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LIST OF CLAIMS 

Claim No. 

Ram 1 - 40 
BOW 1 - 40 

Grant No. 

Y40084 - Y40123 
Y40571 - Y40610 

Date Recorded 

Nova 17th, 1969 

NOV* 24th, 1969 

GENERAL INTRODUCTION: 

During the months of July and August, 1970, a combined 

airborne magnetic-radiometric-electromagnetic survey was flown 

over an area 7 miles by 13.5 miles in t4e Carmacks - Big Creek 
area, Yukon Territory, by Geo-X Surveys Ltd., using a fixed wing 

aircraft. The text of their report is included herein. The 

data was received by the authors on behalf of Golden Gate Explor- 

ations Ltd., resulting in the following interpretation and 

recommendations, 

This study was assisted by personal discussions with 

geologists familiar with the area; G.S.C. aeromagnetics; 

Memoir 189 by H.S. Bostock; an air-photo study; and rock and 

geochemical soil samples collected by J. Boily, a company employee. 

Although the interpretation was based on the whole 

area surveyed, only that portion directly relevant to the property 

of Golden Gate Explorations Ltd. is herein discussed, as illus- 

trated by the accompanying maps. 



LOCATION AND ACCESS: 

The Ram and Bow claim groups are located about 

36 air miles west-north-west of Carmacks and are accessible 

by 4-wheel drive truck over a tote road from Carmacks via 

Crossing and Seymour Creeks. The property of Yukon Revenue 

borders the claims on the north. The property is centred at 

62'20'~. latitude and 137°15*~. longitude. 

GEOLOGY: 

The general geology of the area consists of Pre- 

Cambrian metamorphic rocks of sedimentary origin (~ukon Group), 

invaded in places by syenite, granite-gneiss, diorite gneiss 

probably of intrusive origin of Mezozoic and tertiary age. 

The largest intrusive unit is a porphyritic syenite of moderately 

alkaline composition trending north-west across the lower south- 

west part of the property. This unit can be quite magnetic 

and in places changes to coarse alkaline granite, monzonite, 

hornblendite and quartg monzonite. Granodiorite and granite 

are present to the south and east in batholithic and stock sizes 

respectively. Breccia zones containing mineralization in the 

form of chalcopyrite have been observed on the Yukon Revenue 

property to the north, and gold bearing magnetite deposits 

the contact metamorphic and vein varieties have been known 



the Freegold Mountain area to the east since 1930. Stibnite, 

sphalerite, arsenopyrite, pyrite, galena and molybdenite have 

also been observed. 
t 

TOPOGRAPHY AND GROUND CONDITIONS: 

The survey area is located in the unglaciated Dawson 

Range consisting of immature creek valleys and smooth-topped 

ridges which converge and culminate in the form of monadnocks. 

The total relief is in excess of 2,500 feet with the 

mean elevation being about 3,500 feet. Areas of outcrop are 

primarily confined to ridge tops and creek valleys and total 

less than 3% of the surveyed area. 

Vegetation is typical Yukon sub-alpine consisting of 

spruce trees below 4,000 feet interspersed with patches of 

muskeg. Dwarf birch predominates above timber line. 

Drainage is to the north-east by way of Bow Creek. 

Smaller streams of the trellis pattern empty into Bow Creek 

from the north-west and south-east. A north-easterly trending 

smooth-topped ri'dge crosses the north-west corner of the property. 

The claims area is generally considered to be 

unglaciated A d  therefore overburden thicknesses are slight 

although bedrock alteration zones can be greater than 10 feet 



deep, giving rise to soil and rock geochemical sampling 

problems. This is evidenced by a very poor "BW soil horizon 

underlying a volcanic ash layer averaging 5 inches and over- 

lying the residual or "C" horizon caused by weathered, leached 

bedrock material, 

GEOPHYSICAL OBSERVATIONS: 

(A) - - -  Aerornagnetics:- - - - 
The most prominent magnetic feature is the north-west 

trending belt of highs outlined by the 57700 gamma contour 

which peaks to in excess of 58200 gammas, Adjacent to this 

band the magnetic texture is very low and expressionless except 

for a number of interesting flexures in the contours and a 

circular high of 58200 gammas in the extreme north-east corner 

of the map area. The magnetic lows on each side of the 

northerly bulge in the above north-westerly trending band is 

of interest although one of these lows is not enclosed due to 

lack ofcoverage to the west. 

E1ectromagnetics:- (B) - - - - - - - - - 
The stronger more obvious electromagnetic cross- 

overs are shown on the accompanying Claims, Flight Line Layout 
, 



map. No flight lines appear to cross a few of the Ram claims 

and many claims are barely covered, possibly due to navi- 

gational problems as a result of an inaccurate photo mosaic 

in these regions. The crossovers appear to be somewhat 

randomly located throughout the survey area, although cross- 

overs do occur in line and on adjacent survey lines on the 

Ram #8 and #10 claims and just to the north-west of Ram #20. 

These two features suggest the possibility of conductor axes. 

Aeroradiometrics:- (C) - - - - - - - - - 
The radiometric map illustrates the distribution 

of potassium 40 radiation not corrected for differences in 

terrain clearance and aircraft attitude. Generally the higher 

isorads are coincident with the mountain ridges and the lows 

conform to the creek valleys which are more heavily overburdened 

and a greater distance away from the aircraft-mounted detector. 

The extreme sensitivity of the instrument to causes other than 

geologic is evidenced by the high coincidence of linear and 

enclosed patterns with flight-lines. 



GEOPHYSICAL INTERPRETATION: 

(A) Aefo=apetics: - - -  - 
The north-westerly trending band of relatively high 

magnetic response appears to outline the alkaline syenite 

rock unit #9 (after Bostock) with the peat highs being caused 

in part by topographic highs. The low to the north and extreme 

west (not enclosed) is verified by the G.S.C. aeromagnetic map 

(#33136 Freegold ~ountain) and would appear to delineate an 

area of more acidic rock types such as monzonite or granite 

gneiss. Rock samples collected in this area support this 

point. This low and the one partially straddling Bow Creek 

in the vicinity of Bow #2 and #4 claims could be part of the 

magnetic expression of the contact between the syenites to the 

south and the Yukon Group schists to the north, but might also 

represent the "loww' of an inductive magnetic anomaly of the 

"thumb-printw variety commonly associated with contact- 

metamorphic deposits, magnetic dikes, steeply dipping sills 

(gabbroic) , etc. 
The circular anomaly in the north-east is coincident 

with a dome shaped topographic feature thought to be the north- 

west limit of the granite, granodiorite rock unit #10 (by 

Bostock) which extends off the map area to Freegold Mountain. 

The remaining area is magnetically featureless when 



exam-the aeromagnetic map by itself. However, upon 

correlation with air-photos, three lineaments are apparent, 

all seeming to intersect at the Bow #7 claim - 
$1 Lineament This lineament parallels Bow Creek and 

could be partially due to high terrain clearance, but persists 

to the west-southwest after Bow Creek swings south. Two 

Cu-Mo geochemically anomalous areas occur along the flanks of 

this linear and a reported Mo. anomaly on the adjacent Kook 

Claims is on strike. This feature is interpreted as a near 

vertical vault. 

#2 Lineament A definite north-east linear extending 

many miles off the map area passes through or near two other 

geochemically anomalous areas at Ram #35 and #36 and at the 

junction of Ram #1, #2, #3 and #4 and continues off to the 

northeastern extremity of the above interpreted granite stock. 

This linear is thought to be a fault. 

#3 Lineament This lineament is difficult to interpret 

due to the parallel flight line direction giving rise to 

coupling problems. Nevertheless the magnetic bulge in the 

syenite-schist contact and flexures to the north backed up by 

the isoradiometric "breakgg suggests a linear feature due to 

either faulting, shearing, or a system of northerly trending 

dikes. Rock samples collected in the vicinity of this feature 



are aplitic. 

(B) E1ectromagnetics:- - - - - - - - - -  
The majority of crossovers are probably due to the 

interpreted contact between the syenites and other rocks 

conforming to the 57,700 gamma contour. The conductor axes 

mentioned aboveare thought to be caused by galena veins in the 

,. neighbourhood of known zinc occurrences and other crossovers 

not explained are likely due to effects such as sudden breaks 

in topography, water-filled faults, conductive dikes and over- 

burden, lithology changes, poor transmitter direction, and a 

host of other causes. 

No direct interpretation on the potassium 40 map 

has been attempted although it has been used to confirm or 

deny the linear interpretation mentioned above and the high 

K-40 isorads do substantiate to some degree the likelihood of 

potassium feldspar, biotite rich rocks such as syenite and 

granite as evidenced by the aeromagnetics, government geology 

and rock samples collected on the propertyT 



CONCLUSIONS AND RECOMMENDATIONS : 

Although the western one-third of the claims are 

without aeromagnetic coverage, and some areas were not soil 

sampled, it would appear that a tectonic epicentre could exist 

at the Bow #7 claim. An area of geochemically anomalous 

va1ues;favourable rock types; geophysical features such as 

magnetic lows, flexures,and gradients; E.M. conductors;and 

widespread mineralization have been observed and interpreted 

to exist in a fan-shaped area centred approximately at Bow #7 

claim and spreading throughout the northern and eastern 

quadrants. From the information available, it would appear 

that those claims to the north of a diagonal line bisecting 

the claims from Ram #20 to Bow #21 are the most interesting 

in the searcK for economic mineral deposits. In particular, 

those areas which are thought to be 'underlain by tertiary 

monzonites and granite-gneiss in close proximity to the aplites 

should be given particular attention. Brecciation is also 

very important in this area and is a definite guide to 

mineralization. 

No geophysical follow-up is recommended at this time 

pending the results of a detailed gridded geochemical soil 

survey and a geological investigation using the same grid as 

recommended below. 



- 10 - 
GEOCHENICAL SOIL SURVEY 

INTRODUCTION: 

This portion of the report covers the reconnaissance 

geochemical soil survey carried out on the Ram and Bow mineral 

claims during the period between June @th, 1970 and 

August lst, 1970. 

The geochemical investigation consisted of soil 

sampling the four claim lines. Rock samples were also collected 

to assist in a more accurate determination of background and 

anomalous levels for different rock types on the property. 

Two men living in a nearby "fly1' camp supported. by 

a 4-wheel drive truck carried out the survey. The soil samples 

were shipped to Vancouver where they were analyzed and the 

results were plotted by the authors of this report. 

SURVEY TECHNIQUES: 

The majority of the soil samples were taken using a 

soil sampling mattock along the claim lines at 200 feet intervals. 

All soil samples collected were taken from an average depth of 

18 inches under the volcanic ash layer, where present, and in 

what was thought to be the wB1l horizon. In areas of immature 

soils, the "CW horizon or residual layer was sampled. 



Permafrost in the valley bottoms interfered with 

the sampling, consequently, complete coverage was not possible. 

154 samples were collected and dried in Kraft bags, then 

shipped to Vancouver Geochemical Laboratories for analysis. 

METHOD OF ANALYSIS: 

The samples were dried in a ventilated oven, screened 

to 80 mesh, weighed out to 0.5 grams and digested in a sand 

bath with nitric and perchloric acids. Samples were then 

diluted, clarified and tested. 

Copper and zinc analyses were determined using a 

Techtron Atomic Absorption Spectrophotometer Model AA4 with 

their respective hollow cathode lamps. The digested samples 

were aspirated directly into an air and acetylene flame. 

The molybdenum analysis was done by aspirating the 

digested samples directly into a nitrous oxide acetylene flame. 

The Cue, Zn. and Mo. values in parts per million 

were calculated by comparing to a set of standards. 

TREATMENT OF DATA: 

The geochemical results in parts per million were 

plotted along the claim lines. Because of the reconnaissance 

nature of the survey, the number of various rock types and the - 
amount of permafrost, no frequency distribution studies or 

contouring of the data was attempted. 



GEOCH~ICAL RESULTS : 

Copper - An approximate threshold value of 60 ppm. has 

been assigned for the copper leaving two anomalous areas on 

the property. Firstly, the area centred at the junction of 

Ram claims #15, #16, #17 and #18 exhibit coincident Cu. and 

Zn. anomalous values. This area is known to contain. out- 

croppings of monzonite, quartz monzonite, and granite gneiss. 

Secondly, is the area along the claim line separating the 

Bow #1 and #3 claims from the Bow #2 and #4 claims. These 

high Cu. values are coincident with anomalous Mom values. 

This trend could continue to the west. Other single value 

highs exist at four other locations throughout the area surveyed 

and six sub-anomalous values of interest were observed centred 

at the junction of Ram #1, #2, #3 and #4 claims. These values 

are enclosed by anomalous Zinc values. 

Zinc - A threshold of 100 ppm. is assigned to the zinc, - 
although due to its high mobility a value of 200 ppm. or 

greater would be considered of interest. The anomalous zinc 

values are primarily confined to the Ram claim group or in 

areas not underlain by syenite. The main concentration of 

high zinc values is along the northernmost claim line. One 

high value of 278 ppm. coinmident with a high molybdenum value 

appears to coincide with an E.M. conductor. Another coincident 

Mo., Cu., Zn. sample occurs near an interpreted fault on the 

Ram #35 and #36 claims. 



Molybdenum - All values in excess of 5 ppm. are considered 

anomalous for this element. All but two anomalous Mo.samples 

occur within or adjacent to the syenite rock unit and most 

occur coincident with anomalous Copper values. The two most 

interesting areas are along an interpreted east-north-easterly 

trending fault. Their locations are at the junction of Bow 

claims #33, #34, #35 and #36 as well as the Bow claims #1, #2, 

#3, and #4 area. 

GEOCHEMICAL CONCLUSIONS AND RECOMMENDATIONS: 

On the basis of interesting coincidental geophysical, 

geochemical and rock-type information, it appears that there 

are three specific areas requiring further investigation. 

These are the BO& #1, #2, #3 and #4 area; the Ram #1, #2, #3 
and #4 area; and Ram #13 - #20 inclusive areao 

A gridded geochemical soil survey is recommended in 

these three areas. The grid should consist initially of 

north-south lines 800 feet apart and sampled for Mom- Cum- Zn. 

at 200 feet intervals. The samples should be analyzed while 

the survey is in progress to facili$ate the locating of 

intermediate lines over areas of interest and to limit the 

total amount of sampling. 



Geological mapping and prospecting should also be' 

carried out before ground geophysics and/or drilling is 

considered. 

Respectfully submitted, 

P.P. Nielsen, B.Sc. 



APPENDIX I 

SlJIWARY OF COSTS: 

(A)  Geophysical Survey - 
Combined airborne survey by Geo-X 
Surveys Ltd. , 80 claims @ $15.00 ............ per claim $ 1,200 .OO 4" 

(B) Geochemical Survey - 
Salaries - 2 samplers for48 man/days $ 1,575.00 3 

f7 * ....... ..I 
I , Camp support and equipment 24% 500 .OO 

, , Truck rental:29 days Q $25 per day.. 725.00 l/u 
/ / Shipping ............ 

8 / 
30.00 

, j Cost of analysis of 154 samples 338.80.1 .... 
P l Travel ............ 300.00 l J  

I /  

Supervision ............ 200.00- 
Gas and Oil ............ 135.00 

Consultants1 Fees - 
Data retrieval, Whitehorse ......... 
Accommodation in Whitehorse, 
Octe 16-19, 1970 o o e o e e o e o o e o  

Travel - ~ancouver/Whitehorse return 
Drafting and map preparation ....... 
(4 man days @ $75.00/day) 

Interpretation and report writing 
(2.5 man/days @ $125.00/day) ....... 

Disbursements - typing, printing, etc. 
Supervision ............ 
(previous report by J.H. Montgomery) 



APPENDIX I1 

I, PHILIP P. NIELSEN, Geophysicist, and President 

of International Mondus Corporation Ltd. of Vancouver, British 

Columbia, DO HEREBY STATE that to the best of my knowledge 

and belief the statement of costs as presented in Appendix I 

of this report entitled "Report on the Geophysical and Geo- 

chemical Surveys of Ram and Bow Claim Groupsn is both true and 

correct. 

SWORN BEFORE ME at the City of ) 
Vancouver, in the Province 
British Columbia, this /ZA%ay - 1 
of November, A.D. 1970. 

hilip P. Nielsen 

A N0tak.y Public for the 
Yukon Territory 
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PERSONNEL : 

(A) Geophysical Survey 

Instrument Operator 
Report Writer 

(B) Geochemical Survey 

Samplers 

Supervisor 

(c) Consultants 

Geophysicist 
Geological Engineer 

N. Wilson 
J. Came, MeSe 

J. Boily 
G. Wheeler 
B. Abraham 

Pep, Nielsen, B.Sc. 
J.He Montgomery, 

Ph.De, P.Ehg. 
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PREFACE 

I- 

Magnetic s u s c e p t i b i l i t y  may change pe rcep t ib ly  

from one l i t h o l o g i c  u n i t  t o  another;  thus  accura te  d e t a i l e d  

, mapping of  t h e  geomagnetic f i e l d  o f t e n  provides va luab le  

information about subsurface geology, even i n  heav i ly  

d r i f t  covered a reas .  Aeromagnetic surveying can a i d  i n  

t h e  d e l i n e a t i o n  of bur i ed  c o n t a c t s  and d i s r u p t i o n s ,  o r  

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

Often l o c a l  magnetic p a t t e r n s  a s s o c i a t e d  wi th  known o r e  

bodies  can be i d e n t i f i e d ,  and t h e  ex i s t ence  o f  s i m i l a r  

v a r i a t i o n s  i n  magnetic i n t e n s i t y  elsewhere may l e a d  t o  

t h e  discovery of new o r e  bodies .  

Rad ioac t iv i ty  may l ikewise  vary from one rock 

type t o  another  and can be used a s  a geo log ica l  mapping 

t o o l .  Both t h e  t o t a l  gamma ray  count and t h e  K-40 a r e  

used a s  i n d i r e c t  geologic  a i d s .  The measurement of K-40 

i s  p a r t i c u l a r l y  u s e f u l  i n  t h a t  potassium -40 i s  i n  g r e a t e r  

abundance i n  a c i d i c  i n t r u s i v e s , .  and r e l a t e d  rocks and 

f requen t ly  ( a s soc ia ted  wi th  K-feldspars) i n  a r e a s  of 

c e r t a i n  v a r i e t i e s  o f  hydrothermala l te ra t ion .  However, 

t h e  usefu lness  of  t h i s  method is somewhat l imi ted because 

of t h e  v a r i a t i o n  i n  overburden th ickness  and e x t e n t ,  and 

v a r i a t i o n  i n  t e r r a i n  c learance .  

I GEo-x SURVEYS LTD. 



INTRODUCTION 

During the months of July and August, 1970, 

Geo-X Surveys Ltd. flew a total of 42 flight lines of 

total field magnetics and a total of 104 flight lines 

of aeroelectromagnetic and aeroradiometric surveying on 

an area approximately 7 miles by 13.5 miles in the 

Carmacks - Big Creek Area, Yukon Territory. 
The survey was flown in an Excalibur 800 fixed 

wing aircraft with a Varian V4937A proton precession 

magnetometer (kl, gamma) , Exploranium DiGRS 2000 differential 

spectrometer; McPhar (K.E.M.) electromagnetometer, 

magnetic tape and chart recorders, altimeter, tracking 

camera and.Doppler navigation system. 

This report describes the instrumentation, field 

procedure and data processing. 

I G E O - X  S U R V E Y S  LTD. 



INTRODUCTION TO AEROMAGNETOMETRY 

The e a r t h  has  a magnetic f i e l d  which i s  b a s i c a l l y  

t h a t  of a magnetic d ipole .  There a r e ,  however, major and 

minor divergences from t h e  b a s i c  d i p o l a r  f i e l d .  Major 

divergences a r e  i n t e r p r e t a b l e  a s  i n d i c a t i o n s  of s t r u c t u r e  

wi th in  t h e  geoid proper  and a r e  of mostly academic inZeres t .  

Minor d i f f e r e n c e s  a r e  of 'more  i n t e r e s t  t o  t h e  mineral  

prospector  s i n c e  they may be a t t r i b u t a b l e  t o  l o c a l  v a r i a t i o n s  

i n  e i t h e r  t h e  ferromagnet ic  s u s c e p t i b i l i t y  o r  t h e  n a t u r a l  

rock magnetigm, o r  both.  Since ferromagnet ic  s u s c e p t i b i l i t y  

and n a t u r a l  rock magnetism change measurably from one rock 

type t o  another ,  accura te  d e t a i l e d  mapping of t h e  l o c a l  

geomagnetic f i e l d  o f t e n  provides va luab le  information about  

the  subsurface geology (even i n  heav i ly  d r i f t - covered  a r e a s ) .  

Aeromagnetic surveys can provide information about  t h e  type ,  

general  a t t i t u d e ,  conf igura t ion  and complexity of t h e  

geo-superstructure.  Local elements a s s o c i a t e d  wi th  known 

o r e  bodies can o f t e n  be i d e n t i f i e d ,  and t h e  e x i s t e n c e  of 

s i m i l a r  l o c a l  elements elsewhere may l e a d  t o  t h e  discovery 

1 of new o r e  bodies.  Aeromagnetic prospect ing  can be app l i ed  

t o  t h e  d e l i n e a t i o n  of bur i ed  c o n t a c t s  and d i s r u p t i o n s ,  o r  

t h e  l o c a t i o n  of  a r e a s  o f  p o s s i b l e  p l u t o n i c  d i f f e r e n t a t i o n  

and i t s  va r i ed  products .  

C G E O - X  SURVEYS LTD. 



INTRODUCTION TO AERORADIOMETRY 

Basic Concepts 

Radioact iv i ty  i s  t h e  spontaneous d i s i n t e g r a t i o n  

of  t h e  nucleus of one o t  more atoms and t h e  emission of 

G E O - X  S U R V E Y S  LTD. s 

energy and sub-nuclear p a r t i c l e s .  Gamma r a d i a t i o n  i s  a 

product of t h e  process  i n  which a nucleus i n  t h e  e x c i t e d  

s t a t e  makes a t r a n s i t i o n  t o  a lower (and more s t a b l e )  

energy s t a t e .  The energy d i f f e r e n c e  i s  emi t ted  a s  a 

photon o r  gamma r.ay. The gamma s p e c t r a  of n u c l e i  c o n s i s t s  

of sharp  l i n e s  c h a r a c t e r i s t i c  of each i n d i v i d u a l  radioelement.  

Natural  t e r r e s t r i a l  r a d i a t i o n  i s  made up of c o n t r i b u t i o n s  

from about 50 n a t u r a l l y  occurr ing  radio- i so topes  unevenly 

d i s t r i b u t e d  i n  rocks and s o i l s .  Much t e r r e s t r i a l  r a d i a t i o n  

40 i s  suppl ied  by t h r e e  i so topes .  These are potassium -40 ( K  ) ,  

thorium -232 (TH 232), and urhnium -238 (U 238).  These r a d i o  

elements a r e  normally t h e  only ones i n  s u f f i c i e n t  abundance 

t o  produce t h e  i n t e n s i t y  of gamma f l u x  t h a t  might be d e t e c t e d  

some d i s t ance  above t h e  ground. Since a p a r t i c u l a r  emission 

energy i s  c h a r a c t e r i s t i c  of  a p a r t i c u l a r  r a d i o  element, 

measurement wi th in  a narrow energy band can s e r v e  t o  

d iscr iminate  between t h e s e  t h r e e  main sources  of gamma 

r a d i a t i o n .  



RADIOMETRIC DETECTION SYSTEM 

When a gamma r a y  s t r i k e s  c e r t a i n  n a t u r a l  o r  . 

s y n t h e t i c  c r y s t a l s ,  (normally a t h a l l i u m  a c t i v a t e d  sodium 

iod ide  c r y s t a l )  a  s . c i n t i l l a t i o n  ( a  minute f l a s h  of l i g h t )  

i s  produced. The s c i n t i l l a t i o n  i s  converted t o  e l e c t r i c a l  

eneGgy and i s  ampl i f ied  i n  t h e  pho tomul t ip l i e r  tube  

coupled t o  t h e  c r y s t a l .  The i n t e n s i t y  of t h e  s c i n t i l l a t i o n  

i s  d i r e c t l y  p ropor t iona l  t o  t h e  energy of  t h e  i n c i d e n t  

gamma ray.  Thus t h e  pho tomul t ip l i e r  ou tpu t  may be  

c a l i b r a t e d  t o  r ead  t h e  gamma r a y  energy d i r e c t l y .  

Discr iminatory e l e c t r o n i c '  c i r c u i t r y  i s  used t o  record  

' counts '  only i f  t h e  gamma energy f a l l s  w i t h i n  c e r t a i n  ranges 

( "windows" ) . The Exploranium DiGRS-2000 has  f o u r  such 

windows, t h e  mean energy and window width of each being 

independently v a r i a b l e .  The response of a d e t e c t o r  is  a 

complek func t ion  of  t h e  c r y s t a l  e f f i c i e n c y  and s e v e r a l ,  

c i r c u i t  parameters.  

Three c r y s t a l s ,  each coupled t o  3 pho tomul t ip l i e r s  

a r e  employed t o  record  f l u x  from t h e  spec t rums.of  t h e  t h r e e  

most abundant r a d i o  elements (K*', ~ h ~ ~ ~ ,  u ~ ~ ~ )  and t h e  t o t a l  

gamma ray  count'.. The t h r e e  c r y s t a l s  have an " e f f e c t i v e  

ape r tu re"  of  approximately 800 f e e t  when flown a t ' 3 0 0  f e e t  
8 

t e r r a i n  c learance  a t  110 m.p.h. ( E f f e c t i v e  a p e r t u r e  d e f i n e s  

t h e  major diameter  o f a t h e  e l i p t i c a l  area sampled by the 

d e t e c t i o n  system during one samp.ling per iod . )  



INTRODUCTION TO ELECTROMAGNETROMETRY 

The V.L.F. electromagnetometer i s  a high 

frequency electromagnetometer r ece ive r  which uses t h e  

hor izon ta l  e lectromagnetic  f i e l d  t r ansmi t t ed  by a series 

of V.L.F. submarine commlinicition s t a t i o n s  f o r  t h e  primary 

f i e l d .  The s t a t i o n  used f o r  t h i s  survey was Jim Creek; 

Washington, U.S.A., t r ansmi t t i ng  a t  a frequency of  18.6 

Kilohertz .  The V.L.F. electromagnetometer output  c o n s i s t s  

of  a d i p  angle s i g n a l  and a f i e l d  amplitude s i gna l .  These 

measurements a r e  obtained from a comparison of t h e  s i g n a l  

amplitude of two perpendicular  c o i l s  tuned t o  t h e  V.L.F. 

r ad io  s t a t i o n  a t  J i m  Creek, Washington. I n  t h e  absence of 

conductors,  t h e  V.L.F. s i g n a l  i s  ho r i zon t a l  and constant .  

The presence of  conductors (such a s  mineral ized zones, 

br idges ,  power l i n e s ,  conductive overburden, e t c . )  causes 

t h e  d i p  angle and t h e  f i e l d  amplitude t o  change. The 

amount-of change depends on t h e  conducting body's s i z e ,  

conduct iv i ty ,  and d i s tance  from the  r ece ive r ,  a s  w e l l  a s  

l o c a l  topography and l o c a l  conduct iv i ty  con t r a s t s .  

A s  t h e  rece iver  crosses  a conducting body, t h e  d i p  

angle decreases i n  magnitude. I f  l o c a l  condi t ions  ,are 

favourable (i.e. low background conduc t iv i ty ) ,  t h e  d i p  angle 
s 

t r a c e  should c ross  t h e  zero l i n e .  However, i f  background 

conduct iv i ty  is high, t h e  d i p  angle t r a c e  may no t  c ro s s  the 

zero l eve l .  The f i e l d  amplitude t r a c e  should show a 
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p o s i t i v e  i n c r e a s e  i n  t h e  presence of conductors.  Using 

t h e s e  cons ide ra t ions ,  t h e  EM p r o f i l e s  w e r e  analyzed f o r  

d i p  angle  c rossovers .  The more i n t e r e s t i n g  EM p r o f i l e  

c rossovers  were l o c a t e d  on t h e  f l i g h t  l i n e s .  

LOCATION 

The survey a r e a  covered by t h i s  r e p o r t  is cen te red  .. 
a t  l a t i t u d e  620208N and long i tude  137O15'W (NTS 115-J-6) 

i n  t h e  Carmacks - Big Creek Area, Dawson Range, Yukon 

T e r r i t o r y .  

GENERAL SETTING 

The a r e a  surveyed i s  l o c a t e d  i n  t h e  Dawson Range. 

The topography i s  unglac ia ted  and c o n s i t s  of  deep, narrow 

v a l l e y s  sepa ra ted  by long, smooth-topped r idges .  These 

r i d g e s  converge and culminate i n  monadnocks t h a t  c o n s i s t  . I 

of dome-like eminences o r  groups o f  r e l a t i v e l y  smooth-sloped 

mountains inc luding  t h e  Dawson Range. 

The genera l i zed  geology of t h e  Dawson Range 

c o n s i s t s  of Pre-Cambrian metamorphic rocks of sedimentary 

and igneous ' rocks  ( l a r g e l y  g r a n i t e  and g r a n o d i o r i t e ) ,  

probably of Cretaceous o r  J u r a s s i c  Age, apparent ly  

contemporanious wi th  t h e  Coast Range I n t r u s i v e s .  
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(H.S. Bostock. Physiography of  t h e  Canadian C o r d i l l e r a  wi th  

s p e c i a l  r e fe rence  t o  t h e  a r e a  n o r t h - o f  t h e  f i f t y - f i f t h  

p a r a l l e l .  G.S.C. Memoirs 247.)  

AIRBORNE FIELD PROCEDURE 

The t o t a l  i n t e n s i t y  of  t h e  geomagnetic f i e l d  on 

4 2 ' f l i g h t  l i n e s  and t h e  d i p  angle  and f i e l d  s t r e n g t h  of  a 

VLF r a d i o  s i g n a l ,  and gamma r a d i a t i o n  from bismuth 214, 

tha l l ium 208, potassium 40, and a l l  r a d i o a c t i v e  sources  

was measured and recorded along 104 f l i g h t  l i n e s ,  a t  an 

average t e r r a i n  c learance  of  500 f e e t .  The survey w a s  

flown i n  a f i x e d  wing a i r c r a f t ,  towing an a i r f o i l  magnetometer 

sensor .  

The proton magnetometer, gamma r a y  spectrometer ,  

and electromagnetometer ( E M )  u n i t  were mounted i n  t h e  

a i r c r a f t ,  along wi th  magnetic t a p e  and c h a r t  r ecorde r s ,  

a l t i m e t e r ,  t r ack ing  camera, and Doppler naviga t ion  system. 

The magnetometer and spectrometer  readings  w e r e  recorded 

a t  one second i n t e r v a l s  on t h e  magnetic t ape ,  a long wi th  

t h e  t ime, f i d u c i a l  number and l i n e  number. Simultaneously,  

t r ack ing  camera photographs were taken ,  and each photograph 

was bordered by t h e  f i d u c i a l  number. The EM va lues  were 

recorded cont inuously by t h e  c h a r t  r ecorde r s .  
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MAP COMPILATION 

The t racking camera f i lm  was developed and 

i d e n t i f i a b l e  po in t s  on each f l i g h t  l i n e  p l o t t e d  on a 

mosaic of t h e  survey area.  A coordinate g r i d  was 

superimposed on t h e  f l i g h t  l i n e s ,  and t h e  coordinates  

of each ' f l i g h t  l i n e  o r  f l i g h t  l i n e  s.ection was d i g i t i z e d .  

The magnetometer and specerometer va lues  were 

evenly d i s t r i b u t e d  along t h e  s t r a i g h t  l i n e  segments. The 

magnetometer values were machine p l o t t e d  and hand 

contoured. The smoothed potassium 4 0  va lues  above 10 

counts pe r  second threshold  were machine p l o t t e d  and hand 

contoured. The major EM d i p  angle crossovers  w e r e  picked 

and t h e i r  l oca t i on  marked on t h e  f l i g h t  l i n e s .  The 

r e s u l t a n t  3 maps and analog EM records  accompany t h i s  r epor t .  

Fur ther  da t a  processing ava i l ab l e  f o r  t h e  

magnetic and spectrometer da t a  c o n s i s t s  of :  

1) removal of r eg iona l  and/or r e s idua l ;  

2 )  second de r iva t i ve  f i l t e r i n g .  

Computer d a t a  processing of t h e  E.M. d a t a  would 

requ i re  d i g i t i z i n g  t h e  E.M. analog records.  With d a t a  i n  

d i g i t a l  form, the -  method of f i l t e r i n g  repor ted  by F ra se r  

(Geophysics, D e c .  1969) can be appl ied ,  and t h e  transformed 

d a t a  made i n t o ' a  contour map. 
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DISCUSSION OF AIRBORNE DATA 

This s e c t i o n  i s  intended a s  an aid t o  
' 

i n t e r p r e t a t i o n  of t h e  a i rborne  geophysical  survey da ta .  

I n  genera l ,  geophysical  f e a t u r e s  which can 

o r i g i n a t e  from, o r  a r e  a s s o c i a t e d  wi th  m i n e r a l i z a t i o n  

a r e  used t o  l o c a l i z e  favourable  sites f o r  more i n t e n s i f i e d  

explora t ion .  The presence of c e r t a i n  minera ls  (e. g. magnet i te ,  

potassium f e l d s p a r )  and geologic  f e a t u r e s  (e.g. f a u l t i n g )  

are d e t e c t a b l e  from geophysical  observa t ions .  F a u l t i n g  i s  

sometimes expressed i n  a magnetic map as a s t e e p  g r a d i e n t  

o r  magnetic low, and w i l l  u sua l ly  g ive  a s t r o n g  VLF EM 

crossover .  Thus, - c o r r e l a t i o n  between t h e  EM crossovers  

and favourable  magnetic f e a t u r e s  can be used i n  t h e  sea rch  

f o r  f a u l t  zones. I n t e r r u p t i o n s  of t r e n d s  may a l s o  be  

i n d i c a t i v e  o f  f a u l t i n g .  EM crossovers ,  when accompanied 

by inc reased  f i e l d  s t r e n g t h ,  a r e  good i n d i c a t o r s  of 

conductors (such a s  minera l ized  zones).  Magnetic h ighs  

can be caused by increased  concen t ra t ions  of  magnetic 

minerals .  Potassium 40 h igh  can be caused by rocks  having 

h igher  concent ra t ions  of potassium f e l d s p a r  and a l t e r e d  

potassium f e l d s p a r .  

However, t h e r e  a r e  e f f e c t s  which t end  t o  mask 

the .geophys ica1  response bf t h e  source  rock. The Kqo.signa1 

is very  s e n s i t i v e  t o  t e r r a i n  c l ea rance  d i f f e r e n c e s .  Both 

EM and X40 s i g n a l s  are a t t enua ted  by t h e  presence of 



overburden. I n  genera l ,  t h e  geophysical  d a t a  from a 

of t h i s  type  can only be evalua ted  a f t e r  a d e t a i l e d  

survey 

examination and comparison of t h e  geophysical  d a t a ,  t e r r a i n  

c learance  c h a r t s ,  a i r  photographs and government photograph 

mosaic. For i n s t a n c e ,  t h e  59,300 gamma anomaly on t h e  

magnetic map may be due t o  an occurance of  concent ra ted  

magnetic.minera1s.  However, r e l a t i v e  t o  t h e  o t h e r  magnetic 

peaks,  it may be p a r t i a l l y  inf luenced by t e r r a i n  clbarance.  

~ h k ,  t h e  58,700 gamma anomaly. ad jacen t  t o  it may prove t o  

have an equal  concent ra t ion  of  magnetic minera ls .  The 

potassium 40  and magnetic lows which g e n e r a l l y  fo l low t h e  

dra inage  p a t t e r n  may be an express ion  of f a u l t e d  m a t e r i a l ,  

low i n  potassium f e l d s p a r ,  b u t  may also be inf luenced by 

t h e  presence of alluvinum and h igher  t e r r a i n  c learance .  

A check of t h e  s t r i p  photographs and t e r r a i n  c l ea rance  

c h a r t s  f o r  t h e s e  s e c t i o n s  of t h e  f l i g h t  l i n e s  would be  

he lp fu l .  EM crossovers  a s soc ia ted  wi th  t h e  stream v a l l e y s ,  

a r e  probably inf luenced by both t e r r a i n  c l ea rance  d i f f e r e n c e s ,  

s o i l  and p o s s i b l e  l i t h o l o g y  changes. General ly  E-W d i r e c t e d  

crossover  p a t t e r n s  i n  t h e  c e n t r a l  p o r t i o n  of t h e  map may 

mark l i t h o l o g y  changes and f a u l t i n g  . 
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APPENDIX 

INSTRUMENT SPECIFICATIONS 

A i r c r a f t  

Excalibur 800 
(Beechcraft  Twin Bonanza modified by 
Swearingen A i r c r a f t ,  San Antonio, 
Texas) 

Type and Model: 

Two 400 H.P. Lycoming 10-720-AIA 
engines.  

Power : 

Gross Weight: 

Empty Weight: 5300 pounds 

Useful Load: 2600 pounds i 

Fuel Capacity: 230 gal lons  (U.S.) 

Performance a t  
7900 lbs .  Gross: Climb - 1535 f e e t  pe r  minute ( a t  sea l e v e l )  

Cruise - 230 miles  pe r  hour. 
Range - 1200 miles. 
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APPENDIX . 

SPECIFICATION OF THE EXPLORANIUM DIGRS - 2000 SPECTROMETER 

C r y s t a l s  Three .6"  x 4" N a I  (TI )  each  coupled 

t o  t h r e e  p h o t o m u l t i p l i e r  t ubes .  

Spectrum S t a b i l i z a t i o n  P u l s e  h e i g h t  a t  o u t p u t  of d e t e c t o r  

mainta ined c o n s t a n t  by spectrum 

s t a b i l i z a t i o n  u s i n g  Cesium 137 as 

r e f e r e n c e .  Cesium 137 h a s  an  u l t r a -  

s t a b l e  s i n g l e  gamma emiss ion  at.662 MeV, 

and h a l f  l i f e  of 32 yea r s .  

Channels 

Potassium 40 

Bismuth 214 

Thal l ium 208 

T o t a l  count  

Four.  Each independent ly  a d j u s t a b l e  

f o r  E (peak energy level of channel-  

count )  and  AE ( range  of  energy 
I- 

counted)  

'Approximate  v a l u e s  used: 

E - AE - 
1.47 Mev 150 Kev 

1.76 Mev 180 Kev 

2.62 MeV 

2.05 Mev 

270 Kev 

1.2 Kev 

D i f f e r e n t i a l  L i n e a r i t y  1% 

Reso lu t ion  B e t t e r  t han  8.3% a t  .662 MeV & 1000 V 

level 

Mechanical Conf igu ra t ion  - Designed t o  conform t o . T I D  
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Recommended U . S . A .  e l e c t r i c a l  and mechanical standard f o r  

nuclear instruments and power supplies .  

Temperature S t a b i l i t y  - Approximately .l% per OC 

A l l  pulse and analog processing c i r c u i t i n g  i s  temperature 

compensated. Integrated c i r c u i t s  used throughout. 



APPENDIX 

SPECIFICATIONS OF THE V-4937A 
MAGNETOMETER SYSTEM 

Perf orman'ce 

Range: 20,000 to 100,000 gamma (worldwide) 
Sensitivity: * 1/2 and * 1 gamma in any field. 

Sampling 
Rate: manual and "clock" operation permits any 

timing sequence. 

Power Reauirements 

22-30 V, 6 amps for magnetometer, 60 watts for 
analog recorder and 100 watt maximum for digi- 
tal recorder. 

Physical Specifications 

Console : 
Analog 

Recorder: 
Scanner- 
coupler: 

Recorder : 

Digital 
Recording: 

Print 
Comrnand;t 

Auxiliary 
Channels : 
Analog 

Recording: 

size - 19 x 17 x 24 inches; Weight 68 lbs. 
dual channel - 15 x 10 x 10 inches, 30 lbs. 

. . 
fucical counter, ident. control, 24 hr. clock, ;' 

40 lbs. 
size - 14 x 11 x 28 inches;:Weight 41 lbs. 

BCD 1-2-4-8 (four line output) 
"0" state - 18 to -30v through lOQK ohms 
1 state -1 to +3v through lOOk ohms 

Positive going 12 to 25v pulse; 15M second. 

A & B for radio altimeter and navigation equipment. 

Galvanometric -1 rnA full scale into 1500 ohms 
Potentiometric: lOOmV full scale. Minimum load 
resistance 20K 
Full scale resolution of the least most signi- 
ficant digits of the total'geomagnetic field 
0-99, 0-999 at 1 gamma sensitivity; 0-49, 0-499 
at 1/2 gamma sensitivity. 
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- APPENDIX 

SPECIFICATIONS OF -THE McPHAR KEM (Kilocycle  Electromagnet ic)  SYSTEM 

Operation 

The KEM opera tes  a s  a r e c e i v e r  o f f  of a h o r i z o n t a l  

primary e lec t romagnet ic  f i e l d  t r a n s m i t t e d  by a worldwide 

network of  VLF r a d i o  s t a t i o n s  opera t ing  i n  t h e  15  t o  30 

Ki loher tz  frequency range. The KEM system cont inuously 
i 

measures t h e  angle  of t h e  r e s u l t a n t  f i e l d  caused by a .  

conductor, and v a r i a t i o n s  i n  r c l a t i v e  amplitude. 

(a) System no i se  approximately 0.5 microvol t s  r m s .  

(b)  F i e l d  s t r e n g t h  measurement range 27.5 db 

(c) T i l t  angle  measurement range 230 degrees 

(d)  Display; F i e l d  S t reng th  and F i e l d  angle  meters and 

analogue t r a c e s  on H e w l e t t  ~ a c k a r d ' a n a l o g u e  recorder .  

(e) Power Requirements 28 v o l t s  dc  0.2 amps 

( f )  Receiver Console: Dimensions 14-1/2" X 9-1/6" X 7" 

Weight 12 l b s .  

(g) Sensor Unit  Dimensions 10 1/218 X 5 1/2" X 5" 

Weight 1.25 l b s .  

Performance 

The VLF e lec t romagnet ic  systems a r e  high frequency systems 

with r e s p e c t  t o  f requencies  used by most e lec t romagnet ic  

methods. (15-30 Ki loher tz  verses 1 K i l o h e r t z ) .  Thus any 

a i rborne  VLF system' i n  a d d i t i o n  t o  d e t e c t i n g  massive su lph ides  

w i l l  be  s e n s i t i v e  t o  changes i n  s u r f a c e  c o n d u c t i v i t i e s ,  

topography, a i r c r a f t  movement and heading. 
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Camera 

Type : 

Model : 

pulse Rate: 

- .-Film Format: . . 

Magazine : 

Lenses : 

Data Box: 

Dimensions 
(less magazine) : 

Weight . 
(less lens and 

magazine) : 

' APPE'ND'IX 

Neyhard Automax 35 m.m. pulse camera 

G-2 with auxiliary data box 

Up to 10 frames per second 

0.738" x 0.738" square picture with 
0.200" x 0.738" data area. 

Mitchell 400 foot 35 m.m. 

(a) 17 m.m. F/14 Super-Takumar Fish-eye 
(b) 35 m.m. F/2.0 Super Takumar 

(a) 24 hour Accutron Clock 
(b) Frame counter 
(c) Available for optional feature 

8 3/8" high, 4 1/2" deep, 6 1/4It wide. 

12 lbs. 
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