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Introduction: All terrestrial planets (Earth, Ve-

nus, Mars, Mercury, and Moon) have similar major 
features: (1) inner structure with iron core and silicate 
envelope; (2) two major types of morphostructures: 
highlands, composed by relatively light ancient rocks, 
and vast young lowlands covered by basaltic flows. It 
allows to suggest that the planets were developed at 
the same scenario, provided for two major stages of 
their evolution [1]. How and why it was occurred we 
discuss on example of the Earth as a reference body.. 

Problem of the primordial Earth’s crust: Ac-
cording to current models, this crust could be basic or 
sialic in composition. Both models require a global 
melting of a primary chondritic material for formation 
of uniform primordial crust. Due to differences be-
tween adiabatic and melting-points gradients, solidifi-
cation of such magma ocean had to proceed in bottom-
top direction [2]. It must be accompanied by precipita-
tion of high-temperature components and resulted in 
final accumulation of low-temperature derivates at the 
surface as the primordial crust. 

Geological data, namely granite-dominated Ar-
chean crust and data from study of inherited zircon 
cores [3] supports the primordial-sialic Earth’s crust 
hypothesis, as well as data on 176Lu/177Hf ratio in these 
zircons, which close to the Archean tonalite-trondhje-
mite-granodiorite (TTG) rocks [4]. So, those granites 
are the most suitable pretender for this role. Formation 
of the sialic crust was responsible for the depletion of 
the upper mantle matter.  

Tectonomagmatic processes on the Early Pre-
cambrian Earth: Major Archean tectonic structures 
were granite-greenstone terranes (GGTs) and their 
separating granulite belts. The GGTs consisting of 
irregular network of greenstone belts (~15% of the 
area), “submerged” in TTG granite-gneiss matrix 
(probably, strongly reworked primordial sialic crust). 
Greenstone belts composed mainly by high-Mg vol-
canics, derived from depleted mantle.  

By the Proterozoic the crust became rigid result- 
ing in formation of rift structures, volcanic plateaus, 
dike swarms and large mafic-ultramafic layered intru-
sions, which formed together large igneous provinces 
(LIPs). Magmatism was dominated by siliceous high-
Mg series (SHMS), close in composition to Phanero-
zoic subduction-related magmas, however, had intra-
continental tectonic settings [1]. Origin of the SHMS 
magmas was, probably, linked with floating up of bod-
ies of high-temperature mantle-derived ultramafic 

magma through the crust according to zone refinement 
principle, i.e. by melting of roof accompanied by crys-
tallization at bottom. Character of tectonic activity in 
early Paleoproterozoic remained the same.  

Formation of the LIPs requires location beneath 
them the first generation mantle superplumes, consist-
ing of depleted mantle material. Heads of these plumes 
spreaded at depths of 200-450 km. Such a situation can 
be described in terms of plume-tectonics typical for the 
Early Precambrian. 

Cardinal change in the Earth’s tectonomag-
matic evolution: The period of 2.3 to 2.0 Ga was cha-
racterized by voluminous eruption of geochemical 
enriched Fe-Ti picrites and basalts, similar to Phanero-
zoic within-plate magmas. Change of magmatic activ-
ity ultimately triggered the processes of plate tectonics 
which are still active now [1]. At the beginning, chara-
cter of tectonic activity did not change: as before, lava 
plateaus; dike swarms and large layered intrusions 
continued to form, but had another composition. A 
drastic change of tectonic pattern occurred at ~2 Ga, 
for form first Phanerozoic-type orogens. Since then, 
the subduction of the ancient sialic continental crust is 
a permanent process and these materials has stored in 
the “slab graveyards”, revealed in the mantle by seis-
mic tomog-raphy [6]; as a result, the continental crust 
has been gradual replaced by the secondary basaltic 
(oceanic) crust. Thus, during the period 2.3 - 2.0 Ga, 
the composition of mantle melts and tectonic processes 
were irretrievably changed. Simultaneously important 
compositional changes occurred on the surface: at-
mosphere became oxidative, appeared red beds, global 
glacials, quick expansion of biosphere, etc. [7], and 
situation also has not principally changed till now. We 
suggest that it was a result of arriving to the surface 
new kind of magmatic melts. These magmas were en-
riched in Ti, HFSE, Ca, P, S, alkalis, etc, which pro-
vide to processes of metabolism and fermentation, and 
were trigger for the acceleration of evolution of bio-
sphere. 

We believe that ascending of the second genera-
tion mantle plumes (thermochemical), enriched in such 
elements, were responsible for all those changes. Such 
plumes were generated at the core-mantle boundary in 
D" layer and this process is active till now, providing 
practically all present-day tectonomagmatic activity. 
The plumes gradually draw away the heat from the 
liquid core resulting in its solidification, which goes 
upwards and thus provide the growth of the inner 
(solid) core. Such a process relieves big amounts of 
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dissolved in the melt fluids, which initiate ascent of the 
thermochemical plumes. Their material possessed less 
density and could reach shallower depths. The spread 
of their heads led to active interaction with the upper 
part of the ancient lithosphere including the crust. 
This, in turn, resulted in crust fracturing, oceanic 
spreading, subduction, etc., i.e. plate tectonics.  

Tectonomagmatic evolution of the Moon and 
other terrestrial planets: Data obtained on lunar 
samples indicate that the oldest magmatic activity oc-
curred on the Moon at 4.4-4.0 Ga, and its products are 
remained at highlands. These are volcanics of a low-Ti 
magne-sian suite and their plutonic analogues: layered 
intrusi-ons [8]. Judging on mineralogy, geochemistry, 
and isotopy, they were close to rocks of the terrestrial 
Paleoproterozoic SHMS [5]. At 3.9-3.8 Ga basaltic 
mare magmatism occurred simultaneously with the de-
velopment of large mare depressions and montes. Most 
researchers believe that maria were produced as a con-
sequence of catastrophic impact events. However, by 
analogy to the Earth, we suggest that lunar highland 
magmatism was related to ascent of mantle plumes of 
the first generation with depleted mantle material. Lu-
nar mare magmatism (often enriched in Ti, Nb, Ta, 
etc.) was likely induced by the second generation man-
tle thermochemical plumes. Intensity of magnetic field 
on the Moon reached a maximum also at ~3.9 Ga and 
gradually decreased to 3 Ga [10] supports an idea of 
existence of the liquid core during mare magmatism.  

There are two major types of morphostructures on 
Mars and Venus also: vast lowlands, covered by ba-
salts, and old elevated terranes with complicate topog-
raphy, composed by lighter material (tesserae on Ve-
nus and terra on Mars). These planets were also 
formed at two stages. During the earlier one, their pri-
mary lithosphere was formed via solidificati-on of 
global magma oceans and subsequent activity of man-
tle plumes of the first generation. The second stage 
was marked by dynamic processes associated with 
extensive basaltic magmatism, probably, related to the 
ascent of thermochemical superplumes of the second 
generation. Like on the Earth, red sediment-tary rocks 
appeared on Mars at the middle stage of its develop-
ment [11]. From this follows that ecology on its sur-
face was also undergone cardinal transformations, 
which was, probably, linked with arrival of principally 
new material on its surface. 

Causes of the Earth’s and terrestrial planets 
evolution: So, previously absent geochemical-enric-
hed material started to involve in the Earth’s tectono-
magmatic processes 2.5 billion years after the Earth 
formation and 1.5 billion year – the Moon, Where it 
was “conserved” and how was activated? From our 
view, the established succession of events could be 
provided only by a combination of two factors: (1) 

Earth originally was heterogeneous, i.e. formed due to 
the heterogeneous accretion, and (2) the downward 
heating of the Earth (from surface to core) was occur-
red and accompanied by cooling of its outer shells.  

The most probable cause of the centripetal heating 
of the Earth was a zone/wave of heat-generating de-
formation directed inside the planets. According to 
experimental data, such wave appeared under accelera-
tion of bodies rotation around their axes [12]. We sug-
gest, that those zone of deformation appeared after the 
planet was formed (accretion finished) and its rotation 
around axis was accelerated due to angular momentum 
conservation law as a result of materials compaction 
and shortening its radius. That wave could reach the 
interior of the Earth (and other planets) thus heating of 
deep mantle material and generating first superplumes. 
Finally, it reached the metallic core (close in composi-
tion to Fe-FeS eutectic), melted it and produced secon-
dary thermochemical plumes, which are still active on 
the Earth, but already absent on the other terrestrial 
planets (Moon, Venus, Mars, and Mercury), which 
iron cores hardened by this time. 

Concluding remarks: All terrestrial planet bodies 
have been self-developed systems, evolved by the 
close scenario, which provides cardinal change of tec-
tonomagmatic processes at the middle stages of their 
evolution. The established succession of events could 
be explained by a combination of two independent 
factors: 1) the bodies originally were heterogeneous, 
and 2) the downward heating of them was followed by 
the cooling of its outer shells. As a result, the primary 
metallic core material was long time remained un-
touched and began to involve into global tectonomag-
matic processes essential later. Evolution of the plan-
ets, except the Earth, is completed, and they are “dead” 
bodies now. 
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