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ELECTROMA GNETIC VAR IATION ANOMALIES IN THE ARCTIC OCEAN

(Shneyer V. S . ;  4.rkticheskiv i antarkticheskiy nauchno—issledovatel ’skiy
ins t itut ;  Trudy, vol. 310 , 19 72 , pp. 100—113; Russian ]

It is known that , unlike the pennanent terrestrial  ma gnetic field ,
• the variable field is distr ibuted rather unifo rmly in space . This is

brough t about by . the external distant  location of the variable field
sources and their  relatively uniform distr ibution abpve the Earth . Mo re
or less sign :iiicant gradients of the variation field should be observed
only near the polar and equatorial electro—j ets . This is what was thought
until quite recently when the net of magnetic observatories was still
quite thin . However a number of cases have become known lately where the
~varia’..ions differ substantially at closely located points.S~ji~ f. / D GI4b

These ditferences embrace a ide fr~~uency spectrum ranging frommicropulsatioos and ~ays
”1to S and ~~~~variations. Such a~iomalies

have been surveyed by T. Rikitaki (9/, Schmukcer /22 , 23/ , Witham /24/,
and Wiese / 2 5 / ,  for Japan, Canada , Western Europe , and the western Un i ted• States , as well as for East Europe and North Canad~ . I~i ~he Soviet i.hiion
a number of an omallcs In Siberia and the Near East ~~~~ r~covercd and
interpreted~~~ L. L. Van ’yan and B. Ye. )Iarderfel’d /4 . W e ~t~4ieâ—t~~

~~~~~~~ ~P anomaiies in the Arctic Ocean,/16/. .7n~~ r epe rt  ~ o~~~r s

The ma gnetic dIsturbance~~Ield can be presented in the form of the
Sum : S

- 

~~~~ 
— &H~~ + t~H11.1 + &H

~~
.+ 6H 1, (1)

where SHen ic the norma l external p~ rt constant In the region of
L~v~stIgation ;

Is t iu nc’rtna l internal .  p ar t  (induced in t~~ ’ spheric~ 1 layeTed
hor izo~ t~ l1y hoino~eneous Ea~:th)

511e ~~ th~ cxt c rna l  anoma1ou~ ,:.lrt ;
i~ th. internal ar.oma3ou:~ pa r t .
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S The object of our investigation is field 6H~ which contributes the

most substantial local variation anomalies . In addition , the change in
variations in the sea a long the vert ical  (in depth) 611(z), which also
creates “ano malous t ’ variations at depths as compared wi th  “no rmal”  vari-
ations on the Earth ’s surface , is examined. The law of electromagnetic
Induction can be written in the form of a gene ralized second Ma xwell
equation:

-‘ ~B -
~ 

-
~rot E = + rot [V . B ) .  (2)

It fo l low s from this equation that the Induced field in the general
case Is caused by two kinds of induction —— b y a change iii ma gnetic field

in the time and by the ”Lorentz force ” that  generates an electrical

field because of charge division when the medium moves at velocity at a

- certain angle to vector ~~. Therefore we shal l examine not only the usual
“Induced anomalies”, but also anomalies produced by marine hydrodynamic
sources. The investigations were made for variations with periods from
minutes to days.

To investigate the magnetic variations on the surface of the Earth ,
both data from polar ma gm?tic observatories equipped with stationary
Eschenhagen—Tepfer niagnetographs as well ~s dat~i obtained in field mag-
netic variation stations of the Arctic and Antarctic Institute (MVS AANII)
were used.

• Field magnetic yariation -observations were made by expeditions of
the AANII—IZM1RAN and the Institute of Arctic Geology (IflIGA ) from 1956
through 1967 (with :interruptions) on Franz Josef Land .

In 1964 , pursuant to a special AANII program , observations were made
of varIatiofls from the ice floe station “Severn yy polyus 13.” To record

• magnetic variations under water the MNII designed several original in-
struments /13/ : an underwater Z—variometer , an underwater proton magnetour-
eter , and a bottom ma gnetic variation stat ion . The first two instruments
were used In operations from an ice flow in the Central Arctic Basin , the
bot tom MVS was used from iandfast  Ice in bay waters of the Franz Josef
Land archipelago . Since there was not enough equipment and transport La—
ci l t ti e s  to carry ott synchronous obscrvat~ ons during opccation s on the
Franz Josef Land islands , r e l a L i~ e v ..r iation val ues were derived.

To do this , the va riations in each f ield  point were s tandardized
with respect to the base point —— thc magnetic ::t :~~~i~~ ri on ~ayes Is land.
The durat ion of variation recordings ran ged from sevcral d~ ys tc two
months. As a rule, variations of the 1’ , H , and Z cor1,~cnents ~ er” reg is-
te red ; the time scail r~tc of t1.~ o; o r~~ii~ 1~~ro~~~~~ ’”i ~~~ 20 mm/h i ,
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while scale division was of the order of 5—10 v/mm . In the underwater
investigations the sensitivity of the variorneters was brought to a scale
division of ~—5 v/mm . When the undersea instruments were submerged they
were tracked so that they were in about a vertical with the MVS at the
surface.

Besides magnetic field variations , variations of marine telluric
currents and marine currents were registered. The telluric currents
were recorded with the IZMIRAN 3—component unit from the ice of Austrian
Channc ] (r r~nz Josef Land) , while the water currents were recorded with
th~ e lec t ric  current  recorder near where the electromagnetic variations
were being registered. In several points ma gnetic variation observations
were made . The longest series of observations were made in the Tikhaya
Bay and Hayes Island ma gnetic observatories. When simultaneous magneto— -grains from these observatdries were compared , a large amplitude differ—
ence was revealed , especially in the Z variat ions.  Fig. 1 shows part of
the simultaneous record on Hayes Island and Tikhaya Bay . The variations
on Hayes Island haye amplitudes several t ime s less than in Tikhaya Bay .

LZ 

-

~~~

•iI

— 
16 l7.~ UT

rig. 1. Nature of the magnetic variations
on Hayes Island (1) and in Tikhaya Bay (2) .
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Observations made in seven field stations made it possible to obtain
a broad profile of normed variation amplitudes running through a large
part of the archipelago (Fig. 2). Plotted along the axis of the ordinates

aD0 t5R ~7arc the relative amplitudes —, —, --
~~

—
, where index “0” designates the15Db 15}io u . ~

ampliLude on Hayes Island. The average values of these relationships arc
derived from 20—40 elementary variations with periods from 5 to 100 minutes.

As may be seen from the diagram , there is a sharp inhomogeneity in
the 2—variation distribution . In the sector Graham Bell—Island—Hayes
Island ~~oirb Island , 15Z remains almost constant , in sector Newcon’b Island—
Tikhaya Bay within a distance of 60 km the 152 amplitudes increase by almost
five times. Further between Tikhaya Bay and Nagurskaya 15Z rem~ttns almost
unchanged. Variations of the horizontal components i5D and 6H change con-
siderably less , chiefly in- the sector Tikhaya Bay—Nagurskaya where they are
almost halved.

These peculiarities could be caused both by external as well as internal
factors. Although in this case external causes could have little effect.
because of the following circuustances : the field of the polar electro—jet
in the region of the profile is quite homogeneous due to the considerable
distance (800 kin) from it and the latitudinal direction of the profile ;
the amplitude ratio does not change for a 24—hour period .

Having assumed that internal causes are the main element in the ob-
served distribution , namely , the presence of horizontal inhomogeneities of
electrical conductivity, we attempted to determine their position . Assum-
ing that the Z—variations attenuate in proportion to the cube of the
distance from the linear source , it is possible to reckon the primary 15Z
to be very small and the main source of 2—variations to be currents in the
Earth. S -

In this case the inhomogeneities are easily exp1~ined , since the
electrical conductivity of the underlying rocks is not uniforml y distrib-
uted in the archipelago. It is known from the theory of plane electro-
magnetic waves that above the horizontal homogeneous conducting seinispace ,
the vertical component of the magnetic field is equal to zero. This con-
clusion stems from the second Maxwellian equation :

I (dEe Th~~j (3)
lWI¼~ y ~) J~

Consequently ,  6Z ~ 0 only in the case of the inequality of derivat ives
of the electrical field F with respect to coordinates x and y•  The excess
current flowing along the linear formation with high conductivity will
also create a certain anomaly in the var 1.-~t ions of the horizontal component ,
perpend~ cu1ar to the current d i rect ion.  With the B iot— Savar t  law it - is
possible to determinc the excess current f ield :

4
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Fi g. 2. Distribution of amplitudes of magnetic variations of the Z ,
D , and H—components along the profile.  1 — Hayes Island; 2 — Bl iznet sa
Cape ; 3 — Newcomb Island ; 4 — Tikhaya Bay; 5 — Nagurskay s Station ;
6 — Graham Bell Island. Vertical sections are mean square errors .
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S H ,~ (4)

where I is- the current intensity .between the inhomogcneity boundaries ;

• 8y is the inhomogeneity width . 
-

If the ratio of anomalous variations in the far wave zone is known ,

where the boundary conditions of plane waves should already be satisifed ,
then it is possible to find the location of the geoelectrical inhomo gene—
ities by constructing vectors of the internal field. Such vector construc-
tions have been made by several investigators who have proposed some
modifications in the method of construc t ioi, . Methods are known that were
developed by V. L. Parkinson /20/, U. Schtnukcer /22/, N. N~. Berdichevskiy
Ill, and N. Wiese /25/. We hav~ used the ~.ast named method which consists
in f inding component 15H X in exp ression (4) ~is a funct ion of 15Z. Qualita-

tively, M1~ variations wil l  most resemble 15Z var iations from all the other
horizontal  components. - -

5
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Afte r  h av ing  designated as 0 the angle between the ma gnetic parallel
and 6H z, we wr i te  the - equation :

62 C(ÔH - . sin 0 + 6D . cos 0),  - (5)

where C is the r elative val ue of the modulus of the vector 
~~ 

of the
internal field. - X

Th us, having determined the value and direction of the internal field
we calculate the relative current intensity and direction along the inhomo—
geneity . Eqnat~ on (5) is either solved graphically or t~ ing the method
of least squares. We calculated and constructed Wiese vectors for bay-
shaped disturbances having periods of 100 > T > 30 minutes and for e lementary
disturbances having periods of 30 > T > 5 minutes. Reference /17/ shows
Wiese vectors for bay—shaped and elementary disturbances. The vector arrows
are directed norma l to the current, in the direction of current increase .
It is certain that the current is mostly 1ocali~ed to the east of the
British Channel along the center of the archipelago and is directed at an
angle of about 40° to the meridian. On the whole, this current position
agrees with the structure of the Earth ’s crust in this region.

There is a broad syncline here that is filled with thick sedimentary
deposits having low specific resistance (p,,~ 5 Ohtn.m), when there is a

high in t ruding medium resistance 100 Ohjn.m /5/. The syncline is the S

geoelectric inho’nogeneity that causes the variation anomalies observed .

The variation -anomaly in the Nagurskaya Station is associated with the
shore effect  on the continental slope and is apparently determined by the
excess current in the good conducting mantle beneath the oceanic crust .
It mus t be noted that the anomaly in Z variations manifests itself not only
in an increase , but also in an amplitude decrease as compared with the
Borizontal homogeneous geoelectric conditions. This phenomenon is observed
particularly on Hayes Island , where 6Z amplitudes are significantly less
than at other points on the sane geoma gnetic lat i tudes.  This anomaly,
on the one hand , is .explained by the high electrical conductivity of the
Earth ’s crust beneath the island and , on the other hand , by the location
of the island in the center of the syncline , distant from the boundary
e f fec t s  of the inhomo geneity.

Thus , when prima ry Z variations occur , they induce in the Earth a
• horizontal c urrent system , the secondary field of which compensates the

primary,  according to Lcnz law . Analogous anomalies are observed at. the
surface of deep—water ocean regions .

Such anomalies were first  discovered by L. N. Zhigalov from ice floe
stat ion data /6/ .  He est~ blished the close inve rse correlation of the
ratios of hour l y amp l i t u de s r z to r11 with ocean depth . When th e  oceen
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depth exceeds 2 kin , a large part of the 2—v a riations at the water  surface
practica l l y disappears.  Similarly , close analogies are foun d between
the behavior of variations at the boundaries of any geoelectric inhonio gene—
[ties on dryland , in the sea , and along coast8 that expresses itself in
an increase in the variation amplitudes vertical and normal to the boundary
of the horizontal component /3/ .  It is interes t ing to note that  the most
widespread induced anomaly —— the shore e f fec t  —~~ is almost absent in the
case of Hayes Island. This can apparent ly  be a t t r ibu ted  to the small
d i f fe rence  in the conductivity of the seawater and the coastal formations ,
low—resistance deposits. -

It is of interest to examine some special features of the daily vari-
ations of the magnetic field on Franz Josef Land. We processed ragnetic
variation data on h ayes Island for several magnetically quiet year~ using
the far .iiliar Chapman—Bnrtels method. The method was proposed to separate
the luii~ r daily variations and is based on d i f ference  in the lengths of
solar and lunar days. As a result of the processing, a semi—daily wave
was identified in all three components and ahodograph constructed for the
total horizontal vCctor.

After a qualitative comparison of the elements of the variation vector
hodograph with that of the velocity of the water- current in the Austrian
Channel near Hayes Island it was suggested that the source of this varia-
tion is the current induced by the tidal current in the sea /14/.

The ordet of the magnetic field value of the current can be determined
from magnetic hydrodynamic relationships /7/. The degree of magnetic
hydrodyi-iamic interaction of the conducting liquid with the magnetic field
is characterized by the Reynolds magnetic n umber (Rem) :

Re
~ ~aVd , 

- 

- 
(6)

wbere ~i is the magnetic permeability ;

a is the specific electrical conductivity ;

V is the flow velocity; -

d is the characteristic flow size.

Under our conditions ~ = 4~~ . l0~~ , a 4 m b om~~, V = 0.24 ails ,
d 2.102 m is the flow depth :

Re
~ 

= 2.4~ l0~~~.

When the values are so low , the mechanical action can be disregarded.
However in such a case Re~ yields an order of value of the ratio of the

induced f ield  to the prima ry /12/. Since in the vicinity of Hayes Island

- 
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H2 ‘~ 6•iO~y, the induced horizontal field will be h lI+y .

• After the electrical fields of the water currents had been measured
in the channel of f  Bayes Islan d , it became possThle to calculate the
magnetJ c  f ield  of the currents more ri gidly . Let us assume a curri~nt  sys-
tem induced by a horizontal  flow In the vert ical  magnetic f ie ld  H~~, in the
channel with conduct ing shores and bottom. Obviously I t  viii have the
form of a solenoid concentric with the channel axis. We shall calculate
the magnetic f ield of this solenoid on i ts axis , in the center of the
system. We shall use the coordinate system shown in Fig. 3. We shall

assume that the current penetrates to depth d’ .
~~~. We shall desi gnat e

the axial component of the magnetic  field in the center of the flow h~~.

For the calculat ion we use the- exp ression for the field of a rectangular
solenoid /10/ : - S -

ii — A 11 A71 •
~

- 

~~ ~~~~~~~ + ~ 2 — A,,, X’ (~)
- + — 3A0 L’ A, A0 -r 

~ j Li ‘

where W is the number of solenoid “loops ” ;

I is the total current ; -

L is hal f the length of the solenoid ;
- d’ is the thickness of the “winding” ;

A0, A~2 ,  A~~ are functions of the length L , width  D , and depth d’ of the
current system.

Knowing that  L = 4 l 0~ m ; D iO4m ; d’ = 5.103m , we f ind W as the
area of a section of the system along axis y ,  and I as the modulus of

current density ~i through an element of the section having an area of

1 ~~ Since on the basis of measurements the amplitude of the lunar

semi—daily harmonic M2 of current density 3’ — 6.8.10
_6 

A/in2, then h~
16.3~ l0~~ A/n 2Oy. 

S

As has been shown in reference / 14/, the val ue of the semi—daily
- variation identifiable with tidal induction on Hayes Island reaches lOy .
Although the calculation is quite approximate , experiment confirms it
with respect to the order of value. The field could exit on the surfact
when there is a current density gradient. In our case the current density
gradient is governed by the gradient of the water flow velocity component ,
its depths , and the electrical conductivity of the bed /12, 14/.

It is of interest to determine the vertical distribution of the ma g—

8
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netic field in the flow . To do this , ~‘e select a point far from the cur—
rent boundaries where the velocity is independent of the hor izontal  coor-
d i n a t e s  and only change with depth . Let the velocity vector hove only one
component V~,, and the vector of the primary magnetic field component ll~ .

Then the current density vector will hove component j,~ directed to the left

of the current vector in the northern hemisphere (Fig. 4). We shall find
current density using Ohm ’s law for moving media 

-

- 3’ = a{[V . H] + it) . (8)

Now we shall write the expression for current density from the second
Maxwell equation , disregarding displacement current.

-p -*
j = r o th. (9)

Describing rot , in rectangular coordinates , we obtain

- (10)

where t is the unit vector with respect to axis x.

Substituting expression (8) in formula (10), we write

- 
= o 

~~ 
i- i]  + E}. (11)

Since V = V(Z) , then , as shown in reference /19/,
d

E _— E (Z ) = Y ~5 V (Z) dZ,
then - o -

oH ~ t_!~ V ( Z ) d Z — V( Z )} .  
• 

(12)

The first term In equation (12) Is the average current velocity V through-
out the entire dc’pth . After integrating equation (12) from the surface
to the depth Z, we obtain 5 5

= on,~ 0 {f t7dz— S V(Z) dZ } . (13)

Knowing the dis tr ibut ion funct ion V(Z) , the d is t rJbut ion h~ (Z) can hr ’

calculated by using formula (13). -

Fig. 4 shows the distribution of the magnetic field of the current
in depth in a sea cove red with ice. For the conditions prevailing In the
Austrian ChannL’l, the computed am~’1itude value by ~ l4Y~

9
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Fig. 3. Coordinate system for a rectangular cross section flow.

D — flow width ;  d — • flow depth .
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Fig. 4. DistrIbution of the magnetIc field of the
current with depth in the center of a wide current .

1 — ma gnetic f ield h~ ; 2 — current ve1o~:ity V.
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Thus, for all models examined the value of the magnetic field of
the current and the field del ineated in tho Hayes Island observatory
from observations have one order. Jr must be noted , however~ thai for
a prccis~ calculation of the magnetic field of the current the three—
dir~ennion~i distribu~ ion of current velocity, the true flow conft gura—
tion , and the distribution of the electrical conductivity in a fixed
“sector o~ an electric al circuit ,” which are the sea bottom , shore , and
quiescent  wate r layer , have to be taken lnt,o account .  It is q u i t e  a
complicated ma t t e r  to take these factOrs  into accoun t , and p resently the
probl em has  onl y been pa r t i a l l y  solved , onl y fo r the f ield in side the
current /18/.

Obvlou!;ly, the tidal variation can occur wherever thc re arc suffi-
cient ly  great t idal  cur rent  velocities. The maximum fields will be
observed in the narrow and deep flows where there is a h i gh elect r ical
conductivity in the bed and stron g prima ry f i e lds .  The value of the
t idal  variaUon is comparable with quiet dail y va r ia t ions .  Consequ ent l y ,
it has to be taken in to  ac count in investigations of Sq and L var ia t ions .

It was noted above that  by using underwater equi pment it was possible
to investi gate magnet ic  variat ions in the seawater layer and on the 5ea
floor. Synchronous observations of variations made in 1967 on the icc.
of the Aus t r i an  Channel and on i ts  bottom made it possible to stud y the

S attei-~uat ion of var i at ions  (skin e f f e c t)  in sea~-ate r . Theoret ica l ly  the
questIon of the skit’, effect in seawater was solved by A .  T. Price and
C. A. Fonarev /2 1 , 11/. In reference /11/ it was shown that  the a t t ’n n —
a t ion o f v a r iat i c~~s in the sea depends not only on the ~~~c~ rica1 conduc-
tivity of the sea~- -a t e r , but on the electrical  conduct iv i ty  of the bo t to m
fo rmat ions  (O k ) as well , if the skin layer is less than the depth of the

sea. Since in the ch.~nnels  off  Hayes Island the depth dae~ not exceed
‘200—300 in , it follows from the expression for t h e  depth of f ield p enet r a—
tion , that  va r iat ions  having a period of T ~ 1 s will  penet r a t e  ic the
bot tom

- 

1’ d~-1i0ot 0.7c , 
, 

(14)

where T is the  period of varIations , and d in the depth of the sea .

Conccc~~ent ly ,  the a t t cn u a t i o n  of the e n t i re  spectrum of va r ia tions
resolved Ly  our equl pm c- nt  depends on the  e lec t r ica l,  conduc t iv i t y  of the

‘t iorn . Trom the. ma gn eto~-, rmas of su r face  and bet’. am r’a~-n ’t I C  ~~~~~~~~ a t  i c i i
s t a t i o ns , 60 synchronous quas i  -~ i n u ~.a idal r l  ci. . cn t n r v  v~n i~ t ions of ~D
and 30 v a r i a t i o n s  of ~~f ha vi i i g 1 i - i o ds of f r an  200 to 500 s were s e l e ct e d .
Cotipa r ison of the amp l i tu d es  of t h e -s e varI~-.t L~ns at the sur face  and
t he sea floor showed very l i t t l e  a t t e n u a t i o n  / 4/ .  T~e fc r i n ee /16/ showed
thvr.retical curve s of the i :vdul i  of t li~i” r e l at i o nsh i p s  between v a r i a t i o n
amplitudes or- the r,iirfzice and those on the sea floor i O l  d~~f f c r ~ nt. 

~~~- r i ed~;
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r
at a sea depth of h —-210 m and specific water conductivity of

for n “~J = 1, 10, 100. The curves were calculated using

C. A.  Fonarev ’s formula /11/ based on the relationships of the theory o.
plane electroma gnetic waves for a three—layered geoclectric model

~~~~~~~IZSIZ Z Fi - 1-CI 1-f Il, (15)

where the subscr ipts  0 and h refer to the surface and bottom of the sea ,
k Is t h e  wave number.  Each experimental value was obtained as an average
from 5—6 elementary variations . As seen from the figure (reference /16/)
the points are located only slightly high€~r than the curve corresponding
to n 1. Consequently, in our case is very great . The precise calcu—
lation using formula 

- -

= [
~ ~

( i)~ i}~ 
( 16)

- tSH0t
yielded for the ratio ~~~~~~~ = 1.19 and .period Taver 600 a the value

1= 0.12 ?~tho’m~~- and for ~~~~~~~~~ 
= 1.09 nnd Taver. 900 a , a,,~ = 0.86 ho’e,

For periods Taver 240—400 a the apparent electrical, conductivIty ~~
the Let- tom formations almost coincides with the electrical conductivity of
the seawater. Characteristically, the electrical conductivity calculated
from both horizontal components ~H and ~D differ by half an order , while
magneto-telluric sounding data , obtained from the same point , reveals a
sharp anisotropy , and the corresponding components of the tensor of cond’~c—
tivity differ by almost two orders /17/. - -

As a result of the investigations conducted it was established that
attenuation of magnetic variations in the waters of the Austrian Channel
is sligh t due to the anomalously high conductivity of the bottom formations.

We did not have the op1)ortunity to investigate attcnuat1~n of varia—
tions of the horizontal components at great oceanic depths because of
severai technical difficulties. Nonetheless using the equipment on hand
we succeeded in investigating the nature of the vertIcal distribution of
vertical. component variations.

inasmuch as ~Z is the normal component to the surface of the medium
i n t E r f a ce , then , according to the boundary conditions for a magnetic field
when ~i ‘

~ ~~~~ ~Z will be continuous when crossing the air—sea interface /8/.

rot plane cleat rot~a.~netic waves this boundary condition vi)]. i~ satisfied
exact ly. A. T. Price showed that only when the sourte ha~ fthRe d~menc’ i eit’~
w il l  ~Z a t t e nu a t e  In the sea the same as the density of the Induced curtent

12 -
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~~~

- 
i .e . ,  considerably more weakly than tangential  components ~I! and ~IJ /20/.

in 1964, ice floe station Severn yy polyus—13 investigated the attenu-
ation of ~-Z with the underwater Z—variometer. The field MVS AANII
(ma gnet ic  variation stations of the Arctic and Antarctic Institute) oper-
ated on the ice surface, In all , more than .30 synchronous elementary
variations of a quasisinusoidal form having periods from 300 to 3,000 a
were taken. The underwater instrument operated in the 200—500—rn horizons .
The depth of the sea varied from 1 ,000 to 1,500 in during the observations.

Reference /15/ showed the -~P- ratios determined on the SP—13 as well as
oZh

the experimental points obtained in 1966 in the Austrian Channel at a depth
of 200 is using the bottom MVS .

- . 6Z ç~ 
-

All experimental values of ;— 1. Since the geoelectric conditionsuZh
on the ice station and in the channels were totally different , it can be
concluded that the attenuation of ~Z in the seawater layer was general]y
negligible and almost independent of the electrical conductivity of the
seawater and the bottom . The Investig~tions made of local magnetic induced
anomalies in the Arctic Ocean attest to the different causes for the anomaly
in each individual case. The delineated anomalous part bears information
on the source of the anomaly that can be used in specific applications.

~o invest igate ma gnetospherlc processes i t  is proposed to set up a
broad net of magnetic variation stations both on land and at sea. To
interpret the data reliably, the distortions introduced by the induced
anomalies in the observed field mus t be acóurately taken into account.
On the other hand , the induced anomalies make it possible to identify
the geologic structural anomalies at different levels of the earth ’s crust
and mantle. The interpretation of such anotnalies Is an important link in
geophysical methods of exploring resources and studying the deep structure
of the Earth . The newest methods of geoclectric sounding and profiling ——
magnetic variation sounding and magnetic variation profiling —— are based
on this.

As was shown earlier , the nature of the attenuation of magnetic vari-
ations in the depths of the oceans also make~ it possible to d raw conclu-
sions as to the geoelectric structure of the ocean floor. This is the
basis of gradient methods of marine ma gnetic eariation sounding. Moreover ,
in investihations of wagnetospheric processes it is necessary to know the
degree o attenuation of variations in the sea to interpret the nagnetogidens
of bottom magnetic variation stations. This same d a t a  is required to
accoun t for variations when conducting magnetic surveys of the seas and
oceans . Oceanographic investigations also require a knowledge of local
fea tur es  of geomagnet ic vari ations.

‘ On the one hónd , the vari;.Lious create Intcrfcrcnce when using electro—
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- magnetic methods of measuring water currents.  But on the other hand ,
the electromagnetic fields of the currents -themselves bear information
about the currents and can be used to measure them. Information on the
electrical conductivity of the botton format ions obtained as the result
of electromagnetic  soundings make it possible to determine the impedance

ratio -
~
-j9
~ 
thereby making it possible to calculate the correction 6E from

measured MI variations and thus to correct the current velocities measured
by electromagnetic current meters during magnetic disturbances .

References 
- 

-

1. Berdich€vskiy , M. N. Electrical prospecting using utagnetotelluric
profiling. Nedra Publishing House, Leningrad , 1968.

2. Van’yan , L. L. Fundamentals of electromagnetic sounding. Nedra
Publishing House , Leningrad , 1965.

3. Van’yan , L. L., Fonarev , C. A. Relationship between magnetic varia-
tions and ocean floor relief. Geomagnetizis I aeronoiniya, vol. 7,
no. 2, l967~

4. Van ’yan , L. L., Marderfel’d , B. Ye., Tuyezov, N. K. Anomalies of
geomagnetic variations in the Far East. Geoma gnetizr~ i aeronomi ya ,
1968 , vol. 8, no. 4 , 1968. -

5. Dibner, V. D. Main features of the underl y ing and ice relief of
Franz Josef Land. Materials of glacial investigations. Critiques ,
no. 8, 1963. . -

6. Zhigalov , L. N. Seine special features of variations of the vertical
component of the terrestrial magnetic fiel d in the Arctic Ocean .
Ceornagnitnyye issledovaniya, no. 5, Moscow , Academy of Sciences Pub i-
l ishing House , 1960 .

7. Kontorovich , V. M. MagnetohydrodynaTnic ef f e c t s  in the ocean . Dok)cdv
AN SSSfl , vol . 137 , no. 3, 1961. -

8. Nikol’ ski y,  V. V. Theory of the electroma gnetic f i e ld .  Vyssha~ a
shkola Publishing House, Moscow, 1964.

9. Rikitaki , T. Electromagnetism and the internal structure of the
Earth . Nedra Pub l i sh ing  House , Leningrad , 1968.

10. Stu dentsov , N. V . ,  Sh i f r in  V. Ya. Ca lcu l a t in g  the r .~f n e t i c  f i e ld
in tensi ty  of a rectangular  solenoid. Trudy n.etrolo~,i~ heskikh 1n’ t~~—
tutov ~SSR , Moscow , 1969 .

14



11. Fonarev , C. A.  D i st r ib u t I o n  of magnetic  variation in the sea wi th
depth . Geoma gnet i sm I neronomiya , vol . 4 , no. 6 , 1964 .

- 12. Sherkl if , Dab . (Russian spelling) Course in magnetic hydrodynamics .
M ir P u b l i s h i n g  House , Moscow , 1967.

13. Shneyer , V. S. Underwater magnetic measurements on Ice d r i f t  s ta t ions .
= Ceomagneti ~ r’i I ac-io nomiya , vol . 6 , no. 3, 1966. 

-

14. Shneye r , V. S. Lunar periodic va r i a t i on  of the ma gnetic f i e l d  on
Hayes I s l z ~-~i. Ceoma gnet izn  I aeronomlya , vol.  7 , no. 2 , 1967.

15. Shneyer , V. S. Ve rtical d i s t ribu t ion  of the  2—co mponent  of the ma g-
netic fl~ ld in r it e sea and the gradient method of Indrine rp:~metic
prospecting. Geoma gnetizm i aeronotnlya , vol. 11 , no. 2 , 1971 .

16. Shneyer , V. S., Fonarev , C. A. Some results of observations of ma r,—
netic variations on the ocean surface and floor. Geoisagneti~ m i
aeronoiniya , vol. 8, no. 3, 1968. -

17. Shneyer , V. S., Fonarqv , C. A. Local features of the electromagnetic
variations In the vicinity of Franz Josef Land. Elektroma~nitnoye
pole Zemli, no. 13, Moscow , 1971 .

18. Larsen , I . C. ElectrIc and magnetic fields induced by deep sea tides.
Ceophys. J. Actr. Soc., no. 16, 1968.

19. Longuet—Higgths , N . S. The electrical fiel d induced by ocean currenta
and wave s with application to the nietho’~1 of towed electrodes . Woods
Hole Oceanog. Inst. Contr. USA . 1954 . -

20. Parcinson , W. D. The Influence of continents and oceans on geomagnetic
variations. Ceophys. J. Royal Astr. Soc., vol. 6, no. 4, 1962.

21. Pr ice, A. T. Effect s of Induced earth currents on low—frequency
electromagnetic oscillations. 3. Res. Bureau Stand., no. 8, 1965.

22. Schmukcer , U . ~rdmagnetische Tiefensondicrun g in Deutschland 1957—19 59.
Magnetograminc und erste Auswertung. GöLtingcn , 1959.

23. Schau ~ cer , U . An~maly of geomagnetic var ia t ions i~ the Southwestern
U n i t e d  S tates .  3. Ceom.-ign .  and Geoelectr . , vol . 15 , no.  4 , 1964 .

24. Witham , K. Geomagnetic variation anomalies in Canada, J. Ceoma gn .
and Geoelectr. , vol . 17 , no. 3—4 , - 19 6 5 .

I 

25. Wft~ c , H. Ccomagnctische Tiefentellurik . Akadeni& Verlag Berl in, 1965.

a r

- - -~~~ -- -


