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PROCEDURE OF MEDIUM-SCALE QUANTITATIVE 

PALEORECONSTRUCTIONS OF COASTAL OROGENY RELIEF 
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The paper presents the results of the development of quantitative methods of medium-scale mountainous paleo-
relief reconstructions. This technique is discussed in detail by the example of the coastal part of the Greater 
Caucasus (the Mzymta River basin). The medium-scale neotectonic zoning was performed for this area; a 
network of regional and local geomorphological profiles was built; a number of pre-Neopleistocene relief-dated 
stages was defined; and the small-scale paleo-reconstruction was performed on the basis of the available data. 
The medium-scale quantitative methods of mountainous paleorelief reconstruction are based on the detailed relief 
division by its age, taking into account changes in the gradients of paleoriver valleys. The age division of the 
relief includes the allocation and correlation of erosional paleocuttings of different age. Contouring of cutout 
bottoms is made by inflections between steep and flat parts. A slightly curved bottom of the erosional cutting at 
the time of paleoreconstruction is overlapped by alluvium, which roof appears to be the morphological bottom of 
the valley at the end of stage. If heights of the modern inflections on opposite sides of the valley differ, its warp is 
considered to be of later age, and the original height of these inflections is accepted to be equal to the estimated 
height of the median line of the main valley. The development of the mountainous part of the valley is influenced 
significantly by four factors. The orogenic factor may be considered as the background. The regional factor implies 
paleoorography (the size of valleys and the rise of cross uplifts). The local factors affecting the change in slope 
of the valleys' bottoms are the following: a hydrological factor, i.e., the change in water content, and a structural 
factor, i.e., displacement activation along the faults crossing the valley, with uplift of the flank opposite to the flow 
direction. The technique of applying the appropriate GIS technology was developed. It provides building of 
networks of watershed geomorphological profiles, basin analysis, calculation of river slopes and their 
longitudinal profiles, computation of required morphomet-ric characteristics. For the cutting of each age, a single 
network of calculation points was made; it reflects paleo-relief skeleton and acts as a basis for the construction of 
digital elevation models. The use of proposed complex methods permits making sufficiently reliable and detailed 
medium-scale mountainous paleo-relief reconstructions in the form of various paleogeomorphological maps.  

Keywords: medium-scale quantitative paleoreconstruction, mountainous relief, coastal orogeny, 
geomorphological levels, relief formation stages, age division of relief.  
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Water resources of the Crimea are limited and do not provide completely the region with drinking and 

household water. For over than 50 years, the Crimean peninsula was supplied with fresh water from the Dnieper 

River through the North Crimean Canal; however, after the Crimea's reunification with Russia, Ukraine 

blocked this water supply. In the view of aggravating political crisis between Russia and Ukraine, the situation 

in the Crimea water supply looks extremely difficult. To solve this problem, we should focus on the internal 

capacities of the peninsula.The Crimea provided its own water supply, for up to 20%, at the best, with most of 

fresh water having been spent for irrigation. There is a real opportunity to extract additional amounts of fresh 

groundwa-ter of good quality. Only 41% of provisional groundwater reserves are developed in the-Crimea 

(33% of which are accounted for operating reserves of ground water). Taking into consideration the present 

day situation, it is necessary to develop a fundamentally new strategy in water resources development in the 

Crimea. It is necessary to develop irrigated agriculture in the Crimea, using drinking water. The undrinkable 

groundwater (for example with mineralization up to 7 g/dm
3
) may be used for irrigation as well. Groundwater 

protection is a pledge of potable water quality. The main operating aquifer in the mountain area (Upper Jurassic) 

is being polluted heavily. This fact deserves more attention. Particularly bad situation is registered on the Ai -Petri 

plateau, occupied with cafes, restaurants, and tourist entertainment facilities (camel riding) with no centralized 

collection and disposal of sewage and domestic water. To obtain additional groundwater, a new water intake 
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should be arranged. Another additional source of high-quality fresh water is submarine discharge.The authors 

propose measures to address the problems in water supply of Sevastopol. Groundwater resources are the driving 

factor of stable and sustainable development of the Crimea region at the present stage. 

Keywords:  water resources, Crimea, groundwater resources. 

 

 

 

INTERACTION OF CONTAMINATED METEORIC 

WATER WITH SOILS IN UST-SELENGA DEPRESSION 

A. M. Plyusnin, D. I. Zhambalova 

Geological Institute, Siberian Branch, Russian Academy of Sciences, ul. Sakh 'yanovoi 6a, 
Ulan-Ude, 670047Russia. 

E-mail:plyusnin@gin.hscnet.ru; dachima@mail.ru 

The article deals with the experimental study of interaction between atmospheric precipitation and ar tificial 
solutions, containing nitrate and ammonium, and the soils during their infiltration through the different types of 
soils with the usage of lysimeters. The work was triggered by the fact that nitrogen-containing compounds 
transported by northwestern winds from the chemical plant area pollute atmospheric precipitation on the east 
coast of Lake Baikal. The purpose of the work is to identify the consistent pat tern of contamination migration in 
the aeration zone and its influence on groundwater. The main problem involves the study of trace-element 
composition in soils and investigation of the alteration in the content of nitrate, ammonium and toxic trace 
elements during the infiltration of water through various types of soils. The work shows the results of the studies 
on interaction between the water and four types of soils, which are the most widespread within the Ust' -Selenga 
River basin. We have found experimentally that during the infiltration of atmospheric precipitation and artificial 
nitrogen-containing solutions through the soils, their chemical composition is transformed. Unlike the 
ammonium, the nitrate ion is extracted from solutions by the biota in the vegetation period, and its concentration 
decreases with the depth, while the content of ammonium ion increases. We have considered the pollution 
concentration in the lower parts of the soil profile, which is associated with the solution infiltration rate through 
the soil horizon and water separation from the dissolved substances due to their different wettability. Infiltration 
rate increase in the experiments, related to the growth of hydrostatic pressure of the liquid column, has an indirect 
effect, as it reduces the interaction time between the solution and the microorganisms, the plant root system and 
the surface active agents. The surface tension influences directly the concentration of the dissolved matter at the 
deeper soil profile. It transports the solvent laterally, and the dissolved material in this case continues to infiltrate 
downwards and accumulates in the remaining part of the solution. It is shown that ammonium and nitrate 
containing solutions leach zinc, iron, manganese, arsenic, copper and lead from the soils, the highest 
concentrations of that are found in the lysimetric water of gray forest and drained peat bog soils. 

Keywords: Lake Baikal, Ust-Selenga depression, chemical composition, trace elements, soils, surface and 
ground water, atmospheric and lysimeter water. 
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The earlier published data on the content and composition of organic compounds in groundwater are reviewed 
and analyzed. Their zonal distribution by the depth of groundwater occurrence is shown. Some organic 
compounds (hydrocarbons and their derivatives, organic acids, etc.) are characterized as pollutants of drinking 
groundwater. The geochemistry of element-organic complexes is considered for some elements. The influence 
of organic matter on the migration and deposition of elements is noted. It is known that one liter of groundwater 
containing fulvic acid may include up to 10 mg/1 iron (for the maximal acceptable concentration equal to 0.3 mg/1 
iron). Currently, the household- and drinking water supply is normalized for over 1400 organic compounds, with 
most often about 100 substances being found in water. 



Keywords: organic substance, element-organic complexes, organic pollutants, fresh groundwater. 
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The paper presents the results of studying the transfer of emissions from Novo-lrkutskaya heating plant to the 
territory of Irkutsk on the basis of equations of the turbulent diffusion method. Irkutsk ranks among the cities with a 
well-developed industrial infrastructure and a high level of air pollution. Thermal power industry is the main 
source of pollution of the atmosphere-affected ecological zone, since the heating season is rather long in this 
region due to specific climatic conditions. The emissions from the heating enterprises of Irkutskenergo JSC 
increased by 34% within the atmosphere-affected ecological zone in 2013, as compared to 2007. Therefore, it is 
especially important to obtain the information about the distribution and transformation of Novo-lrkutskaya 
heating plant emissions in Irkutsk. The paper considers the distribution of such main air pollutants as sulfur, 
nitrogen, and solid aerosols. The distribution of atmospheric emissions from Novo-lrkutskaya heating plant within 
Irkutsk and its surroundings is mapped. The calculations take into account the influence of local topography and 
meteorological factors (low precipitation, frequent calm conditions and inversions, especially in winter time). 
Moreover, the orientation of the Angara River valley and the predominance of southeast and northwest winds 
have a great impact on the global air-mass transport. As a result, harmful emissions can stay in the atmospheric 
boundary layer for a long period of time. The numerical method of solving the equation of turbulent diffusion 
used in the paper proves to be quite an objective estimation for the given problem. 
The results of calculating the emissions of solid aerosols show their maximum concentration (up to 20 
(ig/m

3
) in the central part of the city in the left-bank district. Apparently, turbulent air fluxes and elevated 

inversion produce the maximum concentration not near the source of emissions, but 6 km away from it. 
These emissions spread over the Angara River and cover the whole city, although their concentration decreases 
significantly (to 0.1 |ag/m

3
). Maximum concentrations of sulfur dioxide (up to 50 Hg/m

3
) and nitrogen (up to 20 

ng/m
3
) are found in the central part of the city. These pollutants spread over a considerable distance in high 

concentrations. 
The solution proposed for calculating the transfer of emissions may be used for monitoring and forecasting 
emissions with different wind directions in terms of the local topography and climatic factors. The application of 
mathematical models is very promising and may replace the costly snow survey or sampling of soils and their 
chemical analysis in the study of the influence of atmospheric emissions on the environment.  

Keywords: emission influence, transfer of admixtures, equations of turbulent diffusion, mathematical modeling, 
heating plant emissions, atmospheric pollution. 

 

THE BASIC ASPECTS OF METHODICAL APPROACH  

TO ASSESSING SEISMIC RESISTANCE OF SOILS 
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The study of stress-strain behavior of soils is an important issue in earthquake protection and off-shore 
engineering. This paper aims to develop the methodology for estimating the soil seismic resistance, the 
influence of seismic loads on the strength and deformation properties of soils. The objects of research were the 
soil samples from the central part of North Caspian shelf area which tend to become the basis of offshore oil and 
gas hydrotechnical structures. Triaxial and shear amplitude-controlled cyclic tests were conducted for different 
soil types using alternate loading. 
The methodical approach to the estimation of soil seismic resistance was developed; it consists of three main 
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stages. (1) Analysis of the seismic data, determination of the amplitude-frequency spectrum parameters for 
laboratory research and specification of parameters based on local soil  conditions and seismic microzoning data. 
(2) Carrying out laboratory research on soil samples simulating in-situ stress-strain condition of soils and cyclic 
test with specified amplitude-frequency parameters. (3) Analysis of soil stress-strain behavior dependences on 
the overload factor Kn (or stress ratio SR), calculation of the ultimate overload factor Kn*, and of the safety factor 
SF based on the comparison of accepted and ultimate effect levels. 
In general, the methodological concept consists in comparing experimentally determined overload factor Kn, 
which can lead to liquefaction or destruction of soil (KH*), and relative acceleration of oscillation during 
earthquakes amax/g calculated using seismological data. 
Results of practical application of the developed methodological approach can be illustrated by the example of 
estimating the seismic resistance of grounds in the North Caspian shelf area. Two possible spectra of cyclic loads, 
characterized by frequencies of 5.0 and 1.0 Hz, duration of 4 sec and 40 sec, and the maximum acceleration -176 
cm/sec2 and ~50 cm/sec2, were calculated proceeding from seismologi-cal data, soil conditions, and adopted 
overload ratio (Ku) at 0.05 and 0.176. 
Experimental studies of soil samples with the specified cyclic loading parameters permitted us to estimate the 
relationship between the deformation properties of some soils and increasing overload ratio (Kn) up to its ultimate 
value (K*). Comparison of the accepted and ultimate values of overload ratio attested to a sufficient safety factor 
SF = K.*/ Kn= 1.6-10.2. An increment of the pore pressure AU and its value against lateral pressure (о"з= 0.06-
0.14 fraction units) points to the absence of liquefaction. Extra axial strain was equal to 0.6-1.2%. The cyclic tests 
permitted us to estimate the value of the shear modulus Gd and relationship of the shear modulus and the strain 
level from 10"5 to IO"2 fraction units. 

Keywords: seismic resistance, shelf ground, cyclic tests, loading parameters, overload ratio, safety coefficient. 
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The concentration of heavy metals in plants is largely dependent on their content in soil;  whereas their 
concentration in animal bodies, on their amount in food. The species of plants and animals are also important. 
Animals absorb only mobile forms of elements, so the pollutant concentration in animals will reflect the actual 
contamination of the ecosystem rather than its potential contamination, which is obtained from measuring the 
pollutant concentration in soil or plants. 

Inhabitants of accumulating substrate represented by soil invertebrates (who integrate the combined impact of both 
abiotic and biotic factors) play an active part in the transformation and redistribution of organic matter, as well as in 
the destructive and soil-forming processes. Correspondence between the range of edaphic conditions that determine the 
normal activity of soil organisms and the certain community structure enhances the possibilities in bio-identification 
of various types of soils and processes operating in them. For the purposes of bio-indication, the soil mesofauna 
constituting 90-99% of biomass and 95% of all animal species included in the land biocenosis is of great interest. 
Soil invertebrates, which are suitable for indication, have a number of advantages. They are quite numerous in 
disturbed biotopes, are sedentary, closely contact with the soil; they are the most sensitive to various changes in 
the environment, to radiation, to pollution of heavy metals; they are accumulators of some chemical elements, 
have a wide range; and the methods of sampling them are developed well enough.  

Earthworms everywhere turned out to be the most sensitive group to the pollution impact. They accurately reflect 
the concentration of metals in soil and accumulate metals in 3-5 times higher amount than their content in soil. 
Earthworms largely concentrate magnesium, iron, copper, lead, manganese, and zinc. The use of soil macrofauna 
in ecological and geological studies of pollution with heavy metals and metalloids in the residential areas, 
performed in this work, allowed us to determine unambiguously the composition of multi-element anomalies, 
their bioavailability and to establish the origin (natural and / or technogenic) of each of the components 
(elements). 

Keywords: zoo-indication, soil mesofauna, heavy metals, residential area.  
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The article considers the cases of arrangement of monitoring systems for the local historical natural -technogenic 
systems (HNTS) on different classification levels. The authors propose a scheme for local HNTSs classification. 
The purpose of this classification is to bring disparate data on different HNTSs into a single interconnected system 
based on common principal features. The authors suggest five hierarchical levels of local HNTSs. 
The general approach to protected complexes based on the HNTS theory allowed the creation of a monitoring 
system that takes into account the specific nature of each HNTS. The main purpose of monitoring is to predict 
emergencies in the monitored system in order to either prevent or localize them. The experience in this kind of 
work allows us to distinguish the following main stages in monitoring arrangement. The first stage is the 
assessment of current status of all subsystems and HNTS components and the retrospective analysis of occurred 
changes, i.e., diagnostics of HNTS operation. The second stage involves compilation of a monitoring program, which 
defines the basic components to be observed and the observation network, substantiates the selected methods and 
techniques for observation, and establishes the observation performance order as well as the forms of report. The third 
stage implies the installation of observation point network and observation implementation; and finally, the fourth stage 
includes the analysis of results, elaboration of the adjusted forecast, development of control measures based on the 
revealed threshold values of HNTS stability, and, if necessary, adjustment of operating networks and monitoring 
regulations. Local HNTSs grouped in accordance with their main protected components, require different methods 
of monitoring organization because of extensive HNTS dimensions, a great variety of objects of different age, 
purpose, and preservation degree, as well as the presence of equally valuable protected objects, i.e., architectural 
buildings, historic landscapes, or the cultural layers.  
The necessity for the development of a complex of protective measures is proved by the examples of local HNTS 
monitoring systems in Borodino Battlefield, Old Ryazan city, and Rostov Kremlin. 

Keywords: monitoring, historical natural-technogenic system (HNTS), scope of cooperation, geological 
environment, architectural monument. 
 


