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DPM-2 designates an electromagnetic method used in

mineral exploration. The source is either a large loop or

long grounded wire. The receiver measures the dip and axes-

ratj-o of the f ield ellipse.

The test site is i-n Precambrian terrain located in

southeast luanitoba and contains muJ-tiple steeply dipping

shal-l-ow conductors. Measurements were made over the area

using DPM-2, VLF, and Vertical Coil equipment. The results

show the DPM-2 method to be an effective exploration tooI.
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The DPM-2 el-ectromagnetic system measures the

characteristics of a time-varying el-ecLromagnetic field
ellipse resulting from the combination of a generated

source field and the induced secondary fields from conductors

in the ground. The source field is usually generated by a

long grounded wire several thousand feet in length or by a

large rectangular wire Ioop, several thousand feet to each

side. The long grounded wire gives both a conductive and

inductive response, while the large wire loop gives only

an inductive response associated with its fiel_d. The DpM

system has been described in detail by Anderson and

Sutherland (1971) 
"

CHAPTER I

TNTRODUCTION

approximately 100 miles east of the

immedj-ately west of the intersection
the Howe Bay Road (trigures 1 and 2).

The thesis area is located in

From previous work in the area usingi VLF-EM and

magnetic methods, two conductive zones were found that ran

parallel on either side of an eJ_ongated swamp (Figures 2

and 3). This si-te is a good location for testing the DpM-2

I

the Whiteshell Park

city of Winnipeg

of Highway No. 44 and



Figure 1. Location map of the work area
near the Manitoba-Ontario border.
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Figure 2. Line and transmitter locations "
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Figure 3" (a) A simplified cross-section
model of the area.

(b) and (c) proposed sub-surface
models.
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response over a known conductor very near a sv/amp.

To gain more information on the conductor and swamp

properties, a complete survey over a series of grid lines
(Figure 2) was made using the VLF (EM-16), magnetometer,

and the vertj-cal loop j-nstruments. with this information,
a comparison has been made to the DpM-2 results. A

simplified model of the area is given in Figure 3a.



Obj ectives

The primary objectives of this thesis work are to:

CHAPTER II

PURPOSE

(1) measure and compare the DPM-2 responses over

the conductors at two frequencies and using three

source configurations,

(2) compare the results of the DPM-2 measurements

to the results from other EM methods, and

(3) determine the most probable subsurface model

for the area (see Figures 3b and 3c).

Approach

The geophysical measurements were made along the

grid lines shown in Figures l- and 2 " The line spacing is

600 ft" The station interval along the lines was 50 ft.

for the EM measurements and 25 ft" for the magnetic

measurements.

The DPM-2 source configurations are shown in Figure

and labelled A, B, and C. A large loop source (A) and two

grounded wire sources (B and C) rvere used. The DPM

9



frequencies are I50 IIz and 510 Hz.

The vertical- loop instrument operates at a freguency

of 1000 Hz and was used in the Broadside mode. Coil
separation was 300 ft. with the transmitting coil on the

grid l-ines and the receiving coil 300 ft. to the east.

The VLF instrument was a Geonics EM-16 and the

station used for the measurements was Kidd creek, washington

which operates at a frequency of 18.6 kifl-z.

A vertical-component fluxgate magnetometer was used

for the magnetic measurements.

10



The following discussion is based. on work by Davies

(1953), and observations by the author.

The rocks of the area are comprised of an Archean

belt in the Canadian Shield and are overlain by numerous

l-akes and swamps. The area is thickly wooded" The northern

portion is comprised of predominantly mixed Keewatin rocks

of andesitic and granodioritic composition intruded by

pegmatitic material-. The major portion of the area to the

south consj-sts of clastic sedimentary and related rocks also

of Keewatin age (see Figure 4). The volcanic and sedi-
mentary units generally show an easterly strike and dip
steeply to the south

Sulphide mineralization is found in steeply dipping
shear zones trending east*west in the thesis area.

The basic mineralizati-on of the sulphide zones is
pyrite and pyrrhotite, with minor amounts of chalcopyrite.
The resul-ts of a l-ateral- survey, estimating the amounts of
the predominant conductive mj-nerals over a sixty foot
interval along liighway No. 44 of the northern conductive

zone, are summarized in Table 1.

11
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Figure 4. The
area
(1)
(2)

basic rock units within the
(Af ter Davies , l_ 95 3 ) are :
Grey gneissic aranite
Mixed Keewatin rocks and
pegmatite
Basic tuff
Clastic sedj_mentary and
related rocks.

(3)
(4)
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Geological Samplíng Results of

the Mineralized Conductor

Pyrrhotire (Z)

0.5
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. Topographic profiles of the area are shown in

Figure 5. The profiles were obtained by relative inclino-

meter readings between line stations. A major shear zone

exists around station 9.5 S through the area.

15



Figure 5. Topographic profiles along survey 1ines.
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properties of a field resulting from the combj-nation of a

man-mad.e primary field, and secondary fields from induced

eddy currents in conductive zones in the ground (Figure 6) "

The source for the primary field is usually a coil or long-
wire carrying A.c. current. A coil is used to detect the
resulting field. The source-receiver separation is commonly

a few hundred feet. A notable exception is the vLF method

which utilizes the signals from radio transmitters several

hundred miles away operating at very low frequencies (vLF)

in the broadcast band.

Most electromagnetic-induction methods measure

CHAPTER IV

EM METHODS

There are methods that use naturally occurrj-ng

el-ectromagnetic fields but these were not used in this study.
A discussion of these methods can be found in Grant and

Vtrest (1965, Chapter 17 ) "

The exploration targets for BM methods are zones of
anomalously high el-ectrical- conductivity, most notably,
massive sulphide deposits. other geological conditions such

as graphitic zones may give un¡,vanted responses and must be

separated from the massive sulphide responders by other

1B



Figure 6. Electromagnetic Induction principle
(After Grant and West, 1965)
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means (t^lard, S.H., 1966).

Electricar propertíes of massive sulphi<le deposits

determine the frequency used for maximum response. The

resistivity of sulphide minerals generarly farls in the

range of between 0 and 10 ohm-meters (Bosschart, 1964,

Chapter 2). Figure 7 illustrates the secondary fíeld.
components which are dependant on rebistance ancl frequency"

This was obtained from a simple case of a sÍngle wíre
loop which represents the essential details of more

complicated cases where the resistivity parameter is
proportional- to conductivíty-thickness product. optimum

inductive response would be attained if the rerative scare

of resistivity and frequency falr in the rang'e between

0.5 and 5.

Given a resistivity value, the díagram in Figure 7

serves to illustrate the frequency range required t.o give

an optimum response. For typical resistivity values

associated with massive sulphid.e zones, the suitable
frequency range is 100 to 5,000 Hz.

The operating frequencies of about 20r000 Hz for the

VLF instruments are above this range and give rise to a

greater number of unwanted responses (e. g. s\,ramps, water-
fill-ed shear zones, etc.). The availability of the source

fieId, hovr'ever, makes the system inexpensive for use as a

reconnaissance t.oof and, in some cases, it can be used as

the primary method príor to drilling"

2I



Figure 7. Real and imaginary components of the
secondary field plotted in arbitrary
units as a function of the parameter
(resistence/frequency) (After
Parasnis, L966t p. 202).
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. The skin depth ís defined as that depth where t.he

signal strength t= å (i.e. ,fi*l of its surface value"

This depth is also referred to as the maximum depth of

exploration" Parasnis (I962) gives the formu1a for skín

depth (d) as:

d - so3.B(Ë)% t

with d in meters, R in ohm-meters, and. f in Hz"

A typical value of 10,000 ohm-meters for the rocks

in the Canadian Shield and a frequency of 5,000 Hz gives

a skin depth in excess of 11500 ft" The factors of practical

coil separation, target size, and geological noise Ij:nit the

exploration depth to a value consid.erably less than thj-s

so Lhat skin depth is not a signifÍcant factor in frequency

selection.

With virtually every type of electromagnetic

induction prospecting systemr âr alternatÍng magnetic field

is employed and., with a concluctor present, a secondary

field exists. Generally, the primary and. seconclary fields

are not parallel in direction and differ both in magnitude

and phase (Grant and West, Section f6"B) " The result, is

an elliptical field.

The efectromagnetic instruments are d.esigned to

detecb certain properties of the field ellipse. The

vertical loop, EM-6 (VLF), and DPM-2 systems used in this

24



thesis all detect the dip of- the major axis of the field
ellipse" The EM-I6 (VLF) and DpM-2 methods also detect

the eIÌipticity or ratio of minor to major axis for its
quadrature readings.

The vertical loop responds best to a horizontal

dipole source. Any secondary field.s wíll be reflected as

vector additions to the prÍmary to yield the resultant
field ellipse.

The EM-16 (VLF) instrument, for comparison, uses

essentially an infínite source. The VLF primary fiel-d is
also hrorizontally polarized.

The DPM-2 differs mainly in the source of the

primary field. It uses a linear source í¡t the form of a

long groundecl wire or a large wire loop (Iigu::e 2\ " The

primary field direction changes in dip from the ve.rtical
with distance from the source cable and withr conductivity
of the half-space environment. An example of prímary

field fall-off is given in Figure B, which shows the

relative changes with superimposed secondary field effects
from a conductor. This is shown ín more detail in Figure 9

with three environment resistivities considered. Measure-

ment of the ellipticity and incl-ination with the DPM-2

unit is achieved rvith a pair of orthogonal coils connecLed

to a high*gain amplifíer (Figure 10). The major difference
instrumentally in using the two source configurations is
that the large loop source has only inductive secondary

25



Figure B " Shows the normal fall-off of the prJ-mary
field from the transmitter wire, the
secondary fie1d, and the resultant field.
The location of the conductive body
is shown lying under the maximum
gradient of the resultant field
(After Parasnis , 1966) .
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Figure 9 The vector H(6) of an infinite straight
cable as a function of distance for the
resistivities 33, 100 and 1200 ohm-
meters at 660 Hz. The figure shor,vs the
ellipticity and dropoff variation of
the electromagnetic fields with distance
from the transmitter cable; A being
the major and B being the minor axis.
For comparison of A ancl B, Lhe dashed
line represents B drav¡n at three times
the regular scale (After Bezvoda, 1968).
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Figure 10. The principle of the DpM-2 showing
the inclination of the resultant
field and the simulated eltipticity
ratio for the quadrature reading
(After paterson, L972) .
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effects, whereas the long grounded cable source also

includes the conductive effects from return current paths

which may be going through the target zone. This is
discussed in Sutherland and Anderson (L977).

Results from electromagnetic surveys usually take

the form of plots of the resultant field against station
interval. To improve resolution and anomalous effect,
filtering of the data may be carried out" The bandpass

filter d.escribed by Fraser (L969) was used on all electro-
magnetic data:

Figure 11 diagrammatically shows the attenuation

and. amplification of signal in cycles per foot for station
spacing of 50 fe.et" Signals with wavelengt.hs between

I25 and It250 feet are amplified in effect, whereas those

outside this range are attenuated.

r (xrr*å) 1=-2

32
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Figure 11" Frequency response of
for station spacing of
(After Fraser , L969) .

filter operator
50 fr.
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Figures LZ to 16 inclusive are the DpM-2 results with
the instrument parameters as indicated. An interesting
feature about the swamp-conductor zone is ill-ustrated in
Figure 12, line I2E. The magnitude of the dip-angle
gradient over the swamp is increased by more than the

ellipticity amount as compared to the other responses on

this line. rhis may indicate that the material beneath

the swamp is more conductive than the mineralized zones on

either side.

CHAPTER V

FIELD RESULTS

The magnetic responses are shown in Figure 17.

that there are no indj-cations of extensive magnetic

mineralization beneath the swamp.

Contoured, filtered data from the Et'{-16 (VLF) and

DPM-2 ís presented in Figures 18 to 23 inclusive. These

were contoured from positive filtered data peaks resulting

from processing through the Fraser Filter. Contour

magnitudes from the EM-l6 (VLF) and high frequency DpM-2

(Figures 1B 2L) indicate three prominent conductor zones,

each of comparable magnitude. These contour maps each

indicate similar conductor zones.

35
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Figures 72, 13, l-4, 15, and 16. DPM-2 profiles
with dip and ellipticity values at
150 Hz and 510 Hz at different
transmitter locations.. Observed swamp
edges are indicated by sguare brackets
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Figure 17. Magnetic profiles with observed swamp
edges shown by square brackets with
respect to indicated station numbers.
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Figure 18. EM-16 contour map with observed sv¡amp
edges shown by square brackets with
respect to indicated station numbers.
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Figures 1-9, 20 and 2I.
different
Observed
indícated

Contours at 510 Hz for
transmitter locations "

swamp edges are
by square brackets"
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Figures 22 and 23. contours at 150 Hz for dífferent
transmitter locations. Observed swamp
edges are indicated by square brackets.
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Tn Figure 24, a comparison of f il-tered dip readi-ngs

and ellipticity readings are shown with corresponding

EM-16 (vLF) data on l-ine lBE. There is a marked difference
in response between the lower frequency (A and B) and the
higher frequency (C to F) "

A comparison of dip-angle peaks and ellipticity
peaks can be made us;ing Figure 24. rt is noted that the
ellipticity peaks (A t.o E) are offset from the dip-angle
peaks. rn every instance with the op¡¿-z the dip-angle
peaks appear first when traversing on the line a\^/ay from
the transmitter wire. The results agree with our present
knowledge of the DpM-2 system.

The return current path effect on erlipticity can

be seen by comparing responses over station Bs on profiles
(A) to (D) incrusive. Notice that profires (A) and (c) ,

which have the transmitter wire at 'B' show very l-ittle
return current path effect in comparison to profires (B)

and (D) which have the transmitter wire at ,c' " These

incl-ude an inductj-ve effect because response changes with
frequency" station Bs is approximatery equi-distant from
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Figure 24 DPM-2 (A - E) and Elvl-l_6 (F) real
and quadrature response
comparison on line lBE.
(A) 150 Hz, with transmitter at
(B) 150 Hz, with transmitter at
(C) 5l-0 Hz, with transmitter at
(D) 510 Hz, with transmitter at
(E) 510 Hz, with transmitter at
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transmitter locations at 'B' and 'C' .

A problem exists with the magnitude of the EM-Ì6 (VLf )

response over Bs. This occurs in both Figures 24 and 25.

Here the vLF response is small-er in magnitude than over the

two síde response zones. rt would be expected that the

higher frequency would show an equalry or greater response

in comparison to the l-ower frequency modes. A possible

explanation can be a complex interaction between overburden

effects due to high frequency and a shear zone response

giving a resurtant secondary fiel-d l-ower i.n magnitude t_han

either response alone.

The magnetic response shown in Figure 25 indicates

that only two conductors are magnetic. This can possibty

be due to two events of deformation in the area. The first

may have been shearing v¡ith subsequent mineralization with

sulphide and magnetic minerals. At some later geologic

time a second shearing event may have taken prace with no

mineralization. This interpretation is based on the rack

of magnetic response and the relatively strong response

exhibited by all other electromagnetic instruments used over

the middle conductor.
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Figure 25. Magnetic (c) , EI.f-t_6 (H) , Vertical
Loop (J), and DpM-2 (K, L, M)
response comparisons on line I2E.(K) l-50 Hz , with transmitter at 'B'(L) 510 I1z, with transmitter at 'Ar(M) 510 Hz, with transmitter at'C'
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The DPM-2 geophysical survey instrument is a

reliable tool for detailed studies of an electromagnetic
responder. The utilization of more than one frequency and

the use of dip and ellipticity readings, can help separate
the overburden effect from the response due to the bedrock
conductors.

working resul-ts from the DpM series of instruments
has progressed from the earlier versions, by Bieler-watson
in the 1930's (parasnis, Lg66) , the op¡l-r (Anderson and

sutherland, l-97l-), to the DpM-2 model used here. present

model studies with the DpM principle is carried out with
dipping conductors.

CHAPTER VII

CONCLUSIONS
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