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Marine transgression is one of many manifestations of catastrophic natural processes occurring as a result of destabilization of the environment, caused by natural reasons (changes in space, solar system and earth's geosphere).

What events in space suggest that catastrophic processes may develop on the Earth in the mid 21 century, including the marine transgression?

There are several such events. The Each together with the solar system, complete its galactic year (250 million years) and enters the period of catastrophes. The galactic year is the tectonic year at the same time. [1,2,3]

Major changes occur in the solar system caused by the physical changes of the Sun. Their beginning refer to 1850, when the polar zone of the Sun has doubled causing a strong magnetic activation of polar regions of the star and its magnetic fluxes.

Consequence of changes in the sun was warming the planet climate, beginning of the magnetic inversion of the main magnetic field of the Earth, widespread reduction of natural population growth. All these events occurred in the period from 1850-1860, and rapidly develop to this day.

Both global warming and magnetic inversion cause activation of tectonic processes, destabilization of the atmospheric flow and marine transgression. Are these events unique in the history of the Earth? No, the Earth already 18 times passed the galaxy centre “the Milky Way”, about 400 times changed the poles, and after the formation of the ocean, its continents were repeatedly exposed to sea transgressions. The Baltic region has also experienced a series of transgressions and continues its development, but since the advent of humankind it is the first galactic year, which the region has to survive with all its consequences. Therefore foresight of events occurring in nature is necessary and important.

Tectonic development of the Baltic Sea region in the Phanerozoic
The Baltic Sea has a complex geological history, which includes four-cycle tectogenesis: Baikal, Caledonian, Hercynian and Alpine. Sharp change of structural plans and formation of structural floors took place in each cycle. [7]

Baikal cycle is characterized by completion of formation of the East European platform, as a mega structure. Weak areas were preserved only at the edge of the platform (in Denmark, Poland and South Baltic States). Subsidence of these areas has led to accumulation of sediment thereon. It happened along faults northwest and accompanied by intense volcanism. The Baikal cycle ended by local show of the Earth’s crust with formation of breaks noted in the Baltic States and Poland.
Caledonian cycle began by crustal subsidence in the entire region and marine transgression. During the Upper Silurian the entire region was involved in the subsidence process. Along Riga-Liepaja  line and its maritime extension on the Ordovician basin there is developed a gross-shaped uplift that has divided the regional basin to the northern (Riga-Gotland) and southern (Curonian-Danzig-Łebsko). There is a sustained subsidence in the Polish-Danish aulacogene, which results in lower Palaeozoic sediments reached a zone of metamorphism there were transformed into shale. Late Caledonian cycle was marked by a regional inversion that has covered the platform and the north-western part of the Polish-Danish subsidence. Most of the platform (Western Baltic and Baltic States) were raised and underwent regional washout.

Hercynian cycle began in the Carbonic period and was accompanied by marine transgression with a sharp change in the structural plan. Regional rise of the crust took place at the end of the Hercynian cycle as well widespread alteration of structural plan including fragmentation of the basement, intense volcanic activity and folding of sedimentary rocks. Permian-Triassic period was marked by collapse of Pangea-2, tectonic reorganization of the crust, marine transgressions and mass extinction of organisms.

These events occurred in the past galactic-tectonic year. Marine transgression along the Arctic-North Atlantic rift system penetrated southward into the North Sea, as well as in Western and Central Europe. [1]

There is a stable deflection of the Baltic syneclise in the Baltic Sea region and simultaneous development of intensive epeirogenic movements  This process culminated in the late Triassic period  by folding and local breaks in the platform areas of the region. Vibrational motion weakens and axial deflection of the Baltic syneclise continues in the Jurassic and Cretaceous periods.

During the next Alpine cycle of the tectogenesis there is a new reorganization of structural plan. Within the Baltic syneclise it is accompanied by renewed and increasing epeirogenic movements with formation of regional erosions.

Thus, throughout the entire geological history of the platform there is the continuous rise of the Baltic Shelf and the gradual retreat of the coastline to the south.

Tectonic Development of the Baltic in the Quaternary Period
Beginning of the Quaternary period is associated with the growth of the first ice sheet of Fennoscandia. Change of glacial epochs (at least four) with interglacial periods gave vibrational-rhythmic character to the glacio-isostatic movements. In fact, the latest tectonic movements in the Baltic Sea region were the result of a complex interplay of properly tectonic and glacio-isostatic movements.

Beginning of the Quaternary period due to the growth of the first ice sheet Fennoscandia. Change of glacial epochs (at least four) interglacial periods gave glacio-isostatic movements of the vibrational-rhythmic character. In fact, de la latest tectonic movements in the Baltic Sea region were the result of a complex interplay of self-tectonic and glacio-isostatic movements.» [4,5]

Ice-cover of the Eastern Baltic ended approximately 11,5 thousand years ago, and this process continued for about 6 thousand years. The Post-glacial crust uplift activated deep splits and interblock tectonic sutures of the crystalline foundation. For example, according to V. Gudelis, amplitude of tectonic movements at the top of the Gulf of Riga is estimated as 10-15 m with a 1,5 km - wide zone of violations. According to levelling information, changes in the earth’s crust in the area of Central Estonian zone and continue to the present day. [5]

During the last 8,000 years, raise of the territory is experienced by a larger part of Estonia, Latvia and eastern Lithuania. Maximum values of the post-glacial uplift of the crust are confined to the middle of the Gulf of Bothnia, where it reaches 250 m or more, and rate of raise is 9 mm per year.

But the area between the Lake Peipus and the Gulf of Riga, as well as the coast of Latvia and Lithuania are included in the band of relative subsidence of the crust. Zero isobase stretches from the White Sea, through the top of the Gulf  of Finland and thereafter through Tartu, Riga, Liepaja and extends to the west to Skåne (Southern Sweden), and then turns to the northern end of the Jutland Peninsula. One option of maps of contemporary movements of the Baltic Sea shores is presented in the Picture. [7]

Picture 1
Map of contemporary vertical movements of the Earth’s crust in the Baltic States
(Yakubovsky)
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The map in Figure 1 shows relatively to values band, NW and SE part of the East European platforms are raised. (Picture 1)
Raise of NW and SE parts of the platform are due to relief of the load from melting ice in the northern areas because of climate warming and asthenosphere heating as a result of the magnetic inversion. [3,8,9] 

In 1981, data of repeated levelling survey in Baltics have shown that the critical zone on the East European Platform is a band of zero values. We also know that bottom of the northern Gulf of Bothnia has the highest marks in the Baltic basin, therefore the northern parts of the coast of the Baltic Sea probably will not be flooded. That was the conclusion experts from Russia, Estonia, Latvia and Lithuania they came to during the preparation of neotectonic maps of the Soviet Baltic Republics. [10]

According to the precise levelling plotting data, immersion in Latvia is experienced by the nearshore areas beginning from Saulkrasti and to the south, as well as the coasts of Lithuania and Kaliningrad area. Another proof of this fact is the geophysical data: Coastal are of Latvia is almost entirely located in the negative gravitational field. [10]

Two studies were conducted in Latvia in the late 80-ies - early 90-ies of the XX century: coastal areas of Jurmala, Ķemeri resorts and north-west coast “Livod rand” between the Capes of Ovīši and Kolka. The main objective of the study was setting trends in changes of Coastal line. To solve this problem there was applied a method of space-sounding of the coastal area with the following deciphering of the images obtained for the past 10 years. [11,12]. The study has shown that the marine transgression takes place.

Thus, data of the precise levelling studies in the Baltic region revealed the raise in NW and NE parts of the platform relative to the zero isobase and their general inclination to SW.

It is also the interesting information about motion direction of the East European platform in general. Such information is provided by a system of radio telescopes of the world, working on global program "Geodynamics" [12] (Figure 2)[image: image1.jpg]Kapra coBpeMeHHBIX BEPTHKAJIbHBIX ABHKEHHI
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Picture 2.

Location of radio telescopes in Europe and motion direction of individual areas of lithospheric plates
With a network of radio telescopes in  different countries it became possible to determine direction and speed of tectonic plates’ motion. Geokinematic maps are developed based on radio telescopes there data, which allow see the motion direction of megablocs. Radio telescope Onsala-60, located in Sweden, showed that the Scandinavian shelf moves toward the Denmark closing the Danish straits. As a result, the Baltic Sea will eventually morph into a lake (Picture 2).

Marine transgression on the mainland are associated with lake phases, due to what flooding threatens to some territories - western coast of the Baltic Sea (from Latvia to the south). To establish range of marine penetration on Latvian territory, a map of marine transgression in Latvia was developed in 2007 in M 1: 500 000. The map is based on retrospective analysis of materials research and materials of space sounding. There are used black and white satellite images made in 1980-ies, 90-ies of the XX century (Picture 3).

Picture 3

Forecast flooding in Latvia in 2080
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	Shoreline of the Baltic Ice Lake

Shore of the future lake (forecast)


Interpretation of black and white satellite images showed that tectonic disturbances of diagonal extension become important for the current neotectonic motions. Splits of diagonal extension appeared already in the Hercynian tectonic cycle. Fragmentation of the foundation went along splits of diagonal extension.

Unlike transgression the Baltic Ice Lake (BIL) period, where southward marine motion prevailed, the imminent transgression (in accordance with space sounding data of the territory) will be developed under 45 ° to the vertical, with a focus on southeast.

Expected area of flooding will exceed the area of BIL flooding period. Sea waters will penetrated the most far in the area of Ventspils (72km) and in the area of Riga (115km). In this case, a long (70km) and narrow gulf may be formed along the River Daugava, which appearance is the result of impact on the geological environment from three hydroelectric power plants (Riga, Ķegums, Pļaviņas).

The second feature of the forthcoming transgression of ХХI century is to preserve the northern part of Vidzeme coast (from Ainaži top Saulkrasti). This territory belongs to the Baltic shelf, which experiences a raise. As a result of forthcoming flooding of the Latvian shores, the country could lose about 2,600 km2 of the land.

Forecast beginning of the future transgression is made by analyzing change in Latvian population for the current century based on ability of organisms to serve as indicators of environmental changes. According to the diagram of change in Latvian populatio, a new marine transgression of can commence in years 2060 - 2065 (Picture 4).

Picture 4

Trends in change of Latvian population from 1750 to 2008 and forecast by 2100 
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Geological and satellite data show that tectonic processes in the Baltic States are developing in the scenario established in the past eleven thousand years. It is expected by the end of the century that the Baltic Sea will transform into a lake, and the Baltic countries will lose some coastal areas and face tectonic restructuring.
Dr. arch. Lyudmila Kartunova
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Abstract
Forecast of Marine Transgression in Latvia

Lyudmila Savelyevna Kartunova
Spatial and Regional Development Research Centre of Riga Technical University: e-mail: urboekologija@gmail.com
Physical changes in the Sun commenced since 1850 have caused some changes in the solar system and the Earth (global warming, magnetic inversion, ocean level raise, and etc.). In 2007, the Ministry of Environment has prepared for the government a document “Adapting to Climate Change” which warns of impending dramatic events in Latvia because of upcoming transgression.

Development of natural processes points to the need to prepare for future developments, assess their magnitude and time of attacks. The article analyzes causes of the transgression, and forecasts the terms of its beginning. There is also considered the closing mechanism of the Baltic Sea and its transform into a lake. There is also provided a map of the forthcoming marine transgression in Latvia generated in 2007.
Thousand residents





0,498  mill.p.


1750   years 





I. Newton





Forecast by 








Forecast by American 





scientists








PAGE  

