
GEOP 446L ? Exploration Geophysics II ? Spring 2003

Lab 5: Electromagnetic methods: EM conductivity

Introduction

Electromagnetic methods measure the response of the ground due to the propagation

of an electromagnetic wave. A transmitter coil is used to generate an electromagnetic field

which propagates into the subsurface. As the EM wave travels through the ground, eddy

currents are induced in conductors in the subsurface. These eddy currents then generate

a secondary magnetic field which is detected by a receiver. Usually, both the primary and

secondary fields are detected by the receiver.

Electromagnetic methods measure the conductivity of materials, which is the inverse of

the resistivity. As with a resistivity survey, where the apparent resistivity is measured with

the instrument, EM surveys measure the apparent conductivity. The apparent conductivity

is given by

σa =
4

ωµ0s2

(
Hs

Hp

)
where σa is the apparent conductivity (Siemen/m)

Hs = secondary magnetic field at the receiver coil

Hp = primary magnetic field at the receiver coil

ω = 2πf where f is the frequency of the EM wave (f in Hz)

µ0 = permability of free space

s = distance between the transmitter and receiver coils (meters)

EM conductivity surveys

This method is very useful and practical because of how quickly data can be collected.

Unlike a resistivity survey, there is no need to place electrodes into the ground. A large

survey area can be covered quickly with a variety of instruements. EM conductivity surveys

are commonly used to locate and map faults, locate and map landfills and contaminate

plumes, locate buried object such as tanks, pipes, etc., and for soil conductivity studies.

EM conductivty meters

New Mexico Tech has two conductivity instruments will be used: the Geonics EM 31 and

EM 38. The basic conductivity meter consists of two coils separated by a set distance. The

transmiting coil induces currents in the ground which generate a magnetic field detected by

the receiving coil (figure 1). The instruments can be used in either the vertical or horizontal

modes, which describes the orientation of the coils. In the vertical mode, the axis of the coils
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is perpendicular to the ground while in the horizontal mode, the axis of the coils is parallel

to the ground. The response of the instrument is different for these orientations. In the

vertical mode, the response peaks at normalized depth of about 0.4 (normalized depth is the

coil spacing divided by the actual depth) (figure 2). For the horizontal mode, the response

is an exponentially decreasing function with depth (figure 2). The depth of penetration is

comparable to the intercoil spacing. In the vertical mode the depth of penetration for the

EM38 and EM31 is about 1.5m and 6m, respectively.

Survey of the Socorro Canyon Fault

A conductivity survey will be carried out in the vicinity of the Socorro Canyon Fault

near US Hwy 60. At this site, the location of the fault is well constrained. The purpose

of this survey is to image the trace of the fault by mapping out rock types with different

conductivities. A grid will be measured out over the approximate trace of the fault. The size

of the grid and the spacing separations will be determined in the field. Both conductivity

meters will be used in the vertical mode for this survey to maximize the depth penetration.

Data processing and Lab Report

In order to interpret the conductivity data collected at the Socorro Canyon fault near

US Hwy 60, the data should be gridded and contoured to produce a map of the subsurface

conductivity. This can be done in either a software package such as Surfer or in MATLAB.

The written report should include an introduction, procedure/methods section, results

(data), and discussion/conclusions. It would be useful to mark out the approximate location

of the fault on your conductivity maps in order to better interpret the results.

Questions to consider

• What properties would the fault and the surrounding rocks need to have in order to

be detected with this method?

• Has the fault been detected or is there too much surface interference?

• What are the differences between the EM31 and EM38 maps? What are the possible

explanations for these differences?

• What could be done to improve the survey (within reason, of course)?

Lab report due March 31st in class!
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Figure 1: Generalized schematic of the EM surveying method (Reynolds, 1997). Both the

primary and secondary magnetic fields are shown.

Figure 2: Impulse response functions for horizontal and vertical magnetic dipoles as a func-

tion of normalized depth
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