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T. RANDA PROSPECT - L inklater Lake Area,
Thunder Bay Mining Division

*

1991 ONTARIO PROSPECTORS ASSISTANCE PROGRAM REPORT 

LOCATION AND ACCESS

The prospected area is 35 km northeast of Armstrong, between the north 
end of Macdonald Lake and the southeast part of Linklater Lake. It is 
partly covered by eight unpatented mining claim units in two claim 
blocks (1140753 S, 1140754) registered to T. Randa. Access is by float 
aircraft from Armstrong to either lake. (see property map)

GEOLOGY

Reconnaissance mapping (see map) outlined three major bedrock units: 
siliceous and amphiblolitic schists, and diabase. The mafic schist consists 
of fine to medium grained amphibolite jf chlorite ^ garnet. The felsic 
schist is composed of quartz and biotite ^ garnet ^ magnetite. The diabase 
is massive quartz diabase/ commonly containing magnetite.

The schistosity is more strongly developed in the fine grained outcrops, 
producing a slaty fabric. A few areas of breccia (or deformed conglomerate?) 
display flattened clasts (ratio 1:15) to 20 cm diameter. All of the 
schistosity observed dips steeply.

Detailed mapping of the area west of the prospect by Sutcliffe (1988) 
suggests probable protoliths for the rocks of the prospect. The mafic 
schists may be deformed and metamorphosed mafic flows and tuffs. The felsic 
schists may be metasedimentary rocks, including iron formation. The diabase 
is interpreted to be part of the extensive Late Precambrian sills of this 
region, overlying the Early Precambrian schists.

WORK DONE

The 1991 work consisted of twp visits to the area to conduct reconnaissance 
prospecting and mapping, sampling old showings, and manual overburden 
stripping. Multi-element assaying of 34 samples followed the field work. 
Chip samples and grab samples were collected from two old pits that had 
been observed by T. Randa in the 1950s. Several gossans were discovered 
during the present program and were sampled, (see maps and assays)

The project team consisted of T. Randa (O.P.A.P. prospector), E. Frey 
(consulting geologist and project partner), and D. Babin (contract field 
assistant).

RESULTS

The 34 samples identified the presence of geochemically anomalous zinc 
and/or copper mineralization at several sites. Some of the sites also 
contained anomalous nickel. Gold, silver, and lead, when detected, were 
negligible.



The higher base metal assays ranged from (ppm): 822 to 1270 Z n, 3 57 to
926 Cu, 107 to 275 Ni, and 49 Pb. The highest gold and silver assays were,
38 ppb Au and 0.5 ppm Ag.

The southeast trending distribution o f the gossans west of the outlet of 
Linklater Lake conforms to the well developed schistosity and also outlines 
the mafic-felsic transition in schist composition.

RECOMMENDATIONS

A ground electromagnetometer survey on a grid straddling the zone of sulphide 
gossans identified by this project, and extending southeast of Linklater 
Creek, is recommended as second step. The EM-survey southeast of Linklater 
Creek should be conducted concurrently with surface prospecting.

t J 
T. Randa

report prepared by:

E.D. Frey 
December 1991
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Established 1928

Swastika Laboratories
A Division of Assayers Corporation Ltd.

Assaying - Consulting - Representation

Geochemical Analysis Certificate 1W-4474-RG1

Company: E.D. FREY Dale: NOV-27-91 
Project: Copy 1. BOX 1536.. WAWA. ONT POS IKO 
Attn: 2. T. RANDA,. BOX 102. COCHRANE POL ICO 

3. INVOICE!. RANDA
We hereby certify the following Geochemical Analysis of 16 ROCK samples
submitted NOV- 19-91 by .

Sample
Nunrber
TR10911
TR10912
TR10913
TR10914
TR10915
TR10916
TR10917
TR10918
TR10919
TR109110
TR109112
TR109113
TR109114
TR109115
TR109116
TR109x01 1

CT, R

MAP J*
fnZ&t)

ii•3
-fS"

6 ^
~2 j
8 f C
ty -J
10

H CHnn ~)
' r r c"

AMD*

Au
PPB
Nil

16
Nil
Nil
Nil
Nil

7
H Nil

Nil
Nil

38/27
Nil
Nil

LI Nil
H Nil

Nil

L IMKL

Ag
PRvi
0.1
0.2
O.I
O.I
0.5
O.I
O.I
0.2
0.1
0.1
0.5
O.I
0.1
0.2
0.5
0.1

ATZ* -L.A

Cu
PRvl
160
92
35
20

483
189
61

357
30
92

926
39
68

106
224

92

X f AKZ

Ni
PRvl

21
61
66
47

154
68
47
26
40

122
275

37
80
34
68

127

A)

Ph Zn To t a 1
PFM PJM ID B\S1C

49 39
11 72
6 86

12 70
5 1270

91
141
104
100
144

51
67
44

112
4 272
7 198

ALL GAAQ CW" - C H/f*

Certified by

P.O. Box 10, Swastika, Ontario POK 1TO 
Telephone (705)642-3244 FAX (705)642-3300



Established 1928

Swastika Laboratories
A Division of Assayers Corporation Ltd.

Assaying - Consulting - Representation

Geochemical Analysis Certificate
Company:
Project:
Attn:

T. RANDA

1W-3148-RG1

Date: JUN-21-91
Copy l. P.O.BOX 102,COCHRANE, ONT. POL ICO 

2. 272-4973

We hereby certify the following Geochemical Analysis of 18 ROCK samples 
' ' ' JUN-18-91 by T. RANDA.

Sample MAP A
Number fftTE#
TR91A-1 ~) 
TR91A-2 f A 
TR91A-3 3
TR91B-1 "^
TR91B-2 j
TR91B-3 t B
TR91B-4 l
TR91B-5 l
TR91B-6 J
TR91C-1 "^
TR91C-2 7
TR91C-3 l r 
TO91C-4 f" c
TO91C-5
TR91C-6 \
TR91C-7 J"
TR91D ;
TR91E 9S

Au
ppb

12 
CH 26 

33/29
7

41
9

19/17
Nil
Nil

9
Nil

CH I4n04
Nil
Nil
Nil

14
Nil

Cu
ppm

26 
24 
36

159
58

133
132
21
77
56
53
87 
80
26
44

122
218
599

Ni
ppm

65 
66 
97
50
31
92
54
35

107
68
66
66 
62
47
56
85
44

114

Zn
ppm

22 
21 
47
24
56
33
32
30

133
77
98
92 
79
82
58

112
217
822

RAUDA - LAKE

ALL GQAV " cu ?

Certified by-

P.O. Box 10, Swastika, Ontario POK1TO 
Telephone (705) 642-3244 FAX (705) 642-3300
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Your file: 

July 30, 1981 Our (ile. 2.3713

Office of the Mining Recorder 
Ministry of Natural Resources 
P.O. Box 5000 
Thunder Bay, Ontario 
P7C 5G6

Dear Sir:

Re: Geophysical (Electromagnetic and Magnetometer) Survey 
on Mining Claims TB. 524874 et al in the Linklater Lake 
Area.

The Geophysical (Electromagnetic and Magnetometer) Survey 
assessment work credits as shown on the attached statement 
have been approved as of the above date.

Please inform the recorded holder of these mining claims and 
so indicate on your records.

Yours very truly,

^ E.F. Anderson 
Director 
Land Management Branch

Whitney Block, Room 6450
Queen's Park
Toronto, Ontario
M7A 1W3
Phone: 416/965-1380

A. Barr/bk

Encl. f

cc: New Jersey Zinc Exploration Co. (Canada) Ltd. 
Mississauga, Ontario

cc: Dighem Ltd.
Toronto, Ontario

cc: Regional Geologist 
Thunder Bay, Ontario



IWl Natural 
VyV Resources Work Credits

- Ontario
July 30, 1981 1 2.3713

Final Letter
Recorded Holder 

New Jersey Zinc Exploration Co. (Canada) Ltd.
Township or Area 

Linklater Lake Area

Type of survey and number of 
Assessment days credit per claim

Geophysical 
90

Electromagnetic *-^ . days

22Magnetometer days

Radiometric days

Induced polarization days

Section 86 (18) days

Geological days

Geochemical nays

Man days d Airborne H 

Special provision CH Ground l"")

Q Credits have been reduced because of partial 
coverage of claims.

LJ Credits have been reduced because of corrections 
to work dates and figures of applicant.

Mining Claims Assessed

TB. 524874 to 93 incl. 
TB. 524898 to 905 incl. 
TB. 524907 to 93 incl.

Special credits under section 86 (15a) for the following mining claims

,-

No credits have been allowed for the following mining claims

LJ not sufficiently covered by the survey LJ Insufficient technical data filed



w
Ontario

Ministry of 
Natural 
Resources

Notification of recording 

of assessment work credits

Lands Administration B ranch 

Mining Lands Section 
Ministry of Natural Resources 

Room 1617. Whitney B lock 
Queen's Park. Toronto 

M7A 1W3

Dale of recording of work: _ -—— .
March 16,1981

Recorded holder: —— 

Address:-—

New Jersey Zinc Exploration Co.(Canada) Ltd., 
268 Lakeshore Road E., 

-.Jllsjs.is.saiiga.T-Qnt.arin LsG-.1H3—-————————————

Township or Area:____.._ Link! a teE-Lake—Area— (M2 52 1)-

Type of survey and number of 
Assessment days credit per claim

Geophysical 

Electromagnetic 20
-days

Magnetometer. 

Radiometric _

20
-days

-days

Induced polarization. 

Section 86 (18)— 

Geological____ 

Geochemical -——

-days

Jays

_days 

_days

Man days Lj 

Special provision 5cl

Airborne 

Ground

Mining claims

TB524874-93 inclusive 
TB524898-905 inclusive 
TB524907-993 inclusive

Nolice to recorded holder:

^i Survey n;poits and maps in duplicate be submitted 
lo the Lands Administration Stanch, Toronto with 
in 60 days from the date of recording of this work.

: ,' Reports and maps are being forwarded to the Lands 
Administration Branch with this lettet.

R.A. Pouta
Mining recorder

c.c.
New Jersey Zinc Exploration Co.
(Canada) Limited 

268 Lakeshore Road E. 
^Mississauga/Ont. L5G 181
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Ontario

Ministry ot Natural Resources

GEOPHYSICAL - GEOLOGICAL - GEOCHEMICAL 
TECHNICAL DATA STATEMENT

TO BE ATTACHED AS AN APPE
FACTS SHOWN HERE NEED N(

TECHNICAL REPORT MUST CONTAIN I
52I10SW0021 OP91-336 LINKLATER LAKE

Type of Survey(s) Airborne Magnetometer Survey
030

Township or Area Caribou Lake Area, Ontario

Claim Holder(s) Rio Tinto Canadian Exploration Ltd.

Survey Company Aerodat Limited for Riocanex 
Author of Report H. Beckmann
Address of Anthnr Eastern Canada Office - 120 Adelaid 

West,Toronto Ont.
Covering Dates of Survey April 10 , 1 980 to

(linccutting to office)
Total Miles of Line EKK Flown 1697

SPECIAL PROVISIONS
CREDITS REQUESTED

ENTER 40 days (includes 
line cutting) for first 
survey.
ENTER 20 days for each 
additional survey using 
same grid.

Geophysical 
—Electromagnetic-
— MfignetnrtiPtT

—Radiometric, ...,
-Ofh^r

O^nlogiral

Gpo'-hfmiral

DAYS 
per claim

AIRBORNE CREDITS (Special provision credits do not apply to airborne surveys)

Magnetometer—2JL-— Electromagnetic . Radiometric
(enter days per claim)

DATE:
Author of Report or Agent

Res. Geol.
Previous S 

File No. er

;
S")

837 (5/79)

MINING CLAIMS TRAVERSED 
List numerically

TB559741 TB559742
(prefix) (number)

TB559838 to TB559842 incl.rs-r,
TB560203 to TB560250 incl.

TB560252 to TB560255 incl.

TB560259 to TB560261 incl.

TB560265 to TB560270 incl.

TB560273

TB560276

TB560279

T.B..5.6.0.2.8.2...tp....TB.56.0.29.9..iflcl r... 

.T.B..5.6.Q.31.2..to..TB5.6Q3.15..in.c.l,...

TB560323 to TB560349 incl

TB560352 to TB560358 incl

TOTAL CLAIMS

S



GROUND SURVEYS — If more than one survey, specify data for each type: of survey

Number of Stations .—.—————————-——-—.———.————...—— Number of Readings . 

Station interval ______________________________Line spacing -———

Profile scale————-—-—.—-—--.-—-—-—-————.—--—-——..—,.—.--—-——-——

Contour interval.

o <

Sso
di

O

Instrument

Accuracy — Scale constant. 

Diurnal correction method.

Base Station check-in interval (hours). 

Base Station location and value ———

Instrument.U
Coil configuration 

Z Coil separation _______________________________________________________ 

Accuracy ——————:—————:———————————————————————————————————————————————————— 
Method: Q Fixed transmitter D Shoot back Q In line O Parallel line 

Frequency——————————————————————————————————————————————————————————
(specify V.L. F. station)

Parameters measured^^^^——-————-^—-————-^^^—————-——.—-^———-——^—-———-——-—-—-—.

Instrument.

Scale constant.

Corrections made.

ei
Base station value and location.

Elevation accuracy.

Instrument ———————————————————————————————————————————
2; Method D Time Domain D Frequency Domain
Op Parameters — On time ..—.-——^—-—.——..—,..^-—————-— Frequency —————
^
N
b~t

at 
^
2

—Off time___________________________ Range.

— Delay time ——————————————————————————.

— Integration time ______________________

g ^ Power ————
^ Electrode array —
a
"Z E lectrode spacing . 

Type of electrode



SELF POTENTIAL

Instrument___________________________________________ Range.
Survey Method ——^-—.——-..^—.———-————————^————^————^—^^--————.

Corrections made.

RADIOMETRIC

Instrument.

Values measured.

Energy windows (levels)——-——-^—^^——^—^^^————-——-——————.—————^————

Height of instrument_____________________________Background Count. 

Size of detector^^^^^^.^^^———^.—^—————^^.—^—^——^——^^^—^.^^.^.^

Overburden -—.———-.———.^—————————-——..——.......—^^^-^^.^^—-—————.——
(type, depth — include outcrop map)

OTHERS (SEISMIC, DRILL WELL LOGGING ETC.) 

Type of survey.————————.—^——^—-——-.——.

Instrument —^——————..^^^———^—^——^—^—— 

Accuracy____________________________

Parameters measured.

Additional information (for understanding results).

AIRBORNE SURVEYS
Type of ci.™..y(g) Magnetometer___________,———————————————
Instrument(s) Barringer Research Proton Precession Model AM-104

(specify for each type of survey)
Plus-Minus 10 gamma

(specify for each type of survey)
Aircraft I..-H Bell Jet Ranger 206-B Reg C-G LLP

Sensor altitude 67-70 metres
Navigation and flight path recovery m^th^ by Geocam 35 mm flight path_____________^ 

camara and intervalometer_____________________________________

Aircraft ait;t..Hp 70 metres________________Line SparinE 200 metres______
Miles flown over total ™ 1 697 line kilometres Ovpr claims nn ,y 151.35 kilometres



GEOCHEMICAL SURVEY - PROCEDURE RECORD

Numbers of claims from which samples taken.

Total Number of Samples- 
Type of Sample.

(Nature of Material)

Average Sample Weight———————— 
Method of Collection—————————

Soil Horizon Sampled. 
Horizon Development. 
Sample Depth————— 
Terrain_________

Drainage Development^——————^——— 
Estimated Range of Overburden Thickness.

SAMPLE PREPARATION
(Includes drying, screening, crushing, ashing)

Mesh size of fraction used for analysis.

AN ALYT1 GA L M ETHODS 
Values expressed in: per cent 

p. p. m. 
p. p. b.

n 
o 
n

Cu, Pb, 

Others—

Zn, Ni, Co, Ag, Mo, As.-(circle)

Field Analysis (.
Extraction Method. 
Analytical Method. 
Reagents Used———

Field Laboratory Analysis
No. ^—^——————
Extraction Method. 
Analytical Method - 
Reagents Used.——

Commercial Laboratory (- 
Name of Laboratory—— 
Extraction Method—— 
Analytical Method—— 
Reagents Used ————,

.tests)

.tests)

.tests)

GeneraL General.
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SUMMARY

A DIGHEMU electromagnetic/resistivity/EM magnetite/ 

magnetometer survey of 1557 line-km was flown in July and 

August, 1980, for The New Jersey Zinc Exploration Company 

(Canada) Ltd., in the Armstrong area of Ontario.

The geologic environment in the survey area was largely 

resistive. A large number of EM and resistivity anomalies, 

however, occurred due to locally conductive bedrock and 

overburden features. The EM, resistivity, EM magnetite, and 

magnetometer techniques indicate the presence of numerous 

geologic features which may be faults, contacts, dikes, iron 

formations, etc.

Numerous targets with conductances ranging predomi 

nantly from intermediate to excellent were located which 

warrant ground follow-up work.



LOCATION MAP
89 0 OO'

50^0' -

89 0 OO'

5Cf30'

SCALE l' 500,000

Figure 1. The Survey Area



INTRODUCTION

A DIGHEMlI survey of 1557 line-km was flown with 

a 200 m line-spacing for the New Jersey Zinc Exploration 

Company (Canada) Ltd., from July 31 to August 18, 1980, 

in the Armstrong area, Ontario (Figure 1).

The Lama C-GDEM jet helicopter flew with an average 

airspeed of 123 km/h and EM bird height of 36 m. Ancillary 

equipment consisted of a Geometrics 803 magnetometer with 

its bird at an average height of 51 m, a Sperry radio 

altimeter, Geocam sequence camera, Barringer 8-channel hot 

pen analog recorder, and a Geometrics G-704 digital data 

acquisition system with a Cipher 70 7-track 200 bpi magnetic 

tape recorder. The analog equipment recorded four channels 

of EM data at approximately 900 Hz, two ambient EM noise 

channels (for the coaxial and coplanar receivers), and one 

channel each of magnetics and radio altitude. The digital 

equipment recorded the EM data with a sensitivity of 0.2 

ppm/bit and the magnetic field to one gamma/bit.

The Appendix provides details on the data channels, 

their respective noise levels,'and the data reduction

procedure. The quoted noise levels are generally valid 

for wind speeds up to 35 km/h. Higher winds may cause the
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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. The DIGHEM system nevertheless 

can be flown under wind conditions that seriously degrade 

other AEM systems.

ELECTROMAGNETICS

DIGHEM electromagnetic responses fall into two general 

classes, discrete and broad. The discrete class consists of 

sharp, well defined anomalies from discrete conductors such 

as sulfide lenses and steeply dipping sheets of graphite and 

sulfides. The broad class consists of wide anomalies from 

conductors having a large horizontal surface such as flatly 

dipping ( graphite or sulfide sheets, saline water-saturated 

sedimentary formations, conductive overburden and rock, and 

geothermal zones. A vertical conductive slab with a width 

of 100 m would straddle these two classes.

^

The vertical sheet (half plane) is the most common 

model used for the analysis of discrete conductors. All 

anomalies plotted on the electromagnetic map are interpreted
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according to this model. The following section entitled 

Discrete conductor analysis describes this model in detail, 

including the effect of using it on anomalies caused by 

broad conductors such as conductive overburden.

The conductive earth (half space) model is suitable for 

broad conductors. Resistivity contour maps result from the 

use of this model. A later section entitled Resistivity 

mapping describes the method further, including the effect 

of using it on anomalies caused by discrete conductors such 

as sulfide bodies.

Discrete conductor analysis

The EM anomalies appearing on the electromagnetic map 

are interpreted by computer to give the conductance (i.e., 

conductivity-thickness product) in mhos of a vertical sheet 

model. DIGHEM anomalies are divided into six grades of con 

ductance, as shown in Table I. The conductance in mhos is 

the reciprocal of resistance iri* ohms.
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Table I. EM Anomaly Grades

Anomaly Grade

6
5
4
3
2
1

Mho Range

greater than 99
50 - 99
20 - 49
10 - 19
5 - 9

less than 5

The mho value is a geological parameter because it is 

a characteristic of the conductor alone; it generally is 

independent of frequency, and of flying height or depth of 

burial apart from the averaging over a greater portion of 

the conductor as height increases.1 Small anomalies from 

deeply buried strong conductors are not confused with small 

anomalies from shallow weak conductors because the former 

will have larger mho values.

statement is an approximation. DIGHEM, with 
its short coil separation/ tends to yield larger and 
more accurate mho values than airborne systems having 
a larger coil separation.
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Conductive overburden generally produces broad EM 

responses which are not plotted on the EM maps. However, 

patchy conductive overburden in otherwise resistive areas 

can yield discrete-like anomalies with a conductance grade 

(cf. Table I) of l, or even of 2 for conducting clays which 

have resistivities as low as 50 ohm-m. In areas where 

ground resistivities can be as low as 1 ohm-m, anomalies 

caused by weathering variations and similar causes can have 

conductance grades as high as 4. The anomaly shapes from 

the multiple coils often allow such surface conductors to 

be recognized, and these are indicated by the letter S on 

the map. The remaining anomalies in such areas could be 

bedrock conductors. The higher grades indicate increasingly 

higher conductances. Examples: DIGHEM's New Insco copper 

discovery (Noranda, Quebec, Canada) yielded a grade 4 

anomaly, as did the neighbouring copper-zinc Magusi River 

ore body; Mattabi (copper-zinc. Sturgeon Lake, Ontario, 

Canada) and Whistle (nickel, Sudbury, Ontario, Canada) 

gave grade 5; and DIGHEM's Montcalm nickel-copper discovery 

(Timmins, Ontario, Canada) yieided a grade 6 anomaly.
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Graphite and sulfides can span all grades but, in any par 

ticular survey area, field work may show that the different 

grades indicate different types of conductors.

Strong conductors (i.e., grades 5 and 6) are character 

istic of massive sulfides or graphite. Moderate conductors 

(grades 3 and 4) typically reflect sulfides of a less 

massive character or graphite, while weak bedrock conductors 

(grades 1 and 2) can signify poorly connected graphite or 

heavily disseminated sulfides. Grade 1 conductors may not 

respond to ground EM equipment using frequencies less than 

2000 Hz.

The presence of sphalerite or gangue can result in 

ore deposits having weak to moderate conductances. As 

an example, the three million ton lead-zinc deposit of 

Restigouche Mining Corporation near Bathurst, New Brunswick, 

Canada, yielded a well defined grade 1 conductor. The 

10 percent by volume of sphalerite occurs as a coating 

around the fine grained massive pyrite, thereby inhibiting 

electrical conduction.

Faults, fractures and shear zones may produce anomalies 

which typically have low conductances (e.g., grade 1 and 2 ).
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Conductive rock formations can yield anomalies of any con 

ductance grade. The conductive materials in such rock 

formations can be salt water, weathered products such as 

clays, original depositional clays, and carbonaceous 

material.

On the electromagnetic map, the actual mho value and a 

letter are plotted beside the EM grade symbol. The letter 

is the anomaly identifier. The horizontal rows of dots, 

beside each anomaly symbol, indicate the anomaly amplitude 

on the flight record. The vertical column of dots gives the 

estimated depth. In areas where anomalies are crowded, the 

identifiers, dots and mho values may be obliterated. The EM 

grade symbols, however, will always be discernible, and the 

obliterated information can be obtained from the anomaly 

listing appended to this report.

The purpose of indicating the anomaly amplitude by dots 

is to provide an estimate of the reliability of the conduc 

tance calculation. Thus, a conductance value obtained from

a large ppm anomaly (3 or 4 dots) will be accurate whereas/*
one obtained from a small ppm anomaly (no dots) could be 

inaccurate. The absence of amplitude dots indicates that 

the anomaly from the coaxial coil-pair is 5 ppm or less
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on both the inphase and quadrature channels. Such small 

anomalies could reflect a weak conductor at the surface or 

a stronger conductor at depth. The mho value and depth 

estimate will illustrate which of these possibilities fits 

the recorded data best.

Flight line deviations occasionally yield cases where 

two anomalies, having similar mho values but dramatically 

different depth estimates, occur close together on the same 

conductor. Such examples illustrate the reliability of the 

conductance measurement while showing that the depth esti 

mate can be unreliable. There are a number of factors which 

can produce an error in the depth estimate, including the 

averaging of topographic variations by the altimeter, over 

lying conductive overburden, and the location and attitude 

of the conductor relative to the flight line. Conductor 

location and attitude can provide an erroneous depth esti 

mate because the stronger part of the conductor may be 

deeper or to one side of the flight line, or because it has 

a shallow dip. A heavy tree cover can also produce errors 

in depth estimates. This is because the depth estimate is 

computed as the distance of bird from conductor, minus the 

altimeter reading. The altimeter can lock on the top of a 

dense forest canopy. This situation yields an erroneously
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large depth estimate but does not affect the conductance 

estimate.

Dip symbols are used to indicate the direction of dip 

of conductors. These symbols are used only when the anomaly 

shapes are unambiguous, which usually requires a fairly 

resistive environment.

A further interpretation is presented on the EM map by 

means of the line-to-line correlation of anomalies, which is 

based on a comparison of anomaly shapes on adjacent lines. 

This provides conductor axes which may define the geological 

structure over portions of the survey area. The absence of 

conductor axes in an area implies that anomalies could not 

be correlated from line to line with reasonable confidence.

DIGHEM electromagnetic maps are designed to provide 

a correct impression of conductor quality by means of the 

conductance grade symbols. The symbols can stand alone with 

geology when planning a follow-up program. The actual mho 

values are plotted for those who wish quantitative data. 

The anomaly ppm and depth are indicated by inconspicuous 

dots which should not distract from the conductor patterns, 

while being helpful to those who wish this information. The
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map provides an interpretation of conductors in terms of 

length, strike direction, conductance, depth, thickness 

(see below), and dip. The accuracy is comparable to an 

interpretation from a ground EM survey having the same 

line spacing.

An EM anomaly list attached to each survey report 

provides a tabulation of anomalies in ppm, and in mhos 

and estimated depth for the vertical sheet model. The EM 

anomaly list also shows the conductance in mhos and the 

depth for a thin horizontal sheet (whole plane) model, but 

only the vertical sheet parameters appear on the EM map. 

The horizontal sheet model is suitable for a flatly dipping 

thin bedrock conductor such as a sulfide sheet having a 

thickness less than 15 m. The list also shows the resis 

tivity and depth for a conductive earth (half space) model, 

which is suitable for thicker slabs such as thick conductive 

overburden. In the EM anomaly list, a depth value of zero 

for the conductive earth model, in an area of thick cover, 

warns that the anomaly may be caused by conductive 

overburden.

Since discrete bodies normally are the targets of EM 

surveys, local base (or zero) levels are used to compute
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local anomaly amplitudes. This contrasts with the use of 

true zero levels which are used to compute true EH 

amplitudes. Local anomaly amplitudes are shown in the 

EM anomaly list and these are used to compute the vertical 

sheet parameters of conductance and depth. Not shown in 

the EM anomaly list are the true amplitudes which are used 

to compute the horizontal sheet and conductive earth 

parameters.

X-type electromagnetic responses

DIGHEM11 maps contain x-type EM responses in addition 

to EM anomalies. An x-type response is below the noise 

threshold of 2 ppm, and reflects one of the following: a 

weak conductor near the surface, a strong conductor at depth 

(e.g., 100 to 120 m below surface) or to one side of a 

flight line, or aerodynamic noise. Those responses that 

have the appearance of valid bedrock anomalies on the flight 

profiles are mentioned in the report. The others should not 

be followed up unless their locations are of considerable 

geological interest.
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The thickness parameter

DIGHEMlI can provide an indication of the thickness 

of a steeply dipping conductor. The ratio of the anomaly 

amplitude of channel 24/channel 22 generally increases as 

the apparent thickness increases, i.e., the thickness in the 

horizontal plane. This thickness is equal to the conductor 

width if the conductor dips at 90 degrees and strikes at 

right angles to the flight line. This report refers to a 

conductor as thin when the thickness is likely to be less 

than 3m, and thick when in excess of 10 m. In base metal 

exploration applications, thick conductors can be high 

priority targets because most massive sulfide ore bodies 

are thick, whereas non-economic bedrock conductors are 

usually thin. An estimate of thickness cannot be obtained 

when the strike of the conductor is subparallel to the 

flight line,when the conductor has a shallow dip, when the 

anomaly amplitudes are small, or when the resistivity of 

the environment is below 100 ohm-m.

Resistivity mapping j*

Areas of widespread conductivity are commonly 

encountered during surveys. In such areas, anomalies can
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be generated by decreases of only 5 m in survey altitude as 

well as by increases in conductivity. The typical flight 

record in conductive areas is characterized by inphase and 

quadrature channels which are continuously active; local 

peaks reflect either increases in conductivity of the earth 

or decreases in survey altitude. ,For such conductive areas, 

apparent resistivity profiles and contour maps a're necessary 

for the interpretation of the airborne data. The advantage 

of the resistivity parameter is that anomalies caused by 

altitude changes are virtually eliminated, so the resis 

tivity data reflect only those anomalies caused by conduc 

tivity changes. This helps the interpreter to differentiate 

between conductive trends in the bedrock and those patterns 

typical of conductive overburden. Discrete conductors will 

generally appear as narrow lows on the contour map and broad 

conductors will appear as wide lows.

Channel 40 (see Appendix) and the resistivity contour 

map present the apparent resistivity using the so-called 

pseudo-layer (or buried) half sjpace model defined in Fraser
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(1978)2. This model consists of a resistive layer over 

lying a conductive half space. Channel 41 gives the 

apparent depth below surface of the conductive material. 

The apparent depth therefore is simply the apparent thick 

ness of the overlying resistive layer. The apparent depth 

(or thickness) parameter will be positive when the upper 

layer is more resistive than the underlying material, in 

which case the apparent depth may be quite close to the 

true depth.

The apparent depth will be negative when the upper 

layer is more conductive than the underlying material, and 

will be zero when a homogeneous half space exists. The 

apparent depth parameter must be interpreted cautiously 

because it will contain any errors which may exist in the 

measured altitude of the EM bird (e.g., as caused by a dense 

tree cover). The inputs to the resistivity algorithm are 

the inphase and quadrature components of the coplanar coil- 

pair. The outputs are the apparent resistivity of the

^Resistivity mapping with an airborne multicoil 
electromagnetic system: Geophysics, v 43, p. 144-172.
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conductive half space (the source) and the sensor-source 

distance. The flying height is not an input variable, 

and the output resistivity and sensor-source distance are 

independent of the flying height. The apparent depth, 

discussed above, is simply the sensor-source distance minus 

the measured altitude or flying height. Consequently, 

errors in the measured altitude will affect the apparent 

depth parameter but not the apparent resistivity parameter.

\

The apparent depth parameter is a useful indicator of 

simple layering in areas lacking a heavy tree cover. The 

DIGHEM11 system has been flown for the purpose of 

permafrost mapping, where positive apparent depths were 

used as a measure of permafrost thickness. However, little 

quantitative use has been made of negative apparent depths 

because the absolute value of the negative depth is not a 

measure of the thickness of the conductive upper layer and, 

therefore, is not meaningful physically. Qualitatively, a 

negative apparent depth estimate usually shows that the EM 

anomaly is caused by conductive overburden. Consequently,

the apparent depth channel 41 can be of significant help in 

distinguishing between overburden and bedrock conductors.
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Interpretation in conductive environments

Environments having background resistivities below 

30 ohm-m cause all airborne EM systems to yield very 

large responses from the conductive ground. This usually 

prohibits the recognition of bedrock conductors. The 

processing of DIGHEMU data, however, produces four 

channels which contribute significantly to the recognition 

of bedrock conductors. These are the inphase and quadrature 

difference channels (number 33 and 34), and the resistivity 

and depth channels (40 and 41). The EM difference channels 

eliminate up to 99% of the response of conductive ground, 

leaving responses from bedrock conductors, cultural features 

(e.g., telephone lines, fences, etc.) and edge effects. 

An edge effect arises when the conductivity of the ground 

suddenly changes, and this is a source of geologic noise. 

While edge effects yield anomalies on the EM difference 

channels, they do not produce resistivity anomalies. 

Consequently, the resistivity channel aids in eliminating 

anomalies due to edge effects. On the other hand, resis 

tivity anomalies will coincide with the most highly conduc 

tive sections of conductive ground, and this is another 

source of geologic noise. The recognition of a bedrock 

conductor in a highly conductive environment therefore
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is based on the anomalous responses of the two difference 

channels (33 and 34) and the resistivity channel (40). The
to

most favourable situation is where anomalies coincide on all 

three channels.

Channel 41, which is the apparent depth to the conduc 

tive material, also helps determine whether a conductive 

response arises from surficial material or from a conductive 

zone in the bedrock. When this channel rides above the zero 

level on the orange profile paper (i.e., it is negative), it 

implies that the EM and resistivity profiles are responding 

primarily to a conductive upper layer, i.e., conductive 

overburden. If channel 41 is below the zero level, it 

indicates that a resistive upper layer exists, and this 

usually implies the existence of a bedrock conductor.

Channels 35 and 36 are the anomaly recognition 

functions. They are used to trigger the conductance 

channel 37 which identifies discrete conductors. In highly 

conducting environments, channel 36 may not be generated

because it is subject to some corruption by highly conduc-
f

tive earth signals. Some of the automatically selected 

anomalies (channel 37) are discarded by the human interpre 

ter. The automatic selection algorithm is intentionally



- 18 -

oversensitive to assure that no meaningful responses are 

missed. The interpreter then classifies the anomalies 

according to their source and eliminates those that are 

not substantiated by the data, such as those rising from 

geologic or aerodynamic noise.

The resistivity map often yields more useful informa 

tion on conductivity distributions than the EM map. In 

comparing the EM and resistivity maps, keep' in mind the 

following:

(a) The resistivity map portrays the absolute 

value of the earth's resistivity.

(b) The EM map portrays anomalies in the earth's 

resistivity. An anomaly by definition is 

a change from the norm and so the EM map 

displays anomalies, (i) over narrow, conduc 

tive bodies and (ii) over the boundary zone 

between two wide formations of differing

conductivity.
*

The resistivity map might be likened to a total field 

map and the EM map to a horizontal gradient in the direction
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of flight3. Because gradient maps are usually more sensi 

tive than total field maps, the EM map therefore is to be 

preferred in resistive areas. However, in conductive areas, 

the absolute character of the resistivity map usually causes 

it to be more useful than the EM map.

Reduction of geologic noise

Geologic noise refers to unwanted geophysical 

responses. For purposes of airborne EM surveying, geologic 

noise refers to EM responses caused by conductive overburden 

and magnetic polarization. It was mentioned above that the 

EM difference channels (i.e., channel 33 for inphase and 34 

for quadrature) tend to eliminate the response of conductive 

overburden. This marked a unique development in airborne EM 

technology, as DIGHEMII is the only EM system which yields

3The gradient analogy is only valid with regard to the 
identification of anomalous lo'cations. The calcula 
tion of conductance is based on EM amplitudes relative 
to a local base level, rather than to an absolute zero 
level as for the resistivity calculation.
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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 ^ % magnesite can yield negative inphase anomalies 

caused by magnetic polarization. When magnetite is widely 

distributed throughout a survey area, the inphase EM chan 

nels 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 33. This feature can be a significant 

aid in the recognition of conductors which occur in rocks 

containing accessory magnetite.

EM magnetite mapping

The information content of DIGHEMII data consists 

of a combination of conductive eddy current response and 

magnetic polarization response. The secondary field 

resulting from conductive eddy current flow is frequency- 

dependent and consists of both inphase and quadrature



- 21 -

components, which are positive in sign. On the other hand, 

the secondary field resulting from magnetic polarization is 

independent of frequency and consists of only an inphase 

component, which is negative in sign. When magnetic 

polarization manifests itself by decreasing the measured 

amount of positive inphase, its presence may be difficult 

to recognize. However, when it manifests itself by yielding 

a negative inphase anomaly (e.g., in the absence of eddy 

current flow), its presence is assured. In this latter 

case, the negative component can be used to estimate the 

percent magnetite content.

A magnetite mapping technique was developed for the 

coplanar coil-pair of DIGHEMII. The technique yields 

contours of apparent weight percent magnetite according 

to a homogeneous half space model. The method can be 

complementary to magnetometer mapping in certain cases. 

Compared to magnetometry, it is far less sensitive but is 

more able to resolve closely spaced magnetite zones, as well 

as providing an estimate of the amount of magnetite in the 

rock. The method is sensitive to T/4% magnetite by weight
r*

when the EM sensor is at a height of 30 ra above a magnetitic 

half space. It can individually ,resolve steeply dipping 

narrow magnetite-rich bands which are separated by 60 m.
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The EM magnetite mapping technique provides estimates 

of magnetite content which are usually correct within a 

factor of 2 when the magnetite is fairly uniformly distri 

buted. EM magnetite maps can be generated when magnetic 

polarization is evident as indicated by negative inphase 

responses.

The EM magnetite algorithm is basically quite simple 

because a linear relationship exists between volume percent 

magnetite and the negative inphase response in ppm. This 

linear relationship is true for a fixed survey altitude when 

demagnetization effects are disregarded and when a fixed 

susceptibility-volume percent relationship is assumed. The 

technique in practice involves, first, correcting the actual 

EM response for variations in flying altitude and, second, 

calibrating the negative inphase ppms in terms of volume 

percent magnetite.

EM magnetite mapping provides another method of 

airborne geologic mapping. It thus joins resistivity 

mapping, magnetometer mapping, spectrometry, photogeology,
*

etc., as a possible means by which geologic information can 

be obtained from airborne techniques. It is not nearly as 

useful in the general sense as the other airborne mapping
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techniques, but can be of value in cases where the magnetite 

content gives an indication of lithology.

Like magnetometry, the EM magnetite method maps only 

bedrock features, provided that the overburden is character 

ized by a general lack of magnetite. This contrasts with
i

resistivity mapping which portrays the combined effect of 

bedrock and overburden.

MAGNETICS

The existence of a magnetic correlation with an EM 

anomaly is indicated directly on the EM map. An EM anomaly 

with magnetic correlation has a greater likelihood of being 

produced by sulfides than one that is non-magnetic. How 

ever, sulfide ore bodies may be non-magnetic (e.g., the 

Kidd Creek deposit near Timmins, Ontario, Canada) as well 

as magnetic (e.g., the Mattabi deposit near Sturgeon Lake, 

Ontario).

The magnetometer data are digitally recorded in
-*

the aircraft to an accuracy of one gamma. The digital 

tape is processed by computer to yield a standard total 

field magnetic map which is usually contoured at 25 gamma
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intervals. The magnetic data also are treated mathematic 

ally to enhance the magnetic response of the near-surface 

geology, and an enhanced magnetic map is produced with a 

100 gamma contour interval. The response of the enhancement 

operator in the frequency domain is shown in Figure 2. The 

100 gamma contour interval is equivalent to a 5 gamma inter 

val for the passband components of the airborne data. This 

is because these components are amplified 20 times by the 

operator of Figure 2.

The enhanced map, which bears a resemblance to a 

downward continuation map, is produced by digital bandpass 

filtering the total field data. The enhancement is equiva 

lent to continuing the field downward to a level (above 

the source) which is 1720th of the actual sensor-source 

distance.

Because the enhanced magnetic map bears a resemblance 

to a ground magnetic map, it simplifies the recognition 

of trends in the rock strata and the interpretation of 

geological structure. The contour interval of 100 gammas
,*

is suitable for defining the near-surface local geology 

while de-emphasizing deep-seated regional features.'
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SURVEY RESULTS

The electromagnetic maps show the locations of 

conductors and their interpreted conductance (i.e.,

conductivity-thickness product) and depth.

The survey consists of a 70 line-grid flown in a 

northwesterly direction (sheets 1 and 2), and a 128 line- 

grid flown in a north-northeasterly direction (sheets 3 and 

4).

***

The survey area is characterized by background 

resistivities in excess of 1000 ohm-m. Resistivities as low 

as 1 ohm-m r however, occur mainly due to locally conductive 

bedrock, and to much lesser extent, due to locally 

conductive overburden features,.

The magnetic and enhanced magetic maps display features 

which are useful in delineation and identification of
V

structural features. As an example, refer to a strong
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magnetic low which is centered at fiducial 1511, line 214 

(sheet 2). It is surrounded by circularly arranged magnetic 

highs. Similarly, it is of interest to note a linear 

magnetic low which runs parallel to line 107 (sheet 3). The 

enhanced magnetic operator has downplayed the significance 

of these two magnetic features because it is designed to 

highlight the positive magnetic peaks. (This is contrary to 

other parts of the survey area where the enhanced magnetic 

map emphasizes trends which are not immediately apparent on 

the total magnetic field map.) The EM, however, clearly 

indicates location of magnetite associated with these 

features which is best portrayed by the EM magnetite map. 

The strong negative magnetic values show that these targets 

have strong remanent components, obviously acquired in the 

time of magnetic pole reversal.

The EM magnetite map shows the apparent magnetite by 

weight. In cases where overburden is absent and where the 

magnetite is uniform, the apparent percent should equal the 

true percent. It should be noted that unlike magnetometer 

mapping, the EM magnetite values are not affected by 

magnetic remanence or geographic latitude. The highest 

magnetite concentrations occur along the northern boundary 

of sheets 1 and 2. Values as high as 20^ were recorded.
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The high concentrations of magnetite suggest that this 

feature may reflect an iron formation. The present survey 

shows that the EM magnetite map can be helpful in 

determining geologic structures.

As is the usual case, the geologic features in the 

survey area can be best delineated and described using an 

all-parameter geophysical analysis. In the present case, 

such an analysis should be simplified because a good 

correlation exists between different geophysical parameters,

Respectfully submitted, 

DIGHEM LIMITED

Z. Dvorak 
Geophysicist

Twenty map sheets accompany this report.

Electromagnetics 4 map sheets
Resistivity 4 map sheets
Magnetics 4 map sheets
Enhanced magnetics 4 map sheets
EM magnetite 4 map sheets



APPENDIX A 

THE FLIGHT RECORD AND PATH RECOVERY

Both analog and digital flight records are produced. The 

analog profiles are recorded on green chart paper in the aircraft 

during the survey. The digital profiles are generated later by 

computer and plotted on orange chart paper at a scale identical 

to the geophysical maps. The digital profiles, which may be 

displayed, are as follows:

Channel
Number Parameter

20 magnetometer
21 bird height
22 standard* coil-pair inphase
23 standard coil-pair quadrature
24 whaletail** coil-pair inphase
25 whaletail coil-pair quadrature
26 VLF-EM total field
27 VLF-EM vertical quadrature
28 ambient noise monitor (standard coil)
29 ambient noise monitor (whaletail coil)
33 difference function inphase
34 difference function quadrature
35 first anomaly recognition function
36 second anomaly recognition function
37 conductance
40 log resistivity at main frequency
41 apparent depth at main frequency
45 log resistivity at secondary frequency
46 apparent depth at secondary frequency
50 EM magnetite

* coaxial
** horizontal coplanar

Scale
units/mm

10 gamma
10 feet
1 ppm
1 ppm
1 ppm
1 ppm
1 %
1 %
1 ppm
1 ppm
1 ppm
1 ppm
1 ppm
1 ppm
1 mho

.03 decade
3 m

.03 decade
3 m

Q.5%

Noise

2 gamma
5 feet
1-2 ppm
1-2 ppra
1-2 ppm
1-2 ppm
1-2 %
1-2 %

1 ppm
1 ppm

1-2 ppra
1-2 ppra
1-2 ppra
1-2 ppm

Note: Channel 43 is experimental.
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•w

The log resistivity scale of 0.03 decade/mm means that

•m the resistivity changes by an order of magnitude in 33 mm.

•7 The resistivities at O, 33, 6 7 and 100 mm up from the bottom 

of the chart are respectively l, 10, 100 and 1000 ohm-m.

•T*

^ The fiducial marks on the flight records represent

points on the ground which were recognized by the aircraft

• navigator. Continuous photographic coverage allowed

accurate photo-path recovery locations for the fiducials, 

which were then plotted on the geophysical maps to provide
•*

the track of the aircraft.
i

nfl

The fiducial locations on both the flight records and- 

flight path maps were examined by a computer for unusual 

helicopter speed changes. Such changes may denote an error
ma

^ in flight path recovery. The resulting flight path

M locations therefore reflect a more stringent checking than

~ is provided by standard flight path recovery techniques.
•i

The following brief description of DIGHEM**
H

illustrates the information content of the various

•' profiles*.

M *For a detailed description, see D.C. Fraser, Geophysics, 
l v.44, p.1367-1394.
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Single-frequency surveying

The DIGHEM11 system has two transmitter coils which 

are mounted at right angles to each other. Both coils 

transmit at approximately the same frequency. (This 

frequency is given in the Introduction.) Thus, the system 

provides two completely independent surveys at one pass. In 

addition, the digital flight chart profiles (generated by 

computer) include an inphase channel and a quadrature 

channel which essentially are free of the response of 

conductive overburden. Also, the EM channels may indicate 

whether the conductor is thin (e.g., less than 3m), or has 

a substantial width (e.g., greater than 10 m). Further, the 

EM channels include channels of resistivity, apparent depth 

and conductance. A minimum of 11 EM channels are provided. 

The DIGHEM11 system therefore gives information in one 

pass which cannot be obtained by any other airborne or 

ground EM technique.

Figure Al shows a DIGHEM11 flight profile over the 

l ' massive pyrrhotite ore body in Montcalm Township, Ontario.

It will serve to identify the majority of the available
l . '
i channels.

T l

i.
i:
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Fig. Al. Flight over Montcalm deposit, with line parallel to 
strike
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The two upper channels (numbered 20 and 21) are 

respectively the magnetics and the radio altitude. Channels 

22 and 23 are respectively the inphase and quadrature of the 

coaxial coil-pair/ which is termed the standard coil-pair. 

This coil-pair is equivalent to the standard coil-pair of 

all inphase-quadrature airborne EM systems. Channels 24 and 

25 are the inphase and quadrature of the additional coplanar 

coil-pair which is termed the whaletail coil-pair.

Channels 31 and 32 are inphase and quadrature sum 

functions of the standard and whaletail channels; they 

provide a condensed view of the four basic channels 22 to 

25. The sum channels normally are not plotted.

Channels 33 and 34 are inphase and quadrature 

difference functions of the standard and whaletail 

channels. The difference channels are almost free from the 

response of conductive overburden. Channel'37 is the 

conductance. The conductance channel essentially is an 

automatic anomaly picker calibrated in conductance units of 

mhos; it is triggered by the anomaly recognition functions 

shown as channels 35 and 36.
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Channel 40 is the resistivity, which is derived from 

the whaletail channels 24 and 25. The resistivity channel 

40 yields data which can be contoured, and so the DIGHEM11 

system yields a resistivity contour map in addition to an 

electromagnetic map, a magnetic contour map, and an enhanced 

magnetic contour map. The enhanced magnetic contour map is 

similar to the filtered magnetic map discussed by Fraser.*

Figure A2 presents the DIGHEM11 results for a line 

flown perpendicularly to the Montcalm ore body. Channel 20 

shows the 175 gamma magnetic anomaly caused by the massive 

pyrrhotite deposit. For the EM channels, the following 

points are of interest:

1. On channels 22-25 and 31-34, the ore body essentially 

yields only an inphase response. The quadrature 

response is almost completely caused by conductive 

overburden (which also gives a small inphase 

response). The hachures show the EM response from the 

overburden. The overburden response vanishes on the

*Cdn. Inst. Mng., Bull., April 1974.



Fig. A2. Flight over Montcalm deposit, with line perpendicular to strike.
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difference EM channels, as can be seen by comparing the 

quadrature channels 25 and 34. This is an important 

point to note because DIGHEM-^ is the only EM system 

which provides an inphase channel and a quadrature 

channel which are essentially free of conductive 

overburden response.

2. The whaletail anomaly of channel 24 has a single peak. 

This shows that the conductor has a substantial width. 

If the width had been under 3 m f the conductor would 

have produced a weak m-shaped anomaly on channel 24.

3. The ore body yields a resistivity of 5 ohm-m in a 

background of about 200 ohm-m (cf. channel 40). A 

dipole-dipole ground resistivity survey with an 

a-spacing of 50 m showed a similar background, but the 

ore body gave a low of only 53 ohm-m because of the 

averaging effect inherent in the ground technique.

4. The ore body has a conductance of 330 mhos according to 

its EM response on this particular flight line. The 

conductance channel 37 saturates at 100 mhos, and so 

the deposit is indicated by a 100-mho spike.
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Figure Al illustrates the DIGHEM 11 results for a l ine 

flown subparallel to the ore body. The ore body anomaly is 

small on the standard coil-pair (channel 22) but shows up 

strongly on the whaletail coil-pair (channel 24).

Dual-frequency surveying

For surveys flown primarily for resistivity mapping, as 

opposed to EM surveying, the two transmitter coils may be 

energized at two well-separated frequencies (e.g., 900 and 

3600 Hz). Apparent resistivity and apparent depth maps can 

be made independently for each frequency. The inter 

pretation procedure involves comparing the apparent . 

resistivities and apparent depths at the two frequencies.

The use of two different coil-pair orientations (i.e., 

standard and whaletail) for dual-frequency resistivity 

mapping is an unorthodox procedure. However, as long as the 

current flow patterns are primarily horizontal, the 

different coil orientations do not influence the results, 

according to superposed dipole theory. Wire fences and 

other cultural features will produce local deviations.
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because they usually respond preferentially to one or the 

other of the coil-pairs.

The difference channels 33 and 34 are not produced 

because the divergent frequencies of the two coil-pairs 

renders them meaningless. In addition, channels 35 to 37 

also are not produced.
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The high concentrations of magnetite suggest that this 

feature may reflect an iron formation. The present survey 

shows that the EM magnetite map can be helpful in 

determining geologic structures.

Respectfully submitted, 

DIGHEM LIMITED

Z. Dvorak 
Geophysicist

Twenty map sheets accompany this report.

Electromagnetics 
Resistivity 
Magnetics
Enhanced magnetics 
EM magnetite

4 map sheets 
4 map sheets 
4 map sheets 
4 map sheets 
4 map sheets
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Rio Tinto Canadian Exploration Limited 

Caribou Lake Area 

Ontario

Introduction

On April 10th to 13th, 1980 an airborne magnetic survey 

was flown by Aerodat Limited on behalf of Rio Tinto Canadian 

Exploration Limited over the Caribou-Pikitigushi Lake Area, under 

lain by rocks of the Superior Province located approximately 

at the boundary between the English River Belt and the Wabigoon 

Belt.

This report is submitted to satisfy the requirements 

necessary to obtain an airborne Geophysical Certificate for all 

mineral claims acquired after the survey was completed.

A total of 206 mineral claims were staked in 12 separate 

groups covering an area of approximately 33.0 square kilometres 

within the survey area of approximately 370.0 square kilometres.

A complete list of all claims form Appendix 'A' of this 

report.

The technical information and survey specifications have 

been abstracted from information supplied by Aerodat Limited and 

are shown in Appendix l, 2 and 3.

Location and Access

Armstrong station is the most convenient point for access 

to the area. A good allweather road leads to the south-end of 

Caribou Lake, a distance of 8 miles from where canoe or skidoo
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access is via a chain of lakes connected by good portages.

Fixed wing aircraft are locally available for summer 

or winter flights.

Included Location Map Dwg. L4682 shows the present claim 

holdings by Rio Tinto Canadian Exploration Limited.

1) Area of Caribou River M2479

2) Area of Linklater Lake M2521

3) Area of Whiddon Lake M2520

4) Area of Pikitigushi Lake M2547

General Geology and Mineralization

The geology of the area is shown on O.D.M. Maps P-352 

and P-267. A description of the geology and mineralization of the 

general region is given in O.D.M. miscellaneous paper #47.

The survey area is underlain by Precambrian rocks of the 

Superior Province, and located approximately at the boundary 

between the English River Belt and the Wabigoon Belt. In the 

former the supracrustal sequences are mainly metasedimentary 

and comprise conglomerates, argillites, greywackes, shales and 

tuffs. They are located mainly along the northern boundary of 

the property. The Wabigoon Belt has a predominantly metavolcanic 

character, comprising rocks ranging from basalt to rhyolite.

Early Precambrian dikes, sills and stocks intruding into 

the metavolcanic-metasedimentary sequence include granodiorite, 

gabbro and peridotite. Separating the sequences are larger and 

smaller composite intrusions of granitic rocks. Many of the 

zones of magnetitic sediments are bounded by major structural 

features.
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The area is well known for its mineral potential in 

both base and precious metals. Almost all components of the 

metavolcanic-metasedimentary complex appear to have their 

specific mineral associations. For instance, Zn-Cu-Ag mineral 

ization has been found in association with felsic metavolcanics; 

occurrences of chalcopyrite, pyrite, pyrrhotite and gold in 

association with mafic extrusive rocks. The most frequent 

mineralization in the sedimentary sequence are the chert-magnetite 

iron formations which often carry minor occurrences of economic 

sulphide mineralization. Zn-Cu-Ag mineralization occurs in the 

greywackes, argillites and tuffs of Early Precambrian sedimentary 

rocks. Some faults in Middle Precambrian formations carry Ag-Pb- 

Zn mineralization.

Minor Cu-Ni mineralization is in some locations related 

to ultramafic intrusive rocks and disseminated Cu and Mo to felsic 

intrusives.

Aeromagnetic Coverage

Published aeromagnetic maps by the Ontario Department 

of Mines for the area are:

52-1-11 Geophysical paper 940 Goldsborough Lake

52-1-10 Geophysical paper 950 Linklater Lake

52-E-6 Geophysical paper 2114 Armstrong

52-1-7 Geophsical paper 2123 Willet.

Previous Work

The general area has undergone three or four cycles of 

exploration activity. Following the initial mapping along waterways
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at the turn of the century, many surface showings were explored 

and exposed during the 1920's and 30's, but very little information 

was recorded or remains available except the odd trench one 

stumbles across in the field.

Active exploration work was started again in the mid 

1950's and included for the first time recorded airborne and 

ground geophysical surveys.

In 1954-55, Kennco Exploration investigated an area 

between Campbell Lake and Howie Lake, where they held 54 claims 

and carried out airborne as well as ground EM and mag surveys.

In 1954-55, Glenora Gold Mines held 7 claims on the 

north shore of Caribou Lake north of Kellar Island where they 

ground investigated an area underlain by quartz porphyry and 

drilled 5000 feet in 13 holes and an additional four holes over 

a located conductor underlain also by quartz feldspar porphyry 

located south of Campbell Lake.

In 1956, Noranda Exploration carried out geophysical 

surveys followed by several drill holes within the general 

area of Cumaway Lake, Fuchsite Lake and the northern part of 

D'Alton Lake.

In 1956 Central Manitoba Mines investigated an area 

located southwest of Kellar Island with ground EM and mag 

followed by 12 drill holes that located magnetically active 

bands of iron formation.

In 1959 Sulmac Exploration tested ground located conduct 

ivity with magnetic correlation west of Selassie Lake with three 

drill holes and found the source to be iron formations with minor
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copper and zinc values. Another hole was also drilled on a 

geophysical target slightly south of Rhodes Lake during the same 

year.

Other reported work with no exact time known by the 

writer was carried out by Patricia Gold Mines in the Fletcher 

Lake area where 5 holes tested an iron formation, by Chimo Gold 

Mines at the west end of Linklater Lake with six drill holes, by 

Lun Echo Mines on a prospect on the east shore of Caribou Lake, 

southeast of Kellar Island with one hole and 5 additional holes 

by Martin Bird Mines on the same prospect.

Work in the 1960's was carried out by Centurion Mines 

in the Fletcher Lake-Rhodes Lake area (5 drill holes in 1963) 

and the Rhodes Lake-Armra Lake area(7 drill holes in 1966) and 

by Cliffs of Canada on the low grade (23%) iron formation south 

of Linklater Lake and east of Hollingsworth Lake.

Canadian Dymo Mines investigated a conductive horizon 

with magnetic correlation near a group of north-south trending 

lakes south of Lee Lake in 1967.

Presently, while staking was in progress on behalf of 

Rio Tinto Canadian Exploration Limited competitive acquisition

by New Jersey Zinc was noted.

f

Survey Coverage and Equipment

The submitted helicopter survey totalling 1697 line 

kilometres was flown at a nominal line spacing of 200 metres with 

an average bird height of 40.0 metres at an approximate airspeed 

of 110 km/hr and was performed by Aerodat Limited.

The survey covered a measured area of approximately 370
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square kilometres or 37,000 hectares (142.23 square miles or

91026 acres).

Appendix I provides details on Instrumentation

Appendix II provides details on Flight Tape and Path Recovery

Appendix III provides details on Production Data.

Data Presentation

The Total Field magnetic maps show contours of the 

total magnetic field, uncorrected for regional variations taken 

from a digital recording using the best fit technique between 

survey lines.

The final contoured maps presented with this report 

were plotted on the photo-mosaic base of the survey area at a 

scale of 1:10,000.

The minimum contour interval is 20 gammas with a larger 

interval in high gradient area to prevent overcrowding. Successive 

100 gamma and 500 gamma contour lines appear heavier on this 

final presentation.

Magnetic variations within the survey area are approxim 

ately 8,700 gammas and range from dipolar lows of 59,300 gammas 

adjacent to or on the flanks of Nipigon quartz diabase sills 

or dikes through a general back-ground of 60,500 gammas over non-

anomalous Keewatin andesitic lavas, 60,600 gammas over Algoman 

granite and granite porphyry and up to 68,000 gammas over known 

low-grade magnetic iron formations.

The data covers four contiguous sheets numbered: Map l, 

4, 7 and 10. All claim holdings by Rio Tinto Canadian Exploration 

Limited are shown on these maps.
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Discussion of Survey Results

The total magnetic field is very active within the survey 

area, influenced by outcropping and subcropping diabase sills and 

dikes as well as several known iron formations.

The magnetic signature varies considerably depending on 

the dip of the formations and in many cases the magnetic influence 

is shown far beyond the mapped boundary or outcrops.

The known, projected or inferred magnetic iron formations 

are much easier to recognise. 

Sheet l

Three isolated magnetic anomalies located in the south- 

west corner of the map sheet (line 8, 11 and 14) are located 

within mapped granite but are probably indicative of subcropping 

diabase.

A formational magnetic anomaly at the north portion of 

the map sheet has the appearance of minor iron formation although 

it is located within an area of mapped granite.

A series of northwest trending "bulls-eye" magnetic 

anomalies in the east-central part of the sheet (line 35 to 40) 

are indicative of minor, banded iron formation and in fact a 

gossan is reported on the south shore of Campbell Lake.

Sheet 4

Known iron formation southwest of Kellar Island and east 

of Hollingsworth Lake are easily recognised by their pronounced 

magnetic anomalies and the formation can be traced as intermittant 

dual magnetic anomalies along a synclinal axis towards Campbell 

Lake.
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Many semi isolated magnetic anomalies indicated on this 

sheet should be investigated in the field such as the anomalies 

along the east and west shore of Caribou Lake, the two "bulls-eye" 

anomalies (line 93 and 96) on the east shore of Caribou Lake and 

at Cumaway Lake that could indicate a source of ultramafic 

intrusion and numerous short strikelength, low amplitude anomalies 

in correlation with the general strike of the underlying volcanics.

Sheet 7

Magnetic activity is widespread on this sheet ranging 

from magnetic iron formations south of Linklater Lake (north 

portion of sheet), an interpreted iron formation along Mitchell 

Lake - Fuchsite Lake - D'Alton Lake towards Amra Lake, to the 

magnetic influence of diabase sills between Ruxton Lake and 

Moonshine Lake and a diabase dike near Mund Lake to MacDonald Lake. 

A dual set of parallel magnetic anomalies that appear to run against 

the general trend can be traced striking northwest between Shoal 

Lake and Moonshine Lake, north-south at the north end of Ruxton 

Lake and north-east towards Amra Lake, they are apparently assoc 

iated with the Timiskaming conglomerates, quartzite or slate.

Many isolated, short strikelength anomalies remain 

unexplained.

Sheet 10

The magnetic activity on this, the eastern sheet is 

less complex. Once again dual parallel magnetic trends on the 

northern portion of the sheet indicate an extension of the
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magnetic iron formation along a synclinal axis east of Linklater 

Lake .

East-west magnetic trending of lesser amplitude shows 

two bands correlating with the general trend of the volcanics 

but could also indicate remnants of Timiskaming sediments.

The magnetic activity on the southern portion of the 

sheet is greatly influenced by a fairly wide diabase sill south 

of the Big River and Upper and Lower Pawshowconk Lake. Approxim 

ately 1/2 to 3/4 mile south an extensive magnetic low correlates 

with an east-west striking diabase dike or perhaps the edge of 

another large diabase sill that also outcrops along the Pikitigushi 

River between Wash Lake and Derraugh Lake. The multi-banded 

magnetic anomalies north and west of Blacket Lake and north of 

a mapped granitic intrusion could indicate sulphide lenses within 

the volanics but shallow subcropping diabase cannot be discounted.

Conclusion

The interpreted source of the magnetic variations within 

the survey area are as follows:

a) Large areas of outcropping or subcropping magnetically 

active diabase sills and dikes.

b) Sedimentary iron formations of various grades.

c) Isolated highly magnetic ultramafic intrusions or flows.

d) Numerous isolated short strikelength (several as the 

result of computer contouring) magnetic anomalies that 

might be attributed to sulphides within volcanics.

December 1980 H. Beckmann
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APPENDIX 'A 1

Thunder Bay District

Area of Caribou River M2479 

Claim No.

TB560270 
TB560323 
TB559839 

TB560245

TB560252 

TB560259

TB560265 
TB560266 
TB560239

TB560203

to TB560250 
inclusive
to TB560255 
inclusive
to TB560261 
inclusive

to TB560244 
inclusive
to TB560238 
inclusive

Claim Group

#9

#10

Area of Linklater Lake M2521
TB560400 to TB560436 

inclusive
TB560312 to TB560315 

inclusive
TB560317 to TB560321

inclusive
TB560394 to TB560399 

inclusive
TB560386 to TB560393 

inclusive
TB560343 to TB560349 

inclusive
TB560352 to TB560358 

inclusive

#11

#12

#4

#5

#6

#7

#8

Date Recorded

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980 

September 11, 1980
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Area of Linklater Lake M2521 Continued:

Claim No.

TB560360

TB560377 

TB560378 

TB559838 

TB559840

TB560273 

TB560276 

TB560279 

TB560282

TB560296 

TB560299 

TB560324 

TB560325 

TB560251 

TB560267

to TB560374 
inclusive

Claim Group

#8

#9
to TB559842 
inclusive

to TB560293 
inclusive

#10
to TB560269 
inclusive

Area of Whiddon Lake M2520

TB560294 
TB560295 
TB560297
TB560326 to TB560330 ^ 

inclusive

Area of Pikitogushi Lake M2547
TB560437 to TB560442 

inclusive
TB559741 

TB559742 

TB560331 to TB560342 #2

Date Recorded

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980

September 11, 1980
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Certificate

I, HERWART K. F. BECKMANN, of the County of Peel, City of 
Mississauga, Province of Ontario do hereby certify,

1. That I am a geophysical technician and reside at 1086 
Albertson Crescent, Mississauga, Ontario.

2. That I graduated from the Radio College of Canada at
Montreal in 1955 with a degree in Electronic Engineering.

3. That I am a member of the European Association of 
Exploration Geophysicists.

4. That I am an associated member of the American Society of 
Exploration Geophysicists.

5. That I have been practising my profession for a period 
of eighteen years.

6. That I am employed by Rio Tinto Canadian Exploration 
Limited, as Geophysicist Eastern Region.

7. That I supervised this survey.

Date: H. Beckmann
Geophysicist Eastern Region
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Instrumentation

Electromagnetic Instrument

Type: Model EM33-1 in-phase - quadrature instrument 

manufactured by Geonics Limited, Toronto

•] Coils: The transmitting and receiving coils are located in

- a towed "bird" slung 100' below the helicopter. The 

' coils are coaxial and are 19.5 feet apart. The coil 

axis is in the direction of travel.

j Frequency: 736 Hz. 

, Noise Level: J ppm

4

Magnetometer 
l

Type: Proton precession model AM-104 manufactured by
l

Barringer Research Limited, Toronto

l
Cycline time: 1.13 seconds

l
Polarizing time: 0.587 seconds

l
Sensing head design: 5 inch diameter Torodi

T

Horizontal Positioning 

' Geocam 35 mm flight path camera and" intervalometer

i
i Vertical Positioning

Bonzer Radio Altimeter

Recorders

Eight channel Barringer analogue pen recorder DAC-NAV digital 

acquisition system.



l

l
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The Flight Tape and Path Recovery

The flight tape is a roll of chart paper. It moves through the 

recorder console at a speed of 1.5 mm/sec. This provides a 

ground scale on the flight tape in feet/mm which is approximately 

equal to the helicopter flight speed in mph. Thus, for example, 

the ground scale of the flight tape is approximately 65 feet/mm 

when the helicopter flies at 65 mph.

The flight tape consists of eight channels of information as 

follows:

Channel

1.

2.

3.

4.

5.

6.

Radar

EM -

EM -

EM -

EM -

altitude

in-phase

quadrature

quadrature

quadrature

Magnetometer

Time 
Constant

1

0.6

0.6

2

2

1

sec

sec

sec

sec

sec

sec

Scale 
Units/mm

10 feet

1 ppm

1 ppm

1/3 ppm

1/3 ppm

50 gammas

Noise

10 feet

i ppm

\ Ppm

1/6 ppm

1/6 ppm

20 gammas

In addition, three fiducial markers are used between the channels, 

as follows:

Fiducial 

60-hz marker 

Camera fiducials

Navigator fiducials

Occurrence

occurs only over power lines

occurs regularly at 3 mm intervals 
on every line

/

occurs discontinuously on every line



The 60-hz fiducial identifies anomalies generated by power lines, 

allowing them to be deleted from the EM map.

l
The navigator fiducial marks represent points on the ground which 

] were recognized by the aircraft navigator. The beginning of the

flight line is flagged by a pair of navigator fiducials. These

are followed by a series of unevenly-spaced fiducials moving 

"l right-wards along the tape, which is the direction of flight.

The end of the line is flagged by a strong of four navigator 

': : fiducial marks.

l . The camera fiducial marks indicate each point where a photograph 

^ was taken. These photographs are used to provide accurate photo- 

path recovery locations, which are then plotted on the geophysical 

maps to provide the track of the aircraft.

1
The flight line numbers and anomaly letters as marked on the

l interpretation maps are taken dire, tly from the flight tapes.

The line numbers, followed by an N or S are displayed at the
i 

i top of the tape above the radar altitude trace. The N or S

corresponds to the flight direction of the particular line, 

which is survey north, or survey south. The anomaly letters,

* in alphabetic order by line, are found between the radar 
i

altitude trace and the upper in-phase EM trace.
t

i

i



l
Flight Path Recovery and Navigation

Survey navigation was based on uncontrolled photo laydown
•'
.1 mosaics at a scale of 1000 feet to one inch. Flight path

l was recorded manually by the operator-navigator and
i

automatically by the sequence camera.

i

The process of flight path recovery was carried out in the 
1 

i following manner: first, the manual fiducial points were

K positioned accurately on the photomosaic by reference to the
j

sequence camera photographs. The flight path was then assumed

to have been a straight line between the fiducial points. The 

E.M. anomalies were then positioned on the flight lines by 

'* accurately positioning the location of the anomalies between 

~l known fiducial points.
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APPENDIX III

Production Data

Personnel:

Operator: 

Pilot:

D. Hayward 

M. Stockton

Total Line Kilometers: 1697

Aircraft: Bell Jet Ranger 206-B, Reg. C-GLLP

No. of Flights: 11

Survey Dates April . 10-13, 1980



N) 
O 
O

SCALLOP LAKE M. 2576
89?00' 88?45'

50037'30"—

(7)1^
sf
CVJ

o:
LU

LT 

O
go
(T

o

37'

50 0 3C'—

9S*10qoffitXf(

524^27 Sltftt, V

g-i^ suni ze4 jj 5^)4J4 f^^ 5^?^
at ***

— 50037'30

89 0 OO

WHIDDON l AKF M 25

IO 
CJ

LU

LU

a:

AREA OF

LINKLATER LAKE

DISTRICT OF 
THUNDER BAY

THUNDER BAY 
MINING DIVISION

SCALE: 1-INCH — 4O CHAINS

LEGEND

PATENTED LAND 
CROWN LAND SALE 
LEASES 

r LOCATED LAND
LICENSE OF OCCUPATION
MINING RIGHTS ONLY
SURFACE RIGHTS
ROADS
IMPROVED ROADS
KING'S HIGHWAYS
RAILWAYS
POWER LINES
MARSH OR MUSKEG
MINES
CANCELLED

C.S.
(D
Loc.
LO. 

M.R.O. 
S 80.

c.

NOTES
400'Surface Rights Reservation along the 
shores of all lakes and rivers.

ID i
NATIONAL TOPOGRAPHIC SERIES 521-7

PLAN NO. M-2521
u ( )\ l \ K K)

MINISTRY OF NATURAL RESOURCES
SURVIVS A ND MAPPING BRANCH



"S
 

\
"
*
 

T

-* 
i

.-
--

L

;.
-A,

s
^ 

- 
"'

^*
 

y

T i'

vv
-

to
 

o

C
AR

IB
O

U
 R

IV
ER

 
G

-2
0

R
A

TT
E

 
LA

KE
 

G
-II

9


