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The main parameter characterizing the electric properties of Earth is
the surface impedance I, taking into account the influence of the uppermost
ground upon the electromagnetic field in problems of radiowave propagation
and antennas. The normalized surface impedance § is the relation E;/H.Z,,
where E.,H, are the tangential components of the electric and magnetic fi-
elds at the "air-earth" interface, I, is the characteristic impedance of
vacuum. There are a few data in literature concerning the real values of
the module /§/ and phase ¥ of the surface impedance as well as the ef-
fective resistivity o of the earth’s crust in the VLF/MF radiowaves ran-
ges. The research described in the report being started there were no data
concerning the uppermost ground characteristics of central regions of Asia
necessary for the prediction of the VLF/MF radiowaves propagation. At the
same time the geological and climatic conditions of these regions of Asia
sharply differ from those of Europe and North America, where the systematic
studies were mainly carried out. The regions of our reseach are landscapes
typical of middle latitudes of Asia: mountain and forest terrain, forest-
steppes and steppes, semi-deserts and deserts.

The aim of the report is to present the statistical characteristics of
the surface impedance 6 and effective resistivity P_ of the uppermast gro-
und main types of Transbaikalia and Mongolia in the VLF/MF ranges. The ini-
tial data for statistic calculations were obtained as a result of the many
years ground and distant (from the plane’'s board) measurements ot the earth
gelectric properties. The apparatus and definition methods of the surface
impedance & and effective resistivity R were described in detaiis in_our
works /1,2/. The effective resistivity of the conducting heterogeneous me-
dium o is determined by the relation : Jej=50ﬁ15?37155n633%)] , Where

A is the wavelength. Under the distant sounding from the plane’'s board O
is defined according to the value of the imaginary part of the surface im-
pedance Jmd. Over the homogeneous conducting halfspace Jmd=Red and p
is caiculated according to the formula R=1204(JImd)? , supposing B=-45"
The resuits of measurements iE the yLF range show that the most probable
values Y, are in the range (-30 + -60 ) and methodic error of the © de-
finition is not great.

THE SURFACE IMPEDANCE IN THE VLF/MF RANGES

The nistograms of the module /&/ and phase ¥ distributions of the
surtace impedance at the fregquencies of 236 and 560 kHz obtained for the up-
permost ground of Transbaikalia are presented in Fig.i. On the whole /&/ and

Ys are varying in the wide range and witness the complicated enough space
geoelectric structure reflecting geological, natural and climatic conditiaons
of the region. The considerable differentiation of the surface impedance for
different types of the uppermost ground constituted by the sedimentary, me-
tamorfic and igneous rocks is established.For substantiation of this point
of view we consider the surface impedance of granitoids and metamorphic
rocks reiating to crystal rocks and constituting the large mountain massi+
of Transbaikalia. The results of the statistic treatment & in the VLF ra-
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oiowave range illustrating the difference of their electric properties are
given in Table i. The average values /O/ of granitoids are nigher from 2,3
to 3 times than those cf metamorphic rocks.
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Fig.1. The histograms of the module distribution /6] and the surface im-
pedance phase ¥, of Transbaikalia.

Table 1
granitoids metamorphic rocks
Ty KHZ __--"-"""—@ ___________________________ 1‘52 _________________
. AU A
0.063 £ 0.031 0.023 ¢+ D.008
iS:d 0 EEEssEgSLLLes Seeisseessseas
=37 £ 9 -42 ¢ 11
0.072 + 0.037 0.028 + 0.008
22,3 mmmmmmmmmmeem s
-38 & % -43 ¢ &
0.116 + 0.048 0.037 + 0.014
500 200 imeme=cecse—ee 0 ssssesssesnes
-3Z t 14 =37 + 10

The 16/ and Y; histograms for granitoids at the frequencies of 22,3 and
S0 kHz are given in Fig.2. The /8/ histograms do not have strongly expres-
sed bimodal distributions characteristic of monolithic rocks, partly over-
lapped by the cover of porous depositions.
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Fig.2. The histograms of the module distribution /§/ and the surface
impedance phase i of granitoids.

It should be pointed out that the electric boundaries in the majority
of cases are in good agreement Wwith the geological boundaries among diffe-
rent types o+ the rocks. This important property allows to conduct the geo-
eiectric prediction of the surface impedance according to geological maps.

We compare the surface impedance O of the two remoted at the distance
of 1000 km regions of Asia- Transbaikalia and South Mongolia. The measure-
ments & in Mongolia were carried out on widely spread in the Gobi desert
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sand-clay depositions, aeolian sands, solonchaks and basalts. The variation
ranges for the resistivity and average values /0/ and ¥ in South Mongo-
iia and Transbaikalia are listed in Table Z.

Table 2
16/ ¥ , degree
fy kHz —=ommmmmme s e e s e o Region
min max average min max average
17,4 0,0041 0,033 0,013 =73 =38 -58 Mongolia
17 ¢4 0,0023 0,097 0,016 -76 -24 ~-54 Transbaikalia
50 0,013 0,054 0,029 -74 -39 =93 Mongolia
50 06,00% 011 0,022 -63 -33 -45 Transbaikalia
227 0,013 0,186 0,059 =73 =17 -43 Mongolia
236 0,009 0,187 0,059 -72 ~232 -41 Transbaikalia

The range of /8/ and ¥ variations in the south of Mongolia is more
narrow than in Transbaikalia, it is iikely to be accounted for by the ies-
ser number of /6/ and ¥ definitions in comparison with Transbaikalia. The
average estimations of 18] and ¥ in both regions at the frequencies under
consideration are close enough to each other. We note that in the two remo-
ted from each other regions of the research the phase average values of the
surface impedance 5—% in the VLF range are in strongly inductive region of
the impedances % =(-54"% -58) . On the basis of the data in Table 2 we
can make conclusions that the electric characteristics of the uppermost
ground of the regions involved in the VLF/MF ranges are approximately iden-
tical. As a whole the /8/ variation range given in Table 2 for the involved
regions of central Asia cover mainly the /6/ and g, variations range of
different types of the uppermost ground including both the high-conductive
solonchaks and the low-conductive crystal raocks.

THE EFFECTIVE RESISTIVITY IN THE VLF RANGE

The method of the depth distant geoelectric sounding from the air-
craft’'s board used by us permits efficientiy to compile maps 2 of large
territories difficult of access. The layer of skin depth hy=503YR/f of
tne nearsurface part of the earth's crust under the sounding varies in the
wide ranges and under AL =100-20000 Omm at the frequency of 17,4 kHz is 38-
540 m. The p measurement was carried out on the flight lines up to 140-
180 km length /2/. In order to obtain statistical estimations of the homo-
geneous in geological reliation region {(a sort of uppermost ground) the
values obtained were combpined in variation series and in accordance with
them the p distribution histograms were drawn up and the distribution
factors _)Cf_ ,g'g_ ,6}, ,6’,” were calculated. In general a very wide range
of variations p from 20-100 Omm up to 15000-30000 Omm is observed in all
regions. For the mountain regilons consisting of crystal rocks the average
values ot p are from 2000 to 4000 Omm and higher while for the hoilows
consisting of sedimentary rocks the average values of p are usually iower
than 300-700 Omm. The results of the P statistical treatment of the rock
complexes widely spread in the south of Siberia are given in Table 3.

The p histograms of the region uppermost ground main types have the
torm of the positive assymetrical distributions abrupt from the left side
and flat from the right one. The P histograms of cambrian crystal rocks
ot the northern part of Aldan plateau and proterozoic metamorphic rocks of
Vitim plateau presented in Fig.3 can serve as typical exampies. The ¥
distribution corresponds to the iogncrmal law for the rock complexes con-
sidered in Table 3 and Fig.3.

455



Table 3

Paleozoic granitoids 15,1
Archean granitoids 1744
Froterozoic granitoids 17,4

Froterazoic metamarphic

rocks 17,4
Jurassic conglomerates 22,3
Sand-clay depositions 22,3
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1900 10600
0,41 120
3500 31700
0,42 160
6000 30700
0,51 160
800 3600
0,54 10
Z10 1350
0,35 16
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0,32 25
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Fig.3. The nistograms of the effective resistivity o
distribution of the crystal (a) and metamarphic

rocks.
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For granitoids
the increase of the
P average values
from 1700-2400 Omm
to 4500-10900 Omm
was marked with the
increase of the re-
search region lati-
tude and the degree
of the relief com-
plexity. The p ave-
rage values of se-
dimentary rocks al-
so depend on the
latitude.

The comparison of the , average values of the south of Siberia with
Morgan s data /3/ shows that the gxcessive predicted values o are pre-
sented an the map /3/, for Transbaikalia being {,5 times higher and for
dldan plateau, from 2 to 3 times higher. The results given in the report
may be useful for the field attenuation function calculations on the paths
of the radiowave propagation in similar natural conditiaons.,
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