
EXPERIMENT

GeoSciences

Minera logy
P e t r o l o g y
Geochemistry

Crystallography
G e o p h y s i c s
I s o t o p yIN

ISSN 0869-2904

2020 26 1Volume Number

Russian Academy of Scie
nce

s

In
stitu

te of Experimental MineralogyP

IEM RAS



GeoSciences

M i n e r a l o g y
P e t r o l o g y
Geochemistry

Crystallography
G e o p h y s i c s
I s o t o p y

Editor in Chief

Editors:

Ass.Editors@ Comp.graphics:

O.G. Safonov

T.F.Kazachenko

Yu. Chevychelov

A.F.Redkin
Yu.B.Shapovalov
N.I.Suk
M.V.Voronin

tanya@iem.ac.ru

belova@iem.ac.ru

M.S.Belova

E d i t o r i a l B o a r d

V.
D.A.Chareev
L.Lakshtanov
O.A.Lukanin

G.Osadchii
Yu.N.Pal`yanov
Е.

Institute of Experimental
M i n e r a l o g y

Russian Academy of Sciences
1 4 2 4 3 2 C h e r n o g o l o v k a
Academica Osip’yana str, 4,
M  o  s  c  o  w r  e  g  i  o  n
Russian Federation

h t t p : / / w w w . i e m . a c . r u

TRANSLATED into ENGLISH by:

the authors

Copyright (C) IEM
Photographic reproduction, microfilm, electronic data base, video disks, or any other reproduction of text, figures, or tables from this journal is prohibited without
the publishers' permission

Founded in by1991

INSTITUTE of

EXPERIMENTAL

MINERALOGY

Russian Academy of

Sciences

EXPERIMENT IN GEOSCIENCES is the only journal in English that gives

you the latest, most reliable information on advances in experimental

mineralogy, petrology, geochemistry, crystallography and geophysics in

R u s s i a . T h e c o v e r a g e o f t h e j o u r n a l i n c l u d e s :

original research and review articles
abstracts of scientific papers
proceedings, abstracts and announcements of national and
international conferences, symposia and workshop
information about the leading experimental centers in Russia
advertisement of new techniques and equipment

EXPERIMENT
in



CONTENTS 

2 Institute of Experimental Mineralogy 

Problems of Planetology, Cosmochemistry and Meteoritica 5 

Alexeev V.A., Pavlova T.A., Kalinina G.K.  Some features of the radiation history of ureilites ............................................. 5 
Badekha

1 
K. A.,  Grokhovsky

2 
V.I.  Phase transformation in the mono cristalls of meteoritic and laboratory origin. UDC 

669.017.3 ........................................................................................................................................................................... 8 
Barenbaum A.A.

1
, Shpekin M.I.

2
   Cumulative hypothesis of formation on the moon of the south pole-aitken basin by 

galactic comets UDC: 550.2: 523.4-1/-8 ......................................................................................................................... 11 
Barenbaum A.A.

1
,  Titorenko A.

2
 Optimized galactic model of geological cyclicity and its testing on geology and 

astronomy data UDC  550.93, 551.7,523.525, 524.66 ..................................................................................................... 15 
Fisenko A.V., Semjonova L.F.  Alternative composition of xenon components in nanodiamonds of meteorites.  UDC 

550.42 .............................................................................................................................................................................. 19 
Ivanov A.A., Sevastyanov V.S., Shnykin B.A.,  Dolgonosov A.A., Krivenko A.P.,  Priymak S.V., Galimov E.M.  

Evaluation of the various energy sources effectiveness at the stage of prebiological structures formation during 

abiogenesis. UDC 550.47 ................................................................................................................................................ 23 
Kuyunko N.S., Alexeev V.A.  Thermolu-minescent reseach and determination of metamorphism degree of carbonaceous 

CO and CV group chondrites. .......................................................................................................................................... 25 
Lavrentjeva Z.A., Lyul A.Yu. To question about formation of the pallasite parent bodies: on the peculiarities of trace 

element composition of mineral components from the omolon pallasite......................................................................... 28 
Lyul A.Yu.,  Lavrentjeva Z.A. On an influence of the metamorphic processes on siderophile element distributions 

between the major componemts of the h-group of ordinary chondrites. .......................................................................... 31 
Nikitin S.M,

1
, Gorbatsevich F.F.

2
 , Skripnik A.Ya.

3
, Beltyukov N.A.

4
,  Morozov I.A.

4
  Brittle fracture features of 

terrestrial analogues of ordinary chondrites components under volumetric compression ............................................... 33 
Shornikov S. I.

1
, Yakovlev O. I.

1 
The chemical fractionation of perovskite at evaporation ................................................... 36 

Tselmovich V.A.
1
, Maxe L.P.

2 
 Microstructure and composition of particles of native iron of cosmic origin UDC 523.68140 

Yurkovets V.P. General morphological features of some fragments of the Ladoga space body UDC  551.4:552.6 ............. 43 
Zharkova E.V., Lukanin O.A., Tsekhonia T.I., Senin V.G.  Intrinsic oxygen fugacity measurements of impact glasses 

from impact craters El’gygytgyn (Chukotka, Russia) and Zhamanshin (Kazakhstan) UDC 550.843 (543.559) ............ 45 

Mineral equilibria at high PT-parameters 50 

Bulatov V.K.
1,3

,  Girnis A.V.
2,3

, Brey G.P.
3
,  Woodland A.

3
, Höfer H.

3
 Ferropericlase cristallization under upper mantle 

conditions. ........................................................................................................................................................................ 50 
Fedkin V.V., Sipavina L.V.  Сlinopyroxen in the eclogite-blueschist complexes: structural signs of the conditions of its 

formation UDC 549.6+552.16:552.48 ............................................................................................................................. 54 
Gorbachev N.S., Kostyuk A.V., Nekrasov A.N., Gorbachev P. N.,  Sultanov D.M.  The interaction of phlogopite with 

carbonate at P = 4 GPa, T=1200–1300 °C: phase relationships and stability of phlogopite. UDC 550.4.02 .................. 58 
Gorbachev N.S., Kostyuk A.V., Gorbachev P.N.,  Sultanov D.M. Distribution of elements between phlogopite and 

carbonate at P = 2.8 GPa, T = 1250°C. UDC 550.4.02. ................................................................................................... 61 
Iskrina A.V.

1,2
, Spivak A.V.

2
, Bobrov A.V.

1,2,3
, Dubrovinsky L.S.

4
, Eremin N.N.

1
, Marchenko E.I.

1
.  Experimental study 

of calcium-ferrite structure type phases in the mg-al-cr-o system at conditions of  the earth’s transition zone and 

lower mantle UDC 549.02 ............................................................................................................................................... 63 
Kogarko L.N. Crystallization of alkaline phosphates from magmatic melt. UDC 553.491.8:549.271(571.5) ....................... 65 
Kostyuk A.V., Gorbachev N.S.,  Sultanov D.M., Nekrasov A.N. Experimental investigation of peridotite-basalt-

(K, NA)2CO3-H2O system at P = 4 GPa, T = 1400 °C: phase composition and critical relationship between melt and 

fluid. UDC 550.4.02 ........................................................................................................................................................ 68 

Thermodynamic properties of minerals and fluids 72 

Korepanov Ya.I., Osadchii E.G.  Thermodynamic properties of Ag-Au alloy with high concetration of silver (0.9 <x <1 

AgxAu1 -x) ......................................................................................................................................................................... 72 
Shornikov  S. I.

1
, Ivanova M.A.

1
,  Minaeva  M. S.

2
 Thermodynamic properties of the MgO – FeO melts ........................... 74 

Shornikov S. I. Thermodynamic properties of the CaO–MgO melts ..................................................................................... 77 

Synthesis of minerals 81 



 CONTENTS 
 

Experiment in Geosciences 2020 Volume 26 N 1 3 

Gurbanova O.A.
1
, Evdokimov A.I.

1
,  Antipin A.M.

2
, Volkov A.S.

1
, Khasanova S.

3
, Dimitrova O.V.

1
 Hydrothermal 

synthesis and crystal structure of a new orthophosphate of lithium, aluminum, copper and iron. UDC 548.736 ........... 81 
Kovalskaya T.N.

1
, Ermolaeva V.N.

1
, Varlamov D.A.

1
, Kalinin G.M.

1
,  Kovalskiy G.A.

1,2
, Chaychuk K.D.

1
 Synthesis of 

eudialyte from alkaline pegmatites. Preliminary data. .................................................................................................... 82 

Hydrothermal equalibria and ore formation 85 

Alekseyev V.A., Burmistrov A.A.,  Gromiak I.N. Quartz dissolution in water vapor and solution distillation in quartz–

water–vapor system at 300C .......................................................................................................................................... 85 
Balitsky V.S., Balitskaya L.V., Golunova M.A., Setkova T.V., Bublikova T.M.  New experimental data on phase 

transformations and states of synthetic water-hydrocarbon inclusions in quartz ............................................................ 88 
Bublikova T.M.,  Setkova T.V., Balitsky V.S.  Theoretical study of the solubility of basic copper carbonates in 

ammonium chloride systems ........................................................................................................................................... 91 
Korzhinskaya V.S., Kotova N.P.  Temperature effect on the behavior of Ta and Nb during the dissolution OF pyrochlore, 

tantalite, β-Ta2O5 and β-Nb2O5 in (HF+HCl) solutions. .................................................................................................. 93 
Kotelnikov A.R.

1
,  Damdinov B.B.

2
,  Damdinova L.B.

2
, Bryanskiy N.V.

3
, Akhmedzhanova G.M.

1
, Suk N.I.

1
 Synthetic 

fluid inclusions in quartz: a check for the adequacy of capture of ore elements. UDC 550.4.02 .................................... 95 
Kotelnikov A.R.

1
, Suk N.I.

1
, Kotelnikova Z.A.

1,2
, Korzhinskaya V.S. Fluids in equilibrium with silicate substance and 

problems of ore genesis UDC 550.89:553.062 ................................................................................................................ 97 
Redkin A.F. Tungsten valence in hydrothermal solutions on the experimental and calculated data. .................................... 98 
Sidkina E.S.

1
,   Mironenko M.V.

1
,   Polyakov V.B.

2
 Calculation of serpentinization of olivin. Verification of the 

equilibrium-kinetic model. ............................................................................................................................................ 100 

The formation and differentiation of magmas 105 

Bortnikov N.S.
1
, Kryazhev S.G

.2
,  Gorelikova N.V.

1
, Smirnov S.Z.

3
, Gonevchuk V.G.

4
,  Semenyak B.I.

4
., Dubinina 

E.O.
1
., Sokolova E.N.

3
 The fluid rejime of Badzhal hydrothermal-magmatic system of the Far East (Priamyrie, 

Russia). .......................................................................................................................................................................... 105 
Persikov E.S., Bukhtiyarov P.G.,  Shchekleina M.D.  Features of basalt melt crystallization at moderate hydrogen 

pressures (preliminary results). ..................................................................................................................................... 111 
Rusak A.A.

1
, Shchekina T.I.

2
, Alferyeva Ya.O.

2
, Gramenitskiy Eu.N.

2
, Zinovieva N.G.

2
, Khvostikov V.A.

3
, Kotelnikov 

A.R.
4
  Features of phase crystallization in a high-fluorine model granite system at a temperature drop from 700 TO 

400 °C and a pressure of 1 kbar UDC 552.11, 550.42. ................................................................................................. 114 
Tobelko D.P.

1
, Portnyagin M.V.

1,2
, Krasheninnikov S.P.

1
 Complex methodology for estimating the primary H2O content 

in island-arc magmas (the case of Kamchatka) ............................................................................................................. 117 

Physical chemical properties of geomaterials 120 

Setkova T.V.
1
, Spivak A.V.

1
, Zakharchenko E.S.

1
,  Borovikova A.Yu.

2
, Nesterova V.A.

1,2
, Balitsky V.S.

1
, Bublikova 

T.M.
1
, Pushcharovsky D.Yu.

2
 Raman spectroscopy of synthetic Ga,Ge-rich tourmaline at high pressure up to 30 Gpa 

(preliminary data). ......................................................................................................................................................... 120 
Zharikov A.V.

1
, Lebedev E.B.

2
, Rodkin M.V.

3 
  Anomalies of rock physical properties due to phase transitions and their 

possible role in seismotectonic processes ...................................................................................................................... 121 

Experimental geoecology 126 

Grishantseva E.S.
1,

*, Alekhin Yu.V.
1
, Drozdova O.Yu.

1
, Demin V.V.

2
, Zavgorodnyaya Y.A.

2
  Experimental studies of 

organic matter in natural waters of lakes in Vladimir region using a set of analytical methods. UDC 550.4.02 .......... 126 
Salavatova D.S.,  Fiaizullina R.V., Bychkov D.A.  Adsorption extraction of mercury ions from an aqueous solution by 

rocks of the Maykop series. UDC 550.424: 550.4.02: 550.41: 550.42 ......................................................................... 129 

Engineering of experiment 133 



CONTENTS 

4 Institute of Experimental Mineralogy 

Chertkova N.V.
1
, Spivak A.V.

1
,  Zakharchenko E.S.

1,2
, Litvin Y.A.

1
, Kuzyura A.V.

1
, Safonov O.G.

1
,  Efimchenko V.S.

2
,  

Meletov K.P.
1,2

. A refinement of the externally heated diamond anvil cell technique for laboratory applications, UDC 

53.086; 608.2; 543.424.2 ............................................................................................................................................... 133 
Lakshtanov L.Z., Karaseva O.N.   Study of the mechanisms of chalk recrystallization. UDC 550.4.02 ............................. 134 
Molchanov

1
 V.P.,  Medkov

2
 M.A.  Ways of industrial development of gold-ilmenite placers of the sikhote-alin with the 

use of pyro- hydrometallurgical methods ...................................................................................................................... 137 

Interaction in the systems of fluid–melt–crystal 140 

Alferyeva Ya.O., Novikova A.S., Gramenitskiy E.N.  Interaction of fluorine-containing granite melt and calcite as a 

possible cause of formation of high-calcium ongonites. UDC 552.113 ........................................................................ 140 
Bychkov D.A., Koptev-Dvornikov E.V., Romanova E.S.  Verification of the system of thermobarometers-

compositometers on experimental and natural material. UDC 552.111: 550.41 ........................................................... 141 
Chevychelov V.Yu. On the solubility of ferrotapiolite and nb/ta ratios in model high-aluminous, subaluminous and 

alkaline granitoid melts  UDC 550.42 ........................................................................................................................... 144 
Chevychelov V.Yu.,  Viryus A.A.  Solubility of ilmenorutile in model granitoid melts at various alkalinity–alumina.  

UDC 550.42 ................................................................................................................................................................... 147 
Khodorevskaya L.I. Experimental modelling of alkaline metasomatism under pressure gradient conditions at 750

о
С. 

UDC  553.065.1 ............................................................................................................................................................. 149 
Koptev-Dvornikov E.V., Romanova E.S., Bychkov D.A. Orthopyroxene liquidus thermobarometer-compositometer for a 

range of melt compositions from magnesian basites to dacites ..................................................................................... 152 
Kotelnikov A.R., Korzhinskaya V.S., Suk N.I., Van K.V.  Experimental study of zircon and hafnon solubility in silicate 

melts UDC 550.89 ......................................................................................................................................................... 155 
Kotelnikov A.R.

1
,  Suk N.I.

1
 Damdinov B.B.

2
,  Damdinova L.B.

2
, Khubanov V.B.

2
 Experimental studies of phenakite 

solubility in silicate melts UDC 550.89 ......................................................................................................................... 158 
Novikova A.S., Alferyeva Ya. O., Gramenitskiy E.N.  Phase relationship modelling in syrostan massive near-contact 

zone by 1 kbar and 900 and 850 °C. UDC 552.113 ....................................................................................................... 159 
Romanova E.S., Koptev-Dvornikov E.V., Bychkov D.A.  Pigeonite liquidus thermobarometer for a range of melts 

compositions from magnesial basites to dacites. UDC 552.111: 550.41 ....................................................................... 161 
Seliutina N.E.

1,2
, Safonov O.G.

2,1
, Varlamov D.A.

2
 Petrological and experimental study of syenitization of tonalite 

gneisses exemplified by the midiapala massif, limpopo complex, South Africa. UDC 552.11 ..................................... 164 
Shchekina T.I.

1
, Zinovieva N.G.

1
,  Rusak A.A.

2
, Khvostikov V.A.

3
,  Gramenitskiy E.N.

1
, Alferyeva Ya.O.

1
, Kotelnikov 

A.R.
4
  Particularities of scandium distribution between silicate and salt melts and crystal phases in the Si-Al-Na-K-

Li-F-O-H system AT 800
o
-500

o
С and 1 kbar. UDC 552.11, 550.42 ............................................................................. 166 

Suk N.I., Kotelnikov A.R., Viryus A.A  Experimental studies of loparite solubility in silicate melts ................................. 169 

AUTHORS INDEX 172 

 
 

 

 

 

 

 

 

 

 

 

 

 



  

126 Institute of Experimental Mineralogy 

Experimental geoecology 

Grishantseva E.S.
1,

*, Alekhin Yu.V.
1
, 

Drozdova O.Yu.
1
, Demin V.V.

2
, 

Zavgorodnyaya Y.A.
2
  Experimental studies 

of organic matter in natural waters of lakes in 

Vladimir region using a set of analytical 

methods. UDC 550.4.02 

1
 Department of Geology, M.V. Lomonosov Moscow State 

University, Moscow 
2
 Department of Soil Science, M.V. Lomonosov Moscow 

State University, Moscow 

* Correspondence: shes99@mail.ru  

 

Abstract. Organic matter in natural waters takes an active 
part in the migration of trace elements, playing a crucial 
role in the biogeochemical cycles of trace elements. The 
paper discusses the results of research on the organic 
matter of natural waters of lakes in Vladimir region, 
obtained using a set of analytical methods. Selected as 
objects of the study were representative waterbodies with 
different levels of primary productivity: eutrophic lake 
Ershevik, dystrophic lake Ignatkovo. The proposed set of 
analytical methods for determining the content, 
composition and forms of finding organic matter and 
related trace elements includes determining the content of 
dissolved organic carbon and N on the liquid element 
analyzer LiquiTOC trace, Elementar; studying the molecular 
mass distribution of organic matter by high-performance 
liquid chromatography in a variant of gel-penetrating 
chromatography; studying the forms of finding organic 
matter and trace elements by cascade filtration with the 
separation of size fractions; spectrophotometric 
measurement of water density using a Specord 50 
(ANALYTIK JENA) and 511 UV/Vis (Portlab) 
spectrophotometer to study the absorption spectra of 
samples in the UV and visible regions of the spectrum, 
followed by the calculation of indicators that characterize 
the dissolved organic matter, the degree of its 
humification, the proportion of autochthonous and 
allochthonous organic matter. 

Keywords: organic matter; natural waters;complex of 

analytical methods.   

The aim of the research was to study, typify and 
carry out a comparative analysis of the organic 
matter in natural waters of the lakes of Vladimir 
Oblast. Identification of regional and local 
differences in the migration of ionic forms, organic 
complexes, and suspensions in natural waters is of 
great practical importance for prognostication and 
justification of quantitative models of river runoff 
evolution under the influence of various natural and 
anthropogenic factors. To obtain information on 
sustainable correlations between microelements and 
organic matter, as well as the mechanisms of their 
concerted transport and deposition in various natural 
conditions, as objects of study we chose reservoirs 
with different levels of primary productivity: the 
eutrophic Lake Ershevik and the dystrophic Lake 
Ignatkovo in Vladimir Oblast in the drainage basin of 
the Klyazma River. The water of Lake Ershevik is 
characterized by near neutral pH values of about 7, 

while in Lake Ignatkovo pH is equal to 5.7. Lake 
Ershevik had higher indices of chromaticity, 
permanganate oxidizability and BOD5: chromaticity 
of -179 degrees of Cr-Co scale; permanganate 
oxidizability of 20 mg O2/dm

3
; biological oxygen 

demand of 2 mg O2/dm
3
. 

Organic matter in natural waters takes an active 

part in the processes of migration of trace elements, 

playing a decisive role in the biogeochemical cycles 

of trace elements. The work discusses the results of 

studying the organic matter in natural waters of the 

lakes of Vladimir Oblast obtained using a complex of 

analytical methods. As objects of study, 

representative water bodies with different levels of 

primary productivity were selected: the eutrophic 

Lake Ershevik and the dystrophic Lake Ignatkovo. 

Separately, we analyzed the waters of the surface 

euphotic horizon, the bottom horizon, and silt waters 

extracted from bottom sediments. 

To study the distribution of organic matter and 

trace elements in natural waters by size fractions and 

to separate truly dissolved forms of metals from 

suspended and colloidal particles in natural waters, 

we applied the method of cascade membrane 

filtration and ultrafiltration with pore diameters of 

0.45 μm, 0.22 μm and 0.014 μm (1 kDa) using an 

Amicon device, followed by an analysis of the 

content of a large number of trace elements in the 

isolated fractions of natural waters by the ICP-MS 

method (Element 2, Thermo Scientific) (Alekhin, 

2010). In samples of natural waters, hydrochemical 

indices were determined according to standard GOST 

methods. The proposed complex of analytical 

methods for determining the content, composition 

and forms of organic matter and associated trace 

elements also includes the determination of the 

content of dissolved organic carbon (DOC) and N on 

the liquid elemental analyzer LiquiTOC trace 

(Elementar), spectrophotometric measurement of 

water density on a Specord 50 spectrophotometer 

(ANALYTIK JENA) and 511 UV/Vis 

spectrophotometer (Portlab) to analyze the 

absorption spectra of samples in the UV and visible 

regions, and study of the molecular weight 

distribution of organic matter by high-performance 

liquid chromatography (specifically, gel permeation 

chromatography) on an Agilent 1100 chromatograph 

with a diode array detector. Column: TSK G2000SW 

7.5x300 mm. Eluent: 0.1 M phosphate buffer, pH 7 + 

0.1% SDS (sodium dodecyl sulfate). Speed: 0.5 

ml/min. Sample volume: 50 μl. Based on the results 

obtained, we calculated indices that characterize the 

dissolved organic matter, degree of its humification, 

proportions of autochthonous and allochthonous 

organic matter. 

mailto:shes99@mail.ru
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Fig.1. Absorption spectra of dissolved organic matter in natural waters. 

 

 

Fig.2. Diagrams of the mass distribution of organic matter and trace elements by size fractions of natural waters (for 

example, oz.Ershevik). 

 

Fig.3. Chromatogram of molecular mass distribution of organic matter of natural waters (filtrate 0.22 μm ). 
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The absorption spectra (Fig. 1) were used to 

calculate the indices characterizing the dissolved 

organic matter: SUVA, E254/E436. The SUVA index 

was calculated as the ratio of the absorption at 254 

nm to the content of dissolved organic carbon in the 

sample (Table 1). The value of SUVA>4 indicates a 

predominance of hydrophobic and especially 

aromatic compounds, while SUVA<3 corresponds to 

predominantly hydrophilic compounds (Edzwaid, 

Tobiason 1999). The E254/E436 ratio is calculated in 

order to assess the predominance of autochthonous or 

allochthonous dissolved organic carbon (Battin, 

1998). Lake Ershevik had higher values of optical 

density that correlate with the degree of humification 

of dissolved organic matter; for Lake Ignatkovo, this 

index was 2 times lower. The predominant role of the 

hydrophobic and aromatic fraction in the 

composition of organic matter is characteristic of 

Lake Ershevik, especially in the summer, whereas 

the dystrophic Lake Ignatkovo is characterized by the 

predominance of the hydrophilic fraction of organic 

matter. The high values of the E254/E436 ratio in Lake 

Ershevik, especially in the bottom horizon and silt 

waters, confirm the predominant role of 

autochthonous organic matter formed as a result of 

the biogeochemical activity of aquatic plants and 

plankton inside the reservoir. For the dystrophic Lake 

Ignatkovo, the indices were found to be lower, which 

indicates a significant contribution of terrigenous 

organic matter in the composition of dissolved 

organic matter. 

Table 1. Main characteristics of organic matter of natural waters of lakes of the Vladimir region. 

 DOC, mg /l N, mg /l  Е254 Е436 С/ N SUVA E254/E436 

Lake Ershevik 

unfiltered  19.3 1.09 0.868 0.053 18 5 16 

surface water  (˂ 0.22 μm ) 18.3 0.98 0.698 0.048 19 4 15 

surface water (˂ 1 kDa) 16.5 0.89 0.496 0.021 19 3 24 

bottom waters (˂ 0.22 μm) 16.4 0.97 0.540 0.029 17 3 19 

bottom waters (˂ 1 kDa) 14.7 0.99 0.392 0.013 15 3 30 

silt water (˂ 0.22 μm) 6.6 4.70 0.123 0.005 1.4 2 25 

silt water (˂1 kDa) 5.7 4.56 0.095 0.002 1.3 2 48 

Lake Ignatkovo 

unfiltered  9.9 0.51 0.306 0.019 19.4 3 16 

surface water (˂ 0.22 μm) 9.3  0.39 0.295 0.021 23.8 3 14 

surface water (˂ 1 kDa) 8.8  0.32 0.243 0.011 27.5 3 22 

bottom waters (˂ 0.22 μm ) 10.0 1.03 0.36 0.029 9.7 4 12 

bottom waters (˂ 1 kDa ) 7.0 0.62 0.179 0.008 11.3 3 22 

silt water (˂ 0.22 μm)  8.7  1.59 0.187 0.018 5.5 2 10 

silt water (˂ 1 kDa) 6.3 0.97 0.114 0.010 6.5 2 11 

 
The study of the distribution of organic matter in 

natural waters by size fractions indicates the 

predominance of low molecular weight organic 

matter (˂1kDa), the proportion of which reaches 98% 

(Fig. 2). Not more than 39% of dissolved organic 

carbon is represented by a fraction from 0.22 μm to 

0.014 μm (1 kDa). The distribution of organic matter 

and trace elements by fractions is identical for the 

lakes under study and allows to identify a general 

pattern of the behavior of trace elements that is 

characteristic of ecosystems of water bodies in the 

Central Russia. A comparative analysis of the 

organic matter in surface waters showed that small 

lakes are characterized by rather high concentrations 

of dissolved organic carbon (9-19 mg/L). 

The results of the study of the molecular weight 

distribution of organic substances by HPLC showed 

that the chromatograms obtained for surface waters 

are characterized by a monomodal distribution and 

have an identical form. In the surface waters of both 

lakes, the composition of organic matter is 

predominated by low molecular weight organic 

compounds with average molecular weights Mw=269 

Da for Lake Ignatkovo and Mw=258 Da for Lake 

Ershevik (Fig. 3). Moreover, their concentration in 

Lake Ignatkovo is significantly higher than that in 

Lake Ershevik. 

The statistical treatment of analytical data by the 

method of factorial and correlation analysis using the 

Gold-Geochemist program allowed to identify 

several groups of elements according to the degree of 

correlation of their content with the content of 

dissolved organic carbon, Fe and Mn. 

 



Experimental geoecology 

Experiment in Geosciences 2020 Volume 26 N 1 129 

 

Fig.4. Dendrogram of correlations.  

The proposed complex of analytical methods 

makes it possible to carry out a comprehensive study 

of the content, composition and forms of organic 

matter and associated trace elements to identify the 

patterns of their concerted migration in aquatic 

ecosystems. 
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Abstract. The behavior of mercury in the mud volcanic 
process has not been sufficiently studied. Mercury 
accumulates on clays by adsorption from water, and then 
desorption occurs and it begins its own behavior in the 

mud volcanic system. The determination of sorption 
characteristics for clays of the Maykop series of varying 
degrees of transformation has become our first priority. In 
this work, we studied the dependence of mercury 
adsorption on the pH of the solution and the duration of 
the contact of the solution with the adsorbent. 
Experimental adsorption isotherms are obtained, which are 
analyzed using the equations of Langmuir, Freundlich, 
Redlich-Peterson, and Toth. It has been shown that the 
observed adsorption process is described by the Redlich-
Peterson and Toth models, which indicates the 
predominantly chemical nature of adsorption and that the 
adsorption centers are not identical in their properties. 

Keywords  mercury adsorption; mercury in mud 
volcanoes; adsorption isotherms; Maykop series. 

Mud volcanism is provided by two processes: the 

process of transformation of sedimentary rocks or the 

so-called illite-smectite transition, i.e. the conversion 

of mixed-layer clays with a high water content to 

hydromica minerals such as illite with a lower water 

content, the process of water evolution and the 

sorption properties of clay minerals change: their 

specific surface decreases and, accordingly, the 

components that were in the sorbed complex of 

mixed-layer smectite minerals transfer to the newly 

formed water. The behavior of mercury under these 

conditions has not been adequately studied. Mercury 

accumulates on clays by adsorption from water, and 

then its desorption occurs and it begins its own 

behavior in the mud volcanic system. Little is said 

about the behavior of mercury in the processes of 

mud volcanism in modern literature. For example, in 

the work of Portuguese colleagues (Mieiro, Pato et 

al., 2007), cores of sediments of a mud volcano in the 

Gulf of Cadiz (Atlantic Ocean, Portugal, Spain) were 

studied and it was shown that the mercury content in 

them varied from 9.0 to 86.2 ppb. There are 

generalized data on the mercury content in the waters 

of mud volcanoes of the Kerch Peninsula, the North-
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West Caucasus, Azerbaijan and Turkmenistan, which 

ranged from 0.2 to 0.5 ppm, with an average 

concentration of 0.38 ± 0.19 ppm, calculated on the 

basis of 10 measurements (Ivanov, 1996). Thus, the 

aim of this study was to study the sorption properties 

of clays of the Maykop series of varying degrees of 

conversion with respect to mercury (II) ions. The 

laboratory air temperature during all experiments was 

25.6±2.3°C. To measure the equilibrium 

concentration of mercury, the “cold vapor” method 

was used with an atomic absorption spectrometry 

using Portable Mercury Analizer PMA-1 (EcON, 

Moscow) with a PAR-3m attachment. The reducing 

agent was a 1% sodium borohydride solution in a 1% 

sodium alkali solution. To control the acidity of the 

solutions, the Expert-001 pH meter (Econix-Expert, 

Moscow) was used. As the pH electrode, the EGK-

10601 combined glass electrode (Measuring 

equipment, Moscow) was used. The concentration of 

adsorbed mercury was determined by the difference 

in concentrations in solutions according to the 

equation (Fiaizullina et al., 2020): 

( )e sol
e

sorb

C C m
q

m

 
 , (1) 

where qe is the amount of Hg(II) adsorbed at 

equilibrium is (ppb); С and Ce are the initial and 

equilibrium concentrations of metal ions in solution 

(ppb); msol is the mass of the solution (g); msorb is the 

mass of adsorbent (g). The degree of mercury 

extraction (E, %) from solutions was calculated by 

the equation: 

100%eC C
E

C


  . (2) 

The effect of pH. It was shown that the maximum 

adsorption of mercury occurs at pH = 3-4 

(Salavatova, Fiaizullina, 2019) and is 240 ppm (E = 

99.3%). When discussing changes in the degree of 

extraction of elements by clays in an acidic 

environment, the dissolution of clays cannot be ruled 

out. However, in our opinion, the dissolution of clay 

components in a medium with pH = 3–4 is unlikely, 

since the clay samples we study mainly contain clay 

minerals and quartz, which are highly acid resistant 

and should not dissolve under these conditions. All 

experiments described in this work were performed 

in the range of 3-4 pH units. 

Kinetics of adsorption. To study the kinetics of 

adsorption on clay of the Maykop series of low 

degree of conversion, two series were delivered: with 

and without shaking. In a series with stirring, the 

tubes were shaken manually 3 times a day. The 

exposure time ranged from 15 minutes to 1 month. 

Figure 1 shows that after 4 days under dynamic 

conditions the mercury removal completeness 

reaches more than 96% - the process reaches 

equilibrium. Under conditions without shakng, 

equilibrium occurs only after 2 weeks and persists 

after a month. 

 

 

Fig. 1. The degree of mercury extraction over time (there is the square root of time in hours on the abscissa) 

Adsorption isotherms. Analysis of adsorption 

isotherms gives an idea of the features of the 

adsorption process, the effectiveness of the selected 

sorbent and allows us to evaluate the feasibility of its 

use for the absorption of certain substances. In the 

present work, adsorption isotherms were analyzed 

using the equations of Langmuir (Langmuir, 1916), 

Freundlich (Freundlich, 1906), Redlich-Peterson 

(Redlich, Peterson, 1959), and Toth (Toth, 1971). 

Traditionally, to find the parameters of equations, 

their linearized forms are used. However, as shown 

in (Boulinguiez et al., 2008), it is much more 

1 month 
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efficient to minimize the nonlinear chi-square test 

with solver add-in function of the Microsoft Excel. 

All further results were obtained using this method. 

The values of the parameters of the equations and the 

χ
2
 are given in table 1. The chi-square test was 

calculated according to the equation: 

 
 

2
. .

2

.
1

calc meas
n

e e

meas
i e

q q

q





 , (3) 

where χ
2
 is nonlinear chi-square test, qe

calc
 is 

calculated adsorbate concentration at equilibrium 

(mg/g), qe
meas

 is measured adsorbate concentration at 

equilibrium (mg/g). Small χ
2
 value indicates a good 

description using the selected adsorption model. 

Table 1. The adsorption isotherm parameters calculated using four models and χ
2 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Isotherms of mercury adsorption on clay of the Maykop series calculated according to the Langmuir and 

Freundlich equations 

Figure 2 shows adsorption isotherms calculated 

according to the Langmuir and Freundlich equations 

and experimental points. It can be seen from the 

obtained data that the Langmuir isotherm poorly 

describes the adsorption process. This is due to the 

fact that the Langmuir equation assumes single-layer 

homogeneous adsorption with a limited number of 

equivalent adsorption centers, where each center has 

a constant enthalpy and sorption activation energy. 

The Freundlich isotherm describes the adsorption 

process well in the region of high concentrations, but 

is completely inapplicable in the region of low 

Isoterm Equation Parameter Value χ
2
 

Langmuir 

1

L e
e

L e

K C
q q

K C

 
 

 
 

q∞, mg/g 9.01 2.08 

 KL 0.00147  

Freundlich 1

n
e F eq K C   

n 2.08 0.677 

 KF 0.118  

Redlich-Peterson 

1

R e
e g

R e

K C
q

a C




 
 

g 0.641 0.241 

 aR 0.113  

 KR 0.0415  

Toth 

 
1

T e
e

t
T e

K C
q

a C






 
t 1.62 0.208 

 aT 38.3  

 KT 0.284  
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concentrations, for which it has been criticized 

several times. 

The most accurately studied adsorption process is 

described by the Redlich-Peterson and Toth models 

(fig. 3), as evidenced by the lowest values of χ2
. 

This indicates the predominantly chemical nature of 

adsorption and that the adsorption centers are not 

identical in their properties. The Redlich-Peterson 

isotherm (fig. 3a) was developed as a hybrid model 

of the Langmuir and Freundlich isotherms. The Toth 

isotherm (fig. 3b) was developed to improve the 

approximation of the experimental data by the 

Langmuir isotherm. It is useful for describing 

heterogeneous adsorption systems and satisfactorily 

describes equilibria at both low and high 

concentrations of the adsorbent. The form of the 

model equation assumes an asymmetric quasi-

Gaussian energy distribution, with most adsorption 

centers having an adsorption energy below the 

average value. The results obtained show that clays 

of the Maykop series of a low degree of conversion 

actively adsorb mercury from aqueous solutions. The 

maximum adsorption is more than 10 mg/g (1 wt.%), 

which suggests that a significant amount of mercury 

can accumulate in these clays. 

  

Fig. 3. Isotherms of mercury adsorption on clay of the Maykop series calculated according to the equations of Redlich-

Peterson (a) and Toth (b) 

Thus, it was found that when the mass ratio of 

the sorbent and the solution is 1: 500, the adsorption 

equilibrium occurs after 4 days with active shaking 

and after 2 weeks without shaking. At this point, the 

completeness of removal reaches 96% and 94%, 

respectively. With a longer exposure (1 month), 

equilibrium is maintained. The experimental data on 

mercury adsorption are best described by the 

Redlich-Peterson and Toth equations. 
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