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Abstract. The results of electromagnetic researches at sea and in the oceans are considered. Those in 
the U.S.S.R. are given particular attention. 

1. Introduction 

Electromagnetic marine investigations increased greatly about 30 yrs ago due to the 
introduction of the geomagnetic electrokinetograph into oceanographic practice. Further 
investigations were related to the development of methods for electromagnetic sounding 
at the bottom of the ocean and with the introduction of new devices for the realization 

of these methods. The results of deep electromagnetic sounding have assumed great 
importance for global tectonics. At the present time there seems to be a good outlook for 

further use of electromagnetic fields of currents and waves for bottom sounding as well 
as for determining hydrodynamical source parameters. 

A new aspect of electromagnetic investigations is suggested by certain species of fish 
who possess special organs capable of detecting electric signals. It would be of great 

interest to know how the natural electric fields influence the fish. 
The electromagnetic field in the ocean is a combination of fields from different 

sources. Two independent contributions dominate the E.M. field actually observed 
namely (1) the magnetotelluric (ionospheric) field generated by electromagnetic processes 

in the ionosphere and magnetosphere of the earth, and (2) the hydrodynamic E.M. field 

resulting from the interaction of oceanic motions with the magnetic field of the earth. 

In the following we restrict our discussions to these two types of E.M. contributions. 

The purpose of magnetoteUuric research at sea is to study the structure of the earth 
beneath the bottom of seas and oceans. The objectives can be divided into two principal 
classes: (1) reconaissance research and (2) deep investigations. The first class is mainly 
concerned with the structure of the sedimentary layer on the bottom of inner seas on 
the oceanic shelf, this to depths ranging from tens of meters to several kilometers. Its 
major aim is the discovery of oil, gas and placer deposits. The second class relates to 
several aspects of  deep geoelectric research with investigations down to several hundreds 
of kilometers. In principle, the technique used on land can be used over seas and oceans 
i.e. magnetotelluric sounding (MTS), magnetovariation sounding (MVS), magnetovariation 
profiling, etc. Measuring devices for these observations can be located within the water 
layer from the surface to the bottom. In the Arctic Ocean it is more convenient to place 
them on the surface, on ice floes; over most of the world oceans, measuring devices are 
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better fixed on the bottom. Moreover, bottom installations have greater resolving power 
than surface ones. Peculiar features in the distribution of magnetotelluric fields in the 
water layer and the possibility of locating instruments at different levels provide oppor- 
tunities for the application of gradient methods of sounding (Trofimov and Fonarev, 
1972). 

The effect of the ocean on a global scale was reviewed by Fainberg (1978). The results 
of local soundings in the oceans were described in another review (Cox, 1978). 

In the wake of the new ideas and concepts of global tectonics, the number of problems 
that can now be solved by means of deep electromagnetic sounding is significant. The 
data from electromagnetic sounding should primarily reveal the thermal state and thermal 
history of the inner parts of the Earth. The distribution of electrical conductivity along 
the vertical is inferred directly from the observed data by means of M.T. soundings over 
an appropriate frequency range. 

Electromagnetic sounding must be considered to constitute an essential part of asthe- 
nospheric studies. The asthenosphere under the oceans differs from that under the con- 
tinent by variations in its thickness and by its depth of occurrence (Beloussov, 1968). If 
the seismic boundaries of the asthenosphere coincide with the boundaries determined by 
means of deep electro-magnetic sounding, then this is the evidence of the determining 
role of melts in the constitution of the asthenosphere itself. The inferred connection 
between the total integrated conductivity S of the asthenospheric layer and the age of 
ocean bottom is very promising, i.e. the more ancient the oceanic crust, the lower the 
conductivity of asthenospheric layer (Filloux, 1978, Vanyan, 1979). 

Global magnetovariation sounding allowed the collection of data on the distribution 
of electrical conductivity over the globe. The initial material of the soundings was obtained 
at magnetic observatories situated only on continents. Global oceanic E.M. sounding 
should be regarded in perspective as one of the most attractive objectives of marine 
geoelectrics at present. In general a deep electromagnetic sounding allows the determina- 
tion of the position of the boundaries between layers with an accuracy greater than the 
determination of the electrical conductivity. Nevertheless a more accurate determination 
of the electrical conductivity of the Earth's crust and upper mantle is a most desirable 
goal. The review of Cox (1978) deals with this aspect. Electromagnetic fields of hydro- 
dynamical origin should perhaps be used as a contribution to the solution of this problem. 
The possibility of using the electromagnetic fields associated with oceanic water currents 
in S determinations of the sedimentary layer has, in fact, been solved (Trofimov et  al., 
1978). The authors used the impedence principle and suggested an experimentally verified 
method of determination of the total integrated conductivity of sedimentary layer by 
using measurements (on the bottom) of all three components of the magnetic field, of 
the two horizontal components of the elctrical field, and also of the average local current 
velocity. The possibility of performing deep induction soundings by means of the fields 
of oceanic currents is restricted by the small value of the vertical velocity component in 
the open sea (Leibo and Semenov, 1978). As follows from the paper (Poehls and Herzen, 
1976), at least in some of the regions of the world oceans, the electrical resistance of the 
crust and upper mantle is small. This conclusion is obtained from a new evaluation of 
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deep soundings by taking account of galvanic connection of current fields with the geo- 
electrical section. As in the case of galvanic sounding at constant current, the deep sounding 
of current fields is impossible in the presence of high-ohmic intercalation under the 
sediments. Therefore, the results obtained by Poehls and Herzen (1976) shows the means 
for deep sounding of fields of currents, large-scale vortexes and long-period waves. 

It is necessary to know how to distinguish between ionospheric and motional fields, 
so as to effectively use the electromagnetic field observed in the oceans. The electro- 
magnetic fields of currents and waves are the noise ofmagnetotelluric sounding. In turn, 
the magnetotelluric field brings about essential restrictions on the possibility of using 
electromagnetic methods to study the parameters characteristic of currents and long-period 
waves. The effectiveness of the geomagnetic electrokinetograph (GEK), for example, 
depends on the consideration of the effect of telluric currents. This is particularly true for 
the long-period range of variations. The electrical fields of sea-surface waves are much 
greater than short-period variations of telluric currents. The towed electrode line of the 
GEK can be used to determine the parameters of waves during the movement of the ship 
in the open sea (Fonarev, 1976). A two-dimensional progressive wave model is used. On 
legs parallel to the crests of waves, the elements of the measuring base together with 
water particles make orbital movements in planes perpendicular to the course of the ship. 
In this case the meter records the signal: 

( v  z . H  - V x . H = ) . I ,  

where Vx, V z are velocity components of water particles;/-/x, Hz are, respectively, the 
horizontal component of the magnetic field of the Earth perpendicular to the course, and 
the vertical component; l is the length of the measuring base. The measuring base ex- 
periences high tension during towing. It is assumed that on legs perpendicular to the 
crests of waves the elements of the measuring base cannot make oscillatory movements 
together with water particles. In this case the signal recorded is as follows: 

A VJ. = n v fill 2 V z d S  , 

where Hy is the magnetic field component; ll and lz are the distances from the ship at 
which the electrodes are towed. If our suppositions are true, there is a possibility of 
measuring electrical fields of waves during the movement of the ship and of determining 
the following parameters: period of waves, height and length of wave. Experimental 
verification produced positive results (Novysh et al., 1979). This example again demon- 
strates the possibility of using the electromagnetic fields observable in the ocean for 

oceanographic research. 
There is still another example of the useful application of electrical fields; Korotaev 

(1979) gives an estimation of the electromagnetic field generated by the sea water that 
percolates through the sea floor. The electromagnetic field of this source is determined 
mainly by filtration processes; its magnetic field contribution corresponds to tens of nT, 
while its electric field contribution is in the hundreds of mev m -1 . It is suggested that 
such an electrical field could be used for reconnaissance, compilation of charts and 
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determination of discharge rate of ground waters through the sea floor. Corresponding 
experiments were made in the Barents Sea, the Sea of Japan and the Caspian Sea (Koro- 
taev, 1979; Korotaev et aL, 1979). 

In the U.S.S.R. magnetotellutic reconnaissance is conducted in the Baltic, Caspian and 
Black Seas (Sochelnikov, 1979). Magnetovariation profiling has been conducted in the 
South-Caspian mega-depression with the purpose of verifying the position of inhomoge- 
neities in the geoelectrical section (Schneier etal.,  1979). 

The method of local magnetovariation sounding was used in the Arctic Ocean. Here, 
variations of the vertical component of the magnetic field observed on the Earth's surface 
are of smaller amplitude than the primary H z variations. The greater the conductivity of 
the Earth, the less are the observed H z. The rate of decrease o f H  z variations at different 
frequencies is actually the source of intbrmation on the geoelectric section. It is necessary 
to know the location and kind of variation sources to make local MVS. In that case 
suitable formulas are obtained for simple models of the source (dipole, filament, i'dament 
with spreading current, etc) in asymptotic cases; these formulas connect the relation of 
the vertical and horizontal components of magnetic variations with impedance. 

The Arctic Ocean is within the auroral zone; the polar ionospheric electrojet stretches 
along it perimeter and is the most powerful source of variations in high latitudes. The 
polar electrojet is modelled as a raised arc with spreading current. The magnetic field 
components depend on the position of the arc in relation to the observation point, which 
changes during the day. A local MVS is made by using one baylike disturbance with allow- 
ance for a specific position of the source. The arc-sharped source can be replaced with a 
dipole with spreading current by introducing effective distance from the observation 
point to an equivalent dipole (Volkomirskaya, 1978). This technique of local MVS was 
tested on the known geoelectric section in the Arctic Ocean by Volkomirskaya and Fona- 
rev (1978). The determination of the effective distance to the source is one of the im- 
portant operations in the local MVS method. The relation of the horizontal electrical 
component of the electrical field to the vertical magnetic component of the magnetic 
field was used for this purpose. This relation is independent of geoelectrical parameters 
and permits the determination of the effective distance to the source: 

def t = [Ex /Hz[ .  T/~0II, 

where T is the period of variations (Volkomirskaya and Fonarev, 1978). 
New results of deep sounding in the Arctic Ocean have been obtained in recent years. 

Though not large, this ocean has almost all kinds of oceanic and suboceanic structures. 
The Arctic Ocean is characterised by geological, geomorphological and geophysical inho- 
mogeneity best manifested in its deepwater part, i.e. in the Arctic Basin. The western 
portion of the Arctic Basin (Eurasian sub-basin) is the polar fragment of the North At- 
lantic mega-basin with its typical spreading structure and with a crust of oceanic type. 
The Gakkel Ridge belongs to the Mid-Arctic Ridge. It is believed that part of the bound- 
ary between the Eurasian and North American plates passes along the ridge (Zonenshain et 
al., 1978). In the western part a sounding was made at a single point in the southern part 
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of the Gakkel Ridge (Trofimov and Fonarev, 1976). The results of this sounding still need 
interpretation, for they did not reveal the features typical of oceanic geoelctric sections. 
There are certain circumstances that may possibly explain these results. The rates of 
crustal spreading in this region are less by a factor of ten than those in the mid-oceanic 
ridges in other oceans. The banded structure of the anomalous magnetic field is already 
absent in the southern part of the ridge (Bogolepov and Chikov, 1976) A complicated 
transformation of the oceanic rift system into continental rifts is possibly taking place in 
this part of the ridge. Moreover, this MTS result may reflect the process of attenuation 
of mobile masses in the interior of the Earth in near-pole regions (Liubimova et al., 1976). 

Magnetotelluric sounding in the central part of the Arctic Basin (the Lomonosov Ridge, 
the Podvodnikov depression, the East Siberian Sea) has produced a geoelectric section al- 
most identical in parameters to sections on shields and platforms (Trofimov and Fonarev, 
1976). This result is understandable since the central part of the Arctic Basin is expected 
to be the broken remnant of the continental margin of Eurasia (Heezen, 1975). The 
eastern part of the Arctic Basin (Amerasian sub-basin) cannotbe as definitely characterised 
as its western and central parts owing to the unknown nature of the Mendeleiev-Alfa 
Ridge (Demenitskaya, 1975). The magnetic field of this ridge is different from the typ- 
ically oceanic one; its crust is thinner than that on the continent and the bottom topo- 
graphy and some other features exclude the continental origin of the sub-basin. Only one 
region in the eastern part, the Chutkotka Cupola, was covered by sounding during the frst  
investigations in the Arctic Ocean (Trofmaov and Fonarev, 1976). In this region the depth to 
the conducting mantle was found to be 200 km. Later magnetovariation soundings were 
made at two points on the Mendeleiev Ridge (south-western and north-eastern parts), 
as well as magnetotelluric sounding in the Canadian depression, in the region adjoining 
the Mendeleiev Ridge (Trofimov, 1979, Baglaenko et al., 1980). Figure 1 shows MVS 
curves (the Mendeleiev Ridge) and MTS curves (the Canadian depression). The curves 
differ only in the S range, the difference being accounted for by the conducting oceanic 
layer. As compared to the global MVS curve, these curves show lower PT values. If from 
a certain depth the Earth is supposed to be spherically homogeneous, then any of the 
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Fig. 2. Sounding curves: (1) global gradient; (2) global stratified; (3) calculated gradient; (4) calcu- 
lated stratified 

curves of local or regional sounding should transform into the global curve. In Figure 2 

the local MVS curve (the Mendeleiev Ridge) is shown together with the gradient and strat- 

ified curves of global sounding (Dmitriev e t  al., 1978). Calculations of the direct problem 

were made for two types of section: stratified and gradient. Their parameters are given 
in Table I. 

TABLE I 

dkm 2,5 8 15 20 40 10 50 50 100 100 oo 

PTohrn m -1 0,4 4000 15 000 6000 2000 800 600 500 2,5 10; 1,5 0,4 

Calculated results are also shown in Figure 2. The basic difference between the gradient 
and stratified models is in the period range of l0 s - 106 s. Therefore, the point where 

the local curve appears on the global MVS curve is unknown. The depth of the highly 

conductive level is estimated to be 200 kin. We can now state, with a certain degree of 

reliability, that the eastern part of the Arctic Ocean has a low-Ohmic geoelectric section. 

Larsen (1976), among the most important problems affecting sounding, emphasised 

the need to study the effect of natural electromagnetic fields on fish. We now know that 
electromagnetic fields do have an important influence on the behaviour of fish. The paper 

(Protasov et  al., 1975) demonstrates how the catch depends on magnetic activity, and 
describes certain ideas about the mechanism of orientation of fish by the electrical fields. 
The possibility of perception of teUuric currents and electrical fields of sea waves was 
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experimentally proved (Brown et al., 1978, 1979) by placing sharks in an aquarium 

electrically connected with the coastal sea zone in such a way that the intensity o f  the 

electrical field in the aquarium was equal to that in the sea. The frequency variations of  

the nerve impulses in response to fairly small variations of  the electrical field (0.6 mcv 
m-s) were recorded in the process of  this experiment. 

Conclusions 

At the present time the general outlines of  three trends may be seen: 

(1) Application of  magnetotelluric fields for sounding the ocean bottom. The study of  
deep electroconductivity under the oceans has already given useful results. 

(2) Electromagnetic fields of  hydronamical origin may be perfectly well used to inves- 
tigate the parameters o f  waves and streams. Except for the use o f  GEK, the work in this 
field is only just beginning. 

(3) The study of  the influence o f  natural electric fields on the life conditions of  fish 

is developing into a new domain of  science in which marine geoelectricity borders on 
ichthyology. 
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