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INTRODUCTION 
cj 

The A1 1 - A1 12 claims were staked in late 1984 by 
the Mining Division of Amoco Canada Petroleum Company. 

The 12 claims are comprised of a total of 185 units. 

The property is located approximately 10 kilometers 

north of the town of Cranbrook in the Fort Steele Mining 

Division. It is situated immediately to the west and 

south of the Kootenay Indian Reserve #l. 

Geologically, the property is interpreted to be under- 

lain by easterly dipping, Lower Purcell series sediments, 

which, in the Wycliffe area, are overlain by Lower Cambrian 

Eager Formation in a downfaulted Block. Small, Cretaceous 

granodiorite stocks have intruded the above sequences. 

As most of the property is overlain by sand, gravel 

and glacial tills, much of this geological setting is 

interpretive. 

Geophysically, a large, medium intensity magnetic 

anomaly underlies much of the property. It is this magnetic 

anomaly which created interest in the A1 property. 

Amoco completed line cutting, detailed magnetic surveys 

and an extensive gravity survey on the claims in late 1984. 
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LOCATION AND ACCESS 
c) 

The project area is located halfway between the towns 

of Cranbrook and Kimberley in the East Kootenay district of 

southeastern British Columbia. The district is serviced by 
- 

transcontinental highways and railway as well as an airport 

with several daily services. 

mountainous, the project area is in a wide, flat valley. 

Although the district is 



-3 

HISTORY Q 
The A1 Claims are located less than 20 kilometres 

southeast of the giant Sullivan lead-zinc-silver deposit 

at Kimberley, B.C. This deposit is hosted by the Aldridge _. 

Formation, which also underlies much of the project area. 

Even though the project area is located near the 

Sullivan mine, it has received little direct attention 

from exploratio'n companies due mainly to extensive over- 

burden coverage over the flat terrain. 

The nearest drilling was carried out some 6 - 8 

kilometres northeast of the target area by Chevron. Over 

a period of 3 years, from 1 9 7 5  - 1 9 7 7 ,  they drilled a 5 8 0  

metre deep stratigraphic hole. About three quarters of 

the hole cut Aldridge Formation sediments, the remainder 

being a 150 metre thick diorite sill ( ? )  situated between 

200 and 350 metres. Minor base metal and iron sulphides 

were noted throughout the entire hole; a 25-metre wide 

interval of the diorite ran 0.03 percent copper. 

In 1968,  Imperial Oil from Calgary carried out a magneto- 

meter and gravity survey to the north and west and partly 

overlapping Amoco's target area. The gravity gradient 

increases westward, however a 1 miligal high is indicated 

in the southeast corner of the survey, over part of Amoco's 

target area. The magnetic contour map shows a portion of cj 
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the magnetic high being investigated by Amoco, however 

reported extreme diurnal variation during the survey 

prevented compilation of interpretable results. 
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Units 
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Tag 
No. 

Claim 
Name 

A 1  1 

A1 2 

A1 3 

A1 4 

Al 5 

Al 6 

A1 11 

TABLE I - 

AL NORTH CLAIM GROUP 

20 

20 

20 

5 

5 

5 

15 

83187 

83188 

83189 

77730 

83173 

83174 

90705 

Date 
Staked 

Oct. 4/84 

Oct. 5/84 

Oct. 6/84 

Oct. 4/84 

Oct. 5/84 

Oct. 6/84 

Nov. 13/84 

Anniversary 
Date 

Oct. 30/84 

Oct. 30/84 

Oct. 30/84 

Oct. 30/84 

Oct. 30/84 

Oct. 30/84 

Dec. 10/84 

Record 
No. 

2315 

2316 

2317 

2358 

2319 

2320 

2332 

Total Units = 90 
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C l a i m  
N a m e  

A 1  7 

A 1  8 

A1 9 

A1 1 0  

A1 1 2  

Units 

20  

15  

20  

20  

20  

TABLE I1 

AL SOUTH CLAIM GROUP 

T a g  
N o .  

90707 

90708 

9 0 7 0 9  

9 0 7 1 0  

90706 

D a t e  
S t aked  

N o v .  1 1 / 8 4  

N o v .  1 1 / 8 4  

N o v .  1 1 / 8 4  

N o v .  1 1 / 8 4  

N o v .  1 4 / 8 4  

Anniversary 
D a t e  

D e c .  1 2 / 8 4  

D e c .  1 2 / 8 4  

D e c .  1 2 / 8 4  

D e c .  1 2 / 8 4  

D e c .  1 2 / 8 4  

R e c o r d  
N o .  

2 3 2 8  

2 3 2 9  

2 3 3 0  

2 3 3 1  

2333 
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Cj  GEOLOGY 

Reqional Geology 

The A1 claim group is located at the south-eastern 

boundary of the Omineca crystalline belt of the Canadian 

Cordillera. It is located in the valley of the Kootenay 

River, which, in this area represents the centre of the 

continental Rocky Mountain trench. To the east is the 

Rocky Mountain belt which, though deformed and faulted, 

is not strongly metamorphosed. 

Rock units to the west of the trench are mostly of 

mid-Proterozoic age which are moderately to strongly 

metamorphosed. They have been unconformably covered 

only by minor Paleozoic sequences and cut by occasional 

Tertiary intrusives, while, to the east of the trench, 

a complete Paleozoic suite can be measured. 

The mid-Proterozoic suite, called the Purcell Group, 

has been divided into six sedimentary formations, each 

of which is comprised of a number of identifiable 

sedimentary units. In Kimberley district, the Purcell 

Group is close to 10 kilometres thick, indicating a 

deep trench setting. 

Main rock units of all formations are fine-grained 

argillites and quartzites, with interbedded dolomites 

cj 
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and calcareous units. Higher up in the sequence, sand- 

stones become more common. Occasional volcanic flows 

and tuffaceous units are interbedded with the sediments. 

The latest Purcell unit is the Moyie igneous series, 

which consists of intrusive diorite and quartz diorite, 

mostly emplaced as wide dykes and thick sills. Associated 

extrusives consist of andesitic lava. 

The youngest rocks in the district are a series of 

small stocks of granodiorite and quartz monzonite of 

Cretaceous-Tertiary age. These intrude rocks of all ages 

and can be seen to outcrop in the project area. 

Geology of the Project Area 

As the project area is located in the middle of 

the wide, flat Kootenay River Valley, outcrop is very 

sparse. 

plain for up to 30 metres or more. 

Gravels and claypans underlie the s o i l  covered 

Geologic projections can be made,however. The 

favourable Aldridge formation, which hosts the Sullivan 

orebody, outcrops on the western fringes of the property. 

As this unit dips 25 - 30 degrees to the east, it should 

be the main rock unit under the unconsolidated 

material. Some minor Cambrian Sediments of the Eager 

Formation may overlie the Aldridge formation. 
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0 The o n l y  o u t c r o p  known from t h e  c e n t r e  o f  t h e  magne t i c  

anomaly i s  o f  t h e  young g r a n o d i o r i t e  i n t r u s i v e .  I t  i s  a 

c o a r s e - g r a i n e d  e q u i g r a n u l a r  i n t r u s i v e  c o n t a i n i n g  5 - 1 0  

p e r c e n t  amphibole  l a t h s .  T h i s  i n t r u s i v e  i s  known t o  o c c u r  

as  s m a l l  s t o c k s  2 0 0  t o  1 , 0 0 0  metres i n  d i a m e t e r .  

GEOPHYSICAL WORK 

I n  l a t e  1 9 8 4 ,  Amoco c o n t r a c t e d  Wild Rose E x p l o r a t i o n  

S e r v i c e s ,  o f  C a l g a r y ,  A lbe r t a ,  t o  c a r r y  o u t  ground magne t i c  

and g r a v i t y  s u r v e y s  o v e r  t h e  A1 Group of c l a ims .  

t o  a l l o w  p r o p e r  r e d u c t i o n  of t h e  g r a v i t y  d a t a ,  d e t a i l e d  

l e v e l  s u r v e y s  on  e a c h  o f  t h e  l i n e s  w e r e  a l s o  comple ted .  

T h i s  work w a s  c a r r i e d  o u t  by a s u b - c o n t r a c t o r  t o  N i l d  Rose 

I n  o r d e r  

E x p l o r a t i o n  S e r v i c e s .  

L i n e - c u t t i n g  and marking w a s  comple ted  by AMEX 

E x p l o r a t i o n  Services o f  Kamloops, B . C .  

L i n e s  w e r e  c u t  a t  s p a c i n g s  r a n g i n g  from 250  metres, 

5 0 0  metres and 1 , 0 0 0  metres, depending  on  t h e  d e t a i l  

r e q u i r e d .  S t a t i o n s  w e r e  marked a t  50  meter i n t e r v a l s .  

0 

Deta i l s  of Magnetic and G r a v i t y  Surveys  

For  t h e  ground magnet ic  s u r v e y  a G%M Systems I n c .  

Model GSM-8 magnetometer w a s  used  f o r  f i e l d  r e a d i n g s  

which w e r e  t a k e n  e v e r y  5 0  metres a l o n g  l i n e s  s u r v e y e d .  

For  t h e  Base S t a t i o n ,  a Canadian Mining Geophys ics  

Model MR 1 0  Base S t a t i o n  Recorder  w i t h  GEM Systems I n c .  

GS-8 magnetometer w a s  used  t o  r e c o r d  d i u r n a l  v a r i a t i o n .  
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c, Recording of all magnetic units is in gammas. The taped 

results from the Base Station Recorder was used to add 

or subtract diurnal variation from the field readings. 

These final data were plotted on 1:lOOOO scale maps 

(figures 3 and 4) and contoured at 100 gamma intervals. 

For the Gravity Survey, a Lacoste Romberg Model G 

Gravimeter was utilized. Readings were taken every 100 

metres along lines surveyed. For diurnal variation, a 

base station was re-occupied every 3 hours and the vari- 

ation noted and used to correct the daily diurnal. Units 

used for all recorded and presented values are miligals. 

The surface density used to produce a aouger Map was 
3 28 grams per cm . The datum for the density correction 

is sea level. 

Bouger values are plotted on Figures 5 and 6, result- 

ing data was contoured on 0.5 miligal intervals. 

InterDretat ion 

A. Magnetic Anomalies 

Due to the complex nature of the ground magnetic survey 

results, interpretation was requested from two consultants. 

The interpretation by Alan Spector and Associates Ltd. 

of Toronto, Ontario is attached as two parts in 

Appendix I. Spector's interpretation is broken into 

a Preliminary and Final Report as the survey was completed 
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i j  in two stages. His final report encompasses the results 

of both stages of the survey. 

Sudhir Jain, of Commonwealth Geophysical Development 
- 

Co. Ltd., of Calgary, Alberta, reviewed the magnetic 

data and compiled depth interpretation from four magnetic 

profiles. This interpretation, with map, is attached as 

Appendix 11. 

Both geophysical consultants have determined bimodal 

sources of the main magnetic features. One of these is 

shallow, at 100 to 150 meters depth, while a second, 

larger source is over 400 meters deep. 

The interpretation by Spector is of more value as it 

is comprehensive and includes results of the entire 

survey while Jain examined only four lines. Additionally, 

Spector includes interpretation of gravity features in 

assessing prospective target zones. 

B. Gravity Anomalies 

Interpretation of the gravity survey, also carried 

out in two stages, is provided in Preliminary and Final 

Reports by Alan Spector and Associates of Toronto in 

Appendix I. 
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dj Spector and Associates indicate that several gravity 

anomalies and combined gravity-magnetic anomalies should 

be examined further by trenching and/or diamond drilling. 

- These targets are valid exploration bets, however, 

some further detailed gravity and magnetic surveys should 

be completed in strategic areas. Also, evaluation of 

the geological sequences underlying the area of interest 

should be carried out. 

Recommendations 

1. 

2 .  

3 .  

Detailed geological field mapping should be carried 

out over the claims to assist in interpretation of 

the magnetic and gravity results. 

Once density and magnetic susceptibility measurements 

are taken on a number of rock specimen from the area, 

a modelled interpretation of the geological units 

underlying the property should be made. Depth of 

overburden should also be considered in this 

interpretation. 

Anomalous features which cannot be modelled by the 

above work should be isolated and detailed geophysical 

surveys should be completed on them to outline all 

pertinent features. 
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cs 
4 .  A diamond drilling program' should be undertaken to 

test a l l  these anomalies. 
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EVALUATION OF WORK 

Work Conducted 

1) L i n e - c u t t i n g  

2 ) Topographic  Survey 

3 )  Magnet ic  Survey 

4 )  G r a v i t y  Survey  

5 )  Magnet ic -Gravi ty  I n t e r p r e t a t i o n  - A l l a n  S p e c t o r  

6 )  Magnet ic  I n t e r p r e t a t i o n  - Commonwealth Geophys ica l  

7 )  S t a f f  - B.H. K a h l e r t  - F i e l d  Work 

- B.H.  K a h l e r t  - P r e p a r e  Assessment  Repor t  

8 )  C o n t r a c t  Draf tsman - D e s  O'Shannessy 

(1) L i n e  C u t t i n g  and G r i d  P r e p a r a t i o n  

AMEX E x p l o r a t i o n  S e r v i c e s  

October  1984 

20  km. @ 118.06/km. 

December 1984 

1 7  km. @ 142.48/km. 

T o t a l  

$ 2,361.20 

2 , 4 2 2 . 1 6  

$ 4,783.36 

( 2 , 3 , 4 )  Topographic ,  Magnetic and G r a v i t y  Survey  

A l l  work comple ted  unde r  C o n t r a c t  by Wild Rose 

E x p l o r a t i o n  S e r v i c e s  o f  C a l g a r y ,  A l b e r t a .  Work w a s  

c a r r i e d  o u t  i n  two s t a g e s :  O c t .  1 7  - Nov. 1/84 and  

Nov. 1 2  - N ~ v .  24 /84 .  
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c' All of this contractor's work is directly related to 

the survey on the A1 Claims. Therefore, invoices showing 

their breakdown of costs are attached as Tables 3 and 4 

(over). - 

Invoice #43,  Nov. 1 2 / 8 4  

Invoice #53 ,  Dec. 1 0 / 8 4  

Total Survey Costs = 

$14,788.75 

1 5  , 1 9 8  . O O  

29 , 986.75 

( 5 )  Magnetic-Gravity Interpretation - Allan Spector, Ph.D., 
P. Eng., (Ont.) . 

Nov. 1 4 / 8 4  730  Magnetic Data Prints 
@ $0.50 $ 365 .00  

730  Gravity Data @ $1.00 730  . O O  

$ 1,095.00 

Jan. 2 3 / 8 5  650  Magnetic Data @$0.50  325.00  

650  Gravity Data @ $1.00 650.00  

$ 975.00  

Total A. Spector & Assoc. = 

( 6 )  Magnetic Interpretation 

Commonwealth Geophysical Development Co. 

Nov. 2 6 / 8 4  

4 Profiles, Magdep Interpretation 

2,070.00 

1,000.00 



TABLE 111 -. 
ild R o s e  Exploration Serskes 

d division of (WILD R O S E  MANAGEMENT LTD.) 

5 6 5 .  800 - 6 t h  A v e n u e  
C a l g a r y ,  A l b e r t a  C A N A D A  T 2 P  3 G 3  . 

S.W. 

PHONE: ( 4 0 3 )  2 6 3 - 7 2 6 8  

INVOICE: J O I N T  VENTURE 043 
INVOICE DATE: November 12, 1984 

I N  ACCOUNT WITH: Amoco Canada Pe t ro l eum Company L td .  
Mining D i v i s i o n  
e--# -.- ?np ~9 r...n.,r % --.- ssr9y: v b i a . s t  

Mississauia,  O n t a r i o  i5B 2V2 
*dA..-b - - 

T r a v e l  October 1 7 t h  

Work f o r  11 days October  18 - 28 
2 men @ $900.00/day 

Third man October  21  .- 31 
11 days @ $200.00/day 

Travel November 1 

O r i g i n a t e  Mylar Base Map and check 
su rvey  by computer 

D r a f t i n g  of maps 

10% of t h i r d  p a r t y  

-18 
> ,  

! 

At ten t - ion :  M r .  B.H. K a h l e r t  

= $ 750.00 

= 9,900.00 

- - 2,200.00 

- - 750.00 

- - 599.25 

I 482.50 

= .  107 .OO 

i 

40 k i l o m e t e r s  (719 s t a t i o n s )  



PHONE: (403) 263-7268 

- 
- 

INVOICE: #53 
INVOICE DATE: December 10, 1984 

I 

I N  ACCOUNT WITH: Amoco Canada Petroleum Company Ltd. 
M i n i n g  Division 
Sui te  300, 89 Queensway West 
Mississauga, Ontar io  
L5B 2V2 

Attention: Mr. B.H. Kahlert 

Re: Cranbrook, B.C. 

Travel November 12 @ $750. 
Work w i t h  3 men 
10 days @ $l,lOO/day 

Work w i t h  2 men 
1 day @ 900/day 

= $ 750.00 

= 11,000.00 

900.00 - - 

700.00 - - Travel November 24 

Drafting of map addi t ions and 
reproduction - - 845.00 

603.00 - - Computing of survey and computer p l o t  

Additional i n t eg ra t ion  charge f o r  
two programs - - 400.00 

$15,198.00 

! 

i !  
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(7) Drafting Services 

Thomas Exploration Surveys 

Dec. 10/84 

80.15 km. @ $3.25/km. $ 260.49 

Jan. 3/85 Wild Rose Expl.Srvcs.. 350.00 

May 1985 Prepare Maps,Prints, 

Reduce ... Des O'Shannessy 2,000 .oo 

Total Drafting 2 , 610.49 

(8) Salary: B.H. Kahlert 

1 Monkh @ $5,00O/Mo. 

Total Costs of Project Work 

5 , 0 0 0  .OO 

$45,450.60 

Available from PAC Account Amoco Canada 

30% x 45,450 13,635.18 

Grand Total of Assessment Fees Attributable 

to A1 Claims $59,085.78 
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I 

APPORTIONMENT OF EXPENSES 

From the evaluation of work plus 30 percent available 

from the PAC of Amoco Canada, a total of $59,005.78 may be - 

claimed for assessment credit towards the "Al" claims in 

the Cranbrook area of the Ft. Steele Mining district. 

For the purpose of filing assessment work, the A1 

claims have been divided into two groups, i.e., the A1 

North Group and the A1 South Group. The A1 North Group 

comprises the A1 1-6 claims and the A1 11 claim and totals 

90 units. 

The *A1 South Group comprises the A1 7 - A1 10 claims 

and the A1 12 claim totalling 95 units. 

As all the work covered by this assessment report 

covers geophysical field work and associated costs such as 

line cutting, topographic surveys,interpretation and draft- 

ing of data, costs can be apportioned on a cost per kilo- 

meter of line surveyed. 

In the survey, a total of 76.5 kilometres of line were 

surveyed. O f  this, 38 kilometres were surveyed in the A1 

North Group and 3 8 . 5  kilometres were surveyed in the A1 

South Group (See Table V) . 



38 
For Assessment  work p u r p o s e s ,  t h e r e  i s  76.5 x 59,085 = ii 

$28 ,951  a v a i l a b l e  f o r  r e c o r d i n g  on  t h e  A 1  N o r t h  Group; t h e r e  

i s  76.5 x 59,085 = $30,000 a v a i l a b l e  for r e c o r d i n g  on  t h e  
38 

A1 Sou th  claims. - 

The A1 Nor th  Group c o n t a i n s  9 0  u n i t s ,  t h e r e f o r e  $ 3 2 1 . 1 1  

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

-22 

The A 1  Sou th  Group c o n t a i n s  95 u n i t s ,  t h e r e f o r e  $315.78 

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

Amoco h e r e b y  r e q u e s t s  t h a t  3 y e a r s  a s s e s s m e n t  be r e c o r d e d  

on e a c h  o f  t h e  A1 North  Group and  A 1  Sou th  Group of claims. 

The t w o  c l a i m  g roups  t o t a l  185 u n i t s ;  a t  $300 p e r  u n i t ,  

a s s e s s m e n t  work t o  be recorded t o t a l s  $55 ,500.  

I 

I 

T a b l e s  V I  and  V I 1  i n d i c a t e  e a c h  of t h e  c l a i m s  t h a t  have  

been  a s s i g n e d  t o  t h e  t w o  g r o u p s .  



TABLE V -23 

0 DETAILS OF GEOPHYSICAL SURVEY LINES 

A1 North Group 

Line No. Length 

25s 
8+50S 
15+00S 
1o+oos 
5 +oos 
2 +50S 

0 +oo 
2 +50N 
5N 
10N 
2 ON 
1+50E -South 
1+50E -North 
10+50E -N. of Gp. 

2,000 
1,050 
850 

2,400 
3,200 
2 , 200 
3,200 
2,200 
2,200 
4,200 
2,200 
2,500 
8,700 
1,500 
38,400 = 38 km. 

A1 South Group 

10 +50E 
6 +OOW 
39 +oos 
L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 

dj 

1,600 
3,450 
600 

6,300 
6,700 
2,500 
3,700 
1,300 
4,600 
1,500 
3,600 
2,700 

38,550 = 38.5 km. 



-24 

Name of 
C l a i m  

A 1  1 

A 1  2 

A 1  3 

A 1  4 

A1 5 

A l  6 

A 1  11 

TABLE V I  

AL NORTH CLAIM GROUP 

N o .  of 
U n i t s  

20  

20 

20 

5 

5 

5 

1 5  

R e c o r d  
N o .  

2315 

2316 

2317 

2358 

2319 

2320 

2332 

~~ 

D a t e  
Staked 

O c t .  4 / 8 4  

O c t .  5 / 8 4  

O c t .  6 / 8 4  

O c t .  4 / 8 4  

O c t .  5 / 8 4  

O c t .  6 / 8 4  

N o v .  1 3 / 8 4  

A n n i v e r s a r y  
D a t e  

~~ ~ 

O c t .  3 0 / 8 4  

O c t .  3 0 / 8 4  

O c t .  3 0 / 8 4  

O c t .  3 0 / 8 4  

O c t .  3 0 / 8 4  

O c t .  3 0 / 8 4  

D e c .  1 0 / 8 4  
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No. of Record 
Units I NO. 

c 

- 
Date 1 Anniversary 

Staked Date 

- ~~~ 

Name of 
Claim 

~~ 

2328 

2329 

2330 

2331 

A1 7 

A1 8 

A1 9 

A1 10 

A1 12 

Nov. 11/84 

Nov. 11/84 

Nov. 11/84 

Nov. 11/84 

TABLE VI1 

Dec. 12/84 

Dec. 12/84 

Dec. 12/84 

Dec. 12/84 

AL SOUTH CLAIM GROUP 

20 1 2333 1 Nov. 14/84 Dec. 12/84 

20 

15 

20 

20 

i 
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Mr.  B. H. K a h l e r t  
AMOCO Canada Petroleum Company Ltd.  
Su i te  300, 89 Queensway West 
Mississauga, Ont. 
L5B 2V2 

Dear Bernie, 

Re: Cranbrook Area 

T h i s  l e t t e r  s e r v e s  t o  p r o v i d e  you w i t h  the  r e s u l t s  o f  o u r  e v a l u a t i o n  o f  
g r a v i t y  and magnetic survey data received so f a r .  

On November 9 we r e c e i v e d  d a t a  i n  t h e  fo rm o f  p l o t t e d  p r o f i l e s  and a map 
showing pos ted  v a l u e s  o f  Bouguer g r a v i t y  and 1 / 2  mgal. con tours ;  b o t h  a t  
1:10,000 scale. Te r ra in  co r rec t i ons  have been a p p l i e d  t o  the g r a v i t y  data. 
The magnet ic  data, based on base s t a t i o n  m o n i t o r i n g ,  appear t o  be f r e e  o f  
d iu rna l  var ia t ion .  

Measurements had been taken a t  730 s t a t i o n s  l oca ted  a t  i n t e r v a l  s o f  50 m. on 
eas t -wes t  l i n e s  250 m. o r  more a p a r t  and on 3 n o r t h - s o u t h  t i e  l i n e s .  
Accompanying t h i s  r e p o r t  i s  a copy o f  the prev ious  aeromagnetic i n t e r p r e t a t i o n  
map - superimposed on which i s  the 1 oca t ion  o f  the ground survey 1 ines. 

As seen i n  t h i s  map, t h e  ground s u r v e y  was l a i d  o u t  w i t h  t h e  o b j e c t i v e  o f  
d e t a i l i n g  a poss ib le  g r a v i t y  anomaly t h a t  was judged by Spector ( l e t t e r  r e p o r t  
of J u l y  27, 1984) t o  be associated w i t h  an i n t e r p r e t e d  igneous i n t r u s i v e .  The 
presence o f  a p r o b a b l e  i n t r u s i v e  i s  we1 1 expressed i n  a pub1 i s h e d  G.S.C. 
aeromagnetic map o f  the Cranbrook area. 

Pre l im inary  Results 

The r e s u l t s  o f  t h e  assessment o f  t h e  ground f o l l o w - u p  s u r v e y  da ta  a re  
presented i n  the Grav i  ty/Magnetic I n t e r p r e t a t i o n  Map which accompanies t h i s  
r e p o r t  and described i n  d e t a i l  below; 

Prospect A 

P r i n c i p a l  r e s u l t  o f  the ground survey ing i s  the observa t ion  o f  an appreciable 
g r a v i t y  anomaly 1 a rge ly  co inc iden t  w i t h  the i n t r u s i v e  “apophysis” mapped by 
Spector ( J u l y  1984). 
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The anomaly i s  c l e a r l y  n o t i c e a b l e  i n  the e a s t e r n  p a r t s  o f  l i nes  lOS, 5S, 
2+50S and OS. 
I t  trends north-northeaster1 y. , 

I t  i s  o n l y  percept ib le  i n  l i n e s  2+50N and i n  t i e  l i n e  1+50E. 

The  g r a v i t y  anomaly 's  amp1 i t u d e  i s  between 1 and 2 mgal . Further g r a v i t y  
surveying by extending the above 1 ines t o  the eas t  hopeful l y  w i  11 provide 
sufficient information t o  def ine the e a s t  portion of the anomaly and thereby 
resolve i t  from other  grav i ty  effects. 

The g r a v i t y  anomaly i s  a s s o c i a t e d  w i t h  v i g o r o u s  magnet ic  r e1  i e f ;  700t 200 
gammas. T h i s  r e 1  ief a p p e a r s  t o  o r i g i n a t e  both a t  deep and s h a l l  ow l e v e l ,  
i.e. a 700 gamma anomaly o r i g i n a t i n g  a b o u t  200 m. below ground and a +ZOO 
gamma v a r i a t i o n  or ig ina t ing  near ground surface. T h i s  shal  lower effect-may 
be due t o  either pyr rhot i te  skarning-a1 t e r a t i o n  above a buried in s t rus ive ,  o r  
due t o  the presence of vo lcanic  rocks. The g r a v i t y  anomaly appears t o  orginate  
from a maximum depth o f  about 200 m. 

Other Gravity and Magnetic Features  

The 1-2 mgal anomaly invo lved  i n  Prospect A i s  dwarfed by a 7 t o  9 mgal. step- 
like g rav i ty  grad ien t  developed t o  the west and para1 l e 1  t o  it. The grad ien t  
is l i k e l y  due t o  a NNE-trending f a u l t  whose eas t  side is  downthrown. The up- 
side i s  associated w i t h  a 20 t o  200 gamma magnetic anomaly or ig ina t ing  w i t h i n  
100 m. of ground surface. The magnetic anomaly may be due t o  the presence of 
volcanic  rocks. 

A second f a u l t  may be deduced from a gravitylmagnetic grad ien t  t o  the south 
of Prospect A. The north side of  this WNW-trending 6 t o  12 mgal. gradient  is  
a s s o c i a t e d  w i t h  reduced g r a v i t y .  Magne t i za t ion  (500 gamma anomaly) i s  
associated w i t h  the north side. 

Fol1 ow-UD Recommendations 

Although the present survey resu l t s  conf i rm the presence  of  a quite 
i n t e r e s t i n g  g e o l o g i c a l  f e a t u r e  - a d d i t i o n a l  geophys ica l  s u r v e y i n g  i s  
w a r r a n t e d .  T h i s  s h o u l  d i n v o l  ve e x t e n s i o n  o f  g r a v i t y  and magnet ic  
measurements on lines 10s t o  5N, a dis tance of 1000 m. t o  the eas t .  W i t h  the 
addi t ional  data  I would expect the anomaly would be adequately def ined f o r  
purposes  o f  p l a n n i n g  a d r i l  1 i n g  program. From d r i l l  c o r i n g  d e n s i t y  
information would be a v a i l a b l e  t o  do an adquate job  of mathematical l y  f i t t i n g  
a model t o  the observed gravi ty  anomaly. 

The v i g o r o u s  magnet ic  r e l i e f  o b s e r v e d  o v e r  the c e n t r a l  p a r t  of  P r o s p e c t  A 
o r i g i n a t e s  c l o s e  t o  ground l e v e .  I t  i s  t h e r e f o r e  recommended t h a t  a 
geological reconnaissance of the area  of high relief be done t o  a sce r t a in  the 
s ignif icance of these anomalies. 

I trust t h a t  these 

d 

results meet w i t h  your requirements. 

Yours s incere ly ,  

ASSOCIATES 

.D., P. Eng 

L TD . 
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Mr. B. H. Kahlert 
AMOCO Canada Petrol eum Company Ltd . 
Sui te  300, 89 Queensway West 
Mississauya, O n t .  
L5B 2v2 

Dear Bernie, 

Re: Cranbrook Area 

1. Introduction 

T h i s  l e t t e r  se rves  t o  report  on our assessment of grav i ty  and magnetic survey 
da ta  i n  t h i s  pro jec t  area. 

As you wil l  r e c a l l ,  i n t e r e s t  was drawn t o  the Cranbrook aeromagnetic anomaly 
because of the rernarkabl e sirni 1 ari t y  i n  geophysical s ignature  between i t  and 
the Olympic Dam depos i t  o f  south Austral ia .  A t  Olympic Dam, both a 1200 gamma 
anomaly ( B M R  low l e v e l  150m. aeromagnet ic  s u r v e y )  and a 15 mgal g r a v i t y  
anomaly were observed over  a 4 t o  5 km. wide c i rcu lar  zone. 

Over the  Cranbrook prospect,  a 1200 gamma a n o m a l y  w a s  observed in a GSC 
aeromagnet ic  survey (300 m. a1 t i  t u d e ) .  From an a n a l y s i s  of t h e  o r i g i n a l  
s u r v e y  c h a r t  r e c o r d i n g s  ( l e t t e r  r e p o r t  by S p e c t o r ,  J u l y  1 7 ,  1984) an 
e l l i p t i c a l l y  shaped " in t rus ive"  zone was out l ined;  8 km i n  long diameter and 4 
kin i n  minor d i ame te r .  AI t h o u g h  much of t h e  zone was de te rmined  t o  b e  800 + 
100 m. below ground, an apparent apophysis was observed i n  the  southern halT 
of the magnetic zone, rising t o  a shal low depth of 250 m - + 100m. 

From an interpol a t ion  o f  regional grav i ty  da ta  ( federal  government surveys a t  
5 km spacing) a 15 t o  20 mgal grav i ty  anomaly appeared t o  be coincident  w i t h  
the  " in t rus ive  apophysis". 

Because of t h e  r econna i s sance  n a t u r e  o f  both t h e  aeromagnet ic  and t h e  
government grav i ty  surveys, ground f o l  1 ow-up surveying was c l e a r l y  warranted, 

m 
W 

...... 



Ground surveyi n y  consis t ing of grav i ty  and rnaynetic ineasureinents was conducted 
o v e r  t he  western and sou the rn  p a r t s  of  t h e  Ci-anbrook prospec t .  The 
measurements were taken by Wild Rose Exploration Services  of Calgary, i n  the 
period of October -e Novernber 1984, The loca t ion  of survey l i n e s  i s  described 
in Figure 1. Access t o  the eas te rn  pa r t  of  the prospect awaits the outcome of 
negotSation w i t h  the  Kootenay Indians. I1 

Measureinents were taken a t  about 1.400 locat-ions, magnetic measurements a t  50m. 
spacing and gravi ty  measurements a t  100m. The magnetic da ta  was corrected for  
diurnal  var ia t ion  u s i n g  measurements from a base s t a t ion  monitor. The gravi ty  
data  was corrected. fo r  topography. Wild Rose provided p lo t ted  p r o f i l e s  of the 
d a t a  and maps showing posted and contoured v a l u e s  of Bouguer g r a v i t y  and 
magnetic i n t ens i ty ,  a1 1 a t  1:10,000 scale .  

A preliminary repor t  dea l ing  w i t h  an assessment of the ground geophysical d a t a  
( r e c e i v e d  t o  November 9 ,  1984) was p re sen ted  on November 14 ,  1984. This 
r e p o r t  a t t e m p t s  t o  s y n t h e s i z e  t h a t  assessment w i t h  f indings from addi t ional  
measurements mostly i n  the  southerm p a r t  of the pro jec t  area. 

A 1:10,000 scd le  In te rpre ta t ion  Map accompanies t h i s  repor t  as  Figure 2. The 
map shows r e s u l t s  deemed t o  be s i g n i f i c a n t  f o r  mineral exploration. Location 
of measurements i s  a1 so shown. Surveying does extend fu r the r  north, s o u t h  and 
s o u t h e a s t  of t h i s  map shee t .  However, i n  t h e s e  a r e a s  t h e  r e s u l t s  were n o t  
found t o  be s ign i f i can t  t o  warrant draf t ing .  

2 .  Mayneti c Anoma'B i es 

The following magnetic zones a re  outlined frorn the ground da ta .  
- 

Zone M1: t h i s  i s  t h e  most prominent iiiagnetic f e a t u r e  obse rved  i n  t h e  
s u r v e y i n g .  The zone - i s  not  a s  y e t  cornpf e t e l y  o u t l  ined because of 1 ack of 
access i n  the Indian Reservation. A t  present i t  i s  T-shaped. The upper p a r t  
of the 'T' t rends NME-SSW. The stem trends WSW. Magnetic r e l i e f  ranges from 
600 t o  1200 yarnmas. The zone can be s p a t i  a1 1 y re1  a t e d  t o  t h e  magnetic zone 
o u t l  ined from t h e  G.S.C. aeromagnet ic  d a t a .  The n o r t h  segment o f  t h i s  zone 
a t t r a c t s  g r e a t e s t  i n t e r e s t  because of i t s  associat ion w i t h  2-3 myal grav i ty  
anomaly; Prospect A .  

Much of t h e  magnetic re1 i e f  i n  Zone M1 o r i g i n a t e s  froin sha l  low d e p t h ,  i.e. 
10Om. Where observed the shape of the anomaly would suggest t h a t  the  magnetic 
source has grea t  v e r t i c a l  ex ten t  ana an i n t r u s i v e  as  opposed t o  a pl a t e  1 ike  
body would appear t o  be most l i k e l y .  

Zone M2: th i s  ra ther  1 inear  shaped zone trends NNE-SSW para1 1 e l  1 i n g  segments 
of adjacent Zone ivil. The 20 t o  200 gamma anomaly ref1 e c t s  a zone t h a t  i s  only 
100 t o  400m. wide. The shape of the zone i s  s u g g e s t i v e  of a si1 1 -1  i k e  
i n t r u s i v e .  Perhaps w i t h  f u r t h e r  s u r v e y i n g  a connec t ion  may be observed  
between Zones M1 and M2. Zone M% appears t o  coincide w i t h  the  outer  contact  
of the aeromagnetic anomaly. Zone M2 i s  associated w i t h  a 7 t o  9 mgal step- 
l i k e  g r a v i t y  g r a d i e n t  which would s i g n i f y  e i t h e r  a change i n  basement 
1 i t h o l o g y l r o c k  d e n s i t y  o r  a f a u l t .  The former c a s e  would appea r  t o  be more 
1 i kely. 
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Prospect C: I t  i s  
conspicuous because of the associat ion between the 300 gamma anomaly and a 2 
myal. g rav i ty  anomaly. 

This loca l ized  magnetic zone i s  observed i n  Lines 6 and 2. 

I t  i s  however, removed from the aeromagnetic anomaly. 

Zones M4, and M5 a re  two scat tered 350 gamma anomalies observed i n  l i n e s  1 and 
6 + OOW. Zone M 5  appears t o  be associated w i t h  a ra ther  broad 5 myal g rav i ty  
anomaly . 
3 .  Gravity Anomal i es  and Prospects 

Prospect A i s  t h a t  pa r t  of magnetic Zone M 1  t h a t  i s  associated w i t h  a p o s i t i v e  
g r a v i t y  anomaly. The gravi ty  anomaly i s  a t  most 2-3 mgal i n  amplitude and i s  
o r i e n t e d  MNE - SSW. Complete geophysical  d e f i n i t i o n  o f  this  anomaly would 
require access t o  the adjoining Indian Reservation. The gravi ty  anomaly i s  
we1 1 a s  much of the coincident magnetic re1 i e f  o r ig ina t e  from shal low depth of 
100m. I t  i s  t h e  cons ide red  b e l i e f  o f  t h e  a u t h o r  t h a t  P r o s p e c t  A i s  t h e  most 
s i g n i f i c a n t  fea ture  observed i n  the ground surveys. 

Prospect B i s  a 6 mgal grav i ty  anomaly observed i n  lines 6+100W and 7. I t  has 
no magnetic association. I t  i s  adjacent t o  the  outer  contact  o f  magnetic zone 
I 41  and t h e  aeromagnet ic  anomaly. However because of t h e  l a c k  of d i r e c t  
magnetic associat ion i t  is  considered t o  be second p r i o r i t y  t o  Prospect A. 

Prospect C i s  a 2 myal grav i ty  anomaly, observed on l i n e  2 which i s  associated 
w i t h  a 300 gamma magnetic anomaly. I t  i s  however s u b s t a n t i a l l y  removed 
spa t i a l  l y  from the 'Cranbrook' aeromagnetic feature.  

P o s s i b l y  t h e  most prominent f e a t u r e s  expressed i n  t h e  g r a v i t y  d a t a  a r e  two 
broad, l a rge  amplitude, negative grav i ty  anomalies. The A 1  f a  Low ( i n  which 
P r o s p e c t  A i s  l o c a t e d )  i s  a -8 t o  -20 myal g r a v i t y  d e p r e s s i o n .  Only t h e  
sou thwes t  p o r t i o n  of t h i s  d e p r e s s i o n  i s  i n c l  uded i n  t h e  su rvey ing .  T h e  
g r a v i t y  d e p r e s s i o n  may be due t o  one o r  a combination o f  causes .  One may 
speculate  t h a t  i t  i s  due t o  a deeply b u r i e d  g ran i t i c  i n t r u s i v e  - an apOpySiS 
of which i s  Prospect A. 

The S t .  Mary River Low i s  a 5 mgal g r a v i t y  d e p r e s s i o n  t h a t  i s  v i r t u a l l y  
centred over the St .  Mary River. I t  i s  most 1 i ke ly  t h a t  the anomaly i s  due  t o  
the neyati  ve ef fec t  o f  1 ower d e n s i t y  Val 1 ey f i l  1 / r i ve r  depos i t s .  

4.  Follow - Up Recomrnendations 

Upon g r a n t i n g  of a c c e s s  t o  t h e  Ind ian  R e s e r v a t i o n ,  i t  would be recommended 
t h a t  t h e  geophysical  s u r v e y i n g  ( g r a v i t y  and magnetometer) of P r o s p e c t  A be 
conlpl eted. T h i s  capabi 1 i ty [nay be extended t o  compl e t e  d e f i n i t i o n  of Prospect 
C. 

Oril 1 iny/trenchiny i s  recommended i n  the  case of Prospects A and C and 1 a s t l y  
B. 

J 



-4-  

To prov ide  t h e  necessa ry  in fo rma t ion  for  the  mathematical model 1 i n y  o f  the 
obse rved  anomal i e s ,  i t  i s  recorninended t h a t  b u l  k d e n s j  t y  measurements be 
conducted on samples received from t renching/dr i l l  -ing and outcrop. 

I t r u s t  t h a t  t h i s  report  meets w i t h  your requirement!;. 

Yours s incere ly ,  

ASSOCIATES LTD. 

A1 1 an Spec Ph.D., P .  Eng. 

Ill 
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INTERPRETATION OF GROUND MAGNETIC MAP 

CRANBROOK AREA, B.C. 

Wild Rose Explorat ion Se rv ices  operated a g r a v i t y  and magnetic f i e l d  

c r e w  from Amoco Canada i n  an area bounded by l a t i t u d e  49"35' and 4 9 ' 4 0 '  and 

longi tude  115"46'W and 115'51'W. The map of t h e  magnetic f i e l d  r e s u l t i n g  from 

t h i s  survey w a s  made a v a i l a b l e  f o r  i n t e r p r e t a t i o n .  Four p r o f i l e s  from t h i s  

survey numbered 0, 5,  and 10 i n  t h e  Eas t -Wes t  d i r e c t i o n  and 8 i n  t h e  North- 

South d i r e c t i o n  were picked f o r  depth i n t e r p r e t a t i o n  of t h e  da t a .  

The p r o f i l e s  w e r e  i n t e r p r e t e d  us ing  t h e  Werner-based automatic  computer 

method MAGDEP. The d e t a i l e d  d e s c r i p t i o n  of t h i s  method is enclosed.  The 

5 c o n t r a s t s  x 10 

o va r ious  i n t  e enclosed ove r l ay  i n d i c a t e s  t h e  o u t l i n e  

It  is concluded from t h e  p r o f i l e s  and t h e  ove r l ay  t h a t  t h e r e  are 

n e c e s s a r i l y  correspond t o  t h e  h ighes t  magnetic anomaly. However, t h e  

e t e s t e d  f o r  t h e i r  mineral  con ten t .  

f 

A s m a l l  p o s i t i v e  high on t h e  North-South l i n e  corresponds approximately 

t o  a s m a l l  d ike  which may be r e l a t e d  t o  an almost v e r t i c a l  f a u l t .  

Respectful ly  submit ted,  

COMMONWEALTH GEOPHYSICAL DEVELOPMENT COMPANY, LTD. 

* .  

.< Consultant 

cs ember 1984. 
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OF DIRECT INTERPRETATION 

The well-known equations for the total mag- 
netic field due to thin sheets and the edges of a 
thick body (Werner, 1953) can be programmed to 
compute automatically the depth to the top, sus- 
ceptibility contrast, and the dip of these features 

Id profile. The syn- 
n ideal cases the 

not affected by the presence of deeper bodies. 
However, the deeper bodies can be located only 
when they cause anomalies much stronger than 
those associated with shallow bodies, or when the 
shallow bodies are displaced from the deep edges 
horizontally by a distance equal to or greater than 
the depth to the top of deep edges. The shallow 
high-frequency anomalies tend to mask the inter- 
pretation of deeper anomalies rather than c a w  
erroneous estimates. Susceptibility contrasts can 
be estimated reasonably accurately only when the 
dips are about 40 degrees or greater. The dip 
estimates are accurate to within 10 percent. 

ly, the interpretation of shallow bodies is 

INTRO’DUC~ION 
i 

, . I  -A+ ~ 

ot field ‘dataxan be interpreted ei- 
er in map form or on the profiles. Each ap- 

proach has its advantages. The maps represent the 
.total picture available and no assumptions regard- 
ing strike and lateral extent of the source need be 
made. On the other hand, the maps are not made 
from the original data but from the grids which 
are computed from the field data and do not 
always represent it in true form. The grid interval 
is invariably much larger than sample spacing on 
the traverses; therefore, shallow source anomalies 
may not be represented adequately even in the 
close vicinity of the .actual profiles. On the other 

e spacing between profiles is much larger 
grid spacing. Hence, over a large propor- 
the map even deep anomalies may be 

analysis of profiles allows the inter- 

.. 
. , 

pretation of data as recorded. However, the direct 
interpretation methods must assume that the pro- 
files are normal to the strike direction and that the 
bodies extend to large distances on either side of 
the profile. Fortunately, “large distance” needs 
only to be a few times the depth of the source, and 
most bodies meet this limitation. Moreover, the 
inspection of interpreted depths on adjacent pro- 
files, in  conjunction with the inspection of the 
map, allows an experienced interpreter to select 
valid depth estimates from appropriate anomalies 
and to construct a reliable picture of the geology 
of the area. Ideally, of course, one would like to 
have both the profile and two-dimensional (or 
grid) interpretations. The direct interpretation of 
grids has been discussed elsewhere (Jain et al, 
1974). In  this paper, we will limit ourselves to the 
interpretation of total field profiles. 

Several methods of automatic interpretation of 
digitized magnetic profile data have been sugges- 

Paper presented at the 44th Annual International SEG Meeting, November 12, 1974, Dallas. Tex. Manuscript 
ved by the Editor February 14, 1975; revised manuscript received May 16, 1975. 
ittch Ltd.. Calgary, Aha. T2P 2VI.  

1976 Society of Exploration Geophysicists. All rights reserved. 
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FIG. 1 .  The  eflect of dip on the interpretation. 



Magnetic Profile 

ted in the last few years (Koulomzine et al, 1970; 
O'Brien, 1971; Hartman et al, 1971; Naudy, 1971; 
Nabighian, 1972). However, very few authors 
analyze the results from their methods in any 
detail. In this paper, we will describe the results 
obtained with the equations given by Werner 
(1953) in 'various simulated situations. In this 
manner, the limits of resolution and possible 
accuracy of this method of interpretation of a 
magnetic profile will be established. 

' u 

BASIC EQUATIONS 

For the purposes of direct interpretation, the 
source bodies can be divided into two types: 
I .  The bodies whose width is comparable to their 

depth from the observation plane. These can 
be called thin bodies, because the edges of 
these bodies cannot be located easily, with rea- 
sonable accuracy. 

2. The bodies of considerable lateral extent, 
be separately iden- 

for the total magnetic field due 
ny arbitrary dip was given in a 
rm by Werner (1953). Werner's 
ations were ' partially repro- 
et a1 (1971). For the sake of 

levant equations are presented 

e equation for the magnetic field due to a 
here, but without derivation. 

thin dike is of the form: 

Fr $. a0 + U l x  + boF + b,xF = x'F. ( I )  

where (x, 0) are the coordinates where the field F 
is observed, Fr is the unknown ambient noise 
polynomial of the type: 

( l a )  Fr = A F  + K F x  + K F ~ x '  + . . .  

and a,, ua, bo, and b, are related to the properties 
of the source of the anomaly. 

For total fields, a,, u,, bo, and b, are related to 
the various parameters as follows: 

i-, 

" :' 1 
where v X  and uI are the direction cosines of the 
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total field, x, is the location of the dike, to is the 
depth to the top, t is the thickness, and MI, and 
MI are the crossmagnetization of the sheet. From 
M , ,  and MI, one can determine the susceptibility 
contrast and the dip of the dike. 

The same equation [except for factor t in equa- 
tions (4) and ( 5 ) ]  is applicable to the horizontal 
gradient of the total field for a dipping edge. 
Therefore, one can compute the horizontal 
gradient from the total field and use the same 
equations to estimate the source parameters for 
an edge. Thus, the same algorithm provides solu- 
tions for a dike or an edge, and the interpreter can 
choose the right depth whether the source is a thin 
dike or a thick body with distinct edges. 

Exect of spurious fields on 
interpretation equation 

The interpretation of an observed magnetic 
anomaly is adversely affected by at least three 
factors! 

/ 

I !  

2. 

3. 

5 The magnetic fields due to deep-seated bodits. 
$ 
fl  commonly called regional anomalie&Anoma- 

lies due to shallow bodies located at large lat- 
era1 distances can also be included in this $ 
group. f 
Anomaly due to a sheet of limited extent, later- $ 
ally or vertically. $ 
The presence of local magnetic masses or ob- 
servation errors, which affect a small area and 

t' 

8 r 
4 

then rapidly become insignificant. 
The series Fr in equation ( I )  is intended to limit 

the errors due to these bodies. To account for 
distant anomalies and the limited extent of the 
sheet, the evaluation of the first three terms on the 
right-hand side of ( l a )  will be adequate. In this 
case, equation ( 1 )  has seven unknowns, and, 
therefore, the solution of seven equations corre- 
sponding to seven observation points provides all 
relevant parameters about the body. 

When shallow anomalies and random errors 
are significant, the equation of higher degree must 
be solved. This leads to very cumbersome calcu- 
lations. I t  is believed that in  such cases the inter- 
pretation of deeper anomalies can be obtained 
more economically with the help of controlled 
filtering than by solving the above equations (Jain 
and Hartman, 1972). In practice, the data are 
filtered with an appropriate anti-alias filter for the 
sample interval of the seven points. In addition, 
the interpretations not consistent with those from 
nearby points are considhed invalid. The net ef- 
fect of anti-alias filtering, filtering implicit in the 

i 
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FIG. 2. Interpretation of vertical dikes with different horizontal separation. 
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Magnetic Profil 
selection of sample interval, and of the con- 
sistency tests is to minimize the appearance of 
interpretation from noisy data in the final plot. As 
will be evident from the model described later 
(Figure 4). the high-frequency anomalies, even of 
limited extent, mask interpretation of anomalies 
of comparable magnitude originating from deeper 
sources. 

Werner (1953) showed that for finite sheets the 
method provides accurate location, depth, and 
dip; but the susceptibility measurements are in 
error. Of course, when the profile is located be- 
yond the edge of the body, all parameters are in 
error. 

DESCRIPTlON OF COMPUTER 
PROGRAM MAGDEP 

* A computer program was written to interpret 
evenly :spaced profile data, in accordance with 

le Interpretation 535 
The number of estimates in a group is plotted 

along with other information. This number can be 
regarded as a weighting factor when evaluating 
individual interpretations. 

MODEL EXPERIMENTS 

In order to evaluate the technique for accuracy 
and resolving power, several models were ana- 
lyzed. The anomalies were computed, using the 
equation for a two-dimensional step given by Na- 
bighian (1972). No random noise was added to 
the data. The examples illustrated here simulate 
middle latitudes and declination of 30 degrees. 

Estimation of dip 
Figure I illustrates the interpretation of dipping 

edges. The total magnetic field due to a series of 
intrusives, each with a susceptibility contrast of 
.02 cgs units, was generated. The edges of this 
intrusive had slopes increasing from 5 degrees 
(extreme right) to 90 degrees (extreme left). The 
interpretation with highest weights is listed in the 
figure. This figure shows clearly that the cdges can 
be located very accurately and the dips computed 
within 10 degrees. However, this error in dip com- 
putation is quite serious for low dips, and the 
computation of magnetism of the bodies is ad- 
versely affected by this inaccuracy. Once the dips 
approach 40 degrees, the computed susceptibil- 
ities do not seem to be affected greatly by this 
error in dip computation. 

This model (as well as the ones to follow) dem- 
onstrates clearly that the depths to the sources are 
computed with and accuracy of IO percent or 
better in most cases. The locations are computed 
a1 most exactly. 

Horizontal resolution 

Figure 2 shows the interpretation of a synthetic 
anomaly due to identical thick vertical dikes 
whose separation ranges from one-quarter to 
eight depth units. The figure shows that when the 
bodies are one depth unit (60 samples) or further 
apart. the edges can be separately identified- 
both by total field and by horizontal gradient. 
Moreover, the depth estimates from gradients are 
not measurably affected by the vicinity of other 
bodies. When the edges are located one depth unit 
apart, the depth estimates from total field ap- 
proach those from gradients, indicating that the 
edges approach a thin dike case in total field inter- 
pretation while they can stjll be separated by hori- 
zontal gradients. However, as the bodies come 

e range of depths which can be 
telyis~related to the window 
process has to be repeated sev- 
r the whole range of depths in a 

(using.Lagrange’s interpolation) for each window 
size, but only one of these is plotted. 

The computed location of the sheets or edges in 
distance-depth plane are plotted as circles and 
triangles, respectively. The size of the symbols 
indicates the size of window used when the par- 
ticular interpretation was made. The dips are 
marked after scaling for horizontal and vertical 
scales and the susceptibility contrasts are written 
in units of IO-‘ cgs units. 

The spurious high-frequency anomalies cause 
stray (and erroneous) depth interpretations. To 
minimize the number of these stray inter- 

ions and to reduce the clutter on the plots, 
pth estimates are grouped together when (a) 

the locations [x,, of equation (2)J are within a very 
narrow range (usually about half of the sample 
interval), and (b) the depths are within 5 percent 
of the previous determination or within 5 percent 
of the representative depth for the group (Le., the 
minimum depth estimate for the group). 
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FIG. 4. Effect of shallow anomalies of moderate magnitude or deep edges. 
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closer still, they cannot be resolved by horizontal 
gradients. I n  fact, the depths estimated from hori- 
zontal gradients are up to 20 percerlt too shallow. 
In this case, the depth estimates from total field 
are accurate. We conclude that: (a) When vertical 
edges are one depth uni t  or farther apart, they can 
be separately identified and accurately located by 
horizontal gradient. (b) When edges are less than 
one depth unit apart, they cannot be identified 
separately but their depth, dips, and magnet- 
ization are accurately estimated by total field. 

Vertical resolution and efecr of 
high- frequency anomalies 

Figure 3 shows a model with eight identical 
dikes with flat tops located at 60 units below the 
observation plane. One edge of the bodies is over- 
lain by shallow bodies; their depths range from 
2.5 to 50 units. The total field anomalies due to 
the shallow bodies are less'than one-tenth of that 

plotted because their anomalies did not extend far 
interpretation to have minimum 

s the same bodies except that the 
mes stronger than in 

. In this case, the shallow bodies have 
anner but the deeper 

gesihave not been interpreted at all, not even 
erroneously, except in the case of the shallowest 
body. Note that the edges with no covering shal- 
low bodies remain undisturbed. 

The conclusion is that all but the weakest of 
shallow anomalies suppress the interpretation of 
deeper edges. Thus, if an interpretation shows two 
edges, one directly beneath the other, the lower 
edge is most likely invalid. 

Figure 4 also illustrates the effect of high-fre- 
quency noise on interpretation of low-frequency 
anomalies. Note that the shallow-source anoma- 
lies of any significant magnitude, even when of 
very limited extent, do not provide erroneous 
depth estimates but completely mask the inter- 
pretation of deeper bodies. The high-frequency 
anomalies due to random noise and observation 
errors may be expected to have similar effects. As 
mentioned earlier, the absence of erroneous inter- 
pretations is due to filtering of data and con- 
sistency tests on interpreted values. 

More models were generated to determine how 
far the shallow body has to be from the deeper 0 

, 
edge before both can be identified. The shallow 
bodies were moved progressively away from the 
edges. The deeper edges showed up earliest when 
the shallow bodies were located sixty units (one 
depth uni t  for deep bodies) from the deep edge 
(Figure 5). The deep edges are identified as accu- 
rately as the shallow bodies. I t  is noteworthy that 
in iniermediate cases, the deeper edges were not 
identified at all, and there were no consistent 
depth estimates in the intermediate range. 

REAL DATA EXAMPLE 
Figure 6 shows the interpretation of an aero- 

magnetic profile located in middle latitudes. The 
structural interpretation of the profile is also 
shown. Although no drilling or seismic infotma- 
tion is available in the prospect, the interpretation 
is in very good agreement with detailed inter- 
pretation of the aeromagnetic data of the whole 
a rea. 

. I  

" .  
~ ,* ,. .. CONCLUSION 

The model studies indicate that the automatic 
direct interpretation of magnetic profiles using 
Werner's equations can locate the tops of thin 
dikes and the edges of thick bodies with desired 
accuracy. The dips can be computed within 10 
degrees. However, the computation of susceptibil- 
ity contrasts are reliable only when dips are 40 
degrees or steeper. The edges can be identified 
separately only when they are at least one depth 
uni t  apart. Shallow bodies effectively mask deeper 
sources, unless they are separated laterally by a 
distance equal to the depth of the deeper bodies. 
However, this is not a serious limitation in most 
cases and, as the real data example indicates, 
meaningful interpretation is possible in many 
cases where magnetic anomalies originate at more 
than one level. Although the example shown re- 
lates to the basement studies in a petroleum prov- 
ince, it is hoped that the model studies described 
here have shown the usefulness of such methods 
in determining magnetization and the dip of the 
ore bodies in a mining prospect. However, the 
configuation of complex ore bodies can be deter- 
mined only when the resolution constraints de- 
scribed above are satisfied. 

ACKNO WLEDCM ENTS 
Dr. Andrew Holder of Shell Canada Ltd., Cal- 

gary, and Don Simpson and Neil Thompson of 
Digitech Ltd., Calgary, h a d  the draft and 
suggested improvements. Dan Elms is responsible 

I,' 



c 

FIG. 5. Effect of shallow anomalies on deep edges when shallow bodies are displaced laterally by distance equal to the depth of deep edges. 
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FIG. 6. An example of the multilayer interpretation of actual aeromagnetic data. 
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