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Abstract

This Open File presents results of multifrequency horizontal-
loop (HLEM) surveys in northeastern Ontario (near Kapuskasing and
Timmins). The first phase (1987) was a follow-up of helicopter
electromagnetic surveys carried out earlier that year. The second
phase (1988) focused on interesting targets on the fringes of the
helicoptef EM survey area. In all field surveys, the APEX MaxMin
I system was used with a coil separation of 100 m. The HLEM results
are presented as plots of in-phaéé and quadrature components
obtained at 8 frequencies. The locations of Rotasonic drillholes
are also indicated. The plots are dgrouped according to their
geographic location on 8 sheets of 1:100,000 Ontario Government
maps. Their location is depicted in portions of map sheets which

are in the Appendix.

The survey results will be of use in mineral exploration,
structural mapping, and Quaternary geological studies. While
several previously unknown bedrock conductors and shear zones were
detected as a result of HLEM surveys, the most important
contribution 1is new information on bedrock topography and
composition of Quaternary cover. Identification of glacial till
layers is of importance in drift prospecting. Because of the
variety of users and potential applications, each requiring a
different approach, no interpretation is provided in this Open
File. References are given to papers, which outline different

interpretation procedures.

This work was a contribution to the Canada-Ontario Mineral

Development Agreement, 1985-1990 (Project C.7.4).




1. Introduction

Ground electromagnetic (EM) surveys which are released as Open
File 2343 were funded under Project C.7.4 of the Canada - Ontario
Mineral Development Agreement 1985-1990. The aim of the project was
to carry out tests with existing airborne and ground EM systems and

to assess their suitability for mapping of Quaternary sediments.

Reliable identification of glacial tills is important for
selection of sampling sites in drift prospecting. Geochemical
analysis of basal tills is an established technique of gold
exploration in glaciated terrains. After completion of geophysical
tests and interpretation of results, a recommendation was made to
routinely use selected EM methods in drift prospecting. Application
of EM surveys is more cost-effective under most conditions than of

shallow reflection or refraction seismic methods.

The project was conceived and executed in close cooperation
with scientists of the Terrain Science Division of the Geological
Survey of Canada (GSC). As part of their project C.7.1 (leader S.L.
Smith) in the same area of northeastern Ontario, stratigraphic
Quaternary drilling using Rotasonic equipment was carried out in‘
1987-88. Contacts were also maintained with the Ontario Geological
Survey (0GS), particularly with R.B. Barlow, Head of the Geophysics

Section. While all ground geophysical surveys and their
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interpretation were performed by the GSC staff, line cutting,
chaining and airborne geophysical surveys were carried out by

contractors.




2. Historic Overview

The initial phase of the project consisted of field
reconnaissance and limited ground geophysical surveys at a test
site near Val Gagné. The site measuring 6.1 x 2.7 km was chosen by
one of the authors, G.J. Palacky, and R.B. Barlow of the 0GS after
a joint field visit in June 1985. The area is covered by Quaternary
glaciolacustrine clays which in some places are underlain by
glacial tills. Interpretation of geophysical data indicates that
thickness of overburden varies from 15 to 45 m. Two holes were
previously drilled at the test site by 0GS geologists as part of
their Black River-Matheson program. In October-November 1985,
multiparameter time-domain induced polarization and resistivity
surveys were carried out by GSC crews in the southern part of the

area.

Extensive field work at the Val Gagné test site was carried
out in 1986. The first activity was an airborne geophysical survey
flown in March by Geoterrex Ltd. of Ottawa. The time-domain GEOTEM
EM system and a magnetometer were used for detailed coverage of
the test site (line spacing 100 m). During the year, the following
tasks were accomplished: permission from land owners to carry out
geophysical surveys, line cutting, ground EM surveys using Geonics
EM-31 and EM-34 instruments (direct measurements of apparent

conductivity), Geonics EM-16R (resistivity measurements using VLF
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transmitters), multifrequency horizontal-loop measurements with the
APEX MaxMin I equipment, and high-resolution shallow reflection
seismic surveys. A contractor cut, surveyed, and chained all survey
lines. Ground electromagnetic surveys were performed by the staff
of the Electrical Methods Section of the GSC. Seismic surveys were
carried out by the Terrain Geophysics Section. A paper on seismic
work at the Val Gagné test site was published by Pullan et al.

(1987).

The prime consideration during the test surveys was to obtain
sufficient information to allow selection of the most appropriate
methodology for routine use along transects in northern Ontario
that were previously selected for drilling under Program C.7.1.
From the beginning, there was no intention to obtain a‘complete
coverage of the Val Gagné test site using all available geophysical
techniques. After interpretation and assessment of field results
acquired during the first field season, a decision was made to use
helicopter EM surveys for regional reconnaissance and

multifrequency horizontal-loop EM surveys for ground follow-up.

A helicopter EM survey of the Val Gagné test site (27 lines
6.1 km long) was carried out by Aerodat Ltd. of Mississauga in
January 1987. Magnetic total-field, VLF total-field and apparent
resistivity maps were compiled. In February 1987, helicopter EM
surveys were flown along 360 km of roads north and south of

Kapuskasing (Guerney Lake to Lisgar Lake) and from Smoky Falls over
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Fraserdale and Smooth Rock Falls to Timmins. Total transect
airborne EM coverage along the roads was 830 line km (using double
or quadruple lines). The survey results were presented in the form
of stacked profiles and three map sets, in which apparent
conductivity, apparent overburden thickness, and VLF total field
were displayed as colour bars along the flight path. Examples of
the data were included in a paper by Palacky (1989), in which the
survey was described in detail. For presentation of the results,
the airborne survey was divided into 4 transects: Kapuskasing (code
KAP), Smoky Falls - Fraserdale - Smooth Rock Falls (code SF),
Smooth Rock Falls - Kamiskotia (code SRF), and from a road junction

south of Smooth Rock Falls to Timmins (code TIM).

Results of the helicopter EM surveys were interpreted in
spring of 1987 by G.J. Palacky and 70 targets were selected for a
ground follow-up. Factors considered in the evaluation of EM
anomalies were conductance (large values indicated either a
thickening of Quaternary sediments or an increase in the clay
component), representative sampling along transects (each
helicopter EM segment had‘at least two follow-up areas), Quaternary
geology (preference was given to sites where presence of tills
could be assumed), and logistics of the field work (some targets
originally selected could not be reached in the field because of

bridge washouts).




7

The ground follow-up surveys were carried out in summer 1987
with the multifrequency horizontal-loop EM technique. Two APEX
MaxMin I units were used simultaneously in the field. Details of
the survey procedures and data presentation are given in Chapter
3 of this report. Most of the follow-up segments were one km long;
one coil separation (100 m) and 8 frequencies were routinely used.
The geographic distribution of the surveys follows: KAP - 27
targets along the Kapuskasing transect (map sheets Guilfoyle Lake
42G/NE, Kapuskasing 42G/SE, and Elsas 42B/NE; 1:100,000 series
published by the Ontario Ministry of Natural Resources), SF - 26
targets between Smoky Falls and Smooth Rock Falls (map sheets
Smooth Rock 42H/SW, Island Falls 42H/SW, and Guilfoyle Lake
42G/NE), SRF - 10 targets between Smooth Rock Falls and Kamiskotia
(map sheets Pamour 42A/NW and smooth Rock 42H/SW), TIM - 7 targets
between a junction south of Smooth Rock Falls and Timmins (map
sheet Pamour 42A/NW and Smooth Rock 42H/SW). The location of all
follow-up target areas is given in copies of 1:100,000 Ontario
Government maps. A sumﬁary of the targets for each map sheet is
also given in the Appendix. After interpretation of ground EM data,

drilling was carried out at 26 locations.

During the 1988 summer field season, ground horizontal-loop
EM surveys (total of 39 km) were carried out at sites which were
not included in the 1987 helicopter EM survey. Unlike the follow-
up surveys, the lines in most areas were more than one km long.

The. sites surveyed during this second phase were given names
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derived from the nearest landmark: map sheet Pamour 42A/NW (Geary
Road, Wilhelmina Road, Steep Lake Road), Smoky Falls 42J/SE (Little
Long Rapids), Guilfoyle Lake 42G/NE (Bennet Lake Road), Timmins
42A/NE (Godfrey Lake Road). An additional test site was established
at the Kam-Kotia mine near Kamiskotia, where a large amount of
drilling was done in the course of a previous GSC investigation.
Detailed multifrequency horizontal-loop EM and high-resolution
. shallow reflection seismic surveys were carried out at the site by
the GSC staff (Electrical Methods Section and Terrain Geophysics
Section). Geoprobe Ltd. of Mississauga contributed to the project
by surveying a one-km long profile using the Maxiprobe frequency-
domain EM equipment. Investigations by the Terrain Science Division
in northeastern Ontario continued in summer 1988. A total number
of 70 Rotasonic holes were drilled during the two field seasons.
The drilling results were described in Smith and Wyatt (1988) and
Smith (1990). Dr. T.J. Katsube of the Electrical Methods Section
studied electrical properties of selected borehole samples in the

laboratory.

During 1989 and 1990, various data processing and
interpretation methods were used on experimental basis to determine
the most realiable technique. Perhaps the most useful approach to
interpretation of HLEM data is one based on data inversion using
the EMIX-MM and EMIX-MM PLUS programs developed by Interpex Ltd.
(1988,1989) of Golden, Colorado. However, experience and extreme

care are required as the programs do not produce geologically
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meaningful sections, if the initially selected interpretation model
is incorrect. As other interpretation technigues, the inversion is
highly dependent on skills of the interpreter. Two papers were
published in international geophysical journals in which ideas
about interpretation of HLEM in glaciated terrains were discussed
(Palacky and Stephens, 1990, Palacky, 1991). Numerous examples from
this project were included in both articles. In 1990, HLEM survey
results included in this Open File were plotted in the final form

and the locations of Rotasonic drillholes were added to the plots.

Also in 1990, portions of the helicopter EM surveys were
reprocessed by Aerodat Ltd. of Mississauga using inversion
techniques. Two inversion routines were used in the reprocessing,
one based on the generalized inversion, the other on centroid depth
calculations (Sengpiel, 1988). Results in the final form were
delivered by the contractor in summer of 1990. The findings were

reported by Palacky, Holladay and Walker (1990).
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3. Multifrequency Horizontal-Loop Electromagnetic Surveys

The MaxMin I is the latest of the multifrequency ground EM
systems designed and manufactured by APEX Parametrics Ltd. of
Uxbridge, Ontario. Surveys with the system can be carried out in
five modes, but in our study only MAX 1 (horizontal-loop mode) was
used. The transmitter-receiver separation can be changed for fixed
distances between 12.5 and 400 m. After completion of field tests
at the Val Gagné site we opted for a constant coil separation of

100 m in all surveys.

The operating frequencies of the MaxMin I system are 110, 220,
440, 880, 1760, 3520, 7040, and 14080 Hz. In order to obtain a
sufficient number of data points for inversion, all available
frequencies were used. In mnineral exploration progranms, the
measurements of in-phase and guadrature components are usually
performed at only 2 or 3 frequencies; the results are plotted as
one graph for two components at a given frequency. In the
presentation used in this report (see Appendix), the in-phase and
quadrature data were plotted separately showing all frequencies in

the same graph.

During the field surveys, the distance between the stations
was measured using a metallic tape. The correct distance between

the transmitter and the receiver (100 m) was checked before each
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sequence of readings by stretching the connecting cable. The
average error in the coil distance did not exceed 30 cm. Most
survey lines were 1located in flat areas, where topographic
corrections were not necessary. In those few areas where the
topography was undulating, corrections were made using procedures
recommended in the instrument manual. All field data were recorded
using a hand-held computer KTP-84, which is manufactured by
Rautaruukki Oy of Oulu, Finland. After each survey, at least once
a day, raw data were dumped onto a Compaqg 386/20 computer and the
results plotted on an HP plotter. After a quality check, the HLEM
data were saved on diskettes. Lines were resurveyed, if quality of

the data did not meet our standards.

Preliminary interprefation of the HLEM results was done in the
field. Responses due to bedrock conductors (massive sulphides,
graphitic layers) and shear zones were identified. In areas free
of bedrock inhomogeneities, HLEM responses were analyzed using the
model of multiple layers. At selected stations, the measurements
were interpreted with the aid of phasor diagrams (Eadie, 1979).
Using the EMIX-MM program (Interpex, 1988) for a 2-layer model, the
EM data were inverted to obtain resistivity and thickness values
along the whole profile. Subsequently, recommendations were made
for drilling. More detailed interpretation using 3- and 4-layer
models was done in 1989 and 1990; the drilling results were used
to constrain the inversion and to gain an insight into the

limitations of the technique.
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4. Concluding Remarks

In this Open File, HLEM data obtained with the APEX MaxMin I
instrument are released for all transect measurements, which were
carried out as a follow-up of helicopter EM surveys. In order to
maintain consistence in labelling with the airborne data, the
original transect codes were kept and letters were added for ground
EM profiles; e.g., KAP-1A designates Kapuskasing transect (KAP),
its southernmost segment (1) and the first follow-up profile from

the south (A4).

In addition to 70 targets which resulted from the
interpretation of helicopter EM data and which were surveyed in
1987, additional surveys performed in 1988 are included in this
Open File: Geary Road (3 profiles), Wilhelmina Road (2 profiles),
Steep Lake Road (1 profile), Bennet Lake Road (5 profiles), and
Little Long Rapids (8 profiles). HLEM data from the Val Gagné and

Kamiskotia test sites will be subject to a separate release.

In the Appendix the survey areas are dgrouped according to
their location in the 1:100,000 map sheets published by the Ontario
Government. The first page in each segment gives a listing of all
HLEM profiles. It is followed by copies of 1:100,000 maps showing
the location of survey lines. Plots of in-phase and quadrature

responses for 8 frequencies and the 1locations of Rotasonic
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drillholes described in Smith (1990) are given on subsequent pages.

Conductors of three types have been detected in the course of
this survey: horizontal 1layers (Quaternary sediments), highly
conductive subvertical conductors (massive sulphide or graphitic
sediments), and poorly conductive shear zones. The characteristics
of MaxMin responses over the three conductor types are explained

in Palacky (1989). !

The aim of the survey was to investigate conductors of the
first type (accumulations of Quaternary sediments). Resistivity of
upper layers, which can be estimated from the MaxMin data, depends
on 1lithology. Therefore, in areas where layering is not too
complex, it is possible to determine Quaternary lithology from the
EM response. The three sediment types most frequently encountered
in the survey area have the following resistivities and standard
deviations: clay 47.3 £ 6.7 Q.m, till 122.8 * 35.5 Q.m, and sand
251 * 70 Q.m. These values were obtained by inversion of MaxMin
data and correlation with the results of drilling at selected
sites. A determination of sediment resistivities was also done in
the laboratory by T.J.Katsube. More details about HLEM
interpretation and resistivity determinations can be found in
Palacky and Stephens (1990). The methodology of HLEM interpretation
using inversion for 2-, 3- and 4-layer models was explained in

Palacky (1991).
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SHEET 42A/NW (PAMOUR)

Timmins (6 profiles 1000 m long)

TIM-1A, TIM-1B, TIM-1C, TIM-2A, TIM-2B, TIM-2C

Smooth Rock Falls

SRF-1A, SRF-1B, SRF-2A (1600 m long)

SRF-2B, SRF-2C, SRF-3A (1000 m long)

Geary Road

GR-1 (2000 m long, 2 plots)
GR-2 (2000 m long, 2 plots)

GR-3 (2800 m long, 2 plots)

Wilhelmina Road

WR-1 (1000 m long)

WR-2 (1600 m long)

Steep Lake Road

SL-1 (1200 m long)

Total for the sheet 24,400 m.
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SHEET 42B/SW_(ELSAS)

Kapuskasing (10 profiles 1000 m long)

KAP-1A, KAP-1B, KAP-1C, KAP-2A, KAP-2B, KAP-2C, KAP-2D, KAP-3A,

KAP-3B, KAP-3C

Total for the sheet 10,000 m.
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SHEET 42G/SE (KAPUSKASING)

Kapuskasing (13 profiles 1000 m long, 1 profile 2000 m long)
KAP-3D, KAP-4A, KAP-4B, KAP-4C, KAP-5A, KAP-5B, KAP-5C, KAP-5D,

KAP-6A (2000 m), KAP-6B, KAP-7A, KAP-7B, KAP-7C, KAP-7D

Total for the sheet 15,000 m.
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SHEET 42G/NE_(GUILFOYLE LAKE)

Kapuskasing (3 profiles 1000 m long, 1 line 1400 m long)

KAP-7E, KAP-7F, KAP-7G (1400 m), KAP-7H

Smoky Falls (4 profiles 1000 m long)

SF-8A, S5F-8B, SF-8C, SF-8D
Bennet lLake Road (5 profiles)

Parts A, B, C, D (each 1500 m long)

Part E (800 m long)

Total for the sheet 15,200 n.
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SHEET 42H/SW (SMOOTH ROCK)

Smoky Falls (7 profiles 1000 m long, 1 profile 1200 m long)

SF-1A, SF-1B, SF-1C (1200 m), SF-1D, SF-2A, SF-2B, SF-2C, SF-2D

Smooth Rock Falls (4 profiles 1000 m long)

SRF-6A, SRF-6B, SRF-6C, SRF-6D

Timmins (1 profile 1000 m long)

TIM-3A

Total for the sheet 13,200 mn.
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50

40

304

IN—PHASE (%)

l
-
[

L

I
N
?

—-501—r

300

™77

—600

T T Y

G5 300 b (m)

HOLE 11

—30-

QUADRATURE (%)
I
Q
Y

|
o
<

-850




QUADRATURE (%)

IN—~PHASE ()

PROFILE SRF6C

30
201

104

|
—
[

Fl

~20-

—30-

- 40

—~504

-~ 60~

- 704

21000

l..'ll.l‘lll..'_s'olo

—400

HOLE 10

LI N I R B

i
N
?

|
[
?

|
S
<

~504
~ 60

—70-

~80
-1

600

L Junn s Sl S Sy UL SO0 SR RN BN ML SN NS USNCJNE )

-600

100

T reTrTT v

-200 0 (m)




PROFILE SRF6D

e -

,@.’«.‘.uhﬁ\_

et

%107
% J
< -20-
ﬂl- 4
Z _30
—40-
J FREQ.
—— 110 Hz
—50- weeve 220 Hz
wwwww 440 Hz
+-+ 880 Hz
&4 1760 Hz
-~ 60+ aaad 3520 Hz
4 weanu 7040 Hz
oooee 14080 Hz
"'70! T |lllllll|ll|llll|Il|0lv!l|l|||ll1
-1000 -800 —600 —100 -200 0 (m)
L = 100m
40 ‘HOLE 9

}
-
(=]

1

QUADRATURE. ()
&
[w ]
[1

60

—~704

-804

"0 (m)




2

0]

Hil

2

7405 L‘ana_a"{

Bradburn
Lake

soinly
RN

eek
o

Gravel

-y

N

N
RN

j
i
k= A mw ~
at
Y 3l cr A x4
= wﬂhn% 4
i
= 3.3
&
P

40’




IN—PHASE (%)

'—40 ™ rrorrrrrrrrorr
0

QUADRATURE (%)

PROFILE TIM3A

200 200 600 800 1000 (m

i
)
?

).

|
o
L

I
'S
<

"Bcoll|l||‘2601|l|||c4cl)oll||||1660i|||||lsbd|l|I|1looo(m)




SHEET 42H/NW (ISLAND FALLS)

Smoky Falls (14 profiles 1000 m long, 1 profile 1200 m long)
SF-3A, SF-3B, SF-3C, SF-4A, SF-4B, SF-4C, SF-5A (1200 n), SF-5B,

Sr-5C, SF-6A, SF-6B, SF-6C, SF;7A, SF-7B, SF-7C

Total for the sheet 15,200 n.
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SHEET 42J/SE (SMOKY FALLS)

Little Long Rapids (8 profiles)

Parts A, B, ¢, D, E, F, G (each 1500 m long)

Part H (1600 m long)

Total for the sheet 12,100 m.
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IN—PHASE (%)

PROFILE LITTLE LONG RAPIDS PART A

woass 7040 Hz
1 ossee 14080 Hz
ST, % SR S S o e S
2300 —2800 2600 T ~2400 —2200 —-2000 —~1800 —1600 (m)
HOLE 36
L = 100m
40
30
20-
10

QUADRATURE (%)
!
o
[

i
)
?

RS TR T




IN—PHASE (%)

QUADRATURE (%)

PROFILE LITTLE LONG RAPIDS PART B

10+

| FREQUENCY
—— 110 Hz
—20- veses 220 Hz
wwwwx 440 Hz
1 +++++  B8B0 Hz
¢4 1760 Hz
—30- saasa 3520 Hz
vessw 7040 Hz
| eseee 14080 Hz
—4G_||x|||l LA M0 e N S Bt el Manet B AN S S M MRS Sy HN [N N R MR BN M DR LN R0 N BN BN B S DR S L B SN AN SR M DN A L B L AR RO I
-150 —1300 -1100 —a00 -700 —-500 -30 —100 (m)
L = 100m
40
30-

— 601
-1500

-1

3

=TT Ty

0

L JJ0LJNNL AN I A 200 SO R ™ T T T

00 —1100

'I"_'-|l|llll.i'}o‘0 --‘O

Zd00  ~100 (m)



PROFILE LITTLE LONG RAPIDS PART C

60

501

40-

304

IN—PHASE (%)

FREQUENCY

IELBE
oeeoe 14080

110
220
440
880
1760
-3520
7040

L A B B B B S 3

200

L I S S N SN I U SN ENE M N R B S L B RAA NN N BN M U AL

800

LIS e e me o DURSLUNE ZHND N R N B N S

1000 1200

!

HOLES 37

L

T'] 400 (m)

38

= 100m

QUADRATURE (%)

LI S S S SRS MmNy R A N SN N S B I |

"1200

™Y

"1000

T T Y

1400 (m)




PROFILE LITTLE LONG RAPIDS PART D

IN—PHASE (%)

"—4C||l ™7 T T 1
1500 1700

Tt

1900

LI S B R ¥

™ T 1T 71

2100

2300

T T

1T T

2500

12700

L S N N B L )

Saog b

QUADRATURE (%)
1
>
i
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N
2

-~ 50

— 60t
1500 1700

1900

12100

2300

172500

72700

" 72900 (m)




IN-PHASE (%)

QUADRATURE (%)

PROFILE LITTLE LONG RAPIDS PART E
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- 304

“"40 T
3000

T 1

3200

- 3400
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"doo0
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" 4400 (m)

"'60 T T

3000

=TT

T ¢

3200

vr_3|4|0|01111

13600

13800

T

" 4000

T

"4200

4400 (m)



IN-PHASE (%)

QUADRATURE (%)

PROFILE LITTLE LONG RAPIDS PART F

40 ™= T 71 T T O LT T v v T T T Ty Ly r T rr vt T ™1 L. B
4500 4700 4900 5100 5300 5500 5700 5900 (m)
) HOLE 39
L = 100m
40
30

T 17 AL

5300 5500 5700 "5900 (m)

T T T LIS 2 R SR SO N SUNSL N N M e |

'5100

LUNN S NS Jat B |

4700 4800




IN-PHASE (%)

QUADRATURE (%)

PROFILE LITTLE LONG RAPIDS PART G

60

50+

40-

30+

20+

4

10 e

Vv

0

4 -

~

—10-
FREQUENCY
— 110 Hz
-0 *eeee 220 Hz
N 440 Hz
Aot 880 Hz
008 1760 Hz
—304 aaaa 3520 Hz
saoae 7040 Hz
J eoee0 14080 Hz
"‘40|| T TT ™ 171 T 173 T Tr-rrrrerT T T T T T o ey o Tl
6000 T 6200 6400 6600 6800 7000 7200 7400 (m)
HOLE 41
L = 100m
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30
20
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1
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?

7200 7400 (m)
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0 6200 ' 6400 6600 6800 7000




IN-PHASE (%)

QUADRATURE (%)

PROFILE LITTLE LONG RAPIDS PART H

60

50+

eeeoe 14080 Hz

e 7750 7900 | 8100 | 8300 8500 ' 8700 8900 9100 (m)
!
HOLE 40
L = 100m
40
30:

""60 7
7500

T

7700

7900

'8100

8300

‘8500

‘8700

‘8900 9100 (m)



