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Introduction.  
Volcanism has been a fundamental force in shaping the geological evolution of 

Mars [21-24, 26, 28]. 
Large-scale volcanic formations span a vast geological time span, from the 

ancient Noachian period (over 3.7 billion years ago) to the relatively late Amazonian 
period (less than 500 million years ago). This suggests that the planet has been 
volcanically active throughout its history [13, 27]. 

Volcanism on Mars is a geological phenomenon that has been an important 
process throughout the history of Mars. That is, volcanism is a fundamental, long-term 
driver that has profoundly influenced both the formation of the surface [15-17, 19, 25] 
of the planet and its internal thermal dynamics. This implies a connection between the 
internal thermal state of the planet and surface formations and atmospheric chemistry, 
making volcanism central to understanding the overall evolution of Mars. 

The chemical composition of Mars [1, 7, 9, 11] is quite similar to all terrestrial 
planets. Although there are some specific differences. For example, it is believed that 
the core of Mars is rich in sulfur iron. And for these elements, temperature values of 
1300-1500 K are characteristic. Therefore, in the hot core they are in a liquid state. The 
radius of the core should be 800-1000 km and contain up to 10% of the total mass of 
Mars. Such a core should have formed during the first billion years [6, 7, 9]. Almost 
during the same time, the melting of silicate components in the mantle of Mars took 
place. Such a process should have been accompanied by volcanic eruptions and intense 
tectonic processes [12, 14, 22].  

This should have allowed the substance in the mantle of Mars to become 
noticeably enriched in iron sulfate. Now quite a significant amount of it has been found 
on the surface of Mars when studying rocks [21, 23, 24, 26]. Although its content 
compared to other terrestrial planets is significantly lower. 

Mars, like other terrestrial planets, also has a differentiated internal structure. It 
consists of a central core, a mantle of silicate rocks and an outer crust. The study of 
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their size, general structure and composition of these layers are key to reconstructing 
the geological history of Mars and comparing it with the Earth.  

Seismological studies of Mars.   
A significant breakthrough in the study of the interior of Mars was achieved 

thanks to the "InSight" mission, which was launched in 2018 and operated until 
December 2022. Using the SEIS seismometer installed on it, seismic experiments were 
conducted necessary for studying the internal structure of this planet [2, 6]. Recording 
waves from marsquakes made it possible to “listen” to the interior of Mars. It was 
thanks to measurements with the "InSight" apparatus for the Martian interior that it 
was possible to obtain the first direct seismic measurements.  

The operation of the SEIS seismometer made it possible to detect more than 1300 
seismic events and record seismic waves generated during meteoroid impacts [3, 4] on 
the surface of Mars. The success of the "InSight" apparatus with the SEIS instrument 
in collecting these seismic events represents a significant improvement in knowledge 
about the interior layers of Mars, the thickness of these layers, their density and their 
state (solid or liquid). 

In Fig. Figures 1a and 1b show a pair of images taken by the Mars Color Imager 
(MARCI) on the "Mars Reconnaissance Orbiter" (MRO) [8, 26], taken one day apart. 
A large impact crater is seen there as a result of a meteoroid impact [18]. The dark area 
on the right side of the image is up to 8 km across. Analysis of images from different 
orbiters has revealed more than four hundred “fresh” impact craters on the surface of 
Mars. "InSight" has recorded seismic events for more than 50 of these events; one of 
them is shown in Fig. 1c.  

They were sufficiently clear to pinpoint their exact locations; the highest 
concentration of high-quality events was in the Cerberus Fossae region, which is a 
region of geologically recent volcanism [25]. 

This seismometer was designed to detect so-called P-waves and S-waves; they are 
crucial for mapping the possible scheme of the interior layers of Mars. In addition to 
seismology, another experiment was carried out on the “InSight” spacecraft using the 
radio antenna of the probe RI22SE (Rotation and Interior Structure Experiment). It 
made direct observational measurements of the subtle oscillations of Mars, which are 
influenced by the features of the planet's interior structure. These new data provided 
some constraints on the size of the layered structures inside Mars. They significantly 
reduced the uncertainties and provided a more reliable understanding of the formation 
and thermal evolution [20, 22, 27] of this planet (Fig. 1d). 

The significant scientific impact of the groundbreaking work of the equipment on 
the InSight spacecraft is also manifested in the fact that its work may lead to a better 
understanding of the interior structure of the Earth, the Moon, and all rocky planetary 
bodies in general. The thickness of the current Martian lithosphere may be several 
hundred kilometers.  

The upper part of the so-called crust should be rich in iron oxide and olivine. It is 
believed that these components give the surface of this planet its peculiar "rusty" colors 
[10]. The presence of significant amounts of iron hydroxide in the upper part of the soil 
is an important confirmation of the processes of lowering heavier chemical elements 
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and rocks in the directions to the planet's core. This indicates the presence of a past 
occurrence of the phenomenon of gravitational differentiation of Mars.  

  
Figure. 1. Features of meteoroid impacts on the surface of Mars and characteristics of the internal 

structure. Meteoroid impact on the surface of Mars: a – image obtained by MRO on 03/27/2012, b – 
03/28/2012 (https://d2pn8kiwq2w21t.cloudfront.net/original_images/jpegPIA18381.jpg). c – image 
from the Mars Reconnaissance Orbiter shows the crater (in blue) formed when a meteoroid collided 

with Mars on 09/5/2021 
(https://d2pn8kiwq2w21t.cloudfront.net/original_images/insight_firstimpacts.jpg). d – shows a 

diagram of the internal structure of Mars 
(https://ichef.bbci.co.uk/news/800/cpsprodpb/9B2C/production/_119542793_mars_640-2x-

nc.png.webp). e – model of the internal structure of Mars [24]. 
 

But its duration, most likely, was greatly prolonged, and it manifests itself less 
noticeably than it does on Earth. However, changes in the degree of concentration of 
the planet's mass from the surface to its center are associated precisely with the 
processes of differentiation of their components.  

This characteristic is clearly reflected by the parameter, which is the value of the 
dimensionless moment of inertia equal to I=0.366±0.002. Its value was first determined 
from observational data obtained by the “Mars Pathfinder” space mission [5, 8]. It 
independently confirmed the insignificant dimensions of the metallic core of Mars. 

The crust of Mars can withstand the load of even the heaviest mountain in the 
Solar System, Olympus Mons, which is close to 27 km high and has a diameter at the 
base of almost 1000 km, as well as three other huge volcanoes located nearby. This 
fact independently indicates the presence of a very thick lithosphere on this planet. The 
combination of models of the crust, silicate mantle and core in the work [1] made it 
possible to present a global model of the internal structure of Mars.  
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At the moment, an important parameter is the degree of correspondence of the 
accepted cosmogonic model with the ratio between the chemical elements Fe/Si=1.71 
by mass, with respect to modern models of the internal structure of Mars. One of the 
models is shown in Fig. 1e. 

The presence of a cold outer layer on Mars should be considered as one of the 
indirect confirmations that this planet has already passed the so-called “magma ocean” 
stage. After all, it is during this stage that there is a significant decrease in the content 
of radioactive energy sources in the mantle due to their removal to the crust as a result 
of volcanic activity. 
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