryland, NAA, 

Cutler, Maine and NLK, J i m  Creek, Washington broadcasting a t  

21.4 kHz., 24.0 kHz., and 24.8 kHz. respectively were compiled 

i n  contour map 

Crona f lex copy 

B 

form, as  the Line Station, and presented 

of the photomosaic base map. 



5. INTERPRETATION 

The writer did not have access to  any detailed geology maps 

for any of the  survey blocks. The only available information to  

the  writer was a summary of exploration taken from 

Exploration i n  British Columbia 1 9  8 6. 

A description of the Johnny Mountain property of Skyline 

Explorations Limited suggests tha t  the  property is underlain 

by Upper Triassic andesitic t u f f ,  breccia and associated 

I 

sedimentary units which probably correlates to  the  unuk River 

Formation of the Stewart complex to  the southeast. Three 

showings located to date indicate pyrite, chalcopyrite, 

arsenopyrite and pyrrhotite mineralization i n  quartz-carbonate 

veins and veinlets. No deep-seated or moderate conductors 

located by pulse electromagnetic survey. 

The SNIP claims of Delaware Resources and Cominco Limited 

are  underlain by Triassic to Lower Jurassic volcanic and 

1 sedimentary rocks with related high level subvolcanic f e l s i t e  

and quartz -feldspar porphyry bodies. Intermediate volcanic 

breccias, tuff  breccias and siliceous pyroclastic rocks are  



common. Mineralization is comprised of auriferous quartz veins. 

chalcopyrite -galena -sphalerite blebs and veins, and 

molybdenite i n  an altered quartz-feldspar porphyry plug. 

Structural features seem to have played an important role 

e i ther  a s  being host to auriferous mineralization or a s  the  

controlling element i n  the formation of the  deposits. 

5.2 Magnetics 

Area 1 

Strike direction of the basement lithology is generally ea s t -  

west, with some areas showing a northeast-southwest direction. 

There is not a great deal of contrast i n  the magnetics which 

would indicate unique rock types. There is a general trending 

indicating bedding but the types of rock units  a re  d i f f i cu l t  

to interpret.  



Area 3 
, 

The main magnetic feature within th i s  block shows an ap- 

proximate east-west strike direction with a sudden fold 

towards the eas t  end to a more southwest-northeast direction. 

Apparent direction of dip is towards the  south although one 

feature  towards the extreme northeast corner of the block 

seems to be dipping towards the northeast. 

The large expanse of magnetic low may be associated w i t h  

sedimentary rock 'types. 

Area 4 

A great  deal of terrain relief within t h i s  survey block seems 

to have resulted in  rather inaccurate data. I f  one re fe rs  to  

the  southeastern portion of the block, the long l inear 

magnetic l o w  seems to correlate with the Iskut River. It is 

suggested tha t  the helicopter may have been somewhat high 

over t h i s  area and thus farther away from the  source. The 

magnetic highs seem to correlate, for the most part,  with 

topographical highs. It is suggested that  the  c l ient  pay \ 

particular attention to th is  phenomena when uti l izing t h i s  

data s e t  i n  any future ground program. 
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Area 5 

There seems to be three individual magnetic horizons which, no 

doubt, would indicate three unique rock classifications.   he 

magnetically active area towards the  northwest portion sug- 

ges ts  a mafic to ultramafic unit  while a second active area 

towards the east  central to southeastern portion perhaps sug- 

ges ts  a more basic unit. The area showing a magnetically l o w  

intensi ty could be related to sediments. The magnetic profile 

shapes seem to indicate a rather steeply dipping to vert ical  

a t t i tude for the stratigraphy; 
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Area 10 

  here seems to be four unique horizons indicated by the 

magnetics within th i s  block. Each display magnetic in tensi t ies  

indicative of mafic type rock units, but may be al tered basic 

volcanics a s  well. Each of the units appear to be ap- 

proximately two kilometres apart. Between each of these 

horizons, there is generally a rather magnetically l o w  region 

with a few weaker magnetic trends which tend to  be short and 

isolated. Strike direction is generally i n  a northeast - 
southwest direction, although in  some areas, because of 

folding, the strike direction does change. Dips are  generally 

ver t ica l  to near vertical. 

Area 11 

Two of the  magnetic features mentioned in  Area 10 extend into 

and traverse through th i s  block. Otherwise, the magnetics are  

much similar to the previous block. 

Area 12  

Two large units within th is  bbck display reasonably active 

magnetics, both of which may be related to  mafic rock units. 

Dips vary from near vertical to westerly for the most western 

unit. 

I 
r - - 



Area 1 3  

There would appear to be two magnetically active areas  within , 

t h i s  block, one to the north, which is an extension of one 

t h a t  was mentioned in  Area 1 0  and a second uni t  towards the  

south end of the block. It would seem tha t  because of the  

amount of folding and faulting that  has taken place i n  both of 

1 these areas, strike direction of the  bedding changes dras t i -  

cally. Probable thrust faults  have seemingly resulted i n  a 

doubling up or overlapping of magnetic features. 
I 
i 

Area ' 1 4  

This smaller block contains magnetic features which a re  

similar to the regions of Area 13 .  Sedimentary rocks or 

perhaps volcanic t u f f s  are the rock types towards the  southern 

edges of th i s  block, a s  well a s  within the  northern th i rd  

port ion. 

Areas 15,  1 6  and 1 7  

After close examination of the magnetic data for a l l  three 

areas,  it became rather clear tha t  the data correlated, to a 

great  degree, with the topography. That is, the magnetic highs- 

correlated with the topographic highs while the magnetic l o w s  

b r 



1 correlated with the topographic l o w s  or rivers and creeks. 

~ This phenomena may be just a coincidence, i n  that ,  the rock 
1 
! - A 

uni ts  correlating w i t h  the  higher areas may be magnetically 

active. Not having access to any geology for the  region, it is 

impossible to deliberate any further on the comparisons. 

Areas 18, 19 and 20 

It w i l l  be noted that  a great deal of folding has taken place 

i 
within these three areas, a s  well a s  several areas of probable 

1 thrust  faulting. The stronger trend towards the  northwest 

swings around to the eas t  and seems to  become associated with 

the  magnetic horizon towards the southeast. Faulting seems to 

have displzced th i s  trend, i n  a few areas, along strike. 

Amount of dip and direction of dip seems to vary within the 

I region. 

This area presents 'several unique magnetic features, some of 

which m2y ref lec t  the lithology of the -basement rocks. It is 

also suggested that  the rough terrain e f f ec t s  may have af  - 



helicopter may have been high a t  these points, thus acquiring 

i 
I data further away from the source resulting i n  lower intensi ty 

values. The other alternative to t h i s  suggestion is tha t  the  
1 

magnetic l o w  is caused by a faul t  or major shear zone. 

It would seem tha t  the magnetically active areas towards the 

western half of the area are  related to the same basement 

source. The eastern half displays somewhat lower levels of 

intensi ty and seemingly has more smaller, isolated magnetic 

features. 

5.3 Vertical Magnetic Gradient 

The areas of high intensity magnetics have been clearly broken 

up into unique trends a s  a result of the computation of the  

ver t ica l  gradient. Th i s  interpretation is not a s  readily 

obvious when one refers to the magnetic total  f i e ld  maps. 

It should also be noted that  the zero contour interval 

coincides directly or very close to geological contacts. It is 

because of th i s  phenomenon that  the calculated vert ical  



E gradient map can be compared to a pseudo-geological map.   his 
f 

is t rue  for vertical bedding. However, with the  bedding dip- 

ping a t  a steep to moderate angle, it w i l l  be found tha t  the  

i 
geological contacts w i l l  be closer to  the magnetic peaks by a 

I small distance. 

By using known or accurate geological information and 

combining th i s  data with vert ical  gradient data, one can use 

the presented maps a s  pseudo-geological maps. Obviously, the 

more t ha t  is known about an area geologically, the  closer th i s  

m] type of presentation i s  to what the rock types are. 
! 

This type of presentation is an invaluable tool i n  helping to 

define complex geology, especially i n  d r i f t  covered areas. a s  

._j well a s  i n  areas of extremely rugged terrain. Not only i n  areas _ 

of complex geology, but in  areas of closely spaced geologic 

formations, has the calculated vertical gradient computation 

been of exceptional value. Since a good portion of the  survey 

areas a r e  either overlain with till and- boulders or contain 

extremely rugged terrain, th i s  particular presentation w i l l  be 

very useful. 



interpretation maps for each of the survey blocks. Because of 

the  nature of the  computation of the vertical gradient data, 

magnetic anomalies produced by near surface features are  

emphasized with respect to those resulting from more deeply 

buried rock formations. As  a result, much more de ta i l  is 

obtained, providing a better opportunity t o  recognize faults.  

! 
I AS mentioned, some faul t  structures have been interpreted by 

I '  
I the  writer. However, it w i l l  become more apparent to the  

I cl ient  a s  more f i e ld  geological information is obtained, that  

other fau l t  zones do exist. . 

It is suggested that  the development of these structural 

fea tures  through a more intensive interpretation of the 

I _ I magnetic data w i l l  greatly enhance the exploration potential, 

I a s  it seems to be these geological structures tha t  play host 
I t o  some of the important discovery zones i n  the  immediate 

area. 

Electromagnetics 

The electromagnetic data was f i r s t  checked by a line-by-line 

examination of the analog records. Record quality was good 



i 
j 

on a l l  frequencies. Instrument noise was well within 

specifications. Geologic noise, i n  the form of surf i c i a l  

conductors, is present on the higher frequency responses and 

to  a minor extent, on both the low frequency inphase and 

quadrature response. 

Anomalies were picked off the analog traces of the low and 

high frequency coaxial responses and then validated on the 

coplanar profile data. These selections were then checked with 
I 
1 a proprietary computerized selection program which can be 

adjusted for ambient and instrumental noise. The data were 

then edited and re-plotted on a copy of the profile map. This 

procedure ensured that  every anomalous response spotted on the  

analog data was plotted on the f i na l  map and allowed for the  

-- 
i 
I rejection - or inclusion i f  warranted - of obvious sur f ic ia l  

conductors. Each conductor or group of conductors was 

evaluated on the basis of magnetic (and lithologic, where 

applicable) correlations apparent on the analog data and man- 

made or surf ic ia l  features not obvious -on the  analog charts. 



RESULTS 

AS a result  of carrying out an airborne survey over the  ground 

covered by Area 1, it is very clear tha t  most of the  area is 

extremely resistive with no indications of sur f ic ia l  or 

bedrock related conductivity. In one area, however, near Brunt 

Creek, there is  evidence of a slightly conductive source, 

probably related to the creek bottom sediments. Four bedrock 

conductors have been outlined within this block. Zone 1 A  is 

def ini te ly  due to  a bedrock -source and seems to  be associated 

1 with a geological contact. It is  dipping to the south. A fau l t  
f 

may have cut off the trend towards the eas t  end so t h i s  should 

be kept in  mind when investigating i n  the f ie ld .  Zones 1 B  and 

1 C  a re  extremely poor conductors t ha t  may be related to 

.- 1 bedrock sources. Because of the proximity of these two 

anomalies to both Zones 1A and I D ,  it is f e l t  t h a t  both r e -  

sponses 1 B  and 1 C  should be looked a t  further while i n  the 

f ie ld .  Zone I D  is definitely due to a bedrock source which 

could be dipping to the south. This conductor too, may be 

associated w i t h ,  a geological contact. 

Regions where the three frequency inphase responses def lect  i n  



If a negative direction, are areas which can be related to the  

magnetite content within the underlying basement rocks. The 

larger the negative amplitudes, the  higher the magnetite 

content. 

I Area 2 a s  well has shown a totally resistive environment. Only 

one bedrock conductor was intercepted during the  course of 

f lying t h i s  block i.e., Zone 2A. It is a well defined anomaly 

1 which seems to be located very close to a vert ical  gradient 
1 

1 zero contour interval suggesting a relationship with a 

geological contact. A dip to the south is interpreted. Refer- 

ring to the base map, it w i l l  be noted tha t  the intercept is 

located very close to the edge of a glacier, hopefully making 

a follow-up somewhat easier. 

There were no bedrock conductors intercepted within Area 3 .  

Only one area shows any signs of surf ic ia l  conductivity and 

tha t  is towards t h e  northern portion of l ine 5211. Other areas 

t h a t  show negative responses are related to magnetite content. 

- Ten zones have been oultined within Area 4 .  Most are  located 

towards the northeast corner of the survey block, i n  close 



proximity to a creek or river which flows into the  Iskut 

River. Zone 4A to 4 G  display rather weak amplitude responses 

and certainly a t  th i s  point i n  time are questionable re -  

sponses. Zone 4 K  may be caused by conductive sur f ic ia l  e f fec t s .  

The only conductive trends that  seem to be caused by bedrock 

i 
i 

sources are Zones 4H and 45. They both display reasonable EM 
I 

responses and seem to be associated with the flanks of 

magnetic features. Zone 4F could also be given further a t -  

tention while i n  the field. 

There were a few conductors intercepted within Area 5, none of 

which appears to be that  well defined. Most display rather 

broad electromagnetic responses suggesting perhaps sur f ic ia l  

conductivity. In some cases, conductive creek bottom silts may 
! 

be the  reason. Zones 5B and 5C display sharp responses but 

this is due, it is fe l t ,  to the slowing down of the 

helicopter. It is recommended, however, tha t  each of these 

outlined areas should be considered i n  any future ground recon- 

naissance survey. In particular, Zones -5A, SD, 5G and 5E are 

possible prospects. 

The broad electromagnetic responses located within the  middle 
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of Area 6 are believed to be caused by conductive creek bottom 

silts. The thicker portion of t h i s  horizon would be towards 

the  south and then seems to thin out towards the  north. Other 

weaker responses within the remainder of the block are  also 

f e l t  to  be caused by conductive sur f ic ia l  ef fects .  Much the  

same reasons can be given for those weak EM responses within 

Area 7. 

There were no bedrock conductors intercepted within ei ther  

Areas 8 or 9. 

Four conductors have been intercepted within Area 10, each 

being related to a bedrock source. With the  exception of pos- 

sibly Zone 10D, the conductive trends tend to be associated 

with the  zero contour interval of the ver t ica l  gradient. This 

1 suggests a possible relationship with geological contacts. 

Follow-up work in  the f ie ld  is defini tely warranted. Towards 

I 
1 

the  northern settion of th i s  block, it w i l l  be noted t ha t  

there are a number of broad EM responses. These a r e  believed 
1 
J t o  be related to conductive silts beneath a g lacia l  lake. No 

further work is warranted in t h i s  area. Generally speaking, 

there seems to be a somewhat more conductive nature to  the  a 
_ 1 



sur f ic ia l  environment for the northern regions compared to 

other areas of this block. 

, With the  exception of some sur f ic ia l  conductivity, there were I 
I no bedrock conductors intercepted within Area 11. The same 

scenario can be said for *ea 1 2 .  In areas where the  inphase 

responses deflect  negatively, magnetite is the  cause. 

.- 

Zones 13A and 13B, within Area 13, could, i n  fac t ,  be just one 

conductor with the two intercepts related to a f l a t  lying 

rb source. The EM responses are certainly indicative of a u j 
bedrock source and because of this ,  a follow-up survey is 

defini tely warranted. Note the magnetic enclosure for Zone 

13A. Pyrrhotite may be the conductive source. Areas of weak 

quadrature expression would seem to be related to sur f ic ia l  

A t ,  

a contact between a magnetic feature to the south and a non- 

magnetic source to the north. The conductivity is extremely 



most areas. It should, however, be considered a s  a low 

priority target. 

I 
There were a few conductors intercepted within Area 15. most 

I however, are questionable a s  to thei r  source. Zone 15A is a 

l o w  amplitude response with no magnetic association. However. 

the  l o w  amplitude may be due to a deep seated source or 

perhaps it is related to the helicopter being a b i t  too high. 

A further h k  a t  Zone 15At while i n  the f ie ld ,  is warranted. 

zone 1 5 s  may be caused by sulphides within a high magnetite 

content zone. Note the extreme negative deflection of the  

inphase responses. All  of the higher amplitude EM responses 

towards the southeastern extremities of Area 15  are  related to  

the conductive nature of the river bottom silts of the Iskut 

River. Zones 15C and 15D are believed to be caused by bedrock 

conductors. In each case, they seem to be correlating with 

geological contacts.' It would seem that  their  locations are  

near the  slope of a high plateau. A dip to the  south is pos- 

sible for each conductor. Just  to the  north of Zones 15C and 

15D, there are EM responses that  the writer f e l t  were due to 



well aware of their  existence and perhaps, upon investigating 

15C and 15D, a reconnaissance survey could be made for these 

other two areas. Zones 15E is extremely weak. 

Only surf ic ia l  conductivity seems to prevail within Areas 16  

? and 17. Note the higher EM responses over the  Iskut River. 
I 

There were no bedrock conductors intercepted i n  ei ther  Area 1 8  

or Area 20. Only one extremely weak anomaly was outlined i n  

Area 19  and has been indicated a s  Zone 19A. It is a quadrature 

response that  is located a t  the northern edge of a horizon 

tha t  exhibits a high magnetite content. A l o w  priority. 

A number of conductors were intercepted within Area 23 but 

whether or not they are bedrock related is something tha t  w i l l  

have to  be verified on the ground. The locations of Zones 23A 

and 23B to 23G and 2313 to 23L, a l l  seem to  be a t  the  base of a 

glacier,  just up from creeks and contained within ta lus  or 

rubble environments. Prospecting crews -are advised to carry 

out reconnaissance geological surveys i n  each of these areas. 

particular attention should be paid towards the  ,type of rocks 
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in  the  immediate area a s  well a s  the existence of sulphide 

mineralization. 

5.5 Apparent Resistivity 

This presentation has clearly shown the four intercepted 

bedrock conductors within Area 1, a s  well a s  possibly 

indicating some further str ike direction to each. Other areas 

outlined on th i s  map are believed to  be related to ei ther  

sur f ic ia l  conductivity or high background levels. These are  

areas outlined on lines 3450, 3460, 3500 and 3600. 

Within Area 2, the lower resist ivi ty region to the  north is 

@ believed to be associated with underlying sur f ic ia l  sediments 

beneath a glacier. A s  well, to the south of Zone 2A, the ap- 

parent resistivity anomaly is probably related to high 

background levels. 

Because of the extremely resistive nature within Area 3, there 

were no contrasting conductive horizons intercepted. 

Not only were the previously mentioned zones outlined within 

Area 4 ,  but there may have been one or two other new areas 

1 
F -- - - 



outlined a s  a result of th i s  data presentation. In particular, 

one should refer  to the region just to  the south of Zone 4H. 

However, one should keep i n  mind tha t  a l l  of these areas a re  

rather close to a large creek tha t  flows into the  Iskut River. 

The only intercepted conductive areas within Area 5 a re  those 

t ha t  were mentioned in the previous section i n  Electromagnetics. 

The remainder of the block, a s  is evident, is extremely resistive. 

The apparent resistivity low traversing through Areas 6,7 and 

8 are  believed to be related to the conductive nature of the  

creek bottom sediments. AIL other outlined apparent res is-  

t iv i ty  regions within each of these areas can be at tr ibuted 

to conductive surf ic ia l  ef fects .  There were no bedrock 

conductors intercepted within any of these blocks. A s  is 

evident from th i s  data presentation, for the most part, the  . 

basement rocks are extremely resistive. 

The apparent resistivity data presentation for Area 1 0  has 

outlined the  previously mentioned bedrock conductors. It has 

also indicated the areas of surf ic ia l  conductivity a s  well a s  
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The large relatively low resistive areas within Areas 16 and 

I 
1 7  a re  due to  conductive surf ic ia l  ef fects ,  a s  well a s  

conductive river bottom silts of the  Iskut River. Zone 17A may 

also be due to conductive overburden. 
i 
I 
I The outlined low resistive areas i n  Areas 18, 19 and 20  a re  

interpreted to be caused by conductive creek or river bottom 
I 
I 

i silts. Because Zone 19A was not indicated through th i s  process, 

one wonders then of i t s  existence a s  a possible bedrock 

! source . 

outlined on the apparent resist ivi ty presentation. As  well, a 

few of the  other areas outlined can be attributed to  creek 

bottom silts. 

1 
I 5.6 VLF-EM Total Field 

The VLF data within each of the survey blocks, i n  general, do 

not conform with the magnetic data a t  all. It is quite clear 

I a f t e r  examining the comparison of the  two se t s  of data, VLF 



Bl In regards to  the 3 frequency EM data, only where the  

conductors are  reasonably strong is there any indications of a 

VLF response. 

It is suggested that  the VLF-EM system has been sensitive to 

the  rather rough terrain i n  a l l  areas. It w i l l  be noted t h a t  

i n  a good many of the areas where there are  sharp valleys or 

gouges, that  a VLF low exists. These particular signatures 

I 
a re  thought to be related to a weakening of the VLF t ran-  

1 smitted signal when the helicopter has been hidden behind a 

hill .  In areas of higher elevation, a VLF high or background 
. - 

reading seem to prevail. 

In general then, the VLF-EM has not produced data of any 
J 
1 significance . 

comprehensive evaluation be made of the magnetic data and 

. especially the calculated vertical gradient magnetic data. All 

available geological information should be obtained, e i ther  

through geological maps, diamond dr i l l  holes or through the  
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assessment f i les .  Once such information is obtained, a broad 

scale geological map should be compiled and then, i n  reference 

to  the  calculated vertical gradient magnetic map, a reasonable 

pseudo-geological map can then be prepared. 

The magnetics, however, certainly seem to have been a f fec ted  

by the  extremely rugged terrain. In e f fec t ,  the  a l t i tude 

changes of the helicopter (or magnetic sensor) may have a f  - 
f ec t ed  the intensity but probably not the actual  trending. It 

is t h i s  phenomena that  w i l l  have to  be sorted out before any 

serious exploring can take place i n  most of the  survey blocks. 

Structural information should be obtained through a more 

comprehensive evaluation of the magnetic data and possibly 

through an overview of the VLF data. Cross cutting f au l t s  are 

I Fl evident throughout the survey areas and are  extremely 

important with respect to any mineralogical controls and a s  

such, the  development of these structural events through 

interpreting the magnetic data, w i l l  be  strongly advised. 

Local prospecting and .till sampling should be carried out i n  

the  proximity of the selected targets. If results  are  



[Ti encouraging, then ground geophysical surveys are  defini tely 

warranted. Electromagnetic surveys are perhaps more 

conductive i n  the  search for the targets  i n  t h i s  area, a s  

opposed to magnetics, because of the nature of the  sulphides 

and the  lack of any magnetic susceptibility related to the  

targets.  Magnetic lows and/or fau l t  structures a re  important 

horizons, especially i f  there are  conductors associated. 

Because known zones in th i s  area have somewhat short s tr ike 

lengths, it is imperative tha t  one use the correct mode of 

ground geophysics so that  interception is made without dif  - 
ficulty. It is suggested tha t  a vert ical  mode vert ical  loop 

EM survey be carried out in i t ia l ly  before any further 

surveying is done. This could be done, i n  fac t ,  before any 

traverse l ines are  s e t  up. Once a conductor is located by t h i s  

method, then either a horizontal loop EM survey or an induced 

polarization ( I P )  survey could be carried out. The writer 

prefers the  former because of the  logistical and operational 

constraints of an IP  survey, especially- i n  an area such a s  

this .  With either the  Vertical mode or Horizontal mode EM 

surveys, the highest frequencies available are advised. 



The writer has given brief comments on most conductors and it 

is within this  area of the report where the client w i l l  

establish some feeling for the type of conductor referred to. 

There is no question of the existence of bedrock conductors 

within some of the survey blocks. It is a matter of using a l l  

resources, including geophysics, dri l l  information and the 

compilation of a pseudo - geological map. Geochemical soil 

sampling may render additional information, for some areas, 
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The Aerodat three frequency system ut i l izes  two di f ferent  transmit- 

t e r  -receiver coil geometries. The traditional coaxial coil confi - 
guration is operated a t  two widely separated frequencies and the  

horizontal coplanar coil pair is operated a t  a frequency ap- 

proximately aligned with one of the coaxial frequencies. 

The electromagnetic response measured by the helicopter system is 

a function of the "electrical" and "geometrical" properties of 

the conductor. The "electrical" property of a conductor is deter-  

mined largely by its electr ical  conductivity, magnetic suscepti - 
bi l i ty  and its size and shape; the "geometrical" property of the 

response is largely a function of the conductor's shape and 

orientation with respect to the measuring transmitter and 

receiver, 

Electrical Considerations 

For a given conductive body the measure of its conductivity or 

conductance is closely related to the measured phase sh i f t  

between the  received and transmitted electromagnetic f ield.  A 

small phase s h i f t  indicates a relatively high conductance, a 

large phase s h i f t  lower conductance. A small phase s h i f t  results  

- -- 



i n  a large inphase to quadrature ratio and a large phase s h i f t  a 

l o w  ratio. This relationship is shown quantitatively for a non- - 

magnetic ver t ica l  half -plane model on the accompanying phasor 

diagram. Other physical models w i l l  show the  same trend but 

d i f fe ren t  quantitative relationships. 

The phasor diagram for the vertical half -plane model, a s  pre- 

sented, is for  the coaxial coil configuration with the  amplitudes 

i n  par ts  per million (ppm) of the primary f ie ld  a s  measured a t  

the response peak over the conductor. To ass i s t  the interpre- 

tation of the survey results the computer is used to  ident i fy  the  

apparent conductance and depth a t  selected anomalies. The results 

n of t h i s  ,calculation are presented i n  table form in  Appendix I1 

and the  conductance and inphase amplitude are  presented i n  symbo- 

l ized form on the map presentation. 

f a r  a s  the  model approximates the real  geological situation. The 

actual  geological source may be of limited length, have s ign i f i -  

cant dip, may be strongly magnetic, its conductivity and thick- 

ness may vary with depth and/or strike and adjacent  bodies and 

overburden may have modified the response. In general the  conduc- 

tance estimate is less  affected by these limitations than is the  



depth estimate, but both should be considered a s  relative rather 

than absolute guides to the anomaly's properties. I 

i 
Conductance i n  mhos is the reciprocal of resistance i n  ohms and ~ 

i 
i i n  the  case of narrow slab-like bodies is the product of e lec-  

B t r i c a l  conductivity and thickness. 

1 Most overburden w i l l  have an indicated conductance of less  than 2 

mhos; however, more conductive clays may have an apparent conduc- 

tance of say 2 to 4 mhos. Also in  the low conductance range w i l l  

be electrolytic conductors i n  faul ts  and shears. 

The higher ranges of conductance, greater than 4 mhos, indicate 

tha t  a s ignif icant  fraction of the electr ical  conduction is 

electronic rather than electrolytic i n  nature. Materials t ha t  

conduct electronically are limited to certain metallic sulphides 

and to  graphite. High conductance anomalies, roughly 1 0  mhos or 

greater,  are  generally limited to sulphide or graphite bearing 

rocks. 

Sulphide minerals, with the exception of such ore minerals a s  

sphalerite, cinnabar and stibnite, are good conductors; sulphides 

may occur i n  a disseminated manner tha t  inhibits  electr ical  



conduction through the rock mass. In t h i s  case the apparent 

~ conductance can seriously underrate the  quality of the  conductor 

i n  geological terms. In a similar sense the relatively non- 

conducting sulphide minerals noted above may be present i n  

s ignif icant  consideration i n  association with minor conductive 

sulphides, and the electromagnetic response only relate to t he  

minor associated mineralization. Indicated conductance is also of 

i l i t t l e  d i rec t  significance for the  identification of gold minera- 

lization. Although gold is highly conductive, it would not be 

expected to  exist  i n  sufficient  quantity to create a recognizable 

anomaly, but minor accessory sulphide mineralization could pro - 
vide a useful  indirect indication. 

In summary, the estimated conductance of a conductor can provide 

a relatively positive identification of significant sulphide or 

graphite mineralization; however, a moderate to l o w  conductance 

value does not rule out the possibility of s ignif icant  economic 

mineralization. 

Geometrical Considerations 

Geometrical information about the geologic conductor can often be 

interpreted from the profile shape of the anomaly. The change i n  

shape is primarily related to the change i n  inductive coupling 

among the  transmitter, the target,  and the  receiver. 



In t he  case of a thin, steeply dipping, sheet-like conductor, the  

coaxial coil  pair w i l l  yield a near symmetric peak over the  

conductor. On the other hand, the  coplanar coil pair w i l l  pass 

through a null  couple relationship and yield a minimum over the  

conductor, flanked by positive side lobes. A s  the dip  of the  

conductor decreased from vertical, the coaxial anomaly shape 

I changes only slightly, but in the case of the  coplanar coil pair 

the  s ide  lobe on the down dip side strengthens relative to  t ha t  

on the  up dip  side. 

As the  thickness of the conductor increases, induced current flow 

across t he  thickness of the conductor becomes relatively s ign i f i -  

cant and complete null coupling with the coplanar coils is no 

longer possible. A s  a result, the apparent minimum of the  co- 

1 planar response over the  conductor diminishes with increasing 

thickness, and in  the limiting case of a ful ly 3 dimensional body 

or a horizontal layer or half -space, the minimum disappears 

a completely. 

A horizontal conducting layer such a s  overburden w i l l  produce a 

response i n  the coaxial and coplanar coils tha t  is a function of 

a l t i tude (and conductivity i f  not uniform). The profile shape 

w i l l  be similar i n  both coil configurations with an amplitude 

rat io (cop1anar:coaxial) of about 4 :I*. 



In the  case of a spherical conductor, the  induced currents a re  

confined to the  volume of the sphere, but not relatively res-  

t r i c ted  to  any arbitrary plane a s  i n  the case of a sheet-like 

form. The response of the coplanar coil pair directly over the  

k11 sphere may be up to 8* times greater than that  of the coaxial 

pair. 

I 

In summary, a steeply dipping, sheet-like conductor w i l l  display 

a decrease i n  the coplanar response coincident with the peak of 
n u the coaxial response. The relative strength of t h i s  coplanar null 

i is related inversely to the thickness of the conductor; a 

1 pronounced null indicates a relatively thin conductor. The d ip  of 

I3.l such a conductor can be inferred from the relative amplitudes of 

the  side -lcbes. 

Massive conductors that  could be approximated by a conducting 

sphere w i l l  display a simple single peak profile form on both 

coaxial and coplanar coils, w i t h  a ratio between the  coplanar to  

coaxial response amplitudes a s  high a s  8*. . 

I 
I 

I 
Overburden anomalies of ten produce broad poorly defined anomaly 

1 
1 profiles. In  most cases, the response of the coplanar coils 



Occasionally, i f  the edge of an overburden zone is sharply 

defined with some significant depth extent, an edge e f f e c t  w i l l  

occur i n  the  coaxial coils. In the  case of a horizontal conduc- 

t ive r ing or ribbon, the coaxial response w i l l  consist of two 

peaks, one over each edge; whereas the coplanar coil w i l l  yield a 

single peak. 

* It should be noted a t  th i s  point tha t  Aerodatts definition of 

I the measured ppm unit is related to the primary f i e ld  sensed in  

the receiving coil without normalization to the maximum coupled 

I (coaxial configuration). I f  such normalization were applied to 
I 

the Aerodat units, the amplitude of the coplanar coil pair would . 

be halved. 

Magnetics 

The Total Field Magnetic Map shows contours of the to ta l  magnetic 

f i e ld ,  uncorrected for regional variation. Whether an EM anomaly 

with a magnetic correlation is more likely to be caused by a 

sulphide deposit than one without depends on the  type of minera- 

lization. An apparent coincidence between an EM and a magnetic 

anomaly may be caused by a conductor which. is also magnetic, or 

by a conductor which l i e s  i n  close proximity to a magnetic body. 

The majority of conductors which are also magnetic are  

containing pyrrhotite and/or magnetite. Conductive and 

sulphides 

magnetic 
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bodies i n  close association can be, and often are, graphite and 

magnetite. It is often very d i f f i cu l t  to  distinguish between 

these cases. I f  the conductor is also magnetic, it w i l l  usually 

produce an EM anomaly whose general pattern resembles t ha t  of the 

magnetics. Depending on the magnetic permeability of the conduc- 

t ing body, the  amplitude of the inphase EM anomaly w i l l  be wea- 

kened, and i f  the conductivity is also weak, the inphase EM 

anomaly may even be reversed in  sign. 

VLF Electromagnetics 

The VLF-EM method employs the radiation from powerful military 

radio transmitters a s  the primary signals. The magnetic f i e ld  

a associated with the primary f i e ld  is elliptically polarized i n  

the vicini ty of electrical conductors. The Herz Totem uses three 

coils i n  the  X I  Y, Z configuration to measure the to ta l  f i e ld  and 



relative disadvantage of the method l i e s  i n  its sensitivity to  

conductive overburden. In conductive ground the depth of explor- 
-1 

i ation is severely limited. 
1 

The e f f e c t  of strike direction is important i n  the sense of the 

i relation of the  conductor axis relative to  the energizing elec-  

tromagnetic f ield.  A conductor aligned along a radius drawn from 

a transmitting station w i l l  be in  a maximum coupled orientation 

I and thereby produce a stronger response than a similar conductor I 
I 
j a t  a d i f fe ren t  strike angle. Theoretically, it would be possible 

for a conductor, oriented tangentially to the  transmitter to 

produce no signal. The most obvious e f f ec t  of the str ike angle 

consideration is that  conductors favourably oriented with respect 

to the  transmitter location and also near perpendicular to the  

f l igh t  direction are most clearly rendered and usually dominate 

the  map presentation. 

The to ta l  f i e l d  response is an indicator of the  existence and 

position of a conductivity anomaly. The response w i l l  be a 

maximum over the  conductor, without any special  f i l ter ing,  and 

strongly f awur  the upper edge of the conductor even in  the case 

of a relatively shallow dip. 



conductor w i l l  be a cross-over type response with the  cross-over 

closely associated with the upper edge of the conductor. 

The response is a cross-over type due to the f a c t  tha t  it is the 

ver t ica l  rather than total  f ie ld  quadrature component t ha t  is 

measured. The response shape is due largely to  geometrical rather 

than conductivity considerations and the  distance between the  

maximum and minimum on either side of the cross-over is related 

t o  t a rge t  depth. For a given target  geometry, the  larger t h i s  

distance the  greater the depth. - 

The amplitude of the quadrature response, a s  opposed to shape is 

function of target  conductance and depth a s  well a s  the  conductiv- 

i t y  of the  overburden and host rock. A s  the primary f i e ld  

travels down to the conductor through conductive material it is 

both attenuated and phase shif ted i n  a negative sense. The secon- 

dary f i e l d  produced by th i s  altered f i e ld  a t  the target  also has 

an associated phase shif t .  This phase sh i f t  is positive and is 

larger for relatively poor conductors. This secondary f i e l d  is 

attenuated and phase shif ted in  a negative sense during return 

t ravel  to  the  surface. The net e f f ec t  of these 3 phase sh i f t s  

determine the phase of the secondary f i e ld  sensed a t  the  

receiver. 

.. 



A relatively poor conductor i n  resistive ground w i l l  yield a net  

positive phase shif t .  A relatively good conductor i n  more conduc- 

t ive  ground w i l l  yield a net negative phase shi f t .  A combination 

is possible whereby the net  phase sh i f t  is zero and the response 

is purely i n  -phase with no quadrature component. 

I 

A net  positive phase sh i f t  combined with the geometrical cross- 

over shape w i l l  lead to a positive quadrature response on the  

s ide  of approach and a negative on the side of departure. A net  

negative phase sh i f t  would produce the reverse. A further sign 

reversal occurs with a 1 8 0  degree change in  instrument orien- 

tation a s  occurs on reciprocal l ine headings. During digi ta l  

processing of the quadrature data for map presentation t h i s  is 

corrected for by n o r m a l i ~ i n ~  the sign to one of the f l ight  l ine 

headings. 

i .-- 
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CONDUCTOR BIRD 

FLIGHT LINE ANOMALY CATEGORY - - - - - - - - -  - - - - - - -  - - - - - - - -  

2 80 A 0 
2 80 B 0 
2 80 C 0 

2 100 A 0 
2 100 B 2 

AMPLITUDE (PPM) CTP 
INPHASE QUAD. MHOS - - - - - - -  - - - - -  - - - -  

3.0 4.6 0.3 
3.7 5.1 0.4 
3.6 6.2 0.2 

4.3 0.6 11.6 
2.9 1.1 2.4 

DEPTH HEIGHT 
MTRS MTRS 
























