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1.0 SUMMARY AND CONCLUSIOMS 

A combined VLF-EM and ground magnetic survey was carried 
out on the Max Claims, a property under option to United Pacific 
Gold Limited, in January and February, 1989. This property. 
consisting of 24 contiguous mineral claims is located 57 kx north 
of Fort St. James, in the Omineca Mining Division. The property 
is in the area of Noranda's Tas, Placer Dome's Windy, and Lincoln 
Resources Mount Milligan prospects, and is in an area which has 
experienced an increasing amount of interest over the iast 25 

years. The Max property, staked on the basis of several 
aeromagnetic highs and placer gold occurrences, was initially 
explored in 1987 by prospecting, reconnaissance soil and silt 
sampling and geological mapping. 

The 1989 program consisted of placing three grids on or 
near areas of interest. The area of greatest interest (see 
Figure I), located in the eastern portion of the property, could 
not be examined due to its inaccessibility during winter 
conditions. 

The geophysical survey encountered electroFagnetic 
conductors and contrasting magnetic signatures on all three 
grids; the Rainbow, the Cripple, and the Lynx. The presence of 
strong conductors on the Lynx Grid and fairly good conductors on 
the Rainbow prove the usefulness of the VLF-EM as an exploration 
tool on this property. The ground magnetic surveys have 
identified contrasting nagnetic signatures, probably the result 
of various underlying rock types: the extreme highs probably 
correlate with an ophiolite unit. 
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2 . 0  RECOMMEXCIATIONS 

Based on the results of this survey and the previous 
exploration program, further work is recommended on the Max 
Claims as outlined below. 

1. The eastern portion of the claims group identified during 
the 1987 program should be surveyed using geophysical and 
geochemical methods. A 4.5 km baseline with crosslines 
cut on 200 rn spacing and stations every 50 m should be 
cut and flagged. The IGS-2 system should be run over the 
grid and soil samples should also be collected from these 
stations. Concurrently, outcrop exposures should be 
mapped and sampled on the grid. In areas of strong 
crossovers, fill-in lines should be cut on 100 m spacings 
and they should be sampled, surveyed and mapped as 
described above. 

Areas with coincidentally strong geophysical conductors, 
geochemical anomalies and or surface showings should be 
surveyed using the GENIE-EM system. The GENIE is an add- 
on to the IGS-2 system, and employs multi-frequency EM 
signals. It can penetrate much deeper than VLF-EM and 
also provides depth data on the conductor, which the VLF- 

EN Is unable to do adequately. 

2. Based on the results of the current survey, the Lynx Grid 
should be expanded approximately 500 m to the west and 
700 m to the east. Grid lines should be OII 100 m 
spacings and the present grid should have 100 m spaced 
infill lines cut. This grid should then be mapped, 
sampled, geophysically and geochemically surveyed as in 
(1) above. 
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3 .  Results fron the Rainbow Grid area are felt to be 
unencouraging due to heavy overburden. ,r,owever, if time 
and funds permit, the GENIE system should be r-m over the 
best conductors, as indicated on the 1989 survey, to 
better determine overburden depth. 

-- 

4. Due to unencouraging results, no further work is 
recommended on the Cripple Grid. 

This program is estimated to take approximately two 
months to complete, utilizing four linecutters/sanplers and two 
geologists and would cost approximately $112,600 as outlined in 
Appendix 3 .  Additional funds and time may be required due to a 
lack of direct access to the main target area in the eastern 
portion of the claim group. 
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3 . 0  INTRODUCTION 

A geophysical exploration program consisting of VLF-EM 
and ground. magnetics was performed during the latter part of 
January and most of February 1989. Throughout the program winter 
conditions prevailed. For six days an arctic front, bringing 

with it extreme temperatures, high winds and snow, prevented any 
field work from being carried out. The average snow accumulation 
was 1.5 m with drifts exceeding 2 m. All access roads to the 
property had to be ploughed using a D-8 Caterpillar or broken in 
by a snowcat, then travelled over by snowmobile. All grid lines 
were traversed on snowshoes. 

A total of 39.8 km of grid lines were established and 
surveyed on three grids. The placement of the grids was 
determined In part by a limited budget and also by the winter 
weather conditions. The area felt to have most potential, 
located in the eastern part of the property, on top of a plateau 
covered by the Max 7, 9 and 11 Claims was completely inaccessible 
during this program. 

The IGS-2 geophysical system, comprising a magnetic base 
station and two field mag and VLF-EM units was employed. D. 
Cukor, Geologist and M. P. Twyman, Geologist, performed the 
survey. Initially operations were based out of Fort St. James 
and l a t e r  out of a private residence, about 10 km north of the 
Max property. 

3.1 Property Description 

The Max property consists of 2 4  contiguous mineral claims 
totalling 466 units, covering an area of approximately 11,650 ha, 
as listed below, located 57 km north of Fort St. James, British 
Columbia in the Ominica Mining Division. The claims are 

registered in the name of A.  D. Halleran of Fort St. James, B. C. 



and United 
interest in 

CLAIM NAME 
Max 1 
Max 2 
Max 3 
Max 4 
Max 5 
Max 6 
Max 7 
Max 8 
Max 9 
Max 1 0  
Max 11 
Max 12 
Max 1 3  
Max 1 4  
Max 1 5  
Grif 1 
Grif 2 
Fire 1 
Max 16 
Max 1 7  
Max 1 8  
Max 1 9  
Max 20 
Max 2 1  

Total 
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Pacific Gold Limited 
the property. 

ti?JfTS 

20 
20 
20 
20  
20  
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

6 
20 
20 
20 
20  
20  
2 

466 

RECORD X O -  

7765  
7766  
7767  
7768 
7769 
7770  
7 7 7 1  
7772  
7773  
7774  
7 7 7 5  
7776  
7777  
7778 
7779  
7904  
7905  
7962  

8 6 8 1  
8682  
8683 
8684 
8685 

a680 

has an option to acquire a 100% 

RSCORD DATE 
August 13, 1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1986  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
August 1 3 ,  1 9 8 6  
September 15,  1 9 8 6  
September 1 5 ,  1 9 8 6  
October 6,  1986  
August 1 3 ,  1987  
August 1 3 ,  1987  
August 1 3 ,  1 9 8 7  
August 1 3 ,  1987  
August 1 3 ,  1987  
August 1 3 ,  1987  

3.2 ProDerty Location and Access 

The property is located In ceiltral British Columbia about 

1 4 0  km northwest of Prince George and approximately 57 km north 

of Fort St. James (Figure 2 ) .  The claims are approximately 

centered on the geographical coordinates 54O56' north and 124O03'  

west. 
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Scale 
1 : 7,000, OOC 

MAX CLAIMS 

Date Map no Fig no 

2 



The property is accessible by travelling north on the 

gravel surface Germanson Xighway from Fort St. James for 

approximately 57 km. In this area, there are three logging roads 

which provide reasonable access to the southern and northern 

parts of the claim group (see Figure 4 ) .  

Winter access to the property is by snowshoe and 

snowmobile along unplowed portions of the logging roads. 

3 . 3  ToDoqraphy and Clixate 

The topography over much of the aroperty area is 

moderate, with the total relief being approximately 460 m. 

Steeper slopes are developed flanking the ridge in the northern 

portion of the claims (see Figure 4 ) .  Streams tend to form steep 

sided gullies in some areas. 

The region is characterised by a northern interior type 

of climate with long, cold winters, accompanied by snow 

accumulations of typically between one to two meters. The 

summers are generally warm, but fairly short. The best time of 

the year to work in the region is in September and first half of 

October, when temperatures are cool, and most of the insects are 

gone. 
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The forest vegetation consists of fir, henlock and pine, 

with various amounts of underbrush. Thickets of alters occur i n  

low lying swanpy areas in the forest and in clearings. Many of 

the clearcut areas have been replanted, and the regenerating 

forest is from one to four meters in height, and variably 

passable. Some areas are overgrown with devilscluk exceeding two 

meters in height. 

3 . 4  Field Methods 

Three grids were placed over or near areas of interest in 

the southern, central and northern portions of the claims block 

(Figures 3 and 4 ) .  They are referred to as the Lynx, Cripple and 

Rainbow Grids, respectively. The Lynx Grid is located on the Max 

14 & 15 Claims, the Cripple Grid is located on Max 10 Claim and 

the Rainbow Grid is located on the Max 3 Claim. 

In each case a baseline and cross lines were surveyed in 

using hip chain and compass methods. Cross lines were spaced at 

200 m with stations flagged on 50 m intervals on the lines. 

Magnetometer and VLF readings were taken every 50 n along the 

cross lines. 
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3 . 5  Eistory 

The Inzana Lake area was prospected. during the 1 9 6 0 ' s  and 

1 9 7 0 ' s  on a number of regional exploration programs. Until 

Noranda's gold discovery on the Tas property, there had been very 

little work in the area of the Max Claims. 

Significant gold mineralization was discovered on the Tas 

Claims in 1984 and 1985 and the identification of gold in similar 

settings on Placer Dome's Windy property to the east and Lincoln 

Resources Mount Milligan prospect to the north of the Max Claims 

lead to increased interest in the area. 

The majority of the claims in the Max Claim group were 

staked during late 1986 by a prospecting syndicate. The claims 

enconpass a series of magnetic highs and have known placer gold 

occurrences. 

The property was optioned to United Pacific Gold Limited 

in 1987 and a preliminary work program of geological mapping, 

prospecting and geochemical sampling was carried out. 
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4.0 GEOLOGY 

4.1 Reqional Geoloqy 

The property is underlain by Upper Triassic to lower 

Jurassic metasedimentary and volcanic rocks of the Takla Group 

(Armstrong 1948). These lithologies lie within the Quesnel 

Trough, a subdivision of the Intermontane tectonic belt. 

The base of the Quesnel Trough is an Upper Triassic black 

argillite unit. In the eastern margin of the trough this unit 

commonly overlies Slide Mountain Group ophiolitic sequences. The 

basal black argillite is in turn overlain by a series of augite 

porphyry flows, breccias and subordinate argillites. These rocks 

are overlain by a second sequence of argillites and 

volcaniclastic rocks of Upper Triassic to Lower Jurassic Age. 

Block faulting an6 tilting are the dorriinant structural 

styles within this belt of rocks. Faults generaily have trends 

in northwest and northeasterly directions and are commonly 

steeply dipping. 

Two significant episodes of granitic intrusions have been 

identified along a northwest trending belt, somewhat oblique to 

the Quesnel Trough (Armstrong, 1948). The intrusive events 

cluster around 200 and 100 million year ages. 
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4.2 ProDerty Geoloqy 

The property and surrounding area are underlain by the 

Upper Triassic and later Takla Group. The Takla Group consists 

of metasedimentary and volcanic rocks which are intruded by Upper 

Jurassic or Lower Cretaceous granodiorites, diorite, granite, 

syenite, gabbro and pyroxenite. For greater detail, the reader 

is referred to Assessment Report #18020, (U. Schmidt, 1988). 

During the course of the geophysical survey, the writers 

observed that overburden in the Rainbow Grid area and in low 

lying areas east and north of Cripple Lake appears to be i? tnick 

glacial ground moraine. 

5.0 GEOPHYSICAL SURVEYS 

General Description 

The geophysical surveys on the Max property consisted of 

Ground Magnetics and VLF-EM. The Magnetic and VLF surveys were 

run simultaneously on each of the three grids. The line spacing 

on each of the grids was 200 m with readings taken every 50 m. 

The ideal situation for interpretation purposes is for line 

spacing and station separation to be equal, however, budgeting 

restraints, together with directives from the Company, 
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necessitated that the survey be run on a reconnaissance basis, 

wit2 widely spaced lines. 

The geophysical instrument used for the survey was the 

Scintrex IGS-2 system, which simultaneously takes both magnetic 

and VLF-EM measurements. 

The part of the system dedicated to magnetics utilized 

three console units, one set up as the base station, the other 

two as the portable units, and three similar proton precession 

sensors measuring total magnetic field. The base station and 

field unit were time synchronized so that the background fields, 

diurnal variations and micro-pulsations were filtered from the 

data. The base station was programed to measure the field and 

record the readings at two second intervals for the Rainbow Grid 

and at three second intervals for the Cripple and the Lynx Grids. 

11 The VLF units were set up to receive signals from NKL, 

Seattle, Washington, 24.8 kHz on the Rainbow and the Cripple 

Grids and NPM, Luaiualei, Hawaii, 23.4 kHz on the Lynx Grid. 

Measurements were taken of the horizontal field strength and the 

in-phase and quadrature (out-of-phase) components of the vertical 

field. The instrument uses a three coil system, one horizontal 

and two vertical coils, all at 90° angles to each other. The 

system is set to automatically adjust the vertical data for 

topographical shadowing of signals. See Appendix 1 and 2 for a 
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more in-depth discussion cf the instrument specifications and 

theory of VLF-%M and ground magnetics. 

6.0 DIsczssrox OF XESVLTS 

6.1 Rainbow Grid 

Figure #5 (Pocket) Ground Magnetic Contour Plan for the 

Rainbow Gric! (Map 1) shows a total relief of 1589 gammas, a low 

of -1010 gamnas and a high of 479 gammas. The data displays two 

distinctive signatures, east and west of the interpreted fault 

" A " .  The east half of the nap is fairly flat while the west half 

shows high relief. The high to the west of fault " A "  is probably 

an intrusive plug. 

The overall trend displayed by the VLF on both the Fraser 

filter, Figure # 6  (Pocket) and the Stacked Profile Plan, Figure 

#7 (Pocket) is NNW-SSE. Condilctors 1 and 2 exhibit good response 

on the inphase and quadrature and significant length. Conductor 

3 is weaker than 1 and 2. Conductor 4 exhibits very good 

response but runs off the edge of the surveyed area and towards a 

steep ravine to the southeast of the grid. The rest of the 

conductors are fairly weak and probably reflect water filled 

fractures. 
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6.2 Cripple Grid 

The Ground Magnetic Survey Pian, for the Cripple Grid 

(Map 21 ,  Figure # S  (Pocket) displays high magnetic relief, with a 

low value of 4 0 6  gammas and a high of 3204 gammas, for a total 

relief of 2798 gammas. Three distinct regions are apparent on 

this pian. The most prominent is the high in the south central 

map area with readings of 1500 gammas and above; steep magnetic 

gradients are another characteristic of this area. This high is 

most likely the physical representation of an opholite complex 

which is found in the region. To the northeast of the high is an 

area of intermediate magnetic values generally between 1000 and 

1500 gammas an6 a low gradient, and to the northwest an area with 

values from 400 to 1000 gammas and an even lower gradient. These 

are thought to be two other separate geological units. Follow-up 

geological mapping, woult! be required to identlfy these rock 

units. 

The VLF-EM displays several weak conductors on t h e  

Stacked Profile Plan, Figure #9 (Pocket). Eowever, the in-phase 

and quadrature response are divergent, suggesting that these 

conductors are due to ground water in fractures. The interesting 

feature is that the conductors in the south central map area end 

coincidentally with the edge of the ground magnetic high and that 

the trend of the conductors in the northeast side of the map area 

is NW-SE and in the northwest side it is NE-SW, giving more 
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support to the idea of three geological units, as sucgested 

above 

The Fraser Filter data is displayed on Figure #IO 

(Pocket) which also shows these various conductive features. 

6.3 Lynx Grid 

Total magnetic relief on the Ground Magnetic Contour Plan 

Figure #11 (Pocket) is io19 Gammas. The general pattern on the 

Lynx Grid ( Map 3 )  is low magnetic values in the southwest area 

of the map, with highs to the east and the north. It is believed 

that the two regimes; values below 5 0 0  gammas and values above 

500  gammas represent two rock types or possibly different 

volcanic flows. The banded appearance of the magnetic map offers 

support to the multiple volcanic flow theory. 

The VLF-EM outlined six interesting conductors which are 

probably metalliferous, labelled A through F on the Stacked 

Profile Plan, Figure #12 (Pocket). Three areas of high 

conductivity are apparent as well on the Fraser Filtered data, 

Figure #13 (Pocket). 

Conductors B,C,D,E follow the areas of high conductivity 

and have good response in both the in phase and quadrature. 
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Conductor A also has good response, however it does not follow 

any areas of high conductivity. 

In conclusion, results from the Lynx Grid and to a lesser 

extent the Rainbow Grid, indicate that the Scintrex IGS-2 system 

is a useful exploration tool on the Max property. Conductors 

identified on the Lynx Grid during this survey, combined with 

exploration results from a previous reconnaissance geochemical 

exploration program, indicate that further work is warranted in 

the area. 

The northern portion of the claims group that was 

identified as the prime target during the previous exploration 

program is recommended for follow up  utilizing the Scintrex IGS-2 

system, in conjunction with geochemical and mapping surveys. 

(See recommendations for details.) 

M.P. Twyman, B.Sc., F.G.A.C. 

I 

JJ 

pii 

D. Cukor, B.Sc. 
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TEE IGS-2 !XSTEPI 

1 .o INTWDUCTION 

1.1 General Information 

The IGS-2 In t eg ra t ed  Geophysical System i s  a por t ab le  
microprocessor-based instrument  which allows more than one type of 
survey  measurement t o  be performed by a s i n g l e  ope ra to r  dur ing  a 
survey  . 
The IGS-2 is  a modular system which can e a s i l y  be configured to  
s u i t  d i f f e r e n t  and changing survey requirements. Reconfiguring 
t h e  system is easy and o f f e r s  both ope ra t iona l  f l e x i b i l i t y  and 
minimal redundancy wl th  a minimum number of spare  consoles  and/or  
modules . 
When configured wi th  any of t he  a v a i l a b l e  sensor  opt ions ,  t he  
IGS-2 System Control  Console becomes a method-specific instrument  
accord ing  t o  the  sensor  op t ion ( s )  u t i l i z e d .  In add i t ion ,  t he  
IGS-2 Console is an e l e c t r o n i c  notebook i n t o  which geophysical ,  
g e o l o g i c a l  o r  o t h e r  d a t a  may be manually entered and d i g i t a l l y  
s t o r e d  . 
Data is s t o r e d  i n  t h e  IGS-2 i n  an expandable, s o l i d  state memory 
and can be output  i n  the  f i e l d  by connecting the  instrument t o  a 
p r i n t e r ,  tape reco rde r ,  modem o r  microcomputer. 

The 32 c h a r a c t e r  d i g i t a l  d i sp l ay  uses f u l l  words in most cases, 
ensu r ing  clear communication. Both present  and previous d a t a  are 
d isp layed  s imultaneously,  allowing comparisons t o  be made a t  a 
g lance  dur ing  a survey. 

The IGS-2' records  header information,  d a t a  va lues ,  s t a t i o n  number, 
l i n e  number, g r i d  number and the  time of each observat ion i n  i t s  
i n t e r n a l  memory. Data are f i r s t  so r t ed  by g r i d  number, then i n  
o rde r  of i nc reas ing  l i n e  number and, wi th in  each l i n e ,  by 
i n c r e a s i n g  s t a t i o n  number. In  t h i s  way, the d a t a  are organized 
l o g i c a l l y  r e g a r d l e s s  of t h e  sequence i n  which they were taken. 
A n c i l l a r y  d a t a  can a l s o  be manually en tered  and recorded a t  a 
g iven  s t a t i o n ,  a long with the  survey parameters. 

The IGS-2 may appear complex because of the  new microprocessor- 
based technology employed i n  its design. However, i t  does not 
perform any opera t ion  t h a t  is, in p r i n c i p l e ,  unfami l ia r  t o  an 
experienced ope ra to r  . Only the  procedures have changed . For 
i n s t a n c e ,  d a t a  can now be recorded i n  t h e  memory of the ICs-2 by a 

J 
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Figure 1GS:l 
The ICs-2 ae Worn by an Operator 

IGS: 1 - 2 



series of simple keys t rokes ,  r a t h e r  than recording measurements by 
hand in a notebook. Likewise, an e r r o r  spot ted  in the records ,  
which would be cor rec t ed  or erased by hand, is now cor rec t ed  by 
means of t h e  Edi t  func t ion  which allows the e r r o r  t o  be removed 
from memory, co r rec t ed  , and then ref i l e d  , o r  erased a l t o g e t h e r .  

1.2 Product UDdates 

A t  S c i n t r e x  we are c o n t i n u a l l y  working in improve our l i n e  of 
products ,  
e i t h e r  t h e  sof tware  or hardware of our  products ,  
a p p r e c i a t e  hear ing  from you i f  you are i n t e r e s t e d  in our  latest 
developments. 
successes, or  problems you may have encountered so t h a t  we may 
adv i se  you. 

You may be n o t i f i e d  as important changes occur t o  
We would 

We would a l s o  value hear ing  from you about any 

ICs: 1 - 3 



1.0 INTRODUCTION 

1.1 General Outl ine 

This section of t h e  manual desc r ibes  in d e t a i l  t h e  proton 
magnetometer me t b d .  

A t h e o r e t f c a l  explanat ion of t h e  magnetic method is  g iven  first. 
Then t h e  t a b l e  MAG SETUP MENUS i s  presented f o r  reference.  
t h i s ,  t h e  following topics  are d e a l t  with i n  d e t a i l :  

After 

1) method enabling procedures, 
2) measuring procedures, 
3 )  warning messages, 
4 )  equipment s e t u p  procedures,  
5) t roub le  shoot ing In fo  mat Ion, 
6)  s p e c i f i c a t i o n s  and 
7)  parts list. 

1.2 'ihe Magnetic Method 
- .'. 

The magnetic method c o n s i s t s  of measuring t h e  magnetic field of  
t h e  e a r t h  as Influenced by rock formations having d i f f e r e n t  
magnetic p r o p e r t i e s  and conf igura t ions .  The measured f i e l d  is the 
v e c t o r  sum of induced and remanent magnetic e f f e c t s .  Thus, t h e r e  
a r e  t h r e e  f a c t o r s ,  excluding geometr ical  f a c t o r s ,  which determine 
t h e  magnetic f i e l d .  These are the  s t r e n g t h  of the  ea r th ' s  magnetic 
f i e l d ,  . t h e  magnetic s u s c e p t i b i l i t i e s  of t he  rocks present  and 
t h e i r  remanent magnetism. 

The e a r t h ' s  magnetic f i e l d  I s  similar i n  form t o  t h a t  of a bar 
magnet's. 
t h e  n o r t h  and south  magnetic poles  where the  s t r e n g t h  is  approxl- 
mate ly  60,000 nT. I n  t h e  e q u a t o r i a l  region,  t h e  f i e l d  is 
h o r i z o n t a l  and i ts  s t r e n g t h  i s  approximately 30,000 nT. 

The f l u x  l i n e s  of t h e  geomagnetic f i e l d  are vertical a t  

The primary geomagnetic f i e l d  is ,  f o r  t h e  purposes of normal 
minera l  exp lo ra t ion  surveys,  cons t an t  i n  space and time. Magnetic 
f i e l d  measurements may, however, vary considerably due t o  s h o r t  
term e x t e r n a l  magnetic Inf luences.  The magnitude of t hese  va r i a -  
t i o n s  I s  unpredictable .  In t h e  case of sudden magnetic storms, i t  
may reach  s e v e r a l  hundred gammas over  a few minutes. It may b e  

MP: 1 - 1 
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necessary ,  t he re fo re ,  t o  take continuous readings of the  geomag- 
n e t i c  f i e l d  with a base s t a t i o n  magnetometer while t he  magnetic 
survey is being done. An a l t e r n a t i v e  f i e l d  procedure is t o  make 
p e r i o d i c  repea t  measurements a t  convenient t r a v e r s e  po in t s ,  
a l though t h i s  is  a very u n r e l i a b l e  method during ac t ive  magnetic 
s torms when i t  is important t o  have proper re ference  data .  

The i n t e n s i t y  of magnetization induced i n  rocks by the  geomagnetic 
f i e l d  F is g iven  by: 

I - k F  

where I is t h e  induced magnetization 
k is t h e  volume magnetic s u s c e p t i b i l i t y  
F is t h e  s t r e n g t h  of t h e  geomagnetic f i e l d  

For most materials, k is very much less than 1. I f  k is negat ive ,  
t h e  body is s a i d  t o  be diamagnetic. Examples are qua r t z ,  marble, 
g r a p h i t e  and rock salt.  I f  k is a small pos i t i ve  value,  t h e  body 
is s a i d  t o  be paramagnetic, examples of which are gne i s s  
(k = 0.002),  pegmatite, dolomite  and syeni te .  If k is a l a rge  
p o s i t i v e  va lue ,  t h e  body is s t r o n g l y  magnetic and i t  is sa id  to  be 
ferromagnet ic ,  f o r  example, magnet i te  (k  = 0.3), i lmen i t e  and 
p y r r h o t i t e .  

The s u s c e p t i b i l i t i e s  of rocks are determined p r i m a r i l y  by t h e i r  
magnet i te  conten t  s i n c e  t h i s  mineral  i s  80 s t rongly  magnetic and 
so widely d i s t r i b u t e d  i n  t h e  var ious  rock types .  
importance,  as well, is t he  p y r r h o t i t e  content.) 

(Of cons iderable  

The remanent magnet izat ion of rocks depends both on t h e i r  canposi- 
t i o n  and t h e i r  previous h i s to ry .  Whereas the  induced magnetiza- 
t i o n  is nea r ly  always parallel to  t h e  d i r e c t i o n  of the  geomagnetic 
f i e l d ,  t h e  n a t u r a l  remanent magnetization may bear no r e l a t i o n  t o  
t h e  present  d i r e c t i o n  and i n t e n s i t y  of the  e a r t h ' s  f i e l d .  The 
remanent magnet izat ion is r e l a t e d  t o  t h e  d i r e c t i o n  of t he  e a r t h ' s  
f i e l d - - a t  t h e  time t h e  rocks were last magnetized. Movement of t h e  
body through fo ld ing ,  etc., and t h e  chemical h i s t o r y  since t h e  
prev ious  magnet izat ion are a d d i t i o n a l  f a c t o r s  which a f f e c t  t h e  
magnitude and d i r e c t i o n  of t h e  remanent magnetic vector .  

Thus, t h e  r e s u l t a n t  magnetization M of a rock is given by: 

M Mn + kF 
where Mn is t h e  n a t u r a l  remanent magnet izat ion,  and F is a v e c t o r  
which can be completely spec i f i ed  by i t s  hor izonta l  (H) and v e r t i -  
ca l  ( 2 )  components and by the  d e c l i n a t i o n  (D) from t r u e  north.  
S i m i l a r l y ,  y1 i s  spec i f i ed  when i ts  magnitude and d i r e c t i o n  are 
known. 
whereupon M merely reduces t o  kF. 

Thus, cons iderable  s i m p l i f i c a t i o n  r e s u l t s  if Mn p 0, 
In the  e a r l y  days of magnetic 
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prospecting, i t  was usually assumed that there was no remanent 
magnetization. However, i t  has now been established that both 
igneous and sedimentary rocks possess remanent magnetization, and 
that the phenomenon is  a widespread one. 
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1.2 Theorv of ODeration 

The Very LDW Frequency (VLF) Electromagnetic Method measures 
v a r i a t i o n s -  i n  t h e  components of the  electromagnet ic  f i e l d s ,  set up 
by communication s t a t i o n s  opera t ing  i n  the 15 t o  30 kHz frequency 
range. These s t a t i o n s ,  located around t h e  world, genera te  s i g n a l s  
f o r  t he  purposes of naviga t ion  and communication with submarines. 

I n  far f i e l d ,  above uniform e a r t h ,  t h e  groundwave of t h e  v e r t i -  
c a l l y  po la r i zed  VLF radiowave has th ree  f i e l d  components: 

1) a r a d i a l ,  h o r i z o n t a l  electrical f i e l d ,  
2) a v e r t i c a l  electrical f i e l d ,  and 
3) a t a n g e n t i a l ,  ho r i zon ta l  magnetic f i e l d .  

When t h e s e  t h r e e  f i e l d s  meet conductive bodies i n  the ground, eddy 
c u r r e n t s  are induced causing secondary f i e l d s  t o  r a d i a t e  outwards 
from these  conductors.  In  the  Magnetic F ie ld  mode, t h e  IGS-2/ 
VLF-4 measures t h e  ho r i zon ta l  f i e l d  and two components of the  

/ 
VLF: 1 - 1 
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v e r t i c a l  f i e l d ,  normalized by the  ho r i zon ta l  f i e l d  measurement. 
I n  t he  Electrical F ie ld  mode, i t  measures the  ho r i zon ta l  magnetic 
and electrical  f i e l d s .  

1.3 What the  IGS-Z/VLF-4 Measures 

As i t s  primary measurement, the IGS-2/VLF-4 employs two mutual ly  
or thogonal  r ece ive  c o i l s  t o  determine t h r e e  parameters of t h e  
VLF-magnetic f i e l d .  These are: 1) t h e  ho r i zon ta l  amplitude 
v e c t o r  i n  a d i r e c t i o n  perpendicular  t o  a l i n e  j o i n i n g  the ope ra to r  
t o  t h e  s t a t i o n ;  2) t h e  amplitude of t h e  component of t h e  v e r t i c a l  
f i e l d  vec to r  which is  i n  phase with the  ho r i zon ta l  vec to r ;  and 3) 
the  amplitude of t he  component of t he  v e r t i c a l  f i e l d  vec tor  which 
i s  90" ou t  of phase wi th  t h e  ho r i zon ta l  vector .  
parameters, f o r  t h e  g iven  VLF t r a n s m i t t e r ,  are recorded s imulta-  
neously. Since the  v e r t i c a l  components are expressed as a 
percentage of t h e  ho r i zon ta l  vec to r ,  they are automat ica l ly  
normalized f o r  any changes I n  the amplitude of t he  t ransmi t ted  
primary f i e l d  . 

These t h r e e  

The primary f i e l d  from a V L F  s t a t i o n  can i n  f a c t ,  vary consi-  
derably.  Figure VLF:1 i s  a recording of the  ho r i zon ta l  f i e l d  
s t r e n g t h  from the  Annapolis VU s t a t i o n  made I n  Toronto, Canada. 
For t h e  most p a r t ,  t h e  f i e l d  f l u c t u a t e s  moderately during the  
course of t h e  day due t o  changes i n  atmospheric condi t ions .  
are, however, more dramatic  changes ind ica ted  on t h e  recording. 
Towards evening the re  is a l a r g e  upwards s w i n g  i n  the  f i e l d  
s t r e n g t h ,  and at s e v e r a l  po in ts  during the  day, both p a r t i a l  and 
t o t a l  drops i n  the  f i e l d  amplitude can be observed. In t h e  l i g h t  
of these  i r r e g u l a r i t i e s ,  t he  hor izonta l  f i e l d  da t a  should always 
be considered with r e se rva t ion  as i t  is d i f f i c u l t  t o  know whether 
changes are caused by conductors o r  by v a r i a t i o n s  I n  t h e  s t a t i o n ' s  
s igna l .  

There 

If the  primary f i e l d  s t r e n g t h  is cons tan t ,  changes i n  t h e  ampli- 
tude  of t he  ho r i zon ta l  magnetic f i e l d  mainly r e f l e c t  v a r i a t i o n s  i n  
the  conduc t iv i ty  of t h e  ea r th .  Normally the re  w i l l . b e  no v e r t i c a l  
magnetic f i e l d .  However, near  a conductor,  a v e r t i c a l  f i e l d  w i l l  
be observed. The r e l a t i v e  amplitudes of the  in-phase and quadra- 
t u r e  components may be used t o  i n t e r p r e t  the  conduct ivi ty-s ize  
c h a r a c t e r i s t i c s  of t h e  conductor. 

To permit measurement of t h e  VLF-electric f i e l d ,  a d i p o l e  
c o n s i s t i n g  of two c y l i n d r i c a l  e l ec t rodes  and 5 meters of wire i s  
used. When t h i s  d i p o l e  is c o r r e c t l y  l a i d  ou t ,  t h e  LCS-Z/VLF-4 
measures  t he  in-phase and quadrature  components of t he  ho r i zon ta l  
e lectr ic  f i e l d  i n  the  d i r e c t i o n  of the  l i n e  jo in ing  t h e  ope ra to r  
and the  t r a n s m i t t e r  s t a t i o n .  The phase re ference  is t h e  horl- 
zon ta l  magnetic f i e l d  . 

VLF: 1 - 3 
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The VLF-4 i o  used t o  measure t he  in-phaae Ex(I), and quadrature  
E,(Q). coepoaenta of the  ho r i zon ta l  electrlc f i e l d .  E,. i n  t h e  
11- Jo in l ag  t h e  operator and t h e  t r e n m l t t e r  atation. The phare 
i o  referenced LO t h a t  of t h e  ho r i zon ta l  u@et ic  f i e l d  H . Theae 
corponenta are mot recorded but are uacd lo  the  calculatIona of 
reaiatlvlty and phage u d e  by the VLF-6. 
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MF-4 W Maple Fpld Sensar 7 
An e l e c t r o n i c  level sensor  on the axle  of the horizontal  vector  
r ece lve r  coll  provider U t O u K l c  alde-to-alde t i l t  co.penratlon. 
The error i o  the v e r t i c a l  in-phase component i o  Ieaa than 1 1  f o r  
t i l r r  up l o  15' provided tha t  t h e  operator i a  factnu t h e  VLP 
atation d i r e c t l y .  T i l t *  i n  any o the r  d i r e c t i o n  of UP t o  10' 
produce no a i g n l f i c a n t  error (11 )  In the other  cowonent i  and, 
t he re fo re ,  require no compenration. 

Figure W : 2  
What the VLF-4 Measures 
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The IGS-2/VLF-4 uses  the  magnetic and electric f i e l d  measurements 
t o  au tomat ica l ly  c a l c u l a t e  t h e  apparent  r e s i s t i v i t y  of t he  e a r t h  
as w e l l  as t h e  phase angle  between t h e  magnetic and electric f i e l d  
components. If t h e  e a r t h  is uniform (not  l aye red )  within t h e  
depth  of the  VLF measurement, the  phase angle  between the  hori- 
zon ta l  magnetic and electric VU f i e l d s  w i l l  be  45 degrees. A 
non-uniform e a r t h  w i l l  g ive rise t o  o the r  phase angles. 

The fol lowing formulae are used f o r  r e s i s t i v i t y  and phase 
c a1 c u l a  t ions  : 

Apparent B e s i s t l v l t y  Calculation: 

where : 

p = apparent  r e s i s t i v i t y  i n  ohm-meters 
l i t u d e ,  ca l cu la t ed  

= h o r i z o n t a l  magnetic amplitude,  measured 
= VU s t a t i o n  frequency i n  Hertz 
= permeabi l i ty  of t he  ground i n  Henrles/meter, a constant 

The r e s i s t i v i t y  c a l c u l a t i o n  has a range of 1 t o  100,000 ohm-meters 
with a r e s o l u t i o n  of 1 ohm-meter. 

Phase Angle Calcula t ion  
The phase angle  $ i s  expressed as: 

4 = arc t an  E& 

where : 

G(Q) = hor i zon ta l  quadra ture  VLF electric f i e l d .  
k(I) = hor i zon ta l  in-phase VLF electric f i e l d ,  phase rferenced t o  

t he  ho r i zon ta l  magnetic f i e l d ,  Hy. 

The phase angle  c a l c u l a t i o n  has a range of -180" t o  +180° with a 
r e s o l u t i o n  of lo. 
electr ical  f i e l d  l eads  the  magnetic f i e l d .  

By d e f i n i t i o n  the  angle  is p o s i t i v e  when the  
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9.0 SPECIFICATIONS 

9.1 Standard Console Spec i f i ca t ions  

D i g i t a l  Display 

11 
Keyboara Input 

I 

Languages 

I 

I 
.- 

CI 

1 

I 

32 cha rac t e r ,  2 l i n e  LCD 
d i s p l a y  

1 
Standard Meaory 

Clock 

14 keys for e n t e r i n g  a l l  
commands , coord ina te s  , header 
and a n c i l l a r y  informatfon. 

Engl ish p lus  French is  
s tandard  . 
16K RAM. More than s u f f i c i e n t  
f o r  a day's d a t a  i n  most 
appl ica t ions .  

Real time c lock  wi th  day, 
month, year ,  hour, minute and 
second. One second resolu-  
t i o n ,  f l  second s t a b i l i t y  over 
12 hours. Need8 keyboard 
I n i t i a l i z a t i o n  only after 
b a t t e r y  replacement. 

Digital Data Output 

I 

Analog Output 

RS-232C serial i c t e r f a c e  for 
d i g i t a l  p r i n t e r ,  modem, micro- 
computer o r  cassette t ape  
recorder .  Data ou tpu t s  i n  7 
b i t  A S C I I ,  no p a r i t y  format. 
Baud r a t e  i s  keyboard selec- 
t a b l e  a t  110, 300, 600 and 
1200 baud. Carriage r e t u r n  
de lay  is  keyboard s e l e c t a b l e  
In increments of one from 0 
through 999. Handshaking I s  
done through X-ON/X-OFF 
protocol .  

Allows IGS-2 t o  act as a 
master f o r  o t h e r  instrumenta- 
t i on .  

For a s t r i p  c h a r t  recorder .  0 
t o  999 mV f u l l  scale wi th  
keyboard s e l e c t a b l e  s e n s i t i v -  
i t i e s  of 10, 100 o r  1000 u n i t s  
f u l l  scale. 

IGS: 9 - 1 



Console Dimensions 240 x 90 x 240 mm inc ludes  
mounted b a t t e r y  pack . 

Ueights Console: 2.2 kg 
Console with Non-rechargeable 
Bat te ry  Pack; 3.2 kg. 
Console w i t h  Rechargeable 
Bat te ry  Pack: 3.6 kg. 

-4OOC t o  +50°C provided 
o p t i o n a l  Display Heater is 
used below -2OOC. 

O p e r a t i n g  Temperature Range 

Power Peqdrements Can be powered by e x t e r n a l  12 
V DC or one of t he  B a t t e r y  
Pack Options l i s t e d  below. 

9.2 Bat te ry  Pack Options 

B a t t e r y  Pack l i f e t i m e  depends on which Bat te ry  Pack I s  s e l e c t e d ,  
s enso r ( s )  used, reading time and ambient temperature. U f e  
expectancy would be 1 t o  10, e i g h t  hour survey days. 

?don-Rechargeable Ba t t e ry  Pack Includes b a t t e r y  holder  and 10 
d i sposab le  'C' ce l l  b a t t e r i e s  
f o r  i n s t a l l a t i o n  on console.  
Used i n  low s e n s i t i v i t y  t o t a l  
f i e l d  magnetometry or VLF i n  
temperatures above 0°C. 
Weight i s  0.9 kg. 

Rechargeable Ba t t e ry  Pack 
and Charger 

Includes b a t t e r y  holder ,  6 
rechargeable ,  non-magnetic, 
s ea l ed  lead-acid b a t t e r i e s  and 
charger  f o r  i n s t a l l a t i o n  on 
console. Best f o r  high 
s e n s i t i v i t y  t o t a l  f i e l d  
measurements, a l l  g rad ien t  
measurements and ope ra t ion  
below O O C .  Pack weighs 1.3 
kg. Charger s p e c i f i c a t i o n s  
are: 140 x 95 x 65 mm, 
115/230 V AC, 50/60 Hz, 20 VA, 
overload protected.  

ICs: 9 - 2 



8.0 SPECIFICATIONS 

8.1 Magnetometry Spec i f i ca t ions  

Total F i e l d  Operatiug R a n g e  20,000 t o  100,000 nT 
( 1  nT = 1 gamma). 

~ 

Gradient Tolerance For Total Field:  *5000 nT/m. 

Total  Field Absolute Accuracy f l  nT at  50,000 nT 
f2 nT over  t o t a l  f i e l d  
opera t ing  and temperature  
range. 

Resolution 0.1 nT. 

Tuning Ful ly  so l id - s t a t e .  Manual or 
automatic mode is keyboard 
select  able.  

Reading Time 2 seconds. For p o r t a b l e  
readings t h i s  is t h e  t i m e  
taken from t h e  push of a 
but ton  t o  t h e  d i sp lay  o f ' t h e  
measured value.  

Contiouous Cycle Times Keyboard selectable i n  1 
second increnents  upwards from 
2 seconds t o  999 seconds. 



900 SPECIFICATIONS 

Frequency Tuning Automatic d i g i t a l  tuning. Can 
be  tuned t o  any frequency i n  
the range 15.0 t o  29.0 kHz 
with a bandwidth of 150 Hz. 
Up t o  th ree  f requencies  can be  
chosen by keyboard e n t r y  f o r  
sequent 1 a1 measurement so 

Fie lds  as low as 100 mA/m can 
be received. In p r a c t i c e ,  
background noise  may r e q u i r e  
f i e l d s  up to  5-10 times t h i s  
leve l .  Maximum received f i e l d  
is 2 mA/metre. These values  
are spec i f i ed  f o r  20 kHz. For 
any o the r  frequency, calculate 
the  above l i m i t s  by multiply- 
ing by the  s t a t i o n  frequency 
i n  kHz and d iv id ing  by 20. 

Narrow bandpass, low pass and 
sharp  cut-off high pass 
f i l t e r s .  

0.5 seconds sample interval.  
As many as 2l6 samples can be 
stacked t o  improve measurement 
accuracy . 
1) Horizontal  amplitude,  2)  

and 3) v e r t i c a l  quadrature  

components are displayed as a 
percentage of ho r i zon ta l  
component and are r e l a t e d  i n  
phase t o  the  ho r i zon ta l  
component. Their range is 
*120%; reading r e s o l u t i o n  1%. 

Two air-cored c o i l s  i n  a 
backpack mounted housing wi th  
an e l e c t r o n i c  level  for 
automatic t ilt  compensation. 
The e r r o r  i n  the  v e r t i c a l  
in-phase component is less 
than 1 X  fo r  t i l ts  up t o  f15'. 

H e l d  S t r e n g t h  Range 

S igna l  F i l t e r i n g  

Measuring Time 

VLF-Magnetic F i e l d  Components 
Measured v e r t i c a l  in-phase component, 

" .  components. Vertical 

VU-Magnetic F i e l d  Sensor 

VLF: 9 - 1 
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APPENDIX 2 

VLF THEORY 

The signal transmitted by the VLF station is recorded 

by the vertical coils as: 

Hp = A sin wt; Hs = B cos (wt-$1 (1.0) 

where: Hp = primary signal A = amplitude of 

Hs = secondary (phase laged) signal 
w = frequency B = amplitude of 
t = time secondary signal 
6 = phase lag 

primary signal 

These two received signals combine giving an ellipse, 

which has two axis corresponding to the maximum length and minimum 

width of the ellipse. 

i.e. & + - H S ~  - 2 H ~ H S  sin 6 = cos2 g ( 2 . 0 )  
A2 B2 AB 

By measuring the angle from horizontal of the long axis 

of the ellipse, a conductor is located when this tilt angle is 

zero. 

The Scintrex IGS VLF measures the primary vertical 

(in phase) H p  and the secondary (quadrature) Hs to obtain a 

conductor's location (from Hp) and the conductor's quality 

using both Hp and Hs. 

i.e. 

where o = tilt angle (degrees) 
Hp = vertical in phase, expressed as a o/o 

3 

4 = tan-' 
(Hs) 



VLP THEORY (Continued) 

where --$ = phase lag (degrees) 
Hp = vertical in phase (any units) 
Hs = vertical quadrature (same units as Hp) 

Since the quadrature readings require a magnetic field 

phase reference, using unpublished means, the phase lag value is 

untested and should be considered qualatative only, but it is 

likely reasonably precise (the readings are repeatable), but 

may or may not be accurate (the correct value). 
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Proposed Budget f o r  a Combined Geophysics, Geochemical , and Mapping 

Exp lo ra t i on  Program on the  Lynx Gr id  and Eastern Zones o f  t h e  Max 

Claims. 

Room and Board 

Travel  

Geol og i  s t s  

F i e l d  Ass is tan ts  

Cook 

Truck 

Fuel 

Suppl i es/Fi  e l  d 

Supplies/Camp 

ASSAY s o i l s  
rocks  

Shipping Costs 

$1 20/day 

4 (3 300/day 

2 @ 250/day each 

4 (3 100/each 

1 @ 150/day 

2 Cd 50/day 

500 x 25 
100 x 25 

Inst rument  Rental IGS $300 x 43 days 
Genie $300 x 10 days 

Communication 

Report /Off  i ce Expenses 

Subtota l  

$ 5,160 

1,200 

21,500 

17,200 

6,450 

4,300 

2,688 

2,350 

500 

12,500 
2,500 

500 

12,900 
3,000 

200 

5,000 

S 97.948 

Conti ngency 

TOTAL 

15% 

Rounded 

14,690 

$112,638 

$1 12,640 






















