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1.0 S u m m a r y  

The Todd Creek copper-gold property is located on the eastern 
flank of the Coast mountains approximately 45 km north of Stewart, 
B.C. Mineralization consist of copper-gold bearing quartz/sulphide 
veins in Hazelton Group volcanics. To date, there are six main 
areas of interest main areas of interest have been located: 

1. South Z o n e  - north trending quartz-sulphide breccia veins 
cutting feldspar porphyry volcanics. 

2 .  N o r t h  Z o n e  - northwest trending quartz-sulphide breccia 
veins cutting chlorite altered fine grained andesite flows. 

3. F a l l  C r e e k  Z o n e  - northwest trending sulphide-carbonate- 
barite veins cutting silica-chlorite-sericite-pyrite altered 
andesitic tuffs. 

4. V i r g i n i a  C r e e k  - felsic volcanic sequence ( Mt. Dilworth 
Formation ) with coincident Pb-Zn-Ag geochemical anomalies. 

5. O r a n g e  Mt. - area of silica-sericite-pyrite altered felsic 
to intermediate volcanics with local barite-lead-zinc veins and 
local Pb-Zn-Ag geochemical anomalies. 

6. TOC 13-15 - andesitic flows and tuffs with local narrow 
Pb-Zn-Ag veins and geochemical anomalies. 

Work on the Toc 3 to 6 and 13 to 15 claims consisted of recon 
mapping and sampling and an airborne EM-Mag survey. The ground 
work has identified several areas of felsic ( Mt. Dilworth 1 
volcanics with local base metal anomalies however no precious metal 
occurrences have been found associated with the felsic volcanics. 
The magnetic values generally have mapped the northerly trend to 
the stratigraphic package. Several prominent East-West breaks of 
unknown source are indicated by the magnetics. These are probably 
due to faults and/or fault controlled alteration. 

The 1990 field program failed to identify any new and/or 
potential areas of precious metal mineralization. As a result no 
further work is reccommended at this time. 
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2.0 Introduction: 

The Todd Creek property is located on the eastern side of the 
Coast Mountains of British Columbia, within the Skeena Mining 
Division. The property was staked to cover several Cu-Au 
occurrences which were discovered by Newmont Mining Corp. in 1959. 
1990 fieldwork included drill testing the 1988 I.P. anomalies, 
extending the Fall Creek grid for mapping and reconnaissance 
geological mapping and geochemical sampling on the rest of the 
property. 

3.0 History: 

The South and North Zone showings were discovered in 1959 by 
prospectors Ole Olsen and Fred Hasselberg Jr., in the employ of 
Newmont Mining Corporation. Newmont conducted a limited trenching 
and drilling program on the zones in 1960 with inconclusive 
results. 

In 1969, the South Zone showing was staked for Kerr Addison 
Mines by Wilf Christians. Kerr Addison, who recorded no work on 
the property, subsequently transferred title to Christians, who in 
turn sold the claims to C.S. Powney. During 1970-1972, several 
trenches were blasted and sampled. In 1981, J.R. Woodcock 
Consultants staked the North Zone and a large altered area further 
north. From 1981-1984, Woodcock and Riocanex conducted extensive 
geological and geochemical programs on their claims. In 1985, 
Woodcock dropped everything except two units, which they currently 
hold. 

In 1986, Noranda Exploration Company Limited staked the TOC 
1-10 to cover the known showings and gossans along Todd Creek. TOC 
11 and 12 were added in 1986 and TOC 13-15 in 1987. 

4.0 Location and Access: 

The Todd Creek property is located in the Skeena Mining 
Division, approximately 45 km NNE of Stewart, B.C.(Figure #I). 
Highway # 3 7 A  to Stewart passes 10 km to the south of the property. 
The property covers most of the western side of the Todd Creek 
valley and portions of the Todd Creek glacier. Access to the 
property has been via helicopter from Stewart, B.C. 
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5.0 Phvsiosra~hv & Vesetation: 

The property lies on the eastern flank of the Coast Range 
Mountains. Relief in the area is variable from 885 meters in the 
valley bottom to 2075 meters on the highest summit. Todd Creek 
glacier and several valley glaciers occupy portions of TOC 11 and 
12. The sides of the valley have extensive areas of bedrock 
exposure which commonly forms steep rock faces and cliffs. The 
valley has a thick cover of glacier outwash material. Vegetation 
on the property consists of young willow, poplar and alder in the 
valley bottom, grading up slope into local stands of fir, hemlock 
and spruce and higher up into alpine meadows and bare rock. 

6.0 Claim Statistics: 

The Todd Creek property consists of 12 modified grid claims 
(Figure #2), as listed below: 

NAME UNITS RECORD # EXPIRY DATE 
TOC 3 20 5305 April 9, 1993 
TOC 4 20 5306 April 9, 1995 
TOC 5 20 5307 April 9, 1993 
TOC 6 20 5308 April 9, 1995 
TOC 7 18 5309 April 9, 1994 
TOC 8 18 5310 April 9, 1994 
TOC 9 20 5311 April 9, 1994 
TOC 10 20 5312 April 9, 1994 
TOC 11 20 5518 Sept 17, 1994 
TOC 12 16 5577 Oct. 28, 1994 
TOC 13 20 5996 Mar. 26, 1992 
TOC 14 20 5997 Mar. 26, 1992 
TOC 15 20 5998 Mar. 26, 1992 

The 2 unit Todd claim in central TOC 7 is currently held by 
Woodcock Consulting. 

The work described in this report will be filed for assessment 
credit on the TOC 3 to 6 and 13 to 15 claims. 
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7.0 Reqional Geolosv: 

The area has been mapped as being underlain by Lower Jurassic 
age Unuk River Formation volcanics and clastic sediments cut by 
numerous Jurassic and Tertiary age intrusive bodies ranging in size 
from narrow dykes and sills to large 
plutons. (Figure #3) 

Reconnaissance property mapping indicates that the property is 
underlain by intermediate to felsic flows, tuffs, agglomerates and 
volcaniclastics with local areas of fine to coarse clastic 
sediments. Intermediate volcanics, andesite flows and 
agglomerates, predominate with lesser but significant amounts of 
rhyolite-dacite flows and volcaniclastics along the west side of 
the Todd Creek valley from TOC 9 to 11 and on the north side of 
Virginia Creek on TOC 3 and 4. The clastic sediments, which 
consist of siltstones, greywackes and conglomerates, occur on TOC 
6 and to the east in the main Todd Creek valley. The stratigraphy 
generally trends north to northwest with moderate northeasterly 
dips. 

8.0 Field Proaram: 

8.01 Virginia Creek Area 

The Virginia Creek Area is located on TOC 3-5. 1990 field 
work consisted of recon mapping, silt, soil and rock sampling along 
ridge tops and elevation contours. A total of 5 traverses, RT 1-5, 
were completed (Figures 4 to 8). 

8.01.01 Geoloay - Recon mapping indicates that the 
Virginia Creek area is underlain by a sequence of interbedded 
green-maroon andesite flows, breccias, volcaniclastics; siltstones, 
greywacke, limestone and rhyolite/dacite ash tuffs, lapilli tuffs, 
tuff breccia and feldspar crystal tuff. Each of these units is 
described below. 

Andesite: Green to maroon in color and is usually fairly 
massive and thick bedded. Flows and breccias are generally 
porphyritic and locally contain sub-round to angular mono and 
heterlothic fragments up to 10 cm. The flows/breccias contain 
numerous bright red and white jasper veins and pods and locally 
abundant jasper vein fragments. Locally the jasper fragments form 
jasper conglomerate beds within the volcaniclastics. 
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This unit predominantly occurs on the north side of Virginia 
Creek and along the east facing slopes of Todd Creek. Bedding 
generally strike north-south with moderate east dips. On the east 
side of Todd Creek this same maroon unit was observed to be dipping 
moderately to the west, indicating that a synclinal feature occurs 
in the Todd Creek valley. The volcaniclastics variably contain 
green or red volcanic fragments with a minor tuffaceous component 
and they occur interbedded with the volcanic flows. 

Sediments: Most of the clastic sediments observed occur on 
the south side of Virginia Creek, particularly to the southwest. 
They consist of bedded black siltstones and greywackes with local 
silty limestone and andesite flow interbeds. Individual beds range 
from several centimetres to 1 to 2 metres thick. Bedding trends 
from NE to NW with moderate easterly dips. 

Rhyolite/Dacite: This unit consists of tan, pale green to 
white weathering tuffs, tuff breccia, lapilli tuff and feldspar 
crystal tuffs. 

The ash tuffs consist of 1-5 mm finely laminated beds with the 
entire sequence reaching thicknesses of 50 to 100m. The layers are 
generally pale green and very fine grained with local tuff shards 
and fragments. This grades up section into an ash tuff breccia. 
The breccia consists of 5 mm to 50 cm angular blocks of laminated 
ash tuff in a fine tuff matrix. The blocks locally appear to have 
been rotated and milled. Stratigraphically above the breccia there 
is a fairly sharp contact with a light green lapilli tuff unit. 
The lapilli are quite spherical and range from 1-5 mm in size 
within a homogenous tuff matrix. As the unit weathers a very 
distinct green pebble gravel is produced. . The sequence tuff- 
breccia-lapilli tuff is then repeated up section. This felsic 
package is best exposed along the ridge on the north side of 
Virginia Creek. Other exposures of felsic rocks generally did not 
show this sequence but usually consisted of massive tuff and/or 
crystal tuff. The crystal tuffs contain approximately 5%, 1 to 5 
mm quartz and feldspar grains in a tuffaceous, locally bedded 
matrix. The quartz phenocrysts are generally anhedral while the 
feldspar grains range from anhedral to euhedral. 

This unit attains a maximum thickness of 100 metres. The 
felsic unit appears to occur at or near the top of the Betty Creek 
Formation, the maroon volcanics and sediments, and thus appears to 
be correlative with the Mt. Dilworth Formation felsic sequence. 
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As a marker horizon, this unit indicates the presence of 
several fold structures in the Virginia Creek area: 1) a NE 
trending, NE plunging anticline along Virginia Creek; 2) a 
parallel NE trending, NE plunging syncline in north central TOC 3. 

8.01.02 Geochemistrv - Sampling on the recon traverses 
generally consisted of collecting soil samples at 100 metre 
intervals, silt samples where possible and rock samples of anything 
interesting. Total samples were as follows: 

Soil Silt Rock 
108 22 22 

Each recon traverse will be discussed individually in regards 
to anomalous results. 

RT-1 - This consisted of a traverse along a NNE trending ridge 
top in the northern TOC 3 claim (figure 7). 

Results indicate an area in excess of 200 metres wide with 
moderate to highly anomalous Pb-Zn + / -  Mo-Au values (#Is 51355-57). 
This anomalous area straddles a contact between andesitic 
volcaniclastics and rhyo-dacite flows. 

RT-2 - This traverse follows the ENE trending ridge top which 
forms the north side of the Virginia Creek valley (Figure 5, 7). 

The ridge area, particularly portions underlain by the felsic 
volcanics, shows elevated As in soil values. From sample #I10774 
east to the end of the traverse As values range from 41 to 499 ppm 
with local anomalous Ba, Ag, Cd, Pb, Zn, Mo values. Of particular 
note is sample #51249 which returned the highest values in Ag, As, 
Cu, Mo, Pb, Zn. Gold values were all 5 ppb. 

RT-3 - This traverse is located southeast of RT-2 and follows 
the 4500 foot contour from the NW corner of TOC 5 to the NW corner 
of TOC 4 (Figures 5, 7, 8). 

As for RT-2 this area shows elevated As values along the 
entire traverse. Within this area, from #I10898 to 110939, a 
distance of 1.4 km, is a zone of elevated Ag (to 3.8 ppm), As (to 
157 ppm) , Ba (to 1053 ppm) , Cd (to 3.4 ppm) , Pb (to 142 ppm) and Zn 
(to 499 ppm). Gold values were all 5 ppb. Silt samples from the 
above zone also returned anomalous values in the same elements as 
well as Au (to 15 ppb). 
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RT-4 - Located downslope from RT-3 and follows the 3750' 
contour (Figure 5). 

Virtually all the silt and soil sample results along the 
traverse returned moderately to highly anomalous Ag, As, Ba, Cd, 
Mn, Pb, and Zn values. One silt sample, #125052, returned 25 ppb 
gold. In particular the results from silt samples 125057 to 
125065, a distance of 1 km, showed significantly elevated values in 
the above elements. 

RT-5 - Located in the NE corner of TOC 6 (Figures 4, 6 ) .  

The soil samples returned high Mn values, slightly elevated 
Pb, As, Ba values, and local spotty anomalous Ag, Zn, Cd, Sb 
values. Gold values were all 5 ppb. Soil samples underlain by the 
felsic volcanics returned elevated Mn values, to 10255 ppm. A 
sample of the rhyolite, #125299, returned 200 ppm Pb with no 
visible sulphides. 

Discussion - Due to extensive snow cover during the field 
program, some of the areas lack good geological information. The 
recon traverses on the north side of Virginia Creek, RT 1-4, have 
however, confirmed that there is a broad zone of elevated Ag, As, 
Pb, Zn, Cd, Ba silt-soil geochem values spatially associated with 
an area of felsic volcanics. It appears that the source(s) lies 
between RT-2 and RT-4 and more detailed sampling would be required 
to define it. 

The RT-5 traverse straddles an inferred contact between felsic 
volcanics and andesite flows, volcaniclastics. Sample results also 
show generally elevated Pb-As-Ba values associated with the felsic 
rocks. 

8.02 TOC 13-15 

The TOC 13-15 claims are located on the east side of the Todd 
Creek valley (Figure 9). During 1988 portions of this area were 
prospected, the focus being several NE to N trending prominent 
linear features and an area of patchy quartz-sericite-pyrite 
altered trachyte(?) volcanics also known as the Knob Zone 
(described in the 1987 report. A one day traverse in this area 
was completed during July 1990 as a follow up on several weak Pb 
+ / -  Zn-Ag-As anomalies located in 1988. Due to extensive snow 
cover, soil samples were collected at 100 metre intervals or where 
possible. 
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8.02.01 Geolosv - Due to extensive snow cover, very 
little new geological information was obtained. The TOC 13-15 
claims appear to be underlain by an apparently thick sequence of 
fine grained, locally porphyritic, green to maroon andesitic 
volcanics. Weak chlorite + / -  epidote alteration is ubiquitous, 
probably indicating an episode of lower greenschist facies regional 
metamorphism. 

8.02.02 Mineralization - mineralization located to date 
during the 1988 and 1990 programs consisted of several very widely 
separated quartz-carbonate- galena+/- tetrahedrite veins to 50 cm 
wide. 

8.02.03 Geo- - A total of 5 rock samples, and 
17 soil samples were collected during the 1990 program. 

The 1990 sampling indicates a slightly elevated Pb background 
with locally coincidental elevated Zn-Ba-Mn values. The strongest 
anomalies occur at the north end of the ridge in south central TOC 
15. Sample #I15659 was collected adjacent to a 15 cm wide 
mineralized vein represented by #125298. The vein contained 
approximately 8% galena and 2% pyrite and was hosted in a light 
green-grey andesite with little apparent alteration along the 
margins. Based on the 1988 and 1990 geochemistry, it is very 
possible that several more of these or similar types of veins occur 
toward the north end of the ridge. 

8.05 Airborne Geophysics 

During July and August a helicopter-borne EM-Mag survey was 
flown over the Todd Cr. property. Dighem Surveys and Processing 
Inc. of Mississauga, Ont. was contracted to conduct the survey. A 
copy of Dighem's report is included as Appendix VI. 

A total of 515 km, at lOOm line spacings, was flown. The 
purpose of the survey was to determine the relationships, if any, 
between the known mineralized zones and to test the felsic volcanic 
sequence for Eskay Creek-type massive sulphides. 

The survey results were disappointing. In Virginia Creek the 
felsic volcanics and sediments are marked by magnetic lows and the 
andesitic volcanics by relative magnetic high trends. Other than 
magnetic trends and breaks little in the way of new information was 
gained from the survey. 
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9.0 Conclusions: 

9.01 Virginia Creek Area: 

The Virginia Creek area is underlain by a lower package of 
interbedded sediments and andesitic volcanics and volcaniclastics 
(Betty Creek Formation). The volcanic component appears to 
increase up-section. This is overlain by a thin, <I00 m thick, 
package of rhyolite-dacite tuffs, ash tuffs, tuff breccias and 
lapilli tuffs. (Mt. Dilworth Formation). This in turn is overlain 
by a sediment/volcanic package (Salmon River Formation). There is 
evidence that the stratigraphy has been folded along NE and N 
trending fold axes. 

Areas underlain by and/or spatial associated with the felsic 
unit have returned elevated Pb-As-Ba geochemistry. In particular 
on the north side of Virginia Creek large areas of anomalous Pb-Zn- 
Ag-As-Ba-Cd has been identified. The source of this anomaly has 
not been identified to date but the size of the anomalous area 
appears to indicate a wide distribution of mineralization. Gold 
values have been uniformly low, with only a couple of weak Au-in- 
silt anomalies on the western end of the anomaly. The felsic 
volcanics and sediments are generally indicated by magnetic and 
resistivity lows. 

9.02 TOC 13-15: 

Follow up on 1988 Pb-Zn-Ag geochem anomalies in 1990 lead to 
the discovery of narrow Pb-Zn-Ag vein mineralization at the north 
end of the ridge. 1990 soil sample results indicate the potential 
for additional similar veins in this area. Precious metal values 
were low. 

This area is marked by moderate magnetics at the northern and 
southern ends and a broad, roughly E-W trending magnetic low in the 
center. It is unclear what the magnetic low represents. 

10.0 Recommendations: 

In light of the 1990 program results and the lack of targets 
which would be of interest to Noranda at this time, no further work 
is recommended. 
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APPENDIX I 

SUMMARY COST STATEMENT 

CLAIM: TOC 3 to 6 
TYPE OF REPORT: Geological, Geochemical 
DATE : February 24, 1991 

Geology/Engineering 
No. of days - 21 
Rate per day - $ 150.00 
Total Cost: 

Geochemistry (ICP plus Au) 
Silt Samples 22 @ $ 12.00/sample 
Soil Samples 108 @ $ 12.00/sample 
Rock Samples 22 @ $ 15.00/sample 

Transportation 
Helicopter lOhrs @ $ 670.00/hr 

Supplies/Lodging 
21 days @ $ 100.00/day 

Camp Costs 

Report 
Drafting 
Writing 

Project Work Total 
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APPENDIX I 

SUMMARY COST STATEMENT 

CLAIM: TOC 13 to 15 
TYPE OF REPORT: Geological, Geochemical, Geophysical 
DATE : February 24, 1991 

Geology/Engineering 
No. of days - 2 
Rate per day - $ 150.00 
Total Cost: 

Geochemistry (ICP plus Au) 
Soil Samples 17 @ $ 12.00/sample 
Rock Samples 5 @ $ 15.00/sample 

Geophysics 
515km @ $ 50.00/km (magnetics only) 

Transportation 
Helicopter 2hrs @ $ 670.00/hr 

~upplies/Lodging 
2 days @ $ 100.00/day 

Camp Costs 

Report 
Drafting 
Writing 

Project Work Total 
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APPENDIX I1 

STATEMENT OF OUALIFICATIONS 

I, 
British 

Robert J. Baerg of the city of Prince George, Province of 
Columbia, do certify that: 

I have been employed as a geologist by Noranda 
Exploration Company, Limited since May, 1984. 

I am a graduate of the University of British Columbia 
with a Bachelor of Science (Honours) in Geology (1984). 

I am an Associate Fellow of the Geological Association 
of Canada. 

I am a member of the Canadian Institute of Mining and 
Metallurgy. 

I supervised and assisted with the work described in 
this report. 

~obert' J. Baerg b' 
Geologist 
Noranda Exploration Company, Limited 
(No Personal Liability) 



STATEZrlENT OF OUALIFICATIONS 

I, Lyndon Bradish of Vancouver, Province of ~ritish ~olumbia, 
do hereby certify that: 

1. I am a Geophysicist residing at 1826 Trutch Street, 
Vancouver, B.C. 

2. I am a graduate of the University of ~ritish Columbia 
with a B.Sc. (geophysics). 

3. I am a member in good standing in the society of ~xploration 
Geophysicists, European ~ssociation of ~xploration 
Geophysicists and the Prospector's and Developer's 
Association. 

4 .  I presently hold the position of Regional ~eophysicist with 
Noranda Exploration Company, Limited and have been in their 
employ since 1973. 
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APPENDIX I11 

SAMPLING AND ANALYTICAL PROCEDURES 
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SAMPLING PROCEDURE 

Soil samples were collected from the "B" soil horizon, with 
the use of a grub hoe. The depth of the sample holes varied from 25 
to 50 cm. The samples were placed in Kraft wet strength paper bags, 
dried and then shipped to Noranda Labs in Vancouver, B.C. for 
analysis. 



APPENDIX 

ANALYTICAL PROCEDURE 

Soils, Silts, Rocks 

The samples are dried and screened to -80 mesh. Rock samples 
are pulverized to -120 mesh. A 0.2 gram sample is digested with 
3 ml of BC104/HN03 ( 4  to 1 ratio) at 203" C for four hours, and 
diluted to 11 ml with water. A Leeman PS 3000 is used to determine 
elemental contents by I.C.P. Note that the major oxide elements 
and Ba, Be, Ce, Ga, La and Li are rarely dissolved completely from 
geological materials with this acid dissolution method. 

For Au analyses, a 10.0 gram sample of -80 mesh material is 
digested with aqua regia and determination made by A.A. 

Heavy Mineral Concentrates 

The entire concentrate is digested in aqua regia solution, 
and elemental concentrations of Au, Ag, Cu, Pb, and Zn are 
determined by A. A. 
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APPENDIX I V  

ROCK SAMPLE DESCRIPTIONS/ANALYSES 



I 
C .  

NORANDA EXPLORATION COMPANY, LIMITED 
- 

N.T.S. IbY &5 

SAMPLE NO.  LOCATION & DESCRIPTION 
SAMPLED 

0 Y 

G = GEOCHEM A = ASSAY 



I 

NORANDA EXPLORATION COMPANY, LIMITED 

8 %  

PROPERTY %dd Cceck - L&-qr,.- CR& 

SAMPLE NO. L O C A T I O N  & DESCRIPTION 

ROCK SAMPLE REPORT 

N.T.S. 1 Cf As 
,,,, r- 25/90 

S A M P L E D  
6 Y 

G = GEOCHEM A = ASSAY 



-- 
NORANDA EXPLORATION COMPANY, LIMITED 

PROPERTY C r e e k  
ROCK SAMPLE REPORT 

N.T.S. 107 145 
DATE 5-e 25 190 
PROJECT zs f  

-. . . -. 

G = GEOCHEM A = ASSAY 



'.d. 
i 

NORANDA EXPLORATION COMPANY. LIMITED 

ROCK SAMPLE REPORT 

SAMPLE NO.  LOCATION 81 DESCRIPTION 

G = GEOCHEM A = ASSAY I 



.-' I 

NORANDA EXPLORATION COMPANY, LIMITED 

ROCK SAMPLE REPORT 

SAMPLE NO.  I LOCATION & DESCRIPTION TYPE WIDTH 

N.T.S. 

DATE JCJ )r-ry 3, 1 ,m 
PROJECT-ZBL-- 



1 1 
NORANOA EXPLORATION COMPANY, LIMITED 

N.T.S. 

PROPERTY 

ROCK SAMPLE REPORT 
-- - - 

SAMPLE NO. I LOCATION & DESCRIPTION 

G = GEOCHEM A = ASSAY 



NORANDA EXPLORATION COMPANY, LIMITED 

i -  J'/ cf (. PROPERTY o 4 (" ic 
1 

ROCK SAMPLE REPORT 

SAMPLE N O .  I LOCATION & DESCRIPTION TYPE 1 WIDTH 



/ 

NORANDA EXPLORATION COMPANY, LIMITED 

PROPERTY 

ROCK SAMPLE REPORT 

SAMPLE NO.  I LOCATION & DESCRIPTION 

N.T.S. 

DATE 

PROJECT 

G = GEOCHEM A = ASSAY 



i 
,v' 

NORANDA EXPLORATION COMPANY, LIMITED 

/ / / 

PROPERTY 7JJ o c;-cc-k (,,, L/:  r,.i,,, L~~ 
c/ 

ROCK SAMPLE REPORT 

SAMPLE NO. I LOCATION 61 DESCRIPTION 

- -- 
DATE --)LA-<> '-L4,' , < 

' c"?,?e/ PROJECT -41- 

SAMPLED 
B Y  

Gi = GFOCHFM A = ASSAY 



,I 

NORANDA EXPLORATION COMPANY, LIMITED 

PROPERTY 

ROCK SAMPLE REPORT 

SAMPLE NO. I LOCATION 81 DESCRIPTION TYPE I W I D T H  

N.T.S. 

DATE 

PROJECT, 

G = GEOCHEM A = ASSAY 



. J 

1 

NORANDA EXPLORATION COMPANY, LIMITED 

N.T.S. } oY~A /~  

ROCK SAMPLE REPORT 

r l 



I 
.-. 

NORANDA EXPLORATION COMPANY, LIMITED 

PROPERTY d C M &  

ROCK SAMPLE REPORT 

N.T.S. loL/ 
DATE 2 7/7G 
PROJECT. A@/ 

SAMPLE NO. LOCATION & DESCRIPTION 

I 

I 

I 

S A M P L E D  
B Y  

G = GEOCHEM A = ASSAY 



ACME AN, "ICAL LABORATORIES LTD. 852 E, HASTINQS S T .  ' ",LIVER B.C. V6A 1R6 PHONE(604)253-3158 FAX(f ) 2 5 3 - 1 7 l h  

Noranda Emloration Co. Ltd. PROJECT 9007-0~5'~281"~ File # 90-2344 
P.O. B o x  2380, 1 0 5 0  D a v i t  St., V a n c o w e r  BC V6B 3 1 5  

_ 1 I C P  - .500 GRAM SAMPLE I S  DIGESTED WITH 3ML 3 - 1 - 2  HCL-HN03-HZ0 AT 9 5  DEG. C FOR ONE HOUR AND I S  DILUTED TO 10 ML WITH WATER. 
T H I S  LEACH I S  PARTIAL FOR MN FE SR CA P LA CR MG BA T I  B V AND L I M I T E D  FDR NA K AND AL. AU DETECTION L I M I T  BY I C P  I S  3 PPM. - SAMPLE TYPE: Rock AV* ANALYSIS BY ACID L E A C H / M  FROM 1 0  GM SAMPLE. 

DATE RECEIVED: JUL 5 1990 DATE REPORT MAILED: .D.TOYE, C.LEDI6, J.UANG; CERTIFIED 8.C. ASSAYERS 
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GEOCHEMICAL ANALYSIS CERTIFICATE 

Noranda -loration Co. Ltd. PROJECTn9007-015-'281~~ ~ i l e  # 90-2821 Page 1 
P.O. Box 2380. 1050 Davle St., Vsncwer BC V6B 315 

DATE RECEIVED: JUL 25 1590 DATE REPORT MAILEDI % SIGNED BY. C.LEONC, J.UANC; CERTIFIED B.C. ASSAYERS 
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59000N 40025E 
STANDARD C 
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39300N 39mE 
STANDARD C 

. . 
Y 

Noranda Exploration Co. Ltd. PROJECT 9007-015 2 8 1  FILE # 90-2821 Page 4 

4 .83 .O1 . 
2 7 4082.20 9 N D  3 6  3 .76 .01 .1 

1 6 10 41 1 3 106 1.45 8 N D  2 7 10 .53 .01 .1 
1 11 7 34 1 3 82 1.31 5 N D  1 4  6 .47 .O1 .1 
1 10 4 54 2 4 95 2.15 4 .27 .01 .1 
3 9 16 85 2 7 16632.28 4 .39 .01 .1 

6 .74 .01 .1 

6 1.19 -01 . 
3 1.38 .O1 . 
6 1.81 .O1 . 
5 3.23 .01 . 

12 2.86 .02 . 
8 2 4  .01 . 
4 3.16 .01 . 
3 2.14 .01 . 
5 1.89 .01 . 
8 .75 .O1 . 
5 2.23 .01 .1 

1 22 25 123 5 15 1999 4.07 5 N D  2 2 3  9 1.32 .O1 .I 
. 0 1  24 1 9 1 1 7  4 14 1079 4.11 5 ND 3 40 8 1.25 .02 .1 

1 16 16 91 4 13 8864.26 5 ND 3 17 7 1.17 -01 -1 
1 24 18 95 4 13 761 4.70 5 ND 3 21 9 1.36 .01 .1 

1 16 18 10 5 14 1059 4.55 5 ND 2 20 7 1.32 .01 . 
1 6 1 8 4  1 3 1883 1.30 5 ND 1 12 3 .a1 .01 . 
1 1 2 8 5  1 8 24472.48 5 ND 1 19 2 .64 .Ol  . 
1 8 21 12 4 16 9434 4.81 5 ND 4 54 5 1.98 .01 . 

~1 1 8 W  8 1 11 20394.82 5 ND 1 14 3 .69 .O1 . 
4 1 3 4 2 6 2 6  2 15 8156 2.99 5 ND 2 31 4 -66 .O1 .2 
4 34 120 51 4 11 40832.43 8 ND 3 81 4 1.00 .01 .1 

2 13 10792 1.89 5 1 ( O  1 6 8  7 .93 .01 .1 
3 5 3193 .64 5 ND 1 203 11 .38 .O1 .1 
2 7 572 2.87 5 ND 1 68 4 .78 .01 .1 



I 39700N 3W75E 
STANDARD C 

4 I 

Noranda Exploration Co. L t d .  PROJECT 9007-015 281 FILE # 90-2821 Page 5 



. . 
-- V 

Noranda Exploration Co. Ltd. PROJECT 9007-015 281 FILE # 90-2821 Page 6 

5 .65 .01 .2 
4 1.06 .O1 .2 
3 1.03 .01 .1 
2 1.31 .01 .1 
4 1.92 .O1 .O 

7 1.48 .01 . 
5 1.30 .O1 . 
6 1.65 .Dl  . 

10 1.36 .O1 . 
17 1.39 .01 . 
61.33 .01 .1 

18 1.46 .01 .O 
6 1.31 .01 .O 
5 1.58 .OP .O 
4 1.45 .01 .O 

4 2.06 .O1 .o 
2 2.13 .01 . 
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/PI,< - . NORANDA EXPLDRATION 

Sheet 1 of L. 

District 2- f~ i= Ax : i G ~ A & t & 6 *  -, us+ ~.rd,++*- ss.- 
Lab Code 

RECORDOF SAMPLE TRANSMITTAL I 
'-.. 

Date Shipped: 

>+J NORANDA EXPLORATION COMPANY, LIMITED Date Received: 

5 1[q P.O. BOX 2380 ' Shipped Via: 
SQ50 DAVlE STREET 

w. 
S 

VANCOUVER, B.C. MATERIAL: No. of Cartons: . ,- 

~ S O I L  a 3 1  V6B 3T5 No. of Samples: 
I 

4 
WSI LT Geologist: 

4hr -N, as, ~ R O ,  Project 10 Date: *.: 

. G T R  UCTIONS 

RESULTS TO: 

9 C O C 7  



SAMPLE# 

1 15662 
1 15663 
1 15664 

123223 

p& 
m56--- 
51355 3 
51356 
STANDARD C 

'CAL LABORATORIES LTD. 852 E. BASTINQS ST. VI ?WER B.C. V6A lR6 PHONE(604)253 A 

OEOCHEMICA~~ ARALYSIS CERTIBICATE I Cr , 

7 2.23 .O1 .1 

3 16 39 1 

5 NO 1 16 

1 69 17 9 
38 19 114 19 

3 3.23 .O1 . 

ICP - ,500 GRM SAMPLE I S  DIGESTED WITH 3ML 3-1-2 HCL-HN03-H20 AT 95 DEG. C FOR ONE HOUR AND I S  DILUTED TO 10 ML WITH WATER. 
THIS LEACH I S  PARTIAL FOR MN FE SR U P LA CR MG BA T I  B U AND LIMITED FOR NA K AND AL. AU DETECTIOM L I M I T  BY ICP I S  3 PPU. - SAMPLE TYPE: P u l p  n P 

Dam RECEIVED: JUL 30 1990 DATE REPORT WAILED: .TOYE, C.LEONO, J.UANG; CERTIFIED B.C. ASSAYERS 

?r 
.I 
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NORANDA VANCOUVER LABORATORY ........................... 
1 PERTY/LOCATION:TODD CREEK 

Project No - : 281 Sheet: 1 of 1 
Material :54 SOILS Geol. :R.B. 
Remarks : 1 SILT 

Values in PPM, 

CODE : 9007-031 -------------- 
Date recfd:JUL 9 
Date comp1:AUG 1 

except where noted. 

SAMPLE PPB 
0. No , Au 
.------------------------------------------------------------------------ 

Silt 
Soil 

Soil 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

MESH 5 
5 
5 
5 
20 
5 
5 
5 
5 
5 
5 

MESH 5 
5 
5 
5 
5 
5 
5 



51356  
STANDARD I 

ICP  - .500 ORAH SAMPLE I S  DIGESTED U l T H  3ML 3 - 1 - 2  HCL-HN03-HZ0 AT 95 DEG. C FOR ONE HWR AND I S  D I ~ U T E ~  TO 10 ML WITH WATER. 
TH IS  LEACH I S  PARTIAL FOR 1111 FE SR CA P U CR MG BA T I  B Y AND L IM ITED FOR NA K AND AL. AU DETECTSIN L I M I T  BY ICP  I S  3 PPM. - SAMPLE TYPE: PULP n P 

D m  RECEIVED: JUL 30 1990 DATE REPORT WiILEDI .TOYE, C.LEONQ, J.WNG; CERTIFIED B.C. ASSAYERS 
4 

A , "  ?A 
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STANDARD C 



:. 
. . 1 

NORANDA VANCOUVtd LABORAT . 

Geochemical Analysis 
ProJecl Name (L No.: Geol.: R.B. 
Material: r 148 SOILS. 38 SILTS Sheet: $ 0 1  s 
Remerke: 

AU - 10.0 g smpls dipeelad with ngus-regla and dslermlned by A.A. p.L 5 PPB) 
ICP -0.2 9 ompie dlgsstsd wlth 3 ml HCWHN(YJ(4:l) 81 203 dsg. C lor 4 hours dllulad lo 11 ml vllh rslsr. Lsemsn PSMoo ICP detsrmlned slementd mntenls. 
N.B. The mejaoxlde elemsnls and 82 8.. Os. 84 L q  Ll a. rmly dlaeolvsd mmplrfely lrom geologlosl matorlala wllh acid diolalullon molhcdo. 

~T.T. SAMPLE Au Ao Al A8 Ba Be 81 Ca Cd Ce Co Cr Cu Fe Ga K La LI Mg Mn Mo Na Nl P Pb Sr TI V Z n I  



ppm ppm Py. 2 of 6 



INO. No. - 
--,a2 SOlL 110775 

. 88 SOIL 110897 

.. 89 110898 
. Q O  110899 

91 1 1 0900 
92 SOlL 110927 I 

.- 93 SOIL 110928 
- 94 1 10929 

. 85 1 10930 

.. BB 110831 

. 87 SOIL 1 10932 

. 98 SOIL 110933 
- QQ 1 10934 

101 1 10935 
102 1 10936 
103 SOlL 110937 

104SOlL 110838 
105 1 1 0939 
108 1 10940 
107 1 10941 
108 SOlL 110942 

124 SOIL 123208 

tpm % 
7 0.04 

21 0.11 
25 0.10 
28 0.13 
37 0.18 
24 0.14 

30 0.14 
31 0.17 
43 0.17 
44 0.17 
29 0.15 

30 0.21 
37 0.16 
27 0.16 
32 0.14 
28 0.18 

24 0.17 
21 0.14 
21 0.14 
14 0.12 
11 0.09 

17 0.08 
12 0.10 
16 0.12 
17 0.10 
30 0.12 

53 0.18 
89 0.10 
10 0.16 
18 0.16 
10 0.11 

17 0.14 
14 0.15 
28 0.13 
21 0.09 
32 0.09 

33 0.09 
15 0.09 
30 0.09 
43 0.10 
60 0.11 

33 0.11 
29 0.11 



- 141 
142 125081 
143 SOIL 125082 

125084 

147 125086 
148 SOlL 125087 

148 SOIL 125098 

154 SlLT 125017.1 

125020 

168 SlLT 125022 

- 160 SlLT 125023 1:. ::-:\ 
' 

165 SILT 125028 

12586 
189 61LT 125062 



lo. 
70 SlLT 
71 
72 
73 
74 SILT 

75 SlLT 
78 
T7 
78 
78 SlLT 

80 SlLT 
81 
82 
83 SILT 
84 SlLT 

85 SlLT 
88 
87 
88 SILT 



ACHE AHA' lICAL LRBORAMRIES LTD. ' 852  E. BASTINOS ST. VP"';OUVL;H U.G. von AKo r u ~ r u a ( u u i ) ~ ~ + .  .,r,r ...-,---, ~- h, --.. - ,  

GEOCHEMICAL ;.-ALYSIS CERTIFICATE ? 

Noranda E~loration Co. Ltd. PROJECT 9007-031 282f File # 90-2402 
P.O. B o x  2380.  1 0 5 0  D e v i e  St., V s n c o w e r  BC V6B 3 7 5  

I C P  - .SO0 GRAM SAMPLE I S  DIGESTED WITH U I L  3 - 1 - 2  HCL-HNO3-HZ0 AT 9 5  DEG. C FOR W E  H W R  AND I S  DILUTED TO 10 WL WITH WATER. 
T H I S  LEACH I S  PARTIAL FOR WN FE SR CA P L A  CR WG BA T I  B W AND L lWlTED FOR NA K AND AL. AU DETECTIDH L l W l T  BY I C P  I S  3 PPM. - SAMPLE TYPE: R o c k  ALT ANALYSIS BY ACID L E A C H I M  F R M  1 0  GI4 SAMPLE. a f 

DATE RECEIVED: JUL 10 l W O  DATE REPORT MAILED8 .O.TOYE, C.LEDHG, J.WANG; CERTIFIED B.C. ASSAYERS 

/ ASSAY RECOMMENDED 



- 
d 

Noranda Emloration Co. Ltd. PROJECT' 9007-025 281 ?'File # 90-2333 Page 1 
P.O. Box 2380, 1050 Devie St., Vancouver BC V6B 315 

2 7 25 35 5 4 433 1.17 5 N D  1 5  6 .30 .01 . 
6 3 10 180 1 5 429 2.89 3 .ZO .O1 . 

94 16 174 58 6 4 27 2.58 11 .29 .01 . 
5 3 17 37 5 2 332 1.27 7 .46 .03 . 
3 3 22 27 8 2 421 .87 2 .35 .02 . 
2 4 14 40 3 2 859 1.04 5 N D  1 3  2 .51 .Dl . 
3 6 61 41 10 4 118 1.54 8 .23 .Dl  . 
3 8 17 34 6 5 172 3.01 10 .82 .01 . 
3 6 6 1 4  12 3 222 .84 10 .25 .O1 . 
4 7 18 21 2 4 77 1.11 10 .41 .O1 . 
4 8 12 12 11 2 83 1.15 6 .21 .01 . 
4 17 83 122 6 2 54 1.26 9 -21 .01 . 
8 16 26 10 9 4 91 1.68 3 .35 .O1 . 
8 47 69 19 5 12 48 2.14 4 .28 .01 . 
3 63 22 37 5 24 54818.82 5 1.03 .01 . 
4 11 16 47 6 7 684 2.70 11 .50 .O1 . 
1 12 2 71 3 7 892 2.65 11 .46 .01 . 
1 1 4  8 2 3  2 41002 2.00 8 .47 .Dl . 
3 13 13 65 6 12 617 6.78 2 1.10 .01 . 
3 2 7 1 0 6  5 7 1041 3.45 7 1.33 .01 . 

5 11 1327 6.31 7 2.54 .02 . 
1 1 7  9 1  9 15 880 6.37 15 2.91 .03 . 
1 2  2 1  4 21 1391 5.66 91.88 -02 . 

9 12 979 4.16 11 2.13 .02 . 
6 9 549 2.99 18 1.70 .01 . 
4 11 585 4.69 5 N D  1 1  24 2.61 .01 . 
5 8 455 4.30 5 N D  2 1  2 1.62 .03 . 

25 27 1262 5.63 5 N D  1 3  2 4.76 .01 . 
4 3 666 '1.34 5 N D  2 2  9 .43 .02 . 
5 7 712 2.84 5 N D  3 1  5 1.53 .02 . 

i7L-t 11171 

ICP - .500 GRAM SAMPLE I S  DIGESTED UlTH 3ML 3-1-2 HCL-HNO3-HZ0 AT 95 DEG. C FOR ONE HOUR AND I S  DILUTED TO 10 ML UlTH W T 
THIS LEACH I S  PARTIAL FOR MN FE SR CA P LA CR MG BA T I  B Y AND LIMITED FOR NA I: AND AL. A l l  DETECTION LIMIT BY IEP I S  3 P JUI- 3 1 jgg@ 1 - SAMPLE TYPE: Rock ALP ANALYSIS BY A C I D  LEACH/AA FROM 10 GM SAMPLE. c. R, 1' 

- 7 1 - i T 5 - ~ - ~  .,t 
DATE RECEIVED: JUL 6 1990 DATE REPORT MAILED: /a/go SIGNED BY. . . . . . .I . . . D .TOYE, C.LEONG, J .WING; CERTlf *ED. B.C. X S A I E R I . .  . . . .. 
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NORANDA EXPLORATION COMPANY, LIMITED 

I Sheet of i 

Lnd  District 
Lab Code 

h \ l /  /9D 
NORANDA EXPLORATION COMPANY, LlMlTED Date Received: I 90 

MO, ACJ) 0 SPECIAL INSTRUCTIONS OR REMARKS: 
.QSTR UCTIONS 

I 

RESULTS TO: dew & G I \  5 ~ q ~ b 9  
I 



NORANDA EXPLORATION c MPANY, LIMITED 
Par\ 1. J+ 6 dl C s,~TL,(: ~ h r  ,- 3 ~ d k ~ C  I of , {&f4 Sheet 

~%ft~k District Kc:> h + , ? c 2  1 d- Am Q - 
\ Lab Code RECORD OF SAMPLE TRANSMllTAL 

900%2fiT 
*?:;,'I T 

s-@- Date Shipped: Juhe 34 ,  1490 
NORANDA EXPLORATION COMPANY, LIMITED Date Received: 
P.O. BOX 2380 

6 ,  / ? 9 O  
Shipped Via: L d h ~  

1050 DAVIE STREET 
r 

VANCOUVER, B-C- MATERIAL: NO. of Cartons: 3 boxe.5 /,F S- & 
V6B 3T5 SOIL 188 No. of Samples: 

sl cr + PG Geologist: Rob k e q  
Proj, %dd Cree k N o. 281  ROCK Date: Jibe 39 90 

1 
SPECIAL INSTRUCTIONS O R  REMARKS: 

.NSTRUCTIONS 30 elmefit XG~' t h &&w 

RESULTS TO: 
for all smfles 

- - - - -  



NORANDA 
- -- - 

EXPLORATION COMPANY, LIMITED 

RECORD O F  SAMPLE TRANSMIITAL 

NORANDA EXPLORATION COMPANY, LiMlTED 
P.O. BOX 2380 
1050 DAVIE STREET 
VANCOUVER, B.C. 
V6B 3T5 

MATERIAL: 
n 

Date Shipped: 

Date Received: 

Shipped Via: 

No. of Cartons: 

No. o f  Samples: 

Geologist: 

Date: 

Sheet of 

L 
Lab Code 

d. 
Rob Been, 

1 - Y A L Y T I C A L  A ES: ( , 0. Ag) SPECIAL INSTRUCTIONS O R  REMARKS: 
I(ISTRUCTIONS 

u, Pb. Zn, Mo, Ag 0 2  3 0 e I e ~ c , t  1 c p  +- &%e& -,. 

(CU, ~ b ,  Zn. MO, ~ g )  + AS NOTED 0 
RESULTS TO: P~ IP /CE  GEORGE for dl samf'e$ 



NORANDA VANCOWER LABORATORY ............................ 
I E RTY /LOCATI~N : TODD CREEK CODE : 9007-025 -------------- 
r o j  eqt No. :281 Sheet:l of 1 Date recfd:JUL 06 
Xaterlal :12 PANS Geo1,:R.B. Date comp1:AUG 15 
Xemarks 

Values in PPM, except where noted. 

.T. SAMPLE w t .  PPB 
0. No, (g) Au Cu Zn ~b AS -_____-____-_-__--------________________________________________------------________________________________________-________________________________________-------------------------------------- 
1E 125277 70.5 5 26 110 1 0.2 
82 125251 53.5 5 22 90 2 0.2 
83 125252 34.4 5 26 110 4 0.2 
84 125253 45.0 180 22 70 2 0.4 
85 125254 58.5 22 184 10 0.2 
86 125280 43.5 8 0 : ~  38 160 4 0.6 
87 125282 3 62.6 770 32 140 22 0.4 
88 125276 33.5 5 28 120 1 0.2 
89 125278 79.5 100 34 130 6 0.4 
90 125279 40.9 5 ,  60 280 6 0.2 
91 1252810 57.1 280 32 102 32 0.4 
92 125283D 75.9 5 34 140 14 0.2 

- 
'.B. Pan-con: entire sample used-for Au determination. 

*Cur Zn, Pb, Ag values obtained from Aqua Regia solfn. 
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APPENDIX V 

AEM ( D i s h e m )  Survey R e p o r t  



Report # 1 0 9 0 B  

D I G E E M ~  SURVEY 

FOR 

NO-A EXPLORATION COMPANY, LIMITED 

M D D  CREEK PROJECT 

BRITISH COLUMBIA 

NTS 104~/4, 104~/5 

DIGEKEM SURVEYS & PROCESSING INC- 
MISSISSAUGA, ONTARIO 
December 3, 1990 

J 

Paul A. Smith 
Geophysicist 



Thi s  r e p o r t  d e s c r i b e s  t h e  l o g i s t i c s  and r e s u l t s  of  a 

DIG HE MI^ a i r b o r n e  geophysical  survey c a r r i e d  o u t  f o r  Noranda 

Exp lo ra t ion  Company, Limited,  over  a p r o p e r t y  l o c a t e d  i n  t h e  

Todd Creek a r e a  of B r i t i s h  Columbia. T o t a l  coverage of  t h e  

survey  b lock  amounted t o  515 km. The survey  w a s  flown from 

J u l y  28  t o  August 11, 1990. 

The purpose of t h e  survey w a s  t o  d e t e c t  zones of  

conduc t ive  m i n e r a l i z a t i o n  and t o  prov ide  in format ion  t h a t  

cou ld  be  used t b  map t h e  geology and s t r u c t u r e  of t h e  survey  

area. This  was accomplished by u s i n g  a DIG HE MI^ mul t i -  

c o i l ,  mul t i - f requency e lec t romagnet ic  system, supplemented by 

a h i g h  s e n s i t i v i t y  C e s i u m  magnetometer and a twa-channel VLF 

r e c e i v e r .  The in format ion  from t h e s e  s enso r s  was processed  

t o  produce maps which d i s p l a y  t h e  magnetic and conduc t ive  

p r o p e r t i e s  of t h e  survey a r e a .  An e l e c t r o n i c  n a v i g a t i o n  

s y s t e m ,  o p e r a t i n g  i n  t h e  UHF band, ensured  a c c u r a t e  

p o s i t i o n i n g  of t h e  geophysical  d a t a  wi th  r e s p e c t  t o  t h e  base  

maps i n  on ly  a few po r t i ons  of t h e  survey  b lock .  V i sua l  

f l i g h t  pa th  recovery techniques  w e r e  used i n  a r e a s  where 

t r ansponde r  s i g n a l s  w e r e  blocked by topographic  f e a t u r e s .  

The p r o j e c t  a r e a  i s  unde r l a in  by h igh ly  r e s i s t i v e  

ground. Only a few of t h e  anomalies d e t e c t e d  by t h e  survey  

have been a t t r i b u t e d  t o  poss ib l e  bedrock conduc tors .  Most of 



these EM anomalies warrant further investigation using 

appropriate surf ace exploration techniques. Areas of 

interest may be assigned priorities on the basis of 

supporting geophysical, geochemical and/or geological 

information. After initial investigations have been carried 

out, it may be necessary to re-evaluate the remaining 

anomalies based on information acquired from the follow-up 

program. 
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INTRODUCTION 

A DIGHEMI' electromagnetic/resistivity/magnetic/~~~ 

survey was flown for Noranda Exploration Company, Limited 

from July 28 to August 11, 1990, over a survey block in 

central British Columbia. The property, designated the 

Todd Creek Pro3ect, is located in the Cambria Icefield, about 

40 kin northeast of Stewart. The property is situated on NTS 

map sheets 104~/4 and 104~/5, with its center near latitude 

~ 6 ~ 1 9  'OO"~/long~tude 129°47'30"~. 

Survey coverage consisted of approximately 515 line-km, 

including tie lines. Flight lines were flown east/west with 

a line separation of 100 metres. 

I V  
The survey employed the DIGHEM electromagnetic 

system. Ancillary equipment consisted of a magnetometer, 

radar altimeter, video camera, analog and digital recorders, 

a VLF receiver and an electronic navigation system. Details 

on the survey equipment are given in Section 2. 

The instrumentation was installed in an Aerospatiale 

AS350B turbine helicopter (Registration C-GNIX) which was 

provided by Questral Helicopters Ltd. The helicopter flew at 

an average airspeed of 120 b/h with an EM bird height of 

approximately 30 m. 



Section 2 also provides details on the data channels, 

their respective sensitivities, and the navigation/flight 

path recovery procedure. Noise levels of less than 2 ppm are 

generally maintained for wind speeds up to 35 km/h. Higher 

winds may cause the system to be grounded because excessive 

bird swinging produces difficulties in flying the helicopter. 

The swinging results from the 5 m2 of area which is 

presented by the bird to broadside gusts. 

In some pprtions of the survey area, the extremely 

rugged topography forced the pilot to exceed normal terrain 

clearance for reasons of safety. It is possible that some 

weak conductors may have escaped detection in areas where the 

bird height exceeded 120 m. In difficult areas where near- 

vertical climbs were necessary, the forward speed of the' 

helicopter was reduced tcf a level which permitted excessive 

bird swinging. This problem, combined with the severe 

stresses to which the bird was subjected, gave rise to 

aerodynamic noise levels which are slightly higher than 

normal. Where warranted, reflights were carried out to 

minimize these adverse effects. 



- 2-1 - 

SURVEY E O U I P m  

This  s e c t i o n  prov ides  a b r i e f  d e s c r i p t i o n  of t h e  

geophys ica l  i n s t rumen t s  used t o  acqu i r e  t h e  survey  d a t a :  

Elect romaffnet ic  System 

I V  
Model : DIGHEM 

Type : Towed b i r d ,  symmetric d i p o l e  c o n f i g u r a t i o n  
ope ra t ed  a t  a , n o m i n a l  survey a l t i t u d e  of 30 
metres. C o i l  s e p a r a t i o n  i s  8 metres f o r  900 
fiz and 7200 Hz, and 6.3 metres f o r  t h e  56,000 
H z  c o i l - p a i r .  

C o i l  orientations/frequencies: c o a x i a l  / 900 Hz 
coplanar /  900 Hz 
coplanar /  7,200 Hz 
coplanar/56,000 Hz 

Channels recorded:  

S e n s i t i v i t y :  

4 inphase channels  
4 quadra ture  channe ls  
2 monitor channels  

0 . 2  ppm a t  900 Hz 
0 . 4  ppm a t  7,200 Hz 
1 . 0  ppm a t  56,000 Hz 

Sample rate: 1 0  pe r  second 

The e l e c t r o m a g n e t i c  sys t em u t i l i z e s  a m u l t i - c o i l  

c o a x i a l / c o p l a n a r  t e c h n i q u e  t o  e n e r g i z e  conduc to r s  i n  

d i f f e r e n t  d i r e c t i o n s .  The coax ia l  t r a n s m i t t e r  c o i l  i s  

v e r t i c a l  wi th  i t s  a x i s  i n  t h e  f l i g h t  d i r e c t i o n .  The cop lana r  

c o i l s  a r e  h o r i z o n t a l .  The secondary f i e l d s  a r e  sensed  



simultaneously by means of receiver coils which are maximum 

coupled to their respective transmitter coils. The system 

yields an inphase and a quadrature channel from each 

transmitter-receiver coil-pair. 

Maanetometer 

Model : Picodas 3340 

Type : Optically pumped Cesium vapour 

Sensitivity: 0.01 nT 

Sample rate: 10 per second 

The magnetometer sensor is towed in a bird 15 m below 

the helicopter. 

Maqnetic Base Station 

Model : Scintrex MP-3 

Type : Digital recording proton precession 

Sensitivity: 0.10 nT 

Sample rate: 0.2 per second 

A digital recorder is operated in conjunction with the 

base station magnetometer to record the diurnal variations 

of the earth's magnetic field. The clock of the base station 

is synchronized with that of the airborne system to permit 

subsequent removal of diurnal drift. 



VLF Svstem 

Manufacturer: 

Type : 

S e n s i t i v i t y :  

S t a t i o n s  : 

Herz I n d u s t r i e s  L td .  

Totem-2A 

0.1% 

S e a t t l e ,  Washington; NLK, 24.8 kHz 
L u a l u a l e i ,  Hawaii; NPM, 23.4 kHz 

The VLF r e c e i v e r  measures t h e  t o t a l  f i e l d  and v e r t i c a l  

quad ra tu re  compbnents of  t h e  secondary VLF f i e l d .  S i g n a l s  

f r o m  t w o  s e p a r a t e  t r a n s m i t t e r s  c a n  b e  m e a s u r e d  

s imul taneous ly .  The VLF senso r  i s  towed i n  a  b i r d  1 0  m 

below t h e  h e l i c o p t e r .  

Radar A l t i m e t e r  

Manufacturer: ~ o n e y w e l l / ~ p e r r y  

Type : AA 220 

S e n s i t i v i t y :  1 f t  

The r a d a r  al t imeter measures t h e  v e r t i c a l  d i s t a n c e  

between t h e  h e l i c o p t e r  and t h e  ground. This in format ion  i s  

used i n  t h e  p roces s ing  a lgor i thm which determines  conductor  

dep th .  



Analos Recorder 

Manufacturer:  RMS Ins t ruments  

Type : DGR33 dot-matr ix  graphics  r e c o r d e r  

Reso lu t ion :  4x4 dots/mm 

Speed: 1 .5  m m / s e c  

The ana log  p r o f i l e s  w e r e  recorded on c h a r t  paper  i n  t h e  

a i r c r a f t  d u r i n g  t h e  survey .  Table 2-1 l is ts  t h e  geophys ica l  

d a t a  channe ls  and t h e  v e r t i c a l  s c a l e  of each p r o f i l e .  

Diaital  Data Acqu i s i t i on  System 

Manufacturer:  RMS Ins t ruments  

Type : DGR 3 3  

Tape Deck: RMS TCR-12, 6 4 0 0  b p i ,  t a p e  c a r t r i d g e  r e c o r d e r  

f 

The d i g i t a l  d a t a  w e r e  used t o  gene ra t e  s e v e r a l  computed 

parameters .  Both measured and computed parameters  w e r e  

p l o t t e d  a s  "mul t i -channel  s tacked  p r o f i l e s "  du r ing  d a t a  

p roces s ing .  These parameters  a r e  shown i n  Table  2 - 2 .  

I n  Table  2-2,  t h e  l og  r e s i s t i v i t y  s c a l e  of 0.06 

decade/mm means t h a t  t h e  r e s i s t i v i t y  changes by an o r d e r  of 

magnitude i n  1 6 . 6  mm. The r e s i s t i v i t i e s  a t  0 ,  3 3  and 67 mm 

up from t h e  bottom of t h e  d i g i t a l  p r o f i l e  a r e  r e s p e c t i v e l y  1, 

1 0 0  and 1 0 , 0 0 0  ohm-m. 



9AG 
FU;T 
X I  ( 900 Hz) 
zxQ ( 900 Hz) 
2 1  ( 900 Hz) 
2PQ ( 900 Hz) 
ZPI (7200 Hz) 
ZPQ (7200 Hz) 
3eI (56 kHz) 
W2 (56 kHz) 
MS 
B P  

DFI ( 900 Hz) 
DFQ ( 900 Hz) 
RES ( 900 Hz) 
FES (7200 Hz) 
RES (56 kHz) 
DP ( 900 Hz) 
DP (7200 Hz) 
DP (56 EdIz) 
car 

Parameter 

coaxial inphase ( 900 Hz) 
coaxid quad ( 900 Hz) 
coplanar inphase ( 900 Hz) 
cop- quad ( 900 Hz) 
coplanar inphase (7200 Hz) 
coplanar quad (7200 Hz) 
coplanar inphase(56000 Hz) 
coplanar quad (56000 Hz) 
altimeter 
magnetics, coarse 
magnetics, fine 
VLF-total: primary stn. 
VLF-quad: primary stn. 
VLF-total: secondary stn. 
VLFquad: secondary stn. 
coaxial sferics mnitor 
coplarq sferics mnitor 
coaxial pwer l ine  mnitor 
coplanar powerline mnitor 

Scale 
units/mn 

W e  2-2. !BE D i g i t a l  Profiles 

Designation on 
digital profile 

CXI  ( 900 Hz) 
cxQ ( 900 Hz) 
S I  ( 900 Hz) 
sc2 ( 900 Hz) 
a 1  (7200 HZ) 
CJ?Q (7200 Hz) 
S I  (56 kHz) 
sc2 (56 &) 
m 
MIG 

Observed parameters 

M F ~ ~ C S  

~ird height 
vertical coaxial coil-pair inphase 
vertical coaxial coil-pair quadrature 
horizontal coplanar coil-pair hphdse 
horizontal caplanar coil-pair quadrature 
horizontal coplanar coil-pair inphase 
horizontal coplanar coil-pair quadrature 
horizontal coplanar coil-pair inphase 
horizontal coplanar coil-pair quadrature 
coaxial sferics mnitor 
coplanar powerline mnitor 

Cclrrrputed Parameters 

difference fuIlr;-tion inphase fram CXI and B I  
dif £ m e  £unction quadrature from W and BQ 
log resist ivity 
log resist ivity 
log resist ivity 
apparent depth 
apparent %th 
apparent 
c o m e  



Trackina  Camera 

Type : Panasonic Video 

Model : AG 2 4 0 0 / ~ ~ ~ ~ 1 3 2  

F i d u c i a l  numbers are recorded cont inuous ly  and are 

d i s p l a y e d  on t h e  margin of each  image. This  p rocedure  

ensu re s  a c c u r a t e  c o r r e l a t i o n  of ana log  and d i g i t a l  d a t a  w i t h  

r e s p e c t  t o  v i s i b l e  f e a t u r e s  on t h e  ground. 

Naviqat ion systkrn 

Model : D e l  Norte 547 

Type : UHF e l e c t r o n i c  p o s i t i o n i n g  system 

S e n s i t i v i t y :  1 m 

Sample rate: 2 p e r  second 

i 

The nav iga t ion  system uses  ground based t ransponder  

s t a t i o n s  which t r a n s m i t  d i s t a n c e  in format ion  back t o  t h e  

h e l i c o p t e r .  The ground s t a t i o n s  a r e  set up w e l l  away from 

t h e  survey  a r e a  and are pos i t i oned  such t h a t  t h e  s i g n a l s  

c r o s s  t h e  survey block a t  an  ang le  between 30'  and 1 5 0 ~ .  

The onboard Cen t r a l  Process ing  Uni t  t akes  any two t r ansponde r  

d i s t a n c e s  and determines  t h e  h e l i c o p t e r  p o s i t i o n  r e l a t i v e  t o  

t h e s e  two ground s t a t i o n s  i n  c a r t e s i a n  c o o r d i n a t e s .  



The c a r t e s  i a n  coordina tes  a r e  transformed t o  . UTM 

coordina tes  dur ing  d a t a  processing.  This i s  accomplished by 

c o r r e l a t i n g  a number of prominent topographical l o c a t i o n s  

with t h e  nav iga t iona l  d a t a  po in t s .  The use of numerous 

v i s u a l  t i e  po in t s  serves two purposes: t o  accura te ly  relate 

t h e  navigat ion d a t a  t o  t h e  map shee t  and t o  minimize l o c a t i o n  

e r r o r s  which might r e s u l t  from d i s t o r t i o n s  i n  uncont ro l led  

photomosaic base maps. 



PRODUCTS AND PROCESSING TECHNIOUES 

The fol lowing products a r e  a v a i l a b l e  from t h e  survey 

d a t a .  Those which are not p a r t  of t h e  survey c o n t r a c t  may be 

acquired later.  Refer  t o  Table 3-1 f o r  a summary of t h e  

maps which accompany t h i s  r e p o r t ,  some of which may be s e n t  

under s e p a r a t e  cover .  Most parameters can be d isp layed as 

contours ,  p r o f i l e s ,  o r  i n  colour .  

Base Maps 

Base maps of t h e  survey a rea  have been produced from 

published topographic maps. These provide a r e l a t i v e l y  

accura te ,  d i s t o r t i o n - f r e e  base which f a c i l i t a t e s  c o r r e l a t i o n  

of t h e  naviga t ion  d a t a  t o  the  UTM g r i d .  Photomosaics are 

u s e f u l  f o r  v i s u a l  re ference  and f o r  subsequent f l i g h t  pa th  
f 

recovery,  but  u s u a l l y  con ta in  s c a l e  d i s t o r t i o n s .  Orthophotos 

a r e  i d e a l ,  but  t h e i r  c o s t  and t h e  time requi red  t o  produce 

them, usua l ly  precludes t h e i r  use a s  base maps. 

Electromaqnetic Anomalies 

Anomalous electromagnet ic  responses a r e  s e l e c t e d  and 

analysed by computer t o  provide a preliminary electromagnet ic  

anomaly map. This  prel iminary map i s  used, by t h e  



Table 3-1 Plots A v a i l a b l e  fran the Survey 

NO. OF 
MAPl?lmmcT SHEEX'S 

E l e c b m m a ~ t i c  A x n x d i e s  2 

Prabable Bedrock Coxktors 

Resistivity ( 900 Hz) 2 

Resis t iv i ty  ( 7,200 H z )  2 

[ R e s i s t i v i t y  (56,000 Hz) 

Im Magnetite 

ITbtal F i e l d  Magnetics 

AlcmLY PRDFILES 
MAP ImMAPl* 

SHADOW 
MAP 

N/A 

--- 

JimaXed Magnetics N/A - 

Ist V e r t i c a l  lkrivative Magnetics 2 N/A - 
2nd V e r t i c a l  Derivative M a p t i c s  I N/A I - 

N/A Not available - N o t  requFred under terms of the survey contract 
* Recamwded 
20,000 Scale of delivered map, i.e, 1: 10,000 

Wti-channel stacked profiles 

N o t e s :  

- lnked contour maps are provided on transparent rredia and show f l ight  lines, EM 
aramlies a d  suitable registration. Three paper prints of each map are 
supplied, in addition to three colour plots of each contour map. 

Worksheet profiles 

Interpreted profiles 

- 

10,000 



geophysic is t ,  i n  conjunction with t h e  computer-generated 

d i g i t a l  p r o f i l e s ,  t o  produce the  f i n a l  i n t e r p r e t e d  EM anomaly 

map. This map includes bedrock, s u r f i c i a l  and c u l t u r a l  

conductors.  A map containing only bedrock conductors can be 

generated,  i f  d e s i r e d .  

R e s i s t i v i t y  

The apparent r e s i s t i v i t y  i n  ohm-m may be generated from 

t h e  inphase and quadrature EM components f o r ,  any of t h e  

f requencies ,  us ing  a pseudo-layer halfspace model. A 

r e s i s t i v i t y  map por t rays  a l l  t h e  EM information f o r  t h a t  

frequency over t h e  e n t i r e  survey a rea .  This c o n t r a s t s  wi th  

t h e  electromagnet ic  anomaly map which provides information 

only  over  i n t e r p r e t e d  conductors. The l a r g e  dynamic r a n g e -  

makes t h e  r e s i s t i v i t y  parameter an exce l l en t  mapping t o o l .  ? 

EM Maqnetite 

The apparent  percent  magnetite by weight i s  computed 

wherever magnetite produces a negat ive inphase EM response.  

To ta l  F ie ld  Maqnetics 

The ae romagne t i c  d a t a  a r e  c o r r e c t e d  f o r  d i u r n a l  



v a r i a t i o n  us ing  t h e  magnetic base s t a t i o n  da ta .  The reg iona l  

IGRF can be removed from t h e  d a t a ,  i f  requested.  

Enhanced Maanetics 

The t o t a l  f i e l d  magnetic d a t a  a r e  subjec ted  t o  a 

process ing  algorithm. This algorithm enhances t h e  response 

of magnetic bodies i n  t h e  upper 500 m and a t t e n u a t e s  t h e  

response of deeper bodies .  The r e s u l t i n g  enhanced magnetic 

map provides b e t t e r  d e f i n i t i o n  and r e s o l u t i o n  of near- 

s u r f a c e  magnetic u n i t s .  I t  a l s o  i d e n t i f i e s  weak magnetic 

f e a t u r e s  which may no t  be evident  on t h e  t o t a l  f i e l d  

magnetic map. However, r eg iona l  magnetic v a r i a t i o n s ,  and 

magnetic lows caused by remanence, a r e  b e t t e r  def ined on t h e  

t o t a l  f i e l d  magnetic map. The technique i s  descr ibed i n  more' 

d e t a i l  i n  Sec t ion  5 .  

Maqnetic Derivat ives  

The t o t a l  f i e l d  magnetic da ta  may be subjec ted  t o  a 

v a r i e t y  of f i l t e r i n g  techniques t o  y i e l d  maps of t h e  

following: 

v e r t i c a l  g rad ien t  

second v e r t i c a l  d e r i v a t i v e  

magnetic s u s c e p t i b i l i t y  with reduct ion t o  t h e  pole  

upward/downward cont inuat ions 



A l l  o f  t h e s e  f i l t e r i n g  t e c h n i q u e s  improve  t h e  

r e c o g n i t i o n  o f  near-surf  ace  magnetic bodies ,  w i t h  t h e  

excep t ion  of upward con t inua t ion .  Any of t h e s e  parameters  

can  be  produced on r e q u e s t .  Dighem's p r o p r i e t a r y  enhanced 

m a g n e t i c  t e c h n i q u e  i s  des igned  t o  provide a g e n e r a l  

"a l l -purpose"  map, combining t h e  more u s e f u l  f e a t u r e s  of t h e  

d o v e  parameters .  

The VLF d a t a  are d i g i t a l l y  f i l t e r e d  t o  remove l o n g  

wavelengths such as t h o s e  caused by v a r i a t i o n s  i n  t h e  

t r a n s m i t t e d  f i e l d  s t r e n g t h .  

Mult i-channel  Stacked P r o f i l e s  

D i s  t a n c e - b a s e d  p r o f i l e s  of t h e  d i g i t a l l y  r eco rded  

geophys ica l  d a t a  are generated and p l o t t e d  by computer.  

These p r o f i l e s  a l s o  c o n t a i n  t h e  c a l c u l a t e d  parameters which 

are used i n  t h e  i n t e r p r e t a t i o n  process .  These  a r e  produced 

as worksheets p r i o r  t o  i n t e r p r e t a t i o n ,  and can a l s o  be 

p re sen ted  i n  t h e  f i n a l  co r r ec t ed  form a f t e r  i n t e r p r e t a t i o n .  

The p r o f i l e s  d i s p l a y  e lec t romagnet ic  anomalies w i th  t h e i r  

r e s p e c t i v e  i n t e r p r e t i v e  symbols. The d i f f e r e n c e s  between 

t h e  worksheets and t h e  f i n a l  co r r ec t ed  form occur o n l y  w i t h  

r e s p e c t  t o  t h e  EM anomaly i d e n t i f i e r .  



Contour, Colour and Shadow Map Displays 

The geophysical  d a t a  a r e  in te rpo la ted  onto a  r e g u l a r  

g r i d  us ing  a  modified Akima s p l i n e  technique. The r e s u l t i n g  

g r i d  i s  s u i t a b l e  f o r  genera t ing  contour maps of e x c e l l e n t  

q u a l i t y .  

Colour maps a r e  produced by i n t e r p o l a t i n g  t h e  g r i d  down 

t o  t h e  p i x e l  s i z e .  The parameter i s  then incremented wi th  

r e s p e c t  t o  s p e c i f i c  amplitude ranges t o  provide c o l o u r  

"contour"  maps. Colour maps of t h e  t o t a l  magnetic f i e l d  are 

p a r t i c u l a r l y  u s e f u l  i n  de f in ing  t h e  l i tho logy  of t h e  survey 

a r e a .  

Monochromatic shadow maps a r e  generated by employing an 

a r t i f i c i a l  sun t o  c a s t  shadows on a sur face  def ined by t h e  
f 

geophysical  g r i d .  There a r e  many va r i a t ions  i n  t h e  shadowing 

technique.  These techniques may be applied t o  t o t a l  f i e l d  o r  

e n h a n c e d  m a g n e t i c  d a t a ,  magnetic d e r i v a t i v e s ,  V L F ,  

r e s i s t i v i t y ,  e t c  . Of t h e  var ious magnetic products ,  t h e  

shadow of t h e  enhanced magnetic parameter i s  p a r t i c u l a r l y  

s u i t e d  f o r  d e f i n i n g  geologica l  s t r u c t u r e s  with c r i s p e r  images 

and improved r e s o l u t i o n .  



GENERAL DISCUSSION 

The survey r e s u l t s  are presented on 2 s e p a r a t e  m a p  

s h e e t s  f o r  each parameter a t  a s c a l e  of  1: 1 0 , 0 0 0  - Table 4-1 

summarizes t h e  EM responses i n  the survey area, w i t h  r e s p e c t  

t o  conductance grade and i n t e r p r e t a t i o n .  

Maanetics 

A S c i n t r e x  MP-3 proton precession magnetometer was 

opera ted  a t  the survey base t o  record  d i u r n a l  v a r i a t i o n s  of 

the earth's magnetic field. The clock of t h e  base s t a t i o n  

was synchronized with t h a t  of the  a i rborne  system t o  permit 

subsequent removal of d i u r n a l  d r i f t .  



The background magnetic l e v e l s  have been ad jus ted  t o  

match t h e  I n t e r n a t i o n a l  Geomagnetic Reference F ie ld  (IGRF) 

f o r  t h e  survey a r e a .  The IGRF gradient  across  t h e  survey 

block i s  l e f t  i n t a c t .  This procedure ensures  t h a t  t h e  

magnetic contours  w i l l  match contours from any ad jacen t  

surveys which have been processed i n  a s i m i l a r  manner. 

The t o t a l  f i e l d  magnetic d a t a  have been presented a s  

contours  on t h e  base maps using a contour i n t e r v a l  of 5 nT 

where g r a d i e n h  permit.  The maps show t h e  magnetic 

p r o p e r t i e s  of t h e  rock u n i t s  underlying t h e  survey a rea .  

The t o t a l  f i e l d  magnetic da ta  have been subjec ted  t o  a 

process ing  algori thm t o  produce maps of t h e  c a l c u l a t e d  f i r s t  

v e r t i c a l  d e r i v a t i v e .  This procedure enhances near-surface 
). 

magnetic u n i t s  and suppresses regional  g rad ien t s .  I t  a l s o  

provides b e t t e r  d e f i n i t i o n  and reso lu t ion  of magnetic u n i t s  

and d i s p l a y s  weak magnetic f ea tu res  which may not  be c l e a r l y  

ev iden t  on t h e  t o t a l  f i e l d  maps. Maps of t h e  second 

v e r t i c a l  magnetic d e r i v a t i v e  can a l s o  be prepared from 

e x i s t i n g  survey d a t a ,  i f  requested.  

There i s  some evidence on the  magnetic maps which 

s u g g e s t s  t h a t  t h e  survey area has been subjec ted  t o  

deformation and/or a l t e r a t i o n .  These s t r u c t u r a l  complexi t ies  



are evident  on t h e  contour  maps a s  v a r i a t i o n s  i n  magnetic 

i n t e n s i t y ,  i r r e g u l a r  p a t t e r n s ,  and a s  o f f s e t s  o r  changes i n  

s t r i k e  d i r e c t i o n .  Some of t h e  more prominent l i n e a r  f e a t u r e s  

are a l s o  ev iden t  on t h e  topographic base maps. 

The magnetic r e l i e f  on t h e  Todd Creek P r o j e c t  is  

moderate, ranging from a  low of about 57,120 nT t o  a  high of 

almost 58,000 nT on l i n e  21081. The 57,500 nT contour  

o u t l i n e s  s e v e r a l  i r r e g u l a r l y - s h a p e d  u n i t s  of moderate 

magnetic i n t e n & i t y  which a r e  in te r l aye red  with r e l a t i v e l y  

non-magnetic u n i t s .  The magnetic contours appear "smoother" 

i n  t h e  a reas  covered by i c e .  The indiv idual  u n i t s  which 

comprise t h e  magnetic t r ends  a r e  more c l e a r l y  def ined on t h e  

v e r t i c a l  g r a d i e n t  maps. The l a t t e r  product a l s o  i d e n t i f i e s  

s e v e r a l  f a u l t s ,  i n  a d d i t i o n  t o  t h e  geological  con tac t s .  

I f  a  s p e c i f i c  magnetic i n t e n s i t y  can be assigned t o  t h e  

r o c k  t y p e  w h i c h  i s  b e l i e v e d  t o  h o s t  t h e  t a r g e t  

minera l i za t ion ,  it may be poss ib le  t o  s e l e c t  a reas  of h igher  

p r i o r i t y  on t h e  b a s i s  of t h e  t o t a l  f i e l d  magnetic d a t a .  This 

i s  based on t h e  assumption t h a t  t h e  magnetite content  of t h e  

hos t  rocks w i l l  g ive  r i s e  t o  a  l imi ted  range of contour  

v a l u e s  which w i l l  p e r m i t  d i f f e r e n t i a t i o n  of va r ious  

l i t h o l o g i c a l  u n i t s .  



The magnetic r e s u l t s ,  i n  conjunction with the  o the r  

geophysical parameters, should provide valuable information 

which can be used t o  effect ively  map t h e  geology and 

s t r u c t u r e  i n  the  survey area.  



BACKGROUND INFORMATION 

T h i s  s e c t i o n  p r o v i d e s  background  i n f o r m a t i o n  on 

parameters  which are a v a i l a b l e  from t h e  survey d a t a .  Those 

which have n o t  been supp l i ed  as survey products  may be  

genera ted  l a t e r  from r a w  d a t a  on t h e  d i g i t a l  a r ch ive  t a p e .  

ELECTROHAGNETICS 

DIGHEM e l ec t romagne t i c  responses  f a l l  i n t o  two g e n e r a l  

c l a s s e s ,  d i s c r e t e  and broad.  The d i s c r e t e  c l a s s  c o n s i s t s  of 

sha rp ,  wel l -def ined  anomalies from d i s c r e t e  conductors  such 

a s  s u l f i d e  l e n s e s  and s t e e p l y  d ipp ing  s h e e t s  of g r a p h i t e  and 

s u l f i d e s .  The broad c l a s s  c o n s i s t s  of wide anomalies from. 

conductors  having a  l a r g e  hlf)r izontal  s u r f a c e  such a s  f l a t l y  

d ipp ing  g r a p h i t e  o r  s u l f i d e  s h e e t s ,  s a l i n e  wa te r - sa tu ra t ed  

sedimentary format ions ,  conduct ive  overburden and rock ,  and 

geothermal zones .  A v e r t i c a l  conduct ive  s l a b  wi th  a  width of 

2 0 0  m would s t r a d d l e  t h e s e  two c l a s s e s .  

The v e r t i c a l  s h e e t  ( h a l f  p l ane )  i s  t h e  most common model 

used f o r  t h e  a n a l y s i s  of d i s c r e t e  conduc tors .  A l l  anomalies 

p l o t t e d  on t h e  e lec t romagnet ic  map a r e  analyzed according t o  

t h i s  model.  The fol lowing s e c t i o n  e n t i t l e d  D i s c r e t e  

Conductor Analys i s  d e s c r i b e s  t h i s  model i n  d e t a i l ,  i n c l u d i n g  



t h e  e f f e c t  of u s i n g  it on  anomal ies  caused by b road  

c o n d u c t o r s  such  as c o n d u c t i v e  overburden .  

The c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model i s  s u i t a b l e  f o r  

b road  c o n d u c t o r s .  R e s i s t i v i t y  c o n t o u r  maps r e s u l t  from t h e  

u s e  o f  t h i s  model.  A l a te r  s e c t i o n  e n t i t l e d  Resistivity 

Happing d e s c r i b e s  t h e  method f u r t h e r ,  i n c h d i n g  t h e  e f f e c t  o f  

u s i n g  it on anomal ies  c a u s e d  by d i s c r e t e  conduc to r s  s u c h  a s  

s u l f i d e  b o d i e s .  

Geometric  i n t e r p r e t a t i o n  

The g e o p h y s i c a l  i n t e r p r e t e r  a t t e m p t s  t o  d e t e r m i n e  t h e  

g e o m e t r i c  shape  and d i p  of  t h e  c o n d u c t o r .  F i g u r e  5-1 shows 

t y p i c a l  DIGHEM anomaly s h a p e s  which a r e  used t o  g u i d e  t h e  

g e o m e t r i c  i n t e r p r e t a t i o n .  

Discrete c o n d u c t o r  a n a l y s i s  

The EM anomal ies  a p p e a r i n g  on t h e  e l e c t r o m a g n e t i c  map 

a r e  a n a l y z e d  by computer t o  g i v e  t h e  conductance  ( i - e . ,  

c o n d u c t i v i t y - t h i c k n e s s  p r o d u c t )  i n  siemens (mhos ) o f  a  

v e r t i c a l  s h e e t  model. T h i s  i s  done r e g a r d l e s s  o f  t h e  

i n t e r p r e t e d  geomet r i c  shape  o f  t h e  conduc to r .  This  i s  n o t  a n  

u n r e a s o n a b l e  p rocedure ,  because  t h e  computed conduc tance  

i n c r e a s e s  a s  t h e  e l e c t r i c a l  q u a l i t y  of t h e  c o n d u c t o r  

i n c r e a s e s ,  r e g a r d l e s s  of  i t s  t r u e  shape .  DIGHEM anomal ies  





are d i v i d e d  i n t o  seven  g r a d e s  of  conductance ,  a s  shown i n  

T a b l e  5-1 below. The conductance  i n  siemens (mhos) i s  t h e  

r e c i p r o c a l  o f  r e s i s t a n c e  i n  ohms. 

T a b l e  5-1. EM Anomaly Grades 

Anomaly Grade 

7 
6 
5 
4 
3 
2 
1 

siemens 

The conduc tance  v a l u e  i s  a g e o l o g i c a l  parameter  because  

it i s  a c h a r a c t e r i s t i c  of  t h e  conduc to r  a l o n e .  I t  g e n e r a l l y  

i s  independen t  of  f r equency ,  f l y i n g  h e i g h t  o r  d e p t h  o f  - 

f b u r i a l ,  a p a r t  from t h e  a v e r a g i n g  o v e r  a  g r e a t e r  p o r t i o n  of  

t h e  c o n d u c t o r  as h e i g h t  i n c r e a s e s .  Small anomalies  from 

d e e p l y  b u r i e d  s t r o n g  c o n d u c t o r s  a r e  n o t  confused w i t h  s m a l l  

anomal ies  from s h a l l o w  weak conduc to r s  because t h e  former  

w i l l  have  l a r g e r  conductance  v a l u e s .  

C o n d u c t i v e  o v e r b u r d e n  g e n e r a l l y  produces b road  EM 

r e s p o n s e s  which may no t  be  shown a s  anomalies  on t h e  EM maps. 

However, p a t c h y  c o n d u c t i v e  overburden i n  o t h e r w i s e  r e s i s t i v e  

a r e a s  c a n  y i e l d  d i s c r e t e  anomalies  wi th  a  conductance g r a d e  

( c f .  T a b l e  5 - 1 )  of  1, 2 o r  even 3 f o r  conduct ing  c l a y s  which 



have r e s i s t i v i t i e s  a s  low a s  50 ohm-m. I n  a r e a s  where g round  

r e s i s t i v i t i e s  are below 10 ohm-m, anomal ies  c a u s e d  by  

w e a t h e r i n g  v a r i a t i o n s  and s i m i l a r  c a u s e s  c a n  have  a n y  

conduc tance  g r a d e .  The anomaly shapes  from t h e  m u l t i p l e  

c o i l s  o f t e n  a l l o w  such  c o n d u c t o r s  t o  b e  recogn ized ,  and t h e s e  

a r e  i n d i c a t e d  by t h e  letters S ,  H ,  and sometimes E o n  t h e  

e l e c t r o n a g n e t i c  anomaly map (see EM map l e g e n d ) .  

For  bedrock c o n d u c t o r s ,  t h e  h i g h e r  anomaly g r a d e s  

i n d i c a ' t e  i n c r e a s i n g l y  h i g h e r  conduc tances .  Examples : 

D I G H E M ' s  N e w  I n s c o  copper  d i s c o v e r y  (Noranda, Canada) y i e l d e d  

a  g r a d e  5 anomaly, a s  d i d  t h e  ne ighbour ing  copper-z inc  Magusi 

R i v e r  o r e  body; Mat tab i  ( c o p p e r - z i n c ,  Sturgeon'  Lake, Canada)  

and W h i s t l e  ( n i c k e l ,  Sudbury, Canada) gave g r a d e  6 ;  and  

D I G H E M ' s  Montcalm n icke l -copper  d i s c o v e r y  (Timmins, C a n a d a ) .  

y i e l d e d  a  g r a d e  7 anomaly. G r a p h i t e  and s u l f i d e s  c a n  s p a n  

a l l  g r a d e s  b u t ,  i n  any p a r t i c u l a r  s u r v e y  a r e a ,  f i e l d  work may 

show t h a t  t h e  d i f f e r e n t  g r a d e s  i n d i c a t e  d i f f e r e n t  t y p e s  o f  

c o n d u c t o r s .  

S t r o n g  c o n d u c t o r s  ( i . ,  g r a d e s  6 and 7 )  a r e  c h a r a c -  

t e r i s t i c  o f  m a s s i v e  s u l f i d e s  o r  g r a p h i t e .  Modera te  

c o n d u c t o r s  ( g r a d e s  4 and 5 )  t y p i c a l l y  r e f l e c t  g r a p h i t e  o r  

s u l f i d e s  of  a  less mass ive  c h a r a c t e r ,  whi le  weak b e d r o c k  

c o n d u c t o r s  ( g r a d e s  1 t o  3 )  can  s i g n i f y  p o o r l y  c o n n e c t e d  

g r a p h i t e  o r  h e a v i l y  d i s s e m i n a t e d  s u l f i d e s .  Grades 1 and 2 



conductors  may n o t  respond t o  ground EM equipment u s i n g  

f r equenc ie s  less than  2000 Hz. 

The presence  of  s p h a l e r i t e  o r  gangue can r e s u l t  i n  o r e  

d e p o s i t s  having weak t o  moderate conductances.  A s  a n  

example ,  t h e  t h r e e  m i l l i o n  ton  lead-zinc  d e p o s i t  of  

Rest igouche Mining Corporat ion near  Ba thurs t ,  Canada, y i e l d e d  

a wel l -def ined  g rade  2 conductor .  The 1 0  percen t  by volume 

of s p h a l e r i t e  occu r s  a s  a coa t ing  around t h e  f i n e  g r a i n e d  

massive p y r i t e ,  t h e r e b y  i n h i b i t i n g  e l e c t r i c a l  conduct ion.  

F a u l t s ,  f r a c t u r e s  and shea r  zones may produce anomalies 

which t y p i c a l l y  have low conductances ( e - g . ,  grades  1 t o  3 )  . 
Conductive rock  format ions  can y i e l d  anomalies of any 

conductance g rade .  The conductive ma te r i a l s  i n  such rock  - 

format ions  ca:l be  s a l t  water ,  weathered products  such as 

c l a y s ,  o r i g i n a l  d e p o s i t i o n a l  c l a y s ,  and carbonaceous 

m a t e r i a l .  

On t h e  i n t e r p r e t e d  e lect romagnet ic  map, a l e t t e r  

i d e n t i f i e r  and an  i n t e r p r e t i v e  symbol a r e  p l o t t e d  bes ide  t h e  

EM grade  symbol. The ho r i zon ta l  rows of d o t s ,  under t h e  

i n t e r p r e t i v e  symbol, i n d i c a t e  t he  anomaly ampli tude on t h e  

f l i g h t  r eco rd .  The v e r t i c a l  column of d o t s ,  under t h e  

anomaly l e t t e r ,  g i v e s  t h e  es t imated  depth.  I n  a r e a s  where 

anomalies a r e  crowded, t h e  l e t t e r  i d e n t i f i e r s ,  i n t e r p r e t i v e  



symbols and d o t s  may be  o b l i t e r a t e d .  The EM g r a d e  symbols ,  

however, w i l l  a lways b e  d i s c e r n i b l e ,  and t h e  o b l i t e r a t e d  

i n f o r m a t i o n  c a n  b e  o b t a i n e d  from t h e  anomaly l i s t i n g  appended 

t o  t h i s  r e p o r t .  

The p u r p o s e  of  i n d i c a t i n g  t h e  anomaly ampl i tude  by d o t s  

is t o  p r o v i d e  a n  e s t i m a t e  o f  t h e  r e l i a b i l i t y  o f  t h e  

conduc tance  c a l c u l a t i o n .  Thus, a  conductance  v a l u e  o b t a i n e d  

from a  l a r g e  ppm anomaly ( 3  o r  4 d o t s )  w i l l  t e n d  t o  b e  

a c c u r a t e  whereas  one o b t a i n e d  from a  s m a l l  ppm anomaly ( n o  

d o t s )  c o u l d  b e  q u i t e  i n a c c u r a t e .  The absence of a m p l i t u d e  

d o t s  i n d i c a t e s  t h a t  t h e  anomaly from t h e  c o a x i a l  c o i l - p a i r  i s  

5 ppm o r  less on b o t h  t h e  i n p h a s e  and q u a d r a t u r e  c h a n n e l s .  

Such s m a l l  anomal ies  c o u l d  r e f l e c t  a  weak conduc to r  a t  t h e  

s u r f a c e  o r  a  s t r o n g e r  conduc to r  a t  d e p t h .  The conduc tance  - 

g r a d e  a n d  d e p t h  e s t i m a t e  i l l u s t r a t e s  which o f  t h e s e  

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

F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  c a s e s  where 

two a n o m a l i e s ,  h a v i n g  s i m i l a r  conductance v a l u e s  b u t  

d r a m a t i c a l l y  d i f f e r e n t  d e p t h  e s t i m a t e s ,  occur  c l o s e  t o g e t h e r  

on t h e  same c o n d u c t o r .  Such examples i l l u s t r a t e  t h e  

r e l i a b i l i t y  o f  t h e  conductance  measurement whi le  showing t h a t  

t h e  d e p t h  estimate c a n  b e  u n r e l i a b l e .  There a r e  a  number o f  

f a c t o r s  which c a n  produce a n  e r r o r  i n  t h e  d e p t h  estimate, 

i n c l u d i n g  t h e  a v e r a g i n g  o f  t o p o g r a p h i c  v a r i a t i o n s  by t h e  



a l t i m e t e r ,  o v e r l y i n g  conduct ive  overburden, and t h e  l o c a t i o n  

and a t t i t u d e  of  t h e  conductor  r e l a t i v e  t o  t h e  f l i g h t  l i n e .  

Conductor l o c a t i o n  and a t t i t u d e  can provide an e r roneous  

dep th  estimate because t h e  s t r o n g e r  p a r t  of t h e  conductor  may 

be deepe r  o r  t o  one s i d e  of t h e  f l i g h t  l i n e ,  o r  because it 

has a shal low d i p .  A heavy tree cover can a l s o  produce 

e r r o r s  i n  dep th  estimates. This  i s  because t h e  d e p t h  

e s t i m a t e  i s  computed a s  t h e  d i s t a n c e  of b i r d  from conduc tor ,  

minus t h e  a l t i m e t e r  read ing .  The a l t i m e t e r  can lock o n t o  t h e  

t o p  of  a  dense  f o r e s t  canopy. This s i t u a t i o n  y i e l d s  an 

e r r o n e o u s l y  l a r g e  dep th  estimate bu t  does no t  a f f e c t  t h e  

conductance e s t i m a t e .  

Dip symbols a r e  used t o  i n d i c a t e  t h e  d i r e c t i o n  of d i p  of 

conduc tors .  These symbols a r e  used only when t h e  anomaly - 

shapes  a r e  unambiguous, which usi.lally r e q u i r e s  a  f a i r l y  

r e s i s t i v e  environment.  

A f u r t h e r  i n t e r p r e t a t i o n  i s  presented on the  EM map by 

means of t h e  l i n e - t o - l i n e  c o r r e l a t i o n  of anomalies, which i s  

based on a  comparison of anomaly shapes on ad j acen t  l i n e s .  

T h i s  p rov ides  conductor  axes  which may de f ine  t h e  g e o l o g i c a l  

s t r u c t u r e  over  p o r t i o n s  of t h e  survey a rea .  The absence of 

conduc tor  axes  i n  an a r e a  impl ies  t h a t  anomalies could no t  be 

c o r r e l a t e d  from l i n e  t o  l i n e  wi th  reasonable  conf idence .  



DIGHEM e l ec t romagne t i c  maps a r e  designed t o  prov ide  a 

c o r r e c t  impress ion of conductor  q u a l i t y  by means of  t h e  

conductance grade  symbols. The symbols can s t a n d  a lone  w i t h  

geology when p lanning  a follow-up program. The a c t u a l  

conductance va lues  are p r i n t e d  i n  t h e  a t t ached  anomaly l i s t  

f o r  t h o s e  who wish q u a n t i t a t i v e  d a t a .  The anomaly ppm and 

dep th  a r e  i n d i c a t e d  by inconspicuous d o t s  which should n o t  

d i s t r a c t  from t h e  conductor  p a t t e r n s ,  while being h e l p f u l  t o  

t h o s e  who wish t h i s  in format ion .  The map provides  an  

i n t e r p r e t a t i o n  of conductors  i n  terms of l e n g t h , '  s t r i k e  and 

d i p ,  geometric shape,  conductance,  dep th ,  and th i ckness .  The 

accuracy i s  comparable t o  an i n t e r p r e t a t i o n  from a h igh  

q u a l i t y  ground EM survey having t h e  same l i n e  spac ing .  

The a t t a c h e d  EM anomaly l i s t  provides  a t a b u l a t i o n  of  

anomalies i n  ppm, conductance,  and depth f o r  t h e  v e r t i c a l  

s h e e t  model. The EM anomaly l i s t  a l s o  shows t h e  conductance 

and dep th  f o r  a t h i n  h o r i z o n t a l  s h e e t  (whole p l ane )  model, 

bu t  on ly  t h e  v e r t i c a l  s h e e t  parameters appear on t h e  EM map. 

The h o r i z o n t a l  s h e e t  model i s  s u i t a b l e  f o r  a f l a t l y  d i p p i n g  

t h i n  bedrock conductor such a s  a s u l f i d e  s h e e t  having a 

t h i c k n e s s  less than  1 0  m .  The l i s t  a l s o  shows t h e  

r e s i s t i v i t y  and dep th  f o r  a conduct ive  e a r t h  ( h a l f  s p a c e )  

model, which i s  s u i t a b l e  f o r  t h i c k e r  s l a b s  such a s  t h i c k  

conduc t ive  overburden.  I n  t h e  EM anomaly l i s t ,  a depth  v a l u e  

of ze ro  f o r  t h e  conduct ive  e a r t h  model, i n  an a r ea  of t h i c k  



c o v e r ,  warns t h a t  t h e  anomaly may b e  c a u s e d  by c o n d u c t i v e  

overburden .  

S i n c e  discrete b o d i e s  n o r m a l l y  are t h e  t a r g e t s  o f  EM 

s u r v e y s ,  l o c a l  b a s e  ( o r  z e r o )  l e v e l s  are used  t o  compute 

l o c a l  anomaly a m p l i t u d e s .  T h i s  c o n t r a s t s  w i t h  t h e  u s e  of 

t r u e  z e r o  l e v e l s  which a r e  u s e d  t o  compute t r u e  EM 

a m p l i t u d e s .  L o c a l  anomaly a m p l i t u d e s  a r e  shown i n  t h e  EM 

anomaly l i s t  a n d  t h e s e  a r e  used  t o  compute t h e  v e r t i c a l  s h e e t  

p a r a m e t e r s  o f  c o n d u c t a n c e  and d e p t h .  Not shown i n  t h e  EM 

anomaly l i s t  a r e  t h e  t r u e  a m p l i t u d e s  which a r e  u s e d  t o  

compute t h e  h o r i z o n t a l  s h e e t  and c o n d u c t i v e  e a r t h  p a r a m e t e r s .  

Q u e s t i o n a b l e  Anomalies 

D I G H E M  maps may c o n t a i n  EM r e s p o n s e s  which are d i s p l a y e d  , 

a s  a s t e r i s k s  ( * ) .  These  r e s p o n s e s  d e n o t e  weak anomal ies  o f  

i n d e t e r m i n a t e  c o n d u c t a n c e ,  which may r e f l e c t  one o f  t h e  

f o l l o w i n g :  a  weak c o n d u c t o r  n e a r  t h e  s u r f a c e ,  a  s t r o n g  

c o n d u c t o r  a t  d e p t h  ( e - g . ,  100 t o  120 m below s u r f a c e )  o r  t o  

one  s i d e  o f  t h e  f l i g h t  l i n e ,  o r  aerodynamic n o i s e .  Those 

r e s p o n s e s  t h a t  have  t h e  appearance  o f  v a l i d  bedrock a n o m a l i e s  

o n  t h e  f l i g h t  p r o f i l e s  a r e  i n d i c a t e d  by a p p r o p r i a t e  

i n t e r p r e t i v e  symbols  (see EM map l e g e n d ) .  The o t h e r s  

p r o b a b l y  d o  n o t  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n  u n l e s s  t h e i r  

l o c a t i o n s  are o f  c o n s i d e r a b l e  g e o l o g i c a l  i n t e r e s t .  



The t h i c k n e s s  parameter  

DIGHEM c a n  p rov ide  a n  i n d i c a t i o n  of t he  t h i c k n e s s  of  a 

s t e e p l y  d i p p i n g  conduc tor .  The amplitude of t h e  c o p l a n a r  

anomaly (e .  g .  , C P I  channe l  on t h e  d i g i t a l  p r o f i l e )  i n c r e a s e s  

r e l a t i v e  t o  t h e  c o a x i a l  anomaly ( e - g . ,  C X I )  a s  t h e  appa ren t  

t h i c k n e s s  i n c r e a s e s ,  i . e . ,  t h e  th ickness  i n  t h e  h o r i z o n t a l  

p lane .  (The t h i c k n e s s  i s  equa l  t o  t h e  conductor width i f  t h e  

conductor  d i p s  a t  90 degrees  and s t r i k e s  a t  r i g h t  a n g l e s  t o  

t h e  f l i g h t  l i n e . )  This  r e p o r t  r e f e r s  t o  a conductor a s  t h i n  

when t h e  t h i c k n e s s  i s  l i k e l y  t o  be less than 3 m ,  and t h i c k  

when i n  exces s  of  10 m .  Thick conductors a r e  i n d i c a t e d  on 

t h e  EM map by pa ren theses  " (  ) " .  For base metal  e x p l o r a t i o n  

i n  s t e e p l y  d i p p i n g  geology,  t h i c k  conductors can be h igh  

p r i o r i t y  t a r g e t s  because many massive s u l f i d e  o r e  bodies  are 
f 

t h i c k ,  whereas non-economic bedrock conductors a r e  of t e n  

t h i n .  The system cannot  s ense  t h e  th ickness  when t h e  s t r i k e  

of  t h e  conduc tor  i s  s u b p a r a l l e l  t o  t h e  f l i g h t  l i n e ,  when t h e  

conductor  has a shal low d i p ,  when t h e  anomaly ampli tudes  a r e  

s m a l l ,  o r  when t h e  r e s i s t i v i t y  of t h e  environment i s  below 

1 0 0  ohm-rn. 

R e s i s t i v i t y  maooinq 

A r e a s  o f  w i d e s p r e a d  c o n d u c t i v i t y  a r e  commonly 



encountered d u r i n g  surveys .  I n  such areas, anomalies can be  

gene ra t ed  by dec reases  of on ly  5 m i n  survey a l t i t u d e  a s  w e l l  

as by i n c r e a s e s  i n  conduc t iv i ty .  The t y p i c a l  f l i g h t  r e c o r d  

i n  c o n d u c t i v e  a r e a s  i s  c h a r a c t e r i z e d  by inphase and 

q u a d r a t u r e  channe ls  which are con t inuous ly  a c t i v e .  Local EM 

peaks r e f l e c t  e i t h e r  i n c r e a s e s  i n  c o n d u c t i v i t y  of t h e  e a r t h  

o r  dec reases  i n  survey a l t i t u d e .  For such conduct ive  areas, 

apparen t  r e s i s t i v i t y  p r o f i l e s  and con tou r  maps a r e  necessary  

f o r  t h e  c o r r e c t  i n t e r p r e t a t i o n  of t h e  a i rbo rne  d a t a .  The 

advantage of  t h e  r e s i s t i v i t y  parameter  i s  t h a t  anomalies 

caused by a l t i t u d e  changes a r e  v i r t u a l l y  e l imina t ed ,  s o  t h e  

r e s i s t i v i t y  d a t a  r e f l e c t  on ly  t h o s e  anomalies caused by 

c o n d u c t i v i t y  changes.  The r e s i s t i v i t y  a n a l y s i s  a l s o  h e l p s  

t h e  i n t e r p r e t e r  t o  d i f f e r e n t i a t e  between conduct ive  t r e n d s  i n  

t h e  b e d r o c k  and those  p a t t e r n s  t y p i c a l  of conduc t ive  

overburden.  For example, d i s c r e t e  conductors  w i l l  g e n e r a l l y  

appear  a s  narrow lows on t h e  contour  map and broad conductors  

( e - g . ,  overburden)  w i l l  appear  a s  wide lows. 

The r e s i s t i v i t y  p r o f i l e s  and t h e  r e s i s t i v i t y  con tou r  

maps p r e s e n t  t h e  apparen t  r e s i s t i v i t y  us ing  t h e  s o - c a l l e d  

pseudo-layer ( o r  b u r i e d )  ha l f  space model def ined  by F r a s e r  

( 1 9 7 8 ) ~ .  This  model c o n s i s t s  of a  r e s i s t i v e  l a y e r  o v e r l y i n g  

R e s i s t i v i t y  mapping wi th  an a i rbo rne  m u l t i c o i l  
e lec t romagnet ic  system: Geophysics,  v .  43, p.144-172 



a conduc t ive  h a l f  space.  The dep th  channels  g i v e  t h e  

appa ren t  dep th  below s u r f a c e  of t h e  conduct ive  material. The 

appa ren t  dep th  i s  simply t h e  apparen t  t h i ckness  of t h e  

o v e r l y i n g  resistive l a y e r .  The apparen t  dep th  ( o r  t h i c k n e s s )  

parameter  w i l l  be p o s i t i v e  when t h e  upper l a y e r  is  more 

r e s i s t i v e  t h a n  t h e  under ly ing  material,  i n  which c a s e  t h e  

appa ren t  dep th  may be q u i t e  c l o s e  t o  t h e  t r u e  dep th .  

The apparen t  depth  w i l l  be nega t ive  when t h e  upper l a y e r  

i s  more conduc t ive  than  t h e  under ly ing  m a t e r i a l ,  and w i l l  be 

ze ro  when a homogeneous ha l f  space  e x i s t s .  The apparen t  

dep th  parameter  must be i n t e r p r e t e d  c a u t i o u s l y  because it  

w i l l  c o n t a i n  any e r r o r s  which may e x i s t  i n  t h e  measured 

a l t i t u d e  of t h e  EM b i r d  ( e - g . ,  a s  caused by a  dense tree 

c o v e r ) .  The i n p u t s  t o  t h e  r e s i s t i v i t y  a lgor i thm a r e  t h e  - 

inphase  and quadra tu re  components o ?  t h e  coplanar  c o i l - p a i r .  

The o u t p u t s  are t h e  apparent  r e s i s t i v i t y  of t h e  conduc t ive  

h a l f  space  ( t h e  sou rce )  and t h e  sensor-source  d i s t a n c e .  The 

f l y i n g  h e i g h t  i s  not  an inpu t  v a r i a b l e ,  and t h e  o u t p u t  

r e s i s t i v i t y  and sensor-source  d i s t a n c e  a r e  independent of t h e  

f l y i n g  h e i g h t .  The apparent  dep th ,  d i scussed  above, i s  

s imply t h e  sensor-source  d i s t a n c e  minus t h e  measured a l t i t u d e  

o r  f l y i n g  h e i g h t .  Consequently, e r r o r s  i n  t h e  measured 

a l t i t u d e  w i l l  a f f e c t  t h e  apparent  dep th  parameter but  no t  t h e  

appa ren t  r e s i s t i v i t y  parameter.  



The appa ren t  dep th  parameter  is  a  u se fu l  i n d i c a t o r  o f  

simple l a y e r i n g  i n  areas l a c k i n g  a  heavy tree cover .  The 

DIGHEM system has  been flown f o r  purposes of pe rmaf ros t  

mapping, where p o s i t i v e  apparen t  dep ths  were used as a 

m e a s u r e  o f  p e r m a f r o s t  t h i c k n e s s .  However, l i t t l e  

q u a n t i t a t i v e  u s e  has  been made of nega t ive  apparen t  d e p t h s  

because t h e  a b s o l u t e  v a l u e  of t h e  nega t ive  dep th  i s  n o t  a  

measure of t h e  t h i c k n e s s  of  t h e  conduct ive  upper l a y e r  and ,  

t h e r e f o r e ,  i s  n o t  meaningful  p h y s i c a l l y .  Q u a l i t a t i v e l y ,  a  

nega t ive  appa ren t  dep th  e s t i m a t e  u s u a l l y  shows t h a t  t h e  EM 

anomaly i s  caused by conduc t ive  overburden. Consequently,  

t h e  apparen t  d e p t h  channel  can be of s i g n i f i c a n t  h e l p  i n  

d i s t i n g u i s h i n g  between overburden and bedrock conduc tors .  

The r e s i s t i v i t y  map o f t e n  y i e l d s  more u s e f u l  i n fo rma t ion  - 

on c o n d u c t i v i t y  d i s t r i b u t i o n s  t han  t h e  EM map. I n  comparing 

t h e  EM and r e s i s t i v i t y  maps, keep i n  mind t h e  fol lowing:  

( a )  The  r e s i s t i v i t y  map p o r t r a y s  t he  a b s o l u t e  v a l u e  

of t h e  e a r t h ' s  r e s i s t i v i t y ,  where r e s i s t i v i t y  = 

l / c o n d u c t i v i t y .  

( b )  The EM map p o r t r a y s  anomalies i n  t h e  e a r t h ' s  

r e s i s t i v i t y .  An anomaly by d e f i n i t i o n  i s  a  

change from t h e  norm and s o  t h e  EM map d i s p l a y s  

anomal ies ,  ( i )  over  narrow, conduct ive  bod ie s  



and (ii) o v e r  t h e  boundary zone between two w i d e  

format ions  o f  d i f f e r i n g  conduc t iv i ty .  

The r e s i s t i v i t y  map might be l ikened  t o  a  t o t a l  f i e l d  

map and t h e  EM map t o  a h o r i z o n t a l  g r ad i en t  i n  t he  d i r e c t i o n  

of  f l i g h t 2 .  Because g r a d i e n t  maps are usua l ly  more s e n s i t i v e  

t h a n  t o t a l  f i e l d  maps, t h e  EM map t h e r e f o r e  i s  t o  be 

p r e f e r r e d  i n  r e s i s t i v e  a r e a s .  However, i n  conduct ive  a r e a s ,  

t h e  a b s o l u t e  c h a r a c t e r  of  t h e  r e s i s t i v i t y  map usua l ly  causes  

it t o  be more u s e f u l  t h a n  t h e  EM map. 

I n t e r p r e t a t i o n  i n  conduc t ive  environments 

Environments having background r e s i s t i v i t i e s  below 30 

ohm-m cause  a l l  a i r b o r n e  EM systems t o  y i e l d  very l a r g e  - 

responses  from t h e  conduc t ive  ground. This u sua l ly  p r ~ h i b j ~ t s  

t h e  r e c o g n i t i o n  of d i s c r e t e  bedrock conductors.  However, 

DIGHEM d a t a  p rocess ing  techniques  produce t h r e e  parameters 

which c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  recogni t ion  of  bedrock 

conduc to r s .  These are t h e  inphase and quadrature  d i f f e r e n c e  

channe ls  ( D I F I  and DIFQ), and t h e  r e s i s t i v i t y  and dep th  

channe ls  ( R E S  and DP) f o r  each coplanar  frequency. 

The g r a d i e n t  analogy i s  only  v a l i d  w i t h  regard t o  t h e  
i d e n t i f i c a t i o n  of anomalous l oca t ions .  



The EM d i f f e r e n c e  channe l s  (DIFI and DIFQ) e l i m i n a t e  

most o f  t h e  r e s p o n s e s  from c o n d u c t i v e  ground,  l e a v i n g  

r e s p o n s e s  from bedrock  conduc to r s ,  c u l t u r a l  f e a t u r e s  ( e .g . ,  

t e l e p h o n e  l i n e s ,  f e n c e s ,  e tc . )  and edge  e f f e c t s .  Edge 

e f f e c t s  o f t e n  o c c u r  n e a r  t h e  p e r i m e t e r  o f  b road  c o n d u c t i v e  

zones .  T h i s  c a n  b e  a s o u r c e  of  g e o l o g i c  n o i s e .  While edge 

e f f e c t s  y i e l d  anomal ies  on t h e  EM d i f f e r e n c e  c h a n n e l s ,  t h e y  

do n o t  produce  r e s i s t i v i t y  anomal ies .  Consequent ly ,  t h e  

r e s i s t i v i t y  c h a n n e l  a i d s  i n  e l i m i n a t i n g  anomal ies  due  t o  e d g e  

e f f e c t s .  On t h e  o t h e r  hand, r e s i s t i v i t y  anomal ies  w i l l  

c o i n c i d e  w i t h  t h e  most h i g h l y  c o n d u c t i v e  s e c t i o n s  o f  

c o n d u c t i v e  ground,  and t h i s  i s  a n o t h e r  s o u r c e  of  g e o l o g i c  

n o i s e .  The r e c o g n i t i o n  of  a  bedrock c o n d u c t o r  i n  a 

c o n d u c t i v e  envi ronment  t h e r e f o r e  i s  based  on  t h e  anomalous 

r e s p o n s e s  of  t h e  two d i f f e r e n c e  c h a n n e l s  (DIFI and D I F Q )  a n d  - 

t h e  f r e s i s t i v i t y  c h a n n e l s  ( R E S ) .  The most f  a v o u r a b l e  

s i t u a t i o n  is where anomal ies  c o i n c i d e  on a l l  c h a n n e l s .  

The DP c h a n n e l s ,  which g i v e  t h e  a p p a r e n t  d e p t h  t o  t h e  

c o n d u c t i v e  m a t e r i a l ,  a l s o  h e l p  t o  d e t e r m i n e  whether  a 

c o n d u c t i v e  r e s p o n s e  a r i s e s  from s u r f i c i a l  m a t e r i a l  o r  from a 

c o n d u c t i v e  zone i n  t h e  bedrock.  When t h e s e  c h a n n e l s  r i d e  

above t h e  z e r o  l e v e l  on t h e  d i g i t a l  p r o f i l e s  ( i - e . ,  d e p t h  i s  

n e g a t i v e ) ,  i t  i m p l i e s  t h a t  t h e  EM and r e s i s t i v i t y  p r o f i l e s  

a r e  r e spond ing  p r i m a r i l y  t o  a c o n d u c t i v e  upper  l a y e r ,  i - e . ,  

c o n d u c t i v e  overburden .  I f  t h e  DP c h a n n e l s  a r e  below t h e  



ze ro  l e v e l ,  it i n d i c a t e s  t h a t  a r e s i s t i v e  upper l a y e r  e x i s t s ,  

and  t h i s  u s u a l l y  imp l i e s  t h e  e x i s t e n c e  of a  bedrock 

conductor .  I f  t h e  low frequency D P  channel  i s  below t h e  z e r o  

l e v e l  and t h e  h igh  frequency DP i s  above, t h i s  sugges t s  t h a t  

a  bedrock conductor  occu r s  beneath conductive cover .  

The c o n d u c t a n c e  c h a n n e l  CDT i d e n t i f i e s  d i s c r e t e  

conductors  which have been s e l e c t e d  by computer f o r  a p p r a i s a l  

by t h e  g e o p h y s i c i s t .  Some of t h e s e  au tomat ica l ly  s e l e c t e d  

anomalies on channe l  CDT are d i sca rded  by t h e  g e o p h y s i c i s t .  

The  a u t o m a t i c  s e l e c t i o n  a l g o r i t h m  i s  i n t e n t i o n a l l y  

o v e r s e n s i t i v e  t o  a s s u r e  t h a t  no meaningful responses are 

missed.  The i n t e r p r e t e r  t hen  c l a s s i f i e s  t h e  anomalies 

accord ing  t o  t h e i r  source  and e l i m i n a t e s  those  t h a t  a r e  n o t  

s u b s t a n t i a t e d  by t h e  d a t a ,  such as those  a r i s i n g  from 

geo log ic  o r  aerodynamic no i se .  

Reduction of qeo loq ic  - no i se  

Geologic n o i s e  r e f e r s  t o  unwanted geophysical responses .  

For purposes of a i r b o r n e  EM surveying ,  geologic no ise  r e f e r s  

t o  EM responses  caused by conduct ive  overburden and magnetic 

pe rmeab i l i t y .  I t  was mentioned previously  t h a t  t h e  EM 

d i f f e r e n c e  channe ls  ( i - e . ,  channel  DIFI f o r  inphase and D I F Q  

f o r  q u a d r a t u r e )  t e n d  t o  e l i m i n a t e  t h e  response of conduc t ive  

overburden.  This  marked a  unique development i n  a i r b o r n e  EM 



technology, as DIGHEM is the only EM system which yields 

channels having an exceptionally high degree of immunity to 

conductive overburden. 

Magnetite produces a form of geological noise on the 

inphase channels of all EM systems. Rocks containing less 

than 1% magnetite can yield negative inphase anomalies caused 

by magnetic permeability. When magnetite is widely 

distributed throughout a survey area, the inphase EM channels 

may continuously rise and fall, reflecting variations in the 

magnetite percentage, flying height, and overburden 

thickness. This can lead to difficulties in recognizing 

deeply buried bedrock conductors, particularly if conductive 

overburden also exists. However, the response of broadly 

distributed magnetite generally vanishes on the inphase 

difference channel DIFI. Thisl feature can be a significant 

aid in the recognition of conductors which occur in rocks 

containing accessory magnetite. 

EM maqnetite mappinq 

The information content of DIGHEM data consists of a 

combination of conductive eddy current responses and magnetic 

permeability responses. The secondary field resulting from 

conductive eddy current flow is frequency-dependent and 

consists of both inphase and quadrature components, which are 



p o s i t i v e  i n  s i g n .  On t h e  o t h e r  hand, t h e  secondary f i e l d  

r e s u l t i n g  from magnetic pe rmeab i l i t y  is  independent of 

f requency and c o n s i s t s  of  on ly  an inphase  component which i s  

n e g a t i v e  i n  s i g n .  When magnetic permeabi l i ty  man i f e s t s  

i t s e l f  by d e c r e a s i n g  t h e  measured amount of p o s i t i v e  inphase ,  

i t s  presence  may be d i f f i c u l t  t o  recognize .  However, when it 

man i f e s t s  i t s e l f  by y i e l d i n g  a  nega t ive  inphase  anomaly 

( e . g . ,  i n  t h e  absence of eddy c u r r e n t  f l ow) ,  i t s  presence i s  

a s s u r e d .  I n  t h i s  l a t t e r  c a s e ,  t h e  nega t ive  component can be 

used t o  e s t i m a t e  t h e  percen t  magnet i te  con ten t .  

A magne t i t e  mapping technique w a s  developed f o r  t h e  

cop lana r  c o i l - p a i r  of DIGHEM. The technique y i e l d s  a  channel  

( d e s i g n a t e d  F E O )  which d i s p l a y s  apparent  weight p e r c e n t  

magnet i t e  acco rd ing  t o  a  homogeneous ha l f  space model.3 The - 

method can  be complementary t o  magnetometer mapping i n  

c e r t a i n  c a s e s .  Compared t o  magnetometry, it i s  f a r  less 

s e n s i t i v e  b u t  i s  more a b l e  t o  r e s o l v e  c l o s e l y  spaced 

magnet i t e  zones ,  a s  wel l  a s  p rov id ing  an e s t i m a t e  of t h e  

amount of magne t i t e  i n  t h e  rock .  The method i s  s e n s i t i v e  t o  

1 / 4 %  magnet i t e  by weight when t h e  EM sensor  i s  a t  a  he igh t  of 

3 0  m above a  magne t i t i c  h a l f  space .  I t  can i n d i v i d u a l l y  

r e s o l v e  s t e e p  d i p p i n g  narrow magnet i te-r ich bands which a r e  

Refer  t o  F ra se r ,  1981, Magneti te  mapping wi th  a  
m u l t i - c o i l  a i r b o r n e  e l e c t r o m a g n e t i c  s y s t e m :  
Geophysics,  v .  4 6 ,  p .  1579-1594. 



s e p a r a t e d  by 6 0  m .  Un l ike  magnetometry, t h e  EM m a g n e t i t e  

method i s  u n a f f e c t e d  by remanent  magnetism o r  magne t i c  

l a t i t u d e .  

The EM m a g n e t i t e  mapping t e c h n i q u e  p r o v i d e s  e s t i m a t e s  o f  

m a g n e t i t e  c o n t e n t  which a r e  u s u a l l y  c o r r e c t  w i t h i n  a  f a c t o r  

o f  2 when t h e  m a g n e t i t e  i s  f a i r l y  un i fo rmly  d i s t r i b u t e d .  EM 

m a g n e t i t e  maps c a n  b e  g e n e r a t e d  when magnetic  p e r m e a b i l i t y  i s  

e v i d e n t  as n e g a t i v e  inphase  r e s p o n s e s  on t h e  d a t a  p r o f i l e s .  

L i k e  magnetometry, t h e  EM m a g n e t i t e  method maps o n l y  

b e d r o c k  f e a t u r e s ,  p r o v i d e d  t h a t  t h e  o v e r b u r d e n  i s  

c h a r a c t e r i z e d  by a  g e n e r a l  l a c k  of  m a g n e t i t e .  T h i s  c o n t r a s t s  

w i t h  r e s i s t i v i t y  mapping which p o r t r a y s  t h e  combined e f f e c t  

o f  bedrock and overburden.  

R e c o q n i t i o n  of c u l t u r e  

C u l t u r a l  r e sponses  i n c l u d e  a l l  EM anomal ies  caused  by 

man-made m e t a l l i c  o b j e c t s .  Such anomal ies  may be c a u s e d  by 

i n d u c t i v e  c o u p l i n g  o r  c u r r e n t  g a t h e r i n g .  The concern  o f  t h e  

i n t e r p r e t e r  i s  t o  r e c o g n i z e  when a n  EM r e s p o n s e  i s  due  t o  

c u l t u r e .  P o i n t s  of c o n s i d e r a t i o n  used by t h e  i n t e r p r e t e r ,  

when c o a x i a l  and c o p l a n a r  c o i l - p a i r s  a r e  o p e r a t e d  a t  a common 

f r e q u e n c y ,  a r e  a s  fo l lows :  



1. Channel CPS moni tors  6 0  H z  r a d i a t i o n .  An anomaly on 

t h i s  channe l  shows t h a t  t h e  conductor  is  r a d i a t i n g  

power. Such an  i n d i c a t i o n  i s  normally a gua ran tee  t h a t  

t h e  conductor  i s  c u l t u r a l .  However, care must be  t aken  

t o  ensu re  t h a t  t h e  conductor i s  n o t  a  geo log ic  body 

which s t r i k e s  a c r o s s  a  power l i n e ,  c a r r y i n g  l eakage  

c u r r e n t s .  

A f l i g h t  which c r o s s e s  a  " l i n e "  ( e . g . ,  f ence ,  t e l ephone  

l i n e ,  e tc . )  y i e l d s  a  center-peaked c o a x i a l  anomaly and 

an  rn-shaped cop lana r  anomaly.4 When t h e  f l i g h t  c r o s s e s  

t h e  c u l t u r a l  l i n e  a t  a high ang le  of i n t e r s e c t i o n ,  t h e  

ampli tude r a t i o  of coax ia l / cop lana r  response i s  4 .  Such 

an EM anomaly can only be caused by a  l i n e .  The 

geo log ic  body which y i e l d s  anomalies most c l o s e l y  

resembling a  l i n e  is  t h e  v e r t i c a l l y  d ipp ing  t h i n  d i k e .  

Such a  body, however, y i e l d s  an ampli tude r a t i o  of 2 

r a t h e r  t h a n  4 .  Consequently, an m-shaped c o p l a n a r  

anomaly wi th  a  CXI/CPI  ampli tude r a t i o  of 4 i s  v i r t u a l l y  

a  gua ran tee  t h a t  t h e  source  i s  a  c u l t u r a l  l i n e .  

3 .  A f l i g h t  which c r o s s e s  a  sphere  o r  h o r i z o n t a l  d i s k  

y i e l d s  center-peaked c o a x i a l  and cop lana r  anomalies w i th  

a  CXI /CPI  ampli tude r a t i o  ( i . ,  c o a x i a l / c o p l a n a r )  of 

See F igu re  5-1 presented e a r l i e r .  



1/4. I n  t h e  absence of geologic  bodies  of t h i s  

geometry, t h e  most l i k e l y  conductor is a metal  roof  o r  

s m a l l  fenced yard .  Anomalies of t h i s  t ype  are 

v i r t u a l l y  c e r t a i n  t o  be c u l t u r a l  i f  t hey  occur  i n  a n  

a r e a  of c u l t u r e .  

4 .  A f l i g h t  ,which c r o s s e s  a h o r i z o n t a l  r e c t a n g u l a r  body o r  

wide r ibbon  y i e l d s  an  m-shaped coax ia l  anomaly and a 

center-peaked cop lana r  anomaly. I n  t h e  absence of 

geo log ic  bodies  of t h i s  geometry, t h e  most l i k e l y  

conductor  i s  a l a r g e  fenced a r e a .  Anomalies of t h i s  

type  a r e  v i r t u a l l y  c e r t a i n  t o  be c u l t u r a l  i f  t hey  o c c u r  

i n  an area of c u l t u r e .  

5 .  EM anomalies which co inc ide  wi th  c u l t u r e ,  a s  seen on t h e  - 

camera f i l m  o r  v ideo  d i s p l a y ,  a r e  u s u a l l y  caused by 

c u l t u r e .  However, c a r e  is  taken w i t h  such co inc idences  

because a geo log ic  conductor could occur beneath  a 

fence ,  f o r  example. I n  t h i s  example, t h e  fence would be 

expected t o  y i e l d  an m-shaped coplanar  anomaly a s  i n  

c a s e  # 2  above. I f ,  i n s t e a d ,  a  center-peaked c o p l a n a r  

anomaly occur red ,  t h e r e  would be concern t h a t  a  t h i c k  

I t  i s  a c h a r a c t e r i s t i c  of EM t h a t  geome t r i ca l ly  
s i m i l a r  anomalies a r e  ob ta ined  from: (1)  a p l a n a r  
conductor ,  and ( 2 )  a  wire  which forms a loop having 
d i m e n s i o n s  i d e n t i c a l  t o  t h e  per imeter  of t h e  
e q u i v a l e n t  p l ana r  conductor .  



geo log ic  conduc tor  co inc ided  wi th  t h e  c u l t u r a l  l i n e .  

6 .  The above d e s c r i p t i o n  of  anomaly shapes i s  v a l i d  when 

t h e  c u l t u r e  i s  n o t  c o n d u c t i v e l y  coupled t o  t h e  

environment. I n  t h i s  c a s e ,  t h e  anomalies a r i s e  from 

i n d u c t i v e  coup l ing  t o  t h e  EM t r a n s m i t t e r .  However, when 

t h e  environment i s  q u i t e  conduct ive  ( e - g . ,  less t h a n  1 0 0  

ohm-m a t  900  H z ) ,  t h e  c u l t u r a l  conductor may be  

conduc t ive ly  coupled t o  t h e  environment. I n  t h i s  l a t t e r  

c a s e ,  t h e  anomaly shapes  tend  t o  be governed by c u r r e n t  

g a t h e r i n g .  Cur ren t  g a t h e r i n g  can completely d i s t o r t  t h e  

anomaly shapes ,  t he reby  complicat ing t h e  i d e n t i f i c a t i o n  

of  c u l t u r a l  anomal ies .  I n  such c i rcumstances ,  t h e  

i n t e r p r e t e r  can  on ly  r e l y  on t h e  r a d i a t i o n  channel  CPS 

and on t h e  camera f i l m  o r  video r eco rds .  

The e x i s t e n c e  of a magnetic c o r r e l a t i o n  wi th  a n  EM 

anomaly i s  i n d i c a t e d  d i r e c t l y  on t h e  EM map. I n  some 

g e o l o g i c a l  e n v i r o n m e n t s ,  an  EM anomaly with magnetic 

c o r r e l a t i o n  has a g r e a t e r  l i k e l i h o o d  of being produced by 

s u l f i d e s  t han  one t h a t  is non-magnetic. However, s u l f i d e  o r e  

bodies  may be non-magnetic ( e - g . ,  t h e  Kidd Creek d e p o s i t  n e a r  

Timmins, Canada) a s  w e l l  a s  magnetic ( e - g . ,  t h e  Mat tab i  

d e p o s i t  near  Sturgeon Lake, Canada).  



The magnetometer d a t a  are d i g i t a l l y  recorded i n  t h e  

a i r c r a f t  t o  a n  accuracy  of one nT ( e .  one gamma) f o r  

p ro ton  magnetometers, and 0 . 0 1  nT f o r  cesium magnetometers. 

The d i g i t a l  t a p e  i s  processed by computer t o  y i e l d  a t o t a l  

f i e l d  magnetic con tou r  map. When warranted,  t h e  magnetic 

d a t a  may a l s o  be t r e a t e d  mathematically t o  enhance t h e  

magnetic response  of  t h e  near-surface  ,geology, and a n  

enhanced magnetic con tou r  map i s  then  produced. The response  

of t h e  enhancement o p e r a t o r  i n  t h e  frequency domain i s  

i l l u s t r a t e d  i n  F igu re  5-2. This f ig& shows t h a t  t h e  

passband components of  t h e  a i rbo rne  d a t a  a r e  ampl i f i ed  2 0  

t i m e s  by t h e  enhancement o p e r a t o r .  This means, f o r  example, 

t h a t  a 1 0 0  nT anomaly on t h e  enhanced map r e f l e c t s  a 5 nT 

anomaly f o r  t h e  passband components of t h e  a i rbo rne  d a t a .  

The enhanced map, which bears  a resemblance t o  a 

downward c o n t i n u a t i o n  map, i s  produced by t h e  d i g i t a l  

bandpass f i l t e r i n g  of t h e  t o t a l  f i e l d  d a t a .  The enhancement 

i s  e q u i v a l e n t  t o  con t inu ing  t h e  f i e l d  downward t o  a l e v e l  

(above t h e  s o u r c e )  which i s  1 / 2 0 t h  of t he  a c t u a l  s enso r -  

source  d i s t a n c e .  

Because t h e  enhanced magnetic map bears  a resemblance t o  

a ground magnetic map, it s i m p l i f i e s  t he  r ecogn i t i on  of 

t r e n d s  i n  t h e  rock s t r a t a  and t h e  i n t e r p r e t a t i o n  of 

g e o l o g i c a l  s t r u c t u r e .  I t  de f ines  t h e  near -sur face  l o c a l  



geology whi le  de-emphasizing deep-seated r e g i o n a l  f e a t u r e s .  

I t  p r i m a r i l y  has  a p p l i c a t i o n  when t h e  magnetic rock u n i t s  are 

s t e e p l y  d i p p i n g  and t h e  e a r t h ' s  f i e l d  d i p s  i n  excess  of 6 0  

deg rees .  

Any of a number of  f i l t e r  o p e r a t o r s  may be a p p l i e d  t o  

t h e  m a g n e t i c  d a t a ,  t o  y i e l d  v e r t i c a l  d e r i v a t i v e s ,  

c o n t i n u a t i o n s ,  magnetic s u s c e p t i b i l i t y ,  e t c .  These may be 

d i s p l a y e d  i n  c o n t o u r ,  c o l o u r  o r  shadow. 

VLF t r a n s m i t t e r s  p roduce  h i g h  f r e q u e n c y  un i form 

e l ec t romagne t i c  f i e l d s .  However, VLF anomalies a r e  no t  EM - 

al?~omalies i n  t h e  convent iona l  sense .  EM anomalies p r i m a r i l y  

r e f l e c t  eddy c u r r e n t s  f lowing i n  conductors which have been 

ene rg i zed  i n d u c t i v e l y  by t h e  primary f i e l d .  I n  c o n t r a s t ,  VLF  

anomalies p r i m a r i l y  r e f l e c t  c u r r e n t  ga the r ing ,  which is a 

non- induct ive  phenomenon. The primary f i e l d  sets up c u r r e n t s  

which flow weakly i n  rock and overburden, and these  tend  t o  

c o l l e c t  i n  low r e s i s t i v i t y  zones. Such zones may be due t o  

m a s s i v e  s u l f i d e s ,  s h e a r s ,  r i v e r  v a l l e y s  and e v e n  

unconformi t ies .  
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The VLF f i e l d  is h o r i z o n t a l .  Because of t h i s ,  t h e  

method i s  q u i t e  s e n s i t i v e  t o  t h e  ang le  of coupl ing  between 

t h e  conduc tor  and t h e  t r a n s m i t t e d  VLF f i e l d .  Conductors 

which s t r i k e  towards t h e  VLF s t a t i o n  w i l l  u s u a l l y  y i e l d  a 

s t r o n g e r  response  t h a n  conductors  which a r e  n e a r l y  or thogona l  

t o  it. 

The Herz I n d u s t r i e s  L t d .  Totem ~ L F - e l e c t r ~ m a ~ n e t o m e t e r  

measures t h e  t o t a l  f i e l d  and v e r t i c a l  quadra ture  components. 

Both of t h e s e  components a r e  d i g i t a l l y  recorded i n  t h e  

a i r c r a f t  w i t h  a s e n s i t i v i t y  of 0 . 1  pe rcen t .  The t o t a l  f i e l d  

y i e l d s  peaks o v e r  VLF c u r r e n t  concen t r a t i ons  whereas t h e  

q u a d r a t u r e  component t ends  t o  y i e l d  c ros sove r s .  Both appear  

a s  t r a c e s  on t h e  p r o f i l e  r eco rds .  The t o t a l  f i e l d  d a t a  are 

f i l t e r e d  d i g i t a l l y  and d i sp l ayed  as contours  t o  f a c i l i t a t e  

t h e  r e c o g n i t i o n  of t r e n d s ,  i n  t h e  rock s t r a t a  and t h e  

i n t e r p r e t a t i o n  of geo log ic  s t r u c t u r e .  

The response  of t h e  V L F  t o t a l  f i e l d  f i l t e r  ope ra to r  i n  

t h e  f requency domain (F igu re  5-3) i s  b a s i c a l l y  s i m i l a r  t o  

t h a t  used t o  produce t h e  enhanced magnetic map (F igure  5 - 2 )  . 

The two f i l t e r s  a r e  i d e n t i c a l  a long  t h e  absc i s sa  b u t  

d i f f e r e n t  a long  t h e  o r d i n a n t .  The VLF f i l t e r  removes long 

wavelengths such  a s  t hose  which r e f l e c t  r e g i o n a l  and wave 

t r a n s m i s s  i o n  v a r i a t i o n s .  The f i l t e r  sha rpens  s h o r t  

wavelength responses  such a s  t hose  which r e f l e c t  l o c a l  

g e o l o g i c a l  v a r i a t i o n s .  



This report provides a very brief description of the 

survey results and describes the equipment, procedures and 

logistics of the survey over the Todd Creek project. 

No strong bedrock conductors, which are typical of 

massive sulphide responses, were identified in the survey 

area. However, the survey was successful in locating a few 

weak or poorly defined conductors of limited strike extent, 

which may warrant additional work. The various maps included 

with this report display the magnetic and conductive 

properties of the survey area. It is recommended that the 

survey results be reviewed in detail, in conjunction with all 

available geophysical, geological and geochemical- 

information. Particular reference should be made to the 

computer generated data profiles which clearly define the 

characteristics of the individual anomalies. 

Most anomalies in the Todd Creek area have been given an 

"S?" designation. Many have been attributed to conductive 

overburden or deep weathering, and several appear to be 

associated with magnetite-rich rock units. Others coincide 

with VLF anomalies, resistivity gradients, and/or magnetic 

gradients, which may reflect faults or shears. Such 

structural breaks are considered to be of particular interest 



as they may have influenced mineral deposition within the 

survey area. 

The interpreted bedrock conductors defined by the 

survey should be subjected to further investigation, using 

appropriate surface exploration techniques. Resistivity 

anomalies are also considered to be potential areas of 

interest. Anomalies which are currently considered to be of 

moderately low priority may require upgrading if follow-up 

results are favourable. 

It is also recommended that image processing of 

existing geophysical data be considered, in order to extract 

the maximum amount of information from the survey results. 

Current software and imaging techniques often provide 

valuable information on structure and lithology, which may 

not be clearly evident on the contour and colour maps. 

These techniques can yield images which define subtle, but 

significant, structural details. 

Respectfully submitted, 
VEYS & PROCESSING INC. F Y  - 

Paul A. smith 
Geophysicist 
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