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Abstract : We have attempted to give some physical insight into the factors that control the response of subsurface target
to plane wave excitation at VLF (very low frequency) frequencies. Although the VLF technique has some serious
disadvantages, such as a lack of penetration depth and limited frequencies, its advantages are also extremely important
to have made it by far the most popular electromagnetic technique in current use. In the magnetic-field measurement
mode these lightweight, relatively low-priced tools allow us to survey large areas rapidly and inexpensively, to locate
and roughly define subsurface electrical conductors. When used in the electric-field maode the technique is, in simple
environments, capable of quantitative interpretation and once again the speed and relative cheapness of these devices
makes them a natural “first electromagnetic tool” to use in reconnaissance mapping.
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Table 1. Electromagnetic wave bands.

Band Frequency

SHF 3 ~ 30 GHz
UHF 0.3 ~ 3 GHz
VHF 30 ~ 300 MHz
HF 3 ~ 30 MHz
MF 03 ~ 3 MHz
LF 30 ~ 300 kHz
VLF 3 ~ 30 kHz
ELF 3 ~3000 Hz

ULF < 3 Hz

Table 2. VLF stations and frequencies.

Station f (kHz) Latitude

Longitude Location

NLK 248  48°12’ N 121°55' W Seattle, USA

NAA 240  44°39' N 67°17' W Cutler, USA

1) 222 32°03' N 130°52' E Ebino, Japan

NPM 214 21°25' N 158°09' W Lualualei, USA

NwC 19.8  21°56' S 114°07' E North West Cape, Australia
HwWU 183  46°42'N 1°15" E Le Blane, France

GBR 160  5222'N 1°11" W Rugby, UK

Antenna

VLF field

Fig. 1. Principle of VLF method (redrawn from Kearey et af,
2002). Dashed lines show a tabular conductor striking towards the
antenna which is cut by the magnetic vector of the electromagnetic
field.
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Remotely located antenna
Direction of
o, propagation

Fig. 2. Wave propagating over ground of variable resistivity
assumed to change slowly and smoothly from one region to the next
(redrawn from McNeill and Labson, 1991). Eyo > Eyy > Eys for
03> 0> 0.
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Fig. 3. Behavior of in-phase and quadrature components of
horizontal electric field (normalized with respect to its amplitude at
the surface) as a function of depth.
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Fig. 4. Variation of horizontal surface electric field (b) and current

density (c) across a contact model (a), where Hy, is the undisturbed
surface magnetic field far from the contact.
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Fig. 5. Variation of vertical magnetic fields (in-phase and quadrature
components) normalized by local reference (a) and remote reference
(b) across the contact model shown in Fig. 4a (redrawn from
McNeill and Labson, 1991).
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Fig. 6. Normalized vertical magnetic field (a) and equivalent current
density at depth of 10 m (b) for a conductive dipping plate of 100
ohm-m in a homogeneous earth of 300 ohm-m (c) (redrawn from
Saito, 1998).
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Fig. 7. VLF-MT field example gathered in a fault zone (after Saito,
1998). Apparent resistivity (a), impedance phase (b) and S value (c)
are shown.
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