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THE HEAT FIELD OF THE WEST SIBERIAN PLATFORM!
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In the present ﬁrticle, which is based on work
done by the Laboratory of Crustal Physics of

specimens were investigated. Measurements
were made by the method of steady-state heat

ﬁ; our Institute, we shall analyze data on the first flow. The thermal conductivity values obtained
= determinations of heat flow in the West Siberian range from 2.5-10-3 to 4.3 10~® cal/ cm-sec- deg.
s Plain and of the temperatures at the upper (top The sandstones exhibit values that lie over the
f—ﬂ of folded basement) and lower (Mohorovitié _ entire range; the thermal conductivities of silt-
e e surface) boundaries of the consolidated crust. stones range from 2.9- 10~3 to 3.8.10% cal/ cm-
:‘:/2 In the last case we have also used deep seismic -sec-deg, but those of mudstones equal 3.1-1073
ﬁ probing (DSP) data on crustal layering along cal/ecm-sec-deg. Most sedimentary rocks have
, profiles crossing the plain in several directions. a thermal conductivity of 2.8 to 3.8.10-3 cal/cm-
b Tectonically, the West Siberian Plain coin- .sec-deg (Fig. 1).
ot cides for the most part with the young platform Using data on the geothermal gradient and
(plate) of the same name. The sedimentary thermal conductivity obtained in the same drill-
;C: cover of the plate, that is, its third structural holes, we have determined the heat flow from
;"" stage, consists of terrigenous formations (sand- the earth's interior for the 11 areas of the above
= stone, siltstone, clay and mudstone of the Meso- platform and for three areas in the Minusinsk
3: zoic and Cenozoic), which thicken toward the basin, in the nearby Altai-Sayan fold zone [8]
f" middle and northern part of the plain., Lying (Table 1). The heat flow in the West Siberian
5 below, but not in a continuous sheet, are largely platform ranges from 1.23-107¢ to 0.87.107¢
; = terrigenous sediments of different origin and cal/ecm?- see, i.e., it is somewhat lower than
= metamorphic grade, which belong tc the inter- the normal value for continents [5,11]. The
: o mediate (second) structural stage. The first heat flow is maximal in the Aleksandrovskaya
; ot structural stage consists of folded complexes of area and minimal in the Beloyarskaya area.

different age, forming the heterogeneous base-
ment of the platform [9].

A considerable number of temperature mea-
surements has now been made inthe sedimentary
cover of the platform, in holes drilled in many
of the areas explored for oil and gas. There
are publications in which the results of these
measurements are summarized, described and
also interpreted in terms of different aspects,
including the metamorphism of organic matter
in the sedimentary cover ({2], etc.). In general,
the temperatures of the cover decrease from
west to east in the West Siberian platform. The
behavior of the geothermal gradient reflects
broadly the behavior of the temperature field.

In order to ascertain the terrestrial heat
flow in the platform, the thermal conductivities
of rocks of the sedimentary cover were deter-
mined in the laboratory on cores from deep
holes, drilled in 11 areas in the middle, south
and southeast of the platform. More than 250
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There is a very general tendency for the heat
flow to decrease outward from the middle of
the platform {(at any rate, southward and south-
eastward). There is also a smaller-scale
localization of the heat-flow field in the interior
of the platform (Fig. 2).

The above data on heat flow in various areas
of the West Siberian platform have been used,
with allowance for the temperature dependence
of thermal conductivity [6, 7], to estimate, of
course very roughly, the temperature at the
lower crustal boundary, that is, at the Mohoro-
vidié surface. One of the principal factors
accounting for the approximate nature of the
estimate is that the information about the con-
centration of radioactive elements in the crust
in the areas under consideration is rather ten-
tative. Ideas about crustal composition and
layering are based, to some extent, on inter-
pretations of gravity and magnetic anomalies
({10}, etc.) and on the data of deep seismic
probing [3,4]. The sections used show that the
mode of deep crustal layering also differs in
different intervals of the deep seismic probing
profiles. The boundaries of the "gramte" and
"basalt'" layers and the Mohoroviéié surface
are revealed clearly by cutoff velocities in some
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Table 1

Heat Flow and Temperatures at the Basement Surface and Mohorovidié Boundary for Some
' West Siberian Districts

Depth, km "Typ tentative (calculated), °C o

Area g ;’\g

§ , § § Sg Trmin, Tmax, Tg-J, 1 E

& o |8887 assump- | assump- | assump- 20 o
z:j ‘g gg §:§ 5(8 tion 1 tion 2 . tion 3 § é ig
West Siberian platform
1 | Aleksandrovskaya 3.0 44.0 870 1480 870 1.23+1.18
2 | Beloyarskaya 2.0 44.0 200 1000 600 0.8740.13
3 | Zav'yalovo 3.6 37.4 310 1080 540 0.944+0.14
4 | Ust' Balyk 3.0 35.0 470 1020 630 1.1240.17
5 | Novologinovskaya 2.6 34.8 270 - 1040 480 0,88+0.13
6 | Tobol'sk 2.4 34.5 360 1070 530 0.944-0.14
7 | Omsk 2.7 32,0 360 850 | 460 0.94+0.14
8 | Mikhaylovskaya 2.0 38.5* 600 1400 700 12240.18
9 | Chelnokovskaya 2.5 39,0% 530 1200 670 1.124-0.17
10 | Tuy 2.5 38.0* 420 1300 650 1.134+0.17
14 | Bochkarevskaya 3.5 3B.5* 460 1360 630 1,09;{:0f16
Altai-Sayan zone. Minusinsk depression

12 | Bystrya: :kaya 1.064-0.16
13 | Altayskaya 1.4840.22
14 | Sol'zavodskaya 1.63£0.24

*Data of [11]
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Fig. 1. Variations in thermal

conductivity (K) of terrigenous

rocks of the West Siberian plat-
form.

cases, as is the smaller-scale layering of the
crust. In other cases, one sees no such differ-
entiation in the crustal layering. However, the
Mohoroviéié surface can be reliably traced
everywhere,

Given the above explanations, the tempera-
ture at the Mohoroviéié surface was estimated
by the approach often used in such cases ([12,
13], etc.). We employed the formula

TM = Tp+ £ Ty, where Tj = 1/Kj (q; - 1/2H;d)d.
i

Here: Kj is the thermal conductivity of the i-th

layer (within which K is assumed to be constant);

q; is the heat flow through the lower boundary of
the i-th layer; Hj is the quantity of heat liber-
ated in the i-th layer by decay of radioactive
elements; d is the thickness of the i-th layer,
taken as equal to 2 km on the average; and Tp

is the temperature at the basement surface.

The estimates of possible temperatures at
the Mohorovidi¢ boundary are given in several
versions (see Table 1).

1. On the assumption of maximum concentra-
tions of radioactive elements in the crust, as-
suming further that its layering is that given by
DSP data, and estimating the heat due to radio-
active decay in accordance with the data of
Birch (granite 7.0 1073 cal/cm?- sec) [1]. In this
mediate rock 4.0-10-* cal/ cm®- sec, basalt
and gabbro 1.1- 107 cal/ em®. sec) [1]. In this
case the temperature at the Mohorovi¢i¢ bound~
ary will be at 2 minimum (Tpin).

2. On the assumption that no heat is liber-
ated in the crust by radioactive decay, that is,
that all heat comes in from the mantle. In this
case the temperature at the Mohorovi¢ié bound-
ary will be at a maximum (Tax).

3. On the assumption that the mantle provides
roughly a quarter of the observed heat flow, in
accordance with the ideas of Birch and Jeffreys
(Tg-3). Temperature estimates 1 and 3 for
the Mohorovicié¢ surface can be assumed com-
patible, although they are in need of further and
considerable improvement, Also, estimate 1
is consistent with data of Lyubimova [5]. As
for estimate 2, it is interesting that the so
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Fig. 2. Heat flow and temperatures at the basement
surface and Mohoroviié boundary within the West
Siberian platform. 1) DSP profile, 2) Paleozoic
fringe, 3) line of heat flow, 4) heat flow (tcal/cm?-
*sec), 5) temperatures (°C); nominator) at basement
surface; denominator) at Mohoroviéié boundary.

derived temperatures at the Mohoroviéié bound-
ary are similar to those of Toser's theoretical
model for steady-state temperature distribution
beneath Precambrian shields [5].

This is the basic information on the heat field
of the West Siberian platform. The extremely
small number of determinations of the heat flow
permits no serious conclusions about its corre-
lation with geologic structure, recent move-
ments and other parameters. However, some
suggestions can be made in this respect. For
example, the observed differentiation of heat
flow over this area could reflect the nonuniform
age of its folded basement. The higher heat flow
in the Aleksandrovskaya area is certainly related
to its overlying the zone of the deep Koltogors-
kiy faults [9] and also to the fact that DSP data
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indicate that the crust here has no "granite’

layer. This last fact could also account for the
high temperature at the basement surface and
especially at the Mohorovi¢ié boundary (Table

1.

Moreover, elsewhere in this region, there

seems to be some correlation between the heat
flow and, for example, the elements of the geg-
magnetic anomaly field, the structure and
morphology of the folded basement, the Mohoro-
vi¢ié and other surfaces.
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