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It follow that in the period range from 60 
sec to 200 sec there exists oblique inc'dence of 
natural magneti waves, the angle 0 incidence 
approaches th e m gnetic inclinati in the given 
region. Conseque ly, the dire ion in which 
the electromagnetic nergy p pagates in a 
g iven region approxin tely oincides with the 
direction of the lines 0 f ce of the stationary 
geomagneti c fie ld. 
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In .Jul y- 1..9 fj 8 ] the heat f h.L'\~ was n)easured at 
t\Venty - foui stations in th e Sea of Okhotsk, near 
the Para mushi r , Itur up, and Atbsov islands 
(s ee Fig. 1). [n .A.pr il-I'>la y, 19 70 , the heat 
flux was measu r ed through th e ice on the Kurile 
Lake and in borehole s in Kam chatka. The 
measure me nts wer e made with PTG thermal 
gradient r ecorder s described by Lyubimova [1]. 

The gradient was calculated from 

where i3 is the te mpe rature coefficient of the 
thermistor (ohm/eC); LIs, is the amplitude of 
the actual recording (m m) ; llS2 is the ampl itude 
(mm) of the calibration trace; and ill, is the 
change in th e resi stance (ohm) of the caliiJrating 
instrument causing the amplitude llS2' 

The thermal conductivity was determined 
with the coaxial cylinder technique [2] in a s etup 
assembled by O. Krayev. 

'Translated from : Izmere niya te pl ovogo potoka 
"illizi Kuril' s koy os lrovnoy dugi , na Kamchatke i 
KUl'il' s kom oze r c . Doklady Akade mii Nauk sssn, 
19 72 , Vol. 207, No.4, pp. 8 </2- 845 . 

One of the PTG modifications, in which the 
informat'ion is transmitted via a cable to the 
surfac e and fed to a frequency meter, was used 
in the work on the Kurile Lake. Depending on 
the temperature gradient, the frequency of the 
input Signal varied. Knowing the calibration of 
the frequency meter, one can easily determine 
the unh:nown value llT. The base was 1.4 m in 
this PTG modification. 

On the Western Kamchatka Peninsula, the 
heat flux measurements in boreholes were made 
in the regions of leha and Tvayan to depths of 
500 and 600 m, using thermistors. Other meas­
urements were made in undisturbed Paratunka 
wells on the eastern coast of Kamchatka, where 
the wells had been out of exploitation for more 
than 3 months. Figure 1 and Table 1 show the 
measurement points and their geothermal 
parameters. In the Icha area, the geothermal 
gradient amounts to 4.3°C/ I00 m in the 200 to 
500 m depth range; in the Tvayan area, this 
gradient is about 3.87°C/ 100 m in the depth 
range of 200 to 600 m. In the GK-ll well in the 
Paratunka area, the gradient varies strongly 
with depth and is 3.12°C/ 100 m between 540 to 
860 m and1.75°C/ 100 m between 860 to 1060 m· 
The lcha formation consists of mudstone and 
siltstone with partings of s andstone of low ther- ) 
mal conducti\' ity (3.1·1Q-s cal/{cm· sec· degree) . 
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Fig. 1. Map indicating the points of heat fltLX measurements 
in the Kurile-Kamehatka area. The values 0.9, loG and 1.4 
in eastern Kamchatka are the results of [2]. The lines of 
equal fltL'( wer.e drawn using data from the literature [G. 7, 

11, 13]. 
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Table 1 

Geothermal data on the Kurile-Kar::chatka region 
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Coordinates 
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51 "05' 
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51°2G' 
50°53' 
50°42' 
50 o fi: 't' 
50°31' 
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1i:5°15' 
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4:1')1.3' 
4;:;013' 
4~j°.331 

45° ~Sl 
:i4 ~2.8! 
.:t;)CG2~ 

:~5')Cli! 

3.~'\:';0' 
5B--OU J 

:: ~ :.: ~_' r 
,~·i __ 

1;J5°.'il' 
15!)055' 
1.5lio08' 
155°12' 
151* °58' 
1::;5°06' 
155°21 ' 
155°11' 
154°38' 
1/*7°38' 
147°21' 
147°14' 
146°4.3' 
146°43' 
151 °32' 
149°15' 
H5°34' 
147"45' 
1117°49' 
156°05' 
156°10' 
158°15' 
151'30' 
157°06' 

The Paratunka formation consisi:s of basaltic 
tuff and baS2.lt of average thermal conductivity 
[( 4.8 to 6.6;' 10 -:l call (cm· sec· degree)]. The 
following values for the heat flux, in cal! (cm2 • 

. sec), were obtained: I;:ha, borehole No.3: 
q = 1.3·10'S; Tvayan, borehole No.1: q = 1.2· 
·10'S; Paratunka, borehole GK-ll: q = 1.2·10"". 

In the Paratunka area, the measurements 
were made in a borehole situated on a flank of 
a hydrothermal system at depths of over 600 m, 
which greatly exceed the depth of the gradient­
free zone found in other boreholes in the Para­
tunka area. The heat flux there proved slightly 
lower than the values of 1.50, 1.25, and 1.54· 
10"" cal/(cm2 • sec) previously obtained [2] in 
three other boreholes (to depths of 500 m) of 
th-e Paratun~a area and in three boreholes of 
the Koryak-Avacha basin, where the heat flux 
was 1.47, 1.51, and 1.6'10--<3 cal/(cm2 • sec). 

Low heat flux values of 0.79 and 1.05·10-'; 
cal/(cm2 • sec) [2] were observed in two rathe~ 
deep boreholes (1000 m) on the Kronoki Pellin­
sula. Western Kamchatka, which tectonically 
differs from eastern Kamchatka, exhibits 
moderate to low heat fluxeS, as indicated by 
our data for the Icha area. 
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The paradoxical geothermal characteristics 
of Kamchatka are emphaSized by very low con­
centrations of radioactive elements such as 
uranium, thorium, and potassium in the volcanic 
rocks, concentrations lower than the clarkes as 
already mentioned by Leonova and Udal'tsova 
[3, 14 J, as well as Duchkov [4], who estimated 
the contribution of dispersed radioactive ele­
ments to the heat flux. In Kamchatka, the heat 
evolved by dispersed radioacnve elements con­
tributes about 30 percent of the total flux, which 
is half the contribution made on 'the continent 
in, e. g., the Altay-Sayan' region. In collabo­
ration with I.G. Berzina, we used fission­
product radiography to estimate the concentra­
tion of uranium in 10 samples of ultramafiC 
Kamchatka rocks (collection of Yu. M. :i?uzankov). 
We found that the average concentration of 
uranium in these rocks (primarily meymechite) 
is 1500 ppb, which means very low heat libera­
tion in the crust and the underlying mantle. 

Our investigations of the heat flux in the 
Kurile Lake in the southernmost end of Kam­
chatka supplement the pattern outlined above. 
Measurements of the flux at the bottom of the 
lal(e were made at two points about 300 m deep 
during April-May, the quietest season in lakes 
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Table 2 

~ ""H=', depth 292 m 

Ze~v le,'el I I Reading Gradient 

1;.0 22.0 16.0 
;;.0 18.0 13.0 
4.0 18.0 14.0 

I 

i A.·:eruge: Scale divisions 13.5 
I "Clem 0.43 

':~:s kind [3]. A modified PTG instrument 
,", ;:sed, with the information transmitted to 
.:2 surface. The geothermal gradients are 
,':ed in Table 2. The zero gradient 40 to 50 m 
,';'\'e the bottom is shown in the first column; 
':.~ readings of the frequency meter upon pene­
':l,:on of the thermal probe into the bottom soil 
'.-,' listed in the second column, and the gradi­
~,s in the third column. All values are ex­
.-essed in relative units of the scale of the 
:quency meter, thereafter converted to °C/cm 

_: scale di vision corresponds to 0.0045°C). 

I 

,:ce temperature of the bottom layer of the water 
.1S measured by differential thermometers and 

;·]'53,5'C. 

. The br)ttom sediments are clayey oozes, 
.'<lose thermal. conductivity generally varied 
:)m 1.7 to 2.7.10-3 cal/(cm' sec· degree). 

The heat fluxes at the bottom of the Kurile 
:::~:e are low [<0.67 to 0.73) 10-fl caI! (cm 2 • sec)]. 
·.,is is water-filled relict lake of the caldera 
.~;~, about 8000 years old [15]. These low 
<lues seem to characterize a certain small 

St2.:icJr. 2, depth 276 III 

! I Zero len:! ! Reading Gradient 

1·',,0 ~:.!,O 8.0 
12 .. :; 20.0 8.C 
12.0 ~O.O 8.0 

Average: Scale divisions 8,0 
'C/cm 0.25 

Fig. 2. Comparison of the measure,d 
heat flmces with the tectonics [S) of the 
northern Kurile arc: 1) heat fllLX (f,!cali 
(cm2. sec); 2) active \'olcanoes (surface 
and underwater); 3) inner (\·olcaniC) 
arc; 4) outer (nonvolcanic) arc; 5) CO!l­

[em,lOrary rear trough of the Kurile 
Island arc; 6) Sea ef Okhotsk synec lise: 
7) contemporary western Kamchatka 

pbtform; 8) activc faults. 

anomaly which also encompasses the area of 
low values which we found on our marine trav­
erse oyer the continental shelf between the 
southern promontory of Kamchatka and the 
Atlaso\' and Shumshu islands. In Fig. 1, this 
zone is enclosed by an equal flux line as an 
area of fluxes lower than 0.8·10-<; cal; (cm2 • sec). 
High flux \'alues and the typical distribution in 
island arcs of such fluxes across the strike of 
the arc commence to the south of Paramushir 
Island (Fig. 1 and Table 1). Most values are 
close to 2.0·10"6 cal/(cm2 • sec), and help us 
define more precisely the 2.0 Isoline which we 
have previously drawn from the reported data 
[6,7]. Our stations are within the 150 -mile 
coastal zone not previously analyzed by other 
researchers. 

Heat fluxes in excess of 3· 10 -fl cal/( cm2
• sec) 

were found near Iturup Island, where they appar­
ently are due to the nearby submarine volcanoes 
(9,12]. The same flux was found between Para­
mushir and Opekotan Islands in the immediate 
vicinity of inferred [8, 9J trans\'erse faults (Fig. 
2). Figure 2 also shows one of the possible 
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explanations of the transition from low to high 
heat flux, namely the transition from the tec­
tonics of the Mesozoic platform of the Sea of 
Okhotsk to that of the mobile zone of the Kurile 
Island arc. 

Figure 1 shows that several heat flux values 
were determined on the Pacific Ocean side of 
the Kurile arc. Of particular importance is 
the "alue 0.4· 10 -n cal! (cm 2 • sec), farthest from 
the arc toward the deep-sea trough. Such a 
decrease in heat flux is obsen'ed in all island 
arcs and is the reason why we speak of a char­
acteristic minimu:n on the heat flux curve across 
island arcs. The minimum was explained as a 
reflection of ther:nal processes which accom­
pany the e,-ol1.::icn o~ ocean arcs upon subduction 
of an oceanic Ii:;~c's!Jh"ric D,ate under a continent 
(10). Our res:.:lts ~ndic2.t; that these processes 
seem also to occur under the Kurile Island arc, 
but seem to t'? a::enuated near the Kamchatka 
promontory_ lrr :::,0; perip!:eral zones of eastern 
and western K2.::-:c::ar;;s.. the heat fbx is rela­
th:ely weak. FrG!"!! magnetotelluric sounding' 
data~ higher '\.-al:.:es c~n be expect2d i!1 the center 
of the Kamc:-r2.!~2 nasin and in northeastern Kam ... 
chatka where ,:rJ:.' s.1allGw boreholes, not suit­
able for n12as::::E::1e;;.t3, exist so far, 
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::,d in the Earth exhibit 
::ll symmetry, com plica, 
:::homogeneity. The forI. 
c::aflifests itself in the thl 
'::re of seismic wave fiel' 
,l:ld explosions. E:densil' 
-:ructure of the Earth caT: 
::rect longitudinal P wav; 
~~ .. 1ffected by interferenci 
:he detailed meso- and n 
.::!:ematic and dynamic ct; 
"'Jxe in space result fron' 
~~:leity of both the crust d 
,:,,1, in turn, make it pos,' 
::,t:er structure. 

We analyzed the three­
': the P wu',-e USing data 0 

~: the Interdisciplinary Se' 
~:- the Institute of Physics 
::SSR Academy of SCience" 
',':'O're itl the northern Tien 
~7 ,stations in \'arious regi 
FtC;. 1). Almost all inst 

'n crystalline rock. We S, 

.:..f remote earthquakes picl 
'lell-Shan stations and 51 i 
:h", other stations. The fo: 
':"re located in the northw' 
Circum -Pac ific belt in Inti 
'~rral1ean, as well a's the i 
;:~_Ocean. The earthqllak~ 
' .. ;). and the P wave exhib i 

']:llse shape. 

2. The local velocity v~ 
are small compared to the i 

::"sulting distortions of the. 
,'-'ley the superposition prin! 
·'Jrtlon is equal to the Sum i 
cZ,used by indiVidual inhomc: 

----------1 

TI-'lnsia[cd from: Kh,u'aktp' 
::::Vtuduosti lnautH Zelnli po sc 
:~;Jklady Akadcll1ii :\auk SSSH, ~ 
•• I)~ -{-. PI}, 8·16-'3 HL 




