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Comparison of HEM Results and Data Presentation
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SYSTEM - X SURVEY
PRESENTATION AND PROCESSING NOT BY DIGHEM LTD.

VERTICAL SCALE lcm = 60 ppm :
HORIZONTAL SCALE 1:50000 EM - In Phase Component Fig. 1



SYSTEM -X SURVEY
PRESENTATION AND PROCESSING NOT BY DIGHEM LTD.

VERTICAL SCALE lcm = 30 ppm g
HORIZ SCALE 1150000 EM -Out of Phase Component Fig. 2
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SYSTEM -X SURVEY
PRESENTATION AND PROCESSING NOT BY DIGHEM LTD.

VERTICAL SCALE |cm=2000 gammas
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PROCESSING
OF AIRBORNE ELECTROMAGNETIC DATA
FROM

FINNISH TWIN OTTER SYSTEM

Dighem Limited
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SUMMARY

The Geological Survey of Finland carries out airborne
electromagnetic surveys using a Twin Otter aircraft.
Examples of their survey data were processed by Dighem

Limited to yield:

1. Resistivity contour map
2. EM anomaly map

3. Magnetite EM map

The electromagnetic data were used to produce a
resistivity contour map and a magnetite contour map. This
involved relevelling of the EM data to yield maps of
acceptable quality. The resistivity and magnetite maps are
useful as an aid to geologic mapping. They also can help in

the evaluation of the probable cause of EM anomalies.

EM anomalies were identified automatically using a
novel digital filtering and correlation technique. The
technique categorized EM responses on the basis of the
computed conductance (i.e., conductivity-thickness product)

assuming a vertical half-plane model.
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INTRODUCTION

The Geological Survey of Finland performs airborne
electromagnetic surveys using a Twin Otter aircraft. The
vertical coplanar coils are attached to the wingtips and
operate at approximately 3200 Hz. Dighem Limited has used
data from this system to demonstrate its data processing

capabilities.

The EM data typically are displayed in two formats by
the Geological Survey of Finland: (1) as inphase profiles
and quadrature profiles stacked on flight line maps, and (2)
as contours of inphase and of quadrature. This method of
display presents the data on four maps. In contrast, Dighem
presents the data on three maps, as follows: (1) an EM
anomaly map showing conductors graded by conductance, (2) a
resistivity contour map, and (3) an EM "magnetite" contour

map.

When prospecting for massive sulfide ore deposits,
Dighem's EM anomaly map and resistivity contour map can be
of direct use. For magnetic skarn deposits, Dighem's EM
magnetite contour map can be important. For geologic
mapping purposes, the resistivity and magnetite maps can

provide definitive information.



ELECTROMAGNETICS

Preprocessing Procedures

The EM input was obtained by digitizing the stacked
profile maps produced by the Geological Survey of Finland.
The data were used to define the x-y coordinate locations
and the EM ppm for each data point. This was done for both
the inphase and quadrature profile maps. The data then were
merged to provide sample points for every 12.5 m on the
ground. Each point was defined by the x coordinate,

y ccordinate, inphase ppm, and guadrature ppm.
Lines 386 and 387 are missing from the Dighem maps.

This is a result of the input data being missing on ‘the

Finnish quadrature profile map.

Resistivity Mapping

The Finnnish electromagnetic survey data were used to
produce Dighem-style resistivity maps according to the
buried (or pseudo-layer) half space modell. This required

moderate manual relevelling of the EM data., Three computer

1 Fraser, D.C., 1978, Geophysics, v. 43, p. 144-172,



processing runs were reguired, with iterative relevelling,
to eliminate herringbone due to levelling problems, The
procedure yielded a resistivity contour map of fairly good
quality. The advantage of the resistivity parameter is that
it is independent of altitude changes. The resistivity
analysis also helps the interpreter to differentiate between
conductive trends in the bedrock and those patterns typical
of conductive overburden. For example, discrete conductors
will generally appear as narrow lows on the contour map and
broad conductors (e.qg., overburden) will appear as

wide lows.

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 1is a
change from the norm and so the EM map displays
anomalies, (i) over narrow, conductive 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 of flightz. Because gradient maps are usually
more sensitive than total field maps, the EM map therefore
is to be preferred in resistive areas. However, in conduc-
tive areas, the absolute character of the resistivity map
usually causes it to be more useful than the EM map. In all
cases, the resistivity map is more useful for geologic

mapping.

EM Anomaly Recognition

The Finnish Twin Otter EM data are quite active due to
the relatively 1large values for frequency and coil
separation. An EM anomaly selection procedure was designed,

modified from Dighem anomaly selection algorithms.

The extraction of anomalies down to the noise level was
accomplished by a digital filtering and <correlation
technique. Digital filtering works well if there is minimal
spectral overlap between anomalies and noise. However, the
Finnish data contains spectral overlap, particularly in

areas of negative inphase response due to magnetite. The

2 The gradient analogy is only valid with regard to
the identification of ancomalcus locations.



method yields anomalies which are calibrated in units of
conductance (= conductivity-thickness product in mhos). The
anomaly selection technique 1is designed to be overly
sensitive. An interpreter is required to remove those
"anomalies" which represent noise. The attached map shows
examples of the deletion of spurious anomalies. Most of

these "anomalies" result from the presence of magnetite.

EM Magnetite Mapping

The information content of-the Twin Otter data consists
of a combination of conductive eddy current response and
magnetic permeability response. The secondary field
resulting from conductive eddy current flow is frequency-
dependent and consists of both inphase and quadrature
components, which are positive in sign., On the other hand,
the secondary field resulting from magnetic permeability is
independent of frequency and consists of only an inphase
component which 1is negative in sign. When magnetic
permeability 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 1is assured. In this 1latter

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 DIGHEM, and modified for the Twin
Otter system. The technique yields apparent weight percent
magnetite according to a homogeneous half space model.3 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
/4% magnetite by weight. It can individually resolve
steeply 'dipping narrow magnetite~rich bands which are

separated by 100 m.

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

distributed.

Like magnetometry, the EM magnetite method maps
only bedrock features, provided that the overburden Iis
characterized by a general 1lack of magnetite. This
contrasts with resistivity mapping which portrays the

combined effect of bedrock and overburden.

3 Refer to Fraser, 1981, Magnetite mapping with a multi-
coil airborne electromagnetic system: Geophysics,
v. 46, p. 1579-1594,



The attached EM magnetite map is not as valid as it
should be. This 1is because altimeter data were not
available to correct the magnetite analysis for variations

in flying height.

Respectfully submitted,

DIGHEM LIMITED

el

D.C. Fraser
President

S DCF-295/cs June 9/83
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