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Vertical movement of Earth crust can modify the shape of the eustatic sea level curves. A 
method allows calculation of the eustatic sea level course using the known local curves. We 
were able to divide a number of local curves of the Mediterranean Sea to the eustatic and 
tectonic components. The data about dynamics of the vertical crustal movements in 27 points 
of the Mediterranean coast and shelf during the Holocene were obtained. It was found that the 
velocities of raising and dipping are unstable over time and can reach value of 10 mm/year. 
Satellite measurements have recorded the velocities of vertical movements in the range of -10 
to +20 mm/year for some parts of Black Sea coast. Such movements of the Earth's crust 
undoubtedly have a large impact on coastal processes and should be considered in designing 
coastal structures. 
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I. INTRODUCTION 
Studies of fluctuations in the level of the oceans and inland seas in the geological past, 

undertaken by many countries since second half of the last century, gave unexpected results. 
Processing of materials which are received at various parts of the coast and shelf of the same sea, 
showed that the curves of the sea level change differ significantly from each other, as if the level in 
different parts of the sea area changed in different ways. 

By the end of the last century it became clear that in fact the previously obtained curves 
actually describe not the eustatic sea level course but the sea level change relatively to vertical 
movements of the Earth's crust. These curves, each of which is obtained by materials from a 
separate small area of the coast, are given the name "local curves". They show how the level of the 
reservoir was changed relative to the vertical movements of the Earth's surface in the past. The other 
curves are the compilation of the sea level markers obtained for different parts of the coast. In our 
opinion, such curves do not carry any useful information about the studied processes. Because in the 
Holocene the velocities of vertical movements of the Earth's crust as a rule were more than the 
velocity of eustatic change of the World Ocean level, then the contribution of tectonics to the local 
curves was significantly higher than the contribution of eustatic changes of the sea level. 

 
 



II. RESULTS AND DISCUSSION 
Local curves are the sum of the two curves, one of which describes the movement of the 

Earth's surface, and the other – the movement of sea level relative to its current vertical position. 
Thus, we have the problem of obtaining the curve of the eustatic sea level change using the local 
curves. The first attempt of obtaining the eustatic for the Mediterranean Sea was made by Australian 
scientists K. Lambeck [1]. His curve is shown in Fig.1 by green line. 

 

 
Fig. 1. The reconstructions of the Mediterranean Sea level eustatic change in the Holocene. The 

reconstructions were performed by different techniques and on the basis of different data [1; 2; 3]. 
 
Later we [4; 2] have developed an alternative method for extraction the eustatic component 

from the set of local curves. Using a set of 22 local curves, the curve of the Mediterranean Sea level 
change during the Holocene was calculated (Fig.1, blue curve) [3]. As can be seen from Fig. 1, our 
curve is very close to the Lambeck curve. For the Black Sea such calculations have not yet been 
done, because almost all available in the literature curves of its level are not local, but are built with 
using data from different parts of the coast. 

Using the obtained eustatic component we calculated the dynamics of the vertical 
movements of the Earth's crust during the last 7 thousand years in the 27 points of the Mediterranean 
Sea coast. Fig. 2 and 3 show respectively schematic map indicating coastal areas with the known 
local curves, and local curves of the Mediterranean Sea level change obtained by different authors. 
Graphs of the absolute vertical displacement of the Earth's crust are presented in Fig. 4. 

 



 
Fig. 2. Parts of the Mediterranean Sea coast, for which we have the local curves of the sea level 

change which are presented in Fig. 3 [3]. 
 



 
Fig. 3. The local curves of the Mediterranean Sea level change during the Holocene, obtained by 

different authors for different parts of the coast [3]. 
 



 
Fig. 4. The Graphs of vertical movements of the Earth's crust, calculated for the Mediterranean 

coast areas indicated in the Fig. 2. 
 
Fig. 4 shows that the surface of the Earth is in constant motion. Figuratively speaking, it is as 

if "breathes". In some places it uplifts, in the other – falls, in the third periodically uplifts and 
lowers. In some areas, relatively short time fluctuations with relatively high velocities occur in the 
background of a more or less slow movement. Obviously, the movements of the Earth's crust are 



caused by constantly acting factors: the movement of plates, compressing the Earth's surface, 
temperature change, exogenous processes and other. 

Results comparable to ours, but for much shorter time intervals, are obtained by employees 
of the GNC FGUGP "YUZHMORGEOLOGIYA" for several places of the Russian area of the 
Black Sea coast [5]. Vertical movements of the Erth surface were measured by the method of 
differential interferometry based on the high-resolution satellite radar TERRASAR-X. Parallel 
measurements were performed on the geodynamic satellite points by the GPS/GLONASS. 
Measurements were performed in 2012 and 2013. Significant velocities of vertical movements of 
the Earth's crust and complex short-period fluctuations, as with the trend of decreasing or uplifting, 
and without trend were recorded. According to the results of measurements, the velocity of lowering 
of some coasts can reach 20 mm/year. Therefore, we can assume that the abrasion processes, for 
example, on the coast of the Imereti Valley (Russia), are the result of the coast lowering. If not for 
this factor, the canyons peaks were covered with detrital material coming from the coast. But for 
thousands of years this has not happened, because there was the significant velocity of the coast 
lowering, and the longshore sediment flow is not enough to compensate the lowering of detrital 
material. 

A particularly important and poorly understood is the question about the size of the Earth's 
crust block subjected to its own movement. According to satellite interferometry [5], fundamental 
differences, namely, the opposite vertical movements of the Earth's crust with the difference in 
velocities of more than 15 mm/year can occur closer than 10 km. The area of unidirectional sections 
can be 10 – 100 km2. This issue is extremely important. If, for example, there are two adjacent 
sections of the Earth's crust, the direction of movements of which is different, then on their border, 
we should expect the appearance of tectonic dislocations or the development of existing violations 
with possible catastrophic consequences. 

 
III. CONCLUSION 

Described in the report the various fluctuations in the Earth's crust, of course, have an impact 
on the infrastructure of a modern city. If to speak only about the widespread "slow" movements of 
the Earth's crust, they very weak, almost imperceptible impact on constructions accumulate over 
time and can lead to their destruction. In our opinion, the main reason for the destruction of many 
ancient cities could be weak crustal movements. 

Considered vertical land movements can play a significant role in coastal processes. So, in 
areas of intensive lowering it will always be to develop the abrasion processes. Here all attempts to 
stop the abrasion of the coast through the creating of beaches will not be effective. These beaches 
will be washed away in the sea. A feature of such processes is that the cause of abrasion unknown, 
because the data on vertical movements of the coasts are almost absent. Therefore, experts will 
consider as a reason for the abrasion anything, but only not movement of the Earth's crust. 

In the design of coastal economic facilities, recreational and other Human activities should 
pay attention not only to possible future eustatic changes in sea level, but also possible scenarios for 
the displacement of the Earth's crust, taking into account their temporal variability. 



This article discusses only the vertical crustal movements directed along the normal to the 
Earth's geoid. But there's also horizontal movement of blocks, which in some cases are no less 
important and should be considered in the design of construction projects. 

We can conclude that the dynamics of the vertical movements of the Earth's crust has a 
fractal nature. Previously this was not taken into account either in research or in applied research. 
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